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ABSTEACT 
This high schcol-postsecondary-levei ccur'se for 

avionics instrument systems specialist is one of a number of 
lilitary-develcped curriculum packages selected for adaptation to 
vocational instruction and curriculum development in a civilian 
setting. A plan of instruction outlines five blocks of instruction .> 
(281 hours of instruction). Block 1, Aircraft Maintenance 
Fundamentals, includes programmed tests, handout, and workbook on 
four topics: Aircraft Familiarization, Avionics Safety, Avionics 
Maintenance Fundamentals, Pressure Sensors. Block 2, Engine 
Instruments, contains programmed texts, workbooks, and handouts on 
nine topics: Position Indicating Systems, Pressure Indicating 
Systems, Tachometer Systems, Temperature Indicating Systems, Fuel 
Flow Indicating Systems, Engine Pressure Ratio Indicating Systems, 
Besistance-Type Liquid Quantity system. Capacitance Liquid Quantity 
System, Vertical Scale Engine Instrument Systems. Block 3, Flight 
Instruments, contains programmed texts, workbooks, handouts, and 
worksheets on five topics: Pilot-Static Systems and Instruments, 
Automatic Altitude Reporting System, Accelerometers, Flight Data 
Eecorders, Air Data Computer Systems and Vertical Scale Flight 
Instruments). Block U, Integrated Flight and Navigational 
Instruments, includes programmed texts, workbooks, and handouts of 
five topics: Flight Instruments, Direct Beading, Altitude Heading 
Eef erence and Gyro Stabilized. J!!lagn_etJ.,c„.CQm,pa5,ŝ  ,S.y.st.e.ms,,„M.C.-:L̂1„.Comp-ass. -̂
Calibration. Block 5, Flight Director Systems, contains a programmed 
text, handouts, and' workbook. (VLB) 
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MIULTAKf CURRICULUM MAaEKEftlS 

The military-developed curriculim materials in this course 
package were selected by the National Center for Research in 
Vocational Education Military Curriculum Project for dissem­
ination to the six regional Curriculum Coordination Centers and 
other instructional materials agencies. The purpose of 
disseminating tliese courses was to make curriculum materials 
developed by the military more accessible to vocational 
educators in the civilian setting. 

The course materials were acquired, evalviated by project 
staff and practitioners in the field, and prepared for 
dissanination. Materials vMch were specific to the nilitary 
were deleted, copyrighted materials were either omitted or ̂ >pro-
val for their use was obtained. These course packages contain 
curriculum resource materials which can be adapted to sv^jport 
vocational instruction and curriculum develc^ment. 
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The National Center 
Mission Statement 

The National Center for Research-in 
Vocational Education's mission is to increase 
the ability of diverse agencies, institutions, 
and organizations to solve educational prob­
lems relating to individual career planning, 
preparation, and progression. The National 
Center fulfills its mission by: 

• Generating knowledge through res3arch 

• Developing educational programs and 
products 

• Evaluating individual program needs 
and outcomes 

• Installing educational programs and 
products 

• Operating information systems and 
services 

• Conducting leadership development and 
training programs 

FOR FURTHER INFORMATION ABOUT 
Military Curriculum Msterials 

WRITE OR CALL 
Program Information Office 
The National Center for Research in Vocational 

Education 
The Ohio State University 
1960 Kenny Road, Columbus, Ohio 43210 
Telephone: 614/486-3655 or Toll Free 800/ 

848-4815 within the continental U.S. 
(except Ohio) 

C9 

l\/lilitary Curriculum 
Materials for 
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Military 
Curriculum Materials 
Dissemination Is . . . 
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What Materials 
Are Available? 
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How Can These 
Materials Be Obtained? 
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an activity to increase the accessibility of 
military-developed curriculum materials to 
vocational and technical educators. 

This project, funded by the U.S. Office of 
Education, includes the identification and 
acquisition of curriculum materials in print 
form from the Coast Guard, Air Force, 
Army, Marine Corps and Navy. 

Access to military curriculum materials is 
provided through a "Joint Memorandum of 
Understanding" between the U.S. Office of 
Education and the Department of Defense. 

The acquired materials are reviewed by staff 
and subject matter specialists, and courses 
deemed applicable to vocational and tech­
nical education are selected for dissemination. 

The National Center for Research in 
Vocational Education is the U.S. Office of 
Education's designated representative to 
acquire the materials and conduct the project 
activities. 

Project Staff: 

Wesley E. Budke, Ph.D., Director 
National Center Clearinghouse 
Shirley A. Chase, Ph.D. 
Project Director 

One hundred twenty courses on microfiche 
(thirteen in paper form) and descriptions of 
each have been provided to the vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi­
nation. -

Course materials include programmed 
instruction, curriculum outlines, instructor 
guides, student workbooks and technical 
manuals. 

The 120 courses represent the following 
sixteen vocational subject areas: 

Agriculture 
Aviation 
Building & 
Construction 
Trades 

Clerical 
Occupations 

Communications 
Drafting 
Electronics 
Engine Mechanics 

Food Service 
Health 
Heating & Air 
Conditioning 

Machine Shop 
Management & 
Supervision 

Meteorology & 
Navigation 

Photography 
Public Service 

The number of courses and the subject areas 
represented will expand as additional mate­
rials with application to vocational and 
technical education are identified and selected 
for dissemination. 

Contact the Curriculum Coordination Center 
in your region for information on obtaining 
materials (e.g., availability and cost). They 
will respond to your request directly or refer 
you to an instructional materials agency 
closer to you. 

CURRICULUM COORDINATION CENTERS 

EAST CENTRAL 
Rebecca S. Douglass 
Director 
100 North First Street 
Springfield, IL 62777 
217/782-0759 

MIDWEST 
Robert Patton 
Director 
1515 West Sixth Ave. 
Stillwater, OK 74704 
405/377-2000 

NORTHEAST 
Joseph F. Kelly, Ph.D. 
Director 
225 West State Street 
Trenton, NJ 08625 
609/292-6562 

NORTHWEST 
William Daniels 
Director 
Buildirig 17 
Airdustrial Park 
Olympia.WA 98504 
206/7530879 

SOUTHEAST 
James F. Shill, Ph.D. 
Director 
Mississippi State University 

Drawer DX 
Mississippi State, MS 39762 
601/325-2510 

WESTERN 
Lawrence F. H. Zane, Ph.D. 
Director 
1776 University Ave, 
Honolulu, HI 96822 
808/948-7834 
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AVIONICS INSTRUMENT SYSTEMS SPECIALIS. 

C3ABR32531 

Course Description v,. - •'- --

Tliis course is designed to train students to perform duties as an Avionics Instrument 
Systems Specialist. It includes operational checks, adjustments, minor repairs, 
periodic inspections, and line and shop maintenance of instruments and instrument 
systems necessary for the operation and navigation of aircraft. Emphasis is given 
to basic troubleshooting procedures, adjustment, and calibration of engine instruments, 
fuel flow and liquid quantity indicating systems, air pressure operated flight instruments, 
electronic/transistorized central air data computers, gyro operated flight instruments, 
magnetic compasses and flight directors. This course is divided into five blocks containing 
281 hours of instruction. 

Block I - Aircraft Maintenance Fundamentals contains four lessons covering 32 hours 
of instruction. Printed materials include six programmed texts, one handout, 
and one workbook. Lesson topics are: 

Aircraft Familiarization 
Avionics Safety 
Avionics Maintenance Fundamentals., . _ • . . 
Pressure Sensors 

Block II - Engine Instruments contains nine lessons covering 74 hours of instruction. 
Printed materials include nine programmed texts, nine workbooks, and two 
handouts. Lesson topics are: 

Position Indicating Systems 
Pressure Indicating Systems 
Tachometer Systems 
Temperature Indicating Systems 
Fuel Flow Indicating Systems 
Engine Pressure Ratio Indicating Systems 
Resistance-Type Liquid Quantity System 
Capacitance Liquid Quanity System 
Vertical Scale Engine Instrtment Systems 

Block III- Flight Instruments contains five lessons covering 73 hours of instruction. 
Printed materials include eight programmed texts, five workbooks, four hand­
outs, and one worksheet. Lesson topics are: 

Pitot-Static Systems and Instruments 
Automatic Altitude Reporting System 
Accelerometers 
Flight Data Recorders 
Air Data Computer Systems and Vertical Scale Flight Instruments 

Block IV - Integrated Flight and Navigational Instriments contains five lessons covering 
74 hours of Instruction. Printed materials include six programmed texts, five 
workbooks, and two handouts. Lesson topics are: 

Flight Instruments 
Direct Reading _ ^_ 

' ' Attitude Heading Reference and Gyro Stabilized Magnetic Compass Systems 
MC-1 Compass Calibration 

Block V - Flight Director Systems contains one lesson covering 28 hours of instruction. 
Printed materials include one programmed text, two handouts, and one work­
book. 

.9 



AVIONICS INSTRUMENT SYSTEMS SPECIALIST 
C3ABR32531 

CLASSROOM COURSE 

TABLE OF CONTENTS 

Block Page 

I. Aircraft Maintenance Fundamentals 

Aircraft Familiarization 
Avionics Safety 
Avionics Maintenance Fundamentals 
Pressure Sensors (̂ Jaterlals found In Unit 103) 

II. Engine Instruments 

Position Indicating Systems 
Pressure Indicating Systems 
Tachometer Systems 
Temperature Indicating Systems 
Fuel Flow Indicating Systems 
Engine Pressure Ratio Indicating Systems 
Resistance-Type Liquid Quantity System ' 
Capacitance Liquid Quantity System 
Vertical Scale Engine Instrument Systems 

III* Flight Instruments 

Fitot-Statlc Systems and Instruments 
Automatic Altitude Reporting System (AIMS) 
Accelerometers 
Flight Data Recorders 
Air Data Computer Systems and Vertical Scale Flight 

Instruments 

55 
165 
221 
55 

432 
604 
682 
717 
774 
818 
859 
889 
951 

1066 
1233 
1319 
1348 

1368 

IV. Integrated Flight and Navigational Instruments 

Flight Instruments 
Direct Reading (Standby Compass 
Attitude Heading Reference and Gyro Stabilized 

Magnetic Compass 
MC-1 Compass Calibration 
Electronic Test Equipment 

V. Flight Director Systems ^ 

1531 
1630 

1672 
1817 
1888 

1943 
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UNAVAIUBLE MATERIALS 

The following materials were unavailable from the Air Force: 

3ABR32531-HO-301, Pitot-Statlc System Schematic 
TO5F5-2-27-2, Maxijuum Safe Speed Airspeed Indicating System 
TO5F8-9-10-2, Altitude Vertical Speed Indication System 
TO lF-111 (B)A-06, Aircraft Maintenance Work Unit Code Manual 
TO 5N3-3-71, Magnetic Compass Calibrator Set (MC-1) 
3ABR32531-WB-405 (403A) Bench Check AFRS Electronic Components 
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POI C3ABR32531 000 
(PDS Code KCL) 

PLAN OF INSTRUCTION 

(Technical Training"* 

AVIONICS INSTRUMENT SYSTEMS SPECIALIST 

CHANUTE TECHNICAL TRAINING CENTER 

31 October 1078-Effective 31 October 1978 with class 780905 

to 



DEPARTMENT OF THE AIR FORCE 
Chanute Technical Training Center (ATC) 
Chanute Air Force Base, Illinois 61868 

PLAN OF INSTRUCTION C3ABR32531 000 
(PDS Code KCL) 

31 October 1978 

FOREWORD 

1. PURPOSE: This publication is the plan of instruction (POI) when the 
pages shown on page A are bound into a single volume. The POI contains the 
qualitative requirements for course C3ABR32531 000, Avionics Instrument 
Systems Specialist, in terms of criterion objectives for each unit of 
instruction and shows time, training standard correlation, and support 
materials and guidance. Nhen separated into units of instruction, it becomes 
the lesson plan/Part I. This POI was developed according to AFR 50-8, 
Instructional System Developmait, and ATCR 52-6, Curriculum Documentation. 

2. COURSE DESIGN/DESCRIPTION: The Instructional design for this course 
is Group/Lock Step. Training consists of technical training and military 
training. In technical training, the course trains airmen to perform 
duties prescribed in AFR 39-1 for Avionics Instrument Systems Specialist, 
AFSC 32531. It Includes operational checks, adjustments, minor repairs, 
periodic inspections, and line and shop maintenance of instruments and 
Instrument systems necessary for the operation and navigation of aircraft. 
Fundamentals of electronics, the physics of mechanical systems, and physics 
of the atmosphere are also included. Emphasis is given to basic trouble­
shooting procedures, adjustment, and calibratioh of«engine instruments, fuel 
flow and liquid quantity indicating systems, air pressure operated flight 
Instruments, electronic/transistorized central air data computers, gyro' 
operated flight instruments, magnetic compasses and flight directors. The 
operation and use of test equipment, such as air pressure operated barometers 
and manometers, electric meters, and special test sets that are used for 
checking and calibrating instruments and instrument systems are covered. 
In addition, military training is provided on driver education, troop 
information program, commander's calls, and physical conditioning, etc. 

3. REFERENCES: This POI is based on Specialty Training Standard, 325X1, 
March 1977, and Course Chart C3ABR32531 000, 12 October 1978, 

FOR THE CCMIANDER 

NOltt^E. MINERrSrr^onel, USAF 
Commander, 3360 Technical Training 
Group 

Supersedes Plan of Instruction C3ABR32531 000, 1 September 1978. 
OPR: 3360 Technical Training Group 
DISTRIBUTION: Listed on Page A 
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PLikN OP INSTRUCTION/LESSOM PLAN PART I 
frmrvrmrKPSKT COURSE TITLC 

Av^nn^rfi Tngtri i tnpnf SyatPing S p p r ^ a l i g t 
•LOCK TITUe 

Aircraft Maintenanaft Fnnrfamentals 
COURSE OONTEMT 1 TIME 1. 

3. Aircraft Familiarization 

Without reference, select facts concerning aircraft 

a. structural areas and systems. STS: 9£ Meas: W 

b. principles of flight and functions of flight controls. 
STS: 9b Meas: W 

c. types and distinguishing characteristics. STS: 9a Meas: W 

4€c*PS« o^ Axili'f'^'^y 5p«ci^?c ma+crials. 

SUPEKVISOK APPttOVAL Of LESSOM PLAM 

SIGNATURE AND DATE KCMATUWE AMD BATE 

POIMUMIER 

C3ABR32531 000 
BLOCK 

I 
UNIT 

103 
DATS 

31 October 1978 
PACE NO. 

5 

ATC JUM 7a 133 JUN 7« 
PREVIOUS EDITION OBSOLETE 



% 

COURSE CONTENT 

SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 
3ABR32531-PT-103, Aircraft Familiarization 
3ABR32531-HO-100 

Audio Visual Aids 
Transparencies, Aircraft Familiarization 

Training Methods 
Lecture/Discussion (4 hrs) 

Instructional Guidance 
Using HO-lOO and transparencies, discuss aircraft familiarization. Stress 
types and distinguishing characteristics, principles of flight, flight 
controls, and structural areas and systems. 

. ) 

POI C3ABR32531 000 31 October 1978 
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PLAN OF INSTRUCTION/LESSON PLAN PART i 
uJueaHw t̂wUgWM COURIK T ITL f 

Avionics ^IHHtniinont SyHtoms S[>t'c l.illHt 
•LOCK TITLE. 

Aircraft Maintenance Fundamentals 
1. COURSE CONTENT 

k. Avionics Safety 

Without reference, select statements concerning: 

a. Principles and objectives of ground safety. STS: 3a Meas: W 

b. Precautions around aircraft danger areas. STS: 3ĝ  Meas: W 

c. Principles of hazards of high intensity sound and protective 
neasures. STS: 3b Meas: W 

d. Facts about marking of radioactive parts and material. 
iSTS: 3d Meas: W 

1 HME 

e. Facts about radiation hazards. STS: 3iL ^eas: 

f. FOD c o n t r o l . STS: 3h Meas: W 

W 

SUPgWVISOK APPROVAL OF LESSON PLAN 

SIGNATURE AND DATE SICNATUKE AWO DATE 

f>OI NUMIER 

C3ABR32531 000 
BLOCK 

I 
UNIT 

104 
DATE 

31 October 1978 
PAOCNO. 

7 
^TC juH 7( 133 PRCVIOUS COITION OttOLETC 
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/o 

COURSE CONTENT 

SUPPORT MATERIALS AND CIJIDANCE 

Studt'nt InBtructtonnl Maturtals 
aABRSZ-Jll-PT-lOA (105), AvlonlcH Snfoty 
3ABR32531-HO-100 

Audio Visual Aids 
Transparency, Safety 

Training Methods 
Lecture/Discussion (2 hrs) 

Instructional Guidance 
Discuss avionics safety. Insuring that the students realize the Importance of 
safety. Point out that safety is an Integral part of maintenance and will be 
stressed in future lessons when applicable. 

; 

POX C3ABR32531 000 31 October 1978 
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TJwrrrwiTiJSwr 
PLAN OF INSTRUCTION/LESSON PLAN PART 

•LOCK TITUB 

Aircraft Maintenance Fundamentals 

COUmCTITLK 

Avionics Instrument Systems Special is t 

COURSE OOI^TENT Z TIME I. 

5. Avionics Maintenance Fundamentals 

Without reference, select statements pertaining to: 

a. Protection of exposed electrical connectors and open pressure 
lines. STS: lOh Meas: W 

b. Removing and installing components. STS: lOg Meas: W 

c. Corrosion control. STS: lOe Meas: W 

d. Use of aircraft hardware. STS: 10a Meas: W 

e. Care and use of handtools. STS: lOf Meas: W 

f. Given a handtool trainer, handtools, and a torque wrench, 
torque bolts to specified values In accordance with procedures listed 
in the applicable workbook to obtain an accuracy of lOOZ. 
STS: 3c, 3e, lOf Meas: P 

g. Given a handtool trainer, handtools, and mat;erials, accomplish 
safety wiring projects in accordance with procedures listed in the 
applicable workbook to obtain an accuracy of lOOZ. STS: 3c, 3e, 10c, 
lOf Meas: P 

h. Given handtools, soldering Iron and materials, demonstrate 
soldering skills in accordance with procedures listed in the applicable 
workbook to obtain an accuracy of lOOZ. STS: 3c, 3e, lOb, lOf Meas; P 

i. Given handtools, crimping device, and materials, attach 
solderless connectors to electrical wires in accordance with procedures 
listed 'in Part II, Exercise I and IV of the programmed text to obtain 
an accuracy of 100%. STS: 3c, 3e, lOd, lOf Meas: P 

24 

(1) 

(2) 

(2) 

(6) 

(3) 

(1) 

(4) 

(3) 

(2) 

SUPEWVtSOW APPROVAL OF LgSSON fLAM 

SIGNATURE AND DATE MCWATURE AWO DATE 

POINUMBER 
C3ABR32531 000 

BLOCK 
I 

UNIT 
105 

TT^ 

OATC 
31 October 1978 

PACK NO. 
9 
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a 
COURSE CONTENT 

SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 
3ABR32511-PT-105, Maintenance Fundamentals 
3ABR32531-PT-105A, Aircraft Hardware 
3ABR32531-PT-105B (108), Care and Use of tendtools 
(Supplement for 3ABR32531-PT-105B) 

3ABR32531-PT-105C, Special Tools, Safetying Devices, Soldering Techniques 
and Solderless Connectors 

3ABR32531-WB-105, Special Tools, Safetying Devices, Soldering Techniques 
and. Solderless Connectors 

3ABR32531-H0-100 

Audio Visual Aids 
AVA 501, Soldering and Soldering Iron Preparation 
AVA 502, Stripping and Crimping 
Transparencies, Avionic Maintenance Fundamentals 

Training Equipment 
Trainer, Handtool (1) 
Trainer, Hardware (6) 
Handtools Set (1) 
Torque Wrench (I> 
Soldering Iran (1) 
Crimping Tool-(1) 
Safety Goggles (1) 

Training Methods 
Lecture/Discussion (14 hrs) 
Demonstration/Performance (10 hrs) 

J 

tfaltiple Instructor Requirements 
Safety, Equipment, Supervision (2) ' 

Instructional Guidance 
Using transparencies and trainers, discuss maintenance fundamentals. Stress the 
importance of using the proper hardware and tools for the job. Provide 
students with required instructional materials. Insure training equipment is 
available and operable. Use Hardware Trainer for clarification of stated 
objective. Answer students' questions and give assistance where needed. 
Insure safety standards are maintained in the lab. 

MIR: One instructor can monitor 6 students. 

POI C3ABR32531 000 31 October 1978 10 
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Tnarsrwrncmnt' 
PLAN OF INSTRUCTION/LESSON PLAN PART I 13 

OOUMKItTLK ] 

Avionics^Instrument- Systems Specialist 
•LOCK TITLE 

. Aircraft Maintenance Fundamentals 
1. COURSE CONTENT Z TIME 

11. Pressure Sensors 

a. Without reference, select statements concerninE the oneratfon o 
pressure sensors. STS: 15a Meas: W 

(1) Bourdon Tube 

(2) Diaphragm 

(3) Aneroid 

(4) Bellows 

^cituse o^ ̂ nr^a^Y ff*^*^^"^ m^hrf^ls. 

SUPEKVtSOW APPROVAL OF LESSOM PLAM 

SIGNATURE AND DATE SIGNATURE AN» QATt 

POI NUMSCR 

C3ABR32531 000 
OLOCK 

I 
UNIT 

111 
DATE 

31 October 1978 
PAGE NO. 

21 
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IH 
COURSE CONTENT 

SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 
3ABR32531-HO-100 

Audio Visual Aids 
Transparencies, Pressure Sensors 

Training Methods 
Lecture/Discussion (2 hrs) 

Instructional Guidance 
Using transparencies discuss pressure sensors used in aircraft instrumentation. 
Point out that a good understanding now will aid them throughout the remainder 
of the course. After all objectives have been met, collect all reusable 
student materials. 

12 Military Training 

a. Physical Conditioning 

b. Commander's Call 

13. Written Test and Critique 

5 

(A) 

(1) 

J 

POI C3ABR32531 000 31 October 1978 22 
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PLAN OP INSTRUCTION/LESSON PLAN PART I 
/ / • 

'WmfllHk!TUeT6li COUMC TITLK 

Avionics "Instrument Systfms Spec t.»l Lst 
• tOCX TITUC 

Engine Instruments 
1. COURSC CONTENT Z TIME 

NOTE: The standard of performance for all knowledge criterion 
objectives is the passing score on the written test. * 

1. Position Indicating Systems 

a. Without references, select statements pertaining to the operation 
of typical position indicating systems. STS: 12a Meas: W 

b. Given a workbook and trainers, perform an inspection and 
operational check of position indicating systems with an accuracy of 
1007, correct workbook responses. STS: 3e, 12h Meas: P 

c. Given a workbook, test equipment and trainers, troubleshoot 
the position Indicating systems with an accuracy of 100% workbook 
responses. STS: 3e, 12c, 12e Meas: P 

d. Given'a workbook, test equipment and trainers, bench check 
components of a position indicating system with an accuracy of lOOZ 
workbook responses. STS: 3e, 12d, 12e Meas: P 

SUPEWVtSOR APrnOVAl. 0^ LKSSOM PLAN 

SIGNATURE AND DATE SICWATURE AH9 PATE 

POI NUMSCR 

C3ABR32531 000 
BLOCK 

II 
UNIT 

201 

OATC 

31 October 1978 
PAOCNO. 

23 

ATC row 
JUN 7» 

133 ^Rcvious cnrtaNOsaoLCTE 
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COilH.SK CONTKNT 

SUPPORT MATKRIA1..S ANO GUIDANCK 

Student Inatructtonal Materials 
3ABR32531-.PT-201, Position Indicating Systems 
3ABR32531-WB-201 • Inspection, Operational Check, Troubleshooting, and 
Bench Check of Position Indicating Systems 

3ABR32531-HO-200 Engine Instruments 

Audio Visual Aids 
Transparencies, Position Indicating Systems 

Training Equipment 
Trainer, Wheel Position Indicating System (2) 
Trainer, Flap Position Indicating System (2) 
Multimeter (2) 

Training Methods 
Lecture/Discussion (3 hrs) 
Performance (2 hrs) 

Multiple Instructor Requirements 
Safety, Equipment, Supervision (2) 

i 

Instructional Guidance . 
Using transparencies, discuss position indicating systems. Provide students 
with all required instructional materials. Provide assistance to the student 
in the laboratory stations as required. Insure safety standards are maintained 
and certify attainment of the criterion objectives. Where feasible, shut off 
operating equipment and/or trainers during breaks. This applies to all 
lessons in this block. Also Instruct all students to use CAUTION and follow 
directions listed for all toxic or caustic solutions. 

MIR: One Instructor can monitor 6 students during 2 hours of performance. 
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PLAN OF INSTRUCTION/LESSON PLAN P A R T I 
17 

UAma^iNiTmgwA COUNSK TITLE 

Avionics Instrument Systems Specialist 
•tOCK TITLE 

Engine InBtrument.s 
1. COURSE CONTENT Z TIME 
2. Pressure Indicating Systems 

b. Without references, select statements pertaining to the 
application of instrument range markings. STS: 10k Meas: W 

c. Given a workbook, tools, test equipment, and trainers, 
perform an inspection and operational check of pressure indicating 
systems with an accuracy of 100% correct workbook responses. 
STS: 3e, I5b, 15e Meas: P 

d. Given a workbook, test equipment, and trainers, troubleshoot 
pressure indicating systems with an accuracy of 100% correct workbook 
responses. STS: 3e, 15c, 15e Meas: P ' 

e. Given a workbook, test eqxrtpment, and trainers, bench check 
components of pressure indicating systems with an accuracy of 100% correct 
workbook responses. STS: 3e, 15d, 15e Meas: P 

10 

a. Without references, 3elect statements pertaining to the operation (3) 
of typical pressure indicating systems. STS: 15a Meas: W 

(1) Direct 

(2) Synchro 

(3) Variable Reluctance 

(1) 

(1) 

.(3) 

(2) 

SUPEKVtSOl? APrHOVAL OP LESSON ^LAH 
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BLOCK 
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DATE 
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It 
COURSE CONTENT 

SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 
3ABR32531-PT-202 (203), Pressure Indicating Systems 
3ABR32531-WB-202 (203), Pressure Indicating Systems 
3ABR32531-HO- 200 

Audio Visual Aids 
Transparencies, Pressure Indicating Systems 

Training Equipment 
Gage, Direct Reading Pressure (2) 
Deadweight Tester (2) 
Toolkit (12) 
Trainer, Engine Instrument (2) 
Trainer, Variable Reluctance (2) 
Synchro Field Tester (2) 
Multimeter (2) 

Training Methods 
Lecture/Discussion (4 hrs) 
Performance (6 hrs) 

hhiltiple Instructor Requirements 
Equipment, Supervision '(2) 

Instructional Guidance 
Using transparencies, discuss pressure indicating systems. Provide students with 
all required instructional material. Provide assistance to the student in the 
laboratory stations as required, insure safety standards are maintained, and 
certify attainment of criterion objectives. 

MIR: Two instructors can monitor 6 students. 

J 
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PLAN OF INSTRUCTION/LESSON PLAN PART I 
waamnrmz^sr COURSC TITLE 

Avionics Instrument Systems Specialist 
•LOCK TITLE 

Engine Instruments 
t. COURSE CONTENT Z TIME 

3. Tachometer Systems 

a. Without references, select statements pertaining to the operation 
of tachometer systems. SIS: 14a Meas: W 

b. Given a workbook, test equipment and trainer, perform an 
inspection and operational check of a tachometer system with an accuracy 
of 100% correct workbook responses. STS: 3e, 14b, 14e Meas: P 

c. Given a workbook, test equipment, and trainer, troubleshoot a 
tachometer system with an accuracy of 100% correct workbook responses. 
STS: 3e, 14c. 14e Meas: P 

d. Given a workbook, test equipment, and trainer, bench check 
components of a tachometer system with an accuracy of 100% correct 
workbook responses. STS: 3e, 14d, 14e Meas: P 

SUPEWVISOR AI»P«OVAt OP LESSON PLAN 
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ao 
COimSK CONTKW 

SUPPORT MATERIALS AND GUIDANCE 

Student Instruetional Materials 
3ABR32531-HO-200 

3ABR32531-PT-203, Tachometer Systems 
. 3ABR32531-WB-203 (202), Tachometer Systems 

Audio Visual Aids 
Transparencies, Tachometer Systems 

Training Equipment 
Trainer, Engine Instruments (2) 
Trainer, Tachometer Indicator (2) 
Trainer, Tachometer Generator (2) * 
Tachometer Tester (2) 
Multimeter (2) 

-"Training Methods 
Lecture/Discussion (3 hrs) 
Performance (4 hrs) 

Multiple Instructor Requirements 
Supervision, Equipment (2).» ( . 

Instructional Guidance 
Using transparencies, discuss tachometer systems. Provide students vrlth all 
required instructional materials. Provide assistance to students in the 
laboratory stations as required. Insure safety standards are maintained, 
and certify attainment of criterion objectives. 

MIR: One Instructor can monitor 5 students during the A-hour laboratory. 
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PLAN OF INSTRUCTION/LESSON PLAN PART t 
71 

'nuiiiii mtmnKh COUMKTtTkK 

Avionics'Instrument Systems Specialist 
•LOCK TITLE 

Enging ISniut.clients 
1. COURSE CONTENT 

Tem|v«r.itur« Ind le t t i ng Systems 

a. Without r e / e i ences , s e l e c t statements per ta ining to the 
operation of typical temperature Indicating systems. STS: I3a Meas: W 

(1) [Resistance Thermometer 

(2) Thermocouple Thermometer 

b. Given a workbook, tools, test equipment, and trainers, 
perform an inspection and operational check of temperature indicating 
systems with an accuracy of lOOZ correct workbook responses. STS: 3e, 
13b, 13e Meas: P 

c. Given a workbook, test equipment, and trainers, troubleshoot • 
temperature indicating systems with an accuracy of lOOZ correct workbook 
responses. STS: 3e, 13c, 13e Meas: P • , • 

d. Given a workbook, test equipment, and trainers, bench check 
components of a temperature Indicating system with an accuracy of 100% 
correct workbook responses. STS: 3e, 13d, .13e. Meaŝ : P 

Z TIME 

10 

(1) 

(2) 

(2) 
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aa 

COURSE CONTENT ^ 

SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 
3ABR32531>PT-204, Temperature Indicating Systems 
3ABR32531-WB-204, Temperature Indicating Systems 
3ABR32531-H0- 200 

Audio Visual Aids 
Transparencies, Temperature Indicating Systems 

Training Equipment 
Trainer, Resistance Thermometer Type Temperature Indicating System (2) 
Trainer, Exhaust Has Temperature Indicating System (2) 
Jetcal Tester (2) 
Electrical Thermometer Tester (2) 
Wheatstone Bridge (2) 
Multimeter (2) 
Liquid-in-Glass Thermometer (1) 

Training Methods 
Lecture/Discussion (5 hrs) 
Performance (5 hrs) 

Multiple Instructor Requirements 
Safety, Supervision, Equipment (2) 

Instructional Guidance 
Using transparencies discuss temperature Indicating system.s. Provide students 
with all required instructional materials. Provide assistance to the student 
in the laboratory as required. Insure safety standards are maintained, and 
certify attainment of criterion objectives. 

MIR: One instructor can monitor 6 students during the 5-hour laboratory. 

J 

POI C3ABR32531 000 31 October 1978 30 

29 



73 
TrwrrnsmioCTBTr 

PLAN OF INSTRUCTION/LESSON PLAN PARTI 
COURSC TITUC 

Avionics Instrument Systems Specialist 
•LOCK TITUe 

Engine Instruments 
COURSE COHTENT 1. Z TIME 

5. Fuel Flow Indicating Systems 

a. Without references, select statements pertaining to the-operation 
of a fuel flow indicating system. STS: 16a Meas: W 

b. - Given a workbook and trainer, perform an inspection and 
operational check of a fuel flow .indicating system with an accuracy of 
lOOZ correct workbook responses. STS: 3e, 16b Meas: P 

c."̂~ Given a workbook, test equipment, and trainer, troubleshoot the 
fuel flow indicating system with an accuracy of 75Z correct workbook 
responses. STS: 3e, 16c, 16e Meas: P 

d. Given a workbook, test equipment, and trainer, bench check 
components bf a fuel flow indicating system with an accuracy of lOOZ 
correct workbook responses. STS: 3e, 16d, 16e Meas: P 

SUPEKVISOB APPMyfM. QP LtiitM H.JM 
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IH 

COURSE CONTENT • ^ 

SUPmRT MATERIALS AND GUIDANCE 

Student Instnicttonal Materials 
3ABR32531-PT-205, Fuel Flow Indicating System 
3ABR32531-WB-205« FUel Flow Indicating System 
3ABR32531-HO- 200 

Audio Visual Aids 
Transparencies, Fuel Flow Indicating Systems 

Training Equipment 
Trainer, FUel Flow Rate Indicating System (2) 
Trainer, Fuel Flow Transmitter (2) 
Multimeter (2) 
Synchro Field Tester (2) 

Lecture/Discussion (4 hrs) 
Performance (3 hrs) 

Multiple Instructor Requirements 
Safety, Equipment, Supervision (2) 

Instructional Guidance . 
Using transparencies, discuss the fuel flow indicating system. Provide 
students with all required instructional materials. Provide assistance to 
students in the laboratory stations as required. Insure safety standards 
are maintained, and certify attainment of criterion objectives. 

MIR: One instructor can monitor 3 trainers during the laboratory. 

• ) 
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PLAN OF INSTRUCTION/LESSON FLAM PART I 
is-

TwarTrnmnoCTsr COUNSKTITkK 

Avionics Instrument Systems Specialist 
•LOCK TITUC 

Engine Instruments 
COURSE OONTCNT 1. 2. TIME 

6. Engine Pressure Ratio Indicating Systems 

a. Without references, select statements pertaining to the 
operation of typical engine pressure ratio systems. STS: I5a Meas: W 

b. Given a workbook, tools, test equipment, and trainer, perform 
an inspection and operational check of an engine pressure ratio system 
with an accuracy of lOOZ correct workbook responses. STS: 3e, 15b, 
15e Meas: P 

c. Given a workbook, test equipment, and trainer, troubleshoot 
the engine pressure ratio system with an accuracy of 100% correct 
workbook responses. STS: "3e, 15c, 15e Meas: P 

d. • Given a workbook, test equipment, and trainer, bench check 
components of an engine îressure ratio system with an accuracy of IQOZ 
correct workbook responses. STS: 3e, 15d, 15e Meas: P 
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Qt 

COURSK CONTKNT 

SUPPORT MATKRIALS AND GUIDANCK 

Student Instructional Materials 
3ABR32531-PT-206, Engine Pressure Ratio System 
3ABR32531-WB-206, Engine Pressure Ratio System 
3ABR32531-HO-200 

Audio Visual Aids 
Transparencies, Engine Pressure Ratio 

Training Equipment 
Trainer, Engine Instruments (2)-
Pneumatic Tester (2) 
Multimeter (2) 
Toolkit (12) 

Training Methods 
Lecture/Discussion (4 hrs) 
Performance (3 hrs) 

hhiltlple Instructor Requirements 
Safety, Equipment, Supervision (2) 

Instructional Guidance 
Using transparencies, discuss ehe engine pressure ratio system. Provide student- A 
with all required instructional materials. Provide assistance to students in J 
the laboratory stations as required-. Insure safety standards are maintained, 
and certify attainment of criterion objectives. 

MIR: One instructor can monitor 6 students in the 3 hours of laboratorv time. 
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PLAN OP INSTRUCTION/LESSON PLAN PART I 
57 

umaFUiTwieTaii mUMK TITLE 

Av t o q l c H • lns tn i in t ' i i t SyHtniiH .S|»t'c | ; i l l n t 
•LOCK TITLE 

Engine Instruments 
COURSE CONTENT X TIME 1. 

7. Resistance-Type Liquid Quantity System 

a. Without references, select statements pertaining to the operatioji 
of the resistance-type liquid quantity indicating system. STS: 18a 
^teas: W 

b. Given a workbook and trainer, perfoinn an inspection and 
operational check of the resistance-type liquid quantity system 
with an accuracy of lOOX correct workbook responses. STS: 3e, 18b 
Meas: P 

c. Given a workbook, test equipment, and trainer, troubleshoot 
the resistance-type liquid quantity Indicating system with an accuracy 
of lOOZ correct workbook responses. STS: 3e, 18c, I8f Meas: P 

d. Given a workbook, test equipment, and trainer, bench check 
components of the resistance-type liquid quantity Indicating system 
with an accuracy of lOOZ correct workbo'̂ k responses. STS: 3e, 18d, 
18f Meas: P 
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as 
COURSE CONTENT \ 

SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 
3ABR32531-PT-207, Resistance-Type Liquid Quantity System • 
3ABR32531-WB-207, Resistance-Type Liquid Quantity System 
3ABR32531-HO- 200 

Audio Visual Aids 
Transparencies, Liquid Quantity, Resistance Type 

Training Equipment 
Trainer, Resistance-Type Liquid Quantity Indicating System (2) 
Wheatstone Bridge (2) 
Multimeter (2) 

Training Methods 
Lecture/Discussion (2.5 hrs) 
Performance (2.5 hrs) 

Multiple Instructor Reguiremeots 
Equipment, -Supervision (2) 

Instructional Guidance j 
Discuss resistance type liquid quantity systems, using transparencies. Provide ' -.. 
students with all required instructional materials. Provide assistance to the J 
student in the laboratory stations as required. Insure safety standards are 
maintained, and certify attainment of the criterion objectives. 

MIR: One instructor can monitor 6 students during the 2.5 hours of 
laboratory. 

35 
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PLAN OF IHSTRUCTION/LESSON PLAN PART I 
iH 

•BWRTTsnmKrersr OOUMKTin.K 

Avionics Instrument Systems Specialist 
•LOCK TITUe 

Engine Instruments 
1. COURSE CONTENT Z TIME 

8. Capacitance Liquid Quantity System 

a. Without reference, <;plfict statements oertalnlne to the ooeratlon 
of the capacitance liquid quantity Indicating system. STS: 18a 
Meas: W 

b. Given a workbook and trainer, perform.an Inspection and 
operational check of the capacitance liquid quantity Indicating system 
with an accuracy of lOOZ correct workbook responses. STS: 3e, 18b 
Meas: P 

c. Given a workbook, test equipment, and trainer, troubleshoot 
the capacitance liquid quantity indicating system with an accuracy of 
75% correct workbook responses. STS: 3e, 18c, 18f Meas: P 

# 
d. Given a workbook, test equipment, and trainer, bench 

components and calibrate the capacitance liquid quantity indicating 
system with an accuracy of lOOZ correct workbook responses. 
STS: 3e, I8d, i8e, 18f Meas: P 

13 

(6) 

(2) 

(2.5) 

(2.5) 
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30 

COURSE CONTENT 

SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 
3ABR32531-PT-208, F-111 Capacitance Indicating System 
3ABR32531-WB-208, F-111 Capacitance Indicating System 
3ABR32531-HO-208, F-lll Capacitance Indicating System Wiring Diagram 
3ABR32531-HO- 200 

Audio Visual Aids 
Transparencies, Capacitance Liquid Quantity 

Training Equipment 
Trainer, Capacitance Type Liquid Quantity Indicating System (3) 
Test Set, Capacitance Type Liquid Quantity System (3) 
Multimeter (3) 

Training Methods 
Lecture/Discussion (6 hrs) 
Performance (7 hrs) 

Multiple instructor Requirements 
Equipment, Supervision (2) 

Instructional Guidance 
Using transparencies and handouts, discuss capacitance liauid quantity. '"̂  
Provide students with all required instructional material^. Provide assistance y 
to the student In the laboratory stations as required. Insure safety standards 
are maintained and certify attainment of criterion objectives. 

MIR: One Instructor can monitor two trainers. 

37 
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hJUIIOriMilTIUeKA 
PLAN OF IMSTRUCTION/LESSON PL AM PART» 

COUMKT|-n.C 

Av^r»nlr f i ' in f i f j - i imonf SvstPms S p P p 1 a H B f 
•LOCK TITLE 

Engine Instruments 
t TtME 1. COURSE OOHTEMT 

9. Vertical Scale Engine Instrument Systems 

a. Without references, select statements pertaining to the 
operation of the typical verticajl scale engine Instruments. STS: 17a 
Meas: W 

(1) Tachometers 

(2) Exhaust Gas Temperature 

(3) Engine Pressure Ratio 

(4) Fuel Flow 

b. Given a workbook, tools, test* equipment, and trainer, perform 
an inspection and operational check of vertical scale engine Instruments 
with an accuracy of lOOZ correct workbook responses. STS: 3e, 17b, 17e 
Meas: P 

c. Given a workbook, test equipment, and trainer, troubleshoot 
vertical scale engine Instruments with an accuracy of tSOZ correct 
workbook responses. STS: 3e, 17c, 17e Meas: P 

d. Given a workbook, test equipment, and trainer, bench check 
components of vertical scale engine instruments with an accuracy of 
100% correct workbook responses. STS: 3e, 17d, 17e Meas: P 

10 

(6) 

(1) 

(1.5) 

(1.5) 
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^a 
COURSE CONTENT 

SUPPORT MATERULS AND GUIDANCE 

Student Instructional Materials 
3ABR32531-PT-209, Vertical Scale Engine Instruments 
3ABR32531-WB-209. Vertical Scale Engine Instruments 
3ABR32531-HO- 200 

Audio Visual Aids 
Transparencies, Vertical Scale Engine Instruments 

Training Equipment 
Trainer, Vertical Scale Engine Indicating System (2) 
Engine Instrumentation System Test Set (2) 
Test Set, Converter (2) 
Jetcal Tester (2) 
Pneumatic Tester (2) 
Multimeter (2) 
Converter (2) 
Toolkit (2) 

Training Methods 
Lecture/Discussion (6 hrs) 
Performance (4 hrs) » 

tfaltiple Instructor Requirements 
Safety, Supervision, Equipment (2) 

Instructional Guidance 
Provide students with all required instructional materials. Provide assistance 
to the student in the laboratory stations as required. Insure safety standards 
are maintained, and certify attainment of criterion objectives. After all 
objectives have been met, collect all reusable student materials. 

MIR: One instructor can monitor 2 trainers during the 4 hours of laboratory. 

10. Military Training 4 

a; Physical Conditioning (4) 

11. Written Test and Critique 2 

90 
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PL AH OP INSTRUCTION/LESSON PLAN PART? 
UAMiain^ifmew* COUMStTITLK 

Avionics Instrument Systems Specialist 
•LOCK TITLK 

Flight Instruments 
COURSE CONTENT YTWr \. 

NOTE: The standard of performance for all knowledge criterion objectives 
is the passing score on the written test. 

1. Pitot-Static Systems and Instruments 

a. Without reference, select statements pertaining to the operation 
of the pitot-static system and instruments. STS: 19a Meas: W 

b. Without references, select statements concerning the use of 
pitot-static system and instruments test equipment. STS: I9e Meas: W 

c. Given a workbook, test equipment and trainer, perform an 
inspection and operational check of the pitot-static system with a 
minimum of 100% accurate workbook responses. STS: 3e, 19b. 19e Meas: 

d. Given a workbook, handout, test equipment and trainer, trouble-
shoot components of the pitot-static system with a minimum of 75% accurate 
workbook responses. STS: 8d, 3e, 19c, 19e Meas: P 

e. Given a workbook, test equipment , tools and .trainer, bench cbec 
components of the pitot-static system with a minimum accurate workbook 
responses of 80%.' STS: 3e, 19d, 19e Meas: P 

18 

(6) 

(2). 

(1) 

(1) 
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^M 

. COURSE CONTENT 

SUPf»ORT MATERIALS AND GUIDANCE 

Student Instructional Materials 
3ABR32531-'*r-301, Pltot-Statlc System 
3ABR32531-WB-301, Operational Check, Inspection, Troubleshooting and 
Bench Check of the Pltot-Statlc System 

•3ABR32531-HO-301, Pltot-Statlc System Schematic 

Audio Visual Aids 
Training Film AVA 550, Altimeter Setting Adjustment 
Flip Charts, Pltot Static System 

Training Equipment 
Barometer, Mercurial A-1 (2) 
Vacuum Chamber (2) 
Timer (2) 
Manometer, Vertical (2) 
Test Set, Pltot-Statlc System, 
Pltot-Statlc System (2) 
Screwdriver (2) 
Applicable Indicators (2) 

Field MB-1 (2) 

Training Methods 
Discussion <8 hrs) 
Performance (10 hrs) 
hrs) 3 
Multiple Instructor Requirements 
Equipment, Supervision (2) 

Instructional Guidance 
Insure.student understanding of pltot and static pressure dlfferencesf and 
sensing elements used to detect these pressures; also, the wide variety of 
pltot-statlc systems depending on the type of aircraft. Enforce Instruction 
concerning various plto^i-statlc Instruments and the pressures they use, as 
opposed to the pressures they measure. Also stress the relationship of 
mach to the speed of sound with changing altitudes. In the lab, make sure the 
students understand the purpose and use of tae altimeter setting and 
conversion charts. Check all connections of the mercurial .nanometers and 
Insure water shut-off remains closed during high airspeed and altitude 
checks. 

MIR: One Instructor can monitor 6 students'^ln laboratory performance. 

il 

POI C3A8R32531 000 31 October 1978 A2 



wAMiayiiJiTmew* 
PLAN Of INSTRUCTIOH/LESSON PL AH P A R T T 

35 

COUMK TITLK 

Avionics Instrument Systems Specialist 
BLOCK TITUe 

Flight Instruments 
I. COURSE CONTENT i TiHi 

2. Automatic Altitude Reporting System (AIMS) 18 • 

a. Without references, select statements pertaining to the operatiorj (̂ ) 
of the automatic altitude reporting system and instruments. STS: 29a 
Meas: W 

b. Without reference, select statements pertaining to the use of (2) 
AIMS test equipment. STS: 29e Meas: W 

c. Without references, select statements pertaining to trouble- (2) 
shooting the automatic altitude reporting system. STS: 29c Meas: W 

d. Given a workbook, test equipment and trainer, perform an (2) 
inspection and operational check of an automatic altitude reporting 
system with a minimum of 100% accurate workbook responses. 
STS: 3e, 29b. 29e Meas: P 

e. Given a workbook, test equipment and trainer, bench check (8) 
components of an automatic altitude reporting system with a minimum 
of 80% accurate workbook responses. STS: 3e, 29d, 29e Meas: P 
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3b 

COURSE CONTENT 
• \ 

SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 
3ABR32531-PT-302, Pressure Temperature Test Set, TTU-205C/E 
3ABR32531-PT-302A, Automatic Altitude Reporting Equipment (AIMS) 
3ABR32531-WB-302, Leak Check of the TTU-205C/E PTTS 
3ABR32531-WB-302A, Inspection, Operational and Bench Check (AIMS) 
3ABR32531-HO-302 (303), Pitot Pressure and Pitot-Static Control Panel arid 
Operating Instructions 

Audio Visual Aids 
Flip Cnarts, Automatic Altitude Reporting Equipment 

Training Equipment 
Test Set, Pressure Temperature, TTU-205C/E (2) 
Altimeter, Servoed, AAU-19/A (2) 
Computer, Transponder, Altitude, Altitude Coding, CPU-46/A-3 (2) 
Pitot Pressure and Pitot-Static Control Panel (2) 
Test Set, Automatic Altitude Reporting, Encoders and Altimeters, TTU-229/E (2) 

Training Methods 
Discussion (8 hrs) 
Performance (10 hrs) 

Multiple Instructor Requirements 
Equipment, Supervision (2) • 

) 

Instructional Guidance 
Insure students understanding of the servoed altimeter operations in either 
standby (pneumatic) or electrical reset mode and equipment furnishing inputs 
for these modes of operation. Provide assistance in labs as required, insure 
safety standards are maintained at all times and attainment of criterion 
objectives. 

MIR: One instructor can monitor A students in laboratory performance. 

43 
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PLAN OF INSTRUCTION/LESSON PLAN PART I 
37 

•wmtafi^wmew* COurat TITLK 

Avionics Instrument Systems Specialist 
• tOCK T ITLE 

Flight Instruments 
r-Tfsr 1. COURSE CONTENT 

3. Accelerometers 

a. Without references, select statements pertaining to 
operation of accelerometers. sTS: 33a Meas: W 

b. Given a worksheet and accelerometer, perform an inspection 
and operational check of a vertical accelerometer with a minimum of 
lOOZ accuracy In^worksheet responses. STS: 33b Meas: P 
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COIIRSK CONTKNT 

SUPI-ORT MATKRIAI.S ANI) (JUIDANCK 

Student Instructional Materials 
3ABR32531-PT-303 (402A), Operation of Acceleroraeters 
3ABR32531-WS-303 (402), Inspection and Operational Check of Acceleromefer 

Audio Visual Aids 
Flip Charts, Accelerometers 

Training Equipment 
Accelerometer (1) 

Training Methods 
Discussion (1.5 hrs) 
Performance (.5 hrs) 

Instructional Guidance 
Stress importance that students remember to release locking knob on 
Installation of new accelerometers. Provide assistance to students In lab 
area as required. Insure safety standards are maintained and students 
attain criterion objectives. 

J 
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31 
PLAN OF WSTRUCTIOH/LESSOH PLAN PART I 

•umarimtmgTan COUMKTITUC 

Avionics 'Instrument Systems Specialist 
•LOCK T I T t e 

?llght InHtrumt'nts 
COURSe CONTENT t HHI I. 

4. Flight Data Recorders 

a. Without references^select statements pertaining to the operation 
of flight data recorders. STS: 30a Meas:. W 

b. Without references, convert binary numbers to decimal and/or 
decimal to binary. STS: 30a Meas: W 
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COURSE CONTENT 

SUPPORT HATERIALS AND GUIDANCE 

Student Instructional Haterials 
3ABR32531-PT-304 (303), Operation of Flight Data Recorders 

Audio Visual Aids 
Flip Charts, Flight Data Recorders 

Training Methods 
Discussion (2 hrs) 

Instructional Guidance 
Insure students know the purpose of flight data recorders in relation to AircraTt 
Structural Integrity Program, and that recorded information Is In binary 
numbers; therefore, it is important they understand this numbering system. 

') 

•A / 
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HI 
couraKTi-n.c 
Avionics Instrument Systems Special is t 

•LOCK TtTUe 

Flight Instruments 
COURSE OOHTENT r-Trer I. 

5. Air Data Computer Systems and Vertical Scale Flight Instruments 

a. Without references, select statements pertaining to the operatiop 
of the Air Data Computer, Vertical Scale Flight Instruments and Angle 
of Attack Systems. StS: 25a, 26a, 27a Meas: W 

(1 

(2 

(3 

(4 

(5 

(6 

(7 

(8 

(9 

(10 

(11 

(12 

(13 

(14 

(15 

Air Data Computer 

Symbols for air data terms 

Units supplying inputs to CADC 

Units receiving outputs from CADC 

CADC self-test circuit 

CADC system monitor circuits 

Airspeed mach indicator 

Altitude Vertical Velocity Indicator (AWI) 

Amplifiers 

Indexer lights 

True Airspeed (TAS) \ 

Total telbeprature indicator 

Trace signal data from sensors to displays (tapes/counters) 

Operational check 

Troubleshooting 

b. Given a workbook and a trainer, perform an Inspection and 
operational check of an Air Data System. With a minimum of lOOZ 
workbook responses. STS: 3e, 25b, 25c, 26b, 26c, 27b, 27c Meas: P 

c. Given a workbook, test equipment, technical data and trainer, 
troubleshoot an air data computer system with a minimum of 75% 
accurate workbook responses. STS: 3e, 4c, 8d, 25c, 25e, 26c, 26e, 27c, 
27e Meas: P 

d. Given a programmed text, technical data and trainer, bench check 
the vertical scale flight instruments with a minimum of 80% accurate 
workbook responses. STS: 3c, 4c, 26d, 26e Meas: P 

33 
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H3. 

COURSE CONTENT 

e. Given a workbook and test equipment, bench check components of 
an Air Data Computer System with a minimum of 80Z accurate workbook 
responses. STS: 3e, 25d, 25e, 27d, 27e Meas: P 

SUPPORT MATERIALS AND GUIDANCE 

(3) 

Student Instructional Materials 
3ABR32531-PT-305 (30A), Central Air Data Computer System Operation 
3ABR32S31-PT-305A (304A), Bench Check Vertical Scale Flight Instruments 
3ABR32531-PT-305B (304B), CADC System Trainer Familiarization 
3ABR32531'-WB-305 (304), CAOC (Inspect, Operational Check, Troubleshoot) 
3ABR32531-WB-305A (304A), Bench Check of Air Data Computer 
3ABR32531-HO-305 (304), Vertical Scale Flight Instruments 
3ABR32531-HO-305A (304A), Glossary of Terms 
TO 5FS>2>27~2, Maximum Safe Speed Airspeed Indicating System 
TO 5F8-9>10o2, Altitude Vertical Speed Indication System 
TO lF-lll(B)A-06, Aircraft Maintenance Work Unit Code Manual 
AFTO Form 349, Maintenance Data Collection Record 

Audio Visual Aids 
Training Film AVA S22A, Vertical Scale Instruments 
Training Film AVA 522B, Altitude Vertical Velocity Indicator 
Flip Charts, Air Data Computer Systems and Vertical Seale Flight Instruments 

Training Equipment 
Trainer Central Air Data System (2) 
Test Set Pressure Temperature, TTU205C/E (2) 
Pitot Pressure and Pitot-Static Control Panel (2) 
Multimeeer (2) 
Test Bench Set CADC System AN/ASM-201B (2) 
Test Set Indicator Altitude, Vertical Speed (1) 
Test Set Airspeed Mach Number and Safe Speed Indicator (1) 
Altitude Vertical Speed Indicator (1) 
Maximum Safe Speed Airspeed Indicator (1) 

Training Methods 
Discussion (16 hrs) 
Performance (17 hrs) 

y 

Multiple Instructor Requirements 
Equipment Supervision (2) 

Instructiona". Guidance 
When tracing signal data flow through the CAOC system, stress similarity in 
methods of signal processing from CADC to the indicating tape, counter, etc. 
Also, relate the synchro system schematic used previously by students in 
Electronic Principles to the wiring diagrams of synchro systems in CADC 
handouts. In lab areas. Insure attainment of criterion objectives by 
students and observe and practice all safety procedures. After all objectives 

«have been met, collect all reusable student materials. 

POI C3ABR32^31 000 31 October 197a 

49 
50 



^mtayiH'wmefflK 
PLAN OP INSTRUCTION/LESSON PLAN P A R T T 

Vi 

I COUMK TITLE 

ivionics Instrument Systems Specialist 
•COCK TITUC 

Integrated Flight and Navigational Instruments 
COURSE OONTCNT 1. X TIME 

NOTE: The standard of performance for all knowledge criterion 
objectives is the passing score on the written test. 

1. Flight Instruments (Gyro Type) 

a. Without reference, select statements pertaining to the operation 
of gyroscopic flight instruments. STS: 20a Meas: W 

(1) Gyroscopic principles 

(2) Directional Gyro Indicator 

(3) Bank and Turn Indicator 

(4) Attitude Gyro Indicator 

b. Given a workbook, test equipment and components, perform an 
inspection and operational check of flight instruments with a minimum 
of lOOZ accurate workbook responses. STS: 3e, 20b, 20a Meas: P 

c. Given a workbook, test equipment and components, perform 
bench check of representative flight instruments with k minimum of 
lOOZ accurate workbook responses. STS: • 3e, 20d, 20e Meas: P 

d. Given a workbook, test equipment and trainer, troubleshoot 
flight instruments with a minimum of 80Z accurate workbook responses. 
STS: 3e, 20c. 20e Meas: P 

10 
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H4 
COURSE CONTENT 

SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 
3ABR32531-PT-401 (402), Gyroscopic Flight Instruments 
3ABR32531-WB-401 (402), Inspection, Bench Check and Adjustment of the Bank and 
Turn Indicator 

« 
Audio Visual Aids 
AVA 521 or AVA 521A and 521B, Gyroscopic Principles 

Training Equipment 
Gyro Demonstrator (2) 
Attitude Gyro Indicator (2) 
Directii. al Gyro Indicator (2) 
Bank and Turn Indicator (3) 
Rate Table (3) 
Power Control Panel (3) 
Multimeter (3) 
Stroboscope (2) 

Training Methods ' j , 
Lecture/Discussion (8 hrs) 
Demonstration/Performance (2 hrs) 

Multiple Instructor Requirements 
Safety, Equipment and Supervision (2) 

Instructional Guidance 
Using appropriate audio visual aids, explain Gyroscope Flight Instruments 
operation and maintenance. The students vrill perform maintenance operations on 
Gyroscopic Flight Instruments. In the lab insure safety standards are 
maintained and certify attainment of the criterion objectives. . 

MIR: One Instructor can monitor 2 trainers. 
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X PLAN OF IH$TRUCTION/LESSON PLAN PART I 
vi-

Trmrsrmfmvrsr COUNSC TITLE 

Avionics Instrument Systems Specialist 
•LOCK TITLE 

Integrated Flight and Navigation Instruments 
Z TIME 1. COURSE CONTENT 

2. Direct Reading (Standby) Compass 

a. Without references,select statements pertaining to the operation 
of direct reading compasses. STS: 21a Meas: W 

(1) Operation 

(2) Compass error and effects 

(3) Compensator 

(4) Swing procedures 

b. Given a workbook and compass trainer, perform an inspection and 
operational check with a minimum 100% accurate workbook responses. 
STS: n b Meas: P - «.|-

c. Given a workbook, site compass and compass trainer, perform a 
swing and make compensation adjustments with a minimum 100% accurate 
workbook responses. STS: 21c Meas: P 

d. Given a workbook, site compass and compass trainer, perform a 
residual swing and accomplish the pilot's correction card with a 
minimum 80% accurate workbook responses. STS: 21d Meas: P 
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HW 
COURSE CONTENT 

SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 
•3ABR32531-PT-402 (401), Operation of Magnetic (Standby) Compass 
3ABR32531-WB-402 (401), Inspect, Swing and Complete Pilot's Card: 
Magnetic (Standby) Compass 

Audio Visual Aids 
Transparencies, Standby Compass 

Training Equipment 
Compass, Magnetic Type B-16 or B-21 (2) 
Direct Reading Compass Trainer (2) 
Non-Magnetic Screwdriver (2) 

Training Methods 
Lecture/Discussion (2 hrs) 
Demonstration/Performance (2 hrs) 

Instructional Guidance 
Explain the operation, maintenance and swing procedures of the direct reading 
compass. Insure safety standards are maintained and certify achievement of 
criterion objectives. 

') 
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PLAN OP IHSTRUCTIOH/LESSOH PLAN PARI I 
V7 

Um6>lt«ITMieT6>> C O U M I TITLE 

Avionics Instrument Systems Spec ia l i s t 
•LOCK TITLE 

Integrated Flight and Navigational Instruments 
COURSE CONTENT 1 Hnt 1. 

3. Attitude Heading Reference and Gyro Stabilized Magnetic Compass 
Systems 

a. Without references, select statements pertaining to the operatiijin 
of the attitude heading reference and gyro stabilized magnetic compass 
systems. STS: 22a, 24a Meas: W 

(1) General discription 

(2) Attitude system 

(3)- Compass system 

b. Given a workbook and trainer, perform an Inspection and , 
operational check of attitude reference and compass systems with a 
mlnimun of lOOZ accurate workbook responses. STS: 3e, 22b, 2Ab ' 
Meas: P 

c. Given a workbook, test equipment and trainer, troubleshoot the 
attitude reference and compass system with a minimum of 80% workbook • 
responses. STS: 3e, 22c, 22e, 24c, 24e Meas: P « 

35 
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H^ 
COURSE CONTENT 

SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 
3ABR32S31-PT-A03, Attitude Heading Reference and Gyro Stabilized Magnetic 

Compass Systems 
3ABR32S31-HO-403, Attitude Heading Reference and Gyro Stabilized Magnetic 

Compass Systems 
3ABR32S31-HO-403A, Schematic Diagrams 
3ABR3253i-WB-403, Attitude Heading Reference and Gyro Stablli^ted Magnetic 
Compass Systems 

Audio Visual Aids 
Transparencies, Attitude Heading. Reference and Gyro Stabilized Magnetic 
Compass Systems . 

Training Equipment 
Trainer, Auxiliary Flight Reference Sjrstem (2) 
Trainer, ADI (2) Exploded View 
Multimeter (2) 
Test Set, Line Maintenance (2) 

Training Methods 
Lecture/Discussion (20 hrs) 
Demonstration/Performance (16 hrs) 

Multiple Instructor Requirements 
Safety, Equipment, Supervision (2) 

3 

Instructional Guidance 
Using appropriate diagrams, explain the operation and maintenance of attitude 
heading reference and gyro stabilized magnetic compass systems. The students 
will perform maintenance operations on the attitude reference and compass 
system. In the lab Insure safety standards are maintained and certify 
achievement of the criterion objectives. 

MIR: One instructor can monitor 2 trainers. 
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PLAN OF INSTRUCTION/LESSON PL AM PART I 
VI 

Trorranrnnmtrewr COURtB TITLE 

Avlonlcs'lnHtrumi'nt SyHtomR Hpt'cl.illMt 
ILOCK TITLE 

Integrated Flight and Navigational Instruments 

nrar 1. COURSC OONTEMT 

4. MC-1 Compass Calibration ' 

a. Without references, select statements pertaining to the use 
and operation of the MC-1 compass calibrator. STS: 22e Meas: W 

(1) Capabilities 

(2) Components 

(3) Area survey 

. (4) Compass swing 

b. Given a workbook, test equipment, technical data and trainer, 
perform a compass swing and compensation adjustments with a minimum of 80J 
workbook responses. STS: 3e, 4c, 22c, 22e Meas: P •, 

16 
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COURSE CONTENT 

SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 
3ABR32531-PT-404, MC-1 Compass Calibrator 
3ABR32531-PT-404A,-Azimuth Dial Readings -
3ABR32531-WB-404. Use of the MC-1 Compass Calibrator 
AFTO Form 53, Compass Swing Data Sheet 
TO 5N3-3-7-1, Magnetic Compass Calibrator Set (MC-l) 

Audio Visual Aids 
Transparencies, MC-1 Compass Calibrator 

Training Equipment 
Trainer, Auxiliary Flight Reference (4) 
MC-1 Compass Calibrator. Set (4) 
Adapter Kit (4) 

Training Methods 
Lecture/Discussion (6 hrs) 
Demonstration/Performance (10 hrs) 

Multiple Instructor Requirements 
Safety, Equipment, Supervision (2) 

Instructional Guidance 
Using appropriate diagrams, explain the purpose and operation of the MC-l 
compass calibrator. The students will perform a compass swing In the lab. 
Insure safety standards are maintained and certify achievement of the 
criterion objectives. 

3 

MIR: One Instructor can monitor 2 trainers. 

PCI C3ABR32531 000 31 October 1978 60 



"RWroTTCTTHTCTBir 
PLAN OP INSTRUCTION/LESSON PL AH PART I 

Si 
COUNIKnTLC 

AvlonlcH Tn.stnimi'nt SyHtoraH Spt'i'f.il Ist 
•LOCK TITLE 

Integrated Flight and Navigational Instruments 

nrsr I. COURSE CONTENT 

5. Electronic Test Equipment 

a. Without reference, select statements pertaining to the ooeration O) 
of electronic test equipment. STS: 22e, 24e Meas: W 

(1) DC digital voltmeter 

(2) Phase angle voltmeter 

(3) Electronic counter 

(4) Oscilloscope 

b. Given a workbook, test equipment, technical data and trainer, 
bench check various attitude and heading components with a minimum oF 
80Z accurate workbook responses. STS: 3e, 4c, 22d, 22e, 24d, 24e 
Meas: P 
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COURSE CONTENT 

SUPPORT MATERIALS "AND GUIDANCE 

Student Instructional Materials' 
3ABR32531-PT-405 (403A), Electronic Tust Equipment 
3ABR32531-WB-405 (403A), Bench Check AFRS Kluctronlc Components 

Audio Visual Aids 
Transparencies, Electronic Test Equipment 

Training Equipment 
Multimeter (3) 
Test Set, Attitude Reference and Bombing Computer AN/AJM~17 (3) 
Oscilloscope (3) 
Voltmeter, Phase Angle (3) 
Voltmeter, DC Digital (3) 
Electronic Counter (3) 
Amplifier Power Supply ,.(3.) '-
Rate of Turn Gyro Transmitter (3) 
Switching Rate Gyro (3) 
Dual 'Cimer (3) 

Training Methods 
Lecture/Discussion (3 hrs) ^ 
Demonstration/Performance (6 hrs) 

Multiple Instructor Requirements 
Safety, Equipment, Supervision (2) 

Instructional Guidance 
Using appropriate diagrams, explain the purpose and use of electronic test 
equipment. ' In the lab insure safety standards are maintained and certify 
achievement of criterion objectives. The students will bench check components 
in.the lab. After all objectives have been met, collect all reusable student 
materials. 

MIR: One instructor can monitor 2 trainers. 

6. Military Training 

a. Physical Conditioning 

7. Written Test and Critique 

4 

(4) 

2 
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PLAN OF INSTRUCTION/LESSON PLAN PART I 

coumc TiTuc 
AvlonlcB InHtriiraont SyHtomH Spfclnl ls t 

•LOCK TITLC 

Flight Director Systems 

1. COURSE OONTEMT 

NOTE: The standard of performance for. all knowledge criterion 
objectives is' the passing score on the written test. 

1. Flight Director Systems 

i TiMi 

28 

a. Without reference, select statements pertaining to the operation (16) 
of flight director systems. STS: 23a Meas: W 

b. Given a workbook and trainer, perform an inspection and ' 
operational check of the flight director systems with a minimum of 
loot accurate workbook responses. STS: 3e, 23b Meas: P 

c. Given a workbook, test equipment and trainer, troubleshoot 
the flight director system to -a minimum accuracy of 80% workbook 
responses. STS: 3d, 23c, 23e Meas: P 

d. Given a workbook, technical data, test equipment and trainer, 
bench check components of the flight director system with a minimum 
accuracy of 100% workbook responses. STS: 3e, 4c, 23d, 23e Meas: P 
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COURSE CONTENT 

SUPPORT MATERIALS AND (UIIDANCK 

Student Instructlonnl Materials 
3ABR32531-PT-501 (A04), Flight Director Systems 
3ABR32531-HO-501 (404), Flight Director Systems (Modes o£ Operation) 
3ABR32531-HO-501A (404A), Flight Director Systems Diagrams 
3ABR32531-WB-501 (404), Flight Director Systems 

Audio Visual Aids 
AVA 523A, Borlzontal Situation Indicator 
AVA S23B, Attitude Director Indicator 

Training Equipment 
Trainer, Auxiliary Flight Reference (2) 
Multimeter (2) 
Teat Sef, AN/ASM 159 (2) 
Horizontal Situation Indicator (2) 

Instructional Methods 
Lecture/Discussion (16 hrs) 
Demonstration/Performance (12 hrs) 

Multiple Instructor Requirements ' 
Safety, Equipment, Supervision (2) 

Instructional Guidance 
Using appropriate diagrams and films, explain flight director operation and 
maintenance. The students will perform maintenance operations on the flight 
director system and components. In the lab, insure safety standards are 
maintained and certify achievement of the criterion objectives. After all 
objectives have been met, collect all reusable student materials. 

MIR: One Instructor can monitor 2 trainers. 

2. Military Training 

a. Physical Conditioning 

b. End-of-Course Appointments 

3. Measurement, Written Test-\and Critique 

4. Course Critique and Graduation 
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Technlcsl Training 

Avionics Instrument System Specialist 

AVIONIC INSTRIMENT FUNDAMENTALS ^ 

12 July 1979 

CHANUTE TECHNICAL TRAINING CENTER (ATC) 
3360 Technical Training Group 

Chanute Air Force Base, Illinois 

_DESIGNEP_FOR ATC BOURSE USE 
DO NOT USE ON THE JOB 
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As time permits, study the reference materials listed in this 
bibliography. All of the publications are available in the Chanute 
AFB general library or the technical library. After studying the 
publications listed, you will possess a much broader knowledge of 
the course than would otherwise be possible dxiring normal classroom 
instruction. 
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AfM 39-1 

APSC32561 
SainiaiitUadAP8C32S31 FOR TRAINZHG PUKPOSIS ONLY 

AIRMAN AIR FORCE SPECIALTY 

. • AVIONIC INSTRUMENT SYSTEMS SPECIALIST 

1. SPECIALTY SUMMARY 

Installa. inaptcta, rapaira, oparataa, troubleshoota, overhauia, and modifiaa alactronic and 
alactro*machinieiil inatrumenta, inatrumant syatems, componants, and teat equipment. 

t..Performs prtvtntiv* mainttnanet on 
titetronie and eUctro-mtehanieal instrumtnts 
and inntrumtnt $y$t9m$: Inapecta and taata 
electrical, electronic/tranaistorized, and 
mechanicai instrument aystems and com­
ponent parte auch aa flight and engine in­
strument systema; flight data recorder 
syatems: central air data computer systema, 
including component parte such aa computers, 
compensators, converters, and eensora; and 
gyro.Jtabilized attitude reference and flight 
difKtor indicating syatems and components, 
gyro/msgnetic eompaases, clocks, sextants, 
pressure, temperature, and liquid indicating 
systems and torque indicating aystems. Turns 
on equipment and evah^ates equipment per-
'ormance using applicable test equipment. 

•^Adjusts and replaces defective unite and 
componente. 

b. Instalii, rtpain, troubltshoots, 
ovtrhault, and modifiti eUetricai, tltc 
tronie/tran$i»toriitd, and mtchanical in' 
xtruments and Instrument systems: Checlcs 
components viaually and by uae of tools and 
teat equipment for serviceability prior to in­
stallation. Repairs and replaces faulty wiring, 
electrical connectors, and pressure connections 
to components and systems. Troubleehoots 
and rspaira electrical, electronic/ 
tranaiatorized, and mechanicai in­
struments such Bs central- air data computer, 
flight data recorder, flight director, and at­
titude reference systsms to insure correct 
output for related integrated ayeteme 

2. DUTIES AND RESPONSIBILITIES 

Analyzes, Isolates, and repairs instrument 
systems and component malfunctiona uaing 
circuit diagrams and teet equipment, auch aa 
pitot-atotic testers, barometers, and 
manometera, gyroscopic instrument teeters, 
frequency counter, digital voltmetere, and 
specialized instrument systema taatera and 
analyzers. Maintaina and calibratee in­
strument eyatema teet equipment aa outlined 
in applicable technical directivea. Swinge and 
compensatea gyro/magnetic compaasaa. 
Aligna, balances, ialibratea, and adjuata 
repaired aaaembliea and systems. Ac* 
complishes modification of eomponanta and 
systems. 

c. Maintains inspection and mainttnanet 
reeordsi Posts entries on applicable main-
ten^nce and inspection records. Completes 
maintenance data forma. Recommends 
methode to improve equipment performance 
and maintenance procedurca. 

d. Supervise avionie instrument systems 
perscnnel: Assigns maintenance and operation 
tasks. Observee performance to insure com* 
pliance with directives and applicable technical 
publications. Instructs subordinatea in 
techniques of installation, maintenance, and 
repair of instruments and inatrumant aystems. 
Conducts on-the-job training and demon-
stratee uss of tooli and equipment. Inaurea 
personnel adhere to appropriate procaduree 
presv. =hed by USAF maintenance manage* 
ment direclivee. 

a. Knowledge: Knowledge of theory and 
application of electronic and electro-mechanical 
prineipiee; biterpretation and application of 

_ macKankal drawinga and wiring diagrams in 
relation to mechanicai functions and electronic 
drcaita: theory and application of servo-
amplifiers: functk>nai value of differential 

iring: use, care, and interpretation of teating 
\^A menauring davicea; and principles of power 

3. SPECIALTY QUALIFICATIONS 

•'nd motion transmission by electrical and 
mechanicai means is mandatory, Posseesion of 
mandatory knowledge will b« determined in 
accordance with AFM 36—1. 

b. Education: Completton of high school 
with courses in baeic electronicr and 
mathematics H' desirable. 

c. Experience: Experiencd in fur.&tions such 
as instsllatton, testing, inspection, repair, and 
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overhaul of inatrument 
poNtnta ia mandatory. 

ayatema and com* 

d. Trr'-^inK: Completion of a haaic svionic 
iaatramx. ayaiema coura* ia daairable. 

e. ()(hfr: 
M) Normal color viaion and AFM 

IflO- I i> mandatory. 
(2) A minimum aptitude levd of Elec­

tronic flO ia mandatory. 
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AIRCRAFT blATION NUMBERING 

imuum mnfm ^$ti tri 

rfffPK 

WATER 
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FORCES ON AIRCRAFT :RAI 

r^^yg^ 
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SECONDARY FLIGHT CONTROL SURFACE 

MtMMIT COHTaOt. S U t t t m * M «NM 

l A L A t i a M l 
COMTMOt. 

ASJUSTAIU TRIM TM 
^**«*«r cownioc 

fEKvo n 

M ffiOC SPIIINft 

\ 

AUXILIARY FLIGHT CONTROL SURFACES 

\ 

•WW wiNO ruf 

HADING I00£ ,ut 

l l fT WING f U f 

AHERON 

s r o i i c t MO J 

SPOIK* HO > 

spoui« HO.a 
SPOIIEK HO.» 
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FLIGHT CONTROL SURFACES 
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Attack Fighter 

Utility • 

Trainer 

Helicopter 
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CLAMP MOWriNG 
MtnuMim 

M0«IN1MO 
tCMM 

KZn ASMUKV 
KMW fANtl 

rANR 

t U f l tMO 

MSIMMMNT 

OAMPMG KMW 

Figure A Figure B 

Instrument Prepared for Claiq> Mounting 

CUMflNC MaOMNHM 

0 
0 

Install upper left mounting screw. 

Install lower right clomp screw-|ack screw. 

j S j Connect instrument power source and insert 
= ? instrument in panel 

t [ § Tighten both screws. 
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COMNIO IMMIUMINI fOWil 
AND IMittT MittUMfMI IN 
rANIl 
AtlCM IICHI f lKUIt OVfl 
MSttUMiMI 

BEZEL MOUNTING 

4 lirT HINOIO tU l I t TO CAM ACCiSt 
t o MOUNIIMC HOIIS ^ 

INtTAlt rOUl MOUNIIHC SCICWS 
ANO TIOHliN 

Front Bezel Mounting of Instruaents 

iNSTRUMfNT PANIl 

Oil PRESSUlf OAGI 

CHICK VAIVI 

OAOI HTT1NO 

Rear Bezel Mounted Instrument 
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BOLTS 

- MU K T U 
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STANDARD AIRCRAFT MACHINE BOLT 

0 
Drilled Head Bolt 

• 
HEX HEAD. CLOSE.TOLERANCE TENSILE 

0 9= 
BOLT 
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CLOSe-tOLFBANCE SHEAR HOLT 

' Clevis Bolt 

o 
Eye Bolt 
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11 

31 

External Wrenching 

Internal Wrenching 
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SCREWS 
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Allen Screw 
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NUTS 
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o£ Cotter Pint. 
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Coupling. Sleeve: 
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SOLDERLESS CONNECTORS 
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INSULATION 
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STRIPPED 
;WIRE 
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ELECTRICAL CONNECTORS 
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RECEPTACLE WITH PIN INSERT 
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veimn i/4*btnff l /2^IVE 
SOCKETS ANU HANDLES 

-Sockets 

CO 

HINGC HANDLE 

CATCHCT HANDlf 

if no HANDLE 

UMIVf«$Al JOINT 

fXTENSlON 

HANDLES 
Wtur« 21. 

* • • } ! 

t o r 
-l...' a. 



( 

FILES 
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PLIERS 
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Offset Pliers 
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STRIPPERS 

Wire itrippcn. 

SELECT CORRECT HOLE 
TO MATCH WIRE GAGE 

STEP o 

BLADES REMAIN OPEN 
UNTIL WIRE IS REMOVED 

BE CAREFUL NOT TO NICK OR CUT STRANDS 
STEP b 

STEP c 
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Bomdon tub* aaoaitha aiamant. 
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FOREWORD 

This programmed text was prepared for use in the Automatic Flight 
Control System Specialist Course 3ABR32530-1. The material contained 
herein was validated by twenty (20) students from the subject course. 
At least 90% of the sfj.dents achieved the o jecttve as stated below. 

OBJECTIVE 

1. Without references, identify facts concerning aircraft 
familiarization. An accuracy of 70% is required. 

a. Types and distinguishing characteristics. 

b. Principles of flight and flight controls. 

c. Structural areas and systems. 

INSTRUCTIONS 

This programmed text presents information in small steps called 
frames. Within each frame, you are asked to respond to a situation 
or question. Read the information given and respond by circling the 
correct letter or in some other manner as instructed in the frame. 
After you have made your response, compare your answers to those given 
at the top of every other frame. Example, the ansvers for frame 1 
are at the top of frame 3; and the answers to frame 2 are at the top 
of frame 4, etc. If your answer is correct, go to the next frame; 
if your answer is wrong, read the frame again to get the information 
straight in your mind. Write the correct response next to your 
original response, and then proceed to the next frame. Work at your 
own pace. DO NOT HURRY! 

y 

Supersedes 3ABR32530-1-PT-115, 3ABR32531-PT-104, 3ABR32632B-PT-203, 
3ABR34230-PT-606A, 2 January 1974. 
OPR: 3360 TCHTG 
DISTRIBUTION: X 

3360TCHTG/TTGU-F - 200; TTVSA - 1 135 
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Frame 1 

All military aircraft are assigned a group of numbers and letters 
for identification purposes. .Listed below are some typical examples. 

A-IE H-3C 

B-52H T-33A 

C-135A 

F-106B 

U-6A 

X-15A 

The letter in front of the dash indicates the basic mission for 
which the aircraft was designed. This letter is referred to as the 
basic mission symbol. The basic mission symbol is used to denote the 
primary function of capability of the aircraft. Special cases are the 
letters "H" and "V." The "H" stands for helicopter - a type of aircraft 
with rotary wings. The helicopter is capable of flight both horizontally 
and vertically. The "V" stands for either vertical takeoff or landing 
(VIOL) or short takeoff or landing (STOL) type aircraft which are 
designed for taking off or landing in very short distances. 

Mark the following statements true (T) or false (F). 

1. A B-52H is a helicopter. * 

2. A T-33A is a fixed wing aircraft. 

3. In the designation U-6A, the A indicates the basic mission 
of the aircraft. 

An H-3C is a rotary wing aircraft. 

5. A V-lOA would be the proper designation for a short takeoff 
or landing aircraft. 



r 
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Frame 2 

Military aircraft are designed to perform a primary function or 
job. As you have already learned, the basic mission letter is assigned 
to all military aircraft to denote the primary function or basic mission 
for which it is designed. A partial list of basic missions and their 
respective mission letters is shown below. 

A - Attack 

B - Bomber 

C - Cargo/Transport 

F - Fighter 

0 - Observation 

T - Trainer 

U - Utility 

X - Experimental/Research 

Notice that the basic mission letter is usually the first letter 
of the word representing the basic mission. 

Mark the following'statements true (T) or false (F). 

1. The basic mission letter for a utility aircraft is "U." 

J 

2. The basic mission letter stands for the primary function for 
which the - .rcraft is designed. 

"T" is the basic mission letter for transport. 

137 
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Answers to Frame 1; F 1. T 2. F 3. T 4. T 5. 

Frame 3 

Let's learn more about basic missions of various aircraft and their 
distinguishing characteristics. An attack aircraft is designed to 
search out and destroy enemy land or sea targets, its armament is cannon 
and air to surface rockets. 

Fighter aircraft are similar in size and shape to attack aircraft. 
Fighters are designed to intercept and destroy other aircraft and 
missiles. Some fighters are also multipuirpose aircraft designed to 
support friendly troops in the destruction of enemy troops and equipment. 
The distinguishing characteristics of fighters and attack aircraft, 
as compared to bombers and cargo aircraft, are their small size and 
thin, short wings. Fighter armament is usually cannon and air to air 
rockets. 

Mark the following statements true (T) or false (F). 

1. Attack aircraft usually carry air to air missiles. 

2. Fighter aircraft are used to engage enemy aircraft and 

support friendly troops. 

_3. Most fighter aircraft have thick wings and large fuselages. 

i3 J 
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T 2. F 3. Answers to Frame 2: 

Frame 4 

Bomber aircraft are designed to carry heavy bomb loads far into 
enemy territory. They are equipped with all-weather flying and 
bombing equipment. Many of the distinguishing characteristics of 
bomber type aircraft also exist on cargo/transport type aircraft. 

Cargo aircraft are designed to carry heavy loads of cargo and/or 
passengers. Instead of bomb-bay doors in the bottom of the plane 
as is the case with bombers, modern cargo aircraft have loading doors 
at the front or rear of their roomy fuselages to accommodate loading 
freight or vehicles. Loading ramps, conveyors, and hoists aid in 
loading and unloading heavy cargo. Obviously, one distinguishing 
characteristic of both bomber and cargo-type aircraft is their huge 
size. 

Mark the following statements true (T) or false (F). 

Bombers have doors in the bottom of the aircraft to load 
and drop or unload bombs. 

2. 

3. 

4. 

Bombers are used to carry cargo and/or passengers. 

Transports can carry vehicles. ' 

Cargo aircraft are generally small and fast. 

13J 
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Answers to Frame 3; F 1. T 2. F 3. 

Frame 5 

Observation aircraft are designed to fly over enemy territory to 
obtain information concerning enemy troops and supplies in active 
combat areas. 

Trainer aircraft are designed for training personnel to operate 
the aircraft and/or related equipment. A distinguishing characteristic 
of the trainer type aircraft is the two-seat cockpit - either side-by-
side or in tandem (one behind the other). 

Aircraft used for miscellaneous missions such as carrying small 
cargo loads and/or passengers, towing targets, etc., are designated as 
utility aircraft and are assigned the mission letter "U." 

Mark the following statements true (T) or false (F). 

_1. Observation aircraft are used to observe enemy troop 
movement. 

2. Trainer aircraft are designed primarily to test new equipment. 

_3. The U-2A is a utility aircraft. 

hin 



T 1, F 2. T 3. F 4. Answers to Frame 4: 

Frame 6 

Sometimes aircraft are modified to perform functions other than 
their primary function. Some bombers, for example, are modified for 
reconnaissance; some cargo aircraft are modified to provide inflight 
refueling of other aircraft, etc. When an aircraft has been modified, 
it is Identified by a modified mission letter placed in front (to the 
left) of the basic mission letter. Some examples of modified mission 
letters are listed below. 

A - Aircraft modified to attack enemy troops and targets. 

C ~ Aircraft modified to carry cargo and personnel. 

H - Aircraft having special equipment to perform search and 
rescue missions. 

K - Aircraft modified to perform inflight refueling (tanker). 

T - Aircraft modified for training purposes. 

R - Aircraft equipped for photographic or electronic reconnaissance 
missions. 

U - Usually small aircraft modified to carry cargo, passengers, 
or tow targets. 

W - Aircraft modified with permanently installed weather equipment. 

Remember, if an aircraft number has only one prefix letter on the 
left, then the aircraft is performing its basic mission. If, however, 
the number begins with two letters, the outside (left most) letter 
indicates the mission which the aircraft is modified to perform. 

Mark the following statements true (T) or false (F). 

1. An RB-57 aircraft is designed for a basic mission of bombing. 

The modified mission letter of the KC-135 is "K." 2. 

3. 

J 

The modified mission of an HU-16 aircraft is search and 
rescue. 

Ul 
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Answers to Frame 5: T 1, F 2. T 3. 

Frame 7 

Military aircraft are further identified by design number as 
follows: 

Attack aircraft - A-1, A-3, A-4, A-5, etc. 

Bomber aircraft - B-25, B-26, B-47, B-52, etc. 

Cargo/Transport aircraft - C-47, C-54, C-130, C-135, etc. 

Fighter aircraft - F-80, F-lOO, F-105, F-106, etc. 

Notice in the examples above that the design numbers for each 
basic mission are larger as you proceed to the right. The larger 
design numbers are used for aircraft which were designed at a later 
date. 

Mark the following statements true (T) or false (F). 

1. An A-4 aircraft is a fighter aircraft. 

2. A B-47 is a newer design than a B-25 aircraft. 

3. The letter in "F-105" is the basic mission letter. 

4. The number in "C-130" is the design number of a cargo/ 
transport aircraft. 

^ •i (^ 
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T 1. T 2. T 3. Answers to Frame 6: 

Frame 8 

You have just seen that larger design numbers indicate newer (or 
later) models of the same type of aircraft. The design numbers have 
been getting so large, that the government has decided to begin the 
design numbering sequence all over again. For example, cargo aircraft 
designed after the C-Ul are designated as C-1, C-2, etc. Likewise, 
the F-111 is the last fighter designation in the series. Newer fighters 
are designated F-1, F-5, etc. In the case of bombers, the B-70 is the 
last large numbered bomber. As you may know, the newest bomber design 
was given the number B-1; and although it is not in the Ai.r Force 
inventory, its design number, B-1, still stands. 

Mark the following statements true (T) or false (F). 

_1. An F-5A is a newer design aircraft than the F-106A. 

2. An RC-135A was designed before the C-141A, 

_3. The F-105 was designed after the F-4. 

y 

A 9 
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Answers to Frame 7: F 1. T 2. T 3. T 4. 

Frame 9 

A series letter always follows the design number, for example, 
C-5A, C-5B, etc. Series letter "A" is used for all newly designed 
aircraft. These aircraft, as a rule, rem.ain series "A" as long as they 
are used by the Air Force. To understand just how series letters change, 
let's look at an example. 

Let's say the government makes a contract with Boeing to produce 
100 B-52 aircraft. As those 100 models roll off the assembly line, 
they are given the series letter "A" - thus the number of the aircraft 
becomes B-52A. As the Air Force uses these "A" models, they will 
find that certain modifications or changes need to be made. The 
changes are usually made by qualified Air Force personnel, but the 
series letter of the aircraft remains "A." 

Now at some time in the future, the Air Force will make another 
contract for say 100 more B-52 aircraft. But these new aircraft must 
contain all the modifications that were made to the first 100. 
Therefore, since these new aircraft are different in design from the 
first 100 which Boeing made, they assign them a different series 
letter - in this case "B" and all 100 of these new aircraft will be 
given the number B-52B. Each new contract for this B-52 aircraft will 
generate a new series letter if the design is cha*nged from the last 
contract. Understand that the series change does not change the 
function of the aircraft - in our example, the aircraft is still a 
bomber. A series change only improves that function. 

Mark the following statements true (T]. or false (F). 

_1. 

_2. 

_3. 

4. 

A B-52A aircraft has no major design modifications. 

In the designator KC-135B, the K represents a series change. 

The series letter in the designator WB-66D is "D." 

A C-135B aircraft has had one major modification. 

^ •*. X 



Answers to Frame 8: 

Frame 10 

T 1. T 2. F 3. 

Aircraft have serial numbers to make it easier to distinguish 
between aircraft of the same design, for instance, one KC-135B from 
another KC-135B. Serial nuirbers include the two digits that repre­
sent the aircraft contract year separated by a hyphen from the rest 
of the number (75-12345). The component assignment letter, indicating 
the organization .to which the aircraft is assigned, is added as a 
suffix to the serial number. The component assignment letter "A" 
is used to identify aircraft assigned to the Air Force (75-12345A). 
The serial number, symbol., tyiie of fuel, and technical order reference 
are stenciled on the left side of the fuselage under the pilot's 
window, as shova below. Remember where to find the aircraft serial 
number since you will be required to use it when recording your work. 

"CHNICAl DATA 
UOINO 

Figure 1. 

Mark the following statements true (T) or false (F). 

The suffix symbol "A" in the aircraft serial number 73-1762A 
indicates assignment of the aircraft to the Air Force. 

2. 

3. 

The serial number of aa aircraft is located under the pilot's 
window on the outside (left side) of the fuselage. 

In the aircraft number 77-12345, the first two digits indicate 
that the aircraft was purchased in July of 1970. 

Aircraft serial numbers have a maximum of four digits. 

12 



/av 
Answers to Frame 9: T 1. F 2. T 3. T 4. 

Frame 11 

The radio call number (tail number) consists of five digits. It 
is applied to each side of the vertical stabilizer and is derived from 
the last five digits (12345) of the aircraft serial number (75-12345). 
When it is necessary to use the contract year, the first digit and 
the hyphen are not used. Thus, the radio call number for serial number 
75-1234 would be 51234. If the serial number has less than five digits, 
say 77-12, zeros will be added following the second digit of the contract 
year to make a total of five digits (70012). Duplication of radio call 
numbers, derived from the serial numbers 65-1234 and 75-1234 is prevented 
by using the symbol "0-" in front of the earlier year - for example, the 
radio call number for the 10-year-ol>. aircraft (65-1234) is 0-51234. The 
call number for the other aircraft is 51234. It is possible that another 
20-year-old aircraft with the same call number (55-1234) is on the same 
base. Although such instances are rare, they do occur and the local 
command at that base will have its own particular method of identifying 
such aircraft. 

Remember how radio call numbers are derived and where they are 
located because you will be assigned work by the tail number of the 
aircraft. In the maintenance shop, this is the easiest form of 
identification. 

Complete the 'following statements by filling in the appropriate 
blank on your response shx-et. 

1. If 65-1576 is the serial number of a 10-year-old aircraft, 
and a 1975 model aircraft has the same serial number, what would be 
the radio call number of the 1965 model aircraft? 

2. The radio call number of a B-52G, serial number 72-0007 
would be 

3. The radio call number of a C~141, serial number 75-65321 would 
be 

li 0 
13 
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Answers to Frame 10: T 1. T 2. F 3. F 4. 

Frame 12 

Circle the letter of the correct response to the following statements, 

1. The basic mission of an F-104C is to 

a. carry cargo and/or passengers. 

b. intercept and destroy other aircraft. 

c. bomb enemy targets. 

d. search out, attack, and destroy land targets. 

2. The basic mission of an RC-47A is to 

a. search out, attack, and destroy land targets. 

b. take pictures on reconnaissance flights. 

c. carry cargo. 

d. tow targets. 

3. The modified mission of a TB-58A is 

a. for training personnel. 

b. to bomb enemy targets. 

c. to transport personnel. 

d. to attack enemy land targets. 

4. The series letter of an HU-16B is 

a. B. 

b. H. 

c. U. 

d. not shown. 

11 
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Frame 12 (Cont'd) 

A WB-5 7 designator means that the aircraft is 

a. an attack type used for training. 

b. a weather type used for training. 

c. a fighter modified for training pilots. 

d. a bomber with weather equipment installed. 

The aircraft serial number is located 

a. inside the pilot's compartment, under the left 
window. 

b. outside the fuselage, under the pilot's window. 

c. on the lower side of the left wing. 

d. on both sides of the fuselage. 

One distinguishing characteristic of a cargo/transport 
aircraft is its 

a. smdll size. 

b. thin, short wings. 

c. large cargo door. 

d. number of engines. 

The basic mission of a B-47A is to 

a. carry cargo. 

b. carry passengers. 

c. bomb enemy targets. 

d. intercept and destroy enemy aircraft. 

lis 
15 
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Answers to'Frame 11: 1̂  0-51576 2. 20007 3.' 65321 

Frame 13 

You have completed the first part of this lesson covering the 
types, designation and distinguishing characteristics of military 
aircraft. The next section deals with the major structural components 
of an aircraft—the fuselage, wings, empennage, engine nacelles, 
jet pods, and some more aircraft markings. 

NO RESPONSE REQUIRED 

V 

itD 
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Answers to Frame 12: 1. 
8. 

b 2. 
c 

3. 4.' a 5. d 6. b 7. 

Frame 14 

The fuselage is the central body portion of an aircraft. The 
cabin or cockpit is located in the nose of the fuselage and is some­
times referred to as the crew compartment. 

The central portion of the fuselage is the cargo or passenger 
section of cargo/transport aircraft. The central portion of a bomber 
fuselage is used to carry bombs. Fuel is sometimes carried in this 
section of refueling (tanker) aircraft. 

An illustration of the KC-135A "tanker" is shown below. This 
aircraft has large tanks of jet fuel in its fuselage which is used 
to retuel other aircraft in flight. The national star insignia (A) and 
U.S. Air Force (B) are markings on each side of the fuselage and are 
located on most aircraft in approximately the same position as shown. 

D CABIN 

E VERTICAL STABILIZER 

F HORIZONTAL 
STABILIZER 

G EMPENNAGE 

Figure 2. 

Mark the following statements true (T) or false (F) 

_1. The fnstiage is represented by section "C" in the above 
illust: ition. 

Fuel is carried in the section labe'-l "D." 

The cabin area is located in the nose of a KC-135. 

_4. Markings "A" and "B" are found on both sides of the 
fuselage. 

5. The empennage is the tail section of an aircraft. 

17^5' 
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Answers to Frame 13: No response required 

Frame 15 

All aircraft have wings (airfoils) to provide lift and support 
the aircraft in flight. High speed jet fighters, such as the F-104A, 
have short thin wings as shown in illustration A. The WU-2A, shown 
in B below, has long thin wings to support flight at extremely high 
altitude where the air is thin. A helicopter, C, has rotary wings which 
enable it to fly vertically and horizontally. Cargo aircraft have 
thick, long wings to provide more lift. 

RIGHT WING 

LEFT WING 

) . 

Figure 3. 

Is the following statement true? Circle either YES or NO. 

I. Wings are structural units that support the aircraft in 
flight by providing lift. 

YES NO 

ioi 

18 
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Answers to Frame 14: T 1. F 2. T 3. T 4. T 5. 

Frame 16 

Aircraft reciprocating engines (engines with pistons) are enclosed 
in engine nacelles. The nacelles cover, streamline, and help cool the 
engines. 

Jet pods cover and streamline jet engines when the engines are 
mounted under the wings. 

Engines are numbered one, two, three, four, etc., starting at 
the aircraft's left wing tip as seen when you are sitting in the cockpit 
looking forward. 

Mark the following statements true (T) or false (F). 

1. Aircraft engines are numbered from right wing tip to left 
wing Up. 

_2. An aircraft has the same number of nacelles or pods as it 
has engines. 

_3. Nacelles cover, streamline, and help cool reciprocating 
engines. 

19 
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Answer to Frame 15: YES 

Frame 17 

Match the numbers of the illustration below to location of markings 
and the part of the aircraft they identify. Write the correct number 
in the appropriate spaces provided. 

Figure 4. 

Vertical stabilizer 

b. 

c. 

d. 

e. 

f. 

8-

h. 

Number 2 engine 

Right ving 

Right horizontal 
stabilizer 

Left horizontal 
stabilizer 

Number 4 engine 

Fuselage 

Left wing 

J. 

k. 

1. 

m. 

n. 

o. 

Call number 

U.S. Air Force 

Technical data legend 

National star (fuselage) 

Number 1 engine 

Ejnpennage 

Cabin 

^3 
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Answers to Frame 16: F 1. T 2. T 3. 

Frame 18 

THE GENERATION OF LIFT 

A balloon filled with hydrogen or helium rises because the weight 
of the air it displaces is greater than the weight of the balloon. The 
amount of force that keeps it up in the air is the difference between 
the balloon's weight and the weight of the air (see figure 5). Another 
way of saying this is that the balloon's lift factor is greater than 
the balloon's weight (which is the pull of gravity on the balloon -
see figure 6). 

WSIGHT OF 
SAllOON 

V 

V 
WEIGHT OF 

DISPtACED AIR 

AMOUNT OF 

FORCE 

PRODUCING IIFT 

BAUOON'S 
WEIGHT 

A 

^ AMOUNT OF 

FORCE 

PRODUCING LIFT 

BALLOON'S 
LIFT FAaOR 

Figure 5. Figure 6. 

NO RESPONSE REQUIRED 
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Answers to Frame 17; 

Frame 19 

5 
1 

13 

a. 
f. 
k. 

9 
3 

11 

b. 
g. 
1. 

2 
7 
8 

c . , 
h. 
m. 

4 
10 
14 

d. 
i . 
n. 

6 
12 
15 

e 
J 
0 

An aircraft gets lift from the air through which it flies, but 
in a different way from a balloon. Since the aircraft weight is 
greater than the weight of air it displaces, it cannot rise like a 
balloon. It must genera'.e its own lift by moving through the air at 
high speed and allowing the wings to lift the aircraft. 

There are four major forces acting on an aircraft while it is 
flying. One of these forces is already known to you. This force is 
called gravity. The force wliich makes the aircraft move forward 
through the air is called thrust. Keep in mind that without thrust, 
lift cannot be generated. But, as thrust moves the aircraft through 
the air, another force is produced. This force is known as drag -
anything that moves through the air causes drag. These four forces 
are summarized in the diagram below and explained in greater detail 
in the fol""owing frames. Only when you become familiar with the 
action of these forces on the aircraft in flight can you understand 
how aircraft can be controlled in the air. 

foitAO 
> 

y 

\SID 

o 
Figure 7. 

Circle the correct letter. 

1. Th force necessary to create lift is 

a. thrust. 

b. torque. 

c. weight. 

d. d-ag. i5' 
'vy 

22 
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Answers to Frame 18: No response required 

Frame 20 

The force that overcomes gravity and holds the aircraft up during 
flight is called lift. An aircraft gets its lift from the air which 
passes over and under the wings as a result of its motion. To under­
stand how a wing generates lift, let's first examine a very important 
discovery made by a man named Bernoulli. 

Bernoulli forced air through a piece of tubing that had a slight 
reduction in it called a venturi (see diagram "a" below) and measured 
the velocity and pressure of the airstream at various places inside 
the tube. He noted that the velocity of the air increased as it went 
into the venturi. He also noticed that as the velocity increased, the 
air pressure decreased. 

Since a wing (also called an airfoil) is shaped like a venturi (see 
diagram "b"), the airstream flowing over the top of the wing will travel 
faster than the air under the wing. Thus, by Bernoulli's principle, 
the pressure of the air will be lower on the top of the wing and higher 
on the bottom. Therefore, as the aircraft moves through the air, its 
airfoils sll help to generate the lift needed to support the aircraft 
in flight (see diagram "c"). 

A 

VENTURI TUIE 

.AIRFOIL 

THE TOP OF AN AIRFOIt IS 

ACTUAILY ONE SIDE OF A VENTURI 

THE SHAPE OF THE AIRSTREAM AROUND A WING 

Figure" 8. 

Mark the following statements true (T) or false (F). 

1. Air pressure is greater on the upper surface of an airfoil 
than on the lower surface. 

To produce lift, air must flow over the top of the wing faster 
than it flows under the wing. 

fs 
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Answer to Frame 19: 1. a 

Frame 21 

Since the air pressure on the wing decreases as the velocity of 
the alrstream over the wing Increases, It is easy to see that the 
faster tlie aircraft moves through the air, the more lift Its wings will 
generate. Therefore, lift Is affected by airspeed (the speed at which 
air flows around the wings). 

Lift is also affected by something known as angle-of-attack. Angle-
of-attack can be simply defined as the angle at which the wing meets 
the airflow. But this definition, although simple, doesn't explain 
the meaning exactly. To explain angle-of-attack properly, first you 
need to Know the meaning of chord and relative wind. 

Tlie chord (pronounced like cord) of a wing is shortest distance from 
the trailing edge to the leading edge of the wing (see figure 9). 

In aerodynamics, the relative wind is always directly opposite to 
the flight path of the aircraft. Flight depends entirely upon main­
taining sufficient airflow over the wings. This is why iiircraft always 
take off into the wind. 

Figure 9 below shows an airfoil and its chord line extending from 
the leading edge to the trailing edge. Also shown ^s the direction of 
the relative wind (coming from the left in the diagram). The angle-of-
attack is labeled a Cpronounced alpha) in the diagram. 

CHORD LINE 

RELATIVE WIND 

r :> 

Figure 9. 

It is possible that the angle-of-attack can become so great that 
the airfoil stops generating lift. When this occurs, it is referred 
to as stall and the angle-of-attack at which stall occurs is called 
the stall angle. Do not spend time memorizing these terms now. They 
have been introduced to you so that you will recognize and be able to 
use them when you see them again later in the course. You should keep 
in mind though that both airspeed and angle-of-attack are factors that 
affect lift. 

NO RESPONSE REQUIRED 
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Ansewrs to Frame 20: F 1. T 2. 

Frame 22 

The one force with which we are most familiar is gravity. It 
is the force which attracts bodies toward the center of the earth. 
Gravity is always at work trying to keep the aircraft on the ground 
or to pull it back to the ground once it is in the air. 

Figure 10. 

Is this statement true or false? Circle either YES or NO. 

1. The force which opposes gravity is lift. 

YES NO 

25 15: 
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Answers to Frame 21: No response required. 

Frame 23 

In order for the aircraft to get the motion required for lift, 
another force is required. Tliis force is called thrust. The thrust 
may come from the propeller driven by a reciprocating engine or a 
turbo-prop engine, or from the reaction of exhaust gases in a jet 
engine. In general, the larger the aircraft the greater the thrust 
required to lift it off the ground. 

<0F^ 
Figure 11. 

Circle the correct letter. 

1. The force required for lift is 

a. drag. 

b. gravity. 

c. thrust. 

d. torque. 

y 

15J 
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Answer to Frame 22: YES 

Frame 24 

As soon as the aircraft starts moving to create lift, another 
force is created which opposes the movement (see illustration below) 
This force is called drag. Part of the drag is caused by the wing 
and is called induced drag, because it is produced as a result of 
the creation of lift. Part of the drag is caused by the fuselage 
and other parts of the aircraft exposed to the airstream and is 
called parasitic drag. There is no way of preventing drag, but by 
proper design it can be kept to a minimum. Drag always acts at 
right angles to lift and opposite in direction to thrust. 

Figure 12. 

Circle the correct letter. 

1. The type of drag caused by the wing is called 

a. parasitic drag. 

b. induced drag. 

c. residual drag. 

d. reduced drag. 

IG') 
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Answers to Frame 23: 1. c 

Frame 25 

All bodies that turn, move around (about) a line called an axis. 
There are three imaginary axes about which an aircraft can turn. These 
axes are imaginary straight lines passing through the center of 
gravity of the aircraft. The center of gravity of an aircraft is the 
point from which it can be suspended in air and remain at a level 
position. 

CENTER OF GRAVITY 

Figure 13. 

Circle the correct letter. 

1. Center of gravity of an aircraft is an imaginary 

a. line through the longitudinal center of the aircraft. 

b. point at which, if suspended, the aircraft remains 
in a level position. 

c. line bisecting the vertical centerline of the aircraft. 

d. line from wing tip to wing tip. 

8 
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Answer to Frame 24: 1. b 

Frame 26 

The longitudinal axis extends from the nose of the aircraft to 
the tail, through the center of gravity. Movement about (around) 
this asis is called roll or bank. 

The axis which extends from wing tip to wing tip, through the 
center of gravity is called the lateral axis. Movement about 
(around) this axis is called pitch (climbing or diving). 

The imaginary vertical line passing through the center of gravity 
is called the vertical axis. Movement around (about) this axis is 
called yaw. 

On the diagram below, select the letter which identifies each 
axis of the aircraft and write the letter in the appropriate space. 

PITCH 

Cb'NTER OF GRAVITY 

YAW 

Figure 14. 

_b. 

_c. 

_d. 

e. 

f. 

Lateral axis 

Vertical axis 

Longitudinal axis 

Roll axis 

Yaw axis 

Pitch axis 

1^2 



w 
Answers to Frame 25: 

Frame 27 

1. b 

In a previous frame, you learned how an aircraft wing (airfoil) 
generates lift when air flows around it. Now let's say that the wing 
has a movable surface attached to its trailing edge by a hinge and is 
capable of moving up or down. We call this movable surface a control 
surface because it can control the movement of the aircraft. Before 
discussing what happens when the control surface is moved up or down 
into the airstream, you must first become familiar with some terms 
that you will use virtually every day in your Air Force career. 

WING 

MOVAIIE 

CONT«Ol 

SURFACE 
TIAIIING EDGE 

Figure 15. 

In the illustration above, the control surface is aligned with 
the wing and is said to be streamlined. In other words, it io not 
deflected into the airstream. If the control surface is att-uched to 
the wing of the aircraft, the control surface is called an aileron; 
if it is attached to the rear horizontal stabilizer, the control surface 
is called an elevator; and if the control surface is attached to .the 
tail (or vertical stabilizer), the control surface is called a rudder. 
See the aircraft control surface trainer in the front of the reading 
room. • 

The ailerons, elevators, and rudder are known as primary flight 
controls. The ailerons and elevators are connected by means of cables 
or push rods to the control column or control stick in the cockpit so 
they caij be operated by the pilot and co-pilot. The rudder is connected 
to, and controlled by, the rudder pedals in the cockpit. Each control 
surface controls the aircraft's movement about one of three axes 
(lateral, longitudinal, or vertical) while the plane is in flight. 

Check the correct response to the following statements. 

1. The hinged surfaces, or controls, which control the directional 
movement about the axes of the aircraft are called 

a. secondary flight controls. 

b̂. auxiliary flight controls. 

ĉ. primary flight controls. 

d̂. accessory flight controls. 

2. Primary flight controls consis,t of 

a. flaps, rudder, and stabilizer. 

b̂. rudder, ailerons, and elevators. 

ĉ. spoilers, tabs, and flaps. 

d̂. rudder, tabs, and ailerons. 

he '>o 
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Answers to Frame 26; Z b. X c. X d. Z e. 
Y f, 

Frame 28 

You have just learned that if the control surface is not deflected 
up or down, then it is said to be streamlined with the wing. Actually, 
the wing and the control surface appear to the relative wind like a 
single wing. In other words, when the control surface is streamlined, 
the relative wind flows passed the wing and generates lift due to the 
shape of the wing as you have already learned. 

If, however, the control surface is moved up or down, the relative 
wind acts on the wing as ii the entire wing has changed shape! Let's 
see what happens when the control surface is moved down into the 
airstream. 

CONTROL SURFACE DOWN, 

LIFT INCREASED 

Figure 16. Figure 17, 

Figure 16, above, shows the control surface deflected down; while 
figure 17 shows how the relative wind "sees" the wing in this configura­
tion. Notice the airflow lines over and under the wing in figure 17. 
With the control surface deflected down, the top of the wing actually 
appears to be curved more now than it was when the wing was streamlined. 
Recall that the curve (or venturi shape) of the top of the wing is what 
causes the lower pressure on top and thus produce an upward lift. Well, 
since the wing now has more cu<.ve on top (see figure 17), its lift 
factor will increase. In short, when the control surface is moved down, 
lift is increased. 

CONTROL SURFACE UP, 

UFT DECREASED 

I NEGATIVE UFT 

Figure ..18. 

In figure 18 above, the control surface is moved u£ into the air-
stream. In this configuration, the relative wind acts on the wing as if 
the underside of the wing were more curved than the top. This produces 
the opposite lift effect fiom before. The wing still produces lift, 
but this time the lifting force causes the wing to go down. This is 
sometimes called negative lift. It would be just as correct to say that 
when the control surface is moved up, lift is decreased. 

31 / C c 
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Frame 28 (Cont'd) 

Mark the following statements true (T) or false (F). 

1. When the control surface is moved up, the wing loses lift. 

2. When the control surface is moved down, the wing loses lift. 

3. 

4. 

If the control surface is streamlined, the wing generates 
no lift. 

If the top of the wing is more curved than the bottom, lift 
is produced in an upward direction. 

When the control surface is moved up, the underside of the 
wing will appear to have more curve to it than the top, thus 
negative lift is produced in a downward direction. 

32 
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Answers to Frame 27: 1. c 2. b 

Frame 29 

The elevators cause the aircraft to move around the lateral 
(pitch) axis. They are connected by hinges to the horizontal stabilizer 
so that the pilot can move them up or down by moving the control column 
(or stick) forward or backward. 

If the stick is pulled backward, both elevators move up. As you 
learned earlier, this causes the horizontal stabilizer to lose lift. 
Thus the tail of the aircraft drops causing the nose of the plane to 
pitch up. 

If the control stick is pushed forward, the elevators move down, 
produces more lift in the tail section of the aircraft causing it to 
go up and the nose of the plane to pitch down. Remember, stick back -
nose up; stick forward - nose down. To see the elevators in action, 
refer to the aircraft control surface trainer in the classroom and ask 
your instructor to demonstrate it. 

This 

TRUE or FALSE 

The elevators move in opposition to each other - when the left 
goes up, the right goes down and vice versa. 

_2. Elevators control the pitching of the aircraft. 

_3. If the pilot pushes the stick forward, the plane will go 
into a dive. 

33 
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Answers to Frame 28: T 1. F 2. F 3. T 4. T 5. 

Frame 30 

The rudder is connected to the rudder pedals inside the cockpit. 
There is a left and right rudder pedal that move opposite each other. 
That is, when the right rudder pedal is depressed, the left rudder 
pedal pushes up causing the cable connections to move the rudder to 
the right. Air pressure on the rudder then pushes the tail to the 
left and the aircraft pivots around the vertical axis so that its 
nose moves to the right. In short, right rudder pedal depressed 
causes the nose of the aircraft to move to the right. In a similar 
manner, depressing the left rudder pedal causes the nose of the plane 
to move to the left. This movement about the vertical axis is called 
yaw. See the aircraft control surface trainer. 

Check the letter of the correct r->sponses tc .ne following statements. 

1. Movement about the vertical axis is called 

a. roll. 

b. yaw. 

pitch. 

drag.. 

The rudder cauoes the aircraft to move around (about) which 
axis? 

a. Lcngltudinal 

b. Lateral 

N 
> 

_c. Horizontal 

d. Vertical 

3. The primary flight control which is hinged to the trailing 
edge of the vertical stabilizer is the 

â. aileron. 

b̂. elevator. 

c. rudder. 

1S7 
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Answers to Frame 29: F 1. T 2. T 3. 

Frame 31 

The ailerons control the movement of the aircraft around the 
longitudinal (roll) axis. They form a part of the trailing edge of 
the wings, but they are hinged in place so that they can be moved up 
or down. Each wing has an aileron. 

lEFT TURN OF WHEEl 
lEFT ^llEltON UP 

RIGHT AllERON DOWN 

RIGHT TURN OF WHEEl 
^ LEFT AllERON DOWN 

RIGHT AllERON UF 

lEFT AllERON UF 
RIGHT AllERON DOWN 

; /^«'c«r 

lEFT AllERON DOWN 
RIGHT AllERON UF 

CONTROl COIUMN CONTROl STICK 

F-'gure 19. 

The ailerons are connected to the control system so the pilot 
can move them by turning the control column wheel to the right or 
left, or by pushing the control stick from side to side as illustrated 
above. The ailerons are rigged so that when one aileron is raised, 
the other one is lowered. As shown in the illustration, vhen the 
control column wheel is turned to the left or the control stick is 
pushed to the left, the left aileron moves up and the right aileron 
moves down. This movement has the effect of increasing the lift of 
the wing with the lowered aileron and decreasing the lift of the wing 
with the raised aileron. If the control column wheel or stick is 
moved to the right, the action of the ailerons reverses. To better 
understand the operation of the ailerons, refer to the aircraft control 
surface trainer in the reading room. ' 

RIGHT AllERON 'IUPT oi '~ "'CHT WING UF , 

lEfT AriERON (DOWN) 

A lEFT WING UF 
i^igure 20. 

l E f l WING DON 

Using the diagram above, check the correct statement as true (T) or 
false (F). 

1. The ailerons cause the plane to roll about the longitudinal axis. 

1. Aircraft movement caused by the ailerons is called yaw. 

3. The ailerons move in the same dir'̂ ction at the same time. 
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d 2. c 3. Answers to Frame 30: 

Frame 32 

Match the information given in the right-hand column below to 
the appropriate flight control listed in the left-hand column. Write 
the correct letter in the appropriate spaces provided. 

PtTCH 

CiNTtR Of G9AVITY 

iiOU 

Figure 21. 

a. Ailerons 

b . Elevators 

1. 

2. 

_4. 

5. 

Located on the trailing 
edge of the horizontal 
stabilizer. 

Cause movement about the 
longitudinal axis. 

Located on the trailing 
edge of both wings. 

Controls roll or bank. 

Cause movement about the 
lateral axis. 

y 
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Answers to Frame 31; T 1. F 2. F 3. 

Frame 33 

HOW AN AIRCRAFT TURNS 

Most of you are familiar with riding two-wheel bicycles. Have 
you ever thought about how you turn corners on a bicycle? When 
approaching a right or left turn, the basic maneuver is to lean in 
the direction of the turn. The action of tilting the bicycle left 
or right causes the cycle to turn the corner. If you were to sit 
straight up on the cycle and only turn the handle bars, you would have 
to make a very gradual tuni in order to keep your balance and remain 
stable in the turn. However, by tilting the cycle and leaning into 
the turn, you can make sharper turns at higher speeds and still 
remain stable. Truly, the most efficient means of turning corners 
on a bicycle is to tilt the cycle in the direction of the turn. 

Believe it or not, an aircraft is very similar to a bicycle in 
the way it turns in the air. Contrary to what many people think, the 
rudder on the aircraft is not used to execute turn maneuvers. In 
order to turn to the left or right, the pilot banks or rolls the 
aircraft in the direction he wishes to turn with the use of the 
ailerons. The greater the bank angle, the sharper the turn will be. 
However, there is a limit to how steep the bank angle may be depending 
on how fast the aircraft is traveling. If the kircraft is traveling 
too fast, it will skid out of the turn. If the plane is traveling too 
slowly for the particular bank angle set by the pilot, it may slip 
(or fall) into the turn. 

Both slipping and skidding are considered uncoordinated turn 
conditions. If a turn becomes uncoordinated, the rudder is used to 
recoordinate the turn. This is one primary use for the rudder in 
flight. You will learn other uses for the rudder in a later block. 
For now, it is important to remember that 

1. the ailerons are used to turn by causing the aircraft to 
bank to the left or right. 

2. the rudder is used for turn coordination if the aircraft 
slips or skids during the turn. 

NO RESPONSE REQUIRED 

/'/ 
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Answers to Frame 32: b 1. a 2. a 3. a 4. b 5. 

Frame 34 

According to Newton's First Law of Motion, a body already in 
motion will remain in motion in the same direction until it is 
acted upon by an unbalanced force. You know from a previous frame that 
in straight and level flight, all the forces acting on the plane are in 
balance. Therefore, the plane will continue flying straight and level. 
If the pilot pulls the control stick to tho right, the ailerons repositio 
themselves out of their streamlined position creating unbalancing 
forces on the plane causing it to roll to the right. This, as you now 
know, causes the plane to turn to the right. 

Now let's say the pilot places his control stick back to center. 
This of course will cause the ailerons to become streamlined once 
again. All the forces become balanced on the aircraft again and the 
plane obeys Newton's first law - it remains banked to the right and will 
continue turning to the right. In fact, the plane will turn cir,cles in 
the air until the pilot pushes his control stick to the left to 
bring the plane out of the turn. 

What has been said above is true not only for ailerons, but also 
for elevators and rudder. When the pilot performs a maneuver with 
the control surfaces, the aircraft will react. Once the aircraft has 
reached its new position, the pilot must re-streamlihe the control 
surface. The plane will then continue flying in that new position until 
the pilot (or autopilot) commands a different maneuver. 

NO RESPONSE REQUIRED 

I, X 
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Answers to Frame 33: No response required 

Frame 35 

The secondary control surfaces are the trim tabs, balance tabs, 
and servo tabs. These tabs are used to reduce the force required to 
move the primary control surfaces and for trimming and balancing the 
aircraft while in flight. These tabs are small airfoils attached to, 
or recessed into, the trailing edge of the primary control surfaces. 

STAIIliZE« OK WINO 
PRIMARY CONTROL 

ADJUSTAIIE T3M TA( 
CONTROL LINKAGE _ 

FROM PILOT OR AUTOPILOT 

Figure 22. 

In the illustration above, an adjustable tab is attached to .the 
primary control surface. When the pilot or autopilot operates the 
control linkage, the tab moves first which creates enough air pressure 
difference to cause the primary control surface to move in the opposite 
direction. 

In the illustration below, notice that the down moving tab caused 
the primary control surface to move up. ' 

CONTROL 
LINKAGE 

MOVED 

TAI MOVES 
DOWN 

Figure 23. 

Such tabs are not generally required on modern aircraft, however, 
due to the use of hydraulic power to give the pilot mechanical 
advantage. But there is another type of secondary control surface that 
is required on today's fast moving aircraft. They are called spoilers 
and they operate quite differently from the tabs just discussed. 

NO RESPONSE REQUIRED 

'i9 



m 
Answers to Frame 34: No response required 

Frame 36 

The development of sweptback wings made lateral control by ailerons 
alone more difficult. Segmented sections called spoilers were attached 
to the upper surface of the wings for two primary reasons. One reason 
is to reduce wing twisting caused by the use of ailerons; the second 
reason is to aid in lateral control of the aircraft. 

Actually, spoilers do exactly what their name implies - they spoil 
or interrupt the flow of air over the wing causing not only a reduction 
in lift, but also an increase in drag on the affected portion of the 
wing. When a spoiler is operated on one wing5 that wing loses lift and 
the aircraft rolls in that direction. By activating the spoilers on 
both wings simultaneously, the spoilers can be used as brakes to reduce 
airspeed prior to landing and during landing maneuvers. 

It is important to remember that although the spoilers perform 
the same job as ailerons, they do not operate in the same way. Spoilers 
on the left and right wings can be operated independently from each 
other. Also, spoilers can only be deflected u£ into the airsfream, 
never down. Therefore, spoilers can only cause an affected wing to 
lose lift, not to increase it. The illustration below shows the 
placement of the spoilers on a large sweptback wing aircraft. 

SPOIUR NO 6 

llBli NO.7 

Figure 24. 

Select the correct answer. 

The purpose of spoilers is to • 

a. increase drag during takeoff. 

b. increase thrust while landing. 

c. aid in reversing thrust. 

d. aid in lateral control. 
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Answer to Frame 35: No response required 

Frame 37 

The size and speed of aircraft have increased so much that the 
primary and secondary controls alone are not sufficient for proper 
control of the aircraft. To supplement these controls, additional 
control surfaces, called auxiliary flight controls, are used. 

As the cruising and top speed of aircraft increased, the landing 
and takeoff speed also increased. Even though runways were increased 
in length, it became necessary to find some means for slowing the 
aircraft without stalling during landing and takeoff. 

llfl WING flAf 

AllERON 

Figure 25. 

Flaps of various types were added to increase lift during take­
off and drag during landing. These wing flaps are located on the 
inboard trailing edge of the wings. On some of our aircraft, such as 
the F-104 and the F-4C, there are flaps on the leading edge of the 
wings also. 

Select the correct statement. 

1. The auxiliary flight control which is used to increase drag 
on landing and lift during takeoff is the 

a. aileron. 

b. rudder. 

c. wing flap. 

d. elevator. 

•I'y 
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Answer to Frame 36: 1. d 

Frame 38 

On some types of aircraft you may see in your Air Force career, 
the primary and secondary control surfaces are combined and given 
names which indicate the combination. For example, elevators and 
ailerons are combined into one control surface called an elevon, 
rudder and elevator are combined to form a ruddevator; and so on. 
These, so called, composite control surfaces are not really important 
in your study right now so we'll leave them and move on to something 
new. 

NO RESPONSE REQUIRED 

J 

1^ ' 
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Answer to Frame 37: 1. c 

Frame 39 

Place the correct letter in the space next to the circled numbers on 
the illustration. 

a. horizontal stabilizer 

b. rudder, controls yaw 

c. vertical stabilizer 

d. trim tab (rudder) 

e. elevator, controls pitch 

f. trim tab (aileron) 

g. wing flap 

h. aileron, controls roll 

i. wing (left) 

j. spoilers 

Figure 26. 
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Answers to Frame 38: No response required 

Frame 40 

This completes the segment of this lesson principles of flight 
and flight control surfaces. In this next portion of this text, 
you will cover major aircraft systems—fuel, oil, propulsion 
(engine), electrical, hydraulic and landing gear. These systems 
must be operational if a powered aircraft is to make sustained flight. 

The fuel system must provide storage space for large quantities 
of fuel and supply fuel to the engine at the correct pressure. 
Without fuel or a fuel system, the propulsion system (engines) is 
not going to operate. 

Mark the following statements true (T) or false (F). 

1. The fuel system provides the storage space and fuel to 
ooerate the engines. 

A powered aircraft can make a sustained (continuous) flight 
without fuel or a fuel system. 

"̂  

44 



/Sh 

Answers to Frame 39: 1. h 2 . j 3 . c 4 . d 5 . e 6 . b 
a 8. g 9. f 10. i 

Frame 41 

Oil under pressure lubricates the moving parts of an engine. 
Lubrication of the moving parts prevents them from^sticking together 
(freezing up). Gil does this by reducing friction and the buildup 
of excessive heat between moving parts. Without oil, an aircraft 
engine will "freeze up" due to friction and excessive heat. Naturally, 
the engine's internal parts will bfe seriously damaged if operated 
without oil. 

Mark the fo]lowing statements true (T) or false (F). 

Tue oil system provides lubrication for the moving parts 
of engines. 

_2. Friction and heat is reduced by the circulating oil. 

_3. Operating an aircraft engine without oil for a short 
period of time will have no effect on th^ engine. 

' '-J 
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T 1. 2. Answers to Frame 40: 

Frame 42 

The propulsion (engines) system provides power (thrust) to get 
the aircraft moving and keep it airborne. It also drives engine 
accessories for production of electrical, hydraulic and pneumatic 
power. The two types of engines most commonly used on today's 
aircraft are the reciprocating (piston) and the jet engine. 

Mark the following statements true (T) or false (F). 

1. The two types of propulsion systems most commonly used on 
today's aircraft are reciprocating and pistor , 

2. Accessories for producing electrical, hydraulic and 
pneumatic power are driven by the engine. 

The propulsion system provides the power to get the 
aircraft airborne. 

J 

1 o 
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Answers to Frame 41: T 1. 

I3B 
T 2. F '3. 

Frame 43 

The electrical system provides the electrical energy for igniting 
the fuel-air mixture in the engine. The electrical system must also 
furnish current for aircraft lighting and operation of various gages 
and motors. Modern aircraft are equipped with many electronic devices 
requiring both alternating current (AC) and direct current (DC) power. 
The electrical generating components may be driven from the engine's 
accessory gear case. 

Mark the following statements true (T) or false (F). 

_1. Electrical energy is used to ignite the ruel-air mixture 
in the engine. 

Modern aircraft with many electronic devices require only 
AC power. 

_3. Engine driven accessories may include electrical generating 
components. 

ISn 
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Answers to Frame 42: F 1, T 2. T 3. 

Frame A4 

The hydraulic system is used to operate flight controls and 
landing gear on some aircraft. A small force exerted by the pilot 
is multiplied by this system and transmitted through fluid to units 
to be operated. Some of the important functions of the hydraulic 
system is to provide power for raising and lowering the landing gear 
and operation of the brakes. 

Mark the following statements true (T) or false (F). 

1. The hydraulic system is used to operate and control engine 
driven accessories. 

2. A small force exerted by the pilot will be multiplied by 
the hydraulic system to move a large control surface. 

3. Before landing, the landing gear is extended by hydraulic 
system pressure. 

; 

IS Ox 
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Answers to Frame 43: T 1. F 2. T- 3. 

/60 

Frame 45 

The landing gear system supports the aircraft during landing or 
while resting on the ground. The landing gear is either fixed or 
retractable. We are concerned here with the retractable landing gear. 
There are three types of retractable landing gears; the conventional, 
tricycle and bicycle. The conventional type has two main wheels and 
a tail wheel. The tricycle type is similar to the conventional type 
except it has a nose wheel instead of a tail wheel. The bicycle 
type lantiing gear has the main gear located near the nose and tail 
sections of the fuselage. Small wheels, one under each wing, balance 
the aircraft on the ground. The B-52 has a variation of a bicycle type 
gear called quadricycle. The quadricycle has two main wheels near the 
nose section and two near the tail section. 

Mark the following statements true (T) or false (F). 

1. All aircraft have retractable landing gear. 

2 . There are two types of retractable landing gear. 

3̂. Landing gear supports the aircraft in flight. 

4. The B-52 has a quadricycle type landing gear. 
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F 1. T 2. T 3. Answers to Frame 44: 

Frame 46 

Miscellaneous aircraft systems such as instruments, air condi­
tioning, de-icing, oxygen, water injection, fire warning, etc., will 
not prevent flying the aircraft if they are malfunctioning. However, 
for "Safety of Flight," and the protection of the aircrew and air­
craft, the aircraft are not normally flown when any of the above 
systems are malfunctioning. 

5̂0 RESPONSE REQUIRED 

I 
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Answers to Frame 45: F 1. F 2. F 3. T 4. 

Frame 47 

This completes another segment of this lesson dealing with major 
aircraft systems. In this final portion of the lesson, the station 
numbering sjystem will be presented. This system is important to you 
the maintenance person because it will help you find components on an 
aircraft that you may have never worked on before. Some aircraft TOs 
refer to component positions on the plane by station number elements. 
Each element is made up of basically three or four numbers depending 
on where the component is located. The three numbers referring to 
components found in the main fuselage of the aircraft are known as 
the body station (BS), body buttock line (BBL), and water line (WL). 

Body stations (BS) are distances measured in inches from a point 
forward of the aircraft's nose (called station number 0). The numbers 
increase as you go aft along the fuselage to the tail. Therefore, 
the number of the station tells how many inches from station 0 a component 
is. 

Body buttock lines (BBL) are distances measured left or right (in 
inches) from the centerline of the aircraft. Those on the left of the 
centerline are indicated by the letter "L"; those on the right, by the 
letter "R." 

Water lines- (WL) begin at WL 0 somewhere below the lowest part of 
the fuselage and increase as you go upward toward the top of the plane. 
These numbers are also measured in inches. 

Thus, for any component in the main fuselage of the aircraft, these 
three numbers are sufficient to exactly define its position in the 
aircraft. However, if the component is found along or inside one of 
the wings, another number is required. This number is called the wing 
station (WS) number and is measured along either wing (left or right), 
beginning at the centerline of the aircraft and moving outward along 
the wing. This is also measured in inches. The figure on the next page 
summarizes the station numbering system. 

Choose the correct answer for the following questions. 

1. Body stations, body buttock lines, water lines, and wing 
stations are used in the 

a. Air Force Technical Order system. 

b. deficiency reporting system. 

c. station numbering system. 

d. data collection system. 

2. Ti\Q. purpose of the station numbering system is to 

a. aid in the location of various parts or units. 

b. aid in the use of the data collection system. 

c. be used in the number sequencing of aircraft. 
d. aid in the identification of types of aircraft. 

h 'X 
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B8L-800Y BUTTOCK LINE, DISTANCE IN A HORIZONTAL PLANE BS-BOOY STATION, DISTANCE FROM A POINT 57 INCHES FOR-
MEASURED FROM THE VERTICLE ^ OF THE AIRPLANE BODY WARD OF THE NOSE TO A PLANE PERPENDICULAR TO THE 
IN EITHER DIRECTION BODY IN INCHES 

SL—WATER LINE, DISTANCE MEASURED ABOVE A HORIZONTAL 
CATUM WITH THE BOTTOM OF THE BODY BETWEEN BODY 
STATIONS 369 AND 1185 AS WL 100 

WS-WING STATION 

jLflOir WACtUt Wl 

Airplane Station Nomenclature Diagram, 
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Answers to Frame 46: No response required 

Answers to Frame 47: 1. c, 2. a 

This completes the test on Aircraft Familiarization. When you have 
completed this FT, and have no questions about its contents, you may 
take the appraisal. 
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FOREWORD 

This prograasnad text was prepared for usa in the 3ABR32531, 
3ABK42230» 3ABR32530-1, Instructional Systeas and was validatied using 
31 sttidauts enrolled in the 3ABR32531 course and 35 students in the 
3ABBA2330 courcb. At least 90 percent of the students achieved the 
objectives as stated. The averai:3 time required to complete this 
text is 55 aiautes. 

1>) 

OBJECTIVES 

After completing this programmed text and without the aid of 
references, you will be able to identify: 

1. The principal objective of ground safety. 

2. Practices of good housekeeping as being an aid to safety, 
fire prevention and fire safety. 

3. Apply precautions pertaining to electrical/eltsctronic 
equipoent. 

4. Precautions to observe while working arotmd danger areas. 

5. The hazards of high intensity sotind and the protective 
devices to use. 

6« The radiation hazard symbol that applies to radioactive 
parts and material. 

{̂ ate: The objectives will be completed to an overall accuracy 
of SOZ. 

INSTRUCTIONS 

This prograoBiad text presents Information in small steps called 
"frames." Carefully study each frame untxl you understand its contents. 
?ou are required to identify or complete or match items to related 
situations. Specific instructions are given in each frame. Check 
the acduracy of- your work by looking at the answer at the bottom of 
the following frame. If your response is Incorrect, read the frame 
again and correct your error before going to the next frame. DO 
HOT HURRY! 

D 
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GROUND SAFETY 

Frame 1 

Most accidents don't jusr happen. They are caused by unsafe 
acts of people. Safety education is the most effective tool in pre- ' 
venting these acts. Training is a particularly important accident 
prevention control; it gives each man a personal safety tool by 
developing hftblts of safe practice and operation. The principal 
objective of any safety program is to provide safe operating standards 
for ground operations that will aid in eliminating accident-causing 
sources. 

«-»jj 

1. 

2. 

3. 

4. 

Check the correct statementCs). 

Most accidents are "man made" and can be controlled. • 

Adequate safety education is the most effective way of 
preventing "man made" accidents. 

Training usually is ineffective in preventing accidents. 

One principal objective of any safety program is to 
eliminate accident-causing sources. 

IS[] 



Frame 2 

Accident prevention is the responsibility of management personnel 
such aa commanders and supervisors. However, the person most responsible 
for your own safe work habits and attitudes can only be yourself. Unless 
you develop safe work habits and constantly practice safety, you or 
your fellow workmen may be Injured. 

.^Sj^totT? 

« ) 

• • * » #5 

1. 

2. 

3. 

4. 

Check the correct statement(s), 

If you are involved in an accident, you should always 
blame your supervisor. 

Being completely familiar with safe work procedures 
does not insure against accidents. 

Accident prevention is the responsibility of management 
personnel. 

You are responsible for your safe work habits. 

Answers to frame 1: 

1. / 2. / 3. 4. / 

19-U'' 
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Frame 3 m 

) 

Accidents involving handtools are usually the result of misuse. 
Just Wcatisa handtools are simple devices does not mean they can be 
used safely by anyone with little or no training. Therefore, pre­
vention of accidents Involving handtools becomes a matter of proper 
instruction and adeqtiate training in safe working practices. 

Check the correct statement(s). 

1. 

2. 

Proper instruction is batter than experience when learning 
to use handtools. 

Simple handtools are not dangerous; it is only their 
misuse that causes accidents. 

3. 

4. 

7ou should be taught handtool safety before using them. 

The sdsxise of handtools is not a violation of safety 
rules. 

Answers to frasie 2: 

1. 2. / 3. / 4. / 

) m 
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Frame 4 

Screwdrivers are probably the most commonly used handtool. They 
are used for one purpose — to loosen or tighten screws. If used for 
other purposes, they are misused. Common misuses of screwdrivers are 
as follows: 

1. punches. 

2. chisels. 

3. pinch bars. 

4. prys. 7. wedges. 

5. nail pullers. 8. scrapers. 

6. hammers. 

The misuses listed above are dangerous to personnel, as well 
as damaging to the screwdrivers which makes them unsafe for further 
use. 

1. 

2. 

3. 

Check the correct statemi.ntCs). 

You may misuse a screwdriver as long as you think It Is 
a safe act. 

<l)) 

Damaged screwdrivers must not be used. 

Screwdrivers are designed for use on screws. 

Answers to frame 3: 

1. / 2. / 3. / 4. 
0)) 

1 () ^ 
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Frame 5 17/ 

9 

Misuse of files presents a safety hazard because of sharp cutting 
surfaces, tanged (pointed) ends, and brittle laecal. The following 
safety practices will be observed when using files: 

1. Do not use files without handles as pointed tangs can stab 
or cut your hand. 

2. Clamp the work to be filed in a vise, never hold it in your 
hand while filing. 

3. Do not xise a file for s pry bar. The tang end is soft and 
will bend, while the body is hard and brittle and may ^nap. 

4. Never hammer on a file. Remember, a file is brittle and may 
chip, splinter, or snap, scattering sharp fragments. 

5. Old files should never be reshaped into knives, chisels or 
punches. Thay are too brittle to use for these purposes. Unexpected 
breaks could be dangerous. 

Check the correct statement(8). 

1. You should not use a file without a handle. 

2. Files make good knives. 

3. An important reason for not mistising a file is the 

danger of breaks and chips. 

Answers to frame 4: 

1. 2. / 3. / 



Frame 6 

Wrenches are frequently misused resulting in injury to personnel. 
The following practices will be observed concerning their safe use: 

1. Use a wrench of the correct size. A loose wrench may slip 
and injure the hand. 

2. Do not use wrenches with spread or distorted Jaws, bent 
handles, or cracks. 

3. Do not use a wrench as a hammer. To do so will weaken it. 

4. Do not use a pipe or other device on a wrench handle for 
greater leverage. The wrench handle may snap and cause injury to 
personnel. 

5. Never hammer on wrench handles to free frozen nuts. 

6. Pull a wrauch - never push it. 7ou can maintain your 
balance easier by pulling. 

0) 

Check the correct statement(s). 

1. Wrenches are not dangerous, it is only their misuse that 
is dangerous. 

2. If a wrench Jaw is cracked, it may as well be used 
until it breaks. 

A wrench of the correct size, when used properly, 
will not slip. 

•)))) 

Answers to frame 5: 

1. / 2. 3. / 

19 
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Frame 7- .[73 ' 

Hammers should be kept clean and free of oil or grease vdiich would 
cause the handle to slip from the workman's hand or cause the haaoer 
to glance off the object being struck. The ends of hammer handles will 
not be used for prying, pounding or tapping. This practice may damage 
and weaken the handle and lead to an accident. 

1. 

2. 

3. 

Check the correct statement(s). 

Hammer heads should be kept greased to prevent rust. 

You should never put oil on hammer handles. 

You should not tap work with the end of a hammer 
handle. 

o 

Answers to frame 6: 

1. / 2. 3. / 

) 
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Frame 8 

The following safety rules apply to knives: 

1. Keep knife blades sharp; Dull blades contribute to more 
accidents than sharp blades. 

2. Use knives for cutting, never for a screwdriver or pry bar. 

3. Do not leave knives lying around where they may cause Injury. 
Keep pocket knives folded (closed) when not in use, 

4. Cut away from the body, being careful to cut in a direction 
that will not endanger fellow workers should the knife slip. 

Check the correct statement(s). 

{)'•) 

1. 

2. 

3. 

If you sharpen a pencil with a pocket knife, place the 
end of the pencil on your thumb and cut toward your thumb. 

Pocket knives are dangerous unless used properly. 

Dull blades are more hazardous thrn sharp blades. 

Knives may be used for many Jobs other than cutting. 

Mswers to frame 7: 

1. 2. / 3. / 
)))); 
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Frame 9 fjS 

Punches and cold chisels will be kept free from grease and oil to 
prevent slippage. Hold these tools between the thumb and four fingers. 
If tools have become mushroomed they must be properly dressed or ground. 
If practical, hand guards such as sponge rubber will be used. 

Workers will wear safety goggles or face shields whenever they 
strike chisels or ptinches. 

9 
1-92^ 

1. 

2. 

3. 

Clieck the correct statement(s) . 

A chisel becomes mushroomed on the end opposite from 
the cutting edge. 

Chisels cut better when the cutting edge is greased. 

Mushroomed punches should be dressed by grinding. 

Answers to frame 8: 

1. 2. / 3. / 4. 

') 
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Frame 10 

Pliers and diagonal cutting pliers are often used around electrical 
equipment. Electrical equipment must be turned off when using these 
tools on electrical circuits. Pliers must not be used to tighten or 
loosen bolts and nuts. To do so may damage the bolt head or nut. 
Wrenches used on bolts or nuts thus damaged may slip and Injure the hand. 

fl 

Check the correct statement(s;. 

1. 

2. 

3. 

Diagonal cutting pliers may be used on electrical circuits 
only after the electrical system is turned off. 

You must i.ot i:se pliers to loosen nuts. 

You may use pliers on electrical equipment when the 
circuit is turned on if you wear rubber gloves. 

Answers to frame 9: 

1. / 2. 3. / 

( 

i;.'. 
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Frame 11 m 
Unsafe grinding practice can result in many serious injuries. In 

addition to the shatterproof glass shields, workers will wear protective 
goggles or face shields while operating grinding wheels. You must 
never operate a grinder with the metal hoods removed. Tool-rests will 
be adjusted to not more than one-eighth inch from the grinding wheel. 

METAL HOOD 

l Y E 
SHIELD 

MEDIUM WHEEL 

TOOL KEST 

l - W S 

Check the correct statement(s). 

1. You must wear goggles or a face shield when grinding on 
an electrical grinder. 

2. While grinding large objects, you should rfimove the 
metal hood. 

Before grinding you must check the distance between 
the grinding wheel and tool-rest. 

Answers to frame 10: 

1. 2. / 3. 

) 
11 
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Frame 12 

Compressed air must be handled with care. If you use compressed 
air for cleaning parts you must wear eye protective equipment, suc^ 
as goggles. It must never be used to blow dust from clothing or skin. 
Pressures as low as 10 to 15 pounds per square inch can cause serious 
injury to skin, eyes, ears, and penetrate the body. Horseplay with the 
air hose will not be toleratid. Under no circumstances will compressed 
air be directed toward a fellow worker. 

Check the correct statement(s). 

1. 

2. 

3. 

You must use eye protectors or goggles while cleaning 
parts with compressed air. 

Compressed air must not be used to blow dust from your 
hair. 

Ten pounds of air pressure is too low to cause personnel 
injury. 

Answers to frame 11: 

1. / 2. 3. / 

f 
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Frame 13 m 
Degreaslng solvents are used to remove grease from parts. Some 

of these agents are poisonous when in contact with the skin, taken 
intemsLLly, or inhaled. Trichloroethylene, a nonflammable degreaslng 
solvent, is a narcotic and anesthetic material. An accumulation in 
the body, due to prolonged exposure, can cause anemia and liver damage, 
Use trichloroethylene outdoors or in a well ventilated building. You 
must not expose your skin to this solvent or breathe its vapors. 

Check the correct statement(s). 

1. Trichloroethylene must not come in contact with the 
skin. 

2. 

3, 

You must not breathe vapors of trlchloroet! ylene. 

Trichloroethylene is not a hazard if skin exposure 
is for short periods. 

Answers to frame 12: 

1. / 2. / 3. 

) 
2i} 
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Frame 14 

Hernias, back strains, crushed hands and feet, and broken bones 
may result from improper lifting. Lift from a squatting position with 
the back straight. The legs should exert the primary lifting force 
as shown in the "Yes" figure below. 

( 

Check the correct statement(s). 

1. When lifting, the back should be the main lifting force. 

2. The figure on the left is an illustration of a workman 

lifting with the legs. 

Answers to frame 13: 

1. / 2. / 3. 

I 

« 
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Frame 15 (?/ 

) 
You may think it impossible to remember all the safety procedures 

while performing your daily work. However, it is not difficult to 
remember that Air Force rules and instructions are written and published 
for your use. You must use these written rules, regulations, and 
instructions as you perform your dally work. Do not rely upon your 
neaory when personnel safety is involved. If you perform your work 
correctly by following written instructions, the possibility of accidents 
will ba reduced. Above all, never engage in horseplay and always use 
common sense. Keeping these facts in mind will help you perform your 
daily work in a safe and efficient manner. 

No Response Required 

Answers to frame 14: 

1. 2. / 

) 
2'! 

•> 
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Frame 16 

1. 

2. 

4. 

5. 

6. 

7. 

8. 

10. 

11. 

i2. 

13. 

14. 

15. 

Check the following statements that are correct. 

Accidents are sometimes caused by lack of safety training, 

Each worker is directly responsible for his own safe 

work habits. 

Learning to use handtools properly involves training in 
safe use of handtools. 

Screwdrivers are handy tools and should be used when other 
tools such as pry bars and chisels are not available. 

One hazard connected with misuse of files is possible 
breakage due to brittle metal. 

If a nut is "frozen," you should tap the wrench handle 
with a hammer. 

A hammer with a split handle should be used until you 
can get a new hammer or replace the split handle. 

When cutting with a knife, cut away from the body, not 
toward it. 

Danger from mushroomed punches and chisels results from 
poss'ble hand cuts or flying chips from the tool. 

Fliers must not be used on bolts and nuts. 

Grinding wheel tool-rests must be not more than one-eighth 
inch from the grinding wheels. 

The principal object of any safety program is to aid iî  
eliminating accident-causing sources. 

There is no special danger connected with the use of 
compressed air for cleaning parts. 

The greatest danger in using trichloroethylene is the 
extreme fire hazard. 

You should lift with your legs, not your back. 

i 
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HOUSEKEEPING AND FIRE SAFETY its 
Frame 17 

Good housekeeping and accident prevention go together. Shops must 
b« kept neat and orderly. All persons oust cooperate to keep their work 
area clean, orderly, and SAFE. Serious accidents could result from 
tripping over trash, hardware, tools or electrical power cords on floors. 
Liquids spilled on floors produce slippery surfaces that are particularly 
dangerous. Keep walking areas clear and clean. 

Check the correct statement(s). 

1. Possible electrical shock is usually the greatest hazard 
resulting from power cords lying on the floor. 

2. If a tool is dropped on the floor, it shotild be picked 
up immediately. 

3. Oil on the floor is a source of accidents as well as 
a fire hazard. 

Answers 

1. / 

2. / 

3. / 

4. 

to frame 

5. 

6. 

7. 

8. 

/ 

/ 

16 • 

9. 

10. 

11. 

12. 

/ 

/ 

/ 

/ 

13. 

14. 

15. 

0 17 2;',: 
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Fraipe 18 

Tools must be stored in their proper place, either in the tool kits 
or on special tools racks. Good habits concerning tool storage and care 
are essential to efficient and safe job performance'. Keep all of your 
tools in good condition. Clean, sharp, and well selected tools are the 
mark of a professional systems specialist. Greasy tools used on oxygen 
equipment are a sure way of causing an explosion and fire. 

KE£? OIL AND GREASE AWAY FROM OXYGEN 

No Response Required 

Frame 19 

Lockers, cabinets, shelves, and (drawers must be kept neat and orderly. 
These areas require constant attention as their contents are usually hidden 
from direct vision. Heavy objects should be stored on bottom shelves 
to lessen lifting or dropping hazards. Drawers and cabinet doors should 
not be left open as they usually protrude into the walking area when 
open. 

Check the correct statement(s). 

1. 

2. 

3. 

Orderly arrangement of drawer and cabinet contents is 
a safety requirement. 

Dra' js and cabinet doors should not be left open. 

Lighter objects should be stored on bottom shelves, 
heavy items on top shelves. 

Answers to frame 17: 

1. 2. / 3, 

• 
18 
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Frame 20 I'^S' 

) 

Good housekeeping practices are essential to effective fire pre­
vention. Working and living areas must be kept clean and orderly as 
accumulations of dust, trash, rubbish, and waste are sources of fire. 
Every man shares the fire prevention responsibility within his working 
and living area. 

Check the correct statement(s). 

1. You should not be concerned with good or bad housekeeping 
practices in your shop because that is the responsibility 
of your supervisor. 

Good housekeeping is concerned with cleanliness in the 
work area. 

Bad housekeeping practices may cause fires. 

Answers to frame 19: 

1. / 2. / 3. 

3 
13 
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Frame. 21 

Combustible trash must be placed In closed metal containers 
that are plainly marked for such materials as shown in the figure 
below. Lids must be kept closed. At the end of the day or shift, 
these containers must be emptied or removed to a safe location out­
side the shop. 

( 

NO YES 

Check the correct statement(s). 

Noncombustlble trash must be placed In closed metal 
containers. 

< 

2. 

3. 

You need not empty trash cans until they are full. 

Metal trash cans with lids tightly closed may ba kept 
la the shop during working hours. 

Answers to frame 20: 

1. 2. / 3. / 

O, 

20 
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Frame 22 i^*^ 

Oil and paint soaked rags must not be placed in trash nans. Self-
closing metal containers will be used for this material. A separate 
closed metal container must be used to store clean rags. Containers 
will be marked as shown in the figure below. Do not put oily and clean 
rags in the same container. Care must be taken to prevent oil rags 
from bursting into flame through spontaneous combustion. Empty the oil 
rag containers, or place them in a safe location outside the building at 
the end of each day or shift. 

1 
Check the correct statement(s). 

1. Trash should not be placed in an oily rag container. 

2. Clean rags, in their metal container, present a fire hazard 

and should be removed from the building at the end of 
the day or shift. 

3,̂  Paint soaked rags should be discarded by placing them 
in a metal trash can. 

Oily rags present a special fire hazard because of 
possible spontaneous combustion. 

Answers to frame 21: 

1. 2. 3. / 

1 
21 
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Frame 23 

m 
Oils, paints, cleaning solvents or other volatile liquids must 

be stored in closed metal containers in designated areas outside of shop 
buildings. A "safety can" with a flexible spout is a safe container, for 
flammable liquids such as gasoline and cleaning solvents. These con­
tainers are shown below. 

( 

METAL CANS SAFETY CAN 
1-930 

Check the correct statement(s). 

1. Flammable liquids must not be stored in the shop. 

2. Oil does not evaporate rapidly so it may be stored in 
open cans. 

3. Cleaning solvents will be stored in "safety cans." 

Answers to frame 22: 

1. / 2. 3. A. / 

( 
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Frame 24 
(S^ 

Oil, grease, aid other flammable substances spilled on floors 
will not only create fire hazards, but also slipping hazards. If 
spills du occur, they must be cleaned immediately with noncombustible 
absorbents auch as sand. Floors will not be cleaned with flammable 
liquids nor will these liquids be flushed into building plumbing 
systems and floor drains. 

Check the correct statement(s). 

1. To reduce fire hazards, water should be used to flush dirty 
oil down a drain. 

2. 

3. 

If you spill a flammable solvent on the shop floor you 
must clean it up immediately. 

Gasoline should not be used to clean up spilled oil. 

Answers to frame 23: 

1. / 2. 3. / 

^ 
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Frame 25 

Liquids such as gasoline, jet engine fuel, and flamraahle 
solvents must not be placed in open containers near electrical equip­
ment. Flanmiable solvents will not be used for cleaning fatigue 
clothing or used in cigarette lighters. Vapors from theee liquids 
are explosive and may ignite unexpectedly. 

( 

Check the correct statement(s). 

1. Gasoline may be used for cleaning purposes, 

2. Some solvents are flammable. 

3. Flammable solvents must not be used near electrical 
equipment. 

Answers to frame 24: 

1. 2. / 3. / 

91 --
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Frame 26 ni 
Smoking Is prohibited in areas In which a match, flame, spark, or 

careless disposal of smoking material would be a fire hazard. Look 
for "KO SMOKING" signs in these areas. Where complete prohibition of 
smoking Is Impractical, certain areas will be clearly marked and 
separated from hazardous areas to stop the possibility of fire. 
Cigarette butts and burned matches must not be placed in trash cans. 
Special "butt cans" will be provided for this purpose. 

IDKHIJER; 

NO 
SHOKIHG 
WlTHlhi ffOFLOf 

0 

Check the correct statement(s) 

1. You may smoke in specified smoking areas. 

2. You must not smoke in areas where smoking is prohibited. 

3. Cigarette butts must be discarf̂ ed in trash cans. 

4. You must not smoke within 50 feet of a hangar or aircraft. 

Answers to frame 25: 

1. 2. / 3. / 

25 
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Frame 27 \^^ 

Tb-- following ingred ien ts are necessary to produce f i r e : 

1 . Fuel (gaso l ine , wood, paper , r ags , e t c . )» 

2 . Oxygen ( a i r ) . 

3. Temperature high enough to cause combustion.. 

Elimination of any one of theae will extinguish the fire. 

( 

TEMPERATURE 11.934 

Check the correct statement(s). 

1. Gasoline will not bum without oxygen. 

2. Oxygen will bum without fuel. 

3. A fire may be extinguished by reducing the temperature, 

Answers to frame 26: v 

1. / 2. / 3. 4. / 

2r-
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Frame 28 m 
There are three general classes of fires. They are Class A, Class B, 

and Class C fires. Each fire is classified according to the type of fuel 
Chat is burning. 

Check the correct 8tatement(s). 

1. The class of fire is determined by the ignition temperature 
of the fuel. 

2. Class A, B, and C refers to types of fuel. 

Answers to frame 27: 

1. / 2. 3. / 

0 2i'-
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Frame 29 

Fires in wood, paper, and rags are typical Class A fires. They 
will be safety extinguished by cooling or quenching the fire with water. ( 

Check the correct statement(s). 

1. Burning waste paper is a Class A fire. 

2. Burning gasoline is a Class A fire. 

3. Water will spread a Class A fire. 

Answers to frame 28: 

1. 2. / 

i 

2 .̂̂  
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Frame 30 I'if 

3 

0 

Class B fires are fires in flammable liquids such as gasoline, 
oil, and paint. These fires cannot be extinguished with water. They 
require fire extinguishers containing smothering agents such as foam. 

Check the correct statement(s). 

1. Foam canno*- extinguish grease fires. 

2. Foam is a suitable extinguishing agent for Class B fires. 

3. A burning liquid is a Class B fire. 

Answers to frame 29: 

1. / 2. 3. 

29 
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Frame 31 

Electtical fires are Class C fires. Electrical shorts in wires, 
motors, and generators produce heat which causes combustible materials 
in these electrical units to bum. Electrical fires must be extiaguished 
with nonconducting smothering agents such as chlorobromomethane (CB). 
Do not use water on electrical fires as water conducts electricity and 
you could receive a severe or fatal shock. 

( 

«-»37 
( 

Check the correct statement(s). 

1. GB should be used on Class C fires. 

2. Water may be used on electrical fires. 

3. Class C fires are electrical fires. 

Answers to frame 30: 

1. 2. • 3. / 

21 J 

30 



Frame 32 

Chlorobrooomethane can also be used to smothtr Class ^ fires. 
Bcoeaber, the chemical CB can be used on both Class C and B i-ires. 

(CB on C and B fires.) 

n? 

CLASS B FIRE CLASS C FIRE 

1—738 

Check the correct statement(s). 

1. CB can be used to extinguish oil or an electrical generator 
fire. 

2. 

3. 

Class A fires should be extinguished with CB. 

CB extinguishes fires by excluding the air from the fuel 
(smothering the flame). 

Answers to frame 31: 

1. / 2. 3. / 

0 31 210 
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Frame 33 

Carbon dioxide (C0„) is another chemical that can be used on 
Class B and C fires. CO smothers a fire by displacing the air 
surrounding the fire. c6„ is a nonconductor of electricity, so may 
be safely used on electrical fires. It may also be used to extinguish 
typical class A fires. 

( 

l-93» 

Check the correct statement(s). 

1. 

2. 

3. 

C0„ should be used on burning wood. 

CO- smothers a fire. 

C0„ or CB may be used to extinguish electrical and 
flammable liquid fires. 

Answers to frame 32: 

1. / 2. 3. / 

22-' V 
32 



Frame 34 
m 

Fire extingaishing agents must be directed at the base of the 
fire, where the combustible vapors combine with air and ignite. "Aim" 
the extinguisher nozzle at the surface of the material where the flames 
originate. 

Check the correct statement(s). 

1. Combustible vapors combine with air at the base of the 
fire. 

2. You should "aim" the extinguisher nozzle at the base of 
the fire. 

3. The base of the f ire is the top of the blaze. 

Answers to frame 33: 

1. 2. / 3. / 

0 
3>3 
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Frame 35 

If you report a fire, give your name and location of the fire, 
and then stand by to direct the fire crews to the fire. C 

No Response Required 

o o •• 
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Frame 36 
Qol 

This frame is a review of the material on housekeeping and fire 
safety. Check the following statements that are correct. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

U . 

12. 

13. 

14. 

There is no relationship between fire prevention and 
good housekeeping. 

Gasoline should be used for cleaning parts. 

Oily rags should be stored in closed metal containers. 

Fuels, cleaning solvents, and paints should be stored 
in the shop. 

Common causes of fires are poor housekeeping and care­
less use of flammable liquids. 

Water is a good extinguishing agent for Class A fires. 

Grease fires are Class B fires. 

Burning jet fuel should be extinguished with water. 

Electrical fires are Class A fires. 

CB is carbon dioxide. 

Carbon dioxide may be used to extinguish electrical 
fires as well as flammable liquid fires. 

Chlorobromomethane may be used on electrical fires. 

Extinguishing agents should be directed at the top of 
the blaze to smother the fire. 

Class B fires can be extinguished by using extinguishers 
containing smothering agents such as foam. 

Answers to frame 34: 

1. / 2. / 3. 

0 0 35 



Frasae 37 

SAFETf PERTAINING TO ELECTRICAL/ELECTRONIC EQUIPMENT 

DANGER 

HIGH VOLTAGE 

Here is a sign many of us are familiar with. Voltages present in 
shops throughout the world vary somewhat: 110 - 220 - 440, etc. 

You will be working on systems that operate on AC and DC voltage. 
You must be constantly alert for shock hazards, and remember - it takes 
as little as 10 milliamperes (.01 ampere) of current .to prove fatal. 
Some persons have been fatally injured on even less. 

The proper attitude toward electricity is "don't fear it - understand 
it and respect it." 

1. 

2. 

3. 

Check the correct statement(s), 

Systems with less than one ampere of current flow are 
not dangerous. 

Systems with less than one ampere of current flow can 
be fatal. 

The amoimt of voltage in shops may vary from one location 
to another location. 

Answers to frame 36: 

1. 2. 3. / 

8. 9. 10. 

4. 

11. / 12. / 

5. / 6. / 7. / 

13. 14. / 

( 

36 
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Frame 38 

(J While working around electrical or electronic circuits you must 
remove your rings, metal vrrist band, watch, or other metJillic objects 
which could act as conductors of electricity and cause shocks, bums, 
or electrocution. So, form the habit of removing jewelry before doing 
eiectrical/electronic work or while performing maintenance on or around 
aircraft. Repeated exposure to shock may cause bursitis, contraction 
or dilation in the walls of blood vessels, and muscles can be seriously 
affected. 

R —461 

Check the correct statement (s). 

1. Severe bums can result from rings, contacting "live" 
electrical circuits. 

Wearing a wrist watch on the arm is a potential hazard 
whxle working on "live" electrical circuits. 

3. Repeated exposure to electrical shock has no afner 
effect on the body. 

Answers to frame 37: 

1. 2. / 3. / 

37 



Frame 39 

Due to the many different systems that employ electrical/electronic 
principles, we will not attempt to list the safety precautions that may 
be involved in each. However, before performing maintenance on these 
systems, you will comply with all the instructions contained in the 
appropriate technical orders, manuals, handbooks, and/or applicable 
directives. Below are examples taken from a technical order on a B-52D 
type aircraft. 

i 

WARNING / 

If you observe an individual being electrically shocked, DON'T 
JUST STAND THERE - DO SOMETHING! First, shutoff the circuit. If the 
circuit cannot be turned off without delay, free the victim from the 
live conductor. Remember: 

1. DO NOT touch the victim with your bare hands. 

2. Protect yourself by using dry Insulating material: 

a. a dry board, your belt, dry clothing or other non­
conducting material. 

Check the correct statement(s). 

1. An aircraft technical order will list any electrical 
hazard peculiar to a system. 

The bare hands should never be used to remove a shock 
victim from a live circuit. 

3. A shock victim should not be removed from a live circuit, 
under any circumstances, until the circuit is turned off. 

Answers to frame 38: 

1. / 2. / 3. 

38 
^ ..̂  \j 



Frame 40 
505" 

The flight line can be a very interesting and fascinating place 
due to aircraft taxiing back and forth, some being towed, and others 
parked on the ramp. In these situations it's easy to forget the hazards 
that forever lurk about on the flight line. One area where only one 
mistake can cost your life is the exhaust of an operating jet engine. 
Directly behind the engine, the temperature is 1600''F, and the velocity 
±a 950 knots. Imagine yourself absent-mindedly stepping behind this 
death trap. Never come any closer to the exhaust of an operating jet 
engine than 200 feet, and this includes while you are in a vehicle. 
Remember, lack of knowledge, improper attitude, and inattention are 
the real hazards. 

1600'»F 

/TEMPERATURE 

/ 

\ 
\ VELOCITY 

AT MAX THRUST 

" j n n c T 

Z 
o 
M 

> 
UJ 
U. 

< 
950 KNOTS 

Check the correct statement(s). 

R-<58 

1. The safe distance behind an operating j e t engine is 
200 feet . 

2. 

3. 

Safety is not easily forgotten on the flight line. 

Temperature and velocity is not a safety factor if the 
engine is not operating at maximum thrust. 

Answers to frame 39: 

1. / 2. / 3. 

0 
39 
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Frame 41 

If blast deflectors are positioned behind the engine being operated, 
then it is penuissible to come within 100 feet of che exhaust. The blast 
deflector, besides reducing physical hazards, also prevents nuts, bolts, 
rocks, sticks, and other rubbish more commonly known as F O's (Foreign 
Objects) from being blown on to active runways and taxi-ways. 

i 

STAY lOOFT BEHIND 
BLAST DEFLECTOR ' 

RED LINES 
BLAST DEFLECTOR 

R-4J9 

Check the correct statement(s) 

1. 

2. 

3. 

If deflectors are used, the only hazards that exist are 
F O's. 

Using deflectors prevents F O's from blowing on to taxi-ways, 

100 feet is a safe distance behind exhausts if deflectors 
are used. 

Answers to frame 40: 

1. / 2. 3. 

2"^ 

40 



Frame 42 
50? 

Jet engines have huge appetites, and will consume anything in the 
Immediate area. The minimum distance you should be from an operating 
jet engine intake (see frame 40) is 25 feet. Keep all nuts, bolts, 
screws, and tools off the intake cowling and out of the reach of the 
intake. Any one of these items could result in the loss of the aircraft 
and crew. Always report missing tools which might have fallen into the 
engine. 

DANGER AREA 

R-4J6 

1. 

2. 

3. 

4. 

Check the correct statement(s). 

You shoxxld stay 25 feet from the intake of an operating 

jet engine. ^ 

If you lose a tool, get it when the aircraft returns. 

Laying tools on the intake is okay as long as you pick 

them up later. 
Keep all nuts, bolts, and screws picked up. 

Answers to frame 41: 

1. 2. / 3. 

22 
41 
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Frame 43 

There will be times when you have to work around the engine while 
it is operating, expecially checking systems where test equipment can 
not simulate an "engine run." If this is the case, you should stay a 
minimum of 5 feet to the rear of the intake as illustrated in the picture 
below. 

C 

H-iS7 

1. 

2. 

3. 

Check the correct statement(s) 

You should stay a minimum of 5 feet to the rear of an 
operating jet engine. 

You will not work around a jet engine while it is operating. 

You will be working around the engine while it is operating 
to check out some of your systems. 

Answers to frame 42: 

1. / 2. 3. 4. / 

9-, 

i 
42 



Frame 44 <?<^? 

Devices rotating at tremendously high rpm (revolutions per min) 
might disintegrate. Therefore, we must be well aware of where these 
hausards exist. Note the red lines siround the engine in frame 43. 
These indicate the plane of rotation of the engine's turbine wheels. 
When possible you should stay clear of these areas. On aircraft with 
reciprocating engines, there will be red lines painted around the 
fuselage to indicate the planes of rotation of the propellers. The 
tips of the propellers will be painted yellow so they will be visible 
while spinning. Thia is to help prevent someone from walking Into them. 

BEWARE OF SPINNING PROP 

R —460 

Complete the following statements. 

1. The propeller tips are painted_ 
will be while spinning. 

in color so they 

2. The red bank around the fuselage of a jet engine Indicates 
the of of the turbine wheel. 

3. Devices that rotate at high revolutions per minute are 
dangerous because they might . 

Answers to frame 43: 

1. 2. 3. / 

0 2 0 ^ 

43 



Frame 45 

Before you enter an aircraft make certain someone has installed 
the gear down lock safety pins. These pins prevent the aircraft from 
collapsing on you. They are easily identified by the red streamers 
attached to them and the words "remove before flight." 

Once you have seen that these pins 
are installed (see photo), look in the 
cockpit (jet aircraft) and see if similar 
pins have been Installed in the ejection 
seats. These seats are real killers if 
you trigaer one of them. If they have no 
pins and streamers ~ DON'T GET IN. Notify 
the crewchlef immediately. It takes a 
specialist that tmderstands them to render 
the seats harmless. See the photo to the right. 

(INSIDE COCKPIT) 

INITIATOR SAFETY PIN 

Complete the following statement. 

It is permissible to work in the aircraft if red streamers and 
are installed in the proper places. 

Answers to frame 44: 

^' yellow visible (seen or something to that effect) 

2. plane of rotation 

3. disintsgrate (fly apart) 

2̂ ^ c 
44 
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Frame 46 ai/ 

When you must work in the cockpit area, respect your lack of 
knowledge of other systems. Also, beware of flipping switches, pushing 
buttons, and moving levers which could cause drop tanks to fall, a 
drag chute door or speed brake surface to open^ or a bomb bay door to 
close on someone and shear him in half. Usually, a sign will be dis­
played if an out-of-the-ordinary hazardous condition exists in which 
someone might be injured. 

K>'-

^^g:^' 
< ^ 

" ^ ^ ^ 

Complete the following statement: 

When a job requires you to be in the cockpit area, you shoxild 

never 
that is- not associated with your systems. 

Answer to Frame 45: 

Safety Pins 

0 
45 2^ • 
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Frame 47 

Wing and door edges are razor sharp on some aircraft and have been 
known to cause serious cuts and scars. Wings are extremely slippery after 
a rain or early nwrnlng dew. If you slip from a wing, you can be sure 
concrete Is waiting below. Fast acting canopies account for many accidents 
Involving the amputation of arms and whatever else might get In their way. 

i 

No Response Required 

Answer to frame 46: 

flip switches, push buttons or move levers (or similar wording), 

2 0 • « 
46 



Frame 48 
ad 

Work on aircraft frequently calls for the use of maintenance 
stands. These stands come In an assortment of sizes and designs. Re­
gardless of the purpose for which a partlctilar stand was Intended, you 
will find that once you have climbed aboard, a fall from It could cause 
serious Injury. For this reason, handrails and/or safety pins are 
provided with them. Stands with removable railings will be In place 
before maintenance personnel begin working on aircraft from these stands. 

DECK 
<or floor) 

HANDRAIL 

STEPS 

RAISING 

a 
LOWERING 

UNIT 
-WORKSTAND-

The handrail (A) provides a gripping surface and will, if you 
should stumble, keep you from taking a nasty fall. 

The safety pin (B), properly Installed in the device that raises 
the stand Into the air, will keep the stand from collapsing with you 
or on you. 

Complete the statement below: 

will prevent Injury to the user if the lifting 
system should fall. Injury due to falling over the edge of the stand 
will usually be prevented by the use of . 

0 
til 



Fraiae-49 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Check the statements that are correct: 

As little as 10 mllliamperes of current can be fatal, 

Watches, rings and other jewelry are shock hazards 
when working on electrical/electronic circuits. 

Before working on systems that employ electrical/electronic 
principles, you should comply with instructions given in 
technical orders, etc. 

Temperature and wind velocity is not a safety factor 
if a jet engine is not operating at maximum thrust. 

200 feet is the minimum safe distance behind the exhaust 
of a jet where blast deflectors are used. 

The minimum safe distance to be in front of an operating 
jet engine is 5 feet. 

You will NEVER work around a jet engine while it is 
operating (rxmning). 

The tips of propellers are painted yellow so they may 
be seen while spinning. 

Safety pins should be installed in any ejection seat 
system before entering the cockpit to work. 

Handrails properly installed on a maintenance stand 
will prevent the device that raises the stand into the. 
air from collapsing. 

The main reason for removing a wrist watch while working 
on electrical/electronic circuits is to prevent magnetic 
damage to the watch. 

Answer to frame 48: 

safety pins handrails. 

c 
48 
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Frame 50 ais: 
Noise on the flight line is an ever present danger. If not respected, 

it can cause serious damage to your hearing; sometimes even deafness. 
The presence of extremely loud noise can interfere with speech com­
munications, hearing, and cause mental and physical "FATIGUE" which 
in turn can jeopardize your job performance. The Air Force recognizes 
the seriousness of this hazard, and issues earmuffs and earplugs which 
must be used when in high intensity noise areas. These devices offer 
the protection needed while performing your job. The three things that 
determine the effect noise has on the ears are, intensity, frequency, 
and duration. The intensity is the greatest at 115° to 155° to the 
rear of the nose of the aircraft. The tinit of measurement of sound 
(noise) is the "Decible." 

"Mickey Mouse" Ear Muffs and Ear Plugs 

l i ^ 

Types of ear protectors (defenders) 

Check the correct statement(s): 

1. 

2. 

Ear protectors should be worn at all times in higii 
intensity noise areas. 

Wearing earplugs alone offers as much protection as 
using both muffs and plugs together. 

3. 

4. 

Loud noise can cause mental fatigue. 

Noise intensity is the greatest at 115" to 155" to the 
rear of the nose of the aircraft. 

0 
Answer to frame 49: 

l._/ 2. / 3._J^ 4._ 

8. / 9. / 10. 11. 

6. 

^9" 

7. 



Frame 51 

While we are on the subject of sounds and injury, there are 
sounds above our ability to hear. These are called radio frequency 
transmissions (electromagnetic radiation is another common expression 
for it). This radiation is given off by high frequency transmitters 
(antennaes), such as Radar and Electronic Counter Measure Devices. 
The source of this hazard is often hidden behind the nose cone of an 
aircraft; therefore, we may come unsuspectingly in contact with it. 
The terrific energy radiated by these antennae can cause bums beneath 
the skin, cataracts over the eyes, and can even cause flash bulbs 
to ignite and steel wool to bum. The presence of this energy, 
since it is invisible, may not be readily apparent since bums will 
result before the pain la felt. 

Note: Radiation occurs only along a line directly in front of 
the antenna; however, some antennae swing in an arc or a circle. 
For the minimum safe distance, applicable aircraft technical 
orders should be referred to as the distance will vary from 
aircraft to aircraft due to the type of systems installed. 

( 

.•.•.O-HvK-X-X-X-

jmmmm^. 

.^f($M:%M^;»pf*imn*:\:: 

t 

The best protection against this unseen menace is to know about 
the effects of high frequency electromagnetic radiation and to steer 
clear of aircraft and fixed antennae that are in operation. 

Check the correct statement(s): 

1. Electromagnetic radiation can be seen. 

2. Operating transmitters are readily visible. 

3. Know the luinlmum safe distance and you will not be 
inlured. 

Answers to frame 50: 

1. / 2. 3. 4. / 

50 
9 0 



Frame 52 an 
Nuclear (atomic) rat.latlon is probably the least likely hazard 

to ba encoimtered on the flight line. It might exist, however, in the 
event an accident should occur while handling one of these weapons 
or If an aircraft carrying one of them should crash. Then, too, one 
of our planes may fly through a contaminated zone; and upon Its return, 
require maintenance on one of our systems. However, under normal cir­
cumstances, the aircraft will be decontaminated (washed down with soap 
and water) by the flight line crews before any maintenance Is performed. 
Radiation can be emitted from many other sources, but iill sources will 
be marked by the Radiation. Placard shown below. Materials that are 
radioactive will be so marked that the 33^01 can be seen from any 
direction of approach. Study the symbol; Its shape and colors. 

3 

DANGER-E­

RADIATION 

a RED 

I. BLACK 

2. YELLOW 

This symbol appears on AFTO Form 9 and 9 series "B" through 
"?," and warns personnel of radiation and radioactive hazardous areas 
or coaterlals. 

Check the correct statement(s): 

1. 

2. 

If you see the above symbol, but haven't heard an 
explosion. It is safe to disregard It. 

AFTO Form 9 warns us of hazards due to high frequency 
noise. 

3. 

A. 

AFTO Form 9 has a red background. 

AFTO Form 9 series warns us of radioactivity and 
radiation hazards. 

3 
Answer to frame 51: 

1. 2. 3. / 
51 
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Fraije .53 

If you should work on or be near contaminated equipment, you will 
be under the supervision of medical personnel and a monitoring team. 
In addition, you must wear a film badge or "dosimeter" so the amount 
of radiation (dosage) you have received can be measured and put in your 
medical records. You will not be allowed to accumulate too many "Roentgens," 
The roentgen is the unit of measurement of radioactivity. 

Complete the following statement: 

' Radiation dosage is measured by a_ or 
and is expressed in units of measurement called_ 

Answer to frame 52: 

1. -2. 3. • 4. / 

< 
52 
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Frame 54 

Cigarettes, cokes, candy, etc, will not be carried or consimied 
while in a contaminated area. After working in or around a contaminated 
area, you will shower and be checked to see if you have removed all 
the radiation particles. If you are completely free of them, you will 
dress in clean, contamination free clothing. Any waste materials from̂  
the cleaning, let's say, from a contaminated aircraft will be disposed 
of by burial downwind from the maintenance activity. Parts that are 
radioactive will be marked (Frame 52) with one of the AFTO Form 9 
series. 

Match the terms in column A to the terms in colusin B by placing 
the number in the space provided. 

Column A Colunn B 

1. Radiation placard 
2. Roentgen 
3. Burying 
4. Dosimeter 
5t Smoking 

J 

a. 

b. 

d. 

Method of disposing of contaminated 
waste. 
Not allowed in contaminated areas. 
Measures radiation dosage. 
AFTO Form 9. 
Unit of measurement. 

Answers to frame 53: 

Film badgg or dosimeter Roentgens 

3 2n 
53 
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This completes the programmed text on safety. Ask your instructor 

for the test on the safety information you have just completed. 

Answers to frame 54: 

3a. 5b. 4c. 

3 
1 d. 2 e. 

' » 
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FOREWORD 

This programmed t e x t was p repa red for use i n the 3ABR32531, 
3ABR32530-1, and 3ABR32632B c o u r s e s . I t was v a l i d a t e d us ing 37 
students from the respect ive courses. Average time to complete 
t h i s text i s 56 minutes. 

OBJECTIVES 

1. Without reference, identify facts concerning maintenance 
fundamentals. An accuracy of 75% is required. 

a. Protecting exposed electrical connectors and open pressure lines. 

b. Removing and installing components. 

c. Controlling corrosion. 

This programmed t e x t p r e s e n t s in fo rmat ion in smal l s t e p s c a l l e d 
" f r ames . " Af te r each frame you a r e t o make a response by c i r c l i n g the 
l e t t e r of the c o r r e c t s t a t : e m e n t ( s ) . Check the accuracy of your work 
by comparing your answer ( s ) wi th the c o r r e c t answer (s ) g iven a t the 
bottom of the fo l lowing page . If you make an i n c o r r e c t r e s p o n s e , 
c o r r e c t your e r r o r be fo re con t inu ing t o t he nex t f rame. READ THE 
MATERIAL CAREFULLY AND DO NOT HURRY I 

Supersedes 3A3R32530-1-PT-116, 5 June 19 73; 3ABR32632B-PT-213A and 
3ABR32530-1-PT-111C, 6 November 1975; 3ABR32531-PT-106, 3ABR32632B-PT-
210, 21 October 1974. 
OPR: TTMOT 
DISTRIBUTION: X 

TTMCW - 200; TTS - 1 
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Frame .1 ^33 

As an ins t rument mechanic, you w i l l remove and i n s t a l l i n s t r u m e n t s . When 
you remove an ins t rument from an a i r c r a f t , l i ne s and e l e c t r i c a l connectors 
w i l l be plugged or capped. This keeps d i r t , mo i s tu re , and o t h e r fo re ign 
iiuitter o u t . If an Inst rument I s removed from an a i r c r a f t , handle i t wi th 
care for I t Is a d e l i c a t e i tem. You should know the d i f f e r e n t types of 
Instrument mounts. The two types of ins t rument mounts a re the beze l and clamp. 
Both types of mounts may be found on some inst rument p a n e l s . 

C i r c l e the l e t t e r of the c o r r e c t s t a t e m e n t ( s ) . 

a. Lines and e l e c t r i c a l connectors w i l l be capped or plugged when 
in s t rumen t s a re removed from the a i r c r a f t . 

b . The d i f f e r e n t types of ins t rument mounts w i l l never be found on 
the same ins t rument p a n e l , 

c . "Beze l" and "Clamp" a r e t he two types of ins t rument mounts. 

d. Al l i n s t rumen t s should be handled wi th c a r e . 

2 A -
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Fraiiie 2 

The bezel of an instrument i s a flange which holds the glass in p lace . 
See the i l l a s t r a t i o n below. Depending on the instrument, the bezel w i l l contain 
from two to four holes for mounting instruments in the panel . When a bezel 
type mounting i s used, the instrument may be mounted e i t he r from the front or 
the rear of the panel . 

Circle the l e t t e r of the. correct s ta tement (s ) . 

a. The bezel i s a flange tha t holds the glass of an instrument in place. 

b . i^ith the be^el type Tount, instruments may be mounted from the 
front only. 

c. A bezel type mount may have two, three or four holes for moun'mg 
an instrument in the panel. 

Answers to frame 1: a c d 



Frame 3 
g i ^ 

Front mounting makes the instrument eas ier to remove and i n s t a l l . The 
front method of bezel mounting i s most frequently used. In th i s method of 
mounting, connections to the instrument are made before inser t ing i t in the 
panel cutout; then the instrtjment is inserted in the panel so that the bezel • 
i s on the cockpit side of the panel and fastened in place with mounting screws. 
(See i l l u s t r a t i o n below.) Of course the reverse procedure would be used when 
removing the instrument. 

Note: The standard s ize screws used for bezel mounting are brass (non­
magnetic) round head or f la t head machine screws s ize 6-32, or brass 
round head machine screws s ize 10-32 that are used for larger and 
heavier instruments such as gyros. 
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Front Bezel Mounting of Instruments 

Circle the l e t t e r of the correct s ta tcment(s) . 

a. Front mounted instruments are d i f f i cu l t to remove or i n s t a l l . 

b . Connections to the instrument are made before the instrument is 
ins ta l l ed in the panel. 

c. For the heavier instruments, such as gyros, s t e e l round head 
screws s ize 10-32 are used for mounting. 

Answers to frame 2; 
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Frame 4 

Rear mounting, as shown below, is seldom used. The instrument is placed 
in the cutout from the back of the panel, and the mounting screws are inserted 
from the front. This method almost always requires two men; one to hold the 
instrument in place behind the panel, while the second man applies the screws 
from the front. 

• INSTRUMENT PANEL 

Oil PRESSURE GAGE 

FIllER 
CHECK VALVE 

CAGE FiniNG 

Rear Bezel Mounted Instrument 

Circle the l e t t e r of the correct s ta tement(s) . 

a. Rear mounting of an instrument, in most instances, can be easily 
done by one person. 

b . Mounting screws are made of brass and are inser ted from the rear 
of the instrument. 

c. Instruments are celdom rear mounted. 

Answer to frame 3: b 

9 ^ 
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Frame 5 

Some instruinents are designed to be bezel or clamp mounted. When clamp 
mounting Is desired, the bezel r ing i s removed (Figure A). A clamp, attached 
to the panel (Figure B), holds the instrument instead of the bezel . 

MSTtWMNI 

lUEl ASSCMIY 
SaiW ^AMH 

CUMf 

MNIl 
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INSnUMINT 

CUMfING SCKW 

ClAAATINC tMKHAHatf 

Figure A Figure B 

Instrument Prepared for Clamp Mounting 

Circle the l e t t e r of the correct s ta tement(s) . 

a. Some instruments can be clamp or bezel mounted. 

b . The two parts of the bezel ring are held together by the beze] 
assenijly screws. 

c. To change from a clamp t o a bezel type of mount, the bezel i s 
attached to the panel and not to the instrument. 

Answer to frame 4: c 

2iD 



Frame 6 

The clamp (see figures below) is mounted in back of the panel by one 
screw (1) in the upper left comer of the panel cutout. The clamping screw 
(2) actuates a clamping mechanism (see frame 5, figure B). One advantage of 
this type of mount is that the removal and installation of instruments can be 
done by one person in a fraction of the time, as compared to bezel type mounts. 
Another advantage is that, after installation, instruments can be turned in the 
panel so that, all pointers will be aligned. 

0 
Q 

Install upper left mounting screw. 

Install lower right ciomp screw-jack screw. • 
Connect instrument power source end insert 
instrument in panel. 

Tighten both screws. 

Circle the l e t t e r of the correct s tateraent(s) . 

a. There are advantages of the clamp mount over the t \ezel mount. 

b . The -clamp i s mounted to the front of t he p a n e l . 

c . The screw in the upper l e f t c o m e r of t h e panel cutout holds the 
clamp in t he pane l . 

Answers to frame 5; 

o.~ 
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Frame 7 

Certain items of Air Force equipment must be packaged and/or labeled 
when being prepared for shipment or s torage . The 00-85 se r i e s Technical 
Orders specify Protec t ive Packing (containers) and Preservation Packaging 
(cushioning or wrapping). When preparing equipment for packaging, pre­
cautions should be taken against corrosion or improper handling (dropping, 
e t c ) . 

Circle t'.ie l e t t e r of the correct s ta tement (s ) . 

a. Packing and/or label ing of Air Force equipment are for purposes 
of shipment and storage of the equipment only. 

b . The 00-85 s e r i e s Technical Orders provide spec i f ic information 
on Preservation Packaging. 

c. . During the packaging of a component you should be concerned 
only with protect ing the component from physical damage if i t i s dropped 
or roughly handled. 

Answers to frame 6: a c 

2 CT 
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Frame 8 

A component is packed tightly with tissue paper, felt, glass wool, 
Kimpac, or sponge rubber to provide physical protection. All openings 
and electrical receptacles (connectors) should have a plug or cover placed 
over them before the component is v/rapped and packed. Components with 
caging or locking devices will be caged or locked prior to packaging. The 
container used will depend on the item that is being packaged. Some 
components require metal containers, other items need only a wood or 
cardboard container. The size of the container may range from a size 
small enough for an aircraft clock to one large enough to package an 
aircraft engine. Regardless of the container and size used, only one 
component may be packaged in a single container. 

Circle the letter of the correct statement(s). 

a. Types of packing material are tissue paper, metal, glass wool, 
wood and sponge rubber. 

b. The type of material used in the container will depend on the 
item being packaged. 

c. All components require metal containers. 

d. Openings'and electrical connectors on components should be 
capped or plugged before packaging. 

Answers to frame 7: a b 

or. 

10 
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rr.inif 9 

I'o provide protec t ion .in.ilnsL in r ros ion , the component is packn^ed 
111 a w.itor-vapor proof container . 'Hie enclosed a i r is dried by dcsiccanL 
(a dehydrating agent) to a r e l a t i v e humidity of 20% or lower. By con­
t ro l l i ng Che atmospheric humidity surrounding the component, corrosion 
wi l l not occur in the shipment and s torage of these expensive, compli­
cated assemblies. 

Circle the l e t t e r of the correct s ta tement ( s ) . 

a. The enclosed a i r in a water-vapor container i s dried by a 
dehydrating agent. 

b . A component could become inoperat ive because of a small amount 
of corrosion. 

c . The desiccant controls the r e l a t i ve humidity and temperature 
inside the container . 

Answers to frame 8: b d 

11 
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MosL c-omponent packages must hu opened periodically and checked for 
moisture. Humidity cards will indicate the presence of excessive moisture 
inside each water-vapor proof container. These cards have blue dots which 
turn pink if the package contains moisture. If Che blue dots turn pink, the 
instrument must be bench checked and repacked along with a new desiccant into 
the container. The intervals at which the inspection is made depends on the 
level of packaging and the type of container (packing) used. 

Note: The levels of packaging and packing are determined by the 
cushioning and material of the container. (TO 5-1-1). 

Circle the letter of the correct statement(s). 

a. Humidity indicator cards are used to dry the air in water-vapor 
proof containers. 

b. When exposed to excessive moisture, the dots on the humidity 
indicator card change from blue to pink. 

c. All components, regardless o£ the container or packaging, ;^11 
be checked at certain intervals when stored. 

Answers to frame 9; 

or. 

12 



Frame 11 
3i33 

Some components, due to their types, packaging, etc. are not required 
to be checked after an interval of storage time (00-20K-series TOs). See 
status tag below. 

c 
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The tag would normally 'be on the inside of the container and the label (gummed-
back counterpart of the tag) would be on the outside with the same information 
as listed on the tag. 

Circle the letter of the cor»ect statement(s). 

a. Some components are not checked after an interval of storage time. 

b. The status tag will normally be on the outside of the container. 

c. The label is the counterpart of the tag and has a gummed-back. 

Answers to frame 10: b 

13 
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Frame. 12 

Activities packaging components will comply with "Marking Requirement" 
as listed in TO 5-1-1, Inspection, Maintenance, Storage and Shipment etc. 
Some markings and labels are located as follows: 

a. Status Label - On the outside of the container with the same 
information as the status tag (frame 22). The levels of packaging and the 
levels of packing in the "condition code" block will be listed on the status 
label for "Serviceable Items" only. 

b. The marking, "Fragile Components - Handle with Care," may be labeled 
or stenciled on the shipping container. 

c. "Re-usable container 
some containers,. 

Do Not Destroy" is stenciled on the side of 

Circle the letter of the correct statement(s). 

a. Levels of packaging and packing are not required on status labels 
for repairable items. 

b. The status label will be inside of the shipping container. 

c. The levels of packaging and packing will not be listed in the 
"condition code" block on the status label for repairables. 

Answers to frame 11; 

9 n ,, 
>^ y^ U 
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Frame 13 

Components that have radioactive characteristics will be shielded, 
packaged or otherwise protected (AFM 71-4), and marked with an AFTO Fonn 9B, 
Radioactive Material Symbol which is shown below. The information in the 
lower portion of the form shall be entered on at least one label per package 
(TO 00-llON series). This form is not required on the outside of the container 
If the labeling requirements of the transportation directives are satisfied. 

CAUTION 
RADiOAGiYE 

MATERIAL 

iV 
CHEMICAL SYMBOL 

AND ATOMIC WEIGHT 

QUANTITY IN MILLICURIES 
t 

DATE 

AFTO r o l M 9t riEVIOUS EDITIONS 

OF THIS FOIM AIE OtSOlETE 

RADIOACTIVE MATERIAL 

WARNING LABEL 

YELIOW 

MAGENTA 
(PURPLISH RED) 

- •00 .1 I0N.3 

Circle the letter of the correct statement(s). 

a. An AFTO Form 9B is required on the outside of the shipping container 
for radioactive parts. 

b. The AFTO Form 9B symbol warns of radioactivity danger. 

Answers to frame 12: a c 

IS 
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Frame 14 

A good rule to follow for packing, packaging, and repacking of com­
ponents i s to use the same container the serviceable par t came in . Most 
component overhaul TOs w i l l give a s tep-by-s tep procedure for packing and 
packaging of components. The following packing procedure i s an example 
taken from TO 5E6-3-23-3, Overhaul, E l ec t r i ca l Resistance Thermometer. 

a. 
of can. 

b. 

c. 

d. 

Pack in reusable Nr 10 can. Insert a layer of Kimpac in bottom 

Completely line the inside of the can with a roll of Kimpac. 

Surround the thermometer (Ratiometer) with a roll of Kimpac. 

Place indicator in can so that It is held firmly in place. 

e. Place a four ounce bag of silica gel (desiccant) on top layer of 
Kimpac. 

f. Place cover on can and seal with ring clamp. 

Note: To prevent damage to jewels and pivots, NEVER ship a ratiometer 
unless it has a minimum of three inches of cushioning material on all 
sides. ^ 

No Response Required 

32632B students skip to Frame 31. 

Answers to frame 13! 

9r, 
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Frame 15 

We have covered many aspects of component maintenance thus far, 
one important area of maintenance, potting of electrical connectors 
located in various places in the aircraft, needs to be presented. 

but 

No Response Required 

17 
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Frame 16 

Some electrical connectors on aircraft must be sealed (potted) while 
other connectors in the same area are never potted. For instance, in the 
wheel-w-ills of B-52 aircraft, the oleo connectors (figure A) are required 
to be potted while coaxial cable connect (figure B) are never potted. 
A good rule to follow is that if a connector m a system was potted before 
you worked on the system, make sure it is potted after you finish working on 
the system. 

NO RESPONSE REQUIRED 
J 

H 

g 

i M 

N 
H—< 

f—f 

No Response Required 

V 
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Frame 17 
;?3? 

Sealing compound (potting) is used to iroisture-proof the wiring connected 
to the backs of electrical connectors. It is also used to reinforce the backs 
of connectors against failure caused by vibration and lateral pressure (pull 
of wores) which fatigue the wires at the solder cups (pins). 

Circle the correct answer(s). 

Electrical connectors are potted to 

a. nosture-proof the back of the connector. 

b. prevent vibration of the connectr. 

c. reinforce the wires at the back of the connectr. 

d. cause vibration and fatigue of wires at solder cups. 

19 
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Frame 18 
I 

The potting compound also protects electrical connectors from corrosion 
or contamination by keeping out metallic particles and aircraft liquids. It 
also reduces the probability of arc-over between pins on the back of the 
connectors. Therefore, work required on potted connectors is less frequent 
than on other connectors. 

Circle the correct answer(s). 

The potting compound in the back of electrical connectors 

a. will probably cause arc-over between pins. 

b. protects against corrosion and contamination. 

c. keeps out aircraft liquids and metallic particles. 

d. in time, will require more work on the potted connector than one 
not potted. 

Answers ô frame 17: a c 

20 



Frame 19 

The location of connectors will be a factor in determining what type of 
Dotting compound to use. Some potting compounds are to be used where the 
temperature is very high, while other compounds are to be used where the 
temperat »re is below 200"F. Due to the number of compounds and the differ­
ences in each, we will not attempt to cover "Preparation and Application of 
Potting Connectors." However, before using any type of potting compound be 
sura to read the directions on the container and TO l-lA-14. 

5y/ 

In addition to the compound mixing insfxiactions the following information 
may also be listed. 

Warning 

(1) The acceleration mixture contains a lead compound. Avoid excessive 
skin contact and clean hands thoroughly after handling. 

(2) Observe adequate ventilation and fire precautions during mixing 
and storage. 

Note: Complete potting within two hours after cleaning connector. 

Circle the letter(s) of the correct answer(s) below. 

a. Temperature at the connector' 3 location should be known before 
potting is attempted. 

b. The temperature range of potting compound is not important. 

c. Directions on the potting container should be read and followed. 

Answers to frame 18: b c 

21 
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Frame 20 

The correct answers will be listed after the last review question. 

Circle the correct answer helow. 

1. The two types of instrument mounts in use are 

a. front and rear. 

b. clamp and rear. 
c. be-̂ el and clamp. 

2. When a component is removed from the aircraft for any length of time, 

a. lines and connectors will be capped and plugged. 
b. the component will be bench checked before it is installed on 

the aircraft. 
c. the component will be packaged and labeled. 

3. The bezel-front method of mounting can be accomplished easily 

a. if two men perform the job. 
b. by one man. 
c. by one man behind the instrument panel. 

4. The levels of packaging and packing are determined by the type of 

a. cushioning material. 
b. shipping container. 
c. cushioning and the type of shipping container used. 

J 

5. Some packaging materials are 

a. Kimpac, glass-wool and felt. 
b. sponge rubber, wood and tissue paper. 
c. felt, tissue paper and metal. 

0. Shipping containers cin be made of 

a. wood. 
b. cardboard. 
c. wood, cardbcard and metal. 

7. Some labels or markings found on the outside of the shipping 
container are 

a. "Re-usable container" and AFTO Form 9E. 
b . "Fragile-Handle with Care" and a s ta tus labe l . 
c. s t a tus tag and "Warning-Radioactive." 

2 ' ' • 
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8. The best rule to follow for packing and packaging of a repairable 

component is to 

a. make sure you use a si^e 10 can or larger. 
b. use the same container that the serviceable item came in if 

possible. 
c use sufficient packaging and a humidity indicator card. 

9. Aircraft connectors are potted to 

a. guard against electrical induction. 
b. reduce pressure loss at pressure bulkheads. 
c. increase resistance to temperature changes. 

d. moisture prcof the siring connected to the backs of the 

connectors. 

10. Before mixing potting compound, it is necessary to 

a. know the temperature at the connector's location.' 
b. know the extent of vibration at the connector's location. 
c. determine the number of coaxial cable connectors to be potted. 

11. The preparation and use of potting compounds requires that care 

must be taken to 

a. mix the .compound in a plastic container. 
b. provide adequate ventilation and fire protection. 

c. avoid excessive skin contact and to clean hands after use 

due to the abrasive qualities of the mixture. 
d. complete the potting within 1 hour after cleaning the connector. 

Answers to frame 19: a £ 
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Frame 21 

Wlien your shop chief assigns you a work order the first thing 
you should do is check the aircraft forms. There may be information 
on the forms that is pertinent to the malfunction indicated on your 
work order. An operational check of the system should then be 
performed to see if the malfunction can be duplicated. (You may 
not be able to duplicate the malfunction.) 

Before engaging the autopilot for an operational check (̂ ny 
ground operation) be sure that other personnel are not working on 
or around the aircraft control surfaces, spoilers, control cables, 
or actuators. The operational check could result in sudden movement 
of these controls and could cause injury to other personnel. 

Place a (T) for True and an (F) for False in the spaces provided 
below. 

1. The aircraft forms may contain useable information that is 
not on the work order. 

2. An operational check is not necessary because the work 
order will tell you all you need to know. 

3. You should know the location of other personnel on the 
aircraft before performing an operational check. 

Answers to frame 20: !•£ 2.a^ 3.]^ ^- S. ^- ^ 

6. c 7. o 8. b 9. d 10. a 11. b 
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Frame 22 

After an operational check of the system you should be able to 
isolate the cause of the malfunction to a certain area of the system. 
Then by troubleshooting you should be able to determine the cause of 
the malfunction. If you determine that a component has to be removed, 
repaired, or replaced, make sure that the electrical power to the 
component is turned off. If there are hydraulic lines connected to 
the component, bleed the pressure from these lines. Make sure you 
have the tools that will be needed to remove the components. You 
should have a checklist of all the tools that you take on the job 
and when finished check to make sure you have all your tools. A 
loose wrench, screwdriver, etc., can be very dangerous on an aircraft. 

Place a (T) for True and an (F) for False in the spaces provided 
below. 

1. Before removing a component, the hydraulic pressure and 
electrical power should be turned ON. 

2. Troubleshooting checks should be performed to make sure 
that a certain component is causing the malfunction before 
removing the component. « 

3. A checklist should be used to make sure that all tools are 
removed from the aircraft. 

Answers to frame 21: 1. True 2. False 3. True 

25 
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Frame 23 

After determining that a component should be removed and that you 
have the proper tools to do the job, all safety wire (if any) should 
be removed from the component. All used safety wire or any unreusable 
item thct is removed should be placed in an FOD (Foreign Object Damage) 
container. This prevents the possibility of loose pieces of safety 
wire from shorting out the electrical circuits. Pieces of safety wire 
or other items left on the runway could be drawn into the intake of a 
jet engine causing damage to the engine. 

After the safety wire has been removed, the electrical connectors 
and hydraulic lines (if any) should be disconnected. When removing 
electrical connectors and hydraulic lines, both the male and female 
connectors should be capped. This is done to prevent damage to the 
connectors and to keep dirt and other foreign objects from the 
connectors and lines. The procedures for the final removal of each 
component are different and should be accomplished in accordance with 
(lAW) the applicable technical order. 

Place a (T) for True and an (F) for False in the spaces provided 
below. 

1. All safety, wire that has been removed should be placed in 
an FOD container. 

2. When disconnected, hydraulic lines and electrical connectors 
should be capped. 

3, Removal of a component should be done lAW the TO for that 
system. 

Answers Co frame 22. 1. False 2. True 3. True 

2'.: u 
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Frame 24 

When installing a new component or reinstalling one that was 
removed and repaired, r»anove the protective caps from the electri­
cal connectors and hydraulic lines (8f any). Attach and safety 
wire (when necessary) the electrical connectors and hydraulic 
lines. Install the component using the applicable technical order. 
Make sure that all mounting screws, nuts, or bolts are tight and 
safety wired. When the installation la completed, apply electri­
cal power and hydraulic pressure (if needed) and operational 
check the system lAW th« applicable TO. If the system checks 
OK, the aircraft forms are signed off and the job is completed. 

Place a (T) for True and an CF) for False in the spaces 
provided below. 

1. When you have installed the component your job is completed. 

2. A component that was safety wired when removed does not have 
to be reqired after replacement. 

3. Components should be removed and installed lAW the 
applicable technical order. 

4. After installing a component, an operational check of ths 
system must be performed. 

5. Aircraft forms must be signed off after replacing a 
component. 

Answers Co frame 23: 1. True 2. True 3. True 
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Frame 25 

At one time or another, corrosion becomes a problem for just about 
everyone. Has your car ever failed to start because the battery cables 
were corroded? What about the door you couldn't open because the hinges 
or lock had rusted? And that car you wanted to buy would have been just 
perfect—had not the fenders been rusted so badly. Sound familiar? 
They probably do because corrosion always seems to be at work £.omewhere. 

Just like everyone else, the Air Force has a problem with corrosion. 
But considering the size of the Air Force and the amount of equipment it 
must maintain, you can imagine just how large that problem is. In fact, 
the cost of fighting corrosion runs into millions of dollars every year. 

But don't think of it as the Air Force's problem because you are 
the Air Force, no less than anyone else who wears the uniform. Like 
most other problems, corrosion cannot be handled without your help. 
However, before you can help, you will have to know exactly what it 
is and your responsibilities in its prevention and control. 

NO RESPONSE REQUIRED 

Answers to frame 24: 1. False 2. False 3. True 4. True 5. True 

r, ' 
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Frame 26 

First of all, corrosion is defined as the deterioration of a metal 
by reaction to its environment. If you prefer simpler definitions, 
it's similar to the old theory of vrtiat goes up must come dovm. Since 
most mftals are manufactured by a chemical process, they have a tendency 
to return to their original, natural state. This process of returning 
is called corrosion. (Some metals, such as gold and platinum, are not 
affected by corrosion because they are still in their natural state.) 

Check (/) the true statement(s) below. 

1. All metals are subject to corrosion. 

2. Corrosion causes metal to return to its natural state. 

Answer to frame 25: NO RESPONSE RECUIRED. 
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Frame 27 

Although there are several different types of corrosion, we will 
only discuss one type in this PT - electrochemical corrosion. It 
deteriorates the metal quickly and does far more damage than any other 
type. In fact, most of the other types merely lead to electrochemical 
corrosion. Now let's see how it works.... 

"Electro" represents electricity: the flow of electrons from one 
point to another. In turn, the difference in "chemical" makeup between 
two points creates the potential for electron flow. In other words, 
electrons flow from a place that has a surplus of electrons to a place 
that has a shortage of electrons (you should remember this from Elec­
tronic Principles). Corrosion occurs in the place that is losing 
electrons. 

These places can either be two pieces of metal in contact with 
each other or two areas in the same piece of metal. 

Check (/) the true statement(s) below: 

1̂. Electrochemical is the most serious type of corrosion. 

_2. The chemical makeup of a piece of metal can vary from 
place to place in that piece of metal. 

3. Corrosion occurs in the place that is gaining electrons. 

Answers to frame 26; 1. / 2. 
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Frame 28 

So now you have all the requirements for corrosion, right? Wrong I 
Think back to Electronic Principles again. Perhaps you remember that 
there must be a complete path or circuit before the electrons can flow. 
The metal itself provides half of that circuit, but the other half is 
provided by contamination on the surface. (See figure 1.) 

CONTAMINATION 

ELECTRON CONDUCTOR METAL 

Figure 1. Metal and Contamination Form 
Circuit for Electron Flow. 

Often this contamination is moisture, but other contaminants like 
salt, dirt, and excessive grease or oil tend to attract moisture and 
then lead to the same result. Hold it!! Are you thinking that grease 
and oil would be more likely to protect the metal than lead to corrosion? 
That's true up to a point. But if they are applied excessively, they 
collect dirt which in turn collects moisture. See the connection? 

Metal shavings can also act as conductors for the electrons, just 
as moisture does. They should also be considered a form of contamination. 

Check (/) the true statement(s) below. 

_1. Contamination do^s not need to be present for corrosion to 
begin. 

_2. Moisture is the only form of contamination. 

_3. Contamination provides a complete circuit for electron flow. 

Answers to frame 27: / / 3. 
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Frame 29 

So far you've learned the two basic causes of corrosion: a differ­
ence in chemical makeup and contamination. Both are directly involved 
with the electrochemical process, and both must be present for cor-rosion 
to begin. Now, if you have all that straight, let's go on co somfe other 
factors. 

NO RESPONSE REQUIRED 

c\nswers Co frame 28:" 1. / 3. 

2:.x 
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Stress is any force applied to metal. It's not actually a cause 
of corrosion, but the weakening effect it has on metal can lead to 
corrosion. Given time, and if the stress is great enough, it can crack 
thin metals, especially along welded seams and around riveted and bolted 
joints. 

Although this sort of structural damage is extremely dangerous in 
itself, it is by no means the worst that can happen. Since the cracks 
caused by stress are usually very small, they can easily go undetected. 
If so, contamination will collect in them causing corrosion to begin. 
In such cases, the corrosion will usually do a great amount of damage 
in a short period of time. This ia because the cracks have already 
penetrated any type of protective coating on the surface (paint, etc). 
Therefore, corrosion is free to attack the core of the metal. 

Some sources of stress are expansion and contraction due to 
temperature changes and vibration due to operation of equipment. 

It's important to realize that stress does not take an active part 
in the corrosive process. Instead, it gives corrosion a place to begin— 
a foothold so to speak. 

Chetit (/) the tru* 3tatement(s) below. • 

1. Stress weakens metal. 

Cracks caused by stress are not important because they will 
not penetrate the protective coating on the surface. 

3. Structural damage caused by stress is usually found along 
wylded seams and around riveted and bolted joints. 

_4. Corrosion cannot take place without stress damage. 

Answer to frame 29: NO RESPONSE REQUIRED. 
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Frame 31 

Next, let's talk about geographical location as a factor in 
corrosion. Some geographical locations contain more sources of con­
tamination than others - it's as simple as that. As an obvious axample, 
metal located on a semi-tropical coastline such as Florida would be 
exposed to much more salt and moisture than metal located in the Arizona 
desert. Therefore, ycu can assume that corrosion prevention would be 
more difficult in Florida. 

Check (/) the true statement(s) below. 

_1. Geographical location has little to do with corrosion. 

Some geographical locations contain mere sources of 
contamination than others. 

Answers to frame 30: i. 

n' 
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Frame 32 

Chemical differences between metals, contamination, stress, and 
geographical location are all either products of or directly associated 
with the environment. In our case, the environment consists of the 
conditions or influences that surround a piece of metal. 

You already know that these conditions or influences could be 
anything from the metal shavings a maintenance man left behind to the 
vibration caused by a jet engine. Therefore, it's obvious that environ­
ment is a very general term, involving a great many factors that affect 
the progress of corrosion. That's why it was used in the o/igiaal, 
general definition of corrosion (the deterioration of a metal by 
reaction to its environment). 

Check (/) the true statement(s) below. 

The conditions or influences that surround a piece cf metal 
make up its environment. 

3. 

Corrosion is the reaction of a metal to its environment. 

The environment involves very few of the factors that affect 
corrosion. 

Answers to frame 31: 1. / 2, 
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Frame 33 

Hopefully, you now have a basic understanding of how corrosion 
works, because understanding a problem is essential in solving it. As 
you've probably guessed, our next topic is corrosion prevention. 

Although many methods are used to prevent corrosion, they all have 
one common purpose. That purpose is to stop its basic elements - the 
damaging flow of electrons. If you stop the electron flow, you stop 
corrosion. 

NO RESPONSE REQUIRED 

Mi^Wt-rs to f r;in!i' )l: / 
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Frame 3A 

First of all, let's talk about the two basic causes of the electron 
flow: difference in chemical makeup and contamination. If either is 
eliminated, corrosion will not take place. 

Actually, as a maintenance specialist, you will have very little to 
do with eliminating the chemical differences in metal. Problea® in this 
area are corrected (if possible) in the designing and manufacturing of 
the metal and the equipment it will be a part of. 

However, it will be your job to remove and replace parts on air­
craft. When doing so, you must be careful to install the correct part. 
Failure to do this may create a chemical difference between the incorrect 
part and the metal surrounding it. As you already know, this will cause 
corrosion if contamination is present. Such mistakes usually happen 
when installing small pieces of hardware such as screws, bolts, etc, 
(see figure 2). 

PAIhrr FILM 

CORROSION. 

Figure 2. 

Check (/) the true statement(s) below. 

1̂. If possible, equipment is designed so that metals with different 
chemical makeups are not in close contact with each other. 

_2. The basic rule for installing a part is: If it fits, it'll work 
just fine. 

3. Corrosion will take place whether there is a difference in 
chemical isakeup or not. 

Answer co frame 33: NO RESPONSE REQUIRED. 
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Frame 35 

Contamination is the other basic cause of corrosion and the cure 
for it is cleaning. Since you've been in the Air Force for some time 
now, you may already be familiar with it. Most of the cleaning you've 
done so far has probably been for reasons of health or safety. But 
when dealing with multi-million dollar equipment, it becomes the first 
line of defense against corrosion. Remember, if contamination is not 
present, corrosion will not take place. 

Check. (/) the true statement(s) below. 

1. Cleaning is done only for reasons of health or safety. 

2. Corrosion will not take place unless some type of contamination 

is present. 

3. Cleaning is the only method of preventing corrosion. 

Answers Co frame 34: / 1, 

,38 8. 
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Most other methods of preventing corrosion consist of applying 
a protective coating to the surface of the metal. The most familiar 
of these methods is painting. 

When paint is applied to a metal surface, it inhibits or slows 
down any corrosive flow of electrons that might take place. It also 
prevents most contaminants from reaching the metal's surface. 

In spite of its value as a corrosion fighter, paint will do more 
harm than good if it's not applied correctly. The surface to be painted 
must be clean, dry, and free from corrosion. Otherwise, corrosion will 
be able to start or continue its destruction beneath the paint - undetected. 

Check (/) the true statement(s) below. 

1̂. Paint does nothing more than improve the appearance of the 
metal. 

_2. Paint slows down electron flow. 

__3. Painting over corrosion will keep it from progressing. 

Answers Co frame 35: 1. / 2. 
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Frame 37 

Finally, let's take a quick look at two more methods of prevention. 
Some metals are specially made to resist corrosion. An example is 
stainless steel. It does not require painting for protection. Other 
metals that do not require painting are those chemically "treated to 
resist corrosion. 

Check (/) the true statement(s) below. 

' 1. Stainless steel must be painted before it will resist corrosion, 

2. All metals are chemically treated to resist corrosion. 

Answers to frame 36: 

40 
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Frame 38 

Unfortunately, none of these methods of preventing corrosion are 
foolproof. The metal might have been manufactured incorrectly or its 
protective coating applied poorly. Stress may create cracks in the 
metal and its protective coating. Perhaps the surface will not be kept 
thoroughly clean. The only protection against all of these possibili­
ties is inspection. 

Inspection is the act of looking over cr examining. It is done 
in order to determine the condition of parts or equipment. By itself, 
inspection cannot cure aoythiag. But on the other hand, it's impossible 
to correct a corrosive situation if you don't know it exists. So you 
can see that inspection plays an important part in preventing and con­
trolling corrosion. 

There are several types of officially-scheduled inspections for 
aircraft (these inspections aren't totally concerned with corrosion, 
many other types of problems are checked for also). You may take part 
in some of these. But even if you don't, make small inspections of your 
own. Look over the area where you are working for signs of corrosion. 

Check (/) the true statement(s) below. 

1. Since official inspections are pulled, there's no need for 

you to do any inspecting on your own. 

__2. Inspections determine the condition of parts and equipment. 

3̂. Inspection, by itself, doesn't stop corrosion. 

Answers to frame 37; 1. 2. 
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Frame 39 

When inspecting for corrosion, here are some of the signs you 

should look for: 

In almost all metals, the first sign will be a powdery residue 
on the surface (aluminum i? an exception—its first indication will 
be a dulling of the normally bright surface which will gradually develop 
into residue). This residue is what remains after the surplus electrons 
have passed out of the metal. It can be likened to the ashes that 
remain after a fire. Residue will be white or gray for aluminum, 
reddish brown for iron or steel, and green for brass or copper. If 
detected early in this stage, little damage will have been done other 
than to mar the appearance of the surface. 

But if allowed to continue, the amount of residue will increase 
as the* corrosion penetrates deeper into the metal. This penetration 
is called etching in its early stages, and then pitting as it gets 
deeper (see figure 3). Depending upon how deep it gets, pitting can 
be repaired. However, if not stopped, pitting will continue completely 
through the metal causing irreparable damage. 

SURFACE 

STRUCTURAL-
DAMAGE 

Figure 3. Cross Sectional Vi-ew of Pitting and 
Structural Damage. In this case, structural 
damage resulted from the pitting action. 

Answers to frame 38: 1. 

kl 
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Check (/) the true statementCs) below, 

1. Pitting cannot be repaired, even in its early stages. 

2. Minor penetration by corropion is called etching. 

_3. Residue is the powdery substance that remains after electrons 
have passed out of the metal. 

_4. Residue on the surface of steel will be white or gray in color. 

5. After a small amount of damage, pitting will stop by itself. 

43 
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The last topic of this PT covers your responsibilities in helping 
to prevent and control corrosion. We mentioned one of them Just a 
moment ago when talking about inspection, but it will bear repeating. 

When working on aircraft, or iny type of Air Force equipment for 
that matter, take time to inspect the immediate area. Look for signs 
of contamination, corrosion, and structural damage. Likely places to 
find contamination and/or corrosion will be in cracks and crevices 
where two pieces of metal are joined and in corners. In other words, 
hard to reach areas. Likely places to find the small cracks caused 
by stress will be on the surface of thin metals, along welded seams, 
and around joints. 

Check (/) the true statement(s) below. 

Contamination will usually be found in hard to reach places 
such as cracks, crevices, and comers. 

_2. Structural damage is likely to be found on the surface of 
thin metals, along welded seams, and around joints. 

(Answers to frame 39: 1. 4. 
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You know that inspection by itself can't cure anything, 
what you should do if you find any of those problems. 

So here's 

Remove all deposits of contamination. This will include moisture, 
dirt, soot, salt, metal shavings, excessive grease or oil, etc. Like­
wise, remove all small deposits of corrosion with steel wool, a steel 
brush, or a metal file. When doing so, be sure to remove the corrosion 
completely. 

Although both of these operations may sound rather simple to you, 
the procedure for them can be very complex depending upon the type of 
metal and the type of corrosion. Therefore, refer to an appropriate 
technical order before cleaning a component or removing corrosion. 
TO 1-1-2 contains general information and instructions for every type 
of metal and corrosion. In addition, specific instructions for each 
system or component are contained in the Field Maintenance Instructions 
TO ('?.) and Overhaul TO (-3) for that system or component. 

Check (/) the true statement(s) below. 

_1. Remove small deposits of corrosion with steel wool, a steel 
brush, or a metal file. « 

2. TO 1-1-2 contains specific instructions for repairing every 
system or component. 

_3. Field Maintenance TOs and Overhaul TOs contain specific 
instructions for each system or component. 

Answers to frame 40: / I . / 2. 
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Frame 42 

On the other hand, if you find evidence of structural damage and/or 
severe, frequent, or unusual corrosion, do not attempt to repair it 
yourself. Instead, report it on the appropriate discrepancy form. For 
aircraft this will be the AFTO Forms 781. The title of this form is the 
"Aircraft Flight Report and Maintenance Record." After you report the 
problem, the repair work will be done by corrosion specialists. 

Check (/) the true statement(s) below. 

1. You should repair all corrosion personally. 

_2. Report jexcesslve corrosion and structural damage on the 
"Aircraft Flight Report and Maintenance Record" (AFTO 
Forms 781). 

Answers to frame Al: / 1. 2. / 3. 
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Frame 43 

Perhaps you remember that cracks caused by stress are doubly 
dangerous because they tend to collect contamination. Well, scratches 
in metal surfaces also tend to collect contamination. If a scratch 
penetrates the protective coating (paint, etc), corrosion will be free 
to attack the metal. Therefore, be careful when handling tools and 
equipment capable of scratching metal surfaces. In the same manner, 
your job may require you to climb on top of an aircraft. Before doing 
so, check your shoes for gravel, tacks, etc, that might scratch its 
surface. 

Finally, the least you can do is clean up after yourself before 
leaving the area. 

Check (/) the true statement(s) below. 

1̂. Damage from any scratch is too minor to encourage corrosion. 

2. Take your shoes off before getting on top of an aircraft. 

_3. In order to tell components apart, it's okay to mark them 
with a sharp object. 

_4. After 'completing a job, always clean up'after yourself. 

Answers to frame 42; 1. / 2. 
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Frame 44 

In conclusion, we can only ask you to always be aware of your 
responsibilities in the area of corrosion. Once again, they are 
cleaning, inspecting, repairing, reporting, and following TO instruc­
tions. All of this will take extra effort on your part. But isn't 
a pilot's life worth a little extra effort? 

NO RESPONSE REQUIRED 

Answers to frame 43; 1. 2. 3. / 4. 

2J} 
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FOREWORD 

This programmed text was prepared for use in the Automatic Flight 
Control Systems Specialist Course 3ABR32530-1. The materials contained 
herein were validated with 26 students from the subject course. At 
least 90% of the students achieved the objectives as stated below. 
Average time for completion of this text is 89 minutes. 

OBJECTIVES 

1. Without reference, identify facts concerning maintenance 
fundamentals. An accuracy of 70% is required. 

a. Aircraft hardware. 

INSTRUCTIONS 

This programmed text presents information in small steps called 
"frames." Carefully study the written material and/or illustration 
in each frame xmtil you are confident that you understand the contents 
of the frame. You will be required to respond to the information in 
each frame in one of a variety of ways. Follow the instructions in 
each frame. Check the accuracy of your response at the bottom of the 
next page. If any of your answers are incorrect, go over the frame 
until you understand why you made the error, then proceed to the next 
frame. Use the hardware trainer when directed, and take sufficient 
time to make sure that you understand each item. 

READ VERY CAREFULLY î ND DO NOT HURRY. 
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Frame 1 a*?/ 

Most bolts used in aircraft structures are either general pur­
pose, internal wrenching, or close-tolerance AN (Army-Navy), NAS 
(National Aircraft Standard), or MS (Military Standard) bolts. These 
bolts are made of aluminum alloy where lightness- is needed, or of 
steel when strength ij needed. Perhaps, before going any furthei, 
you should have an understanding of a few terms which may appear 
throughout this text. 

Tension is the amount of clamping force developed in a bolt. It 
acts as a pressure on the assembly shown in B below. When a bolt is 
tightened, it develops a "holding together" (tension) force within 
the bolt and a pressure on the assembly. The greater the tension, the 
greater the "holding together" effect. 

Stress is a force exerted upon a body that tends to strain or 
deform its shape. 

Shearing stress is the action or force causing two contacting 
parts or layers to slide upon each other, moving apart in opposite 
directions parallel to the plane of their contact. 

Tensile strength is resistance to lengthwise stress. 

Shear strength is the opposite from tensile strength in that' it 
is caused by a push or pull 90* from the axis; whereas, tensile strength 
is determined by a pull parallel to the axis. 

Using the illustration below, identify the type of stress applied 
to each bolt. 

1. Tensile. 

2. Shear. 

A. 

TO 

cm B. m 
TtD 

The arrows show the direction of stress. 
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Three general types of bolts are: standard aircraft bolts, clevis 
bolts, and eyebolts. 

Standard aircraft machine bolts are all-purpose structural bolts 
used for general applications involving tension on 'rhear loads. They 
may be either cadmium- or zinc-plated, noncorroslon resistant steel, 
or anodized aluminum. These bolts may not be drilled or they may have a 
drilled head or a drilled shank only; sometimes, both the head and 
shank may be drilled. 

V- I 
STANDARD AIRCRAFT MACHINE BOLT 

Place a T for true or an F for false in the space provided. 

_1, Standard aircraft bolts may only be obtained with drilled 
heads. 

2. Standard aircraft bolts are used only where tension is 
involved. 

ANSWERS TO FHAME 1: Tensile B Shear A 3 
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Frame 3 
373 

Drilled head bolts are similar to standard aircraft bolts except 
for a deaper head that is drilled to receive a wire which is used 
for securing. They were originally intended for use as engine bolts. 

OIAMETEK 

OMIUCO HEAO aOU 

Study the illustrations above and become familiar with the terms 
used for area identification: length, grip, and diameter. 

Match"the letters in the illustration to the correct terms. 

1. Diameter. 

2. 

3 . 

4 . 

Length. 

Grip. 

Head (Wrench 
Size) 

* 
o JL_ISI 

d -
-

ANSWERS TO FRAME 2: F 1. T 2. 
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Frame 4 

Close-tolerance hex head bolts are used where the bolted joint is 
subject to severe load reversals and vibration. The shank of this type 
of bolt has a tolerance which permits a very close fit with the use 
of reamers, otherwise, they are identical to the standard hex head 
bolts. These bolts are available as tensile bolts with drilled heads 
or drilled shanks and as shear bolts with or without a cotter pin hole. 

JO 

h 1 
HEX HEAD, CLOSE.TOLERANCE TENSILE BOLT 

^ 

^ M 
CLOSE.TOLERANCE SHEAR BOUT 

..Indicate if the following statements are TRUE or FALSE by placing 
a T or an F in each space provided. 

1. The use of close-tolerance bolts might require the use of 
reamers to provide a very close fit. 

2. The amount of vibration is not a deteinninant in using a 
close-tolerance bolt. 

ANSWERS TO FRAME 3: 1. a . 2. _, 3. b . 4. e 

) 



Frame 5 
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Clevis bolts are used in applications subject to shearing stress 
only, such as shown in the illustration to the left below, where the 
force exerted on the bolt itself is crosswise on the shank. Clevis 
bolts are also used as mechanical pins in control systems. 

i 
Circle the letter that identifies the correct answer for the 

following question. 

What bolt is used where shear strength is needed? 

a. Plain head aircraf_ bolt. 

b. Drilled head aircraft bolt. 

c. Clevis bolt. 

d. Eyebolt. 

ANSWERS TO FRAME 4: T 1., F 2. 



Frame 6 

ment 
shackle. 

Eyebolts are used to carry external tension loads for the attach-
of devices; such as, the fork of a. turnfauckle, a clevis, or a cable 

v. 

o I 

No Response Required 

ANSWER TO FRAME 5: c_ 

) 
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Internal wrenching bolts are high strength steel bolts used 
primarily in tension applications. Either the bolt hole must be 
countersunk to seat the larger corner radius of the shank at the head, 
or a special heat-treated washer must be used to fit the head and to 
provide adequate bearing area. A special plain washer, also heat-
treated, is used under the nut which is also a special nut for use 
with these bolts. 

The external wrenching bolt, which is a non-standard bolt, has a 
12-point head. This bolt has greater fatigue resistance, tensile 
strength, and ductility than conventional bolts. 

Indicate if the following statements are TRUE or FALSE by placing 
a T or an F in each space provided. 

1. An external wrenching bolt is stronger than a conventional 

bolt. 

2. An internal wrenching bolt may be used with any type of nut. 

ANSWER TO FRAME 6: No Response Required 
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M Frame 8 
Match the illustrations shown below to their correct names listed 

in the column on the right. / 

2. 

a. Standard aircraft 
bolt. 

b. Eyebolt. 

c. External wrenching 
bolt. 

d. Clevis bolt. 

3. 

4. 

) 

ANSWER TO FRAME 7: T 1., ^ 2. 

3.;' 
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Bolts are marked with a code to identify their physical character­
istics and materials. Steel alloy bolts are marked with an asterisk (*) 
with letters from A to Z, or numbers from 0 to 9, or any combination of 
letters, numbers, and an asterisk. 

Ell H 65 «TCEL BOLT 

Alumintsn alloy bolts axe marked with raised or recessed dashes on 
opposite sides of the bolt head. 

ALUMINUM ALLOr MOU 

Steel and aluminum alloy close-tolerance bolts are identified 
by a raised or recessed triangle on top of the head. 

CUae TOLERANCE M a 

Corrosion resistant steel bolts are identified by a single raised 
or recessed dash on top of the head. 

CORROSION RESISTANT 
STEEL 80LT 

Some bolts may have a combination of materials or other character­
istics and are identified as shown below. 

. -^ CLOSE TOLERANCE 
< ^ R / ALUMINUM AlLOr BOIT 

A \ CLOSE TOLERANCE 
STEEL sour A 1, CLOSE TOURANCE 

]> CORROSION RESISTANT 
STEEL lOLT 

Match each bolt pictured to its word description. 

1. Close tolerance alimiinum alloy bolt. 
a. 

2. Steel bolt (alloy). 

3. Corrosion resistant steel bolt. 

4. Aluminum alloy bolt. 

5. Close tolerance bolt. 

d.-

* 

e. 

f. 

ANSWER TO FRAME 8 : 1 . d 2 . a 
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Frame 10 

Screws are the most common type of threaded fasteners used on 
aircraft. They differ from bolts mainly by having a lower material 
strength, a looser thread fit, and shanks threaded along their entire 
length. The different types of screws have various types of slots 
or recesses, and each type requires a particular type of screwdriver. 
For proper performance and to prevent mutilation of the screw head and 
the screwdriver always use the proper type of screwdriver. 

Of the four main groups of screws, the two which we are primarily 
concerned with are machine screws and self-tapping screws. 

No Response Required 

ANSWERS TO FRAME 9: 1. 2. 3. 4. 5. 

3 

3;',.; 
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Frame 11 

Flathead machine screws are used in countersunk holes where a 
flush surface is desired. These screws have various types of recesses, 
i.e., slots and crosspoints, such as Phillips and Reed and Prince. 

i l l 

KM t M M C I HCAO 

PHILLIPS TYPE REED & PRINCE TYPE 

General purpose roundhead machine screws, like flathead machine 
screws, are manufactured from different materials; such as carbon 
steel, corrosion-resistant steel, alumlnun alloy, and brass. These 
screws have coarse or fine threads and slotted or recessed heads. 
Brass roundhead machine screws with slotted heads are intended for 
electrical use only. 

Answer the following questions either by supplying the information 
required or by indicating T for true or F for false. 

1. A flithead machine screw is used in a 
a flush surface is required. 

hole where 

2. A brass roundhead machine screw is designed for general purpose 

use. 

ANSWERS TO FRAME 10: No Response Required 

13 ' 
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'Frame 12 

Fillister head machine screws, shown in the illustration, are used 
as general purpose screws and also as cap screws in light mechanics. 
The heads are usually drilled to accept safety wire. Fillister head 
screws are available in steel and brass with coarse or fine threads. 

(D (3M8 

• 

WASHER HEAD SCREW 

The washer head screw, while not a machine screw, is often used in 
the same manner as structural bolts and rivets in the primary structure 
of aircraft. These screws have a high tensile strength and differ from 
structural belts only in the type of head. 

Circle the letter of the correct completion to the statement below. 

The type of screw which has a drilled head to accept safety-wire 
is the 

) 

a. washer head screw. 

b. flathead machine screw. 

c. fillister head machine screw. 

d. roundhead machine screw. 

ANSWERS TO FRAME 11: 1. countersunk, F 2. 

3:'i 
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Self-tapping screws tap their own mating threads when driven into 
untapped or punched holes slightly smaller than the outside diameter 
of the screw itself. 

Self-tapping sheet metal screws are used for such purposes as tem­
porarily attaching sheet metal for riveting and for permanent assembly 
of nonstructural assemblies located in blind areas. Sheet m^tal screws 
are hardened for use on steel or aluminum sheets, but may be used on 
plastic also. 

J 
IN DRILLED 
OR CLEAN 
PUNCHED 
HOLES 

IN PIERCE 
PUNCHED 
HOLES 

IN CUT 
COUNTERSUNK 
HOLES 

IN CASTINGS 
PLASTICS, 
ETC. 

IN CLEARANCE 
HOLES OF 
LINE CLAMPS. 
FAIRLEADS, ETC 

Using Sh»mt Uatal Screws 

Indicate if each*of the following statements is TRUE or FALSE by 
placing a T or an F in the space provided, 

1. In a permanent installation, sheet metal screws must be 
used in tapped holes or with self-locking nuts. 

2, Self-tapping screws are usually driven into the hole by using 
a hammer. 

ANSWER TO FRAME 12: 

15 
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Frame 14 

Drive screws are self-tapping screws used to attach nameplates to 
castings and to seal drain holes in tubular structures. They differ 
from other self-tapping screws in that the heads are not formed to fit 
screwdrivers, and they are not intended to be removed after installa­
tion. Drive screws are installed bydriving the screw into a drilled 
hole with a hammer. 

ROUNDHEAD DRIVE SCREW 

Circle the letter of the correct completion to the following-
statement. 

The correct letter for installing a drive screw is a 

a. Phillips screwdriver. 

b. Reed and Prince screwdriver. 

c. common screwdriver. 

d. hammer. 

^^ 

ANSWER TO FRAME 13: F 1., F 2. 

> 

l> 
J 
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Using the 

Frame 15 

illustrations below, match the screws to their correct 

7S5 

names< 

1. Machine screw, flathead. 

2. Machine screw, 
fillister head. 

3. Self-tapping sheet metal 
screw. 

4. Drive screw. 

J ANSWER TO FRAME 14: d 

17 
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Frame 16 

Fasteners are used on aircraft access panels, plates, doors, 
cowling (engine covering), etc. where quick or frequent access is neces­
sary in performing maintenance, servicing, or inspecting components.. 
The two types of fasteners we will cover heare are turnlock (Dzus and 
Airlock) and camlock fasteners. One-quarter of a turn locks or unlocks 
these fasteners. 

Turnlock fasteners (see -fllustration "A") are.not designed to carry 
primary structural stress so uney are used on cowling (engine covering) 
and access doors. 

I 

Camlock fasteners (see illustration "B") are of relatively high 
strength and they are used in some areas on structural access panels 
and doors. 

OUTER MEMBER 

STUO ASSEMBLY 

GROMMET 

CROMMET 
RETAINING 
RING 

RIVET 

.PANEL 

INNER 
MEMBER 

) 

RECEPTACLE 

TURNLOCK FASTENER CAMLOC FASTENER 

Circle the letter of each correct statement. 

a. Fasteners are used where frequent and quick accesses are 
required. 

b. Turnlock fasteners can carry high structural stresses. 

ANSWERS TO FRAME 15: 1. 2. 3. 4. 
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Circle the letter that identifies the correct answer to each of 
the following questions. 

1. What type of screw is used to attach panels to aircraft 
where there is a threaded hole in the aircraft? 

a. Machine screw. 

b. Drive screw. 

c. Sheet metal screw. 

d. Crosspolnt screw. 

2. The type of machine screw which has a drilled head for 
securing safety wire is the 

a. flathead machine screw. 

b. washer head structural screw. 

c. round head machine screw. 

d. *illicJ:er head machine screw. 

3. For quick access, panels, cowling, and plates are secured 
to the aircrcift with 

a. flathead machine screws. 

b. sheet metal screws. 

c. fasteners. 

d. fillister head machine screws. 

4. A screw that has high Lensile strength and is used in the 
primary structure of aircraft is the 

a. sheet metal screw. 

b. drive screw. 

c. crosspcint screw. 

d. washer head screw. 

ANSWER TO FRAME 16: a 

19 
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a ? ^ Frame 18 
The more common forms of screw threads are known as national coarse 

series, national fine series, national extra fine series, and American 
national taper pipe threads. Screw threads are also classified according 
to fit; i.e.. Class 1 (loose fit). Class 2 (free fit), Class 3 (medium 
fit) which is generally employed in aircraft construction, and Class 4 
(close fit). Threads are generally designated by symbols according to 
their type and fit, such as NC-2 (National coarse free fit). Right and 
left hand threads are designated by RH and LH. 

^. 

Screw Thread Forms. 

MAJOn OIAMCTCR 

^ITCH DIAMETER 

r - M I N O n OlAMeTCR 
«0' 

^ ITCH^, CREST 

0 NATIONAL SCREW THREAD 

crrecTivE UNSTH 

> 

©NATIONAL PIPE THREAD 

Circle the letter of each correct statement below. 

a. A screw with national corase threads and classified as 
"medium fit" is used in aircraft construction. 

b. Class 4 threads fit very loosely. 

c. No series of national threads are available in left hand 
screw threads. 

ANSWERS TO FRAME 17: 1. a 2. d 3. c 4. d_ 

20 
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Frame 19 3n 

Plain nuts are nonself-locking. When nonself-locking nuts are 
used they are locked with an auxiliary locking device such as a check-
nut or lockwasher. Checknuts are shown in the illustration below. 

/ \ 

M 
Safetying by Use of Nuts. 

CHCCK NUT 

#LAIN NUT 

PUMH WASNCM 

A checknut (Pal nut. Jam nut) is a plain nonself-locking nut used 
for locking another nonself-locking plain nut. They are also used as 
locking devices for setscrews and threaded rod ends. Two applications 
of checknuts are shown in the illustrations above and below using plain 
nonself-locking nuts. 

Check each true statement below. 

_1. An alternate method of locking (safetying) a nonself-locking 
plain nut is through the use of safety wire. 

2. A checknut may be smaller than the plain nut that it is 
going to lock. 

ANSWER TO FRAME 18: 
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w Frame 20 
Castle nuts are used with drilled shanks, hexhead bolts, clevis 

bolts, and drilled studs. These nuts are designed to be secured 
with cotter pins or safety wire. The multiple slot arrangement per­
mits proper adjustment of tension with the correct alignment of slots 
and holes. The Illustration below shows the .proper installation of a 
cotter pin to secure a castle nut. The shear nuts, shown below, are 
also designed for use with drilled clevis bolts and threaded taper 
pins which are normally subjected to shearing stress instead of tension, 
as in the case of castle nuts previously mentioned. A shear nut has 
approximately three complete threads below the castellations and can be 
identified easily because of its thinness. Shear nuts are also available 
in the self-locking style. 

CASTLE NOT 

eOTTtH flN 

CASTix Nur 

SHEAK NUT 

Safetying by Use 
of Cotter Pins. 

The wingnut shown below is used whe'<.*e the desired tightness Is 
obtained by the use of the fingers and where the assembly is frequently 
removed. When safetying of this nut is required, a hole is drilled 
through one of the "wings" (see illustration) and secured with safety 
wire. 

WINO NUT 

Check each true statement below. 

1. The correct use for a castle nut is with a drilled head 
bolt. 

2. A shear nut is most generally used with a clevis bolt. 

3. Wing nuts are used where the desired tightness is obtained 
by the use of the fingers. 

ANSWER TO FRAME 19: 1., / 2. 

• 1 
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Frame 21 
•391 

Nonmetallic tĵ pe self-locking nuts have a nylon insert of smaller 
inside diameter than the major diameter of the bolt. The nylon exerts 
a compressive locking force against the bolt, as illustrated in the 
diagram below. 

1 THREADED NUT CORE 
2 NUT CASE 
3 KEYWAY 
4 LOCKING SHOULDER 

As may well be expected, nonmetallic insert self-locking nuts can­
not be subjected to temperatures in excess of 250 degrees Fahrenheit. 
As shown in the diagram below, self-locking nuts are available in 
thick or thin styles. ^̂ -s. ^ Q 

WICK. THIM. 

SELF LOCKING NUTS 

Metal self-locking nuts, which are similar to nonmetallic self-
locking nuts except for the type of insert, are used where temperatures 
are extremely high (3060' F, exhaust section of a jet engine) and where 
nonmetallic self-locking nuts cannot be used. The all metal self-
locking nut has threads out of phase or pinched in at the top to bind 
the bolt and maintain tightness. 

If a self-locking nut can be run down with the fingers, after the 
locking feature engages the bolt or stud, it indicates that the locking 
friction\does not exist and the nut should be replaced. 

Circle the letter of the correct answer to the following statement. 

The type of nut which must not be used in applications where the 
temperature is above 250° F is the 

a. castle nut. 

b. all metal self-locking nut. 

c. nonmetallic self-locking nut. . 

d. plain nut. 

ANSWERS TO FRAME 20: 1-. / 2.. / 3. 
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7^ Frame 22 

Match the descriptions on the right with the names on the left. 

_1. Nonmetallic self-
locking nut. 

2. Castle nut. 

_3. All metal self-
nut. 

4. Plain nut. 

a. Has slots at the top to be 
used with drilled bolts with 
a cotter pin to maintain its 
position. 

b. Has threads out of phase or 
pinched in at the top to bind 
on the bolt and maintain 
tightness. 

c. Requires an auxiliary locking 
device, such as a checknut 
or lockwasher. 

d. .las a nylon insert at the 
top to bind on the bolt and 
maintain tightness. 

ANSWERS TO FRAME 21: 

J) 

24 
J 



Frame 23 
w 

Plate nuts ara used for blind mounting in inaccessible locations 
and for easier maintenance. They can be either self-locking or plain. 
They are available in a wide range of sizes and shapes. One lug, two 
lugs, and right-angle shapes are available to accommodate the require­
ments of the individual nut location. Floating-type nuts provide a 
controlled amount of n̂ it Kovemtnt to compensate for subassembly 
misalignment. 

W^;^;Sj!^^f^^s^ 

Plate Nut Instrument 
Panel 

Gang channel nuts are used in applications'requiring anchored nuts 
equally spaced around openings such as access and inspection doors and 
removable leading edges. Straight or curved channel strips offer a 
wide range of nut spacings and provide a multiple nut unit that has 
all advantages of float-type nuts. They are usually self-locking. 

NUT 

3 

Check each tznie statement. ^ 

1. Plate nuts are used for mountings that are easy to reach. 

2. A float-type nut has some movement to compensate for 
~ misalignment of subassemblies. 

3. Gang channel nuts are anchored and equally spaced. 

ANSWERS TO FRAME 22: 1. d 2. a 3. b 4. 

) 

25 11 • 0 



w Frame 24 
Tinnerman mounting nuts are used primarily for front mounting of 

aircraft components. However, the nuts may be inserted in the instru­
ment for rear mounting (see illustration "B"). The nut is made of 
nonmagnetic material and is used with a standard component mounting 
screw size 6-32 only. The names of the various parts of the nut are 
shown in illustration "A". There are several ohank lengths to fit 
the different panels and bezel thicknesses. Illustrations "C" through 
"F" show the installation of the nut in the instrument panel. 

PANEL 

NUT PROJECTION 

FLOATING 
NUT 

I t A >* 
A 

, ) 

l i p II 

ANSWERS TO FRAME 2 3 : _ 1 . , • 2 . , • 3 . 

26 
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- Frame 24 (Cont'd) 

Circle the letter of each correct statement. 

a. Tinnerman moiuting nuts come in several sizes. 

b. Tinnerman mounting nuts can be used on front-bezel mounted 

instrximents only. 

c. Tinnerman movinting nuts are available in several different 

shank lengths. 

d. Tinnerman moimting nuts that are attached to the component 
would require the Instrxsnent to be rear-bezel moilnted. 

273 1 '̂  



•3i% Frame 25 

The types of washers used in aircraft structures are plain 
washers, lockwashers, and special washers. 

Plain washers are used under nuts to provide a smooth bearing 
surface to act as shims in obtaining the correct relationship between 
the threads of the bolt and nut, and in adjusting the position of 
castellated nuts with respect to drilled cotter pin holes in bolts. 
They are also used under lockwashers to prevent damage to surfaces of 
soft material. 

THICKNESS H h-

INSIDE OUTSIDE 
DIAMETER DIAMETER 

Circle the letters of the correct answers to the following 
statement. 

Plain washers are used under nuts to 

a. prevent a galvanic action from dissimilar metals. 

b. provide a smooth bearing surface. 

c. prevent loosening of threaded fasteners. 

d. act as shims between the threads of bolts and nuts. 

) 

ANSWERS TO FRAME 24: c, d 

Q 1 ^ 
*-> ̂  (.) 
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Frame 26 

Lockwashers are used with plain nuts when self-locking or 
castellated type nuts are not applicable. The spring action of the 
washer prevents the nut from working loose. Lockwashers are not to be 
used on primary structures, secondary structures, superstructures, or 
accessories where failure might result in damage or danger to aircraft 
or personnel. The- following diagram shows a typical example of 
lockwashers. 

$v 

INSIDE 
DIAMETER—» 

• / T ^ OUTSIOE O 
• \ k ^ OAMETER j) 

T II 
THICKNESS-ll-

LOCKWASHER 

Choose the letter of the correct answer for the following 
statement. 

Lockwashers are used with plain nuts 

a. when self-locking or castellated type nuts are not applicable. 

b. on primary and secondary structures. 

c. on soft metals without plain washers. 

d. on exposed surfaces subject to airflow. 

ANSWERS TO FEAME 25: b, d 

29 310 



^n Frame 27 
Other types of lockwashers may have internal teeth or external teeth, 

as shown here. The teeth are twisted slightly so as to provide a locking 
effect when tightened down. 

^ 

- I f - THICKNESS 

INSIDE 
DIAMETER 

a. 

OUTSIDE 
DIAMETER 

INSIDE 
DIAMETER 

OUTSIDE 
DIAMETER 

-THICKNESS 

INTERNAL TEETH EXTERNAL TEETH 

LOCKWASHER 

There are many types and varieties of special washers. Some special 
washers are illustrated in the diagrams. They are finishing washers, 
phenolic fiber washers, tab t3rpe washers, etc. 

—THICKNESS 

INSIDE 
DIAMETER 

OUTSIDE 
DIAMETER 

1 
SECTION A-A A^ 

COUNTERSUNK TYPE, FINISHING WASHER 

u . INSIDE . 
DIAMETER 

) 

FLAT, PHENOLIC FIBER WASHER 

The tab washer is used where vibrations might tend to loosen a 
nut from a bolt. The bolt would have a slot cut into it for tab A, 
shown in the figure, to slide into. After the nut is tightened, one 
or more of the tabs (B) are bent back against the sides of the nut which 
prevents it from loosening. ^B 

ANSWER TO FRAME 26: a 

TAB TYPE WASHER 

No Response Required 

30 



Frame 28 a^? 

Cotter pins are used to secure bolts, screws, nuts, pins, and in 
other applications where such securing is required. A cotter pin is a 
"split" metal pin which is inserted in a hole and then spread apart, one 
half each way. Their use is favorable because they can be removed 
and installed quickly. They are available in lengths from 5/16 inch 
to 4 inches, with diameters from .031 inch to .250 inch. The diameter 
selected for an application should.be the largest size that will fit 
the cotter pin hole and/or the slots in the nut. The following diagrams 
show some of the different types of cotter pins and methods of securing 
with cotter pins. 

.063 MINIMUM -<-

SHANK DIAMETER-
LENGTH 

•HEAD HOLE 

OPTIONAL ENDS-

Stcur/nff With Coffer Pins 

^ 

Circle the letter in front of the correct answer to the following 
question. 

What is the purpose of the cotter pin installed as shown in the 
diagram below? 

a. To keep the nut from wobbling 
and thereby ruining the nut 
threads. 

b. To hold the bolt in place. 

c. To keep the-nut from damaging 
the bolt threads. 

d. To keep the nut from loosening. 

ANSWER TO FRAME 27: No Response Required 

31 

3 2' 

http://should.be


300 Frame 29 

The turnbuckle is a device used to adjust the tension on air­
craft cables. It consists of a brass barrel with right hand threads 
on one end and left hand threads on the other, and a bolt type de­
vice screwed into each end. The three types of tumbuckle ends are 
known as fork, pin eye, and cable eye. These parts are shown below. 
Take a look at them. With the left and right hand threads in the 
barrel, turning the barrel one way will tighten both ends and the 
other way will ''oosen both ends. 

rtH TMKAO THMAO 

FORK 

BARREL 

PIN EYE CABLE EYE 

Match the letters in the illustration to their correct names on the 
left. 

_1. Barrel. 

_2. Fork end. 

3. Cable eye end. 

Circle the letter that identifies the correct answer. 

4. What is the designed use of a tumbuckle? 

a. Holds two pieces of metal securely together. 

b. Used to safety a cable connection. 

c. To determine if a bolt has left or right hand threads. 

d. Used to adjxist cable tension. 

3: 

Answer to Frame 28: 1. d. 
KJ ^^ /^ 
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Frame 30 30/ 

Flexible hose and flexible hose assemblies are used when there 
is an excessive amount of vibration. They are also used when the 
unit they connect to moves during flight. 

Flexible hose is marked with a series of dots and dashes and 
letters (as shown below) . These markings are used for identification. 
The markings are color coded to show different types of hose. The 
markings on the hose show several things: manufacturer, the mili­
tary specification, the size, and the date of manufacture. The size 
of the hose is the inside diameter measured in sixteenths of an inch. 
The manufacture date is shown by the quarter of the year and the 
year the hose was made. 

RED NUMERALS. LETTERS ANO STRIPE 

StihStaling, AnmtrtiC'R^tlatant Ho$», 

SS93-.6-4/57 MfgSrmU 

YELLOW NUMERALS. LETTERS ANO STRIPE 

Nen««/f'S«a//n9, AnmmUc-R^altftnt 

Htttt, mUUty Sf•c/ffcoftai* M/L-M-5593 

(NOT HEAT RESISTANT) 

) 

WHITE NUMERALS. LETTERS ANO STRtPC 

:iL-M-iOO@-'Siai=S°4/S7 

RED 

(VIEWS SHOWING OPPOSITE SIDES OP HOSE) 

NanttH-UttlIng, Anmatic- anJ Hmrt-Rttilstanf Ho*9, Hilitary Sptclfleation fAIL.H'6000 

NO RESPONSE REQUIRED 

Answers to Frame 29: b 1 . _ c 2 . a 3 . 4 . d. 
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3oa Frame 31 

Like the flexible hose, tubing is measured in sixteenths of an 
inch. However, tubing is measured on the outside diameter. If a 
tubing is 1/2 inch in diameter it would be referred to as a number 
8 tubing. This is becatise 1/2 inch is 8 sixteenths of an inch. 
Tubing size varies from 1/8 inch to 2 1/4 Inches. This is shown 
as a number 2 to a number 36. 

Is the following statement TBUE or FALSE? 

1. A number 6 fitting would be used with 3/8 inch OD tubing. 

J 

Answer to Frame 30: None required. 
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Frame 32 3 0 3 

The tubing most commonly-used in aircraft systems is made of 
aluminum alloy. Aluminum tubing is light and can be formed and bent 
easily; therefore, care must be taken in handling it so that it 
will not be damaged. Corrosion resistant steel tubing, which is 
stronger but not as easily formed, is often used on hydraulic systems 
operating at 3000 psi or highter. 

Tubing size is detexmlned by measuring the outside diameter (CD) 
in sixteenths of an inch. The top half of the fraction is the tubing 
size number. Example: A 1 inch OD tube is called number 16 ttibing. 
1" - 16/16ths - #16 tubing. 7/8 inch tubing is number 14 tubing 
7/8" - U / W t h s - #14 tubing. 

Match each size tubing on the left with the outside diameter measure­
ments on the right. 

1̂. 

2. 

3. 

4. 

5. 

Number 4 tubing. 

Number 6 tubing. 

Ntmber 8 tubing. 

Number 10 tubing. 

Ntimber 12 tubing. 

a. 

b . 

c. 

d. 

e. 

5/8" OD. 

1/4" OD. 

1/2" OD. 

3/4" OD. 

3/8" OD. 

Frame 33 

Match the outside diameter measurements on the left with the appropriate 
tubing sizes on the right. Always record your answers. 

1. 

2. 

1 1/2" OD tubing. 

1 1/4" OD tubing. 

a. 

b. 

c. 

d. 

e. 

Number 1 1/2 tubing. 

Number 16 tubing. 

Number 1 1/4 tubing. 

Number 20 tubing. 

Nimiber 24 tubing. 

Answer to Frame 31: TRUE 

35 
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30^ Frame 34 

The size of a fitting is determined by the outside diameter of 
the tubing to which it connects. 

The Air Force uses two types of fittings with tubing; AN FLARE 
fittings, and MS FLABELESS fittings. AN fittings have a sleeve with 
a beveled edge to fit the flare of the tubing and to form a seal when 
the tubing nut is drawn tight. Tubing used with MS fittings is not 
flared. When the tubing nut is tightened on an MS fitting the sleeve 
is wedged between the tubing and the fitting to form a seal. The 
torque on MS fittings is critical. Too much torque will cause them 
to leak. 

Match the two illustrations with the correct nomenclature. 

1.. AN fitting. 

_2. MS fitting. 

Select the correct answer for each of the following items. 

3. What type fitting is used with tubing that is not flared? 

a. AN fitting. 

b. MS fitting. 

c. Both. 

d. Neither. 

4. What type fitting is used with flared tubing? 

a. AN fitting. 

b. MS fitting. 

c. Both, 

d. Neither. 

} 

Answers to Frame 32: b 1. 

Answers to Frame 33: ^ 1̂. 

e 2. 

d 2. 

36 
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Frame 34 (Cont'd) 3)05^ 

Match the illustrations with the correct uses 

S, Used when, tubing is not flared. 

(5. Connects different sized tubing. 

-J, Used with flared tubing. 

8. Connects two tubes of the same size 

b. 

Frame 35 

Fitting types and material are identified by color. Aluminum 
AN fittings are blue. Steel AN fittings are black. Aluminum MS fit­
tings are gray or light yellow. Steel MS fittings are dark yellow. 
These fittings are not interchangeable. Steel fittings are used for 
high pressure where aluminum fittings will not hold. AN fittings 
must have flared tubing while MS fittings will not fit flared tubing. 

Match the identifying color with each type fitting. 

1. MS aluminimi fitting. a. Dark yellow. 

2. AN aluminum fitting. 

3. MS steel fitting. 

4. AN steel fitting. 

b. 

c. 

d. 

e. 

Blue. 

Gray or light yellow. 

Silver. 

Black. 

37 
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M Fraiae 36 

Match the information below. 

1. Connects different sized tubing. 

2. Used where tubing i s f lared. 

3. Connects two pieces of ^ e sasne 
i?-ize tiibing. 

4. Used with flarelfe s tubing. 

a. 

b. 

c. 

d. 

Reducer. 

Union. 

ftS fitting 

AN fitting 

Fraiae 37 

Match the illustrations to their names. 

1. AN fitting. 

2. MS fitting. 

3. Union. 

4. Reducer. 

1>. 

J 

Answers to Frame 34: a 1. 

c 6. a 7. b 8. 

b 2. 3. b. 4. a. d 5. 

Answers to Frame 35: c 1. b 2. 

38 
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Frame 38 
3c>7 

AN standard fittings have superseded all other types of fittings. 
They should be used in preference to all other flared fittings. Fit­
ting sizes should correspond to the size of tubing they are used 
with. Tiibing fittings have either tapered pipe threads or straight 
threads. Pipe thread fittings are made in a cone shape. Straight 
threads are the same in diameter the entire length of the threads. 

The hole the pipe thread fitting goes into is tapered like the 
fitting. As the pipe thread fitting is screwed in, its threads seal 
against the threads of the hole. 

STRAIGHT THREAD PIPE THREAD 

NO RESPONSE REQUIRED 

J 

^ 

Answers to Frame 36: 

Answers to Frame 37: 

a 1. 

a 1. 

d 2. b 

b 2. a 

39 
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30S 
Frame 39 

Fitting types and materials are identified by color. ^ alumi-

ntim fittings are blue. AN steel fittings are black. Aluminum bronze 

fittings are cadmium plated and are not otherwise colored. These 

fittings are not interchangeable, because if two dissimilar (unlike) 

metals are brought together they will corrode. Corrosion can cause 

a potential fire hazard in the presence of oxygen, or a weakness in 

the metal. 

Match the identifying color with each type of fitting. 

V 

1. AN aluminum fitting. 

2. AN steel fitting. 

a. Dark yellow. 

b. Blue. 

c. Gray or light yellow. 

d. Silver. 

e. Black. 

y 

Answer to Frame 38: None required. 
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Frame 40 309' 

A f l a r e and a s l e e v e , with a nu t , are used when connecting s t r a i g h t 
threads to tubing . The s leeve i s used to s ea l the ttibing to the 
nut and t o the f i t t i n g . The n u t , of course, i s used t o connect the 
tubing to the f i t t i n g . The n ipp le i s used to connect a piece of tubing 
to a device h.ivlng pipe t h r e a d s . 

y , ^ 

^^ 

• S S - T i - S ^ i * i" 

I , 

U-H r 
J—i ^ 1 1 1 •• 

D P i p . 
thXMd 

Sleeve; Nttt: 
Coupling. 

Bevelled surface mate, 
with f lared tubing 

Stzmi«iit 
thXMd 

Nipple 

The flared tubing fittings most commonly used in the tubing systems 
of aircraft is the coupling nut and sleeve. 

NO RESPONSE REQUIRED 

; 

Answers to Frame 39: b 1 . —e—2 . 
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3/0 
Frame 41 

Match the f i t t ings to the descriptions l i s ted below. 
) 

tfl) 
^ t-= 

1. Nipple, flared tubing to pipe. 

2. Nipple, pipe thread on both ends, 

_3. Union, flared tube. 

4. Coupling, internal pipe thread. 

) 

Answer to Frame 40: ^one required. 
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Frame 42 

In this and the following frames you will be shown various AN 
fittings. You may well encounter these fittings at a later time in 
the performance of your job. Study the illustrations carefully. 
Then you will demonstrate your ability to identify these fittings. 
Let's see how well you do with the following. 

Match the fittings to the descriptions listed below. 

311 

a. 

1. 

1. 

3. 

4. 

Elbow, 90° flared tube. 

Elbow, 90° internal and external pipe threads. 

Elbow, 90* internal pipe threads. 

Elbow, 90° flared tube to pipe. 

Answers to Frame 41: c 1. b 2. a 3. d 4. 
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3a Frame 43 

Match the i l lus t ra t ions below with their correct descriptions, 

fb^\m 

1. Bushing, reducer. 

2. Tee, flared tube. 

3. Elbow 45° internal and external pipe threads. 

4. Tee I flared tube, pipe thread on side. 

5. * Elbow 45° flared tube to pipe. 

6. Tee, flared tube, pipe thread on the run. 

) ) 

Answers to Frame 42: 
d 1. c 2. b 3. a 4. 
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3/3 
Frame 44 

Bulkhead and universal fitting combinations can be mounted solidly 
to a bulkhead or component with one outlet adjusted to any angle. 
"Bulkhead" means that the fitting is long enough to go through a bulk­
head. "Universal" means that the fitting can be set at any angle, 
using a universal fitting bolt. 

When installing a bulkhead fitting, a jam nut is used to hold 
the fitting securely in the bulkhead. This is shown in the following-
Illustration. Fittings with evidence of visible damage, (stripped-
threads, deep gouges and nicks, wrench jaw narks, etc.) will be 
replaced. 

Match the fittings to the correct nomenclature listed below, 

BULKHEAD 

1. 
"2. 
"3. 

5. 
"6, 

Answers 

a 6. 

Bolt, universal fitting. 
Tee, flared tube, bulkhead. 
Elbow 90°, flared tube, bulkhead. 
Union, flared tube, extra length. 
Elbow, 90' universal. 
Elbow, 45'. 

for mounting In a bulkhead. 

to Frame 43: b 1. 2. 

45 
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Code bands of vaxlcolored tape are attached to the tubing through­
out the aircraft. These bands are placed near the joints and quickly 
identify the content and danger when working on or arotind these tubing. 

A chart showing some of the color coding for tubing systems is 
shown above. This chart can be found in the appropriate technical 
orders. 

Match the color code to the systems listed below. 

1̂. 

2 . 

3 . 

4 . 

5. 

6. 

7. 

8. 

Answers 

b 6. 

Fire protection. 

Lubrication. 

Breathing oxygen 

Fuel 

Air condition. 

Pneumatic. 

Hydraulic. 

De-icing. 

to Frarse 44: f 1. 

a. 

b. 

c. 

d. 

e. 

f. 

g* 

h. 

a 2. 

Gray. 

Blue-yellow. 

Brown-gray. 

Green. 

Yellow. 

Red. 

Brown. 

Red-blue. 

d 3,, c t 
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Frame 46 3 / ^ 

Answer the following statements TRUE or FALSE. 

1. The two most common types of tubing used in a i r c r a f t systems 
l i ne s ara co r ro s ion - r e s i s t an t aluminum al loy and copper. 

_2. Aluminum a l loy tubing i s most widely used in low and medium 
pressure systems. 

_3. The color code which i d e n t i f i e s the contents of the system 
as brea th ing oxygen i s red . 

A. S ta in le s s s t e e l tubing i s used in high-pressure systems. 

Answers to Frame 45 : g 1. 

h 6. b 7.. a 8. 

e 2. d 3 . f 4, c 5. 

47 
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•Frame 47 

Electrical wires are terminated with solderless terminal lugs 
(A). Terminal lugs permit easy and efficient connection and discon­
nection from electrical equipment. Solderless splices (B) join 
electrical wires to form permanent continuous runs. These terminad 
lugs and splices come prelnsulated (A) or uninstilated (B). They 
are made of copper or aluminum. 

Note: Copper wire requires copper connectors and the aluminum 
wire requires aluminum connectors. 

X 
Select the correct statement(s). 

1. To join electrical wires to form a continuous run, solder­
less terminsd lugs are vised̂  

2. Solderless terminal lugs permit easy disconnection and 

) 

connection to electrical equipment. 

3. Solderless terminal lugs and solderless splices may .be 
uninsulated or prelnsulated. 

Answers to Frame 46: F 1« T 2. F 3« T 4» 

vJ V o 
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Frame 48 

Aircraft vibration tends to loosen or alter adjustment of vari­
ous parts. Therefore, parts are safetied by an auxiliary device 
such as safety wire. 

Safety wire is available in either copper, aluminum or steel. 
Copper wire C.020-inch diameter), is used for safetying seals on equip­
ment such as first aid kits and portable fire extinguishers. 

Aluminum wire (.032-inch diameter) is used for safetying emer­
gency valves or oxygen regulators. BE SUBE TO CONSULT THE SPECIFIC 
TECHNICAL ORDER AND USE THE WIRE REQUIRED. 

Some emergency devices require installation of safety or shear 
wire. Particular care should be exercised to assure that the use 
of safety wire will not prevent emergency operation of the device. 

The following illustrations are typical examples of proper safety 
wire installations. Study these illustrations. Notice the proper 
procedures to follow in installing safety wire for a given situation. 

3/7 

(CLOSELY SPACED) 

Answers to Frame 47: 

NO RESPONSE REQUIRED 

/ 2 . • 3 . 

49 
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'Frame AS 

Two methods of safety wiring are used; the single-wire method 
and the double-twist method. The single-wire method is used on emer­
gency devices. When using this method, be sure not to prevent its 
operation in case of an emergency. The signal-wire method is also 
used in areas hard to reach and for sm£ill screws in a closely spaced 
pattern. 

The double-twist method is the most common method used. When 
using the double-twist method, .032-inch minimum diameter wire should 
be used on parts that have a hole diameter larger than .056-inch. 
Safety wire of .020-Inch diameter (double strand) may be used as 
applicable on parts that have a hole diameter of .045-Inch or less. 
The safety wire used should fill at least three-fourths of the hole. 

Select the correct answer to the following statement. 

1. The two sizes of safety wire most commonly used to safety 
parts, using the double-twist method, are 

a. .032-inch and .037-inch. 

b. .020-inch and .037-inch. 

c. .041-inch and .047-inch. 

d. .020-inch and .032-inch. 

3) 

Answer to Frame 48; None Required. 

50 
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Frame 50 3/"^ 

The number of bolts, nuts, screws, etc., that may be wired 
together depends upon the application. When using the double-twist 
method, the maximum number of wider spaced bolts that can be wired 
in a series is three. When securing closely spaced bolts, the 
number that can be wired by a 24-inch length of wire is the maximiom 
number in a series. 

Select the correct answer for the statement below. 

1. The maximum number of widely spaced bolts which may be wired 
in a series is 

â  1. 

b. 2. 

c. 3. 

d. 4. 

J 

Answer to Frame 49: 1. d. 

; 51 
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The correct procedure for safety wiring will be explained in 
the safety wiring project. In that project, you will learn the 
proper method by actually doing the Job. 

^ 

) 

Answer to Frame 50: 1. c. 

52 
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Frame 51 

Note; To complete this frame, you must have access to a hard­
ware trainer that has the names of the hardware items covered 
with tape. 

Match the names belcw with the correct item on the trainer. Place 
the trainer niunber that corresponds with that Item on the separate 
answer sheet. Some Items on the trainer are not listed. 

3ai 

0 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Wood washer. 

Bolt, clevis. 

Bolt, hex head steel. 

Gotten pin. 

Eyebolt. 

Machine screw, flathead. 

Screw, Reed and Prince head. 

Lock washer. 

Machine screw, roundhead. 

Plate nut. 

Machine screw. Fillister 
head. 

Wing nut. 

Nut, plain steel. 

Screw, Phillips head. 

Nut, castellated steel. 

Bolt, drilled head steel. 

Screw, sheetmetal. 

Nut, self-locking aluminum. 

Nut, st̂ iel self-locking. 

Dzus stud. 

21. Splice. 

22. Elbow 90°, bulkhead. 

23. Tlnnerman nut. 

24. Tee fitting. 

25. Cross fitting, internal 
threads. 

26. Elbow 90°, pipe to tube. 

53 
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333 Answers 

1. 

2. 

3 . 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

15. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

to Frame 51: 

11. 

1. 

5. 

12. 

7. 

10. 

18. 

24. 

9. 

15. 

4. 

16. 

21. 

17. 

22. 

3 . 

13. 

20. 

23. 

29. 

33. 

40. 

32. 

39. 

36. 

. ) 

26. 47. 

) 
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FOREWORD 

This programmed text was prepared for use in the Aircraft Electrical 
Repairman Course, 3ABR42330, and in the Automatic Flight Control Systems 
Specialist Course, 3ABR32S30-1. The material was validated with 33 and 
21 students from the respective courses. At least 90% of the students 
achieved the objectives as stated. The average time for completion of 
this text is 31 minutes. 

OBJECTIVES 

Without references, identify the proper care and use of handtools. 
A minimum of 70Z accuracy is required. 

mSTRDCTIOMS 

This programmed text presents information in small steps called 
frames. Carefully study the written material and schematic in each frame 
until you are satisfied that you understand its contents. 

Each frame also requires you to respond- to the information presented 
in various ways. For example, you may be required to select or complete 
true statements or match items to related situations. Specific instruc­
tions are contained in each frame. Chisclc the accuracy of your work by 
checking the answer at the top of the next page. If your response is 
Incorrect, study the frame again, and correct your error before continuing 
to the next frame. THIS IS IMPORTANT. You can more easily remember the 
material if you first read carefully and attempt to determine the correct 
answer, then check the accuracy of your response. DO NOT HURRYl 
The average time required to complete this text is 31 minutes. 

J 

Note: Record your answers on a Response Sheet which is attached 
to the back of this text. (Remove- one copy.) When all response 
sheets have been used, then answers can be indicated on text Itself. 

3^ ^ i . 
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FRAME 1 

^ ,ou are ...î ed « .n Y^TtZ.1.l ^ZT^^Tr "^^ 'J/""" 
a toolkit. You must become ^«^J;^f J"*',!^^^ in damaged tools, accidents, 
care of the tools. Misuse of ^""^^j^^^J/f^^ed tools'must not be used, 
or damaged aircraft equipment. Broken or aamag 

They must be turned in for new or serviceable tools. 

The tools included in most toolkits are described in this text. 

) 

No response required. 

,3i7 
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FRAME 2 

A ball peen is a steel hammer which should be used on hard metals, such as 
iron or steel. A plastic or brass hammer, sometimes called a mallet, should 
be used on so£t metals or any soft materials that cotild be marred by a ball 
peen hammer. See figure 1. 

PEEN 

•FACE 
BRASS OR PLASTIC 

Figure 1. 

Fill in the blanks of the following statements. 

1. Use a . hammer to straighten an iron bar. 

2. To bend a brass bar, 'use a ^ hammer or mallet. 

3 
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Answers to frame 2 

1. Ball peen 2. Brass or plastic 

327 

FRAME 3 

When using a hammer, you should grip it near the end of the handle opposite 
the head. Strike the material squarely on its surface so the hammer will 
not glance and slide on the surface. Before using a hammer check its condition. 
It should have a tight handle, no cracks or grease on the head or handle 
and no nushrooming on the face of the head. If any defects are noticed, it 
should be repaired or turned in for a serviceable hammer. Cracked hanmer 
handles cannot be repaired^ they must be replaced. 

Check the true statements. 

1. A. cracked haaoer handle should be glued or taped before using. 

2. If you can't repair a hanmer, you should turn it in for a 

3. 

serviceable one. 

While using a hammer, always hold it near the end of the handle. 

) 
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Answer to frame 3 

1. 

FRAME 4 

y 3. 

A common screwdriver has a flat tip. The size of the tip is determined by its 
width. See figure 2. The size of any screwdriver is determined by the length 
of the shank. 

WIDTH Of TIP 17 
« HANOIE- -SHANK-

fl.l33 

Figure 2. 

Check the trae statements. 

1. To determine the size of a screwdriver, measure the width of the 
shank. 

2. You should use a common screwdriver to tighten or loosen a screw 
with a head as in the Illustration below. 

0 
A six inch screwdriver has a shank that is six Inches long. 

3r> 
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Answer to frame 4 

1. 2. 3. / 

3^9 

FRAME 5 

Pointers concerning care and use of common screwdrivers are listed as follows: 

1. 
2. 

3. 

4. 
5. 

Do not use a screwdriver for a pry bar, punch, or chisel. 
When using a screwdriver, keep the shank perpendicular to the 

screw head. 
Apply enough pressure on the screw to prevent the screwdriver from 
slipping out of the screw-head slot. 

Use a screwdriver that properly fits the screw slot. See figure 3. 
Do not use another tool to increase the leverage of a screwdriver. 
To do so may damage the screwdriver tip or screw slot. See 
figure 3. 

YES 

It.t31 

Figure 3. 

Check the true statements. 

1. Îf you cannot loosen a screw, you should use a longer screwdriver 

2. 

3. 

4. 

_If a screwdriver doesn't fit the screw slot you should grind it to fit. 

_An important factor to consider when selecting a screwdriver for a 

particular screw is the size of the tip. 

You should never use a wrench on a screwdriver. 

351 
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Answer to frame 5 

1. 

FRAME 6 

2. 3. 4. / 

Two tirpes of cross recess screwdrivers are the Phillips and the Reed and Prince. 
See figure 4. The phillips tip is blunt, and the Reed and Prince tip is 
pointed. Tips of cross recess screwdrivers vary in size so you must select 
the proper size tip to fit the mating slots in the screw head; however, the 
size of the screwdriver is determined by the length of the shank. 

PHILLIPS 

MATING SLOTS 

^ : : ^ 

REED AND PRINCE 

i - i i s 

Check the true statements. 

Figure 4. 

1. 

2. 

3. 

_If the shank of a cross recess screwdriver is ten Inches long 
~and its handle is four inches long, it is a ten inch screwdriver. 

jrhe main difference between a Reed and Prince and a Phillips screw-
~driver is the shape of their tips. 

The Phillips screwdriver has a sharply pointed tip. 

) 

3 
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Answer to frame 6 

1. • 2. 

331 

3. 

FRAME 7 

The same do's and don'ts concerning the care and use of common screwdrivers 
applies to care and use of cross recess screwdrivers. One additional rule 
must be remembered, and that is to use the screwdriver designed for the screw 
recess. In other words, use only a Phillips screwdriver on a Phillips recess 
screw, and a Reed and Prince screwdriver, only on a Reed and Prince recess 
screw. 

Check the true statements. 

1. 

2. 

3. 

4. 

When using a cross recess screwdriver, you must keep the shank 
perpendicular to the screw head. 

Jfou should not use pliers to increase the leverage of a cross 
recess screwdriver. 

All cross recess screwdriver tips are the same size. 

A small common screwdriver should not be used in a cross recess 

screw. 

353 



Answer to frame 7 

1. / 2. 3. 4. 

FRAME 8 

An offset screwdriver has both ends bent as shown In figure 5. It Is used 
to tighten or loosen screws In areas where longer screwdrivers will not fit. 
The two tips are placed at right angles to each other to aid screw removal 
In areas where turning area Is limited. Both tips of an offset screwdriver 
are the same size. Select the offset screwdriver with tips that fit the 
screw slot. 

Ml 

J 
\r JJ 

U l i 
OffSlI SC«IW0«1V|« 

L t.«14 

Check the true statements. 

Figure 5. 

1. 

3. 

_An offset screwdriver may be used in a limited access area where 
a longer screwdriver cannot be used. 

Jlhe two tips on an offset screwdriver are for use on different 
sized screw heads. 

_Whlle using an offset screwdriver, you should hold the screwdriver 
so the tip is perpendicular to the screw head. 

J> 
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Answer to frame 8 

1. • 2. 3. 1. 
FRAME 9 

A machinist's cold chisel is made of hard steel, and may be used for cutting 
cold metal. If possible, place the metal to be cut in a vise, and strike the 
cold chisel firmly and squarely, with a ball peen hammer. See figure 6. 

• •(37 

) 
Figure 6. 

Check the true statement or statements. 

1. You should strike a cold chisel with a steel hammer. 

2. Metal to be cut with a cold chisel should be hot before cutting. 

) ) 

35:J 
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Answer to frame 9 

1. JL 2. 

FRAME 10 

The cold chisel cutting edge oust be kept sharp, and usually requires 
sharpening after each use. As the chisel Is used, its head gradually becomes 
mushroomed, and shot*"! be dressed with a grinding wheel as shown In figure 7. 

t/8 RADIUS 

MUSHROOMED 
HEAD 

DRESSED 
HEAD ••t]t 

Figure 7. 

Check the true statement or statements. 

1. Cold chisels should be sharpened frequently. 

2. Ŝharpening a cold chlcel consists of grinding off the mushroomed 
head. 

3 
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Answers to frame 10 

1. / 2. 

^'h$ 

FRAME 11 

The electrical repairman's toolkit usually contains two types of punches, a 
center ptinch and a pin punch. See figure 8. A center punch is used to mark 
the location of holes to be drilled In metal. A pin punch is used to drive pins 
or rivets from holes in metal. Do not use a center punch to remove a pin or 
rivet from a hole as the sharp point may spread the pin and lock it in the hole. 

YES 

PIN 
PUNCH 

I.t3» 

CENTER 
PUNCH 

NO 

Figure 8. 

Check the true statement or statements. 

1, Îf you wished to drill a hole in a piece of soft steel you should 
first use a center punch. 

You should use a pin punch to drive a broken cotter pin from a 
hole la a shaft. 

A center punch should be used to drive a pin from a hole In metal. 

2. 

3. 

11 
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Answers to frame 11 

1. / 2. 3. 

FRAME 12 

Files are used for smoothing or removing small amounts of metal. The four 
files Illustrated below are used for the following operations: 

1. A flat file Is used for filing flat surfaces or edges. 
2. A round file Is used to enlarge round holes. 
3. A taper file Is used for various filing operations such as sharpening 

saw blades or filing small parts. 
4. A half round file may be used on flat or concave (hollow and curved) 

surfaces or edges. 

FLAT & 

HANDLE 

ROUND <''^<^^^f^^?<^<ir^cr'^^''-''zs. 
'TANG 

TAPER 

HALF ROUND ^ « « ^ g g ^ ^ ^ ^ ^ K ? ^ i ^ y C 

Figure 9. 

Check the true statement or statements. 

1. 

2. 

3. 

4. 

7ou should use a taper file for enlarging a round hole. 

_A half-round file should be used for filing a concave edge. 

JTse a flat file for removing a small amount of metal on a straight^ 
flat edge. 

JThe tang Is the file handle. 

J 

35 J 
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Answers to frame 12 

1. 2. / 

337 

3. / 4. 

FAME 13 

If the metal to be filed is not too large, it should be he3.d firmly in a 
vise. Use a long uniform forward stroke, and only enough downward pressure 
to keep the file cutting. See figure 10. Do not drag the file across the 
metal on the back stroke as this would dull the teeth. Lift the file on the 
back stroke. Before using a file, be sure it has a handle-, otherwise, the sharp 
tang could injure your hand. 

Figure 10. 

-^ Check the true statement or statements. 

1. The file should contact the metal only on the forward stroke. 

2. You should lift the file from the metal on the back stroke. 

3. You do not need a handle on a large flat file. 

13 Or-
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Answer to frame 13 

1. 
/ 2. 

FRAME 14 

The cutting action of a file produces sm£uLl chips or filings. Filings 
frequently wedge between the file teeth and reduce the cutting action. Clean 
a file by brushing with a wire brush, called a file card. See figuie 11. 
Push the file card in a direction parallel with the file teeth. The reverse 
side of the card contains a fiber brush for brushing the file after carding. 
A metal pick may be removed from the handle of the file card to aid in 
removing- metal filings that cannot be removed otherwise. After cleaning a file 
it should be wrapped in cloth or paper and placed in your toolkit. Wrapping 
protects the teeth. 

CARD 

> 

CARDING 
•••41 

Figure 11. 

Check the true statements. 

1. To clean a file, use the card before the fiber brush. 

2. 

3. Files should be cleaned and wrapped after use. 

Clean a file by pushing the card across the file teeth. 

14 ; 
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Answer to frame 14 

1. L. 2. 
FRAME 15 

So»e adjustable pliers are slip-joint, water-pump, vise-grip, and conduit 
pliers. See figure 12. Pliers Increase hand leverage. They are used to 
finoly grip material whiL? bending or twisting wire, holding round metal 
stock, or sQiall diameter pipe, bending cotter pins, and other general 
purpose holding operations. The jaws of these pliers are adjustable so 
that various sizes of material may be securely held without excessive strain 
on the hand. Use the conduit pliers to loosen or tighten electrical conduit 
nuts and connectors. These pliers should not be used on bolt heads or nuts. 

COMMON 
SLIP — JOINT 

WATER PUMP 

VISE -

CONDUIT PIJERS 

t.(4S 

Figure 12. • 

Check the true statement or statements. 

1. Pliers increase hand grip leverage. 

Pliers have adjustable jaws so that various sized materials may 
2. 

3. 

"be more conveniently held. 

Conduit pliers have adjustable jaws. 

15 
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Answer to frame 15 

1. / 2. / 3. / 

FRAME 16 
1) 

Pliers may be used for many general operations but must never be used on 
nut and bolt heads. See figure 13. To do so may damage the nut or bolt, 
and may damage the plier jaw serrations. Pliers usually mar the surface of 
any material, so be careful when using these tools. 

YES NO (.144 

Figure 13. 

Check the true statement or statements. 

1. Pliers may be used to loosen a nut, provided you are careful. 

2. JPlier jaw serrations are sharp, and may damage any material on 
which they are used. 

D» 

o p ^ 
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Answers to frame 16 

1. 2. "̂  

3^/ 

FRAME 17 

Electrical work requires the use of half-round-nose pliers, diagonal-cutting 
and duckbill pliers. See figure 14. These pliers do not have adjustable 
jaws. Half-round-nose pliers, are used for bending and forming wire, holding 
wire during soldering operations, holding small parts, etc. Diagonal-cutting 
pliers are used for cutting such material as wire and cotter pins. Do not 
use diagonal-cutting pliers for cutting screws or small bolts. Use duckbill 
pliers for safetying bolts and nuts with safety wire, or removing safety wire. 

HALF ROUND NOSE PLIERS 

P' 

DIAGONAL CUTTING PLIERS 

DUCKBILL PLIERS 

1.145 

Figure 14. 

Check the true statement or statements. 

1, Diagonal-cutting pliers are mainly used for cutting electrical wire. 

2. 

3. 

_Half-round-nose pliers could be used during electrical soldering 
operations. 

JDuckblll pliers are better for removing safety wire than half-
round-nose pliers. 

) 17 

'«^3 



3va 
Answers to frame 17 

1. / 2. / 3. / 

FRAME 18 

A hacksaw may be used to cut metal such as soft-steel rod, bolts, and 
heavy-electrical cable. The material to be cut should be held securely, 
preferably In a vise. The blade is.clamped in the saw frame, and may be 
replaced when dull or broken. Blades should be inserted in the frame so 
the teeth point forward. Cutting is done only on the forward stroke. 
See fijcure 15. 

t.f4* 

Figure 15. 

Check the true statements. 

1. Hacksaw blades are replaceable in the saw frame. 

2. Small-electrical wires should be cut with a hacksaw. 

3. Ît is possible to incorrectly insert a hacksaw blade in the 
saw frame. 

J 

asf-
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Answers to frame 18 

1. /_ 2. 

3V3 

3. / 

FRAME 19 

The correct and Incorrect use of the hacksaw is illustrated below. 

/^^V\/WW >v^^^^Vt 

TEETH TOO SMAll TEETH TOO COAkSE 
NO CHIP CICARANCE STRAOOIES WORK 

TEETH ClOG 

WRONG 

COARSE TEETH TWO OR MORE 
AMPIE CHIP TEETH ON METAl 

CIEASANCE 

RIGHT 

RIGHT 

TOO GREAT FORCE BREAKS BLADE 

CORREO FORCE BIAOE CUTS 
ON FORE STROKE ONLY 

*.U7 

Figure 16. 

Check the true statements. 

1. Most of the force you exert on a hacksaw should be downward. 

3. 

_You should select a hacksaw blade for the material you wish to cut. 

_A hacksaw blade only cuts on the forward stroke. 

3s; 
19 
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Answer to frame 19 

1. 

FRAME 20 

2. / 

Figure 17 Is an Illustration on a box-end wrench. Because of Its strength, 
this la the best wrench for loosening a "tight" nut or bolt. Considerable 
force can be applied to the wrench without the danger of breaking the wrench 
or damaging the hex nut or bolt head. 

Do not attempt to Increase leverage on any wrench by placing a pipe or other 
wrench on the end of the wrench. The Increased leverage could damage the 
wrench or bolt. Never strike the end of the wrench with a hammer while 
loosening or tlghtlng a nut or bolt. 

7/16 

(•(41 

Figure 17. 

Check the true statement or statements. 

1. The box end wrench Is used to loosen hex head bolts or nuts. 

2. If greater force Is needed, use a wrench extension. 

) 
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Answer to frame 20 

1. / • 2. 

3yi" 

FRAME 21 

The jaws of an open end wrench are placed at an angle to the handle. See 
figure 18. when the tuimlng area Is limited, you can turn the wrench over 
(upside down), after you reach the end of the turning area. Since force Is 
exerted only on two faces there Is a possibility of rounding or damaging a 
"tight" nut or bolt. The open-end wrench should not be used where It Is 
possible to use box end wrenches. 

«-ti9 

Figure 18. 

Check the true statement or statements. 

1. You should always use an open end wrench if It will fit. 

2. 

3. 

Both jaws of an open end wrench are usually the same size. 

You should never strike the end of an open end wrench with a 
hammer or other mechanical device. 

21 
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Answers to frame 21 

1. 

FRAME 22 

2. 3. 

The adjustable-jaw wrench should only be used when no other wrench Is 
available. If you must use this wrench, you should pull In the direction 
shown in figure 19A. If you apply force in the opposite direction, the 
adjustable jaw may break. 

1130 

Figure 19. 

Check the true statement or statements. 

1. The adjustable-jaw wrench is the best wrench to use for removing 

) 

2. 

most bolts or nuts. 

_Applying force In the direction shown in figure 19B is wrong 
because of the danger of breaking the wrench. 

3^ 
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Answers to frame 22 

1. 2. 

3^7 

FRAME 23 

Your toolkit will contain several sockets to fit various sizes of nuts. The 
sizes are stamped on the sides of the sockets. See figure 20. One end of 
the socket contains a square hole to receive the square drive on the socket 
handle. 

3/8 DRIVE I/4"DRIVE 

5/8 

l/2"DRIVE 

t.|5l 

) 

Figure 20. 

Check the true statement or statements. 

1. The socket-drive hole is the same size as the square drive on the 

2. 

wrench handle. 

The number stamped on the socket refers to the size of the drive. 

3Sd 
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Answer to fraoe 23 

1. / 2. 

FRAME 24 

Some socket v ich haiidies and accessories are shown in figure 21. The 
hinge and "T" handle should be used to loosen or tighten a nut or bolt. 
The ratchet or speed handle should be used to remove or install a nut or 
bolt when little force is needed. 

The socket extension may be placed between the socket, and any of the socjcet 
handler when turning area is restricted without the use of the extension. 

Use a universal joint between the handle and socket when loosening or 
removing nuts or bolts in difficult access areas. 

mmim\ ai. 
1 / 

,CgX2) wmm RATCHET HANDLE 

c (i 

mmm] 

•r HANDLE 

SPEED HANDLE 
:te } 

UNIVERSAL JOINT 

B EXTENSION 

Figure 21. 

Check the true statement or statements. 

1. 

2. 

JHhen you use a socket you should use a hinge or "T" handle to 
loosen a "tight" nut. 

_The socket extension should always be used with the ratchet handle. 

3 71 > 
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Answer to frame 24 

1. / 2. 

d^i 

FRAME 25 

The spin-tlte wrench resembles a screwdriver handle with a socket on the 
shank. See figure 22. These wrenches, available in various sizes, are 
used to remove and replace small nuts on components and electrical terminal 
strips. 

*. 

••tS3 

Figure 22. 

Check the true statement or statements. 

1. A ratchet handle could be Installed on a spin-tlte wrench. 

2. 

3. 

_A greater force could be applied with a spin-tlte wrench than with 
a box-end wrench. 

The socket on a spln-tlte wrench cannot be renoved from the shank. 

25 
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Answer to frame 25 

1. 

FRAME 26 

2. 3. 

Torque wrenches are used to measure torque or twisting force that is applied 
fio bolts and nuts while they are being installed. Some wrenches are designed 
to measure torque in inch pounds, others in foot pounds. There arc two types 
of torque wrenches, the "T" handle and the automatic release or break-away 
type. One model of the automatic-release-torque wrench is shown in figure 23. 
To use it, place the correct si-sed socket on the square drive, and pull the 
handle until the wrench clicks or "breaks" away. The wrench should not be 
pulled after it clicks. 

Tn:̂  
SQUARE DRIVE 

t i—rg 
AUTOMATIC RELEASE WRENCH 

•r HANDLE 

m SQUARE DRIVE 

3 

Figure 23. 

Check the true statement or statements. 

1. Torque wrenches only measure torni.> in foot pounds. 

2. Torque wrenches are used to measure the twisting force applied to 
nuts or bolts. 

You should use a torque wrench to loosen a nut. 

Pull the automatic release handle to tighten the nut. 

26 



Answer to frame 26 

1. 2. 

3Sl 

3. 

FRAME 27 

The autonatlc-release-torque wrench has a micrometer on its handle. The 
micrometer consists of the shaft scale and vernier scale. Referring to 
figure 24, notice the shaft Is graduated in 50 inch (or foot) pounds. The 
vernier scale is graduated from 0 to 50 inch (or foot) pounds, to Increase 
the wrench torque setting, turn the grip clockwise. To reduce the torque 
setting, turn the grip counterclockwise. Turning the grip lengthens or 
shortens the handle. 

) 

VERNIER SCALE 

SHAFT SCALE \ . • ^ 

- A 

GRIP 

>J7 

nr 
o 
o 

T -
o 

SHAFT INDEX LINE 
LOCK COLLAR 

Figure 24. 

Check the true statements. 

1. _ The vernier scale is numbered from 0 to 50. 

2. 

3. 

_To increase the torque setting, the grip is turned counterclockwise. 

The shaft is graduated in fifty inch (or foot) pounds. 

27 
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Answers to Frame 27 

1. / 2. 3. / • > . 

FRAME 28 

Torque wrenches should be handled like any other precision Instrument. 
Each wrench has Its own storage container, and should be calibrated 
(checked for accuracy) every 30 days. The dated tape on the wrench 
(see flgv_-e 25) Indicates the date the wrench Is due Its next 
calibration. If the wrench Is dropped, damaged, date tape Is mlsnlng, 
or past due, the wrench must be recalibrated before It Is used again. 

H 
•DATED TAPE l.«5* 

Figure 25. 

Check the true statement or statements. 

1. Torque wrenches should be calibrated every 30 days. 

2. If a torque wrench Is new, it need not be calibrated every .iO days. 

3. Torque wrenches are precision measuring Instrtiments. 

) 

v5, X 
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Answers to Frame 28 

1. / 2. 3. / 

353 

FRAME 29 

Adjustable torque wrenches should be stored at their minimum shaft scale 
setting. In other words, when you have finished using the wrench you should 
turn the grip counterclockwise to Its lowest setting. This removes the 
tension from the spring in the handle. The accuracy of spring tension 
determines the accuracy of the wrench. 

Check the true statement or statements. 

1. 

2. 

3. 

When you have fijiished using a torque wrench you should turn the 
grip counterclockwise to its lowest setting. 

The accuracy of a torque wrench is dependent upon the accuracy of 
its spring tension. 

When you fir.ish with the torque wrench you should turn the grip to 
its minimum scale setting. 

J 

.• 29 
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Answer to frame 29 

1. / 2. 3. 

FRAME 30 

Wire strippers are used to remove insulation only from the ends of electrical 
wires. See figure 26. Several holes corresponding to various wire sizes 
are in the cutting edge of the tool. Care must be taken to insure that the 
correct hole is chosen for the wire being stripped. If the stripper hole 
is too small, some wire: strands may be cut. 

r 

SELECT CORRECT HOLE 
TO MATCH WIRE CAGE 

BLADES REMAIN OPEN 
UNTIL WIRE IS REMOVED 

> 

Figure 26. 

Check the true statements. 

1. There must be careful selection of the hole on the wire stripper 

2. 

3. 

for the wire size to be stripped. 

The stripper should cut completely through the insulation. 

A stripper is a handy tool for removing insulation from the center 
"of a length of wire. 

yj 
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Answers to frame 30 

1. / 2. 

35-5 

/ 3. 

FRAME 31 

You may use a pocket knife for stripping copper wire If no stripper is 
available. Care must be taken though, not to nick or cut the wire strands. 
A pocket knife is the only tool that should be used for stripping insulated 
aluminum wire. The knife must be used so as not; to nick the wire. See 
figure 27. Nicks may cause the wire to break when there is vibration. 

Figure 27. 

Check the true statement or statements. 

1. A pocket knife is the best stripping tool for all Insulated*wire. 

2. A pocket knife may be used for strlppiug copper wire. 

3. The stripper is not recommended for stripping insulated aluminum 
wires. 

"3?r 



Answers to frame 31 

1. 2. 

FRAME 32 

3. 

The crimping tool illustrated in figure 28 should be used for connecting 
(crimping) preinsulated terminals to conductors. Other crimping tools such 
as Stakon pliers should be u>:ed to crisp noninsulated terminals. The 
insulation on the terminals is color coded according to the size of the 
conductors to which they are to be joined. The instruction plate on the 
crimper indicates which of the nests should be used for various sizes of wire. 

) 

UPPER NEST 

LOWER NEST 

INSTRUCTION 
PLATE 

I 

Figure 28. 

Check the true statement; or statements. 

1. Preinsulated terminals can be crimped to a conductor. 

2. Noninsulated terminals can be crimped to a conductor. 

3. The instruction plate on the crimper indicates the pressure 
needed to crimp terminals to wires. 

J 
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Answers to frame 32 

1. / 2. / 

357 

3. 

FRAME 33 

Check the true statements. 

1. 
2. 
3. 
4. 
5. 

7. 
8. 

10. 

11. 
12. 
13. 
14. 

15. 
16. 
17. 
18. 
19. 
20. 

21. 
22. 

23. 
24. 

25. 
26. 
27. 
28. 

_A plastic mallet should be used to bend or form hard metal. 
_A ball peen hammer should be used on soft metal. 
Jfou shoiild not attempt to repair a broken haamer handle. 
_You should not use a hammer with a loose handle. 
Jfou determine the size of a screwdriver by measuring the length of 
its shank. 
_You should select a screwdriver accordinj, to the size and type of 
screw recess. 
_A screwdriver can safely be used as a chisel or pry bar. 
~A screwdriver should not be used as a pry bar or punch. 
_You should never use a pocket knife for stripping electrical 
conductor's. 
_If you cut some wire strands with a stripper, you have used a 
stripper hole that is too large. 
_Both tips of an offset screwdriver are the same size. 
jCold chisels should be frequently sharpened. 
_A center punch has a sharp point. 
Jfou should use a ball-peen hammer and center punch to drive a 
rivet from its hole. 
JThe sharp end of a file is called a tang. 
Round holes should be smoothed with a flat file. 
_A vise-grip pliers is the best tool to loosen a tight nut. 
_Condult pliers are adjustable. 
JDiagonal pliers should be used to cut small screws and bolts, 
"while using the hacksaw, most of the force you exert should be 
downward, on the blade. 
Jfou should use a large toothed hacksaw blade when cutting thin metal. 
_An open-end wrench should not be used where it is possible to use 
a box-end wrench. 
_A crimping tool is used to remove a terminal from a conductor, 
jnie number stamped on a socket refers to the size of nut the 
socket fits. 
JChe square hole in a socket fits on the nut. 
_The ratchet handle can be used to drive In both directions. 
The ratchet handle is designed to be used in close quarters. 
_A spln-tite wrench is the best tool for removing nuts on electrical 
terminal strips. 

37 J 
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29. 
30. 
31 

32. 

252 JTorque wrenches only measure torque in inch pounds. 
JTorque wrenches should be calibrated every two weeks. 
"if you drop a torque wrench, you should have it calibrated before 
reusing it. . 
When you have finished using a torque wrench you should turn the 
grip fully counterclockwise. 

If you missed any of the above statements, restudy the relevant material 
in this text. 

Answers to Frame 33 
1. 
2. 
3. 
A. 
5. 
6. 
7. 
8. 

/ 
/ 
/ 
/ 

/ 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 

/ 
/ 
/ 

/ 

17. 
18. 
19. 
]o. 
21. 
22. 
23. 
24. 

/ 

/ 

/ 

25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 

/ 
/ 
/ 

/ ' 
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SECTION A 

USIJJG THE TORQUE WRENCH 

OBJECTIVES 

Given a handtool trainer, handtools, and torque wrench, torque 
bolts to specified values in accordance with procedures listed in 
Section A of the workbook. 'All of the responses must be answered 
correctly (100%). 

EQUIPMENT 

Torque Wrench 
Proper size socket and 
hinge handle 

Trainer 

Basis of Issue 
1/student 
1/student 

1/student 

PROCEDURE 

At various places in this section you will be required to respond 
by answering questions or by following instructions and making 
comparisons. 

Caution: Remove your jewelry before starting this lab. 

1. Ask the instructor to assign you a trainer and the tools 
required. Check the equipment list to determine that you have all the 
tools required. 

2. Remove the torque wrench from its case, check its verification 
due date. Is it overdue verification? (Yes)(No) 

3. Look at the torque wrench shaft scale and fill in the blank, 

a. The torque wrench measures torque values in 

pounds. 

./ 

4. The locking device on the wrench handle locks the grip so the 
torque setting cannot accidentally change as you use the wrench. To 
unlock your wrench, the lock must be: 

a. turned to the right (CW). 

b. pulled toward the rear on the hand grip. 

OPR: 3360 ICHTG 

DISTRIBUTK-N: X 

3360 TCH':G/TTGU-F 200; TTVSA 



Note: Before you can lock the grip you must center a vernier 
scale index (0, 5, 10, 15, 20, etc.) exactly on the shaft 
index line. If these two indexes are not aligned perfectly, the 
locking device cannot be placed in the lock position. 

34/ 

|> • 20 • 10 n-̂  

SHAFT 

INDEX LINE 

V , , . , , ^ VERNIER 

10 • 0 • 40 - r SCALE 

mm 
a: •^ 

20- 10 0 

mm 
Y 

INDEX NOT ALIGNED 
V 

INDEX ALIGNED 

Figure 1. Torque Wrench Scales. 

5. Adjust Che torque wrench grip as shown in figure lA, then 
try to lock the grip. 

a. Could you lock the grip? (Yes)(No) 

6. Adjust the torque wrench grip as shown in figure IB and 
try to lock the grip. 

7. 
grip. 

grip. 

a. Could you lock the grip? (Yes)(No) 

Adjust the grip as shown in figure IC and try to lock the 

a. Could you lock the grip? (Yes)(No) 

Adjust the grip as shown in figure ID and try to lock the 

a. Could you lock the grip? (Yes) (No) 

9. Rotate the hand grip cloctcwise until the forward edge of 
ti.e vernier scale is aligned with the 200 on the shaft. The " 0 " of 
the vernier scale will be aligned with the shaft index line. The 
x>rrench is now set to "breakaway" at exactly 200 inch-pounds. 

10. Lock the grip at exactly 200 inch-pounds; this will prevent 
a change in the setting as you use the wrench. 

11. Attach the socket to the square drive on the end of the 
torque handle. 

Caution: Do not use the wrench until properly briefed by 
your instructor. 



3U 
12. Call the instructor to check your setting. You will be 

' told what bolts you are to torque and the instructor will demonstrate 
the proper use of the wrench. 

13. Position yourself near the trainer so you can comfortably 
reach the bolts the instructor told you to torque. 

14. Finger tighten all bolts until they are SNUG. 

CENTER OF GROOVES 

I 

Figure 2. .3 
15. Holding the torque wrench as shovm in figure 2 and using a 

steady, smooth pull, pull the handle toward you until you reach the 
torque setting. When you reach the correct torque, the handle will 
click. This is known as "breakaway." (It feels like the wrench 
has slipped.) DO NOT PULL BEYOND THIS POINT. The click indicates 
the bolt has been torqued to 200 inch-pounds. 

16. Torque the other bolts you were instructed to use in the 

same manner. 

17. After torqueing all the bolts, remove the socket-from the 
torque wrench. Place it on the hinge handle and loosen the bolts 
you just finished torqueing. 

18. Pick up the torque wrench and unlock the handle grip. 

19. Turn the grip back until the 150 inch-pound index is 
exposed, then set the grip to exactly 175 inch-pounds, (figure 3). 
After you have done this, check the illustration below to see if 
your handla setting is exactly the same; 150 on the shaft scale plus 
25 on the vernier scale => 175 inch-pounds. 

20. Lock the grip. Place the socket on the square drive. 

^ 



Figure 3. 

21. Have the instructor check your setting before torqueing 
any bolts. 

22. Torque the bolts designated by the instructor to the break­
away point (175 inch-pounds). You may go back to any step in this 
project that will clear up any doubts you have. 

23. Loosen the bolts using the hinge handle and socket. 

Figure 4. 

24. Using the procedure, steps 16 through 19, set the wrench 
at 105 inch-pounds. Check the accuracy of your setting by referring 
to the illustration below (figure 4). 

25. Have the instructor check your setting before torqueing any 
bolts. 

26. Torque the bolts designated to exactly 105 inch-pounds. 

27. You now have correctly torqued the bolts at three different 
settings and in each case using the proper procedures. Did you 
recognize that there is a difference in pull required for each 
setting? (Yes)(No) 

28. Using the socket and hinge handle, loosen the bolts you 
torqued on the trainer. 

bench 
9. Remove the socket from the hinge handle and place on the 

O O 
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30. Set the torque handle to its LOWEST INDICATED SETTING. 

This is important since it relieves the tension on'the handle's 
internal mechanism. 

31. Inform the instructor that you have completed this project 
and have him check the setting on your wrench. 

32. Put the torque wrench back in its protective metal case and 
place on the table with the hinge handle and socket. 

33. Proceed to the next page and start your safety wiring 
projects. 



SECTION B 

SAFETYING DEVICES 

3i>S 

OBJECTIVES 

Given a handtool trainer, handtools and materials, accomplish 
safetying projects in accordance with procedures listed in Section B, 
projects I, II, III, IV and V of the workbook. All of the responses 
must be answered correctly (100%). 

EQUIPMENT 

Steel safety wire .032" 
Copper safety wire .020" 
Trainer, safety wire 
Diagonal cutter 
Duckbill pliers 
Cotter key 
Safety goggles 

Basis of Issue 
As required 
As required 
1/student 
1/student 
1/student 
As required 
1/student 

PROCEDURE 

You will be required to follow each step in the text, 
make a check (/) indicating completion of each step. 

You will 

Caution: You are required to wear safety goggles during this 
entire project. Exercise extreme caution during this exercise 
to prevent cuts by sharp safety wire ends. 

PROJECT I 

In Section A you learned to torque bolts to insure uniform tight­
ness. Now you will follow directions to safety different items to 
insure they do not vibrate loose during operation and cause system 
failure. 

Put on the safety goggles. Read each step to determine what you 
are to do, then complete that part of the project. In Project I you 
will safety wire three bolts using the double twist method. 

•55? 
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Figure 5. 

1. Cut a piece of .032 steel safety wire approximately 3-1/2 
times the length to be safetyed. DO NOT EXCEED 24 INCHES. 

Caution: Observe how the spool of wire is held so the wire 
will not spring out around the spool, or spring up and 
hit you in the eyes while you are cutting the wire. This 
is one reason you are required to wear the safety goggles while 
working with safety wire. 
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Figure 6. 

Thread the wire through the hole in the bolt head until 
the wire on both sides of the bolt head is of equal length. 
Thread the wire so that it will become more taut if the nut 
starts to loosen. 

Caution: When using the duckbill pliers, make certain you 
always grasp the tip of 'the wire. Using pliers at any oLher 
point on the wire nicks the wire, and causes it to become weak 
at that point. 

3SJ 
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Figure 7. 

_3. Pull the left end of the wire around the bolt head in a 
clockwise direction, and under the right-haftd wire. Pull 
tightly with the duckbill pliers so that the wire conforms 
to the shape of the hex head bolt. 

3: J 
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Figure 8. 

_4. Pull the two ends 90" to the hole in the bolt head, and 
twist in a clockwise direction. Be sure that the first twist 
begins at the drilled hole. I'lake three twists at this angle 
while pulling firmly. Twist the wire together so that it 
is tight but do not overstress the wire. It may break under 
load or vibration. 

3flx 
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Figure 9. 

_5. Continue twisting and pulling in the direction of the next 
bolt until the twist reaches the closest hole on the left 
side of the nearest bolt head. The top wire should be one 
twist short of the hole in the bolt head before inserting 
the wire. If the twisted part of the wire is too short, 
make one more twist, and check for the correct length. 

12 
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Figure 10. ' 

Pull the bottom wire away from the second bolt head with the 
left hand, and insert tip of the top wire through the hole 
in the bolt head. 

3P3 
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Figure 11. 

_7. Grasp the tip of the v/ire with the duckbill pliers, and 
pull it through the hole until the twisted part of the 
wire between holes is tight. 

Caution: If you pull too tightly, the wire may break. Do 
not allow the right wire to kink as you pull. 

3!?-^ •t 
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Figure 12. 

While keeping tension on the wire extending through the 
hole in the bolt, pull the other wire snugly around the 
bolt in a counterclockwise direction, and pass it under 
the wire extending through the hole in the bolt head. 

30j: 



37M 

Figure 13. 

_9. Pull the endo of the wire 90' (at a right angle) to the 
hole i.i the second bolt, and twist the wire in a counter­
clockwise direction. Be sure the first twist begins at the 
hole in the hex head. 

') 

16 
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Figure 14. 

_10. Continue twisting the wire and pulling it toward the next 
bolt. The top wire should be one twist short of the 
hole in the bolt. If this twist is too far from the hole, 
twist the wire once more. Constantly check the length so 
that you will not get it too long. 

17 
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11. 

Figure 15. 

Pull the wire away from the second bolt head, and insert 
the bottom wire through the hole in che third bolt. 

18 
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Figure 16. 

_12. Pull the left wire snugly around the bolt head in a 
counterclockwise direction, and under ,the other wire. 
Twist the wire counterclockwise at least five turns. 

Figure 17. 

_13. Use the duckbill pliers for the final twists of the wire 
for the purpose of applying tension. Twist wires together 
3/4 to 1 inch away from bolt. 

19 
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14. 

Figure 18. 

Cut the twisted wire 1/4 to 1/2 inch from the bolt head, 
this leaves the two ends of the wire twisted together and 
easy to keip hold of. j 

figure 19. 

_15. Usi.ig the duckbill pliers, bend the end of the twisted wire 
counterclockwise around the bolt head so that the sharp ends 
will not snag. 

iojj 



_16. Your safetying job is finished. It should look like the 
illustration above. Ask your instructor to check your 
work. 

37? 

17. If necessary, resafety the opposite three bolts for practice, 
and again have your instructor check your work. 

Instructor's Signature 

_18. Remove the safety wire from the trainer and clean up all 
the scraps and place in metal trash can (foreign object 
container). 

Note: When removing safety wire always try to cut to keep all 
pieces of wire twisted together in one piece. One small piece 
of wire lost in the aircraft could cause a short and possible loss 
of the aircraft. 

Have the instructor show you which bolt you are to use for 
Project II, Cotter Key Installation. 

21 
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PROJECT II 

INSTALLATION OF COTTER KEY 

Figure 20. 

Observing A and B, in figure 20, place a cotter pin in the nut and 
bolt on the trainer by following the steps listed below. 

The following procedures will guide you in'this operation. Place 
a (/) on the blanks as you perform the steps. 

1. Insert the cotter pin in the hole in the bolt. 

2. Bend the ends of the cotter pin slightly. Hold the cotter 
pin so that it will not be forced back in th^ hole. 

3. Cut the end of' the cotter pin with diagonal cutting pliers 
to the approximate length to fit the nut as shown in 
figure A. In the interest of safety, hold your hand over the 
pin while cutting. 

h. Fully bind the ends of the cotter pin; one against the nut 
and the other against the end of the bolt, as shown in 
figure B above. 

5̂. After you '..ave installrd a cotter pin that resembles the 
illustrations above, ask your instructor to check your work. 
If necessary, use a new cotter pin and do the job again. 

6. When you are satisfied you have properly completed the task, 
have your instructor inspect your work, and sign below. 

Instructor's Signature 

_7. Remove the cotter pin from the trainer. Clean up all scrap 
metal and deposit in FO (foreign object) container. 

Have the inst̂ -uctor show you what you are to do for Project III. 

) 

4"Z 
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PROJECT III 
3?/ 

Some electrical connectors used in aircraft are safetied with 
safety wire. Use .032 steel safety wire and the double twist method 
to safety the connector as shown below. 

VERTICAL VIEW 

LESS THAN tff 

II ^ i l 

BENO "PK?rAiL" HORIZONTAL VIEW 
AROUND SCREW 
TO PROTECT PERSONNEL 

COUPLING-NUT 

BEND PIGTAILS TO 
PROTECT PERSONNEL 

YOU WILL INSTALL THIS 
SAFETY WIRE 

Figure 21. 

The following procedure will guide you in safetying a connector 
plug. Place a check (/) on the blanks as you perform the steps. 

1. Thread the wire through the hole in the coupling nut. 

1. Twist the wire by hand in a clockwise direction. 

3. Continue twisting and pulling the safety wire in the 
direction of a fillister head screw so that the wire will 
hold the coupling ring tight. 

4. Insert the top wire through the fillister head screw so that 
it pulls this screw in a tightening direction (clockwise). 

5̂. Bend the bottom end of the wire around the fillister head 
screw, and pass it under the other end of the wire. See 
"B" above. 

6. With the duckbill pliers, twist the ends of the wire counter­
clockwise to form a pigtail 1/4 to 1/2 inch long. 

7. Bend the pigtail counterclockwise around the fillister head 

screw to eliminate the possibility of snags. 

8. Have the instructor check your work. 

9. Remove the wire from the trainer and deposit in FO container. 
Have the instructor show you what to do for Project IV. 

23 
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PROJECT IV 

SINGLE WIRE METHOD 

One application of the single wire method is shown in the figure 
below. The single wire method is simpler thai» the double twist luethod. 
It may be used when the screws are arranged in a closed geometrical 
pattern. 

Figure 22. Top View of Connector Plug. 

Observe the figure above and safety the base of the connector 
plug on the trainer using .032 inch diameter carbon steel safety wire 
by completing the following steps. Check each step as it is completed. 

1. Thread the wire through the hole in screwhead (1). 

Thread wire through screws in such a manner that if a screw 
begins to loosen, force will be applied in the tightening 
direction to another screw (2 or 4). 

After threading the wire through screw hole (3), use pliers 
to twist the wire counterclockwise to form a pigtail 1/4 to 
1/2 inch long and secure pigtail (direction of arrow) to 
protect personnel. 

_4. Have your instructor check your work. 

_5. Remove the safety wire from the trainer and place in FO 
container. 

4: ' . 
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PROJECT V̂  

SAFETYING EMERGENCY SWITCH COVERS 

DO NOT TWIST TIGHTLY 

FASTENER SCREW 

EMERGENCY DEVICE 
SWITCH COVER 

Figure 23. 

Observitig figure 23, safety the emergency device switch cover on 
the trainer. Use 0.020 inch diameter copper wire. All emergency 
devices (fire extinguishers, oxygen regulators, emergency jettison of 
tanks, bombs, etc.) will use this type and size wire. The reason for 
using 0.020 copper wire is so the pilot can break it when he has a 
critical need to use the switch. 

Note: The pilot will NOT break the safety wire without LOOKING 
and KNOWING which switch will correct the emergency condition. 

Check each step as it is completed. 

1. Thread one end of the wire through hole in the switch 
cover, then bring the end around (counterclockwise) to meet 
the wire. Twist three (3) turns around the wire. 

Thread the other end of the wire through the hole in the 
fastener screw. Then repeat step 1. 

Cut the excess wire off of each end. 

4. Have your instructor check your work. 

Instructor's Signature: 

5. Remove the safety wire from the trainer and place in FO 
container. Have your instructor check your table and sign 
off your criterion check. Return to the reading room and 
start your next project. 

25 
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SECTION C 

Before you can do any soldering or installing solderless con­
nectors, you must remove the insulation from the end of the electrical 
wire with a stripping tool. A step by step procedure for stripping, 
preparing a soldering iron, soldering and inst?lling solderless con­
nectors will follow. Read and follow all instructions carefully. If 
you have any doubt concerning the instructions, etc., do not hesitate 
to ask the instructor for clarification. 

Report to the instructor and he will sign you out to the lab. 

Report to the instructor in the lab area. 

To make sure you have each item, place a check in the blank 
provided as you get each item. 

_1. Stripping tool. 

_2. Crimping tool. 

_3. Soldering iron. 

_4. File. 

_5. File card. 

_6. Diagonal cutter. 

_7. Soldering paste. 

The following items should be found on the worktable: 

_1. Electrical connector plug. 

_2. Electrical wires (4 each). 

_3. Solder (1 spool). 

_4. Solderless connectors. 

a. Terminal lug (1 each). 

b. Splice (1 each). 

) 

_5. Fabric board (1 each). 

_6. Connector plug holder (vice or plug holder). 

__7. Soldering iron holder. 

_ 8 . Wiping cloth or sponge. 

^9. Iisulation sleeve (if applicable) (2 each). 

10. Rule (1 each). 
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PROCEDURE 

You should read each exercise through completely before attempting 
to perform the the task. The instructor will observe and grade you 
during your performances. 

Exercise 1 

Procedure for stripping wire 
with a hand stripper. 

Refer to figure 24. 

Note: Answer all questions. Cor­
rect answers will be listed at 
the end of this exercise. 

a. Take one of the four if20 
size copper wires and practice 
using the stripping tool for removing 
correct lengths of insulation. 
Insert wire (step a, figure 24) 
into exact slot for wire size to 
be stripped (each slot is marked with 
wire size). 

(1) What slot size(s) 
should you use? 

Answer: 

b. To remove the desired 
length of insulation (step a) extend 
the amount of wire to be stripped 
beyond cutting slot edge. See Note 
No. 1 and Table lA and B (page 26). 

(1) For "soldering," what 
should be the length between the top 
of cup and the wire insulation? 

Answer: 

(2) For solderless 
terminal lugs (//22 - //14) what is 
the stripping length? 

Answer: 

(3) For solderless splices 
what is the stripping length? 

Answer: 

SELECT CORRECT HOLE 
TO MATCH WIRE GAGE 

STEP 0 

BLADES REMAIN OPEN 
UNTIL WIRE IS REMOVED 

BE CAREFUL NOT TO NICK OR CUT STRANDS 
STEP b 

27 
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Figure 24. 
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Note No. 1 

The stripped portion of the wire should be such that when it 
bottoms in the solder cut there will be a gap of approximately one 
wire thickness between the top of the cup and the insulation. 

Example: 
INSULATION 

SOLDER CUP 

' « . J i ^ 

ONE WIRE THICKNESS 

BOTTOM OJj:UP 

c. Now, after determining the 
length of insulation to remove, close 
handles together (step b, figure 
24) as far as they will go to 
remove insulation. 

d. Release handles, allowing 
wire holder to return to open 
position (step c, figure 24). 

e. Remove stripped wire 
(step c, figure 24) from 
stripper and examine wire for 
nicked or broken strands.^ 
See table 2. 

(1) For the wire 
size you are using, how many 
nicked or broken strands are 
allowed? 

Answer: 

(2) For aluminum wire, 
how many strands can be nicked or 
broken? 

Answer: 

Wire Stripping Lengths for Small 
Copper Terminal Lugs 

Wire Size 

if26 & //24 
//22 & no 
//18 - //14 
//12 & no 

Stripping Length 
(in inches) 

5/32 
3/16 
1/4 
9/32 

B 

Stripping Length for Small Copper 
Splices 

Stripping Length 
(inches) 

5/32 
7/32 
5/16 

Wire 

26 -
22 -
12 -

S ize 

• 24 
• 14 
• 10 

(3) If above tolerance 
is not met, cut the wire end and 
strip again. 

Table 1. Stripping Length for 
Solderless Connectors. 

4:' 
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Wire 

Copper 
AN //22 - //12 

ino 
U - #4 
#2 - //O 

Aluminum, all 
sizes 

Nicked or Broken 
Strands 

None 
2 
4 
12 

None 

337 

Table 2. Allowable Nicked 
or Broken Strands. 

Note: 

1. Longitudinal scratches in copper wire are not considered 
cause for rejection or rework. 

2. Make sure insulation is clean-cut with no frayed or ragged 
edges. Trim, if necessary. 

3. Make sure all insulation is removed from stripped area. 
Some types of wires are supplied with a clear transparent 
layer between conductor and primary insulation. If this is 
present, remove it. , 

4. Retwist strands by hand, if necessary, to restore natural 
lay and tightness of strands. 

f. Now the instructor will grade you as you take the three 
remaining wires and accomplish the following by stripping: 

(1) One end of each of the three wires for "soldering." 
Strip to 9/32". 

(2) The opposite end of ONE wire for a "terminal lug." 
Strip to 3/16". 

(3) The opposite end of the OTHER two wires for a "splice." 
Strip to 7/32". 

Answers to Exercise 1: a(l) 18 - 20 b(l) 1/32" b(2) 3/16" 

b(3) 7/32" e(l) None e(2) None 

29 

4')-) 



^%l 

Preparing the Soldering Iron 

Exercise 2 

Before us:'ng the soldering iron, if the iron's tip is a dull, 
scaley-brown color, it should be prepared as follows: 

a. With the iron shut off, file each working surface of the 
iron's tip with a file until it is smooth and of a bright copper 
color (CHECK WITH INSTRUCTOR BEFORE ACCOMPLISHING THIS STEP). Remove 
copper fuzz from dressed edges with a file card. See figure 25. 

BEFORE 
CLEANING 

AFTER FILING 
AND RETINNING 

Figure 25. 

Note: Soldering iron tips coated with pure iron are not to be 
filed. If the tip is brown in color and pitted, replace it. 

b. Plug in the iron and apply core (rosin) solder just as the 
bright dressed copper color is turning to pigeon-blue, bronze oxide 
color. This will allow the flux to ''wet" and clean the working area 
of the tip. The solder will melt and form an even bright silver coating 
on the tip. This process is called "tinning." See figure 25. 

ROSlN-CORE 
SOLDER 

NOTE: TIN WHILE IRON IS HEATING 

Figure 26. ' 

Caution: Do not allow iron to come up to full temperature 
before starting the tinning operation. 

4 1 • 
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Cloth 5S9 

Figure 27. 

c. Wipe off excess solder with a damp sponge or a cloth. See 
figure 27. 

Caution: Never shake or "whip" an iron to get rid of dross 
(scum that forms on molten metal) or excess solder droplets. 

Exercise 3 

Solder Wires Into Electrical Connector 

With the clean tinned soldering iron proceed as follows: 

a. Apply solder paste and tin the three wire ends you previously 
stripped to 9/32". Hold the wire to the flat portion of the soldering 
iron tip and apply a small amount of solder to the wire. See figure 
28. The instructor will demonstrate, if necessary. 

WIRE 

IRON HOLDER 

SOLDER 

Figure-28. Tinning Wire. 

Note: Before each application, wipe the soldering iron tip with 
a damp sponge or clcth. This will remove surface dross and excess 
solder from the tip. 

31 
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b. Tin the three cups as shown in figure 29. Place the soldering 

iron tip against the bottom of the cup and apply solder at the exact 
point on the cup opposite the iron. DO NOT OVERrTLL CUPS. 

CONNECTOR PLUG 

SOLDER 

Figure 29. Tinning Solder Cup. 

Note: During the soldering exercise do not let the iron overheat. 
If the iron overheats, the tip should be retinned. 

c. Solder the pre-tinned wires into the electrical connector 
plug in the following sequence: 

(1) Heat the pre-tinned cup "A" until the solder is melted. 
Insert the 9/32" end of the pre-tinned wire in cup "A." Remove the 
soldering iron tip from the cup while holding the wire firmly in place. 

(2) Heat the 'pre-tinned cup "B' until the solder is melted. 
Insert the 9/32" end of the pre-tinned wire in cup "B." -Remove the 
soldering iron tip from the cup while holding the wire firmly in 
place. 

THE ABOVE TWO WIRES WILL BE SPLICED TOGETHER IN EXERCISE 4, 
STEP 2 

(3) Heat the pre-tinned cup "C" until the solder is melted. 
Insert the 9/32" end of the pre-tinned wire in cup "C." Remove the 
soldering iron tip from the cup while holding the wire firmly in 
place. 

THIS WIR£ WILL BE USED TO APPLY A TERMINAL LUG IN EXERCISE 4 STEP 1 

4̂ 1 J 
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TERMINAL LUG 

SOLDERLESS CONNECTOR 
SPLICE 

Figure 30. 

Note: Do not hold iron against cup any longer than is required 
to melt the solder in the cup and on the wire. 

d. Now, inspect the soldered joints for excessive solder or 
flux, burned insulation., solder covering entire length of exposed 
wires, and cold solder joints, figure 31. Other than excessive solder 
or flux, a resoldering job is required. 

SMOOTH 
SILVERY 

GOOD 

BAD 

Figure 31. 

33 

ROUGH 
GREY 
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If you had many wires to solder into a connector plug, a soldering 
sequence should be used (figure 32). 

Figure 32. 

Exercise 4 

Installing Solderless Connectors 

1. You are going to install solderless connectors on the ends 
of the three wires you just soldered into the electrical connector. 
The first installation will be the terminal lug, so proceed 
as follows: 

a. Insert the terminal lug tongue first into the jaws of 
the crimping tool. Insure that the terminal lug barrel butts flush 
against the locator. See figure 32 for correct insertion. 

(1) For the si..a wire you are using, what nest should 

you use! 

Answer: 

34 
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UPPER NEST 

LOWER NEST 

LOCATOR 

TERMINAL TONGUE 
FLAT ON LOCATOR 

TERMINAL BARREL BUTTS 
AGAINST LOCATOR 

Figure 32. Insertion of Terminal 
Lug Into Crimping Tool. 

b. Squeeze the crimping tool handles slowly until the tool 
jaws hold the /terminal lug barrel frimly in place, but without denting 
it. Release the handles.^ 

(1) When the handles were released, was the terminal 
lug still held firmly? 

Answer: 

c. Insert the exposed wire end that was stripped for 
"terminal lug" into the terminal lug barrel until the wire insulation 
butts flush against the end of the barrel. 

d. Squeeze the tool handles until the ratchet releases. 

e. Remove the completed assem.bly from the crimping tool 
and examine visually for the following: 

(1) Indent centered on the terminal lug barrel. 

(2) Terminal lug barrel for cracks. 

(3) Terminal lug insulation for cracks. 

(4) Insulation grip for criirp. 

Note: The instructor will inspect the terminal lugs for the 
above defects. If any defects are found, the terminal lug 
should be cut off and another one installed. 
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2. For installing solderless splices, refer to ̂ figure 10 and pro­

ceed as follows: 

a. Swing the locator 
(stop plate) used for installing 
teirminal lugs out of the way. 
See figure 33a. 

STOP PLATE 

SWUNG DOWN OUT OF WAY 

b. Position the splice 
in the correct die nest as 
indicated by the "Instruction 
Plate" for the size wire you are 
using (exercise 1, para a) so 
that side of splice to be crimped 
is on the uonical die side 
(figure 33b and c) of the locator 
groove. 

c. Squeeze the crimping tool 
handles until the dies hold the 
splice firmly in place, but without 
denting it. 

d. Insert wire into the 
"wire in" side of splice 
(figure 33d) so that the stripped 
wire butts against the stop in the 
center of the splice. This can 
be seen through ^he splice inspection 
window (figure 33c). 

M$25037 

CONICAL DIE 

416 

FLAT DIE 

LOCATOR GROOVE 

LOWER DIE J 
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Figure 33. Locating Splice in 
Crimping Tool. 



e. Crimp by closing the tool handles: the tool will 
not open until full crimping pressure has been applied. 

39^ 

f. After crimping, check that the wire end is still 
visible through the inspection window and visually examine the 
splice for the indications outlined in exercise 4, step le, 
items 1 through 4. 

THE INSTRUCTOR WILL INSPECT THE SPLICE. 

Now, desolder the three wires in the electrical connector plug, 
clean the solder and flux from the cups (the instructor.will demon­
strate) . Clean the general area and return the tools to the kit or 
the shadow board. The instructor will inspect the area before you 
leave. 

Answers to Exercise 4: la(l) Upper nest 
lb(l) Yes (if "No" defective tool) 

Note: To prolong the life of the soldering iron tip, remove 
the tip from the iron once a day and clean the black scale 
from the tip and the inside of the iron with fine steel wool. 

37 
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FOREWORD 

This programmed text was prepared for use in the 3ABR32632B, 
3ABR32530-1, and 3ABR32531 courses. It was validated using 30 students 
from the respective courses. Average time to complete this text is 
120 minutes. 

OBJECTIVES 

1. Without reference, identify facts concerning Maintenance 
Fundamentals. An accuracy of 70% is required. 

a. Special handtools. 

b. Safetying devices. 

c. Soldering techniques and solderless connectors. 

INSTRUCTIONS ' ' -r-

SECTION A: This section covers facts you should know about torque 
wrenches. 

SECTION B: This section covers facts you should know about safetying 
hardware. 

SECTION C: This section'covers facts you should know about soldering 
and solderless connectors. 

Note: You will be tested on your knowledge of the material in 
this ?T before being allowed to perform in the lab. You will be 
required to obtain a minimum of 70% on the written appraisal. 

Each section allows you to proceed step-by-step through the material. 
Each step (frame) teaches you a small amount of material and you are 
asked to respond to that information. Read the information carefully and 
respond as directed. Check your responses with the co.-rect answers 
listed at the bottom of the following page. Do not procoed until you have 
responded correctly. If you need assistance, check with yî'ir instructor. 
Read carefully, but DO NOT HURRY. 

Note: Place all responses on the answer sheet, 
in this programmed text. 

DO NOT MARK 

Supersedes 3ABR32531-PT-110, 3ABR32632B-PT-211A, 30 October 1974; 
3ABR32530-1-PT-105E, 3ABR32531-PT-105E, 3ABR32632B-PT-204E, 23 March 1977. 
OPR: 3360 TCHTG 
DISTRIBUTION: X 
3360 TCHTG/TTGU-F - 200; TTVSA - 1 41.) 
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SECTION A 

SPECIAL TOOLS 

Frame 1 

There are many different types of special tools used in the Air 
Force today. One such special tool is the torque wrench. 

The torque wrench is used to tighten common hardware, such as 
nuts and bolts, to specific torque values. Using specific values 
prevents under-tightening (leaving loose) or overtightening (stressing 
or twisting off), the nuts or bolts. 

NO RESPONSE REQUIRED 

Frame 2 

Torque wrenches are used to measure torque (twisting force) 
applied to bolts and nuts when they are being installed. Some wrenches 
are designed to measure torque in inch-pounds, others in foot-pounds. 
Regardless of which torque wrench you have, the procedure for setting 
and using the torque wrench will remain the same. The most common type 
of torque wrench used in the Air Force is the "breakaway" type, some­
times referred to as the automatic-release-torque wrench. This is the 
only type of torque wrench authorized for use on common aircraft 
hardware (nuts, bolts, etc). The breakaway torque wrench (see illustration 
below) has a square socket drive, shaft scale, vernier scale, handle 
grip, and a grip'lock. 

VERNIER SCALE 

HANDLE GRIP 

Figure 1. 

Make a check (/) by the correct statement(s). 

_a. Torque wrenches measure torque in foot-pounds only, 

d. 

The "breakaway" type torque wrench is the most commonly used 
toruqe wrench ir the Air Force. 

The breakaway torque wrench has a vernier scale and grip lock 
on the handle grip. 

Common aircraft hardware should NOT be torqued with a 
"breakaway" type torque wrench. 

iiz^ 
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Frame 3 

Other types of torque wrenches such as the screwdriver type, the 
flexible beam type and the dial type are not authorized for tightening 
common aircraft hardware. However, in specific applications of checking 
torque, an aircraft technical manual (technical order) or an equipment 
maintenance manual (TO) may require one of the above mentioned wrenches 
to be used. 

Note: The term "torque wrench" in portions of this text is 
shortened to "wrench." 

Make a check (/) by the correct statement(s). 

Any type of torque wrench is authorized for use on common 
aircraft hardware. 

The flexible beam type torque wrench should NOT be used 
to torque a nut on an aircraft. 

An aircraft technical manual will never list a type of torque 
wrench other than the authorized "breakaway" type. 

d. An equipment maintenance manual (technical order) may require 
that a dial type torque wrench be used. 

Answers to Frame 2: / b. / c. 
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Frame 4 

The breakaway torque wrenches are adjustable. A desired torque 
value can be set (within limits of the torque wrench) by turning the 
handle grip to settings on the micrometer type scale. A micrometer 
type scale is a spindle moved by a finely threaded screw for making 
precise measurements. Referring-to the illustration below notice 
that the shaft scale is graduated in increments of 50. The micrometer 
type vernier scale is graduated from 0 to 50 in increments of 5. One 
complete turn of the vernier scale will increase or decrease the setting 
by 50 inch-pounds or 50 foot-pounds depending on the wrench you have. 

SHAFT SCALE VERNIER SCALE LOCK HANDLE GRIP 

Make 

_a. 

b. 

_c. 

d. 

Figure 2. 

a check (/) by the correct statement(s). 

Breakaway torque wrenches are not adjustable. 

The micrometer (the shaft scale and the vernier scale) is 
used to indicate the amount of torque set on the wrench. 

The shaft scale is graduated in increments of 50. 

One complete turn of the handle will increase or decrease 
the torque value by 50. 

Answers to Frame 3: a. / b. / d. 

•2Z 
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Frame 5 

To increase the torque setting of the wrench, turn the handle 
grip clockwise. To reduce the torque setting, turn the handle grip 
counterclockwise. Turning the handle grip lengthens or shortens the 
handle; it also changes the' scale reading of the micrometer type 
scale, while at the same time reducing or increasing tension on the 
spring inside the handle. The desired torque setting ahould always 
be approached from the lower end of the micrometer type scale. This 
means you will first lower the torque setting to less than you wish to 
set in, then increase to the desired setting. 

Make a check (/) by the correct statement(s). 

_a. To change the torque value on the wrench, the handle grip must 
be turned. 

A torque setting is always approached from the lower end of the 
scale. 

_c. To increase the torque setting, the handle is turned counter­
clockwise. 

_d. Turning the handle reduces or increases tension on the spring 
inside the handle. 

J 

Answers to Frame A: a. / -b. / / d. 
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Frame 6 

The breakaway torque wrench has a locking device to insure that 
the desired torque value does not change when the wrench is being used. 
On some wrenches, the lock ring is turned (figure A) to lock or unlock 
the handle. On other wrenches, locking or unlocking is accomplished by 
sliding the lock ring along the handle to release or engage a pawl or 
slot in the shaft (figure B). In either case, the grip is prevented 
from turning when the wretKih is in use. The lock must be "unlocked" 
before the handle grip can be turned to change the torque setting. In 
either case the handle can only be "locked" when a number on the 
vernier scale (0, 5, 10, etc) is in line with the Shaft Index Line" 
(see illustration below). 

LOCK 

A B 

Figure 3. 

Make a check (/) by the correct statement(s). 

_a. The breakaway torque wrench has a locking device. 

b. The handle grip cannot be turned when the lock is "unlocked." 

_c. A number on the Vernier scale must be in line with the ""Shaft 
Index Line" before the locking device will "lock." 

Answers to Frame 5: a. / b. c. / d. 
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Frame 7 

The torque wrench will automatically release or "click" when the 
desired amount of torque has been applied to a nut or bolt. When 
the handle releases, it will have approximately 15° to 20° of free 
travel or movement before catching again. The handle should not 
be pulled after it has released. You should use a slow, steady pull 
on the wrench to prevent passing the release without recognizing it. 
This click or release is known as "breakaway." 

Make a check (/) by the correct statement(s). 

_a. 

b. 

The handle should be pulled after it releases or "breaks." 

When the handle releases or "breaks" the desired amount of 
torque has been applied. 

The handle should not be pulled beyond the 15° or 20° of free 
travel. 

J 

Answers to Frame 6: a. _b. 
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Frame 8 

Identify the parts of the. torque wrench on the illustration below 
by selecting the names from the list and writing the names in the 
appropriate numbered spaces on the illustration. 

Grip Lock 

Shaft Scale 

NAMES 

Handle Grip 

Socket Drive 

Vernier Scale 

Figure 4. 

Answers to Frame 7: / b. 
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Frame 9 

From time to time during torque applications, it may be necessary 
to convert from inch-pound specifications to a setting for a foot-pound 
torque wrench. To convert inch-pounds to foot-pounds divide the figure to 
be converted by 12 (number of inches in one foot). Far example, 600 inch-
pounds divided by 12 equals 50 foot-pounds. If the technical order 
called for 600 inch-pounds and you had a foot-pound torque wrench you 
would set the wrench at 50 foot-pounds. To convert foot-pounds to 
inch-pounds, you would multiply the figure to be converted by 12 
(number of inches in one foot). Example: 10 foot-pounds multiplied 
by 12 equals 120 inch-pounds to set on the inch-pound torque wrench. 

Make a check (/) by the correct statement(s). 

â. To convert inch-pounds to foot-pounds divide the foot-pounds 
by 12. 

_c. 

d. 

To convert foot-pounds to inch-pounds multiply the foot-pounds 
by 12. 

Twelve (12) foot-pounds is equal to one (1) inch-pound. 

Forty-eight (48) inch-pounds are equal to four (4) foot-pounds. 

J 

Answers to Frame 8: 1. Shaft Scale 2. 
3. Handle Grip 4. 
5. Grip Lock 

Vernier Scale 
Socket Drive 
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Frame 10 

Torque wrenches issued from supply to the shops or tool cribs for 
use in the maintenance of aircraft and other critical equipment will 
be verified (checked for accuracy) at least once every two months 
(60 days). Verification means sending the wrench to the shop that has 
the torque wrench tester. They will set the wrench at different settings 
and pull it to determine that it will break or release at the proper 
torque. The 60 calendar day period is to be calculated from the date 
of the verification. For example, a wrench verified on 15 January 1977 
will be due reverofocatopm on 15 March 1977. At the time of verification, 
a color code tape stamped with the due dat.e is fastened to the torque 
wrench (see illustration below). 

NOTE: VERIFICATION - a checking operation, using a suitable 
torque wrench tester to determine serviceability for use 
or requiring calibration. The time required to verify is 
approximately 10 minutes. 

CALIBRATION - The act of actually making .adjustments to 
bring a torque wrench into acceptable tolerances as specified 
by the technical order. Time required to calibrate varies 
from 1 hour to 8 hours for some wrenches. 

1 1 1 
I I I 
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COLOR CODED DATED TAPE 

Figure 5. 

Make a check (/) by the correct statement(s) 

a. Torque wrenches in the shops or tool cribs shall be verified 
at least once every two months (60 days). 

A color coded tape is fastened to the torque wrench during 
verification. 

A torque wrench will always be calibrated before it is 
verified. 

Calibration is the actual adjustment of the wrench to operate 
within specified tolerances. 

Answers to Frame 9; a. / b. 

11 
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Frame 11 

The following colors of color code tapes are used to indicate the 
month the torque wrench is due verification. 

Colors Months 

Blue 
Red 
Black 
Yellow 

January - May - September 
February - June - October 
March - July - November 
April - August - December 

Note: If a torque wrench is dropped or otherwise abused, it will 
be VERIFIED, (checked for accuracy) before re-use. If it is found 
to be out of tolerance, it will be calibrated before being 
returned. 

Make a check (/) by the correct statement(s). 

a. The color of the color code tape will indicate the day, 
month, and year the torque wrench was verified. 

By looking at the date and color of the color cede tape, one 
can determine when the torque wrench was verified. 

Each color of the color code tape represents three different 
months. 

Answers to Frame 10: / b. c. / d. 
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Frame 12 

Torque wrenches are precision measuring instruments and should be 
handled and treated like precision instruments. After using these 
wrenches, you should turn the grip counterclockwise to its lowest 
indicated setting. This removes the tension on the spring in the 
handle. See note. The lowest indicated setting is the lowest number 
on the shaft scale and zero on the vernier scale. The accuracy 9f the 
spring tension determines the accuracy of the wrench. The wrench should 
be stored in its own storage container with the wrench at its lowest 
indicated setting. 

Make a check (/) by the correct statement(s). 

_a. Torque wrenches are precision measuring instruments. 

Jb. Torque wrenches are stored at their highest setting. 

_c. Torque wrenches are stored in toolboxes. 

_d. Torque wrenches are stored at their lowest setting in their 
own storage containers. 

Note: Do not force the handle grip fully CCW. A mechanical stop 
could be displaced and the torque wrench's accuracy affected. 
Calibration would be required before re-use. 

Answers to Frame 11: / fa. 

<f 
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Frame 13 

The following are a few precautions to observe concerning torque 
wrenches: 

1. Do not use an extension on the grip end of the handle. 

2. Do not use a torque wrench to loosen previously tightened 
nuts or bolts. 

3. Do not apply a greater amount of torque than the rated 
capacity of the wrench. 

4. Do not attempt to change the setting without first unlocking 
the handle. 

5. Do not place an extension on the square drive that increases 
the length of the torque wrench without mathematically calculating the 
torque value to set on the handle. 

NO RESPONSE REQUIRED 

^ 

Answers to Frame 12: a. _b, 
14 

/ d. 
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PART B , 

SAFETYING DEVICES 

Frame 14 

Once you have used a torque wrench to tighten the nuts or bolts 
to the specified values, a method must be used to keep them from 
vibrating loose during operation and causing failure. The AF uses many 
different methods. You have already covered self-locking nuts and use 
of lock washers. This section will cover the use of safety wire and 
cotter pins as a method of preventing hardware from vibrating loose. 

NO RESPONSE REQUIRED 

Answers to Frame 13: No Response Required 
15 



Frame 15 

Some vibration is present in all aircraft during flight. There­
fore, if bolts, screws, or other components are not properly secured, 
they could vibrate loose and cause system failure or accidents. To 
reduce the possibilities of system failures caused by components coming 
loose, several safetying methods are used. Safety wire and cotter pins 
are used to secure such items as bolts, screws, nuts, snap rings, con­
nector plugs, etc. 

Make a check (/) by the correct statement(s). 

What is the purpose of safetying hardware or components? 

a. 

b. 

c. 

To keep the pilots from removing hardware or components in 
flight. 

To keep hardware from loosening up dfn the ground. 

To reduce the possibility of loose components causing failures, 

To reduce vibration in hardware and components. 

Answers to Frame 14: No Response required 

4'^ 
16 



Frame 16 

SINGLE WIRE METHOD 

One method of safetying is to use a single wire. It is used to 
safety closely spaced screws in a closed geometrical pattern. See the 
figure below. The safety wire is installed so that the fillister head 
screws cannot loosen. The number of screws that can be wired together 
depends on the application. Remember they must be arranged in a closed 
geometric pattern. 

Figure 6. 

Make a check (/) by the correct statement(s). 

1. Screw number 2 cannot loosen because it will 

a. stretch the safety wire between all other screws. 

b. loosen screws numberd 1 and 3. 

ĉ. stretch the safety wire b-̂ .tween screws 1 and 3. 

d̂. overtorque screws numbered 1 and 3. 

2. The method used to wire together screws in a closed geometrical 
pattern is referred to as the 

a. single-wire method. 

b̂. double-wire method. 

c. single-twist method. 

d. double-twist method. 

Answers to Frame 15; 

^3f 
17 
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Frame 17 

DOUBLE TWIST METHOD 

The most common method of safetying used is the double-twist 
method. This method can be used to safety bolts, nuts, and screws that 
are either closely spaced or widely spaced. The figures below illus­
trates the double-twist method for safetying bolts and screws with right-
hand threads. When securing widely spaced bolts, 4 to 6 inches apart, 
the maximum number that can be wired in series is three. When securing 
closely spaced bolts, the number that can be secured by a 24-inch 
length of wire is the maximum number that can be wired in series. On 
bolts that are more than 6 inches apart the double twist single fastener 
application is used. 

Note: In all applications the end or pigtail is tucked against some­
thing (nut, bolt, etc.) to prevent snagging or cutting your fingers 
(safety). 

PIGTAIL-i 

SCREW HEADS DOUBLE-TWIST METHOD 
DOUBLE TWIST 
SINGLE FASTENER APPLICATION 
( MORE THAN 6 INCHES FROM ANOTHER BOLT 

BOLT HEADS 

Figure 7. 

Make a check (/) by the correct statement(s). 

1. Screw number 1 cannot loosen because it would 

a. have to tighten screw number 2. 

CASTLE NUTS 

b. have to stretch the safety wire between screw numbers 1 and 2. 
_c. loosen screw number 3. 
d. tighten the wire between screw numbers 2 and 3. 

2. Widely spaced bolts are 

a. 2 to 3 inches' apart. 
b̂. secured by the single fastener application if they are more 

than 6 inches apart. 
c. never secured with more than three in series. 

d̂. not limited to a definite number that can be secured with a 
24-inch length of wire. 

Answers to Frame 16: 1. a. b. 
2. 

/ 

7" a. b̂. 

184 3 J 

_c. 
c. d. 
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Frame 18 

In your lab project you are going to safety three bolts on the 
trainer, as shown in the illustration below. You will use steel safety 
wire size 0.032 inch diameter. When working on aircraft systems, the 
size and type of safety wire to use will be specified in the aircraft's 
technical order. Example: 1B-52G-2-11, Instruments TO - "Use new 
corrosion-resistance steel safety-wire 0.032 inch diameter to safety 
connectors. Using either the single wire or double twist method, 
0.032 corrosion-resistance steel safety wire will usually be specified." 

, Figure 8. 

Make a check (/) by the correct statement(s). 

The bolts safetied in the illustration above 

_a. are safetied with the single-wire method. 

_b. are safetied so that loosening any bolt will tighten the 
wire. 

_c. have left-hand threads. 
~d. are tightened by turning them counterclockwise, 
e. should be safetied with the size safety wire specified in 

the aircraft TO. 

Answers to Frame 17; I. 
2. 

/ a. 
a. 

/ b. 
• / b . 

c. 
/ c. 

d 
d 
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Frame 19 

COTTER KEYS (PIN) 

Some nuts cannot be safetied with wire because the bolts are free 
to turn, or because there is only one nut. Cotter keys (pins) are used 
to safety these nuts as shown in the illustration below. Note that 
the cotter key (pin) fits through the nut and bolt, locking the two 
together. Also notice that one end of the cotter key is bent flat 
against the end of the bolt and ends approximately half way across the 
end of the bolt. The other end extends approximately half way down the 
side of the nut and is bent tight against the nut. 

Figure 9. 

Make" a check (/) by the correct statement(s). 

• What method is used to safety nuts when the bolts kre free to turn 
or there ir, only one bolt? 

_a. Single wire. 

h. Double twist. 

_c. Cotter key. 

_d. Single twist. 

0 ' 

Answers to Frame 18: a. / b. d. / 

20 



EMERGENCY SWITCH COVERS (GUARDS) 

Frame 20 

Some emergency switches, such as emergency jettison of external 
tanks, bombs, etc., or emergency landing gear switch, have a guard 
covering the switch to prevent accidentally actuating them. To furthei 
prevent accidentally turning the switch on, the guard is safety 
wired closed using .020 copper safety wire. The reason for using .020 
copper wire is so the pilot ".an break it when he has a need to use the 
switch. The single wire method is used to safety them. NOTE: The 
pilot will NOT break the safety wire without LOOKING and KNOWING that 
he has the correct switch. 

00 NOT TWIST TIGHTLY {JX-

FASTENER SCREW 

EMERGENCY DEVICE 
SWITCH COVER 

Figure 10. 

Make a check (/) by the correct statement(s). 

_1. Emergency switch guards are safety wired using .020 copper 
safety wire. 

_2. Emergency switch guards are safetied using the single wire 
method. 

Answers to Frame 19: / c. 

21 
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Frame 21 

Make a check (/) by the correct statement(s). 

1. What is the pur̂ ôse of safetying hardware and components? 

â. To keep hardware from loosening up on the ground. 

b. To reduce vibrations in hardware and components. 

_c. To reduce the possibilities of failure caused by loose 
components. 

_d. To keep components from being removed in flight. 

2. What method would be used to safety emergency switch guards 
and closely spaced screws in a closed geometrical pattern? 

_a. Single wire. 

_b. Double twist. 

_c. Cotter key. 

d. Single fastener. 

'.\. What is the most common safetying method used for both closely 
or widely spaced*hardware? 

_a. Single wire. 

b. Double twist. 

_c. Cotter key. 

d. Single fastener 

What is the safetying method used to safety nuts when the 
bolts are free to turn? 

a. 

b. 

c. 

d. 

Single wire. 

Double twist. 

Cotter key. 

Single fastener 

Answers to Frame 20: / 1. 

439 
/ 2. 

22 
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PART C 

SOLDERING AND SOLDERLESS CONNECTORS 

Frame 22 

Another portion of Maintenance Fundamentals that goes along with 
emoving and installing components, torquing and safetying is the repair 
of the wires to the components. You may be required to solder a new 
wire into a circuit, or splice a wire to repair it or install a terminal 
on it. This section will discuss both use of a soldering iron to solder 
wires and the use of the flat crimp tool for installation of insulated 
terminals and insulated splices. 

No Response Required 

Answers to Frame 21: c. 
0 , 

3. 
4 . 

^ a. 
a. 
a. 

b . 
• / b . 

b. 

c. 
c. 

/ c. 

d. 
d. 
d. 

23 
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Frame 23 

Soldering is a method of bonding two pieces of metal together 
by the use of an alloy (solder) with a comparatively low melting 
point. Solder must always melt at a lower temperature than the base 
metals. Soldering should not be confused with welding, for in the 
welding process the two metals to be joined are actually fused together. 
In the soldering process, the base metals are not fused, but are merely 
coated (tinned) with the solder alloy and then sweated together or 
joined by the application of heat. Soldered joints should not be 
relied upon for extra strength. However good they may be, they must 
not be subjected to excessive vibrations, severe shocks, or heavy loads. 

Check (/) the correct statement(s) below. 

_1. ^oldering and welding are the same. 

_2. Solder is an a..ioy and must melt at a higher temperature 
than the base metals. 

_3. 

4. 

Solder joints can be relied upon for strength. 

In soldering, the coated base metals are sweated together by 
the use of heat. 

44. 

24 



Frame 24 

Soft solder is a mixture of tin and lead. There are as many types 
of solder as there are combinations of tin and lead. However, the 
Air Force uses only a small number of these combinations. The three 
most commonly used ratios are 40/60, 45/55 and 50/50. The tin content 
is represented by the first number. More tin causes the solder to be 
harder and to crystalize and break easily. Solder with more lead than 
tin will be soft, but not very strong. 

Check (/) the correct statement(s) below. 

1. More tin than lead makes solder soft. 

2. 60/40 solder would be harder than 40/60 solder. 

_3. Soft solder crystalizes easily and will break. 

_4. The tin content of solder is represented by the last number. 

Answers to Frame 23: / 4. 

l:) 
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Frame 25 

Soft solder is the type of solder used in the maintenance of 
electrical/electronic equipment and other jobs requiring small amounts 
of solder. This type of solder is made in plain solid wire/block form 
(figure 11) or it may have a hollow core filled with either rosin or 
acid (figure 12). Acid core solder is NEVER used in electrical/ 
electronic maintenance for it is very corrosive. Hard solder (silver 
alloy) used in the soldering of thermocouple wires (exhaust gas tempera­
ture indicating system), will not be covered in this text. 

Figure 11. • Figure 12. 

Check (/) the correct statement(s). 

1. Acid core solder should not be used in electrical wire maintenance. 

2. Soft solder would be used in the maintenance of thermocouple 
wires. 

Rosin core solder is very corrosive. 

Answers to Frame 24; 1. / 2, 3. 

26 
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Frame 26 

Most metals which have been exposed to the atmosphere will acquire 
a thin film of tarnish or oxide. The longer the period of exposure, 
the thicker the film will become. This film, even though it may not be 
visible, is a poor conductor of heat and must be removed for proper 
soldering. The solder alone cannot dissolve or remove this film. A 
solder flux (rosin core or rosin in paste foinn) with a melting point 
lower than the solder must be used to "wet" the metal and dissolve the 
film. The solder then melts, floating the lighter flux and impurities 
(cxide) to the outer, surface of the molten solder. 

Check (/) the correct stater.ent(s). 

_1. The atmosphere will cause most metals to tarnish. 

2. The tarnish film on metal is a good conductor of heat. 

_3. The solder's melting point is higher than that of the flux. 

_4. Flux removes the oxide by dissolving it. 

Answers to Frame 25; / 1. 

27 
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Frame 27 

The flux (rosin) is a chemical reducer used for surface conditioning 
during the soldering process. Have you ever watched the play of colors 
on a piece of metal as it heats? This display of color is due to 
electrons in the hot metal being heated off the metal. To regain these 
electrons, the metal combines with oxygen in the air and begins to form 
an oxide coating on the surface of the metal. By dlsolving the oxide 
(poor heat conductor) on the surface of the metal, the flux cleans the 
surface. The solder, in its molten state, will now cling to the part 
of the metal surface being soldered. 

Check (/) the correct answer(s). 

A flux is used on a surface to be soldered to 

_1. 

_2. 

_3. 

4: 

soften the solder. 

smooth the su..face before soldering. 

get oxygen to the surface of the metal. 

clean the surface by dissolving the oxide formation. 

J 

Answers to Frame 26: __/_!• 2. / 3. / 

28 
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Frame 28 

Cleanliness is of the utmost importance in soldering operations. 
If possible, soldering should be done in an area that is reasonably 
clean and free from excessive dust. Drafty areas should be avoided 
so that the soldering iron will not cool. A soldering job on an 
aircraft on a cold windy day may require that the aircraft be pulled 
into the hangar or dock area. Surfaces contaminated with dirt, oil, 
grime or grease cannot be successfully soldered. Make sure that the 
surfaces are mechanically "bright-clean" before soldering. Clean the 
surfaces with a cloth dipped in alcohol, trichlorethylene, or other 
approved solvent. Old solder should be removed from a surface. 

Three ways that old solder can be removed from a surface are by 
heating the solder until it melts, then, (1) wipe it off with a cloth; 
(2) tilt the work and tap it lightly; and (3) draw the solder off with 
the iron and an excess piece of wire called (wicking). 

Make a check (/) by the correct statements. 

1. Contaminated surfaces should be cleaned before soldering is 
attempted. 

_2. Successful soldering operations depend on cleanliness and a 
properly heated soldering iron. 

_3, Old solder on a surface may be use'd in the new soldering job. 

_4. A dusty, drafty area is not an ideal place to do soldering. 

Answers to Frame 27: 1. 2. / 4. 

29 
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Frame 29 

A neat soldering job means only one thing—it was done correctly I 
The soldering iron melted the solder quickly and the solder flowed 
into and around the surfaces, and then hardened :'.nto place without 
including air bubbles, oxides or other foreign matter. Soldering 
irons (figure 13) come in various sizes and shapes. The one you will 
use in this course is well suited for the work you will do. However, 
your work on the flight line may require you to make a choice as to size 
of tip, wattage and voltage (28 VDC or 115 VAC 60 Hz). 

Figure 13. 

No Response Required 

Answers to Frame 28: / I . / 2. 3. / 4. 
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Frame 30 

Soldering will not be required every time you have a broken 
electrical wire. In some instances where electrical wires are 
broken, solderless connectors can be used. Of the many types and 
sizes, only the solderless terminal lug (figure 14) and splice 
(figure 15) for small copper electrical wires will be covered. Elec­
trical wires are terminated (ended) with terminal lugs to permit easy 
and efficient connection to and disconnection from terminal boards, 
busbars, and other electrical equipment. Splices join electrical 
wires to form permanent continuous wire runs. 

INSULATION GRIP BARREL TONGUE 

WIRE 
INSULATION 

COLJOR-CODED 
INSULATION 

STRIPPED 
WIRE 

Figure 14. 

Check (/) the correct statement(s) 

1. 

Figure 15. 

Solderless terminal lugs permit easy connection and 
disconnection of electrical wiring. • 

Solderless splices permit electrical equipment to be dis­
connected more easily. 

Terminal lugs terminate wires, and splices form continuous 
runs by joining wires together. 

^^^^31 • 



Frame 31 

Solderless terminal lugs and splices are made of copper or aluminum. 
They are preinsulated or uninsulated depending on where they are to be 
installed. Again, due to the many types, sizes and different instal­
lation procedures, the preinsulated copper solderless connectors will 
be the only one covered in this text. Technical Order l-lA-14 should 
be consulted when using solderless connectors of a specific type for a 
specific application. 

Caution: Use only copper solderless connectors on copper wire; 
aluminum connectors on aluminum wire. Connecting two different 
materials together aids in the corrosion process. 

Check (/) the correct statement(s). 

_1. 

_2. 

_3. 

4. 

All solderless terminal lugs are copper and preinsulated. 

Copper solderless connectors are not used on aluminum wire. 

Solderless splices are aluminum and always uninsulated. 

Of the many types and sizes of solderless connectors, the 
installation procedures are the same for all. 

Answers to Frame 30: / 1. 2. / 3. 

4lj 
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Frame 32 

For installing small copper wire preinsulated solderless con­
nectors in the number 26 through the number 10 wire size, a hand 
crimping tool is used. In figure 16, notice the information listed 
on the "Instruction Plate" of the tool. 

Note: You may use the actual tool to read the "Instruction Plate" 
more easily. 

Figure 16. 

Observe figure 16 (or the tool) and complete the following 
statement. 

For crimping a solderless connector to a size 18 wire, the 

nest of the crimping tool should be used. 

Answers Co Frame 31; / 2, 3. 

33 
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Frame 33 

The correct answers will be listed after the last review question. 

Check (/) the correct answers below. 

1. Soldering is the process of 

â. binding two metals together. 

"N 

_b. fusing metals together. 

_c. welding metals together. 

_d. bonding tinned surfaces by the use of heat. 

Soft solder is an alloy of 

_a. tin and copper. 

_b. copper and lead. 

_c. tin and lead, 

d. lead and silver. 

In soldering electrical wires, you would NEVER 

_a. 

_c. 

d. 

remove old solder. 

use acid core solder. 

be concerned about oxide formation. 

use a 28 VDC soldering iron. 

4. Flux is used on a surface to be soldered to 

_a. 

_b. 

c. 

smooth the surface. 

soften the solder. 

clean the surface by dissolving oxide formation. 

get oxygen to the surface of the metal being soldered. 

5. The most important thing in a soldering operation is 

a. cleanliness. 

b. soldering sequence. 

_c. soldering iron selection, 

d. a "feel" for the work. 

Answers to Frame 32: upper 
34 
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Frame 33 (Cont'd) 

6. Solderless connectors for small copper wires are installed by 
using 

_a. wire stripping tool. 

b. hand crimping tool. 

_c. duckbill piier tool. 

_d. diagonal cutter tool. 

7. For the installation of small copper preinsulated solderless 
connectors, the tool can be used with wire size ranges of 

a. 

b. 

c. 

d. 

//lO - //26 

//8 - //26. 

no - it2U 

n - #24. 
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Frame 34 

You have now completed the programmed text. If you had any problems 
or did not understand something, go back and review the frames that 
cover that material. If you still have problems, contact the instructor. 
After you understand all the material, you may take the appraisal 
covering all three sections of the text. After satisfactory completion 
of the appraisal- you will proceed to the maintenance lab to complete the 
workbook covering torque wrenches, safetying devices, soldering and 
solderless connectors. 

No Response Required 

Answers to Frame 33: 1. 
2. 
3. 
A. 
5. 
6. 
7. 

v/ 

^ 

• a . 

a. 
a. 
a. 
a. 
a. 
a. 

/ d. 
b 

/ b 
b 
b 

/ b 
b 

/ c. 
c. 

/ c. 
c. 
c. 
c. 

d. 
d. 
d. 
d. 
d. 
d. 

v̂  \J 
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FOREWORD 

This programmed text was prepared for use in Courses 3ABR32531, 
Avionic Instrument Systems Specialist, and 3ABR32632B, Integrated 
Avionic Systems Specialist. This text has been validated using 23 
students from the subject courses. Twenty-three of the students 
achieved the objective as stated. Average completion time is 120 
minutes. 

OBJECTIVE 

Without references, identify facts pertaining to the purpose, 
operation, and/or characteristics of typical position indicating 
systems with an accuracy of at least 80%. 

INSTRUCTIONS 

This programmed text is divided into three sections: Section A 
covers wheel position indicating systems (3ABR32531 and 3ABR32632B), 
Section B covers Flap Position Indicating Systems (3ABR32531 ONLY), and 
Section C covers control surface position indicating systems (3ABR32632B 
ONLY). The information presented in this text is presented in sma.'i' steps 
called "frames." After reading the information in ench frame you are 
asked to actively respond to the statements at the end of that frame. 
Place these responses on the response sheet provided with this text. 
Check your responses for accuracy with the correct answers given after 
the following frame. If you make an incorrect refoonse, reread the frame 
until you determine why you were in error before proceeding to the next 
fratoe. After completing each required section of your course you will 
take an appraisal to display your attainment of the stated objective 
before proceeding to the next area of instruction. Work as quickly as 
possible, but DO NOT RUSHJ 

) 

Supersedes 3ABR32531-PT-202, 12 December 1974; 3ABR32531~PT-203, 
13 April 1973; 3ABR32632B-PT-304B, 18 April 1975. 
OPR: 3360 TTG 
DISTRIBUTION: X 

3360 TTGTC/W - 200; TTVSR - 1 A 

2 
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Section A 

(3ABR32531 and 3ABR32632B) 

H3H 

Frame 1 

The early military aircraft had fixed landing gear; that Is, the 
gear was not retractable. As the aircraft was Improved and airspeed 
Increased, It was found that the gear caused unwanted drag on the 
aircraft, slowing It down. Retractable gear was developed and used 
to help streamline the aircraft, thus reducing drag and Increasing 
speed. 

Figure 1 shows an aircraft with fixed gear and figure 2 with 
retractable gear. 

, ) 
Figure 1. Figure 2. 

NO RESPONSE REQUIRED 

)) 
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FraSne 2 

With the development of the retractable landing gear, an indicating 
system was developed to indicate the position of the gear. This system 
was designed to display the three main positions of the gear. Figure 3 
below shows the three displays. In drawing A the gear would be UP aud 
locked, dravd.ng B, the gear would be unsafe (crosshatch) and in drawing 
C the gear would be down and locked. 

UNSAFE 
UP AND LOCKED (CROSSHATCH) DOWN AND LOCKED 

Figure 3. 

Circle the correct response/s to the following statements. 

1. With the landing gear up and locked, which one of the symbols 
would show on the Indicator? Use figure 3 if needed. 

a. Word "UP." 

b. Crosshatch. 

c. Picture of landing gear. 

) ) 

Answers to Frame 1: NO RESPONSE REQUIRED. 
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Frame 3 

Most aircraft have three landing gears, for each gear there are 
two mlcroswltches and one Indicator. Figure 4 Is a schematic for 
one gear of a typical three landing gear system. The landing gear 
Indicating system Is operated from the aircraft's 28V DC power system. 
When the gear closes either of the mlcroswltches the corresponding 
solenoid coll In the Indicator will be energized by 28V DC and the 
indicator will display the position of the gear. 

) 
Figure. 4. 

Circle the correct response/s to the following statements. 

1. When the UP mlcroswitch is closed, the voltage on-the UP 
coll is 

a. 

b. 

c. 

d. 

OV DC. 

12V DC. 

24V DC. 

28V DC. 

2. Which one of the indications would appear on the indicator 
when the down mlcroswitch is closed? 

a. UP. . 

b. Crossl ;h. 

c. Picture of gear. 



i I 

m 
Frame 3» (Continued) 

3. The microswltches are closed by the 

a. ' landing gear handle. 

b. landing gear. 

c. pilot. 

d. solenoid coil. 

) 

) 

Answers to Frame 2: 1. a 
45.) 
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Frame 4 

The indicating drum of the indicator has two soft iron cores 
attached to it. Whenever either microswitch is closed and that coil 
energizes, one of the iron cores is attracted into the energized 
coil. This increases the magnetic field of the coil. As the iron 
core is pulled into the coil the indicating dial is rotated to indicate 
the position of the gear and will remain in that position until the 
microswitch is opened by the movement of the gear. The indicating 
drum also has a hairspring attached to it to return the drxim to the 
neutral (crosshatch) position whenever power is removed from the coils. 

SEE figure 5 below. 

) 

Figure 5. 

Circle the correct response/s to the following statements. 

1. When either coil becomes energized, the indicator operates 
on the principle of magnetic 

2. 

a. 

b. 

c. 

d. 

interaction 

repulsion 

attraction 

correlation 

With the UP microswitch closed, which coil is energized and 
what will the indicator display? 

a. Up solenoid coil and picture of gear. 

b. Up solenoid coil and word "UP." 

c. Down solenoid coil and picture of gear. 

d. Down solenoid coil and word "UP." 

7 
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Frame 4 (Continued) 

3. The hairspring will cause what indication,to appear when 
power is removed from the system? 

a. "UP." 

b. Crosshatch. 

c. Picture of gear. 

Answers to Frame 3: 1. d 2. c 3. b 

4(\ 



HHO 
Frame 5 

When the pilot moves the landing gear to the down position the 
down microswitch activates as the gear locks into place. This in 
turn completes the circuit and energizes the down coil with 28V DC. 
This coil then pulls the down iron core into it causing the picture 
of the gear to be displayed by the indicator. SEE figure 6 below. 

.3 Figure 6. 

Circle the correct response/s to the following statement. 

1„ When the gear is down and locked, which microswitch is 
closed and what indication is displayed? 

a. Up microswitch and the word "UP." 

b. Up microswitch and picture of the gear. 

c. Down microswitch and word "UP." 

d. Down microswitch and picture of the gear. 

- ) 

Answers to Frame 4: 1. c 2. b 3. b 



^̂ 1 
Frame 6 

As the landing gear begins to retract the down microswitch breaks 
contact, deenergizing the down solenoid coil thus removing power from 
the circuit. At this time the hairspring will return the indicating 
drxua to the Crosshatch position. This lets the pilot know that the 
gear is in an unsafe position. SEE figure 7 below. 

Figure 7. 

Circle the correct response/s to the following statements. 

1. When the landing gear is moving what indication is displayed? 

a. "UP" 

b. Crosshatch 

c. Picture of gear. 

) 

Answer to Frame 5; 

n 

10 



le 7 Frame 

When the landing gear reaches the Up and locked position the 
Up microswitch will close and energize the Up coil. The coil then 
pulls the Up iron core into it rotating the indicating dial to the 
"UP" indication. See figure 8 below. 

) 

.Figure 8. 

Circle the correct response/s to the following statements. 

1. With the landing gear retracted, the Indicator would display 
what indication? 

a. Picture of gear. 

b. Word "UP" 

c. Crosshatch 

Answers to Frame 6: 1. b 

. ; 
^ < f l ; 



Frame 8 

Circle the correct response/s to the following statements. 

1. The landing gear indicating system operates by 

a. 12V DC. 

b. 28V DC. 

c. 28V AC. 

d. 36V AC. 

2. 

3. 

4. 

5. 

The purpose of the landing gear indicating system is to 
indicate when the gear is 

a. unsafe. 

b. up and locked. 

c. down and locked. 

d. up and locked, down and locked, and unsafe. 

When voltage is apjiied to either of the solenoid coils, 
the soft iron core is pulled to the energized coil by 

a. repulsion. 

b. hairspring. 

c. counterbalance. 

d. magnetic attraction. 

When voltage is removed from the solenoid coils the 
indication will be 

a. 

b. 

c. 

UP. 

Crosshatch. 

picture of gear. 

With the landing up microswitch closed, the indicator 
should indicate the 

a. UP. 

b . Crosshatch. 

c. p i c tu r e of gear. 

4<\ 

> 
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- Frame 8 (Continued) 

6. When voltage is removed from coils, the dnim rotates to the 
neutral position due to 

a. magnetic repulsion. 

b. magentic attraction. 

c. hairspring tension. 

d. counter balance action. 

7. Using figure 9, which coil will energize with the landing 
gear in the down position? 

a. Up coil. 

b. Down coll. 

c. Both coils. 

d. Neither coil. 

8. Using figure 9, if the down microswitch remained closed when 
tk3 landing gear retracted, the indication would be 

a. word "UPc" 

b. Crosshatch. 

c. picture of gear. 

) 
Figure 9. 

13 



Frame 8 (Continued) 

Match the functions fxom 
placing the correct letter in 

Column A 

9. 

10. 

U. 

12. 

13. 

14. 

15. 

Up solenoid coil 

Up microswitch 

Indicating drum 

Hairspring 

Soft iron cores 

Down solenoid coil 

Down microswitch 

a. 

b. 

c. 

d. 

f. 

Column B to their name in Column A by 
the blank provided. 

Column B 

closed when landiag gear is down. 

attracted to solenoid coils when 
either coil energizes. 

28V DC power source. 

closed when landing gear is up. 

keeps Crosshatch in view when 
power is removed. 

energized when down switch is 
closed. 

energizes when up switch is 
closed. 

rotated to display Crosshatch, 
up, and gear. 

h. 

) 

Answers to Frame 7 : 1 . b 

Answers to Frame 8j 1. b 2. d 3. d 4. b 5. a 6. c 

7. b 8. c 9. g 10. d 1 •:. h_ 

A 12. e 13. b 14. f 15. a 

45^' 
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Section B 

(3ABR32531 ONLY) 

Frame 1 

As aircraft became larger and heavier, a wing flap system was 
added to the wing to increase lift for take off and increase drag 
for landing. With this addition a system was developed to display 
the position of the wing flaps to the pilot. The system that was 
found to be the most practical system was the self-pynchronous indi­
cating system. The self-synchronous system is known as the selsyn 
system. This system is made up of a transmitter and an indicator. 
Figure 1 shows a diagram of a sels3rn system. 

INDICATOR 

TRANSMITTER 

Figure 1. 

Refer to figure 1 and circle the correct answer to the following 
statements. 

1. The flap.position indicating system consists of a 

a. transmitter and flap. 

b. indicator and flap. 

c. transmitter and indicator. 

d. transmitter and control handle. 

2. The flap position indicating system indicates the position 
of the 

a. aileron flaps. 

b. wing flaps. 

c. elevator flaps. 

d. rudder flaps. 

U 
15 
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Frame 2 

The flap position is displayed on an indicating dial with a 
pointer. The dial is graduated in 5" increments from an "UP" posi­
tion to a "DOWN" position with the number of degrees dependent on the 
aircraft in which it is to be used. The pointer, when referenced to 
the dialJ will display the extent of travel (movement) of the wing 
flaps. Refer to figure 2 and notice the position of the pointer. 
A small "Pull Off" magnet, located in the indicator will reposition 
the pointer to this position (Off Scale Up) whenever power is lost 
to the system. This is done to prevent a false indication to be 
displayed on the indicator when the 8y9tem is without power. 

OFF SCAIE UP POSITION ' Power requirement for this system is 28VDC. 

SELYSN 

INDICATOR 

) 

Figure 2. 

Circle the correct response to the following statements. 

1. The wing flap indicator is marked in 

inches. c. 2" increments. a. 

b. feet. d. 5" increments. 

2. The "PULLI Off" magnet will prevent the indicator from 
giving a false reading by 

a. smoothing out rotor operation. 

b. preventing rotor overtravel. 

c. preventing rotor undertravel. 

d. pulling pointer off scale up when power is lost. 

Answers to Frame 1: 1. c 2. b 

4!'.) 
; 
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Frame 3 

The indicator diagram below shows a circular soft iron core with 
three coils equally spaced around the core. Each coil tapoff (A, B, 
and C) is connected by wires to transmitter tapoff tie points. The 
rotor is a permanent magnet and is used to reposition the pointer. 

INDICATOR 

COiL 

) 
Figure 3. 

Study figure 3 and check the true statement(s) 

1. Coils 1, 2, and 3 are wound on a 

a. circular iron core. 

b. triacgular iron core. 

c. square brass core. 

d. circular brass core. 

Answers to Frame 2: 1. d 2. d 

47 
17 



Frame 4 

As current flows through the coils, north and south poles are 
set up on each coil which will rotate the rotor and pointer to indicate 
the position of the wing flaps. In the figure below, terminals "A" 
and "C" are the negative terminals and terminal "B" is the positive 
terminal. Since current flows from negative to positive, coils 1 and 
3 have current flow through them. The rotor and pointer in this figure 
have not been drawn at the position that corresponds with the magnetic 
fields of the coils. 

/' 

INDICATOR 

-y 

Figure 4. 

Study figure 4 and check the following statement(s) that are true. 

1. The coils that have current flow through them are _ 

a. 1 and 2. 

b. 2 and 3. 

c. 1 and 3. 

4" 
Answers to Frame 3: 1. a 

18 



Frame 5 ^^0 

The transmitter is located in the wing flap section of the aircraft 
wing. When the wing flap is extended or retracted, a mechaikical 
linkage turns the shaft on the transmitter. The transmitter is con­
nected to an indicator by an electrical connector and wires. Refer 
to figure 5 for a picture and schematic of the selsyn type transmitter. 

'^ SELSYN 
TRANSMITTER\^ SHAFT 

TRANSMITTER 

ELECTRICAL 
CONNECTOR 

1-
Figure 5. 

Refer to figure 5 and check the true statement(s). 

1. The wing flap transmitter is connected to the wing flap by 

a. electrical connections. 

b. hydraulic connections. 

c. mechanical linkage. 

Answers to frame 4: 1. c 

) 19 



Frame 6 

The flap transmitter selsyn la made up of a circular realstance 
strip and positive and negative wiper arms. These arms are mounted 
on a shaft and are insulated from each other in order to prevent short 
circuits. As the shaft is turned by a mechanical linkage, both arms 
turn at the same time and each travel equal distances. This unit is 
actually a potentiometer to control voltage. Refer to figure 6 for 
the diagram of the transmitter. 

CIRCULAR 
STRIP 

TRANSMITTER 

NEGATIVE ARM 

POSITIVE ARM 

Figure 6. 

Refer to figure 6 and check the true statement(s). 

1. As the transmitter shaft is turned,„the„wiper:-arms-move~ 

a. at the same time and equal distances. 

b. .individually and equal distances. 

c. at the same time and unequal distances. 

d. individually and unequal distances. 

2. The transmitter unit is basically a 

a. ammeter. 

b. potentiometer. 

c. rheostat. 

> 

Answers to Frame 5: 1. 

20 > 



Frame 7 

For explanation purposes, 24 volts is used in the following 
frames to eliminate fractions or decimals in your calculations. The 
resistance strip has three taps that are located 120° apart. This 
unit is actually a simple voltage divider. Referring to figure 7, 
notice that point "B" is two thirds of the distance between the 
negative and positive wiper arms. Point "C" is also two-thirds of 
the distance between the negative and positive wiper arms. Since 
point "B" is two-thirds of the distance between the - and + wiper 
arms, two-thirds of the applied voltage is dropped between the -
wiper arm and point "B." The other one-third of the voltage is 
dropped between point "B" and the positive wiper arm. By connecting 
voltmeters between the negative wiper arm and "B," and the positive 
wiper arm and "B," ypu would read "16"V and "8"V respectively. The 
same readings are also found at point "C" because "C" was also two-
thirds of the distance between the negative and positive wiper arms. 

TRANSMITTER 

1 

,24V 

-foe SOURCE 

Figure 7. 

*1. A voltmeter connected between the negative wiper arm and 
point "C" would indicate how much voltage? 

a. OV. 

b. 8V. 

c. 16V. 

d. 24V. 

Answers to Frame 6: 1. a • 2. b 
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•Frame 8 

The three coils in the indicator are connected to the transmitter 
taps as shown in figure 8. Since 0 volts are applied to the negative 
wiper arm, this 0 volts will be applied to terminal "A" of the indi­
cator. Terminals "B" and "C" of the transmitter are two-thirds the 
distance between the negative and positive wiper arms. With point "A" 
(OV) being more negative than points "B" and "C" (16V), current will 
flow through coil 1 to point "B" and through coil 2 to point "C." Using 
the left-hand method (see note below) the top of coil 1 and coil 2 will 
be north poles and will attract the pointer (south end of permanent 
magnet). 

Note: The left hand rule says that in wrapping the left hand 
fingers in the direction of the current flow in the coil, your 
thumb will point to the north pole. 

INDICATOR TRANSMITTER 

3 

24V 

DC SOURCE 

Figure 8. 

NO RESPONSE REQUIRED 

Answers to Frame 7: 1. c 47 J 
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Frame 9 

Using figure 9 below, circle the letter of the correct response 
to the following statements. 

) 

24V 

DC SOURCE 

Figure 9. 

With 24 volts applied to the positive wiper arm, how many 
volts will be at terainals "A" and "C" of the indicator? 

a. OV. 

bv 8V. 

c. 16V. 

d. 24V. 

Which two coils will have current flow through them? 

a. Coils 1 and 3. 

b. Coils 1 and 2. 

c. Coils 2 and 3. 

23 
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H5S 
Frame 9 (Continued) 

3. Refer to figure 9. After you have determined which coils 
have current flow through them, place the pointer in the 
indicator in the proper position. Use the diagram on your 
response sheet. 

Answers to F -une 9: 1. b 2. a 3. Refer to page 25 for the answer. 

47; 
; 

24 
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) 

DC SOURCE 

Return to the beginning of the programmed text and review the 
objectives. When you are satisfied that you know and understand the 
material, you will take an appraisal. 

3ABR32531 - After passing the appraisal, you will proceed to lab 
to perform on an actual flap position system. 

25 
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Frame 1 

Section C 

(3ABR32632B ONLY) 

In order to achieve the ability to adapt the F-111 fighter-bomber 
to any combat situation, it uses a wide variety of control surface 
configurations. To provide for a safe flight and completion of the 
mission, these control surfaces must be monitored continuously throughout 
the flight. As displayed by figure*1 below, there are seven control 
surfaces to be monitored and this is done by the use of two multi-display 
indicators. 

Wingsweep-Flap/Slat 
Position Indicator 

SPOILfR 
-- L 'ON t J^ON_ j | O N j - - t ^ ; P • 

UP / ' ' . , ' , • ••,. . . ' • 

^ 70 ' . . RUDOERI. , 

TAIL 20 c 

•Control Surface 
Fositlon Indicator ) 

RUDDER' 

HORIZONTAL 
.S-rABILIZERS 

Figure 1. 

Circle the letter of the correct response to the following statement. 

1. Two multi-display indicators show the position of how many 
different control surfaces? 

a. 3 

b. 5 

c. 7 

d. 9 

4:j 
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Frame 2 •iS^ 

The first of the two multi-display indicating systems that will 
be discussed is the wingsweep-flap/slat position indicating system. 
The purpose of this system is to provide a visual display of the desired 
wingsweep,' actual wingsweep, flap position, and the slat/auxiliary flap 
position. 

Circle the letter of the correct response to the following statement. 

1. What does the wingsweep-flap/slat position indicating system 
indicate? 

a. Wingsweep position, flap position, and slat position. 

b. Desired wingsweep position, actual wingsweep position, 
flap position, and slat/aux flap position. 

c. Flap position, wingsweep position, and horizontal 
stabilizer position. 

d. Desired wingsweep position, desired flap position, and 
slat position. 

) 

Answer to Frame 1: 1. c 

; 27 
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Frame 3 

The wingsweep section of the system contains two indications 
displayed on a scale graduated frnm 16° to 72.5°. As shown below 
in figure 2, the two indications are desired wingsweep position, and 
actual wingsweep position. Each of the two indications is controlled 
by signals from a synchro transmitter. 

ACTUAL WING 
SWEEP POINTER 

DESIRED WINGSWEEP 
POSITION 

Figure 2. 

Mark the following statements as TRUE (T) or FALSE (F). 

_1. The wingsweep portion of the indicator displays two indications. 

_2. The wingsweep scale is graduated from 16° to 72.5°. ) 

_3. Two synchro receivers are used for each indication. 

4'-:. 

Answers to Frame 2: 1. b 

28 
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Frame 4 

The des i red wingsweep t r a n s m i t t e r i s a synchro t r ansmi t t e r and i s 
located on the wing-flap pos i t i on contro l box. The ro to r of the t rans­
mi t te r w i l l be mechanically reposi t ioned whenever the p i l o t manually 
moves the wingsweep handle . See f igure 3 below, ' 

ELECTRICAL 
CONNECTOR 

DESIRED 
WINGSWEEP 
TRANSMIHER 

WING AND 
FLAP 
POSITION 
CONTROL 
BOX 

WING SV/EEP 
CONTROL 
VALVE 
PUSH-PULL 
ROD 

. ) Figure 3. Wing-Flap Position Control Box. 

Mark the following statements as TRUE (T) or FALSE (F). 

_1. The desired wingsweep synchro-transmitter is repositioned 
by the wingsweep control handle. 

_2. The desired wingsweep transmitter is located on the wingsweep 
handle. 

3. Desired wingsweep is selected by the pilot. 

Answers to Frame 3; T 1, T 2. F 3. 
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Frame' 5-

The wingsweep sensor (actual wingsweep transmitter) monitors the 
position of the wings by the use of a synchro-generator. This sensor 
is mounted at the left wing pivot and is repositioned by the wings as 
they are moving. See figure 4 below. 

WING SWEEP 
SENSOR 

• ) 

) . 

Figure 4. 

4SJ 
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463-
Frame 5 (Continued) 

Circle the correct response to the following statements. 

1. The wingsweep sensor contains a 

a. magnetic sensor. 

b. synchro generator. 

c. synchro receiver. 

d. soft iron core. 

2. The wingsweep sensor is repositioned by the 

a. wingsweep handle. 

b. wing-flap position control box. 

c. wings. 

d. wingsweep hydraulic control valve. 

Answers to Frame 4: T 1. F 2. T 3. 
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Frame 6 

Remove Handout 3ABR32632B-H0-302 (found at the end of this 
programmed text). Use figure 1 of Handout 3ABR32632B-HO-302 with 
the explanation of frame 6 and frame 7. 

As the pilot moves the wingsweep control handle, the rotor of the 
desired wingsweep transmitter is mechanically repositioned. When this 
rotor is turned, the wye wound stator assembly senses a change in 
voltage which has been induced into each stator lead by transformer 
action. This change in voltage is transmitted to the stator leads of 
the receiver synchro in the indicator and sets up a new magnetic field. 
This magnetic fie],d, through magnetic attraction, repositions the indi­
cator rotor. When this rotor is turned, the desired wingsweep pointer 
is positioned, through mechanical linkage, to the position the pilot has 
selected. In this way the pilot can choose to what position the wings 
will be swept. 

Circle the correct response to the following statement. 

1. The Indicator rotor is repositioned by 

a. magnetic repulsion. 

b. magnetic attraction. 

c. mechanical linkage. 

d. a gear train. J 

4 Q -

Answers to Frame 5: 1. b 2. c 

) 
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Frame 7 

Use figure 1 of Handout 3ABR32632B-H0-302 with the explanation 
in this frame. 

At the same time the desired wingsweep signal is being transmitted 
to the desired wingsweep pointer, a hydraulic control valve is opened 
and the wings begin to move. As the wings move, the rotor of the 
wingsweep sensor is repositioned. The rotor then, through transformer 
action. Induces different voltages into the three stator leads of the 
wingsweep sensor. This Induced voltage of the stator leads is trans> 
mltted to the stator leads of the receiver synchro in the indicator. 
The indicator rotor is then turned by the magnetic fields set up by 
the indicator stators. This la turn places the actual wingsweep pointer 
to the position that agrees with the actual position of the wings. 

Mark the following statements as TRUE (T) or FALSE (F). 

1̂. The wingsweep sensor is positioned by the wingsweep handle. 

_2. The actual wingsweep pointer follows the wingsweep angle. 

) 

Answers to Frame 6: 1. b 

; 
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Frame 8 

The second section of the wingsweep-flap/slat position indicating 
system is the flap position section. The flap position transmitter is 
located tinder a cover on the flap/slat main drive actuator and is a 
remote synchro transmitter. The flap position is displayed on the 
wingsweep flap/slat position indicator by a pointer on a scale graduated 
from 0" to 40" down and operates by a receiver synchro located in the 
indicator. See figure 5 below. 

FUP 
-POSITION 
TRANSMrtTER 

MAIN FLAP 

Wingsweep-Flap/Slat 
Position Indicator 

} 

Flap/Slat Main Drive Actuator 

Figure 5. 

Mark the following statements, as TRUE (T) or FALSE (F). 

1̂. The flap position transmitter is located on the flap/slat 

main drive actuator. 

2. The main flap position display on the wingsweep-flap/slat 

position indicator is synchro operated. 

3̂. The flap position scale is graduated from 0° to 40" down. 

Answers to Frame 7: F 1. T 2. 4 ^ / 

)i 
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Frame 9 

Refer to figure 2 of Handout 3ABR32632B-HO-302 while reading 
this frame. 

i^en the pilot places the flap/slat handle to the flap down posi­
tion a hydraulic control valve is opened and thus the main flaps begin 
to extend from the trailing edge of the wing. As the flaps begin to 
move the rotor of the flap position transmitter is turned. When the 
flap position transmitter rotor is turned, a voltage is induced through 
the transmitter stators to the stators of the flap position receiver in 
the wing3weep-flap/slat position indicator. The induced voltage of the 
stators creates a magnetic field which turns the rotor of receiver 
synchro. This rotor then positions the pointer to a position corres­
ponding to the degrees of extension in which the flaps have been placed. 

NO RESPONSE REQUIRED 

) 

Answers to Frame 8: T 1. T 2. T 3. 
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Fraril̂  10 

Thus far, we have dealt only with the remote synchro indicating 
portions of the wingsweep-flap/slat position indicating system. In 
the following frames we will cover the magnetic solenoid operated 
slat and auxiliary flap display. 

NO RESPONSE REQUIRED 

> 

• ^ 

Answers to Frame 9: NO RESPONSE REQUIRED 
4F / 
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Frame 11 m 
The position of the slats and the auxiliary flaps is displayed by 

a four position solenoid operated semicircular device. The four posi­
tions are shown in figure 6 below. The four positions are: "UP," 
when the slats and the auxiliary flaps are streamlines (inside the 
wing), "BOTH DOWN," when the slats and auxiliary flaps are fully 
extended, "SLAT DOWN," when only the slats are extended, and "CROSSHATCH," 
whenever the surfaces are moving or when power has been lost to the 
system. 

) 

n 

, ^ 

WIMG SWEEP FLAP/SLAT 
INDiCATOR 

SLAT 
DN 

BOTH 
ON 

Figure 6, 

Circle the letter of the correct response to the following 
statements. 

1^ A CROSSHATCH Indication means that 

a. power has been lost from the system. 

b. the surfaces are moving or power has been lost from the 
system. 

c. the surfaces are moving or transmitter failure. 

2. The "UP" and "BOTH DOWN" indications refers to the 

a. spoilers and main flap positions. 

b. slats and wingsweep positions. 

c. slats and auxiliary flap positions. 

Answers to Frame 10: NO RESPONSE REQUIRED 
37 
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Frame 12 

Refer to figure 3 of Handout 3ABR32632B-HO-302 while reading 
frames 12 through 15. 

The "CROSSHATCH" design will ap-ear in the slat/auxiliary flap 
window of the wingsweep-flap/slat position indicator whenever power 
is lost from the system and also whenever the surfaces are moving. 
Look at figure 3. When the circuit breaker CB-1 is open, no power 
is applied to any of the three coils in the wingsweep-flap/slat . 
position indicator. Notice that there is a hairspring attached to 
the indicator' drum ̂  This hairspring is attached in a way to make the 
"CROSSHATCH" indication the neutral (center) position of the drum 
With this type of set up, whenever power is lost the indicating drum 
will be rotated to the "CROSSHATCH" indication by the hairspring 
tension. 

Now, let's engage (close) CB-1. Power is applied to the system 
and depending on the position of the mechanical switches, the 
"CROSSHATCH" will be removed from the window. If the surfaces are 
moving, the mechanical switches are also moving between contact points. 
In effect, power has been removed from the coils and the "CROSSHATCH" 
will appear in the window. 

Mark the following statements as TRUE (T) or FALSE (F). 

1̂. The hairspring is neutral when the indicator is "BOTH DOWN." 

2. 

3. 

When the surfaces are moving, no mechanical switches are 
closed. 

With the circuit breaker, CB-1 open, the "CROSSHATCH" will 
appear. 

) 

4;*i. 

Answers to Frame 11: 1. b 2. c 
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Frame 13 

The "UP" indication appears in the indicator window when the slats 
and aux flaps are streamlined (inside the leading edge of the wing). 
Let's set up this situation using figure 3 of 3ABR32632B-HO-302. First 
close CB-1. Now observe the switch labeled "Slat Return Indicator," 
it is closed when the slats are in the streamlined position (0%). 
This provides a ground for the Up coil of the indicator. To complete 
the circuit, locate the top contacts of the aux flap actuator switches. 
These switches will be in the up position whenever thfe aux flaps are 
streamlined. Now trace the circuit from ground to the Up coil, through 
the closed top contacts of the aux flap actuator switches to CB-1. 
This allows the Up coil of the indicator to energize and pull the drum 
counterclockwise to the "UP" display of the indicator. 

Using figure 3, circle the letter of the correct response to the 
following statements. 

1. The Up solenoid coil ground is provided by the 

a. aux flap actuator 100% switches. 

b. slat 70% switches. 

c. slat retam Indicator 0% switch. 

2. The indication "UP" will appear when the slats and aux flaps 
are 

a. moving. 

b. deployed. 

c. inoperative. 

d. streamlined. 

Answers to Frame 12: F 1. T 2. T 3. 
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Frame 14 

The pilot can extend the slats without extending the aux flaps. 
This is possible due to the fact that the slats must, be fully extended 
before the aux flaps begin to extend. When this occurs, fhe two slat 
position monitor 70% switches, shown in figure 3 of 3ABR32632B-HO-302, 
close as the slats reach the 70% extension point. At this time the slat 
return indicator switch opens. A path to ground is now provided for the 
slat down solenoid coil in the indicator. Since the aux flaps have not 
been extended, the aux flap actuator switches will still be in the 0% 
position. With CB-1 closed, we can trace a complete circuit from the 
ground at the slat position monitor through the slat down coil to the 
circuit breaker. Now that the slat down coil has been energized, the 
indicator drum would be pulled clockwise to the "slat down" position. 

Circle the letter of the correct response to the following 
statements. 

1. When the slat down coil is energized, the dial rotates to 
what position? 

a. "UP' 

2. 

b. "Crosshatch" 

c. "Slat down" 

d. "Both down" 

With the slats down, 

a. the slat return indicator switch closes. 

b. circuit breaker CB-1 opens. 

c. one slat position monitor switch closes. 

d. both slat position monitor switches close. 

) 

4;'3 

Answers to Frame 13: 1. c 2. d 

) 

40 



Frame 15 

The pilot may also extend both the slats and aux flaps. When 
this occurs the slats are fully extended before the aux flaps begin 
to extend. Using figure 3 of 3ABR32632B-HO-302 for this condition, 
the following will occur. With the slats fully extended, the slat 
position monitor switches are closed and the atix flap actuator switches 
are closed to the top contacts. This causes the "slat down" indication 
to be displayed by the indicator. As the aux flaps begin to extend the 
aux flap actuator switches open and the indicator will display the 
"Crosshatch" indication until the aux flaps are fully extended. When 
the aux flaps reach full extension th^ aux flap actuator switches close 
to the bottom contacts and complete the circuit for the both down coil. 
Now trace the circuit from the slat position monitor ground through 
the both down coil to the bottom contacts of the aux, flap actuator 
switches and onto the circuit breaker. With the both down coil ener­
gized, the indicator will display the "both down" indication. 

Mark the following statements as TRUE (T) or FALSE (F). 

1. The slats will extend fully before the aux flaps begin to 
move. • • -> 

) 

_2. When the aux flaps are fully extended, the aux flap actuator 
switches close to the bottom contacts. 

_3. The ground for the both doxm coil is provided by the slat 
return indicator switch. 

Answers to Frame 14: 1. c 2. d 

^ 0 / 
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Frame 16 

The wingsweep-flap/slat position indicating system that we have 
previously discussed displayed the position of the aircraft surfaces 
that create and majjitain lift. The second system we will discuss is 
the control surface position indicating system. This system is used 
to provide a visual display of the position of the left and right 
horizontal stabilizer, rudder, and spoilers. See figure 7 below. 
These surfaces are used to control the aircraft in pitch, roll, and 
yaw. 

y SPOILER X. 

i . up/v' .. 
I 30 ^^ 

-20 ^ RUDDER 

Control Surface Position 
Indicator 

Figure 7. 

Circle the letter of the correct response to the following 
statements. 

1. The control surface position ind:?eating system shows 

a. rudder, wingsweep, and spoiler positions. 

b. horizontal stabilizers, rudder, and spoiler positions. 

c. horizontal stabilizers, rudder, and flap positions. 

2. Control surfaces control the aircraft in 

a. pitch, roll, and lift. 

b. roll, drag, and yaw. 

c. roll, pitch, and yaw. 

3 

4P;j 

Answers to Frame 15: T 1. T 2. 

4^ 

F 3. 

; 
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Frame 17 

The right and left horizontal stabilizers positions are displayed 
by two pointers that rotate Independently of each other and are 
referenced against an Indicator scale graduated from 20° TED (trailing 
edge down) to 30° TEU (trailing edge up) in 2" increments. See figure 
8a below. Whe.ii the horizontal stabilizers move in the same direction 
(symmetrical), the aircraft moves in pitch. As the horizontal stabi­
lizers move in opposite directions (assynanetrical), the aircraft moves 
in roll. The right pointer has a semicircxilar disc marked with RWD 
(right wing down) and LWD (left wing down) attached to the base of it. 
See figure 8b below. The left pointer has a small triangular pointer 
attached to its shaft. See figure 8c below. As the pointers are 
repositioned by the stabilizers, the semiciixular disc and the triangular 
pointer are also repositioned to display the roll condition of the 
aircraft. 

/ SPOILER X 
.DNI 1DN1-[DN1 [DN]R>\ 

UP / ' v 

HORIZ 
MAP 

Figure 8b 

A 
> 

Figure 8c 

HORIZONTAL 
STABILIZERS 

Figure 8a 

Mark the following statements as TRUE (T) or FALSE (F). 

1. The horizontal stabilizer pointers are turned together. 

2. The horizontal stabilizer scale is graduated from 20" TED 
to 30° TEU. 

_3. The triangular pointer and semicircular disc display the roll 
condition of the aircraft. 

Answers to Frame 16: 1. h 2. c 

J 
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Frame 18 

The transmitters for the horizontal stabilizers positions are 
synchro transmitters and are located one on each pivot shaft of the 
horizontal stabilizers. See figure 9 below. 

Use figure 4 of 3ABR32632B-H0-302 and trace the synchro operated 
signal flow from the horizontal stabilizer synchro transmitters to the 
horizontal stabilizer pointers in the control surface position indicator. 

HORIZONTAL STABILIZER 
POSITION TRANSMITTERS 

) ) 
Figure 9. 

Circle the letter of the correct response to the following 
statement. 

1. The synchro transmitters for the horizontal stabilizers 
are located 

a. on the indicator. 

b. on the stabilizers. 

c. on the stabilizer's pivot shafts. 

Answers to Frame 17: F 1. T 2. T 3 . 4 P V 

44 
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Frame 19 

The rudder portion of the control surface position indicating 
system is also a remote synchro system like that of the horizontal 
stabilizer position system. The rudder transmitter is located on the 
rudder pivot shaft as shown in figure 10a below. The indicator display 
for the rudder position is a pointer referenced to a scale graduated 
from 30° left of center to 30° right of center with 0° as the center 
position. See figure 10b below. 

Using figure 4 of 3ABR32632B-HO-302, trace the rudder signal flow 
as you did for the horizontal stabilizers. 

) 

RUDDER 

POSITION ! 
TRANSMITTER I 

/ SPOILER \ 
^ [DN] [DN] [DN| [DNIR^ 

UP /''/, 

\ ° 2 0 ''- RUDDER 

Figure 10a. 

HORIZ- I 
\TAIL 20 

Figure 10b J 

RUDDER 

Circle the letter of the co "rect response to the following 
statement. 

1. The rudder position scale is graduated from 

a. 15° left to 15° right of center. 

b. 30° left to 30° right of center. 

c. 0° to 60°. 

Answers to Frame 18: 1. c 

) 
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Frame 20 

The last portion of the control surface position indicating 
system to be discussed is the spoiler section. The indicator display 
of the spoiler position is a four window display as shown in figure 
11a below. There is one window for each spoiler and the display is 
controlled by four solenoid coils in the indicator. Each window can 
display one of two Indications: Down and Blank. These indications 
can be seen in figure lib below. 

) 

SPOILER 
POSITION 

BLANK 
(NOT DOWl) 

DOWN 

Figure 11a Figure lib \ 

Circle the letter of the correct response to the following 
statements. 

1. The control surface position indicator contains how many 
spoiler windows? 

a. 2. 

b. 3. 

c. 4. 

d. 6. 

2. The two positions of the spoiler windows are 

a. Up and Blank. 

b. Up and Down. 

c. Down and Blank. 

Answers to Frame 19: 1. b 

4;\) 

3 

) 
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Frame 21 

Each of the four solenoid coils in the control surface position 
indicator are controlled by a microswitch that is located on the wing 
where the spoiler makes contact while, in the Down position. 

Refer to figure 4 of 3ABR32632B-HO-302 for use with the following 
explanation. 

As long as the spoilers are in the Down position> the spoiler 
retract microswitches are closed. With these microswitches closed, 
the solenoid coils in the indicator are supplied with a ground and 
can energize and hold the "Blank" shutter out of view. Whenever the 
spoilers raise the spoiler retract microswitch will open and remove 
the ground for the solenoid coils. At this time the solenoid coils 
deenergize and the "Blank" shutter will be pulled by a hairspring over 
the "Down" Indication. 

Circle the letter of the correct response to the following 
statement. 

1. What Indication will be displayed in the spoiler windows 
when the spoiler retract microswitches are closed? 

J' 

a. 

b . 

c . 

Up. 

Down. 

Blank. 

Answers to rtame 20: 1< c 2. c 

; 
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Frame 22 

Match the components listed in column B to the functions listed 
in colvimn A by placing the letter of the component in the space 
provided. 

B 

_1, Moved by the wingsweep 
control handle 

__2. Monitors the angle of 
wingsweep. 

_3. Repositions the flap position 
synchro transmitter. 

_4. Indicates two wingsweep 
positions; main flap and 
slat/aux flap positions. 

_5. Indicates a power failure 
to the wingsweep/flap/slat 
indicator. 

_6. Shows the positions of the 
rudder, two horizontal-
stabilizers and spoilers. 

_7. 4 position solenoid display. 

8. • Their position is read on a 
scale of 30" TEU to 20° TED. 

_9. Repositioned by the rudder 
pivot shaft. 

a. Wingsweep Sensor. 

b. Control Surface 
Position Indicator. 

c. "Crosshatch" 

d. Horizontal Stabilizers. 

e. Desired Wingsweep 
Transmitter. 

f. Rudder Position 
Transmitter. 

g. Hairspring. 

h. Flap/Slat Main Drive 
Actuator. 

i. Spoiler Windows. 

j. Wingsweep Flap/Slat 
Indicator. 

) 

_10. Pulls a shutter over the DN 
when the spoilers are up. 

Answers to Frame 21: 1. b 

Answers to Frame 22: • e 1. 

b 6. 

_a 2, 

i 7. 

h 3. 

d 8. 

•1 A. 5. 

f 9. f, 10. 

Retuim to the beginning of the programmed text and review the 
objective. When you are satisfied that you know and understand the 
material, you will take an appraisal. 

b'V 
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INSPECTION, OPERATIONAL CHECK, TROUBLESHOOTING, 
AND BENCH CHECK OF POSITION INDICATING SYSTEMS 

OBJECTIVES 

Given a workbook and trainers, perform an inspection and operational 
check of Position Indicating Systems with an accuracy of 100% correct 
workbook responses. 

Given a workbook, test equipment and trainers, troubleshoot Position 
Indicating Systems with an accuracy of 100% correct workbook responses. 

Given a workbook, test equipment, and trainers, bench check Position 
Indicating Systems with an accuracy of 100% correct workbook responses. 

SECTION A 

EQUIPMENT 

Wheel Position Indicating Trainer 
Multimeter 
3ABR32531-WB-201 
3ABR32531-HO-201 -

Basis of Issue 
1/2 students 
1/2 students 
1/student 
1/student 

6. Using the multimeter, and the schematic on the trainer, locate the 
trouble indicated. Record the trouble indication in your response booklet. 

PROCEDURE 

Follow the procedures carefully and make the appropriate responses 
in your response book. After completing the workbook your instructor 
will check your responses for accuracy. 

CAUTION: Remove all jewelry before performing the following procedures! 
Be sure that the trainer is not connected to the 28V DC power 
supply. 

Place a checkmark (/) on the proper blank in your response book 
indicating the condition or proper operation of the unit. 

J 

Supersedes 3ABR32531-WB-202 and 3ABR32632B-WB-i'02, 28 March 1977. 
OPR: 3360 TCHTG 
DISTRIBUTION: X 

3360 TCHTG/TTGU-F - 200; TTVSA -rl , 7 
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1. 

2. 

3. 

4. 

5. 

6. 

Part 1. INSPECTION AND OPERATIONAL CHECK 

Disconnect front and rear connector plugs on trainer. 

Inspect the Wheel Position Indicator for: SAT. 

Security of mounting _____ 

Dented or cracked case ' 

Loose or cracked glass 

a. 

b. 

c. 

d. Connector plug and pins for damage and 
corrosion 

UNSAT. 

SAT. UNSAT. 

SAT. UNSAT. 

Inspect system wiring for condition: 

• a. Frayed wires 

b. Broken wires 

c. Bent or broken pins on connector plugs 

d. Cracked or broken connector plugs i 

Inspect circuit breaker for: 

a. Security of mounting 

b. Cracked case 

c. Terminals for looseness and corrosion 

d. Positive action (PUSH, PULL). 

Inspect microswltches for: 

a. Security of mounting 

b. Loose terminals 

c. Cracked or broken switch case 

Reconnect front and rear connector plugs. 

Note: Make sure keyways are aligned. Tighten plug finger tight. 

Make sure all trouble switches on the side of the trainer are to the 
"OUT" position. Make sure circuit breaker is pulled. 

SAT. UNSAT. 

0"., 
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7. 

8. 

9. 

Connect trainer to 28V DC power outlet and begin operational check, 

a. Push circuit breaker in. 

Hold the landing gear in the DOWN position 
so that the microsvitch is closed. 
Indicator indicates DOWN and locked* 

Place landing gear in the UI7SAFE position. 
The indicator indicates UNSAFE. 

SAT. UNSAT. 

10. Hold landing gear in the UP position. 
The indicator indicates UP. 

Part 2. TROUBLESHOOTING 

Place a checkmark (/) beside the indicated readings and circle the 
number of the most probable location of the malfunction of the Trouble 
Switches #1 and #2. 

1. Place troiible switch //I to the IN position. 

a. Hold the landing gear to the DOWN and locked 
position to activate the DOWN microswitch. 

The indicator indicates (DOWN and LOCKED ), 
(UNSAFE ) , (UP and LOCKED ). 

b. Place the landing gear to the UNSAFE position. 

The indicator indicates (DOWN and LOCKED ), 
(UNSAFE , ) , (UP and LOCKED ) . 

SAT. UNSAT. 

Hold the landing gear to the UP and LOCKED position 
to activate the UP microswitch. 

The indicator indicates (DOWN and LOCKED ) , 
(UNSAFE ) , (UP and LOCKED ). 

d. The most probable location of the malfunction is: 

(1) Between the UP and LOCKED microswitch and the DOWN coil 
of the indicator . 

(2) Between the DOWN and LOCKED microswitch and the DOWN coil 
of the indicator . 

(3) Between the UP and LOCKED microswitch and the UP coil 
of the indicator 
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2. 

3. 

4. 

5. 

6. 

Place trouble switch //I to the OUT position and trouble switch iil to 
the n^ position. 

a. Hold the landing gear to the DOWN and LOCKED 
position to activate the DOWN ndcroswitch. SAT. UNSAT. 

The indicator indicates (DOWN and LOCKED ), 
(UNSAFE ), (UP and LOCKED ). 

b. Place the landing gear to the UNSAFE position. 

The indicator indicates (DOWN and LOCKED ), 
(UNSAFE ), (UP and LOCKED ). 

c. Hold the landing gear to the UP and LOCKED 
position to activate the UP ndcroswitch. 

The indicator indicates (DOWN and LOCKED> ). 
(UNSAFE ), (UP and LOCKED ). 

d. The most probable location of the malfunction is: 

(1) Between the DOWN and LOCKED switch and the circuit 
breaker _. 

(2) BettJeen the UP and LOCKED switch and the UP coil of the 
indicator . 

(3) Between the UP and LOCKED switch and the DOWN coil of the 
indicator . 

CAUTION: PULL CIRCUIT BREAKER AND DISCONNECT TRAINER POWER PLUG 
IROM OUTLET. 

Prepare the multimeter for troubleshooting. 

a. Connect red lead to the red receptacle and the black lead to the 
black receptacle. 

b. Place FUNCTION switch to OHMS. 

Place RANGE switch to the OHMS X 1 position. c. 

d. Short the red and black leads together and zero the meter with 
the OHMS ZERO ADJUST KNOB. 

Disconnect the front and rear connector plugs from the trainer. 

Place trouble switch #2 to the OUT position and //I to the IN position. 

Using the multimeter, and the schematic on the trainer, locate the 
trouble indicated. Record the trouble indication in your response 
booklet. 
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7. 

8. 

9. 

NOTE: TROUBLE WILL NOT BE FOUND BETWEEN MICROSWITCH AND THE FEMALE 
CONNECTOR AT THE REAR OF THE TRAINERI 

Record the location of the trouble by circling the letter of the 

correct statement. 

a. Open D77A20N'. 

b. D113B20 Open. 

c. Open "A" between female indicator connector ani test point A. 

d. Open "C" between female indicator connector and test point C. 

•Place //I trouble switch to the out position, and place #2 troubia 
switch to the in position. 

Record the location of the trouble by circling the letter of the 
correct statement. 

Open D114B20. a. 

b. 

c. 

Crossed A & C leads at indicator connector. 

Crossed B & C leads at indicator connector. 

10. Place //2 trouble switch to out position. 

Part 3. BENCH CHECK 

Reconnect the front connector plug. 1. 

2. Using the multimeter, measure the resistance of the indicator coils 
at.the,indicator test points A, B, C,. Record these resistance values 
in the proper blanks and place a checkmark (/) in your response booklet 
to indicate whether the value is Satisfactory or Unsatisfactory. 

3. Place multimeter range switch on OHMS X 100. 
OHMS 

a. Test point A to test point B 
( 1050 ohms ± 20% ) 

b. Test point B to test point C 
( 1050 ohms ± 20% ) 

c. Test point A to test point C 
( 2200 ohms ± 20% ) 

SAT 
" • • 

UNSAT 

4. 

5. 

6. 

7. 

Reconnect rear connector plug on trainer finger tight. 
(Make sure KEYWAY is aligned.) 

Place multimeter FUNCTION switch to DC VOLTS and the RANGE switch 
to 1000. (Safety L position). 

Disconnect leads from multimeter. 

Place multimeter and leads back into the meter cabinet. 

5"; 
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8. Place trainer back on proper shelf. 

9. Have Instructor check your workbook. 

SECTION B 

EQUIPMENT 

Flap Position Indicator Trainer 
Multimeter 

3ABR32531-WB-201 
3ABR32531-H0-201 

3ABR32531-WB-201 

Basis of Issue 
1/2 students 
1/2 students 
1/student 
1/student 

PROCEDURE 

Remove all jewelry. 

Be sure the trainer is not connected to the power source. Disconnect 
the connector plugs at the indicator and transmitter. Pull circuit breaker 
on trainer. 

NOTE: OBTAIN ALL EQUIPMENT BEFORE STARTING LAB/PROJECT. 
Place a checkmark (/) in your response book indicating the 
condition or proper operation of the unit. 

1. 

Part 1. INSPECTION AND OPERATIONAL CHECK 

Inspect the Flap Position Indicator for: SAT. 

a. Security of mounting __«_ 

Loose or cracked glass 

Condition of dial and pointer 

Dented or cracked case 

UNSAT. 

b. 

c. 

d. 

e. Connector plug and pins for damage or 
corrosion 

2. 

3. 

Inspect the Flap Position Transmitter for: 

a. Security of mounting 

b. Dented or cracked case 

c. Connector plug pins for damage or 
corrosion 

Inspect the circuit breaker for: 

a. Security of mounting 

SAT. UNSAT. 

SAT. UNSAT. 

b. Dented or cracked case 5'^.-j 
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4. 

5. 

6. 

7. 

8. 

9. 

c. Terminals for looseness and corrosion 

d. Positivtj action (push-pull) 

Inspect system wiring for: SAT. UNSAT. 

a. Frayed wires 

b. Broken wires-

c. Cracked or broken connector plugs (2 each) 

Reconnect front and rear connector plugs on trainer. 

Connect trainer to 28V DC outlet and bagin operational check. 

Caution: Make sure all trouble ^witches are to the OUT position. 

Place' flap to UP position. 

a. Indicator indicates (flap up ) , (flap down ), (flap offscale 
up., • ) . (flap 15* ) . 

b. Push circuit breaker in. Indicator indicates (flap up ) , 

(flap down )» (flap offscale up ) , (flap* 15* ) . 

Place flap to 15' mark on trainer. 

a. Indicator indicates (flap up ), (flap down ) , (flap offscale 
^ up ) , (flap 15' ). 

b. Pull circuit breaker. Indicator Indicates (flap up ), 
(flap ^ovm._^, (flap offscale up ) , (flap 15' _ ) . 

c. Reset circuit breaker. Indicator indicates (flap up ^), 
(flap down ), (flap offscale up ) , (flap 15' ) . 

Place flap to DOWN position. 

a. Indicator indicates (flap up ) , (flap down ), (flap offscale 
up _), (flap 15' ). 

b. Pull circuit breaker. Indicator indicates (flap up ), 
(flap down ), (flap offscale up ), (flap 15' ) . 

c. Reset circuit breaker. Indicator indicates (flap up ) , 
(flap down ) , (flap offscale up ) , (flap 15' 

10. Place flap to UP position and pull circuit breaker. 

0 
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Part 2. TROUBLESHOOTING 

1. Prepare the system for troubleshooting as follows: 

a. Insure that the circuit breaker is pulled out. 

b. Insure that wing flap is in the UP position. 

c. Insure that all trouble switches are to the OUT position. 

d. Ptish In circuit breaker. 

2. Place trouble switch #1 to the IN position. 

a. Place flap in UP position. 

Indicator indicates 

• 

b. Place flap to 15* mark on trainer. 

Indicator indicates 

c. Place flap to DOWN position. 

Indicator indicates 

3. Place trouble switch #1 to the OUT position and switch #2 to the 
IN position. 

a. Place flap in UP position. 

Indicator indicates 

b. Place flap to 15° mark on trainer. 

Indicator indicates 

c. Place flap to DOWN position. 

Indicator indicates 
up ), (flap 15° ). 

4. Place trouble switch //2 to the OUT position and switch //3 to the 
IN position. 

':> I > 
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a. Place flap in UP position. 

Indicator indicates 

b. Place flap to 15** mark on trainer. 

Indicator indicates 

c. Place flap to DOWN position. 

Indicator indicates 

5. Place trouble switch //3 to the OUT position and switch y/4 to the 
IN position. 

a. Place flap in UP position. 

Indicator indicates 

b. Place flap to 15'' mark on trainer. 

Indicator indicates 

c. Place flap in DOWN position. 

Indicator indicates 

6. Place trouble switch /M to the OUT position and switch //5 to the 
IN position. 

a. Place flap in UP position. 

Indicator indicates " ~ 

b. Place flap to 15° mark on trainer. 

Indicator indicates ° 

c. Place flap in DOWN position.. 

Indicator indicates 

51.. 
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7. Place trouble svritch //S to the OUT position and switch //6 to the IN 
position. 

a. Place flap in UP position. 

Indicator indicates. 

b. Place flap to 15° mark on trainer. 

Indicator indicates 

c. Place flap in DOWN position. 

Indicator indicates 

8. Place switch #6 to the OUT position, 

PULL CIRCUIT BREAKER AND DISCONNECT TRAINER PLUG FROM OUTLET. 

DISCONNECT FRONT AND REAR CONNECTOR PLUGS ON TRAINER. 

9. Obtain a multimeter and a red and black lead from the meter cabinet. 
Connect the red I'ead to the red receptacle and the black lead to the 
black receptacle. 

a. Place Function switch to OHMS. 

b. Place Range switch to OHMS XI. 

c. Short the red and black leads together and 25ero the meter using 
the OHMS ZERO ADJUST KNOB. 

10. Using the multimeter and the schematic provided on the trainer, 
locate and record the trouble Indicated. 

Note: Use TEST POINTS on trainer ONLY. 

EXAMPLE: #D7A20 OPEN, SHORT OR CROSSED WIRES. 

a. Place trouble switch //I to the IN position. 

WIRE // „ _ _ „ _ _ _ _ _ _ _ CAUSE 

b . Place troiible switch //I to the OUT pos i t ion and t rouble switch 
//2 to the IN p o s i t i o n . 

WIRE // CAUSE 

5 » ; > 
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c. Place trouble switch //2 to the OUT position and trouble switch 
#3 to the IN position. 

WIS2 # CAUSE 

d. Place trouble switch //3 to the OUT position and trouble switch 
/M to the IN posit ion. 

WIRE // CAUSE 

e. Place trouble switch H to the CUT position and trouble switch 
//S to the IN position. 

WIRE // CAUSE 

f. Place trouble switch #5 to the OUT position and trouble switch 
H to the IN position. 

WIRE // CAUSE 

g. Place trouble switch //6 to the OUT position. 

11. Have Instructor check your workbook. 

Part 3, BENCH CHECK ' 

Reconnect the front connector plug to indicator. 1. 

2. 

3. 

4. 

CAUTION: Make sure trainer plug is disconnected from 28V DC and all 
trouble switches are to the OUT position. 

• 
Using the multimeter, perform a resistance check on the Indicator 
and transmitter lAW the instructions below. Record these resistance 
values in the proper blanks in your response booklet and place a (/) 
to indicate whether the value is Satisfactory or Unsatisfactory. 

Check the resistance of the indicator colls at the indicator test 
points A, B and C with ohmmeter on XIO range. 

Note: The resistance values should be the same for each measurement. 

OHMS SAT UNSAT 

a. Test Point A to Test Point B 

b. Test Point A to TesC Point C 

c. Test Point B to Test Point C 

Disconnect front connector plug and connect rear connector plug to 
transmitter. 

fT 1 ^ 
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5. Check resistance of the transmitter at the transmitter test points 
At B, C. 

OHMS SAT UNSAT 

a. Test Point A to Test Point B 

b. Test Point A to Test Point C 

c. Test Point B to Test Point C 

6. Reconnect front connector plug on trainer. 

7. Place FUNCTION switch on the multimeter to DC VOLTS and RANGE switch 
to 1000. (Safety L position) 

8. Disconnect leads from the multimeter. Return multimeter and leads to 
meter cabinet. Erase your name on the signout board. 

9. Return trainer to proper shelf. 

'̂•i 
13 
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UNIT 201 
POSITION INDICATING SYSTEMS ' 
Section A. WHEEL POSITION 

Part I. INSPECTION AND OPERATIONAL CHECK 

INSPECTION 

SAT UNSAT 1 

l.a 2.a 
b b 
c c 
d d 

OPERATIONAL CHECK 

SAT UNSAT 

8. Down ' 

1. Sw //I to IN position 

a. Down and locked 

b. Unsafe 

c. Up and locked . 

SAT UNSAT SAT UNSAT 

3.a 
b 
c 
d 

SAT UNSAT 

9. Unsafe 10. 

Part II. TROUBLESHOOTING 

(Indicator Indicates) 

I 

Up 

SAT UNSAT 

A.a 
b 
c 
d 

SAT UNSAT 

SAT UNSAT 

d. Most probable location of malfunction (iJse / Check Mark) 

(1) 
(2) 
(3) 

2. Sw //2 to IN position (Indicator Indicates) 

a. Down and locked 

b. Unsafe 

c. Up and locked 

SAT UNSAT 

d. Most probable location of malfunction (Use / Check Mark) 

(1) . 
(2) . 
(3) . 

Record the location of the trouble by circling the letter of the correct 
statement. 

7. Sw //I to IN Position 
a. 
b. 
c. 
d. 

9. Sw iil to IN Position 
a. 
b. 
c. 
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Part III. BENCH CHECK 

3. Measure resistance of indicator coils OHMS 

a. A to...B,, 

b. B to C 

c. A to C 

Section B. FLAP POSITION 

Part I. INSPECTION AND OPERATIONAL CHECK 

INSPECTION 

SAT 
l.a 

b 
c 
d 
e 

SAT UNSAT 

UNSAT SAT 
2.a 

'_ b 
c 

-NSAT SAT UNSAT SAT UNSAT 
3.a 4.a 

b b 
c c 
d 

OPERATIONAL CHECK 

7. Flap UP (Indicator Indicates) 8. Flap to 15° (Indicator Indicates) 
a. a. 

b. Push CB _ 

9. Flap DOWN 

a. 

b. Pull CB 

c. Reset CB 

b; Pull CB _ 

c. Reset CB 

Part II. TROUBLESHOOTING 

(Indicator Indicates) (Indicator Indicates) 

2. Sw i n to IN Position 3. Sw //2 to IN Position 

a. Flap Up 
b. Flap 15° 
c. Flap DOWN 

a. Flap UP 
b. Flap to 15° 
c.• Flap DOWN 
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4 . Sw //3 to IN Pos i t ion 

a. I'Jap UP 
b. Flap 15° 
c. Flap DOWN 

5. Sw //A to IN Posit ion 

a. rJap UP 
b. Flap 15" 
c. Flap DOWN 

6. Sw //5 to IN Pos i t ion 

a. Flap UP 
b. Flap 15° 
c. Flap DOWN 

7. Sw //6 to IN Position 

a. Flap UP 
b. Flap 15 
c. Flap DOWN 

10. Locate and record the indicated trouble 

a. Sw //I to IN Position 

Wire // 

5. 

b. Sw //2 to IN Position 

Wire // 

c. Sw //3 to IN Position 

Wire // 

d. Sw //4 to IN Posi t ion 

Wire // 

e . Sw If5 to IN Posi t ion 

Wire // 

f. Sw #6 to IN Position 

Wire // 

Cause 

Cause 

Cause 

Cause 

Cause 

Cause 

Part III. BENCH CHECK 

3. Check resistance of indicator coils 

OHMS SAT 

a. A to B 

b. A to C 

UNSAT 

c. B to C 

Check resistance of transmitter coils 

a. A to B 

b. A to C 

c. B to C 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

UNIT 202 
PRESSURE INDICATING SYSTEMS 
Section A. DIRECT PRESSURE 

INSPECTION 

SATISFACTORY UNSATISFACTORY 

• ; 

OPERATIONAL CHECK 

9. Indication . JATISFACTORY , UNSATISFACTORY 

11. Indication is SATISFACTORY , UNSATISFACTORY 

BENCH CHECK 

TEST 
WEIGHTS 

0 PSI 

50 PSI 

100 PSI 

150 PSI 

200 PSI 

FRICTION AND SCALE ERROR CHART 

Friction Error 
BEFORE TAP AFTER TAP S U 

Scale Error 

0 ± 3 PSI 

50 ± 3 PSI 

100 ± 5 PSI 

150 ± 5 PSI 

200 ± 5 PSI 

S U 
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TROUBLE FOUND: 

1. 

2. 

POSSIBLE CAUSES OF TROUBLE 

1. ^_ 

2. 

3. 

Section B. SYNCHRO PRESSURE 

INSPECTION 

SATISFACTORY UNSATISFACTORY 

la. 

b. 

c. 

d. 

e. 

f. 

2a. 

b. 

c. 

d. 

3a. 

b. 

c. 

.d. 
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OPERATIONAL CHECK 

PSI SATISFACTORY UNSATISFACTORY 

4. 

5. 

6. 

7. 

8. 

0 psi check 

50 psi check 

100 psi check 

150 psi check 

200 psi check 

TROUBLESHOOTING 

2. The oil pressure reading is: HIGH , LOW , ERRATIC 

(INOPERATIVE) LAST INDICATION . 

5. The oil pressure reading is: HIGH , LOW , ERRATIC 

(INOPERATIVE) LAST INDICATION . 

11a. The location of the trouble is wire number 

b. 

12a. 

b. The trouble is a SHORT , OPEN , CROSSED WIRES 

BENCH CHECK 

The- trouble is a SHORT , OPEN , CROSSED WIRES ^ . 

The location of the trouble is wire number 

2a. 
(1) TEST POINTS 

(2) TEST POINTS 

(3) TEST POINTS 

A-D OHMS 

D-C OHMS 

A-C OHMS 

b. 

c. 

5a. 

(1) TEST POINTS A-B OHMS 

The transmitter is SATISFACTORY , UNSATISFACTORY 

(2) ACTUAL READING 

(3) ACTUAL READING 

(4) Power supply voltages are SATISFACTORY UNSATISFACTORY 
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Pressure 
PSI 

0 

50 

EZ 100 

150 

200 

°ARC 

20 

100 

180 

260 

340 

Tolerance 
°ARC 

4.8° 

4.8° 

6.4° 

6.4° 

6.4° 

Friction Error 
S U Before Tap After Tap 

Scale 
S 

Krror 
U 

1 

d. 

11a. 

b. 

The transmitter is SATISFACTORY 

Indicator reads psi. 

, UNSATISFACTORY 

EZ is SATISFACTORY , UNSATISFACTORY 

— — — — — 
Indicator 
PSI 

0 

50 

lOOEZ 

150 

200 

Test Trans.Reading 
Degrees 

20° 

lOOO 

180° 

260° • 

340° 

Before Tap 
PSI 

-

After Tap 
PSI 

• 

Exact 
Degrees 

Friction 
Error 
s 11 

Scale 
Error 
s U 

a. Friction and scale error tests are SATISFACTORY UNSATISFACTORY 

14a. Position error check is SATISFACTORY UNSATISFACTORY 

b. The oil pressure indicator is SATISFACTORY UNSATISFACTORY 
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Section C. VARIABLE RELUCTANCE PRESSURE 

INSPECTION 

SATISFACTORY UNSATISFACTORY 

la. 

b. 

c. 

d. 

e. 

f. 

2a. 

b. 

c. 

d. 

SATISFACTORY UNSATISFACTORY 

•v ) 

OPERATIONAL CHECK 

3a. The oil pressure reads OFF SCALE LOW , ZERO , OFF SCALE HIGH . 

4a. The oil pressure reads OFF SCALE LOW , ZERO , OFF SCALE HIGH . 

6a. The indicator reads ZERO , 100 psi . 

TROUBLESHOOTING 

2a. The indicator indicates 60 psi , OFF SCALE LOW , OFF SCALE HIGH . 

b. The system is SATISFACTORY , UNSATISFACTORY . 

3a. The indicator indicates 60 psi , OFF SCALE LOW , OFF SCALE HIGH . 

b. The system is SATISFACTORY , UNSATISFACTORY . 

4a. The incicator indicates 60 psi , OFF SCALE LOW , OFF SCALE HIGH . 

b. The system is SATISFACTORY , UNSATISFACTORY . 

10 
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10. TROUBLE SWITCH KIND OF TROUBLE 

in 

ill 

It 3 

WIRE NUMBER 

3a. The indicator indicates 

BENCH CHECK 

psi. 

b. The system is SATISFACTORY , UNSATISFACTORY 

4a. The indicator indicates psi. 

b. The system is SATISFACTORY , UNSATISFACTORY 

5a. The indicator indicates psi. 

b. The system is SATISFACTORY , UNSATISFACTORY 
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UNIT 203 
TACHOMETER SYSTEMS 

Part I. INSPECTION 

SAT UNSAT 

l.a 
b 
c 
d 
e 

2.a 
b 
c 
d 
e 

2. PHASE 

Part II. OPERATIONAL CHECK 

Voltage SAT UNSAX 

3. 

6.a 
b 

9.a 
b 

14. 

A - B 
A - C 
B - C 

A - B 
A - C 
B - C 

Increase 
satisfactory 

increase 
satisfactory 

a 
b 
c 
d 

• 

Part H I 
decrease 
unsatisfactory 

decrease 
unsatisfactory 

\ 

no change 

no change 

^ ; 

PHASE 

A - B 
A - C 
B - C 

OHMS SAT 

Part IV 

UNSAT 
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SCALE ERROR TEST 

Gen. Freq. 
RPM (CPM) 

0 
200 
400 
800 
1600 
2400 
3400 
3600 
3800 
4000 
4200 

Ind. Reading 
Percent RPM 

0 
4.8 
9.5 

19.1. 
38.1 
57.1 
81.0 
85.7 
90.5 
95.2 
100.0 

Indicator 
Read ing 

Tolerance 
Percent RPM 

0.50 
0.50 
0.50 
0.50 
0.80 
0.80 
0.50 
0.50 
0.50 
0.50 
0.50 

SAT UNSAT 

• 

2d. Indicator scale error is SAT UNSAT 

FRICTION ERROR TEST 

Ind. Reading 
Percent RPM 

5 

20 

40 

70 

85 

100 

3a, The ind 

Allowable Friction 
Percent RPM 

Before 
1 Tap 
i 

' ^-5 : 

0.8 

0.5 i 

0.3 j 

0.3 
— • • — - • "t—••••' 

0.3 ! 

icator friction error test is SAT 

After 
Tap 
1 

, UN 

SAT 

SAT 

UNSAT 

• 

OSCILLATION TEST 

Indicator Reading 

Up to 20 percent RPM 

20 to 110 percent RPM 

Oscillation 

0.5 percent RPM 

SAT 

0.3 percent RPM 

UNSAT 

4a. The indicator oscillation test is SAT , UNSAT 

13 ••• 
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POSITION ERROR TEST 

Indicator Reading 
at 100% 

15° UP 

15° to the right 

15° to the left 

15° DOWN 

— 1 , .1 , 

Tolerance 

0.30 

0.30 

' 0.30 

0.30 

SAT UNSAT 

, ,. 1 

5.b. The indicator position error test is SAT 

6.a RPM 

b Starting test is SAT , UNSAT 

, UNSAT 

52^ 
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1. 

UNIT 204 
TEMPERATURE INDICATING SYSTEMS 

Section A. RESISTANCE THERMOMETERS ' 

Part I. INSPECTION 

Resistance thermometer indicator 2. Temperature bulb 

SAT UNSAT SAT UNSAT 

a. 
b. 
c. 
d. 

a. 
b. 

3. Condition of wiring 

a. 
b. 
c. 

4. Circuit breaker 

a. 
b. 
c. 

Id. 
If. 
Ih. 
li.(l) 
Ij.(l) 

Part II. OPERATIONAL CHECK 

Off scale cold , room temperature , off scale hot_ 
Off scale cold , room temperature , off scale hot 
Satisfactory , Unsatisfactory . ^ 
Increase , decrease , remains the same 
Increase ' , decrease , remains the same 

Off Scale Cold 

Part III. TROUBLESHOOTING 

Room Temperature Off Scale Hot 

1. 

2 . 

3 . 

4 . 

5. 

6. 

12. 
13. 
14. 

'̂1 switch 
a. 
//2 switch 
a. 
//3 switch 
a. 
//4 switch 
a. 
//5 switch 
a. 
//6 switch 
a. 
//I switch 
Wire // 
Short 

to 

to 

to 

to 

to 

to 

IN 

» 

IN pos i t i on 

IN pos i t ion 

IN pos i t i on 

IN pos i t ion 

IN pos i t ion 

IN pos i t ion 

Open , Crossed wires 

15 
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15. 
16. 
17. 

18. 
19. 
20. 

21. 
22. 
23. 

24. 
25. 
26. 

27. 
28. 
29. 

n switch 
Wire // 
Short 

113 switch 
Wire // 
Short 

//4 switch 
Wire If 
Short 

its switch 
Wire )? 
Short 

//6 switch 
Wire // 
Short 

IN 
, 

. Open 

IN 
, 

, Open 

IN 
• 

. Open 

IN 
• 

, Open 

IN 
• 

. Open 

, Crossed wires 

, Crossed wires 

, Crossed wires 

, Crossed wires 

, Crossed wires 

5. 

Part IV. BENCH CHECK 28.5 VDC 

ACTUAL INDICATION SAT UNSAT 

BENCH CHECK 22.5 VDC 

^ ; 

BENCH CHECK OF THE RESISTANCE BULB 

5. Ambient temperature is degrees centigrade. 

_ Ohms. 

Ohms. 

6. The calculated resistance Is 

15. The measured resistance of the bulb Is 

16 
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1. 

2. 

1. 

2. 

3. 

Section B. THERMOCOUPLE THERMOMETERS 

Part I. INSPECTION 

EGT Indicator 2. Condition of Wiring 

SAT UNSAT SAT UNSAT 

a> 
b. 
c. 
d. 

a. 
b. 
c. 

3.. Wiring harness and thermocouples for condition 

a. 
b. 
c. 
d. 

Part II. OPERATIONAL CHECK 

Heat Rise Check A. System Operation 

b. Sat Unsat b. Sat Unsat 

Part III. TROUBLESHOOTING 

HIGH LOW 

Switch ill to IN position 

Switch //2 to IN position 

Switch //3 to IN position 

AMBIENT TEMPERATURE 

16. Pos wire Ohms. Neg wire Ôhms. Pos to neg Ohms, 

Circle correct response and record Ohms value for that trouble ONLY. 

17. Switch III to IN position 18. Switch //2 to IN position 

a. 
b. 
c. 

Ohms 
Ohms 
Ohms 

a. 
b. 
c. 

_Ohms 
_Ohms 
Ohms 

19. Switch //3 to IN pos i t ion 

a. 
b. 
c. 

Ohms 
Ohms 
Ohms 

17 
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Part IV. BENCH CHECK 

4b. Sc?>le 

Test Point 

Switch //2 

200°C 
400°C 
500°C 
600°C 
700°C 
800°C 
lOOOOC 

Error Test 

4b. After Tap 

5. Friction Error Test 

Check Point Before Tap 

200°C 
500°C 
700OC 
lOOOOC 

6. Position Error Test 

Set check point at 700OC 

Indicator 
Heading Right Bank 90 

SAT UNSAT 

After Tap SAT UNSAT 

SAT UNSAT 

Left Bank 90° 

45° Climb 

45° Dive 

7b. SATISFACTORY UNSATISFACTORY 

532 
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UNIT 205 
FUEL FLOW INDICATING SYSTEM 

Stl 

1. Totalizer Indicator 
SAT UNSAT 

a. 
b. 
c. 
d. 

4. //5 Indicator 
SAT UNSAT 

Part I. INSPECTION 

2. iih Indicator 
SAT UNSAT 

a. 
b. 
c. 
d. 

5. //5 Transmitter 
SAT UNSAT 

6. 

//4 Transmitter 
SAT UNSAT 

a. 
b. 
c. 

Electrical Wiring 
SAT UNSAT 

a. 
b." 
c. 
d." 

a. 
b. 
c. 

a. 
b. 
c. 
d. 

Part II. OPERATIONAL CHECK 

5b. Totalizer Indicator indicates 
5c. System is SATISFACTORY , UNSATISFACTORY 

PFH fuel flow. 

6b. Totalizer Indicator indicates 
6c. System is SATISFA,CTORY , UNSATISFACTORY 

j5_PFH>fuel flow. 

8b. Totalizer Indicator indicates 
8c. System is SATISFACTORY 

PFH fuel flow. 
, UNSATISFACTORY 

5. Part III. TROUBLESHOOTING 

Trouble 
Switch 
1 

2 

3 

4 

5 

6 

7 

8 

//4 Indicator 
norm , inop , 
erratic . 

norm , inop , 
erratic . 

norm , inop , 
erratic 

norm , inop , 
erratic 

norm , inop , 
erratic 

norm , inop , 
erratic 

norm , inop , 
erratic 

norm , inop , 
erratic 

//5 Indicator 
norm , inop , 
erratic . 

norm , inop , 
erratic 

tî rm , inop , 
erratic _. 

norm , inop , 
erratic 

norm , inop , 
erratic 

norm , inop _, 
erratic • 

norm , inop , 
erratic 

norm , inop , 
erratic . 

Totalizer 
norm , 
erratic 

norm , 
erratic 

• norm , 
erratic 

noirm , 
erratic 

noirm , 
erratic 

norm , 
erratic 

norm , 
erratic 

norm , 
erratic 

inop , 
• 

inop , 

_ • 

inop , 
• 

inop , 
. 

inop , 
• 

inop , 
• 

inop , 
• 

inop , 
• 

Chart 1. 
19 
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11, 
Trouble 
Switch 

1 

2 

3 

^ 

Wire Number 

1 
1 

5 

^ 1 1 
7 ! 

t 

" i 

Kind of Trouble 

high resistance , open , shorted wires 

high resistance , open , shorted wires 

high resistance , open , shorted wires 

high resistance , open , shorted wires 

high resistance , open , shorted wires 

high resistance , op<m , shorted wires 

high resistance , open , shorted wires 

high resistance , open , shorted wires . 

11. 

Chart 2 

Part IV. BENCH CHECK 
Fuel Flow Indicator 

Range: 0-12000 » 

Dial: A251-B16A 

FRICTION ERROR SCALE ERROR 

PPH Before Tap 
0 

400 

800 

1200 

1600 

2000 

2075 
(EZ) 

2400 

2800 

5000 

9000 

11000 

. After Tap S U 

1 
i 
1 

1 1 

1 

Trans. Ill Test 
150 

47° 

79° 

111° 

143° 

175° 

180° 

207° 

239° 

27.° 

315" 
3350 

Exact ° S 

' 

u 

Position error is SATISFACTORY 
The indicator is SATISFACTORY 

Chart 3 

_ , UNSATISFACTORY 
_, UNSATISFACTORY _ 
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UNIT 206 
ENGINE PRESSURE RATIO SYSTEM 

Part I 

1. Transducer 
SAT UNSAT 

a. 
b. 
c. 
d. 

2. 

. INSPECTION 

EPR Indicator 
SAT UNSAT 

a. 
b. 
c. 
d. 
e. 
f. 

3. Electrical Wiring 
SAT UNSAT 

a. 
b. 
c. 
d. 
e. 

Part II. OPERATIONAL CHECK 

la. The LEAK CHECK is SATISFACTORY , UNSATISFACTORY 

SAT UNSAT INDICATOR READING 

2a. 
b. 
c. 
d. 
e. 
f. 
g> 
h. 

Switch 
2b. 
2c. 

Switch 
3b. 
3c. 

) 

-

Part III. TROUBLESHOOTING 

ERRATIC INOPERATIVE NORMAL 

in to IN position 

a2 to IN position 

10. Switch //I to IN position 

a. Wire number 

b. The trouble is 

11. Switch //2 to IN position 

a. Wire number 

b. The trouble is 



S-lM 

Part IV. BENCH CHECK INDICATOR 

14. 
Trans Hi 
Setting 
Degrees 

51.0 

87.8 

124.6 

149.1 

173.7 

180.OEZ 

186.0 

198.3 

222.8 

271.9 

321.0 

Exact 
Degrees 

ProHH RiiLlo 
Units On 
Indicator 

1.20 

1.50 

1.80 

2.00 

2.20 

2.25 

2.30 

2.40 

2.60 

3.00 

3.40 

Degrees 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

Tolurancos 

Before Tap After Tap 
1 
1 

1 
r 

1 

1 
i 

i 
1 
* 

i 

Fri 
Er 
ct Ion 
ror 

s ; U 
1 

i 

ScaU-
Krror • 
S U 

i 
1 
1 
1 
t 1 1 

1 
i 

1 

i 

14a. Friction Error test 
b. Scale Error test 
c. Position Error test 

SAT UNSAT 

22. 
Trans 111 
Setting 
Degrees 

68.0 

140.0 

184.OEZ 

212.0 

284.0 

356.0 

Exact 
Degrees 

Press Ratio 
Units On 
Indicator 

0.02 

0.04 

0.053 

0.06 

0.08 

0.10 

Degrees 

3.6 

3.6 

3.6 

3.6 

3.6 

Tolerances 

Before Tap After Tap 

Friction 
Error 
S U 

Scale 
Error 
S U 

• 

SAT ONSAT 

22a. Friction Error test 
b. Scale Error test 
c. Position Error test 

536 
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UNIT 207 
RKStSTANCE-TYPE LKJUID QUANTITY SYSTlvM 

Part I . INSPECTION 

SIS 

1. 

2. 

3. 

A. 

1. 

4. 
5. 
6. 

Indicator 
SAT 

a. 
b. 
c. 
d. 
e. 

empty 
empty 
empty 

UNSAT 

, full 
, full 
, full 

2. 

Part 

• 
• 

Part 

Elec Connectors 
SAT UNSAT 

a. 
b. 
c. 
d. 
e. 

II. OPERATIONA 

III. TROUBLESH( 

3. Elec Wiring 
SAT UNSAT 

a. 
b . 
c. 

//I switch IN 
a. Off scale empty 
b. Indicator moves 

//2 switch IN 
a. Off scale empty 
b. Indicator moves 

//3 switch IN 
a. Off scale empty 
b. Indicator moves 

//4 switch IN 
a. Off scale empty 
b . Indicator moves 

_, off scale full 
, does not move 

low , high 

» 

> 
> 

off scale full 
does not move 

off scale full 
does not move 

off scale full 
does not move 

_, low 

_» 1°^ 
• 

_, low 
• 

, high 

, high 

, high 

10. 

4a. 
5a. 
6. 

22. 

25a. 

Trouble 
Switch Open, Short, 

1. 

2. 

3. 

4. 

empty , full 
empty , full 
sat , unsat 

Resistance is 
a. Sat , Unsat 

Sat , Unsat 

etc. Wire Number or Ni 

Part IV. Bench Check 

• 

Ohms. 

• 

23 
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1. 

UNIT 208 
CAPACITANCE LIQUID QUANTITY SYSTEM 

Part I. INSPECTION 

FUEL QUANTITY INDICATOR 2. TOTAL/SELECT FUEL QUANTITY INDICATOR 

SAT UNSAT SAT UNSAT 

a. 

b. 

a. 

c. 

3. INTERMEDIATE DEVICES 

c. 

d. 

4. ELECTRICAL WIRING 

a. a. 

. (1) 

(2) 

(3) 

(4) 

(5) 

(6) 

L.W. 

R.W. 

FWD 

AFT 

SUM 

TOTALIZER 

DIFFERENCE 

SAT 

Part II. 

UNSAT 

b. 

c. 

d. 

OPERATIONAL 

h. (1) 

CHECK 

TOT 

SEL 

FWD 

AFT 

S 

S 

S 

S 

U 

U 

U 

U 

24 
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Part III. TROUBLESHOOTING 

3. b 

4. r 

s 

5. 1 

6. r 

sw // 

• 

-

TROUBLE INDICATION 

• 

Trouble 
Location 
PROBE SIDE 

or 
PWR SIDE Wire Number 

Kind of 
Trouble 
SHORT OR 

OPEN 

\ 

\ 

1 

t 

1 

i 

I 

Chart 1. 

Fart IV. CALIBRATION AND BENCH CHECK 

PF. The dry capacitance reading is 
(1) SAT UNSAT 

Dry capacitance reading is 
(1) SAT UNSAT 

PF. 

Capacitance indicator indicates 

For FULL, the capacitance is 

PF. 

PF. 

Dry capacitance reading is 
(1) SAT UNSAT 

PF. 

Dry capacitance reading is 
(1) SAT UNSAT 

PF. 

Dry value is PF. 

s. For FULL, the capacitance is PF. 

25 
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1. 

4. 

UNIT 209 
VERTICAL SCALE ENGINE INSTRUMENTS ' 

Section A. INSPECTION, OPERATIONAL CHECK AND TROUBLESHOOTING 

EGT INDICATOR 

SAT 

a. 

b. 

c. 

d. 

UNSA" 

EPR INDICATOR 

a. 

b. 

c. 

d. 

2. 

5. 

Part I. INSPECTION 

FUEL FLOW INDICATOR 

SAT 

a. 

b. 

c. 

d. 

CIRCUIT 

a. 

b. 

UNSAT 

BREAKERS 

3. 

6. 

N'l & N-2 TACH INDICATOR 
N-1 N-2 N-1 N-2 
SATISFACTORY UNSATISFACTOl 

a. 

b. 

c. 

d. 

EGT, N-1 & N-2 INDICATORS 

a. EGT 

b. N-1 

c. N-2 ̂  .̂_. 

I 

Part II. OPERATIONAL CHECK 

6a. The 28 VDC power lamp glows , does not glow . 

6b. The 115 VAC 400 Hz power lamp glows , does not glow . 

7a. ALL are removed from view , are not removed from view . 

8b. Increase in temp , decrease in temp , NO change in temp . 

9a. Increase in RPM , decrease in RPM , NO change in RPM . 

lOa. Increase in RPM , decrease in RPM , NO change in RPM . 

11a. Increase in EPR , decrease in EPR , NO change in EPR . 

540 
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Part III. TROUBLESHOOTING 

SI1-

Trouble 
Switch // 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Indication of trouble 
on /'I enRines 

Fuel flow OFF FLAG shows 

1 

1 

1 

1 

• • • • ' 1 • •••• 

9. ! 
1 

^0- : 1 
1 

11. ; 1 
1 

12. . , 

13. 

14. 

15. 

17. 

Chart 1. 
Check with INSTRUCTOR before removing power. 
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nb 

18. 
Trouble 
Switch // 

1. 

2. 

3. 

4. 

5. 

6. 

Location of Trouble 
(Wire Number) 

1E500A20 1E500B20 

'• i 

8. i 

9. ' 

10. 

11. 
m 

I 1 2 . 

1 

! ' , _, 

! 14. 

OPEN 

\ 

1 1 5 . i 
^ t 

i 

; 1 7 . i 
i ; 

HIGH 
RESISTANCE 

i 
1 

i 

i 
1 
1 

i 
i 
i 
1 

! 
i 
1 

Chart 2. 

Check troubles with INSTRUCTOR. 512 
28 
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Section B. CONVERTER BENCH CHECK 

Ib.(l) N-1 motor excitation test (2) laotor excitation test 

Eng Position 
MOT EXC 
SW 38 

ENG 1 

ENG 2 

ENG 3 

ENG 4 

Actual VTVM Indications 
Nl N2 

. 

Results 
(S or U) 
Nl N2 

Table 1. Pilot's N-1 and N-2 Motor Excitation Tests, 

lb.(4) N-1 control phase test (5) N-2 control phase test 

A 
M 
P 
L 
N 
1 
R 
A 
T 
I 
OC 

N 
2 
R 
A 
T 
I 
0 

Test Point 
% RPM 
SW 15 

.20 

50 

90 

100 

20 

50 

90 

100 

Actual F/U POT Control 
Ratio Indication 

1 2 3 4 

, 
\ 

Results 
(S or U) 

1 2 3 4 

•i 

Table 2. Pilot's N-1 and N-2 Control Phase Test. 

lc.(l) Motor Excitation test (EGT) 

Engine Position 
MOT EXC 
SW 38 

ENG 1 

ENG 2 

ENG 3 

ENG 4 

Actual VTVM 
Indications 

• 

Results 
(S or U) 

Table 3. Pilot's EGT Mofor Excitation Test. 

29 
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lc.(3) Control Phase Test (EGT) 

Test Point 
EGI C 
SW 1 

100°C 

300°C 

400°C 

, 600°C 

Actual F/U POT 
Control (26) 
Ratio Indications 

1 2 3 4 

Results 
(S or U) 
1 2 3 4 

1 
i 
1 t 

t 
1 1 

i 
Table 4. Pilot's Exhaust Gas Temperature Control Phase Test. 

Id.(l) Motor Excitation Tests (Fuel Flow). 

Engine Position 
MOT EXC 
SW 38 

ENG 1 

ENG 2 

ENG 3 

Actual • 
VTVM 
Indications 

ENG 4 ; 

Results 
(S or U) 

t 

Id. (3) 

Table 5. Pilot's Fuel Flow Motor Excitation Tests, 

Control Phase Tests (Fuel Flow). 

Test Points 
Fuel Flow 
PPH 
SW 38 

400 

3000 

6000 

8000 

12000 

Actual CT (12) 
Indications in degrees 

1 2 3 4 

Results 
(S or U) 

1 2 3 4 

Table 6. Pilot's Fuel Flow Control Phase Tests. 
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UNIT 201 

POSITION INDICATING SYSTEM 

S3i5 

) 

RXED GEAR 

RETRACTABLE GEAR 

Figure 1. Types of Landing Gears. 

UP AND LOCKED 
UNSAFE 

(CROSSHATCH) DOWN AND LOCKED 

Figure 2. Wheel Pos i t ion Ind ica t ions . 

^1-7 



5afc 

-o o-J 

D^...,LOCK 
SWITCH 
CLOSED 

Figure 3; Whe l̂ Down and Locked. 

1 

UPLOCX 
SWITCH 
CLOSED 

> 

28V DC 

Figure 4. Wheel Up and Locked. 

5i8 
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BOTH 
SWITCHES 

OPEN 

) 

Figure 5. Wheel in Unsafe Posi t ion. 

NOTES 

^i9 



5"^ 

DOWN 

nnrr̂ =V0 

U 
UP 

ON AND 
LOCKED 

0II2B20 

<f> 

28V DC 
•QP7SE20VcrS---fV OYA2ON0 

0II3B20 

TRAINER TEST POINTS 

INDICATOR CONNECTOR PLUG 
PIN LETTER IS THE SAME AS 
TEST POINT LETTERS. 

UP AND 
LOCKED 

CONNECTOR PLUG 
IN TRAINER 

Figure 6. Wheel Position Indicator Trainer Schematic. 

NOTES 
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5^9'1 

ELECTRICIAL 
CONNECTOR 

Figure 7. Flap Position Transmitter. 

Figure 8. Flap Position Indicator. 

5^1 



S2o 

^ 

TRANSMITTER INDICATOR 

Figure 9. Flap Transmitter and Indicator Connections. 

TRANSMITTER 

POINTER 

INDICATOR 

Figure 10. Flaps at Midscale. 

552 
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S31 

) 

TRANSMITTER INDICATOR 

Figure 11 . Flaps in Down Posit ion. 

POINTER 

NOTES 

553 
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UNIT 202 

PRESSURE INDICATING SYSTEMS 

DIRECT PRESSURE SYSTEM 

1. OIL PRESSURE 

Z. fVEL PRESSURE 

3. VACUUM PRESSURE 

4. MANIFOLD PRESSURE 

5. HYDRAULIC PRESSURE 

USED FOR 

LUBRICATING OIL TO THE MOVING ENGINE PARTS. 

FUEL PRESSURE TO ENGINE CARBURETOR 

AIR DRIVEN GYROSCOPIC FLIGHT INSTRUMENTS. 

INTAKE PRESSURE TO ENGINE MANIFOLD 

LANDING GEAR, FLAPS, BRAKES, ETC. 

Figure 12. Aircraft Uses of Direct Reading Pressure Gages. 

I ^ .A BLEED 
VALVE 

•INSTRUMENT PANEL 

FRONT MOUNTED GAGE 

HOSE ASSEMBLY 

TUBING r I UDinva 

) 

Figure 13. Direct Reading Gage Connection to Engine. 

c;r: >^i 
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; 

BOURDON TUBE 

POINTER 

DRAIN 
HOLE 

^33 
PRESSURE 
ENTRANCE 

LINK 

SECTOR 
GEAR 

PINION 
GEAR 

Figure 14. Cutaway of Direct Reading Pressure Gage. 

NOTES 

) ssr, " 



OURDON 
TUBE 

HAIRSPRING 

SECTOR 
SHAFT 

LINK 

SOCKET MOVEMENT BIMETALIC 
rtyyii SEGMENT PINION 

Figure 15. Direct Reading Pressure Gage Bourdon 
Tube Arrangements. 

NOTES 

55 G 
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GREEN 
ARC 

S35 

RED 
RADIAL 

WHITE RADIAL 
(SLIPPAGE INDEX MARK) 

COLOR 

RED 

GREEN 

BLUE 

YELLOW 

OPERATION 

PROHIBITED 

NORMAL 

AUTO-LEAN 

UNDESIREABLF 

AIRCRAFT 
USED ON 

ALL TYPES 

ALL TYPES 

PROPELLER 

ALL TYPES 

Figure 16. Instrument Range Markings. 
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TRANSMITTER INDICATOR 

Figure 17. Synchro Pressure Transmitter and Ind ica tor . 

NOTES 

'̂ 5.9 
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ZERO 
ADJUSTMENT 

VENT PORT 

PINION GEAR 
HAIRSPRING 

ADJUSTMENT 
LEVER 

PRESSURE BOURDON 
TUBE 

SYNCHRO 
GENERATOR 

VENTED BOURDON 
TUBE 

OIL PRESSURE 
INPUT 

SECTOR GEAR 

ARBOR 

LINK 

PIVOT 

Figure 18. Transmitter Construction. 

NOTES 

^55 ,, 



53^ 
- lOTOi AlUMMT 

-ITATOI AUIMUT 

• lUtMt 4 Hir IINOI 

Figure 19. Cutaway of Synchro Indicator. 

STATOR. SHELL 

AND END CAP 

S, STATOR 

WINDINGS 

Y CONNECTION 

SYNCHRO 

GENERATOR 

CONSTRUCTION 

LOWER END CAP 

ROTOR SHAFT 

BEARING 

ROTOR 

ROTOR c o i l 

SEARING 

lEAO TO 

TOP RING 

STATOR lEAOS 

ROTOR 

ROTOR LEAUS 

Figure 20. Exploded View of Indicator Synchro. 

560 

LEAD TO 

BOTTOM RING 

SLIP RINGS 

) 

; 
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5*3^ 

TRANSMITTER INDICATOR 

) 

2 6 V 4 0 0 H Z AC 

Figure 21. Wiring Schematic of Synchro Indicating System. 

NOTES 

i^Sl 



F^/O^ 

DIAf H K A G M - 2 

FIXED c o n s 
M O V I N G c o i l 

PRESSURE PORT" 

tHAIRSPRINGS 

THERMISTORS 

Figure 22. Variable Reluctance Transmitter and Indicator Cutaways. 

\£tri 
FVACI f_0 " " T Z r RUBBER 

f-
DIAPHRAGM 

A 
IFIXED 
ICOILS 

I B 

i 

b—X" 

B 

I 

.A 

VARIABLE 
C^nun 

I WJ'ifJ.IT",'^ "=^ FIREWALL , 
I (nrPICALTJ - CONNECTOR I 

PRESSb.^E INDICATOR L 

COILS ^ rn A 

3 
ARMATURE 

DIAPHRAGM 

— — L _ 

r VENT 

) 

X 
•PRESSURE 

PRESSURE TRANSMITTER 

Figurt: 23. Wiring Schematic of Variable Reluctance Pressure 
Indicating System. 

18 5S2 
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400 HERTZ n * 
PHASE ' 

iFIXEO 
ICOILS 

I Qi 
MOVING 
COILE 

I + I3V THERMISTOR, 

L . (TYPICALTI 

PRESSURE INDICATOR 

•Sir FIREWALL , 
~ CONNECTOR | 

L 
DIAPHRAGM 

L-
J, I 

•PRESSURE 

PRESSURE TRANSMITTER 

Figure 24. Variable Reluctance System Operation. 

NOTES 
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5-i/a UNIT 203 

TACHOMETER SYSTEMS 

Figure 25. Tachometer Generator. 

} 

RECIPf?OCATING ENGINES JET cNGINES 

Figure 26. Tachometer Indicators. 

5S4 

20 



. f-Vi 

1. MAGNET (ROTOR) 
2. DRIVE SHAFT 
3. STATOR 

4. ELECTRICAL CONNECTOR RECEPTACLE 
5. OIL SEAL 

Figure 27. Cutaway of Tachometer Generator. 

TWO POLE ROTOR 
(JET) 

FOUR POLE ROTOR 
(RECIPROCATING) 

C0^-^4r^ 
\ ^ ^ 

\ 

/ ) 

s\-^ / 

/ 
I 11 

\ ' » 
\ 

/ f 

\ \ \ 

^ . ' ' - ' ^ ' 

/ 

' > ^ . 

1 1 / 

— ^ '^ — 

Figure 28. Two- and Four-Pole Rotors. 
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5VV 

{ 
TO 

ACCESSORY 
GEAR TRAIN 

IN ENGINE 

PERMANENT 
MAGNET 
ROTOR 

3 STATOR 
WINGINGS 

Y, CASE 

Figure 29. Tachometer Generator Internal Wiring Schematic (Jet) 

NOTES 

J 

22 J 



BHS 

Figure 30. Tachometer Indicator Components and Wiring. 

NOTES 

23 
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^^t' 

GENERATOR INDICATOR 

Figure 31. Three-Wire Tachometer System (Reciprocating) 

3 
GENERATOR INDICATOR 

Figure 32.- Two-Wire Tachometer System ( J e t ) . 

^S8 o 
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SHI 

COVERS PEED "^^^lo 
SWITCH. SWITCH 

4—•-

HI' 

NiOVERSPEED CONVERTER 

"L'-fl 
M I . I ( J 

H J L — 

- t — • -_r 

28V OC CAUTION LIGHT 

EN6 
^ OVERSPEED 'HI' 

J 

Nj TACHOMETER 

MOUNTING PAD 

STATOR ASSEMBLY-

ROTOR ASSEM8LY-\ \ f 

OER ENGINE 
NOSE CONE 

Figure 33. 
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UNIT 204 

TEMPERATURE INDICATING SYSTEMS 

Figure 34. Typical Resistance Thermometer Indicator. 

•STEM TYPE 
8ULB 

MOUNTING 
'SCREW 

ELECTRICAL 
RECEPTACLE 

|C 
AN 

5525-1 

•J> 

ELECTRICAL 
''RECEPTACLE 

• DISC TYPE BULB 

Figure 35. Types of Resistance Thermometer Bulbs. 

) 

570 
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COPILOT'S-
INDICATOR 

COPILOT'S 
TEMPERATURE BULB 

NAVIGATOR'S 
TEMPERATURE BULB 

NAVIGATOR'S 
INDICATOR 

Figure 36. Typical Free Air 
Temperature System. 

NOTES 
5^<? 

TEMPERATURE 
BULB 

Figure 37. Free Air Bulb 
Insta l la t ion . 

( j i i a i j ^ ^ ^ 

•RECEPTACLE PINS 

MICA 
INSUL/TION. 

NICKEL WIRE 

Figure 38. Temperature Bulb 
Construction. 571 
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NOTES '^SO 

SOFT 
IRON 

CORE 

AIR GAP 

COL I 

SPRING 

Figure 39. Ratiometer Movement, 

COIL LEAD 

COIL LEAD 

COIL 2 

POINTER » 

SPRING 

Figure 40. Raticmeter Coil and 
Pointer Arrangement. 

) 
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,POINTER f"5"/ 

FIXED RESISTOR 

LOW TEMPERATURE 

) 

u «JLii HIGH TEMPERATURE 

Figure 4 1 . Resistance Thermometer Ci rcu i t Operation. 
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INDICATOR RECEPTACLE 

^ 
28V0C 

RESISTANCE BULB o 
Figure 42. Resistance Thermometer Wiring Schematic. 

NOTES 

y 

5^4 
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POSITIVE 
TERMINAL 

NEGATIVE 
TERMINAL 

•IRON LEAD 

A ^ H T I I b 'i 

CONSTANTAN 
LEAD 

m 

^ gapII O ||Oo=' (̂  

AN SS34-I RESISTOR IN SCRCS 
WITH THC CONSTANTAN LEAD 

5-5-3 

- ^ 

IRON CONSTANTAN UEAO 

IRON. 

THERMOCOUPLE 

: ^ — . . 

CONSTANTAN 

POSITIVE 
TERMMAL 

Figure 43. Cylinder Head Temperature Thermocouple System. 

•CHROMEL LEAD-

>wz3 y. m \ 

-ALUMEL LEAD-

NEGATIVE 
TERMINAL 

n][t" . > . . . . ^ . « . . . . j . 

" - • 1 

P =0=0 II O llcgp <̂  o 
AN9S34-I RESISTOR IN SERIES 
WITH THE ALUMEL LEAD 

u 
CHROMEL-ALUMEL LEAD 

TAILPIPE THERMOCOUPLE ALUMEL A ̂
=g^^#^^^- • : :HE^ 

j V ^ . , ^ q — ^ 
^ 

CHROMEL-

Figure 44. Exhaust Gas Temperature Thermocouple System. 
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55H 

INSTRUMENT 

COPPER WIRE 

IRON WIRE 

Figure 45. Thermocouple Principle of Operation. 

BACK OF INDICATOR J 

CYLINDER HEAD 
TEMPERATURE 

EXHAUST GAS 
TEMPERATURE 

Figure 46. Typical Thermocouple Ind ica to r s . 

576 
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S5$ 

MOVING 
COIL 

HOflSESHCc 
MAGNET 

NOTES 

Figure 47. D'Arsonval Movement. 

) 

POINTER-

BIMETAL 
SPRING 

Figure 48. D'Arsonval Coil and 
Pointer Arrangement. 

577 
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fSi, 

Figure 49. D'Arsonval Movement Operating Principle. 

NOTES 

5:s 

J) . 
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SPARE RESISTANCE SPOOL-

EXHAUST GAS 
' TEMPERATURE 
INDICATOR 

THERMOCOUPLE-

:> 

Figure 50. Wiring Schematic of Jet Engine Thermocouple System. 

NOTES 
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S5^ UNIT 205 

FUEL FLOW INDICATING SYSTEMS 

NOTES 

Figure 51. Fuel Flow Transmitter. 

) . 

Figure 52. Moving Vane Sensing 
Mechanism. 

530 

«zz2zza-*—CASE 

BAR 
MAGNET 

Tzmzz? 

1̂ 
P7ZZ2Z 
I N 

YiUlUh 

RING 
MAGNET 

Figure 53. Magnetic Coupling. 
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NOTES 
ccfiiors cmcuiT 

•REAKEX rANEL 

A I 

now 

s. 

^tUJ VANE 

AUTO 

3V I'TSANSFORME* 

API . TtANSfORMER 

COPIlOrS CIRCUIT 
•REAKER rANEl 

26 VAC 

Flow 
T O T A l < j * ^ 

now 

£ 
E .' HG A • 

Flow 

a. 

^>\LM VANE 

AUTO 
TRAHSFCRMER 

Sf^ 

AOJ. TRANSFORMER 

Figure 54. Fuel Flow Transmitter 
Range Switch Operation. 
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F(,0' NOTES 

^ 

copiiors cwcuiT 
•REAKER PANEL 

FUEL n o w INOICATOt 
ENGINE NO. t 

(rmCAl A l l ENOINE« 

) 

AOJ. TRANSFORMER 

Figure 55. Fuel Flow Individual 
Indicator Operation. 

38 
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Figure 56. Fuel Flow Totalizer Indicator. 

NOTES 

5S3 
39 . 



fU 

PILOT'S 

N5TTU«NT 
PANQ. 

(FuLFLOWraOTwl pUQ.FUJWINOIC«o2 
1 ENGINE NO. 2 I ENGWE NO. I 
1 I iirfpeALAUENGwes' 

ooPtOTS OHCurr 
eWEAKER WWEL 

L J m i 
I t ) c B * 1 Ta * c -w-

: : : » ^ 

TQTAt. FUEL F low INQICATOR 

-eH{->, 
I VA" * WV 

(^2f MOTOR 

• AH I TOA AOJ. TMNSfV ICR 

•"5it4^-

<b 
•VNA>-

RATI 
CEN 

r * M F "5 B 
^ I m i I — - M • • iiii. 

O INOKATOR 

POWER SOURCE FOR 
• * • A U . M X A T O R S 

AMFUHER 

TTJk 
18V 

TRANSFORMER 

T 
-Kjm*jM 

• ' " ' ^ 

i , 2 6 V 

' L I L 1 L I 
ENG. N0.2 ENG. N0.3 EN& N a 4 

FUEL FLOW TRANSMITTER 
NO. I ENGME 

AOJ. TRANSFORMER 

Figure 57. Fuel Flow Indicating System Wiring Schematic. 

NOTES 

'-' v-/ '_( 

) 
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UNIT 206 

ENGINE PRESSURE RATIO INDICATING SYSTEMS 

ft3 

EXHAUST PROBE 

. ) 

ELECTRICAL 
CONNECTOR 

Figure 58. Typical Engine Pressure Ratio Indicating System. 

NOTES 

535 
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5(»V 
NOTES 

ELECTRICAL 
CONNECTION 

Figure 59. Engine Pressure Ratio 
Transducer. 

^ 

TRANSDUCER 

TO INDICATOR 

PRESSURE OUT 

Figure 60. Minrteapolis-Honeywell Engine Pressure Ratio 
Transducer Operatiojr.Q n 

3 

42 



NOTES 5"6r 

) 

5S7 
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54^ 
AIRESEARCH 

ELECTRICAL 
CONNECTION 

WESL': 

HIGH SPEED 
SYNCHRO 

.LOW SPEED 
SYNCHRO 

J/CKSCREW 

DC MOTOR' 

26V 4 0 0 - TO 
SYNCHRO ROTORS 

RECTFIER 

II5V 4 0 0 ~ 

.11 
POWER TRANSF. 

-HIGH SOE 
PSESSURE BEaOWS 

LOW SOE 
-PRESSURE 
BELLOWS 

TO POWER 
TRANSH 

EMITTER 

02 

Figure 61. Airsearch EPRpteadsducer. 
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NOTES Shi 

) 

5S9 
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115V 400>/ 

Figure 62. AiResearch Trar ...ucer Operation with PTy Increase. 

NOTES 

INCREASES 

^ 

3 

5,90 
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5*69 

oecREAses 

Figure 63. AiResearch Transducer Operation with PT^ Decrease, 

NOTES 

591 
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5"?G 
NOTES 

MAIN DIAL 

VERNIER OlftL 

Figure 64. Engine Pressure 
Ratio Indicator. , 

LOW SPEED 

HIGH SPEED 

) 

Figure 65. Engine Pressure Ratio 
Indicator Internal Schematic. 
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UNIT 207 

RESISTANCE-TYPE LIQUID QUANTITY SYSTEM 

S7I 

FLOAT ANO^ARM ASSEMBLY 

J S I &L. 

FLOAT AND ARM ASSEMBLY 

V ) 

FLOAT ARM 
STOPS 

Figure 66. Float-Type Liquid Level Transmitter. 

LINK TO WIPER ARM 

OFFSET LINK 

BELLOWS LEVER 

BELLOWS SEAL 
ASSEMBi:f 

BELLOWS ARM 

OPERATING ROD 

Figure 67. Bellows and Linkage 
Assembly. 

RESISTANCE 
STRIP 

WIPER ARM 

Figure 68. Wiper Arm Assembly. 
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5m 

POINTER 
ASSEMBLY 

RESISTOR 
ASSEMBLY 

MECHANISM 
ASSEMBLY 

ROTOR 
ASSEMBLY 

RECEF»TACLE 
DIAL 

Figure 69. Resistance Liquid Level Indicator. 

NOTES 1/9 

+28V DC 

) 

Figure 70. Resistance Liquid Level 
System Operation. 

yy \^. •^ 

) 
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4-28V DC 

5W 

' ^ V V N W ^ 
I2.V 

+28V OC 

' ^ M A A A ^ 

Figure 71 . Resistance Liquid Level System Operation (Continued) 

NOTES 

51 5.95 



5m 
UNIT 208 

CAPACITANCE LIQUID QUANTITY SYSTEM 

C = Capacitance 
A K A = Area of Piotes 

0 K = Dielectric 
D = Distance between 

Plates 

VACUUM 
AIR 
115/145 GRADE AVIATION GASOUNE 

dP-4 FUEL 
MICA 
WATER 

1.00000 
1.00059 
1.971 
2.083 
5.7 to 7.0 
81.7 

AIR FUEL 

+ 

+ 
+ 

+ ) 

Figure 72. Capacitor Characterist ics. 
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TANK UNIT 

COMPENSATOR 
CYUNOER 

WTERMEOIATE DEVICE 

TANK UNIT AND COMPENSATOR 

FUSELAGE FUEL INDICATOR 

^ 2 3 '-^X 
~ FUEL QTY , . 

hzooo i 

/f'fcT ^r" 

SELECT AND TOTALIZER 
FUEL INDICATOR 

FUEL GAGE SELECT SWITCH 

Figure 73. Capacitance Fuel Quantity Indicating System Components. 
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nb TANK UNIT 

II5V 
400 Hz 

C| =C2 REFERENCE 
CAPACITOR 

Figure 74. Capacitance Fuel Quantity Indicating 
System (Basic Bridge Circuit) . 

NOTES 

) 
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II5V 
400 Hz 

5'>7 
TANK UNIT 

C| 5»C2 

REFERENCE 
CAPACITOR 

Figure 75. Capacitance Fuel Quantity Indicating System 
(Fuel Level Increasing). 

TANK UNIT 

liSV 
4 0 0 Hz 

C| < C 2 
REFERENCE 
CAPACITOR 

Figure 76. Capacitance Fuel Quantity Indicating 
System (Fuel Level Decreasing). 
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5?^ 

II5V 
400Hz 

Figure 77. Capacitance Fuel Quantity Indicating System 
(Rebalance Potentiometer Added). 

NOTES 

GOn 

) 

56 
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57^ 

/ 
. ' 

AJt, Ari AAA^ *JOUkA*AAA>AAA./ A^ AAA 

'> 1-4-

COMPENSATOR TANK UNIT 

Figure 78. Capacitance Fuel Quantity System Compensator. 

) II5V 
400 Hz 

Figure 79. Capacitor Fuel Quantity Indicating System 
(Compensator Added). 

NOTES 
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5^20 

TOP 

BOTTOM 
NON" CHARACTERIZED 

BOTTOM 
CHARACTERIZED 

Figure 80 . Characterized Tank Unit . 

NOTES 

SHIELD (OUTER CONDUCTOR) 

- \ / 

DIELECTRIC 

CENTER CONDUCTOR 

OUTD» JACKET 
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VERTICAL SCAI.E ENGINE INSTRUMENT SYSTEMS 
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) 

A POWER OfF INDICATORS 
B ENGINE PRESSURE RATIO INDICATOR 
C TACHOMETER (RPM) INDICATOR (N)) 
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F FUEl FlOW INDICATOR 
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Figure 85. Vertical Scale Indicators. 
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INSTRUCTIONS 

This handout contains questions to be answered after, each day of 
class. Each page is marked as to which day it is to be completed. 
Your instructor will check your work the next morning. DO NOT WORK 
AHEAD: 

POSITION INDICATING SYSTEMS 

Day 1 

1. List the components of the wheel position indicating system. 

2. What is the purpose of the hairspring in the wheel position indicator? 

3. What is the principle of operation of the wheel position indicator? 

4. What is the purpose of the flap position indicating system? 

5. What is the relationship electrically of the two wipers in the flap 

position transmitter? 

6. What is the pointer attached to in the flap position indicator? 

7. In the flap position indicator, what causes the pointer to indicate 

"off-scale up" when power is lost to the system? 

8. The electrical taps (pick-off points) are arranged how many degrees 

apart in the Elap position transmitter? 

9. What la another name for a self-synchronous indicating system? 

Supersedes ST 3ABR32531-HO-200-2, 5 July 1979. 
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10. What component of the landing gear indicator is used to display 

gear-up, Crosshatch, and gear-down indications? 

11. What are the power requirements for the (A) landing gear position 
indicating system and the (B) flap position indicating system? 

iAI (B) 

12. An operational check of any system should be preceded by a complete 

of the system components and accessible 
wiring. 

13. For safety reasons, what personal items should be removed prior to 

working on electronic systems? 

PRESSURE INDICATING SYSTEMS 

Day 2 

1. What type pressures are measured by direct reading pressure indicators? 

2. What is used as the reference pressure in a pressure measuring system 

with a dual sensing element? 

3. The Bourdon tube is designed so that as pressure is applied to the 

tube it . 

4. In a synchro indicating system, where is power applied to and how 

much? 

5. What is the temperature compensating device in a single element 

direct pressure indicator? 

6. Why is the synchro in the pressure transmitter sometimes referred 

to as a synchro generator? 

7. How are the stators of the synchros in the pressure indicating 

systems wound? 

8. What is the principle of operation of the pressure transmitter 

synchro? : 

9. What is the principle of operation of the synchro indicator? 

10. What is the pressure sensing element of the variable reluctance 

indicating system? 

r^i8 
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11. What type of circuit is the variable reluctance indicating system? 

12. In the bench check of an indicator, the difference between "before 

tap" and "after tap" readings is known as 

13. What is the purpose of the thermistors in the variable reluctance 

indicator? 

14. What is the purpose of slippage marks? 

15. What does a red radial range mark indicate? 

TACHOMETER INDICATING SYSTEMS 

Day 3 

1. How do tachometer systems indicate engine speed in reciprocating 

and jet aircraft? 

2. What is the output of a tachometer generator? 

3. How is the 3-phase output of a 2-pole tachometer system transmitted 

through a 2-wire harness? 

4. What determines the frequency of the tachometer generator output? 

5. What are the two basic sections of a tachometer indicator? 

6. What is used to prevent pointer oscillation in the tachometer 

indicator? J 

7. What keeps the pointer from spinning in the tachometer indicator? 

8. What effect does an increase in engine RPM have on the generator 

voltage,and frequency outputs? 

9. Thfa tachometer indicating system is a 
system. 

sensitive 

10. The effective magnetic poles of a 4-pole generator rotor are 

arranged at what distance apart? 

11. What are the three parts of the synchronous motor assembly in a 

tachometer indicator? 

6Vj 
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12. The minimum speed switch is placed in the N-1 overspeed system 

for what purpose? 

TEMPERATURE INDICATING SYSTEMS 

Day 4 

1. What type of resistance thermometer temperature bulb is used to 

measure free air temperature? 

2. Why is nickel wire used in resistance temperature bulb construction? 

3. What is the purpose of the springs in the resistance type temperature 

indicator? 

4. The indicator in the resistance type temperature indicating system 

utilizes what type meter movement? 

5. Gasket type thermocouples are used to measure 

temperature on aircraft. 

6. What is the purpose of the variable resistor in the thermocouple type 

temperature indicating system? 

7. How are the thermocouple probes connected If more than one is used? 

8. How is the variable resistor connected in the thermocouple type 

temperature indicating system? 

9. Which thermocouple lead on a jet aircraft is the negative lead^ 

10. What is a thermocouple? 

11. What is the power requirement for the thermocouple type temperature 

indicating system? 

FUEL FLOW INDICATING SYSTEMS 

Day 5 

1. What component in the fuel flow transmitter moves the vane to a "no 

flow" position? 

2. How much vane movement is available for the first 3000 pph of fuel 

flow? 

epj) 



itOa 
3. What device is installed in the transmitter to, compensate for a 

stuck vane? 

4. What keeps fuel from getting into the electrical portion of the 

fuel flow transmitter? 

5. Why is it necessary to increase the excitation voltage to the linear 
synchro rotor in the fuel flow transmitter when flows exceed 3000 pph? 

6. How are the different linear synchros from the separate engines 

connected electrically? Why? 

7. What is the signal nulling unit in the fuel flow totalizer indicator? 

8. What is used as a dampening device to prevent pointer overdrive and 

oscillations in the fuel flow totalizer indicator? 

9. What activates the hi-lo switch in the fuel flow transmitter? 

10. How is the motion of the vane in the metering chamber of the transmitter 

transmitted to the'electrical section? 

11. What single component of the fuel flow indicating system is common 

to both the individual and the totalizer systems? 

ENGINE PRESSURE RATIO SYSTEM 

Day 6 

1. List the components of the EPR system. . 

3. 

4. 

The converts the difference between Pt2 and Pt7 

pressures into an electrical signal. 

IVhen the engine is operating, Pt7 is than Pt2. 

The indicator uses two synchro motors to drive the pointer. Iftat 

are they called? 

5. The AiResearch transducer uses a 

and a to convert pressures (Pt2 

and Pt7) into mechanical movement. 

What determines which of the two transistors is forward biased thus 

causing the DC motor to run? 

621 
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7. Explain the basic operation of'the Minneapolis-Honeywell transducer. 

8. What is the voltage requirement cf the EPR system? 

9. In the AiResearch transducer, power for the indicator and transducer 

synchros is tapped off of the of transducer trans­
former Tl. 

10. Transformer Tl in the transducer steps down the AC and the 

are used to supply power for the operation of the motor and the 
transistors. 

RESISTANCE TYPE LIQUID QUANTITY SYSTEM 

Day 7 

1. The resistance type quantity indicating system is sometimes referred 

to as the liquid quantity indicating 
system. 

2. What device is used to prevent liquid from entering the electrical 

section of the transmitter? 

3. What are the parts used to make up the mechanical linkage which con­
nects the bellows lever to the wiper arm of the transmitter and 

explain the primary function of this mechanical linkage. 

4. What controls the amount of current flow to the indicator coils? 

5. The indicator uses primarily a type meter movement. 

6. The indicator dial is calibrated to read in of fuel. 

7. The two stationary coils in the indicator called, "deflection coils" 

are used to deflect the when 
current passes through them. 

8. What is used to pull the pointer "off scale" when power is lost? 

9. What is used to determine the range of pointer movement and what are 

the three common ranges? 

10. What adjustments are made to calibrate the ohmic value of the resistance 

strip in the transmitter? 
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Day 8 

CAPACITANCE LIQUID QUANTITY INDICATING SYSTEM 

1. What are the power requiremente of the capacitance type fuel quantity 

indicating aystem? 

2. List the five major components of the capacitance fuel quantity aystem. 

3. What ia the purpose of the fuel gage select switch? 

4. Vh«t i» the purpose of the eoopensetor probe and how is it connected 

in the system? 

S. The 

to the 

lead carries the power from the 

and then the lead carries 

the capacitance signal back to the ______________„ ____«___—. 
to be tmplitUi, 

6. How are the tank units in the capacitance fuel quantity system 

connected? • ' 

7. The provides empty capacitance signal 

when the drop tanks are not installed. 

8. What is the normal indication when the fuel gage test switch is 

depressed and held? 

9. What ars the power requirements for the liquid oxygen indicating 

systaa (LOX)? 

10. The LOK indicator reads from 0 to of oxygen. 

VERTICAL SCALE INDICATING SYSTEMS 

Day 9 

I. What four systems are tynieally found in the vertical scale systems? 

2. List the components found in the verticl scale tachometer indicating 

system, , 

3. What determines the output voltage and frequency of the tachometer 

generator? , 
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4. Briefly describe the converter unit used in the vertical scale indicating 

system. 

5. Briefly define the purpose of the converter channel board for the tack-

ometer system. 

6. One set of vertical scale indicators is mounted on the pilot's panel 

and the other set is on the ^ panel. 

7. What indications do the Nl and N2 tachometer systems represent? 

8. If power is applied to the tachometer vertical scale indicating system, 
but the engine is not running, what process takes place resulting in the 

blank indication on the indicator? 

9. In the vertical scale EGT system, wh'at is used to help prevent erosion 

of the thermocouple probes? | 

10. What is provided as the input signal to the vertical scale converter 

EGT channel boards? ; 

11. The cold junction compensator provides a constant millivolt reference 

to the dual chopper regardless of changes. 

12. The fuel flow transmitter provides an output sî .na;, directly to the 

control transformer in the . 

13. List the seven components that make up the fuel flow transmitter. 

14. The vertical scale fuel flow indicating system is sometimes referred 

to as a •__ system. 

15. The principle operation of the EPR transducer in the vertical scale EPR 

indicating system is based on the use of a 

16. What is the purpose of the rate generator in the vertical scale EPR 

indicating system? 

Go^i 
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FOREWORD 

This programmed text was developed for use in Courses 3ABR32531, 
Avionics Instrument Systems Specialist and 3ABR32632B, Integrated 
Avionics Systems Specialist. The material contained here has been 
validated with 38 students from the subject courses. Thirty-five 
students achieved the objectives as stated. Average time to 
complete the text is 120 minutes. 

OBJECTIVES 

Without reference, identify facts pertaining to the purpose, 
operation, and/or characteristics of typical pressure indicating 
systems with an accuracy of at least 80%. 

a. Direct 

b. Synchro 

c. Variable Reluctance 

Without references, identify facts pertaining to the application 
of instrument range markings, with an accuracy of at least 80%. 

INSTRUCTIONS 

This programmed text is divided into three sections: Section A 
covers Direct Pressure and Range Markings, Section B covers Synchro 
Pressure, and Section C covers Variable Reluctance Pressure. The 
information presented in this text is presented in small steps called 
"frames". After reading the information in the frames you are asked 
to actively respond to the statements at the end of that frame. Place 
these responses on the response sheet provided with this text. Check 
your responses for accuracy with the correct responses given after the 
following frame. If you make an incorrect response, reread the frame 
until you determine why you were in error before proceeding to the 
next frame. After completing each section you will take an appraisal 
to display your attainment of the stated objectives before proceeding 
to the next area of instruction. Work as quickly as possible, but 
DO NOT RUSH! 

Supersedes 3ABR32531-PT-201, 3ABR32632B-PT-303, 10 February 1976; 
3ABR32531-PT-207, 3ABR32632B-PT-304, 6 February 1975,' 3ABR32531-PT-208, 
3ABR32632B-PT-303A, 31 January 1975. 
OPR: 3360TTG 
DISTRIBUTION: X 

3360TTGTC-W - 250; TTVSR - 1 
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Section A. DIRECT PRESSURE 

Frame 1 

Although direct pressure indicating systems are not as common on 
today's aircraft as they were on the older type aircraft, the operating 
principles are still used in modern instrument systems. Since direct 
pressure indicating systems were often used to measure the pressure of 
flammable oil, fuel, etc., the hazard of a bursting fuel line in the 
cockpit area was always present. To decrease or eliminate this hazard 
sophisticated electronic instruments were developed. Keep in mind, 
that even though new systems were developed there are still aircraft in 
the field that use direct pressure indicating systems and you will 
probably be performing maintenance on thema The direct pressure 
indicating system, as the name implies, is used to show the pilot or 
crew members the amount of pressure that is available in a particular 
aircraft system. Some of the direct pressure systems and their uses 
are listed in the chart below. 

Direct Pressure System 

1. Oil Pressure 

2. Fuel Pressure 

3. Vacuum Pressure 

4. Manifold Pressure 

5. Hydraulic Pressure 

Used for 

Lubricating oil to moving engine parts. 

Fuel pressure to engine's carburetor. 

Air driven gyroscopic flight instruments. 

Intake pressure to the engine manifold. 

Landing gear, flaps, brakes, etc. 

Circle the letter of the correct statement(s). 

1. A direct pressure indicating system indicates the 

a. gallons of fuel in the fuel tanks. 
b. acceleration of the aircraft. 
c. pressure available in an aircraft system. 
d. pressure altitude of the aircraft. 

2. A direct pressure system that indicates the pressure in the brake 
system is the 

a. manifold pressure system. 
b. vacuum pressure system. 
c. deicer pressure system. 
d. hydraulic pressure system. 

3 



Frame 2 

Direct reading pressure gages operate whenever the system that 
they are used in operates. There are two categories of direct pressure 
gages. One category is the absolute pressure type and the other 
category is the differential pressure type. Absolute pressure is the 
total pressure above zero. It is called a total pressure because 
atmospheric pressure is always present on all objects on the earth. 
Differential pressure is then said to be the difference between two 
pressures which is usually the difference between a systems pressure 
and atmospheric pressure.' Most direct pressure gages that are used 
are the differential pressure type. Figure 1 below shows a typical 
direct pressure indicating system. 

•c=C^Qg*-TO EN«ttiE 

.FRONT MOUNTCO 
OA«C 

Figure 1. 

Circle the letter of the correct statement(s). 

a. All direct pressure gages measure absolute pressure or 
differential pressure. 

b. Direct pressure gages operate only when they are turned "ON' 

c. Most direct pressure gages measure differential pressure. 

Answers to Frame 1: 1. c 2. d 
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Frame 3 

To measure the pressure of the various aircraft pressure systems, a 
device that responds to pressure must be used. This device is a pressure-
sensitive element. There are four different pressure-sensitive elements 
that could be used, but only one, the Bourdon tube, will be covered here. 
The other pressure-sensitive elements will be covered in other blocks of 
instruction. 

The Bourdon tube responds to pressure changes by straightening out 
(expanding) when pressure increases, and coiling closer (contracting) 
when pressure decreases. Direct pressure gages and the remote indicating 
systems operate on this principle of pressure-sensitive elements 
responding to pressure and to pressure changes. 

Circle the letter of the correct statement(s). 

a. Direct pressure gages do not use a pressure-sensitive element. 

b. The Bourdon tube is one of the four sensing elements. 

c. An increase in pressure will cause the Bourdon tube to 
coil closer. 

Answers to Frame 2: a, c 
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Frame 4 

Bourdon tubes are used to measure high pressures such 
as oil, fuel, hydraulic, or air pressure. A Bourdon tube is 
a coiled hollow elliptical metal tube which is anchored at 
the open end ("P"). The other end of the tube is closed, connected 
to a link, and is free to move. Because of the Bourdon tube's 
construction, it acts like a spring and tends to straighten 
ou.t when internal pressure is applied. See figure 2 below. 

»» ) 

L^fEH END 

rv,̂  CONTRACTED 
rr ' 1'"*̂ : EXPANDED 
^-'^ ^CLOSED END 

Figure 2. 

Circle the letter of the correct statement(s). 

a. A Bourdon tube is a coiled, round, metal tube. 
b. The closed end of the Bourdou tube is free to move. 
c. Bourdon tubes are used to measure high pressure. 

Answers to Frame 3: b 
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Frame 5 

Now let's see how a small movement of the pressure-sensitive element 
is changed into a large amount of pointer travel or movement. As 
pressure enters the Bourdon tube the closed end of the tube begins to 
expand (straighten out). Attached to this closed end of the tube is a 
connecting link. This link is attached to a sector gear. When the tube 
straightens or coils the link is moved and causes the sector gear to 
pivot and drive a pinion gear. The pinion gear, when driven, rotates 
the pointer. The amount of pointer movement is dependent upon the size 
of the sector and pinion gears* The large sector gear dri'i/ing a small 
pinion gear magnifies (increases) the movement of the pointer in 
relation to the movement of the Bourdon tube. See figure 3 below. 

BOURDON TUBE 

PRESSURE ENTRANCE 

LINK 

SECTORIGEAR 

POINTER 

PINION GEAR 

Figure 3. 

Circle the letter of the correct statement(s). 

V 

Pressure entering the Bourdon tube will cause the closed 
end to coil. 

A small movement of the Bourdon tube is magnified in 
pointer travel by the size of the sector and pinion gears. 

The closed end of the Bourdon tube is connected to a link. 

Answers to Frame 4: b, c 
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Frame 6 

The absolute pressure type gage indicates the total pressure which 
is the sum of the system pressure and the atmospheric pressure. Since 
the atmospheric pressure is different at different altitudes the 
indication would change even though the system pressure remained the 
same. To correct for this erroneous indication the differential pressure 
type gage is used. By placing the Bourdon tube in a vented case, as the 
aircraft climbs in altitude the atmospheric pressure surrounding the 
Bourdon tube decreases. Theoretically, this decrease in pressure on the 
outside of the Bourdon ttibe would cause it to straighten. However, 
remember that the atmospheric pressure on the substance to be measured 
also decreases with altitude. Therefore, the reduced pressure on the 
outside of the Bourdon tube is compensated for by the decrease in pressure 
on the surface of the substance to be measured. Consequently, the 
pressure gage indicates the correct pressure at al3 altitudes. Vented 
case instruments are used ONLY in aircraft that fly at low altitudes 
(2,000 to 5,000 feet). 

Circle the letter of the correct statement(s). 

a. Atmospheric pressure decreases as altitude increases. 

b. A decrease in atmospheric pressure on the Bourdon tube is 
compensated for by an increase in pressure on the substance 
to be measured. 

c. In a vented case, a change in atmospheric pressure on the 
Bourdon tube is equal to the atmospheric pressure on the 
substance to be measured, 

d. Only differential pressure type gages compensate for 
atmospheric pressure changes. 

Answers to Frame 5: b, c 
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Frame 7 

You may recall from previous lessons in block I that indicators 
with vented (raintight) cases were never to be used in aircrr«i'u with 
pressurized cabins. Pressurization inside the cabin is normally 
higher than atmospheric pressure and that will cause the indication to 
read low. In these aircraft a dual sensitive element contained in an 
airtight case must be used. See figure 4 below. With the pressure to 
be measured, connected to "P", and atmospheric pressure from outside the 
cabin (cockpit) connected to "V", the system would operate as follows: 
When the atmospheric pressure on the (fuel, oil etc.) decreases, the 
pressure Bourdon tube would coil and try to move Link A to the left, 
but since the atmospheric pressure on the substance decreased, it also 
decreased in the vented Bourdon tube. This allows the vented Bourdon tube 
to coil and move Link B to the right. With Links A and B trying to move 
in opposite directions with equal force the sector shaft will not move 
and thus the indication remains the same. 

SECTOR SHAFT 

SECTOR 

Figure 4. 

Circle the letter of the correct statement(s). 

a. In pressurized cabins, dual sensitive elements are contained 
in a vented case. 

b. Atmospheric pressure changes are compensated for by a dual 
sensitive element. 

c. A dual sensitive element is required with an airtight case. 

d. Atmospheric pressure changes ara compensated for by one 
Bourdon tube opposing the movement of the other. 

e. Movement of the Bourdon tube is aided by the movement of 
the other Bourdon tube. 

Answers to Frame 6: a, c, d 
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Frame 8 

Most metals expand with an increase in temperature and contract with 
a decrease in temperature. Therefore, as the temperature of the pressure 
gage changes, the indication would change due to the expanding or 
contracting of the Bourdon tubes. In pressure gages with dual sensitive 
elements this would not be a problem because a temperature increase will 
cause both tubes to expand. The two tubes are equal and there is no 
movement at the free ends because the opposing forces, due to temperature 
changes, neutralize each other. 

Circle the letter of the correct statement(s). 

a. An increase in temperature causes most metals to contract. 

b. With dual sensitive elements, a change in temperature is 
neutralized by one tube opposing the other. 

Answers to Frame 7: b, c, d 
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Frame 9 

Since different metals expand and contract in varying amounts and 
rates with temperature changes, a bimetallic (two different metals 
laminated together) segment tail (figure 5A) can be used to compensate 
pressure gages with single sensitive elements for temperature changes. 
Suppose we use the metals iron and aluminum in a bimetallic segment. 
Aluminum expands and contracts much more than iron. As the temperature 
increases, the aluminum expands. However, the iron laminated to the 
aluminum does not expand as much as the aluminum. The only way the 
expansion of the aluminum can take place is by curving or bending around 
the iron (figure 5B). As the temperature increases, the pressure sensitive 
element straightens, but at the same time the bimetallic segment becomes 
shorter because of the bending action. Therefore, the straightening of 
the element is compensated for by the bending ot the bimetallic segment. 

BOURDON 
TUBE 

ÂLUMINUM 

IRON-

LINK 

IRON 

TEMPERATURE TEMPERATURE 

SOCKET MOVEMENT BIMETALIC 
11.11 SC8MCNT 

Figure 5A. 

Circle the letter of the correct statement(s). 

BIMETALIC SEGMENT 

"B" 

Figure 5B. 

A bimetallic segment tail is used to compensate for 
temperature changes in pressure gages with a single sensitive 
element. 

In the bimetallic segment tail, iron contracts and expands 
more than alxmiinum. 

Due to a temperature change, an expansion of the pressure 
sensitive element is compensated for by the bending of the 
bimetallic segment. 

Answer to Frame 8: 

'5i?" 



Frame 10 

When you install an indicator that requires range or limit 
markings, you must apply the appropriate range markings. The range 
and limit markings show the pilot at a glance whether flight 
operation is safe, desirable, or unsafe. Instructions for 
installing range markings are listed in TO 5-1-2. The ranges and 
Imiits of the indicators are in the aircraft -i flight manual. 

Circle thp letter of the correct statement(s). 

a. All instruments will have range markings, 

b. The application of range markings is covered in TO 5-1-2. 

c. 1B-52H-1, and lF-lllA-1 are flight manuals. 

d. Instrument specialists will install range markings. 

Answers to Frame 9: a, c 

J 

63C, 
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Frame .U 

All range markings except the white radial (slippage index mark) 
are decals and are applied to the cover glass covering a range of the 
indicator scale. The white radial is painted on the indicator cover 
glass and extends onto the case In a straight unbroken line. This mark 
is applied on the indicator in an area that has no other range markings 
or indicator scale. See figure 6 below. The white radial must be applied 
when range markings are used. This enables the pilot to determine if 
the cover glass has slipped and the range markings are Inaccurate in 
relation to their position over the dial numbers. 

WHITE RADIAL 

(SLIPPAGE INDEX MARK) 

Figure 6. 

Circle the latter of the correct statement(s). 

a. The white radial should extend from the case onto the 
cover glass in a straight unbroken line. 

b. The white radial Indicates an area of limited operation. 

c. A shift of cover glass is apparent when the white radial 
is not a continuous straight line. 

d. With the exception of the white radial, all range 
markings are decals. 

e. Range markings are applied directly to the case. 

Answers to Frame 10: 1. b, c, d 

13 
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t/7 
Frame 12 

There are two types of decal range markings; the Radial and the 
Arc. The range markings are shown in figure 7 below. The red radial 
is used to Indicate minimum or maximum operation. The arc type range 
marking can be of four different colors, each meaning a different 
type of operation. Sea the chart below for the color, operation, 
meaning and type of aircraft it can be used on. 

"^ 

COLOR 

RED 

GREEN 

BLUE 

YELLOW 

OPERATION 

PROHIBITED. 

NORMAL 

AUTO-LEAN 

UNDESIREABLE 

AIRCRAFT 
USED ON 

ALL TYPES 

ALL TYPES 

PROPELLER 

ALL TYPES 

WHITE RADIAL 
(SLIPPAGE INDEX MARK) 

Figure 7. 

Circle the letter of the correct statement(s). 

a. Red and green arc range markings are û sed on propeller 

type aircraft only. 

b. The green arc is the range marking for normal operation. 

c. A red radial indicates the maximum or minimum operation 

limit for all aircraft. 

Answers to Frame 11: a, c, d 

Answers to Frame 12; b, c 

Return to the beginning of this programmed text and review 
the objectives. When you are satisfied that you know and understand 
the material you will be required to demonstrate this understanding 
by successfully completing an appraisal on the stated objectives. 
After successful completion of the appraisal you will proceed to the 
laboratory to perform on an actual direct pressure system. 

APPRAISAL 

63S 
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S e c t i o n B. SYIICHRO PRESSURE 
US 

Frame 1 

Machines that have moving parts require some type of lubrication. 
Lubrication is necessary to reduce friction and heat created by the 
m-vlng parts rubbing together. If friction and hear are not reduced, 
excessive wear of moving parts will cause premature failure of the 
machine. Lubrication plays a very Important role in the life and 
durability of all types of engines. For example, the lubricating 
system in an automobile engine takes oil from the oil pan (sump), 
filters it and forces it under pressure to the bearings and all moving 
parts. The oil drains back into the oil pan and the cycle is repeated 
again and again. Thus, cleaned and cooled oil is continually supplied 
to the moving parts to reduce friction and heat. It is Important that 
a means of monitoring the pressure be available. Any extreme variation 
in pressure can cause damage to the engine. Therefore, we must have a 
dependable and accurate pressure indicating system. 

It is also Important to have a means of monitoring hydraulic oil 
pressure. Since most all modem aircraft utilize hydraulic pressure 
to move control surfaces, raise and lower landing gear, and perform a 
variety of other motion-related functions, the malfunction of a 
hydraulic pressure system can lead to the loss of an aircraft and 
possibly the death or Injury of crew members. 

This programmed text uses an engine oil pressure indicating 
system as a representation of a synchro pressure system. By changing 
the scale value on the indicator to 0-400, 1000 psi and replacing the 
Bourdon tube (sensing device) to one constructed of a heavier material, 
the same basic system covered in this programmed text can be used for 
hydraulic pressure indications. 

NO RESPONSE REQUIRED 

639 
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t/9 
Frame 2 

Since aircraft engines are lubricated by oil under high pressure, 
they require an accurate oil pressure indicating system. 

Some aircraft engine oil pressure indicating systems are 
synchronous systems. They consist of a pressure transmitter on each 
engine and an indicator on the pilot's instrument panel for each 
engine. See figure 8» The indicator is calibrated in pounds per 
square inch. The transmitter is electrically connected to the 
indicator. 

Tranamltter 
Indicator 

Figure 8, 

Refer to figure 8 to answer the following questions. Circle the 
letter for the correct response to the following statement(s). 

1. The dial of the oil pressure indicator is graduated from 

a. 0 to 200 pounds per square foot. 
b. 0 to 200 ounces per square foot. 
c. 0 to 200 pounds per square inch. 
d. 0 to 200 ounces per square inch. 

2. A four engine aircraft would have 

a. one indicator and four transmitters. 
b. one transmitter and four indicators. 
c. two indicators and four transmitters. 
d. four indicators and four transmitters. 

64 n 
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Section B. SYNCHRO ,PRESSURE 
6ao 

Frame 1 

Machines that have moving parts require some type of lubrication. 
Lubrication Is necessary to reduce friction and heat created by the 
m-vlng parts rubbing together. If friction and hear are not reduced, 
excessive wear of moving parts will cause premature failure of the 
machine. Lubrication plays a very Important role In the life and 
durability of all types of engines. For example, the lubricating 
system In an automobile engine takes oil from the oil pan (sump), 
filters it and forces it under pressure to the bearings and all moving 
parts. The oil drains back into the oil pan and the cycle is repeated 
again and again. Thus, cleaned and cooled oil is continually supplied 
to the moving parts to reduce friction and heat. It is important that 
a means of monitoring the pressure be available. Any extreme variation 
in pressure can'cause damage to the engine. Therefore, we must have a 
dependable and accurate pressure indicating system. 

It is also important to have a means of monitoring hydraulic oil 
pressure. Since most all modem aircraft utilize hydraulic pressure 
to move control surfaces, raise and lower landing gear, and perform a 
variety of other motion-related functions, the malfunction of a 
hydraulic pressure system can lead to the loss of an aircraft and 
possibly the death or injury of crew members. 

This programmed text uses an engine oil pressure Indicating 
system as a representation of a synchro pressure system. By changing 
the scale value on the Indicator to 0-400, 1000 psl and replacing the 
Bourdon tube (sensing device) to one constructed of a heavier material, 
the same basic system covered in this programmed text can be used for 
hydraulic pressure Indications, 

NO RESPONSE REQUIRED 

641 
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Frame 2 

Since aircraft engines are lubricated by oil under high pressure, 
they require an accurate oil pressure indicating system. 

Some aircraft engine oil pressure indicating systems are 
synchronous systems. They consist of a pressure transmitter on each 
engine and an indicator on the pilot's instrument panel for each 
engine. See figure 8. The indicator is calibrated in pounds per 
square inch. The transmitter is electrically connected to the 
Indicator. 

• ^ 

Ti'ansfflltter 
Indicator 

Figure 8. 

Refer to figure 8 to answer the following questions. Circle the 
l e t t e r for the correct response to the following statement(s). 

1. The d ia l of the o i l pressure indicator i s graduated from 
) 

a. 0 to 200 pounds per square foot. 
b. 0 to 200 ounces per square foot. 
c. 0 to 200 pounds per square inch. 
d. 0 to 200 ounces per square inch. 

2. A four engine aircraft would have 

a. one indicator and four transmitters, 
b. one transmitter and four indicators. 
c. two indicators and four transmitters. 
d. four indicators and four transmitters, 

ei 
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Frame 3 

The oil pressure transmitter and indicator are connected to each 
other by electrical wiring. See figure 9. The 26VAC, 400-Hertz 
single-phase power is taken from the aircraft electrical system and 
is connected to the rotors of the transmitter and indicator. 

NDICATOR 

^ S I A T O « ^ ^ > > J 

26V lOOaAC 

Figure 9. 

Refer to figure 9 to answer the following question. Circle the letter of 
the correct response to the following statement, 

1. The 26VAC 400-Hertz power is connected to 

a. one rotor and one stator. 
b. both rotors and both stators. 
c. both rotors. 
d. both swaters. 

Answers to Frame 2: 1. c 2, d 

6^^317 
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Frame 4 

The oil pressure transmitter is a hermetically sealed unit that 
converts oil pressure into an electrical signal. It is mounted on or 
near the engine, and engine oil pressure is applied to an opening in 
one end of the case. See figure 10 for an illustration of the trans­
mitter with the case removed. Two Bourdon tv^bes, two links, an arbor 
(rotating shaft) and two gears make up the mechanical assembly that 
measures oil pressure. Notice the hairspring that is attached to the 
generator rote:: shaft. This spring takes up gear backlash (play due 
to clearance between gear teeth). 

"N 

ZERO 
ADJUSTMENT 

VENT PORT. 

PINION GEAR_«___^^_2aj 
HAIRSPRING - H ^ ^ ^ 

ADJUSTMENT 
LEVER 

PRESSURE BOURDON 
TUBE 

SYNCHRO 
• GENERATOR 

VENTED BOURDON 
TUBE 

OIL PRESSURE 
NPUT 

PRESSURE BOURDON 
CAPILLARY TUBE 

SECTOR GEAR 

J 

ARBOR 

L I N K 

PIVOT 

Figure 10. 

Refer to f igure 10 to answer the following ques t ion . C i rc l e the 
l e t t e r of the co r rec t •>*esponse to the following s ta tement . 

1. The ha i r sp r ing i s used to 

a. help turn the g e a r s . 
b . help turn the ro tov . 
c . prevent backlash of the g e a r s . 
d. keep ••'"> generator r o t o r from spinning. 

Answers 1. c 

e^j 
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Frame 5 

The two Bourdon tubes in the transmitter are the pressure Bourdon 
tube and the vent Bourdon tube. First we will take up the pressure 
Bourdon tube. The pressure Bourdon tube is a flat, "C" shaped metal 
tube that is closed on one end. When pressure is applied to the 
inside of the tube, it expands to a greater diameter. See figure llA. 
When the pressure is released, the surrounding pressure forces it back 
to its original diameter. The amount of movement at the closed end of 
the tube depends on the difference of pressures inside the tube as 
opposed by the pressure (differential) outside the tube. 

OIL PRESSURE 

\ 

PRESSURE BOURDON 
TUBE 

CAPILLARY 
TUBE 

80.7 PSI 

CONTRACTED 

Figure llA. 

jî  ̂  EXPANDED 

Figure IIB. 

Refer to figure llB to answer the following questions. Circle 
the letter for the correct response to the following statements. 

1. As oil pressure on the Bourdon tube increases, the tube will 

a. remain in position "A". 
b. move from position "A" to "B" 
c. remain in position "B". 
d. move from position "B" to "A". 

2. The differential pressure that moves the Bourdon tube is 

a. 14.7 psi. 
b. 66,0 psi. 
c. 80.7 psi. 
d. 95.4 psi. 

Answer to Frame 4: 1. c 
19 
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Brame 6 

The vented Bourdon tube is a flat "C" shaped metal tube that is 
closed on one end. This cube is vented to atmospheric pressure. The 
reason for this is that it compensates for atmospheric pressure 
changes. As the airplane goes higher, the pressure inside the tube 
decreases causing the tube to contract. As the airplane descends, 
the pressure becomes higher and the tube expands. See figure 12. 

ATMOSPHERIC 
PRESSURE 

u 
• 1 

1 1 

^ ' 1 

Figure 

\ LOW 
V \ /ALTITUDE 
^ ^ POSITION 

12, 

HIGH 
-ALTITUDE 

POSITION 

Refer to figure 12 to answer the following question. Circle 
the letter of the correct response to the following statement. 

1. The vented Bourdon tube 

a. expands as the aircraft climbs. 
b. compensates for varying oil pressure. 
c. compensates for varying atmospheric pressure. 
d. compensates for varying atmospheric temperature. 

Answers to Frame 5: 1. b 2. b 

e^G 
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Frame 7 

The closed end of the oil pressure Bourdon tube and the vented 
Bourdon tube are mechanically linked. As the airplane gains 
altitude, the atmospheric pressure decreases causing the vented 
Bourdon tube to contract. As this tube contracts, it applies a 
force to the oil pressure Bourdon tube forcing it to expand. The 
movement of both tubes maintains s desired differential pressure 
so regardless of the altitude, the oil pressure indicator reading 
will REMAIN constants The vented Bourdon tube makes this possible. 

OIL 
PRESSURE 

«rMOSPHERIC 
PRESSURE 

•OIL 
PRESSURE 
BOURDON 
TUBE 

VENTED -
BOURDON 
TUBE 

Figure 13. 

Refer to figure 13 to answer the following question(s). Circle 
the letter of the correct response to the following statement(s). 

1. Pressure inside the vented Bourdon tube is ' 

a. oil pressure, 
b. gage pressure. 
c. differential pressure. 
d. atmospheric pressure. 

2. The purpose of the vented Bourdon tube is to 

a. correct for mechanical wear. 
b. correct for oil pressure surges. 
c. correct for varying atmospheric pressure. 
d. compensate for thermal expansion of the oil. 

Answer to Frame 6: 1. c 
21 
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Frame 8 

The closed end of the oil pressure Bourdon tube is connected 
to the arbor shaft assembxy, sector gear, and pinion gear. Notice 
the pinion gear is mounted on the generator rotor shaft and is 
mechanically meshed with the sector gear. See figure 14, When oil 
pressure increases, the pressure tube expands causing the arbor 
shaft to rotate. This will rotate the sector gear, pinion gear 
and the synchro generator shaft. The synchro generator shaft does 
NOT spin BUT it displaces the rotor just a few degrees. This 
displacement of the rotor produces an electrical signal in the 
indicator. 

• ^ 

oil 
PRESSURE 

SYNCHRO 
GENERATOR 

Figure 14, 

Refer to figure 14 to answer the following questions. Circle 
the letter of the correct response to the following statements. 

1. The sector and pinion gears are turned by the 

a. rotor of the generator. 
b. arbor shaft assembly. 
c. vented Bourdon tube. 
d. synchro generator. 

2. The pinion gear of the autosyn transmitter is 

a. 
b. 
c, 
d. 

Answers to Frame 7 

mounted on the sector gear, 
mounted on the rotor shaft, 
turned by the generator stator, 
turned by the sector gear. 

1. d 2. c 
22 
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(o9.$ 
Frame 9 

The synchro generator looks like any other small electric motor or 
generator. It consists of a "wye" wound stator assembly and a rotor. 
The rotor is a soft iron core with a coil of wire wound around it. The 
26VAC, 400-Hert2 single-phase power enters the rotor through a set of 
brushes and slip rings. See figure 15 for an illustration of the rotor 
and stator windings. 

tator 
l«ads 

Windings 

Figure 15, 

Refer to figure 15 to answer the following question(s). Circle 

the letter(s) for the correct response to the following statement(s), 

1. The 26VAC, 400-Hertz single-phase power 

a. is connected to the stator. 
b. is connected to the rotor. 
c. turns the rotor. 
d. turns the stator. 

2. The stator is 

a. delta wound. 
b. series wound„ 
c. "wye" wound. 

Answers to Frame 8: 1. b 2. b, d. 

23 

6i9 



Frame 10 

Most electromechanical systems include an adjustment device. Wear 
of mechanical parts and metal fatigue (weakening of metal due to bending 
or flexing) of the Bourdon tubes causes slight errors that must be 
reduced. By adjusting the transmitter zero adjuster screw, the synchro 
stator assembly is rotated slightly and an accurate voltage signal is 
then sent to the indicator. This adjustment is accomplished with 
electrical power on and no oil pressure applied to the transmitter— 
that is why it is called the zero adjustment. As the zero adjustment 
is turned, the synchro stator tuims, while the position of the rotor 
remains fixed. See figure 16, The zero adjustment screw extends 
outside the transmitter case. 

— ZERO 
ADJUSTMENT 

ROTOR 
y' SHAFT 

STATOR 
ASSEMBLY 

Figure 16. 

Circle the letter(s) of the correct response(s) to the following 
statement(s). 

1. An example of metal fatigue is a 

a. worn gear. 
b. Bourdon tube with a worn shaft. 
c. Bourdon tube xd-th a hole through its wall. 
d. a spring that has been stretched too far. 

2. The adjustment screw turns the 

a. synchro rotor. 
b. synchro stator. 
c. arbor assembly. 
d. transmitter. 

Answers to Frame 9: 1. b 2. c 
24 
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Frame U. 

To understand the principles of operation of a synchro transmitter, 
it is first necessary to understand certain transformer principles. A 
transformer consists of a primary and a secondary coil wound on a soft 
iron core. It is used to either increase or decrease voltage, as 
illustrated in figure 17, Alternating current flowing through the 
primary always induces alternating current in the secondary. The ratio 
of turns of the two coils deterinines whether it is a step-up or step-
down transformer. 

SECONDARY 

26V 
AC 

PRIMARY 
13V 
AC 

SECONDARY 

13V 
AC 

PRIMARY 

26V 

AC 

Figure 17, 

Refer to figure 17 and circle the letter(s) of the correct response(s) 
for the following statement(s), 

1. Current in a transformer secondary circuit is 

a. direct current. 
b. alternating current. 
c. pulsating direct current, 
d. higher than current in the primary, 

2. The voltage increase or decrease of a transformer is determined 
by the 

a. soft iron core. 
b. ratio of turns in the coils. 
c. insulation between the coils. 
d. output of the secondai^ coils as compared to primary coils. 

Answers to Frame 10; 1. d 2. b 

25 
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Frame 12 

A variable transformer may also be used to increase or decrease AC 
voltage. Voltage that is induced into the secondary may be varied by 
changing thy position of one coil in relation to another. Refer to 
figure 18. Notice that when both coils are parallel, maximum voltage is 
induced into the secondary. Secondary voltage gradually decreases as 
the primary (rotor) moves away from parallel. Minimum induction occurs 
whan the rotor coil is at ninety degrees in relation to the secondary 
coil. 

^ 

SECONDARY 
(STATORI 

26V 
AC 

PRIMARY 

(ROTOR) 

26V 
AC 

SECONDARY 
(STATOR) 

NEARLY 
ZERO 
VOLTAGE 

SECONDARY 
(STATOR'I 

13V 
AC 

nnnrr^ryy^nrr^ 

PRIMARY 
(ROTOR) 

PRIMARY 
(ROTOR) 

Figure 18. 

NO RESPONSE REQUIRED 

Answers to Frame 1 1 : 1. b , d 2 . b 
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Frame 13 

The synchronous generator used in the oil pressure transmitter is a 
variable transformer. The primary (rotor) is a single coil of fine wire 
wound on a soft iron core and energized by 26VAC, 400-Hertz single-phase. 
The three coils are "wye" wound to form tha stator assembly. See 
figure 19. As the Bourdon tube expands or contracts, rotor position 
changes and induced voltage varies in each of the three stator (secypndary) 
coils. The relative position of the rotor and stator coila in figjire 19 
indicates that maximum voltage is being induced into coil 1 since it is 
parallel to the rotor. Coil 2 has the same induced voltage as coil 3, 
but the induced voltage in each of these coils is less than coil 1. 

T R A N S M I T T E R 

Figure 19. 

Refer to figure 19 to answer the following question(s). Circle the 
letter of the correct response to the following statements. 

1. The transmitter stator is 

a. moved by the Bourdon tube. 
b. energized directly by 26VAC. 
c. the primary and is stationary. 
d. the secondary and is stationary. 

2. Maximum voltage is induced into coil 3 when 

a. the rotor is parallel to coil 1• 
b. the rotor is parallel to coil 3, 
c. the three stator coils are parfillel to each other. 
d. coil 1 and thn rotor are at 50° in relation to each other. 

G53 
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lol2> 
Frame 14 

The oil pressure indicator contains a synchronous motor consisting of 
a "wye" wound stator and a rotor assembly. Current is fed to the indicator 
through an electrical connector and the rotor is energized through brushes 
and/or slip rings. Thy only moving part is the rotor which is attached 
directly to the pointer. There are no gears, hairsprings or mechanical 
stops. The rotor is free to turn through 360°. When electrical power is 
interrupted, the pointer will remain at its last position. The indicator 
is hermetically sealed and has no external adjustment. 

XOIOII ASSEMSIY 

STATOR ASSEMtlY 

SUP I INCS 

POINTEK 

Figure 20. 

Refer to figure 20 to answer the following questions. Circle the letter 
of -the correct response for the following statements. 

1. The indicator rotor turns the pointer by 

a. being attached directly to it, 
b. a set of gears. 
c. a set of gears and a hairspring. 
d. a set of hairsprings and a calibrating spring. 

2. The rotor of the indicator is energized through 

a. permanent connections. 
b. slip rings and/or brushes. 
c. hairsprings. 
d. hairsprings and a calibrating spring. 

Answers to Frame 13: 1. d 2. b 

()5 i 
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Frame 15 

The indicator rotor is a coil of fine wire wound on a soft iron core 
and energized by 26VAC, 400-Hz single-phase power. The indicator synchronous 
motor is not a variable transformer, the stator coils are energized by 
voltage from the transmitter stator. Current in the indicator stator coils 
produces an electromagnetic field which will attract the electromagnetic 
field of the rotor. The rotor will align itself parallel to the stator 
coil having the highest current flow (the strongest magnetic field). The 
indicator operates on the principle of attraction of electromagnetic fields. 
See figure 21, 

INDICATOR 

Figure 21. 

Refer to figure 21 to answer the following questions. Circle the letter(s) 
of the correct response to the following statements. 

1. The indicator rotor 

a. is energized by 26VAC. 
b. has three windings. 
c. is moved by electromagnetic attraction. 
d. is the primary and is stationary. 

2. The indicator stator 

a. is an electromagnet, 
b. is geared to the pointer. 
c. movement is restricted by a hairspring. 
d. is energized by voltage from the transmitter stators. 

Answers to Frame 14: 1. a 2. b 

29 

S55 



fc3^ 
Answers to Frame 15: 2. d 

Return to the beginning of the programmed text and review the 
objectives. When you are satisfied that you know and understand 
the material you will take an appraisal. After passing the appraisal 
you will proceed to the lab to perform on an actual synchro pressure 
system. 

^ 

APPRAISAL 
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Section C. VARIABLE RELUCTANCE 
(o2^ 

Frame 1 

The variable reluctance pressure system is used on several Air 
Force aircraft. This system is used to measure engine oil pressure 
in pounds per square inch. The variable reluctance pressure system 
operating principle differs from that of the synchro pressure system. 
In the following frames we will discuss the system components and 
operating principles. See figures 22 and 23 for cutaway views of 
the indicator and transmitter. 
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Figure 22, Figure 23, 

Circle the letter of the correct response to the following statement. 

1. The purpose of the variable reluctance pressure system is to 
measure engine oil pressure in 

a. inch pounds. 
b. foot pounds. 
c. pounds per square inch. 
d. pounds per square foot. 

5-,-
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Frame 2 

The variable reluctance pressure indicator is essentially a 
dynamometer type, moving coil, AC voltmeter that indicates engine oil 
pressure, in pounds per square inch, Figure 24 shows a cutaway view of 
the indicator. The dynamometer type meter movement is very similar to 
the D'Arsonval meter movement that you hav. tudied earlier. The main 
difference is the permanent magnet used in uhe D'Arsonval me^er movement 
is replaced by fixed coils, that serve as electromagnets. These electro­
magnets will change polarity every half cycle. By replacing the 
permanent magnets with electromagnets, the meter movement will measure 
AC voltage vjithout requiring a rectifier circuit. The moving coil is 
wound so that its magnetic polarity is the same polarity as the fixed 
coils for the same half cycle of AC. 

FIXED c o n s 
MOVING CO' 

CORc HAIRSPKINCS 

^ 

PRESSURE INDICATOR 

THERMISTORS 

Figure 24. 

Circle the letter of the ccrrect response to the following statement, 

1. The variable reluctance pressure indicator can measure AC voltage 

a. with the aid of a rectifier. 

b. without the aid of a rectifier. 
c. with the aid of a rectifier and electromagnets. 

The purpose of the fixed coils is to .-̂ ^ ̂  

2. serve as electromagnets. 
b. change polarity every full cyclf.. 
c. change polarity every TWO cycles. 
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Frame 2 (Cont'd.) 

3. Magnetic polarity between the fixed coils and the moving coil 

a. stays the same every half cycle. 

b. changes in the fixed coils and stays the same i.\ the 
moving coil every haxf cycle. 

c. changes in the moving coil and stays the same in the 
fixed coils every half cycle. 

Answer to Frame 1: J., c 

659 
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Frame 3 

Two of the laws of magnetism state that like poles repel each other 
and unlike poles attract each other. When the magnetic field of the moving 
coil is placed inside the magnetic field of the fixed coils, the fields 
attempt to align themselves, It is the interaction of these magnetic 
fields that cause thy meter pointer to be deflected. When no current is 
flowing through the coils, no magnetic field is present around the coils; 
therefore the movig coil does not move and the pointer stays at zero 
due to tension exerted by the hairspring. 

NO RESPONSE REQUIRED 

Answers to Frame 2 : l . b 2 . a 3 . a 

b'o<) 

34 



Frame '• 

The pointer of the indicator is returned to zero by the tension of 
the hairsprings. Notice in figure 24 that the moving coil is mounted 
in the center of the fixed coils. The moving coil is free to rofate 
within the fixed coils and has the pointer of the indicator connected 
to the center shaft. Whenever current flows through the moving coil, 
the coil rotates because of the interaction of the magnetic fields. 
As the moving coil rotates, it moves thy pointer up-scale. The core, 
shown in figure 24, aids in containing the magnetic field of the fixed 
coils and prevents external magnetic fields from causing errors in the 
indicator. The thermistors keep current in the circuit stable 
regardless of temperature changes. 

Circle the letter of the correct response to the following statements. 

1. The purpose of the hairspring is to 

a. conduct current to the moving coil. 
b. return the pointer to zero. 
c. help rotate the .pointer to a higher reading. 

2. The moving coil will react and rotate when current flows through 
the 

a. coil. 
b. hairsprings. 
c. fixed coils. 

3. The purpose of the core is to aid in containing the field of the 

a. rotating coil. 
b. fixed coils. 
c. rotating coil and fixed coils. 

4. The purpose of the thermistors is to keep 

a. current stable in the circuit, 
b,' voltage stable in the circuit, 
c. reluctance stable in the circuit. 
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Frame 5 

The variable reluctance pressure transmitter consists basically of a 
presaure sensing diaphragm, two coils, an armature, and a compensating 
diaphragm. These units are used to measure the differential pressure 
between the oil pump output and atmospheric or internal engine pressure. 
These components are housed in a sealed case and cannot be replaced. An 
opening in the top of the transmitter allows adjustment of the transmitter 
on the bench. A cutaway drawing o£ a typical transmitter is shown in 
figure 25. 
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PRESSURE 

PRESSURE TRANSMITTER 

Figure 25. 

Circle the letter, of the correct response to the following statement. 

1. The transmitter contains the sensing elements that measure 

a. absolute engine pressure. 

b. absolute atmospheric pressure. 

c. difference in pressure between the oil pump output and 
atmospheric pressure. 

% 

Answers to Frame 4: 1. b ,. a 3. b 4. a 

(J \ii^ 
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Frame 6 

The vent connection shown on top of the transmitter in figure 25 
is usually connected to atmospheric or engine internal pressure. This 
pressure is applied directly to the compensating diaphragm. This 
diaphragra senses any change in atmospheric or internal engine pressure 
and risacts on the armature. The transmitter measures the differential 
pressure between the oil pump output and the reference pressure 
connected to the vent connection. 

Refer to figure 25 to answer the following questions. Circle the letter(s) 
of the correct response to the following statements. 

1. The purpose of the compensating diaphragm is to detect a change 

a. in oil pressure. 
b. of inductance in the coils. 
c. in atmospheric or internal engine pressure. 

2. The differential pressure between the oil pump output and the 
reference pressure is sensed by the 

a. oil pressure gage. 
b. compensating diaphragta. 
c. oil pressure diaphragm. 
d. oil pressure transmitter. 

Answer to Frame 5: 1. c 

6S3 
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Frame 7 

The transmitter operates on the principle of varying the reluctance 
to the magnetic lines of flux surrounding the coils within the trans­
mitter. From your study of coils you should remember that the inductance 
of a coil can be changed by providing a path of high or low reluctance to 
the magnetic lines of flux surrounding the coil. One way to accomplish 
this is to insert a soft iron core called an armature, into the center of 
the coil. This core or armature provides an easier path for the magnetic 
lines of flux than an air core. The amount of reluctance change depends 
on the permeability of the material and how far the material is inserted 
into the coil. See figure 25. 

Circle the letter of the correct response to the following statements. 

1. The transmitter coils produce magnetic lines of flux when 

"^ 

a. current is flowing in the coils. 
b. no current is flowing in the coils. 
c. current is flowing in the armature» 
d. no current is flowing in the armature. 

The armature or core that provides the path of lowest reluctance is 

a. an air core. 
b. a copper core. 
c. a soft iron core. 
d. an aluminum core. 

Answers to Frame 6: 1. c 2. d J 

6 Q -J 
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Frame 8 

Notice in figure 26 that the armature is connected to the pressure-
sensing diaphragm at the bottom of the transmitter. When pressure is 
sensed by the diaphragm, the diaphragm expands and changes the armature 
position within the coils. The armature is moved inside the coils. It 
offers an easier path for the magnetic lines of flux than the path 
offered by the air gap. This path of low reluctance provided by the 
armature causes the inductive reactance (ohms) of the coils to vary 
with the armature position. 

VENT 

PRESSUKE 

PRESSURE TRANSMITTER 

Figure 26. 

Refer to figure 26 to answer the following questions. Circle the letter 
of the correct response to the following statements. 

1. As oil pressure increases, the pressure diaphragm will cause the 

a. coils to move. 
b. armature to rotate. 
c. armature to move up. 
d. armature to move down. 

« 

2. As the armature moves down, the inductive reactance of 

a. coil C becomes greater. 
b. coil D becomes greater. 
c. coil D becomes less. 
d. both coils stay the same. 

Ansv/ers to Frame 7: 2. c 

ssr> 
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Frame 9 

The electrical units of the variable-reluctance system are connected 
to form an AC bridge circuit. See figure 26. The 26VAC power is applied 
through pin "B" of the transmitter and indicator electrical connectors. 
Pins "A" of the electrical connectors serve as the common ground for the 
circuit while pins "C" serves as the signal carrying lead. 

Circle the letter of the correct response to the following statement. 

1. Basically when electrically connected, the variable-reluctance 
pressure system forms 

a. a series-parallel circuit. 
b. an AC bridge circuit. 
c. a variable-resistive circuit. 

Answers to Frame 8; 1. c 2. b 

J 

6S6 
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Frame liJ 

Electrically, the fixed coils A and B of the indicator are connected 
in series, see figure 26o They both have the same inductive reactance or 
opposition to current flow. From your studies of electrical circuits, 
you should be able to see that fixed coils A and B will drop the applied 
AC voltage equally. For example, the applied voltage, shown in figure 26, 
is 26VAC. Thus, fixed coils A and B will have an equal voltage drop of 
13 volts. 

Refer to figure 26 to answer the following questions, 
of the correct response to the following statements. 

1. Coils A and B are connected in 

Circle the letter 

2. 

a. series. 
b. parallel. 
c. series-parallel. 

Since both coils A and B have the same amount of inductive reactance, 
the voltage drop across the coils will be 

a. the same. 
b. more across coil "A". 
c. more across coil "B". 

Answer to Frame 9: 1. b 
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Frame 11 

Electrically, the variable coils C and D of the transmitter are 
connected in series. See figure 27. Both of these coils have the same 
inductive reactance or opposition to current flow as long as the armature 
is centered. The applied voltage, shown in figure 27, is 26VAC. Since 
the coils are connecued in series and each one has the same inductive 
reactance, the voltage drop across each coil is approximately 13 volts. 
For ease of explanation we will disregard the small voltage drop across 
the thermistors. When the indicator is connected to the transmitter, an 
AC bridge circuit is formed. When the voltage drops across coils A, B, C, 
and D are equal, the bridge circuit is balanced, and no current will flow 
through moving coil E. At this time, the pointer of the indicator is on 
zero. 

• ^ 

VENT 

PRESSURE INDICATOR 

PRESSURE ) 

PRESSURE TRANSMITTER 

Figure 27. 

Refer to figure 27 to answer the following questions. Circle the letter 
of the correct response to the following statements. 

1. With the armature centered as shown in figure 27, the voltage drop 
across coils C and D is 

a. 13 volts on each coil. 
b. 10 volts on coil C and 16 volts on coil D. 
c. 16 volts on coil C and 10 volts on coil D. 
d. 14 volts on coil C and 12 volts on coil D. 

2. When the indicator and transmitter are electrically connected, they 
form 

a. a DC bridge circuit. 
b. a paral'iel circuit. 
c. an AC bridge circuit. 
d. a series-parallel circuit. 

Answers to Frame 10: 1. a 2. a 

6So 
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Frame 12 

When pressure is applied to the pressure diaphragm of the transmitter, 
the armature will move. See figure 27. The arrows represent an increase 
in pressure and will affect the direction that the armature moves. Since 
the armature is made of a material that has a low reluctance, the movement 
of the armature causes the inductive reactance of coils C and D to change. 
The voltage drops across coils C and D are no longer equal, and the bridge 
circuit is unbalanced. Current will now flow through moving coil E, causing 
the pointer of the indicator to move up-scale. 

Refer to figure 27 to answer the following questions. Circle the letter 
of the correct response to the following statements. 

1. As the armature is moved upward, the inductive reactance will 

a. increase in coil D. 
b. increase in coil C. 
c. stay the same in both coils. 
d. decrease in coil C. 

2. As inductive reactance increases (figure 27), voltage drop will 

a. decrease across coil D. 
b. decrease across coil C. 
c. stay the same in coil C and coil D. 
d. increase across coil D. 

3. The voltage requirement for the oil pressure indicating system is 

a. 26-volts DC. 
b. 26-volts AC, 400-Hertz, single-phase 
c. 26-volts AC, 400-Hertz, three-phase. 

Answers to Frame 11; 1. a 2. c 

es,9 
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Frame 13 

To show how the system works, let's use a case; when the armature has 
moved upward enough to cause the voltage drop across the variable coil "C" 
to increase. Since the armature is also having an effect on coil "D", the 
voltage drop across coil "D" goes down. Now, let us assign polarities to 
the voltage drops across the coils in the circuit for a given half cycle or 
applied AC. On the positive half cycle, the voltage drops across the coils 

^ 

are as follows: Coil "A" - 13 volts, coil 
volts, and coil "D" - 10 volts. 

'B" - 13 volts, coil, "c" - 16 

See figure 28: Under these conditions, current will flow through the 
moving coil "E". The reason being that the top of coil "B" is at a +13 volt 
potential, while the top of coil "D" is at a +10 volt potential in reference 
to ground. Since a +10 volts is Iqss positive than +13 volts, current flows 
from the +10 volt potential to the +13 volt potential through the moving 
coil "E" in the indicator causing the pointer to move UP-SCALE. 

On the negative half-cycle of the applied AC all the polarities of the 
coils reverse. However, the voltage drops across the coils do- not change 
unless the armature is repositioned as a result of a pressure change. See 
figure 28, 
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Figure 28. 

Refer to figure 28 to answer the following questions. Circle the letter 
for the correct response to the following statements. 

1. In figure 28, current flows from the top of 

a. coil "A" to top of coil "C". 
b. coil "B" to top of coil "D". 
c. coil "D" to top of coil "B". 
d. coil "E" to top of coil "C". 

2. On the negative half-cycle, 

a. all polarities reverse. 
b. voltage drops across coils change. 
c. the armature is repositioned. 

Answers to Frame 12: 1. b 2. a 3. b 
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Answers to Frame 13; 2. 
(oS'O 

Return to the beginning of this programmed text and review the 
objectives. When you are satisfied that you know and understand the 
material you will take an appraisal. After passing the appraisal you 
will proceed to the LAB to perform on an actual variable reluctance 
pressure system. 

APPRAISAL 

671 
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^ 
INSPECTION, OPERATIONAL CHECK, TROUBLESHOOTING AND 
BENCH CHECK OF THE PRESSURE INDICATING SYSTEMS 

SPECIAL INSTRUCTIONS 

WB 203/303 is written in three sections. Section A provides an outline 
for performing the Inspection, Operational Check and Bench Clrieck of the Direct 
Reading Pressure System, Section B provides an outline for performing the 
Inspection, Operational Check, Troubleshooting and Bench Check of the Synchro 
Pressure Indicating System. Section C provides an outline for performing the 
Inspection, Operational Check and Troubleshooting of the Variable Reluctance 
Indicating System, 

OBJECTIVES 

Given a workbook, tools, test equipment, and trainers, perform an 
inspection and operational check of pressure indicating systems witV; an 
accuracy of 100% correct workbook responses. 

Given a workbook, test equipment, and trainers, troubleshoot pressure 
indicating systems with an accuracy of 100% correct workbook responses. 

Given a workbook, test equipment, and trainers, bench check components 
of pressure indicating systems with an accuracy of 100% correct workbook 
responses. 

SECTION A DIRECT PRESSURE 
3 

EQUIPMENT 

3ABR32531-WB-203, 3ABR32632B-WB-303 
Direct Reading Pressure Gage (Meter Cabinet) 
Dead Weight Tester P/N //10-10525 
TO 33A6-4-7-1 EXTRACT 
Wrenches (1" x 3/4") 

Basis of Issue 
1/student 
1/student 
1/student 
1/student 
2/student 

PROCEDURE 

Remove ALL JEWELRY before starting to work. Observe ALL safety 
precautions. Follow the instructions in the workbook and technical order 
extracts. Place a checkmark (/) in the appropriate blank. The TO EXTRACTS 
are attached to the back of this workbook. 

Supersedes 3ABR32531-WB-207, 21 August 1974; 3ABR32531-WB-208j 
3ABR32632B-WB-306, 14 August 1974, ̂ ich may be used until existing 
stocks are exhausted. 
OPR: 3360TTG 
DISTRIBUTION: X 

3360TTGTC-W - 300; TTVSR - 1 '-^-^ 
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PART I INSPECTION 

Using the chart below, place a checkmark (/) in the appropriate box 
according to your findings. 

INSPECT GAGE FOR: 

1. Clean cover glass 

2. Broken or cracked cover glass 

Range markings for: 

3. Intact 

Specific limits 

4. Red Radial - 35 PSI MIN. OPERATION 

5. Green Arc - 40 - 70 PSI NORMAL OPERATION 

6. Red Radial - 80 PSI MAX. OPERATION 

7. Discoloration (faded) Dial 

8. Index (slippage) mark for alignment 

9. Vent hole open and free of any obstruction 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

S 

1 

U 

; 

1 

1 
1 

VISUAL INSPECTION CHART ..J 
Note: If you check any item in the unsatisfactory column, state what 
should be done to correct this condition. 

PART II OPERATIONAL CHECK 

Where applicable, make a checkmark (/) in the column under S or U in 
accordance with your findings. 

1. Perform an operational check of the Oil Pressure Indicating System 
using the Dead Weight Test PN 10-10525, Direct Pressure Gage and read the 
Information contained in TO EXTRACT 33A6-4-7-1 that has been outlined with 
a heavy black line. 

6̂ ?̂ ^ 



2. Remove large plug from taster and plastic cap from pressure gage 
and connect the pressure gage finger tight to the deadweight tester. 

Note: Do not twist the pressure gage onto the deadweight tester. Turn 
the coupling nut onto the pressure gage, 

3. Position the gage so that it is level and you can read the dial. 

4. Using the two large wrenches: Hold the pressure gage with one 
wrench and tighten the nut with the other wrench. 

5. Apply enough weight to the platform of the deadweight tester to 
equal an 80 psi reading - weights to equal 75 pounds plus the 5 pounds of 
the low pressure piston being used. 

6. Relief valve on the tester should be closed. Plug should be 
loosened (NOT ALL THE WAY OUT)• 

Caution: Never apply any more pressure than is required to support 
the weight on the piston platform, 

7. Using the handle on the tester, pump up tester and slowly rotate 
the weight on the platform, raise it 1/2 inch, then observe the gage reading. 

8. Pointer on gage should have moved upscale without showing effects 
of binding as the pump handle was operated. 

9. Gage should read 80 (± 3 psi). Indication is satisfactory , 
unsatisfactory , 

10. Relieve the pressure on the tester and gage by slowly opening the 
relief valve. 

11. Pointer on gage should return to zero (0 ± 3) psi. Indication 
is satisfactory , unsatisfactory . 

« 

Caution: Make sure that pressure has been relieved before removing 
weights from piston platform. 

Note: If 3ABR32632B student: Remove weights, disconnect pressure 
gage from tester and return wrenches and pressure gage to meter 
cabinet. Clean UP Deadweight Tester. 

12. Leave gage and piston on tester, but return weights to the box. 

3 

b . u 
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PART III BENCH CHECK 

Using the deadweight tester apply weights to obtain the various 
readings on the gage plus or minus tolerances. For "friction error" the 
"before tap" reading can vary by a plus or minus (±) 2 psi from the "after 
tap" reading on all checks. The "after tap" reading is where the gage is 
read for "scale error" and should agree with the test weight applied plus 
or minus the tolerance shown in the Scale.Error Column shown below. 

TEST 
WEIGHTS 

0 PSI 

50 PSI 

100 PSI 

150 PSI 

200 PSI 

FRICTION AND SCALE ERROR CHART 

Friction Error 
BEFORE TAP AFTER TAP S U 

Scale Error 

0 + 3 PSI 

5 0 + 3 PSI 

100 ,+ 5 PSI 

150 + 5 PSI 

200 + 5 PSI 

S U 

Note; This t3rpe of gage can be checked at its maximum pressure 
reading without any harmful effect to the gage. 

1. If an ERROR was found in the gage, take another look at the 
figures in the Friction and Scale Error chart and the troubleshooting 
chart (pages 6 and 7), List the trouble and all the possibilities that 
could cause the particular trouble in the spaces below. 

Trouble found: 

1. 

2. 

Possible cause(s) of trouble: 

1. 

2. 

3. 

r-ff 
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I 
SCALE ERROR TEST 

OETERMNE THE T Y K Of ERROR 

RANOE ERROR AHD,'On CURVE ERROR FRICTION A f f t V ^ POSITION ERROR 

^ 

RANGE y NOT ENOU«H W N T I R TRAVEL 
ERROR ^ -

TOD MUCH POINTER TRAVEL 

CURVE 
ERROR 

RANGE 

CURVE 

tMIOR 

• - -. ._ ^«^» ^̂ ^ FRICTION 
E€FONE TAPPING OAOC > - nmOR 

3 

POCTION 
OMOR 

SAME OAOC ROTATCp SLMHTLY 
, COUNTINSUKKWIIE 

6 7 7 (MOTE: POMTER COULO-.MOVi M EITHER OiRECTKM} 

Types of Errjors 
6 
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DIRECT READING PRESSURE GAGE TROUBLESHOOTING CHART 

TROUBLE PROBABLE CAUSE REMEDY 

Gage does not 
register. 

Fractured Bourdon tube. 
Broken Link. 
Pointer loose on staff. 
badly damaged or corroded 
movement. 

Replace socket assy. 
Replace socket assy. 
*Reset pointer. 
Replace movement. 

Pointer fails to 
retu3m to zero 
position. 

Foreign matter in Bourbon 
tube. 
Bourdon tube stretched. 

Replace socket assy. 

*Reset pointer. 

Does not register 
properly. 

Faulty mechanical 
adjustment. 
Worn teeth (sector and 
pinion) in movement. 
Leaking Bourdon tube. 

Readjust (calibrate), 

Replace movement. 

Replace socket assy. 

Gage fails to 
register full dial 
reading. 

Range error. 
Excessive friction. 
Dirt in movement. 

Adjust movement. 
Replace movement. 
Clean. 

Gage sticking. Badly worn or bent movement. Replace movement. 
Scale or foreign matter 
in Bourdon tube. 
Dirt in movement. 
Corroded movement. 
Pointer bent. Rubs on 
dial, dial screws or 
glass. 

Replace socket assy. 

Clean. 
Clean or replace. 

*Straighten pointer. 

The entire mechanism (collectively) is referred to as the socket 
assembly. 

*This is the only type of maintenance that can be performed on this 
particular type gage by an activity below Depot level maintenance. 
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2. Remove the weights from the taster and place them back in the 
proper rack. 

3. Disconnect the tester from the pressure gage. 

4. Install plug to deadweight tester and plastic cap to pressure 
gage. 

5. Clean ALL hydraulic fluid from the tester and bench top. 

6. Return the wrenches and pressure gage to the meter cabinet. 

7. Turn IN workbook to instructor. 

8. Sign- your last name on the cover of the workbook. 

^ 
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SECTION B 

EQUIPMENT 

SYNCHRO PRESSURE 

3ABR32531-WB-203, 3ABR32632B-WB-303 
Engine Instrument Trainer //2951 
Deadweight Tester P/N #10-10525 
Test Set Field Synchro #131819-2A 
Multimeter 
TO 5L6-2-4-3 EXTRACT 
TO 5P5-3-1-73 EXTRACT 
TO 33D2-6-105-1 EXTRACT 
TO 33A6-4-7-1 EXTRACT 
Wrenches (1" x 3/4") 

Basis of Issue 
1/student 
1/student 
1/student 
1/student 
l/student 
1/student 
1/student 
l/student 
1/student 
2/student 

PROCEDURE 

Remove ALL JEWELRY before starting to work. Observe ALL safety 
precautions, Vollow the instructions in the workbook and Technical Order 
EXTRACTS. Place a checkmark (/) in the appropriate blank. The TO EXTRACTS 
are attached to the back of this workbook. 

PART I INSPECTION 

1. Visually inspect the oil pressure indicator for: 

Satisfactory ' Unsatisfactory 

a. Cracked or broken glass. 

b. Dented or cracked case. __^________ 

c. Fluorescent markings on dial. 

d. Bent or broken dial pointer. 

e. Damaged electrical connector. 

f. Security of mounting of indicator. 

2. Visually Inspect the electrical wiring for: 

a. Frayed or broken wires. 

b. Damaged or broken electrical 
connector plug, 

c. Frayed or broken insulation. 

d. Security of mounting of wires. 
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3. "Visually inspect the oil pressure transmitter for: 

Satisfactory Unsatisfactory 

a. Dented or cracked case. 

b. Damaged electrical connector. 

c. Damaged oil fitting. 

d. Security of mounting, 

PART II OPERATIONAL CHECK 

1. Perform an operational check of the Synchro Oil Pressure Indicating 
System using the deadweight tester. Refer to TO 33A6-4-7-1 EXTRACT to perform 
operational check. 

Caution: Do Not cross thread the NUT.. 

2. Connect the deadweight tester to the synchro oil pressure 
transmitter (finger tight). Tighten fitting so that it does not leak -
use TWO large wrenches provided. Use the low pressure piston and weights 
for this test. 

3. Connect the trainer to 26V AC 400 Hz power source, push in the 
circuit breaker and turn ON the switches (Oil Pressure and 26V AC 400 Hz). 

Warning: Do NOT place large weights on top of the small weights, and 
the pressure MUST be relieved on the deadweight tester before weights 
are removed. 

Note: When pumping up tester, be sure to rotate weights slowly to 
prevent binding of the piston 

4» With the tester relief valve open and NO weights on tester, the 
indicator should indicate 0 psi. 

Note: Tolerance is ± 4 psi for all readings in steps 4 through 8, 

Tap transmitter before taking readings, 

PSI Satisfactory Unsatisfactory 

0 psi indicator check 

5. Close relief valve on tester and place 50 pounds of weights on 
tester and pump up pressure until weights are raised slightly. Indicator 
should indicate 50 psi. 

50 psi indicator check 

^ 

^S\ 
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6, Open relief valve and increase weights to 100 pounds. Pump up 
pressure until weights are raised slightly. Indicator should indicate 
100 psi. 

PSI Satisfactory Unsatisfactory 

100 psi indicator check 

7. Open relief valve and increase weights to 150 pounds and pump up 
pressure until weights are raised slightly. Indicator should indicate 
150 psi. 

150 psi indicator check 

8. Open relief valve and increase weights to 200 pounds. Pump up 
pressure until weights are raised slightly. Indicator should indicate 
200 psi. 

200 psi indicator check 

PART III TROUBLESHOOTING 

1. Relieve pressure on tester and place trouble switch //5 to the IN 
position. Reduce weights to 150 pounds. 

2. Close relief valve on tester and pump up pressure until weights 
are raised slightly, while observing the indicator. 

, low , erratic The oil pressure reading is high 
last indication (inoperative) . 

3. Open relief valve on tester to relieve pressure on transmitter. 

4. Place trouble switch #5 to the OUT position and place trouble 
switch //6 to the IN position. 

* 
5. Close relief valve on tester and pump up tester until weights are 

raised slightly, while observing indicator. Then release pressure while 
observing indicator. 

, low , erratic The oil pressure reading is high_ 
last indication (inoperative) . 

6. Place trouble switch //6 to the OUT position. 

7. Turn OFF switches on trainer and pull circuit breaker. 

Note: Have instructor check trouble indications. 

8. Disconnect trainer from 26V AC power source. 

11 
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9, Disconnect the electrical connector plugs from the transmitter 

and indicator. 

10. 

11. 

Connect the test leads to your multimeter and zero the meter. 

Place trouble switch //5 to the IN position. 

a. The location of t'̂ e trouble is wire number 

b. The trouble is a short open , crossed wires 

12. Place trouble switch #5 to the OUT position and place trouble 
switch #6 to the IN position. 

a. The location of the trouble is wire number 

b. The trouble is a short , open , crossed wires 

13. Place trouble switch //6 to the OUT position. 

Note: If 3ABR32632B student: Connect up transmitter and indicator 
electrical connector plugs, disconnect deadweight tester, and clean 
up tester. Disconnect leads from meter and stow meter and leads in 
cabinet. 

PART IV BENCH CHECK 

1, Using the following procedures perform a resistance check of the 
transmitter. Reconnect electrical connector plug to transmitter ONLY. 

2. Refer to EXTRACT of TO 5P5-3-1-73, Section III, paragraph 3-6, 
and figure 3-2, for the resistance check of the transmitter. Use the 
multimeter for this check and refer to tolerances. 

a. Using the following test points for the transmitter, read 
and record the ohmmeter readings on the blanks provided. 

(1) Test points A-D, Ohms . 

(2) Test points D-C, Ohms_ 

(3) Test points A-C, Ohms_ 

b. Using the test points listed below, read and record the 
ohmmeter reading for the transmitter rotor. 

(1) Test points A-B, Ohms 

c. The transmitter is satisfactory , unsatisfactory_ 

3. Using the following procedures perform a Frictinn and Scale 
Error Check on the transmitter. 

6S3 
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4. The following instructions tall how to connect the Synchro 
Field Tester to the transmitter. 

a. Connect the power cable "A" to the Power Input Plug #10 
on tha tester. 

b. Connect the cable "G" (QB86030-1) to Test Unit Plug #9 
on tester. 

c. 

d. 

Connect the cable "G" to cable "J". 

Connect cable "J" to transmitter, 

e. Plug cable "A" to 115V AC, 400 Hz outlet. 

Note: Do NOT turn power switch #17 on at this time. 

5. For operation of the Sjmchro Field Tester for bench testing the 
Oil Prasaura Transmitter, refer to the EXTRACT from TO 33D2-6-105-1, 
paragraph 4-13d through 4-131. 

a. Paragraph 4-13f Voltage Check 

(1) Place the -jultimeter to the AC volts, 50 scale range. 

(2) Check power supply voltages for 26 (± 10%) volts at 18 
and 19 binding posts. Actual reading , 

(3) Check power supply voltage for 10,8 (± 10%) volts at 19 
and 20 binding posts. Actual reading , 

unsatisfactory 
(̂ ) Power supply voltages are satisfactory_ 

b. Paragraph 4-13g Amplifier Gain Control 

(1) Turn the AMPL GAIN 8 fully clockwise. Allow the servo 
amplifier to warm up for at least one minute before proceeding. 

Note: Decrease Ampl. Gain if pointer oscillates. 

c. Refer to the EXTRACT from TO 5P5-3-1-73, Section IV, and 
chart on next page, which gives the test procedures, test points and 
tolerances for the transmitter being tested. 

6S4 13 



UH 
Pressure 
PSi 

0 

50 

EZ 100 

150 

200 

"ARC 

20 

100 

180 

260 

340 

Tolerance 
'ARC 

4.8° 

4.8" 

6.4» 

6.4° 

6.4° 

Friction Error 
S U Before Tap After Tap 

Scale Error 
S U 

Friction and Scale Error, 

d. The transmitter is satisfactory , unsati3factory_ 

6. 

7. 

8. 

Turn power switch #17 to the OFF position. 

Relieve the pressure on the deadweight tester. 

Remove the weights and place them back in the rack. 

9. Disconnect the deadweight tester from the transmitter and CLEAN UP 
any spilled oil. 

10. Disconnect the lead from the transmitter, and connect it to the 
indicator and turn power switch #17 to the ON position. 

11. Refer to the EXTRACT from TO 33D2-6-105-1, Section IV, paragraph 4-7 
through paragraph 4-8 for bench check of the oil pressure indicator. 

Note: If you look carefully at the synchro indicator, you will notice 
that the 100 psi mark gets narrow toward the outside. This is the 
Electrical Zero position for this indicator. Para. 4-7 should be done 
before going to para. 4-8. 

12. Refer to EXTRACT of TO 5L6-2-4-3, Section III, paragraph 3-6 through 
3-7 and table 3-17 for Bench Test of the Synchro Oil Pressure Indicator. 

a. Indicator reads psi 

b. EZ is satisfactory , unsatisfactory 

c. Set the SYN IND switch H to the CAL position (para. 4-8, 
TO 33D2-6-105-1), 

13. Rotate the knob on the autosyn precision transmitter //I to obtain 
test trans, readings, lAW the following chart. 

1 

) 

fis: 

u 
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Note: If psi reading is not correct, adjust Trans. //I to exact" so 
indicator pointer will read the desired indication listed in chart. 

Indicator 
Psi 

0 

50 

lOOEZ 

150 

200 

Test Trans.Reading 
Degrees 

20° 

100° 

180° 

260° 

340° 

Before Tap 
Psi 

After Tap 
Psi 

Exact 
Degrees 

Friction 
Error 
S U 

Scale 
Error 
S U 

14. 

Friction and Scale Error. 

a. Friction Error:. Test is satisfactory . unsatisfactory_ 
. Scale Error test is satisfactory , unsatisfactory 

Position Error Test 

a. Set the Autosjm Precision Transmitter at Mid-Scale (180°). Take 
a reading with the indicator in a normal horizontal position. This reading 
should NOT DIFFER from the readings with the indicator in any other position 
by more than the tolerance of 1/2 degree, by adjusting the Autosyn Precision 
Transmitter to make indicator read its previous (horizontal) reading. 

b. The indicator is satisfactory , unsatisfactory 

15. Disconnect the test equipment, stow the leads, and connect 
electrical connectors on trainer. 

16. Put test equipment away and turn in the wrenches to the tool box. 

17. Sign last name on cover of workbook. 

SSG 15 
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EQUIPMENT 

SECTION C 

Variable Reluctance Trainer #4127 
3ABR32531-WB-203, 3ABR32632B-WB-303 
Taster, Deadweight, Part //10-10525 
Multimeter 
Wrenches (1" by 3/4") 

Basis of Issue 
1/student 
1/student 
l/studont 
l/student 
2/student 

PROCEDURE 

Note: Obtain all equipment necessary before starting test. 

Place a checkmark (/) in the appropriate blank. 

Refer to TO EXTRACT if necessary. 

PART I VISUAL INSPECTION 

1. Visually inspect the Variable Reluctance Oil Pressure Indicator for: 

Satisfactory Unsatisfactory 

a. Cracked or loose glass. 

b. Condition of fluorescent 

markings. 

2. 

c. Condition of pointers. 

d. Damaged case. 

e. Damaged electrical connector 
plug. 

f. Security ofmounting. 

^ 

Visually inspect the Variable Reluctance Oil Pressure Transmitter for: 

a. Damaged case. 

b. Damaged electrical connector 

plug. 

c. Oil leaks. 

d. Security of mounting. 

GST 
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PART II OPERATIONAL CHECK" 

1. Using the wrenches connect the Deadweight Tester to the Variable 
Reluctance Transmitter. 

Note: Be careful and do NOT cross thread the fitting. 

2. Make aure the trouble switches are to the OUT position. 

3. Connect the trainer power cord to the 26V AC 400 Hz outlet, 

a. The oil pressure indicator reads off scale low , 
zero , off scale high 

4. Push the circuit breaker IN. 

a. The oil pressure indicator reads off scale low 
zero _, off scale high 

5. Add 95 pounds o*f weights to the deadweight tester. 

6. Pump up the deadweight tester until the weights are raised slightly, 

a. The indicator reads zero , 100 psi . 

PART III TROUBLESHOOTING 

1. Relieve the pressure on the tester and reduce weights to 60 psi. 

2. "lace trouble switch #1 to the IN position. Close valve on the 
tester and pump up pressure. 

a. The indicator indicates 60 psi 
off scale high . 

b. The system is satisfactory^ 

, off scale low 

, unsatisfactory 

3, Open valve and bleed down tester. Place trouble switch #1 to the 
OUT position and place trouble svritch //2 to the IN position. Close valve on 
tester and pump up pressure. 

a. The indicator indicates 60 psi_ 
off vgcale high . 

b. The system is satisfactory 

, off scale low 

, unsatisfactory 

4. Open valve and bleed down tester. Place trouble switch #2 to the 
OUT position and place trouble switch //3 to the IN position. Close valve on 
tester and pump up pressure. 

a. The indicator indicates 60 p3i_ 
off scale high . 

, off scale low 

^ss 
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b. The system is satisfactory , unsatisfactory 

5. Open valve on the tester and bleed down the pressure. Place trouble 
switch #3 to the OUT position. 

6. Remove weights from the tester and place weights back in the proper 
rack. 

7. Disconnect the power lead from the 26V AC 400 Hz outlet. 

8. Pull the circuit breaker. 

9. Remove the electrical connector plugs from the indicator and the 
transmitter. 

10. Complete the following chart. Be sure that each trouble switch is 
to the IN position before troubleshooting that particular trouble. 

Trouble Switch 

//I 

#2 

#3 

Kind of Trouble 
(Open, Short, etc) Wire // 

11. Makd sure that all trouble switches are to the OUT position. 

12. 
plugs. 

Reconnect the indicator and the transmitter electrical connector 

Note: Bench check NOT to be accomplished by 3ABR32632B students. 

PART IV BENCH CHECK 

1. Reconnect the power lead to the 26V AC 400 Hz outlet. 

2. Push the circuit breaker in. 

3. Apply weights to the tester for 40 psi. Close the valve and pump 
up pressure. 

a. The indicator indicates 

b. The system is 3ati3factory_ 

psi. 

, un3atl8factory_ 

Note; If any indicator reading is high or low, enter the reading on the 
blank and check as unsatisfactory. The tolerance is ± 4 for all readings. 
Tap indicator before each reading. 

^ 

6S0 
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4. Open the valve and bleed down tester. Add weights to tester for 
60 psi. Close the valve and pump up pressure.' 

a. The indicator indicates 

b. The system is satisfactory 

psi. 

, unsatisfactory 

5. Open'the valve and bleed down tester. Add weights to the tester 
for 80 psi. 

a. The indicator indicates 

b. The system is satisfactory 

psi. 

, unsatisfactory_ 

6, Open the valve and bleed down the tester. 

7, Remove the weights from the tester and place them back in the 
pr.iper rack. 

8. Disconnect the trainer's power lead from the 26V AC 400 Hz outlet. 

9. Disconnect the tester from the trainer, 

10. Clean all the oil from around the trainer and the deadweight tester, 

11. Remove the leads from the multimeter and put the meter back in the 
cabinet. 

12. Return the X'Trenches to the tool box. 

13. Make sure that you sign your workbook and turn it in to your 
instructor. 

14. Student's Last Name 

690 
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REPRODUCTION FOR ATC TRAINING USE ONLY, DO NOT USE ON THE JOB. 

T.O. 33A6-4.7-1 

SECTION i 
INTRODUCTION AND DESCRIPTION 

Section I 
Paragraphs 1-1 to 1-11 

^ 

1-1. IDENTIFICATION. 

1-2. This manual contains Operation and Service 
instructions tor tht Hydraulic Pressure Gage Dead 
Weight Tester (FSN 6S8S-338-264S). This equipment 
is manufactured by }Ausfield & Grean, Cleveland 14, 
Ohio, under their Part Number 10-10525, containing 
Serial Numbers 1036-6 through 1056-80 and Serial 
Number 1086-81 and Subaequatit, (See assembled 
views of the eqmipment.) 

1-3. DESCRIPTION, 

1-4. PURPOSE. TiM baste component of the Dead 
Weight Tester is a twin seel Hydrostatic Test Unit. 
This unit is a band operated piston type pump de­
signed specifically for testing of pressure gages. 
Some of its other uses Include setting hydraulic 
relief valves, pressure switches, hydraulic tubing 
or piping systems or any pressure operated device. 
This assembly is designed for opsration to 10,000 
pounds per square inch, 

1-5. CAPABILITIES AND LIMITATIONS. Each unit 
of equipment consists of a carrying case complete 
with twin seal pressure test unit, wrenches, gage 
pointer puller and set assembly, lasting attachment 
(high pressure piston, low pressure piston for Serial 
Number 1056-0 through Serial Number 10S6'80 and 
a one piece high and low pressure piston for Serial 
Numbers 1056-81 and Subsequent, dead weight cylin­
der, offset pipe assembly, high pressive hose assem­
bly) and a complete set of dead weights in separate 
carrying cases. This equipment will produce pressure 
In 5 pounds per sq[uare inch increments from 5 to 
2000 pounds per square inch pressure using the low 
pressure piston and from 25 to 10,000 -pounds per 
square inch pressure with the high pressure piston. 

1-6. GENERAL CONSTRUCTION. The twin sei l hy-

Erostatlc test unit consists of an oil reservoir, relief 
alve, vernier valve and, handle. The oil reservoir 
ontalns the quantity of oil required for building up 

the necessary pressure to adequately test the various 
components. The relief valve when closed allows the 
pressure to build up within the equipment. The vernier 
valve is used to adjust the pressure after it has been 
built up to the desired range. 

'1-7. PRINCIPLES OF OPERATION. In general, the 
test unit functions similarly to any other hand pump. 
Operating the hand lever pumps oil from the reservoir 
to the outlets. When the relief valve is closed, pres­
sure Is developed in tlie pump. Opening the relief 
valve allows the pressure to decrease and the oil 
supply to return to the reservoir. Once pressure is 
built up to the desired range, the vernier valve can 
be used to accurately adjust the pressure to the 
desired exact value. 

•1-8. ATTACHMENTS USED IN CONJUNCTION WITH 
EQUIPMENT. 

1-8. DEAD WEIGHT ATTACHMENT. The deadweight 
attachment consists of a cylinder for mounting on the 
twin seal pressure test unit* and one low and one high 
pressure piston for Serial Numbers 1056-6 through 
1056-80 and a one piece high and low pressure piston 
for Serial Numbers 1056-81 and Subsequent. 

1-10. DEAD WEIGHTS. The set of dead weights for 
Serial Numbers 1056-6 through 1056-80, consists of 
18 weights as shown in figure 1-1. 

1-11. DEAD WEIGHTS. The set of dead weights for 
Serial Number 1056-81 and Subsequent, consists of 
27 weights as shown in figure 1-2. 

NOTE 

The dead weights are shipped in two separate 
carrying cases for each series of serial num­
bers as mentioned in paragraphs 1-10 and 1-11. 
The dead weights should be kept in these cases 
when not in use. 

• ) 

PART 
NUMBER 

lGT-57 
lGT-58 
lGT-59 
lGT-63-2 
lGT-63-3 

SIZE (IN. DIA) 

3-1/2 
'4 
•5 
8 
8 

NUMBER 
REQ'D 

4 
4, 
I 
8 
1 

Figure 1-

PRESSURE PRODUCED—PSI 
LOW PRESSURE 

5 
20 

100. 
200.-
195" 

•1. Table of Dead 
20 

HIGH PRESSURE 

25 
100 
500 

1000 
875 

Weights 

WEIGHT 
LBS 

1/2 
2 

10 
20 
19-1/2 

691 
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REPKODUCED FOR ATC 
Section I 
Paragraphs 1-12 to 1*16 

PART 
NUMBER 

lGT-305 
lGT-20« 
2GT-207 
IOT'308 

SIZE (IN. OIA) 

9 
9 
9 

3-1/2 

T.0.33A6-4.7-1 COL'Ri.-E U'cE 
DO NnTl lSF ON TWP InO 

NUMBER 
REQ'D 

18 
1 
4 
4 

PRESSURE PRODUCED—PSI 
LOW PRESSURE 

100 
95 
20 
S 

fflGH PRESSURE 

500 
475 
100 
25 

WEIGHT 
LBS 

10 
• 9-1/2 

2 
1/2 

Figure 1«2. Table of Dead WelghU 

1-12. Each set ofdead weights (Serial Numtsers 1056-6 
through 1056-80) includes Jne 8 inch diameter weight 
which produces 185 pounds per square inch pressure 
with the low pressure piston. The object is to provide 
an even figure for higher pressures. For example: the 
high pressure piston (25 PSI) with this weight (076 PSI) 
totals an even 1000 pounds per square inch. 

1-13. Each set of dead weights (Serial Number 1056-
81 and Subsequent) includes one 9 inch diameter weight 
which produces 95 pounds per square Inch pressure 
with the low pressure piston. As explained in the 
previous paragraphs this will provide an even figure 
for higher pressures. An example for this group of 
aerial numbers is: the high pressure piston (25 PSI) 
with this weight (475 PSI) totals an even 500 potmds 
per square Inch. 

1-14. On each weight two numbers are stamped, indi­
cating the pressure produced. For example, the four 
Intfh diameter weights (Serial Numbers 1056-6through 
1056-80) and the five inch diameter weights (Serial 
Number 1056-81 and Subsequent) are stamped 20 in 
one place and 100 in another on the upper surface. 
This indicates that when the low pressure piston Is 
used that the weight produces 20 pounds per square 
inch pressure and when the high pressure piston is 

jLMtd the same weight produces 100 pounds persquare> 

inch pressure. 

NOTE 

Each weight is stamped with the'equivalent 
pounds per square inch pressure produced. 
This weight when added to the weight stamped 
on the platform of the piston equaUi the total 
dead weight pressure in pounds per square 
inch. 

1-lS. HIGH PRESSURE HOSE ASSEMBLY. (See figure 
1-3.) Tlie high pressure hose assembly is supplied with 
the equipment for use in portable testhig. This hose 
assembly (1) is connected to the end of the twin seal 
pressure test unit body (2) zt shown. The body plug 
(3) is then installed at the point wjierethe plain nipple 
union assembly (4) was removed. 

1-16. OFFSET PIPE ASSEMBLY. (See figure 4-2.) 
The offset pips assembly (1) is attached to the nipple 
union of tht twin seal pressure test unit as shown. 
The nipple and union attachments of the offset pipe 
as'sembly can be used to accommodate the gage fitting 
being tested. It can be turned and secured in various 
positions to facilitate ease in handling of the dead 
weights and observance of the gage under test. 

1. Hose Assy 
3. Body 

3. Body Plug 
4. Plain Nipple Union Assy 

s 
a c n 
s 
z 
3 

O 

ss 
M 
O 

CS 
w 
M 

I 
8 
s: 
§ 
a 
Oi 
W 

§ 

w 
(-4 

o 

Figure 1-3. Portable Pressure Testing Arrangement 
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Section IV 
Paragraphs 4-10 to 4-12 

T.O. 33A6-4-7-1 ^ 

r 
IS' J>^\^ » 

ilF 

1. Offset Pipe Assy 
2. Deadweight 
3. Platform 
4. Dead Weight Cylinder 
5. Body 
6. Bolt 
7. ReUef Valve 
8. Drip Pan 

9. Plug 
10. 

n. 
12. 
13. 
14. 
15. 
18. 

Piston Assy 
Vernier Valve 
Clevis Pin 
Handle 
Union Nut 
Gage Pointer 
Gage 

Figure 4-2. Setup of Part Kumber 10-10525 
Hydraulic Pressure Gage Dead Weight Tester for 

Operation (Serial Numbers 1056-6 through 1056-80) 

^ 

16 

15 

Offset Pipe Assy 9. 
Dead Weight 10. 
Platform 11. 
Dead Weight Cylinder 12. 
Body 13. 
Bolt 14. 
Relief Valve 15. 
Drip Pan 16. 

Plug 
Piston Assy 
Vernier Vsdve 
Clevis Pin 
Handle 
Union Nut 
Gage Pointer 
Gage 

Figure 4-3. Setup of Part Number 10-10525 
Hydraulic Pressure Gage Dead Weight Tester for 

Operation (Serial Number 1056-81 and Subsequent) 

o o c n 
r J 
r-< o •z. 

o 
73 

> 
O 

M 

w 
w 
o z 

o 
H 
C 
w 
m 
o z 

o 
03 

piston 80 that the piston guide is not damaged. 
When inserting or removing the piston from the 
unit, rotate it. In this manner scoring of the 
piston or dead weight cylinder (4) will be pre­
vented. Keep the piston in its protective tube 
assembly In the carrying case when not in use. 

4-10. LOW PRESSURE PISTON. The low pressure 
piston has the numeral 5 stamped on the platform of 
the piston, indicating 5 pounds per square inch when 
using this low pressure piston. This weight stamped 
on the platform plus the weight stamped on the dead 
weight equals the total dead weights pressure in pounds 
per square inch. 

s«ww» 

CAUTION 
^^^AMM^MAA^tfVMV^WV 

Exercise care when handling the low pressure 
piston so that the piston guide Is not damaged. 
w. >n inserting or removing the piston from the 
unit, rotate it. In this manner scoring of the 
piston or dead weight cylinder (4) will be pre­

vented. Keep the piston in its protective tube 
assembly in the carrying case when not m use. 

\Z-n. DEAD WEIGHTS. Each set of dead weights is 
I listed in figures 1-1 and 1-2. These weights produce 
I pressure in 5 pounds per squai'e inch Increments from 

5 to 2,000 pounds per square inch using the low pres­
sure piston, and 25 to 10,000 pounds per square inch 
using the high pressure piston. Paragraphs 1-10 through 
1-14 describe the differences in dead weights between 
the various serial numbers. 

22 

One person should not attempt to lift or carry 
the sets of dead weights any distance. Each 
set weighs approximately 100 pounds. 

4-12. OPERATION. 

a. Bolt the drip pan (8), figure 4-2 and 4-3, firmly 
to the bench ii permanent location is desired for dead 
weight testing, 

6 P3 
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Section IV 

NOTE 

The long drip pan U designed lor portable pur­
poses and has an advantage that it will not tip, 
U not bolted to a bench, when the hand lever Is 
operated. 

b. Remove the plain union nipple and mount the dead 
welifht cylinder (4) directly on the pump body (S). 

c. Attach the offset pipe assembly (1) to the nipple 
union by securing with the union nut (14). 

d. Place the gage (16) being tested on the other end 
of the offset pipe assembly and secure. 

NOTE 

[The gage being tested must be at eye level and 
straight in front of, not sideways to, the oper­
ator. Secure when in position as shown in figures 
4-2 and 4-3, or as instructed. 

e. Insert either the low or high pressure piston (for 
Serial Number 1056-0 through 1056-80) into the dead 
weight cylinder as the application may require. For 
the Serial Numbers 1056-81 and Subsequent the high 
and low pressure piston is one piece. 

NOTE 

f ^ c h dead weight is stamped with the equiva­
lent of the pounds per square inch produced. 
When added to the pounds per square inch 
stamped on the platform of either the low 6r 
high pressure piston the total equals the dead 
weight pressure in pounds per square inch for 
the gage being tested. See paragraph 4-11 for 
further description and application. 

"t. When the relief valve (7) is closed, the pressure 
is developed in the pump. After pressure has been 
pumped up with the handle (13) to the approximate 
pressure desired, the vernier valve (11) is used to 
obtain the exact pressure. With careful calibration a 
good test gage can be adjusted to plus or minus one-

[Jenth of one percent of the pressure value. 

NOTE 

The accuracy of calibration depends on the care 
of the operator. 

g. Weights should be rotated slowly and continuously 

Iwhen pumping up pressure and also when the pressure 
of the gage being tested has been reached equal to the 
weights. 

23 

CAUTION 

"̂ The plug (9) should be open when in opera­
tion. Close only for refilling reservoir or for 
storage in carrying case. 

^h. Pump the unit until the weights plus the platform 
p) are raised slightly. 

L CAUTION 3 
Use care when operating the pump to prevent 

I the pressure from exceeding the maximum 
1 reading of either the equipment being tested 
or the test gage. Tap the case lightly with a 

\ finger for accurate reading of a pressure gage. 

i. If the gage being tested does not agree with the 
reading of the total dead weight pressure, remove 
the threaded bezel ring with glass and using the gage 
pointer puller and set assembly tool (4, figure 2-2), 
remove the gage pointer (IS, figures 4-2 and 4-3). 

NOTE 

The gage pointer puller and set assembly tool 
operates the same as small wheel puller. Plac­
ing UM pointer puller into position over the gage 
pointer and turning the hexagon head cap will 
pull the pointer from the pointer staff. 

j . Align the gage pointer on the gage to the proper 
range point to agree with the total dead weight pres­
sure. Place the drilled end of the tee handle pin (on 
the pointer puller) at the center of the pointer. Tap­
ping the pin lightly with a small hammer will secure 
the pointer. Repeat the test until the gage reading 
agrees with the reading of the total dead weight pres­
sure or as instructed. , 

r It. "ro stop the equipment, open the relief valve (7) 
I to relieve the oil back to the reservoir, the pressure 

in the system will then drop to zero. 

1. Remove the gage by disconnecting the union nut 
(14), also remove the union body from the gage. The 
gaf • can then be returned to its activity and the parts 
ot ihe equipment returned to their respective places 
in the carrying case. 

CAUTION 

When removing the low or high pressure piston 
from the unit, rotate piston as it is lifted out. 
This will prevent scoring of either or both the 
dead weight cylinder (4) or piston. 

SQ 
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T. 0. 33D2-6-105-1 

REPSDDUCTION FOR ATC TRAINING USE-ONLY. DO NOT USE ON THE JOB. 

SECTION li 

SPECIAL SE:iVJCE TOOLS 

(NOT APPLICABLE) 

SECTION Hi 

PREPARATION FOR USE, STORAGE, OR SHIPMENT 

3 - 1 . PREPARATION rOR USE. 

3-3. Unpack the Test Set from the shipping container 
and swing back the protective cover to see that all 
the cables listed in figure 1-4 are in the cable stor­
age compartment adjacent to the instrument panel. 
Make sure that the booklet of calibration tables has 
been iiirluded. Allow sufficient space around the 
Test Set for connecting the teat cables to units 
under test. 

3-3. The Test Set requires a power source of either 
115 volts or 26 volts, 400 cps, single phase. Power 
consumption is approximately 25 watts. 

3-4. STORAGE OR SHIPMENT. 

3-5. Refer to specification MIL-P-116C for general 
requirements covering the preservation of equipment 
against corrosion during shipment and storage. 

SECTION iV 

OPERATION INSTRUCTIONS 
) 

4 . 1 . GENERAL. 

4-2. The instructions given in this section refer to 
the operation of the Test Set, and are not intended to 
serve as test procedures for the unit under test. 
When the Test Set is used in an aircraft, the booklet 
of calibration tables provided will' serve as a con­
venient guide for test values to be obtained from the 
unit under test. Refer to the applicable technical 
manual on the unit under test for specific test instruc-
Uomi, test values, and permissible tolerances. 

4-3 . OPERATING CONTROLS, INDICATORS, AND 
CONNECTIONS. 

4-4. All the operating controls, indicators, and 
connecting points of the Test Set are illustrated in 
figure 4-2 and their function is given in figure 4-1. 
In addition to the items listed, two 1-ampere fuses 
and one 3/8-ampere fuse are fitted on the instrument 
panel. Two spare fuses, one for each type, are 
also included. 

4-5. TEST SETUP PROCEDURES. 

a. Set all switches and controls to OFF or fully 
counterclockwise position. 

24 

b. Connect test adapter cable QB86030-1 to the 
TEST UNIT connector on the panel of the Test Set. 

CAUTION 

Understand the entire operation before 
starting to test a unit. 

4-6 . SYNCHRONOUS INDICATOR nST 
PROCEDURES. 

a. Disconnect the cable from the indicator under 
test in the aircraft. 

b. If a single indicator is to be tested, connect 
Autosyn Synchro test cable QB84998-1 between test 
adapter cable QB86030-1 and the indicator. Connect 
power source cable QB86032-1 to the disconnected 
aircraft cable and to the POWER-INPUT 10 connec--
tor through adapter cable QB86063-1. 

c. If a dual indicator is to be tested, connect dual 
indicator test cable QB86029-1 between test adapter 
cable QB86030-1 and the indicator. Connect power 
source cable QB86031-1 to the disconnected 

2-1/3-1/4-1 
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section IV 
Paragraph' 4<6 

T.O. 33D2-e-105-l' 

REPRODUCTION FOR ATC TRAINING USE ONLY. DO NOT USE ON THE JOB. 

CONTROL NOMENCLATURE FUNCTION 

Autosyn transmitter I 

TEST SEL switch 

Servoed Autosyn Indicator 3 

SYN IND switch 4 

MOTOR VOLTS FXD 5 control 

MOTOR VOLTS VAR 6 control 

Establishes standard against which synchronous and ser-
voed Indicators are tested. 

Selects the test circuitry (or the unit under test. Tht 
SYN IND position Is used for testing synchronous Indi­
cators; the SERVO position is for testing servoec) 
Indicators; the MOTOR position is for testing low 
Inertia motors; the TRANS position is for testing trans­
mitters; and the OIFF. position is lor testing 
differentials. 

Used as standard for testing accuracy of transmitters and 
differentials under test. 

Selects the test circuitry for the type of test being per­
formed on synchronous indicators. The E-Z pocition 
is used for checking electrical zero, and the CAL posi­
tion Is used when performing calibration tests. 

Varies voltage applied to fixed-phase windings of low 
Inertia motors when MOTORS VOLTS switch is in 
FIXED 0 position. 

Varies voltage applied to variable-phase windings of low 
Inertia motors when MOTOR VOLTS switch is in VAR 0 
position. 

MOTOR VOLTS 7 switch 

AMPL GAIN 8 control 

TEST UNIT 9 connector 

POWER-INPUT 10 connector 

POWER 16 lamp 

1 

POWER 17 switch 

28V 18 and 19 binding posts 

10.8V 19 and 20 binding posts 

VTVM 21 and 22 binding posts 

Enables monitoring and adjustment of low inertia motor 
phase voltage at vtvm bindinig posts. 

Varies gain of servo amplifier In Test Set. 

Provides connection on Test Set to unit under test. 

Provides connection on Test Set to power source. 

Provides Indication that Test Set is energized when 
POWER Swilcit is ON. 

Controls Input power to the Test Set. 

Provide connection for monitoring test circuits for 26 
volts. 

Provides connection for monitoring test circuits for 
10.8 volts. 

Provide connections for monitoring motor fixed-phase 
voltage, variable phase voltage, and servo nulls. 

Figure 4-1. Operating Controls, Indicators, and Connections 

aircraft cable and to the POWER-INPUT 10 connector 
through adapter cable QB86063-1. 

rt See that aircraft power is on. 

e. a^t the POWER 17 switch on the Test Set to ON. 
T!-w- POWER 16 lamp should come on. Indicating that 
"in ''v<»t s>^t Is enerflzeri.' U l̂n? a vtvm or 

voltohmmeter, check a-c voltages at 26V 18 and 19 
binding posts for 26 volts tlO percent and at 10.8V 
!9 and 20 binding posts for 10.8 volts tlO percent.. 

Net* 

If the indicator Is tested on a test bench 
rather than In an aircraft, use power source 

25 
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Figure 4-2. Synchro Inctrum«nt Fi«ld T«ft Stt, Typt 13819-aA, Froot Panel 

cable QB86062-1 to connect to a llS-volt, 
400 ops power (upply,- and ditregard power 
source cables QB8603i-l, '.QB8dOS2-l, and 
0386033-1. 

4-7. ELECTKICAL ZERO CHECK. 

a. Set the TEST SEL twitch to SYNIND and the 
SYN IND 4 switch to E-Z. 

b. The indicator under test will aatumt its tltctrl-
cal zero position. Check the value against the call" 
bration value for the unit under test. 

4-8. ANCLE CHECK. 

a. Set the SYN IND 4 switch to CAL, and rotate the 
test sot transmitter "1" to the anglet tptcifled for 
the unit under test, using the calibration booklet lor 
the proper angle settings. 

26 

b. The indicator under Ust should follow the Test 
Set transmitter within the applicable tolerances 
specified in the technical manual for the indicator 
under t t s t 

c. Turn POWER 17 switch to OFF (down) potitioo, 

d. Removt conntctions from unit undtr test, 

4 .9 . SZRVOED INOXATOR ANGLE CHECK. 

a. Dlsconntct tht cabit from the servoed indicator 
under test in tht aircraft. 

b. Conntct strvotd indicator test cable QB84967-1 
betweer Ust adapter cable QB8603O-1 and the servoed 
indicator under test 

6 

c. Set TEST SEX. 2 switch to SERVO. 

^ » 
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d. Connect power source cable QB86033-1 to the 
disconnected aircraft cable. 

e. Set the POWER 17 switch to ON. 

f. Checit power supply voltages at 28V 18 and 19 
binding posts (or 26 tlO percent volts and at 10.8V 
19 and 20 binding posts for 10.8 ±10 percent volts. 

g. Turn AMPL GAIN 8 control fully clocltwlse. 
Allow the SERVO amplifier to warm up for at least 
one minute 

Nats 

The signal input voltage to the amplifier can 
be monitored by connectini? a vtvm across the 
VTVM 21 and 22 binding posts. 

h. Rotate the Test Set transmitter 1 to the angles 
specified In the calibration bool<let for the servoed 
indicator under test. 

i. Tlie servoed Indicator snould follow the test set 
transmitter settings within the applicable tolerance 
specified for the indicator under test. 

4-10. LOW INERTIA MOTOR DIRECTION TEST. 

a. Set TEST SEL 2 switch to MOTOR. 

b. Set MOTOR VOLTS 7 switch to FULL to apply 
26 volts to the motor windings. The pointers of the 
servoed indicator under test should move In a cloclt-
wise direction. 
4-11. LOW INERTIA MOTOR FIXED PHASE 
STARTING VOLTAGE TEST. 

!i. Sot MOTOR VOLTS 7 .switch to FXD 0. 

I). Set MOTOR VOLTS VAR«) 6 control fully cloclt-
wlsp. 
<•. Slowly rotate FXDO MOTOR VOLTS control 5 

clockwl.se until the pointers of the indicator under 
test bepln to move. Monitor the fbced-phase start-
int; voltage at VTVM 21, 22, binding posts and 
compare the value with the specification value. 

4-12. LOW INERTIA MOTOR VARIABLE PHASE 
STARTING VOLTAGE TEST. 

.1. Set MOTOR VOLTS VARO 6 control and MOTOR 
VOLTS FXDO 5 control fully counterclockwise. 

b. Set MOTOR VOLTS 7 switch to VAR0 . 

c. Set MOTOR VOLTS FXD0 5 control fully 
clockwise. 

d. Slowly move MOTOR VOLTS 6 control clockwise 
until the pointer of the indicator under test begins to 
move. Monitor the variable phase starting voltage 
across the VTVM 21, 22 binding posts. Compare the 
value with the specification requirement. In no case 
should the starting voltage (fixed or variable phase) 
exceed 200 millivolts. 

e. Set POWER 17 switch to off (down) position. 

4-13 TRANSMIHER TtST PROCEDURE. 

a. Discoimect the cable from the transmitter or 
differential under test in the aircraft. 

b. Connect power source cable Qd86032-1 to the 
disconnected aircraft cable and to the POWER-INP' . 
10 connector through adapter cable QB86063-I. 

c. Connect Autosyn synchro test cable QB84998-1 
between test adapter cable QB86030-1 and the unit 
under test. 

d. Set the TEST SEL 2 switch to TRANS. 

e. Set the POWER 17 switch to ON. 

^ f. Check power supply voltages as described in 
paragraph 4-9, step f. 

g. Turn the AMPL GAIN 8 control fully clockwise. 
Allow the servo amplifier to warm up for at least 
one minute before proceeding. 

h. Rotate the unit under test tc the angles specified 
for that unit in the test specifications and see that 
the Test Set indicator shows the required values. 

1. On completion of tests, set all switches to their 
OFF or fully counterclockwise positions and remove 
connections from unit tested. 

4-14. DIFFERENTIAL TEST PROCEDURE. 

When the Test Set is used to test differential 
Autosyns synchros, use the procedure described In 
paragraph 4-13, for transmitters, but set the 
TEST SEL 2 switch to OlFF. 
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d. If the Autoayn Indicator cannot be brought in wliliin 
the required tolerance, dete'.*mine whether or not the 
error l.o of an electrical nature. If so, renrovc the Auto* 
syn and check It according to tlie overhaul prtiredure, 

TABLE 3-1 

FUEL FLOvT" 
RANGE: 300-3000 LB/.«K 

50-500 GAt-'Ha 
DIAL: 

LB/HR X 100 

3 
5 

10 
15 
EZ 

A62-B7A ^ I 
CLOCKWISF. DEGREES FRCJ". 

BOTTCM CENTER LINE 

(Degrets) (Min) 

Socj'.tii. \M 
't'nrnKraphs .1-3 to 3-8 

3-.1. INOIVIDUAI. TEST. 

3-<<: El.ECTIUCAL BREAKDOWN TEST. Apply 550 
volts at ft commercial frequency between any pin of 
the pleclrlcal connector receptacle and ground (casting) 
for a minimum of five seconds. There should be no 
Insulation breakdown. It the instrument does not pass 
this test, Inspect for defective parts and replace them. 
Type 25100 -and 25200 Indicators shall be tested for 
electrical breakdown with an applied voltage of 200 
volts at a commercial frequency. 

CAUTION 

Do not perform this electrical breakdown test 
in the same room where inflammable fluids 
aru being used. 

3-5 . ELECTWCAL DAMPING AND ELECTRICAL 
ZERO TEST. For the purpose of this test only, the in­
dicator being tested must be connected to a single in­
dicator with the glass removed. Do not use the Auto-
syn precision transmitter for this test. The power 
source must be disconnected, and the pointer of Ihe 
."itngle indicator displaced 180 degrees from the pointer 
pcsltlon of Ihe Indlrator being tested. The pointer of 
the single Indicator must be held In po.sltion while the 
power Is connected. The cycle must be repeated a 
minimum of three times. Impose electrical zero on 
both Autosyns. The tip of the poln»A»«(hould be within 
0.01 inch of each other and withlnH^l inch of the In­
dex mark or top center graduation of the dial. If the 
Indicator falls this test, check the electrical zero of 
both Autosyns and be certain that both pointers are 
firmly .secured to the\r shafts. 

3 -6 . SCALE ERROR TEST.. Rotate the rotor of the 
Auto.syn precision transmitter. Eclipse-Pioneer type 
13695-1-A (figure 2-15), so as to bring its pointer to 
the desired Indication. Two readings must betaken: 
the first before and the .«;ecimd after the Instrument is 
tapijed. The difference between the first and second 
readings must not exceed the friction tolerance of 
1-1/2 dcgrt'cs. The second reading must not exceed 
the scale error tolerance of 3/4 degrees. If the Indi­
cator falls I his test, check for pointer drag. If friction 
is still present, chock the ball bearings and brush ten­
sion. UcpLicc the Auiosvn if friction is still pre.sent. 

3-7. POSITION ERROR TEST. Set the Auto.syn preci­
sion transmitter at mld-scalo and lock the unit. Take 
a reading with the indicator in a normal horizontal 
position. Tills reading should not differ from the 
readings with the Indicator in any other position by 
more than the tolerance of 1/2 degree. 

3 -8 . CALIBRATION PROCEDURE. With the Indicator 
connected to the Anlosyn precision transmitter, the 
Instrument may be calibrated as follows: 
a. Rotate the knob of the Autosyn precision trans­

mitter to the minimum range point of the '-.dicator 
being tested. See the tables at the end of • section 
for the applicable dial. 
b. The mdlcator pointer, being tested, should move 

to the alwve minimum range point. 
c. Cor.'Inue this check for all the test pojints In the 

applicable table. The tolerance for this calibration 
check is the same as the tolerance for the Scale Error 
Test. (See paragraph 3-6 . ) 
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20 
25-
30 

GAL/KH 

50 
100 
150 
200 
250 
300 
350 
400 
450 
500 

217 
205 
319 

3'J 
15 
30 

CLOCKWISE DEGREES FROM 
BOTTOM CENTER LINE 

(Degrees) 
38 
69 

100 
133 
164 
196 
225 
254 
281 
316 

(Min) 

45 
15 
45 
0 

30 
0 
0 

15 
15 
0 

TABLE 3-2 

rUEL FLOW 
RANGE: 100-1000 
DLAL< 

LBS/HR 

100 
150 
200 
250 
300 
350 
400 
450 
500 
EZ 
550 
600 
650 
700 

A64-BSB 

TEST TRANS. READING 
CLOCKWISE FROM 

6 O'CLOCK 

44 0' 
59 53* 
75 45' 
91 22' 

107 0' 
122 45' 
138 30' 
153 30' 
168 30' 
180 0' 
184 7' 
199 45* 
214 45' 
229 45' 

750 
800 
850 
000 
950 

1000 

244 52' 
260 0' 
274 0" 
288 0' 
303 0' 
318 0' 
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PRESSURE 

RANGE: 

DIAL: 

DIAL: 

TABLE 3-15 

0-10 PSI 

A«4-C3A, -C3B 

PSI 

0 
2 
4 
8 
8 

10 
EZ 

TEST TRANS. READING 

70 30' 
40O 30' 
730 30* 

IO8O 30' 
1390 30' 
174° 30' 
180° 0' 

TABLE 3-16 

PRESSURE 

RANGE: 0-20 PSI 

A64-C4A, -C4B 

PSI 

0 
4 
8 

12 
16 
20 
EZ 

TEST TRANS. READING 
CLOCKWISE DEGREES 

FROM 6 O'CLOCK 

70 30* 
40« 30' 
730 30-

IO6O 30' 
139° 30' 
172° 30* 
I8OO 0' 

TABLE 3-17 

OIL PRESSURE 

RANGE: 0-200 PSI 

DIALS: A2S1-A2A, •A2B, -A2C 

PSI 

0 
SO 

0 100 (EZ) 
150 
200 

TEST TRANS. READING 

20" 
lOOO 
180O 
260O 
340O 

TABLE 3-18 

.ilANirOLD PRESSURE 

RANGE: 10-75 IN. HG 

DIAL: A291-A9A 

IN. HG 

10 
20 
30 

TEST TRANS. READING 

70 30' 
60° 30' 

1130 30' 

TABLE 3-18 (cont) 

IN. HG 

40 
EZ 
SO 
60 
70 
75 

TEST TRANS. READING 

166° 30' 
180° 0' 
219° 45' 
272<i 45' 
325° 45' 
352° 30' 

TABLE 3-19 

FUEL PRE8SURJC 

RANGE: 0-1000 PSI 

DIAL: A2(1-A27A 

PSI X 100 

0 
2 
4 
5(£Z} 
6 
8 

10 

TEST TRANS. READING 

20° 
84° 

148° 
180° 
212° 
276° 
340° 

TABLE 3-19A 

FUEL PRESSURI 

RANGE: 0-1000 PSI 

DIAL: A291-A27B 

P3IX 100 

0 
1 
2 
3 
4 
5(EZ) 
6 
7 
8 

TEST TRANS. REAOINO 

22° 30' 
54° 0' 
85° 30' 

U7° 0' 
148° 30' 
180° C 
211° 30' 
243° 0' 
274° 30' 

9 
10 

806° 0' 
337° 30' 

TABLE 3-20 

OIL PRESSURE 

RANGE: 0-100 PSI-

DIALS: A251-A30A, 'ASOB, -A30C,-A30D, 
-A30E 

PSI 

0 
20 
40 
50 (EZ) 
60 
80 

100 

TEST TRANS. READING 

20° 
84° 

148° 
180° 
212° 
276° 
340° 
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T.O. SfS^-n 
JPtruiirupba 3-1 to 3-11 

SECTION m 

TCtT PROCEDURE 

9-1. GEKSRAU 

3-1. WiMnavarthapraaaun and tamparatuiaduring taatlng 
ara not i^aoUtad, U alwuld ba «wdaratood tkat tte uata ara 
to ba mada at atoMapharic praaaura, dppioxlataulr 21.03 
taehaa of marounr. aod atroomtaatparatura, appraxinataly 
«»C (77* r). 

MOTE 

Overhaul paraoonal, Mvoridac xdth taataqulp-
mant havlag dtala eallbratad la dagraaa la-
ataad of pounda, wtU find tha Dagraa X^ulva-
Iwi Coavaraloa Chan, fl|ttr« 3-S. uaotul. 

3-3. SYNCHRO TRAMSUIITER ASIEU8I.Y. 

3-i . FRICTION TEST. CiMCk tbarotor ahaftoftha unltfor 
Mottee. Tha xoaKtoiuia aUowabla Metlon la 2.7 iram-mm. 

13-S. CCSUIATION BREAXSOWN. Cooaaot a 200< voh «(«>-
ply atcommaroial (r«<)uaaor batwaaa aaohalactrleal taxnl-
aalaadthoiraaaa. Tbara akould ba ao iaaultfloabraakdown 
whoa tea voltafa la ralaad at a rata not aifoaadlnt 78 volta 

fpar aaooad {torn aoro to 200 volta, bald at that raadlaf tor 
30 aaooada. aad ratimad to aare at tha aaaa rata. 

>4. RSSOTANCK. Chaok tha raaiataaeo Of aaeh wiadlaf 
ofthaatator. 8 ahould taaMura appyiwlmataly > ohma ba-
twooa aay two atatar laad adraa. 

NOTE 

Tha raatataaoavaluailvaaaheYatafor rafar-
aaca oaljraadahDuldDOtooaatitala a baala for 
rojactiea. Toljphaaa atatara ahould hava 
aatobad phaao raalataoaaa but, la laaaral, 
Jaapxapariy aaatohad phaao rralataaoaa wlU 
raatilt la output veltaia ibaoouraolaa. 

Chaok that tha raalataaoa of tha rotor la approKltaataly IS 

S-7. BRUSH CONTACT. Coanaot a WhaataloM bnd«a a-
Oroaa tha rotor laada. OrlvUf thJahaft at tarlabla apaads 
up to 300 xpoi, ohaok tha raalataaoa. Tha vadatlea batwaaa 
raadtaia ahould aot axMod ttiio ohma. Aflar thia taat, aa-
aaaibla tha oovar to tha ualt aa outllaod laparafrapha S-SO, 
V throufh X. aad npaat abova taau^angrapha S-S to S-7). 

9-S. JDtfVT CUHUMT. Ualaf a taowua^ tuba voltaiaUr, 
a 100*t0.l okaapraotaloawlra-wouBd, aoe-'iaduatlvo loalat-
or. aad a •MOr̂ pela ptimr aouroa wtthaaaaaa ofvoUaga 
eoatrolauehaa aVarlao eralaUlar <att, ataetrleaUyoaeaaot 
tha ualta aa ateun la figura S-1. Ad)«at tha laput powar 
aaurea uatil tho veitago acraaatha rotor la aacaotlySI volu. 
Chaek tha curraattatha rotor wtodtacbyuaaauriagtha volt-
aga drop aoroaa tha 100 ehaa aarlaa raalator. Tha voltsatar 
raadlsc ahould ba M.« voUa, a41oh daaetoa .a O.SOfr-aaap 
ourraatlatha rotor wladtaf. 

!U_ 

4MM«MU 
M««ll J. 

• T t t M 

lUL. 

Joa».iA 
IWdL. 

MCUIM 
TUM 

Flsura 3-1. Wlriac Di*«rt», Synohro Tranamlttar 
Taat 8«t-Up 

3-9. ELECTRICAL ZERO, Mount tbi aynehro tranamittcr 
boriaoBtally Ir a auitaUa boldtac (txturo with a dial plata 
eallbratad froia 0 to 360 dagraaa couaurclookwiaa. Elac-
trloallyaaro tha ualt bymaaaa ofaa alactrlbalxaroioftraaa-
foraar. Wirlag eoanactlonafor thla oparatlon ara ahown In 
figura S-i. Attaoh a polnur to tha a haft, makloK oatuUa 
that tha polatar la axaetly oa tha saro ladloatlon. 

mm*m*Hmn 

ngura 9>t. Wlrlag Olagraa, Elaetrleal Zarolag 
Sat-Up 

3-10. OUTPUT VOLTAGE. With tha ualt aouatad la tha 
flxturo, aada voUagr of 2< volta aoroaa tha rotor, ohaok tha 
opaa otxoult ctilput voltagaa. Tho aiaximum opoa-elreult 
voltago maaaurad batwaaa aay two aaooadary laada ahall ba 
U . S tO.SV. Tba varlattaa batwaaa tha throa aaalaiuia 
aaooadary voltagaa eoaayoao ayaehro ahall aot axeaadO. SV. 

S-U. MULL VOLTAGE. With tha uatt aat up u outllaod la 
paragraph 3-10, tha null voltagaa auaaurod aoroaa tha opaa 
oiroult Btator laada ahall ba datanalaad at tha aaglaa Itatod 
la flguro 3-3. Tho valuaa aiauurad ahotdd aot aaeaad tha 
waxlauin auU voltagaa ladleatad. Thla taat ahould ba par-
fonaad uatog a vaovum tuba voltaatar. 

Oalput 
Ceaaaotloaa 

Bluo-Blaek 
Blaefe-YoUow 
Blua-Tallow 

Polalor Aaglo 
(CouBtarolookwlaa) 

iaO-300 
<0-]40 
0-lSO 

Maxlaua NuU 
Volu 

0.03S 
0.035 
O.OSS 

ri |ura>-3. NuU Voltagaa 

) 
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Saction IV 

OIL PHESSURE TRANSMITTER TYPE M82ltOOe-3 

THE INTTRL'CTIONS CONTAINED IN PRECEDING SECTIONS OF 
THIS TECHNICAL MANUAL APPLY EXCEPT FOR THE DIFFER­
ENCES LRTED IN THIS DATA SHEET. 

Part Numlor ST~i!I 
RMKU .- 0 to 200 pf i 
Dogruc o{ Aic 320 degrees 
Oporatini, /otuc* 26-volt, 400>oycloi. 

itngl* phM* 
Eltctrical ConiMctor M83M78-14S-2P 
Matlne Plug MS336TI-14S-2S 
eiuctrlciU Z«ro 100 pit 
OporoUnu AnUtnt Tw.p«ra> 

tur« R«B<« -IS* Tlo* ISO* F 
W«i(ht 1.2S tbi 

Plcurt 4-13. Ttblt of Leading Pattloular* 

SPECIAL TOOU. No •OMttl tooU nqulnd. 

TEST KguiPMENT. SunoMTriMmitUr r-«A(M82IOOS-a). 

OISASSEMULY. Sun* as TrwumttUr F-2A (MS2S00S-2). 
dxvvpt «lli>A«wm>ii« tho arhor iisombty M foUowt (••« (jg-
urn 4-0); 

a. Rcniovo tho taatr pin (2) Mourlng th« and of tha arbw 
to tho bourdon tuba. Ranova tapar pin (3) and extract link 
\4). Romovo tha adjuatmaot aoraw (I) \»y unaorawlng tha 
locking aoraw (8) and two h«K auta <6) from tha aafcunt (8). 

CLEANING. Sama u TnuMmltUr r-2A auaiOOS-3). 

INSPECTION. Sama •• Tranamlttar r-3A (M82800S-2). 

TESTING (during ovorhaul). Sama aa Traaamittar r-2A 
(MS28O0S-2). 

liSPAIR ORJUCPLACEMClfr. Sama aa TraaamttUr F-2A 
(MS2 8005-2). 

REASSEMBLY. Sana aa Traaamittar r-2A (MS2800S-3). 

except isaemblc tho arbor aa foUowi (ao4 figure 4-0): 
a. Replace the adjuatmcnt icraw (7) |n tha acgmont (b) 

and faaten with the locking nercw (3) and two hex nuta (6) 
Atuch tha link <4) with a tapar pin (3). AtUch thit atter aa-
aamUy to the bourdon tuba with a tapar pin (3). 

TEST PROCEDURE (after overhaul). Sama aa Tranamlttar 
F-2A (MS2800S-2). except for tha following: 

a. SCALE ERROR TEST. Tha totaranea muat bu within 
the Itmlta given la figure 4-14. This last may be comMood 
with tho scale error teat. 

b. FRICTION TEST. Taat tha transmitter for friction st 
tho pressure listed in figure 4-14, by reading it bafonr and 
after tapping It lightly. Tho rsadlnga taken bafora and after 
tapping ahall not differ by mora thsn t3,0pal, s4.$* arc. 
This t«st osa be made In oonlunotlon with the scaio error 
test. 

NOTE 

Overhaul paraonnol working with equipment 
having diala calibrated In degraas inattiad of 
pounds will find tha atiulvalentraadlncatistad 
In Figure 4-14. 

Praasura 

<pai) 

0 
50 

100 (EZ) 
150 
200 

fare) 

20 
100 
180 
280 
340 

Toteraace 

(*P«1) 

3.0 
3.0 
4.0 
4.0 
4.0 

(fare) 

4.8 
4.8 
8.4 
8.4 
8.4 

Figure 4-14. Scale Errora and Oagrea Sciulvalaaui 
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U3 
Flight Tng Devices/Instrument Branch 
Chanute Air Force Base, Illinois 

3ABR32531-PT-203 

OBJECTIVES 

Without reference, identify facts pertaining to the operation 
of tachometer systems. 

INSTRUCTIONS 

This programmed text presents information in small steps called 
"frames." After reading the information in each frame, you are asked to 
actively respond to the statements at the end of that frame. Check your 
responses for accuracy with the correct answers that are given after 
Che following frame. If you make an incorrect response, reread the 
frame until you determine why you were in error before proceeding to 
the next frame. 

3 

Supersedes 3ABR32531-PT-203, 3ABR32632B-PT-303, 19 May 1977. 
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Frame 1 

It was recognized during the early stages of aircraft development . 
that the engine revolutions per minute (rpm) should be known by the pilot 
at all times. The tachometer system was developed to indicate this very 
important information. The tachometer dial is a counting device that is 
graduated to indicate the engine speed in revolutions per minute (rpm) 
for reciprocating engines and in percent of rpm for jet and turboprop 
engines. See figure 1 for the indicator for reciprocating engines and 
figure 2 for the indicator used for jet engines. 

) 
Figure 1. Figure 2. 

Refer to the indicators above and circle the letters of the correct 
responses to the following statements. 

1. The tachometer indicator shown on the left is graduated in rpm from 

a. 5 to 40 rpm. 
b. 50 to 400 rpm. 
c. 500 to 4,000 rpm. 
d. 5,000 to 40,000 rpm. 

2. The tachometer indicator shown on the right is graduated in 

a. 0-100 revolutions per minute. 
b. 0-100 percent of revolutions per minute. 
c. 0-100 revolutions per hour. 
d. 0-100 percent of revolutions per hour. 

; 
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Frame 1 (Cont'd) 

3. The tachometer indicator shown on the left is used on 

a. jet aircraft. 
b. reciprocating aircraft. 
c. turboprop aircraft. 

4. The tachometer indicator shown on the right is used on 

a. jet aircraft. 
b. reciprocating aircraft. 
c. turboprop aircraft. 

> 
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Frame 2 

The tachometer system contains an engine driven, three phase AC 
generator mounted on the engine accessory section and a motor driven 
indicator mounted in the pilot's instrtment panel. The illustration 
below shows where the units are mounted and how they are connected to 
each other. See figure 3 below. 

ENGINE ACCtSSORY SECTION 

s£3 
3-PHASE AC 

GENERATOR 

P l lO rs INSTRUMENT PANEl 

ElECTRICAl WIRING-

MOTOR ORIVSN TACHOMETER 

) 

Figure 3. 

Circle the letter of the correct response to the following statement. 

1. The generator is connected to the tachometer indicator by 

a. two electrical wires. 

b. three electrical wires. 
c. two electrical wires and a flexible shaft. 
d. a flexible shaft and a shielded wire. 

Answers to Frame 1: 1. c 2. b 3. b 4. a & c 

5̂ > 0 



tS.7 
Frame 3 

The tachometer generator consists of a two pole or a four pole 
permanent magnet rotor, drive shaft, three phase wye wound stator, 
electrical connector, and an oil seal. The illustration in figure 4 
below shows a cutaway view of the tachometer generator. The permanent 
magnet rotor (1) rotates inside the stator (3) as the drive shaft (2) 
is driven by the engine. The oil seal (5) fits around the drive shaft 
to keep oil from getting into the rotor and stator housing. The 
electrical connector (4) is used to connect the generator to the 
indicator by electrical wiring. See figure 4. 

) 

3 

1. Magnet (Rotor) 
2. Drive Shaft 
3. Stator 
4. Electrical Connector Receptacle 
5. Oil Seal 

Figure 4. 

NO RESPONSE REQUIRED^^,. ., 

Answer to Frame 2: 1. b 



Frame 4 
US 

There are two types of tachometer generators used on aircraft engines. 
They are the two pole and the four pole generators. The two pole type is 
normally used on jet aircraft engines. The two pole generator hass only 
two pins in the electrical connector because one phase of the signal is 
internally grounded to the case. The illustration in figure 5a below shows 
the schematic of the two pole system. The four pole generator is used on 
reciprocating engines and has three pins in the electrical connector as 
there is no internal grounding. The illustration in figure 5b below 
shows the schematic of -the four pole system. 

TWO POLE SYSTEM FOUR POLE SYSTEM 

INDICATOR 

GENERATOR 

INDICATOR 

GENERATOR 

Figure 5a, Figure 5b. 

) 
Using the above illustrations, circle the letter of the correct 

response to the following statement. 

1. The schematic of the two pole tachometer system contains 

a. two wires only. 
b. three wires only. 
c. two wires and a ground. 
d. three wires and a ground. 

Answer to Frame 3: NO RESPONSE REQUIRED 

7.'I.} 
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Frame 5 

The generator uses either two or four pole rotors. You can see from 
figure 6 that the rotors are similar in construction and identical in 
appearance. The only difference between the two pole and the four pole 
is that they are magnetized differently. Note the arrangement of the 
poles in figure 6 below. 

TWO POLE ROTOR FOUR POLE ROTOR 

Figure 6. 

Using figure 6 above, circle the letter of the correct response 
to the following statement. 

1. ,The magnet of the two pole generator differs from the four pole 
generator in that the North poles are 

a. opposite each other in the two pole generator. 
b. next to each other in the four pole generator. 
c. opposite the south poles in the two pble generator. 
d. next to each other in the two pole generator. 

J 

Answer to Frame 4: 1. c 

J 



Frame 6 
i>9o 

The two pole magnet rotor is magnetized so that the effective magpetic 
poles are 180" apart. The four pole magnet rotor is magnetized so that the 
effective magnetic poles are 90° apart. The drawings in figure 7 below 
show the two types of rotors. Notice the concentration of the flux lines 
around the poles of both magnets. 

TWO POLE FOUR POLE 

} 
Figure 7. 

Circle the letter of the correct response to the following statement. 

1. The two pole magnet differs from the four pole magnet in that there are 

a. two effective magnetic fields in the four pole magnet. 

b. four effective magnetic fields in the four pole magnet. 
c. two effective magnetic fields in the two pole magnet. 

Answers to Frame 5: 1. c & d 

^U 



Frame 7 

The drive shaft of the generator fits into the tachometer drive of 
the engine. This drive turns at a speed proportionate to that of the 
crankshaft. 

NO R^.SPONSE REQUIBED 

Answers to Frame 6: 1. b & c 

71 O 
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Frame 8 
(>n 

The stator of the generator consists of a steel ring (1) which holds 
a metal laminated core (2). Around this core Is placed a three phase wye 
connected winding (3). The permanent rotor (4) turns Inside the stator 
and Induces a variable three phase AC voltage of variable frequency. See 
figure 8 below. The voltage and frequency of this generator varies with 
the speed of the rotor. 

) 

1. Steel Ring 
2. Laminated Core 
3. 3 Phase Wye Windings 
4. Rotor 

Figure 8 

Circle the l e t t e r of the correct response to the following statements, 

1. Variable voltage is Induced Into the stator windings by the 

a. rotor turning inside the 3-phase wye-connected s ta tor . 
• b. rotor turning inside the 3-pha8e delta-connected s ta tor . 

c. three-phase wye connected stator turning around the rotor. 
d. rotor turning in one direction and the S-phase wye-connected 

s ta tor turning in the other direction. 

11 
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(,93 
Frame 8 (Cont'd) 

2. The variable frequency output of the generator is determined by the 

a. number of windings. 
b. size of the windings. 
c. strength of the magnetic field. 
d. speed of the rotor. 

> 

Answer to Frame 7; NO RESPONSE REQUERED 

12 
; 
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Frame 9 

The.variable voltage and frequency from the generator are connected 
through electrical wiring to the synchronous motor of the tachometer 
indicator. The synchronous motor is made up of three pr.rts; a permanent 
magnet rotor, S-phase wye wound stator, and a hysteresis disk. The 
purpose of the permanent magnet rotor is to provide starting and ninning 
torque for the onotor during low frequency (rpm) when the strength of the 
rotating field Is low. The rotor is mounted loosely on the shaft so 
that it is free to rotate almost.-^one^complete revolution without moving 
the rotor shaft. At the end «of"Its free rotation, -it engages a hairspring 
through which It transmits a/torque to the rotor shaft. This arrangement 
allows the rotor to synchronize with the rotating field before the shaft 
picks up any load. See the Illustration in figure 9 below. 

) -

Figure 9. 

Circle the letter of the correct response to the following statements. 

1. The purpose of the permanent magnet rotor is to provide starting 
and rtmning torque for motor operation during ; 

a. high frequencies and low rpm. 
b. low frequencies and high rpm. 
c. high fr<3quencles and high rpm. 
d. low frequencies and low rpm. 

13 



Frame 9 CCont'd) 

2. The hairspring starts the 

a. permanent magnet rotor to rotate. 
b. hysteresis disk to rotate. 
c. rotor shaft to rotate. 

) 

Answers to Frame 8: 1. a 2, d 

( 1{) 
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Frame 10 

The purpose of the hysteresis disk is to provide starting (additional) 
torque when the engine speed is being changed from a fairly high rpm to 
some other setting. At this time the magnitude of the flux is high but 
the permanent magnet by Itself will not pull the rotor into synchronization. 
At higher generator speeds, the hysteresis disk moves the rotor up to near 
synchronization. Then the permanent magnet pulls the rotor into exact 
synchronization. The hysteresis disk also aids In stabilizing the rotor 
during quick frequency (rpm) changes and prevents pointer oscillation. 
See figure 10 below. 

,^%V'-

3.PHASE WYE 
WOUND STATOR 

PERMANENT MAGNET 
ROTOR 

HYSTERESIS DISK 

Figure 10. 

Using figure 10 above, circle the letter of the correct response 
to the following statement. 

1. The purpose of the hysteresis disk is to provide starting torque at 

a. high frequencies and low rpm. 
b. low frequencies and high rpm. 
c. high frequencies and high rpm. 
d. low frequencies and low rpm. 

Answers to Frame 9: 1. d 2. 

15 
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Frame 11 

The next portion of the tachometer indicator is the magnetic drag 
assembly which consists of two plates, each with six magnets attached to 
them. These plates are bolted together so that the small magnets on 
each plate face each other across an air gap. See figure 11 below. In 
each case, opposite poles of the magnets face each other. The distance 
between the plates can be varied by increasing or decreasing the air 
gap which adjusts for high or low reading. 

Note: These adjustments can only be made at DEPOT level maintenance. 

MAGNETIC DRAG ASSEMtLY 

Figure 11. 

Circle the letter of the correct response to the following statement. 

1. To adjust for a high or low tachometer reading, the 

a. coll spring would be adjusted. 

b. air gap would be adjusted. 
c. hairspring would be adjusted. 
d. speed of the engine would be adjusted. 

J 

Answer to Frame 10: 1. c 

7 1 ^ 
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Frame 12 
w 

Placed in the air gap between the magnets is a drag disk made of 
aluminum. This disk is connected to the pointer shaft either directly or 
through gears. Eddy currents set up in the drag assembly will attract 
and turn the drag disk. A coil spring opposes the turning of the disk. 
If it was not for the coil spring fastened :o the pointer shaft (see 
figure 12 below), the drag disk would spin along with the magnets. 
However, the spring does oppose the turning of the disk so that the 
disk will only turn until the opposition of the spring is equal to 
the torque produced by the magnetic field. This will stop the disk 
and pointer from turning and indicate the rpm of the engine. 

AIR GAr-

3 

3 

ADJUSTMENT SCREW 

E 

E 
E ^ 

MAGNETIC DRAG ASSY 

c o i l SPRING 

B- - ADJUSTMENT SCREW 

Figure 12. 

Circle the letter of the correct response to the following statements. 

The purpose of the coil spring is to 

a. aid the torque produced by the magnetic field. 

b. oppose the torque produced by the magnetic fif>ld. 
c. aid the pointer in turning as rpm changes. 
d. hold the pointer steady when spring tension and torque are unequal. 

The drag disk in the tachometer indicator is turned by 

a. magnets. 
b. gear t ra in . 
c. eddy currents. 
d. mechanical linkage. 

Answer to Frame 11; 1. b 
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Frame 13 

When the rpm of the engine increases, a chain of events takes place. 
The voltage and frequency of the generator increases, thereby increasing 
the speed of the synchronous motor of the indicator. This will increase 
the speed of the magnets in the drag assembly (see figure 13 below) thus 
causing the drag disk to move until it is balanced by the tension of the 
coll spring. These same events take place as the speed decreases, but 
in the opposite direction. Since the rpm of the indicator motor depends 
more on the frequency of the generator than on tlie voltage output of the 
generator, this is called a frequency sensitive system. 

Figure 13. 

Circle the letter of the correct response to the following statements. 

1. As the speed of the tachometer generator increases, the voltage output 

a. Increases and frequency decreases. 

b. decreases and frequency increases. 
c. increases and frequency increases. 
d. decreases and frequency decreases. 

2. The synchronous motor speed increases when the generator speed 
increases due to the frequency 

a. staying the same. 
b. increasing. 
c. decreasing. 

Answers to Frame 12: 1. b 

( i^ 

2, c 
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Frame 14 700 

While most jet engines need only one tachometer indicating system, some 
jet aircraft have two compressor shafts which require monitoring. Since one 
of the compressors is a low speed and the other is a high speed compressor, 
two tachometer systems are needed. Whenever two systems are used, the low 
speed system will be designated the N-1 system and the high speed will be 
the N-2 system. The N-1 overspeed indicating system shows the pilot when 
the low speed compressor has exceeded its maximum speed in revolutions 
per minute (rpm). The N-2 tachometer system will monitor the high speed 
compressor which we have already discussed. See cutaway of engine below 
for location of N-1 and N-2 systems. 

Nose Cone 

) 

N-1 System 

N-2 System 

Figure 14. 

Circle the letter of the correct response to the following statements, 

1. The N-2 tachometer indicating system .shows the speed of the 

a. high speed compressor. 

b. low speed compressor. 
c. aircraft propellers. 

2. When more than one tachometer indicating system is needed, the low 
speed compressor tachometer is called the 

a. N-1 system. 
b. N-2 system. 
c. T-1 system, 
d. T-2 system. 

Answers to Frame 13; 1. c 2. b 
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Frame 15 

The N-1 overspeed system consists of a tachometer generator identical 
to the one discussed previously in this text. In addition, the system 
contains an N-1 overspeed converter and.an engine overspeed caution lamp 
which replaces the indicator for the system. The pilot sees only a go/no 
go warning of N-1 overspeed trouble. Study figure 15 on the next page to 
determine the relationship of the N-1 overspeed system components. 

Using figure 15, mark the following statements as True (T) or False (F), 

1̂. The N-1 tachometer generator is located under the engine nose cone. 

2. The N-1 overspeed system needs 28V DC to power the N-1 converter 
and caution lamp. 

3. The minimum speed switch is closed at 10,500 rpm. 

Answers to Frame 14: 1. a-- • 2.- a 

) 
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Ni OVERSPESD CONVERTER 

Syste* shown Is identical for both 
engines. 

The gcnerstor sets up a msKnetic field 
which la transmitted to the converter 
as a frequency signal. 

Ml TACHOOTTER 
MOUMTIHG PAD 

The minimum speed switch is closed 
when Ni rotor speed is below approx« 
Inately 2380 rpm. The overspeed switch 
is closed when Ni rotor speed is abovs 
approximately 10,900 rpm. 

STATOR ASSEMBLY-

ROTOR ASSEMBLY 

Under Engine 
Nose Cone 

Figure 15. 
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When the N-1 compressor t u rns , the generator produces a v a r i a b l e 
frequency output which i s applied to the N-1 overspeed conver ter . When 
the frequency in the N-1 compressor exceeds 10,500 rpm, the overspeed 
switch closes and the engine overspeed lamp i l l u m i n a t e s . A minimum 
speed switch i s included in the M-1 overspeed conver ter . This switch 
s tays closed u n t i l the engine gets above 2,360 rpm to s e l f - t e s t the 
engine overspeed lamp c i r c u i t for proper opera t ion . 

Circle the l e t t e r of the correct response to the following statements , 

1. A var iab le frequency s igna l i s produced by the 

a. tachometer i n d i c a t o r . 
b . engine overspeed conver ter . 
c . tachometer genera tor . 

2. The function of the minimum speed switch in the N-1 overspeed 
system is for 

a. operational checking. 
b. self-testing. 
c. dead weight testing. 

Answers to Frame 15: T 1. T 2. F 3 . 

Answers to Frame 16: 1. c 2. b 
; 

Now that you have answered, the questions in Frame 16, go back t o 
the beginning of the PT and read the object ive again. Make sure tha t you 
understand the ob jec t ive . 

22 
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105 , 
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Chanute AFB, Illinois 

3ABR32531-WB-.203 

TACHOMETER SYSTEMS 

OBJECTIVES 

Given a workbook, test equipment, and trainer, perform an inspection 
and operational check of a tachometer system with an accuracy of 100% 
correct workbook responses. 

Given a workbook, test, equipment, and trainer, troubleshoot a 
tachometer system with an accuracy of 100% correct workbook responses. 

Given a workbook, test equipment, and trainer, bench check components 
of a tachometer system with an accuracy of 100% correct workbook responses. 

EQUIPMENT 

3ABR32531-WB-203 
Tachometer Indicatrr (on Engine 

Instrument Trainer) 
Tachometer Generator (in tester) 
TTU/27E Tester (on lower shelves) 
Multimeter 
3ABR32531-HO-203 

Basis of Issue 
1/student 

1/student 
1/student 
1/student 
1/student 
1/student 

PROCEDURE 

Remove all jewelry before inspecting or performing the bench check 
of the tachometer system components. 

TO EXTRACTS are attached to this workbook for use in completing 
this project. Not all parts of the TOs are used. Read only those 
parts that you are directed to, by the workbook or the TO itself. 
Follow the TO procedures carefully so that you do NOT damage the 
tachometer generator, tachometer indicator, or test equipment. 

Note: Obtain all required equipment before starting the lab. 

.) 

Supersedes 3ABR32531-WB-202, 3ABR32632B-WB-302, 2 September 1977. 
OPR: 3360 TCHTG 
DISTRIBUTION: X 
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Part 1. INSPECTION 
W 

1, Visually inspect the tachometer generator for condition and 
place a check on the proper blank in your response book. 

SAT UNSAT 

a. Cracked or broken case. 

b. Cracked or broken mounting flange. 

c. Bent or broken drive shaft. 

d. Damaged electrical connector. 

e. Bent or broken pins. 

2. 

of paint. 

Visually inspect the tachometer indicator for; 

a. Loose or cracked glass. _ 

b. Dial and pointers for condition 

c. Cracked or dented case. 

d. Damaged electrical connector plug. 

e. Bent or broken pins 

Part 2. OPERATIONAL CHECK 

1. , Refer to section IV, paragraphs 4-1 through 4-4b of the 
EXTRACT from TO 33D2-6-102-1 for the operating instructions to connect 
tachometer generator to thaTEST SET. 

2. Refer to paragraph 8e of EXTRACT TO 5E5-3-3-33 and to 
paragraphs 4-5 through 4-6f of EXTRACT TO 33D2-6-102-1. Perform the 
maximum voltage test on the tachometer generator and enter the results 
in your response book. 

Phase 

A - B 

A - C 

B - C 

Voltage Satisfactory Unsatisfactory 

72:' : ,2 



101 ^ . 
3. Refer to paragraph 8e of EXTRACT TO 5E5-3-3-33 and perform 

the minimum voltage test on the tachometer generator.. Enter the 
results in your response book. 

A - B 

A - C 

B - C 

a. Remove test generator and lead from tester. 

Part 3. TROUBLESHOOTING THE WIRING HARNESS 

1. Place tachometer generator on tester. 

2. Using the SPECIAL HARNESS,, connect the tachomef.r generator 
to the tachometer indicator. (Remove tachometer Indicator from engine 
instrument trainer.) 

3. Place the tester power switch to the ON position. 

Note: Let tester warm up for approximately one minute. 

4. Place switch #11 to master generator position. 

5. Place toggle switch on special harness to "ON." 

6. Turn power drive knob #9 to increase speed to 2,000 RPM. 
Check the proper blank in your response book. 

a. Tachometer indicator shows an increase in rpm , 
shows a decrease in rpm , shows NO change 4n rpm . 

b. The tachometer system is satisfactory , 

unsatisfactory . 

7. Tum'power drive knob "9" no OFF position. 

8. Place toggle switch on special harness to "OFF." 

9. Turn power drive knob "9" to increase speed to 2,000 RPM. 

a. Tachometer indicator shows an increase in speed 

shows a decrease in speed , shows NO change in speed . 
b. Tachometer system is sacrljfactory ,, unsatisfactory 

10. 

11. 

12. 

13. 

Place power drive knob "9" to OFF position. 

Let tester percent and RPM indicators come to ZERO. 

Place tester power switch to OFF position. 

Disconnect special harness from indicator and generator, 



14. Use multimeter to find trouble in special harness. Circle 
the letter of the correct answer. 

a. b to b is OPEN. 

b. a to a is OPEN. 

c. c to c is OPEN. 

d. a is SHORTED to b. 

Ind. 
SPECIAL HARNESS 

Ge 3ep. 

Gnd 

Part 4. BENCH CHECK 

1. Remove the tachometer generator from the tester and referring 
to paragraph 8c of EXTRACT TO 5E5-3-3-33, perform a resistance check on 
the generator. Enter the resistance and check the proper blanks in 
your resp.jnse book. 

Phase 

A - B 

A - C 

B - C 

Ohms Satisfactory Unsatisfactory 

2. Refer to paragraph 48a, b and c of EXTRACT TO 33D2-6--102-1 
and connect tachometer indicator to tester. 

a.. Refer to paragraph 3-13a (Table V) of EXTRACT 
TO 5E6-2-20-23 and paragraph 4-8d of EXTRACT TO 33D2-6-102-1. Using 
the tester as the EQUIVALENT Master Generator, perform the calibration 
(scale error) check. 

b. Hold the indicator in the normal (level) position and 
tap it lightly for each reading. 

c. Record the indicator readings and enter the proper 
response in the chart in your response book. 

SCALE ERROR TEST 

Gen. Freq. 
RPM (CPM) 

0 
200 
400 
800 

1600 
2400 
3400 
3600 
3800 
4000 
4200 

Ind. Reading 
Percent RPM 

0 
4.8 
9.5 
19.1 
38.1 
57.1 
81.0 
85.7 
90.5 
95.2 
100.0 

Indicator 
Reading 

Tolerance 
Percent RPM 

0.50 
0.50 
0.50 
0.50 
0.80 
0.80 
0.50 
0.50 
0.50 
0.50 
0.50 

SAT UNSAT 

755 



7cr d. Indicator scale error is satisfactory 
unsatisfactory . 

3. Referring to paragraph 3-13b and Table VI of EXTRACT 
TO 5E6-2-20-23, perform the friction error check. Make the proper 
entries in the chart in your response book. 

FRICTION ERROR TEST 

^ 

Ind. Reading 
Percent RPM 

5 

20 

40 

70 

85 

100 

Allowable Friction 
Percent RPM 

1.5 

0.8 

0.5 

0.3 

0.3 

0.3 

Before 
Tap 

After 
Tap 

SAT UNSAT 

a. The indicator friction error test is satisfactory 
unsatisfactory . 

4. Refer to paragraph 13c of EXTRACT TO 5E6-3-20-23. Perform' 
the oscillation check by gradually increasing rpm from 0 to 110% rpm 
and watching the large pointer. Enter the results in the chart in 
your response book. 

OSCILLATION TEST 

Indicator Reading 

Up to 20 percent RPM 

20 to 110 percent RPM 

Oscillation 

0.5 percent RPM 

0.3 percent RPM 

SAT UNSAT 

a. The indicator oscillation test is satisfactory 
unsatisfactory . 

J 

5. Refer to paragraph 3-14b of EXTRACT TO 5E6-3-20-23 and 
perform the position error check on the tachometer indicator. 

a. Start with the tachometer indicator in the FLIGHT 
(level) position. Rotate the indicator to the positions specified 
in the TO to simulate these flight attitudes. Record the results in 
your response book. 



POSITION ERROR TEST 
7/0 

Indicator Reading 
at 100% 

15° UP 

15° to the right 

15° to the left 

15° DOWN 

Tolerance 

0.30 

0.30 

0.30 

0.30 

SAT UNSAT 

b. The indicator posicion error test is satisfactory 
unsatisfactory . 

6. Perform the starting check on the tachometer indicator as 
follows: READ paragraph 3-16b of EXTRACT TO 5E6-2-20-23. Calibrate 
the tester to the required starting voltage by following the procedures 
in paragraphs 4-9b through d of EXTRACT TO 33D2-6-102-1. Advance the 
INCREASE SPEED control slowly until the large and small indicator 
pointers first synchronize (both indicate the same % rpm). Then 
check the rpm counter on the tester. Make the proper entries in your 
response book. 

a. The speed at which the indicator BEGAN TO OPERATE IS 
RPM. 

b. The starting test is satisfactory _, unsatisfactory 

7. Turn the power drive knob #9 to the OFF position. 

8. Allow the counters to return to ZERO. 

9. Place the tester power switch to the OFF position. 

10. Disconnect tester cables and place in their appropriate 
place. 

11. Place the multimeter to the SAFETY L position (function 
switch to DC volts, range switch fully clockwise). 

12. Remove leads and retuim ALL equipment to their proper places. 

13. Replace indicator back in the panel on engine instrument 
trainer. 

14. Have instn- "-.or check your workbook responses for accuracy. 

^3i 



7// T.O. 5E5-3-3.33 

order of disassembly. Reier to the exploded view for 
relative positioning of components. 

b. Assemble the oil seal (28) in the outer recess of 
the flange end bell assembly (13) so that wiping edge 
of the seal is facing the drive end of the rotor shaft. 

c. Replace the two ball bearings (14) as a complete 
set (ball cage a s s e m b l y , inner and outer races). 
Place the outer race in th- end bell bearing recesses 
with the thin wall facing toward the rotor. 

d. Assemble each of the two bearing retainers (24) 
on the rotor subassembly (16 or 20) so that the curved 
surface faces the bearing, 

e. Press the two inner races on the rotor shaft until 
fully seated. 

NOTE 

Before pressing the inner race on the terminal 
end of the rotor shaft, centrally locate the pin 
(17 or 21) so that itdoes not project beyond the 
drive shaft surface. 

f. When rotor assembly (15 or 19), stator assembly 
(27) and end bell assemblies (12 and 13) are assembled 
with ball cage assembly in* position, the rotor end 
play should be between 0.0005 and 0.003-inch. In case 
of excessive or insufficient end play, replace the 
bearing shim (25) with a thinner or thicker shi^ as 
rctjiiired. 

NOTE 

Tliree sizes of bearing shims are available: 
0.002, 0.006, and 0.012-inch, respectively. 

g. Replace the terminal receptacle (8) so that the 
receptacle key is toward the~arive end. Place new 
insulation sleeving on the lead wires and resolder to 
the receptacle pins in the same respective positions 
as they were disassembled. Slide the insulation over 
the soldered connections and position the lead wires 
so that they do not rest against the generator frame. 

h. Before completing the reassembly, perform tests 
8a, band c. Upon completion of these tests, assemble 
the lead clamp (5), gasket (2), andnameplate (1), 

using screws (3) and (6), and washers (4) and (7) as 
shown in the exploded view. Then complete perform­
ance tests. 

8. T f S T PROCEDURE. 

a. iWSULATlOH BREAKDOWN. Apply a test poten-
tial (220 volts a-c, 66 cycles per second for a period 
of five seconds) between the individual electrical pins 
and the generator frame, including the shell of the 
terminal receptacle. 'Î .2re should be no insulation 
breakdown. 

b. CONTINUITY. Test for continuity in all three 
phases (A-B, A-C, B-0 at the receptacle using a 
suitable test circuit with indicating lamp connected 
in series. FailtAre of the lamp to ligjit indicates an 
open circuit in the stator. If defective, replace the 
stator and repeat the test 

c. RESISTANCE. Measure the resistance of each 
phase (A-B, A-C, B-C) at the receptacle. At 250c 
(77°F), the resistance of each phase should be be­
tween 20 and 30 ohms. Resistance readings for each 
of the three phases should be within one ohm of each 
other. If not within limits, replace stator assembly. 

NOTE 
After the preced ing tests have been made, 
complete the reassembly of the generator. 

d. PHASE ROTATION. Connect the tachometer 
generator to a suitable phase indicator. Rotate the 
drive shaft in a counter-clockwise direction as viewed 
from the drive end. Phase rotation should be B-A-C. 
The phase rotation may be reversed by interchanging 
the lead connections of terminals "A" an4 "B" of the 
terminal receptacle. 

e. TERMINAL VOLTAGE. Connect the tachometer 
generator to a load of three 40-ohm resistances, wye 
connected. Drive the generator .at 4200 revolutions 
per minute and measure the three terminal voltages; 
readings should be between 20.5 and 21.5 volts. Then 
connect the unit to a load of three 20-ohm resistances 
(wye connected) and, operating the equipment at a 
speed of 1000 revolutions per minute, again measure 
the three terminal voltages which should not be less 
than 3.5 volts minimum. Replace stator assembly if 
not within limits. 

^ 
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TABLE U 

CAUBRATION CHECK POINTS 
FOR MODEL 8DJ43BAU14 

Generator 
Frequency, CPM 

600 
1000 
1400 
1800 
2200 
2600 
3000 
3600 

Indicator 
Reading, RPM 

600 
1000 
1400 
1800 
2200 
2600 
3000 
3600 

Tolerance, 
RPM 

±30 
120 
+20 
±15 
±15 
±20 
±20 
±40 

b. After calibration has been checlced, and with the 
indicator still connected as in'pai<;graph 3-12a, run 
the generator at each value given in Tables DI and 
IV as applicable. Note the pointer reading before 
and after lightly tapping. The difference in readings 
should not exceed the friction limits shown. 

TABLE m 

FRICTION CHECK POINTS 
FOR MODEL 8DJ43AAF14 

Generator 
Frequency, CPM 

1000 
1500 
2000 
2500 

Indicator 
Reading, RPM 

1046 
1569 
2092 
2615 

Allowable 
FricUon, RPM 

±15 
±15 
±15 
±15 

TABLE IV 

FRICTION CHECK POINTS 
FOR MODEL 8DJ43BAH14 

Generator 
Frequency, CPM 

1000 
1500 
2000 
2500 

Indicator 
Reading, RPM 

1000 
1500 
2000 
2500 

Allowable 
FrtcUon, RPM 

±15 
±15 
±15 
±15 

cator readings should be within the tolerance shown at 
each successive check point. 

TABLE V 

CALIBRATION CHECK POINTS 
FOR MODEL 8DJ43AAM14 

c. Oscillation: Pointer oscillation over the scale 
range shall not exceed the following: 

For Model 8DJ43AAF14: 25 RPM 
For Model 8DJ43BAH14: 5 RPM 

3-13. For Model 80J43AAM14. 

a. Connect the indicator to a 2-pole generator 
(MS280S4-1 or equivalent) and run the generator to 
give the output frequencies shown in Table V. Indl-

Generator 
Frequency, CPM 

0 
200 
400 
800 

1600 
2400 
3200 
3400 
3600 
3800 
40PO 
4200 
4400 

Indicator Reading, 
Percent RPM 

0 
4.8 
9.5 

19.1 
38.1 
57.1 
76.2 
81.0 
85.7 
90.5 
95.2 

100.0 
104.8 

Tolerance, 
Percent RPM 

0.50 
0.50 
0.50 
0.50 
0.80 
0.80 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 

b. After calibration has been checlced, and with the 
indicator still connected as in paragraph 3-13a, nm 
the generator to give each indicator reading shown in 
Table VI. Note the pointer reading before and after 
lightly tapping. The difference in reading should not 
exceed the friction limits shown. 

TABLE VI 

FRICTION CHECK POINTS 
FOR MODEL 8DJ43AAM14 

Indicator Reading, 
Percent RPM 

5 
20 
40 
70 
85 

100 

Allowable Friction, 
Percent RPM 

1.5 
0.8 
0.5 
0.3 
0.3 
0.3 

c. Oscillation: Large pointer oscillation shall not 
exceed the following: 

Indicator Reading 

Up to 20 Percent RPM 
20 to 110 Percent RPM 

Oscillation 

0.5 Percent RPM 
0.3 Percent RPM 

3-14. POSITION ERROR TEST. 

a. For Models 80J43AAF14 and 80J43BAH14. The 
position error at 2000 CPM input should not exceed 
IS RPM(S RPM for Model 8DJ43BAH14) when the indi­
cator is rotated 45degree8up, 45degreesto the right, 
and 45 degrees to the left. 

^33 
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Paragraphs 3-15 to 3-17 

T.O. 5E6-2-20-23 

b. For liodtl 80J43AAM14. The poatUon error zt 
100 percent should not exceed 0.30 percent when the 
indicator 1« rotated IS degrees up, 15 degrees to the 
right, 15 degrees to the left, and 15 degrees down. 

3-lS. STARTINQ TEST. 

3«10. Test the indicator for starting characteristics as 
follows: 

a. For Models 80J43AAF14 and 80J43BAH14. With 
the gtnerator running at the output freqiuency shown 
below, the voltage at which the indicator starts to run 
at synchronous speed shall not exceed: 

Generator 
Frequency, 

CPM 

1000 
2000 

Voltage 

4.0 
8.0 

b. For Model 8DJ43AAM14. Con..ect the indicator to 
a variable-frequency power supply. The voltage of the 
supply in volts shall be equal to 0.003S Umes the fre­
quency in cycles per minute. Increase the frequency of 
the supply gradually from zero cycles-per-minute. The 
generator ou^ut frequency at which synchronous indi­
cator operation is reached, shall not exceed ISO CPM. 

3-17. For all 8DJ43 Series Models. 

a. Test indicator for leaks. (See paragraph 2-32.d.5.) 

b. Test for fogging of the window. Place the indi­
cator for two hours in a chamber having a circulating 
air temperature of 90* ± S" C (194» ± 10" F.) Witkdn 
30 seconds after removing the indicator from the 
chamber, immerse the indicator face one to two inclies 
in a water bath. The temperature.̂  of the water bath 
siMuld be from 0" to 5" C (32* to 41* F). After five 
minutes remove the indicator from the bath and dry 
with compressed air. There should be no evidence of 
moisture or other deposits on the inner face of the 
cover glass. 

•^ 

J 
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SECTION IV 

OPERATION INSTRUCTIONS 

w 
Section IV 

Paragraphs 4-1 to 4-3 

4-1. OPERATING CONTROLS AND INDICATORS. 

4-2. The instructions given in this section provide 
operating procedures for the tachometer tester. Be­
fore attempting to operate the equipment, become 
thoroughly familiar with the controls and Indicators 
Illustrated in figure 4-1. The functions of all con­
trols and indicators are given In figure 4-2. 

-3. PRELIMINARY CONNECTIONS AND OPERA­
TION. 

NOTE 

Reference numbers In parentheses in this and 
in the operation paragraphs refer to figure 
4-1. 

Figure 4-1. Tachometer Tester, Front Panel 

Control or 
Indicator 

MASTER GEN. — 
TEST GEN. 

INCREASE SPEED 

MASTER INDICATOR 
switch 

Figure 4-1 
Index No. 

11 

9 

8 

This switch is left in the MASTER GEN. position at all 
times, except when the tester Is used to check a system on 
an aircraft during runup, in which case. It Is changed to the 
TEST GEN. position. 

This control Is used to energize the drive motor and to vary 
the drive speed to both the master tachometer generator and 
the generator under test. The control Is used during tachom­
eter generator and tachometer indicator tests. To Increase 
drive speed, turn the control clockwise. The drive motor 
Is deenerglzed when the control Is turned fully counter­
clockwise. 

When In the ON position, this switch supplies power to the 
master indicator. 

Figure 4-2. Table of Operating Controls and Indicators (Sheet 1 of 2) 

11 
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Paragraphs 4-4 to 4-6 

T.O. 33D2-6-102-1 

Control or 
Indicator 

RPM Indicator 

LOAD IN OHMS 

VOLTMETER 
Selector switch 

MAST. GEN. OUTPUT 

GENERATOR OUTPUT 
VOLTAGE 

Figure 4-1 
Index No. 

7 

3 

6 

5 

4 

Function 

This indicator contains three four-digit counters that read­
out tachometer generator speeds in RPM X 1, RPM X 2, 
and PERCENT RPM, as measured by the precision speed 
indicator circuit of the tachometer tester. All three 
counters indicate simultaneously. 

This five-position switch is used during tachometer genera­
tor tests for connecting either a delta- or wye-connected, 
three-phase load to the tachometer generator under test. 
Both 15- and 30-ohm loads are provided in three-phase 
delta connection; 20- and 40-ohm loads are provided in wye 
connection. 

This seven-position switch provides connections for moni­
toring the voltage across phase A-C, B-C, or A-B of the 
tachometer generator. When in the TEST GEN. position, 
it monitors the tachometer generator under test. In the 
MASTER GEN. position, it monitors the output to the indi­
cator under test. Monitoring of this output is required dur­
ing adjustment of the MAST. GEN. OUTPUT control. The 
switch is normally left in the OFF position. 

This control adjusts the output voltage of the master tachom­
eter. The output voltage is monitored only when the volt­
meter switch is in the MASTER GEN. position (i. e., during 
indicator tests). 

This voltmeter indicates the voltage obtained across phase 
A-C, B-C, or A-B of the tachometer generator under test, 
or across the phases of the tachometer indicator under test, 
depending upon the setting of the voltmeter selector switch. 

Figure 4-2. Table of Operating Controls and Indicators (Sheet 2 of 2) 

4-4. Perform the following preliminary steps prior 
to performing any tests: 
a- Connect tachometer tester to a source^of 115-

volt, 400-cycle power*, connecv, t h e a l l i g a t o r 
c l i p t o t h e me ta l p l a t e on t h e b e n c h . 

CAUTION 

Operate the tachometer tester only from a 
US-volt, 400-cps, single-phase power source 
capable of furnishing 250 volt-amperes. 

b. Set the MASTER INDICATOR switch (8) to ON. 
Allow a five-minute warm-'ip period. 

4-5. OPERATIONAL PROCEDURE, GENERATOR 
TEST'S. 

4-6. To test tachometer generators, proceed as 
follows: 
a. Install generator to be tested on proper genera­

tor test pad (2). 

NOTE 

The equipment is furnished with two test pads 
so that optimum use can be made of drive 
speed resolution. The 4 POLE GEN. PAD 
rotates at exactly one-half the speed of the 2 
POLE GEN. PAD. The pads are arranged 
so that installation of more than one generator 
at a time may be prevented, thus preventing 
accidental overloading of the drive system. 
A generator is installed by inserting the shaft 
into the pad soclcet, and twisting the generator 
body approximately one-half turn to secure 
its flange under the spring clips of the pad. 
It Is helpful in the above procedure to allow 
the drive to rotate slowly (under 100 rpm) 
while inserting the generator shaft. 

b. Connect the appropriate cable between genera­
tor and TEST GEN INPUT connector (1). 
c. Turn LOAD-IN-OHMS control (3) to the value 

specified in the T. O. for the generator under test. 
d. Set the MASTER GEN. —TEST GEN. control at 

TEST GEN.. 
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e. Bring generator speed up to the specified value 
by turning the INCREASE SPEED control (9) and ob­
serving the speed indication on theRPM indicator (7). 

NOTE 

When testing four-pole generators, the gen­
erator shaft speed will be one-half the read­
ing indicated on the RPM indicator. The re­
quired shaft speed is obtained when the RPM 
X 1 scale reads twice the required speed. 
The extreme counterclockwise position of the 
INCREASE SPEED control actuates a power 
switch that deenergizes the drive system. 
Clockwise rotation of the control increases 
speed. The INCREASE SPEED control should 
always be at the extreme counterclockwise 
position before removing or installing a gen­
erator on the test pad, or before connecting 
or disconnecting power to the tester. 

f. Observe voltage output across each phase of the 
generator under test by turning VOLTMETER Selec­
tor switch (6) to each of the three TEST GEN. posi­
tions and reading the output voltage on GENERATOR 
OUTPUT VOLTAGE meter (5). 

4-7. OPERATIONAL PROCEDURE, 
TESTS. 

INDICATOR 

4-8. SPEED CALIBRATION. 
a. Connect indicator to be tested by means of ap­

propriate cable to MAST. GEN. OUTPUT connector 
(1). 

4-9. STARTING VOLTAGE. 
a. Perform steps a and b of paragraph 4-8. 
b. Rotate INCREASE SPEED control (9) until a 

readmg of 4000 ±10 rpm is observed on the RPM X 1 
scale of the RPM indicator (7). 
c. Turn VOLTMETER Selector switch (6) to MAS­

TER GEN. A-C position. 
d. Turn MAST. GEN. OUTPUT control (5) until a 

reading of 14.0 volts is obtained on the GENERATOR 
OUTPUT VOLTAGE meter (4). The master generator 
is now calibrated to provide 0.0035XF voltd as speci­
fied in the indicator T.O. Reduce drive speed to 
zero and then increase gradually until indicator under 
test just starts to pull in at a synchronous speed. 
This speed should be equal to, or less than, that 
specified for starting voltage in the indicator T. O. 

4-10. USE OF TACHOMETER TESTER FOR EN­
GINE RUN-UP. 

4-11. To use tachometer tester for engine run-up, 
proceed as follows: 

a. Connect "T" adaptor into cable harness at air­
craft tachometer indicator or generator. 

b. Connect appropriate cable assembly to intercon­
nect "T" adaptor and TEST GEN INPUT connector on 
tachometer tester. 

c. RPM indicator now provides an accurate meas­
urement of engine speed. 

CAUTION 

Do not operate the two-speed test pad when the 
tachometer tester is used during engine run­
up. 

CAUTION 

If the indicator is bench tested, do not allow 
the case to be grounded. 

b. Set MASTER GEN.—TEST GEN. switch (11) to 
MASTER GEN. position. 
c. Set MAST. GEN. OUTPUT control (5) to its ex­

treme clockwise position. 
d. Compare the RPM Indicator readings with the 

readings of the indicator under lest at the speeds 
specified in the T. O. for the indicator. 

4-12. DEENERGIZING AND SECURING THE EQUIP­
MENT. 

4-13. To deenerglze the tachometer tester at any 
time, turn the INCREASE SPEED control to DRIVE 
POWER OFF (fully counterclockwise) and the MASTER 
INDICATOR switch to OFF. 

4-14. If the tachometer tester is to be secured, dis­
connect the power and test cables and stow them In the 
storage compartment of the case assembly. Close 
and secure the lid. 
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î  
lit 

FOREWORD 

This programmed text was prepared for use In courses 3ABR32531, 
Avionics Instrument Systems Specialist, and 3ABR32632B, Integrated 
Avlonlc Systems Specialist. This text has been validated using 30 
students from the subject courses. Twenty-eight of the students 
achieved the objective as stated. The average completion time is 
60 minutes. 

OBJECTIVES 

Without references, identify facts pertaining to the purpose, 
operation, and/or characteristics of typical temperature indicating 
systems 

a. resistance thermometer 

b. thermocouple thermometer 

c. turbine Inlet temperature 

with an accuracy of at least 80%. 

INSTRUCTIONS 

This programmed text is divided into three sections; Section A 
covers the resistance thermometer system. Section B covers the 
thermocouple thermometer system, and Section C covers the turbine 
inlet temperature system (3ABR32632B ONLY). The information presented 
in this text is in small steps called "frames". After reading the 
information in each frame you are asked to actively respond to the 
statements at the end of that frame. Place your response on the 
answer sheet provided with this text. Check the accuracy of your • 
responses with the correct responses given at the end of the following 
frame. If you make an incorrect response, reread the frame until you 
determine why your response was in error. After completing each 
required section you will take an appr.Tiisal to display your attalnaent 
of the stated objective. Work as quickly as possible, but DO NOT RUSHI 

Supersedes 3ABR32531-PT-204, 7 November 1972; 3ABR32531-PT-206, 
3ABR32632B-PT-302, 11 December 1974*, 3ABR32632B-PT-302A, 29 October 1974. 
OPR: 3360TTG 
DISTRIBUTION: X 

3360TTGTC-W - 200; TTVSR - 1 
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SECTION A, RESISTANCE THERMOMETER 

(,5ABR32531 and 3ABR32632B) 
7/^ 

Frome 1 

simnir^o''! I ^^^°" ̂ ^""^ * "^'^ ^yP^ thermometer that is accurate. 
«easir:/;i '" f °°T^"! P*""* ^' "̂ '̂̂ ^ "° electrical plugs and 
IttZ '=̂ "'P«a'="̂ « in degrees Fahrenheit. It is a good, cheao 

the t S i . L ^ " x "^^P^ature when your snuggled up close to 

go to ih^^i°" "^ ' ^' ̂ ' ̂  '^^""" "^'^^"S thermometer! You must go to the thermometer to read it. 

Figure 1. 

Circle the latter of the correct response to the following statement(s). 

1. The greatest disadvantage of a glass bulb thermometer is its 

a. inaccuracy. 

b. cheap construction. 

c. Fahrenheit scale. 

d. direct reading feature. 
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Frame 2 

The resistance thermometer system is used to measure tempera­
tures outside the aircraft. It is accurate, cheap, and simple. 
The t) "ometer measures the temperature in degrees Celsius (centigrade) 
an J i. - remote indicating system. Therefore, you can remain in 
the cockpit and check the free air (outside air) temperature. See 
figure 2. The indicator is placed at a crew station and the 
temperature bulb in an area in which the temperature is to be 
measured. 

( ^ ' > ^ - . 

TEMPERATURE 
BULB 

FREE AIR TEMPERATURE INDICATOR 
AIRCRAFT SKIN 

Figure 2. 

Circle the letter of the correct response to the following statement(s). 

1. The greatest advantage of the resistance thermometer system 
is Its 

a. accuracy. 

b. low cost. w - . 

c. Celsius scale. 

d. remote reading feature. 

ANSWER TO FRAME 1: 1. d 
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Frame 3 

The resistance thermometer system operates on 28V DC. The 
voltage is supplied from the aircraft 28V DC power bus bar and is 
applied to the indicator receptacle. See figure 3. 

INDICATOR RECEPTACLE 

0 

J\ 
28VOC POWER BUS Qf\fi 

RESISTANCE BULB 

G 
T 

Figure 3. 

Circle the letter of the correct response to the following statenent(s). 

1. The resistance thermometer indicator has 28V DC applied from the 

a. resistance bulb. 

b. aircraft battery. 

c. DC power bus bar. 

d. AC power bus bar. 

ANSWER TO FRAME 2: 1. d. 
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Frame 4 

Some aircraft require more than one resistance thermometer 
indicating system in order to provide remote temperature readings for 
different crew members. Figure 4 shows the copilot's and navigator's 
resistance thermometer systems. The two systems are not connected 
electrically, although both use the same 28V DC power source. 

COPILOT'S—I 
INDICATOR 

NAVIGATOR'S 
INDICATOR 

COPILOT'S 
TEMPERATURE BULB 

NAVIGATOR'S 
TEMPERATURE BULB 

Figure A. 

Circle the letter of the correct response to the following statement(s), 

1. The two resistance thermometer indicating systems are made up of 

a. one indicator, two temperature bulbs and one power source. 

b. two indicators, one temperature bulb and one power source. 

c. two Indicators, two temperature bulbs and one power source. 

d. two indicators, two temperature bulbs and two power sources. 

ANSWER TO FRAME 3: 1. c. 
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Frame 5 

The resistance thermometer indicating system can also be used 
to indicate carburetor air temperature, oil temperature, cooling 
air temperature for electronic equipment, cargo compartment 
temperature, and cabin air temperature by using different 
temperature bulb designs. 

NO RESPONSE REQUIRED 

ANSWER TO FRAME 4: 1. c 

c 
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Fram^ 6 

The resistance thermometer temperature bulbs come in different 
shapes. Two of the most common shapes are shown in figures 5 and 6. 
The stem type bulb, shown in figure 5, can be used as a carburetor 
air temperature bulb or oil temperature bulb. The disc type bulbp 
shown in figure 6, is used as a free air temperature bulb. The 
bulbs are the sensing elements of the system. 

0 

-STEM TYPE 
8UL8 

-MOUNTING 
SCREW 

ELECTRICAL 
RECEPTACLE 

ELECTRICAL 
RECEPTACLE 

Figure 5. 

>-OISC TYP€ BULB 

Figure 6. 

Circle the letter of the correct response to the following 3tatement(s). 

1. The bulb shown in figure 6 can be used as 

a. a carburetor air temperature bulb. 

b. an oil temperature bulb. 

c. a carburetor or oil temperature bulb. 

d. a free air temperature bulb. 

^ 4 ' 
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Frame 7 

Electrically, the temperature bulbs are slmi.lar, since they 
all contain a resistance strip of fine nickel wire and a mica 
Insulator. The mica Insulates the wire from the temperature bulb. 
Nickel wire Is used because Its electrical resistance changes 
considerably with a small change In temperature. When Its 
temperature Increases, the resistance Increases. Vlhen the 
temperature decreases, the resistance will decrease. 

M f l f f l Q ; ^ ^ ^ 
MICA 
INSUUnON a 

mqp^yw NICKEL WIRE 

RECEPTACLE PINS 

Figure 7. 

Refer to figure 7 add circle the letter of the correct response to 
the following statement(s). 

1. Nickel wire Is used In the bulb because 

a. it will not bum out. 

b. It Is more economical. 

c. Its resistance is constant with temperature changes. 

d. it Is sensitive to temperature changes. 

ANSWERS TO FRAME 6: 1. d 



Frane. 8 

The Indicator Is the heart of the system. It Is made up of a 
horseshoe magnet, a soft Iron core, and two moving colls placed In 
the air gap of the horseshoe magnet (see figure 8). The soft Iron 
core Is stationary and the colls move around the core. The purpose 
of the soft Iron core Is to strengthen the magnetic field of the 
colls when current flows through them. It also sets up a low 
reluctance path for the lines of force of the ho^rseshoe magnet. 

:HORSESHOC 
MAG^4ET 

MOVING 
COILS 

AIR GAP 

FLUX LINES 

Figure 8. 

Refer to figure 8 and circle the letter of the correct response to 
the following statement(s). 

1. The purpose of the soft Iron core Is to 

a. strengthen the field of the coils. 

b. weaken .Che field of the colls. 

c. set up a magnetic field in the colls. 

d. set up the magnetic poles of the horseshoe magnet. 

ANSWERS TO FRAME 7: 1. d 
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Frame 9 

The moving colls are cemented together and electrically 
Insulated from each other. The colls, springs (hairsprings), 
and pointer are mounted on a shaft (see figure 9}. The springs 
are connected to the colls. These springs are used to conduct 
current to the colls ^ d to carry the pointer to off scale cold 
when the power Is disconnected. 

J 

COIL 

SPRING 

COIL LEAD 

POINTER 

SPWNG 

COIL Z^ 

Figure 9. 

Circle the letter of the correct response to the following statement(s) 

1. The purpose of the springs (hairsprings) Is to 

a. conduct current to the colls. 

b. move the pointer to off scale cold. 

c. move the pointer to off scale hot. 

d. conduct current to the colls and move the pointer 
to off scale hot when power Is lost. 

ANSWER TO FRAME 8: 1. a 

^ 7^ . 
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Frame 10 

An indicator, temperature bulb, and a DC power supply are 
connected together to form an indicating system. Coil 1, the 
variable current coll, is connected in series with the temperature 
bulb. Coil 2, the fixed current coil, is connected in series with 
a fixed resistor. Both coils are connected in parallel with the 
DC power source, and current flows through both parallel legs in 
the direction of the arrows shown in figure 10. Tie points A, B 
and C represent the electrical receptacle of the indicator. 

> ^ 

Cold 

VARIABLE 
CURRENT 
COIL 

Hot 

) ) 
FIXED-
CURRENT 
COIL 

FIXED 
RESISTOR 

-=:;- 28-VOLTS D C 

TEMPERATURE 
BULB 

F i g u r e 1 0 . 

NO RESPONSE REQUIRED 

ANSWER TO FRAME 9: 1. a and b 

12 



Frame 11 

The Indicator movement is essentially a ratiometer type because 
it operates on the principle of the ratio of current flow in coils 1 
and 2. If an equal amount of current is flowing through each of the 
two coils, the magnetic field around each coil will be equal. There­
fore, as the lines of force of the horseshoe magnet try to cross, an 
equal force is applied to each coil causing the coils to balance and 
the pointer to aj,ign at midscale. (See figure 11). 

) 

Figure 11. 

Refer to figure 11 and circle the letter of the correct response to 
the following statement(s). 

1. When the current in the coils are equal, the pointer will 

a. align at midscale. 

b. read clockwise. 

c. read counterclocWise. 



730 
2. The indicator is essentially the 

a. ratiometer type. 

b. self-synchronous type. 

c. AC powered type. 

^ 

3 

) 

14 
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Frame 12 

When the temperature at the bulb Increases, the amount of 
current flow through coll 1 will decrease. With less current flow 
through the coll, the magnetic field around that coll will decrease. 
With a stronger field around coll 2 than around coll 1, greater 
force will be applied to coll 2. This unbalance causes the pointer 
to move to the right or upscale. 

Figure 12. 

Refer to figure 12 and circle the letter of the response to the 
following statement(s). 

The current flow through the colls In figure 12 Is 

a. less In coll 2 due to the Increase of the resistor 
resistance In series with It. 

b. higher In coll 2 due to the decrease of the resistor 
resistance In series with It. 

c. less In coll 1 due to the Increase of the bulb resistance 
In series with It. 

d. higher In coll 1 due to the increase of the bulb 
resistance In series with It. 

ANSWERS TO FRAME 11: 1. 2. 

15 
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7̂33. 
ANSWERS TO FRAME 12: 1. 

Return to the beginning of the programmed text and review the 
objectives. When you are satisfied that you know and understand 
the material, you will take an appraisal. 

3ABR32531 - After passing the appraisal you will proceed to the 
lab to perform on an actual resistance thermometer system. 

3ABR32632B - After passing the appraisal you will proceed to 
Section B of thermometer indicating systems. 

APPRAISAL 

y 

16 
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SECTION B. THERMOCOUPLE THERMOMETER 

(3ABR32531 and 3ABR32632B) 

133 

Frame 1 

e 

It was found during the development of aircraft engines that 
high temperatures were developed in the '•"linder heads of recipro­
cating engines. It was also found that L ^her temperatures were 
developed in the exhaust section of jet engines. It was determined 
that a remote monitoring system was needed to indicate the tempera­
ture of the cylinder head and exhaust gas systems for safe operation. 
The thermocouple thermometer system is used to measure the cylinder 
head temperature of the reciprocating engine and exhaust gas 
temperature of the jet engine. 

Circle the letter of the correct response to the following statementC*). 

1. The thermocouple thermome::er is used to 

a. remotely indicate cylinder head or cabin temperature. 

b. directly indicate engine exhaust gas or engine cylinder 
head temperature. 

c. remotely indicate engine exhaust gas or engine cylinder 
head temperature. 

d. remotely indicate engine exhaust gas or cabin temperature. 

€ 
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Frame 2 

Ihe thermocouple is a device that converts heat into 
electricity. If both ends of two different types of wire are 
twisted or fused together and one of these junttions is either 
heated or cooled, a very small electrical voltage is developed 
in the circuit as long as the temperature difference is maintained. 
This small amount of voltage is measured in millivolts. The hot 
junction is the end located on the engine and the cold junction is 
in the instrument as shown in figure 13. 

COPPER WIRE 

INSTRUMENT 

IRON WIRE 

Figure 12. 

Refer to figure 13 and circle the letter of the correct response(s) to 
the following statements. 

1. Current flows in the thermocouple as long as 

a. both ends are r?o.' 

b. both ends are hot. 

c. one -.Tire is cool ?nd one wire is hot. 

d. one end is cocl ai. -ne end is hot. 

2. The voltage devei-ped to operate this system is measured in 

a. volts. 

b. amps. 

c. millivolts. 

d. milliamps. 

ANSWERS TO FRAME 1: 1. c ^ 
I •* 

18 

Tl" 



k 

c 
Frame 3 13S 

There are basically two types of thermocouple thermometer systems 
in use. One is used on reciprocating aircraft engines and the other one 
is used on jet aircraft engines. The following frames will show pictures 
of the parts of each system and explain the operation of each system. 
Figure lA shows the units used on reciprocating engines and figure 15 
shows the units used on jet engines. 

€ 

POSITIVE 
TERMINAL 

IRON LEAD 

0 ' "tiii' 5i V-iU'r-"' ••' ' • ^ 

CONSTANTAN 
LEAD — = — H 

NEGATIVE / 
TERMINAL -

^ «gO| | O | |0£P C$ 

AN S534- I RESISTOR IN SCRIES 
WITH THE COriiSTANTAN LEAD 

IRON CONSTANTAN LEAD 

IRON 

[y\n;Si-irtfl 
THERMOCOUPLE 

ll\Jl£i3-B •""' * ^ !••••• ....tfVuA 
J 

POSITIVE 
TERMINAL 

NEGATIVE 
TERMINAL' 

CONSTANTAN• 

Figure 14. 

•CHROMEL LEAD 

^^zu> dzzm^ 
•ALUMEL LEAD-

= = n i p 

^ ccsO O 0=CP^ 

-AN5534-I RESISTOR IN SERIES 
WITH THE ALUMEL LEAD 

CHROMEL-ALUMEL LEAD 

TAILPIPE THERMOCOUPLE 
\ 

ALUMEL—. 

iL il^fiiijjY »i ^•'••' . . . . . J y1\t y»'><I^^g:^-p^tf"fa: 

"nf'-'-t -------' 
i^ir""f r***̂  

CHROMEL ' 

C Figure 15. 
NO RESPONSE REQUIRED 

ANSWERS TO FRAME 2: 1. d 2. 
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Frame 4 

The thermocouple thermometer indicator is basically a D'Arsonval 
raillivoltraeter. Instead of the dial being calibrated to indicate 
millivolts It is calibrated in degrees Celsius. Figure 16 shows the 
type of indicator used with the cylinder head temperature system. 
Figure 17 shows the type of indicator used with the jet engine 
exhaust gas temperature system. 

Figure 16. Figure 17. 

Refer to figures^16 and 17 and circle the letter of the correct 
response(s) to the following statement(s). 

1. The indicator in figure 16 is calibrated to indicate cylinder 
bead temperature in 

a. degrees Fahrenheit. 

b. degrees Celsius. 

c. millivolts. 

d. mllllamps. 

2. The dial of the indicator shown in figure 17 is calibrated from 

a. 0 to 10 degrees C. 

b. 0 to 100 degrees C. 

c. 0 to 1000 degrees C. 7'*^ "* 

d. 0 to 10,000 degrees C. 

20 



Frame 5 7^7 

There are several a fferent types of thermocouples used in measuring 
engine temperatures. Figures 18 and 19 show two of these thermocouples. 
The thermocouple used on the reciprocating engine is either a gasket type 
as shown in figure 18 or a bayonet type. The leads are usually made of 
iron and constantan and are color coded. The iron lead has black insula­
tion and the constantan lead has yellow insulation. These leads are used 
where engine temperatures do not exceed 300° Celsius. The thermocouple used 
in the jet engine has a probe as shown in figure 19. The leads are made of 
alumel and chromel and are also color coded. The alumel lead has green 
insulation and the chromel lead has white insulation. These leads are used 
where engine temperatures run as high as 1200*' Celsius. 

IRON-CONSTANTAN LEAD 

IRON 
THERMOCOUPLE ^ 

CONSTANTAN 

Figure 18. 

y 

^ 
CHROMEL-ALUMEL LEAD 

ALUMEL-
TAILPIPE THERMOCOUPLE \ 

^—^—pT^Ainft:.............Tn^qm ' 

CHROMEL-

Figure 19. 

T 
Refer to figures 18 & 19 and circle the letter of the correct response 
to the following statement(s). 

1. The thermocouple leads used on a reciprocating engine are 

a. alumel-chrooel. 

b. alumel-iron. 

c. chromel-constantan. 

d. iron-constantan. 

O 

2. The in-'ulation color for alumel-chromel leads are 

a. white - yellow. 

b. green - white. 

c. green - black. 

d. black - yellow. 

Â ISWERS TO FRAME 4: 1. b 2, c 
21 T'S 
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Frame 6 

The resistance of the thermocouple leads is 2, 8, or 22 ohms + 
C.l ohm. Since practically no two aircraft use the same length wires, 
there has to be a way to a'̂ nust the overall resistance of the circuit. 
The wires cannot be cut as th^t would reduce the overall resistance of 
r.he leads and cause faulty readings. This means a variable resistor 
like the one shown in figure 20 oust be used. The variable resistor 
can be adjusted to change the overall resistance of the circuit to 
within allowable tolerance. 

Circle* the letter of the correct response to the following statement(s). 

1. The resistance of the thermocouple leads can be adjusted to 
within allowable tolerance by 

a. cutting the wires. 

b. using a variable resistor. 

c. splicing the wires to lengthen them. 

ANSWERS TO FRAME 5: 1. d 2. b 

22 
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Frame 7 

Both thermocouple systems can use the same resistor. The resistor 
has two spools of wire, one of which is used as a spare. The wire on 
these spools is rated at 0.7 ohms per foot. The resistance of the leads 
is shown on the back of the instrument as shown in figure 20. To obtain 
the proper resistance for the circuit, wire is removed from one spool 
until the desired resistance of the circuit is obtained. The resistance 
of the circuit is always measured with the variable resistor in the 
circuit. A variable resistor is shown in figure 21. 

« 

C\ ^ ^''^ LEADS y^ p. 

SMRE RESISTANCE 
SPOOL RESISTANCE SPOOL 

VAK:A8LE 
"RESISTOR 

Figure 20. Figure 21. 

Refer to figure 20 and circle the letter of the correct response to 
the following statement(s). 

1. The overall resistance of the circuit is 10 ohms. To obtain 
the correct amount of ohms for the iudicator in figure 20 you 
would 

a. remove wire from the variable resistor. 

b. cut out a section of wire of the thermocouple. 

c. add a section of wire to the thermocouple. 

d. replace the thermocouple leads. 

ANSWERS TO FRAME 6: 1. b 

760 
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Frame 8 

The resistor is placed in series with the negative lead of the 
thermocouple. The negative lead is determined by the color of the 
insulation. The negative lead of the thermocouple for the 
reciprocating engine is the constantan lead and has the yellow 
insulation. The negative lead of the thermocouple for the jet 
engine is the alumel lead and has the green insulation (as we have 
shown in figures 14 and 15.) 

Circle the letter of the correct response to the following statement(s). 

1. The variable resistor is placed in 

a. parallel with the negative lead. 

b. series with positive lead. 

c. parallel with positive lead. 

d. series with the negative lead. 

2. The material and color code of the negative leads are 

a. alumel - yellow. 

b. constantan - yellow. 

c. alximel - green. 

d. constantan - white. 

ANSWERS TO FHAME 7: 1. a 

24 
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Frame 9 

The jet engine has at least three thermocouples and sometimes 
more. The total number of thermocouples depends upon the design of 
the engine. These thermocouples are electrically connected in 
parallel. This is so that the average temperature of the engine 
exhaust gas is measured. 

SPARE RESISTANCE SPOOL 

€ 

•RESISTANCE SPOOL 

EXHAUST GAS 
TEMPERATURE 
INDICATOR 

Figure 22. 

HARNESS 

THERMOCOUPLE-

Refer to f igure 22 and c i r c l e the l e t t e r of the cor rec t response 
to the following s t a tement ( s ) . 

1. -The thermocouples in a j e t engine a re connected in 

a. series. 

b. parallel. 

c. series-parallel. 

ANSWERS TO FRAME 8: 1. d 2. b, c 

7<^:-o 
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ANSWER TO FRAME 9: 1. b 

Return to the beginning of the programmed text and review the 
objectives. When you are satisfied that you know and understand 
the material, you will take an appraisal. 

3ABR32531 - After passing the appraisal you will proceed to the lab 
to perform yn an actual thermocouple thermometer system. 

3ABR32632B - After passing the appraisal, you will proceed to 
Section C of temperature indicating system. 

o 

APPRAISAL 

26 
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SECTION C. TURBINE INLET TEMPERATURE 

(3ABR32632B ONLY) 

773 

Frame 1 

Now that you have learned how a thermocouple probe operates, 
let's look at one specific type of system called the turbine inlet 
temperature system. 

NO RESPONSE REQUIRED 

€ 
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Frame 2 

The turbine inlet temperature indicating system indicates 
the simulated turbine inlet temperature. It would be desirable 
to sense actual turbine inlet temperature; however, the high 
amount of heat at this point makes it impractical. Also, serious 
engine damage could result if a probe should break and enter the 
turbine section. Turbine inlet temperature is indirectly measured 
through a thermocouple circuit which sums turbine discharge 
temperature and compressor discharge temperature and subtracts 
compressor inlet temperature. This is accomprished'by six exhaust 
gas temperature thermocouple probes connected in parallel, two 
compressor inlet temperature thermocouple probes connected in 
parallel, and two compressor discharge temperature thermocouple 
probes connected in parallel. See foldout 1. 

Circle the letter of the correct response to the following statement(s), 

1. The thermocouple probes which subtract are 

a. compressor discharge temperature probes. 

b. turbine inlet temperature probes. 

c. compressor inlet temperature probes. 

d. turbine discharge temperature probes. 

2. The thermocouple probes are connected in 

a. series. 

b. parallel. 

c. series-parallel. 

yj 
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Frame 3 

The two compressor inlet temperature thermocouples are 
connected in reverse to the other thermocouples; therefore, 
compressor inlet temperature is subtracted from the remaining 
temperature signals. The results of all the temperatures are 
sent by an averaging'circuit (one chromel lead and one alumel 
lead) to the engine turbine inlet temperature indicator (TIT). 
The color code and polarity for chromel is white and is 
positive, alumel is green and negative. 

NO RESPONSE REQUIRED 

ANSWERS TO FRAME 2: 1. c 2. b 

c 

Frame 4 

The turbine inlet temperature indicator is located on the 
pilot's right main instrument panel, and provides the pilot with 
a continuous display of the turbine inlet gas temperature in 
degrees centigrade (°C). The indicator receives an electrical 
signal from the engine averaging circuit for simulated turbine 
inlet temperature. The face of the indicator consists of a drum 
type counter, which displays turbine inlet temperature, a scale 
which is graduated from 0 to 14 ("C X 100) with subdivisions equal 
to 50°C, a pointer which indicates turbine inlet temperature, 
and an off flag to indicate a loss of power. The indicator contains 
internal lighting which receives power from the instTniment lighting 
circuit. Power to the turbine inlet temperature indicators is 
supplied from the 28V DC engine start bus. 

Circle the letter of the correct response to the following statement(s). 

1. Turbine inlet gas temperature is measured in 

a. degrees centigrade X 100. 

b. degrees Fahrenheit X 1000. 

c. degrees Celsius X 1000. 

d. electrical degrees X 1. 

2. Turbine inlet temperature indicator power is 

a. 115V AC, 400Hz, 1 phase. 

b. 26V AC. 

c. 28V DC from engine start bus. 

d. 26V DC from engine start bus. 

7S(?9 
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Frame 5 

Use foldout 1 for the following frames. The turbine inlet 
temperature indicator is a self-balancing potentiometer type servo 
instrument that operates from millivolt signals produced by the 
engine thermocouple system. The signal voltage is applied to the 
indicator bridge circuit, where ±\. is compared to a reference voltage 
signal. The difference between the two signals (error signal), is 
amplified to a level sufficient to drive a servo motor. 

Circle the letter of the correct response to the following statement(s). 

1. The signal voltage is applied to 

a. tha servo assembly. 

b. the potentiometer. 

c. the amplifier. 

d. the bridge circuit. 

ANSWERS TO FRAME 4: 1. a 2. c 

Frame 6 

The servo motor is geared to a rebalance potentiometer which 
adjusts the bridge circuit reference signal to equal that of the 
thermocouple. When both signals are equal, the bridge is balanced 
and the indicator is at rest. The servo motor shaft to the rebalance 
potentiometer is also coupled to the indicator pointer and dnm 
counter through a gear train. The pointer is used to interpret the 
mechanical position of the potentiometer wiper arms and gives an 
indication in degrees centigrade. 

Circle the letter of the correct response to the following statement(s). 

1. The bridge circuit reference voltage is 

a. a fixed voltage. 

b. adjusted by the rebalance potentiometer. 

c. adjusted at the amplifier. 

d. adjusted to the back of the indicator. 

AJTSWER TO FRAME 5: 1. d ^ , „ ' 
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Frame 7 

Looking at the whole system it operates as follows: When a 
temperature change is sensed by the thermocouple at the chrorael-
alumel junction, a DC voltage, proportional to the temperature 
change, is generated. This voltage is sent by the engine averaging 
circuit to the bridge circuit of the turbine inlet temperature 
indicator. This voltage is compared to the reference voltage and 
the difference is sent to the amplifier. From the amplifier the 
signal is sent to the servo motor which drives the pointer on the 
face of the indicator. The drum type counter is mechanically geared 
to the pointer shaft to give a digital readout of the pointer 
indication. 

€ 

Circle the letter of the correct response to the following statement(s). 

1. The voltage generated at the chromel-alumel junction is 

a. a fixed DC voltage. 

b. a DC voltage proportional to temperature changes. 

c. present only when temperature changes. 

d. a fixed AC voltage. 

2. The drxim type counter 

a. operates when temperature exceeds 1,000°C only. 

b. is el'jctrically connect,ed to the pointer. 

c. is independent of the pointer. 

d. is mechanically geared to the pointer. 

ANSWER TO FllAME 6: 1. b ^ 
V 
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Frame 8 

A self-test feature is incorporated in the turbine inlet 
temperature indicator. This is the only engine indicator that 
has this self-test feature. This self-test is accomplished by 
applying external power to the aircraft, and depressing the 
instrument self-test switch located on the ground check panel, 
which is situated over the left crew member's right shoulder. 
When this switch is depressed, the indicator will drive to a 
predetermined indication (1270 (+25) °C) within eight seconds, 
and the off flag will remain out of view. 

CAUTION: When performing this check on different 
aircraft, use applicable technical orders. DO NOT 
rely on your memory. 

Circle the letter of the correct response to the following 
statement(s). 

1. What indication should you observe when you depress the 
instrument self-test switch? 

a. The indicator will drive to 1200°C + 25 and the off 
flag will remain out of view. 

b. The indicator will drive to 1200°C + 25 and the off 
flag will be in view. 

c. The indicator will drive to 1270°C +'!25 and the off 
flag will remain in view. 

d.^ The indicator will .drive to 1270°C + 25 and the off 
flag will remain out of view. 

ANSWERS TO FRAME 7: 1. b 2. d 
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Frame 9 

Match the items in column "A" to the functions listed in 
column "B" by placing the correct letter in the proper blank. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Indicator 

Thermocouple 

Self-test feature 

_ Off flag 

Reference voltage 

Servo motor 

Chromel-alumel 

Rebalance potentiometer 

A. Materials used in manufacture 
of thermocouples. 

B. Gives indication of turbine 
inlet temperature. 

C. Indicates loss, or interruption 
of power. • 

D. Sensing device in the turbine 
inlet temperature system. 

E. Compared to bridge circuit 
voltage, with resultant sent 
to the amplifier. 

F. Adjusts reference voltage. 

G. Mechanically repositions 
pointer and drum type counter. 

H. Drives indicator to a pre­
determined value of 1270 + 25*'C. 

ANSWER TO FRAME 8: 

ANSWERS TO FRAME 9: 

1. d 

1. B 2. D 

7. A 8. F 

H ^. C 5. E 6. G 

Return to the beginning of the programmed text and review the 
objectives. When you are satisfied that you know and understand 
the material, you will take an appraisal. 

After passing the appraisal you will proceed to the next topic of 
instruction. 

APPRAISAL 
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FoldouC 1. Engine Turbine Inlet Temperature Indicating System Schematic. 
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Chanute AFB, Illinois 

3ABR32531-WB-204 

INSPECTION, OPERATIONAL CHECK, TROUBLESHOOTING, AND 
BENCH CHECK OF TEMPERATURE INDICATING SYSTEMS 

SPECIAL INSTRUCTIONS! 

WB-204 is written in TWO sections. Section A provides an ' 
outline for performing the inspection, operational check, trouble­
shooting procedures and bench check of the resistance thermometer 
indicating"system. Section B provides the SAME for the thermocouple 
indicating system. 

SECTION A 
RESISTANCE THERMOMETER INDICATING SYSTEMS 

OBJECTIVES 

1. Given a workbook, tools, test equipment, and trainers, 
perform an inspection and operational check of temperature indicating 
systems with an accuracy of 100% correct workbook responses. 

2. Given a workbook, test equipment, and trainers, trouble-
shoot temperature indicating systems with an accuracy of 100% 
correct workbook responses. 

3. Given a workbook, test equipment, and trainers, bench 
check components of a temperature indicating system with an accuracy 
of 1'00% correct workbook responses. 

EQUIPMENT 

V > 

3ABR32531-WB-204 
Resistance Thermometer System 
Trainer 

N-3A Thermometer Tester (81T27) 
Liquid-In-Glass Thermometer 
Wheatstone Bridge 
Wheatstone Bridge Leads 

(Instructor's Desk) 
Multimeter 
TO 5E6-3-21-3 Extract 
TO 33A1-12-15-1 Extract 

Basis of Issue 
1/student 
1/student 

1/student 
1/10 students 
1/student 
2/student 

1/student 
1/student 
1/student 

3 

PROCEDURE 

CAUTION: Remove ALL JEWELRY before Inspecting and performing 
the operational check, troubleshooting, and bench check. 

USE CAUTION: When handling TEST equipment and trainer so as 
NOT to damage them. 

•Note:" Obtain ALL necessary equipment BEFORE starting Lab. 

Supersedes 3ABR32531-WB-204, 13 January 1975, and 3ABR32531-WB-206, 
27 January 1975, which may be used until existing stocks are 
exhausted. 
OPR: 3360 TTG ^^• 
DISTRIBUTION: X { . ^ 

3360 TTGTC-W -: 300; TTVSR - 1 , 



PAKT I . INSPECT THE RESISTANCE THERMOMETER SYSTEM 75V 

1. Visually inspect the ind ica to r for condit ion by p lac ing a check­
mark (/) on the proper blank. 

Sa t i s f ac to ry Unsat isfactory 

a. Secur i ty of cxjunting. 

b . Broken or loose g l a s s . 

Broken or cracked g l a s s . c. 

d. Condition of ̂ fluorescent 
markings and pointer. 

2. Visually check the temperature bulb for condition by placing a 
checkmark (/) on the proper blank. 

Satisfactory Unsatisfactory 

a. Security of mounting. 

b. Cracks and dents. 

3. Visually inspect the wiring for condition by placing a checkmark 
(/) on the proper blank. 

Satisfactoiry Unsatisfactory 

a. • Broken wires. 

b. Frayed insulation. 

c. Damaged connectors. 

4. Visually inspect the circuit breaker for condition by placing a 
checkmark (O on the proper blank.. 

Satisfactoiry UnsatisfactoiTr 

a. Positive push-pull action. 

b. Loose terminals. 

c. Cracked or broken case. 

PART II. OPERATIONAL CHECK 

1. To perform an operational check: 

a. Make sure the circuit breaker is pulled OUT. 

b. Make sure all trouble switches on the side of the 
trainer are in the OUT position. 

c. Plug the trainer into the 28VDC outlet. 

3 



d. Indicator indicates (off scale cold ) , (room 

temperature ) , (off scale hot ) . 

e. Push circuit breaker to the IN position. 

f. Indicator indicates (off scale cold ) , (room 
temperature ) , (off scale hot ) . 

g. Check the liquid-in-glass thermometer, located at the 
far right end of work bench, for ambient temperature (room tempera­
ture in centigrade). 

h. Compare indicator reading with liquid-in-glass thermo­
meter reading. The indicator reading should be within two (+2) 
degrees of the thermometer. 

Satisfactory Unsatisfactory 

i. Place the palm of your hand over the temperature bulb. 

decrease 
(1) Temperature indicator shows an increase 
, remains the same . 

decrease 

Remove the plam from the temperature bulb. 

(1) Temperature indicator shows an increase 
, remains the same . 

PART III. TROUBLESHOOTING 

1. Place trouble switch iH to the IN position. 
3.' 

a. Indicator indicates (off scale cold 
temperature--^ ) , (off scale hot ) . 

), (room 

2. Place trouble switch #1 to the OUT position and place 
trouble switch #2 to the IN position. 

temperature 
Indicator indicates (off scale cold 

), (off scale hot ) . 
), (room 

3. Place trouble switch //2 to the OUT position and trouble 
switch //3 to the IN position. 

a. Indicator indicates (off scale cold ) , (room 
temperature ), (off scale hot ) . 

4. Place trouble switch l}3 to the OUT position and place 
trouble switch /M to the IN position. 

temperature 
Indicator indicates (off scale cold 

) , (off scale hot ) . 
), (room 

5. Place trouble switch /M to the OUT position and place 
trouble switch If5 to the IN position. 



; 

temperature 
Indicator indicates (off scale cold 

), (off scale hot ) . 
), (room 

7i*6 

6. Place trouble switch //5 to the OUT position and place 
trouble switch //6 to the IN position. 

a. Indicator indicates (off scale cold ) , (room 
temperature ) , (off scale hot ) . 

CAUTION: PULL CIRCUIT BREAKER AND DISCONNECT POWER PLUG FROM 
28VDC OUTLET. 

7. Using the multimeter, connect the red lead to the red 
receptacle and the black lead to the black receptacle. 

8. Place function switch to Ohms. 

9. Place range switch to Ohms X 1. 

10. Short the red and black leads together and zero the 
multimeter using the OHMS ZERO ADJUST knob. 

11. Disconnect FRONT and REAR electrical connector plugs 
on trainer. 

12. Place trouble switch #6 to the OUT position and switch #1 
to the IN position. TroubleshooC the system using the schematic pro­
vided on the trainer. Place a checkmark (/) and response in the 
proper blank spaces. 

Note: The trouble may be found between the connector plugs. 

13. The location of the trouble is wire number . 

)t (an open ) , (crossed 14. The trouble is a (short 
wires ) . 

15. Place trouble switch //I to the OUT position and switch #2 
to the IN position. 

16. The location of the trouble is wire number 

), (an open ) , (crossed 17. The trouble is a (short _ 
wires ) . 

18. Place trouble switch HI to the OUT position and switch #3 
to the IN position. 

19. The location of the trotible is wire number . 

20. The trouble is a (short 
wires ). 

), (an open ), (crossed 

21. Place trouble switch //3 to the OUT position and switch //4 
to the IN position. 

* i 
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22. The location of the trouble i s wire number 

) , (an open ) , (crossed 23. The trouble i s a (short 
wires ) . 

24. Place trouble switch /M to the OUT position and switch //5 
to the IN position. 

25." The location of the trouble is wire number 

), (an open ), (crossed 26. The trouble is a (short 
wires ). 

27. Place trouble switch //5 to the OUT position and switch iid 
to the IN position. 

28. The location of the trouble is wire number . 

) , (an open ) , (crossed 29. The trouble is a (short 
wires ) . 

30. Place trouble switch //6 to the OUT position. 

31. Disconnect leads from multimeter. Put leads and meter 
hack in CABINET. i 

32. Give this workbook to your, instructor. ' 

33. Instructor's Signature 

PART IV. BENCH CHECK 

1. Set up the N3A Thermometer Tester, first, by placing switch 
HI to -10 position. Switch //7 and #3 to the OFF position. 

2. 'Refer to EXTRACT of TO 5E6-3-21-3, Section III, paragraphs 
3-2 and 3-3, attached to the. back of this workbook for OPERATION of 
TESTER. 

3. Turn Temperature Selector Switch //2 to the temperature 
settings corresponding to TEST POINTS listed in figure 4-3 of 
TO 5E6-3-21-3. 

NOTE: Be sure that the tester's voltmeter reads 28.5VDC for 
each temperature selected. 

4. Record tthe actual indications in the following blanks 
and place a checkmark (/) in the blank indicating whether the 
indicator is satisfactory-or unsatisfactory. 

J 
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5. ACTUAL INDICATION SATISFACTORY UNSATISFACTORY 
9/^ 

6. After you have completed the 28.5VDC check, refer to para­
graph 3-4g of TO 5E6-3-21'-3. 

•7. Turn the temperature selector switch "2" to the temperature 
settings corresponding to the test points listed in figure 4-3 of 
TO 5E6-3-21-3. 

NOTE: Be sure that the tester's voltmeter reads 22.5VDC for 
each temperature selected. 

8. ACTUAL INDICATION SATISFACTORY UNSATISFACTORY 

9. After completing the reduced voltage checks, turn switch "7' 
to the OFF position. 

10. Turn temperature selector switch "2" to the OFF position. 

11. Disconnect tester from indicator and reconnect indicator 
electrical connector. 

12. Stow the tester leads back in the tester and put it back 
on the shelf. 

^•yo 
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BENCH CHECK OF THE RESISIJANCE BULB 

1. Disconnect temperature bulb electrical connector plug. 

2. The resistance of the bulb is 90.38 ohms at 0 degrees 
centigrade. 

3. For each degree of temperature change, the resistance of 
the bulb changes .358 ohms. 

NOTE: Check ambient room temperature since an increase in 
ambient temperature causes an increase in reListance of the 
bulb. 

4. Check the ambient room temperature by taking a reading on 
the liquid-in-glass thermometer. The instructor will show you where 
the thermometer is located. 

5. Ambient temperature is degrees centigrade. 

6. Multiply the ambient temperature by 0.358 ohms and add 
this to 90.38 ohms that the bulb has at zero degrees centigrade. 
This will give the actual resistance of the bulb at ambient 
temperature. 

The resistance is ohms. 

7. Connect the Wheatstone bridgi leads to the temperature 
bulb and to XI and X2 post on the Wheatstone bridge. Don't use the 
alligator clips. 

8. Position GA knob to the RVM position. 

9. Position BA knob to the INT position. 

10. Position the RES-VAB MUR knob to the RES position. 

11. Position the "MEJLTIPLY BY" switch LAW the chart located 
in TO EXTRACT 33A1-12-15-1, paragraph 14a(2)(c), according to your 
resistance in Step 6. 

12. Push the galvanometer pointer lock button toward dial to 
unlock the galvanometer pointer. 

13. Turn the zero adjust knob located above the lock button 
until the galvanometer pointer is at zero. 

14. Follow the instructions in paragraphs 14b(l) and (2) of 
TO 33A1-12-15-1 EXTRACT for measuring resistance of the temperature 
bulb. Be sure to follow the chart in paragraph 14. 

15. 

16. 

The resistance of the bulb is ohms. 

Place the EXT, BA, INT switch to EXT position. 

17. Push the galvanometer lock button toward the zero adjust 
knob to lock tht. pointer. 

18. Disconnect the test leads. 

19. Reconnect trainer electrical connector plugs. 

20. Put trainer and test equipment away. 

21. Hand this workbook to the Instructor. 

22. Student's Last Name . 

3 
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SECTION B 
THEEMOCOUPLE THERMOMETER SYSTEM 

EQUIPMENT 

Thermocouple Trainer (Exhaust Gas 
Temperature) 

Jet Cal Tester 
Mtiltimeter 
N~3A Thermometer Tester 
TO 33D2-6-13-21 EXTRACT 
Common Screwdriver 

Basis of Issue 
1/student 

1/student 
1/student 
1/student 
1/student 
1/student 

PROCEDURE 

lloO 

CAUTION: Remove ALL JEWELRY. DO NOT damage thermocouple 
thermometer while handling it. Use CAUTION when using test 
equipment, so as not to damage it. Use EXTREME CAUTION when 
using the JET CAL TESTER as the heaters and thermocouples 
are EXTREMELY HOT. TO EXTRACTS are attached to the back of 
this workbook. When using TO EXTRACTS,read only directed 
references. Some parts of the TOs are not necessary for 
completing this project. 

PART I. INSPECTION 

1. Visually inspect the indicator for the following conditions by 
placing a checkmark (/) on the proper blank. 

SATISFACTORY UNSATISFACTORY 

a. Security of mounting. • '_ 

b. Broken or loose glass. 

c. Damaged case. 

d. Condition of dial and pointer._ 

2. Visually inspect the wiring for the following condition, by 
placing a checkmark (/) on the proper blank. 

a. Frayed w i r e s . 

b . Broken wi res . 

c. Loose te rmina ls . 

3. Visually inspect wiring harness and thermocouples^ for condition 
by placing a checkmark (/) on the proper blank. 

a. Connector for security. J 

b. Connectors and harness for 
damage. 

c. Bent or broken thermocouples. 

d. Variable resistor for dents 
or cracks. Q 

7Si 
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w PART II. OPERATIONAL CHECK 

1. Adjust EGT indicator to ambient (room) temperature, using 
. the screwdriver to turn the adjustment on the back of the indicator. 

2. Perform the EGT system functional check by referring to 
instructions in the lid of the jet cal tester, items 1 through 11. 

NOTE; Hang heater probe over back of work bench while heating 
heater to 500*C. 

CAUTION: Set' the degree Centigrade scale at ambient temperature 
and as the temperature of the probe increases, increase the 
temperature setting of the degree centigrade scale knob so as ^ 
to keep galvanometer #1 pointer between the figure 10 on the 
left and zero on the galvanometer scale. 

a. As the 475° Centigrade mark comes into view on the 
degree Centigrade scale, set the degree Centigrade scale at 500° 
then start slowly turning the temperature regulator counterclockwise 
until the galvanometer is ZEROED at 500°C. 

CAUTION: Always keep galvanometer pointer on the lighted scale 
to prevent damage to galvanometer. 

NOTE: Call instructor to aid you in performing heat rise y 
check. 

b. Heat rise indication on ALL FOUR thermocouples is 
Satisfactory , Unsatisfactory . 

3. CONNECT the other three (3) heaters to the junction box. 

a. PLACE heater probes over thermocouples on EACH side of 
trainer. 

. ) 

b. Be SURE the insulation DOES NOT touch the heaters or 
thermocotiples. 

c. Follow instructions in the lid of the jet cal tester 
(12 to 18) for the EGT indicating system. 

4. Aftdr temperature has stabilized, check the EGT indication 
against the degree Centigrade scale on the tester. 

a. EGT indicator should read 500° (plus ambient tempera­
ture) + 20 degrees tolerance. 

b. • System is Satisfactory , Unsatisfactory 

y • PAST III. TROUBLESHOOTING 

1. Place trouble switch //I to the IN position. 

Indicator reads high , low , anbient a. 
temperature 

no 
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2. Place trouble switch tfl to the OUT position and place 
trouble switch #2 to the IN position. 

, low , ambient a. Ind ica to r reads high 
temperature . 

3 . Place t rouble switch //2 to the OUT p o s i t i o n and place 
t rouble switch #3 to the IN pos i t i on . 

a. Indicator reads high , low , ambient 
temperature . 

4. Place trouble switch //3 to the OUT position. 

5. Place SW-6 to the mechanical zero position. 

6. Turn temperature regulator fully counterclockwise to 
Zero. 

7. Place SW-1 to OFF position and set degree Centigrade knob 
to 21*C. 

8. Disconnect power cable from electrical supply and from 
tester. Replace cap on receptacle. 

9. Disconnect heater cable from tester and junction box and 
replace cap on receptacle on tester. 

10. Stow all cables in bottom of tester. 

11. Disconnect heater probe leads from junction box and stow 
junction box in the bottom of the tester. 

12. Remove heaters from thermocouples and stow heaters in 
special rack in the top of the teslter. 

CAUTION: Heaters are still HOT. Do NOT touch the metal. 
DO NOT damage heaters or thermocouples. 

13. Disconnect leads from indicator. 

14. Place TC switch on trainer to OUT position. 

15. Connect leads to multimeter and zero multimeter on XI 
range scale. 

16. Check the readings between the wires. (Normal Readings.) 
Positive wire reads ohms. Negative wire roads ohms. 
Positive lead to negative lead is ohms. 

a. Troubleshoot between terminal bus and disconnected 
leads from indicator. 

17. Place trouble switch //I to the IN position. The trouble 

is: Circle correct response and fill in OHMS Value for "-hat trouble. 

11 
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a. An open wire, 

h. High resistance, 

c. Shorted wires. 

ohms. 

ohms. 

ohms. 

18. Flace t rouble switch //l to the OUT pos i t ion and place 
t rouble switch //2 to the IN p o s i t i o n . The t rouble i s : 

a. An open wi re . 

b. High resistance. 

c. Shorted wires. 

ohms, 

ohms, 

ohms. 

19. Place trouble switch #2 to the OUT position and place 
trouble switch #3 to the IN position. The trouble is: 

a. An open wire. 

b. High resistance. 

c. Shorted wires. 

ohms, 

ohms, 

ohms. 

20. Place trouble switch #3 to the OUT position. 

21. Disconnect leads from multimeter and tuina function switch 
to DC volts and the range switch ALL the way to the RIGHT. 

22. Put multimeter back in the cabinet. 

PAKE IV. BENCH CHECK 

1. Obtain a N-3A thermometer tester from bottom shelf. 

2. To PREVENT DAMAGE to the indicator during test, c'heck 
the N-3A thermometer tester to make sure that the switch numbers 
2, 7, and.3 are turned to the OFF position Before connecting tester 
to thermocouple indicator. 

3. REFER to EXTRACT of TO 33D2-6-13-21, Section IV, para­
graphs 4-2 through 4-5 and figure 1 for operation of the N-3A 
thermometer tester. 

a. For BENCH CHECK of the indicator, read paragraphs 
4-8 and 4-9 and follow the steps of the worksheet. 

b. Look at back of indicator for system resistance. 

c. Read only those portions of paragraphs that have 
HEAVY VERTICAL LINES along the Border. 

4. Scale Error Test 

a. DO NOT tap glassj tap indicator before recording 
each reading. 

J 



Add ambient temperature to switch //2 readings, 
7i>^ 

Test Point 

200" C 

400° C 

SOO'C 

600° C 

700° C 

800° C 

1000°C 

3. 

Tolerance 

+ 30°C 

+ 20° C 

+ 20°C 

+ 10° C 

+ 5°C 

+ 10°C 

+ 20° C 

Friction Error Test 

Satisfactory Unsatisfactory 

Note: The reading shall be noted at each test point before tap 
and after tap. Tap the indicator lightly. 

Check Point Before Tap After Tap Tolerance U 

200° C 

500° C 

700°C 

1000°C 

4. 

+ 15° C 

+ 15° C 

+ 15°C 

+ 15°C 

Pos i t i on Error Test 

a. 
lowing char t . 

Xheck Point 

700°C 

700° C 

Move the indicator to the positions listed in the fol-

Right Bank 90° Tolerance /- Satisfactory Unsatisfactory 

+ 25°C 

700° C 

700° C 

Left Bank 90° 

45° Climb 

45° Dive 

+ 25°C 

+ 25° C 

+ 25° C 

5. Zero Adjust Test 

a. Set the indicator on 700°C and operate the zero adjust 
screw on the back of the indicator. The pointer on the indicator shall 
not move less than 40°C above and below the 700°C reading. The total 
motion of the pointer shall not exceed 200°C. 

13 
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b . The ind ica to r i s s a t i s f a c t o r y , unsa t i s fac to ry 

6. Reset the pointer to the 700"C mark on the i n d i c a t o r . 

7. Turn 30-posi t ion and the 8-posi t ion switch to OFF. 

8. Disconnect the t e s t equipment. 

Note: Connect l eads to proper terminal pos ts and p lace TC 
switch to "IN" p o s i t i o n . 

9. Put. t r a i n e r and t e s t equipment away. 

10. S tuden t ' s Name 

:> 

14 



REPRODUCTION FOR ATC TRAINING USZ ONLY. 00 NOT USE ON THE JOB. r^^^ 

T.O. 5X0-9-21-9 SMtionm 
Pftragrtph* 3-1 to S-4 

SECTION Hi 

TEST PROCEDURE 

3-1. CALIBRATINQ PROCEDURC. 
a. Thtr*ar« two sftrntSad* ot aUibntting tht Ratlom-

eter dtKribad h«rfin. The iirjlt BUtiio4 raquirts a 
dtcad* rcataUnc* boi, riwoatat, and dir«et-earr«nt 
voltagt MVfply tM •h9va In f igur* .^-1. With this mtihod, 
ths decad* raaiatooct box is adjiutadtotlMrMistane* 
requlradtod«fltcttlMlUtioin«t«rp»tRUr tp aach cali­
bration point. S M ftgurt 3-2. 

b. Tlw aacond ma|i)od o( calibratiog tlia Xatiomatar 
requirta tha uaa ol tiM %Vtl1 Taator. fa this Taatar, 
praoiaion raaiiteri ara salaottvtiy awitolMd lato tha 
bulb arm o( tha cirmilt by maana at ''la taatparatora 
aeltetor awlteh. TRia raaiataacaa aataetad bf thU 
switch corraapoiid to MM valuaa givaa tn fifura S-2. 
Tha voUaga ra«iUm< iaatindladbgraBinUnwlbattary, 
ia adjuatad by a rimootat, andia Indicatad oa tha aaU-
conUinad Yoltmatar. Complata dlractloaa ara fomiahad 
with each Taatar. 

c. Tha following inatrttctlona un baaad on tha uaa of 
the Taatar. It a Taatar la not availaUa, avbatituta 
the decada raalatanca box aat-up and follow valuaa of 
figure 3-2. 

3-2. Connect Raticynater to liTST Taatar, uaiogthe 
4i<9ur -pin adapter auppUedwith tha Taatar. Bam aujn -

\ ^ r s in quotaa ajra ideotillcatiaa numlMra engraved 
'' Mthe panel of tha TfaUr. Turn switch "8" to "LEFT 

<k SINGLE". Turn switch "T* to 34v Ud ad|uat rhao-
s'.uts"5and8" until voltiuatar"!" indtcUaa M. 5 voUa. 
TheeuprallniinaryatapaaratobefoUewactfor all teat 
reudinga except tbft, whao parfonaiflf the reduced 
vuitageteat (paragraph 3>8,g)t riiaoatat ia to ba ad­
justed until voltffl#tfr ludlcataa tt. 8 voiU. 

3-3. Turn temperature aalector awitch "2" to temper­
ature pointa correapooding to test pointa llated in figure 
4>3and record reading of Ratiometer. 

NOTE 

Alwaya tap Rationatar lightly when taMng read* 
logs, and ba aura to hold It in the normal oper -
atlng poaltloa. 

Ratloipetara found to b« within tolaranca and needed 
no further adjoatmant may be aaaled and evacuated. 

3-4. CALIBRATION ADJUfflMSMTS; POTXMTIOM. 
BTBRS. 

a. Make firat adjuatmant at cantor of acala. With 
Ratiometer connactadaa in paragraph 3-1, turn Taat­
ar temperature awitch to Ô 'C and note pointer read­
ing. A4|uat pointer to read Ô 'C by tumiag tlie cen­
tering potaatlomatar (— flgura 2-9). Uaa a aoU-
erlng iron to abift potantlometor cllpa on alldewlre. 
Be certain clip ia aacuraly aoUered to alldewlre 
after adluatmenta. 

b. Turn temperature awitch to -70 and -fSO and not-
readinga. Readinga i»lU indicate whether scale enda 
alwuld be expanded or contracted. For exampte, if 
pointer gqea to -88 at low end of acala and -f48 at high 
end, tha scale enda ahould b« expanded. Turn expan-
aion potentiometer (aea figure 2-9) to eiqjaad scale 
enda. Occaaionally it will ba neeeaaary to raadjuat 
tha centering potenttomatar after adjusting affa la eada. 

RATIOMETER. 
28.5 VOLT OC SOURCE 

—^m^ ->VVNA/ 

TEST 
VOLTS 

J 

RHEOSTAT 
FOR VOLTAGE 
CONTROL 
200 i l 

OECAOE 
RESISTANCE 
SOX 

Figure 3-1. Wiring Diagram for Tailing Ratiometer with 
Decade Reaiatance Box ^ 
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g. When correct readings have been obtained 
at all points with 28.5 volts applied, lower 
the voltage to 22.5 volts and take a set of 
readings. The readings obtained with 22.5. 
volts applied may vary from the corresponding 
readings with 28.5 volts applied. Variation 
tolerances are listed in figure 3-*2 under 
"Seduced (22.5 Volts)'.'. For exanq)le, if the 
observed error at +10 was one degree with 28.5 
volts applied, then the error permissible 
at this point would be two degrees with 22.5 
volts applied. 
h. When all calibration procedures have been 
completed, make a final visual inspection of 
the Ratiometer to be certain that no foreign 
particles are in the movement and that all 
connections are securely soldered. Fasten 
the case assembly (11, figure 2-4) and shield 
ClO) to the base assembly (39) with case re­
taining screws (12) and shield retaining 
screws (6). Ratiometers are now.ready for 
sealing, evacuation, and helium filling pro­
cedures. 

3-6. FINAL LEAK TEST. 
a. Place Ratiometer in desiccator jar, cover 
it with water, and connect desiccator jar to 
vacuum pump, gage, and two-way valve as 
shown in figure 3-3. 
b. Close valve "B" and open valve "A". Draw 
a vacuum slightly greater than 25mm of mer­
cury (about one inch) for one minute, or 
until the water ceases to give off air bub­
bles, whichever is longer. 
c. Close valve "A" and slowly open valve "B" 
allowing pressure to increase to 63 mm of 
mercury (about two and one-half'.inches), 
then close valve "B". 
d. Examine Ratiometer carefully for leaks, 
watching for a continuous flow of bubbles, 
coining from within the case. Do not con­
fuse bubbles which are a result of entrapped 
air on various parts of the case with bubbles 
caused by a leak. 
d. Slowly open valve "B" until pressure in 
the jar rises to atmospheric. 

TO 5E6-3-21-3 

WARMQK2 
Valvt "B" muat b« op«nad SLOWLY, otbar-
wtae th« tuddea Inruah of air wodd bto9 UM 
Ud off tha ]ar. 

e. Dry Iha Ratloniatar ttorouchly tj blowlncvlth 
compNiMd air and plaeinf it ta 1 7 0 ^ (Ifl^f) orM 
for thirty rainutas. 

f. U a iMk was obaarvad, repair it accordla(to in-
•tntctions flren in paragraph 2>ll. 

S-7. FIKAL OPERATIONAL TSSr. 
a. Thlataat is to ba parfonntd on oomplatoJ^-Maiad 

Ratiomatars to inaura satiafactory oparation bator* 
ahiinaant, itoiag«» or inataUatioa. 

b. Comitet Batloaot«r to 3iT27 Ttttar or dMada 
raalataaec box aat«up. Tat» a «ealo-«rror ta«t at all 
potnta daalipiatad oo flfaro S-2 tm inatmctad ia para­
graphs S-2 to 3-3, 

e. Whila tha Ratlomatar is coaaactad to taat «|aip> 
mant, 6hackpoaltloa arrorasinstruetad in fuagnflk. 
2-13, • . 

3-a. PACKING AFTER OVERHAUL. 
a. UM %iaci(lcation PPB-B-63e Type I, Class I 

carton 7 -1 /2 x 7 • 1/2 x 7 • 1/2 inches. Insarta pad 
of eight inch wide by five foot long by ooa-haU iaeh 
thick. Specification PPP<C'843AType 2, crapa cuUu-
loae wadding in botlom of carton. 

b. Wrap indicator in crape caUulosa waddlngthraa 
Inches wide by ten loot long by oaa-half inch thick aad 
place in carton. 

c. Place unuthar pad of eight Inch wide by f'.f foo» 
ioogby one-half inch thlclc crepe cellulose waddinf r 
top of indicator:. 
d. Seal carton with Specification UU-T-16 tape. 

NOTE 

To prevent damage to Jewels aad pivots, NC VER 
ship a Ratioaetor ualsss it baa a miQlmua o< 
two iaohas of cushioning material on aU aides. 

3 
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T.O. UC0-3-il-« 

?6? 

IV 
DUttnne* Dttmlhaitt 

ELECTRIC AL RXSOTANCX TYPE THXlUfOMITBP »ut No. 16XBS 

THE INrrRUCnONS CONTAQOD IN PRSCSDINO f ICTIONi OF THIS HANDBOOK 
APPLY EXCZPT FOR THE DIFFERENCES LBTSD Of TBB DATA SBIST. 

LBAOINC PARTICULARS RXPAOt OR REPLACEMENT. S U M U lor 18282. 

Scale Han«p -70 to •150<'C LUBRICATION. Noiw jwrmttUd. 
Maalc Markimt SnrtkcmlVBup, REASSEMBLY. SaaM M for leSBS. 
Operating Voitage 38.5 Volts 4e 
Mutb Curve 80. M ohms at OOCUVF) BALANCOfO PBOCDURE. S U M as for 16SB3, M -
intornai Wiring aasIlCurtS.O eapt tolaraaes is •«. or >l. 0 ^ . 

Mr„ting* : : : : : : : • : : 'Ri^.6)^9]'^%Ti I f t . ^ a ^ oAs-nLuao PROCEDURES. 8 » . 
SPECIAL TOOLS. Sam* as for 16tfi3. FINAL LEAK TEST. 8ama as for MSB!. 

DISASSEMBLY. San* as for 16283. TESTING (aftsr ovsrhaul). Sams as for 16382, sx-
cspt for Uts foUowlag: 
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0 
*90 
•60 
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•isa 

Ohms 

68.37 
80.96 
90.38 

100.91 
120.36 
137.78 
191.91 

TOLERANCES t DEGREES CENTnRADE 
Normal (38.9 Volts) 

4.0 
3.0 
3.0 
3.0 
3.0 
3.0 
4.0 

*R«foeod(3a.9Volts) 

S.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

*'nieae toierancts arc with raspact to readings obsenred at normal voltage. 

Figur? 4-3. TampenUura vs Resistance Valusa and Teat Toiairancea 
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1 volt through 1 megohm. When 
usitig the 4% volt internal 
battery, one megohm of resist­
ance will, cause the p Inter to 
deflect 4^ scale divisions. 

Main M doM an mtintim u ptMh' 
libl* of tiM p jlctanot to be IIMW* 
und and iet tlM MULTIPLY BT 
dial aa indieatad In. tiu fbUowiBC 
cfaaki: 

BMlMtiiiaMi 

100.000 ts t.01!,000. 

b. Shorts and Crosses. Wires in cable 
commonly arranged in pairs (A. fig.5).An 
electrical path between two wires of the 
same pair is coiomonly called a short. An D<>» 10 
electrical path between two wires of ad­
jacent pairs is commonly called a cross 10t»100.. 
(C,fig.5) Test for a short or a cross as 
follows: 

(1) Prepare the test set (a(l)-(A) lOOtelOOO 
above. 

(2) Disconnect all equipment from the 
far end of the cable. 10001* 10,000.... 

(3) Connect one of the wires to be 
tested to the ground binding post 
and press the GA SENS 1 switch. 10,000 to 100,000. 
Touch each of the other wires in 
the cable to line binding post XI. 
The galvanometer will deflect 
strongly when the other faulty wire 
contacts line binding post and will 
show no deflection with wires not 
shorted or crossed. 

c. Open Conductor. 
(1) Perform a(l) through (5) above. 
(2) If the wires to be tested are in 

lead-covered cable, connect the far 
end of the wires in the cable to 
the cable sheath. If the cable is 
not lead-covered, connect the far 
end of the wires to a good ground. 

(3) Press GA SENS 1 switch and touch 
each of the wires at the near end 
(one at a time) to line binding post 
XI. The galvanometer will deflect 
for all wires except any that are 
open. 

I mnmtixwuM 

1000 
1 

100 
1 

10 
1 

10. 

1 
100. 

1 

•1W .!•.<• wmn MMIU*. Ml* (ttmttr Miatar 4^ 
ItMt dMa, mm i» 

n H - •* 4(-««M taUnr <laMary BA4t> w aiari. 

14. MEASUREMENT OF LOOP OR UNKNOWN RESISTANCE 
Measure the resistance of a loop (two 

lengths of wire joined at the distant end) 
or of any electrical component (resistors, 
transformers, etc.) as follows: 
a. Preparation for Test. 

(1) Adjust the galvanometer (par.10a) 
(2) Position the test set controls (fig.3) 

as follows: 
(a) GA switch to RVM. 
(b) RES-VAR-MUR switch to RES. 

(8) Make the following connections: 

(a) If the resistance of a loop is to 
be meaaured, diaeonneet all equip* 
ment from the near end of the loop 
and connect one wire of the loop 
to line binding poet XI and the 
other wire to line binding post X2 
(A, flg. 5>. Be sure that the wires 
connected to the test set are dean 
and are linnly secured to the bind­
ing posts. Have all equipment dia» 
connected front the far. end of the 
loop knd a short placed across the 
drcuit at that end. 

(b) If the resistance of an electrical-
component is to be measured, con­
nect the component across line bind­
ing posts XI and X2. 

b. Bakmeing the Bridge. 
(1) Position the thousands, hundreds, 

tens, and units decade dials (fig. 3) 
to settings that total the estimated 

TAOO m i A 

(;) 
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resistance to be measured divided by 
the setting of the MULTIPLY BY dial. 
From Step 6 

Example: If the estimated resist­
ance to be measured is 500 ohms, the 
setting of the MULTIPLY 3Y dial 
must be 1/10 (chart in a above); 
therefore the positions of the decade 
dials must total 5,000. 

770 

Estimated r e s i s t a n c e 
to be measured 

Se t t ing of 
jrJLTIPLY BY d i a l 

500 
1 

5,000 

(2) Press the GA SENS .01 switch and 
note the direction of movement of the 
galvanometer pointer. If it moves 
to the right, increase the resistance 
total of the decaee dials until it does 
not move from zero when the GA 
SENS-.01 switch is pressed. If the 
pointer moves to the left, decrease 
the resistance total of the decade dials. 
Repeat the above procedure, using the 
GA' SENS .1 and then the GA SENS 
1 Switches. The test procedure is 
complete when the GA SENS 1 switch 
is pressed and the pointer does not 
move_ in either direction. Under these 
conditions, the bridge circuit in the 
test set is said to be balanced. 

c. Resistance Determination. The unknown 
resistance is equal to the sum of the decade 
dial settings multiplied by the setting of the 
MULTIPLY BY dial. 

Example: If the bridge is balanced when the 
sum of the decade dial settings is 5,137 and 
the MULTIPLY BY dial is set at 1/10, the 
resistance connected across the line binding 
post is 5,137 X 1/10 or 513.7 ohms (decomal 
point moved one place to left). If the MUL­
TIPLY BY dial is set at 1/100, move the 
decimal point two places to the left (51.37 
ohms); for 1/1000, move the decimal point 
three places to the left (5.137 ohms). For 
10/1, add one zero to the reading (51,370 
ohms) and for 100/1, add two zeros (513,700 
ohms). 

15. Simple Loop Test for Locating Short 

A simple method of locating a short is to de­
termine the resistance of the short, from resist­
ance measurements from each end of the shorted 
circuit, and use the resulting resistance value 

and the known resistance per mile or feet 
per ohm of the type of wire in the'" faulty 
circuit to compute the resistance from eacl 
end to the fault. When a fault has been 
identified as a short, have all equipment 
disconnected from both ends of the circuit 
and proceed as follows: 

a. Determination of Loop Length (Test 1, fig. 
5). If the length (distance from test point 
to far end) of the faulty loop is not known, 
compute it as follows: 

(1) Measure the loop resistance of a good 
pair in the cable (par.14) 

(2) Determine the loop length in miles 
by dividing the resistance per loop 
mile.(par. 33) into the loop resist­
ance. To compute the loop length in 
feet, multiply one-half the loop re­
sistance by the number of feet per 
ohm of the wire. 

b. Measurement from Test Point to Short 
(Test 2, fig. 5). Connect the shorted pair 
Co line binding posts XI and X2 cmd balance 
the bridge. Record the resistance measure­
ment. 
Note: This resistance is equal to the re­
sistance of the short plus the resistance 
of the shorted circuit from the test point 
to the fault. 

c. Equivalent Measurement from Far End 
(Test 3, fig. 5). Have a good cable pair 
connected to the shorted pair at the far 
end. Disconnect the shorted pair from the 
test set, connect the good pair to line 
binding posts XI and X2, and measure the 
resistance of this circuit arrangement. Sub­
tract the loop resistance (a(l) above) from 
the test 3 resistance measurement to obtain 
an equivalent resistance measurement from 
the far end of the shorted circuit. 
Note: This resistance is equal to the re­
sistance of the short plus the resistance 
of the shorted circuit from the far end to 
the fault. 

d. Resistance of Short. Subtract the loop 
resistance (a(l) above) from the sura of the 
resistance measurement from each end of the 

19 
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SECTION IV 

OPERATING INSTRUCTIONS 

Section rv 
Paragraphs 4-1 to 4-5 

4-1. PItELlMINARY CHECKS. 

4-2. To prevent damage to an Indicator during test, 
checic tiiat the 30-po8ition switch S2, the 8-posttion 
switch S7 and the 4-position switch S3 are turned to 
OFF before connecting the tester. 

4-3. CABLE CONNECTIONS. The two black cables 
marked ^ and -, (with clips) and red and blacic insula­

tors at the ends, are used for testing ther Aocouple- type 
meters, and for measuring the resistance of thermo­
couples and associated leads. The single cable with 
the connector fitting at the end is used when testing 
resistance-type meters. 

4-4. CONTROLS. 

4-5. Table II lists and describes controls used in 
operation. 

TABLE n 

CONTROLS AND FUNCTION 

CONTROL 
REFERENCE 
SYMBOL FUNCTION 

Interloclc Switch 

Measurement Meter 

Temperature Selector 
Switch 

Si 

M-1 

S2 

COARSE ADJUST 
INDICATOR 

FINE ADJUST 
INDICATOR 

Thermocouple, Res. 
Thermometer 
LEAD RES. CHECK 
Switch 

R51, R52 

R&3, R54 

S7 

Interlock switch which breaJcs power circuits when lid is closed. 

Meter used as an indicator for standardizing measurements, and 
for checking the condition of the batteries. 

Selects the various temperature calibration points on the scale of 
the 30-posltion switch. 

The outer portion of the dial is divided into three sections; the 
yellow section is used to test Iron-eonstantan thermocouple ther­
mometers, the green section is used to test.chromel-alumel 
thermocouple thermometers and the red section is used to test 
copper-constantan thermocouple thermometers. 

The inner portion of the dial is divided into two sections; the left 
side is used to check indicators reading 0*C(32*F) at 90.38 ohms 
resistance and the right side is used to check indicators reading 
0"C(32*F) at 50.00 ohms. 

COARSE adjustment control for circuit of measurement meter 
Ml. Provide proper power regulation as indicated on the stand­
ardizing meter for resistance-thermometer and thermocouple-
thermometer test circuits. 

FINE adjustment control for circuit of measurement meter Ml. 
Provides proper power regulation as indicated on the standard­
izing m e t e r for resistance-thermometer and thermocouple-
thermometer test circuits. 

An 8-posltlon resistance and voltage selector switch can connect 
either 21 0.05 ohms, 8 * 0.05 ohms, or 221 0.05 ohms In series 
with the thermocouple indicator upder test. 

The switch without any series resistance provides means for 
testing the thermocouple Indicator and its external circuit on 
aircraft. 

The switch provides means for selecting the lead resisUnce 
check circuit for measuring the resistance of thermocouples and 
associated leads. ^ ,̂  
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TABLK n. CONTROLS AND FUNCTIONS — (Continued) 

CONTROL 
REFERENCE 

SYMBOL FUNCTION 

LEAD RESISTANCE 
Selector Switch 

ERROR IN OHMS 
Control 

Lead Resistance 
Salety Switch 

LEFT AND SINGLE-
RIGHT Switch 

ZERO ADJUST 

S3 

R55, R56 

S9 

S8 

The switch also provides means for selecting either 12 or 24 
volts, as required, for testing resistance-type thermometers. 

A 4-posltion switch controlling the switching of precision resist­
ances in the tester as required for measuring 2, 8 and 22 ohm 
thermocouple lead circuits. 

A resistance control employed for balancing the tester bridge 
circuit when measuring thermocouple lead resistance (balance 
noted on measurement meter M-1) and for registering the error 
existing in the particular lead circuit being measured. Measures 
over range of -1 ohm to « I ohm. 

A safety switch employed to protect measurement meter M-1 
from being damaged due to severe unbalances when measuring 
thermocouple lead resistance. When near balance the switch 
circuit Is closed which shorts out circuit series protective re­
sistance. 

A 2-posltion shortlng-type selector switch. When set to LEFT 
AND SINGLE position, resistance thermometer indicators of the 
single-engine type can be tested, and the left-hand scale of dual-
type indicators. When set to the right position, right-hand scale 
of dual-type indicators-can be tested. 

Adjusts needle on measurement meter to zero. 

4-0. OPERATION. (Sec figure 4-1). 
} 

'4 -7 . An indicator may be chcckfxi in the airplane or 
un the bench. 

4-8. AIRPLANE TEST. 
a. Place the tester near the instrument to be tested, 

un a fairly level and firm surface and open the lid of 
the instrument. 
b. Remove the glass thermometer from t^e lid of 

the Instrument and hang it near the indicator being 
tested, s o that it will reach the temperature of the 
instrument. 

-Tc. Determine which type of thermocouple i s u s e d l * 
Jwlth the indicator. I 

d. Disconnect the + side of the thermocouple at the 
indicator, and clip the + (red insulator) alligator clip 
from the tester to the * terminal of the inditsator. 
Connect the side - side (black insulator) to the d i s ­
connected thermocouple lead. 
e. Turn the ZERO ADJUST of the indicator so that 

it reads the same temperature as the glass thermom-

«*«*•• ST/vR? ?gRE> 

f. Set the pointer of the 30-posltlon switch to th> 
starting tcimperaturc on the scale corrc^jondlng to-
the thcrmiMiouple of the indicator and the starting; 
point of the Indicator Scale. (Some scales start ut 
200 degrees Instead of zero). 
"g. Turn the ZERO ADJUST of the meter M-1 on the' 
panel of the tester, until the pointer i s directly over 
the line at the zero (left) end of the scale. 
h. Turn the 8-position switch to AIRPLANE TEST 0 

ohm. 
1 . Adjust the COARSE and FINE rheostats until the' 
pointer of the meter M-1 on the tester i s over the 
red line at the right end of its scale. 
j . The indicator should read the same temperature 

as that on the tester, switch 2, plus the Cold Junction 
Temperature. 
k. Continue for all the following positions of the 

Indicator Scale. Make sure that the pointer of the 
meter M-1 on the tester is over the red line at each 
position. The indicator must agree with the tester 
plus the Cold Junction Temperature within the toler­
ance specified for that lijdlMtor. 

NOTE ^ = 

This is what is known as the Cold junction 
Temperature, and must be subtracted from 
the subsequent test readings. The t e s t e r 
applies mllllvoltage based on zero degrees, 
(chromel-alumel thermocouples), therefore 
the tester will make the Indicator read to 
high by the amount the Cold Junction Tem­
perature is above 0*C(32*F). Forcopper-con-
stantan thermocouples 20* C (63* F) is the refer­
ence temperature. 21 

^ 9. BENCH TEST. 
a. The procedure in this test is the same as the, 

panel test except that the meter is off the panel and 
disconjiected from the thermocouple. Check the Cold 
Jimction Temperature with the glass thermometer 
and adjust the indicator to this value. 
b. Connect the clips from the tester directly to the 

meter terminals, red to *, black to - . 
c. Turn the 8-positlon switch to the value of 2 ohms, 

8 ohms, or 22 ohms, which equals the resistance of I 
the thermocouple used with that particular meter. \ 
d. Proceed with the test as described under para- ""^ 

graph 4-8. c , f, i , j and k. 

' - v> 
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INTERLOCK ZERO 

SWITCH ADJUST 

CURRENT AND VOLTAGE 

INDICATING METER 
TEMPERATURE 

SELECTOR SWITCH 

LEAD RESISTANCE 
SELECTOR SWITCH 

LEAD RESISTANCE 
SAFETY SWITCH 

LEFT AND 

SINGLE—RIGHT 

SWITCH 

) 

ERROR IN 
OHMS CONTROL 

COARSE ADJUST FINE ADJUST 
INDICATOR INDICATOR 

THERMOCOUPLE 
RES. THERMOMETER 

SWITCH 

Figure 1. 

7Q ; v^ JC 

22 
73-2S0tl 



11^ 

PROGRAMMED -TEXT 

Technical Training 

Avionics Instrument Systems Specialist 
Integrated Avionic Systems Specialist 

FUEL FLOW INDICATING SYSTEM 

9 January 1978 

3350 TECHNICAL TRAINING WING 
3360 Technical Training Group 

Chanute Air Force Base, Illinois 

DESIGNED FOR ATC COURSE USE 

3ABR32531-PT-205 
3ABR32632B-PT-305 

DO NOT USE ON THE JOB 



niB' 
FOR̂ f̂OPD 

This programmed text was prepared for use in the 3ABR32531 and 
3ABR32632B instructional systems and was validated using 31 students 
enrolled in the 3ABR32531 and 3ABR32632B courses. At least 90 
percent of the students achieved the objective as stated. The 
average time required to complete this text is 52 minutes. 

OBJECTIVE 

Without references, identify facts pertaining to the purpose, 
operation, and/or characteristics of a fuel flow indicating system 
with an accuracy of at least 80%. 

INSTRUCTIONS 

This programmed text presents information in small steps called 
"FRAtlES." After reading the information in each frame, you are asked 
to actively respond on the response sheet provided. Check the 
accuracy of your response with the correct answer(s) that are given 
after the following frame. If you make an incorrect response, study 
the frame again before going on to the next frame; DO NOT HURRY! 
DO NOT WRITE IN THIS PTl 

Supersedes 3ABR32531-PT-606, 3ABR42230-PT-310, 1 November 1971. 
OPR: 3360 TTG 
DISTRIBUTION: X 

3360 TTGTC/W - 200} TTVSA - 1 



Frame 1 
776 

Tlie fuel flow system measures the tate of fuel flow to the 
aircraft: engines in pounds per hour (PPH). Although the fuel flow 
system is not absolutely essential for safe aircraft operation, it 
is one that is extremely important in flight planning. The fuel flow 
system aids the pilot in many ways, but one of the most important 
ways is to aid him in establishing cruise control. You can see that 
if the pilot knows exactly how much fuel is being consumed by each 
engine, he can determine whether or not he has sufficient fuel to 
reach his destination. The fuel flow system also indicates an engine 
malfunction to the pilot< This engine malfunction becomes apparent 
when the rate of fuel flow is either too high or too low for a given 
throttle setting. If the amount of fuel used per hour is too low, 
the pilot knows that his engine is not producing normal power. On 
the other hand, if the amount of fuel per hour is too high, the pilot 
knows that the engine is using too much fuel and that he must monitor 
his total fuel more closely. 

Circle the letter of the correct answer(s). 

1. The purpose of the fuel flow indicating system is to measure 
fuel flow in 

a. gallons per minute. 
b. gallons per hour. 
c. pounds per minute. 
d. pounds per hour. 

7,0 
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Frame 2 

k 
For a single engine aircraft, the components in the fuel flow 

system consist of a fuel flow transmitter (figure 1) and an individual 
indicator (figure 2). 

The fuel flow indicating system for a multi-engine airplane requires 
one additional component, a total fuel flow indicator (figure 3). Each 
engine has a transmitter and an individual indicator to show how much 
fuel is being consumed by each individual engine. The system has a 
totalizer indicator so that the pilot can look at this one instrximent 
and tell how much of the total fuel is being consumed each hour. 

Figure 1, 

Figure 2. 

Figure 3. 

7.0 
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Frame 2 (Continued) 

Refer to figures 1 through 3 and circle the letter of the correct 
response to the following statement. 

1. 'in eight engine aircraft would have eight transmitters and 

a. two individual indicators, and one totalizer indicator. 
b. four individual indicators, and two totalizer indicators. 
c. six individual indicators, and two totalizer indicators. 
d. eight individual indicators, and one totalizer indicator. 

Answer to Frame 1: 1. 

79J 



rrame 3 

The individual fuel flow indicator (figure 2) indicates a rate 
of fuel flow from 0 to 12,000 pounds per hour (PPH). Each digit (1, 
2, etc) is multiplied by 1,000 pounds par hour of fuel flow. From 0 
to 3 there are ten (10) increments (marks) from one digit to another. 
Therefore, these increments equal 100 PPH of fuel flow. From 3 to 
12 each mark or digit equals 1>000 PPH. 

Circle the letter of the correct responses to the following 
statements> 

1. The individual indicator will indicate fuel flow from 

a. 
b . 
c . 
d. 

0 
0 
0 
0 

120 pounds per hour. 
120 pounds per minute. 
1,000 pounds per hour. 
12,000 pounds per hour. 

The individual indicator in figure 2 indicates the rate of 
fuel flow is 

a. 1,300 PPH. 
b . 10,300 PPH. 
c . 100,300 PPH 

r, . 

Answer to Frame 2: 1. d 



Frame 4 no 
The totalizer indicator has two pointers. The long narrow pointer 

is read exactly like the pointer of the individual fuel flow indicator, 
previously explained. The short wide pointer indicates a fuel flow 
rate of 10,000 PPH from one digit to the next. 

Figure 4. Figure 5. 

Refer to figures 4 and 5 and circle the letter of the correct 
responses to the following statements. 

1. The totalizer indicator (figure 4) indicates a fuel flow 
rate of 

a. 1,825 PPH. 
b. 10,825 PPH. 
c. 20,825 PPH. 

2. The totalizer indicator (figure 5) indicates a fuel flow 
rate of 

a. 1,200 PPH. 
b . 10,200 PPH. 
c . 21,000 PPH. 

Answers to Frame 3: 1. d 2. a 

8;) 



Frame D 

The fuel flow transmitter has two sections. These are the fuel 
measuring section "2" and the electrical section "1." Figure 6 shows 
the two sections. These sections are separated by a leak proof seal 
"H" which consists of a metal plate between fuel section and electrical 
section. The transmitter changes the rate of fuel flow to an electrical 
signal. Figure 6 also shows some of the units of the transmitter that 
will be discussed in later frames. 

Electrical i Fuel Measuring 
Section "1" 1 Section "2" 

leak proof 
seal H 

Figure 6. 

Circle the letter of the correct response to the following 
statement. 

1. The fuel flow transmitter changes rate of fuel flow to 

a. an electrical signal. 
b. a mechanical signal. 
c. a hydraulic signal. 

Answers to Frame 4: 1. a 2. b 

8:' 
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Frame 6 

Fuel enters the transmitter at the fuel inlet (Port A). (See 
figure 7.) The arrows show the path of flow through the metering 
chamber "E." As the fuel flows through the chamber, it moves the 
metering vane "F." The shaft that has the vane mounted on it is 
connected to the calibrated spring "G." This spring works in 
opposition to the vane movement and helps to dampen the movement of 
the vane. The spring returns the vane to NO FLOW position when the 
fuel flow stops. 

OUTPUT FUEL INLET (POUT A") 

Figure 7. 

Circle the letter of the correct responses to the following 
statements. 

1. The calibrated spring 

a. aids fuel flow. 
b. aids vane movement. 
c. opposes the fuel flow. 
d. opposes vane movement. 

2. When fuel flow is shut off, the calibrated spring moves 
the vane to the 

a. no flow position. 
b. full flow position. 
c. mid range flow position. 

Answer to Frame 5: 1. a 



Frame 7 

The metering chamber of the transmitter is a spiral chamber. You 
will notice in figure 8 that this chamber is not concentric (distance 
between the vane and spiral chamber varies as the vane moves). This 
provides for a higher indication of fuel flow with less vane movement 
at the high range of the indicator. As an example, the vane moves through 
the first 130° to provide a fuel flow indication of 0 to 3,000 pounds per 
hour, and the vane moves- through the last 48° to provide a fuel flow 
indication of 3,000 to 12,000 pounds per hour. 

CLOSER TO VANE 

SPIRAL CHAMBER 

'— FARTHER FROM VANE 

Figure 8. 

Circle the letter of the correct responses to the following 
statements. 

1. When the vane moves through the first 130° of the spiral 
chamber, the fuel flow indication will be 

a. 0 to 30 pounds per hour. 
b. 0 to 300 pounds per hour. 
c. 0 to 3000 pounds per hour. 
d. 3,000 to 12,000 pounds per hour. 

2. The last 48° of vane movement will provide a fuel flow 
indication of 

a. 0 - 3,000 pounds per hour. 
b. 0 - 30,000 pounds per hour. 
c. 3,000 to 12,000 pounds per hour. 
d. 3,000 to 120,000 pounds per hour. 

Answers to Frame 6: 1. d 

S:».i 
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Frame 8 

As a safety precaution, the transmitter is equipped with a bypass 
relief valve. (See figure 9.) The valve is of the spring type and 
will open any time the rate of fuel flow exceeds the flow limits of the 
transmitter. This valve allows fuel to bypass the measuring section 
and reach the engine if the movable vane becomes stuck or there is a 
surge in fuel pump pressure. 

BY-PASS RELIEF VALVE 

Figure 9. 

Circle the letter of the correct response to the following 
statement. 

1. The purpose of the relief valve is to 

a. maintain a constant fuel pressure. 
b. relieve low fuel pressure. 
c. relieve sudden surges of fuel pressure. 
d. stay open at all times during operation. 

Answers to Frame 7: 1. c 2. c 

11 
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Frame 9 

Attached to one end of the vane shaft is a ring magnet. A ring 
magnet is shown in figure lOA. The movable vane, calibrated springy 
and ring magnet are all sealed within the fuel metering chamber of the 
measuring section in figure lOA. The vapor proof seal placed over the 
ring magnet keeps fuel from the electrical section of the transmitter, 
figure lOB. The vapor proof seal also contains the mount for the 
pinion gear. Attached to this pinion gear is a bar magnet in figure 
lOB and IOC. This arrangement is called magnetic coupling. Even 
though a thin metal wall separates the two magnets, the bar magnet 
will align itself with the magnetic field of the ring magnet due to 
the magnetic attraction beti/een the two. When the ring magnet is 
rotated by the movable vane shaft, the bar magnet is repositioned 
and turns the pinion gear. 

RING MAGNET 

BAR 
MAGNET 

mzz^ 
N 

RING 
MAGNET 

1^ 
Kpll 

BAR MAGNET 

Figure 10. 
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Frame 9 
1% 

(Continued) 

Refer to figure 10 and circle the letter of the correct responses 
to the following statements. 

1. The purpose of the magnetic coupling is to transmit motion 
from the fuel metering chamber to the electrical section by 

a. mechanical linkage. 
b. electrical transformer action. 
c. attraction of like magnetic poles. 
d. magnetic attraction between ring and bar magnets. 

2. The movable vane, ring magnet, bar magnet, and the pinion 
gear make up the magnetic coupling and 

a. turns the vans when fuel flow changes. 
b. opens the relief valve when fuel flow changes. 
c. drives the pinion gear when fuel flow changes. 
d. drives the pinion gear when fuel flow is constant. 

Answer to Frame 8: 1. c 

13 
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Frame 10 

Figure 11 below shows an open view of the electrical section of 
a raultisynchro fuel flow transmitter commonly used on multi-engine 
aircraft. This open view shows axl of the units in the transmitter 
except the measuring section (fuel section). The electrical section 
also includes the unit necessary to operate a totalizer indicator. 
The units shown in figure 11 include an adjustable synchro transformer 
(A), movable vane piaion gear (B), sector gear (C), linear synchro with 
pinion gear (D), transmitter synchro (E) , and an autotransfoirmer (F). 

Figure 11. 

Refer to fig""e 11 and circle the letter of the correct response 
to the following .ateraents. 

1. The sector gear 

a. drives the movable vane pinion gear. 
b. is driven by the movable vane pinion gear. 
c. is driven by the synchro pinion gears, 

S'l] 

Answers to Frame 9; 1. d 2. 
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Frame 11 

The vane movement of the transmitter is transferred through the 
magnetic coupling to the vane pinion gear. The three segmented sector 
gear "C" is meshed with the pinion gear at point (B). The other two 
segments of the sector gear mesh with the gears that drive the rotor 
of the transmitter synchro (E) and the rotor of the linear synchro 
(D). l^en the vane moves, the pinion gear moves, driving both synchro 
rotors by movement of the sector gear. Refer to figure 11. 

Refer to figure 11 and circle the letter of the correct responses 
to the following statements. 

1. The rotors of the transmitter synchro and linear synchro 
are moved by 

a. magnetic attraction. 
b. magnetic repulsion. 
c. the movement of the sector gear. 

2. The pinion gear is moved by 

a. a mechanical connection, 
bt magnetic attraction, 
c. magnetic repulsion., 

Answer to Frame 10: 1. b 

15 
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Frame 12 

The transmitter synchro consists of a 3-phase wye-connected stator 
with a two pole electromagnetic rotor. This is the same type synchro 
that has been studied earlier in the synchro pressure indicating system 
programmed text. See figure 12 for a schematic of the transmitter 
synchro. This synchro is used to transmit the fuel flow signal to 
the individual synchro indicator. Notice that the rotors of the 
transmitter and indicator are connected to a 26V AC 400 Hz single-
phase power source. The diagram also shows that the rotor is 
mechanically linked to the vane. As the vane is moved, the rotor will 
move and induce a voltage into the stators of the transmitter synchro. 
This in turn will send a signal to the stators of the individual 
indicator. The rotor of the indicator will be repositioned and in 
turn reposition the indicator pointer. 
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Figure 12. 
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Frame 12 (Continued) 

Refer to figure 12 and circle the letter of the correct responses 
to the following statements. 

1. The 26V AC 400-Hz single-phase power is 

a. used to move the vane. 
b. connected to the rotor of the transmitter synchro. 
c. connected to the stator of the transmitter synchro. 
d. connected to the indicator and transmitter rotors. 

2. When the vane moves, a voltage is induced in the stator of 
the transmitter synchro and sends a signal to the 

a. synchro of the individual indicator. 
b. rotor of the transmitter synchro. 
c. ' vane of the transmitter synchro. 

Answers to Frame 11: 1. c 2. b 
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Frame 13 

The linear synchro in the transmitter produces the signal that 
operates the totalizer indicator. The rotor of the linear synchro is 
energized with electrical power from the aircraft power supply via 
the auto transformer. Only two leads of the stator are connected in 
the circuit. A signal ratio of 1 volt per thousand pounds of fuel 
flow must be maintained within the linear synchro for proper indica­
tions to be displayed. Figure 12 shows the linear synchro in a fuel 
flow transmitter. 

Circle the letter of the correct responses to the following 
statements. 

1. The totalizer indicator operates on the signal that is 

a. produced by the synchro transmitter. 
b. supplied by the aircraft AC power system. 
c. produced by the linear synchro. 

2. The stator of the linear synchro has 

a. all three leads connected. 
b. two leads connected. 
c. two leads and the rotor connected. 
d. all three leads and the rotor connected. 

Answers to Frame 12; 1. d 

8^^ 
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Frame 14 

Since only a small amount of rotor movement takes place when the 
rate of fuel flow exceeds 3>000 pounds per hour, a means of stepping 
up the linear synchro output is necessary. This is done by a switch 
that is actuated by a two lobed cam attached to the rotor shaft of 
the individual synchro assembly. This switch is called the Hi-Lo 
switch or the range switch. I'Jhen the rate of flow exceeds 3,000 
pounds per hour, the switch is repositioned from the low position 
to the high position by the mechanical linkage (dotted line from the 
rotor shaft of the individual synchro) and allows a higher voltage to 
be applied to the rotor of the linear syi'.chro. This in turn will send 
a stronger signal to the totalizer indicator causing it to read higher. 
See figure 13 for switch in low position and figure 14 for switch in 
high position. 

Circle the letter of the correct responses to the following 
statements. 

1. The Hi-Lo switch is positioned to the Hi or Lo position by 
the movement of the 

a. movable vane. 
b. rotor shaft of the linear synchro, 
c. rotor shaft of the individual synchro. 

2. When the Hi-Lo switch is moved to the Hi position 

a. a stronger signal is sent to the totalizer indicator. 
b. a weaker signal is sent to the totalizer indicator. 
c. there is no change in the signal sent to the totalizer 

indicator. 

Answers to Frame 13: 1. c 2. b 
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Frame 15 

The autotransformer supplies the low excitation voltage to the 
linear synchro rotor. Tne transformer is energized by 26V AC from 
Che aircraft power supply. See the heavy black lines in figure 13. 
\Then the range switch is positioned to the right, a low excitation 
voltage will be supplied to the linear synchro rotor from the center 
tap of the transformer. This low voltage is used for rates of flow from 
0 to 3,000 PPH. As the rate of flow exceeds 3,000 PPH, the switch moves 
to the left, figure 14, and a higher voltage is applied to the rotor. 
The switching of the rotor excitation voltages is necessary to maintain 
the 1 volt per 1,000 pound per hour ratio within the linear synchro. 
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Circle the letter of the correct responses to the following 

statements. 

via 1. The autotransformer supplies low excitation voltag-i 
Che range switch, to the rotor of the 

a. individual synchro. 
b. adjustable transformer. 
c. linear synchro. 

2. The autotransformer along with the Hi-Lo switch maintains 
1 volt per 1,000 pounds per hour ratio within the 

a. linear synchro. 
b. autotransformer. 
c. adjustable transformer. 
d. range switch . 

Answers to Frame 14: 1. c 2. a 
^l: 
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Frame 16 
7n 

The adjustable transformer is a synchro unit used only as a variable 
transformer in the circuit. When this synchro is installed at the 
factory, the rotor is adjusted and locked in position to provide a zero 
signal output from the linear synchro when the transmitter is at a NO 
FLOW PPH condition. Refer to "igure 13. Notice that the secondary of 
the adjustable transformer is :n series with the stator of the linear 
synchro. Since only two leads of the stator are connected in the 
circuit, only two leads (E&J) appear at the electrical connector plug. 

Circle the letter of the correct responses to the following 
statements. 

1. The rotor of the adjustable transformer 

a. is locked. 
b. turns with the stator. 
c. turns opposite the stator movement. 
d. is locked to use as variable resistor. 

' 2. The adjustable transformer provides a zero signal output 
from the 

a. autotransformer when the transmitter is at a NO FLOW 
condition. 

b. individual synchro when the transmitter is at a NO 
FLOW condition. 

c. linear synchro when the transmitter is at a NO FLOW 
condition. 

d. linear synchro when the transmitter is at a FULL FLOW 
condition. 

Answers to Frame 15: 1. c . 2. a 
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Frame 17 

The individual indicator synchro is connected electrically to the 
synchro "A" in the transmitter. There is a transmitter and indicator 
for each engine, on multi-engine aircraft, see figure 15. This figure 
shows a single engine schematic that is typical of ALL engines. As 
the movable vane is displaced by fuel, the rotor "R" of the synchro 
transmitter is moved. This sends an electrical signal to the indi­
vidual indicator stators which cause the magnetized rotor in the 
indicator to align with the transmitter rotor. The rotor of the 
indicator synchro turns the pointer, indicating the amount of fuel 
flow in pounds per hour, see figure 16. The rotor of the individual 
synchro is a two pole electromagnet similar to the one in the trans­
mitter synchro. 
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Figure 16. 
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Frame 17 (Continued) 

Circle the letter of the correct responses to the following 
statements. 

1. An electrical signal is sent to the individual indicator(s) 
by the movement of the 

a. transmitter synchro rotor, 
bt adjustable transformer. 
c. linear synchro rotor. 
d. E & J leads. 

2. The rotor of the individual indicator is a 

a. two-pole permanent magnet. 
b. two-pole electromagnet. 
c. four-pole permanent magnet. 
d. four-pole electromagnet. 

3. The individual indicator in figure 16 is indicating a fuel 
flow of 

a. 
b . 
c. 

13,000 PPH. 
10,300 PPH. 
1,300 PPH. 

Answers to Frame 16; 1. a 2. c 
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Frame 18 

As previously stated, there is one transmitter and one individual 
indicator for each engine. If there are four engines, there are four 
transmitters; four linear synchros (E&J) connected in series to indicate 
total fuel for all four individual indicators. See figure 17 below. Now 
we are going to add a totalizer indicator to the system. The purpose of 
this totalizer indicator is to indicate the total amount of fuel flow 
for all engines in pounds per hour. The total fuel flow indicator 
consists of two synchro units, a two-phase motor-generator unit, an 
amplifier and a gear train, Two pointers on the indicator indicate the 
total fuel flow in pounds per hour for all engines. The range of this 
indicator is from 0 to 100,000 pounds per hour. Figure 17 shows the 
electrical schematic of a four engine aircraft fuel flow system. Notice 
that the linear synchros of the four fuel flow transmitters are con­
nected in series, and the electrical signal that represents total fuel 
flow is applied to pins A and E of a total fuel flow indicator. 
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Frame 18 (Continued) 

Circle the letter of the correct responses to the following 
statements. 

1. The purpose of the totalizer indicator is to indicate the 
total fuel flow of all engines in 

a. gallons per minute. 
b. gallons per hour. 
c. pounds per minute. 
d. pounds per hour. 

2. The linear synchros in the fuel flow transmitters of a four 
engine aircraft 

a. are connected In series. 
b. are connected in parallel. 
c. operate separate totalizers. 
d. operate the individual indicators, 

Answers to Frame 17: 1. a 2. b 3. c 
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Frame 19 

The totalizer indicator contains a signal amplifier. This amplifier 
receives and amplifies the signal from the linear synchros in the engine 
fuel flow transmitters. The sum of the signal received from the trans­
mitter are applied to the grid of VI, Triode Amplifier Tube, figure 18. 
The amplified signal is used to run a two-phase motor in the totalizer 
(totalizer fuel flow indicator). 
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Figure 18. 

Circle the l e t t e r of the correct response to the following 
statement. 

1. The amplifier i s used to amplify the s ignal from the 

a, autotransformer, 
b. adjustable transformer. 
c, linear synchro in the transmitters. 
d. individual synchro in the transmitters. 

s^•' 

Answers to Frame 18: 1. d 2. a 
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Frame 20 

The totalizer motor-generator unit consists of a two-phase induc­
tion motor and a rate generator. The fixed phase of the motor receives 
its reference voltage from the transformer in the indicator. The 
variable phase receives its voltage from the output of the signal 
amplifier, see figure 18, The rotor of the rate generator receives 
its reference voltage from the transformer, The variable phase output 
is used as a signal dampening feedback signal to the amplifier. This 
prevents the motor from overtraveling, which would cause an oscillation 
movement of the pointer on the dial. 

Circle the letter of the correct responses to the following 
statements. 

1. The variable phase of the two-phase motor receives its 
voltage from the 

a. adjustable transformer. 
b. amplifier. 
c. transformer. 
d. linear synchro. 

2. The fixed phase of the motor has 

a. 6 volts applied to it. 
b. 18 volts applied to it. 
c. 26 volts applied to it. 
d. 115 volts applied to it. 

Answer to Frame 19: 1. c 
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Frame 21 

The t o t a l i z e r indicator transformer i s a mul t i - tap transformer 
which supplies the necessary voltages for indicator operat ion. The 
transformer receives i t s primary voltage from the a i r c r a f t power source 
(26V AC) C terminal. Output voltages of 115, 18, and 6 vo l t s AC are 
avai lable from the transformer. The 115V AC output i s supplied to 
the p la te of the amplifier tube. The 6V AC output of the transformer 
is supplied to the heater of the amplifier tube. The 18V AC output 
is supplied to the fixed phase of the indvction motor and the ro tor 
of the ra te generator, see figure 19. 
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Refer to figure 19 and circle the lettftr of the correct response 
to the following statements. 

1. The totalizer indicator transformer- receives its voltage 
from the 

a. 26V AC power source, 
b. 28V DC power source. 
c. IIOV AC power source. 
d. 115V AC power source. 

go ̂  
^ -.̂  *w 
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Frame 21 (Continued) 

2. The fixed phase of the induction motor and the rotor of the 
rate generator have 

a. 6V AC applied to them. 
b. 18V AC applied to them. 
c. 26V AC applied to them. 
d. 115V AC applied to them. 

3. The necessary voltage for the totalizer indicator operation 
is supplied by the 

a. rate generator. 
b. linear synchro. 
c. indicator transformer. 
d. adjustable transformer. 

4» The plate of the amplifier tuba has 

a. 6V AC applied to it. 
b. 18V AC applied to it. 
c. 26V AC applied to it. 
d. 115V AC applied to it. 

Answers to Frame 20: 1. b 2. b 
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Frame li 

The totalizer linear synchro is the signal nulling unit (that 
stops the pointer) in the indicator. The rotor of the synchro is 
excited by 26 volts AC from the aircraft power source through pin C 
of the electrical connector. Refer to figure 19. The stator output 
signal is used to cancel the signal from the linear synchro outputs 
of the transmitters. This signal is necessary to stop servoloop 
operation when the totalizer indicator reaches the proper indication. 
This is done by stopping current (cut-off) through the amplifier tube. 

Circle the letter of the correct responses to the following 
statements. 

1. The signal nulling unit in the totalizer indicator is the 

a. two-phase motor. 
b. linear synchro. 
c. adjustable transformer. 
d. rate generator. 

2. Tne rotor of the linear synchro is energized from the 

a. autotransformer. 
b. amplifier. 
c. adjustable transformer. 
d. 26V AC power source. 

Answers to Frame 21: 1. a 2. b 3. c 4. d 
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Frame 23 

f 
The totalizer adjustable transformer is used to adjust the output 

of the totalizer linear synchro to zero signal when the totalizer 
indicator pointer is at zero. The adjustable transformer, shown in 
figure 19, is a synchro unit with only two leads of th*? stator con­
nected in the circuit. The rotor is excited by 26V AC from the aircraft 
power source through pin C of the connector. The stator is connected 
in series with the stator of the linear synchro. The rotor of this 
synchro is adjusted when the synchro is installed in the indicator at 
the factory and does not move. The rate generator "B" in the totalizer 
Indicator, provides a dampening feedback signal to prevent the indicator 
pointers from overshooting and oscillating as the servoloop is nulled. 
Notice in figure 19 that the output phase of the rate generator is 
connected in series with the rotor of the"linear synchro. As the 
rate generator turns, a voltage is produced in the output winding 
that is 180° out-of-phase with the linear synchro rotor excitation 
voltage. This out-of-phase voltage will subtract from the linear 
synchro rotor exc;̂  »;ation voltage by an amount proportional to generator 
speed. (When the linear synchro rotor excitation voltage decreases, 
the voltage output of the linear synchro x̂ ill decrease.) This keeps 
the motor from overspeedlng and assures a smooth movement of the 
indicator pointers for small segments of travel. 

Refer to figure 19 and circle the letter of the correct response 
to the following statements. 

1. The rotor of the adjustable transformer is energized by 

a. 
b. 
c. 
d. 

6V AC. 
18V AC 
26V AC. 
115V ACv 

2. The rotor of the adjustable transformer 

a. is fixed. 
b. moves with the rotor of the linear synchro. 
c. is driven by the 2-phase motor, 
d. is driven by the rate generator. 

3. The totalizer adjustable transformer adjusts the output of 
the totalizer linear synchro to zero when the 

a. 'individual indicator pointer is at zero. 
b. totalizer indicator pointer is at ̂ ero. 
c. individual indicator pointer is at 3,000 pounds. 
d. totalizer indicator pointer is at 3,000 pounds. 
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Frame 23 (Continued) 

4. The voltage produced by the variable phase of the rate 
generator and the excitation voltage of the linear synchro 
is 

a. in phase with each other. 
b. 45 degrees out of phase with each other. 
c. 90 degrees out of phase with each other. 
d. 180 degrees out of phase with each other. 

5. What prevents the motor from overspeeding and assures a 
smooth movement of the pointers? 

a. A decrease in rate generator output voltage and a 
decrease in voltage applied to thy linear synchro 
rotor. 

b. A decrease in rate generator output voltage and an 
increase in the output voltage of thy linear synchro 
rotor. 

c. An increase in rate generator output voltage will 
subtract from excitation voltage applied to the 
linear synchro rotor. 

d. An increase in rate generator output voltage and a 
decrease in the 26 volts applied to the linear synchro 
rotor. 

Answers to Frame 22: 1. b 2. d 

Answers to Frame 23: 1. c 2. a 3. b 4. d 5, 

Go back to the beginning of this programmed text and review the 
frames. When you feel you know and understand the objective, you 
are ready to take an appraisal. 
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Instrument/Flight Control Branch 
Chanute AFB, Illinois 

3ABR32531-WB-205 
3ABR32632B-WB-3Q5 

INSPECTION, OPERATIONAL CHECK, TROUBLESHOOTING 
AND BENCH CHECK OF THE FUEL FLOW INDICATING SYSTEM 

OBJECTIVE" 

Given a workbook and trainer, perform an inspection and opera­
tional check of a fuel flow indicating system with an accuracy of 
100% correct workbook responses. 

Given a workbook, test equipment, and trainer, troubleshoot 
the fuel flow indicating system with an accuracy of 75% correct 
workbook responses. , 

Given a workbook, test equipment, and trainer, bench check 
components of a fuel flow indicating system with an accuracy of 
100% correct workbook responses. 

EQUIPMENT 

Fuel Flow Indicator (from trainer) 
Fuel Flow Trainer #2442 
Multimeter and Leads 
Test Set, Field Synchro 
TO 33D2-6-105-1 EXTRACT 
3ABR32531-WB-205 or 3ABR32632B-WB-305 

Basis of Issue 
1/student 
1/student 
1/student 
1/student 
1/student 
1/student 

PROCEDURE 

Remove ALL JEWELRY and follow ALL safety precautions when 
working on electrical equipment. Be sure the trainer is not con­
nected to the power source. Be sure ALL trouble switches on the 
trainer are in the OUT position. DO NOT go behind the trainer to 
perform the inspections. Obtain ALL test equipment from the 
instructor. DO NOT damage the trainer or test equipment. 

Read and understand the TO EXTRACT, before proceeding with 
the bench check. Read ONLY that part of the TO EXTRACT that is 
referenced by this workbook. Some parts of the EXTRACT are not 
needed to complete this project. Place a checkmark (/) on the proper 
blanks. 

^ 

Supersedes 3ABR32531-WB-210, 3ABR32632B-WB-309, 14 August 1974, 
which may be used u n t i l ex is t ing stocks are exhausted. 
OPR: 3360 TTG 
DISTRIBUTION: X 

3360TTGTC-W - 200; TTVSR - 1 
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4. 

5. 

6. 

do2 

Part 1. INSPECTION 

Visually inspect the Totalizer Fuel Flow Indicator for: 

Satisfactory Unsatisfactory 

a. Loose or cracked glass. 

b. Security of mounting. 

c. Condition of fluorescent 
markings. 

d. Condition of pointer. 

Visually inspect //4 Fuel Flow Indicator for: 

a. Loose or cracked glass. 

Security of mounting. 

Condition of fluorescent 
markings. 

Condition of pointer. 

b. 

c. 

d. 

Visually inspect //4 Fuel Flow Transmitter for: 

a. Dented or cracked case. 

b. 

c. 

Security of mounting. 

Damaged electrical 
connector. 

Visually inspect #5 Fuel Flow Indicator for: 

a. Loose or cracked glass. 

b. Security of mounting. 

c. Condition of fluorescent 
markings. 

d. Condition of pointer. 

Visually inspect #5 Fuel Flow Transmitter for: 

a. Dented or cracked case. 

b. Security of mounting. 

c. Damaged electrical connector. 

Visually inspect the electrical wiring for: 

a. Frayed or broken wires. 

b. Scorched or broken 
insulation. 

Cracked or bent connector 
plug. 

Security of mounting. 
So':' 
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1. 

2. 

3. 

A. 

5. 
indicator. 

Part 2. OPERATIONAL CHECK 

Plug trainer into 26VAC 400 Hz outlet (drop cord). 

Make sure all trouble switches are to the OUT position. 

Push all three circuit breakers to the IN position. 

Let totalizer warm up fisr one minute. 

Slowly advance number 4 throttle to 10,000 PPH on #4 

a. Totalizer indicator should indicate 10,000 PPH fuel 
flow + 850 PPH. 

b. Totalizer indicator indicates PPH fuel flow. 

c. System is Satisfactory , Unsatisfactory . 

6. Retard //4 throttle to the closed position. Slowly advance 
#5 throttle to 10,000 PPH on indicator. 

a. Totalizer indicator should indicate 10,000 PPH fuel 
flow + 850 PPH. 

b. Totalizer indicator indicates PPH fuel flow. 

c. System is Satisfactory , Unsatisfactory . 

7. Retard if5 throttle to the closed position. 

8. Slowly advance both //4 and //5 throttles until each 
individual indicator reads 10,000 PPH. 

a. Totalizer indicator should indicate 20,000 PPH fuel 
flow +1,700 PPH. 

b. Totalizer indicator indicates PPH fuel flow. 

c. System is Satisfactory , Unsatisfactory . 

Part 3. TROUBLESHOOTING 

1. Retard /M and //5 thiTottles to the closed position. 

2. Place trouble switch //I to the IN position. 

3. Slowly advance //4 throttle to the full position. Observe 
the indications on //4 fuel flow indicator and the totalizer fuel flow 
indicator while the throttle is being moved. Place a checkmark (/) 
in the proper blanks in Chart 1. 
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4. Retard //4 throttle to the closed position and slowly 

advance if5 throttle to the full position. Observe the indications 
on the #5 fuel flow indicator and the totalizer indicator while 
throttle is being moved. Place a checkmark (/) in the proper blank 
in Chart 1. 

5. Retard #5 throttle and place trouble switch #1 to the 
OUT position. 

Note; REPEAT the above steps for problems 2 through 8 and 
RECORD the indications in Chart 1. 

Trouble 
Switch 
1 

2 

3 

4 

5 

6 

7 

8 

//4 Indicator 
norm , inop •, 
erratic . 

norm , inop , 
erratic 

norm , inop , 
erratic . 

norm , inop , 
erratic 

norm , inop , 
erratic 

norm , inop , 
erratic 

norm , inop , 
erratic . 

norm , inop , 
erratic 

its Indicator 
norm , inop , 
erratic 

norm , inop , 
erratic . 

norm , inop , 
erratic 

norm , inop , 
erratic 

norm , inop , 
erratic 

norm , inop , 
erratic 

norm , Inop , 
erratic 

norm , inop , 
erratic . 

Totalizer 
norm , 
erratic 

norm , 
erratic 

norm i 
erratic 

norm , 
erratic 

norm , 
erratic 

norm , 
erratic 

norm , 
erratic 

norm , 
erratic 

inop , 

• 

inop , 

inop , 
• 

inop , 
• 

inop , 
• 

Inop , 
• 

inop , 

• 

inop , 

• 

Chart 1. 

Note: Have instructor CHECK your indications. 

6. RETARD ALL throttles to the closed position. 

7. Pull all circuit breakers, disconnect trainer from 26VAC, 
400 Hz power source and remove the electrical connectors from the 
indicators and transmitters. 

Note: Be sure ALL trouble switches are to the OUT position. 

8. Connect the leads to the multimeter and zero the meter. 

9. Troubleshoot the fuel flow indicating system by placing one 
trouble switch to the IN position at a time. Use the DIAGRAM on the 
trainer to aid you in troubleshooting. 

a. Do not troubleshoot the "B" lead (shielded lead) at 
Totalizer Indicator. 

5 
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b. When troubleshooting power leads, place one multimeter 
lead under Circuit Breaker terminal at the back of the trainer and 
the other lead in the applicable Test Point in front of the trainer. 

10. Enter the wire number in the appropriate space and place a 
checkmark (/) in the proper blank in column 3 (Kind of Trouble) of 
Chart 2. 

11. Repeat the above procedure for problems 2 through 8. 

Trouble 
Switch 

1 

2 

3 

4 

5 

6 

Wire Number 

1 

' 1 
> i 

Kind of Trouble 

high resistance , open , shorted wires 

high resistance , open , shorted wires 

high resistance , open , shorted wires 

high resistance , open , shorted wires 

high resistance , open , shorted wires 

high resistance , open , shorted wires 

high resistance , open , shorted wires 

high resistance , open , shorted wires 

Chart 2. 

Note: Have instructor check your indications. 

12. Reconnect all connector plugs to the indicators and 
transmitters. 

13. Remove leads from multimeter and place function switch to 
DC volts. 

14. Place the range switch all the way to the right and return 
multimeter and leads to the cabinet. 

15. Make sure all trouble strttches are to the OUT position. 

Part 4. BENCH CHECK 

Note: For 3ABR32531 students ONLY. 

1. Remove an individual fuel flow indicator from //I trainer 
(next to radiator) for bench checking. 

2. Obtain a Sychro Field Tester from tester storage cabinet 
in AC lab. 

«s?.: 
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3. Refer to the EXTRACT of TO 33D2-6-105-1, Section IV, para 
4-1 through 4-5 and figures 4-1 and 4-2 for OPERATION and TEST SET 
UP procedures. 

4. 

5. 

6. 

7. 

8. 

Connect CABLE "A" to power input plug #10 on the tester. 

Connect CABLE "C" to test unit plug //9 on the tester. 

Connect CABLE "G" to CABLE "J". 

Connect CABLE "J" to the Fuel Flow Indicator. 

Plug CABLE "A" in to 115VAC 400 Hz outlet. 

9. Switch "4" of the Synchro Field Test Set should be in CAL 
position and Test Set Switch //2 to the SYN IND position. 

10. Turn power sxri.tch ifll ON at this time. 

Fuel Flow Indicator 

Range: 0-12000 

Dial: A251-BI6A 

FRICTION ERROR 

PPH 

0 

400 

800 

1200 

1600 

2000 

2075 
(EZ) 

2400 

2800 

5000 

9000 

11000 
,. ... 

Before Tap After 

SCALE ERROR 

Tap 

i 

t 
I 

1 

1 

S u 

1 J 
i 
1 

i 

; 

r 

Trans, ill Test 

15" 

47" 

79° 

111" 

143" 

175" 

180" 

207" 

239" 

275" 

315" 

335" 

Exact " S U 

! 
1 
1 

1 

V' 

EZ - Electrical Zero 

EZ is satisfactory 

Chart 3. 

_, unsatisfactory 

Position error is satisfactory 

The indicator is satisfactory _ 

, unsatisfactory 

83 

, unsatisfactory 

Kj 



?/3 

11. To perform the Friction and Scale Error test, rotate the 
knob of transmitter //I of the Synchro Field Test Set to bring the 
pointer to the desired indication. Two readings must be taken; the 
FIRST before taping the instrument and the SECOND after the 
instrument is taped. 

a. The difference between the first and second readings 
must NOT exceed the friction tolerance of 1.5 degrees. 

b. The second reading must NOT exceed the Scale Error 
tolerance of .75 degrees. 

12. To perform the Position Error test, set the knob of 
Transmitter //I of the Synchro Field Test Set at midscale. Take a 
reading with the indicator in a (normal) horizontal position. This 
reading should NOT differ from the readings with the indicator in any 
other position by more than the tolerance of .5 degrees. 

If indications are NOT correct, adjust Trans //I until indicator 
reads the EXACT PPH and record in exact degree column this degree 
reading. 

13. Disconnect test equipment and stow leads. 

14. Replace and connect fuel flow indicator in trainer. 

15. Put test equipment away. 

8'^ • 
— ' v.. JL 



?/-/ 

V... 

T. 0 . 33D2-6-105-1 

REPRODUCTION FOR ATC TRAINING USE ONLY. DO NOT USE ON THE JOB. 

SZCTiON {l 

SPECIAL S!::̂ VJC2 TOOLS 

(NOT APPUCABLE) 

SECTION III 

PREPARATION FO î USE, STORAGE, OR SH1?.VIENT 

3 . 1 . PREPARATION FOR USE. 

3-2. Unpack the Test Set from the shipping contaiJier 
and swing back the protective cover to see that ail 
the cables listed in figure 1-4 rxe in the cable stor­
age compartment adjacent to the instrument panel. 
Make sure that the booklet of calibration tables has 
been mciuded. Allow .lufficient space around the 
Test Set for connecting the test cables to units 
under test. 

3-3. The Test Set requires a power source of either 
115 volU or 26 volts, 400 cp«, single pha<t. Power 
consumption is approximately 25 watta. 

3-4. STORAGE OR SHIPMENT. 

3-5. Refer to specificaUon MIL-P-116C for general 
requirements covering the preservation of equipment 
against corrosion during shipment and.ctorage. 

SECTION IV 

OPERATION 3NSTRUCTIONS 

4-1. GENERAU 

4-2. The instructions given in this senbon refer to 
the operation of the Test Set, and ars not mtended to 
serve as test procedurss f-̂ r the unit under te.st. 
When the Test Set is used in an air'Traft, the booklet 
of calibration tables provided will strve as a con­
venient guide for test values to be obtained from the 
unit under test. Refer to the applicable technical 
manual on the unit under test 'or specific test instruc­
tions, test values, and perml.isible 'clcrances. 

4.3 . OPERATING CONTROLS, 'NC»CA'ORS, AND 
CONNEaiONS. 

•1-4. All the operating controls, indicators, and 
connecting points of the Test ."S-Jt are illustrated m 
figure 4-2 and their function is giver, m figure 4-1. 
In addition to the items listed, two :.-ampere fuses 
arid one 3/8-ampere fuse are 'itted nn the instrument 
panel. Two spare fuses, ono. for each r/pe -ixe 
also mciuded. 

V»/ 

4-5. TEST SETUP PROCEDURES. 

a. Set all switches and icitrols to OFF nr 
countcrciorkwise position. 

;uilv 

b. Connect test adapter cable QB86030-1 to the 
TEST UNIT connector on the panel of the Test Set. 

CAUTION 

Understand the entire operation before 
starting to test a unit. 

A.6. SYNCHRONOUS INDICATOR TEST 
PROCEDURES. 

a. Disconnect the cable from the indicator under 
test m the aircraft. 

b. If a single indicator is to be tested, connect 
Autosyn Synchro test cable QB84998-1 between test 
adapter cable QB86030-1 and the indicator. Connect 
power source cable QB86032-1 to the disconnected 
aircraft cable and to the POWER-INPUT 10 connec­
tor through adapter cable QB86063-1. 

c. If a dual mdicator is to be tested, connect dual 
indicator test cable <3B86029-1 between test adapter 
cable QB86030-1 and the indicator. Connect power 
source cable QB86031-1 to the disconnected 

2-1/3-1/4-1 

83u 
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SecUonlV 
Paragraph 4-0 

T.O. 33D2.6-105-1 

REPRDDUCriON FOR ATC TRAINING USE ONLY. DO NOT USE ON THE JOB. 

CONTROL NOMENCLATURE i'UNCTION 

Autosyn transmitter 1 

TEST SEL switch 

Servoed Autosyn Indicator 3 

SYN IND switch 4 

MOTOR VOLTS FXD 5 control 

MOTOR VOLTS VAR 8 control 

MOTOR VOLTS 7 switch 

AMPL GAIN 8 control 

TEST UNIT 9 connector 

POWER-INPUT 10 connector 

POWER 16 lamp 

POWER 17 switch 

26V 18 and 19 binding posts 

10.8V 19; 'Inding posts 

VTVM 21 and 22 binding posts 

Establishes standard acalnst winch synchronous and ser­
voed indicators are tested. 

Selects the test circuiu, .^r fie vinit tuider test. The 
SYN INS position is used lor testing synchronous indi­
cators; the SERVO position is for testing servoed 
indicators; the MOTOR position is for testing low 
inertia motors; the TRANS position is (or testing trans­
mitters; and the DIFF. position is (or testing 
differentials. 

Used as standard for testing accuracy of transmitters and 
differentials under test. 

Selects the lest circuitry for the type of test being per­
formed on synchronous indicators. The E-Z position 
is used for checking electrical zero, and the CAL posi­
tion is used when performing calibration tests. 

Varies voltage applied tn fixed-phase windings of low 
inertia motors when MOTORS VOLTS switch is In 
FIXED 0 position. 

Varies voltage applied to variable-phase windings of low 
InerUa motors when MOTOR VOLTS switch is In VAR 9 
position. 

Enables monitoring and adjustment of low inertia motor 
phase voltage at vtnn binding posts. 

Varies gain of servo amplifier in Test Set. 

Provides connection on Test Set to unit under test 

Provides cornection on Test Set to power source.. 

Provides indication that Test Set is energized when 
POWER Switch is ON. 

C.vtrols input power to the Test Set. 

Provide connection for monitoring test circuits for 26 
volts. 

Provides connection for monitoring test circuits for 
10.8 volts. 

Provide ccnn»ctions,(or monitoring motor fixed-phase 
voltage, variable phase voltage, and servo nulls. 

Figure 4-1. Operating Controls, Indicators, and Connections 

aircraft cable and to the POWER-INPUT 10 connector 
through adapter cable QB86063-1. 

d.. See that aircraft power is on. 

e. Set the POWEP 
The POWER 16 1-
's» To,» Set 

" - « Test Set to ON. 
s'lcuio 18 on, indicating that 
v< •' ; a vtvm or 

voltohmmeter. check a-c vvltage.i at 26V 18 and 19 
oinding posts for 26 volts tlO percent and at 10.8V 
19 and 20 binding posts for 10.3 volts ilO percent. 

Note 

If the indicator is tested on a test bench 
rather than in an aircraft, use power source 

IQ 
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T..0...3302-6-105-1 
UPMBPCriOi yOR AIC TKAIMOW QSB OMLT. DO NOT USB ON THE JOB. 

Flgura.4>2. SlsracJuro tejtromwtf Fialci TMt S»t, Tff 13tl9-2A, FroDt Tand 

*/ 

cabla QBd8062>l to cooctct to a 115-volt, 
400 cp« power supply,- and di^ragarcl powtr 
sourct cablMB QBiKiUl/SIMiOn'l, asd 
Q3JI6033.1. 

4.V. ZLZCnaCJO. ZERO CH£C2C 

0. Set the TEST SEL switch to SYMIND aad ths 
SYN INS 4 switch to E-Z. 

b. Tilt indieator under teat will aa«ume iti electri­
cal zero position. Check the value agaiast the call' 
braUou Talue ^or the unit under test. 

4-S. ANGLE CHECK. 

a. Set the SYNIND 4 switch to CAJu, and rotate the 
test set trahsmitter "1" to the angles specified ior 
the unit under Ust, using the ralihntlon booklet for 
the proper aagla settiap. 

b. The indicator under test should follow the Test 
Set transmitter wltbla the applicable tolerance* 
specified ta the teehaleal aaaaual for the indicator 
under test 

c. Turn POWER 17 switch to 0F7 (dowB) poalttOB. 

d. Remove coonectloos from unit under teet. 

4 ^ . SSaVOlO INDICATOR ANGU CKKX. 

a. Oiscoonect the cable from the servoed irdicator 
under test is the aircraft. ^ 

b. Connect servoed indicator ust cable QBa4M7-l 
between ust adapUr cable QB86030-laadtheservoed 
indicator under test. 

c. Set TEST SEL 2 switch to SERVO. 

11 4.3, 
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SeeUon Ff 
Paragraphs 4-9 to 4-14 

T.O. 33D2-6.105 1 

d. Connect power source cable QB86033-1 to the 
disconnected aircraft cable. 

e. Set the POWER 17 switch to ON. 

f. Cheek power supply voltages at 26V 18 and 19 
binding posts for 26 ±10 percent volts and at 10.8V 
19 and 20 binding posts (or 10.8 tlO percent volts. 

g. Turn AMPL GAIN 8 control iully clockwise, 
/illow the SERVO amplitier to warm up (or at least 
one minute 

Note 

The signal input voltage to the amplider can 
be monitored by connecting a vtvm across the 
VTVM 21 and 22 binding posts. 

h. Route the Test Set transmitter 1 to the angles 
specKied in the calibration booklet for the servoed 
mdicator under test. 

i. The servoed indicator should follow the test set 
transmitter settings within the applicable tolerance 
specified (or the indicator under test. 

4-10. LOW INERTIA MOTOR DIRECTION TEST. 

a. Set TEST SEL 2 swUch to MOTOR. 

b. Set MOTOR VOLTS 7 switch to FULL to apply 
26 volts to the motor windings. The pointers o( the 
servoed indicator under test should move in a clock­
wise direction. 
4-t l . LOW INERTIA MOTOR FKED PHASE 
•STARTING VOLTAGE TEST. 
a. Set MOTOR-VOLTS 7 switch to FXD 0. 

b. Set MOTOR VOLTS VARO 6 control fully clock­
wise. 
c. Slowly rotate FXD© MOTOR VOLTS control 5 

cV -Icwise until the pointers of the indicator under 
test begin to move. Monitor the (ixed-phase start­
ing voltage at VTVM 21, 22, binding posts and 
compare the value with the specification value. 

4-.2. LOW INERTIA MOTOR VARL\BLE PHASE 
STARTING VOLTAGE TEST. 

T^. Set MOTOR VOLTS VAR© 6 control and MOTOR 
VOLTS FXDo 5 control fully counterclockwise. 

b. Set MOTOR VOLTS 7 switch to VAR© . 

c. Set MOTOR VOLTS FXD0 5 control fuUy 
clockwise. 

d. Slowly move .MOTOR VOLTS 6 cootrol clockwise 
until the pointer of the mdicator under test begins to 
move Monitor t.'ie variable phase starting voltage 
across the VTVM 21, 22 binding posts. Compare the 
value with the specification requirement. In no case 
should the starting voltage (fixed or variable phase) 
exceed 200 millivolts. 

e. .Set POWER 17 switch to off (down) poslUon. 

4-13. TRANSMITTHR TEST PROCEDUKE. 

a. Disconnect tne cable (rom tne transmitter or 
drferential under test in the aircraft. 

b. Connect powor source cable 0^306032-1 to the 
disconnected aircraft caole and to the POWER-INPUT 
10 connector thmugh adapter cable QB86063-1. 

c. Connect Autosyn synchro test cable QB84998-1 
between test adapter cable QB86030-1 and the unit 
under test. 

d. Set the TEST SEL 2 switch to TRANS. 

e. Set the POWER 17 switch to ON. 

f. Check power supply voltages as described In 
paragraph 4-9, step (. 

g. Turn the AMPL GAtN 3 control (uUy clockwise. 
Allow the servo amplider to warm up (or at least 
one minute before proceeding. 

h. Rotate the unit under test to tne angles sprscifled 
for that unit in the test specifications and see that 
the Test Set indicator shows the required values. 

1. O.T completion of tesis, set all switches to their 
OF" or fully cou.-.terclockwise positions and remove 
connexions (rom onit tested. 

4-14. DIFFERENTIAL TEST PROCEDURE. 

When '.he Test Set is used to test di((erential 
Auiosyns synchros, use the procedure described in 
parag-aph 4-13. fir transmitters, but set the 
TEST SEL 2 switcn to OIKF. 

REPRODUCTION FOR ATC TRAINING USE OJJLY. DO NOT USE ON THE JOB. 
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PROGRAMMED TEXT 
3ABR32531-PT-206 

^/9 

Flight Training Devices/Instrument Branch 
Chanute Air Force Base, Illinois 

OBJECTIVES 

Without references, identify facts pertaining to the purpose, 
operation, and/or characteristics of typical engine pressure ratio 
systems with an accuracy of 70%. 

INSTRUCTIONS 

This programmed text presents information in small steps called 
"frames." After reading the information in each frame, you are asked 
to actively respond in this booklet. Check the accuracy of your 
response with the correct answers that are given in the following 
frame. If you tnake an incorrect response, study the frame again 
before going on to the next frame. DO NOT HURRY! 

Su'^ersedes 3ABR32531-PT-206, 3ABR32e32B-?T--306, 22 Augi-st 1977. 
OPR: 3360 TCHTG 
DISTRIBUTION: X 

3360 TCHTG/TTGU-F - 300; TTVSA - 1 
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Frame 1 

Today's modem aircraft have several instniments installed to 
monitor engine performance. On early propeller driven aircraft, 
horsepower was computed with readings taken from the tachometer (rpm) 
and the torque pressure indicator. As time progressed, the jet engine 
was introduced. On early jet engines, tachometer (rpm), fuel flow 
and exhaust gas temperature indicators provided the pilot with an 
indication of engine efficiency, but from these indications, the 
power output of the engine can only be estimated. The -only accurate 
method of determining the thrust produced by a jet engine is to 
measure Che ratio of engine inlet pressure to engine exhaust gas 
pressure. The engine pressure ratio (EPR) system was designed for 
this purpose. 

Circle the correct letter for the following statements. 

1. The purpose of the engine pressure ratio system is to 
measure the ratio between the inlet air 

a. pressure and exhaust gas temperature. 
b. pressure and exhaust gas pressure. 
c. temperature and exhaust gas teaperature. 
d. temperature and exhaust gas pressure. 

84^ 
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Frame 2 

The engine pressure ratio (EPR) system is made up of an inlet 
probe, exhaust probe, transducer and indicator.-̂ .̂Ŝ e figure 1. We 
will learn about each of these items in the following frames. 

TRANSDUCER 

PRESSURE IN 

SEALED CASE 

•/STNOUOTJ-

NDICATOR 

SYNCHRO I> 

PRESSU«E OUT 

Figure 1. 

NO RESPONSE REQUIRED 

Answer to Frame 1: 1. b 
ŝ : 
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Frame 3 

Inlet probe (P^o^ * 

exhaust probe (̂,.7) • 

The EPR systems four main components are: 

1. 

2. 

3. indicator. 

4. transducer. 

They are located on a typical aircraft as shoxra in figure 2. 

The transducer is mounted near the engine and receives P „ and P 

pressures through stainless steel tubing. It converts the difference 
between these two pressures into electrical signals. The indicator on 
the Instrument panel uses these transducer signals to present EFR 
indications. 

EXHAUST froic 

ClECTttCAl 

CONNtCTOH 
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Frame 3 (Continued) 

Circle the correct ansv/ers to the following responses. 

1. The exhaust pressure probe and transducer are connected by 

a. electrical wire. 

b. steel tubing. 
c. rubber hose. 
d. copper pipe. 

2. While in the process of replacing a transducer, you would 
be working 

a. in the pilot's compartment. 
b. in the exhaust tail pipe. 
c. back of the propeller. 
d. near the engine. 

3. Inlet and exhaust pressures are applied directly to the 

a. transducer^ 
b. indicator. 
c. indicator and transducer. 
d. engine. 

4. Exhaust pressure is 

a. applied to the indicator. 
b. F T. 

t7 
c. less than atmospheric pressure. 
d. P^2' 

S'l: 
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Frame 4 

Pressure ratio systems are used on jet engine powered aircraft. 
Inlet and exhaust pressures are "picked up" by small tubes (probes) 
inserted into the engine as shown in figure 3. Inlet pressure is 
referred to as P - and is the total inlet pressure at engine station 

tz 
number 2. Exhaust pressure is referred to as P ^, and is che total 

pressure at engine station nvuaber 7. When the engine is operating, 
P _ is greater than P ,• 

INltT 
rtott 

PRESSURE IN 
PRESSURE OUT 

Figure 3. 

1. Select the correct response. 

a. If pressure in ONE probe is 14 PSI and the other probe 

b. 
c. 

is 6.0 PSI, 14 PSI pressure is on the P ^ probe. 

A B-52 jet aircraft would use a pressure racio system. 
Inlet pressure is greater than P _ pressure. 

Pressure ratio is a measure of reciprocating engine thrust. 

Answers to Frame 3: 1. b 2. d 3. a 4. b 
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Frame 5 

Since engine pressure ratio is an accurate means of determining 
the thrust produced by a jet engine, the EPR indicator in the cockpit 
is a valuable aid to the pilot. By observing the EPR indications, the 
pilot can fly his aircraft more efficiently and safely. From performance 
charts in the flight manual, the pilot can determine the takeoff (thrust) 
pressure ratio number. By setting the throttle to obtain this EPR 
niimber on the EPR indicator, the pilot is assured of having the proper 
thrust for takeoff. On multi-engine aircraft, the pilot can set the 
same EPR number on all engines to maintain engine balance. Figure 4 
shows the EPR indicator with the vernier dial. 

Figure 4. 

Refer •-.o figure 4 and complete the following statements. 

1. The main dial of the indicator is graduated from 

a. 
b. 
c. 
d. 

1.0 
1.2 
2.2 
2.3 

to 
to 
to 
to 

3 .4 . 
3 .4 , 
3 .4 . 
3 .4 . 

2. The EPR indicator indicates to the pilot (during engine 
operation) the proper 

a. rpm for takeoff. 
b. oil pressure for takeoff. 
c. thrust for takeoff. 
d. torque pressure for takeoff. 

5^-^ -" ^ o 

Answers to Frame 4: 1. b 
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Frame 5 (Continued) 

Circle the correct answer(s) to the following statements. 

3. The engine pressure ratio (EPR) system is an aid to the pilot. 
It enables him to 

a. set the throttles for proper torque pressure. 
b. set the throttles for proper engine balance (equal power 

output from all engines on multi-engine aircraft). 
c. set the throttles for the greatest amount of thrust 

during cruise. 
d. detect loss of engine thrust. 

4. One use of the engine pressure ratio system is to 

a. prevent engine overheating. 
b. prevent engine overspeeding. 
c. enable the pilot to set the throttles for takeoff thrust. 
d. control engine oil pressure during cruise condition. 

<?/•;-
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Frame 6 

Indicators with vernier dials have the main dial graduated from 
1.2 to 3.4 pressure ratio units. Each increment (mark) represents 
.1 EPR unit. The vernier dial has 10 increments and each increment 
represents .01 EPR unit. See figure 5. Since the vernier pointer 
makes one complete revolution for each graduation of main pointer 
movement, the veiniier pointer moves much faster. The synchro that 
drives the vernier pointer is called the high speed indicator synchro. 
The synchro that drives the main pointer is called the low speed 
indicator synchro. As in all synchros, each of the indicator synchros 
contain a "wye" connected stator and a coil rotor. Each rotor shaft 
is directly connected to the indicator pointer that it drives. There 
are no mechanical stops to limit either pointer. See figure 5 and 
figure 6 to see how the synchros are connected to the pointers. 

MAIN OIAI 

VERNIEK OIAI 

lOW SFtEO 

HIGH SPtCO 

Figure 5. Figure 6. 

Refer to figures 5 and 6 to complete the following statements. 

1. For each complete revolution of the vernier pointer, the 
main pointer will move 

a. one-half increment. 
b. one increment (graduation). 
c. one-half revolution. 
d. one revolution. 

2. The high speed indicator synchro moves 

3. 

a. the small pointer 
b. the large pointer 
c. both pointers at the same time. 

The large pointer of the indicator is driven by 

a. the low speed syncl-.ro. 
b. the high speed synchro. 
c. both synchros. 

Answers to Frame 5: 1. b 2. 3. b 4. 

8 IJ 
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Frame 7 

You may be confused as to tSS-meaning of the number on the dial. 
The following is an explanation: They mean 3in?)ly this - If you 
divide P^, by P^, your answer is the ratio of the two pressures. 

t? t2 
For example, if P 7 pressure is 6.9 and P _ is 3.0 inches of mercury, 

their ratio is | ~ » 2.3. The indicator then, reads 2.3 EPR units 

with these pressures applied to the operating transducer. See figure 
7. 

Figure 7, 

Complete the .ollowing statement by filling in the blank. 

1. The indicator in figure 7 indicates EPR units. 

Answers to Frame 6: 1. b 2. a 3. a 

5̂  KJ 



Frame 8 

Engine pressure ratio transducers are manufactured by several 
different companies. Figures 9 and 10 illustrate two commonly used 
transducers manufactured by AiResearch ?"d Minneapolis-Honeywell. 
Although these two components are physic .Ly different, their operation 
is very similar. These two transducers are interchangeable. Both 
of these transducers require 115 volt, AOO-Hertz single-phase AC 
power for operation. Neither transducer is hermetically sealed and 
can be disassembled for maintenance. 

AIICSEAICH 

TUBING 

MINNEArOU$410NeYWfLl 

TUIINC 

HtCTRlCAL 
CONNECTION 

ElECTKICAl 

CONNECTION 

Figure 8. Figure 9. 

Refer to figures 8 and 9 to complete the following statement, 

1. The transducers shown in figures 8 and 9 

a. look the same. 

b. are interchangeable. 
. c. have one tube and one electrical connector, 
d. have «-wo tubes and are physically the same. 

o,-; '• 

Answer tn Frame 7: 2.3 

10 
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Frame 9 

The transducer we are going to discuss is manufactured by 
AlResearch. The transducer converts the ratio between the inlet â id 
the exhaust pressure into an electrical signal to operate the two 
synchros in the indicator. In the follor/ing frames we are going 
to discuss the units inside the transducer and how they work. Figure 10 
shows the AlResearch transducer. 

TUIIHC 

Figure 10. 

Circle the letter preceding the correct response. 

1. The purpose of the EPR transducer is to 

a. convert an electrical signal to a pressure ratio. 
b. indicate the rpm of the engine. 
c. c nvert a pressure ratio into an electrical signal. 
d. indicate the fuel pressure to the engine. 

Answers to Frame 8: 

85. 
13 
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Frame 10 

The AiResearch transducer illustrated below in figure 11 uses a 
beam, pressure bellows and movable fulcrum to convert pressures (P „ 

and P _) into mechanical movement. The balance beam is the horizontal 

bar in the center of the figure. The movable fulcrum supports its 
left end. "Resistance" is applied to the top side of the beam as 
P _ and P 2 pressures are applied to the high side pressure bellows. 

P 2 pressure is also applied to the evacuated bellows. Effort is 

applied to the underside of the beam as P _ and/or P _ pressures actuate 

the low side pressure bellows. As P - and/or P _ pressure changes, 

the forces applied to the beam change and the beam becomes unbalanced 
(tilted). An electric motor in the transducer then moves the fulcrum 
in the direction to rebalance the beam. 

a<::=j 
n-2 

pt. 

Figure 11. 

8 
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Frame 10 (Continued) 

Complete the following statements by filling in the blank spaces. 
Refer to figure 10 for information if necessary. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

P - is jet engine 

P ^ is jet engine 

pressure, 

pressure. 

When pressures change, the beam .-

When the beam tilts the ____„___ moves to rebalance the beam. 

The beam tilts when P « or P , pressures expand or contract 
the . " ^' 

A moves the fulcrum. 

The fulcrum is always moved in the direction to 
the beam. 

Surrounding the outside of the evacuated bellows Is 
pressure. 

P - pressure is applied to the 

bellows. 

P „ pressure is applied to the 

bellows. 

of the two pressure 

of the two pressure 

The schematic shown in figure 12 is a transducer manufactured 
by ___________ company. 

Forces that unbalance the beam are produced by P j and P ̂  

pressures applied to the . 

Answers to Frame 9: 1. 

85. 
15 
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Frame 11 

A schematic of the AiResearch transducer is shown in figure 12. 
Notice the DC motor and the mechanical arrangement used to turn the 
jackscrew and thus move the fulcrum. Note also the contactor assembly 
of one end of the beam. The beam is electrically grounded and, when 
tilted, grounds one contact or the other. 

Tlie functions of the electrical system within the transducer are 
listed below: 

1. An electronic power source within the transducer furnishes 
DC voltage to che transistors and motor and AC voltage to the 
synchros. The power transformer steps down the AC voltage, which is 
changed to DC by TWO rectifiers. 

2. The motor control circuits start and stop the motor and 
control the direction of rotation. These circuits consist of a 
contactor assembly, two transistors, the motor coil, and their 
donnections to the power transformer. 

The two transistors control motor current. Both transistors 
have reverse bias. In this reverse bias condition (as shown in figure 12) 
they act as open switches, so that the motor will not operate. 

Mark the following statements true (T) or false (F). 

1̂. The motor chat turns the jackscrew operates on DC. 

2. The rectifier converts AC to DC. 

3. P - is applied to the inside of the pressure bellows. 

Answers to Frame 10; 1. 

5. 

8. 

12, 

inlet 2. exhaust 3. 

bellows 6. motor 7. 

? . 9. outside 10. 

be.! lows 

tilts 4. 

rebalance 

inside 11. 

fulcrum 

AiResearch 

16 
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This illustration is to be used in frame 11. 

^jy 

HIGH SIOI 

-MtSSURC l e u o w s 

|up»»»M>^im.unim»»YV^ 

CO a CEVACUATED; 

BELLOWS 

Pta 

CONTACTOR ASSY 

TRANSMITTER 
SYNCHROS—* 

.low s«eD 

t 
HIGH SPEED 

GC MOTOR 

JACKSCREW 

rC: 
28V 400'N' TO 
SYNCHRO ROTORS 

4 
RECTIFIER 

115V 400/x i 

•11-
POWER TRANSP 

4 4 

l O W SIDE 

PRESSURE 

l E l l O W S 

_ ^ TO POWER 
TRANSF. 

JMinER 

^ . 

0 3 

zap». 

. p t . 

Figure 12, 
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Frame 12 

Figure 13 is an illustration of the events that occur when the 
beam is unbalanced and the fulcrum is moving to a lower EPR position. 
(Arrows portray current flow in the motor circuit.) As the motor 
turns, the TWO synchro transmitter rotors turn to generate indicator 
synchro signals. 

When P^^ pressure decreases, the balance- beam tilts down, the 

lower contactor assembly is grounded as shown in figure 13. The 
transistor Ql now has forward bias and acts as a CLOSED switch. 
Current flows chrough the motor, the motor runs to rebalance the beam 
and opens the ground lead stopping the DC, motor. 

DECREASES 

115 V 400'-\/ 

Figure" H." 

Complete the following sta-.euer.cs by filling in the blanks. 

1. The transducer has transistors. 

2. The contactor assembly is located on one end of the 

3. The beam is electrically ^____ . 

T 1,. Answers to Frame 11: V' F 3. 

85r; 
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Frame 13 

See figure 14. The balance beam upper contacts (as shown) are 
closed when P _ pressure increases. This ground provides forward 

bias for Q2 transistor allowing the DC n»tor to run, moving the 
fulcrum, repositioning the beam to NULL (centered position), opening 
the ground lead and stopping the DC motor. 
INOICATOK 

CARtlACE ASSEMtLY 

• lOW into 

CONIACTO« ASSY 

HIGH sniD 

oc MOtor 

MCKfCIEW 

H rCZC 

115V iOO/v 

•If-

n 
3'^. 

l o w SIDE 

PRESSURE 

• E l l O W S 

• ^ ^ 

^OWER T«ANSr. 

-tr-i 

TRANSISTORS (DC MOTOR CONTROl) 

EMITTER. 

GROUND POTENTIAl 

INCREASES 

Figure 14. 

Complete Che following statements by filling in the blanks. 

1. The transistors are used as electrical . 

2. Indicator voltage signals are generated in the synchro 

3. Components of the E?P. -ays tarn include a and an 

4. 
bias causes the CO stop, which the beam. 

85.' •(3 
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Frame 13 (Continued) 

Refer to figure 14 to complete the following statement. 

Circle the correct answer to the following responses. 

5. With the DC motor running, the jackscrew will turn and the 
moveable fulcrum will re-center the beam and 

a. remove the ground from Q2. 
b. apply ground to Ql. 
c. open P 2 ports. 

d. close P _ ports. 

6. When engine speed increases, P _ pressure will increase. 
This will cause 

a. the fulcrum to move to the right. 
b. Ql to have forward bias. 
c. Q2 conducts current flow. 
d. P _ pressure expands lower bellows. 

Answers to Frame 12: 1. two beam 3. grounded 

lO 
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Frame 14 

Reference schematic diagram, figure 15, to answer questions on 
frames 14 through 19. 

The voltage requirement for the operation of this system is 115V AC 
400-hert2, single-phase AC. This voltage is applied to the primary of 
the Tl transfoinner. The primary of this transformer is tapped and 
26V AC is picked OFF to power the rotors of the synchros of the trans­
ducer and the indicator. The Bl and B2 synchros are located in the 
transducer. 

Circle the letter preceding the correct response. 

1. Tl transformer has 

a. 37-volts DC applied to it. 
b. 26V AC, 400-H2, single-phase AC applied to it. 
c. 115V AC, 400~Hz, single-phase AC applied to it. 

Answers to Frame 13: 1. switahas 2. transmitters 3. transducer 

and Indicator 4. reverse, aotor, nulls (re-center) 

5. a 5 c 

9s , 21 
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Frame 15 

See figure 15. 

The secondary of Tl transformer steps the 115V AC down to 37V AC. 
The FOUR rectifiers are used to rectify the AC to DC for the operation 
of the motor and transistors. 

Circle the letter preceding the correct response. 

1. The FOUR rectifiers are connected to terminals 

a. 4 and 5 of the secondary. 

b. 5 and 6 of the secondary. 
c. 4 and 6 of the secondary. 

Answers to Frame 14: 1. c 

22 
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Frame 16 

Sae figure 15. 

The transistors act as electronic switches. They have a reverse 
bias voltage applied to the base. As long as this reverse bias 
voltage Is applied to the base, the transistors will NOT conduct and 
act as an OPEN switch. When the beam contacts CLOSE, a ground is 
applied to the base of the transistor and forward bias is applied 
to that transistor. This will allow the transistor to conduct. 

Circle the letter preceding the correct response. 

1. When the top beam contact is closed, transistor 

a. 

b. 

c. 

a. 

Ql will conduct because reverse bias is applied to the 
base. 
Q2 will conduct because reverse bias Is applied to the 
base. 
Q2 will conduct because forward bias is applied to the 
base. 
Ql will conduct because forward bias is applied to the 
base. 

Answer to Frame 15: 1. c 

88 
23 
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Frame 17 

See figure 15. 

There is a set of limit switches, SI and S2, mounted so that as 
the moveable fulcrvun reaches its limit of travel, it will OPEN one of 
these switches opening the circuit. This causes the motor to STOP 
running. These switches are to prevent overtravel and jamminR of the 
fulcrum. 

Circle the letter preceding the correct response. 

1. When switch SI opens, it will break the ground to 

a. Q2 transistor. 

b. Ql transistor. 

c. the DC motor. 

2. The units that prevent fulcrum overtravel are 

a. the beam contacts. 

b. SI and S2 switches. 
c. Ql and Q2 transistors. 
d. Bl and B2 synchros. 

8 >'̂  '-̂  

Answer to Frame 16: 1. c 

24 
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Frame 18 

See figure 15. 

The high speed and low speed transmitter synchros are mechanically 
connected to the DC motor through a gear train. The DC motor drives 
these TWO synchros and they, in turn, will send a signal to the TWO 
synchros in the indicator. The indicator will then show an increase 
or decrease in EPR depending on which way the motor turns. 

Circle the letter preceding the correct response. 

1. The Bl synchro is the 

a. high speed synchro in the indicator. 

b. low speed synchro in the transducer. 
c. high speed synchro in the transducer. 
d. low speed synchro in the indicator. 

Answers to Frame 17: 1. a 2. b 

8k 
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Frame 19 

See figure 15. 

The EPR system during operation can cause unusual indications on 
the indicator. If P line becomes OPEN with aircraft on the ground, 

the indicator will read the same and show an increase during flight. 

If P , line becomes OPEN with aircraft on the ground, indicator 

will read LOW, and also during flight. 

Circle the letter preceding the correct response. 

1. When a leak occurs in the P - line, the indication will be 
• t^ 

a. normal on the ground and high in the air. 
b. normal on the ground and low in the air. 
c. low on the ground and low in the air. 
d. low on the ground and high in the air. 

2. When a leak occ-trs in the P j line, the indication will be 

a. high EPR indication. 
b. erratic EPR indication. 
c. low EPR indication. 
d. normal EPR indication. 

8?- ; 

Answer to Frame 18: 1. c 

26 
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Rl 
1200 

% 

R3 
1200 

R2 
ISO 

POWER 

I 20 I 

^ 0.1 

GROUND 

HIGH SPEED J 
SYNCHRO OUTPUTJ 

3SV 400< Ht AC 
USV, 400- Hx AC 

GROUND 
LOW SPISOf 

SYNCHRO OUTPUT I 

01 

Ik' 

Q2 

CRl 

CR2 

LOAO 

•^ I 
FLl 

g. T- 0.1 
5"cj 
TT 0.1 
"*« ^ CR5 

CR6 
H 4 -

cs 
60 

NOTES: VALUES IN OHMS, MICROFARADS, AND MILUHENRIES. 

• DENOTES RELATIVE ORIENTATION OF WINDINGS, 
i r V TEST POINTS 

Figure 15. 

Answers to Frame 19: 1. a 2. c 

TEST 
POINT 

8 

•TEST 
VOLTAGE 

3tV 400- Ht AC 
•37V DC 
•2VDC 
-30V DC 
-30V DC 

• 3.5V DC 
•3.5V DC 
• 15V DC 

TOLERANCE 

• 

* 
av,.3v 

>- * 1 3 % 

•ALL TEST VOLTAGES MUST BE 
MEASURED WITH RESPECT TO 
GROUND. 0 0 NOT MEASURE 
VOLTAGES OTHER THAN THOSE 
tNDlCATXO. 

27 
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Instrument/Flight Control Branch 
Chanute AFB, Illinois 

3ABR32331-WB-206 
3ABR32632B-WB-306 

INSPECTION, OPERATIONAL CHECK, TROUBLESHOOT AND BENCH 
CHECK THE ENGINE PRESSURE RATIO SYSTEM 

OBJECTIVES 

Given a workbook, tools, test equipment, and trainer, perform an 
inspection and operational check of an engine pressure ratio system 
with an accuracy of 100% correct workbook responses. 

Given a workbook, test equipment, and trainer, troubleshoot the 
engine pressure ratio system with an accuracy of 100% correct workbook 
responses. 

Given a workbook, test equipment, and trainer, bench check 
components of an engine pressure ratio system with an accuracy of 100% 
correct workbook responses. 

EQUIPMENT 

3ABR32531-WB-206/3ABR32632B-WB-306 
Tester, Pneumatic Part //268000 
Trainer, Engine Instrument #2951 
Multimeter 
Sjmchro Instrument Field Test 
Set (EPR Indicator) 

TO 1B-52B-2-6 EXTRACT 
TO 5P3-4-32-3 EXTRACT 
TO 33D2-6-85-41 EXTRACT 
Wrench (3/8 X 9/16) 

Basis of Issue 
1/student 
1/student 
1/student 
l/student 

1/student 
1/student 
1/student 
1/student 
l/student 

PROCEDURE 

Remove ALL JEWELRY when working with electrical equipment. Observe 
ALL safety precautions. Follow the instructions in the TO EXTRACTS and 
the workbook to prevent damaging the trainer or test equipment. The 
TO EXTRACTS are attached co the BACK of this workbook. Place a checkmark 
(/) on the proper blanks. 

Note: Obtain ALL necessary equipment BEFORE starting lab. 

Part 1. INSPECTION 

1. Visually inspect the transducer for: 

a. Worn or broken shock mounts. 

b. Dented or broken case. 

SAT UNSAT 

Supersedes 3ABR32531-WB-211, 13 January 1975, which may be used u n t i l 
exist ing stocks are exhausted. 
OPR: 3360 TTG 
DISTRIBUTION: X 

3360 TTGTC/W - 300; TTVSP. - 1 2 
O V ' 1 
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c. Damaged electrical connector 

d. Security of mounting. 

2. Visually inspect the EPR indicator for: 

a. Cracked or loose glass. 

b. Condition of fluorescent markings. 

c. Condition of pointers. 

d. Dented or cracked case. 

e. Damaged electrical connector. 

f. Security of mounting. 

3. Visually inspect the electrical wiring for: 

a. Frayed or broken wire. 

b. Damaged connector plugs. 

c. Scorched, frayed, or broken insulation. 

d. Security of mounting. 

e. Trouble switches in "OUT" position. 

Part 2. OPEBATIONAL CHECK 

1. Refer to the EXTRACT from TO 33D2-6-85-41, section II, 
paragraph 2-7 through 2-9a and b for the Operation of the Tester. 

a. The LEAK check is satisfactory , unsatisfactory 

Note: Using the hose in tester, connect it to the exhaust port 
of the transducer. Use the pressure system ONLY; PUMP UP pressure 
as NEEDED while performing the following checks. 

2. Perform the operational check on the EPR system using the 
EXTRACT from TO 1B-52B-2-6, paragraph 3-80, steps 4 through 14. 

Note: While performing steps 7 through 14, TAP EPR indicator 
lightly to remove friction error in indicator. 

unsat 

unsat 

unsat 

a. The EPR indicator test in step 7 is sat 
__, Indicator Reading . 

b. The EPR indicator test in step 8 is sat 
, Indicator Reading . 

c. The EPR indicator test in step 9 is sat 
__, Indicator Reading . 

S&d' 
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unsat 

unsat 

unsat 

unsat 

d. The EPR indicator test in step 10 is sat 
, Indicator Reading . 

e. The EPR indicator test in step 11 is sat 
, Indicator Reading . 

f. The EPR indicator test in step 12 is sat 
, Indicator Reading . 

g. The EPR indicator test in step 13 is sat 
, Indicator Reading . 

h. The EPR indicator test in step 14 is sat , 
^^^^^ » Indicator Reading . 

Part 3. TROUBLESHOOTING 

1, Pump UP pressure to 40 psi. 

2, Place trouble switch ifl to the IN position. 

a. OPEN PT 7 pressure valve and observe the indication 
on the EPR indicator while indicator is going upscale, then CLOSE the 
valve. 

normal 
b. Main pointer indication is erratic inoperative 

c. Vernier pointer indication is erratic 
inoperative normal , 

3. Place trouble switch //I to the OUT position and place trouble 
switch J?2 to the IN position. 

a. Using valve //3, bleed the pressure OFF and NOTE the 
indication on the EPR indicator, while the indicator is GOING downscale. 

normal 
b. Main pointer indication is erratic inoperative 

c. Vernier pointer indication is erratic 

inoperative ____^ normal . 

4. Place trouble switch //2 to the OUT position. 

5. OPEN valves l'through 5 and bleed down pressure in tester. 
6. Disconnect tester, stow the hose and close the tester. 

Return wrench to the tool box. 

7. Turn OFF the power switch, pull the circuit breaker and 
disconnect the trainer from the power source. 

8. Connect test leads to multiioBter and ZERO the multimeter. 

4 
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9. Disconnect the electrical connector plugs from the indicator 

and transducer. 

10. Place trouble switch //I to the IN position. Fill in the 
correct wire number on the blank provided and indicate the type of 
trouble (open, short, etc). 

a. 

b. 

Wire number 

The trouble is 

11. Place trouble switch #1 to the ODT position and place trouble 
switch #2 to the IN position. Fill in the correct wire number on the 
blank provided and indicate the type of trouble (open, short, etc). 

a. 

b. 

Wire number 

The trouble is 

12. Place trouble switch //2 to the OUT position. 

13. Reconnect the electrical connector plugs to the indicator 
and transducer (32632B ONLY). 

14. On the multimeter, turn function switch to DC volts and turn 
the range switch ALL the way to the right (Safety L). 

15. Disconnect leads from multimeter and return the leads and 
multimeter to the cabinet. 

Part 4. BENCH CHECK INDICATOR 

Note: For 3ABR32531 STUDENTS ONLY. 

1. Set ALL switches and controls to OFF or fully counterclockwise 
position on the synchro field tester. 

2. Connect power cable "A" (QB86030-1) to power input connector 
#10 on test unit. Connect the other end of this cable to 115V AC, 400 Hz 
output plug. 

Note: Make sure power switch //17 on the tester is in the OFF 
position. 

3. 
tester. 

4. 

5. 

6. 

Connect cable "G" (//QB86030-1) to test unit connector //9 on 

Connect cable "J" (//QB84998-1) to cable "G" (//QB86030-1) . 

Remove EPR indicator from trainer. 

Connect DUAL cable "K" (plastic covered) to indicator. 

7. Connect cable "J" (//QB849998-1) to DUAL cable marked low 
speed synchro. 

87 > 
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8. Turn adjuster knob on tester trans. //I to ZERO degrees. 

9. Place SYN IND laiob H to CAL position and switch //2 to SYN 

WH position. 

10. Place switch ifl7 to ON position. Power lamp #16 should 

GLOW, indicating tester is ON. 

11. Refer to the EXTRACT from TO 5P3-4-32-3, paragraph lie and f, 
to perform the scale error, friction error and position error tests on 
the main dial. 

12. Test the indicator for scale error by positioning the calibrator 
(trans. #1) at the setting shown in the CHART below. Place a checkmark 
(/) and response in the proper columns. 

13. Test the indicator for position error by rotating the indicator 
about its axis on a plane 90 degrees from the NORMAL position. Indications 
must remain within tolerances indicated in CHART below. Also perform the 
friction error check. 

14. Perform friction, scale and position error at the same time. 

Note: If not correct, adjust trans. //I until indicator reads 
EXACT engine pressure ratio units as shown on the CHART BELOW. 

Trans #1 
Setting 
Degrees 

51.0 

87.8 

124.5 

149.1 

173.7 

180.0* 

186.0 

198.3 

222.8 

271.9 

321.0 

Exact 
Degrees 

Press Ratio 
Units On 
Indicator 

1.20 

1.50 

1.80 

2.00 

2.20 

2.25 

2.30 

2.40 

2.60 

3.00 

3.40 

Tolerances 

Degrees Before Tap After Tap 

1.20 

1.20 

1.20 

1.20 

1.20 

• 

1.20 

1.20 

1.20 

1.20 

1.20 j 

Friction 
Error 
S U 

Scale 
Error 
S U 

* Electrical Zero r-, •-»< 
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a. Friction error test is satisfactory 

unsatisfactory . 

b. Scale error test is satisfactory unsatisfactory 

c. Position error test is satisfactory 
unsatisfactory . 

d. Electrical zero check is satisfactory 
unsatisfactory . 

15. Place power switch //17 to OFF position. 

16. Disconnect low speed synchro test CABLE "K" from CABLE "J" 
(/ilQB84998-l) , and connect high speed synchro test CABLE "K" to CABLE "J" 
(/;QB84998-1) . 

17. Turn adjustment knob on tester trans, ifl to ZERO degrees. 

18. Place power switch #17 to ON position. 

19. Refer to the EXTRACT from TO 5P3-4-32-3, paragraph lie and f, 
to perform the scale error, friction error and position error tests on 
the SUB dial. 

20. Test the indicator for scale error by positioning the cali­
brator (trans Ifl) at the setting shown in the CHART below. Place a 
checkmark (/) and response in the proper columns. 

21. Test the indicator for position error by rotating the indicator 
about its axis on a plane 90 degrees from the NOBMAL position. Indica­
tions mxist remain within tolerances indicated in CHART below. Also perform 
the friction error check. 

22. Perform friction, scale and position error at the same time. 

Note: If not correct, adjust trans. //I until indicator reads 
EXACT engine pressure ratio units as shown- on the CHART BELOW. 

Trans //I 
Setting 
Degrees 

68.0 

140.0 

184.0* 

212.0 

284.0 

356.0 

Exact 
Degrees 

Press Ratio 
Units On 
Indicator 

0.02 

0.04 

0.053 

0.06 

0.08 

0.10 

Tolerances Friction 
Error 

Degrees Before Tap After Tap S U 

3.6 

3.6 

-

3.6 

3.6 

3.6 

Scale 
Error 
S U 

* Electrical Zero 
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a. Friction error test is satisfactory 
unsatisfactory . 

b. Scale error test is satisfactory unsatisfactory 

c. Position error test is satisfactory 
unsatisfactory . 

d. Electrical zero check is satisfactory 

unsatisfactory . 

23. lum adjuster knob (trans. iH) to ZERO degrees. 

24. Place power switch #17 to OFF position. 

25. Disconnect DUAL test cable from indicator. 

26. Place indicator back in trainer and reconnect indicator and 
transducer trainer to electrical connector plugs. 

27. Disconnect power CABLE "A" (//QB86962-1) from 115V AC 400 Hz 
outlet. 

28. Disconnect power CABLE "A" (//QB86062-1) from tester and stow 
cable In tester. 

29. Disconnect high speed synchro CABLE "K" from test CABLE "J" 
(#QB84998-1) and stow DUAL cable in tester. 

30. Disconnect test CABLE "J" (#QB84998-1) from test CABLE "G" 
(#QB86030-1) and stow cable in tester. 

31. Disconnect test CABLE "G" (//QB86030-1) from tester and stow 
in tester. 

32. Close lid on tester and put tester back on shelf. 

33. Turn workbook into instructor. 
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Sectlbt. XX 
Paragraphs 2-1 to 2-6 

SECTION I I 
OPERATION AND SERVICE 

INSTRUCTIONS 

a 

o 
M 
M 
3 

a 

u 
% 

S 
o 
M 

§ 

2-1. CONTROLS, INDICATORS, AND CONNECTIONS. 

2*2. Operation of thta tester re<}uires complete familiar­
ity with all components of the tester. (See figure 2-1.) 
See figure 2*2 for a list of controls, indicators, and con­
nections incorporated in this tester, and desaiption of 
their function. In addition, see figure 2-3 for plumbing 
arrangement used in this tater for each of two test set­
ups. Provisions are included in this tester for connection 
to external pressure and vacuum sources as an optional 

2. MaebmtitT 
i. Etkav, 
4, Gtt* 
5. CspA$ty 
6, UmoM 
7, Ntim*ii'st* 
8. HoitAuj 
9. Nat.t*pUU 

10. Elktw 
11. Gn* 
12. G4tt 
13. Pumping Atiy 
14. V»i*« 
II. VMIP* 

16. V»l»t 
17. Vtlv* 
18. Vtlvt 
19. Pumping Assy 
20. Scrne 
11, MtthmtttT 
22. G0gt 
2J. Sochtt 
24. RtguLuoT 
25. C<nd 
26. Wsith 
27. PUt* 
28. Coupling Attj 
29. Coupling Assy 
30. CtitAuy 

method of supplying these requirements. (See figute 
2-4.) Pressure and vacuum gages are provided for indi­
cating either externally procured or manually obuinffi 
piessures and vacuums. 

; CAUTION 

ffgurt 2«f. FniMur* flallo Tranndutte T»»t»r 
Components 

The machmeters (2, 21, figure 2-1), absolute 
pressure gages (4, 12), vacuum gage (11), and 
pressure gage (22) are delicate instnuncnts and 
must be handled with extrenic care at all times. 

2-3. PREPARATION FOR USE. (Sec fisure 2-1.) 

2-4. GENERAL 

a. Remove screws (37, figure 3-1) and lift out gaga 
(35, 36) with pneumatic linM attached. Remove hose 
usemblies (7, 8, 9, figure 2-4) or remove screws (20, 
figure 2-1), and carefully lift out panel of case assembly 
(30) to permit access to interior of tester. 

b. See figure 2-3 for schematic of alternate plumbing 
arrangement used in operating tester. Setup No. 1 shows 
the installation of machmeter (21, figure 2-1) and abso­
lute pressure gage (12) used to perform operational test. 
Setup No. 2, figure 2-3, shows installation of two abso­
lute pressure gages (4, 12, figure 2-1) used to obtain 
pressure ratios to conform with engine pressure ratio 
transducer valves. 

2-5. INSTALLATION OF ALTERNATE SETUP. 

2-6. SETUP NO. 2. Prepare setup as follows: 

a. Remove gage (4, figure 2-1) stored in cover of 
case assembly (30) for use in place of machmeter (21). 

b. Disconnect hose assemblies (8, 9, figure 2-4) from 
ntachmeter and one hose assembly (7) from absolute 
pressure gage (12, figure 2-1) to Pf,. 

c. Connea one hose assembly (8, figure 2-4) to abso­
lute pressure gage (4, figure 2-1), and one hose assembly 
(8, figure 2-4) from absolute pressure gage (4, figure 
2-1) to P„. 

d. Install cap (36, figure 2-4) on absolute pressure 
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DtstTipti»» 

Gage 

Uoioo 

HottAMy 

HiMcAsay 

Elbow 

Elb«iw 

VtlveNo. s 

Gage 

Mst'hmeicr 

Pumping A»)-

V«lveNo.< 

VilveNo.3 

Valv«No.2 

Valve No. I 

Pumping A»v 

Gage 

Stx'ket 

Regulator 

*Step W«tch 

Ciiupiing Auy 

ftntl Mtrimg 

VACLIUK 5XTPNAL 

PT, 

PTT 

CKOSSBLEEI) 

VAOJUM SOURCE (in. Hg) 

VACUUM PUMP 

PT; PRlisURE 

PT; BLEED 

~PT,. BLEiF)" 

PT*,~V'ACUUM~ 

PRESSURE PUMP 

PRESSliRE SOURCE PSIG 

PRESSURE EXTERNAL 

PRESSURE REGULATOR 
EXTERNAL SOURCE 

Omplirig Auy 
*Stop watch Part No. Ill no longer futniahed as put 
of teat act. Item «ill be requiaitioned from appropri* 
ate aupply claaa • i an aa required basis. 

FuHttioit 

Indicates absolute pressure (0 to 100 in. Hg abs). 

Hiife assembly conncition (or external vacuum line. 

Used to connect P ĵ inlet system of unit under .test. * 

Used to connect to PTT e*tiattsi system of unit under test. 

Provide* connection to inlti of unit under tat. 

Provides connection lu eshausi of unit under test. 

Equalizes presiure between P.̂ .̂  ar.d P ,̂ when used for 
vacuum at altitude. 

Indicate* vacuum (0 (» .M) in. Hg). 

Indicate* mK'h (0.5 (o 1.)) in unit* of pretsurc ratio. 

U»ed for manual cvacuatitxi. 

Regulate* exhaust pressure to unit under test. 

Regulate* exhaust bleed to unit under tcsc 

Regulate* vacuum bleed to unit under test. 

Regulates inlet vacuum to unit under test. 

Used for manual pressurizaiion. 

Indicates preaaure (0 to M p«ig) (downstream of exier* 
nai source pressure regulator). 

Hose assembly connection fur optional cxiemsl pressure. . 

Regulate* prcsaurc of external pressure source. 

Uied for accurate timing of pressure and vacuum decay 
rate*. 

Used (o atia<-h fy^ h"** assembly to pilot head. ' 

Used to attach P ,̂ hose assembly to pilot bead. 
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figun 2-2. Confrefs, Indicators, and CoAnocllent 
e. Connect loose end of hose assembly (9) to absolute 

pressure gage (12, figure 2<1). 
: CAUTION < 1 

2-7. OPERATION. 

2-«. PRELIMINARY TEST. (See figure 2-1.) 

Noto 

Tap all gages lightly with fingers before taking 

readings. 

2*9. Test pressure ratio transducer tester assembly each 
day before using as follows. 

a. Place all controls in the off or neutral position. 
Note that all metering valves are placed in full ciockw-v> 
pOtllMM. „ ^^ 

The metering valves- (14 thru 17) are sensitive 
and should be closed without undue force or 
damage may result 

b. Pressurize tester to 40 p s i by , 
means of pumping assembly (19). Note thst there is 
no leakage by observing pressure gage (22). 

c. Evacuate tester to 29.0 inches of merr.-ary by ;neaos 
of pumping assembly (13). Note that there is no leakage 
by observing vacuum gage (11). 

- § 

Noto 

10 
Apply one drop of lubricating oil (Speciftca-
tion MIL<L-^86) daily on each piston rod of 
pumping assemblies before using. 



•ENODfB IN8TRUMBNTS 
ENOINl PRESSURE RATIO INDICATING SYS 
durational Checkout 

T.O. 1B-S3B-3-6 ^ss-

3-80. PROCEDURE FOR TESTER P/N 288000 (TEST 
SETUP 1). 

1. Raise engine upper side cowl panel so that ex­
haust pressure connector la accessible (3 and 
5, figure 3-19). 

2. Check that exhaust pressure drain tubes are 
sealed shut either with caps or with valves. 

3. Disconnect exhaust pressure line either at con­
nection to probe (or probe manifold) or at flexi­
ble line. 

3A. Check that tester plumblr.g conforms to TEST 
SETUP 1 shown In figure 3-16A. (Refer to 
T.O. 33D2-6-8S-41 for addlUonal tester In-
formHttoiu) 

NOTI 

- ^ 

Check that tester absolute pressure gages and machmetcr are cali­
brated per T. O. 33D2-e-85-41. 

4. Connect pressure line (PX7) cf portable trans­
ducer test set to connector selected In step "3." 
Tester P-x>2 ̂ ''̂ ^ 'OM.t.i remain open to atmos­
phere. 

5. Check that external electrical power is con­
nected. 

8. Close ENG PRESSURi. R^TIO IND circuit 
breakers on pilot's auxiliary circuit breaker 
panel. 

i » » » » » » » » M % » » » > » » » » » ^ 

CAUTION 
t»»»<»M»»M»»»%»M» I 

Do not exceed 95.00 inches <A mercurjr absolute (47 psl absolute) oo 
the exhaust pressure line. Maximum differential between the two 
pressures must not exceed 70 Inches of mercury absolute (34 psl 
absolute) at any time. Permanent damage to the traasdueer may 
result. 

6A. Check that tester VALVES 1 thru 5 are closed. 

6B. 

f 
If tester pressure pump Is not used, connect 
external pressure source and adjust pressure 
regulator to maintain a pressure of not more 
than 47 psla. 

RliPRODUCTION FOR ATC TRAINING USE ONLY. 
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T.O. lB-62B-a-fl ENQXNBINSrRUMSMTS 

EMGDIE PRESSURE RATIO IMDICATINCvSYS. 
Operational Checkout 

\ 

?. Uilac valve 4 (PT7 PRESSURE), raise pressure 
UBtll machmeter reads 0.8. 

EPR indicator on pilots' instrument panel should 
read 1.52 (±0.030). 

NOTI 

Valve 5 (CR06SBLEED) may be used in conjunction with PT7 PRES» 
SURE valve to obtain desired machmeter reading. 

8. Raise pressure until machmeter reads 1.0. 

9. Raise pressure until machmeter reads 1.2. 

10. Rais* pressure until machmeter reads 1.3. 

11. Ralsa pressure until machmeter reads 1.4. 

12. With indicator reading any value above 1.20, 
cpea ENG PRESSURE RATIO IND circuit 
iareaksr for engine under test. 

IS. With circuit breaksr still open, change test 
pressures. 

\\, Close circuit breaker. 

EPR indicator should read 1.89 (±0.030). 

EPR Indicator should read 2.41 (iO. 030). 

EPR indicator should read 2.71 {•A. 030). 

EPR indicator should read 3.06 (±0.030). 

Indicator reading should not change vhile circuit 
breaker is open. 

Indicator reading should not change. 

Indicator pointer should move to new pressure ratio 
within 0.1. 

REPRODUCTION FOR ATC TRAINING USlv ONLY. DO NOT USE 
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and case (5) for approximately five seconds. There must 
be no indication of insulation brealcdown. 

n. Apply one drop of lubricating oil (Military Speci­
fication MIL>L-ti08S) to teeth of gears (21, 28), then 
install spacer ring (3) and cue (5). Install retaining 
ring (2). 

o. Do not inatall tube in connector (I6), solder re-
tainiog ring (2) in place, or solder nameplate (1) on 
connector until unit has been calibrated in accordance 
with paragraph II. 

p. Insert end of soft copper tubing, supplied in kit, 
'/4*inch deep into small hole in connector (16); solder 
tub* in place. Perform test procedure outlined in para­
graphs tU thru 11/, then solder completely around 
retaining ring (2), using minimum amount of solder 
(Federal Specification QQ.S.571, Type Sn(S0-W-AR-P2) 
needed to obtain a hermetic seal. 

q. Install nameplate (1) and secure with a drop of 
solder (Federal Specification QQ-S-571, Type Sn60-W-
AR-P2) on each pin. 

r. Thoroughly dry interior of assembled unit by bak> 
ing at IJCF to IfifloF (65.5°C to 7ioC) for five to MX 
hours, then connecting filling tube of connector (16) 
to a vacuum pump and reducing pressure inside unit to 
to microns of mercury absolute for a minimum of 10 
hours. 

s. Pressurize unit to 1) to 18 psi absolute with helium 
of at least 9B percent purity, free of durr particles, and 
conuining not more (lian O.OOtS milligram of water 
vapor per liter at filling press"-'. Crimp filling tube 
tightly in three or four locatiot.̂  at outer end of tube 
and solder over hole in end of tube using solder (Federal 
Specificadon QQ-S-571, Type Sn60W-AR-P2). Perform 
leakage test and mobture content test as outlined in 
paragraphs 11; and lib, before final crimping, cuning, 
and soldering of filling mbe is accomplished. 

t. After unit has satisfactorily passed leakage and 
moisture content test, crimp filling tube as close as pos­
sible to flange of connector (16); cut and flatten tube, 
then solder to flange, using solder (Federal Specification 
QQ.S.571, Type Sn60-W-AR.P2). Tube must not extend 
more than 0.045 inch beyond rear of case. 

u. To refinish painted areas, mask off glass (4), 
connector (16) and all of soldered end of unit. Then 
apply one coat primer (E'f2GPll, Sherwin-Williams, 
Cleveland, Ohio, or equivalent; no known Government 
specification) and allow to air dry a minimum of two 
hours. When primer is dry, apply one coat black lacquer 
(Specification MIL.L-6805)(AER), (Color No. 604) 
and allow to air dry minimum of four hours. 
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11. TEST PROCEDURE. 

a. Ptrform calibration ittt as follows: Connect indi­
cator to 7CAC-802125 Calibrator. 

b. Adjust calibrator for nuin-dial electrical zero cali­
bration test. With indicator energized, main dial pointer 
on indicator must point to electrical zero mark on indi­
cator dial (2.25 pressure ratio mark). 

c. Adjust calibrator for sub.dial elearicai zero cali­
bration test and check that sulHlial pointer on indicator 
points to electrical zetx> mark on indicator dial (0.052 
pressure ratio mai-k). 

d. Energize phase test circuit of calibrator until sulv 
dial pointer comes to rest; pointer must stop at a posi­
tion approximately 180 degrees from electrical zero. 
De-energize phase-test circuit; pointer must return to 
electrical zero and must not oacillate more than 15 sec* 
onda before combg to a full stop. Repeat test for main, 
dial pointer. 

e. Teat the indicator for scale error by positioning the 
calibrator pointer at scttingf ihowi^ in figure 3. Pressure 
ratio indicator unit indicationi and toleranctt muit be u 
shown in figure 5. 

C*libr*S»r 
Srtthiin 
Digrtts 

st.a 
87.8 

124.6 
U9.1 
173.7 
l»0.0* 
t8d.O 
198.3 
222.8 
271.9 
321.0 

68.0 
140.0 
184.0* 
212.0 
284.0 
356.0 

*EI*ctrical zcto 

Pretturt RMio 
Vniisen 
IndicMtr 

Toltramt* 
Prtssitr* RstU 

Umtt 

MAIS DIAL 

1.20 
1.50 
IJO 
2.00 
3.20 
2.25 
2.30 
2.40 
2.60 
3.00 
3.40 

0.01 
0.01 
0.01 
0.01 
0.01 

0.01 
0.01 
0.01 
0.01 
0.01 

SUB DIAL 

>?.02 
O.O-* 
0.053 
0.06 
0.08 
0.10 

0.001 
O.OOi 

0.001 

o.oot 
0.001 

Dtgrtet 

1.20 
1.20 
1.20 
1.20 
1.20 

1.20 
1.20 
1.20 
1.20 
1.20 

3.6 
5.6 

3.6 
3.6 
3.6 

Figure 5. Scale Error Te«f Data 

f. Perform friction irror and position error tests as 
follows: Repeat uz**.»s outlined in figtire 5, but rotate 
indicator about its axis on a plane 90 degrees from nor­
mal position to test for posidon error. Indicarions must 

8 • O 
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NOMili withia toltrancca given in figure S. To test for 
ttkdock tttor, tap outside ol iadlator case after pointers 
cooM to reac. Indfcadtooa b«fort aad after tappbg must 
n m l a wldiin tolenacei indicated ia figure 3. Discoo« 
aact indicator from calibntor. 

f. ftrform Mitgt mt «i follows: Place indicator in 
7C^270900 GUM Jar Desiccator containing dMUed 
witer with apprwdiaattly 0.1 percent by wcig^ of 
wMtiag agaot (Aeroeoi OT, 73% Aqueous, Aiaeticaa 
QftauBii Co, PUatic and lUiiaa Dhr, New Yoric, New 
Yock, or aqulralant; no kaofv- GovtrniiMat spedika* 
tloo) at a maxiffluic temperature of lOO F̂ {yr,VC). 
Bvacnan desiccator to 2.3 inchM of mercury absolute, 
miintainim a maximum ambient temperature of 100<>F 
( 9 7 J ^ ) sattouadiag tfat dseiceator. There must be no 

bubbles comiag from widdn indicator. lR$aion indlcatoc-
from dericcator and dry tfaorou^y. 

h. Ptrform moistmt eonttmt ttti m fottewt: Place 
indicator in front of a testing device capable of dtUvw* 
ing a blast'of air at Ô F ( - 17.80C) on fact of iadkatoc 
cover glass. Hold indicator in air blast until outalde of 
glass is completely frosted. Reesove indicator and cleui 
accumulated fteat from front of cover glasa. llsete mnit 
be no Indkatioa of fteat or dew fonnliif oa iosldt of 
cover glaaa. 

L Ptrform dUltttric ttst «r foUowti Repeat dielectric 
braalcdown test outlined in patagn^ lOea. 

j . See figtttt 6 for trouble shooting infomatioe. 
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FOREWORD 

This programmed text was prepared for use in course 3ABR32531 
Avionic Instrument Systems Specialist. This text has been validated 
using 30 students from the subject course. Twenty-nine of the students 
achieved the objective as stated, average completion time is 26 minutes. 

OBJECTIVE 

Without references, identify facts pertaining to the puiT>ose, 
operation, and/or characteristics of- the resistance-type liquid quantity 
indicating system with an accuracy of at least 80%. 

INSTRUCTIONS 

This programmed text presents information in small steps called 
"frames." After reading the information in each frame you are asked to 
actively respond to the statements at the end of that frame. Place your 
responses on the answer sheet provided with this text. Check your 
responses for accuracy with the correct responses given at the end of 
the following frame. If you make an incorrect response, reread the 
frame until you determine why you were in error before proceeding to 
the next frame. After coi]q>letion of the text you will take an appraisal 
to display your attainment of the stated objective. Work as quickly as 
possible, but DO NOT RUSHI 

Supersedes 3ABR32531-PT-212, 4 October 1973. 
OPR: 3360 TTG 
DISTRIBUTION: X 
3360 TTGTC-W - 200; TTVSR - 1 
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Frame 1 

When aircraft were first developed and the design resenfcled a box-
kite, the fuel and oil quantity indicating systems consisted of a dip 
stick placed into the tank whenever the pilot felt like checking the 
level. This system worked well as long as the flights were limited to 
short hops around the local field. As the alrcrsUEt increased in size 
and the flights became longer, there was a definite need for accurately 
mi*asuring the amount of fuel and oil in the tanks. Several different 
companies manufactured liquid quantity systems to meet this need. We 
are going to discuss one particular liquid quantity system in this 
programmed text. 

NO RESPONSE REQUIRED 

>3o 



Frame 2 

The resistance-type liquid level system is sometimes refered to as the 
float-type liquid level indicating system. The components that are required 
Co make up chis system are an indicator (figure 1), and a tank unit trans­
mitter (figure 2). These two units are connected by aircraft wiring and 
operate from a 28 volt DC generator system. The tank unit, shown by figure 
2, senses a mechanical movement of the float as the height of the liquid 
changes. As the float moves up or down, an electrical signal is sent to the 
indicator which will display the number of gallons of liquid in the tank. 

Figure 1 

FLOAT AND Af?M ASSEMBLY 

Figure 2 

Circle the letter of the correct response to the following statement(s). 

1. As the float moves, an electrical signal causes the indicator pointer 
to indicate 

a. full at all times. 
b. the gallons of liquid in the tank. 
c. empty at all times. 
d. the depth of liquid in the tark. 

2. The voltage requirement for the resistance-type liquid level 
indicating system is 

a. 12 volts DC. 
b. 24 volts DC. 
c. 28 volts DC. ,9'̂ -'/, 
d. 28 volts AC. 



?^3 
Frame 3 

As the level of the liquid decreases, the float and arm assenbly 
movei to a lower level. Figure 3 shows the position of the flort and 
arm assembly In a tank one half full of liquid. Notice the float amn 
stops. These stops can be adjusted to Holt the amount of travel of the 
float and arm assembly. 

FLOAT AND ARM ASSCMBl^T 

Figure 3 

Circle the letter of the correct response to the following statement(s) 

1. The liquid level 

a. Is controlled by the float arm. 

b. controls the movement of the flost arm. 
c. controls the flow of liquid. 

Answers to Frame 2: 1. b, 2. c. 

6̂ 0 5 
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Frame 4 

Connected to the float and arm assembly is the operating rod, as 
shown in figures 4 and 5 below. This operating rod is attached to the 
bellows and seal assembly through the bellows arm. See figure 5. The 
bellows and seal assembly is used in the transmitter to prevent the 
liquid from entering the electrical section of the transmitter. With 
this type of mechanical linkage, whenever the float arm is moved by the 
level of llqtild changing the bellows will expand or contract depending 
on the direction of the float arm movement. 

Figure 4 

BELLOWS 
SEAL 

BELLOWS 
ARM 

1. 

Figure 5 

Circle the letter of the correct response to the following statement(s). 

The movement of the bellows arm 

a. is controlled by the bellows. 
b. moves the bellows. 
c. moves the float arm. 

8"-' . yJ 

Answer to Frame 3: 1. b 
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Frame 5 

• As the bellows expands or contracts the bellows lever (located In 
the eltsctrlcal section of the transmltte.r) Is moved back and forth. This 
bellows lever Is attached to the wiper arm of the transmitter potentiometer 
through mechanical linkage. See figure 6 below. This mechanical linkage 
(OFFSET LINK and LINK to the WIPER ABM) converts the back and forth move­
ment of the bellows lever to a circular movement of the wiper arm. 

^UNK TO 
WtPER ARM 

» ^ OFFSET LINK 

aeuows LEVER 

BELLOMO 
SEM. 
ASSEMMJr 

BELLOMS 
ARM 

OPERATiNO ROD 

Figure 6 

Circle the letter of the correct response to the following statement(s). 

1. The movement of the bellows lever controls the movement of the 

a. bellows. 
b. wiper arm. 
c. bellows arm. 

Answer to Frame 4: 1. b 

^Ss 
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Frame 6 

When the wiper arm of the transmitter potentiometer is rotated along 
the resistance strip, the resistance value changes. This change in 
resistance allows a greater or a lesser voltage (depending on the direction) 
to be applied to the Indicator coils. 

RESISTANT 
STRIP 

WIPER 
ARM 

Figure 7 

Circle the letter of the correct response to the following statement(s). 

1, The voltage applied to the coils of the indicator is controlled by the 

a. float. 

b. float arm. 
c. bellows arm. 
d. wiper arm moving across th<j resistance strip. 

Answer to Frame 5: 1. b 
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Frame 7 

Match the names of the items in Column B to their functions listed 
in Column A by placing the letter of the correct response in the space 
provided. 

1. 

2. 

3. 

4. 

5. 

Column A 

Directly repositions the wiper 
arm on the resistance strip. 

Controls voltage to the indicator. 

Forms a leak proof seal to keep 
fuel out of the electrical 
section. 

a. 

b. 

c. 

d. 

Column B 

Bellows and seal assembly. 

Transmitter. 

Float and arm asseaibly. 

Bellows lever, offset 
link, and link to wiper 
arm. 

Floats on top of liquid and 
controls operating rod movement. e. Potentiometer. 

Sends electrical signal to the indicator. 

Answer to Frame 6: 1. d 

8SB 
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Frame 8 

The indicators used in a float type system may be a single indicator 
as shovra in figure 8, or a dual indicator similar to the one shown in 
figure 9. The pointers of either type may travel 65°, 90", or 120°, 
depending on the design of the indicator. 

POINrER' 

Asseuur 

Figure 8 

RESISTOH 
ASSEMMY 

AKECHANISM 

ASSEMBiy 

HECEPrAClE 

UAl 

Figure 9 

NO RESPONSE REQUIRED 

Answers to Frame 7: 1. d_, 2. e, 3. a, 4. £, 5. b 

10V> V 



Frame 9 

The indicator Is primarily a ratiometer type meter movement with 
the dial calibrated to read In gallons. It contains the electromechanical 
m;>̂ chanlsm which Is connected to the electrical receptacle. See figure 9. 

Use figure 9 and circle the letter of the correct response to the 
following statement(s). 

1. The dial of the indicator Is calibrated from 

a. 0 to 15.1 gallons. 
b. 0 to 151 gallons. 
c. O.to 1,510 gallons. 
d. 0 to 15,100 gallons. 

2. The dial of the indicator Is calibrated to indicate 

a. 
b. 
c. 
d. 

pints, 
quarts, 
gallons. 
Inches. 

11 
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Frame 10 

The ratiometer movement of the indicator has a permanent magnet as 
a rotor. This movement also includes two stationary coils, called 
deflection coils, mounted 120° apart. These coils, 1 and 2, are used to 
deflect the permanent magnet rotor vhen current flows through them. See 
figure 10. Included in the indicator is a pull off magnet CD that is 
used to pull the pointer to an off scale position 'î en pawer i.^ removed 
from the circuit. 

•1/2 - l ' ? ? 
28V0C 

(1) 
SON 

COIL I 

w^l| 1 
h3 

I. 

( ) ^ ' COIL 2 

^>Ju<**';^^ 

Figura 10 

Circle the letter of the correct response to the following statement(s). 

1. Coils 1 and 2 are used to 

a. control the current flow in the circuit. 
b. control the strength of coil 3. 
c. deflect the rotor when current flows through tĥ m'. 

2. The pull off magnet is used to 

a. steady the pointer at empty. 
b. steady the pointer at full. 
c. pull the pointer to off scale with power removed. 

Answers to Frame 9: 1. b, 2. c. 

12 
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Frame 11 

The third coll 1'. known as the scale length coll 3. You can see 
this coll in figure 10. - It determines the range of the pointer movement. 
Resistor Rl limits the amount of current flow in coll 3. By limiting the 
current flow in coll 3, this resistor is actually controlling the magnetic 
field strength of coll 3. Thus, resistor Rl would be of one value for a 
65* range indicator and another value for a 90" range Indicator. For a 
120° range Indicator, coil 3 is wound to change the magnetic polarity of 
the coil. Resistor R2, shown in figure 10 , is used to protect the 
circuitry from damage due to the deflection coils shorting. 

Circle the letter of the correct response to the following statement(s) 

1. The range of the pointer movement is controlled by 

a. 
b. 
c. 
d. 

Rl and coil 1. 
R2 and coil 2. 
Rl and coil 3. 
R2 and coil 3. 

2. The Rl resistor is used to control the amount of current flow 
through the 

a. R2 resistor. 
b. deflectiun coll 1. 
c. deflection coil 2. 
d. scale length coll 3. 

Answers to Frame 10: 1. c, 2. c. 

13 

8no 



$1^ 

Frame 12 

The permanent magnet rotor i s mounted inside a copper damping assembly. 
This assembly dampens rotor movement and prevents excessive pointer 
osci l lat ion. The pointer is attached directly to the rotor. See figure 11. 

POiNTER 
ASSEMBLY 

RESISTOR 
ASSEMBLY 

COPPER 
DAMPING" 
ASSEMBLY 

R1QT<DR~__ 
ASSEMBLY 

DIAL 
RECEPTACLE 

Figure 11 

Circle the letter of the correct response to the following statement(s). 

The copper damping assembly 

a. aids coil 1. 

b. aids coil 2. 
c. aids the magnetic strength of the rotor. 
d. reduces rotor movement to prevent pointer oscillation. 

Answers to Frame 11: 1. c, 2. d. 

•-> •.• \t 
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Frame 13 

Match the names of the items in Column B to their functions in 
Column A by placing the letter of the correct response in the space 
provided. 

1. 

2. 

3. 

4. 

5. 

Column A 

Used to determine the range of 
the movement. 

Moves the indicator pointer. 

Indicates amount of liquid 
* in gallons. 

Used to produce an electro­
magnetic field in the indicator. 

Prevent excessive pointer 
oscillation. 

Column B 

a. Copper damping assembly. 

b. Indicator. 

c. Deflection colls. 

d. Rotor. 

e. Scale length coil and 
Rl resistor. 

Answer to Frame 12: 1. d 

89, 
15 
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Frame 14 

The resistance strip of the transmitter will form one leg of a bridge 
circuit and the two deflection colls font the other leg. The wiper arm Is 
electrically connected to the deflection colls. This wiper arm seirves as 
the bridge and connects the two legs. See figure 12. In the following 
frames we will discuss three different levels of liquid and how the system 
operates for each level. 

RESISTANCE SHIP 

Figure 12 

NO RESPONSE REQUIRED 

Answers to Frame 13: 1. IB, 2. d, 3. b̂ , 4. £, 5. a 

S'.K] 
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Frame 15 

The first of the three levels of liquid we will discuss is when 
the tank is enqpty. See figure 13 below. With the wiper arm in this 
position, current will flow through coil 2 along the wiper arm to point 
B and then to the positive terminal of the batteiry. This is caused by 
current taking the path of least resistance. Since current is flowing 
through coil 2, a magnetic field is set up in coil 2, and the south 
pole of the coil attracts the north pole of the pemanent magnet attached 
to the pointer. This attraction of the poles rotates tho pointer to the 
".E" position as shown. 

FULL 

1/2 

EMPTY 

Figure 13 

Circle the letter of the correct response to the following statementCs). 
Use figure 13. 

1. The coil that does not have current flow through it is coil 

a. 1. 
b. 2. 
c. 3. 
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Frame 16 

The second level of liquid to be discussed is shown in figure 14. 
Notice the position of the float and the wiper arm. Current flow at this 
time will be from ground through the resistance strip to the battery and 
also from grotind through coil 1 and coil 2. Since the wiper arm is halfway 
between the ends, the voltage drop on each side of the wiper arm is 12 
volts. The same is tirue with coil 1 and coil 2, each having 12 volts. 
Since coil 1 and coil 2 are equal, their magnetic attraction of the north 
pole of the rotor is equal and the pointer will be centered. 

^1/2 

2«V I 

24V 

24V 

OV 

lOIU. 

1/2 

CUPTY 

^ H v O . / ^ * * ' ^ ^ 

Figure 14 

Circle the letter of the correct response to the following statement(s). 

1. When the wiper arm is centered the current is 

a. greater in coil 1 than coil 2. 

b. greater in coil 2 than coil 1. 
c. equal in coil 1 and coil 2. 

S:': 
Answer to Frame 15: 1. a 

18 
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Frame 17 

The last level of liquid to be discussed Is shown In figure 15. 
Notice the position of the float and wiper arm. Current flow Is from 
ground through the wiper arm and coll 1 to the battery. Coll 2 has no 
ciirrent through It due to current taking the path of least resistance. 
With current flowing through coll 1 magnetic poles are set up and the 
south pole of coll 1 attracts the north pole of the rotor and rotates 
the pointer to the position shown. 

Figure 15 

NO RESPONSE REQUIRED 

Answer to Frame 16: 1. c 

19 
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Frame 18 

The R plus and the R minus adjustments, shotm in figure 16, are used 
for making minor adjustments on the indicator reading. These adjustment 
screws are used for calibrating the amount of resistance in the resistance 
strip. The R minus adjustment is used for the full side of the transmitter 
and the R plus adjustment is used for the empty side of the transmitter. 
If the indicator is reading slightly high or low at the full position, the 
R minus adjustment screw can be turned to correct the indication. If the 
indicator cannot be brought into adjustment, there is another adjustment 
to be made. This is called the centering adjustment "C." This is done by 
adjusting the wiper arm along the resistance strip so that the indicator 
pointer will be the same distance from both ends of the scale when the 
tank is 1/2 full. 

28VDC' 
POSITIVE INPUT 

Figure ig.'>„ 

20 
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Frame 18 (Cont'd) 

Circle the letter of the correct response to the following statement(s). 

1. The R plus and R minus screws are used for calibrating transmitter 

a. resistance. 

b. position error. 
c. friction error. 
d. voltage output. 

2. The centering adjustment is performed by adjusting the 

a. 
b. 
c. 
d. 

R screw. 
R- screw, 
float arm. 
wiper arm. 

21 
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Now that you have completed frame 18, go back to the beginning of 
this PT and reread all of the objectives again. When you feel you under­
stand the material, ask the instructor for the appraisal on the Resistance-
Type Liquid Quantity Indicating System. 

After you have satisfactorily completed the appraisal, you will 
proceed to the laboratory to apply your knowledge to an actual system. 

Answers to Frame 18: 1. a, 2. d. 9[ 

22 
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INSPECTION, OPERATIONAL CHECK, TROUBLESHOOTING AND BENCH CHECK 
THE RESISTANCE-TYPE LIQUID QUANTITY SYSTEM AND COMPONENTS 

OBJECTIVES 

Given a workbook and trainer, perform an inspection and operational 
check of the resistance-type liquid quantity system with a minimum of 
100% correct workbook responses. 

Given a workbook, test equipment and trainer, troubleshoot the 
resi8tance-t3rpe liquid level indicating system with a minirnxm of 100% 
correct workbook responses. 

Given a workbook, test equipment and trainer, bench check 
conqjonents of the resistance-type liquid level indicating system 
with a minimum of 100% correct workbook responses. 

EQUIPMENT 

3ABR32531-WB-207 
Trainer 18-71-41A4 
Hheatstone Bridge 
Wheatstone Bridge Leads 
Multimeter 
TO 33A1-12-15-1 EXTRACT 

Basis of Issue 
1/student 
l/student 
1/student 
2/student 
l/student 
l/student 

PROCEDURE 

Remove ALL JEWELRY before working with electrical equipment. 
DO NOT damage trainer or test equipment. Place a checkmark (/) or 
response in appropriate blank or blanks. 

Note: Obtain ALL necessary equipment before starting lab. 

Part 1. INSPECTION 

SAT UNSAT 1. Visually inspect the indicator for: 

a. Cracked or loose glass. 

Condition of dial. b. 

c. 

d. 

e. 

Condition of pointers, 

Damaged case. 

Security of mounting. 

Supersedes 3ABR32531-WB-212, 22 January 1975, which may be used until 
existing stocks are exhausted. 
OPR: 3360 TTG 
DISTRIBUTION: X 

3360 TTGTC/W - 200; TTVSR - 1 

9:'3 
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SAT UNSAT 

f. Condition of electrical connector. 

2. Inspect the tank unit for: 

a. Damaged case. 

b. Security of mounting. ' 

c. Damaged mounting flange. , 

d. Condition of electrical connector. 

e. Condition of float and arm 

assembly. _____ 

3. Inspect the wiring for: 

&. Frayed insulation. _____ 

b. Broken connector plugs. _____ 

c. Broken wires. 

Part 2. OPERATIONAL CHECK 

1. Plug trainer into 28V DC power source. 

2. Push circuit breaker IN. 

3. Place trainer switch to ON position. 

Noce: Make sure all trouble switches are to che OUT position. 

4. With float arm in (down) EMPTY position, the indicator 
reads empty . full . 

5. Mo'/e float arm to (up) FULL position. Indicator reads 
empty . full . 

6. Move float arm to (down) EMPTY position. Indicator reads 
empty _, full . 

Part 3. TROUBLESHOOTING 

1. Place trouble switch //I to the IN position. 

fu l l 
a. Indicator reads OFF scale empty 
, low , high . 

_, OFF scale 

b. Move float arm through its full range of travel. 
Indicator moves , does not move . 

,9'l 7 
'X 
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2. Place trouble switch H to the OUT position and place trouble 
switch H to the IN position. 

full 
a. Indicator reads OFF scale empty 
_» ^°^ . high . 

, OFF scale 

b. Move float arm through its full range of travel. 
Indicator moves . does not move . 

3. Place trouble switch iH to the OUT position and place trouble 
switch //3 to the IN position. 

f u l l 
a. Indicator reads OFF sca le en^ty 

_, low , h i ^ . 
, OFF scale 

b. Move float arm through its full range of travel. 
Indicator moves , does not move . 

4. Place trouble switch //3 to the OUT position and place trouble 
switch /M to the IN position. 

full 
a. Indicator reads OFF scale empty 
, low , high . 

_, OFF scale 

b. Move float arm through its full range of travel. 
Indicator moves , does not move , 

5. Place trouble switch //4 to the OUT position. 

6. Place trainer power switch to OFF position. 

7. Pull circuit breaker. 

8. Disconnect trainer from 28V DC power source. 

9. Remove electrical connector plugs from indicator and transmitter. 

10. Using the multimeter, troubleshoot the system and record the 
kind of trouble and location of trouble on the following chart. 

a. Place function switch to OHMS. 

b. Place range switch to Q X 1. 

Trouble 
Switch 

1 

2 

3 

4 

Indication 
(Kind of Trouble) 
Open, Short, etc. 

9"J 

Location of Trouble 
(Wire Number(a)) 
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11. Make sure all trouble switches are to the OUT position. 

12. Reconnect the electrical connector plugs to the indicator 
and trananitter. 

Note: Make sure keyvays are aligned. 

Part 4. BENCH CHECK 

1. Plug trainer into 28V DC outlet. 

2. Push circuit breaker IN. 

3. Place trainer switch to ON position. 

Note: Make sure all trouble svd.tches are to the OUT position. 

4. Move float arm throxigh its full range of travel to full 
position. 

a. Indicator reads exiq>ty . full 

5. 
position. 

6. 

7. 

8. 

9. 

10. 

Move float arm through its full range of travel to en^ty 

a. Indicator reads empty 

Indicator is satisfactory _ 

, full 

_, unsatisfactory 

Turn trainer switch to OFF. 

Ptill circuit breaker. 

Disconnect trainer from 28V DC power source. 

Disconnect electrical connector plug at transmitter. 

11. Using a Wheatstone bridge, check the resistance of the 
resistance strip in the DC liquid level transir-<.tter. 

12. Connect the Wheatstone bridge leads to pins A and B of the 
transmitter, and XI and X2 post on the Wheatstone bridge. 

13. Position GA knob to the RVM position. 

14. Position BA knob to the INT position. 

15. Position the RES-VAR-MDR knob to the RES position. 

16. The resistance of the resistance strip of the transmitter 
should be 201 ohms plus or minus 4 ohms. 

17. Position the "MULTIPLY BY" switch to 1/10 position lAW 
chart located in TO EXTRACT 33A1-12-15-1. 

9'v; 
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18. Push the galvanometer pointer lock (clamp) button toward DIAL 

to unlock galvanometer pointer. 

19. Turn the ZERO ADJUST knob located ABOVE the lock button until 
the galvanometer pointer is at ZERO. 

20. Position the thousands, hundreds, tens and units decade dials 
to the settings that total the estimated resistance from step 16. 

21. Follow the instructions in paragraph 14 sub-para "b" (1) and 
(2) of TO EXTRACT 33A1-12-15-1, to measure the resistance of the 
resistance strip of the DC transmitter. 

22. The resistance is 

a. Satisfactory 

_ ohms. 

, Unsatisfactory 

23. Lock the galvanometer pointer. 

24. Using the multimeter, check the wiper arm of DC transmitter. 
Multimeter should be on Ohms X 1 scale. 

a. Connect wheatstone bridge leads to pin A and pin C of 
the DC transmitter. 

b. Clip ohmmeter leads to alligator clips on wheatstone 
bridge leads. 

25. Move the transmitter float UP and DOWN. The resistance should 
vary smoothly. 

a. Wiper arm is satisfactory , unsatisfactory 

26. Connect the electrical connector plug to transmitter. 

27. Disconnect leads from multimeter and wheatstone bridge and 
store wheatstone bridge and multimeter. 

28. Student's Last Name . 

29. Give wheatstone bridge leads and workbook to instructor, 

9"V 



1 yM fhxov^ I BMcohm. Wbn 
mbm tfa* 4Wntt intanal battery, 
OM nmohw (tf tmkitMam will CMIM 
tiM potetir to cMUek 4% »e$h dM-

b. Sk0rta md Crmm. WITM in eabto art 
iiiMiMiMlr Amafid la pain (A. flff. 5). An 
•iMlvfaal patk bttPMB two wiNt «f tha MUM 
pair it immT'r eaikd a ihort An abe-
tridal patti bttwwa two wiiM of aidjaewt pain 
ia wir—^^T caUad a croaa (C, fig. 5). Taat 
for a ihoit or a crow aa foilowa: . 

(1) Pr̂ MT* the tart att (a(l)>(4) 
abort). 

(2) DiaeoiUMct all aqoipment from th« far 
and of tba eabla. 

(8) Connaet ona of tba wirta to ba tasted 
to the ground biadisr poet and preea 
tba GA SENS 1 switch. Tooch each 
of tba otiier wirea in the cable to 
line binding poet XI. The galvan­
ometer will deflect strongly when the 
other faulty wire contacts line bind­
ing poat and will show no deflection 
with wina not shorted or crossed. 

e. Optn \j9tiductor. 
(1) Perform o(l) through (6) above. 
(2) If the wirea to be tested are in lead-

covered cable, connect the far end 
of the wirea in the cable to the cable 
sheath. If the cable is not lead-cov­
ered, connect the far end of the wires 
to a good ground. 

(8) Pzvss GA SENS 1 switch and touch 
each of the wirea at the near end 
(one at a time) to line binding post 
XI. The galvanometer will deflect 
for all wires except any that are open. 

14i MaasMfamant of loop or Unimown 
Raslslanca 

Measure the resistance of a loop (two lengths 
of wire joined at the distant end) or of any 
ekeferical component (resistors, transformers, 
ete.) as follows: 

a. Preparation for TetL 
(1) Adjust the galvanometer (par. 10a). 
(2) Poaition the teat set controls (fig. 8) 

aa follows: 
(a) GA switch to BVM. 
(ft) RES-VAR~MIJR switch to RES. 

(e) Mrlca aa doaa an estimate aa poa-
aibia of the rsaiatanoa to ba meaa-
ond and sat tha MULTIPLY BY 
dial aa iadteatad in the following 
chart: 

MtamrLY a t Mat 
mtm»m$mlm titkmt 

la 

lot* 100 

lOOtolOOO 

ioaotoio,ooa 

10.000 to 109,000.. 

100.000 to 1,011,000 

lOOO 
1 

lOO 
1 

10 
1 

1 

10. 

1 
100. 

•Ta «MalK atrt MMM** aMMaf«««iU <in«Ur potn<*r <<•• 
(iMllMt) vW» MMMdM f immM aW** ll.tM aiiaw. M* • • 
ilwiiri tlH- W 4*'««a »Mwy (S«M«nr tA-U) t ««Mi. 

(8) Make the following connections: 
(a) If the resistance of a loop is to 

be meaaured, disconnect all equip­
ment from the near end of the loop 
and connect one wire of the loop 
to line binding post XI and the 
other wire to line binding post X2 
(A, fig. 5). Be sure that the wires 
connected to the test set are clean 
and are firmly secured to the bind-

^ ing posts. Have all equipment dis­
connected from the far end of the 
loop and a short placed acroAs the 
circuit at that end. 

(6) If the resistance of an electrics! 
component is to be measured, con­
nect the component across line bind­
ing posts XI and X2. 

b. Baianeing th« Briigt. 
(1) Poaition the thousands, hundreds, 

tana, and units decade dials (fig. 3) 
to settingi thait total the estimated 

TAOOOn* 

TO 3 5 A . 1 - 1 2 - 1 5 - 1 

RHPRDDUCriON FOR ATC TRAINIOS, UŜ E ONLY. DO NOT USE ON THE JOB. 
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sn 
ntigUac* to ba tamnnd divided bjr 
the itltiaf Gt tfa* MULTIPLY BY 
did. 

ExampU: If the aitimated reaiat-
aaca to be maaaorad ia 600 ohma, tha 
aattinff of the MULTIPLY BY dial 
muat be 1/10 (chart in a above); 
tharafora the poaitlona of the doeade 
diala muat total 6,000. 

Eatimated resistance 
to be measured 

Setting of 
MULTIPLY BY dial 

500 

1 

10 

5.000 

(2) Presa the GA SENS .01 switch and 
note the direction of movement of the 
gaWanometer pointer. If it moves 
to the right, increase the resistance 
total of the decade dials until it does 
not move from zero when the GA 
SENS .01 switch is pressed. If the 
pointer moves to the left, decrease 
the resistance total of the decade dials. 
Repeat the above procedure, using the 
GA SENS .1 and then the GA SENS 
1 Switches. The teat procedure is 
complete v hen the GA SENS 1 switch 
is pressed and the pointer does not 
move in either direction.. Under these 
eonditiona, the bridge circuit in the 
test set is said to be balanced. 

c Rti%$tanee DetermtTuttion. The unknown 
resistance is equal to the sum of the decade 
dial sattinga multiplied by the setting of the 
MULTIPLY BY dial. 

ExampU: U the bridge ia balanced when the 
sum of the decade dial settings ia 5,137 and 
the MULTIPLY BY dial is set at 1/10, the 
resistance connected acroaa the line binding 
posts is 6,137 X 1/10 or 613.7 ohms (decimal • 
point moved one place to left). If the MUL­
TIPLY BY dial is set at 1/100, move the 
decimal point two placea to the left (51.37 
ohms); for 1/1000, move- the decimal point 
three places to the left (6.137 ohma). For 
10/1. add one zero to the reading (51,370 
ohma) and for 100/1, add two zeros (613,700 
ohms). 

15. Simph Leap T«al i ir Locating StiOrt 
A aimple method of locating a short is to 

detarmiiM the rasiatanoe of^tha short, sub­
tract the resistance of the short from resiat-
ance maaauramenta from each end of the 
shorted dreuit, and use the resulting resist­
ance value and the known reaiatanea par mile 
or feet par ohm of the type of wire in tlie 
faulty dreuit to compute the reaiatanea from 
each end to the fault When a fault haa been 
identified li;? a abort, have all equipment dis­
connected from both ends of the circuit and 
proceed aa follows: 

a. DeUrminaiim of Loop Ungth (Test 1, 
fig. 6). If the length (distance from test point 
to far end) of the faulty loop is not known, 
compute it aa follows: 

(1) Meaaure the loop resistance of a good 
pair in the cable (par.' 14). 

(2) Determine Ute loop length'in miles 
by dividing the resistance per loop 
mile (par. 33) into the loop resist­
ance. To compute the kwp length in 
feet, multiply one-half the loop re­
sistance by the number of feet per 
ohm of the wire. 

b. Mmuurem4nt from Tui Point to Short 
(Test 2. fig. 8). Connect the shorted pair to 
line binding poats XI and X2 and balance 
the bridge. RMord the reaistance measure­
ment. 

Not*. This fMiaUne* is equal to th« rMtitance of 
th« short piw th« rtfistanet of tho shorted circuit from 
the test point to the fault. 

e. EquiwUent Measurement from Far End 
(Test 3, fig. 6). Have a good cable pair con­
nected to the shorted pair at the far end. Dis­
connect the shorted pair from the teat set, 
connect the good pair to line binding posts 
XI and X2, and measure'the reaiatance of 
this circuit arrangement. Subtract the loop 
resistance (a(l) above) from the teat 3 re­
sistance measurement to obtain an equivalent 
resistance measurement from the far end of 
the shorted circuit 

N«U. This reaiatance is equal to the resistance of 
the short plus the reaistance of the shorted circuit from 
the far end to the fault 

d. RenMtanee of Short. Subtract the loop 
resistance (a(l) above) from the sum of the 
resistance measurement from each end of the 

TAOOMIA 
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OBJECTIVE 

Without references, identify facts pertaining to the purpose, 
operation, and/or characteristics of the capacitance liquid quantity 
indicating system with an accuracy of 80%. 
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This program presents information in small steps called "FRAMES." 
After reading the information in each frame, you are asked to actively 
respond on the response sheet provided. Check the accuracy of your 
response with the correct answers that are given after the following 
frame. If you make an incorrect response, study the frame again before 
going on to the next frame. DO NOT HURRY! 
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Frame 1 

The F-111 aircraft has two capacitance liquid quantity indicating 
systems, fuel and oxygen. They are used to indicate how much fuel and 
oxygen are in the tanks so that the pilot can plan for successful 
completion of his mission. Basically, both systems are the same so we 
will study the fuel quantity indicating system. Particulars of the 
oxygen quantity system will be given in the last few frames of this 
programmed text. The fuel quantity indicating system that was used on 
earlier aircraft measured the fuel in gallons. This type of system 
had one major problem. As the temperature changed, the amount of fuel 
displayed on the indicator changed. This was caused-by the expansion 
and contraction of the fuel at different temperatures. When the 
temperature increases the volume of the fuel increases and thus the 
indication increases. The opposite occurs when the temperature decreases. 
Therefore, this type of system was very inaccurate and would not meet the 
needs of modem aircraft. 

Circle the letter of the correct response to the following 
statement. 

1, As the temperature of the fuel decreases, the volume of the 
fuel 

a. increases. 
b. decreases. 
c. stays the same. 

\ iA 

3 

Si 2 



Frame 2 

With the development of high performance aircraft, such as the 
F-111, fuel measurement became extremely important. Through 
experimentation it was discovered that even though the volume of fuel 
changes with temperature changes, the weight of fuel remains approximately 
the same for each different type of fuel. The system developed to 
accurately measure the fuel is a capacitance AC bridge circuit system. 
This system measures the weight of fuel aboard an aircraft and thus 
eliminates the errors caused by temperature changes. 

Circle the letter of the correct responses to the following 
statements. 

1. The capacitance type fuel indicating system was developed to improve 

a. stability of the aircraft. 
b. maintenance of the aircraft. 
c. maneuverability of the aircraft. 
d. accuracy in measurement of fuel in the tanks of the aircraft. 

2. The system developed to measure the amount of fuel is a/an 

a. inducatance AC bridge circuit. 
b. capacitance AC bridge circuit. 
c. resistance AC bridge circuit. 

Answer to Frame 1: 1. b 

913 
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Frame 3 

Before we cover the components of the capacitance fuel quantity 
system, let's review some basic facts about capacitors. A capacitor 
(or condensor, as it is often referred to) is an electrival device in 
which an electrical charge can be stored. It is composed of two 
conductors separated by an insulator (dielectric). The capacitance 
of a capacitor is measured in farads (f). However, the farad is such 
a large unit that most capacitors used in the capacitance quantity 
system are rated in micromicro farads (yuf). The capacitance of a 
capacitor depends upon three factors: (1) the surface area of the 
plates, (2) the distance between the plates, (3) the material or 
dielectric between the plates. 

Circle the letter of the correct responses to the following 
statements. 

1. Which of the following terms is used to measure a capacitor's 
capacitance? 

a. 
b . 
c. 
d. 

Henry 
Ohm 
Farad 
Hcfle 

The capacitance of a capacitor depends on the surface area of the 
plates. 

a. dielectric, and distance between the plates. 
b. dielectric, and material the plates are made of. 
c. material of the plates, and distance between the plates. 

Answers to Frame 2: 1. d 2. b 

••5?. 
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Frame 5 

To change the amount of electrons that can be stored by a 
capacitor the dielectric must be changed. Various materials are 
given a dielectric number (K factor) which compares to the dielectric 
constant of a vacuum which has a K factor of 1. Table 1 below lists 
the dielectric constants of several materials. (The water listed in 
Table 1 is distilled water, otherwise it would not be a good 
dielectric.) The higher the K factor, the greater the capacitance 
of a capacitor. 

VACUUM 
AIR 
115/145 GRADE AVIATION GASOLINE 
JP-4 FUEL 
MICA 
WATER 

1.00000 
1.00059 
1.971 
2.083 
5.7 to 7.0 
81.7 

Table 1. Dielectric Constants 

Circle the letter of the correct responses to the following 
statements. 

1. Of the dielectrics listed below, the one having the highest K 
factor is 

a. air. 
b. mica. 
c. vacuum. 
d. JP-4 fuel. 
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_Frame 6 (Cont'd) 

Circle the letter of the correct responses to the following 
statements. 

1. When the dielectric constant of a capacitor is increased, the 
capacitance 

a. Increases. 
b. decreases. 
c. stays the sjuue. 

Answer to '-• rame 5: 1. b c 
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Frame 7 

A simple capacitance bridge circuit consists of a tank unit and 
a reference capacitor connected in series across a secondary winding 
of a transformer. The tanl. unit is shown as a variable capacitor and 
the reference capacitor is shown as a fixed capacitor. See figure 6 
below. A center tap from point "K" on the secondary winding is 
connected through an amplifier to point "P" between the reference 
capacitor and the tank unit. If the tank unit and the reference 
capacitor are equal and the center tap divides the voltage of the 
secondary, then the induced voltage on each leg is equal. The current 
developed in each leg tries to flow across the bridge but from different 
directions. Since the current is equal they "buck" (oppose) each other 
and all the current flows in the direction shown by arrows in figure 5 
and no current is felt across the bridge. At this time the bridge is 
said to be: balanced. 

TANK UNIT 

ntnntnct 
CAMCITM 

Figure 6, 

Ciccle the letter of the correct responses to the following 
statements. 

1. The bridge circuit shown above is balanced because the two 
currents are 

a. equal in value and opposite in direction. 
b. equal in value and in the same direction. 
c. unequal in value and opposite in direction. 

2. The reference capacitor in the circuit is the 

a, variable capacitor and is in series with the tank unit. 
"•> fixed capacitor and is in series with the tank unit. 
c. fixed capacitor and is in parallel with the tank unit. 
d. variable capacitor and is in parallel with the tank unit. 

Answer to Frame 6: 1. a oiq 

10 



Figure 8 

\^en fuel is added to the tanks, the capacitance bridge becomes 
unbalanced; the capacitance of the tank unit increases and the 
capacitive reactance decreases, allowing a greater current to flow in 
the tank unit leg. This increased current in the tank unit leg overcomes 
the current in the reference capacitor leg of the bridge circuit. The 
curtent is then able to travel in the direction of the arrows across 
the bridge. See figure 7 below. 

RtFIUNCC 
CAMCItM 

Figure 7, 

Circle the letter of the correct responses to the following 
statements. 

1. By adding fuel to the tank the capacitive reactance of the tank 
will 

a. increases. 
b. decreases. 
c. stays the same. 

2. As the tank unit capacitance increases, 

a. more current will flow in that circuit. 
b. less current will flow in that circuit. 
c. current flow will stay the same in that circuit. 

Answers to Frame 7: 1. a 2. b 

11 
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Frame 9 

Since current flows across the bridge to the amplifier, an 
amplified signal is being applied to the indicator and a pointer is 
being repositioned. A way is needed to stop the pointer movement at 
the correct position, so a rebalance potentiometer is added to the 
circuit in series with the reference capacitor. See figure 8 below. 
The wiper am of the potentiometer is repositioned whenever the 
pointer is moved which will readjust the voltage to the reference 
capacitor and stop the pointer movement at the correct position. 
This is done by cancelling the current across the bridge. At this 
time the bridge has been rebalanced. 

TANK UNIT 

REFERENCE 
CAPACITOR 

REBALANCING POTENTIOMETER 

Figure 3, 

Circle the letter of the correct responses to the following 
statements. 

1. The rebalance potentiometer is connected to the reference 
capacitor in 

a. series. 
b. parallel. 
c. series-parallel. 

2. As the rebalance potentiometer wiper arm moves, voltage will 

a. be varied across the reference capacitor. 
b. be varied across the tank unit. 
c. stay the same across the reference capacitor. 
d. stay the same across the tank unit.-

Answers to Frame 8: b 2. a 
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Figure 10 

Now that the current flow has been stopped through the bridge, 
the system is balanced. As the amount of fuel decreases, (used by 
the engine) the bridge circuit becomes unbalanced again. The decrease 
in fuel causes the capacitance of the tank unit to decrease and the 
reactance to increase. Because of the increase of the reactance, 
the current in the tank unit leg decreases. At this time the current 
in the reference leg is greater and flows across the bridge through 
the amplifier from point "P" to point "K." Notice the direction of 
the current flow (arrows) in figure 9 below. The amplified signal 
operates the indicator and the rebalance potentiometer is readjusted 
to balance the bridge. 

TANK UNIT 

CE 
CAPACITOt 

Figure 9. 

Circle the letter of the correct responses to the following 
statements. 

1. When fuel is taken from the tank, the capacitive reactance of 
the tank unit 

a. increases. 
b. decreases. 
c. stays the same. 

2. As the tank unit capacitance decreases, 

a. less current flows through the tank unit. 
b. more current flows through the tank unit. 
c. less current flows through the reference capacitor. 

Answers to Frame 9: 1. a 2. a 

922 
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Frame 11 

When the capacitance fuel quantity system is in operation, 
another factor that affects the indication is the fuel characteristics 
(dielectrics). Some fuel lots, or batches, will have a higher 
dielectric constant than the others. This is especially true of 
modem jec fuels. In order to minimize the effects of these differences 
in dielectric, a special capacitor (compensator) is used. The compensator 
(Item A of Figure 10) is always located at the lowest point of the tank. 
Electrically, the compensator is actually a variable capacitor only 
smaller in size than the regular tank unit (Item B). 

/ 

1 — 

1 " r 

1 

• ( > 

u 

—A 

•s 
N 

Figure 10. 

NO RESPONSE REQUIRED 

^22 
Answers to Frame 10: 1. a 2. a 

14 



<fo3 
Frame 12 

The compensator is electrically connected in parallel to the 
reference capacitor of the bridge circuit. (See figure 11 below.) 
The compensator works as follows. VJhen fuel, from a different lot, 
is added to the tank the K factor may be higher than the K factor 
of the previous lot of fuel. This causes a higher current to flow 
in the variable leg of the bridge circuit. The higher current flow 
increases the reading of the indicator even though the fuel tank 
holds the same amount of fuel. With the compensator installed at 
the bottom of the tank the K factor felt on the tank unit is also 
felt on the compensator. So therefore, if the K factor causes an 
increase in current flow in the tank unit, the current flow will 
also increase in the compensator. Since the compensator is connected 
in parallel with the reference capacitor, the increased current flow 
of the compensator will be added to the current flow of the reference 
capacitor. This causes both legs of the bridge to increase the same 
amount and therefore the K factor difference is corrected for by the 
two increased signals cancelling each other. 

TANK UMir 

Figure 11, 

Circle the letter of the correct responses to the following 
statements. 

1. The compensator is connected to the reference capacitor in 

a. series. 
b. parallel. 
c. series-parallel. 

2. The compensator unit is connected to the reference capacitor and 

a. aids the tank unit current. 
b. opposes the tank unit current. 
c. raises the tank unit current. 

15 
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Frame 13 

Now that the operation of a basic Capacitance Bridge Circuit has 
been explained, let's cover each component used to make-up the four 
sections (Forward, Aft, Select, and Total) of the F-111 Capacitance 
Fuel Quantity Indicating System. The first component to be discussed 
is the tank unit probe (variable capacitor). See figure 12 below. 
The tank unit probe is a light weight sensing element that consists 
of two concentric tubes, one inside the other and are separated by an 
insulated spacer to prevent them from shorting together. These tubes 
make up the inner and outer plates of the variable capacitor which 
has.the capacitance rated in micromicrofarads (pico). Openings at 
each end of the tubes are provided to allow the fuel to enter the 
tubes so that the fuel is used as the dielectric. 

T 
TANK TOP 

OUTER PLATE 

iNNen PLATE' 

Figure 12. 

Circle the letter of the correct response to the following 
statements. 

1. The capacitance of the tank unit probes are rated in 

a. ohms. 
b. farads. 
c. mlllifarads. 
d. picofarads. 

Answers to Frame 12: 1. b 2. b 925 
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Frame 14 

With the exception of the tank units (probes) in the wings, all 
probes are dual-sensor devices. That is there are two identical but 
electrically isolated sensing elements mounted on a common flange 
or installation bracket. Tank units for the wings are single-sensor 
units but are installed in pairs, achieving the same purpose as the dual-
sensor units. One sensing element of the pair is connected in electrical 
parallel with one element of each pair within that particular tank to 
provide sensing of the individual tank fuel quantity. The other element 
of the pair is connected in electrical parallel with the other elements 
of that tank and also to the other tanks to provide the total fuel 
quantity indication, which makes the totalization completely independent 
of the individual tank indivations. Both sensing units are identical; 
therefore, it is immaterial which one is connected in either the 
individual tank or totalizer circuits. 

Circle the letter of the correct response to the following 
statement. 

1. Single-sensor units are connected in pairs and are used 

a. to take the average capacitance. 
b. to decrease the capacitance of the individual tank. 
c. to increase the capacitance of the individual tank. 
d. one for che»individual tank, and one for the totalizer. 

Answer to Frame 13: .1. d 
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Frame 15 

More than one set (pair) of probes is used in a fuel tank system 
and are connected together in parallel, (remember that the total 
capacitance of capacitors in parallel is the sum of the individual 
capacitances), so that aircraft manuevers (changes in attitude) are 
possible without causing the capacitance quantity indication to 
change. See figure 13 below. Notice the dotted line across the fuel 
tank. If the aircraft were in a climb as shown below, the indication 
would still be as if the aircraft were flying level and the level of 
fuel were at the line shown. Thus, the total capacitance of the tank 
is used for the indication. 

Figure 13. 

Circle the letter of the correct responses to the following 
statements. 

1. The probes (pairs) are connected in parallel to prevent an 
indication change of the indicator due to 

a. dielectric change. 
b. aircraft manuevers. 
c. a shorted probe in the tank. 
d. a weak battery in the system. 

Answer to Frame 14: 1. d 92' 
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Frame 16 

The number and size of the probes (pairs) depend on the size and 
shape of the tank in which they are to be used. There are two types 
of mounting probes that are widely used. They are the flange mounted 
(mounted vertically from the outside of the tank) as shown in figure 
14 and the internally mounted type (mounted vertically inside the 
tank) as shown in figure 15. Notice that in each type two probes are 
used, one for the individual system and the other for the total system. 

3e: 
• 

^ 
^ 

A 
F 

k% 

ciRoiir'scHEMAfic' 

INSERTION 
LO L (i.03) 

18.52 
90.53 
47.89 
52.69 
42.63 

DRY CAP 
UUF 

3 7 . 5 1 
73.73 

109.52 
161.59 
89.89 

VENDOR 
f*RTNO. 

BI2S6-3I77 
-3178 
- 3 1 7 9 

81256-3475 
-3476 

Figure 14. 

OVERALL LENGTH 
H (•O.OS) 

!3.14 

DRY CAP 

14.89 

VEilOOR 
PART NO. 

B12980183 

COKPESSATOR I'RV ap-26 SILT ^^W 
VIEW A-A (TYP) 

Figure 15, 

t^PGp-

XtX±3. 
CIRCUIT SCHEJttTIC 

NO RESPONSE REQUIRED 

Answer to Frame 15; 1. b 
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Frame 17 

The inner tubes (plates) of the tank units are one of two types: 
(1) the non-characterized type which is used in tanks that are uniform 
in design such as a square or rectangular shaped tank, and (2) the 
characterized type which is used in tanks that are irregular in design. 
The non-characterized type inner plate is made so that the complete 
plate capacitance is used in the system. See figure 16*. The char­
acterized type inner plate, as shown in figure 17*, is not uniform in 
width (shaded area) along the plate length because of the irregular 
tank that it is to be used in. This type of inner plate consists of 
two metal patterns (shaded and white) which are insulated from each 
other and pressed together to form the inner plate. The tube is coated 
with a phenollic resin varnish to prevent shorting. The active area 
(shaded) is attached to a signal lead and the white area is connected 
to ground to remove the unwanted capacitance from the system. With 
this set-up, the correct capacitance is achieved so that an evenly 
graduated indicator can be used regardless of the shape of the tank. 

TOP 

BOTTOM 
NON-CHARACTERIZED 

Figure 16. 

BOTTOM 
CHARACTERIZED 

Figure L7. 

*Note: The above figures are an unrolled view of the inner plates, 

Circle the letter of the correct response to the following 
statements. 

1. The type of inner plate that is used in an irregular shaped tank 
is the 

a. Characterized type. 
b. Non-Characterized type. >•--• 

929 
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Frame 18 

The signal lead that is attached to the active pattern of the 
inner plate is a shielded (coaxial) lead which is referred to as a 
COAX lead. The COAX lead is made up of 4 parts. See figure 18 
below. The parts are: a low resistance center conductor to carry 
the signal, a dielectric insulation to prevent shorting, a shield 
(outer conductor) which is grounded to protect the center conductor 
from unwanted magnetic interference from other systems, and an outer 
jacket insulation. The center conductor signal is applied to an 
amplifier to operate the indicator. 

SHIELD (OUTER CONDUCTOR) DIELECTRIC 

OUTER JACKET CÊ f̂ ER CONDUCTOR 

Figure 18, 

Circle the letters of the correct responses to the following 
statements. 

1. The COAX lead carries the signal from the 

a. tank unit to the amplifier. 
b. indicator to the amplifier. 
c. compensator to the amplifier. 

2. The COAX lead is shielded to prevent 

a. static interference in the radio. 
b. a magnetic buildup around the conductor. 
c. induction of electrical signals to the center conductor. 

Answer to Frame 17: 1. 

21 
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Frame 19 

The outer tube (plate) is a seamless tube coated with a thick 
Zapan insulating finish which prevents short circuits and grounding. 
The inner and outer plates are spaced and insulated from each other 
by plastic spacers. At one end of the unit is a fixed insulator and 
a mounting spring which provides vibration isolation and support. In 
addition, the unit may have movable insulators and mounting springs 
fitted around the outer electrode to permit clamping of the unit to 
a suitable mounting bracket. See figure 19 below for a view of the 
outer plate. There is an unshielded lead attached to the outer tube 
(plate) of the tank unit and is called a GEON lead. This GEON lead 
carries the operating voltage from the bridge circuit to the tank 
units. 

Figure 19. 

Circle the letter of the correct responses to the following 
statements. 

1. The purpose of the Zapan coating is to 

a. conduct current through the outer electrode. 
b. prevent short circuits and grounding. 
c. conduct current through the inner electrode. 

2. The GEON lead carries voltage from the 

a. amplifier to the tank unit. 
b. bridge circuit to the tank unit. 
c. empty potentiometer to the tank unit. 

Answers to Frame 18: 1. a 2. c 

22 
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Frame 20 
911 

Another component,•the tank unit compensator is a light weight, 
internally mounted sensing element that is usually attached to the 
lowest part of the tank unit probe in the lowest part of the tank. 
See figure 20 below. The compensator is placed in this arrangement to 
make sure it will be'covered with fuel at all times so that the K 
factor changes will be corrected for.- The compensator unit itself 
consists of 3 concentric tubes separated by insulated spacers. The 
center tube forms one plate and the in*" -nal and external tubes are 
tied together to form the other plate, ^^e figure 21 below. The 
compensator is then connected in parallel to the reference capacitor 
of the- intermediate device to oppose current flow from the tank units. 

INTERNAL TUBE 

ELECTRICAL 

CONNECTOR 

COMPENSATOR 

»— CYLINDER 

CENTER TUBE 

EXTERNALTUBE 

Figure 21. 

Figure 20. 

1. 

circle the letter of the correct response to the following statements, 

The compensator is mounted 

a. at the top of the tank. 
b. in the middle of the tank. 
c. at the lowest part of the tank. 

23 
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Frame 20 (Cont'd) 

2. Current flow through the compensator 

a. aids tank unit current flow. 
b. opposes tank unit current flow. 
c. does not affect tank unit current flow. 

Answers to Frame 19: 1. b 2. b 
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Frame 21 
9/3 

The Intermediate Device (figure 22 below) is the "heart" of the 
Capacitance Quantity Indicating System. This component supplies the 
operating voltages to the tank unit prooes, converts the capacitance 
signals from the tank units into a driving signal to operate the 
indicators, contains all the adjustments of the system, and supplies 
all signals during the -self-test of the system. One intermediate 
device is needed for each of the four systems and all of the inter­
mediate devices are interchangeable so that only calibration is 
neede'd after installation. 

p7 

^ ^ ~ " 0 -

K ^ 

t 
-*! 

{h 

—^ 

External View 
B 

Internal View 

Figure 22. 

Circle the letter of the correct response to the following 
statements. 

1. The unit that converts the capacitance signals into driving 
signals is the 

a. tank unit probes. 
b. reference capacitor. 
c. intermediate device. 
d. indicator. 

Answers to Frame 20: 1. c 2. b 
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Frame 22 

The driving signals from the four intermediate devices operate 
two servo-motor driven indicators. Both indicators are lighted by 
internal lighting. The first indicator (shown in figure 23) is the 
Fuselage Fuel Indicator which displays the fuel quantity of the 
forward and aft fuel tanks by the use of two points. The forward 
tank "F" pointer and the aft tank "A" pointer are read against a dia 
from 0 to 20 X TOOO pounds. 

Figure 23. 

Circle the correct answer to the following statement. 

1. The Fuselage Fuel Indicator displays the'amount of fuel in the 
Forward and Aft tanks in 

a. gallons X 100. 
b. pounds X 100. 
c. gallons X 1000. 
d. pounds X 1000. 

Answer to Frame 21: 1. c 
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Frame 23 

The fuselage fuel indicator is also used to control the center of 
gravity of the aircraft or Fuel Distribution of the a:*xcraft. The 
mechanisms of the two indicators are coupled through a differential gear 
arrangement and a group of cam operated switches. See figure 24 below. 
tVhen the ENG FEED switch is rotated to AUTO, this group of svrLtches 
controls fuel relays that will either open or close fuel valves allowing 
fuel to transfer from the aft tank to the forward tank. This will 
maintain the center of gravity until the aft tank is empty. 
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FUStLAOE FUEL INOICATOA 

Figure 24. 

Circle the letter of the correct responses to the following 
statements. 

I. The differential gear and switching arrangement shô jn above 
controls fuel flow between the 

a. forward and aft tanks. 
b. forward tank and the engines. 
c. aft tank and the engines. 
d. wing tanks and the engines. 

Answer to Frame 22: 1. d 
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Frame 24 

A fuel distribution caution light is located on the main instrument 
panel. This light is controlled by various switches in the fuselage 
fuel indicator. The light is used to warn the pilot that the fuel 
distribution system has failed and the center of gravity of the airplane 
is shifting. The caution lamp lights when the indicated fuel differential 
between the forward and aft tanks is less than 7600 (±200) pounds or more 
than 10,000 (±200) pounds. The lamp is operable only when the engine 
feed switch is positioned to AUTO and then onl/ when the forward tank 
indication is greater than appoximately 8,000 pounds or when the aft 
tank indication is greater than 225 pounds. 

Circle the letter of the correct responses to the following 
statements. 

1. The fuel distribution caution light is used to warn the pilot 
that the fuel distribution system has failed and that the 

a. right wing is becoming hea'/y. 
b. left wing is becoming heavy. 
c. center of gravity is changing. 

937 
Answer to Frame 23: 1. a 
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Frame 25 

If an aft center of gravity condition occurs, and the normal 
system fails to operate, a backup system will energize the fuel 
distribution caution lamp, with the engine feed switch in any 
operating position. The backup distribution system consists of a 
fuel distribution monitor control unit, and four thermistor type 
sensors. These sensors are installed on the tank units. See figure 
25 below. 

A , --TANK 
<go] / "NIT A7 

TANK 
UNITA9 

THERMISTORS 
TRAP 
TANK 

1 ; • • • 

THERMISTORS 

BAY A-2 

AFT TANK 

Figure 25. 

NO RESPONSE REQUIRED 

Answer to Frame 24: 1. c 

29 

938 



Frame 26 

When the normal distribution caution system .fails to operate at 
a fuel differential of 7600 pounds, this backup system will cause the 
FUEL DISTRIB caution lamp to light when the fuel differential decreases 
to approximately 6500 to 6700 pounds. This system will operate with 
the engine feed switch in any position. If this condition exists when 
the ENG FEED switch is in the AUTO position, the part of the automatic 
CG control circuit that controls the aft tank booster pumps is 
disabled. This protects against failure of the automatic CG circuit 
that would turn off the aft booster pumps and result in an abnoirmal 
aft CG. The logic circuitry contained in the distribution monitor 
control uiiit will provide an output only under conditions shown in 
figure 26 below. 

/-TANK 
/ UNIT A7 

-TANK 
UNIT A9 

BAY F-1 

S-l-12000 ^ 
POUNDS 

K S-2-9000 

rs 

POUNDS 

BAY F-2 

TANK FORWARD TANK 
UNIT A22 

CHANGE LEGEND =ry 
THIS IllUSTRAIICN KA3 3EEN 

EXTENSIVEU CHANGED 

NOTES: 

& 

BAY A-1 

S-3-580( 
POUNDS 

S-4»2500 
fi> POUNDS 

BAY A-2 

AFT TANK 

1. FUEL QUANTITIES (POUNDS) GIVEN IN DRAWING, DENOTES 
THE INDICATION OF FUS FUEL INDICATOR AT 
WHICH SENSORS ARE WETTED 

2. THE FUEL DISTRIBUTION C'.UTION SYSTEM PROVIDES AN OUTPUT TO THE 
FUEL DISTRIBUTION CAUTION LIGHT UNDER THE FOLLOWING CONDITIONS ONLY 

SI DRY AND S3 WET (FWD 12,000, AFT 5,800) LIGHT "ON"̂  

OR 

Si AND S2 DRY AND S4 WET FWD 9,000, AFT 2,500) LIGHT "ON" 
3. NO OTHER COMBINATION OF WET AND DRY SENSORS SHALL RESULT IN AN OUTPUT 

TO THE CAUTION LIGHT. 

Figure 26. 

The quantity levels specified are indicated values and will vary 
with airplane attitude. 

Refer to figure 26 above and circle the letter of the correct 
responses to the following statements. 
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1. 

Frame 26 (Cont'd) 

The fuel distribution caution system provides an output to the 
fuel distribution caution light with 

a. 
b. 
c. 
d. 

SI wet and S3 dry (fwd 12,000, aft 5,800) light on. 
SI dry and S3 wet (fwd 9,000, aft 2,500) light on. 
SI dry and S3 wet (fwd 12,000, aft 5,800) light on. 
SI and S2 dry and S4 wet (fwd 12,000, aft 5,800) light on. 

9401 
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Frame 27 

A time delay circuit in the control unit prevents erratic 
operation of the FUEL DISTRIB caution lamp that may be caused by 
fuel slosh and/or aircraft maneuvers. A fuel differential between 
the forward and aft tank less than 6500 - 6700 pounds must exist for 
12.5 (±2.5) seconds before the FUEL DISTRIB caution lamp will light. 
If the cac-ion .'.amp lights, it will remain lit for 12.5 (±2.5) seconds 
after the abnormal aft CG condition ceases to exist. 

Circle the letter of the correct responses to the following 
statements. 

1. The thing that prevents irregular operation of the FUEL DISTRIB 
caution lamp is a 

a. fuel differential between the forward and aft tanks. 
b. a time delay circuit in the control unit. 
c. restriction of fuel slosh between the forward and aft tanks. 

9n 

Ansŵ:..- to Frame 26; 1. c 
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Frame 28 

The second indicator (figure 27) is the Select/Total Indicator 
which displays the fuel quantity of the select tanks and the total 
fuel in all of the tanks. The Select indication is a pointer read 
against a dial from 0 - 5 X 1000 pounds and the total indication is 
a drum-type digital readout of the total amount of fuel aboard the 
aircraft. The Select indication is controlled by a 9 position rotary 
switch (figure 28) called the Fuel Gage Select Switch. By placing the 
switch to the different positions, a different tank's amount of fuel 
will be displayed by the Select pointer. 

SELECT AND TOTAL 
FUEL INDICATOR 

$^2 3 , % 
;_ FUEl QTY "̂  

[Tzoool It t-W »-» W j 

FUEL GAGE SELECT SWITCH 

Figure 27. Figure 28. 

Circle the letter of the correct response to the following 
statements. 

1. The drum-type digital readout is used to display which of the 
following indications? 

a. Forward tank 
b. Aft tank 
c. Select tank 
d. Total 

2. The unit used to check the amount of fuel on the select portion 
of the fuel quantity indicator is the 

a. intermediate devices. 
b. tank simulator relay. 
c. four totali;!er test switches. 
d. fuel gage select switch. 

Answer to Frame 27: 1. b 

33 

942 



Frame 29 

A tank simulator relay is used to provide an empty capacitance 
for the totalizer circuit when the external tanks or bay tanks are 
not installed. The reason it is used to keep the total fuel quantity 
reading accurate when the above mentioned tanks are not installed. 
The relay is permanently mounted and deactivated whenever the bay 
tanks or external tanks are installed. See figure 29. 

) 

Figure 29. 

Circle the letter of the correct responses to the following 
statements. 

1. The unit used to simulate an empty tank when the external tanks 
or bay tanks are not installed is the 

a. intermediate device. 
b. tank simulator relay. 
c. tank compensating unit. 
d. four isolation switches. 

Answers to Frame 28; 1. d 2. d 
913 
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Frame 30 

The total fuel quantity system also uses a switch referred to as 
the totalizer test switch. This switch is used in troubleshooting the 
system. It has four toggle switches labeled FITD, AFT, L. WING and 
R. WING. See figure 30 below for a schematic of the switches. Using a 
TF 20-1 capacitance tester connected to the tank circuit at the total 
intermediate device, you can actuate three switches and measure the 
amount of capacitance remaining in the circuit. This is accomplished 
by eliminating the capacitance of the three circuits not being tested. 
As an example, wh^n the FWD, AFT, and LW switches are actuated, the 
capacitance readout on the tester should equal the capacitance of the 
right wing. The test 3xd.tches will NOT check the drop tank circuits. 

TOTALIZEB TEST PANEL 

079 

ft WING 

Figure 30. 

Circle the letter of the correct responses to the following 
statements. 

1. I'Jhen the totalizer test switches, RW, LW and AFT are activated 
the capacitance read out should be the capacitance of the 

a. 
b. 
c. 
d. 

RW tank. 
LW tank. 
AFT tank. 
Fl-n) tank. 

0 

Answer to Frame 29: 
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Frame 31 

The last component is Che Fuel Gage TesC SwiCch. See figure 31 
be]ow. This swicch when depressed causes all four indicacions on 
Che indicators to drive to 2,000 pounds. This is done by a relay in 
each intermediate device. With the switch depressed Che relay 
energizes and removes the capacitance signal of the probes from the 
amplifier. Then predetermined signals are sent to the indicators 
from the intermediate device to drive the indication to 2,000 pounds. 

Figure 31 

NO RESPONSE REOUIRED 

915 

Answer to Frame 30: 1. d 
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Frame 32 

As you have seen, the capacitance quantity indicating system is 
large and complicated, and requires very reliable test equipment to 
ensure the system functions properly. The TF 20-1 Capacitance Test 
Set is the tester designed to fill this role. Refer to figure 32 on 
page 38 for a view of the TF ""-1 capacitance tester. 

The TF 20-1 test set contains four basic circuits. Each circuit 
performs a separate function. The four circuits are for: 

1. Measuring tank unit probe capacitance. 

2. Measuring tank unit insulation resistance. 

3. Simulating the total capacitance of a probe for ciiecking 
the aircraft indicator under test. 

4. System calbration. 

The test -;et includes simple circuits and the highest grade 
components to obtain excellent stability and accuracy. The 
capacitance indicator and the megohmmeter scale on the test set are 
hermetically sealed. The reference '-apacitors in the capacitance 
measuring circuit are hermetically sealed after adjustment at the 
factory. All transfomners are potted to prevent corrosion. 

Circle the letter of the correct response for the following 
statements. 

1. The tester used to check out the capacitance quantity indicating 
svstem is the 

a. 
b. 
c. 
d. 

TTU 205/CE. 
PSM-6. 
TF 20-1. 
N3A. 

The reference capacitors are adjusted 

a. at the factory. 
b. before each use. 
c. during the capacitance measurement. 
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\2 ii 
TF20-1 TESTER 

10 8 
y 

1 . OH-OF? SWITCH 
2 . 115V 400 CPS RECEPTACLE 
3 . CAPACITANCE RANGE SELECTOR 
4 . CAPACITANCE INDICATOR 
5 . CAP-RES CHECK SELECTOR 
6 . HEGOHWEIER 
7 . MECOffiWEIER RANGE SEUCtOR 
8 . COHPENSAIDR CAPACITOR 1QK)B 
9 . FTOCTION SttECTDR 

1 0 . PROBE CAPACITOR KNOB 
1 1 . PROBE UUP miKDREDS KNOB 
1 2 . PROBE UUF THOUSANDS KNOB 
1 3 . PROTECTIVE CAPS ( 6 ) 

Figure 32. TF 20-1 Capacitance Test Set. 
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Frame 33 

In frame 1, we .stated that basically the liquid oxygen (LOX) 
system operation is the same as fuel quantity. This is true as it 
uses a variable capacitor probe (sensor) mounted in an oxygen converter 
to sense the amount of liquid oxygen and sends this signal to the 
indicator. The indicator amplifier the signal to drive the pointer. 
System range is 0 to 20 liters and requires 115 VAC, 400 hertz, 1 
phase power for operation. I'/hen LOX capacitance is down to 
approximately 2 liters a low level warning lite comes on. See figure 
33 below. 

Figure 33, 

Circle the letter of the correct response to the following 
statements. 

1. To sense the amount of liquid oxygen the LOX system uses a 

a. variable resistance probe. 
b. oxygen converter. 
c. variable capacitor probe. 
d. fixed capacitor probe. 

The range of the LOX system is \ 

a. 0 to 20 liters. 
b. 0 to 25 liters. 
c. 0 to 30 liters. 
d. 0 to 35 liters. 

'̂. A low level warning lite comrs on when the LOX capacitance is 
dotm to approximately 

a. 
b. 
c. 
d. 

1 
2 
4 
6 

liter. 
liters. 
liters. 
liters. 

Answers to Frame 32: 1. c 2. a 
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Frame 34 

I-Zhen the press-to-test switch on the caution panel is depressed, 
the indicator drives to below 0 (off scale empty). The low level lite 
comes on at approximately 2 liters and will remain on until the press-
to-test switch is released and the indicator reaches approximately 4 
liters. This is the self test for system operation and requires 28 VDC 
power. See figure 34. 

OXY QTY TEST 

Figure 34. 

Circle the letter of the correct responses to the following 
statements. 

1. When the press to test switch is depressed the indicator drives to 

a. 
b. 
c. 
d. 

0 liters. 
off scale full. 
off scale empty. 
20 liters. 

2. \n\en the press to test switch is released the low level lite goes 
out at approximately 

a. 0 liters. 
b. 2 liters. 
c. 4 liters. 
J. 6 liters. 

3. Self test for the LOX system requires 

a. 115 VAC. 
b. 115 VAC, 400 hertz, and 1 phase. 
c. 28 VDC. 
d. 28 VAC. 

Answers to Frame 33: 1. c 2. a 3. b 
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An5 ers to Frame 34; 2. b 3. 

Return to the front of this PT and review the objective. \^&ix 
you feel that you are able to achieve the objective as stated, take 
Che appraisal. 

APPRAISAL 

41 
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Instrument/Fl ight Control Branch 
Chanute AFB, I l l i n o i s 

3ABR32531-WB-208 
3ABR32632B-WB-307 

F-111 CAPACITANCE INDICATING SYSTEM 

OBJECTIVES 

Given a workbook and trainer, perform an inspection and operational 
check of the capacitance-type liquid quantity indicating system with 
a minimum of 100% correct workbook responses. 

Given a workbook, test equipment and trainer, troubleshoot the 
capacitance-type liquid quantity indicating system with a minimum of 
100% correct workbook responses. 

Given a workbook, test equipment, and trainer, bench check 
components and calibrate the capacitance liquid quantity indicating 
system with an accuracy of 100% correct workbook responses. 

EQUIPMENT 
Basis of Issue 

3ABR32531-WB-208/3ABR32632B-WB-307 1/2 students 
Tra iner , F-111 Fuel Quantity 1/2 students 
Tes ter , TF20-1 1/2 students 
Multimeter 1/2 students 
3ABR32531-HO-208/3ABR32632B-HO-307 1/2 students 

PROCEDURE 

This workbook is divided into FOUR PARTS (1, 2, 3 & A) . After 
completing each part, check with your instructor so he can verify 
that your answers aie correct. Read ALL steps carefully, rake the 
appropriate response in the blank spaces provided. 

Caution: Remove ALL JEWELRY befoxs operating equipment. 

Part 1. VISUAL INSPECTION 

Have your instructor assign you a trainer and complete the 
following: 

1. Inspect the Fuselage Fuel Quantity Indicator for 
S U 

a. cracked or loose glass. 

b. condition of pointers. 

c. security of mounting. 

Supersedes 3ABR32531-WB-213, 3ABR32632B-WB-305, 5 January 1976, which 
may be used until existing stocks are exhausted. 
OPR: 3360 TTG 
DISTRIBUTION: X 
3360 TTGTC/W - 300; TTVSR - 1 
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3. 

Inspect the Total/Select Fuel Quantity Indicator for 
S 

a. cracked or loose glass. 

b. condition of pointer. 

c. condition of drum-type counter. 

d. security of mounting. 

Inspect the Intermediate Devices for 

a. security of mounting 

Inspect the electrical wiring for 

a. bent or damaged electrical connector 
plugs. 

b. scorched or broken insulation. 

c. frayed or broken wires and bonding. 

d. loose or broken ties (string). 

Instructor's Initials 

Part 2. OPERATIONAL CHECK 

1. Perform an operational check of the Fuel Quantity Indicating 
System as follo-'s: 

a. Make sure ALL trouble switches located on the right 
side PANEL are in the OUT position. Connect trainer to 115V AC, AOO Hz 
and 28V DC OUTLET (drop cords). 

b. CLOSE ALL four (4) DRAIN valves. Drain valves are at 
the bottom of trainer. 

c. OPEN ALL four (4) FILL valves, and place the AC and DC 
power switches to the ON position. 

d. Place the FUEL TRANSFER PUMP switch to the ON position, 
and allow tanks to FILL. As each tank reaches 1/2 FULL, CLOSE its 
FILL valve. 

e. When ALL four (4) fuel tanks are 1/2 FULL, PLACE the 
FUEL TRANSFER switch to the OFF position. Adjust DRAIN valves so ALL 
tanks read 1/2 FULL. 

f. Place the two (2) forward and aft EMPTY/FULL switches 
located between TANK PROBES, to the FULL position. This makes ALL 
INDICATORS read FULL for the PARTICULAR TANK. 

i953 
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g. Turn the FUEL GAGE SEL switch to LEFT WING and the RIGHT 

VJING positions and READ and RECORD both switch positions of the SELECT 
GAGE (M2). 

(1) Read and record LEFT WING and RIGHT WING fuel from 
the SELECT and TOTALIZER GAGE (M2) 

(2) Read and record FWD (F) and AFT (A) 
fuel from the FUSELAGE GAGE (M-1). 

L.W. 

RIW. 

tVD _ 

AFT _ 

SUM_ 

TOTAL 

(3) Total ALL the above gage readings. 

(4) TOTALIZER (M-2) Reads. 

(5) Tolerance is ± 1,000 pounds (difference)DIF 

(6) Indicate if Sat. or I'nsat. . 

Note: If satisfactory, cqptinue on to the next STEP and if not, 
check with the instructor for an explanation. 

h. Hold the PRESS-TO-TEST switch <S1) "IN" and observe and 
RECORD the NORMAL SYSTEMS FUNCTIONS CHECK. 

(1) TOTALIZER drives to 2,000 lbs ± 1250 

TOT S U 

(2) SELECT d r i v e s to 2,000 l b s ± 100 

SEL S 

(3) F\^T) d r i v e s to 2,000 l b s r 400 

FWD S 

(4) AFT d r i v e s to 2,000 l b s ± 400 

AFT S U 

Instructor's Initials 

Part 3. TROUBLESHOOTING 

1. The instructor will assigri six or more problems (switch 
numbers) for troubleshooting. Follow instructions below for indications 
and location of trouble. 

a. Using CHART 1, the student will place ONE trouble switch 
IN at a time and observe the INDICATORS for a MALFUNCTION and LOCATION 
of trouble. 

951 4 
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b. If a MALFUNCTION occurs, list it in trouble indication 
column, then PRESS-TO-TEST switch (SI). If the indications on the 
INDICATOR(s) change, the trouble is on the PROBE SIDE of the INTERMEDIATE 
DEVICE. 

c. If NO MALFUNCTION occurs. PRESS-TO-TEST switch (SI) 
and observe INDICATOR(s) for a change in reading(s). If nothing 
happens (inoperative), the trouble is on the power side of the INTER­
MEDIATE DEVICE for the particular INDICATOR(s). 

d. After recording indication for ONE trouble, place trouble 
switch to OUT and WAIT until indications come back to NORMAL, then place 
in next trouble switch. 

e. Record trouble indication, then press (Si) and record 
location of trouble. 

Note: With (SI) pressed, INDICATOR(s) fail to respond — Power (PWR) 
side. With (SI) pressed, INDICAT0R(3) indicate approximately 
2,000 lbs — PROBE SIDE. 

sw # TROUBLE INDICATION Trouble 
Location 

PROBE SIDE 
or 

PWR SIDE 

Wire Number Kind of 
Trouble 

SHORT OR 
OPEN 

CHART 1. 

5 
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f. After verification by the instructor, THEN and only 
THEN will you turn BOTH power switches to OFF. 

(1) Remove the power cables from the power OUTLETS and 
secure cables to the TRAINER. 

(2) Open ALL DRAIN and FILL valves to drain ALL tanks. 

(3) Place the forward and aft EMPTY/FULL switches to 
thft EMPTY position. 

Note: Before attempting any troubleshooting, read paragraphs 2 
through 13g. 

2. Follow instructions BELOW to help you troubleshoot the system. 

a. Read trouble malfunction. 

b. Refer to internal circuit of components, figures 1, 2, 
and 3 as an aid when using the wiring diagram. 

c. Use trouble locations to minimize the amount of time 
needed to troubleshoot. 

d. Use wiring diagram 3ABR32531-WB-208/307 and use the 
multimeter. 

TROUBLE MALFUNCTIONS 

3. The following malfunctions are NORMALLY caused by OPEN or 
SHORTED wiring in the circuit. 

a. Fuel quantity indicator READS higher than normal. 

(1) Open compensator or SHORTED compensator lead to 
ground. 

(2) SHORTED inner conductor to the shielded wire or 
to ground (inner to outer). 

4. Fuel quantity reads LOWER than normal or against the EMPTY 
STOP, depending on amount of fuel. 

J.. OPEN low impedance (Geon) lead. 

b. OPEN high impedance (shielded) lead. 

5. Fuel quantity reads against the EMPTY STOP. 

a. SHORT to ground of low impedance (Geon) lead. 

If NO indication in the system, push-to-test switch and NOTE 

malfunction. ^ 5 6 
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6. When SI i s pressed and INDICATOR(S) show NO response 
( inope ra t ive ) , th i s i s caused by: 

7. 

a. OPEN power, signal or ground lead to indicators. 

Start troubleshooting at INTEBMEDIATE DEVICES. 

8. Refer to above malfunctions and use figures 1, 2, 3, and 
wiring diagram. 

'' OHMMETER TROUBLESHOOTING 

9. Obtain a multimeter, place on rack of trainer that has 
connectors unplugged. Use xd.ring diagram and trouble switches. 

10, 

11. 
device, 
letter. 

Acft troubleshooting: Power panel to intermediate device. 
Probe side — Intermediate device to 

tank units. 
Power side — Intermediate device to 

indicators. 

On F-111 trainer, start troubleshooting at intermediate 
Note: A capital letter with a line under it (A) is a small 

12. Call instructor: Instructor will explain acft troubleshooting, 
location of trouble and trace a wire from intermediate device to tank 
unit. 

13. Follow instruction BELOW for troubleshooting. 

a. Turn ON applicable trouble switch. 

b. Refer to TROUBLE MALFUNCTIONS to determine the probable 
troubles. 

of trouble, 

d. 
diagram. 

Refer to CHART III for trouble indications and LOCATION 

Locate the correct INTERMEDIATE DEVICE on the wiring 

e. Locate kind of trouble and list WIRE NUMBER(S). 

f. ONE student tells where to check and the OTHER student 
used ohmmeter to find trouble. 

g. Change jobs (positions). 

14. After completing the troubleshooting exercise, INSURE that ALL 
trouble switches are in the OUT position. At this time give the workbook 
to the instructor so that he can VERIFY your troubleshooting, etc. 

Instructor's Initials 

7 
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Part 4. CALIBILVTION AND BENCH CHECK 

1. Perform calibration of the TF20-1 capacitance indicator lAW 
the following instructions. 

a. Before connecting TF20-1 tester to trainer, connect 
trainer to 115V AC, 400 Hz and 28V DC OUTLET. Turn trainer pô 7er ON 
and observe the fuselage fuel indicator's "F" (FIJO) pointer for a ZERO 
reading. If it is NOT on zero, notify your instructor. Turn trainer 
power switches to "OFF." 

Note: Place Fi'JD and AFT EMPTY/FULL switches to EMPTY position. 

•b. To prevent erroneous capacitance measurements, trainer 
electrical power must not be turned on during the following checks. 

Caution: Use extreme caution when connecting tester harness 
so as NOT to damage pins a.id connector plugs or wires. 

Note: The power cable and test harness are already connected to 
the TF20-1 tester. UNDER NO circumstances x̂ ill you remove the 
power cable or test harness from their connections on the TF20-1 
tester. 

c. Disconnect the large connector plug from the right side 
of the forward intermediate device on the trainer. Connect the TF20-1 
test cable WlPl to the male fitting on the forward intermediate device. 
Connect the TF20-1 test cable W1P2 to thy female fitting on the trainer 
harness. 

d. Connect the TF20-1 power cable to the 115V AC 400 Hz 
power OUTLET plug. 

Note: Do NOT apjrly power to trainer at this time. 

e. Place the TF20-1 power switch to the ON position. 

Note: If power switch is turned OFF on TF20-1 tester, tester 
must be recalibrated. 

f. Position CAP-RES-CHECK selector to CAP position. 
(Selector should stay in CAP position throughout calibration procedures.) 

g. Position FUNCTION SELECTOR to ZERO CAL. 

h. Position capacitance indicator RANGE SELECTOR to XI. 

RESULT: Pointer of capacitance indicator should indicate zero 
plus or minus .1 PF. If capacitance indicator reads ZERO, 
proceed to substep j. If it does NOT read ZERO, proceed to sub-
step i. 

961 
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i. Remove the CAP from the ZERO ADJUST control for the 
CAPACITANCE INDICATOR and adjust the ZERO control until the pointer 
on the CAPACITANCE INDICATOR indicates ZERO, plus or minus .1 PF. 

j. Place the CAPACITANCE INDICATOR RANGE SELECTOR to XIO. 

k. Place the CAPACITANCE INDICATOR FUNCTION SELECTOR to 
HIGH CAL. 

RESULT: Pointer of CAPACITANCE INDICATOR should indicate the 
ST4NDASD CAPACITOR PF stamped on the METAL PLATE located directly 
BELOW the FUNCTION SELECTOR to within plus or minus .1 PF. 

Note: If the pointer of the CAPACITANCE INDICATOR does NOT 
indicate STANDARD CAPACITOR PF, remove the protective CAP 
from the HIGH ADJUST control and adjust the control until 
the pointer of the CAPACITANCE INDICATOR indicates STANDARD 
CAPACITANCE PF. 

1. Repeat substeps g through k until no further adjust­
ment is necessary. Replace CAPS on the ZERO ADJUST and HIGH ADJUST 
controls. 

Note: Recheck for ZERO CAL and HIGH CAL. 

m. Position FUNCTION SELECTOR to UNSHIELD position. 

n. Record the exact capacitance indicator readings of the 
forward tank below. Dry capacitance reading shall be 768.7 to 784.2 PF. 

The dry capacitance reading is PF. 

(1) Foirward tank capacitance dry reading bench checked 
satisfactory , unsatisfactory . 

o. Position FUNCTION SELECTOR to COMP. 

p. Position CAPACITANCE INDICATOR RANGE SELECTOR to XI. 

q. RECORD the exact capacitance indicator reading of the 
forward tank compensator below. Dry capacitance reading shall be 27.9 
to 33.0. DiT' capacitance reading is • PF. 

(1) Forward tank compensator bench ch-icked satisfactory 
, unsatisfactory . 

2. Forward Tank Fuel Quantity Calibration (DRY TANK). 

Note: Calibration procedures for the TF20-1 CAPACITANCE INDICATOR 
must be accomplishied prior to each dry capacitance measurement 
unless othertd.se stated. Configuration of switches (selectors, 
controls, etc.) in the following procedures are to be performed 
on the TF20-1 test set. 

11 
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a. Turn trainer power ON. 

b. Position FUNCTION SELECTOR to ZERO CAL. 

c. Position CAPACITANCE INDICATOR RANGE SELECTOR to XI. 

RESULT: Pointer of CAPACITANCE INDICATOR should indicate ZERO, 
plus or minus .1-PF. 

Note: If pointer of CAPACITANCE INDICATOR does NOT indicate zero, 
plus or minus .1 PF, proceed to substep d; if indication is ZERO, 
proceed to stibstep e. 

d. Remove the CAP from the ZERO ADJUST control for the 
CAPACITANCE INDICATOR and ADJUST the control until the pointer on the 
CAPACITANCE INDICATOR indicates ZERO, plus or minus .1 PF. 

e. Place the CAPACITANCE INDICATOR RANGE SEI,ECTOR to XIO. 

f. Place the CAPACITANCE INDICATOR FUNCTION SELECTOR to 
HIGH CAL. 

RESULT: Pointer of CAPACITANCE INDICATOR shall indicate the 
STANDARD CAPACITOR PF stamped on the METAL PLATE located 
directly BELOW the FUNCTION SELECTOR to within plus or minus 
.1 PF. 

Note: If the pointer of the CAPACITANCE ""NDICATOR does NOT 
indicate STANDARD CAPACITOR PF, remove the protective CAP 
from the HIGH ADJUST control and adjust the control until the 
pointer of the CAPACITANCE INDICATOR indicates STANDARD CAPACITOR 
PF plus or minus .1 PF. 

g. Repeat substeps b through f until NO further adjustment 
is necessary. Replace protective cap on ZERO and HIGH ADJUST control. 

Note: Recheck ZERO CAL and HIGH CAL. 

h. Position FUNCTION SELECTOR to COMP SET. 

i. Position CAPACITANCE INDICATOR RANGE SELECTOR to XI. 

j. Adjust COMP 25-250 MMF knob until CAPACITANCE INDICATOR 
INDICATES 54.2 PF; lock COMP 25-250 MMF knob, 

k. Position FUNCTION SELECTOR to PROBE SET. 

1. Position CAPACITANCE INDICATOR RANGE SELECTOR to XIO. 

m. Position PROBE MMF hundreds selector to 600. PROBE MMF 
thousands selector should be in OFF position. 

n. Adjust PROBE 25-250 1-IMF knob until CAPACITANCE INDICATOR 
indicates 77.4 (on XIO scale, 77.4 equal 774.0 PF). 

0. Position FUNCTION SELECTOR to TEST. 

12 
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p. Adjust PROBE 25-250 >JMF knob, (clockwise) if necessary, 
to position the "F" pointer of FUS FUEL indicator on the fuel quantity 
trainer to precisely ZERO. 

q. Position RINCTION SELECTOR to PROBE SET. 

r. Take exact CAPACITANCE INDICATOR indication for forward 
tank DRY Vi^LOE, multiply XIO and RECORD. CAPACITANCE INDICATOR 
INDICATES PF. 

Note: The values recorded may or may NOT be the same as the 
measured value recorded in substep n due to the tolerance of 
either the tester or trainer. 

So ALD forward tank DRY VALUE recorded in step r to 881.2, 
divide by 50 and RECORD, For FULL, the capacitance is PF. 

t. Position CAPACITANCE INDICATOR RANGE SELECTOR to X50. 

u. Position PROBE MMF thousands selector to 1000. 

V. Position PROBE MMF hundreds selector to 600 (if not 
there already). 

w. Adjust PROBE MMF 25-250 MMF knob for a CAPACITANCE INDI­
CATOR indication of the recorded SET for FULL value in substep s. Lock 
PROBE 25-250 MMF knob and do NOT disturb this setting. 

X. Position CAPACITANCE INDICATOR FUNCTION SELECTOR to 
TEST. 

y. Observe the "F" pointer of the FUS FUEL indicator on 
fuel quantity trainer, f̂lien movement of the pointer ceases, the "F" 
pointer of the FUS FUEL indicator should be on the 20,000-pcund gradua­
tion (if not, notify the instructor). 

z. Turn ALL power OFF. Disconnect the TF20-1 test harness 
WlPl from R-JD intermediate device and harness W1P2 from trainer harness. 
Reconnect the trainer harness to the FWD intermediate device. 

3. Aft Tank Unit Circuit and Compensator Circuit DRY Capacitance 
measurement. 

a. To prevent erroneous capacitance measurements, electrical 
power must not be applied to trainer during the following checks. 

CAUTION: Use extreme caution when connecting tester harness so 
as not to damage pins and electrical connector plugs or wires, 

b. Disconnect the large connector plug from the right side 
of the aft intermediate device. Connect the TF20-1 test cable WlPl to 
the male fitting on the aft intermediate device. Connect the TF20-1 
test cable W1P2 to the female fitting on the trainer harness. 

Note: DO NOT apply power to trainer at this time. 

13 
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c. Place the TF20-1 power switch to the ON position. 

d. Position FUNCTION SELECTOR switch to ZERO CAL. 

e. Position CAPACITANCE INDICATOR RANGE SELECTOR to XI. 

RESULT: Pointer of CAPACITANCE INDICATOR should indicate ZERO, 
plus or minus .1 PF. 

Note: If pointer of CAPACITANCE INDICATOR does NOT indicate ZERO, 
plus or minus .1 PF, proceed to substep f; if indication is ZERO, 
proceed to substep g. 

f. Remove the CAP from the ZERO ADJ control fo/ the 
CAPACITANCE INDICATOR and adjust che control until the pointer on 
the CAPACITANCE INDICATOR indicates ZERO, plus or minus .1 PF. 

g. Place the CAPACITANCE INDICATOR RANGE SELECTOR to XIO. 

h. Place FUNCTION SELECTOR to HIGH CAL. 

RESULT: Pointer of CAPACITANCE INDICATOR shall indicate the 
STANDARD CAPACITOR PF stamped on the ̂ ETAL PLATE located 
directly BELOW the FUNCTION SELECTOR to within plus or minus 
.1 PF. 

Note: If the pointer of the CAPACITANCE INDICATOR does NOT 
indicate the STANDARD CAPACITOR, remove the protective CAP 
from the HIGH ADJUST control and adjust control until pointer 
of CAPACITANCE INDICATOR indicates STANDARD CAPACITOR PF, plus 
or minus .1 PF. 

i. Repeat substeps d through h until no further adjustment 
is necessary. 

•s 
Note: Recheck ZERO CAL and HIGH CAL. 

Caution: After the TF20-1 tester has been calibrated, DO NOT 
turn POWER OFF. If POWER is turned OFF, the tester has to be 
recalibrated. 

Note: Calibration procedures for the TF20-1 CAPACITANCE INDICATOR 
must be accomplished prior to each DRY capacitance measurement, 
unless otherwise stated. Configuration of switches (selectors, 
controls, etc) in the following procedures are to be performed 
on the Tr20-1 test set. 

j. Position the CAPACITANCE INDICATOR RANGE SELECTOR to 
XIO. (If NOT there already) 

k. Position FUNCTION SELECTOR to UNSHIELD position. 

QCc: 
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Note: If DRY capacitance value readings noted in the following 
steps are NOT within the tolerances listed, recheck calibration 
of the TF20-1 capacitance indicator and REPEAT defective capaci­
tance measurements before proceeding to troubleshooting. 

1. Record the exact CAPACITANCE INDICATOR reading of the aft 
tank BELOW. DRY capacitance reading should be 388.4 PF to 405.5 PF. 

DRY CAPACITANCE reading is PF. 

(1) Aft tank capacitance DRY READING bench checked 
satisfactOT^ , unsatisfactory . 

m. Position FUNCTION SELECTOR to TANK UNIT COMP. 

n. Position CAPACITANCE INDICATOR RANGE SELECTOR to XI. 

o. RECORD the exact capacitance indicator reading of the 
AFT TANK compensator BELOW. DRY capacitance reading shall be 27.9 PF 
to 33.0 PF. 

DRY capacitance reading is PF. 

(1) AFT TANK compensator bench checked satisfactory 

unsatisfactory . 

p. Turn power ON to trainer and proceed with step 4. 

4. AFT TANK Fuel Quantity Calibration (DRY Tank). 

a. Perform calibration of the TF20-1 CAPACITANCE INDICATOR 
lAW the following instructions. 

b. Position FUNCTION SELECTOR to ZERO CAL. 

c. Position CAPACITANCE INDICATOR RANGE SELECTOR to XI. 

RESULT: Pointer of CAPACITANCE INDICATOR should indicate ZERO, 
plus or minus .1 PF. 

Note: If pointer of CAPACITANCE INDICATOR DOES NOT indicate 
ZERO, plus or minus .1 PF, proceed to substep d; if indication 
is ZERO, proceed to substep e. 

d. Remove the CAP from the ZERO ADJUST control for the 
CAPACITANCE INDICATOR and adjust the control until the pointer of the 
capacitance indicator indicates ZERO, plus or minus .1 PF. 

e. Place the CAPACITANCE INDICATOR RANGE SELECTOR to XIO. 

f. Place FUNCTION SELECTOR to HIGH CAL. 

9S6 
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RESULT: Pointer o-f CAPACITANCE INDICATOR shall indicate the 
STANDARD CAPACITOR PF stamped on the METAL PLAIt, located 
directly BELOW the FUNCTION SELECTOR to within plus or minus 
.1 PF. 

Note: If the pointer of the CAPACITANCE INDICATOR does NOT 
indicate the STANDARD CAPACITOR PF, remove the protective CAP 
froTi the HIGH ADJUST control and adjust the control until 
pointer of CAPACITANCE INDICATOR indicates STANDARD CAPACITOR 
PF plus or minus ,1 PF. 

g. Repeat the steps b through f until NO further adjustment 
is necessary. Replace protective CAP on ZERO and HIGH ADJUST controls. 

h. Position FUIICTION SELECTOR to COMP SET.' 

i. Position CAPACITANCE INDICATOR RANGE SELECTOR to XI. 

j. Adjust COMP 25-250 MMF knob, until CAPACITANCE INDICATOR 
indicates 54.2 PF; lock COMP 25-250 MMF knob. 

k. Position FUNCTION SELECTOR to PROBE SET. 

1. Position CAPACITANCE INDICATOR RANGE SELECTOR to XIO. 

ra. Position PROBE MMF hundreds SELECTOR to 200. PROBE MMF 
thousands SELECTOR should be in the OFF position. 

n. Adjust PROBE 25-250 MMF knob until CAPACITANCE INDICATOR 
indicates 39.2 PF (on XIO scale, 39.2 equals 392.0 PF). 

o. Position FUNCTION SELECTOR to TEST. 

p. Adjust PROBE 25-250 MMF knob, (CLOCKWISE) if necessary, 
to position the "A" pointer of FUS FUEL indicator on fuel quantity 
trainer to PRECISELY ZERO. 

q. Position FUNCTION SELECTOR to PROBE SET. 

r. Take exact CAPACITANCE INDICATOR indication for AFT TANK 
DRY value and multiply by XIO and RECORD. DRY value is PF. 

Note: The values recorded in substep "n" may or may not be the 
same as the measured value recorded due to the tolerance of either 
the tester or trainer. 

s. ADD AFT TANK DRY value recorded in substep "r" to 881.2 
PF, divide by 50 and RECORD. DRY value is PF. 

t. Position CAPACITANCE INDICATOR RANGE SELECTOR to X50. 

u. Position PROBE MMF thousands SELECTOR to 1000. 

V, Position PROBE Mt-IF hundreds SELECTOR" to 200 (if not 
there already) . Qc^ 
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w. Adjust PR02K 25-250 MMF knob for a CAPACITANCE INDICATOR 
indication of the recorded value in substep "a." Lock PROBE 25-250 MMF 
knob and do not disturb this setting. 

X. Position FUNCTION SELECTOR to TEST. 

y. Observe the "A" pointer of the FUS FUEL indicator (M-1) 
on fuel quantity trainer. When movement of the pointer ceases, the 
"A" pointer of the FUS FUEL indicator should be on the 20,000-pound 
graduation (if not, notify instructor). 

z. Turn ALL power switches OFF on the tester and trainer. 

(1) Disconnect the TF20-1 test harness from BOTH the 
AFT INTERMEDIATE DEVICE and TRAINER harness. 

(2) Reconnect the trainer harness to the AFT INTERMEDIATE 
DEVICE. 

(3) The TF20-1 power cable should be disconnected from 
the 115V AC 400 Hz output. 

(4) The power cable and test harness stored in the lid 
of the tester. 

(5) Remove the trainer power cables from the power outlets 
and secure cables to the trainer. 

Instructor 's In i t i a l s 
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Instrument/Flight Control Branch 
Chanute AFB, Illinois 

7y-7 
3ABR32531-HO-208 
3ABR32632B-HO-307 

F-111 CAPACITANCE INDICATING SYSTEM WIRING DIAGRAM 

The schematic diagram in this handout supports the workbook for 
the F-111 Capacitance Indicating System* The diagram will be used 
by the students as directed by the instructor. 

Supersedes 3ABR32531-HO-213, 3ABR32632B-HO-305, 11 March 1976, 
OPR: 3360 TTG 
DISTRIBUTION: X 

3360 TTGTC/W - 200; TTVSA - 1 

Designed for ATC Course ,Use» Do Not Use on the Job. 
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L. 
95a FOREWORD 

This progranmed instructional package was prepared by the Instrument 
Branch at Chanute Technical Training Center. It was designed for use 
in Course 3ABR32531, Avionics Instrument Systems Specialist. The 
material contained herein has been validated using 30 students from 
subject course. All students achieved the objectives as stated. Average 
time for completion of this text was 157 minutes. 

OBJECTIVES 

Without references, identify facts pertaining to the purpose, 
operation, and/or characteristics of the typical vertical scale engine 
instruments: 

1. Tachometers, 

2. Exhaust Gas Temperature, 

3. Fuel Flow, 

A. Engine Pressure Ratio, 

with an accuracy of at least 80% on each system. 

INSTRUCTIONS 

This programmed text presents information in small steps called 
frames. After reading the information in each frame, you are asked 
to make your responses on the RESPONSE SHEET. Check the accuracy of 
your response with the correct answers that are given after the following 
frame. If you make an incorrect response, study the frame again before 
going to the next frame. DO NOT HURRY and DO NOT RESPOND IN THIS BOOKLETl 

Supersedes 3ABR32531-PT-214, 30 October 1974; 3ABR32531-PT-612, 
9 December 1971; 3ABR32531-PT-bU, 11 November 1971; 3ABR32531-PT-214B, 

29 October 197A. 
OPR: 3360 TCHTG 
DISTRIBUTION: X 

3360 TCHTG/TTEF - 200; TTVSA - 1 
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Section A iss 

€ Frame 1 

The vertical scale tachometer indicating system provides the pilot 
and flight engineer with indications of the speed of the engine dual 
compressors (N-1, N-2) for all four engines. These new tape-type 
Instruments present the same infoinnation as the dial-type instruments 
previously discunsed. However, the tape-type instruments have two 
distinct advantages over the dial-type instruments. They take up less 
space and are also easier to read nt a glance. See figure 1. 

@ 

Figure 1. 

Circle the letter of the correct response to the following 
statement. 

1. The two advantages of the tape-type instrument over the 
dial-type instrument are that the tape-type instrument takes 
up 

a. more space and is easier to read. 
b. less space and is easier to read. 
c. more space and is harder to read. 
d. less space and is harder to read. 

o 
97s 



L. 
Frame 2 

The vertical scale tachometer Indicating system consists of the 
following units; the engine mounted, signal producing tachometer 
generator as shown In figure 2, the converter unit as shown In figure 3, 
and the Indicator as shown In figure 1« 

U 

JbiWMf^HuaagsvggWBft 
d^Z:^.M 

Figure 2, Figure 3 . 

NO RESPONSE REQUIRED 

Answer to Frame 1: 1. b 
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Frame 3 

The tachometer generator most commonly used with the vertical 
scale tachometer indicating system is the GEII/7A miniature generator. 
The generator consists of a ti<70 pole permanent magnet rotor, and a 
three-phase "wye" wound stator. See figure 4 for a cutaway view of 
the generator. Except for its size, this generator is identical to 
the tachometer generator yoa studied in the Tachometer System programmed 
text. The generator produces three-pha"̂ sie AC voltage and variable 
frequency signals. The amoiint of voltage and frequency depends on 
the speed of the generator rotor. As the rotor speed increases, the 
voltage and frequency will Increase proportionately to the change in 
rotor speed. 

Q 

Figure 4. 

Circle the letter(s) of the correct response to the following 
statements. 

1. When the speed of the rotor Increases, the generator voltage 

a. increases and frequency decreases. 
b. increases and frequency Increases. 
c. decreases and frequency increases. 
d. decreases and frequency decreases* 

2. The tachometer generator produces 

a. 28V DC signals. 
b. single-phase AC voltage and fixed frequency signals, 
c. three-phase AC voltage and fixed frequency signals. 
d. three-phase AC voltage and variable frequency signals. 

o 
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Frame 4 

TITO tachometer generators and Tl-fO tachometer indicators are used 
for each engine. See figures 5 and 6 for the tachometer generators. 
Figure 7 on page 7 shows the TWO tachometer indicators (N-1 and N-2), 

The reason for TITO tachometer generators and indicators for each 
engine is that the engines have dual axial compressors. The dual 
compressors in these engines are mechanically independent; it is 
possible for the compressors to turn at different speeds. Therefore, 
it is necessary to have an SFM indicating system for each compressor. 

?-̂ .. • 

Hi 

Figure 5. N-1 (Low Speed). Figure 6. N-2 (High Speed). 

Circle the letters of the correct response to the following 
statements % 

1. The compressors in the engine are 

a. independent of each other. 

b. connected to each other through reduction gears. 
c> bolted to each other. 

2. Two tachometer generators are needed for each engine in 
order to 

a. indicate the speed of each compressor. 
b. have one as a standby generator. 
c. provide a greater accuracy by sharing the load. 

Answers to Frame 3: 1. b 2. d 
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Frame 5 (Continued) 

2. The vertical scale tachometer indicators are calibrated to 
indicate v,>' 

a. percent of RPM times 10. 
b» percent of RPM times 100, 
c. increments (grad.) of 10. 
d« revolutions per minute. 

Answers to Frame 4: 1. a 2. a 
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Frame 6 

The converter unit is a shock mounted, transistorized unit 
containing 16 channel boards. See figure 8. The channel boards 
contain the conversion circuitry and amplifiers necessary to operate 
the vertical scale indicating systems. Since we are studying the 
vertical scale tachometer system, we are going to study the rpm 
channel boards shown on the upper left of figure 8. There is one 
channel board for each tachometer indicator svstem. We will cover 
the other chaimel boards in other lessons* 

e 

0 

«(>M J 

ENG 4 

ENC 3 

ENG 2 

{N.J | r d ~ s "S «r 
1 ^ 

{N.J. 

N.,- i f :^^^ ^ 

<̂  {N.2 |f>-<& <Sr 
... I L — ^ 

m>^.^.^^x^^ 

EGI -^ 

•ENG 4 

•ENG 3 

^ foet Flow 

•ENG 2 

•ENC T 

J 

Figure 8. 

Circle the letter of the correct response to the following 
statement. 

1. The vertical scale tachometer indicating system contains 

a. 4 channel boards. 
b. 8 channel boards 
c. 12 channel boards. 
d. 16 channel boards. 

Answers to Frame 5: 1. c 2. a 
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Frame 7' 

Sixteen fuses and ten connectors are located on the front of the 
converter. See figure 9. These fuses are numbered F-1 through F-16. 
There is one fuse for the protection of each of the 16 channels of 
the converter unit. The fuse number and the circuit that it protects 
is listed on the top of the converter unit. The connectors are 
numbered J-1 through J-10 and provide a means of connecting the signal-
sensing components and the vertical scale indicators to the converter 
unit. 

PM -i 

CNC 4 

ENG 3 

ENG 2 

ENC I 

y fuEi now 

Figure 9. 

Circle the letter of the correct answer. 

1. The engine rpm channel circuits are protected by 

a. 2 fuses« 
b. 4 fuses. 
c. 8 fuses. 
d. 16 fuses. 

Answer co Frame 6: 1. b 

o ^ ^ 
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Frame 8 

The rpra channels receive variable N-1 or N-2 tachometer generator 
signals. Each channel contains the circuits necessary to convert the 
output of the generator to a DC signal. The amplitude of this DC signal 
depends on the frequency output of the generator. The DC signal is 
then modulated to a AOO-Hz AC signal, amplified, and supplied to the 
rpm indicator servomotors. Eight identical rpm channel boards are 
used in the converter unit. The channel boards may be interchanged 
with each other. The position of the channel boards are shown in 
figure 9 of the preceding frame. 

Circle the letters of the correct answers. 

1, The tachometer generator signal is sent to the 

a. modulator, 
b. rpm channel board, 
c. vertical tape tachometer indicator. 

2. The purpose of the converter is to 

a. convert, modulate, and amplify the generator signal. 
b. amplify the variable three-phase signal. 
c. amplify the 115V AC signal. 

€ 

Answer to Frame 7; 1. c 

d 
11 
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Frame 9 

A typical arrangement of the vertical scale engine instrument 
indicators is shown in figure 10. Notice that the rpm indications 
(C + D) for all eight engine compressors are shown on the two rpm 
indicators. The vertical scale indicators are internally lighted. 
Two identical sets of the indicators are used in the vertical scale 
engine instrument system. One set is mounted on the pilot s engine ̂  
instrument panel and the other set is mounted on the flight engineer s 
panel. The word OFF (A) appears at the top of the indicators when 
power is not applied to the system. 

0 

A. POWEI OFF INDICATORS 
e. ENGiNC piEssute « A T I O I N O I C A T O * 
C. TACHOMETEH 1«PM| INOICATOH ( N , | 
0. TACHOMETEH (UPM) INDICATOR (Nj) 

} }SXt - IOO 

E. EXHAUST GAS TEMPEHATOUE INDICATOR 
F. FUEL F l o w INDICATOR 
C MOVARIE TAPES 

Figure 10. 
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Frame 9 (Continued) 

Refer to figure 10 (page 12) to answer the following questions. 
Circle the letters of the correct answers. 

e 

1. The rpm vertical scale tachometer indicators are calibrated 
to indicate 

a. 
b. 
c. 
d. 

percent of rpm times 10. 
percent of rpm times 100. 
increments of ten. 
revolutions per minute» 

2. The vertical scale tachometer indicators are lighted by 

a. external lighting. 
b. indirect lighting. 
c. internal lighting. 
d. fluorescent lighting. 

0 
Answers to Frame 3: 1. b 2. a 
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L. 
Frame 10 

Two rpm indicators are located on each panel. See figure 11. The 
rpm indicator, labeled N-1, shows the speed of the engine's low-speed 
compressor in percent of rpm. The rpm indicator labeled N-2 shows the 
speed of the engine's high speed compressor in per̂ '̂ rt of rpm. Each 
indicator displays the rpm of four engines on faur oovirtg tapes. The 
tapes are read against a stationary scale. Kach nurabured increment on 
the scale is read as percent of rpm X 10. From 0-9 the Sx-ale is 
calibrated in 5 percent increments and from 5 to 11 the ccale is cali­
brated in 1 percent increments. 

® N, ® @ N, Q 

Figure 11« 

Circle the letters of the correct answers. 

1. The type N-1 tachometer indicator indicates the speed of the 

a. high speed compressor rotor in percent of rpm. 
b. aircraft in percent of miles per hour. 
c. low speed compressor rotor in percent of rpm. 
d. jet engine turbine wheel in percent of rpm. 

2. The type N-2 tachometer indicator indicates the speed of the 

a. 
b. 
c» 
d. 

aircraft in percent of knots, 
high speed compressor rotor in percent of rpm. 
low speed compressor rotor in percent of rpm. 
jet engine turbine wheel in percent of rpm. 

Answers to Frame 9; 1. a 2. c 
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Frame 11 

Refer to the vertical scale tachometer indicating system diagram 
(figure 13) at the end of section A (page 27), and use it with the 
SE\CN following frames. 

Notice that the rpm indicators contain a servomotor and gear train 
for each indicator tape. A variable potentiometer (Rl) driven by the 
gear train is also Incorporated for each tape. The variable potenti­
ometer provides a rebalance voltage back to the rpm channel board. 
This is called potentiometer feedback. Notice the dotted lines from 
the servomotor. These lines represent the gear train. The following 
frames will explain the operation of the vertical scale RPM indicating 
system. 

Refer to the diagram"and r^irde the letter of the correct response 
to the following statement*-

1. The servomotor of one indicator will drive 

a. one variable potentiometer and one tape. 
b. two variable potentiometers and two tapes. 
c. one variable potentlometet and two tapes. 

Answers to Frame 10: 1. c 2. b 

^ 

15 

9S7 



Frame 12 

When the clrcuiu breaker is closed, 115V AC 400-Hz single-phase 
power is applied to the power supply of the rpm channel board and to 
the fixed phase of the servomotors in the pilot's and flight engineer's 
indicators. The channel board power supply furnishes the regulated DC 
voltages for the amplifiers, the rebalance potentiometer (Rl) in the 
indicator, and an AC reference voltage to the modulator circuits. 

Circle the letter of the correct response to the following 
statement. 

1. The voltage requirement for the operation of the rpm 
vertical scale instrument is 

a. 115V AC 6O-H2 single-phase. 
b. 115V AC 400-Hz single-phase. 
c. 115V AC 60-Hz three-phase. 

^y 

Answer to Frame 11: 1. a 
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Frame 13 

Notice in the diagram that the DC output from the converter 
(frequency to voltage) is supplied to the pilot's and flight 
engineer's modulator circuits. The magnitude of the voltage 
output depends on the input frequency from the tachometer generator. 
From this point on, the pilot's and flight engineer's circuits are 
identical and independent of each other. Therefore, we will discuss 
ONLY-the pilot's circuit. 

Circle the letter of the correct response to the following 
statement. 

1. The magnitude of the DC voltage received by the modulator 
depends on the 

a. frequency output of the tachometer generator. 
b. amount of voltage supplied to the AC bus bar. 

• c. speed of the servomotor* 

• 

Answer to Frame 12: 1. b 

17 
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Frame 14 

When power is applied to the system and the engines are not 
running* a small DC output from ':he converter is supplied to the 
modulator circuits. The modulator circuit changes the small DC signal 
to a small AOO Hz AC signal* The small AC signal is fed to an ampli­
fier where the signal is boosted in strength. From the amplifier 
the signal is fed to an amplifier clipper. Inside the clipper, a portion 
of the signal that is not needed is clipped. The clipped signal is then 
supplied to a push-pull amplifier circuit. Here the signal is amplified 
again and is supplied to the control phase of the servomotor in the 
indicator. The servomotor starts running when it receives the amplified 
signal. 

Refer to the vertical scale tachometer indicating system diagram 
and circle the letter of the correct response to the following 
statement. 

c 

1. When the AC power is applied to the aircraft system, a 
signal from the converter drives 

a. one servomotor and one N-1 tape. 
b. one servomotor and two H-1 tapes. 
c. two servomotors and two N-1 tapes, 
d* two servomotors and one N-1 tape. 

L. 

90/) 

Answer to Frame 13: 1. a 
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Frame 15 

As the servomotor runs, it drives a gear train that positions 
the tape and the wiper of the potentiometer R-1. The servomotor 
continues to run until the DC rebalance or feedback signal felt on 
the wiper of the potentiometer R-1 is of sufficient strength to 
cancel the modulator DC input from the converter. At this time, the 
sezrvomotor stops. The indicator tape has now moved up jusc far enough 
CO remove the word "OFF" from view. The indicator tape now appears 
blank except for the calibrated scale. See vertical scale tachometer 
indicating system diagram* 

Refer to the diagram and circle the letter of the correct response 
to the following statement* 

It The servomotor stops when the modulator receives a sufficient 
DC signal from the 

a. converter, 
b. power supply. 
c. R-1 wiper. 
d. DC bus. 

Q 
Answer to Frame 14: 1. c 

^ 
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Frame 16 

The tape is mechanically positioned by the gear train and two 
tape drums. The tape threading route and the tape drums are shown 
in figure 12. When the gear train is turned by the servomotor, the 
tape drtim rotates in the direction shown by the arrow on its side. 
The small tape take-up drum is turned at the same time in the 
direction shown by the arrow on its side. Refer to figure 12 and 
trace the tape from the tape drum to the take-up drum. When power is 
applied to the system* the tape moves and the word OFF is removed from 
view on the indicator. When power is removed from the system for any 
reason, a spiral spring inslda the tape drum returns the OFF portion 
of the tape into view through spring tension. 

THTmnM^'iSSUSSV:^ 

5 ^ 0 

1 

1 11 
12 34 

O 0 

Figure 12. 

Circle the letter of the correct response to the following 
statement. 

1. The purpose of the spiral spring is to 

a. aid the servomotor in drawing the tape upscale. 
b. aid the servomotor in driving the tape downscale. 
c. return the tape to OFF when power is removed. 

992 

Answer to Frame 15: 1. c 
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Frame 17 

With power applied and the word OFF out of view, the system works 
as follows when the engine is running. As the engine is started, the 
rotor of the tachometer generator starts to turn, this produces a 
three-phi»3e AC signal of variable frequency, that is proportional to 
the rotor speed. This variable signal is fed into a push-pull aapll-
fier. The puah-rpull amplifier boosts the generator output to a 
usable signal for the converter. 

Circle the letter of the correct response to the following 
statements. 

1. The output of the tachometer generator is a variable frequency 

a. 
b. 
c. 
d. 

square-wave DC signal, 
single-phase AC signal, 
two-phase AC signal, 
three-phase AC signal* 

The push-pull amplifier is used to amplify the 

a. 
b. 
c. 

tachometer generator signals, 
signals from F-1 potentiometer. / 
115V AC signals sent to the servomot^or. 

Answer to Frame 16: 1. c 

21 

993 



Frame *18 

The converter changes the AC signal from the push-pull amplifier 
to a DC signal. The magnitude of the DC signal increases as the 
frequency of the generator's AC output increases. The DC signal is 
then fed to the pilot's and flight engineer's modulator circuits. 
The modulator changes the DC signal to a AOO Hz AC signal of the 
proper phasing to cause the servomotor to drive up scale. The phasing 
of the signal is referenced to line voltage. 

Circle the letter of the correct response to the following 
statement. 

1. The converter is used to change the 

Ci 

a. DC from the R~l potentiometer to AC. 
b. AC from the push-pull amplifier to DC. 
c. AC from the amplifier clipper to DC. 
d. AC from the power amplifier to DC. 

0 

Answers to Frame 17: 1. d 2. a 

22 
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Frame 19 

From the modulator, the 400 Hz AC signal is fed to an amplifier 
where the signal is boosted in strength. This amplified signal is 
then fed into an amplifier clipper where a portion of the signal that 
is not needed is clipped. The clipped signal is sent to a power amplifier 
where it is again increased in strength. This amplified signal is then 
sent to the control phase of a servomotor causing it to run. 

Circle the letter of the correct response to the following 
statement, 

1. The amplified signal from the power amplifier is sent to 
the 

a. fixed phase of the servomotor. 
b« control phase of the servomotor, 
c. R-1 potentiometer. 

@ 

Answer to Frame 18: 1. b 

23 
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Frame 20 

As the servomotor drives, the tape Is positioned to show an 
Increase In rpm. At the same time, the wiper arm of the potentiometer 
R-1 Is moved. The motor continues to drive until the DC voltage felt 
on the wiper of R-1 Is of sufficient strength to cancel the DC signal 
sent from the converter to the modulator. 

Circle the letter of the correct response to the following 
statement* 

1. The purpose of the R-1 potentiometer Is to cancel the 

a. converter DC signal* 
b. modulator AC signal* 
c. amplifier clipper signal. 
d. power amplifier signal* 

996 

Answer to Frame 19: 1. b 
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Frame 21 

When the generator frequency Increases, the DC output from the 
converter Increases. In this case, the DC output voltage from the 
converter is now greater than the feedback-voltage from potentiometer 
R-1. The modulator now produces an AC signal that Is of such phasing 
with the line voltage, that It will cause the servomotor to run and 
drive the tape upscale• 

Circle the letter of the correct response to the following 
statement* 

1. As the generator frequency increases, the DC output of the 

a. power supply Increases. 
b. power supply decreases. 
Ct converter Increases. 
d. modulator decreases. 

« 

Answer to Frame 20; 1. a 

25 
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Frame 22 

•̂Jhen the generator frequency decreases, the DC output from the 
converter decreases. In this case, the DC output from the converter 
is now less than the feedback voltage from potentiometer R-1. The 
modulator now produces an AC signal that is oi: such phasing with the 
line voltage, that it will cause the servomotor to run and drive the 
tape down scale. 

Circle the letter of the correct response to the following 
statement* 

1. As the generator frequency decreases, the DC output of the 

a. R-1 potentiometer is greater than the output of the 
converter. 

b. R-1 potentiometer is Less than the output from the 
converter. 

c. modulator decreases. 

90S 
Answer to Frame 21: 1. c 
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Frame 1 

•Section B 

The vertical scale exhaust gas temperature system provides the 
plloc and flight engineer with the Indications of exhaust.gas tempera­
ture In degrees Celsius on four vertical tapes. The system consists 
of the engine-mounted slgnsd-produclng components, the converter 
units, and the Indicators. Figure 1 shows the thermocouple (signal 
producing component), figure 2 shows the converter and figure 3 shows 
the indicator. 

^ . • • " 

SIDE View 

Figure 1. 

«-Mb> 

Figure 2. 

e ®] 

car 

r*r 

.? 

5-
7 « 

12 34 

Figure 3. 

Circle the letter of the correct response to the following 
statement* 

1. The vertical scale exhaust gas temperature indicating system 
indicates the exhaust gas temperature in 

a. DC millivoltst 
b. degrees Celsius. 
c« AC millivolts. 
d. degrees Fahrenheit. 

1001 
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Frame 2 

e The EGT thermocouple probes are similar in appearance to the 
thermocouple probes you studied earlier in this block. Each of the 
probes used with this particular system contains two chromel-alumel 
thermocouples. See figure 4. Notice that the two thermocouples are 
mounted inside the probe housing. See A of figure 4. The probe is 
Inserted into the exhaust section of the engine and held securely 
by two bolts extending through the mounting flange (E of top view). 
The thermocouples are connected to the thermocouple leads by the 
terminal posts (F and 6) on top of the probe. 

0 

A. Thermocouples 
B. Probe 
C. Mounting Flange 
D. Terminal Post 
E. Mounting Holes 
F. Alumel Connecting Post 
G. Chrome! Connecting Post 
H. Exhaust Gas Inlet-Outlet Ports 

s\DE View 

W 

Figure 4. 

Circle the letter of the correct response to the following 
statement. 

1. The two thermocouples are made of 

a. iron-constantan and chromel-alumel. 
b. copper-iron and alumel-constantan. 
c. iron-alumel and chroael-constantan. 
d. chromel-alumel. 

Answer to Frame 1: 1. b 29 
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Frame '3 

The small ports, items H in figure A, in the probe allow the hot 
exhaust gases to reach the thermocouples. The protective probe around 
the thermocouples aids in reducing erosion of the thermocouples. This 
erosion is caused by the extremely high exhaust gas temperatures and 
carbon particles discharged from the engine. 

Circle the letter of the correct response to the following 
statement* 

1. The purpose of the protective probe is to protect the 
thermocouple from 

a. moisture. 
b. overheating. 
c. erosion* 
d. vibration. 

0 

Answer to Frame 2: 1. d 
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Frame 4 

The exhaust gas temperature is sensed by six thermocouple probes 
spaced around the engine exhaust discharge passage. Each thermocouple 
develops a DC millivolt signal proportional to the temperature of the 
exhaust gas at its location. The six thermocouples, as shown in 
figure 5, are connected in parallel. An average voltage of the six 
individual DC signals is provided as an input to the converter's EOT 
channel board. 

THERMOCOUPLES 

lALML 
(CRN) 

(WHT) U 

COLO 
JUNCTION 

COMP RTl 
JiSL 

DUAL 
CHOPPER 

61 

o Figure 5. 

Circle the letter of the correct response to the following 
statements. 

1. The six thermocouples that sense the temperature of the 
EOT indicating system develops an average DC signal, 
becavise they are connected in 

a. series. 
b. parallel. 
c. series-parallel. 

2. The thersiocouple sends 

a. an AC millivolt signal to the converter's channel boards. 
b. a DC millivolt signal to the converter's channel boards. 
c. an AC voltage to the converter's channel boards. 

0 Answer to Frame 3: 1. c 
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Frame 5 

You were told in frame 2 that each thermocouple probe contained 
two thermocouples« The reason for th i s , i s that one thermocouple is used 
in the indicating system, and the other thermocouple i s wired to the 
spread thermocouple tes t receptacle. These dual-type thermocouple 
probes are shown in figure 6> The spread thermocouples are used 
separately from the a i rc ra f t ' s indicating system. They are used 
to check the engine for proper combustion (engine trim). This includes 
tes ts that are required with the engine removed from the a i rc ra f t . 

O, 

t> <z 
EGT n o t e NO. I 

r> <: 
EOT PROie NO. 1 

> -c 
EGT nO%% NO. 3 

v><z 
EOT PtOtE NO. 4 

> < : 
EOT PROtE NO. 5 

txx 
EOT PtOlE NO. 6 

• • • 
TO EGT 
INDICATING 
SYSTEM 

» » - • 

I I A H G E D C I 
SPREAD THERMOCOUPIE 
TEST KECEPTACIE 
ON ENGINE 

Figure 6. 

Refer to figure 6 and circle the letter of the correct response 
to the following statement. 

1. The six spread thermocouples are used for 

a. the pilot's indicating system. 
b. the engineer's indicating system. 
c. checking the engine for proper combustion. 

1005 
Answers to Frame A: 1. b 2. b 
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Frame 6 

A similar converter unit that was described in section A is used 
with the vertical scale exhaust gas temperature indicating system. 
Four channel boards are used, one for each engine to process the DC 
millivolt jiput signals into 400 Hz AC signals to operate the vertical 
scale tapes. 

Circle the letter of the correct response to the following 
statement. 

1. ' The converter channel board converts a DC millivolt signal 
into a 

a. 400 Hz AC signal. 
b. square wave DC signal. 
c. 60V AC, 60 Hz AC signal. 
d. IIOV AC, 60 Hz AC signal. 

Answer to Frame 5: 1. c 

1 33 
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Frame 7 

Except for the calibrated scale, the EGT indicators are constructed 
identical to the RPM indicators. The EGT scale has a range from 100 
degrees to 800 degrees C, From 100 "degrees to 400 degrees C the scale 
is calibrated in 50 degrees increments. From 400 degrees to 800 degrees C 
the scale is calibrated in 10 degree increments. Each numbered increment 
on the scale is read in degrees Celsius X 100. 

\y 

Circle the letter of the correct response to the following 
statement* 

i. The indicator that is calltrated in degrees Celsius is the 

a. EFR indicator* 
b. RPM indicator. 
c. EGT indicator. 
d« fuel flow indicator* 

Answer to Frame 6; 1. a 1007 
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Frame 8 

% 

9̂ 

Notice in figure 7 that the OFF flag shows at the top of the 
indicator (A) before power is applied to the system. This is because 
the spiral spring in the tape drum has rotated the gear train backwards 
and causes the word OFF to appear. At the same time, the wiper of 
potentiometer Rl in the indicator has moved to a position lower than 
normal. Movable tapes (6) show the indications. 
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t ENGINE PRESSURE RATIO IN&iCATOR 
C. TACHOMETER IRPM| INDICATOR (N , | 
D. TACHOMETER (RPMl INDICATOR (Nj) 

Figure 7. 
Refer to figure 7 and circle the letter of the correct response 

to the following statement. 

1. The word OFF appears on the indicator when power is removed 
due to 

a. spring tension on the tape drum. 
b. the motor driving the tape down. 
c. the motor driving the tape up. 

Answer to Frame 7: 1. c 

o 
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Frame .9 

Refer to the vertical scale exhaust gas temperature system (EGT) 
diagram, figure 8, at the end of section B (page A3) and use it with 
frames 9» 10, and 11. 

Notice the 115V AC, AOO-Hz single-phase circuit breaker. When 
the circuit breaker is closed (assume that power is applied to the 
aircraft), AC voltage is applied to the power supply of the EGT channel. 
The power supply furnishes the DC voltages to the amplifiers and the 
DC reference voltage to potentiometers Rl in the pilot's and flight 
engineer's indicators. The voltage is also supplied to the indicators 
for servomotor excitation* 

o ^ 

Circle the letter of the correct response to the following 
statements. 

1. The voltage requirement for vertical scale servomotor 
excitation is 

a. a square wave DC signal. 
b. 115V AC, 60-Hz single-phase. 
c. 115V AC, 400-Hz, single-phase. 
d. 115V AC, 400-Hz, three-phase. 

2. The power supply provides DC voltage for the dual chopper, 
follow-up potentiometer and the 

a. amplifiers* 
b. thermocouples. 
c. fixed phase of the servomotor. 

1109 

Answer to Frame 8: 1. a 
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Frame 10 

Notice in figure 8 that the thermocouple circuit is connected 
to the cold Junction compensator on the EGT channel board. The cold 
junction compensator provides a constant millivolt reference voltage 
regardless of temperature changes. When power is applied to the system 
a DC millivolt signal is produced by the cold Junction compensator. 
This signal is larger in magnitude than the DC feedback signal from 
potentiometer Rl, in the indicator. 

Circle the letter of the correct response to the following 
statements* 

1. The cold Junction compensator sends 

a* an AC signal to the dual chopper. 
b. a square wave signal to the dual chopper. 
c. an AC millivolt signal to the dual chopper. 
d. a DC millivolt signal to the dual chopper. 

2. When power is applied to the system, the potentiometer DC 
feedback signal is 

a« smaller than the signal produced by the cold Junction 
compensator* 

b. higher than the signal produced by the cold Junction 
compensator. 

c» the same strength as the signal produced by the cold 
Junction compensator. 

3. The cold Jxmctlon compensator is located 

a. in the thermocouple. 
b. in the EGT indicator. 
c. in the thermocouple lead. 
d. on the EGT channel board. 

e Answers to Frame 9: 1. c 2. a 
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Frame H 

Refer to figure 8 again. The DC millivolt signal supplied by 
the cold junction compensator is sent to the dual chopper. The dual 
chopper contains TÎ O independent choppers; ONE for the pilot's 
Indicating system and ONE for the flight engineer's indicating system. 
From this point on. both circuits are the same. Therefore, we will 
cover only the pilot's system. 

In the chopper circuit, the DC millivolt signal from the cold 
junction compensator is changed to a AOO>Hz AC signal. The AC signal 
is supplied to an amplifier where it is boosted in strength. The 
boosted signal is fed to a clipper circuit (Ql, 3, & 5) where a 
portion of a signal that is not needed is clipped. The clipped 
signal is then amplified by the power amplifier. The output of the 
power amplifier is fed to the control phase of the servomotor in the * 
indicator. 

Circle the letter of the correct response to the following 
statement. 

1. The amplified 400-Hz AC signal is applied -to the 

^ 

a. fixed phase of the servomotor. 
b . control phase of the servomotor. 
c. follow-up potentiometer. 

Answers to Frame 10: 1. d 2, a 3. d 

l-Ui 
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Frame 12 

As the servomotor drives, the tape Is repositioned and the wiper 
of potentiometer Rl Is movedt The servomotor continues to drive until 
the DC voltage on the wiper of Rl Is of the same value as the DC 
signal supplied to the chopper. At this time, the servomotor stops 
and the word OFF Is removed from view. The Indicator now appears 
blank except for the calibrated scale. This system uses a servoloop 
where the potentiometer provides the feedback signal for nulling the 
DC signal supplied to the chopper* 

Circle the letter of the correct response to the following 
statement* 

1. The EGT vertical scale system uses a servoloop that is niilled 
by a 

a. synchro feedback signal. 
b. wheatstone bridge feedback signal. 
c. potentiometer feedback signal. 

Answer to Frame 11: 1. b 

O 
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Frame 13 

When the engine Is started and heat is applied to the thermocouples, 
a DC millivolt signal Is produced In the thermocouple circuit. The DC 
millivolt signal Is applied to the cold junction compensator. This 
Increase In voltage Is applied to the dual chopper. Remember the ̂ C 
signal from the cold junction compensator Is now stronger than the 
feedback signal from the potentiometer Rl in the Indicator. 

Refer to the EGT diagram and circle the letters of the correct 
response to the following statements. 

1. As heat Is r.pplled to the thermocouples, they produce 

a. a square wave signal* 
bt an AC signal* 
c» a DC millivolt signal, 
d. an AC millivolt signal* 

2. The thermocouple signal is sent to the 

a. cold junction compensator. 
b. power supply. 
c. followup po':entlometer. 

0 

i U 3 
Answer to Frame 12; 1. c 
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Frame lA 

The DC millivolt signal from the cold junction compensator is 
changed to a 400-Hz AC signal in the dual chopper. This AC signal 
is supplied to an amplifier where it is boosted in strength. The 
boosted signal is fed to a clipper-circuit where a portion of the 
signal that is not needed is clipped. This clipped signal i" sent 
to a power amplifier. The output of the power amplifier is fed to the 
control phase of the servomotor causing the motor to run. This repo­
sitions the tape and the wiper of Rl. When the TlfO DC signals at the 
chopper are equal. but opposite in polarities, the motor stops and the 
indicator now indicates the exhaust gas temperature in degrees Celsiiis. 

Refer to figure 8 and circle the letters of the correct r<2sponse 
to the following statements. 

1. The DC m.-*llivolt signal from the cold junction compensator 
is sent to the 

a. amplifier* 
b. dual chopper. 
c. power amplifier* 
d. clipper 

« 

2. The servomotor stops running when the DC signal of the poten­
tiometer is 

a. higher than the DC signal of the chopper. 
b. lower than the DC signal of the chopper. 
c. the same strength, but opposite in polarity to the DC 

signal of the chopper. 
d. greater strength, but opposite in polarity to the DC 

signal of the chopper. 

o Answers to Frame Ij: 1. c 2. a 
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Frame 15 

The signal that causes the servomotor to drive up or down scale 
is decided at the chopper. When the DC signal voltage produced by. 
the thermocouple circuit is greater than the DC feedback voltage "felt 
on the wiper of the potentiometer Rl, the servomotor drives to position 
the tape up scale due to the phasing of the AC output signal from the 
chopper. When the DC feedback signal is greater than the DC signal 
from the thermocouples (decrease in EGT), the motor drives to position 
the tape down scale due to phasing of the output AC signal from the 
chopper. 

Circle the letter of the correct response to the following 
statement. 

O 

The servomotor drives the tape down scale when the DC 
signal from the thermocouple circuit is 

a. less than the signal from potentiometer Rl. 
b. greater than the signal from potentiometer Rl. 
c. the same as the signal from potentiometer Rl. 

1 'i: 
Answers ro Frame 14: 1. b 2. c 
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Answer to Frame 15: 1. a 

Take appraisal for section B, 
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Frame 1 

Section C 

The vertical scale engine Instrument fuel flow indicators provide 
the pilot and flight engineer with indications of rate of fuel flow 
to the engines in pounds per hour (PPH). These new tape-type instru­
ments present the same information to the pilot and flight engineer 
as do the dial-type instrtments covered in earlier programmed texts. 
However, the tape-type instruments have two distinct advantages over 
the dial-type. They take up less space and are easier for the pilot 
and flight engineer to rea(? at a glance. The fuel flow indications 
for all four engines are shown on one Instnuaent. See figures 1 and 2. 
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Figure 1. 

Figure 2. 

For each of the following statements, circle the letter preceding 
the correct alternative. 

1, The advantages of the tape-type instrument, over the dial-
typ are that the tape-type requires 

a. more space and is easier to read. 
b. less space and is easier to read. 
c. less space and is harder to read. 
d. the same amount of space and is easier to read. 

44 
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Frame 1 (Continued) 

The Instrument shown In figures 1 and 2 Indicates the fuel 
flow for 

e 

@ 

a* 

c. 
di 

1 engine* 
2 engines* 
3 engines* 
4 engines* 

The vertical scale fuel flow indicating system indicates 
the amount of fuel flow in 

a. potuids per inch X 1000. 
b« poimds per minute X 1000. 
c. pounds per hour X 1000. 
d» gallons per hour X 1000. 

45 
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Frame 2 

The vertical scale engine instrument fuel flow system consists 
of the engine-mounted signal-producing components", the converter unit, 
and the indicator. Figure 3 shows the transmitter, figure 4 shows 
the converter, and figure 5 shows the indicator. The signal producing 
component is the transmitter. Each engine has a fuel flow transmitter 
(sensor), that is mounted on or near the engine. Since system operation 
begins with the signal produced by the signal-.sensing component, that 
is the first item we will learn about. 

Figure 3. 

Figure 4. 

Figure 5. 
NO RESPONSE REQUIRED • 

Answers to FramQ 1: 1» b 2. d 3. c 
46 
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Frame 3 

The fuel flow transmitter shown in figure 3 differs greatly from 
the fuel flow transmitter you studied in an earlier programmed text. 
However, the signal output to the fuel flow indicating system is the 
same. The transmitter (TX) provides a synchro signal output to the 
system. This signal is applied directly to the control transformer 
(CT) in the indicators. See figure 6 (next page). The angular position 
of the synchro rotor is directly proportional to the rate of fuel flow. 

Refer to figure 6 to complete the following statement, 
the letter preceding the coirrect response. 

Circle 

1. The signal from the fuel flow transmitter is applied to the 

a. servomotor. 
b. power supply. 
c« transmitter motor. 
d. control transformer synchro. 

© 
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Frame 4 

The transmitter operates on the principle that the amount of fluid 
flow can be measured by its resistance to deflection. The transmitter 
receives 115V AC 400-Hertz single-phase power from the converter unit. 
This AC power is supplied to a motor in the transmitter. See figure 6. 
The motor drives an impeller, in the transmitter, at a constant speed 
of 60 revolutions per minute» 
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Figure 6. 

Refer to figure 6 to,complete the following statement. Circle 
the letter preceding the correct alternative. 

1. The transmitter motor operates on 

a. IISV AC, 
b. IIOV AC, 60 Hertz, three-phase. 
c. 115V AC, AOO Hertz, single-phase. 
d. 115V AC, 400 Hertz, three-phase. 

Answer to Frame 3; 1» i. 
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Frame 5 
m-

As the fuel flows into the transmitter through the inlet vane, 
the motor drivan impeller causes the fuel to swirl. The torque created 
by the swirling fuel causes the moveable turbine to be moved against 
a restraining spring. When the torque applied to the turbine equals 
the resistance of the retstraining spring, the turbine movement stops. 
The movement of the turbine, through magnetic coupling, positions the 
rotor of the synchro unit. If something should happen that the motor 
could not drive the impeller, the system would be inoperative and the 
Indicator would show no fuel flow. 

SYNCHRO 

TRANSMITTER 

CONSTANT-SPEED MOTOR 

FLUID PASSAGE 

OECOUPUNG DISK-

MAGNETIC COUPLER 

Figure 7. 

RESTRAINING SPRING-

SYNCHRO OUTPUT-

Refer to figure 7 to complete the following statements. For each 
statement circle the letter preceding the correct alternative. 

1. The moveable turbine positions the rotor of the synchro 
through 

a. a mechanical linkage. 
b. a magnetic coupling. 
c. an electromagnetic coupling. 

2. The turbine movement is stopped by 

a. a restraining spring. 
b. a magnetic brake assembly. 
c. an electric brake assembly. 

« 

3. If the constant speed motor in the transmitter bums out, 
the impeller will not rotate. The fuel flow indication will 
show 

a. normal. 
b. high. 
c. no fuel flow. 
d. low. 

Answer to Frame 4; 1. c 49 
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Frame 6 

The converter unit, shown in figure 8, is a shock mounted transistor­
ized unit containing 16 channel boards. The fuel flow channel boards 
contain the conversion circuitry and amplifiers necessary to operate 
the vertical scale indicating systems. Input signals to the fuel flow 
channel boards are supplied by the control transformers in the indicators. 

c 

trm V 

ENG t 

ENO 1 

CNC 2 

ENO I 

> fUEl now 

Figure 8. 

Refer to figure 8 to answer the following question. Circle the 

letter preceding the correct answer. 

1. The converter contains how many channel boards for the fuel 

flow system? 

\^' 

a. 
b. 
c. 
d. 

2. 
4. 
6. 
8. 1 ''^.^ 

Answers to Frame 5: 1. b 2. a 3. £ 
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Frame 7 

FOUR fuel flow channel boards are used in the converter unit. 
These channel boards are incarchangeable with each other. 

There is ONE fuse for each of the FOUR fuel flow channels of the 
converter unit. The fuse number and the circuit that it protects 
(FF - fuel flow) are printed on the top of the converter unit. See 
figure 9 for fuse locations* 
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Figure 9. 

Refer to figure 9 to complete the following statement. For each 
statement, circle the letter preceding the correct alternative. 

1. The nuoiber 1 engine fuel flow system is protected by fuse 
ntimber 

a* 
b. 
c. 
d. 

Fl . 
F2. 
F9. 
F13. 

Answer to Frame 6: 1. b 
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Frame 8 

A typical arrangement of the vertical scale engine Indicators as 
chey might appear on the Instrument panel Is shown In figure 10. Note 
that the fuel flow Indications for ALL FOUR engines appear on FOUR 
separate tapes Inside ONE Indicator (F). These vertical scale Indicators 
are Internally lighted* The scale ranges from 0 FFH to 16,000 PFH, on 
Che fuel flow Indicator* 

3 3 5 » l - J O O 

A POWER OFF IN0ICAT08S 
i ENGINE PRESSURE RATIO INDICATOR 
C TACHOMETER (RPMl INDICATOR (N,l 
D TACHOMETER (RPMl INDICATOR |Nj) 

E EXHAUST GAS TEMPERATURE INDICATOR 
F FUEL FLOW INDICATOR 
G MOVAtlE 1APES 

Figure 10. 

Circle the letter preceding the correct alternative. 

1. The vertical scale engine instruments are lighted 

a. Intamally. 
b . externally. 
c. by indirect l ighting. 
d* by fluorescent lighting. 

Answers to Frame 7: 1« a 
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Frame 9 

Two Identical sets of the vertlcsuL scale Indicators are used In 
the engine Instrument aystem. One set Is mounted on the pilot's 
engine Inatrunent panel and the other aet Is mounted on the flight 
engineer's panel. The word "OFF" appears at the top of all the 
Indicators when p o w ' is not applied to the system. 

Refer to figure 10 to complete the following statement, 
the letter preceding the correct alternative. 

Circle 

1. When power Is removed from the instrument syst&m, the word 
OFF appears on the pilot's and flight engineer's 

a» indicator fuse panel* 
b. Indicator transmitters. 
c< indicators. 

" ) 

; 
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Answer to Frame 8: 1. a 53 



Frame 10 . 

The tape is mechanically positioned by the gear train and two 
tape drums. The tape threading route and the tape drums are shown in 
figure 11. When the gear train is turned by the servomotor, the tape 
drum rotates in the direction shown. The small take-up drum rotates 
at the same time, in the direction shown. 

• ) 

TATC NUMKI 3 

Figure 11. 

Rtiier to figure 11 to complete the following statement. Circle 
the letter preceding the correct alternative. 

1. The tape shown in figure 11 is tape number • 

3> 

a. 
b. 
c. 
d. 

1. 
2. 
3. 
4. 

Answer to Frame 9: 1. c 
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Frame 11 

The fuel flow indicator is constructed almost identical to the 
Indicators we have discussed thus far. The major difference is that 
a control transformer is incorporated in each indicator tape gear train 
to NULL the sarvoloop operation. See figure 14 in the back of section C 
(page 70). The control.transformer NULLS the error signal. This 
difference will be studied later under system operation. 

Refer to figure 14 to complete the following statement, 
the letter preceding the correct alternative. 

Circle 

1. The sarvoloop operation of the fuel flow indicating system 
ia nxilled by 

a. a DC potentiometer* 
b» a control transformer» 
c* an AC potentiometer» 
d* an AC resist ive bridge circuit. 

:> 

Answer to Frame 10: 1. b 
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Frame 12 

Each tape in the indicator shows the rate of fuel flow for its 
respective engine. These Indicators are calibrated to indicate the 
fuel flow in pounds per hour X 1000. The tape is read against a 
calibrated scale. The indicator has a range from 400 to 16,000 PFH. 
Ljok at figure 12. Each numbered increment is read as PFH fuel flow 
X 1000. From 400 to 6000 FPH the scale is calibrated in 200 PPH 
increments. From 6000 PPH to 16,000 FPH the scale is calibrated in 
1000 FPH increments. 
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Figure 12, 

Complete each statement below by circling the letter preceding 
the correct response. 

1. The vertical scale fuel flow indicator shown in figure 12 
will indicate the amount of fuel flow in pounds per 

a. second times 1000. 
b. minute times 1000. 
c. hour times 1000. 

2. The numbered Increments of the vertical scale fuel flow 
indicator are calibrated to indicate 

a. percent of fuel flow X 1000. 
bt pounds per hour of fuel flow X 1000. 
c. pounds per second of fuel flow X 1000. 
d. poundc per minute of fuel flow X 1000. 

Answer to Frame 11: 1. b 
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Frame 13 

The fuel flow Indicating system 1& a servo-driven synchro-
controlled system and is referred to as a servoloop system. The 
Indicator consists of four Independent ta:;>e Indicators. Again you 
are reminded that all four Indicating systems operate the same. So 
you need to learn about only ONE fuel flow Indicating system. To 
establish a beginning point, we will set up the same conditions that 
were established for the other tape systems. There is no power 
applied and the engines are not running* Refer to figure 14 at the 
back of section C to answer the questions on the next ten (10) frames. 

Refer to figure 14 to complete the following statement, 
the letter preceding the correct alternative* 

Circle 

1. The vertical scale fuel flow Indicating system Is referred 
to as a 

a* servoloop system. 
b. DC potentiometer feedback system. 
c* resistance potentiometer feedback system. 
d* servo resistance bridge feedback system, 

) 

Answers to Frame 12: 1. c 2. b 

; 

h 
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Frame 14 

Figure 14 shows a block diagram of a fuel flow indicating system 
for the pilot's and flight engineer's indicators. Since this diagram 
shows fuse Fl, which is located in the converter« the circuit is 
identified as the number 1 fuel tlaa indicating system. When the 
circuxt breaker is closed and 115V AC power is applied to the aircraft 
bus bar, this power passes throu^ fuse Fl to a junction. From this 
jtmction» the 115V AC is applied to the amplifier power supply and 
down to the fuel flow transmitter motor. Follow the same wire from 
the jtmction to the right and you will see that the 115V AC is also 
applied to the fuel flow transmitting synchro (TX). From the junction 
just above the fuel flow transmitter (.TX), the AC voltage is applied 
to~the servomotors of the pilot's and flight engineer's fuel flow 
Indicators. 

Answer the following question by circling the latter p:^eceding 

the correct answer. 

1. What is the power requirement of the fu«l flow indicating 

system? 

- ) ^ 

a. 
b . 
c. 
d. 

28V DC. . , , 
28V AC, 400-Hert2, .jingle-phase. 
115V AC, 60-Hertz, three-phase. 
115V AC, 400-Herta, single-phase. 

-)) 

Answer to Frame 13: 1. 5, 
• ) ) 
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Frame 15 

The power supply furnishes the regulated DC voltage necessary for 
amplifier operation. The 115V AC is supplied to the fuel flow trans­
mitter motor> The motor drives the impeller at a constant speed of 
60 rpm. This same 115V AC is applied to the transmitter (TX) for 
rotor excitation and to the fixed phase of the servomotors, as a 
reference voltage* 

Circle the letter preceding the correct statement. 

1. The 115V AC is applied to the transmitter motor to drive the 

a. servomotor at a speed of 60 rp=. 
b* impeller at a speed of 60 rpm. 
c* transmitter rotor at a speed of 60 rpm. 

) 

Answer to Frame 14: 1. d 

; 
59 
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Frame 16 

When power Is applied to the system, a signal i s induced into the 
stators of the transmitter (TX). This signal is transferred electrically, 
to the stators of the control transformer (CT), in the pi lot 's and flight 
engineer's indicators. See figure 14. From this point O'A, the pi lot ' s 
and flight engineer's circuits are independent but the circiiit operation 
is identical. So we wil l discuss the pi lot 's indicating system. 

NO RESPONSE SEQUIBED 

1 

J 

Answer to Frame 15: 1. jb 

1)34 
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Frame 17 

The fuel flow transmitter output signal bypasses the fuel flow 
converter channel board and.is supplied directly to Che fuel flow 
Indicator. See figure 14» The signal is received by a control 
transformer (CT) in the indicator. The error signal, that is Induced 
into the rotor of the control transformer, is sent to an amplifier 
clipper located on the fuel flow converter channel board. The 
channel board contains the circuitry necessary to amplify, clip, and 
power the error signal that drives the indicator servomotor; 

For each statement, circle the letter preceding the correct 
response. 

1. The fuel flow transmitter output signal is sent directly 
to 

a. the servomotor. 
b* the control transformer. 
c» an amplifier. 
d* an amplifier clipper. 

2. The signal amplifying section is located 

) 

a* on the converter channel board, 
b. in the fuel flow indicator, 
c* in the fuel flow transmitter, 
d. in the AC power supply. 

^>5.? 
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Frame 18 

When the signal from the 
in the stators of the pilot's 
induced into the rotor of the 
is applied to the circuits of 
is then amplified and sent to 
signal is clipped and sent to 
power amplifier is fed to the 

stators of the transmitter (TX) is felt 
indicator (CT), a small error signal is 
(CT). The error signal from the rotor 
the amplifier clipper. The clipped signal 
another antpllfier clipper. Again the 
the power amplifier. The output from the 
control phase of the indicator ̂ d^cvomotor. 

^ 
Jy 

For each statement, circle the letter preceding the correct 
response» 

1. The error signal induced into the rotor of the pilot's CT 
is sent directly to 

a* the power supply* 
b. an ainplifier clipper. 
c. the power amplifier. 
d« the servomotor* 

2* The error signal sent to the fuel flow converter channel 
board is clipped and 

a. converted to a square wave DC signal. 
b» amplified, clipped and increased in power. 
c. amplified to a squara wave DC signal. 
d. converted to smoo^^ 400 Hertz AC signal. 

) 

1 )3u 

Answers to Frame 17: 1. b 2. a 
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Frame 19 

When the control phase of the servomotor is energized, the motor 
starts to mm. As the motor nins, the gear train in the indicator 
positions the tape. At the same time it turns the rotor of the CT 
toward the NULL position. The motor drives the gear train until the 
rotor of the CT is moved perpendicular to the resultant magnetic 
field. At this tiice, the rotor is NULLED and the error signal to the 
amplifier clipper is NULLED out. This causes the indicator motor to 
stop. The tape has now moved just enough to remove the word OFF from 
view. The indicator now appears blank except for the calibrated scale. 
See figure 14. 

Circle the letter preceding the correct response. 

1. The nulling signal to amplifier clipper is sent out ay the 

a. transmitter. 

b« control transformer. 
c. power supply. 
d. servomotor. 

3 

. ; 
Answers to Frame 18: 1. b 2. b 

63 
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Frame 20 

When an engine is started, fuel starts to flow through the trans­
mitter. When fuel flows through the transmitter, the rotor of the 
transmitter TX is moved proportionately to the rate of flow increase 
through the transmitter. Since the rotor of the transmitter (TX) has 
moved, the stators of the TX now have different voltages induced. 
Since the stators of the indicator (CT) are directly connected to the 
stators of the TX, this change in stator voltage is felt on the- stators 
of the CT« Now the rotor of the CT is no longer nulled and an error 
signal is induced into the rotor of the CT. 

Circle the letter of the correct response. 

1. The voltage from the transmitter is felt on the 

) ) 

a* servomotor. 
b. amplifier clipper. 
c. control transformer stators. 
d* transmitter motor. 

) 

Answer to Frame 19: 1. b_ loss 
) ; 
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Frame 21 

The error signal from the rotor of the CT Is applied to the 
circuits of the amplifier cllpper» The clipped signal Is then 
amplified and sent to another amplifier clipper. Again the signal 
Is clipped and supplied to the power amplifier. The output from 
the power amplifier Is fed to the control phase of the Indicator 
servomotor. See figure 14> 

Circle the letter preceding the correct response. 

1. The error signal from the control transformer synchro Is 
sent to 

a. the transmitter motor. 
b» the servomotor* 
c. an an^llfler clipper, 
d* the transmitter synchro. 

( ) 

Answer to Frame 20: 1. c 
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Frame 22 

When the control phase o£ the servomotor Is energized, the servomotor 
starts to 'nin. As the motor runs, the gear train In the Indicator posi­
tions the tape upscale and at the same time turns the rotor of the CT 
toward the NULL position» The motor continues to run until the rotor 
of the CT Is moved perpendicular to the resultant magnetic field. At 
this time, the rotor Is at the NULL position and no error signal exists 
and the motor stops. The tape has been positioned to show the amount 
of fuel flow to the engines In pounds per hour (FPU). 

Complete the following statement by circling the letter preceding 
the correct response* 

1. The gear train shown by the dotted line In the pilot's 
indicator moves the 

> 

a. servomotor. 
b. moveable tape. 
c. transmitter synchro. 

3 

Answer to Frame 21: 1» £ 1 14.) 

) 
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Frame 23 

If fuel flow through the transmitter decreases, a signal is induced 
opposite the phasing that causes the servomotor to drive upscale. This 
signal is induced into the rotor of the indicator (CT). The servomotor 
runs in the opposl, direction and allows the spring to position the 
tape down scale ana indicate a new amount of fuel flow. 

Complete the following statement by circling the letter preceding 
the correct response* 

1. Tha spring aids the motor in 

a* moving the tape upscale. 
b. moving the tape down scale. 
c. keeping the tape stationary. 

) 

Answer to Frame 22: 1. b 
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Frame 24 

Inside the tape drum housing *.s a spiral spring. One et><l of the 
spring is locked to the tape drum ahaft and the other is locked to the 
tape drum housing4 When the tape dnui is rotated, in the direction of 
the arrow by the gear train, the tension on the spring is increased. 
When power to the system fails, the tension of the spiral spring causes 
the gear train and the tape drums to xocata in the opposite direction. 
The tape unwinds until the word OFF appears at the. top of the indicator. 

1 

TAM NUMia J 
Figure 13. 

Cotor'''te 
the following statement by circling the letter preceding 

the corxc response. 

unit in the 
indicator that returns the tape to OFF 

when t:here is a loss of power is the 

synchro motor. 
AC motor, 
spiral spring, 
servomotor* 

Answer to Frame 23: 1. b 

) 

68 



v ^ 

400 HZ 
tWaLt-PHASC 

Tli'^^Q 14 . 

1044 
1=143 



/oat 

Frame 1 

Section D 

" ^ 

The vertical scale engine pressure ratio indicating system provides 
the pilot and flight engineer with indications of the engine pressure 
ratio (EPR) on FOUR f^pes. This V/S EPR indicating system consists 
of the engine-mounted, signal producing units (transducer) as shown 
in figure 1 and the vertical scale indicators as shown in figure 2. 

ELECmiCAL 
CONNECTOR 

INLI 
PRr 

MESSURE 

Figure 1« 

3 
Figure 2 . 

NO RESPONSE REQUIRED 

Oi3 
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Frame 2 
/o5/ 

The EPR transducer used in the vertical scale eagine pressure I 
ratio indicating system is similar in construction to the ones you 
studied in an earlier programmed text; see figure 3 (Air Research) 
and figure 4 (Minneapolis-Honeywell). The operating voltage, 115V AC 
400-Hz single-phase of the EPR system is sensed by aii LC filter and 
bridge network in the transducer. The transducer is utted to provide 
a synchro signal output to operate the EPR indicator. 

J 
Figure 3. Figure 4. 

Circle the letter of the correct answer. 

1. The operating voltage required for the V/S EPR indicator 
system is 

a. 28V DC. 
b. 115V AC 60-Hz single-phase. 
c. 115V AC 400-Hz single-phase. 
d. 115V AC 400-Hz three-phase. 

'"-DiS 



Frame 3 

The EFR indicator is constructed slightly different from the V/S 
indicators we have discussed up to this time. 

Unlike the other V/S systems, the V/S EFR system does not use the 
converter* The signals from the traxiaducer are supplied directly to 
the EFR indicator (see figure 5). INFUTS to the transducer are FT-

from ENGINE EXHAUST and FT. from ENGINE INLET pressures. 

niOTi INOKATO* 

U5VAC 

^ ^ . 

« • -

t n TtANSOUCU 

MOTOI ANO SYNOMO CXCirATION 
SUVO 

MOTOt 

/SYNOMO 

HIOHT (NGINtirS 
INOICATOt 

SYNOMO 

savo 
MOIOt 

J 

Figure 5. 

104 

J. 
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loXb. 
Frame 3 (Continued) 

Refer to figure 5 to answer the following questions. Circle the 
letters of the correct statements. 

1. The synchro in the transducer is connected to the indicator 
synchros by 

a* electrical wiring. \ 
b» a mechanical linkage. 
c. an electromagnetic connection. 

2. The electrical signal sent to the EPR indicator is from the 
transducer's 

a. servomotor, 
b* synchro, 
c* amplifier. 

Answer to Frame 2: 1. c 

3 
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Frame 4 

The EFR indicator (see figure 6) contains four complete ser</oloops. 
One servoloop operates each Indicating tape. Each servoloop consists 
of a control transformer (synchro), amplifier, servomotor, rate gen­
erator, power supply and gear train. See figure 7 (next page). The 
gear train drives the rate generator, the rotor of the synchro and 
repositions the indicating tape. As the gear train turns the rotor, 
the synchro is moved to null out the slgnad from the EFR transducer. 

~) 

3 

Figure 6. 

Circle the letter of the correct statement below. 

1. The rotor of the control transfomner 

a. drives the motor. 
b. positions the tape. 
c. drives the amplifier. 
d. nulls out the signal from the EFR transducer. 

Answers to Frame 3: 1. a 2. \ . Q 
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Frame 5 

A typical EPR indicator has a range of 1.0 to 2,3 units of EPR. 
The indicator is calibrated so that each increoent represents O.OS 
units of EPR. See figure 8« The indicator is used to show the units 
of EPR during engine operation. 

" ) 

f m 
TFT 

• -ash-

-»j-

-14-

-1.4-

—\o- li 
12 34 

0. 
Figure 8. 

Circle the letter of the correct statement. 

1. The EPR indicator is used to she 

a» RPM in percent. 

b. EPR units. 
c. temperature in degrees Celsius, 
d. fuel flow in poimds per hour. 

3 ^ 

Answer to Frame 4: 1. d 

Woz 
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Frame 6 

The EPR Indicating system for each engine consists of two inde~ 
pendent servoloops. One servoloop, located in the transducer, senses 
the pressure ratio and positions the rotor of a synchro unit. The 
other servoloop, located in the indicator, receives the synchro signal 
from the EFR transducer and positions the indicating tape to show the 
EPR. Figure 9 shows a block diagram of the EPR indicating system for 
one engine. The EPR systems for the other engines operate Identically. 

PllOrS INOICATOR 

:> 

Figure 9. 

Circle the letters of the correct answers. 

1« The EFR transducer contains 

a. one servoloop. 

b. two servoloops. 
c. three servoloops. 
d. four servoloops. 

77 
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Frame 6 (Continued) 

2. The Indicator (for one engine) contains 

a. one servoloop. 

b. two servoloops. 
c* three servoloops. 
d« four servoloops. 

3. The operation of the vertical scale EFR system Is based on a 

a* servoloop circuit* 
b> potentiometer feedback circuit, 
c* capacitance feedback circuit, 
d. resistance feedback clrciilt. 

) 

J 

l€5i 

Answer to Frame 5: !• t_ 

) 
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Frame 7 

Notice in figure 10 that 115V AC, AOO Hertz, single-phase, is 
applied to the power supply of the transducer. Also to the fixed 
phase of the transducer servomotor and synchro rotor and the signal 
sensing circuit (T3). The power supply furnishes DC operating voltages 
to the transducer amplifier. The 115V AC, 400 Hertz, single phase, is 
also applied to the pilot's and flight engineer's indicators. 

Circle the letter of the correct answer. 

• ) 

1. The voltage reqxiirement for the engine pressure ratio system is 

a. 26V AC, 400 Hertz» single-phase. 
b. 115V AC, 60 Hertz, single-phase. 
c. 115V AC, 400 Hertz, single-phase. 
d. ILSV AC, 400 Hertz, three-phase. 

J 

Answers to Frame 6: 1. ji 2. ai 3. _a 1 f)^7 

) . ' 
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Frame 8 

The cape is mechanically positioned by the gear train and two 
tape drums. The tape threading route and the tape drums are shown in 
figure lit When the gear train is moved by the servomotor, the tape 
drum rotates in the direction shown by the arrow on its side. The 
small tape take-up drum is turned at the same time in the direction 
shown by the arrow on its side* When the drums rotate, the tape is 
moved in the direction shown by the arrows near the tape. Notice 
in figure 11 that the face of the indicator shows the tapes for all 
four engines. 

) TAtt NUMUX 2 

Figure 11. 

Refer to figure 11 to answer the following question. Circle the 
letter of the correct statement. 

1. The pulleys and tape threading diagram is for tape number 

a. 
b. 
c. 
d. 

1. 
2. 
3. 
4. 

Answer to Frame 7: 1. c 
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Frame 9 

There is a spiral spring located inside the tape drum. One end 
of the spring is locked to the tape drum shaft and the other end is 
locked to the tape drum housing.' When the tape drum is rotated by the 
gear train» the tension on the spiral spring is increased. When power 
to the system fails» the tension of the spiral spring causes the gear 
train and the tape drums to rotate in the opposite direction. The tape 
moves opposite the direction of the arrows shown in figure 12 until 
the word OFF appears at the top of the indicator. 

^ 

Figure 12. 

Circle the letter of the correct statement. 

1. The unit that returns the indicator tape to OFF due to loss 
of power is the 

a. spiral spring. 
b. DC motor. 
c. servomotor. 
d. gear train» 

0 

Answer to Frame 8: !• b 

105i) 
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Frame 10 

The indicators are arranged so that when no power is applied to 
the system, the spiral spring moves the gear train backward, causing 
the word OFF to appear at the top of the indicator. At the same time, 
the rotor of the indicator synchro is turned a little past null. 

Circle the letter of the correct statement. 

1. The unit that turns the synchro rotor past null is the 

a. servomotor* 

b. spring. 
c» amplifier* 

) 

Answer to Frame 9: 1. a 

J 83 
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Frame 11 

When power is applied to the system, a voltage is induced into the 
stators of the synchro in the transducer. Notice in figure 13 that the 
stators of the synchro in the transducer are directly connected to the 
stators of the synchros in the pilot's and flight engineer's EPR 
Indicators, thxis forming a servoloop, From this point, the pilot's 
and flight engineer's systems operate identically, so you will study 
about just one systemr 

Pliers INUCATOt 

Figure 

NO RESPONSE .̂ QUIRED 

J 

Answer to Frame 10: 1* b iOGl 
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Frame 12 

The voltage that is induced into the transducer synchro stators 
is transferred to the stators of the s3n3chro in the indicator. Because 
the rotor of the Indicator synchro dLs not at null, an error signal is 
induced into the rotor* The error signal from the rotor is fed to the 
iodicator asq>lifler. The signal is aiqplifled and applied to the control 
phase winding of the indicator servomotor. . The servomotor has a rate 
generator attached to it, so that when the motor nms, the rate 
generator runs» See figure 14* 

Circle the letter of the correct answer* 

1* The asq>lified signal directly drives the 

a. servomotor. 

b. rate generator* 
c. indicator synchro. 

) 
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Frame 13 

When the control phase winding of the Indicator seirvomotor is 
energized, the motor starts to drive. As the servomotor drives, the 
rate generatori movable tape» and the rotor of the Indicator synchro 
are all moved by the gear train* The rotor of the indicator synchro 
Is moved toward NULL* The servomotor continues to drive until the 
rotor of the Indicator synchro Is perpendicular to the stator's magnetic 
field. At this time, the indicator servomotor stops because the rotor 
of the indicator synchro has nulled out the error signal that was 
Induced by the transducer synchro. The tape is moved far enough to 
remove the word OFF from view and the indicator Is blank except for 
the calibrated scale. See figure 15, number 1 e»ngine tape. 

NUMKRI 
em Tvc 

@ 

0 

—mr ^ 

fcdt 
12 34 

Figure 15. 

Circle the letter of the correct statement. 

1. The vertlcaL scale tape is moved by the 

a. gear train. 

b. rate generator. 
c. rotor of the synchro. 

) Answer to Frame 12: 1. a 
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Frame 14 

The rate generator in the EPR vertical scale indicator is driven 
by the servomotor. The rate generator is used as a signal damping 
device to prevent oscillation and overtravel of the servomotor and 
indicator tape during operation. To perform the damping action, the 
rate generator develops a vol.age in opposition to the original input 
signal to the servoamplifiar. See figure 16. 

^ 

POWM OtOUNO* 
111 iiv*cioea±3Ht 
t x o u n u u 
ITMC3W) 

Figure 16. 

Circle the latter of the correct statement. 

1. The unit that directly prevents the oscillation and 

overtravel of the servomotor and indicator tape during 
.operation is the 

a. rotor. 
b. amplifier. 
c. rate generator. 
d. control transformer. 

J 

Answer to Frame 13: 1. & 
^oee 

J. 
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Frame 15 

) 
As the engine is started, a pressure ratio between the engine 

inlet pressure and the engine exhaust pressure Is sensed by the dual 
bellows (P and P ) in the transducer. The P bellows is connected 

to the engine Inlet (ram air pressure) probe. This probe is located 
on the top Inboard side of the engine pylon as shown In figure 17. 
The F bellows is connected to the six engine exhaust gas pressure 

sensing probes. These probes are located around the engine discharge 
passage as shown In figure 18» 

Circle the letters of the correct statements. 

1. 

a. 

The P probe senses intake air pressure and 
^0 
sends an electrical signal to the P bellows. 

b. is connected to the F bellows. 
*=7 

c. is connected to the F bellows. 

d» sends an electrical signal to the P bellows. 

2. The P probe senses exhaust gas pressure and 

) 

a. is connected to the F bellows. 

b. is connected to the F^ bellows. 

c. sendi. an electrical signal to the F bellows. 

d« sends an electrical signal to the F bellows. 
^7 

PROBE 

PRESSURE IN 

PROBE 

PRESSURE OUT 

Figure 17. 

) 
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Frame 15 (Continiied) 

(6 PIACES) -EPR P»0«ES 

Figure 18» 

3 

Answer to Frame 14: 1. .£ 1063 
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Frame 16 

Use figures 19 and 20 at the end of section D to answer the next 
FIVE frames. 

The movement of the dual bellows causes the variable reluctance 
core of the signal-sensing xinlt to move up» This movement causes 
the inductive bridge to become unbalanced and an error signal is 
applied to the transducer ampliflert Here the signal is amplified 
and sent to the control phase of the transducer servomotor. See 
figure 19. 

Circle the letters of the correct statements below. 

1. The movement of the movable variable reluctance core in the 
EFR transducer unbalances the 

a. synchro* 
b. servomotor. 

c« rectifier bridge circuit. 
d. inductive bridge. 

2. 
The error signal from the variable reluctance bridge is 
amplified and sent to the 

a. 
b. 
c. 
d. 

synchro. 

rectifier bridge circtiit. 
variable phase of the servomotor, 
flsad phase of the servomotor. 

Answers to Frame 15: 1. c 2. b 
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Frame 17 

As the servomotor drives, a gear train positions the rotor or the 
transducer synchro. At the same time It moves the variable reluctance 
core of the signal sensor. The motor continues to drive until the 
variable reluctance core is moved down far enough to rebalance the 
Inductive bridge circuit of the signal sensor. When the inductive 
bridge'circuit is balanced, an error signal Is no longer sent to the 
amplifier and the servomotor stops. The principle of operation of 
the EPR transducer is based on the use of a variable reluctance coll. 

Refer to figure 20 to answer the following questions, 
the letters of the correct statements. 

Circle 

1. The variable reluctance core is moved down by the 

a. synchro. 
b. bellows* 
c. servomotor. 

2. The vertical scale EFR transducer uses a 

a. resistance reactance circuit. 
b. variable reluctance coil. 
c. capacitance reactance circuit. 
d. servo driven potentiometer circuit. 

.3 

Answers to Frame 16: 1. d 2. c 1070 
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Frame 18 

At this time, the rotor of the indicator synchro is no longer null. 
The movemeat of the rotor in the transducer synchro changed the induced 
voltage in the stators* Since the stators of the two synchros are 
directly connected, this voltage change Is also felt In the stators 
of the indicator s3mchros. Because of the voltage change in the 
stators, an error signal is induced into the rotor of the indicator 
synchro. 

Circle the letter of the correct statement* 

1. The error signal is induced into the stators of the indicator 
synchro through 

a* magnetic attraction* 
b. magnetic repulsion* 
c. electrical wiring* 
d* mechanical linkage. 

Answers to Frame 17: 1. c . 2. b 
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Frame 19 

The signal induced into the rotor is applied-to the indicator 
ampll£ier» The signal is amplified and is sent to the control phase 
of the servomotor. As the motor drives, the tape is positioned up 
scale to show the increase in EPR and the rotor of the synchro is 
turned toward NULL. At the same time, the rate generator is being 
driven by the servomotor. The rate generator develops a voltage in 
opposition to the original input signal to the servo-anplifier. This 
opposition voltage is used as a damping voltage to prevent oscillation 
of the servomotor and overtravel of the tape. 

Circle the letter of the correct statement. 

1. The rate generator is used to 

a« drive the synchro rotor. 

b. drive the servomotor. 
c. move the tape upscale. 
d. develop a damping voltage. 

) 

1072 

Answer to Frame 18: 1. c 
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^taae 20 

The indicator servomotor continues to drive until the indicator 
synchro rotor reaches the NULL position* When the synchro rotor 
reaches NULL position, the error signal is NO longer applied to the 
servo-a]iq>lifier and the servomotor stops running. At this time, the 
indicator tape indicates the NEW EPR reading. 

NO RESPONSE REQUIRED 

Answer to Frame 19: 1« d 

95 
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Frame 21 

If the EPR of the engine decreases, the same sequence of events 
takes place. However, the phasing of ALL of the signals Is opposite 
those for an increase in EPR» Consequently, the motor drives in the 
opposite direction and the spring in the EPK indicator winds the tape 
down scale* Therefore, we can say that the purpose of the EPR system 
is to measure the ratio of pressure between the engine inlet air 
pressure and the engine exhaust: gas pressure. You should have noticed 
that this is the only vertical scale engine Instrument system stiuiles 
that did NOT use the converter. 

Circle the lettevs of the correct answers. 

1. The purpose of the engine pressure ratio system is to 
measure the ratio between the inlet air 

a« temperatur'' and exhaust gas temperature. 
b. pressure and exhaust gas temperature. 
c. pressure and e:diaust gas pressure. 
d* temperature and exhaust gas pressure. 

2. The vertical scale engine instrument system that does NOT 
use the converter is the 

a. tachometer indicator system. 
b. fuel flow indicator system. 
c» engine pressure ratio Indicator system, 
d. exhaust gas temperature Indicator system. 

) 

Answers to Frame 21: 1. c 2, c 

Take appraisal for section D. 

iOT'i 
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Instrument/Flight Control Hrnm-.h 
Cbanute AFB, Illinois 

3ABR32531-WB-209 

INSPECTION, OPERATIONAL CHECK, TROUBLESHOOTING AND 
BENCH CHECK OF 

VERTICAL ENGINE INSTRUMENT SYSTEM 

SPECIAL INSTRUCTIONS 

This workbook is written in TWO sections. The first section covers 
the Inspection, Operational Check and Troubleshooting of the Vertical Scale 
Engine Instrtunent System, The second part covers Bench Check of the Engine 
Inatruoont System Converter. 

OBJECTIVES 

Given a workbook, tools, teat equipment and trainer, perform an 
inspection and operational check of Vertical Scale Engine Instruments 
with an accuracy of 100% correct workbook responses. 

Given a workbook, test equipment, and trainer, troubleshoot Vertical 
Scale Engine Instruments with an accuracy of 80% correct x«3rkbook responses. 

Given a workbook, test equipment, and trainer, bench check components 
of Vertical Scale Engine Instruments with an accuracy of 100% correct 
workbook responses. 

SECTION A 

EQUIPMENT 

Vertical Scale Engine Instrument Trainer 
Multimeter 
Jet Cal Tester 
Pneumatic Tester Part //268000 
Wrench (3/8 x 9/16) 

Basis of Issue 
1/2 students 
l/student 
1/2 students 
1/2 students 
1/2 students 

PROCEDURE 

Remove all jewelry before inspecting, performing the operational 
check, and troubleshooting. Use extreme caution when using the Jet Cai 
Taster, as the heaters and the thermocouples get extremely hot. Be 
careful when removing or connecting the heater probes to the thermocouples 
as they are easily damaged. Do NOT damage any of the test equipment or 
trainer. 

Supersedes 3ABR32531-WB-214, 30 April 1975; 3ABR32531-WB-214A, 
3 September 1974, which may be used until existing stocks are exhausted, 
OPR: 3360 TTG 
DISTRIBUTION: X 

3360 TTGTC-W - 200; TTVSR - 1 

loso 
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Part 1. VISUAL INSPECTION 

1. Visually inspect the KGT indicator for the following conditions by 
placing a checkmark (/) on the proper blanks. 

Satisfactory Unsatisfactory 

a. Security of mounting. 

b. Cracked or loose glass. 

c. Condition of fluorescent markings. 

d. All four OFF flags are visible. 

2. Visually inspect the Fuel Flow indicator for the following conditions. 

a. • Security of mounting. ___«____«_„ _«„__-««__» 

b. Cracked or loose glass. ___________ __________ 

c. Condition of fluorescent markings. __________ __________ 

d. All four OFF flags are visible. 

3*. Visually inspect the N-1 and N-2 Tachometer indicators for the following 
conditions. 

N-1 N-2 N-1 N-2 

a. Security of mounting. 

b. Cracked or loose glass. 

c. Condition of fluorescent markings, 

d. All four OFF flags are visible. 

4. Visually inspect the EPR indicator for the following condition. 

a. Security of mounting. ___________ ___ 

b. Cracked or looue glass. ___________ ___ 

c. Condition of fluorescent markings. ___________ ____ 

d. All four OFF flags are visible. 

5. Visually inspect the circuit breakers for the following conditions. 

Satisfactory Unsatisfactory 

a. Broken circuit breakers. ______________ 

b. Positive push-pull action, ___________ ____________ 

i-081 



/05^ 

6. Visually inspect the EGT, N-1 and N-2 indicators for range markings. 

a. EGT 

b. N-1 

c. N-2 

Part 2. OPERATIONAL CHECK 

Note; Connect Jet Cal Tester and install heater probes on tt'.ie thetuiocouples. 
Do NOT heat the thermocouples at this time. 

Perform an operational check of the Vertical Scale Engine Instrument System. 
Place a checkmark (/) on the proper blank, ' 

1. Make sure all the trouble switches are to the OUT position. 

2. Make sure all circuit breakers are pulled OUT. 

3. Make sure the 28 VDC power switch and the 115 VAC 400 Hz power switches 
are to the OFF position on the AC/DC power panel. 

4. Connect the trainer power cords to the 28 VDC outlet and the 115 VAC 
400 Hz outlet. 

5. Push the 28 VDC circuit breaker and the 115 VAC 400 Hz circuit breaker 
to the IN position on the main AC/DC power panel. 

6. Place the 28 VDC power switch and the 115 VAC 400 Hz power switch to 
the ON position on the main AC/DC power panel. Raise and lock wiring 
diagram shelf on trainer. 

a. The 28 VDC power lamp glows _, does not glow 

b. The 115 VAC 400 Hz power lamp glows , does not glow 

, are not 

7. Push all circuit breakers to the IN position. 

a. All //I engine OFF flags are removed from view ____ 
removed from view . 

8. Refer to the instructions in the lid of the 'et Cal Tester and heat, 
the four thermocouples to 500 degrees Centigrade using the degrees centi­
grade scale on the Jet Cal Tester. 

Note; Maintain the 500 degrees Centigrade setting for operational 
checks and troubleshooting. 

a. The //I engine EGT indicator indicates an increase in temperature 
, decrease in temperature , no change in 

temperature. 

10S2 
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9. Rotate the N-1 Tachometer Generator control clockwise to read 50% rpm 
on the indicator. 

a. The //I engine N-1 Tachometer indicates an increase in RPM , 
decrease in RPM , no change in RPM . 

10. Rotate the N-2 Tachometer Generator control clockwise to read 50% RPM 
on the indicator. 

a. The //I engine N-2 Tachometer indicates an increase in RPM , 
decrease in RPM , no change in RPM . 

11. Advance the Fuel Flow lever to read 10,000 PPH on the indicator. 

a. The //I engine fuel flow Indicator indicates an increase in fuel 
^^°* * decrease in fuel flow , no change in fuel 
flow . 

12. Connect the Pneumatic Tester to P 7 port on trainer. Close all valves 
(clockwise) on the Pneumatic Tester, using the pressure pump, increase 
pressure until the pressure indicator reads 34 psi. O^en valve //4 until 
the Machmeter reads 1.0 Mach, then close //4 valve. 

Note: Maintain 1.0 Mach for operational check aak troubleshooting. 

a. The //I engine EPR Indicator indicates an Increase in EFR 
decrease in EPR , no change in EPR 

Part 3. TROUBLESHOOTING 

1. Using the trouble switches listed in the following chart, perform an 
operational check and fill in the blanks with the correct information. 

Note: //I trouble is an EXAMPLE. 

2. Move //I trouble switch to the IN position. 

3. Watch ALL indicators for indication of trouble. 

4. Record Indication on Chart 1. 

5. Place trouble switch IH to the OUT position. Repeat procedures on 
trouble switches 2 thru 17. 

J. OR 3 
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Trouble 
Switch II 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

" 

Indication of trouble 
on //I engines 

Fuel Flow OFF flag shows. 

• 

Chart 1 

Check with instructor before removing power. 

6. After recording indication for trouble switch //17, place trouble 
switch IfV to the OUT position. 

7. Bleed the pressure OFF the pneumatic tester by opening valves 3, 4, 
and 5. Disconnect the hose from the transducer connection. Stow the hose 
in the tester. Close and latch the lid on the tester. 

Note: Replace cover cap on EPR transducer connector. 

8. Retard fuel flow control (throttle). 

9. Turn the N-1 and N-2 tachometer control knobs fully counterclockwise. 

10. Place switch S-1 en Jet Cal Tester to OFF position. 

10S4 
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11. Disconnect Jet Cal power cable and stow in bottom of tester. 

12. Disconnect heater cable from tester and junction box and stow in 
bottom of tester. 

13. Disconnect heater probe leads from Junction box. 

14. Remove heater probes from thermocouples and stow in special slots 
in top compartment of tester. Junction box is to be stowed in this 
compartment. 

Note: Be careful not to get burned or damage the heater probes 
and thermocouples. 

15. Pull ALL circuit breakers and place the two trainer power switches 
to the OFF position. 

16. Disconnect the 28 VDC and the 115 VAC 400 Hz power leads and secure 
on back of trainer. 

17. Obtain a multimeter and leads for troubleshooting. 

Note: Trouble //I is an example of how the following Chart 2 is to 
be filled out. A trouble switch has to be to the IN position before 
you can find your trouble. When you have found your trouble, be 
sure to turn that switch to the OUT position before proceeding to 
the next trouble. Do NOT flip trouble switches ON and OFF during 
troubleshooting. Your multimeter should be relied on to indicate 
when you have found the trouble. 

18. Electrical connector plugs are not disconnected on the trainer, so 
this is an example of CLOSED CIRCUIT troubleshooting. In most cases, an 
OPEN will feed back through other wires in the circuit, and a high resistance 
indication will be read. Proceed with your troubleshooting. 

Note; You cannot check for shorts or crossed wires. 

•W35 
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Trouble Location of Trouble 
Switch // Wire Number 

Kind of Trouble 
OPEN 

1 1E50&A20 
1E500B20 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

17 

High 
Resistance 

/ 

Chart 2 

19. Check troubles with instructor, 

20. When you have finished, put your meter and leads back in the meter 
cabinet. 

21. Turn ALL trouble switches to the OUT position and lower wiring diagram 
shelf on trainer. 

INSTRUCTOR'S INITIALS 
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SECTION B 

BENCH CHECK OF THE VERTICAL SCALE ENGINE 
INSTHUMENT SYSTEM CONVERTER 

EQUIPMENT 

Engine Instrument System Converter 
Test Set, Engine Instrumentation System 
Test Set Converter 

Basis of Issue 
1/2 students 
1/2 studfints 
1/2 students 

PROCEDURE 

Note: Remove ALL jewelry before working on equipment. 

Note: Before starting any test, refer to figures 1 and 2 for 
diagrams showing the location of the control switches for both 
test sets. Connect two test units and converter to the proper 
115 VAC 400 Hz, 10 outlets. Be sure that the power plugs are 
properly grounded. 

1. Pilot's Converter Channel Output Tests 

a. Preliminary starting procedure. 

(1) Set the RANGE SELECTOR SWITCH (3) of the VTVM to 300 on 
taster #13A3081. 

(2) Set the 115-V,, 400-Hz, Vi switch (56) of the 13A2561 
system analyzer test set to the ON position. 

(3) Set the 115-V, 400-Hz, 10 switch (34) of the 13A3081 
converter output test set to the ON position. 

(4) Allow a five-minute warm-up period for both test sets. 

(5) Perform the test procedures listed under each module test. 

b. Pilot's Nl and N2 RPM module test. 

(1) Nl motor excitation test. 

(a) Set the TEST SELECT switch (30) to Nl-MOT EXC on 
tester //13A3081. 

(b) Set the MOT EXC switch (38) to. the ENG 1, 2, 3, and 
4 positions. The VTVM meter should indicate 115 +11.5 volts at each 
engine position on tester //13A3081. 

Note: When setting the MOT EXC switch, select one engine position 
at a time, beginning with ENG 1. 

(c) Record the actual VTVM indications and the results 
for each engine position in the appropriate columns in table 1. 

^O'^j 
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£ng Position 
MdT EXC 

SW 38 

ENG 1 

ENG 2 

ENG 3 

ENG 4 

Required VTVM 
Indications & 

Tolerances 

115 - 11.5V 

115 i 11.5V 

115 i 1L5V 

115 ' 11.5V 

Actual VTVM 
Nl 

Indicationi 
N2 

Results 
(S or U) 
Nl N2-

Table 1. Pilot's Nl and N2 Motor Excitation Tests. 

(2) N2 laotor excitation test. 

(a) Follow the same procedures as for the Nl motor 
excitation test except set the TEST SELECT switch (30) to N2-M0T EXC 
on tester //13A3081. 

(b) Record the actual VTVM indications and the results 
for each engine position in the appropriate columns in Table 1. 

(3) Shutdown procedure for percent RPM motor excitation tests. 

(a) Leave the 115-V, 400-Hz, 10 switches in the ON position 
on both test sets. Leave the VTVM switch to the 300 position. 

(b) Set all other control switches to the extreme counter­
clockwise position on both test sets. 

(4) Nl control phase test. 

(a) Set the TURBINE STATION switch (13) to the Nl position 
on the 13A2561 test set. 

(b) Set the following switches of the 13A3081 test set 
to the positions indicated. 

SWITCH 

TEST SELECT (30) . , 

F/U Pot SELECT (36) 

CONT 0 (37) . . . , 

MOT EXC (38) 

POSITION 

Nl-CONT 0 

ENG 1, 2, 3 or 4 

ENG 1, 2, 3 or 4 

ENG 1, 2, 3 or 4 

Note: When setting control switches 36, 37, and 38, select one 
engine position at a time, beginning with the ENG 1 position. 

(c) Set the Z RPM switch (15) of the 13A2561 test set 
to the positions specified in Table 2. 

12 
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A 
M 
P 
L 

N 
1 
R 
A 
T 
I 
0 

N 
2 
R 
A 
T 
I 
0 

Test Point 
T> BFM 
SW 15 

.20 

50 

90 

100 

20 

50 

90 

100 

Required F/U 
POT Cent 
Ratio Ind 

Mln 

.181 

.451 

.812 

.902 

.181 

.451 

.812 

.902 

Max 

.190 

.460 

.818 

.908 

.190 

.460 

.818 

.908 

Actual F/U POT Control 
Ratio Indication 

1 2 3 4 

Rcaulti 
(S or U) 

1 2 3 4 

Table 2. Pilot's Nl and N2 Control Phase Test. 

(d) Adjust F/U POT-Nl control (4) of the 13A3081 test set 
until a minimum indication is obtained on the VTVM meter. The resistance 
ratio indicated by F/U POT-Nl control (4) should be as specified in Table 2 
for each engine position. 

(e) Record the F/U POT-Nl control (4) actual indications 
and the results in the appropriate columns in Table 2. 

(5) N2 control phase test. 

(a) Follow the same procedures as for the Nl control phase 
test except for the following: 

1. Set the TURBINE STATION switch (13) of the 
13A2561 test set to position N2. 

1, Set the TEST SELECT switch (30) of the 13A3081 
test set to the N2-C0NT 0 position, 

3_. Adjust F/U P0T-N2 control (8) of the 13A3081 
cast set until a minimxim indication is obtained on the VTVM meter (3). 
The resistance ratio indicated by F/U P0T-N2 control (8) should be as 
specified in Table 2 for each engine position. 

(b) Record the F/U P0T-N2 control (8) actual indications 
and the results in the appropriate columns in Table 2. 

(6) Shutdown procedure for percent RPM control phase test. 

(a) Leave both 115-V, 400-Hz 10 switches in the ON 
position. Leave the VTVM switch in the 300 position. 

13 
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(b) Set all other control switches to the extreme 
counterclockwise position on both test sets. 

(c) Set all F/U POT controls counterclockwise to 
indicate .000 on tester //13A3081. 

c. Pilot's exhaust gas temperature module test. 

(1) Motor excitation test (EGT). 

(a) Set the TEST SELECT switch (30) to the EGT-MOT EXC 
position on taster //13A3081. 

(b) Set the MOT EXC switch (38) to the ENG 1, 2, 3, and 4 
positions. The VTVM meter should indicate 115 + 11.5 volts at each engine 
position on tester <''3A3081. 

(c) Record the actual VTVM indications and the results 
for each engine position in the appropriate columns in Table 3. 

Engine 
Position 
MOT EXC 
SW 38 

ENG 1 

ENG 2 

ENG 3 

ENG A 

Required 
VTVM Indications 
and Tolerances 

115 ± 11.5V 

115 ± 11.5V 

115 ± 11.5V 

115 ± 11.5V 

Actual 
VTVM 
Indications 

Results 
(S or U) 

• 

Table 3. Pilot's EGT Motor Excitation Test. 

(2) Shutdown procedure for EGT motor excitation tests. 

(a) Leave both 115-V, 400-Hz 10 switches in the ON position. 
Leave the VTVM switch in the 300 position. 

(b) Set all other control switches to the extreme counter­
clockwise position on both test sets. 

(3) Control phase test (EGT) . 

(a) Set the following switches of the 13A3081 test set 
to the positions Indicated. 

1093 

14 



• « • ' 

/0(>3 

SWITCH POSITION 

TEST SELECT 30 BGT-CONT 0 

F/U POT SELECT (36) ENG 1, 2, 3 or 4 

CONT 0 (37) ENG 1, 2, 3 or 4 

MOT EXC (38) ENG 1, 2, 3 or 4 

Note: Whan setting control switches 36, 37, and 38,.select one 
engine position at a time beginning with the ENG 1 position. 

(b) Set the EGT °C switch (14) of the 13A2561 test 
set to Lhe positions specified in Table 4. 

Test Point 
EGI °C 
SW 14 

100°C 

300°C 

400°C 

600°C 

Required F/U 
POT Control (26) 
Ratio Indication 
Min 

.188 

.429 

.550 

.784 

Max 

• .200 

.436 

.557 

.790 

Actual F/U POT 
Control (26_) 

Ratio Indications 
1 2 3 4 

Result* 
(S or U) 

1 2 3 4 

Table 4. Pilot's Exhaust Gas Temperature Control Phase Test. 

(c) Set the ENGINE switch (36) of the 13A2561 test 
set to the engine channel under test. 

(d) Adjust the F/U POT-EGT control (26) of the 13A3081 
test set until a minimum indication is obtained on the ratio indicated 
by the F/U POT-EGT control (26) should be as specified in Table 4. 

(e) Record the F/U POT-EGT control (26) actual indications 
and the results in the appropriate columns in Table 4. 

(4) Shutdown procedure for exhaust gas temperature control 
phase tests. 

(a) Leave both 115-V, 400-Hz 10 switches in the ON position, 
Leave the VTVM switch in the 300 position. 

(b) Set all other control switches to the extreme counter­
clockwise positions on both test sets. 

(c) Set all F/U POT controls counterclockwise to indicate 
.000 on the //13A3081 tester. 

15 
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d. Pilot's fuel flow module test. 

(1) Motor excitation tests (Fuel Flow). 

(a) Set the TEST SELECT switch (30) to the FUEL FLO-MOT 
EXC position. 

(b) Set the MOT EXC switch (38) to the ENG 1, 2, 3, and 4 
positions. The VTVM meter should indicate 115 +11.5 volts at each engine 
position on tester //13A3081. 

(c) Record the actual VTVM indications and the results for 
each engine position in the appropriate columns in Table 5. 

Engine 
Position 
MOT EXC 
SW 38 

ENG 1 

ENG 2 

ENG 3 

ENG 4 

Required 
VTVM Indications 
and Tolerances 

115 ± 11.5V 

115 ± U.5V 

115 ± 11.5V 

115 ± 11.5V 

Actual 
VTVM 
Indications 

Results 
(S or U) 

Table 5. Pilot's Fuel Flow Motor Excitation Tests. 

(2) Shutdown procedure'fofTuelTlow motor excitation tests. 

(a) Leave both 115-V, 400-Hz 10 switches in the ON position. 

Leave the VTVM switch in the 300 position. 

(b) Set all other control switches to the extreme counter­

clockwise position on both test sets. 

(3) Control phase tests (Fuel Flow). 

(a) Set the following switches of the 13A3081 test set to 

the positions indicated. 

SWITCH POSITION 

TEST SELECT (30) FUEL FLO-CONT 0 

CONT 0 (37) ENG 1, 3, 3 or 4 

MOT EXC (38) ENG 1, 2, 3 or 4 

Fuel flow test selector 
switch (//22) to ENG 1, 2, 3 or 4 

Note: When setting control switches 22, 37, and 38 select one 
engine position at a time beginning with the ENG 1 position. 

16 
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(b) Set the FUEL FLOW PPH switch (38) of the 13A2561 
tost set to the positions specified in Table 6. 

Test Points 
FUEL FLO 

PPH 
SW 38 

400 

3000 

6000 

8000 

12000 

Required 
CT 12 In­
dications 
in Degraas 

76.8" 

56.0° 

32.0" 

16.0° 

344.0° 

CT (12) 
Tolerance 
in Degrees 

+ 0.2° 

+ 0.2° 

+ 0.2° 

+ 0.8° 

+ 0.8° 

Actual CT (12) 
Indications in Degrees 

1 2 3 4 

Results 
(S or U) 

1 2 3 4 

Table 6. Pilot's Fuel Flow Control Phase Tests, 

(c) Adjust the CT control (12) of the 13A3081 test set 
until a minimum indication is obtained on the VTVM meter. The angle 
indicated in degrees on the CT indicator (12) should be as specified 
in Table 6. 

(d) Record the actual CT (12) indications in degrees 
and the results for each engine position in Table 6. 

e. Final shutdown procedures of the pilot's converter channel output 

test. 

(1) Set the 115-V, 400-Hz 10 switches to the OFF positions on 
both test sets. Leave the VTVM switch in the 300 position. 

(2) Set all control switches to the extreme counterclockwise 
positions on both test sets. 

(3) Set CT control clockwise to indicate 0° on tester //13A3081. 

(4) Disconnect all power cables from the power source for the 
converter, and both test sets. 

CAUTION: THE CABLES ARE VERY DELICATE AND SHOULD BE HANDLED WITH 
EXTREME CARE. 

INSTRUCTOR'S INITIALS 
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FOREWORD 

This programmed text was developed for use in Courses 3ABR32531, 
Avionics Instrument Systems Specialist and 3ABR32632B, Integrated 
Avionic Systems Specialist. This material has been validated by at 
least 20 students from the subject courses with at least 90% of the 
students achieving the stated objectives. The average time for 
completing this programmed text is 5 hours and 50 minutes. 

OBJECTIVE 

Without references identify facts pertaining to the purpose, 
operation, and/or characteristics of the basic pitot-static system 
and test equipment. 

INSTRUCTIONS 

There are two parts to this text. Complete part I and then 
ask your instructor for further instructions before completing 
part II. 

The text is presented in numbered frames arranged in a learning 
sequence. You are required to read the information in each frame 
and respond to the questions on the material presented. DO NOT WRITE 
IN THIS BOOK. Use the response sheet to record your answers. You 
may check your response by looking for the correct answer at the 
beginning of the next frame, bottom of the page. If you selected the 
correct response, you may continue to the next frame. If your response 
was incorrect, go back and review the material. If you need assistance, 
ask your instructor to help you. DO NOT RUSH. 

Supersedes 3ABR32531-FT-301, 3ABR32632B-PT-A01, 25 February 1977. 
OPR: 3360 TCHTG 
DISTRIBUTION: X 

3360 TCHTG/TTGU-F - 200; TTVSA •• 1 
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Part I 

Section A 

PITOT-STATIC SYSTEM 

/oi>d 

« 

Frame 1 

The pitot-static system uses the air (atmosphere) around the 
aircraft for operation. Every aircraft from the most complex jet to 
the smallest reconnalsance plane has a pitot-static system. Pitot 
is pronounced pea-toe. The pressures supplied by the system operate 
the aircraft's airspeed indicators, machmeter, altimeter, vertical 
velocity indicator (rate of climb) and supplies pressures to other 
systems such as: autopilot, flight control, landing gear, etc. You 
will be responsible for the maintenance, troubleshooting and repair 
of the pitot-static system and the flight instruments operated by it. 
Later in the course you will learn about the flight instruments that 
you are responsible for maintaining. 

The purpose of the pitot-static system is to sense both pltot 
and static pressures and transmit these pressures to the various 
instruments and systems located on the aircraft. 

Check (/) the statement or statements below that describe the purpose 
of the pitot-static system. 

a. Measures pitot-and static pressures. 

b. Senses both pitot and static pressures. 

_c. Used to indicate the aircraft's airspeed, Mach number, and 
altitude. 

d. Transmits both pitot and static pressures to various flight 
instniments and systems located on the aircraft. 

« 
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Frame 2 

Before going further into the pitot-static system, let's define 
the air pressures that are being used; first is static pressure. 

The word "static" means "still and undisturbed." Therefore, 
static pressure is the pressure of the still and undisturbed air 
around the aircraft. Static pressure is the name or term that 
aircraft technicians use instead of atmospheric pressure. When 
the pitot-static system senses static pressure, it is sensing the 
air or air density that surrounds the aircraft. Another way to put 
it is, the still and undisturbed air about the aircraft, 
symbol for static pressure. 

P is the 
s 

Check the correct response(s) below. 

Static pressure is 

â. atmospheric pressure. 

_b. ram air pressure, 

c. the still and undisturbed air. 

d. P . 
s 

Answers to Frame 1: / b. / d. 

ilOO 
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Frame 3 

The air around the earth can be considered as an ocean of air. 
This ocean of air extends upward with the static pressure decreasing 
with an increase in height. Like an ocean of water, the air ocean 
has both depth and weight. Static pressure is the greatest at the 
bottom of the air ocean or at the earth's surface. At sea level the 
normal atmospheric (air) pressure is 14.7 pounds per sqtiare inch 
(14.7 psi), whereas at 100,000 feet the pressure is 0.147 psi. 
Pressure and altitude are inversely proportional; therefore, an 
increase in altitude causes a decrease in static pressure. Thus 
we have a means of measuring the altitude at which the aircraft is 
flying. Also, at any given altitude a decrease in temperature will 
cause an increase in air density, thereby causing an Increase in 
static pressure. 

^ 
Ps decreases with an increase in-
altitude O 

'As air temperature decreases Ps 
increases \ 

I—Static Pressure 

Fill in the blanks on the following statements, 

a. Sta.ic pressure at sea level is 

^ 

b. Static pressure increases with a in altitude. 

c. Static pressure decreases as temperature 

Answers to Frame 2: / a . / c. / d. 
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Frame 4 

Impact pressure, also known as ram pressure, is another pressure 
sensed by the pitot-static system. It is the air pressure that 
strikes the pitot tube as the result of the forward motion of the 
aircraft. Impact pressure is used to measure airspeed. Q is the 
symbol for impact pressure. 

.> • 

y 

RAM 
PRESSURE— 
OC 

Check the correct response(s) below. 

a. Static pressure is known as ram pressure. 

Jb. Impact presstire is-due to the forward motion of the aircraft, 

c. Impact pressure is used to measure airspeed. 

> 

^ 

Answers to Frame 3: a. 14.7 b. decrease c. increases 
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Frame 5 

Pitot pressure (Pt) equals impact pressure (Qc) plus static 
pressure (Psi). Pitot pressure is sometimes referred to as total 
pressure. For example, if we had 15 psi of impact pressure and 10 
psi of static pressure, the pitot or total pressure would be 25 psi. 
Example pertains to one altitude only. 

What is pitot pressure? 

â. The difference between impact and static pressure. 

J>. Impact pressure minus static pressure. 

Total pressure plus static pressure. 

d. Impact pressure plus static pressure. 

Answers to Frame 4: / b. / 

i02 
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Frame 6 

Let's briefly review the oaterial covered to this point. You 
have learned what pitot and static pressures are and how altitude 
affects these pressures; also that the pitot-static system operates 
the aircraft's speed and altitude indicators. Circle the letter of 
the correct answer in each of the following review questions, then 
proceed to frame 6. 

1. The definition of pitot pressure is the 

a. vacuum pressure around the aircraft. 

air moving around the aircraft causing lift, 

still and undisturbed air around the aircraft, 

impact pressure plus static pressure. 

2. In a column of air extending upward from the earth's surface, 
pressure is 

b. 

c. 

d. 

a. 

b. 

c. 

d. 

least at a low altitude, 

greatest at a low altitude, 

dependent only on teiq>erature. 

constant throughout the column. 

3'. The definition of static pressure is 

a. the pressure of the moving air around the aircraft, 

vacuum pressure around the aircraft. 

the pressure of the still aud undisturbed air around the 
aircraft. 

Impact pressure caused by the aircraft flying forward. 

4. V?hen the aircraft slows down and remains at the same altitude, 
pitot pressure will 

a. increase. 

b. decrease. 

c. not change. 

d. not be affected by the change in speed. 

b. 

c. 

d. 

c 
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5. An aircraft flying to a higher altitude will 

a. cause an Increase In temperature. 

b. encounter a decrease In static pressure. 

c. encounter an Increase in static pressure. 

d. not be affected by temperature or static pressure. 

6. Static pressure would Increase If the aircraft 

a. vent faster. 

b. went slower. 

c. descended to a lower altitude. 

d. ascended to a higher altitude. 

7. If the aircraft files at the same speed ana es up to a higher 
altitude, pltot pressure will 

a. increas'%. 

b. decrease. 

c. not change. 

d. change into static pressure. 

c 

Answer to Frame 5: 'Z d. 
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Frame 7 

In the next several frames you will learn about the component parts 
of the pitot-static system. You will learn how pitot and static pressures 
are sensed and transmitted to the instruments operated by these pressures. 
The pitot tube is a pitot pressure sensor. To properly sense pitot 
pressure, it must be mounted parallel with the longitudinal axis of the 
aircraft. Pitot pressure (impact plus static pressures) enters the pitot 
tube through a 1/4 inch opening located at the front of the tube. 
Location of the tube is not the same on all aircraft. Some aircraft 
have the pitot tube located on a boom in front of the aircraft's nose, 
others have the tube located on the wing tip or vertical stabilizer. 
The location of the pitot tube is not as important as the fact that, 
"it must be mounted parallel to the longitudinal axis of the aircraft 
and at a point where the air is not disturbed by the aircraft's for­
ward movement through the atmosphere." 

Check (/) the statements that describe the location and mounting of the 
pitot tube. 

ji. The only place a pitot tube can be located on an aircraft 
is in front of the nose. 

_b. The pitot tube must be mounted parallel to the longitudinal 
axis of the aircraft. 

c. The pitot tube must be located where the air is not disturbed. 

Answers to Frame 6: 

1. d 2. b 3. c 4. b 5. b 6. c 7. b 

II:)6 
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Frame 8 

Remember, all pitot tubes are not located at the same place on 
aircraft. Also, they are not all the same size or shape. The inner 
construction of all pitot tubes is basically the same. Study the 
illustration below. The main parts that malce up a pitot tube are: 

/07i> 

a. baffle plate which prevents water and dirt from entering 
the pitot-static system. 

b. drain hole which allows water to drain from pitot tube. 

c. 1/4" opening on the end which allows pitot pressure to 
enter tube. 

d. two heaters or heating elements which are used to prevent 
icing of the pitot tube. 

RAIN DROPS 
) 1< 

: & : T 

REAR ELEMENT 

f *V^ 
^̂ ~̂ 3l<^ ' -̂ -̂  1 7—*\ 

BAFFLE \ 
DRAIN HOLE 

• ^ 

7 — V 
FRONT ELEMENT 

Using the above i l lus t ra t ion , match the components l is ted below to 
their function. 

1. 

2. 

3. 

4. 

pitot tube 

baffle 

drain hole 

pitot heaters 

a. 

b. 

c. 

d. 

senses pitot pressure 

Prevents water and dirt from 
entering the pitot-static system 

used as the method to prevent 
icing of the pitot tube 

allows water to drain from 
pitot tube 

Answers to Frame 7; 

/ b. / c. 

11-
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Frame 9 

Every pitot tube has a pitot heater. The power switch for the 
pitot heater is located inside the cockpit within easy reach of the 
pilot or may be actuated automatically by the weight being removed 
off of the landing gear. Caution should be taken when the aircraft 
is on jacks to insure the pitot heater circuit breakers are pulled 
to prevent the heaters from being turned on by the weight being off 
of the landing gear. The pitot heater will bum out if it is operated 
on the ground for more than 30 seconds. Ground operation of the 
heaters causes pitot tubes to get very hot, so do not touch them 
immediately after operation or you will receive a severe bum. 

No response required. 

Answers to Frame 8: 

a 1. b 2. d 3. c 4. 
•HOB 
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Frame 10 

When the aircraft is parked on the ground, a canvas pitot cover 
with a red streamer (flag) is put on the pitot tube. Bugs, dust and 
rain are kept out of the pitot tube by the canvas cover. The pitot 
tube cannot sense pitot pressure with the pitot cover installed. The 
purpose of the red streamer is to remind the crew chief to remove the 
pitot tube cover before takeoff. 

Mark the following statements true (T) or false (F), 

a. 

b. 

The pitot cover prevents bugs, dust and rain from entering 
the pitot tube when the aircraft is parked. 

The red streamer is a warning flag to remind the crew 
chief to remoT̂ e the pitot cover before takeoff. 

Answers t-̂  Frame 9: 

No response requir^d. 

m 13 
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Frame 11 

Now that you know about the pitot pressure sensing element 
(pitot tub''-), we will discuss the static pressure sensor. The 
static flush plate, shown below, senses static pressure for those 
aircraft that do not use the type of pitot-static tube shown 
earlier in this text. 

Static pressure enters the pitot-static system through a 
ntanber of holes in the flush plate. The location of the static 
sensor is extremely important. To function properly, the static 
flush plates must be located at a particular place on the aircraft's 
fxiselage. To determine the location of the static ports, a model 
of the aircraft is tested in-a wind tuimel. The stacic flush plate 
must be located on the fuselage in an area of least air turbulence. 
This Is the purpose of the wind tunnel test. 

Fill'in the blanks in the follovrf.ng statements. 

The 
pressure sensor. 

plate is the static 

b. Static pressure enters the pitot-static system through a 
____________________ of in the static 
flush plate. 

c. The location of the static flush plate is determined by a 
test. 

Answer;.; to Frame 10: 

a. T b. T 

mo 
14 



/oSo 
Frame 12 

For easy location of the static flush plate, a red circle is 
painted around it. (Refer to illustration). 

«tO CKCU 

€ 

The red circle arotind the static flush plate warns painters .or 
mechanics not to cover it with either paint or tape. 

No response required. 

Answers to Frame 11: 

a. static flush b. number of holes c. wind tunnel 

15 
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Frame 13 

During the wind tunnel test of the F-lOO guess what? — -
They foxmd air turbulence on all areas of the fuselage. For this 
reason, static flush plates (static ports) could not be moimted on 
the fuselage. For those aircraft (which include most modem jets) 
that have turbulent air everywhere on the fuselage, the staitic holes 
are located on the pitot tube. This type tube is shown below. 

DYNAMIC fUESSURE 
CHAMIEX 

^ITOT TUt f. 

BAfFU riATE 

fITOT TUBS mSER 

DRAIN HOl t 

.SISGU CONTACT 

kz§aB5 TO AIRSPEED 
INDICATOR 

TO AIRSPEED INDICATOR 
RATE OF CUMt 

INDICATOR AITIMETER 

HEATER 
100 WATT 

HEATER 
33 WATT 

STATIC CHAMIER 

A tube that senses both pitot and static pressure is called a pitot-
static tube. The pitot-static tube is the sane as the pitot tube, except 
it has static holes on the top arid bottom of the tube. Pitot pressure 
enters the tube through the 1/4 inch hole in front, and static pressure 
enters through the static holes on the top and bottom of the tube. 

Check (/) the following statements that are true. 

a. 

b. 

All aircraft have some point on their fuselage that has 
no turbulent air. 

A pitot tube that senses both pitot and static pressure is 
called a pitot-static tube. 

The pitot-static tube has a 1/4 inch hole in the end to 
sense pitot pressure and a number of holes on the top and 
bottom to sense static pressure. 

Answer to Frame 12: 

No response required. 

1U2 
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Frame 14 

Up to this point you have learned about pressures and pressure 
sensors. Later you are going to learn about the indicators that are 
operated with pressure. Now we are going to learn how the pressures 
are transmitted from the sensors to the indicators. These pressures 
are transmitted through the pitot-static system lines. There are two 
types of lines used; rigid tubing and flexible pressure hose. 

No response required. 

Answers to Frame 13: 

/ b. / c. 

17 
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Frame 15 

Rigid tubing is used where there is low vibration. When installing 
the rigid tubing, it must be torqued to the value specified in TO. Note: 
Always check the TO for exact torque values I Rigid tubing is used to 
transmit both pitot and static pressure. 

Check (/) the following true statements. 

â. Rigid tubing is used where there is high vibration. 

J}. When installing rigid tubing, it should be torqued to the 
exact value as specified in TO. 

Answer to Frame 14: 

No response required. 

) 

IIU 
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Frame 16 

Flexible hose is used in high vibration areas. The torque 
required on flexible hose is specified in the applicable TO. Now 
at this point, you still have a small problem where are the lines? 
Before you can tighten a line you have to locate it. All pitot and 
static lines are either color coded, (code will be in TO) or they are 
taped with the word pitot or static on the line. 

Fill in the blanks in the following statement. 

1. Flexible hose and rigid tubing are torqued to value that is 

specified in »„«>__>.__«____ . 

Answer to Frame 15: 

/ b. 

19 
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Frame 17 

During an inspection of the pitot-static system, you check the 
system for moisture. Make sure the drain hole in the pitot-static 
tube is open and free of dirt. Moisture will also accumulate in the 
system lines due to condensation. The drain sump (refer to illustra­
tion) is used to remove the moisture in the pitot-static system lines. 

DRAIN SUMr 

The drain sumps are located at the lowest point in the pi tot and 
static lines. To remove water from the system lines, you locate the 
lowest point in the lines and open the drain stmps. 

Check (/) the correct statement/statements. 

_a. The drain sumps are located at the lowest point in the 
pitot-static lines. 

b. 
> 

To insure that water does not accumulate in the pitot or 
pitot-static tube, keep the drain hole in the tube unclogged. 

Answers to Frame 16: 

1. the applicable TO. 

1116 
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Frame 18 

You have learned about the pitot tube, static flush plate, pitot-
static tube, pitot-static lines, drain sumps, rigid tubing, flexible 
hose and where to find the torque required for the tubing and hose. 
This last frame pertains to instruments associated with the pitot-
static system. 

The pitot-static system operates the following list of 
instrunsents. You, as an instrument man, are responsible for their 
maintenance. The operation of these Instruments is explained later 
in this programmed text. 

1. Altimeter: indicates the altitude (height of the aircraft 

above or below sea level). 

2. Vertical velocity (rate-of-dimb indicator): indicates the 

rate of 'climb or dive of the aircraft in feet per minute (fpm). 

3. Maximum allowable airspeed Indicator; indicates the air­

craft's airspeed without correction for altitude or temperature changes, 

plus the maximum speed at which the aircraft should fly, at any 

altitude. 

4. Machmeter: indicates the aircraft's airspeed in relation 

to the speed of sound. 

Using the illustration on the next page, determine the type 
pressure or pressures each indicator uses for operation. Place a 
letter, either a, b or c, by each listed indicator that represents 
the pressure or pressures used by that Indicator. 

_1. altimeter 

J., maximum allowable 
airspeed 

__3. vertical velocity 

4. machmeter 

a. pitot pressure 

b. static pressure 

c. Pitot and static pressure 

Answers to Frame 17: 

/ a. /_b. 

21 

1 y ̂  



/037-

AITITUOE ANO 
MACH CONTROL 
[S mil VOWRH RAY) 
lAUTOMt-OT SYSTEM) 

r 
MACH NUMBER 
TRANSDUCER Q] 
(HMC NAOAR DAY) 
irucKT CONTHOL iimut 

A-4 SIGHT 
COMWTn 
(NOK RAOAR SAY) 
(ROMRINC SVtrXM) 

AIRSPEED-AITITUOE 
SWITCH a 

( f w o o r iNrrRUMCNT I>ANCL 

(LANMNC GEAR SY3TIM) 

A<4 SIOHT 
AMPunei 

( N o t e RAOAR BAY) 
(nOMRtNC SYSTEM) 

' iT—i"^i — I — ^ ; nr^—u i 

M-l PRESSURC 
TRANSMiniR 

(NQSt RAOAR BAY) 
(M>1 •OMBON] 
SYlTtM) 

73 

YAW DAMPER 
TRANSDUCER m 
<NO(E RAOAR BAY) 
(rLtCNTCOMTROt. 

VERTtCAi VaOCITY 
INDICATOR IINKT HANKU 

Qg 
INKT HANKU ;̂ 

. . y i . ^ l i . m t 

AIRSKEO AND MACH NO. 
INDICATOR 
IINKT M N K U 

tf 

ENC PRESS 
RATIO IND 
SYSTEM 
TRANSOUaR 
ILMBAT. AND 
GEN POWER BAY) 
(INSTRUMENT 
SYSTEM) 
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) 

Answers to Frame 18: 

1< b 2. c 3. b 4. c 

•lUd 
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Part I 
Section B 

VERTICAL VELOCITY INDICATOR Frame 1 

The rate-of-climb or vertical velocity indicator is designed 
to indicate the rate in feet-per-oinute (fpm) at which the aircraft 
changes altitude. This instrument indicates vertical speed by 
sensing changes in static pressure as the aircraft changes altitude. 
The indicator receives static pressure from the pitot-static system 
and is considered a basic pltot-statlc instrxunent. 

The vertical velocity indicator seirves as a valuable aid to the 
pilot by allowing hla to establish a desired rate-of-climb after 
takeoff or to establish a desired rate of descent for landing. He 
may also use the Instrument to maintain the aircraft at a constant 
altitude by keeping the vertical velocity pointer at zero. 

Vertical velocity Indicators may differ in construction. However, 
their basic appearance and operation are similar. This allows most 
vertical velocity indicators to be Interchangeable. The illustration 
below shows the main parts of the Kollsman vertical velocity indicator. 

•CAMIXMY TUM 

S^V^VV'vV'.^V^Vf.VV^VV'.^VV^V^^^^VvWA-.x'.XVANV^ 

i ovw-fWBium^/\ 
• OUMMAeM ^ 

»««KIT / CUSHION f t /J l \ \ 

THKHMM- SPttlN* 
STATIC INUrr NIPPLC 

ZtNO MMNTOI AOJUSTMCNT 

Check (/) the correct statementCs). (More than one statement may be 
correct.) 

The vertical velocity indicator 

_a. uses pltot pressure. 
_b. uses static pressure only. 
^c. indicates the rate of climb/dive of the aircraft in 

feet-per-mlnute. 
d. uses pltot and static pressure. 

23 
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Frame 2 

This illustration shown below is a typical vertical velocity 
Indicator. The range of the-vertical velocity indicator is 0 to 6,000 
f eet-per-minute, climb (up) or dive (down). The top half of the dial 
is marked to indicate the rate of climb, and the bottom half shows the 
rate of dive. The scale is calibrated in 1000-feet-per-minute in­
crements numbered 0 to 6. Between 0 and 1, the scale is graduated in 
lOO-feet-per-ainute increments with a 500-feet (.5) reference for ease 
of interpretation. Between 1 and 2, the scale is graduated in 200-
feet increments. Between 2 and 6, the scale markings are graduated 
in SOO-feet-per minute increments. The large numbers on the dial are 
thotisands of feet-per-mlnute. When the pointer is on the "1" near the 
top part of the dial, the aircraft is climbing at a rate of 1000-feet-
per-minute. 

~) 

J 

Circle the letter that identifies the correct answer. 

1. If the pointer is at .5 on the dial, the indication is 

a. .5 fpm. 

b. 50 fpm. 

c. 500 fpm. . 

d. 5000 fpm. 

Answers to frame 1: / b. / c. 

a 20 
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Frame 3 

You have learned that the vertical velocity indicator uses only 
static pressure for operation. The pressure measured by the indicator 
is differential pressure. Differential pressure is the difference 
between two pressures. You're probably asking yourself, how can it 
measure the difference between two presstires when the indicator uses 
only one pressure? This is accomplished with a diffuser valve in 
the indicator. The diffuser valve creates and maintains a differential 
pressure when the aircraft is climbing or diving. It also allows the 
pressure to equalize, and the pointer to return to zero, when the 
aircraft levels off. The diffuser valve and the expansion and 
contraction of the sensing element are explained in detail In the 
next four frames. 

Check (>0 the correct statement(s). 
correct.) 

(More than one statement may be 

1. The vertical velocity indicator 

â. measures differential pressure. 

b. uses pitot and static pressure. 

ĉ. uses static pressure and measures absolute pressure. 

d. measures differential pressure and uses static 
pressure for operation. 

Answer to frame 2: 1. c 

25 
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Frame 4 

The figure below shows the indicator's basic mechanism. The 
sensing element used Is a pressure sensitive diaphragm (A). The 
expansion or contraction of this diaphragm Is determined by the 
pressures acting upon the diaphragm. The dlffuser valve (B) Is used 
to create and maintain a differential pressure while the aircraft Is 
climbing or diving. The dlffuser valve has a smaller passageway 
than the passageway that leads to the Inside of the pressure sensitive 
diaphragm. Therefore, the air entering or leaving the case through 
the dlffuser valve In a dive or climb. Is slowed down (lagging) or 
restricted when compared to the air entering or leaving the Inside 
of the diaphragm. These changes In air movement cause the pressure 
acting upon the diaphragm to change. The pressure Inside the diaphragm 
can change very rapidly because the air movement Is not restricted by 
a small passageway, therefore, diaphragm pressure changes always lead 
case pressure changes. The differential pressure created by the dlf­
fuser vcd-ve and measured by the expansion or contraction of the pressure 
sensitive diaphragm will move mechanical linkage (C) and provide 
pointer movement to Indicate a climb or dive. The mechanism is enclosed 
in an airtight case with an opening (D) in the rear, to admit static 
pressure. The next three frames will Illustrate the expansion or 
contraction of the diaphragm. 

• ^ 

^ 

y 

^m 
A. Pressure sensitive diaphragm. 
B. Dlffuser valve. 
C. Mechanical linkage. 
D. Static pressure inlet. 

1.122 
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Circle the letter that idaistifies the correct answer. 

1. The vertical velocity indicator is used to 

a. measure the change in atmospheric pressure 

b. measure the change in static pressure. 

c. indicate the vertical speed of climb or dive in feet-
per-second. 

d. indicate the verticad speed of climb or dive in feet-
per-minute. 

2. The sensing element in the vertical velocity indicator is 

a. an over-pressure diaphragm. 

b. a pressure sensitive aneroid, 

c. a viiffuser valve. 

d. a pressure sensitive diaphragm. 

Answers to frame 3: 1. a. / d. 

y 
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Frame 5 

The figure below shows a vertical velocity indicator when the 
aircraft is in level flight. The pressure is equal on the inside and 
outside of the diaphragm; therefore, the pointer remains on "zero." 

^ m 
•••• - O v . . . •, ^ 

STATIC PRESSURE INLET 

Circle the letter that identifies the correct answer. 

1. When the aircraft is on the ground or in level flight, the 
pressure in the case is 

a. greater than pressure inside the diaphragm. 

b. the same ar the pressure in the diaphragm. 

c. less than the pressure in the diaphragm. 

d. creating a differential pressure. 

> 

Answer to frame 4: 1. d 2. d 

-U24 
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Frame 6 

When static pressure changes due to a change in altitude, the 
change in the pressure surrounding the diaphragm lags the pressure 
change inside the diaphragm. When there is a change in static pressure, 
the flow of air to and from the inside of the diaphragm is unrestricted. 
Air movement to the outside of the diaphragm is restricted or slowed 
down by the dlffuser valve. This causes-a differential pressure, and 
the diaphragm senses this difference and moves the pointer to indicate 
the rate of altitude change. 

The figure below shows what occurs in a climb. As the aircraft 
gains altitude, the pressure inside the diaphragm decreases. The 
pressure outside of the diaphragm is changing at a slower rate. Since 
this change is restricted by the dlffuser valve, the press^ire on the 
outside of the diaphragm is greater than the pressure on the inside of 
the diaphragm. As a result, the diaphragm contracts, causing the pointer 
to move iJa. a clockwise direction, indicating a climb. 

STATIC PRESSURE INLET 

1. Circle the letter(s) that identify the correct statement(s). 

a. The pressure change in the diaphragm lags the pressure change 
surrounding the diaphragm. 

b. The aircraft changes altitude, the pressure change surrounding 
the diaphragm lags the pressure change in the diaphragm. 

c. The pointer indicates the altitude of the aircraft. 

d. The sensitive diaphragm measures differential pressure. 

e. The lag in pressure is caused by a restriction in the airflow 
to and from the inside of the diaphragm. 
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Frame 6 (Cont'd) 

Circle the letter(s) that identify the correct statement(s) . 

2. In a climb, the pressure on the outside of the diaphragm is; 

a. greater than pressure inside the dlaphragn. 

b. less than pressure inside the diaphragm. 

c. equal to the pressure inside the diaphragm. 

d. referred to as a lagging pressure. 

Answer to frame 5: 1. b 

; 

(136 
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Frame 7 

The figure below shows that with a decrease In altitude (dive), 
the pressure In the dlaphraga Increases at a faster rate than the 
pressure surrounding the diaphragm because of the dlffuser valve. 
The diaphragm expands, moving the pointer counterclockwise, providing' 
a dive Indication. 

STATIC PRESSURE INLET 

1. Circle the letter(s) of the correct statement(s). 

a. In a dive, the diaphragm contracts and the pointer moves 
counterclockwise. 

b. In a dive, the diaphragm expands and the pointer moves 
counterclockwise. 

c. When the aircraft returns to a level flight, the pressure 
surrounding the diaphragm and the diaphragm pressure will 
equalize. 

d. In a dive, the diaphragm expands and the pointer moves 
clockwise. 

e. In a climb, the diaphragm expands and the pointer moves 
clockwise. 

f. In a climb, the diaphragm contracts and the pointer moves 
clockwise. 

Answers to frame 6:1. b & d 2. a & d 
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Frame 8 

The temperature compensating unit delays temperature change 
inside the Indicator, thereby preventing unwanted pointer movement. 
This refers to temperature changes surrounding the "indicator. The 
unit does not compensate for ambient (outside) air temperature changes. 
The tem|)erature compensating unit is a thermos container. Study the 
drawing for this frame to see how this thermos container is mounted in 
the Indicator. Without any method of temperature compensation, a 
change in temperature surrounding the Indicator would affect the 
operation of the indicator by creating a differential pressure. 

^ 

RLSeER C^ASKET 

J 

SPRING CUSHION ASSEMBLY 

Circle the letter that identifies the correct answer(s). 

1. The thermos container in the Indicator 

a. prevents outside tempers':ure changes. 
b. causes unwanted pointer movement. 
c< prevents unwanted pointer movement. 
d. delays temperature changes in the indicator. 

2. The temperature compensator In the indicator is the 

a. bimetallic coupling. 
b. pressure sensitive diaphragm. 
c. container assembly. 
d. thermosf^ontalner. 

Answers to frame 7: 1. b, c, and f 
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Frame 9 

The spring cushion assembly, shown in the illustration below, 
holds the thermos tight against a rubber gasket and seirves as a 
shock absorber. This protects the glass thermos from breaking due 
to vibration of the indicator when it is installed in the aircraft 
instrument panel. A cracked thermos container will resiilt in equalized 
pressure on both sides of the pressure sensitive diaphragm. Result— 
no pointer movement on the indicator. 

RUBBER GASKET 

THERMOS CONTAINER 

(Temperature Compensating Unit) 
SPRING CUSHION ASSEMBLY 

Circle the correct statement(s). 

1. The purpose of the spring cushion assembly is to 

a. prevent unwanted pointer movement. 

b. prevent the thermos from breaking when the indicator is droppeC. 

c. protect the thermos from damage due to vibration. 

d. hold the thermos tight against a rubber gasket. 

Answers to frame 8: 1. c & d 2. d 
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Frame 10 

Mechanical devices are Installed to prevent damage to the pressure 
sensitive diaphragm should the vertical speed (climb or dive) of the 
aircraft exceed ths range of the indicator. The indicator uses an 
overpressure diaphragm with a relief valve. Refer to the Illustration 
below. 

^ 

Circle the letter that Identifies the correct answer. 

1. The purpose of the overpressure diaphragm and relief valve Is to 

a. stop the pointer at zero. 

b. prevent damage to the thermos container. 

c. prevent damage to the diffuser valve. 

d. prevent damage to the pressure sensitive diaphragm. 

J 

Answer to frame 9: 1. c & d 

1130 
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Frame 11 

A zero pointer adjustment screw Is located on the front of the 
Indicator. This screw Is used to set the pointer on zero to correct 
for secular error. The error is caused mainly by internal stresses 
and wear of the indicating mechanism. This can cause the pointer 
to be off the zero mark. Refer to the illustration below for the 
location of various components of the rate of climb indicator. 

Iioo 

M£TAU PLATE 

DIAL 
POINTER 

COVER GLASS 

SNAP RING 

GASKET 

ZERO POINTER 
ADJUSTMENT 
) SCREW 

CAPILLARY TUBE 

E 

Sm' ir-.- xi^Nm^"^ 
XoFFUSER 

LiNKA<je -» i | f ' " U _ 

S IU» ^ RELIEF 

i OVER-PRESSWE/' >> 
^ DIAPHRAGM ""•^ 

STATIC 
INLET 
NIPPLE 

\\m\'vs.\v\\^\\Vw^^\w\\!(\\^\\\ 

GASKET 

PRESSURE 
T1VE 
lAGM 

SENSmVE 
OIAPHRAGM 

THERMOS 
CUSHKJN 

SPRING 

Circle the letter that identifies the correct answer. 

1. The pointer may be reset to "zero" by turning the 

a. zero adjustment screw located on the back of the indicator. 

b. error knob. 

c. reset knob. 

d. zero adjustment screw located on the front of indicator. 

Answer to frame 10: 1. d 

Answer to frame 11: 1. d 
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Part I 
Section C 
ALTIMETER 

Frame 1 

The purpose of the altimeter is to indicate the altitude of 
the aircraft, in feet, above or below sea level. To do this properly, 
the altimeter is connected to the pitot static system and uses 
static pressure only for operation. 

Circle the letter of the correct answer below. 

1. What Instrument uses>static pressure to give an indication of 
feet above or belov; sea level? 

a. Altimeter. 

b. Vertical velocity indicator. 

c. Airspeed indicator. 

d. True airspeed indicator. 

y 

1132 
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Frame 2 

The element In the altimeter case that senses the static pressure 
is the sensitive aneroid. There is usually more than one aneroid so 
that greater accuracy can be obtained. The sensing aneroids expand and 
contract with a change In pressure. The sensing aneroids are sealed 
to a near perfect vacuum. Only static pressure that surrounds the 
aneroids in the Instrument case affect expansion or contraction of 
the aneroids. The aneroids measure absolute pressure; that pressure 
above or below a zero reference (that being the vacuum inside the 
aneroid). 

Circle the letter of the correct answer below. 

1. The elements that sense static pressure in the altimeter are 

a. aneroids. 

b. diaphragms. 

c. bellows. 

d. pressure sensitive bellows. 

2. The altimeter uses what type of pressure? 

a. Static pressure only. 

b. Pltot and static'pressure. 

c. Iiiq>act pressure only. 

d. Impact pressure plus static pressure. 

3. The aneroids measure what type of pressure? 

a. Pltot and static pressure. 

b. Static pressure only. 

c. Absolute pressure. 

d. Impact pressure. 

Answer to frame 1 

1. a 
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Frame 3 

The aneroids of an altimeter respond to changes In static pressure 
as shown in the Illustration below. An Increase in pressure causes the 
aneroid to contract, whereas a decrease In pressure causes the aneroid to 
expand. 

INCREASE IN PRESSURE 

DECREASE IN PRESSURE 

Using the above Illustration, circle the correct answer(s) below. 

1. The aneroids of an altimeter will 

a. expand with a decrease in static pressure. 

b. expand with an Increase in static pressure. 

c. contract with a decrease In static pressure. 

d. contract with a decrease in pltot pressure. 

Answer to frame 2 

1. a 2. a 3. c. 

) 
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Frame 4 

When the aneroids expand, the pointers of the altimeter rotate 
clockwise. Indicating an Increase In altitude (refer to Illustration 
below). When the aircraft decreases altitude the aneroids will contract 
causing the pointer to indicate a decrease in altitude. 

THE ANEROIO 
WAfER 
EXPANDS 

Using the above illustration, circle the correct answerCs) below. 

1. The expansion of the aneroids will cause the pointer to indicate 

a. an increase in altitude, 

an increase in pressure. 

c. a decrease in altitude. 

d. an Increase in pressure and altitude. 

c^-svex to frame 3 

1. a 
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Frame 5 

Circle the correct answer to the following questions. 

1. The sensitive elements of the altimeter which sense static 

pressure are called: 

a. aneroids. 

b. diaphragms. 

c. bellows. 

• ) 

J 
2. If the static pressure increases around the altimeter aneroids, 

the pointers would 

a. move upscale (increase in reading). 

b. move downscale (decrease in reading). 

c. remain the same. 

3. With an increase in altitude, what happens to static pressure? 

a. The pressure stays the same. 

b. The static pressure increases. 

c. The static pressure decreases. 

Answer to frame 4 

1. a 
113 O 
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Frame 6 
UO^ 

So fai you have covered the purpose of the altimeter, its sensing 
element, and the effect of pressure changes. Now you will learn how 
to read the altimeter. Reading the three pointer altimeters is easy if 
you remember to read the triangular tipped (inverted) pointer first, the 
intermediate (short) pointer next, and the long pointer last. 

NO RESPONSE REQUIRED. 

Answer to frame 5 

1. a 2. b 3. c 
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Frame 7 

Refer to the ill-istration below. The inverted pointer (C) indicates 
_tens of thousands of feet, the intermediate (A) (short) pointer 
indicates thousands of feet, and the long (B) pointer indicates hundreds 
of feet. 

) 

Using the illustration as a reference, match the pointers in column B 
with their purpose in column A. 

1.. 

2._ 

3. 

indicates ' mdreds of feet. a. 

indicates thousands of feet. b. 

indicates f^s of thousands 
of feet. 

c. 

B 

intermediate pointer 

long pointer 

inverted pointer 

) 

1138 
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Frame 8 

When reading the altimeter, you read it in Che following manner. The 
inverted and short pointers are read to the last whole number. Look at 
the inverted pointer below, it is between the 1 and 2 so you read the 1. 
VThen reading the inverted pointer, each whole ntmiber eqtials 10,000 feet. 
Reading the illustration below, the inverted pointer is indicating 10,000 
feet. The short pointer below indicates in thousands of feet and since 
it is not quite on the 4, the short pointer indicates 3,000 feet. Every 
increment is read on the long pointer and each increment indicates 20 
feet. In the illustration below, the long pointer indicates 960 feet. 
To get the total altimeter reading, find the sum of each of the pointers. 
Example: 10,000 + 3,000 + 960 - 13,960 feet. 

Read the dial below and fill in the blank spaces below. 

a. 

b. 

c. 

d. 

The inverted pointer indicates 

The short pointer indicates 

The long pointer indicates 

feet, 

feet. 

feet. 

The total indication (altimeter reading) is 

43 
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Answers to frame 7 

1. _b_ 

Frame 9 

2. a 3. c 

Read the following dials and enter the altimeter readings in the 
spaces provided. 

1. 2. 

> 

3. 4. 

Answers to frame 8 

a. 20.000' b . 5.000' c . 960' d. 25.960' 

il40 
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Frame 10 

If you missed two or more readings in frame 9, go to frame 11 
and review. If you missed one or less, proceed to frame 13. 

Answers to frame 9 

1. 29,750' 2. 45,250' 3. 25,960' 4. 8,120' 

Frame 11 

You seem to be having troiibli': reading the altimeter, so look at 
the altimeter again. In the illustration below, take a look at the 
dial. The Inverted pointer indicates 10,000' and is multiplied by the 
last whole number. (Example: 10,000' X 1 « 10,000'.) The next 
pointer is the short pointer which indicates 1,000' multiplied by 
the last whole number (1,000' X 3 > 3,000'). The long pointer is the 
100' pointer and must be multiplied by the last numbered Increment 
that it has passed. (Example: 100' X 9 * 900'.) Also with the 
long pointer, and only the long pointer. you read the Increments. 
Each Increment is equal to 20 feet. Since the pointer is on the 3d 
increment past the 9, the hundred foot pointer is indicating 960*. 
Now add the three pointer indications and you have the correct altimeter 
reading. Example: 10,000' + 3,000' +960' - 13,960'. 

NO RESPONSE BEQUIRED 
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Frame 12 

Read the following dials and enter the altimeter readings in the 
spaces provided below. 

1. 2. 3. 

) 

4. 5. 6. 

If you know how to read the altimeter, proceed to frame 13 and 
continue with the programmed text. If you are still having difficulty, 
see your instructor. 

Answer to frame 11 

NO RESPONSE REQUIRED j [ ; ^ 9 

. ) 
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Frame 13 

We have indicated that the altimeter Indicates altitude above 
and below sea level. All of the indications you read in frames 9 
and 11 were all above sea level. Suppose now the aircraft is flying 
below sea level. How do you read the altlijteter in the negative 
direction? We read the altimeter starting with the inverted pointer 
first, the short pointer next, and the long pointer last. To read 
the pointers in the negative direction we read the pointers in the 
same manner but with one important change. We must transpose the 
numbers on the dial mentally. Change the number nine to one, number 
el^t to number two, number seven to number three and so on. All the 
pointers will be to the left of the zero on the dial as in the 
illustration. 

NO RESPONSE REQUIRED. 
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Frame 14 

Another part of the altimeter face is the barber pole (cross-
hatch) as shown in the illustration below. The barber pole is a low 
altitude warning symbol that is in view below 16,000 feet and disappears 
from view when the aircraft is between 16,000 and 17,000 feet. 

" ) 

BARBER POLE 

J 
Using the above illustration, circle the correct answer(s) below. 

1. The barber pole is visible between 

a. 271 feet to 15,978 feet. 

b. 17,000 feet to 28,127 feet. 

c. 25,000 feet to 26,000 feet. 

d. -126 feet to 15,999 feet. 

Aaswer to frame 12 

1. 29,750 feet. 2. 45,250 feet. 

4. 8,120 feet. 5. 25,050 feet. 

3. 25,960 feet. 

6. 22,150 feet. 

iU4 
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Frame 15 

The Barometric (Baro) scale on the face of the altimeter shown 
below is used to indicate a reference point that is set into the 
altimeter. The barometric scale is calibrated in 'inches of mercury 
which is abbreviated "Hg". 

Circle the correct answer(s) below. 

1. The purpose of the baro scale is to 

a. indicate a l t i tude . 

b. act as a warning device. 

c. indicate a reference point. 

BAROMETRIC SCALE 

-BAHfjMETRtC SET KNOB 

•LOCKING SCREW 

Answer to frame 14 

1. a, d 
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Frame 16 

The altimeter is similar to a clock. No matter how precise it is, 
it must be correctly set to provide a correct altitude indication. 
The altimeter has a barometric set knob which is shown in frame 15 
illustration. This knob is used to set the correct reference point 
in the altimeter. 

Circle the correct answer below. 

1. What is used to set the correct reference point on the barometric 
scale? 

a. Set screw. 

b. Barometric set knob. 

c. Barometric scale. 

kaswer to frame 13 

1. 

J 

^1^6 
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Frame 17 

The altimeter's pointers indicate the altitude above the reference 
point placed on the barometric scale. The barometric scale never moves 
except when-the barometric set knob is turned. 

Circle the correct auswer(s) below. 

1. A change in altitude will cause the 

a. barometric scale to move. 

b. pointers and barometric scale to move. 

c. pointers to move. 

Answer to frame 16 

1. b 
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Frame 18 

The barometric (baro) set knob locking screw is located above the 
baro set knob as shown in frame 15. This screw is used to unlock the 
baro set knob. This allows you to pull the baro set knob out and 
perform an altimeter setting adjustment which is explained in detail 
in WB-301B. 

> 

NO RESPONSE REQUIRED 

Aaswer to frame 17 

1. c 

y 

1148 

52 }• 



III? 
Frame 19 

Match the names of the components parts in column A to the letters 
on the illustration, by placing the appropriate letter in the space 
provided. 

_1. 

_2. 

_3. 

_4. 

5. 

_6. 

7. 

•Column A 

Tens of thousands of feet pointer. 

Thousands of feet pointer. 

Hundreds of feet pointer. 

Baro set knob. 

Barometric scale. 

Set screw. 

Barber pole. 

Answer to frame 18 

NO RESPONSE REQUIRED 
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Frame 20 

There are two main reference points normally used in setting the 
altimeter. They are sea level pressure for the barometric scale and 
field elevation for the pointers. 

Circle the correct answer(s) below. 

1, The reference points normally used in setting the altimeter are: 

a. barometric pressure and sea level pressure. 

b. pressure altitude and barometric pressure. 

c. sea level pressure and field elevation. 

d. local pressure and pressure altitude. 

Answers to frame 19 

1. F 2. G 3. E 4. B 5. 6. 7. 

) 
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Frame 21 

b. 

c. 

d. 

Sea level is the average height of all large bodies of water 
between high and low tides. This is designated "0" feet. It is a 
common reference point for altitude and pressure. On a standard 
day the pressure at sea level is 29.92" Hg and the temperature is 
IS'G. It is to these standard conditions that the altimeter is 
calibrated. 

Circle the correct answer(s) below. 

1. The elevation of sea level on a standard day is: 

a. -ICOO feet. 

"0" feet. 

100 feet. 

29.92" Hg. 

2. The pressure at sea level on a standard day is: 

a. "0" feet. 

b. 29.92" Hg. 

c. 22.22" Hg. 

d. 100 feet. 

3. The average height of all large bodies of water between high 
and Isw tides is called: 

a. pressure altitude. 

b. sea level. 

c. altimeter setting. 

d. local pressure. 

Answer to frame 20 

1. c 

nsi 
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Frame 22 

Pressure altitude is the surrounding atmospheric pressure expressed 
in feet and is indicated on the calibrated altimeter pointers when the 
barometric scale is set to 29.92 inches of mercury ("Hg). 

Circle the correct answer(s) below. 

1. The definition of pressure altitude is 

a. sea level. 

b. surrounding atmospheric pressure expressed in feet. 

c. local pressure. 

2. If the barometric scale of a calibrated altimeter is adjusted 
to 29.92" Hg, the pointers always indicate 

a. altitude above sea level. 

b. pressure altitude. 

c. sea level. 

Answers to frame 21 

1. b 2. b 3. b 
) 

i/5. 
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Frame 23 
//^^ 

Local pressure is the surrounding atmospheric pressure, obtained 
from a barometer, and is expressed in inches of mercury. 

Select Che correct answer(s) below. 

1. The surrounding atmospheric pressure expressed in inches of mercury 
is called 

a. sea level. 

b. pressure altitude, 

.c. local pressure. 

2. Pressure altitude converted into inches of mercury is called 

a. local pressure. 

b. sea level. 

c. pressure altitude. 

Answers to frame 22 

y 
1. b 2. b 
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Frame 24 

When the altimeter is adjusted correctly, the existing sea level 
pressure is set on the barometric scale and field elevation is set on 
the altimeter's pointers. The definition of altimeter setting is local 
pressure corrected to the existing sea level pressure. 

Select the correct answer below. 

1. Local pressure corrected to the existing sea level pressure is 
called 

~) 

a. pressure altitude. 

b. altimeter setting. 

c. local pressure. 

d. sea level. 

Answers to frame 23 

1. c 2. a 

3 

ll5i 
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Frame 25 

Field elevation is defined as the surveyed elevation of a tract 
of land above or below sea level. Another way to state it is, the 
actual height of the runway above sea level. 

Circle the letter of the correct answer below. 

1. The surveyed height of a tract of land above or below sea level 
is called 

a. pressure altitude. 

b. field elevation 

c. sea level. 

Answer to Frame 24: 

1. b 

Answer to Frame 25: 

1. b 

ii5r> 
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Part I 
Section D 

MAXIMUM ALLOWABLE AIRSPEED INDICATOR )' 

Frame 1 

The Air Force uses many different types of airspeed indicators, 
but all operate on the same basic principles. The maximum allowable 
airspeed indicator has two separate sections, (1) the indicated air­
speed section and (2) the maximum allowable airspeed section. 

By studying each section of the maximum allowable airspeed 
indicator, all basic principles of operation will be covered. 

Circle* the letter that identifies the correct answer. 

1. How many separate sections are in the maximum allowable airspeed 
indicator? 

a. 

b. 

c. 

d. 

1. 

2. 

3. 

4. 

1156 
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INDICATED AIRSPEED SECTION 

Frame 2 

) 

Two of the most Important flight characteristics of an aircraft 
are (1) the minimum takeoff and landing speed and (2) the maxlmtim 
speed the aircraft may fly without causing structural damage or loss 
of coatrol. 

The purpose of the indicated airspeed section is to display the 
airspeed of the aircraft without correction for tesq>erature or altitude. 
This uncorrected airspeed Is called Indicated airspeed. 

The indicated airspeed will aid the pilot in determining when he 
has reached his minimum takeoff speed, minimum landing speed, or maximum 
.allowable airspeed. 

Example: If the aircraft's minimum takeoff speed is 130 knots, then 
the pilot must be able to determine when he has reached his takeoff 
speed of 130 knots. The indicated airspeed section will display 
the indicated airspeed of the aircraft. 

Circle the letter that Identifies the correct answer. 

1. What is the purpose of the indicated airspeed section? 

a. Measure true Mach. 

b. Display true airspeed. 

c. Display Indicated airspeed. 

d. Measure maximum allowable airspeed. 

Answers to frame 1: 

J-tSr 
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Frame 3 

The indicated airspeed section has a dial marked in 10 knot increments 
and a rotating drum that is marked in 2 knot increments. The rotating 
drum aids the pilot in reading the indicator quickly and accurately. 

The large numbers represent hundreds of knots. In the figure 
below, the solid white pointer (indicated airspeed pointer) is past the 
400 knot reading but before the 500 knot reading. The rotating drum is 
indicating 30 knots with respect to the reference mark. Therefore the 
indicator is displaying an indicated airspeed of 430 knots. 

Note: It is easier to read the rotating drum than to count the 
increments between the large numbers. 

^ 

REFERENCE MARK 

DIAL (10 KNOT INCREMENTS) 

R0TAT1N3 DRUM 
(2 KNOT INCREMENTS) 

3 

INDICATED AIRSPEED POINTER 

iaattex to frame 2: 

1. c 

1158 
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im 
Read and record the position of the Indicated airspeed pointer In 

each of the following examples. Place your answers In the spaces provided. 

1. ksiots 2. knots 

3, knots knots 

ILS:) 
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Frame 4 

The Indicated airspeed reading Is a direct result of pressures 
acting on the sensing element. A component cap&ble of detecting a 
change Is called a sensing element. The sensing element of the Indicated 
airspeed section Is the airspeed diaphragm. The airspeed diaphragm Is 
capable of detecting a change In the aircraft's speed by sensing pressure 
changes. 

Circle the letter that Identifies the correct answer. 

1. What Is the sensing element of the Indicated airspeed section? 

a. Aneroid. 

b. Airspeed diaphragm. 

c. Airspeed Indicator. 

d. Absolute mechanism. 

2. What Is the purpose of the Indicated airspeed section? 

a. Measure true ssach. 

b. Display true airspeed. 

c. Display indicated airspeed. 

d. Heasure maxlimnn allowable airspeed. 

^ 

3 

Answers to frame 3: 

1. 546 knots 2. 322 toiots 3 . 148 knots 4 . 464 knots 

1160 
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Frame 5 

How does an airspeed diaphragm detect a change in the aircraft's 
speed? The programmed text. The Pitot Static System, referred to 
pitot pressure as total pressure. Pitot pressure l£ total pressure. 
The terms- "pitot" and "total" may be used interchangeably. In the 
programmed text you learned that pitot pressure was made up of static 
pressure and impact pressure. 

PITOT (TOTAL) PRESSURE 

(Pt) 

STATIC PRESSURE + IMPACT PRESSURE 

(Ps) (Qc) 

Pt - Ps + Qc 

Therefore, if total pressure is sent to the inside of the 
airspeed diaphragm, static pressure and impact pressure are inside 
the diaphragm. (See the illustrations below.) 

Keep in mind that Pt ts equal to Ps + Qc. 

) 

DIAPHRAGM "A" DIAPHRAGM B 

Circle the l e t t e r that identifies the correct answer. 

1. Which of the following terms describes Ps + Qc? 

a. Total pressure. 

b. Static pressure. 

c. Impact pressure. 

d. Differential pressure. 

-i 4. U x 
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113.1. 
2. If you had a bottle full of total pressure, what pressure/s would 

be on the inside of the bottle? 

a. Static pressure. 

b. Impact pressure. 

c. Static pressure plus Impact pressure. 

d. Static pressure minus impact pressure. 

~) 

Answers to frame 4: 

1. b. 2. c. 

3 
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Frame 6 

The indicated airspeed section uses p i to t and s t a t i c pressure 
inputs. When the case of the indicator i s f i l led with s t a t i c pressure 
from the p i t o t - s t a t i c system, the s t a t i c pressure w i l l surround the 
airspeed diaphragm, as shown below. 
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AIRSPEED DIAPHRAGM 

.pt OF 9 POUNDS PER SO. IN. 

•P» OF 4 POUNDS PER SO. IN. 

) 

Example: An a i rcraf t i s maintaining a constant a l t i tude of 32,000 
feet and a constant speed of 400 knots. At 32,000 feet the s t a t i c 
pressure i s 4 pounds per square inch. If the a i r c r a f t ' s p i to t 
pressure i s 9 ps i , i t i s made up of 4 ps i s t a t i c pressure and 5 psi 
of impact preasut'. produced by the a i r c r a f t ' s forward movement. The 
figure above wi l l show how these presstures affect the airspeed 

• diaphragm. 

Fs inside the diaphragm and Fs on the outside of the diaphragm are 
equal. If one Ps value changes, the other must also change because they 
both come from the same a i r outside the a i r c ra f t . With Ps on the inside 
of the diaphragm being equal to the Ps on the outside of the diaphragm, 
the pressures wil l effectively cancel each other. The expansion of the 
diaphragm in the figure above i s completely due to the pressure being 
applied to the Inter ior wall of the airspeed diaphragm by the .5 psi of 
impact pressure. The airspeed diaphragm is measuring a d i f f e r e n t i a l 
pressure. I t i s measuring the alfference between s t a t i c p r e s s u r e and 
pitot pressure. As the a i rcraf t goes fas ter , impact p r e s s u r e i n c r e a s e s , 
Aa Qc increases so does the indicated airspeed. The f i g u r e on the next 
page shows the airspeed diaphragm's expansion and contraction and i t s 
effect on the airspeed pointer. 

•'•If-3 
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EXPAND 

Pt 

THIS SIDE OF 
THE DIAPHRAGM 
IS ATTACHED TO 
THE CASE OF THE 
INDICATOR. 

CONTRACT 

> 

INDICATED 
AIRSPEED 
POINTER 

UPSCALE 
(CLOCKWISE) 

MECHANICAL LINKAGE 
TO AIRSPEED POINTER 

INDICATED 
AIRSPEED 
POINTER 

Pt-* : i 

} 

DOWNSCALE 
(COUNTER-CIDCKWISE) 

MECHANICAL UNKA6E 
TO AIRSPEED POINTER 
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circle the letter that Identifies the correct answer. 

1. A contraction In the size of the airspeed diaphragm will cause 
the Indicated airspeed pointer to 

a. move upscale. 

b. move downscale. 

c. move clockwise. 

d. remain at Its last Indication. 

2. As the aircraft goes |aster» Qc will 

a. decrease and cause the sensing element to expand. 

b. Increase and cause the sensing element to expand. 

c. decrease and cause the sensing element to contract. 

d. increase and cause the sensing element to contract. 

3. What type of pressure Is measured by the sensing element of the 
indicated airspeed section? 

a. Absolute pressure. 

b. Sensli:iye pressure. 

c. Differential pressure. 

d. Absolute and differential pressure. 

4. jihen Fs inside the diaphragm and Ps outside the diaphragn cancel 
each other, v't^c pressure will determine indicated airspeed? 

a. Fitot pressure. 

b. Total pressure. 

c. Static pressure. 

d. Impact pr<iS8ure. 

^'?5 
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A differential pressure may be described as 

a. the sum of two pressures. 

b. the difference between two pressures. 

c. a pressure that is based on an absolute value. 

What is the differential pressure if Pt - 14 psi and Ps - 8 psi? 

a. 4 psi. 

b. 6 psi. 

c. 16 psi. 

d. 22 psi. 

What is the differential pressure if Pt » 23 psi and Ps - 2 psi? 

a. 11 psi. 

b. 21 psi. 

c. 25 psi. 

d. 27 psi. 

Answers to frame 5 

1. a. 2. c 

) 

3 

im 

') 
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Frame 7 

The steps listed below describe the movement of the components 
shovn In the figure on the next page. 

Description of component movement: 

1. The airspeed diaphragm's expansion ur contraction will cause 
shaft "A" to move along centerllne "CL." 

2. Movement of shaft "A" will produce a rotation of shaft "B" 
at pivot point "P". 

3. Shaft "B" will cause sector gear "X" (section of a gear) to 
moye, 

4. \Jhen sector gear "X" moves, shaft "C" will rotate causing 
the airspeed drum to rotate and the airspeed pointer to move. 

Circle the letter that identlfiea the correct answer. 

1. As the airspeed diaphragm expands, shaft "B" will rotate 

a. clockwise. 

b. counf .^clockwise. 

2. As the airspeed diaphragm expands, the rotation of shaft "B" will 
cause the Indicated airspeed pointer to 

a. move clockwise. 

b. move counterclockwise. 

c. remain at i t s last indication. 

Answers to Frame 6: 

1. b. 2. b. 3. c. 4. d 

5. b. 6. b. 7. b. 

Usl 71 
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AIRSPEED POINTER 

\ 

11S8 

BACK SIDE OF DIAPHRAGM 
IS CONNECTED TO THE 
RTOT LINE AND ATTACHED 
TO THE INDICATOR'S CASE 

AIRSPEED DRUM 

AIRSPEED DIAPRAGM 

ROTATION 
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Frame 8 

Circle the letter that identifies the correct answer. 

How many separate sections are in the maxinum allowable airspeed 
indicator? 

J 

Wliat Is the purpose of the-Indicated airspeed section? 

a. Viiaauxe true mach. 

b. Display true airspeed. 

c. Display indicated airspeed. 

d. Pleasure maxlnnim allowable airspeed. 

What is the sensing element of the indicated airspeed section? 

a. Aneroid. 

b. Airspeed diaphragm. 

c. Airspeed indicator. 

d. Absolute mechanism. 

What tjrpe of pressure is measured by the sensing element of the 
indicated airspeed section? 

a. Absolute pressure. 

b. Sensitive pressure. 

c. Differential pressur.e. 

d. Absolute and differential pressure. 

; 73 
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5. What pressures are supplied to the indicated airspeed section 

to allow the sensing element to determine indicated airspeed? 

a. 

b. 

c. 

d. 

Fs and Qc. 

Qc and Ft. 

Ft and Ps. 

Qc and Fg. 

6. Match the components In Column 2 to their functions In Column 1. 
Place a number from Column 2 opposite a letter in Cdlumn 1. 

a._ 

^•. 

c._ 

^'. 

e. 

1. 

2. 

3. 

4. 

5. 

6. 

Column 2 

Aneroid. 

Airspeed drum. 

Indicator's case. 

Airspeed pointer. 

Mechanical linkage. 

Airspeed diaphragm. 

Column 1 

__ Moves the airspeed pointer. 

la responsible for moving the 
mechanical linkage. 

__ An airtight chamber where the 
sensing element Is located. 

__ Displays Indicated airspeed 
against a dial calibrated in 
10 knot increments. 

Gives a quick accurate reading 
of "between the line" indications 
of the airspeed pointer. 

In summary, you raist remember that the Indicated airspeed section 
of the mariiaum allowable airspeed Indicator uses pltot pressure C^t) and 
static pressure (Ps). The sensing element, the airspeed diaphragm, 
measures a differential pressure that will operate the mechanical 
linkage. The mechanical linkage will move the airspeed pointer to 
provide a readout of indicated airspeed. 

If you thoroughly xmderstand the operation of the indicated alr-
apeed section, proceed to frame 9 and begin the operation of the maximum 
allowable airspeed section. 

If you do not understand the operation of the indicated airspeed 
section, request assistance from your instructor. 

Answers to frame 7: 

1. b. 2. a. 

1) 

- ^ 
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MAXIMUM ALLOWABLE AIRSPEED SECTION 

o 

Frame 9 

The relationship of the aircraft's speed to the speed of sound is 
called mach. When the aircraft is traveling as fast as sound waves 
travel, the aircraft is flying at one nach. When the aircraft is flying 
half as fast as sound waves travel, the aircraft is traveling at .5 nach 
(five tenths). The aircraft's flight manual will state the maxinnnn speed 
the aircraft may fly. This maxisua speed is expressed in texms of mach 
and is called the critical mach number (M crit) of the aircraft. The 
critical-mach ntsnber, or M crlt, is the speed the aircraft may fly with~ 
out experiencing structural damage or loss of control. 

Circle tha letter that identifies the correct answer. 

1. The maximum* speed the aircraft may fly without experiencing structural 
damage or loss of control is called 

a. M and is expressed in feet. 

b. H and is expressed in knots. 

c. H crit and is expressed in mach. 

d. M crit and is expressed in knots. 

Answers to frame 8: 

1. b. 2. c. 3. b. 4. c. 5. c. 

6. a 5 b. 6 c. 3 d. 4 e. 2 

75 
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Frame 10 

The Air Force uses the maximum allowable airspeed indicator in 
many different tj.es of aircraft. These different types of aircraft 
have different M crits. For example, a jet bomber like the B-52 
would have a higher M crit than a propeller driven C-130 cargo plane. 
The indicator has an adjustment that will allow the specialist to fit 
the indicator to a particular type of aircraft. This adjustment is 
called the mach number adjiistment. 

Before installing the indicator in the aircraft, the mach nxmiber 
adjustment must be set according to the tech order. Turning the adjust­
ment screw causes the mach index marker to realign on the mach number 
scale. (See figure below.) When the H crit has been properly adjusted, 
the maximum allowable airspeed pointer will be displaying the M crit 
in knots. By displaying the H crit in knots, the pilot can coiiq>are 
his maximum allowable airspeed to his present indicated airspeed. The 
indicated airspeed pointer must never pass the maximum allowable 
pointer. 

In the figure below, the maxlrainn allowable airspeed pointer is 
positioned at 470 knots. The indicated airspeed pointer is displaying 
an airspeed of 430 knots. By comparing the pointers, it is easy to 
see that the pilot may go an additional 4C knots faster before he 
will have reached his maximum allowable airspeed. 

MAXIMUM ALU>VABLE 
AIRSPEED POINTER 

) ) 

1.0 MACH OF THE 
MACH NUMBER 
SCALE 

INDICATED AIRSPEED 
POINTER 

MACH NUMBER SCALE 
RANGE; .6 TO 1.0 

MACH INDEX MARKER \ 
(M CRfT OF .82 MACH) .7 MACH OF THE 

MACH NUMBER SCALE 

1 ^'^'u X 4. . o 
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Read and record the position of the mmrlimnn allowable pointer 

and the mach Index marker. Place your answers In the spaces provided. 

1. knots 

mach 

knots 

mach 

; 

:^V% 
.>^^{jirnYnii|i 

30 40 
r '^ / ' 

- ^ 100 KNOTS v>^' 

% , 4 3 \<:̂  

O \ ^ ^ — - ^ ^ O 

3. knots 

mach 

4. knots 

mach 
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Circle the letter that identifies the correct answer. 

1. What adjustment can be made to fit the maximum allowable 
airspeed indicator to different types of aircraft? 

a. The zero adjustment. 

b. The mach ntraber adjustment. 

c. The airspeed pointer adjustment. 

d. The zero setting adjuatstent for the maximoa allowable 
airspeed pointer. 

2. The mach number adjustment screw is used to adjust the 

a. airspeed pointer. 

b. mach index marker. 

c. mach. mraber scale. 

d. mach number scale and the airspeed pointer. 

3. The mach index marker displays the aircraft's 

a. indicated airspeed. 

b. crit ical mach ntsnber. 

c. indicated mach. number. 

d. maxlmun allowed speed in knots. 

4. What i s the range of the mach number scale? 

a. .4 mach. to .8 macfau 

b. .6 mach to 1.0 mach. 

c. .8 mach to 1.2 mach. 

d. 1.0 mach to 1.4 mach. 

') 

3 

i 
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5. How does the pilot detexmlne when he has reached his maximum 

allowable airspeed? 

a. The copilot will tell him. 

b. The reduce speed 11 . ' vlll come In. 

The pilot will radio to the ground and ask for a true 
airspeed reading from the radar technician. 

The pilot will compare the position of the Indicated 
airspeed pointer to the position of the naxliaim allowable 
airspeed pointer. 

6. The TBWxinum speed the aircraft may fly without experiencing 
structural damage or loss of control Is called 

a. M and Is expressed In.feet. 

b. M and Is expressed In knots. 

c. M crlt and Is expressed In mach. 

d. H crlt and Is expressed In feet. 

Answer to frame 9: 

1. c. 

'176 79 
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Frame 11 

As altitude Increases to approximately 36,000 feet, the speed of 
sound decreases because the air gets colder and the sound waves do not 
travel through the ^̂ .r as fast. Therefore, the maximum allowable alir-
speed may change even when the M crlt or critical mach ntmiber Is held 
constant. 

Example: If the M crlt of an aircraft la .8 we would mtiltlply 
the speed of sound at sea level times .8 to arrive at the maximum 
allowable airspeed the aircraft may fly at sea level. 

662 knots (speed of soimd at sea level) 
x .8 mach (critical mach number) 
529.6 knots, maximum allowable airspeed at sea level. 

But, most aircraft don't fly at sea level. They fly at altitudes 
from a few hundred feet to many thousands of feet above sea level. An 
aircraft flying at 36,000 feet. Is flying at an altitude where the speed 
of sound Is only 575 knots. Therefore, If his M crlt Is .8 mach, then 
his maximum allowable airspeed would be 460 knots. 

• ) 

575 knots (speed of sound at-36,000 feet) 
X .8 mach (critical mach number) 
460.0 knots, maximum allowable airspeed at 36,000 feet. 

The aircraft's maximum allowable airspeed at 36,000 feet Is 70 
knots less than the maximum allowable airspeed of an aircraft having 
an identical M crlt but flying at sea level. J 

4. . I 

80 
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It would be extremely difficult for the pilot to figure the change 

in mflŷ 1̂1lIm allowable airspeed every time the aircraft changes altitude. 

To automatically figure any change in the aircraft's maximum 
allowable airspeed, the indicator has an aneroid that will expand as 
altitude increases. The expansion of the aneroid will move the maximum 
allowable pointer downscale as the altitude increases. With any decrease 
in altitude, the aneroid will contract causing the pointer to AOve back 
upscale. 

Circle the letter that identifies the correct answer. 

1. As altitude increases, the speed of sound will 

a. Increase. 

b. decrease. , 

c. remain the same. 

. ) 

2. As altitude increases, the maximum allowable airspeed pointer 
will move 

a. upscale. 

b. downscale. 

c. clockwise. 

Answers to frame 10: 

Indicator Readings: 

1. 397 knots 2. 

.60 mach 

Multiple choice questions: 

1. b. 2. b. 3. b. 4. b 

470 knots 

.70 mach 

3. 578 knots 

.95 mach 

4. 445 knots 

.67 mach 

5. d. 6. 

81 
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Frame 12 

The steps listed below describe the movement of the components 
shown in the figure below. 

Description of component movement: 

1. The expansion or contraction of the aneroid will cause lever 
"A" to rotate about shaft "A". 

2. The movement of lever "A" will cause lever "B" to move which 
will cause shaft "B" to rotate. 

3. The rotation of shaft "B" will cause sector gear "X" to 
move cauaing the maximum allowable pointer to seek a new position. 

.T) 

THE MAXIMUM A U J O W A B L E 
AIRSPEED POINTER MGVE3 
INOEPENOENTIJf OF THE 
INDICATED AIRSPEED POINTER 

SECTOR GEAR "x 

LEVER "A" 

THE BOTTOM SIDE 
OF THE ANEROID IS 
ATTACHED TO THE 
INDICATDR'S CASE -

J 

82 
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Circle the letter that identifies the correct answer. 

1. As Ps decreases, the aneroid will 'ixpand and cause 

a. sector gear "X" to move in a clockwise direction and the 
maximum allowable pointer to move downscale. 

b. jector gear "X" to move in a counterclockwise direction 
and the maximum allowable pointer to move downscale. 

c. sector gear "X" to move in a clockwise direction and the 
mjxlmua allowable pointer to move upscale. 

d. sector gear "X" to move in a counterclockwise direction and 
the maximum allowable pointer to move upscale. 

Answers to frame 11: 

1. b. 2. b. 

J 
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Frame 13 

The aneroid Is responsible for computing the maximum allowable 
airspeed for any altitude the aircraft files. Like the altimeter, 
the aneroid senses changes in static pressure and measures an absolute 
pressure. When the aneroid expzmds due to an Increase in altitude, the 
maximum 2llowable pointer is driven downscale by the mechanical linkage 
connecting the aneroid to the pointer. As the aneroid contracts (gets 
smaller) due to a aecrease In altitude, the pointer will move back 
upscale. 

The purpose of the maximum allowable section of the indicator is. 
to display the maximum allowable airspeed the aircraft may fly regard-
leas of toe altitude of the aircraft. 

Circle the letter that identifies the correct answer. 

1. What is the sensing element of the maximum allowable section 
of the Indicator? 

a. Aneroid. 

b. Airspeed diaphragm. 

c. Differential mechanism. 

d. Differential diaphragm and a bellows. 

2. 

3. 

What type of pressure is used and measured by the setislng dXeiuent 
of the maxlm>nn allowable section? 

a. Uses Fs and measures Impact pressure. 

b. Uses Ft and measures Impact pressure. 

c. Uses Fs and measures absolute pressure. 

d. Uses Ft and measures absolute pressure. 

What is the purpose of the aiaximum allowable section of the 
indicator? 

a: 

b. 

c. 

d. 

Displays true airspeed. 

Displays indicated airspeed. 

Displays calibrated airspeed. 

Displays maximum allowab^^e airspeed. 

1181 
Answer to frame 12: 

1. a. 

> 

3 
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Frame 14 

We have determined that as altitude varies, the maximum allowable 
pointer moves because It is controlled by the aneroid. Sometimes it is 
necessary to decrease the maximum allowable airspeed even lower than 
what the aneroid will do automatically. The maxlmuia allowable pointer 
adjustment screw Is used for this purpose. 

The maxlatum allowable pointer adjustment screw Is located on the 
front of the indicator's case. This adjiistment Is used to adjust the 
maxlnum allowable pointer downscale to a lower starting point without 
changing the critical nach number setting. The aneroid will move the 
maximum allowable pointer downscale from the new starting point with 
any Increase in altitude. This adjxistment nay be necessary due to the 
addition of bonibs, rpckets, or wing tanks which change the structural 
limitations of the aircraft. This adjustment can be made by the pilot 
or cretr chief of the aircraft. When the aircraft Is back to noimal load 
conditions, the pointer adjustment nay be used to return the maximum 
allowable pointer to Its normal position. 

Circle the letter that Identifies the correct answer. 

1. The maximum allowable pointer Is adjusted due to changes in 
the 

) 

a. mach number setting. 

b. pilots of the aircraft. 

c. Indicated airspeed Indications. 

d. structural limitations of the aircraft. 

Answers to frame 13: 

1. a. 2. c. 3. d 
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Frame 15 

The inspection procedures vary from aircraft to aircraft. 
YOU MUST ALWAYS refer to the technical order for the aircraft you are 
working on. In general* the following checks oust be performed. 

1. Check for security of mounting. 

2. Check the lines for proper connections and tightness. 

3. Check the condition of the cover glass, the range marks, 
and the slippage mark. 

4. Check the M crlt setting and the maxlmtia allowable pointer setting 
according to the TO for the aircraft. 

W RESPONSE REQUIRED. 

Answer to frame 14: 

1. d. 

1 

^ 

iLS3 
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Frame 16 

Read and record the position of the indicated airspeed pointer, 
the mach index marker, and the maximum allowable airspeed pointer. 
Place your answers in the spaces provided. 

.S^ 0|I1|{HII|'I|[I '^-
60 

^ 5 
-<5». 

K^.^ 
U'fi'ih^ 

J 

knots (Indicated 
airspeed) 

mach (critical mach 
number) 

knots (maximum 
allowable 
airspeed) 

2. knots (indicated 
airspeed) 

mach (critical mach 
number) 

• 
knots (maximum 

allowable 
airspeed) 

(Reference: Frame 3 and Frame 10) 
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Frame 17 

You have studied the pitot-static system and 3 indicators, the 
altimeter, the vertical velocity indicator, and the maximum allowable 
airspeed indicator. It is essential that you understand the following 
subject areas that were previously discussed. 

1. The purpose of the pitot-static system and each indicator. 

2. The definition of pitot pressure, static p-̂  assure and 

impact pressure. 

parts. 

The purpose of the pitot-static probe and its component 

4. How to read each indicator. 

5. The sensing elements used by each indicator. 

6. The pressures used and measured by each indicator. 

7. ' The function of the component parts of each indicator. 

If you are not sure of any of the above subject areas, review 
the material and ask your instructor for help when necessary. 

Next we are going to discuss one piece of test equipment used 
to perform an operational check of the pitot-static system. 

NO RESPONSE REQUIRED 

") 

3 

3 
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Part I 
Section E 

MB-1 PITOT-STATIC FIELD TESTER 

Frame 1 

The MB-1 pitot static field tester is used to leak check and 
operationally check the pitot static system. The tester is a 
portable unit enclosed in a metal carrying case. It consists of 
hand operated pressure and vacuum pumps, pressure and vacuum gages, 
five control valves, and altimeter, airspeed indicator, and a 
thermometer. 

Check (/) the correct answer(s) below in the space provided. 

1. The purpose of the MB-1 field tester is to 

a. leak check and operational check the pitot static system. 

b̂. apply vacuum only to the pitot static system. 

c. apply vacuum and pressure for a leak check only. 

; •Use 89 



Frame 2 

The pressure side of the MB-1 field tester Is illustrated in 
figure 1. It consists of a pressure pump (18), pressure gage (1), 
pitot pressure hose connection (17), external pressure connection 
(21), pressure source valve (16), pressure vent valve (15), and a 
cross bleed valve (14). 

NO RESPONSE REQUIRED 

D 

} 

Answer to Frame 1; 

/ a. 

1 3 Q7 

J 
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1 PRESSURE GAGE 

2 PRESSURE REIEP VALVE 

3 AIRSPSO INDICATOR 

4 THERMOMETER 

5 ALTIMETER 

6 INSTRUMENT CAUBRATION CARDS 13 VACUUM VENT VALVE 

7 VACUUM GAGE 14 CROSS-BLEED VALVE 

Figure 1. 
91 

R31«3 

8 EXTERNAL VACUUM CONNECTION 15 PRESSURE VENT VALVE 

9 VACUUM PUMP 16 PRESSURE SOURCE VALVE 

10 VACUUM-TANK HAND^PERATEO PUMP 17 PITOT HOSE CONNECTION 

11 STATIC HOSE CONNECION 18 PRESSURE TANK HAND-OPERATED PUMP 

12 VACUUM SOURCE VALVE 19 PRESSURE PUMP 

20 PITOT AND STATIC RUBBER HOSES 

21 EXTERNAL PRESSURE CONNEOION 

ilS8 



Frame 3 

The pressure pump (18) in figure 1 is used to supply pressure 
to the tester. The amount of pressure in the tester is indicated 
on the pressure gage (1) in inches of mercury. The pressure pump 
can be bypassed if a pressure source is connected into the external 
pressure connection (21). Pressure can be applied to the pitot 
system by opening the pressure source valve (16). Pressure is 
released from the system by opening the pressure vent valve (15). 
Pressure can also be released by venting the pressure into the 
static side of the MB-1 by using the cross bleed valve (14). 

Match the following components in colimm B to their functions in column 
A by writing the correct letter in the spaces provided. 

• ) • 

_1. Indicates amount of pressure in 
tester. 

_2. Supplied pressure for t;he MB-1. 

3. 

4. 

5. 

6. 

Hookup for external pressure 
into the HB->1. 

Admits pressure from the 
tank into the system. 

Releases pressure from the 
system. 

Bleeds pressure into the static 
side of the MB-1. 

B 

a. External pressure 
connection. 

b. Pressure source valve. 

c. Pressure vent valve. 

d. Pressure pump. 

e. Cross bleed valve. 

f. Pressure gage. J) 

Answer to frame 2: 

No response required. 

l iS3 
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Frame 4 

The static side of the MB-1 pltot-stacic field tester is shown 
in figure 2. It consists of a vacuum pump (1), vacuum gage (2), 
external vacuum connection (3), vacuum source valve (4), vacuum vent 
valve (5), and a cross bleed valve (6.) used in common with the pressure 
side of the tester. 

Note: The cross bleed valve tflll not he used at an7 time during 
the operational check. 

NO BESFONSE SEQUISED 

) 

Figure 2. 
6 5 4 

R2164 

Ansvers to frame 3: 

^' ^ 2. d 3 . a 4. 6 5. c 6. e 
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Frame 5 

The vacuum pump (1) is used to supply vacuum to the MB-1 pltot-statlc 
field tester. The amount of vacuum Is Indicated on the vacuum gage. 
If an external vacuum source Is available, the vacuum pump may be by­
passed by connecting a vacuum source to the external vacuum connection. 
The vacuum In the MB-1 can be applied to the pltot static system by 
opening the vacuum source valve. Vacuum can be released from the 
system by opening Che vacuum vent valve. The vacuum can also be bled 
Into the pressure side of the tester by using the cross-bleed valve. 

Katch the following components in column B to their ftinctlons 1-" column A, 
by writing the correct letter In the spaces provided. 

^ 

A B 

_1. 

2. 

3. 

4. 

_5. 

6. 

Used to supply vacutm to the 
tester. 

Releases vacuxm from the 
static system. 

Indicates the amotmt of vacuum 
In the MB-1 tester. 

Bleeds vacuum to- the pressure 
side of the MB-1. 

Admits vacuum into Che system. 

Hookup for external vacuum 
pressure. 

a. Vacuxxm pimp 

b . Vacuum gage 

c. External vacuum 
connection 

d. Vacuum source valve 

e. Vacuum vent valve 

f. Cross-bleed valve 3 

Answer to frame •' 

No response required. 

l L 9 i 
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Frame 6 

The airspeed Indicator, altimeter, and thexmcoeter that are used 
on the HB-1 are shown in the upper center of the figure below. The 
airspeed indicator indicates the amount of pitot pressure in kxusts. 
The altimeter is used to indicate the amount of vacuum pressure in 
feet. The thermometer is used to indicate the ambient temperature 
in degrees Celsius. The temperature must be used vhen computing true 
airspeed and when checking a true airspeed indicator. 

) 

Figure 3. satfts 

Using figure 3, match the following components in column B with 

their factions in column A. by writing the correct letter in the 

spaces provided. 

A B 

1. Indicates ambient temperature In *C. a. Altimeter 

2. liidlcates pressure in knots. b. Airspeed Indicator 

3. Indicates vacuum In feet. c. Thermometer 

; 
Answers to frame 5 

1. a 2. e 3. 4. 5. 

/• 192 
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Frame 7 

Using the hose and adapters sxipplled with the MB-1 pltot-
static field'tester, the tester can be adapted for use on any aircraft. 
The rubber adapters In the A portion of the figure below transfer 
pltot pressure from the tester Into the aircraft'pltot static system. 
The adapters In the B portion of the figure are used to transfer the 
static pressure In the tester to the aircraft static system. 

m BESFONSE REQUIRED 

" ) 

B 

Answers to frame 6: 

1. c 2. b 

O 
3. 

After completing an appraisal covering this material, proceed 
to the lab to perform an operational check of the pltot-statlc system, 
troubleshoot the pltot-statlc system, and bench check a vertical 
velocity indicator, an altimeter, and a maximum allowable airspeed 
indicator. 

IIS3 
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Part II 

Sections A, B and C 

Part II of this text covers three (3) more indicators that 
utilize the pitot-static system for their operation. They are the 
standby airspeed indicator, the true airspeed indicator, and the 
transonic machmeter. Each indicator meets the specific design 
requirements of the aircraft that utilize them. 

After completing this text you should know the following 
information about each indicator: 

1. The purpose. 

2. The type of pressure or pressures it uses. 

3. The sensing element. 

4. The function of its component parts. 

5. How to read it. 

NO RESPONSE REQUIRED 

; ^•194 
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Part II 
Section A 

STAMDBY AIRSPEED INDICAfOR 
' ) 

Frame I 

The first indicator that we will discuss is the standby airspeed 
indicator with a range of 60 to 850 knots. In aircraft of modem 
design the Air Force uses a variety of different types of airspeed 
Indicators. They all basically operate the same. The airspeed 
indicator is a differential pressure measuring device. This dif­
ferential is caused by the difference between pitot pressure and 
static pressure. 

J 

Check the correct response(s) below. 

_a. The Air Force uses only one type of airspeed indicator. 

Jb. The airspeed indicator io a differential pressure measuring 
device* 

_c. Pitot pressure is the only pressure used. 

1195 
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Answers to Frame 1: a. / b. c. 

Frame 2 

The standby airspeed indicator measures the speed of the air 
passing over the wings of the aircraft and is not to be confused 
with ground speed. An example would be ss follows, if an aircraft 
was flying at a ground speed of 200 knots with a tail wind of 50 
knots, the indicator wotild read 150 knots. The opposite would be 
an aircraft flying at a ground speed of 200 knots with a head wind 
of 50 knots, the indicator would Indicate 250 knots. 

The standby indicator does not make any corrections for 
temperature and altitude changes. 

30 KNOTS^ 
HEADWIND 

-200 KNOTS GROUND SPEED 

Check the correct response(s) below. 

a. The airspeed indicator indicates ground speed. 

b. An aircraft with a tail wind would add the speed of the 
wind to get the correct.indication on the indicaro 

c. A ground speed of 350 knots and a head wind of 40 L. • 3 
will cause the indicator to read 390 knots. 

99 
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Answers to Frame 2: 

Frame 3 

a. b. / 

O) 
Pltot and static pressure will always be equal when the aircraft 

is at rest and no wind is blowing. But when the aircraft is in 
flight, pitot pressure will exceed static pressure. The difference 
between these two pressiires is proportional to the aircraft's speed. 
Therefore, the faster the aircraft moves, the pitot pressure increases 
with respect to static pressure causing a higher reading on the 
indicator. With a decrease in airspeed, pltot pressure decreases 
and the airspeed indicator shows a decrease. Also, with an Increase 
In altitude there is a decrease in pitot pressure due to the fact 
that the air density decreases with altitude. 

Check the cortect responseCs) below. 

a. Pitot and static pressure are equal when the aircraft is 
in flight. 

b. The difference between pltot pressure and static pressure 
is proportional to the speed of the aircraft. 

c. Pitot pressure decreases with an increase in altitude. 

J) 
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Answers to Frame 3; a. b. / 

Frame 4 

Pitot pressure is fed directly to a diaphragm within the air­
speed indicator. Static pressure is fed to the inside of the case of 
the Indicator to surround the diaphragm. As pitot pressure Increases, 
the diaphragm expands, causing tle mechanical linkage to move, thus 
showing an indication on the pointer of the airspeed Indicator. 

EXPAND 

Pt 

; 

INDICATED 
AIRSPKO 
POINTER 

UPSCALE 
{CLOCKWISE) 

MECHANICAL LINKAGE 
TO AIRSPEED POINTER 

THIS SIDE OF 
THE DIAPHRAGM 
IS ATTACHED TO 
THE CASE OF THE 
INDICATOR. 

CONTRACT 

INDICATED 
AIRSPEED 
POINTER 

R—; 

OOWNSCALE 
(COUNTER-CLOCKWISE) 

MECHANICAL UNKAGE 
TO AIRSPEED POINTER 

Check the correct re3ponse(3) below. 

a, Pitot pressure is fed to the i r i i de of the case to surround 
the diaphragm. 

b . As pitot pressure increases, the diaphragm expands, thus 
causing the pointer to indicate an increase in airspeed. 

Answer to Frame 4: a. y b . 
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Part II 
Section B 

TRUE AIRSPEED INDICATOR ' ) 
Frame 1 

The True Airspeed Indicator, shown below, is designed to Indicate 
the airspeed of the aircraft with corrections for temperature and 
altitude changes. With these corrections, the True Airspeed Indicator 
indicates the actual speed of the air moving across the aircraft. 
Without these corrections, the indicator would give Incorrect airspeed 
indications at different temperatures and altitudes. This problem 
occurs because the density of air changes according to air temperature 
and altitude. 

3 

Circle the letter.that identifies the true statement(s). 

a. The True Airspeed Indicator compensates for altitude changes 

only. 

b. The True Airspeed Indicator indicates the airspeed of the air­
craft with corrections for temperature and altitude changes. 

c. The True Airspeed Indicator is designed to Indicate the ground 

speed of the aircraft. 

d. The amount of air changes with a change in temperature and 

altitude. J 
102 iiga 



Frame 2 
1/6̂  

/USES PITOT AND STATIC 
MEASURES DIFFERENTIAL PRESS 

PITOT PRESa 

TEMPERATURE 

STATIC PRESS. 

) 
The True Airspeed Indicator, like all other airspeed Indicators, 

uses pltot-statlc pressures supplied by the pltot-statlc system. Fltot 
pressure Is applied to the back of the airspeed Indicator through an 
opening marked P for pltot. This pressure Is applied to the Inside of 
one of the three sensing elements shown In the figure above (diaphragm A). 
This sensing element, diaphragm A, uses pltot pressure and measures 
differential pressure. Aneroid B Is surrounded by static pressure 
which Is applied to the Indicator through an opening marked S for static 
pressure. This sensing element, aneroid B, uses static pressure and 
measures absolute pressure. 

Circle the letter that Indicates the correct answer to the questions 
below. 

1. What pressure (s) Is (are) used by the True M r speed Indicator? 

a. Pltot only. 
b. Static oily. 
c. Pltot and static. 
d. Pltot, static, and differential. 

2. What pressures are measured by the True Airspeed Indicator? 

a. Pltot and static. 
b. Pltct and differential. 
c. Differential and static. 
d. Differential and absolute. 

Answers to Frame 1: 
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Frame 3 

The True Airspeed Indicator has three sensing elements contained 
inside an airtight case. Static pressure surrounds all three of these 
sensing elements. The first sensing element is an airspeed diaphragm 
D shown in the figure below. An airspeed diaphragm consists of two 
thin discs of berryIlium copper soldered together with an inlet for 
pitot pressure. The function of the airspeed diaphragm is to expand or 
contract because of .the difference between pressure inside the diaphragm 
(pitot) and pressure outside the diaphragm (static). The difference 
between pitot and static pressure is impact pressure. In order to have 
a change in' Impact pressure, one of the following changes must occur: 
a change in speed, a change in altitude, a change in air temperature, or 
an^ combination of the three. Any of these changes will cause the 
aljrspeed diaphragm to escpand or contract. 

' ) 

J 
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Check (/) the correct statement(s). 

a. The True Airspeed Indicator has three sensing elements. 

The airspeed diaphragm has pitot pressure on the outside of it. _b. 

c. 

d. 

The airspeed diaphragm will expand or contract with a change 
in impact pressure. 

The airspeed diaphragm will contract with a decrease in 
altitude. 

Answers to Frame 2: 1. c 2. d 

) 
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Frame 4 

The second sensing element of the True Airspeed Indicator Is the 
aneroid E, also called the altitude diaphragm. (Refer to the figure 
below.) Its construction Is similar to the airspeed diaphragm with 
the exception that the aneroid Is evacuated and scaled. Expansion 
and contraction Is caused by a change In the static pressure surrounding 
the aneroid. A decrease In static pressure (Increase In altitude) 
will cause the aneroid to expand. An Increase In static pressure 
(decrease In altitude) will cause the aneroid to contract. The aneroid 
Is used to compensate for the movement of the airspeed diaphragm due to 
a change In altitude. When the airspeed diaphragm expands because of 
the aircraft encountering more impact pressure at a lower altitude, 
the aneroid will contract. The movement of the aneroid will compensate 
for the movement of the airspeed diaphragm resulting In NO pointer 
movement due to a change In altitude. 

^ 

O 

1263 
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Check (/) the correct statement(s). 

a. 

_b. 

c. 

d. 

An aneroid Is the second sensing element of the True 
Airspeed Indicator. 

The aneroid expands with a decrease In altitude. 

The aneroid expands with a change In airspeed. 

The aneroid prevents pointer movement due to an alĵ ltude 
change. 

Answers to Frame 3: a, c 

1204 
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Frame 5 

The third sensing element is a temperature diaphragm A as shown 
below. It Is designed like the airspeed diaphragm; Instead of pltot 
pressure on the Inside, a gas pressure from a temperature bulb Is 
applied to the Inside of the temperature diaphragm. Expansion or 
contraction of the tempevature diaphragm will compensate for the 
movement of the airspeed diaphragm due to a change In air temperature. 

The flush mounted temperature bulb C contains a substance called 
methyl chloride which Is very sensitive to any temperature change. It 
changes from a liquid state to a gas with an Increase In temperature 
and from a gas back to a liquid with a decrease In temperature. There 
will always be some liquid and some gas in the bulb regardless of the 
outside temperature. The change In gas pressure is applied to the 
temperature diaphragm through capillary tubing 3 which connects the 
temperature bulb to the temperature diaphragm. As the air temperature 
changes, the temperature diaphragm expands or contracts due to a change 
In gas pressure. The 'ssvement of the temperature diaphragm will com­
pensate for any movement of the airspeed .diaphragm due to a change in 
air temperature. 

'} 

J 
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Check (*0 the true statement(s). 

_a. The temperature diaphragm compensates for movement of the 
airspeed diaphragm due to a change In air temperature. 

b. The substance, methyl chloride. Is used to sense a change In 
air temperature. 

_c. The substance, methyl chloride, causes the airspeed 
diaphragm to expand. 

d. The teaq>erature bulb Is connected to the aneroid by means 
of capillary tubing. 

) 

Answers to Frame 4: a, d 
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Frame 6 

The dial face of the True Airspeed Indicator reads in knots. 
Knots are referenced to nautical miles instead of statute miles 
(miles per hour). The range of the True Airspeed Indicator is 150 
knots to 600 knots. Even though a "0" mark is on the dial face, the 
instrument will show no indication less than 150 knots. The dial is 
graduated in 10-knot increments as shown in the picture of the True 
Airspeed Indicator below. 

') 

) 

NO RESPONSE REQUIRED 

Answers to Frame 5: a, b 

1.207 
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•Frame 7 

Using the drawing beJow, match the letters of the components with 
the purpose of the components listed below. 

ANEROID 

TEMPERATURE 
DIAPHRAGM 

CAPILLARY 
TUBING 

TEMPERATURE BULB 

1. 

_2. 

_3. 

4. 

5. 

Provides a path for methyl chloride gas. 

Measures differential pressure. 

Senses changes in air temperature. 

Compensates for changes in altitude on the airspeed diaphragm. 

Expands with an increase in temperature. 

Ill 
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Frame 8 

Now let's review the material covered to this point. The purpose 
of the True Airspaed Indicator is to Indicate the airspeed of the air­
craft with corrections for temperature and altitude changes. The True 
Airspeed Indicator tises pitot and static pressures and measures dif­
ferent; ;L̂ 4. and absolute pressures. The True Airspeed Indicator contains 
three sensing elements: airspeed diaphragm, aneroid (altitude diaphragm), 
and temperature diaphragm. The airspeed diaphragm will expand or 
contract with any change in impact pressure. The aneroid will compensate 
for any change in altitude that affects the airspeed diaphragm. The 
temperature compensating unit, which consists of the teoq>erature 
diaphragm, temperature bulb, and capillary tubing, compensates for 
changes in ambient air temperature that would affect the airspeed 
diaphragm. The movement of the airspeed diaphragm will affect the 
pointer shaft only if there is an actual change in airspeed. 

~) 

NO RESPONSE REQUIKED 

Answers to Frame 7: 1. b 2. D 3. C 5. A 

J 

IZ'OO 

112 J 



Part II 
Section C 

TRANSONIC MACHMETER 

im-

Frame 1 

The transonic machmeter is used on aircraft capable of approaching 
and exceeding the speed of sound. 

High performance aircraft are often redlined (limited) by Mach 
ntimber as well as airspeed. For instance, the handbook of Flight 
Operating Instructions for one type of aircraft may contain instruc­
tions to the effect that "the speed of the aircraft should not exceed 
550 knots or Mach 0.89, whichever occurs "sooner." Therefore, many 
jet aircraft are equipped with both an airspeed indicator and a mach­
meter. Mach number is pronotinced "mock number." It is defined as a 
number representing the ratio of the aircraft's true airspeed to the 
speed of sound in the surrounding atmosphere. 

The transonic machmeter serves to remind the pilot not to exceed 
the structural limits of his aircraft. This means that the pilot 
should not fly the aircraft faster than it is designed (red line 
on instrument face) to fly. If the Mach limit of the aircraft is 
exceeded, structural damage might occur causing the aircraft to crash. 

Circle the letter that identifies the correct answer. 

1. Mach number is defined as 

a. a number representing the speed of sound. 

b. the speed of sound at any altitude. 

c. the ratio of the aircraft's true airspeed to the speed 
of sound. 

d. the ratio between the aircraft's airspeed and ground speed. 

/£/0 
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Frame 2 

Mach 1 means that the aircraft's airspeed is equal to the speed 
of sound. The speed of sound at sea level, on a normal day, is 662 
knots. It decreases with an increase in altitude. At 36,200' the 
speed of sound is 573.3 knots and remains constant until an altitude 
of 65,600' is reached. Temperature is the primary factor which causes 
the speed of sound to decrease when altitude is increased. The speed of 
sound is directly proportional to a change in temperature. 

Circle the letters that identify the correct answers to each of the state­
ments belov. 

1. If the aircraft is flying at the speed of soimd'i the Hach number 
would be 

• ) 

a. 

b. 

c. 

d. 

.1 

.5 

1.0 

1.5 

The primary factor affecting the change in the speed of sound is 
a change in 

a. Mach. 

b. altitude. ) 

c. temperature. 

d. pressure. 

Answer to Frame 1: 

1. c 

niL 
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Frame 3 

The dial range of the Transonic Hachmeter Is calibrated from .5 to 
1.5 Mach. (The small "zero" Is used only for bench calibration purposes 
and Is not part of the range.) A reading of .5 Hach Is 50% of the speed 
of sound (aircraft's airspeed In relation to the speed of sound.) Like­
wise, .9 Mach la 90% of the speed of sound. The purpose of this instru­
ment la to Indicate the aircraft's true airspeed in relation to the speed 
of soimd at altitude. The pointer on the machmeter, shown, is 
indicating .SZd Hach. This means the aircraft's speed is almost 
83% of the speed of sound. 

J 
Circle the letters that identify the correct answers below. 

1. The calibrated Mach number range of the Transonic Machmeter is 

a. 0 to 1.0 Mach. 

b. 0 to 1.5 Mach. 

c. .5 to 1.0 Mach. 

d. .5 to 1.5 Mach. 

2. The machmeter is designed to indicate the 

a. speed of sound up to 50,000*. 

b. speed of sound at all altitudes. 

c. airspeed of the aircraft in knots. 

d. aircraft's true airspeed in relation to the. speed of sound. 

Answers to Frame 2: 

1. c 2. c 

li5 
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Frame 4 

The sensing elements used by the machmeter are an airspeed 
diaphragm and an altitude diaphragm (aneroid). The airspeed diaphragm 
uses both pitot and static pressure. It measures the difference between 
these pressures. Therefore, the airspeed diaphragm measures differential 
pressure. For greater sevisltivity, stacked airspeed diaphragms and 
aneroids are used in the machmeters. 

Circle the letter(a) of the correct statement(s) below. 

1. The airspeed diaphragm 

a. uses pitot pressure only. 

b. measures differential pressure. 

c. uses pitot and static pressure. 

d. uses static pressure and measures absolute. 

Answers to Frame 3: 

1. d 2. d 

J) 
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Frame 5 

The aneroid use static pressure only and measure absolute pressure. 
The aneroid expands when the aircraft Increases altitude and contracts 
with a decrease In altitude. 

Circle the letter(s) of the correct statementCs) below. 

1. The purpose of the aneroid assembly Is to 

a. expand when altitude decreases. 

b. compensate for the speed of sound. 

c. expand when altitude Increases. 

d. correct for case temperature changes. 

2. The Jransonlc Machmeter 

a. uses pltot and static pressure and measures differential pressure. 

b. uses static pressure and measures absolute pressure. 

c. Indicates the speed of sound. 

d. Indicates the aircraft's true airspeed. 

Answers to Frame 4: 

1. b and c 
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Frame 6 

To explain operation of the machmeter we will use the illustration 
below. We will use only one diaphragm and one aneroid. When the speed 
of the aircraft Increases, the pltot pressure Inside the airspeed diaphragm 
Increases causing It to expand. The expansion of the diaphragm moves the 
mechanical linkage, Increasing the Mach number Indication. As altitude 
Is Increased, the aneroid expands, pushing the floating shaft to a new 
position. This movement changes the leverage ratio between the sector 
lever and the rocking shaft lever. This "speeds up" pointer movement. 
If the aircraft maintained the same airspeed and Increased Its altitude, 
the Mach nvnnber would increase. (See the illuatratlon below.) 

INCREASE MACH NUMICR 

SECTOR lEVER 

ROCKING SHAFT lEVER 

) 

ALTITUDE 
QIAPHRAGM (ANEROID) 

AIRSPEED 
DIAPHRAGM 

PITOT PRESSURE 

36,200' 662 K 1. 15 Mach 

Sea Level 1. 0 Mach 
662 K 

1216 
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1. Circle the letters that identify true statements. 

/ /?y 

a. An increase in altitude up to 36,000' causes a decrease in 
the speed of sound. 

b. An increase in pitot pressure causes a decrease in Hach number. 

c. As altitude is increased, the aneroids expand. 

d. If the aircraft maintained the same speed and decreased 
altittide, the Mach number should increase. 

e. An increase in aircraft speed causes pitot pressure to increase. 

Answers to Frame 5: 

1. c 2. a and b 

Answers to Frame 6: 

1. a, c, and e. 

APPRAISAL 
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Instrument/Flight Control Branch 
Chanute AFB, Illinois 

Section 1. BENCH CHECK VERTICAL T̂ELOCIT̂  INDICATOR 

OBJECTIVES 

Given a workbook, test equipment and trainer, perform an inspection 
and operational check of a pitot-static system with a minimum of 100% 
accurate workbook responses. 

Given a workbook, test equipment and trainer, troubleshoot a 
pitot-static system with a minimum of 75% accurate workbook responses. 

Given a workbook, test equipment and trainer, bench check components 
of a pitot-static system with a minimum of 80% accurate workbook responses. 

EQUIPMENT 

A-1 Mercurial Barometer 
Vertical Velocity Indicator 
Vacuum Chamber 
Timer 
Screwdriver 

Basis of Issue 
1/student 
1/student 
1/student 
1/student 
1/student 

INSTRUCTIONS 

The laboratory station instructor will supply you with the required 
equipment necessary to complete the workbook. The workbook is divided 
into four sections; at the end of each section the instructor will check 
your work. Follow each step carefully and conq)lete the workbook as 
required. Take your time and DO NOT RUSH. If you have difficulty on 
any of the steps, check with your instructor BEFORE attempting to 
complete the step. 

PROCEDURE 

Note: Ask your instructor for the required equipment. Perform 
the required bench checks on the vertical velocity indicator 
and record the results in the following tables. If you have 
difficulty on any of the following steps, check with your 
instructor-. 

v.-

Caution: Remove all jewelry. 

THIS SECTION OF THE WORKBOOK GIVES INFORMATION AND PROCEDURES 
FOR PREPARING THE A-1 MERCURIAL BAROMETER FOR BENCH CHECKING THE 
VERTICAL VELOCITY INDICATOR. 

Supersedes 3ABR32531-WB-30U, 9 January 1976; 3ABR32531-WB-301B, 
9 Deceiuber 1975; 3ABR32531-WB-301D, 23 January 1976; 3ABR32531-WB-301E, 
26 February 1975. 
OPR: 3360TTG 
DISTRIBUTION: X 

3360TTGTC-W - 200; TTVSR - 1 
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1. Leveling the A-1 mercurial barometer. 

a. The barometer has three leveling screws located on the 
barometer mount platform, two in front and one oh the rear of the platfom. 
There are also two bubble levels on the mount platform, one on the left 
side and one on the rear of tne platform. 

b. Use figure 1 and locate the le ''ng screws and the bubble 
levels on the barometer mount platform. 

2. Perform the following steps on the A-1 mercurial barometer: 

a. Locate the three leveling screws. 

b. Locate the two bubble levels. 

c. Level the A-1 mercurial barometa^. 

d. Is the bubble in the center of the levels? If so, proceed 
to the next step. 

-f?io 
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VERNIER AOJUSTIHG KNOB 

lEVEl 
SCREW 

lAROMETEk 
• A-,E R2167 

l-OHT SWITCH 

MOUNT PLATFORM 
lEVEl SCREW 
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3. Alt i tude sca le and a l t i t u d e index. 

a. The a l t i t u d e sca le i s read against the a l t i t u d e index. 
(Refer Co figures 2 and 3.) Al t i tude index reference mark i s located 
In l ine aiid to the l e f t of the bottom of the s igh t ing r i ng . 

b. The a l t i t u d e sca le i s graduated in : 

(1) 100 foot increments from -1 ,000 ' to +10,000 ' . 

(2) 500 foot Increments from +10,000' to +50,000 ' . 

(3) 1,000 foot increments from +50,000' to +80,000' . 

c. Use f igures 2 and 3 to loca te the a l t i t u d e scf.le and 
a l t i t u d e index marker on the A-1 mercury barometer. 

VERNIER CLAMP 
NUT 

VERNIER ADJUSTING 
ROD 

SIGHTING RING 

BAROMETER TUBE 

ALTITUDE INDEX 

ALTITUDE GRADUATIONS 
(SCALE) 
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VCINICR SlIOC 

VEKNIER 
ADJUSTING 1(00 

VEINIEK 
ClAMf NUT 

VERNItR SCAIE 

AITITUOE GRADUATIONS 

ISCAIEI 

ALTITUDE GRADUATIONS 

ISCAIE) 

•AROMETER TUIE 

SIGHTING RING SLIDE 

SIGHTING RING 

MENISCUS 

MERCURY COLUMN 

ALTITUDE INDEX 

Figure 3. 

Fill In the blank spaces of the following questions. 

I. The A-1 mercury barometer altitude range in feet is from 

'to 

2. Using figure 3, the altitude index is indicating approximately 

i%Z2 
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4. Vernier clamp nut and sighting ring. (Figure 2 or 3) 

a. The vernier clamp nut, if undamped, is used to move the 
sighting ring and the altitude index up and down to select various 
altitudes when you are performing a bench check on the vertical velocity 
indicator. 

b. The vernier adjusting knob (figure 1) is used for fine 
adjustment of the altitude index to the altitude graduations. 

Perform the following step on the A-1 mercury barometer. 

5. Use the vernier clamp nut and the vernier (fine) adjusting 
knob to select the following altitude ranges: 

a. 

b. 

c. 

d. 

2,000 ft. 

4,000 ft. 

18,000 ft. 

24,000 ft. 

6. Light assembly and light st̂ icch. 

a. The light assembly (figure 1} is used as an aid to align 
the sighting ring to the cop of the mercury meniscus. 

b. The light switch is located on the top of the barometer 
mount platform (reference figure 1), 

c. For proper alignment of the sighting ring to the top of 
the Mtrctiry •mlscua, study fitur« 4 carefully. 

INCORRECT SeniNG CORRECT SETTING \ 

MENISCUS 

MERCURY 
COLUMN 

SIGHTING 
RING 

NO LIGHT VISIBLE AT 
VERY CENTER 

ONLY 

SIGHTING 
. . RING 
tĵ f • LOW 

Figun* 4. 

' SIGHTING 
RING 
HIGH 

o 
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YOU AUE NOW READY TO BENCH CHECK THE VERTICAL VELOCITY IITOICATOR. 
PROCEED BY ACCOMPLISHING THE FOLLOWING STEPS. 

1. Zero Setting Check, Table 1. 

a. Purpose; Used to set the pointer to zero to correct for 
error due to stresses or wear. 

b. Turn the zero setting screw on the front of the indicator 
with the screwdriver. Note the maximum points reached by the pointer. 

c. Record the maximum readings of the pointer in table 1 as 
feet-per-minute and as satisfactory (S) or unsatisfactory (U), according 
to the tolerances given. 

d. Set the pointer back to zero, tapping the indicator to 
make sure all friction is removed. 

Note: To provide vibration (or tapping) for the indicators, roll 
the screwdriver handle on the instrument case or the vacuum chamber. 

Check 

Zero Setting 

Tolerance 

Minimum of 400 Feet Per 
Minute (fpm) 

Results 

Up: 

Down: 

S/U 

Table 1. Zero Setting Check. 

2". .Position Error Check, Table 2. 

*' Purpose; To determine if there is an excessive amount of 
play in the mechanical linkage. 

b. While looking at the face of the indicator, rotate the 
vertical velocity indicator clockwise 360 degrees, vibrate and read 
it at each 90 degree position. 

c. Record the indicator's readings at each of t.iese four 
positions in table 2. 

d. Record each result as feet~per-minute and as "S" or "U," 
according to the tolerances given. 

Check 

Position 
Error 

Tolerance 

± 50 fpm 

Results 

0' S/U 90" S/U 180" S/U 270° S/U 

Table 2. Position Error Check. 

•8 
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3. Lag Test, Table 3. / / ? ' 

a. Purpose: Checks the condition and calibration of the 

dlffuser valve. 

b. Open Che "vent" valva and close the "vac/press" valve 

on the vacuum pressure panel. 

c. Place the zeroed vertical velocity indicator in the 
vacuum chamber so the dial is easy to view through the window in 
the chamber's. door. 

d. Close and lock the chamber door. 

Note: To get a better seal, tighten the two wing nuts closest 

to the hinge first. 

e. Close the "vent".vaive"of~the"v.acuum pressure panel. 

Note: Before proceeding, apply power to the timer and familiarize 
yourself with Its operation. Carefully read steps f, g, h, and 1. 

f. Open the "air pressure" source valve on the back of the 

bench, about three turns. 

Call Instructor. 

Caution: When checking the pressure portion of this test, do not 
allow the mercury to rise past the top of the glass column. 

g. Open the vac/press valve on the control panel slowly and 
steadily until the vertical velocity indicator indicates 4,000 fpm dive. 

h. Quickly shut off the '"vac/press" valve and open the 
"vent" valve allowing the pressure to escape rapidly. 

(1) The pointer will pass zero and indicate between 
2,500 and 5,000 feet-per-minute climb. 

(Z) As the pointer begins to move toward zero, 
vibrate the vacuum chamber to remove friction from the indicator and time 
the pointer from 2,000 to 200 feet-per-minute using th« tlm«r. 

1. Record the time in seconds in table 3 in the blank 
after the word "pressure." 

Check 

Lag Test 

Tolerance 

7-12 Seconds 

Results 

Pressure: 

Vacuum: 

seconds 

seconds 

S/U 

Table 3. Lag Test. 
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\l^^ j. Indicate with an "S" or "U" whether the check is 
satisfactory or unsatisfactory according to the tolerance given. 

k. Shut off the "air pressure" valve on the back of 
the bench and turn on the "vacuum" valve on the back of the bench. 

1. Repeat steps 3g through 3.1 using vacuum and recording 
the results in seconds in table 3 In the blank after the word "vacuum." 

A. 

m. Close vent valve on vac/pres chamber. 

Scale Error Check. " 

Note: The A-1 Mercurial barometer and timer are used as master 
Indicators when checking the vertical velocity indicator to determine 
if scale error is present. Scale error is the difference between 
the indicated rate of the Indicator under test and the actual 
(true) rate determined from the master indicator. If the Indicated 
rate is greater than the actual rate, it is a plus error and if 
less than the actual rate, it is a minus error. Latar in the text 
you will use a formula to compute the error. To obtain actual 
(true) rate of change, check the time required for the mercury 
in the barometer to go from one altitude setting to another. 

a. Purpose; To check the scale accuracy of the indicator. 

Note: Read step Ab through step 4k before you start performing 
your checks; also vibrate the vacuum chamber to remove friction 
from the indicator Inside the chamber while performing the 
scale error check. 

b. Low^r the barometer's sighting ring to 2,000 feet 
on the barometer's altitude scale. 

c. Close the "vent" valve on the vacuum chamber. 

d. Using vacuum, slowly open the "vac/press" valve on the vacuum 
pressure panel and tap the chamber until the vertical velocity Indicator 
indicates 2,000 feet-per-mlnutn. 

(1) DO NOT shut the "vac/press" valve off when the indicator 
Indicates 2,000 feet per minute. Remember the Indicator is showing 
the rate at which the altitude is changing. If you shut the valva 
off, the pointer will return to,zero because altitude (pressure) 
is no longer changing. 

(2) It will take a little practice to learn how 
CO control the vacuum at a steady rate. 

e. The barometer's mercury column should be dropping 
at Che rate of 2,000 feet per minute. 

f. When the mercury reaches the bottom of the sighting 
ring, start timing it with the timer. 

g. Always check the vertical velocity indicator to make sure 
it Is still indicating 2,o6o feat-per-minute. 
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h. Slide the sighting ring duwn to 4,000 feet on the 

barometer's altitude scale. 

Altitude 
Interval 
In Feet 

2000-4000 

4000-2000 

2000-4000 

4000-2000 

2000-4000 

4000-2000 

2000-4000 

4000-2000 

15000-17000 

17000-15000 

28000-30000 

30000-28000 

28000-30000 

30000-28000 

Indicated 
(Indicator) 
Rate In FPM 

2000 Up 

. 2000 Dn 

3000 Up 

3000 Dn 

4000 Up 

4000 Dn 

5000 Up 

5000.Dn 

3000 Up 

3000 Dn 

2000 Up 

2000 Dn 

4000 Up 

4000 Dn 

Time 
In 

Seconds 

-

Actual Rate 1 
(True) 

In FPM 

Error 1 
In 
FPM 

S 

/ 

u 

Tolerance 
In 

FPM 

300 

300 

300 

300 

400 

400 

500 

500 

350 

350 

300 

300 

400 

400 

Table 4»^. Scale Error Check. 

i. Whan the mercury column again reaches the bottom 
of the sighting ring, stop the timer. Record the time it took 
the mercury column to move from 2,000 feet to 4,000 feet in the 
column labeled "Time in Seconds" in table 4. 

Note: When the mercury column reaches 4,000 feet altitude 
or bottom of the sighting ring and you have stopped your timer, 
do not close the vacuum source valve. Let the mercury continue 
downscale to approximately 4,800 feat before you close the 
source valve and stop the mercury column. Now you are ready 
to proceed to step J. 
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IJQ^ j. After the indicator under test stabilizes to "0" fpm, use 
the "vonL valve," of the vacuum pressure panel to slowly release the 
vacuum at Liu- rate of 2,000 feet-per-minute dive on the vertical velocity 
' Lndicator. ,s 

k. When the mercury column reaches the bottom of the 
sighting rinR. start the timer. . . . 

- Note: Reread sttsps 4b through 4k thoroughly, until procedure 
is completely utoclerstood. 
Caution: Never exce<!d 5,000 fpm climb or dive during this 

(1) Move the sighting ring back to 2,000' on the 
barometer's altitude scale and atop the timer when the mercury 
column reaches this 2,000' mark at the bottom of the sighting ring. 

(2) Record the time it took the mercury coltmm to 
move from 4,000' to 2,000' in the coltum labeled "Time in Second." 

Mote: The remaining checks in table 4 are performed in the 
same manner except that the indicated rate changes, so it 
will take less time for the mercury column to move from 
one al'Bltude test point to the other. 

5. Upon completion of the bench check, perform the following: 

Caution: Do not exceed a dive indication on the indicator 
of more than 5,000 fpm when lowering the mercury column 
back to field elevation. 

a. Lower the mercury column down from 28,000 feet to 
pressure altitude. 

b. Open the vacuum chamber door when tne mercury column 
has reached ambient pressure, remove the indicator and close the 
vacuum chamber door. Shut off vacuum source valve on the back of 
the bench, and open vent valve. 

c. Place cover on A-1 mercury barometer and put your 
equipment (screwdriver, timer and vertical velocity indicator) ai'̂ ay. 

d. Return to the reading room with your workbook and 
figure out the actual (true) rate of climb by using the following 
formula: 

Note: To determine the interval to be used in the formula, 
refer to Table 4, and use the extreme left hand column. 

Example: Altitude Interval In Feet; 2,000-<,,000. The 
difference between the two numbers is 2,000 foot interval. 

Actual Rate (True) - Altitude Interval (in feet) 60 
Time (in seconds) 1 

Example: The indicated rate is 2,000 feet per minute. To figure 
scale error, let's work this problem together. 

12 
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Altitude Interval - 2000 feet 

Time in Seconds « 55 seconds 

U9'> 

A . 1 D-^ . 2000 feet „ 60 120000 
Actual Rate « -rz X —r * — r r — 

55 seconds 1 55 

2182 feet per min. 

The scale error is minus 182 feet per minute, because the indicated 
rate was 2000 feet per minute which is 182 feet-per-minute less than 
the actual rate of 2,182 feet-per-minute. 

e. The error of the instrument is the difference between 
the actual rate (true) and the indicated rate. 

(1) Remember you are trying to determine how much 
scale error the indicator has. 

• 

(2) If the indicated rate Is more than the actual (true) 
rate, this is a plus (+) error. If the indicated rate is less than 
the true rate, this is a minus (-) error. 

f. Be sure to indicate with the error whether the result 
is satisfactory (S) or unsatisfactory (U) according to the tolerances 
given. 

g. After completing this workbook, have the lab instructor 
check vour work. 

< • • 
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Section 2. BENCH CHECK OF THE ALTIMETER 

THIS SECTION OF THE WORKBOOK COVERS INFORMATION AND PROCEDURES 
FOR PREPARING THE A-1 MERCURIAL BAROMETER FOR BENCH CHECKING THE 
ALTIMETER. 

EQUIPMENT 

A~l Mercurial Barometer 
Altimeter 
vertical Veloc:.ty Indicator 
Vacuum Chamber 
Screwdriver 
Training Film, AVA 550, Altimeter 
Setting Adjiistment 

Basis of Issue 
1/student 
1/student 
1/student 
1/student 
1/student 

1/student 

PROCEDURE 

Ask your instructor for the required equipment. Perform the 
bench check on the altimeter and record the results as appropriate. 
If you have diffictilty on any of the following steps, check with 
your instructor. 

Caution: Remove all jewelry. 

1. The first adjustment made on the A-1 mercurial barometer 
before it can be properly used is the leveling adjtistment. Remove 
the cover from the A-1 barometer, look at the base, and see if you 
can find two levels and three adjusting screws. (Refer to figure 1.) 
To level the A-1 barometer you must adjust the three screws until the 
bubbles in the two levels are centered. Check the barometer in front 
of you and level it if it is not level. 

1230 
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LEVEUNG SCREW 

LEVEL 

EVELIH6 SCREW 

LEVELi»<6 SCREW 

Figure 1. 

2. The second adjustment on the A-1 mercurial barometer is the 
temperature adjustment. To make this adjustment, read the centrigrade 
thermometer that is located on the right side of the barometer tube about 
midway down. The thermometer reads 'C. 

3. . Now that you know the temperature, set it in. Look-at the top 
of the barometer. There you will find a scale, the upper portion being 
the temperature scale. (Refer to figure 2.) The index mark above the 

-lerature scale can be adjusted to the correct temperature by rotating 
th- Knob on the upper left of the barometer. Turn ic now and adjust the 
ceaperatur* scale to the teaperatura recorded la step 2 abova. 

THERMOMETER 
ADJUSTING 
KNOB 

TEMPERATURE 
INDEX 

TEMPERATURE 
SCALE 



laoo 
4. The barometer is now correctly adjusted and ready to use. Tap 

the table to aid in adjusting the meniscus shape of the mercury in the 
tube. Unlock the vernier clamp nut and adjust the vernier slide assembly 
until the lower edge of the sighting ring is in line with the top of the 
mercury column. Use figure 3 as an aid for setting the sighting ring 
correctly. 

SCALE (MAIN) 

VERNIER SLIDE 

VERNIER _ « » 
CLAMP N U T H H ! I 

VERNIER SCALE 

SIGHTING RING 

MENISCUS 

MERCURY 
COLUMN 

Figure 3. 
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5. The left side of the scale on the A-1 mercurial barometer 
is calibrated in millimeters of mercury (mmHg). Notice on the pre­
ceding illustration, the millimeter scale is numbered every tenth line 
with the final zero removed, thus 630 nmHg would be shown as 63 on the 
scale. To take a reading from the barometer we use 0 on the vernier 
scale as an index mark and read the ' '.limeter scale against it. Read­
ing the indication on the illustration, the index mark is two increments 
above 630, and since each increment equals 1 mmHg, you can see the 
indication is 632 mmHg. Locate the first number on the vernier scale 
that io aligned to an index mark on the main ';cale, which in this case 
would be 4. The indication shown in th3 illustration is 632.4 moHg. 
Now read the A-1 barometer in front of you and record the indication 
in the space provided below. Note; If you don't understand hov; to 
read the millimeter scale, check with the instructor. 

Your A-1 barometer indication is mnHg. 

6. In paragraph 5 you recorded the reading of the A-1 mercurial 
barometer in nmHg. To jse this reading with the altimeter, you must 
convert the reading to pressure altitude in feet and local pressure in 
inches r>f mercury. A chart on the back of the bench Is used for these 
couverslons. Notice that the left side of the chart is labeled 
"Pressure Altitude Chart" and the right side Is "Millimeters - Inches 
Chart." For a practice exercise, let's assume that the barometer read 
690.0 mmHg. To convert this reading to pressure altitude, use the side 
of Che chart labeled "Pressure Altitude Chart." Start at the lower 
right side of the chart and move a pencil on your finger along the 
bottom of the scale until you locate 690 mmHg. Now move directly up 
to the top part of the scale from 690 mmHg and you will read a pressure 
altitude of 2650 feet. To convert 690 mmHg to inches of mercury, you 
must refer to the right side of the chart marked "Millimeters - Inches 
Chart," and again locate 690 mmHg on the bottom of the scale. Again 
move up to the top of the scale from 690 mmHg and you will read 27.17 
inches of Hg. 

For practice, use the chart to convert the following: 

1. 736.6 mmHg " inches Hg. 

2. 741.4 mnHg - _______ inches Hg. 

3. 741 mmHg • _________ feet pressure altitude. 

4. 724.6 mmHg •» feet pressure altitude. 

Note: Call the instructor, he will verify above readings. 

• > 
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ALTIMETER SETTING ADJUSTMENT 

1. Perform a visual inspection of the altimeter and complete 
checks a. through c. listed below. Enter an S (Satisfactory) or U 
(Unsatisfactory) in the space provided. 

a. Appearance of case, including chips and cracks 

b. Burred or loose screws » 

c. Scratched, discolored, or loose glass . 

Note: See film AVA 550, Altimeter Setting Adjustment. 

2. Perform the zero setting check. (Mechanical linkage check). 

a. Set the pointers of the altimeter at zero feet. 

b. Vibrate the altimeter to remove any friction and reset 
tha pointers to zero if necessary. 

c. Loosen the baro setscrew by turning it counterclockwise 
until the shoulder of the screw rises above the surface surrounding it. 
De careful so that you don't tarn the screw so far that it falls out. 

joa. 

J 
TOP VIEW 

SHOULDCA 
OF 

StOE VCW 

d. Rest the back of tha altimeter on the bench holding 
the altimeter in c la tright position, move the screw up and to the 
left to unlock the i- >x ̂  set knob. 

e. Pull out the baro set knob and set the barometric 
scale to 29.92" Hg. The altimeter pointers should still indicate 
zero feat. If the pointers read other than zero feet, go back to 
step a. 

f. Push the baro set knob in and lock the setscrew by 
sliding the screw back to its original position and turning it 
clockwise, lock the baro set knob in place. Tuim the baro set knob 
to see if both pointers and barometric scale move as they should. 
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g. Turn tho baro set knob until the barometer scale is 
Indicating 28.50" llg. Tap the indicator and enter the indication in 
Table 1. Compare the indications of the pointers to the tolerance 
listed and enter an (S) or (U) in the apace provided. Complete the 
remaining checks in Table I. 

Barometric 
Scale Setting 

28.50" Hg 

29.92" Hg 

30.90" Hg 

Correct Pointer 
Indication 

-1,3A0' 

0' 

+893' 

Tolerance 

±25' 

±25' 

±25' 

Instrument 
Reading in Ft. 

S or U 

Table I. Mechanical Linkage Check. 

3. Perform an altimeter setting adjustment. This ddjustme.it 
is made to insure the pointers will be synchronized with the baro­
metric disc. 

a. Record the mmHg that you read on the barometer in the 
space provided in Table II. (Paragraph 5 of section A on page 4). 

b. To prepare the altimeter for an altimeter setting, the 
following steps are necessary: 

(1) Local pressure must be changed to sea level 
pressure as the starting point. This is accomplished by adding .1" Hg 
to the barometric scale indication for every one hundred feet of field 
elevation. (This must be done any time a new altimeter is installed 
in ar aircraft and/or periodically checked.) 

(2) Chanute Air Force Base has a surveyed field 
elevation of 744' above sen level. Whan field elevation is between 
the hundred foot marks it should be increased to the next higher 
elevation which in this case would be 800 feet. This means we r^Ms^t 
add .. ' Hg to the barometric indication obtained from the barontdter 
after conversion, explained in n<«xt paragraph. 

(3) You should have the barometric reading obtained 
froii paragraph 5, page 4, recorded in the first block of Table II. 
The barometric reading must be converted to Pressure Altitude in the 
next block. Pressure Altitude must b« converted to " Hg which is 
Local Pressure in " Hg. Add .8" Hg to Local Pressure to obtain the 
iiltimater Setting. 

19 
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Barometer Reading 

Pressure Altitude 

mmHg 

Feet 

Local Pressure 

Altimeter Setting • 

"Hg 

"Hg 

Table II. 

c, 
for Chanute). 

Set in field elevation on your altimeter (744 feet 

d. Unlock the baro locking screw as you did in item 2c. 

a. Full out the baro set knob and set in the altimeter 
setting recorded in Table II. Cnly the barometric scale should move; 
if the pointers move, go back to step d. 

f. Push in the baro set knob and turn the locking screw 
clockt^isa, until tight, to lock the baro set knob in position. 

g. The altimeter is now set. For bench check purposes 
turn the baro set knob until the baro scale indicates 29.92 inches 
of marcury. The pointers must indicate the pressure altitude recorded 
in Table II. If the pointers don't, set in the pressure altitude 
recorded in Table II into the altimeter.,,^-!^ altimeter will now indi­
cate the same reading as the right hand scale of the A-l barometer. 

4. Perform the scale friction error bench check. 

a. Zero the vertical velocity indicator and place it and 
Che altimeter into the vacuim chamber. 

b. Close the vacuum chamber door and tighten the wing 
nuts finger tight. 

c. Open the vacuum valve located on the rear of the 
work bench. 

d. Remember that scale error is the difference between 
the test point and the indicator's after tap indication. Friction 
error is the difference between the before and after tap indications. 
In recording these errors, remember that scale error must always have 
a plus (+) or minus (-) sign with it and an (S) or (U) according to 
the tolerance at the test point. Friction error never has a sign but 
must have an (S) or (U) according to the tolerance. 
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Note: Read paragraphs d through h before beginning this test. 

e. Close the vent valve and begin Table III. Move the sighting ring 
of tlie barometer to each test point provided, then apply vacuum until you 
reach that test point. The barometer is the master instrument for this 
test. The first test point is 1,000 feet. Caution: Never exceed 3000 FPM 
on the vertical velocitv indicator when changing from one altitude check 
poiat Co the next altitude check point. 

Note: Close VAC/Press source valve at each taat point. 

f. Record the indication of :he altimeter in the space provided in 
Table III. 

g. Vibrate the altimeter and record the indication in the after 
tap column in Table m . 

h. Enter the scale error in the space provided in Table III. Match 
the scale error to its tolerance and place an (S) or (U) in the space provided, 

i. Enter the friction error in the space provided in Table III arid 
match the friction error to its tolerance and place an S or U in the space 
provided. 

j. Complete the remaining checks in Table III. 

INSTRUMI 
Test 
Point 

1,000' 

2,000' 

3,000' 

4,000' 

5,000' 

10,000' 

15,000' 

20,000' 

25,000' 

50,000' 

aiT INDICAT: 

Before Tap 

CONS TOLERANCE IN FEET R] 

After Tap 
Scale 
Error 

±35 

40 

45 

50 

55 

80 

105 

130 

155 

280 

Friction 
Error 

70 

70 

70 

70 

70 

80 

90 

100 

120 

250 

Scale 
Error 

ESULT OF CHECK 

S/U 
Friction 
Error S/U 

Table III, 

Note: Upon reaching 50,000', close the vacuum control valves on the 
back of the work bench a^d <̂n the test panel. 
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5. Hysteresis and after effects. (Check for metal fatigue and ability 
of the aneroida to contract to their original shape.) 

a. Maintain the 50,000' indication for no longer than 5 minutes. 

b. To prepare Table IV for these tests: Enter the "Instrument 
Indications After Tap Raading" from Table III at 25,000 feet into the 
space provided in Table IV. 

c. Vent off the vacuum until the barometer indicates 25,000 feet. 

Note: Do not exceed 3,000 feet per minute dive. 

d. Walt 5 minutes, vibrate the altimeter, and record the indication 
in the "Beading After Time Period" column of Table IV. 

e. Enter the difference between the two indications, and an (S) or 
(U) as applicable, in the spaces provided. 

f. Complete the 20,000 test point by following the same steps as used 
on the 25,000'feet test point. 

Test 
Point 

50,000' 

25,000' 

Welting 
Period 

Not Longer 
Than 5 

Minutes 

Tolerance 

IiiatzuiW«t| Beading 
Inilcatioos After 
After Tap 
Reading 

Time 
Period 

Results 
Satisfactory 

Or 
Unsatisfactoi 

5 
Minutes ±100' 

20,000' 
3 

Minutes iioo' 

Pressure 
Altitude 

2 
Minutes 50' 

Table IV. 

g. Vent off the remaining" vacuum until the mercury in the barometer 
stops moving upscale. The point at which the mercury stops will be the 
"Pressure Altitude." Go back to Table II and record the pressure altitude 
in the "Instrument Indications After Tap Reading" column. 

h. Open the vacuum chamber door and complete the after effects test 
at pressure altitude in Table IV by entering the indication of the altimeter 
into the space provided in Table IV and entering an "S" or "U." 
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i. Remove Che altimeter and vertical velocity indicator from t̂ a 
vacuum chamber and set them on the work hi,nch <, i^the normal positi'on. 

J. Close the chamber door and tighten the wing nuts finger tight. 

Frame 41 

6. The Position Error Check. 

a. Vibrate th« indicator and record the indication in Table V. 

b. Turn the altimeter 90° right and record the after tap indication 
in the space provided in Table V. 

Note: If the reading is greater than the normal position, it is a 
plus (+) error, if it is less, it is a minus (-) error. 

c. Enter an (S) or (U) for the tolerance in the space provided in 
Table V. Note: Indication should not exceed ±20' from normal indication. 

d. Complete the remainder of Table V. 

Positioni 

Normal 

90 Right 

180° 

270° 

Readings 
In Feet Tolerances 

Results of 
Check 

In Feet 

Saticfactory 
Or 

Unsaticfactory 

± 20' 

±20* 

±20' 

Table V. . 

7. The bench check of the altimeter is now complete. 

a. Cover the A-1 mercurial barometer. 

b. Check all pressure and vacuum valves and nake sure they are closed. 

c. Return the altimeter, vertical velocity indicator and screwdriver 

to the Instructor. 
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Section 3. BENCH CHECK OF THE MAXIMUM ALLOWABLE AIRSPEED INDICATOR 

EQUIPMENT 

Maximum Allowable Airspeed 
Indicator 

Mercury Manometer 
Water Manometer 
Vacuum Chamber 
Screwdriver 

Basis of Issue 

1/student 
1/student 
1/student 
1/student 
1/student 

PROCEDURE 

USING THE FOLLOWING PROCEDURE, PERFORM A BENCH CHECK ON THE IMAXIMUM 
ALLOWABLE AIRSPEED INDICATOR. 

Caution: Remove all jewelry. 

INDICATED AIRSPEED SECTION 

1. Preliminary set up of the test equipment. 

a. Compare your lab station to figure 1. Are the hoses and 
screw-on dust caps in the positions shown in figure 1? IF THEY ARE NOT, 
CALL YOUR INSTRUCTOR IMMEDIATELY! • 

5 DUST CAPS WATER MANOMETER 

MERCURY MANOMETER 

VACUUM CHAMBER AND VACUUM 
PRESSURE PANEL ASSEMBLY - • 

1240 
Figure 1. 
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b. Look at the water manometer located to the left of the 
vacuum chamber. Rotate the scale select knob (large knob, figure 2) 
until die scale labeled "using water read knots" is in view. The label 
will be found along the right hand edge of the scale, see figure 2. 

LABEL LOCATED HERE, 
JUST ABOVE 170 KNOTS 

WATER MANOMETtR 

SCALE SELECT KNOB 

Figure 2. 

» c 
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c. Look at the mercury manometer located to the right of the 

vacuum chambe'-. Rotate the scale select knob until the scale labeled 
"using mercury read knots" is in view. The label will be found along the 
riglit hand edge of the scale. 

d. Locate dust caps A and B in figure 3. Remove dust caps A 
and B and place them on the bench next to the vacuum chamber. 

CAP A 

Figure 3. 

1242 
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fk .. u'^' °^^" ^^^ vacuum chamber door approximately one inch. Open 
tne vent valve at least four turns counterclockwise. Close the "vac/press" 
source valve by rotating it to a fully clockwise position, see figure 4. 

VENT VALVE 
(C0UNTER-CUXKWI9E) 

VAC/PRESS 
SOURCE VALVE 
ICLDCKWISE) 

Figure 4. 

f. Open the pressure valve on the water manometer by tuiming 
the arm of the valve so chat it is straight up and down, see figure 5. 

MOVEMENT 

ARM OF THE 
PRESSURE VALVE 

Figure 5. 

27 
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K. The vacuum and the pressure source valves located at the 

back of Che workbench must be closed finger tight in a clockwise direction, 
see figure 6. 

CUOCKWISE 

0 

PRESSURE 

VACUUM 

Figure 6. 

h. At this point, the system is completely free of external or 
trapped pressures that would have affected the zeroing of the manometers. 

i. Zero the water and mercury manometers by rotating the zero 
adjustment screw until the zero line on scale is correctly aligned with the 
water meniscus. Refer to figure 7 - page 29. 

Note: The water manometer is zeroed when the low point of the 
water meniscus is aligned with the zero line on the manometer scale. 

The mercury manometer is zeroed when the high point of the mercurv 
meniscus is aliened with the zero line on the manometer scale. 

-1244 
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GLASS TUBE 

f^ENISCUS 

ZERO ADJUSTMENT SCREW 

Figure 7 . 
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j. Remove hose number 1 from the back of the vacuum chamber 

by unscrewing the hose adapter from the fitting on the back of the vacuum 
chamber. The hose adapter must be rotated counterclockwise to remove it, see 
figure 8a. 

(1) Remove the dust cap from the back of the indicator. 

(2) Secure hose number 1 to the fitting on the back of 
the inaicator. You must make sure that there is a rubber "0" ring gasket 
in place and in good condition before the connection is made, see figure 8b. 

(3) Place the indicator on top of the vacuum chamber. 

ROTATE hK>SE ADAPTER 
CCW TO REMOVE 

NEW POSITION FOR-
HOSE NUMBER ONE 

Figure 8a. Figure 8b. 

1246 
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k. Reiiiove hose number two from the upper fitting of the mercury 
manometer and secure it to the lower fitting, see figure 9. Be sure that 
the rubber "0" ring is in place and in good condition before making the 
connection-

FROM HERE 

HOSE NUMBER 2 

TO HERE 

Figure 9. 

i2^7 
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1. open the pressure source valve on the back of the workbench 

at lease 2 complete revolutions counterclockwise but not more than 4. 

m. Close the vent valve on the vacuum pressure panel. 

n. This completes the prfeliminary set up of the test equipment. 
Careful observation of the completed set up will show that as you apply 
pressure (simulated Pt increases) to the airspeed indicator, you are also 
applying pressure to the water manometer and the mercury manometer, see 
figure 10. 

SIMULATED Pt 

Figure 10. 

2. Determination of scale error and friction error, 

a. Since you have zeroed the manometers and selected the correct 
scales, the manometer may now serve as a master indicator for determining 
If the airspeed section of the indicator is in satisfactory condition. Since 
water Ls much lighter than mercury, the water manometer must be used with low 
pressures only. High pressures will cause the water to be pushed up and 
out the top of the glass tube making the manometer worthless as a master 
Indicator. The mercury manometer is used with high pressures. When high 
pressures are used, the water manometer must be isolated or eliminated from 
the system. IThen and how to isolate the water manometer will be discussed 
in the following steps. 
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b. Slowly open the vac/press source valve on the vacuum 
pressure panel and allow the v .cer to rise until the meniscus is aligned 
with the 60 knot increment on the scale of the water manometer. (Read 
through step c. before entering readings in table 1.) 

(1) Read the indicator. 

(2) Enter the reading in the column labeled "Before tapping", 
table 1. 

(3) Tap the indicator gently. 

(4) Read the indicator. 

(5) Enter the reading in the coition labeled "After 
tapping", table 1. 

READINGS TAKEN UPSCALE - WATER MANOMETER 

Test 
points 

60 

120 

180 

*260 

Before 
tapping 

After 
tapping 

Scale 
error 

Scale 
error 
tol. 

± 4.0 

± 2.0 

± 2,5 

± 3.0 

Sat or 
unsat 

Friction 
error 

Friction 
error 
tol. 

3.0 

3.0 

3.0 

3.0 

Sat or 
unsat 

*Read this test point from the mercury manometer. 

Table 1. 

c. If the water will not remain at the desired test point 
after you have closed the vac/press source valve, recheck your connections. 
If you cannot stop the water from dropping, open the vac/press source valve 
enough to maintain the desired test point. 

d. Repeat step "b" and step "c" for each of the remaining 
test points in table 1. Enter your results in the appropriate coiimm. 

e. Compute the scale error and the friction error for each 
test point in table 1. 

Note; (scale error) If the indicator's after tap reading is larger 
than the master indicator's test point (manometer reading), the scale 
error is plus or positive (+). If the indicator's after tap reading 
ia smaller than the master indicator's test point (manometer reading), 
the scale error is minus or negative (-). 
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Note: (friction error) Friction error is the difference between what 
the indicator was reading before you tapped it (before tapping) and 
what it reads after you tapped it (after tapping). 

Friction error never has a plus (+) or a minus (-) sign with it because you 
are not comparing the indicator's readings to the master indicator's (man­
ometer) readings. Friction error compares the before tap and the after 
tap readings. 

f. Compare the amount of scale error you recorded in the scale 
error column to the tolerance given for that test point. Record an "S" — 
a "U" for satisfactory or unsatisfactory. 

or 

g. Enter an "S" or a "U" for friction error by comparing it 
to the tolerance given for each test point. 

h. The water manometer must remain at 260 knots until the down-
scale check. Therefore, close the pressure valve on the water manometer. 
The arm of the valve should be parallel to the surface of the workbench. 

Caution: Be sure the water valve is shut off. If it is not, 
the water will be forced out of the top of the manometer. If this 
happens, the manometer has to be sent to the base shop for 
recalibration. " 

i. DID YOU TURN THE PRESSURE VALVE LOCATED ON THE WATER 
MANOMETER TO THE CLOSED POSITION (parallel to the surface of the workbench)? 

yes no 

If your answer is no, then turn the valve to the closed position now. 

j. Using the mercury manometer, continue upscale, stopping at 
each test point in table 2. Enter your results for each test point and 
compute the scale error and the friction error -just as you did in table 1, 

READINGS.TAKEN UPSCALE - MERCURY MANOMETER 

Test 
points 

340 

420 

500 

580 

650 

Before 
tapping 

After 
capping 

Scale 
error 

Scale 
error 
tol. 

± A.O 

± 5.0 

± 6.0 

± 6.0 

± 8.0 

Sac or 
unsat 

Friction 
error 

Friction 
error 
tol. 

3.0 

3.0 

3.0 

3.0 

3.0 

Sac or 
unsat 

Table 2. 
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k. Using the vent valve, located on the vacuum pressure panel, 
slowly release the pressure to allow the mercury to drop to each test point 
in table 3. Enter your results for each test point and compute the scale 
error and the friction error just as you did in tables 1 and 2. 

READI2«;S TAKEN DOWNSCALE - MERCimY MANOMETER 

Twt , 

580 

500 , 

420 

340 

260 

Before 
tapping 

After 
tapping 

Scale 
error 

Scale 
error 
tol. 

± 8.0 

± 6.0 

± 5.0 

± 4.0 

± 4.0 

Sat cr 
unsat 

• 

Friction 
error 

Friction 
error 
tol. 

3.0 

3.0 
3.0 

3.0 

3,Q 

Sat or. 
unsac 

Table 3. 

1. • Open the pressure valve o.i the watej manometer. 

m. Using the water manometer and the vent valve, continue 
downscale, stopping at each test point in table 4. Enter your results for 
each test point and compute the scale error and friction error just as 
you did in tables 1 thru 3. 

READINGS TAKEZt DOWNSCALE - WATER MANOMETER 

points 

180 

-.120 

60 

Before 
tapping 

After 
tapping 

Scale 
error-

Scale 
error 
tol. 

± 2.5 

± 2.0 

± 4.0 

Sat or 
unsat 

.-i. ..". 

Friction 
error 

- , ^ ' , • , , , , 

Friction 
error 
tol. 

3.0 

3.0 

. 3,Q 

Sat ot • 
unsat" 

Table 4. 

n. Using the vent valve, decrease the pressure to zero. 

0. Close the pressure source valve on the back of the workbench. 

p. Recheck your entries in tables 1 thru 4. 

(1) In the scale error column you must have a plus (+) or 
minus (-) sign, the correct numerical difference between the test point and 
the indicator's after tap reading, and an "S" or a "U" according to the 
tolerance given for each test -point. 

1 * 
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(2) In the friction error column you must have the correct 
numerical difference between the before tap reading and the after tap reading 
and an "S" or a "U" according to the tolersnce given for each test point. 
NEVER place a plus (+) or a minus {-) sign with friction error. 

(3) After completion of this test, close the water valve 
on the water manometer. 

MAXIMUM ALLOWABLE AIESPEED SECTION 

3. Determination of scale error and friction error. 

a. Go to an A-1 barometer and find the local pressure in milli­
meters of mercury. Since the marcury manometer is graduated in centimeters 
of mercury, it will be necessary to convert the barometer's mmHg reading 
to cmHg by moving the decimal point one (1) place to the left. 

(1) Example: 735.3 mmHg - 73.53 cmHg. 

(2) Ask your instructor for the critical mach number to be , 
used while performing the bench check. ENTER BOTH PIECES OF INFORMATION 
IN THE SPACES PROVIDED, ĉmHg. Critical mach number. 

b. Disconnect the hose from the airspeed indicator. Reconnect 
the hose to the vacuiua chamber. Check the "0" ring. 

c. Placa the indicator in front of you so you can see the mach 
number scale and the mach index marker. 

Note: The mach number scale and the mach index marker are for the 
use of the instrument man only. They are'hard to see and purposely 
painted black so the pilot will not confuse them with the indicator's 
airspeed scale and pointer. 

d. Remove the hex head Allen type dust cap from the rear of 
the indicator and turn adjustment screw found under the cap with a screw­
driver until the mach index marker ia aligned with the critical mach number 
(M crit) given to you by your Instructor. Replace cap after adjustment is 
made. 

e. Turn the maximum allowable airspeed pointer adjvistment on 
the front of the indicator's case fully counterclockwise to insure proper 
reading of the maximum allowable pointer. Do not overtorque the screw. 
Damage to the pointer linkage may result. 

f. At the bottom of each altitude scale (scales labeled "Read 
altitude in thousands of feet") you will find a section of the altitude 
scale marked off in centimeters of mercury. 

(1) Using the scale select knob, rotate the scales of the 
manometer until you find an altitude scale containing a centimeter section 
whose range includes the local pressure. If it does not appear on one 
scale, then rotate the scales until the next scale is in view. You will 
find that the scale you now have in view begins where the previous 
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scale left off. Figure 11 shows the correct position of the scale for a 
local pressure of 73.8 centimeters of mercury. Rotate the zero adjustment 
screw until the local pressure is in line with the mercury meniscus. 

73.8 cm HQ 

/ 

75 

77 

78 

ENLARGED VIEW 

Figure 11. 

g. Disconnect the hose from the lower (pressure) fitting on the 
mercury manometer and reconnect the hose to the top (vacuum) fitting on the 
manometer. Check the "0" ring. 

h. Place the indicator in the vacuum chamber so it can be easily 
viewed through one of the two windows in the vacuum chamber door. Close the 
door and tighten the wing nuts. Be sure that you tighten the two wing nuts 
that are next to the door's hinge first; then tighten the remaining two 
wing nuts. This will insure a tight seal between the door and the vacuum 
chamber. 
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1. Locate the M crit assigned to you in table 5. Directly below 
the M crit you have been assigned, you will find a list of maximum allowable 
pointer readings for specific altitudes. Copy the list of knots into the 
spaces in the column labeled "pointer position" of table 6. 

CRITICAL MACH NUMBER (M crit) 

.7 .8 .9 

Altitude 
(feet) 

Airspeed 
(knots) 

Airspeed 
(knots) 

Airspeed 
(knots) 

Airspeed 
(knots) 

0 
10,000 
20,000 
30,000 
40,000 
50,000 

397 463 530 
333 — 390 — 448 
275 323 373 
223 — 262 — — - 303 
177 209 242 
140 165 192 

595 
— 507 

423 
— 346 

277 
— 220 

All scale error tolerances are ±4.0 knots. 
All friction error tolerances are 3.0 knots. 

Table 5. 

Altitude 
(feet) 

10,000 

20,000 

30,000 

40,000 

50,000 

Pointer 
position 
(knots) 

Before 
tspping 

After 
tapping 

Scale 
error 

S/V friction 
•rror 

S/U 

All scale error tolerances are ±4.0 knots. 
All friction error tolerances are 3,0 knots. 

Table 6. 

IS CLOSED. 
j. CHECK TO BE SURE THAT THE WATER VALVE CM THE WATER MANOMETER 

k. Close the vent valve on the vacuum chamber. 

1. Open the vacuum source valve at the back of the workbench. 
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m. Open the vac/press source valve on the vacuum pressur panel 
/iiid Hlowly run tlie mercury up to each teat point in table 6. Complete the 
bcfori' Lap, after tap, acnie error, and friction error entries for table 6. 

n. After you have completed the 50,000 foot test point, DO NOT 
LOWER THE MERCURY but proceed to thi "Hysteresis test." 

4. Hysteresis tes.: (metal fatigue of the aneroid). 

a. Open the vent valve and slowly drop the mercury to the 
30,000 foot test point. Allow the mercury to remain at this test point 
for a period of five minutes. 

b. After the five minute waiting period, tap the vacuum 
chamber and record the reading in table 7 in the column labeled "Reading 
at end of time period." 

iMt 
point! 
(fMt) 

30,000 

10,000 

TiSM 
p«rlod 
(ola.) 

5 

I 

Upscale 
reading 
(knots) 

Kaadlng at end 
of tiae period 
(knota) 

Error a/u Toleeaaca 

1 2 knots 

t 2 knots 

Table 7. 

c. Take the after tap reading of the indicator at 30,000 feet 
from table 6 and enter this figure in the column labeled "Upscale reading" 
in table 7. 

d. The difference between these two figures is the hysteresis 
error or metal fatigue of the aneroid and should be recorded in the error 
column. 

e. Hysteresis error must be labeled as a plus (+) error if the 
reading after the time period is larger than the upscale reading and a minus 
(-) error if the reading after the time period is smaller than the upscale 
reading. 

f. An "S" for satisfactory and a "U" for unsatisfactory should 
also be placed in the S/U column according to the tolerances listed. 

g. Again open the vent valve and lower the mercury to 10,000 
feet. Allow the mercury to remain at this test point for a period of one 
minute. 

h. Determine and label the error just as you did for the 30,000 
foot test point. 



m'\ 

vacuum. 

loose. 

Lab station clean up. 

a. Using the vent valve, slowly vent off all of the remaining 

b. Open the vacuum chamber door and remove the indicator. 

c. Close the chamber door. Allow the wing nut bolts to hang 

d. Replace the dust cap on the back of the indicator. 

e. Replace all dust caps that were removed during the preliminary 
set up of the lab station. 

f. Refer to figure 1 of this workbook to review the hose and 
dust cap positions. Your lab station should now look like figure 1. 

station. 
g. Ask your instructor to check your work and secure your lab 

Work checked. 

Lab station secure 

Instructor's Signature 
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Section 4. OPERATIONAL INSPECTION AND TROUBLESHOOTING 
OF THE PITOT-STATIC SYSTEM 

EQUIPMENT 

MB-1 Tester 
Pitot-Static System Trainer 
Screwdriver 

Basis of Issue 
1/student 
1/student 
1/student 

PROCEDURE 

Perform the following checks, and fill in the blanks with the 
correct information. 

Caution: Remove all Jewelry and observe all ground safety rules. 

OPERATIONAL INSPECTION CHECKS 

1. MB-1 Fitot-*Static Tester Leak Check. 

Note: This check must always be performed before the tester 
is used. 

a. MB-1 pitot leak check. 

Caution: To prevent damage to the valve seats, never tighten 
the needle valves more than finger tight. 

(1) Make sure all needle valves are closed finger tight, 

(2) Pump the pressure tank to 50" Hg. 

(3) Place one end of the rubber hose supplied with 
tester on the pitot pressure hose connector and the other end over 
one end of the vacuum pump handle as a plug. 

Caution: Never remove the hose until all pressure is vented 
out of the hose. 
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(4) Slowly open the "pftot source" valve and run the 
master airspeed Lndicator upscale to 600 knots. 

(5) Close the valve finger tight when the indicator reaches 
600 knots. 

(6) Time the airspeed indicator for one minute and enter 

the amount of leakage in this blank. ______________________________ 

(7) The allowable leakage for the tester ia 2 knots per 
minute. Is this check satisfactory or unsatisfactory? Enter S or U 
in this blank. 

(8) Slowly open the pressure vent valve and release all 
pressure which allows the airspeed indicator to move down the scale 
toward zero. 

b. MB-1 static leak check. 

(1) Make sure all needle valves are closed finger tight. 

(2) Pump the vacuum tank up to 20" Hg. 

(3) Remove the rubber hose from the pitot side of the 
tester, and connect it in the same way to the static side. 

(4) Slowly open the "static source" valve and run the 
master airspeed indicator to 435 knots. 

(5) Close the static source valve when the master air­
speed indicator reaches 435 knots and time it for one minute. Enter 

the amount of leakage in this blank. . 

(6) The allowable leakage for the tester is four knots 
per minute. Is this check satisfactory or unsatisfactory? Enter an S 

or U in this blank. 

(7) Slowly open the vacuum vent valve and release the 
vacuum which allows the airspeed indicator to move down the scale 
toward zero. 

(8) Remove the vacuum hose. 

2. Pitot Static System (Trainer Indicators) Check. 

a. Check indicators for security of mounting (S or J) 

If U, explain 
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b. Check the condition of the cover glass (S or U) 

il U, explain , 

c. Check the indicators' slippage and range marks (S or U) 

. If U, explain 

3. 

tester. 

Pltot Static System (Trainer) Check, 

a. Airspeed check on trainer,. 

(1) Close all pltot valves finger tight on the MB-1 

(a) Open static valves. 

(2) Connect one end of the hose to the pltot pressure 
hose connection on the MB-1 tester, and the other end to the pltot tube 
rubber adapter. 

(3) Check the pressure gage. If it does not indicate 
50" Hg, pump it up until it indicates 50" Hg. 

Note: Call the instructor. 

(4) Slowly open the "pressure source" valve and run 

Che master airspeed indicator on the tester to 600 knots. 

(5) Close the "preseiure source" valve when the master 
airspeed indicator reaches 600 knots. 

Note: The trainer airspeed indicator should agree with the master 
airspeed indicator within 8 knots. 

(6) Tine the master airspeed indicator for one minute 

and enter the amount of leakage. . knots per min. 

(7) The allowable leakage for the trainer is 2 knots 
per minute, plus the leakage of the MB-1 taster as found in paragraph 

l.a.(6). la this check S or U? Enter S or U in this space. 

(8) Open the pressure vent valve and slowly release all 
pressure which will allow the airspeed indicator to move down the scale 
toward zero. 

b. Altitude (altimeter) check on trainer. 

(1) Close all static valves finger tight on the MB-1 
tester. 

tube adapter. 
(2) Remove the hose from the pltot system, and the pltot 
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(3) Connect the hose to the vacuum (static) pressure 

hose connection and the other end to the adapter for the static system. 

20" Hg. 
(4) Using the vacuum pump, evacuate the vacuum tank to 

Note: The above step (4) has to be repeated during the following 
check. To replenish the vacuum, close the "vacuum source" valve 
and evacuate the tank again to 20" Hg. 

Caution: DO NOT EXCEED 5,000 FEET-PER-MINUTE ON THE RATE OF 
CLIMB INDICATOR DURING THE FOLLOWING CHECK. 

(5-) Using the bare set knobs, set both the altimeters, 
one on the MB-1 tester and the one on the trainer, to 740'. (Elevation 
of Chanute AFB.) • 

Note: Call the instructor. 

(6) Slowly open the "vacuum source" valve and run the 
master altimeter up to 10,000' altitude and close the source valve. 

(7) The altimeter on the trainer should indicate within 
160' of the master altimeter on the trainer. Indicate if satisfactory by 
circling either yes or no. 

(8) Time the master altimeter for one minute and enter 

the amount of leakage in the space provided. feet par minute, 

minute. 
(9) The allowable leakage for the system is 100 feet per 

Indicate if satisfactory by circling either yes or no. 

(10) Lower the altimeters to 740 feet altitude by slowly 
opening the vacuum vent valve. Remember, do not exceed 5,000 PTM on 
the vertical velocity indicator. 

Note: Stop Here: Call the instructor. 

c. Troubleshooting. 

Now that you know how to perform an operational check on the pitot-
static system, the next step is troubleshooting the system and the 
instruments that make up the system. The operational check will be 
performed each time the system or the instruments are checked during 
a periodic inspection. Care and close attention must be given to each 
instrument in the system in ordsr to arrive at a meaningful conclusion 
and determination of a malfunction. 

We know that the system as we learned in 3ABR32531-PT-301 has pitot 
prdssure applied ot!?.y to the airspeed indicator and static pressure 
applied to all three indicators. Knowing this wil! make the analysis 
of a malfunction of the system or instrunant easier. 

First of all let's review some possibilities: A cracked instrument 
casa or loose cover glass will cause a leak in either the pitot system or 
static system. Stripped instrument or manifold fittings will cause 
leaks. Cracked or weathered instrument hoses can cause leaks, as well 
dB cracked rigid tubing. 
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Secondly, mechanical failures such as ruptured aneroids or diaphragms 
and broken or worn mechanical linkages will cause malfunctions. A 
special malfunction is brought out by a cracked or broken thermos con­
tainer in the vertical velocity indicator. The container in conjunction 
with the diffuser valve creates differential pressure to be measured and 
turned into pointer movement of the indicator. 

d. Completion of tests. 

(1) Release all pressure or vacuum remaining in the tanks. 
Open the vent valves and then slowly open the source valves. 

(2) Store all accessories in the tester and put the equip­
ment back in the cabinet. 

(3) Review the procedure for performing an operational 
inspection check on the pitot static system. If you know how to perform 
an operational inspection check, proceed to the next section. 

TMUBLESHOOTING THE PITOT-STATIC SYSTEM 

The last page of this workbook is a SAMPLE AFTO Form 781A, Maintenance 
Discrepancy and Work Document. This form will be used to record the 
malfunctions of the trainer. All entries will be made in pencil. 

Note: Have your instructor put in problem //I on your assigned 
trainer. 

Problem 1 

1. Complete a system operational check, 
before continuiijg.) 

(Read entire problem 

Apply pressure to the trainer and run the airspeed 
Indicator (Master) fi 450 knots. (Leave static pressure vent valve 
open.) Observe airspeed indicator for malfunction. Allow pressure to 
bleed off slowly. 

b. Apply static pressure to the trainer and run the altimeter 
(Master) to 2,500 feet. (DO NOT EXCEED 5,000 FPM ON THE VERTICAL VELOCITY 
INDICATOR.) Observe all three indicators for malfunction. 

2. Record the malfunctlon/s noted during the operational check 
on Che 781A in the tH DISCREPANCY block. State the operation of all 
three (3) flight instruments. 

3. Listed below are the ten (10) possible malfunctions. Select 
Che one that could cause problem //I and record this information in the 
CORRECTIVE ACTION block on the 781A. 

Note: Observe the operation of all three (3) flight instruments 
on the trainer (as in EXAMPLE). Watch pointers for no movement, 
indications of leaks, etc. Zero the vertical velocity indicator. 
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EXAMPLE 

SYM D A T E OISCO 

/ / 

woc> JCN TAG NO 

O I « C « E P A N C Y 

Pitot - Airspeed 

pAltimeter - inop 

Stntic - "S Airspeed - leaking 

"^Vertical Velocity - nonnal 

ON I O I S C O V E R 6 D BY 

C F T 0 7 B I A OATED 

- . 1 / / 
TflANBf IRRtO TO 
•rtlK OATK 

/ / 
TRANSFERRED BV 

COItRCCTIVE ACTION 

Stripped pi to t f i t t ing on the 

ver t ica l velocity indicator. 

C O « l t e C T E O BY 

DATE C O R R E C T E D 

/ / 
I N S P E C T E D BY 

Problem 2 

1. Repeat the procedure for an operational check as in problem /.'I. 

2. Select one of the ten (10) malfunctions that could cause 
problem iH and enter in the CORRECTIVE ACTION block on the 781A. 

Problem 3 

1. Repeat the procedure for an operational check as in problem //I. 

2. Select one of the ten (10) malfunctions that could cause 
problem //3 and anter in the CORRECTIVE ACTION block on the 781A. 

Problem 4 

1. Repeat the procedure for an operational check as in problem 'Jl. 

2. Select one of the ten (10) malfunctions that could cause 
problem H and enter in the CORRECTIVE ACTION block on the 781A. 

POSSIBLE MALFUNCTIONS 

Note: There may be more than one possible malfunction. Choose 
one of the correct malfunctions. 

1. Case leak of the altimeter indicator. 

2. Broken thermos container in the vertical velocity indicator. 

3. Stripped pitot fitting on the vertical velocity indicator. 

4. Case leak of thetner^ical velocity indicator. 'm^ 
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5. Ruptured diaphragm in the vertical velocity indicator. 

6. Stripped pitot fitting on the airspeed indicator. 

7. Clogged static openings on the pitot-static tube. 

8. Broken mechanical linkage In the altimeter indicator. 

9. Case leak in the airspeed Indicator. 

10. Clogged pitot opening of the pitot-static tube. 

^2S3 
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PACE Of KAoes 
0» r t r^OM 
OU/OU/?U|3U/JU/7U AlC Adams 

onoN 

33li5th 
ATION 

St'atlon 
M0» I C R t A L NO. 

Pltot-Stat ic Tra 
OATC O l l C O woe JCN TAG NO CF TO 7 8 1 A DATED 

P 
I / / T l IK OATl 

• I / / I / / 
THANartltlKO TO 
>t lK OATI 

T H A N i r f ^ R E D BV 

OISCUCPANCT 
#1 

COflRCCTIVC ACTION 

D A T E C O R R E C T E D 

AJ. 
OISCOVCREO BY CORRECTEO BY I N S ^ e c T E O BY 

S T M I O A T E O I S C O 

I I / / 
JCN TAG NO C F T 0 781A DATED 

P I I / / 
TRANirti l l l lD TO 
7(IK DAT2 

- / / i 
t-TRAN SFERREO 6V 

OI ' . rREPANCY 

#2 
CORRECTIVE ACTION 

i 9N D I S C O V E R E D BY 

STM i D A T E O l i C O •woe I JCN 

D A T E CORRCCTECl 

CORRECTED BY I N S P E C T E D BY 
yLZ. 

LAJL 
CF TO 781A DATED 

P . I / / J. L 

TNANirtKRtO TO jrrRANSrERRED BY 
7ttK OATS 

OISCREPANCV 

#3 
CORRCCTIVC ACTION 

I C N 
I. 

oiscove^EO BY 

itv , - ) » T e C ISCO] \ \ 3 c . 

• : / / 

JCf. TAG NO 

C O R R E C T E D BY 

CF TO 781 A O A T t O 

^ • I / / 

D A T t C O R R E C T E D 
/ 

/ / 
I N S P E C T E D BY 

TRANirtRNtO TO 
7«IK OATC 

- / / 

TRANSrSRRCO 0Y 

'SC*-? P A N C V 

#U CORRECTIVE ACTION 

I 

i2ei 
D A T E CORRE . 0 

/ / 
O l t C O V E R C O BY C O R R E C T E D BY 
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FOREWORD 

This programmed text was prepared for use in the 3ABR32531, Avionics 
Instrument Systems Specialist course, and the 3ABR32632B, Integrated 
Avionics Systems Specialist course. The text was validated with 20 
students in the subject courses. At least 90% of the students achieved 
the stated objective. The average time to complete the text was one 
hour and :5£ven minutes. 

OBJECTIVES 

After completing the programmed tex t and given a workbook and a 
TT(J-205C/E Pressure Temperature Test Set , each student w i l l perform a: 

1. Preoperat ional check of the TTU-205C/E, Pressure Temperature 
Test Set. 

L. Leak check of the TTU-205C/E, Pressure Temperature Test Set . 

Items 1 and 2 above w i l l be performed to a minimum accuracy of 
100% of workbook procedures. 

INSTRUCTIONS 

This programmed tex t presents information in small s teps cal led 
"frames." After reading the information in each frame, you are asked 
to s e l ec t an answer or make an entry that shows that you understand 
the information in that frame. Check the accuracy of your answers 
by looking af ter each succeeding frame. If you selected the correct 
response, proceed to the next frame, however, i f your answer was 
incor rec t , you should restudy that frame before moving on to the 
next frame. DO NOT HURRY. 

Supersedes 3ABR32531-PT-303, 17 March 1975, and3ABR32632B-PT-401A, 
23 September 1974. 
OPR: 3360 TTG 
DISTRIBUTION: X 

3360 TTGTC-W - 200; TTVSR 
'l:?S6 
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Frame 1 

In recent years the need for an accurate and versatile pneumatic 
test set became evident with modem aircraft and avionics equipment. 
The old MB-1 Field Tester works fine on pressure operated flight instru­
ments, but its range was limited and its accuracy questionable. For 
this reason, the TTU-205C/E Pressure-Temperature Test Set was built. 

The TTU-205C/E is used to provide f .ght line and/or depot level 
support of aircraft systems requiring pneumatic inputs. 

The purpose of the TTU-205C/E is to supply accurate inputs of 
pitot (Pj.) and static (P ) pressures and temperatures. Provision 
is also made for stimulating the total temperature probe input to an 
air data computer system. 

Circle the ntunber of the most correct statement that completes 
the statement below. 

The purpose of the TTU-205C/E Pressure-Temperature Test Set is to 
supply accurate inputs of: 

1. pitot pressure only. 

2. pitot and static pressures only. 

3. pitot and static pressures and temperature to using 
equipment. 

4. pitot and dynamic pressures and temperature to using 
equipment. 

I2ey 
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Frame 2 

The TTU-205C/E Test Set produces stable static pressures simulating 
altitudes from -1,500 feet to •f80,000 feet. The test set also produces 
stable pitot pressures simulating airspeeds from 50 knots to 1,000 knots, 
with a total temperature simulated output of -99°C through +430°C. 

The power requirements are 115 VAC, 400-Hz single-phase (0). 

Circle the letters of the responses that correctly complete the 
statements below. 

1. The static pressure range of the TTU-205C/E Test Set is: 

a. 0' to +80,000 feet. 

b. -1,500 to +80,000 feet. 

c. -1,500 to +120,000 feet. 

d. -1,000 to +80,000 feet. 

2. The pitot pressure range of the TrU-205C/E Test Set is: 

a. 50 to 650 knots. 

b. 50 to 750 knots. 

c. 50 to 850 knots. 

d. 50 to 1,000 knots. 

3. The TTU-205C/E has a total temperature output with a range of: 

a. -50°C to +375°C. 

b. -99"'C to +430''C. 

c. -50°C to +350°C. 

d. -70°C to +385''C. 

4. The power requirement for the TxU-205C/E is: 

a. 28 VDC. 

b. 115 VAC, 400Hz, 30 

c. 115 VAC, 60Hz, 10 

d. 115 VAC, 400Hz, 10 

Answers to Frame 1: 3 
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Frame 3 

Figure 1. 

All controls and indicators are located on a single panel as 
shown in figure 1. The test set will be covered in sections. The 
altitude or Ps section, as shown in the clear (not covered with 
dotted lines), will be discussed first. The more important controls 
and indicators are numbered in figure 1. 

Number 1. Ps VENT VALVE - Used to bleed off Ps pressure, 
during shutdown after comp] .,aion of checks. Normally closed (fully 
clockwise). 

Number 2. Ps COUPLING - Ps output of the test set. Thu 
coupling is color coded. The coupling allows for a snap-on connec­
tion of the Ps hose. 

Number 3. ALTITUDE COUNTER - Indicates Ps pressure being 
applied, in feet of altitude above or below sea level. 

Number 4. ALT RATE X 1000 FEET/MIN CONTROL - Used to select 
the rate of changing Ps pressure in thousands of feet-per-minute. 

i2G9 



Frame 3 (Continued) 

Number 5. Ps LEAK TEST SWITCH - Used for leak checking the 
static system. When actuated, it traps existing Ps pressure in 
the system under test. 

Number 6. ALTITUDE X 1000 FEET CONTROL - Used to set in the 
amount of altitude (Ps) desired for the test. Provides a coarse 
control of Ps pressure. 

Number 7. TRIM CONTROL KNOB - Provides for fine adjustment 
of altitvide (Ps pressure). 

Match the numbers of the components of the TTU-205C/E by 
placing the letter of the purpose/definition in the space provided 
with the correct component. 

1. 

_2. 

3. 

_4. 

_5. 

6. 

COMPONENT 

Ps Vent Valve 

Ps Coupling 

Altitude Counter 

Alt Rate X 1000 Ft/Min 

Ps Leak Test Switch 

Altitude X 1000 Ft Control 

PURPOSE/DEFINITION 

a. Used to set in the amount 
of altitude (Ps) desired for 
the test. Provides a coarse 
control of Ps pressure. 

b. Provides for fine adjustment 
of Ps pressure. 

c. Indicates Ps pressure being 
applied, in feet of altitude, 
above or below sea level. 

7. Trim Control Knob d. Used to bleed off Ps pressure. 

e. Used to select the rate of 
changing Ps pressure. 

f. Used for leak checking the 
static system. 

g. Allows for .snap-on connection 
of the Ps hose. 

Answers to Frame 2: 1. b 3. b A. d 
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Frame 4 

Figure 2. 

In the Pĵ  section of the TTU-205C/E most of the components are 
similar to the Ps section. In figure 2, the most important com­
ponents are shown, (1 through 8). These components are listed below 
with their purpose/definition. 

Number 1. MACH LIMIT CONTROL - Used to safeguard against over-
pressurizing the system under test. This control provides an adjust­
ment for setting in the maximum mach you want the tester not to 
exceed. The range is 0.8m to 3.0m. 

Number 2. P^ VENT VALVE - Used to bleed off Ft pressure after 
completion 0£ test. Normally closed. 

Number 3. P^ COUPLING - This is the Pt output. Supplies total 
pressure to the system being tested. 

Number 4. AIRSPEED KNOTS COUNTER - Indicates the amount of total 
pressure (Pf) applied in knots of airspeed. 

Mumber 5. AIRSPEED RATE KNOTS/MIN - (Airspeed Race Knots Control) 
Used CO control che race of P̂. applied to a system. 
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Frame 4 (Continued) 

Number 6. ?j. LEAK TEST SWITCH - Used for leak checking the 
pitot system. «̂Ihen actuated, it closes the Pj. isolation valve, 
trapping existing Pj. pressure in the system under test. 

Number 7. AIRSPEED TRIM CONTROL - Used for fine adjustment of P^ 
pressure (Airspeed Knots). 

Number 8. AIRSPEED KNOTS CONTROL - Provides coarse control of 
Pj- pressure. 

Match the numbers of the components of the TTU-2G5C/E to the 
correct purpose or definition by placing the lett?er of the purpose/ 
definition in the space provided with the correct components. 

1. 

_2. 

3. 

_5. 

_6. 

_7. 

8. 

COMPONENT 

Mach Limit Control 

Pt Vent Valve 

Pt Coupling 

Airspeed Knots Counter 

Airspeed Rate Knots 

P Leak Test Switch 

Trim Control 

Airspeed Knots Control 

a. 

PURPOSE/DEFINITION 

Provides coarse contro l of 
Pt pressure . 

b . Used to control the r a t e of 
P applied to a system. 

c. This i s the P^ output . 
Supplies t o t a l pressure to 
the system being checked. 

d. Used to l imi t mach output . 

e . Used for fine adjustment of 
Pĵ  pressure . 

f. Indicates the amount of P^ 
applied in knots of a i rspeed. 

g. Used to leak check the P̂ . 
system. 

h. Used to bleed off Pj. pressure 
a f te r completion of t e s t . 

Answers to Frame 3 : 

d 1. g 2. c 3. e 4. f 5. a 6. b 7. 
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Frame 5 

Figure 3. 

In figure 3, the last of the components that you will use are 
shown. Most of these components are dealing with power or operating 
limit controls. 

These components are listed below with their purpose or definition. 

Number 1. POWER INPUT - Power connector for 115 VAC, 400-Hz 
1-0. 

Number 2. AIRSPEED LOW LIMIT WARNING LAMP - Indicates Pt pres­
sure Is below the 50 knots low limit. 

Number 3. ALTITUDE LOW LIMIT WARNING LAMP - Indicates Ps 
pressure Is below the -1500 feet low limit. 

Number 4. ALTITUDE HIGH LIMIT WARNING LAMP - Indicates Ps pres­
sure Is above the +80,000 feet high limit. 

Number 5. TEMPERATURE SIMULATOR CONTROL - Provides a simulated 
Input of total temperature. It has a' range of -99''C to +430'C. 

Number 6. POWER OFF/ON SWITCH - Switches power "ON" on the test 
set. 
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Freme 5 (Continued) 

Number 7. NORMAL LAMP - Indicates that power is applied to the 
pump. 

Number 8. CONTROL LAMP - Indicates that power is applied to the 
internal c'.rcults. 

Match the number of the component of Che 'rTU-205C/£ by placing 
the letter of the purpose/definition in the space provided vith 
the correct component. 

1. 

_2. 

3. 

5. 

6. 

7. 

8. 

COMPONENT 

Power Input a. 

Airspeed Low Limit Lamp 

PURPOSE/fo^FINITION 

Provides a simulated input of 
total temperature range -99"'C 
to +430''C. 

Altitude Low Limit Lamp b. Indicates Fs pressure below 
the -1500 ft low limit. 

4. Altitude High Limit Lamp 

Temp Simulator Control 

Power Off/On Switch 

Normal Lamp 

Control Lamp 

c. Indicates power applied to 
internal circuits. 

d. Indicates Ps pressure is 
above the +80,000 feet high 
limit. 

e. Indicates power applied to 
the pump. 

f. Indicates Pt pressure is belov 
the 50 knots low limit. 

g. Switches power to the test 
set. 

h. Power connector for 115 VAC, 
400Hz, 10. • 

Answers to Frame 4: 

d 1. h 2. 

a 8. 

3. f 4. b 5. g 6. e 7. 
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Frame 6 

Now that you have an understanding of the control panel's com­
ponents and controls, you will go to the lab and perform a leak check 
on the TTU-205C/E test set. The procedures for this check will be 
outlined in the workbook provided, which you must follow exactly. 
After completion of the leak check, follow the shutdown procedures out­
lined in the workbook. 

NO RESPONSE REQUIRED 

Answers to Frame 5: 

h 1. f 2. b 3. d 4. a 5. - g _ 6 . e 7. c 8. 

APPRAISAL 

11 
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/avr FOREWORD 

This programmed text was designed for use in the 3ABR32531, Avionics 
Instrument Systems Specialist course and the 3ABR32632B, Integrated 
Avionic Systems Specialist course. The text was validated with 31 students 
±R the subject courses. At least 90% of the students achieved the stated 
objectives. The average time to complete the text was two hours and fifty-
three minute %, 

OBJECTIVES 

1. Without references, identify facts pertaining to the purpose, 
operation and/or characteristics of automatic altitude reporting systems 
with a minimum accuracy of 75%. 

2. Without references, identify facts pertaining to troubleshooting 
an automatic altitude reporting system with a minimum accuracy of 75%. 

INSTRUCTIONS 

This programmed text presents information in small steps called fraises. 
After reading the information in each frame, you are asked to select an 
answer or make an entry that shows that you understand the information in 
that frame. Upon completion of this programmed text you will be required 
to take an appraisal which is designed to test your knowledge of the 
information in this text. If you do not understand any part of this 
programmed text check with your instructor before proceeding on to the 
next frame. TAKE YOUR TIME, DO NOT RUSH. 

Supersedes 3ABR32531-PT-302A, 3ABR32632B-PT-402A, 26 October 1977, 
OPR: 3360 TCHTG 
DISTRIBUTICJ: X 

3360TCHTG/TTGU-F - 200; TTVSA - 1 
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AUTOMATIC ALTITUDE REPORTING SYSTEMS (AIMS) 
im 

C Frame 1 

In the past 25 years, air traffic has increased at an alarming rate. 
This has created problems in keeping aircraft at separate altitudes to 
avoid mid-air collisions and also in keeping aircraft at safe altitudes 
above the terrain. The AIMS system was developed for all aircraft so 
that better control could be maintained over today's heavy air traffic. 

AIMS is derived from: 

€ 

A - Air Traffic Control Radar Beacon System 

I - Identification Friend or Foe (IFF) 
(Radio - Receiver-Transmitter set called a transponder 
in this text) 

M - Mark 12 System 

S - System 

Automatic altitude reporting equipment is used in the Air Traffic 
Control section of AIMS. 

IFF was used during time of war for identifying and locating enemy 
aircraft. (Now used by Air Traffic Control for locating and identifying 
aircraft.) The Mark 12 system (another radio set - Receiver-Transmitter 
is used to identify aircraft in peace time). 

The AIMS system uses the following components: 

AAU-19/A Servoed Altimeter. (Mechanisms include the normal aneroids 
connected to the counter-pointer-drum display and contains one part of a 
servoloop system for the reception of signals from a computer.) 

AAU-21/A altimeter-encoder combines a conventional pneumatic (pressure 
operated) altimeter and an altitude reporting encoder in one self-contained 
unit. 

CPU-A6/A or CPU-66/A Computer, (Contains its own aneroid system where 
signals are developed for transmission to the AAU-19/A altimeter and to the 
IFF transponder.) 

Nc Response Required 
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Frame 2 

The process involved in the transmission and reception of the altitude 
signal are as follows; 

1. An interrogation pulse is transmitted from the ground unit. 

2. This triggers the aircraft transponder causing a pulse reply to be 
transmitted. 

3. The transponder transmission is received by the groi-.nd receiver, 
computer processed and.then displayed to the controller on tha radar screen, 
as aircraft identification, assigned altitude, track number and beacon code. 

4. The altitude reply is provided in 100' increments'by the encoder 
(computer) signal only when interrogated. 

INTtUOCATION 

(WHAT IS YOU« AITIIUOE'I 

RADAR SET DATA DISPLAY CODE 

UA4678 
60^ 065 

AIKCKAFT IDfNTlTY 

(ErOKTED ALTITUDE 

ASSIGNED AITITUOE 

Figure 1 Figure 2 

Circle the letter that identifies the correct answer. 

What does the automatic altitude reporting system provide? 

a. Continuous altitude in 100' increments to the ground station. 

b. Altitude in 100' increments to the standby altimeter. 

c. Automatic altitude transmission to the ground station only when 

interrogated. ^ l2*^f^ 



L 
Frame 3 

IZ^% 

The function of the automatic altitude reporting system is to supply 
outputs of pressure altitude (Hp). These outputs are supplied digitally 
to the transponder and electrically through synchros to the altimeters. 
The purpose of the automatic altitude reporting sys tem is to provide 
altitude information to the altimeters and to. transmit altitude to the 
ground station when interrogated. The AIMS altimetry system accuracy 
limitations impose the problem of having to eliminate, correct or compensate 
for almost all errors in the aircraft pitot-static system. Errors produced 
in measurement and transmission of true pressure altitude can be divided 
into three groups: (1) static pressure error, (2) errors in pressure 
transmission and (3) instrument errors. To achieve the greatest accuracy, 
each tjrpe of aircraft must be treated separately as a function of its 
pressure system and design characteristics. To meet the accuracy require­
ments of AIMS, three different automatic altitude reporting systems are 
use: (I) slow, low flying aircraft, (II) medium speed (subsonic) aircraft 
and (III) high performance (supersonic) aircraft. Reference figure 3 
below. 

c 

———--~———— 

lUmge 

Tolerance 

Static Pressure 
Correction 

Outputs 

TYPE I 
AAU/21A 

Altimeter-Encoder 

-xOOO t o +38,000 f t 

±30ft .+ .2% 
of altitude 

None 

Digital Encoder 

TYPE II 
CPU-66/A 
Computer * 

-1000 to +50,000 ft. 

±25 ft. or ±0.25% 
of altitude 

0.2 to 0.95 Mach 
at all altitudes 

Digital Encoder 
Altitude Synchro (2) 

TYPE III 
CPU-46/A 
Computer * 

-1000 to +80,000 ft. 

±20 ft. or ± .2% 
of altitude 

0.2 to 2.5 Mach 
at all altitudes 

Digital Encoder 
Altitu-̂ e Synchro (2) 

c 

Figure 3. 

*CPU-66/A and CPU-46/A computers are used with the AAU-191A 
servoed altimeter only. 

Circle the letter (s) for the correct answer(s). 

What are the different automatic altitude reporting systems to meet the 
accuracy requirements of AIMS? 

a. High performance (supersonic) aircraft. 

b. Medium speed (subsonic) aircraft. 

c. Slow, low flying aircraft. 

Answer to Frame 2: c 
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Frame 4 

OPERATION OF COMPONENTS 
OF AIMS SYSTEMS 

The CPU-46/A Altitude Computer is designed for use in high-performance 
supersonic aircraft. The computer has operational limits of -1,000 to 
+80,000 feet altitude and 0 to 2.5 mach. It consists of aneroids in two 
capsules, a computing system, an electronics package, and output devices. 
The unit operates from the aircraft's pitot-static system and from 115 VAC 
400 Hertz power source. The computer provides two outputs of corrected 
pressure altitude information; a servoed (analog) signal for positioning 
the remote servoed altimeters (AAU-19/A) and an encoded alticude signal 
to the aircraft's transponder for altitude reporting. The output of the 
encoder agrees with the output of the servo to within +20 feet, 
figure 4, page 7. 

Circle the letter(s) that identify the correct answer(s). 

The operational ranges of the? CPU-46/A computer are 

a. 0 to +80,000' altitude and 0 to 2.0 Mach. 

b. 0 to 2.5 Mach and -1,000 to +80,000' altitude. 

c. -1,000 to +80,000' altitude and 0 to 1.5 Mach. 

d. 0 to 3.0 Mach and -1,000 to +80,000' altitude. 

Reference 

Answers to Frame 3: a. b. c. 1281 
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If"""*̂  

GPU4i6 /A 

-^ ALTITUDE '̂ OMPOTER 

ENCODES 

UU-l^/A 

FORWARD COCKPIT 

COUNTER DRUM POINTER 

SERVOH) ALTIMETER 

AAU-19/A 

REAR COCKPIT 

COUNTER DRUM POINTER 

SERVOED ALTIMETER 

F i g u r e A 
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Frame 5 

The inputs to the computer are indicated static pressure (PSI), total 
pressure (Pt) and the known errors of the static pressure system. Mechanical 
(analog) computations are performed using this input information. Pressure 
altitude (Hp) is computed and provided as an output signal. Two servoloops 
in the computer provide the power for the mechanical computations. Data on 
static system error is obtained from flight test data. Each type of aircraft 
is flight tested to obtain data on the aircraft's errors. In this way, the 
same type of computer can be used for many types of aircraft by a simple 
exchange of an error correction cam inside of the computer. 

Circle the letter(s) that identify the correct answer(s). 

The input(s) to the CPU-46/A altitude computer are: 

a. Static pressure system errors. 

b. Indicated static pressure (PSI). 

c. Total pressure (Pt). 

Answer to Frame 4: b. 1-^34 
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Frame 6 

c The total pressure servoloop consists of two aneroids in a capsule, a ' 
servo amplifier, a servo motor and a rate generator. The two symmetrically 
mounted aneroids operate from the aircraft total pressure (Pt) source. The 
aneroids rotate a rocking shaft to position the microsyn rotor. An adjustable 
stack of thin metal plates act as a calibration cam and allow adjustments to 
be made in the aneroid capsule. The output of the microsyn is fed to the 
servo amplifier which drives the servo motor and rate generator. The feed­
back signal of the rate generator is coupled to the servo amplifier to provide 
damping. The servo motor moves the lead screw to null out the microsyn by 
realigning the rotor. 

lOG Pf TO COMPUTER 

MICROSYN 

-ifc^ 

—7^ 
n 

CAPSULE ROTOR 

SERVO 
MOTOR 

CALItRATION CAM 

lEAO SCREW H " k - i ^ — - i 
lOG PI 

€ Circle the letter(s) of the correct answer(s). 

The total pressure sensor of the CPU-46/A computer 

a. receives inputs of both pitot and static pressures. 

b. consists of two aneroids in a capsule. 

c. uses static pressure and measures absolute pressure. 

d. receives an input of Pt from the aircraft's pitot-static system. 

Answers to Frame 5: a. b. c. 

€ 
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Frame 7 

The static pressure servoloop consists of a static pressure capsule, 
a computing mechanism, a servo amplifier, a servo motor and a rate generator. 
The static pressure sensor is the same as the total pressure sensor except 
that the aneroids are constructed for a different pressure range. Indicated 
static pressure (PSI) is the input to the static sensor. Any variations 
of PSI rotate the rotor of the microsyn. This causes an error signal to be 
applied to the servo amplifier. The output of the amplifier causes the 
servo motor to drive the computing mechanism. The computing mechanism (pg 11) 
corrects the static pressure and the output then drives the lead screw 
which repositions the rotor of the microsyn to null the error signal. 

MIC»0SYN 

CArSUlE 

CAllKATtON CAM 

lOO rti 

Circle the letter(s) of the correct answer(s). 

The static pressure servoloop consists of a 

a. static pressure sensor. 

b. servoamp and microsyn. 

c. servomotor and rate generator. 

d. all of the above. 

Answers to Frame 6: b. d. 12S6 
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c 
Frame 8 

The Pt and PSI servoloops and the mechanical (analog) computing section 
are combined as shown. Pt and PSI are the inputs. Pressure altitude (Hp), 
in digital and analog (synchro) form, is the output. Cam number two is an 
internal input since static pressure corrections are introduced here. The 
input PSI is corrected to Log PSI in the static sensor. Any input pressure 
change causes an error signal from the microsyn rotor to be applied to the 
servo amplifier. The output of the amplifier drives the servomotor vrtiich 
turns the Hp shaft and rate generator. Differential number one and cam 
number one convert Hp to Log Ps and applies it to differentials number one, 
two and three. Differential number three combines Log Ps and Log Pt. The 
output is Log Pt/Ps and is the input to cam numbei two which in turn trans­
mits its output of Log PSI/Ps to differential number 2. The Log PSi/Ps 
input and the Log Ps input from differential number one are combined to 
form output Log PSI. Log PSI closes the servoloop through the calibration 
cam by aligning the rotor of the microsyn to null the error signal. With 
this computer, a corrected altitude signal (Hp) is applied to the altimeters 
and transponder. 

MICROSYN 

J:k. 
EL> CAPSULE - . - , . . [ ROTOR I ^ A M O (MOTOR) 

LOG Pii/P« 

LOG f t / F i ^ J-QE^ 
OICITAl 

Hp 

LOG Pt 

c 
CAIIIRATION CAM 

No Response Required 

Answer to Frame 7: d. 11 
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Frame 9 

A failure detection circuit is provided in the computer. This circuit 
senses power failures and excessive error voltages in either servoloop. A 
three-second time delay feature eliminates "nuisance" switching which might 
be caused by turbulent air or momentary power surges. The failure circuit 
opens relay contacts to the encoder coimnon lead to prevent an incorrect 
encoder output. The relay contacts, when opened, also interrupts power to 
the two servoed altimeters causing them to revert to "standby" mode. When 
the relay deenergizes, power is provided to the warning lights which warn 
that AIMS is in the STBY mode. 

Circle the letter(s) that identify the correct answerCs). 

The purpose of the failure detection circuit in the CPU-46/A computer is to 

' a. prevent incorrect altitude information being transmitted to the 
ground station. 

b. prevent damage to the CPU-46/A computer. 

c. to warn the aircraft crew that the AIMS system is in STBY mode of 
operation. 

d. sense power failure and excessive error voltage. 

i2^B 
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Frame 10 l^s^ 

c AAU-19/A Servoed Altimeters are instruments which, when coupled with an 
altitude computer, provide a system designed to meet the requirements for all 
aircraft and for Air Traffic Control Radar Beacon Systems. These units also 
provide for automatic standby operation in the event of failure or loss of 
electrical power. 

In the primary mode of operation, the indicator accepts an input synchro 
signal of true pressure altitude from an altitude computer. A servo mechanism 
positions the dial display and control transformer to the corresponding 
altitijde of the input signal. If the indicated altitude and synchro inputs 
are not the same, the servo will drive the pointers to the true position and 
override the aneroid system. However, if the difference between the servo 
and aneroids is greater than + 4500 feet, the altimeter will revert to the 
standby mode. 

In the standby mode of operation, the altimeter operates as a standard 
barometric altimeter. The pressure input is converted to indicated pressure 
altitude by means of the two aneroids and a linkage and gear mechanism. The 
altimeter autoiuatically reverts to the mechanical standby mode by means of 
an integral failure-sensing system. In the event of primary mode failure, 
a flag with the letters "STBY" appears on the dial to indicate that the 
altimeter is operating pneumatically. 

c 

\i 

SERVOED ALTIMETER 

I3SV0C 
FROM powtr. 
SUWY) 

OUTPUT 

•AKOMETRIC 
C0KKEC7I0N 
KNO». 

PART OP POWER s u p p l y 

ItjVAC INPUT 

EXTERNAL 
TEST RESET' 

3l̂  
REsn U !' 

<i I. 

POWf 
SUPPIY 
FAILURE 
MONITOR 

KT 

'owii - (MOT) 

VIIRATOR 

Circle the letter(s) for the correct answer(s). 

The AAU-19/A Altimeter 

a. in primary mode, indicator accepts an input synchro signal of 
true pressure altitude. 

b. operates mechanically in the primary mode. 

c. a servo mechanism positions the dial display and control transformer 
to the altitude of the input signal. 

d. uses both pitot and statin pressures when operating in STBY mode. 

Answers to Frame 9: a. c. d. 13 
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Frame 11 

The altimeter has a built in amplifier which contains a failure 
sensing circuit. In the event of a power or servo system failure, the 
sensing circuit will cause the altimeter co autoiratically revert to the 
standby mode. At that time the STBY flag appears on the dial to indicate 
that the altimeter is in the standby mode of operation due to some sort 
of failure. If the failure proves to be a momentary one, the altimeter 
can be reset by placing the Standby-Reset lever to Reset until the STBY 
flag disappears from view. If the failure remains, the altimeter will 
not reset. However, the altimeter will operate normally in the standby 
position with the flag in view. The preferred mode of operation for this 
altimeter is electrical (servoed) unless failures prohibit this. The 
pneumatic (standby) mode may be selected at any time by holding the Standby-
Reset lever in the Standby position until the flag comes into view. Note: 
The positioning of the Standby-Reset switch solely determines the mode of 
operation, of the altimeter and in NO way controls the operation of the 
computer. 

Circle the letterCs) for the correct answer(s). 

When will the AAU-19/A altimeter automatically revert to the Standby mode 
of operation? 

a. Power failure. 

b. Servo failure. 

c. Clogged pitot tube. 

d. Broken static line. 

i.290 

Answers to Frame 10; c. 
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Frame 12 

When the altimeter is in the standby mode, a 28 VDC vibrator is 
energized. Moving the lever to Reset until the standby flag goes out 
of view, will deenergize the vibrator. The purpose of the vibrator is 
to reduce the effect of friction. Less friction enables the instrument 
to provide a smoother display when altitude changes occur. If the 
vibrator fails, the sLLtimeter will continue to provide a display. The 
only difference will be less smooth pointer movement with changes of 
altitude. 

Circle the letter (s) that identify the correct answer(s). 

When is the vibrator used to reduce the affects of friction? 

a. In the reset mode. 

b. In the standby mode. 

c. In the reset and standby modes. 

d. When 28 VDC power to the altimeter fails. 

€ 
r 

Answers to Frame 11: a. b. 
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Frame 13 

The AAU-19/A altimeter has a counter (A), drum (B) and pointer (C) 
display as shown below. The 1,000 foot counter and the 100 foot drum 
provides a djrect digital reading of altitude. These readings are in 
increments of 100 feet and range from -1,000 to +80,000 feet. The pointer 
(C) repeats the 100 foot readings of the drum (B) and gives a more accurate 
reading than the drum. Two methods are utilized in reading the altimeter. 
One is to read the counter and drtim windows without reference to the pointer. 
The other is to read the counter and pointer and skip the drum. 

Circle the letters of the correct answers. 

1. What is the altimeter indicating, using the drtim method of reading 
the altimeter? 

a. 5,610 feet. 

b. 3,009 feet, 

c. 56,000 feet. 

d. 56,100 feet. 

2. What is the altimeter indicating, using the counter/pointer method 
of reading the altimeter? 

a. 56,040 feet. 

b. 56,085 feet. 

c. 56,140 feet. 

d. 56,185 feet. 1292 

Answer to Frame 12: b. 
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The altimeter is set by using the manually operated barometric set 
knob. The barometric scale appears on counters and is read in inches of 
Hg (mercury). The barometric scale has a calibrated range of 28.10 to 
31.00 inches of Hg. The altimeter setting should be made in both pneumatic 
(standby) and the servoed (reset) mode of operation. The altimeter setting 
is accomplished as follows: 

Position the Standby-Reset switch to standby. Adjust the barometric 
set knob so that the altimeter pointer indicates field elevation. Extend 
and rotate the barometric set knob until the barometric counter agrees with 
the local barometric pressure. The knob is then returned to the center 
position. This completes the pneumatic (standby) adjustment. 

The servoed (reset adjustment is accomplished by first positioning the 
Standby-Reset switch to Reset). With the barometric set knob in the center 
position, rotate the knob so that the barometric counter indicates local 
barometric pressure. Depress the barometric set knob and adjust the altimeter 
pointer to field elevation. Return the barometric knob to the center 
position and lock into place. 

Verify the altimeter settings by moving the altimeter Standby-Reset 
switch first to standby then to reset. The pointer shall continue to 
indicate field elevation +5 feet. 

Circle thg letter(s) that identifies the correct answers. 

In what mode(s) should the AAU-19/A altimeter setting be accomplished? 

a. Standby. 

b. Reset. 

c. Interrogation. 

d. Barometric. 

Answers to Frame 13: 1. d. 2. b. 
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Frame 15 

You learned in the preceding pages that the altimeter has two inputs: 
a pneumatic input of indicated static pressure (PSI) from the aircraft's 
pitot-static system and a servo (electrical) input from the CPU-46/A or 
CPU-66/A altitude computers or an air data computer. Tne AAU-19/A altimeter 
can be used with any one of the above computers. The primary mode of 
operation for AIMS is the servo (e .ectrical) mode. The synchro signal 
will override the pneumatic signal to the altimeter when the altimeter is 
in the reset node. 

Match the items in Column "A" to their functions in Column "B" by 
placing the correct letter of the function in the correct space in Column 
"A." 

Column A 

1. Baro set knob. 

2. Standby mode. 

3. Aneroids. 

4. Barometric scale. 

Column B 

a. No automatic altitude reporting 
available in the event of servo 
system failure. 

b. Used to perform an altimeter setting. 

c. Indicates sea level pressure in 
inches of Hg. 

d. Precision pressure mechanism. 

1294 
Answers to Frame 14: a. b. 
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Frame 16 /;?P 

c The CPU-66/A Altitude Computer is designed-_for use from -1,000 to 
+50,000 feet altitude at speed from 0 to 0.95 mach. The altitude computer 
consists of pressure sensing means, a computing mechanism, an error signal 
generator, a servoloop and output devices. The computer provides 
corrected pressure altitude (Hp) from the inputs of indicated static 
pressure (PSI) and total pressure (Ft). The static pressure correction 
cam is readily replaceable in the event that a change is necessary or 
if the computer is to be used in a different type aircraft. Reference 
figure 5 on page 21. 

The CPU-66/A Altitude Computer provides two outputs of corrected 
altitude information; a servoed (analog) signal for positioning the 
remote servoed altimeters (AAU-19/A) and an encoded altitude signal to 
the aircraft's transponder for altitude reporting. 

Although the CPU-66/A Altitude Computer uses the' same inputs and 
provides the same type outputs as the CPU-46/A, it does not process 
the input signals to provide the outputs of corrected proessure altitude 
in the same manner. 

NO RESPONSE REQUIRED 

€ 

Answers to Frame 15: 1. b, 2. a, 3. d, A. c. 
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Frame 17 MH 
Two types of pressure sensing devices are used in the CPU-66/A computer. 

The uncorrected altitude is sensed by a pair of aneroids. As the external 
pressure decreases, the size of the aneroids increases. The size of the 
aneroids decreases as the external pressure increases. The second type of 
pressure sensor is an airspeed diaphragm capsule. The airspeed diaphragm 
capsule, responds to the difference between total pressure (Pt) and static 
pressure (Ps). Aircraft total pressure is transmitted into the airspeed 
diaphragm capsule through a tube leading from the pltot pressure port. 
Since the airspeed diaphragm capsule has static pressure acting on the 
external surface, the capsule height increases as the differential pressure 
(pitot pressure minus static pressure) increases. 

CAM —MACK 
COMPUTATION 

CAIIIIATION CAMi 
AUTOSYNO 

MOTOt ' 
ANdOlO riAMf 
AsscMtir 

4?s'„ 

^ ' T 
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Circle the letter(s) of the correct answer(s). 

What are the sensing devices used in the CPU-66/A altitude computer? 

a. Aneroids and a diaphragm. 

b. Aneroid and bellows. 

c. Diaphragm and bellows. 

d. Bellows and bourdon tube. 

c 21 
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Frame 18 

Linkage attached to the aneroids provide displacement which rotates 
the main rocking shaft as a function of uncorrected altitude. A pinion 
on the microsyn rotor shaft is driven by the arm on the rocking shaft 
through the Geneva sector and disk assembly. The error signal generated 
by the microsyn is fed to the servo amplifier. The amplifier output is 
supplied to the servomotor which drives the rate generator and the servo 
gear train. The encoder and synchro output devices are driven until the 
error signal is cancelled and the servo is back to the null condition. The 
rate generator output is coupled back to the amplifier to provide negative 
feedback for damping and stability. 

No Response Required 

OIPKtfNTIAl 

CArsuie 
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Answer to Frame 17: a. 
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Frame 19 /;?^6 

A failure monitor circuit is provided in the computer. In the event 
of power losses or excessive error voltages, the failure monitor relay 
deenergizes. This in turn opens the relay contacts to the encoder common 
lead to prevent an incorrect encoder output. Power to the servoed altimeter 
is also interrupted causing them to revert to the "standby" mode. Power 
is provided to the warning lights to indicate the AIMS system is in the 
STBY mode. A three second time delay is provided to prevent "nuisance" 
switching which might be caused by turbulent air or momentary power surges. 

Circle the letter(s) that identifies the correct answer(s). 

What is the period of time delay in the failure monitor circuit of the 
CPU-66/A altitude computer? 

a. 1 second. 

b. 3 seconds. 

c. 1 minute. 

d. 3 minutes. 

€ 
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Frame 20 

The AAU-21/A altimeter-encoder combines a conventional pneumatic 
(pressure operated) altimeter, counter/drum pointer display, and an altitude-
reporting encoder in one self-contained unit. The 1,000 foot counter and 
the 100 foot drum provide a direct digital readout of altitude in 100 foot 
increments from -1,000 to +38,000 feet. The pointer repeats the indications 
of the 100 foot drum. 

The self-contained servo driven encoder provides altitude in 100 foot 
increments for automatic transmission when the AIMS transponder is interrogated 
by the ground control station. The components which position the encoder 
consist of a servo amplifier, a servo motor and a synchrotel. With changes 
in pressure due to changes in altitude, the altimeter mechanism positions 
the dial display and also the rotor of the synchrotel. As the rotor turns, 
an error voltage is developed and amplified to drive the servo motor. The 
servo motor rotates the sjmchrotel case to maintain electrical zero, and at 
the same time positions the encoder iiiside the altimeter. 

In case cf power loss to the encoder servo system, a CODE OFF flag will 
appear automatically in a */rindow in the upper left portion of the altimeter 
dial, indicating that altitude information is no longer available to be 
transmitted to the ground. In this condition the instrument continues to 
function as a normal barometric altimeter. When power is applied, the 
• encoder will become operable as the CODE OFF flag retracts from view. 
Reference figure 6 on page 25. 

Circle the letter(s) that identifies the correct answer(s). 

Under which of the following conditions can the AAU-21/A altimeter encoder 
be used? 

a. Low speed, low altitude. 

b. Medium speed, medium altitude. 

c. High speed, high altitude. 

mi 
Answer to Frame 19: b. 
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Frame 21 

The IFF (identification friend or foe) transponder set provides auto­
matic identification of the aircraft in which it is installed, when inter­
rogated by the ground station. In operation, the identification system 
receives coded interrogation signals, evaluates these signals, then trans­
mits coded response signals to the source of the challenge. Proper reply 
indicates the interrogated aircraft is friendly. The IFF system inter­
faces with the AIMS system for altitude reporting. The modes provided 
for interrogation or automatic response to interrogation signals are: 
mode 1 for security identification, mode 2 for personal identification, 
mode 3/A for traffic identification and mode C. Mode C is the mode used 
in conjunction with the AIMS system. The IFF transponder receives coded 
barometric altitude information from the altitude encoder. The transponder 
control panel has a mode C selector switch with two positions: ON which 
enables response to mode C interrogation; Out which disables mode C response. 

Circle the letter(s) for the correct answer(s). 

The AIMS system uses which IFF transponder mode(s)? 

a. Mode 1. 

b. Mode 2. 

c. Mode 3/A. 

d. Mode C. 

Answers to Frame 20:• a. 
-1304 
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c Frame 22 

We will not discuss troubleshooting of the AIMS system. To 
accomplish troubleshooting, you will be using the Altitude Encoder Logic 
Chart, which is extracted from the AIMS system technical order. It 
contains encoder logic output information for various altitudes. You 
will also use the AIMS system diagram in order to analyze various 
malfunctions in the AIMS system. 

Troubleshooting of the AIMS system centers around the altitude computer 
and the type of problems encountered. One t3rpe of problem is when the 
cockpit altimeters are in error between STBY (pneumatic) and reset (electrical) 
modes or that the system won't stay in the reset (electrical) mode, A 
problem of this type could be caused by power, wiring between th§ computer-
encoder and the altimeters, a malfunctioning computer-encoder, or pltot-
statlc pressure problems. 

Another type of problem Is a difference between the cockpit altimeters 
and the altitude received by the ground station. This type of problem could 
be caused by a malfunctioning computer-encoder output or faulty wiring between 
the computer-encoder and the IFF transponder. 

No Response Required 

f 

c Answer to Frame 21: d. 
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Frame 23 

Typical problems are: 

1. An open wire between the computer-encoder and the altimeter 
causing erratic altimeter operation and the altimeter to revert to STBY 
mode. An open wire between the computer-encoder and the IFF transponder 
causing erroneous altitude outputs to the ground station. 

2. Shorts, either to another wire or to ground, between the computer-
encoder and the altimeter causing erratic altimeter readings and the 
altimeter will revert to STBY mode. If the short is between the computer-
encoder and the IFF transponder, it will cause erroneous altitude outputs 
to the ground station. 

3. Pitot-static problems will cause the same type of problems as 
with conventional systems except that two units will he affected, the 
altimeters and the altitude computer-encoder. 

After you have these typical problem areas firmly in mind, continue 
to the next frame. 

No Response Required 

1306 
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Frame 24 

When the ground station reports a different altitude than the 
aircraft, the pilot will normally switch the altimeters to standby to 
check them. In the problems we give you, you should assume the pilot 
has checked the altimeters and found them to be accurate. 

When the aircraft changes altitude, the ground station will not 
be able to keep up with the changes. Therefore, they won/t check the 
altitude until the aircraft has reached cruising altitude. 

You may notice that the problems we give you would cause dis­
crepancies at other altitudes as well as the ones mentioned. However, 
since they only check the output at cruising altitude, the pilot and 
ground stâ iion vill not be aware of the problem at the other altitudes. 

Check (/) the correct statement(s) below: 

1. 

2, 

3. 

The pilot can check his altimeter reading by manually switching 
his altimeters to standby. 

The ground station will check the output it receives during 
the time the aircraft is ascending. 

Normally the ground station will check the output it receives 
at cruising altitude only. 

29 
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Frame 25 

Before we give you some problems, we will discuss how to use the 
altitude encoder output logic chart. This chart shows you what logic 
must be on for the ground station to read the different altitudes. For 
example to transmit a reading of 6900 feet logic A2, A4, C2 and C4 
should be on. Suppose the ground station reports that it is receiving 
an output of 6800 feet instead of the 6900 feet output it should be 
receiving. Look at your chart again, to read 6800 feet logic A2, A4 and 
C4 should be on. 

You now have enough information to locate your problem. Compare 
logic output of 6800 feet and 6900 feet, the only difference is that C2 
is on at 6900 feet and off at 6800 feet. Therefore, your problem is 
that the ground station isn't receiving an output from C2. This could 
be caused by wire C2 being open or shorted to ground. By using your 
wiring diagram you can see which pin you should check. 

Check (i/) the ĉ r̂rect response(s) below: 

1. An aircraft is at 6400 feet but the ground station is receiving 
an output indicating that the aircraft is at 6500 feet. This 
could be caused by 

â. A4 wire being open. 

_b. CI wire being open. 

_c. CI wire being shorted to ground. 

_d. CI wire being shorted to C2. 

e. C2 wire being open. 

Answers to Frame 24: / 1. 2. / 3. 
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Frame 26 

o Let's look at one other example using your logic chart. The ground 
station is receiving an output of 7300 feet and the aircraft is at 
7200 feet. First compare the output for each altitude. The output for 
7300 feet is A2, AA, B4 and CI; and the output for 7200 feet is A2, A4 
and CI. Output B4 is the only one that the two altitudes do not havp 
in common. Since the ground station is receiving an output of 7300 feet 
instead of 7200 feet, it is receiving an output from B4. This could 
only be caused by wire B4 being shorted to wire CI. Now you are 
ready to go to your wiring diagram. 

Check (/) the correct response(3) below: 

1. An aircraft is at a cruising altitude of 5500 feet. The ground 
station indicates that its reading shows it at 5400 feet. This 
could be caused by 

CI wire being open. 

b. CI wire being shorted to 34. 

_c. CI wire being shorted to 02. 

_d. CI wire being shorted to ground. 

© 

Answers to Frame 25: a. "̂  b. / c. d. 
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Frame 27 

Following are some examples of wiring problems. Remember that the 
pilot may not see all of the problems that may occur to the AIMS system 
and will usually notice problems only at cruising altitudes. The problems 
are presented in a manner in which you would see them written in the 
AFTO Form 781A. — 

In the samples below, trace the problems using the Logic Chart and • 
the schematic. 

1. The pilot reported that the cockpit altimeters were reading 
9,000 feet when the ground station reported the altitude at 8,900 feet. 
By looking at the altitude encoder output logic chart, you find that the 
only difference in these altitudes is logic C-4. The only possible cause 
of this problem is either a malfunctioning computer-encoder or a shorteti 
wire between C4 and A2, A4, Bl, B2 or C2. Now look at the schematic of 
the AIMS system, check the IFF transponder shift register and find 
which wire carries output C4. You'll find that the wire from pin 15 of 
J1(66P408C) to pin 15 J1(71P311A) must be shorted to Al wire carrying 
output A2, A4, Bl, B2 or C2. 

2. Open or short to ground: The aircraft altimeters-indicated 8,000 
feet and the ground station reported 7,500 feet. By looking at these two 
altitudes on encoder output logic chart we find that the only difference 
is logic B-2. We now have three possible problems, a malfunctioning computer-
encoder, an open wire or shorted wire to ground at pin 11 of J1(66P408C) of 
the IFF transponder or an open wire or shorted wire to ground at pin 11 
of J1(71P311A) of the altitude computer. Assuming that the altitude computer-
encoder has bench checked good, then this problem would be faulty wiring. 
Only one answer will be given that is correct, either open or shorted wires 
will kill logic B-2 to the transponder. 

Continue with the following problems: 

1. The ground station reported the aircraft at 6,000 feet while the 
aircraft altimeters indicated 6,100 feet. The trouble could be 

b. 

d. 

open between pin 13 of Jl(71P31lA) and pin 13 of J1(66P408C). 

open between pin 15 of J1(71P31U) and pin 15 of J1(66P408C). 

short between pins 12 and 13 of J1(66P408C). 

short between pins 13 and 14 of J1(71P311A). 

2. Both altimeters in the STBY mode indicated cabin pressure altitude. 
The trouble could be 

a. broken pitot line. 

b. broken static line. 

c. clogged static line. 

d. clogged pitot tube. 32 •1310 
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3. Tlie pilot and co-pilot reported that both the front cockpit and rear 
cockpit altimeters failed to show a change in altitude in both reset 
and STBY modes. The trouble could be 

a. clogged static port. 

b. clogged pitot tube. 

c. defective computer. 

d. defective altimeter. 

4. During flight, the ground station reported the aircraft at 8,700 feet 
while the aircraft altimeters read 8,800 feet. The trouble could be 

a. open between pin 7 of J2(71P311B) and pin 18 of 66P/J316. 

b. open between pin 11 of J1(71P311A) and pin 11 of J1(66P408C). 

c. open between pin 10 of J1(71P311A) and pin 10 of J1(66PA08C). 

d. open, between pin 9 of J1(71P311A) and pin 9 of J1(66PA08C). 

5. During flight, the aircraft altimeters indicated 3,300 feet while the 
.ground station reported 4,200 feet. The trouble could be 

a. open between pin 10 of J1(71P311A) and pin 10 of J1(66P408C). 

b. short between pins 12 and 13 of J1(71P311A). 

c. open between pin 11 of J1(71P311A) and pin 11 of J1(66P408C). 

d. short between pins 11 and 12 of J1(71P311A). 

6. During flight, the pilot reported that the F/C/P altimeter fluctuated 
in the Reset mode before switching to the STBY mode. The trouble 
could be 

. a. open between pin 5 of J2(71P311B) and pin 15 of 66P/J316. 

b. open between pin 12 of J1(71P311A) and pin 12 of J1(66P408C). 

c. open between pin 10 of J2(71P311B) and pin 18 of 66P/J317. 

d. open between pin 9 of J2(71P311B) and pin 17 of 66P/J316. 

c 33 
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im 7. The co-pilot reported that his altimeter stopped moving in the Reset 
mode before automatically switching into the STBY mode. The trouble 
could be 

a. open between pin 1 of J2(71P311B) and pin 15 of 66P/J317. 

b. open between pin 5 of J2(71P311B) and pin 15 of 66P/J316. 

c. open between pin 14 of J1(71P311A) and pin 14 of J1(66P408C). 

d. open between pin 12 of J2(71P311A) and pin 17 of 66P/J317. 

8. The pilot reported that the front cockpit altimeter failed to function 
in the STBY mode. The trouble could be 

a. defective altimeter. 

b. defective computer. 

c. clogged pitot line. 

d. defective transponder. 

Answers to Frame 26: e. 

Answers to Troubleshooting Problems: 1. a. 2. b. 3. a. 4. c. 

5. d. 6. d. 7. a. 8. a. 
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IS.^S 
Flight Training Devices & Instrument Branch 
Chanute AFB, Illinois 

3ABR32531-WB-302 
3ABR32532B-WB-402 

7 June 1978 

LEAK CHECK OF THE TTU-205C/E PRESSURE TEMPERATURE TEST SET 

OBJECTIVES 

Use this workbook and a TTU-205C/E, perform a leak check of the 
TTU-205C/E test set with no more than one (1) assist from the lab 
instructor. 

EQUIPMENT 

3ABR32531-WB-303 
TTU-205C/E Test Set 

Basis of Issue 
1/student 
1/2 students 

PROCEDURE 

Use the following procedures to perform an operational check and 
a leak check of the TTU-205C/E test set. 

Caution: Remove all jewelry. 

OPERATIONAL CHECK AND LEAK CHECK OF THE TTU-205C/E 

1. Preparation of TTU-205C/E test set for operation. 

a. Adjust test set controls and position test set switches 
to the initial settings as shown on page 2. 

b. Connect 115 volt AC 400 Hz power cord to power cable. 

Supersedes 3ABR32531-WB-303 and 3ABR32632B-WB-401A, 14 March 1975, 
OPR: 3360 TCHTG 
DISTRIBUTION: X 

3360-TCHTG/TTGU-F - 400; TTVSA - 2 

Designed for ATC Course Use. Do Not Use On the Job. 
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SWITCH OR CONTROL 

Power 

Modulation Frequency HZ 

Modulation Amplitude 

Mach Limit Disabled-Normal 

Mach Limit Set 

Alt. Leak Test Switch 

Airspeed 

Altitude 

Airspeed 

Airspeed 

Airspeed 

Altitude 

Altitude 

Altitude 

Leak Test Switch 

Trim Control 

Trim Control 

Knots 

Rate Knots/Minute 

X 1000 Feet 

Rate X 100 Feet/Minute 

Hold 

Noirmal/Read Ext 

Pitot Pressure Vent 

Static Pressure Vent 

POSITION 

OFF 

OFF 

0 

Normal 

2.8 

OFF 

OFF 

Center of Travel 
(5 turns total) 

Center of Travel 
(1 turn total) 

100 

250 

0 

35 

Normal 

Normal 

Closed (CW) 

Closed (CW) 

Figure 1. 

Read this page before proceeding with test set start up. 

Note: Before proceeding any further, read the instructions given 
below for abnormal pressure conditions. After reading the 
information on abnormal pressure conditions, proceed with the 
procedure given in item 2 for test set startup procedures. 

ABNORMAL PRESSURE CONDITIONS 

In the event that the altitude and/or airspeed range of the test 
set is exceeded when the power switch is turned on, the appropriate 
warning lamp will illuminate, the green lights will extinguish and 
the pump will stop. To Correct the abnormal pressure conditions 
accomplish the following: 

'I32r> 
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1. Move the switch from NORMAL to READ EXT mode. Blower will 

stop running, and all power is removed from the test set except the 
ALTITUDE and AIRSPEED indicators. 

2. Slowly open the pitot VENT valve until the airspeed indicator 
shows that pitot pressure is near ambient pressure. 

3. Slowly open the static VENT valve until the altitude indicator 
shows that altitude is near ambient pressure. 

Note: The pitot pressure line should be vented to atmosphere 
before venting the static pressure line. This prevents creating 
a negative differential pressure. In any event, check valves in 
test set that are connected between the pitot and static output 
lines prevent more than 1/2" Hg negative differential pressure 
from being developed. This protection is present whether the 
test set power is ON or OFF or whether the test set is in 
NORMAL or READ EXTERNAL modes of operation. 

4. Close the static and pitot vent valves and restore operation 
by adjusting the airspeed and altitude controls to ambient settings, 
and place the test switch from READ EXT to NORMAL. 

The MACH LIMIT LAMP (RED) will illuminate whenever an airspeed 
is commanded that exceeds the limit value corresponding to the 
existing altitude and the setting of the LIMIT SET control. The 
airspeed counter will run up only to the limit value, not up to the 
command value. The mach limit conditions may be corrected by: 

1. Reducing the commanded airspeed. 

2. Reducing the actual altitude. 

3. Increasing the setting of the MACH LIMIT control. 

Note: If a mach number greater than 3.00 is desired, place 
the mach limit switch in the DISABLED position. 

4. Perform Test Set Startup as follows: 

a. Position test set power switch to ON. 

RESULTS: Test set power lamp shall light. Two green 
READY lights shall light in approximately 1 minute. 

b. Allow test set 10-minute warraup time and allow ALTITUDE 
FEET and AIRSPEED KNOTS counters to stabilize before proceeding. 

c. Cycle ALTITUDE and AIRSPEED upscale and downscale 
(pneumatic cycling) for a minimum of two complete cycles as follows: 

(1) Set ALTITUDE RATE X 1000 FEET/MINUTE to 35 and 
ALTITUDE X 1000 FEET to 75 and allow ALTITUDE FEET counter to read 
approximately 75,000 feet and settle. 

1:^26 
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Note: Do not change previous settings of AIRSPEED controls 
during altitude cycling. 

(2) Set ALTITUDE X 1000 FEET to SEA LEVEL and allow 
counter to settle to approximately zero feet. 

(3) Repeat substeps 1 and 2 at least one time. 

(4) Return ALTITUDE RATE X 1000 FEET/MINUTE and 
ALTITUDE X 1000 FEET to initial settings shown in figure 1. 

(5) Set AIRSPEED RATE KNOTS/MINUTE to 400. 

(6) Set AIRSPEED KNOTS to 950. Allow AIRSPEED KNOTS 
counter to reach approximately 950 knots and settle. 

Note: Do not change previous settings of ALTITUDE controls 
during cycling of airspeed. 

(7) Set AIRSPEED KNOTS to 100. Allow AIRSPEED KNOTS 
counter to settle at approximately 100 knots. 

(8) Repeat substeps 6 and 7 at least one time. 

(9) Return AIRSPEED RATE KNOTS/MINUTE and AIRSPEED 
KNOTS to initial settings in figure 1. Allow AIRSPEED KNOTS counter 
to stabilize. 

5. Perform test set leak check as follows: 

a. Adjust test controls to 40,000 feet and 700 knots. Allow 
test set counters at least 10 seconds to stabilize. 

b. Position LEAK TEST ALT switch to ON and allow altitude 
FEET counter to stabilize. Leave switch in this position for five 
minutes. 

RESULTS: (1) Amber ALT leak test lamp will light. 

(2) Green READY lamp will go out. 

c. Determine leak rate by observing ALTITUDE FEET counter 
for five minutes. After five minutes, record ALTITUDE FEET counter 
indication. 

RESULTS: Altitude Feet counter shall not have changed more than 
250 feet. 

Sat. Unsat. 

d. Return LEAK TEST ALT switch to OFF. 

RESULTS: (1) Amber lamp will go out immediately. 

(2) Green STATIC PRESSURE READY lamp will light after 
approximately one minute. 

-1327 
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e. Position the LEAK TEST AS switch to ON and allow AIRSPEED 

KNOTS counter to stabilize. Leave switch in this position for five 
minutes. 

RESULTS: (1) Amber AS lamp will light. 

(2) Green READY lamp will go out. 

f. Determine leak rate by observing AIRSPEED KNOTS counter 
for five minutes. Record AIRSPEED KNOTS counter indication. 

RESULTS: AIRSPEED KNOTS counter shall not have changed more 
than five knots. 

Sat. Unsat. 

g. Return LEAK TEST AS switch to OFF. 

RESULTS: (1) Amber light will go out immediately. 

(2) Green PITOT PRESSURE READY lamp will light after 
approximately one minute. 

Caution: Do not use a test set that fails the above leak check 
•3 supply inputs for test of the air data computer systems. If 
test set fails leak check, repair or replace test set. 

6. Test Set Shutdown, TTU-205C/E 

a. Perform test set shutdown when any of the following 
conditions exist: 

Note: For normal shutdown procedures refer to paragraph 4. 

(1) When any pneumatic connection is to be opened. 

(2) When test set power switch is to be positioned to OFF. 

(3) When test procedures are complete. 

(4) When test power has been in'^errupted. 

(5) When any of the test set warning indicator lamps (4), 
except Mach Limit, light. 

(6) When green READY light goes out and no warning 
indicator lamp lights. 

6. Perform Test Set Shutdown as follows: 

a. Rotate ALTITUDE X 1000 FEET control to Sea Level. 

b. Adiust AIRSPEED KNOTS control to 100 knots. 

Note: If at high altitude and high airspeed, decrease altitude 
before airspeed. 



1^10 
c. Allow counters to stabilize. 

to oren. 
d. Slowly rotate airspeed (P ) vant fully counterclockwise 

Note: If test pneumatic nes are connected to aircraft pitot 
static probe adapter, do not proceed with shutdown until 
airspeed (P ) vent has been full opened for a minimum of one minute. 

e. Slowly rotate altitude (P ) vent fully counterclockwise 
s 

to open. Allow pressur'j to bleed down completely. 

f. Position test set power switch io OFF. 

Caution: Allow at least two minutes after test set shutdown 
before restarting the test set. 

g. D-'sconnect electrical power source. 
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WORKBOOK 

3ABR32531-WB-302A 
3ABR32632B-WB-402A 

Technical Training 

Avionics Instniment Systems Specialist 
Integrated Avionic Systems Specialist 

'-̂  INSPECTION, OPERATIONAL CHECK AND BENCH CHECK AIMS 

9 June 1978 

CHANUTE TECHNICAL TRAINING CENTER (ATC) 
3360 Technical Training Group 
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Flight Training Devices/Instrument Branch 
Chanute AFB, Illinois 

3ABR32531-WB-302A 
3A3R32632B-WB-402A 

INSPECTION, OPERATIONAL CHECK AND BENCH CHECK AIMS 

OBJECTIVES 

Given a workbook, TO extract, test equipment and trainer, perform 
an inspection, operational check and bench check of an automatic altitude 
reporting system with a minimum of 100% accurate workbook responses. 

EQUIPMENT 

TTU-205C/E 
TTU-229/E 
CPU-46/A 
AAU-19/A Altimeter 

Basis of Issue 
1/2 students 
1/2 students 
1/2 students 
1/2 stuaents 

PROCEDURE 

Re-jove all jewelry. Read this workbook carefully, it w_ll guide 
you through the bench check. 

Special Note: Check figure 3-1 of TO extract 5FS-4-13-21 to 
make sure all equipment is connected according to the diagram. 
The pitot pressure and pitot-static control panel may ba used in 
place of the pressure temperature set, if necessary, and will be 
used in conjunction with 3ABR32531-HO-303. 

Check the type computer assigned to you by your instructor. Th« 
type of computer will be found on the data plate on ths side of the 
computer chassis and the type of aircraft is shown on the top and side 
of the computer. 

Type of computer Type of aircraft used 

1. Perform visual inspection in accordance with para 3-5 of 
TO extract. 

Visual Inspection - Satisfactory Unsatisiactory 

2. 

3. 

Set up TTU-205/E LAW table 3-1 of TO extract. 

Set up TTU--229/E LAW table 3-1 of TO extract. 

Read all cautions and r.Jtes. 

Perform pressure leak check LAW para 3-8 of TO extract. 

a. Pressure Leak Checl--.. Satisfactsry . Uusatisfao .-ry 

Supersedes 3ABR32531-WB-302A, i June 1977. 
OPR: 3360 TCHTG 
DISTRIBUTION: X 
3360TCHTG/TTGU-F - 300; TTVSA - 1 
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5. Perform Scale Error Test lAW para 3-9a, b, c, d, e, and f of 

TO extract and table 3-4 of TO extract, that pertains to the computer 
and type of A/C you are working with. 

Note: Be sure you are using the chart for the type of computer 
assigned to you. 

a. 

b. 

c. 

d. 

e-

f. 

g. 

6. 

Satisfactory 

Satisfactory 

Satisfactory 

Satisfactory 

Satisfactory 

Satisfactory 

Satisfactory 

Perform Encoder Diode Test 

Unsatisfactory 

Unsatisfactory 

Unsatisfactory 

Unsatisfactory 

Unsatisfactory 

Unsatisfactory 

Unsatisfactory 

lAW para 3-10 of TO e: 

— 

ItVi 

Encoder Diode Test - Satisfactory 

Unsatisfactory 

Perform Encoder Transition Accuracy Test lAW para 3-11 and 
Table 3-2 of TO extract. 

Encoder Transition Accuracy Test - Satisfactory 

Unsatisfactory 

8. Perform Failure Warning Circuit Test lAW para 3-12 of TO 
extract. 

a. Failure Warning Circuit Test - Satisfactory 

Unsatisfactory 

9. Perform Test Set Shutdown lAW para 3-14e through 3-14j of 
TO extract. 

a. Test Set Shutdown - Satisfactory 

Unsatisfactory 

10. Perform shutdown of TTU-229/E lAW para 3-15 of TO extract. 

Note: Do not disconnect any hoses or cables from the computer 
of TTU-229/E Test Set. 

a. Test Set Shutdown - Satisfactory 

Unsatisfactory 

11. Call instructor. 

12. Disconnect TTU-205C/E and TTU-229/E power cords as per 
instructions from innstructor. 

13. Disconnect ?(. and Pg hoses from TTU-205C/E test set as per 
instructions from instructor. 

3 
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T.O. 5F5-4-13-22 
NAVAIR 05-30-97 

SECTION III 

BENCH TEST PROCEDURES 

3-1. GENERAL. 

3-2. The following checkout procedures 
cover Field (Intermediate) Level 
(Bench) Testing of the computers. 

3-3. The computer, except part number 
A4370000050, shall be connected to the 
TTU-205 and the TTU-229/E test sets as 
shown in figure 3-1. Control settings 
shall be as iudicated in table 3-1. 

» 
3-3A. Part number AA370000050 com­
puter shall be connected to the TTU-205 
and the TTU-229/E test sets, and adap­
ter box and cable assembly as shown in 
figure 3-2. Control settings shall be 
as indicated in table 3-1, and the 
adapter box switch shall be set to 3-1. 
The adapter box and cable assembly 
must be connected for all tests invol­
ving the part number A4370000050 
computer. 

3-4. VISUAL INSPECTION. 

3-5. A visual Inspection sh»il be performed on the 
computer to check the following: 

a. No damage to case, connector, or fuses shall 
be visible. 

b. Shock mounU shall permit free motion. 
c. Pressure and electrical connectors shall be 

free from dirt and other foreign matter. 
d. Electrical connector pins shall be straight and 

inserted to lull depth. 
«. Aircraft identification markings on the com­

puter shall agree with the applicable aircraft deslg-
I nations jasociated with tables 3-3 through 3-18 con­
tained in this procedure. 
3-6. TEST ENVIRONMENT. 
3-7., The testarea shUl be clean and tests conductsd 
at room temperature and pressure. 

WARNING 

Failure to release the pressure relief 
valve on test set TTU-229/E before re­
moving the carrying case lid may cause 
possible damage to the test set and injury 
to personnel as a result ol pressure 
differential. 

When connecting the TTU-229/E cables 
to a computer having clocked connectors, 
make sure the key of the TTU-229/E 
cable universal connectors is in the 
twelve O'clock petition. Extreme caution 
diould be exerdsed to assure key and key-
way ue propeily aligned. MisaUtmnent 
can easily result if key and keyway tie not 
dosely obtitvtd while connecting. 

3-8. PRESSURE LE.\K TEST. 

a. Turn TTU-205 power switch ON. 

b. Set altitude control to 40,000 feet and ' - -
speed control to 600 knots on the computer wit : 
TTU-205. 

c. Set altitude rate at SOOO feet per minute. 

NOTE 

When performing step d 
for type A4370000050 ensure 
that adapter box switch is 
set uO Bl position. 

d. Set the airspeed rate at 100 knots/minute. 
After stabilization, place the leak test switches on 
the TTU-205 in the ON position for a period ot one 
minute During this time the altitude readout on the 
TTU-20S shall not change by more than 100 feet and 
the airspeed change shall not exceed two knots. 

e. Return the altitude control to zero altitude and 
the airspeed control to 50 knots. 

Operator should wear ear plugs when 
operating TTU-205 tester. Acoustical 
noise level of tester can impair hearing. 

l'333 
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T.O. 5F5-4-13-22 
NAVAIR 05-30-97 

1296^ 

TTU-22iVE 
YYU 

J4 

D-
3 

•c ; 

j i c CA8LE-P/N-17960010100 
J3 J2 

^^—CA8LE-P/N-
J2 17960010090 

D 
JI 

Zl—r— 

c 
J3 c 

CA8l,E-P/N-i796COI0070 

TO POWER 
II5VAC»4.5V,-7.5V 

400HZt20HZ 

CPU-46/A 

TTU-205 

û^ 

"ys 

=h 
TO POWE"? 

II5VAC,400HZ 

Figure 3-1. Bench Set-Up 

TABLE 3-1. INITIAL TEST EQUIPMENT CONTROL SETTINGS 

i TTU-205 
Pressure-Temperature Test Set 

Controls shall be set in the following manner. 

a. 

' c. 

; d. 

1 *' 
i. 

g-

h. 

1. 

J-

k. 

- -

Power switch - OFF 

Ps and Pt equalizers - CLOSED 

Mach limit - 2.0 Mach* 

Pressure modulation frequency • OFF 

Pressure modulation amplitude - 0 

Altitude control - Approximately field 
elevation 

Altitude rate control - 2000 ft/min 

Altitude fine adjust - Center of 
travel 

Airspeed control - 100 knots 

Airspeed rate control - 100 knots per 
minute 

Airspeed fine adjust - Center of 
travel 

TTTt.229/E 
Altitude Encoding Altitude Transducer Test Set 

Controls shall be set in the following manner: 

a. Power switch - OFF 

b. Synchro selector - PILOT 

c. Ligjjting switch - OFF 

d. Altimeter servo switch - NORMAL 

e. Vibrator switch - ENABLE 

f. Encoder readout - NORMAL 

g. Induced error - Zero feet 

h. Turn power to ON 

i. Observation: The "Test Set Power", "Pilot", 
"Co-Pilot", and "Computer Operate" indi­
cators on the TTU-229/E will Uluminate, 
Encoder display and synchro display will 
activate, 

j . Use the "Synchro Reset" to set the TTU-
229/E altimeter display to approximately 
station altitude. 

'CAUTIOK^ 

The differential pressure iqiplied to the computer shall not exceed 
the value for Mach No. 2 t. 0. Pt shall always be greater than Ps. 

3-2 
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T.O. 5F5-4-13-22 
NAVAIR 05-30-97 

TTU-M»/« 

J4 

5 
CABLE P/N 
17960010100 

CABLE P/N 
17960010090 

D 

ADAPTER BOX & 
CABLE ASSEMBLY 

(••OMMOOO 

3 

"'S?* 

ATTACHED CABLE 

Ih 
IIIVAC/400HZ 

n»vAe/400HZ •«-

jpy m pji 
( ^ {J2l fH] 

A4370000050 
~ AWMU 

u 
STATIC 
PRESSURE 
ONLY 

Q 
TTU-te* 

I Figure 3-2. Bench Set Up for Part Number A4370000050 
'•370-'»-29 

3-9. SCALE ERROR TEST 

NOTE 

Scale error teats for part 
number A4370000050 shall be 
performed according to 
paragraph 3-9A. 

a. Set the TTU-205 airspeed and alti­
tude controls to the first test point 
value as specified for the applicable 
computer under test In tables 3-3 through 
3-14, coluens 1 and 2. Before each 
reading is taken, gently tap the 
instruiaent. 
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Change 11 . -A 



T.O. 5F5-4-13-22 
NAVAIR 05-30-97 
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NOTE 

b. Verify Uiai the encoder readout display on tne 
TTU-229/E IS within 100 feet oi altitude synchro dis­
play. The rate of change of pressures during testing 
shail not exceed 6000 feet per minute chajige in height 
indication. 

Record B-1 synchro read­
ings at 0, 1500, 3000 and 
15,000 feet. These readings 
will be used later. 

c. Record the "Pilot" reading of the "Sj-nchro 
Display" of the TTL'-229' E. The readinp shallmatch 
corro-epondiR;; rt-adins: (column 3, tables i-3 throuĵ h 
5-14) wichm the tolerance listed lor tne appropriate 
computer (column 4, Ublns 3-3 throuch 3-14). 

Record the illuminated encoder lights 
on the TTU-229/E. This series of 
lights shall match one of the possible 
combinations listed in column 5 
tables 3-3 through 3-14. 

d. Position the TTU-229/E "Synchro Selector" to 
"Co-Piiot". Ki'corrt iiic reaoin^ of the "Co-Pilot" 
output which shall be within 20 feel of Ihc "Pilot" 
readings. 

e. Repositicn "Synchro Selector" switch to "Pilot" 
position. 

f. Set tJio TTU-20S airspeed and altitude controls 
? the next testpomtas specified ir- tables 3-3 through 

i-14, columns 1 ajid 2 and repeat 5teps c and d until 
all test points are taken arid recorded in botli the as­
cending and desrcnding directions. 

3-9A. SCALE ERROR TESTS FOR PART 
NUMBER A4370000050. 

CAUTION 

Do not s e l e c t synchro 
B-8 when above 5,000 
f e e t . This w i l l cause 
the TTU-229/E to index 
to the vTong 10,000 
indicat ion. 

b. Check scale error of synchro B-2 
and B-7 by adjusting the TTU-205 
ALTITUDE CONTROL to obtain the test 
pressures lifted in table 3-16. The 
output readings of synchro B-2 and B-7 
shall not differ from that of synchro 
B-1 by more than +25 feet. 

NOTE 

Reading for synchro B^l, 
B-2 and B77 can be ob­
tained during the same 
run by switching to the 
required synchro outputs 
at the appropriate test 
altitudes. 

c. Check scale error of synchro 
B-8 by adjusting the TTU-205 ALTITUDE 
CONTROL to obtain the test pressures 
listed in table 3-17. The output of 
synchro B-8 shall not differ from that 
of synchro B-1 by more than that shown 
in table 3-17. 

3-10. ENCODKR DIODE TEST. This test determines if 
a diode niaUunctuin lia.<; occurred in any one of the 
encoder lines of the computer and mav bo conducted 
in conjunction witJi the Encoder Transition Accuracy 
Test,' paiayrapli 3-11. 

NOTE 

a. Select B-1 on the Adapter Box 
and Cable Assembly (P/N 18960890000), 
and adjust the TTU-205 ALTITUDE CONTROL 
to obtain the test pressures listed in 
table 3-15. Increasing and decreasing 
altitudes shall be brought up to but 
not exceeding each test point. 

Steps a through n shall be 
used, for the part numLer 
A4370000050 when the adap­
ter switch box and cable 
assembly are in the line 
and switch is set to Bl. 

-2B Change 11 
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TABLE 3-2. TRANSITION ALTITUDES 

Nominal Increasing 
TTU-229/E 

Altitude Indication 

950 
2950 
4950 
9950 

19, 950 
24.950 
•i9,950 
59.950 

Encoder Readout 
rru-229/E 

Transition Altitude 

1000 
3000 
5000 

10,000 
20,000 
25,000 
50,000 
60,000 

Nommal Decreasing 
TTU-229/E 

Altitude Indication 

1050 
3050 
5050 

10.050 
20,050 
25,050 
50.050 
60.050 

\._-

a. Set the TTU-229/E controls to the positions as 
stated in t-ible 3-1. 

b. Set the TTU-205 airspeed control to 50 knots. 

c. Set the TTU-205 altitude control until the "En­
coder Readout" on the TTU-229/2 reads 23,200 feet. 

d. Note that indicator lights A ,̂ A4, and C'l ju'e 
illuminated. V 

e. Rotate the "Encoder Readout Selectop' switch 
to the "Self Test" position. The encMe* readout 
should read 40,000 feet. j / ^ 

t. For Bcndix computers leave the "Encoder Readout 
Selector" switch in the "S«lf Tê t" poaitioa lur approx­
imately one minute before moving the switch to the "Diffda 
Test" position. For i ollsman computers leave the "En­
coder Readout Selector'" switch in '.he "Self-Test" position 
for approximately 5-10 seconds before moving the switch 
to the "Diode TMt" position. 

g. Rotate the "Encoder Readout Selector" to the 
"Diode Test" position. Inriicator lights Ai, A4, and 
Cl should extinguish. 

Selector" switch to 
lights Ax, A4, and 

h. Return "Encoder Readout 
the "Normal" position. Indicator 
Cl should illuminate. 

L Adjust tl'.e TTU-205 altitude control until the 
"Encoder Readout" on the TTU-229/E reads 49, 600 
feet. 

j . Note that indicator lights D4, A2, Bi, B2, B4, 
C2, and C4 illuminate. 

k. Rotate the "Encoder Readout Selector" switch 
to the "Self Test" position. The encoder readout 
should read 40,000 feet. 

1. Leave the "Encoder Readout Selector" switch 
in the "Self Test" position for approximately one 
minute before moving the switch to the "Diode Test" 
position. 

m. Rotate "Encoder Readout Selector" switch to 
the "Diode Test" position, idicator 'lights D4, Aj, 
Bi, B2, B4, C2. and C4 should e.ttinguish. 

n. Rotate the "Encoder Readout Selector" switch 
to the "Normal" posjtion. Indicator lij-hts D4, A2. 
Bj. B2, B4. C2. and C4 should illuminate. 

3-11. ENCODER TRANSITION ACCURACY TEST. 
This test may be conducted in conjunction with the 
scale error test. Paragraph 3-9. 

NOTE 

Encoder transition accu­
racy test for the 
A4370000050 shall be per­
formed according to 
paragraph 3-llA. 

a. Set the TTU-205 airspeed control to 90 kno 
and the altitude control to zero. 

b. Adjust TTU-205 altitude control to apply in­
creasing and decreasing altitudes to the transition 
altitudes listed m table 3-2. 

c. The rate of altitude change shall be the slowest 
rate attainable on the TTU-20S as the transition alti­
tude is approached. 

d. At the moment of transition, which is denoted 
by illumination of the 1000-foot indicator light and a 
short-duration tone from the headset, the altimeter 
indication on the TTU-229/E shall indicate within 50 
feet of the nominal indication specified in table 3-2. 

3-llA. ENCODER TRANSITION ACCURACY 
TEST FOR PART NUMBER A4370000050. 
This test may be conducted in v,onjunc­
tion with the scale error test, 
paragraph 3-9A. 

a. Select synchro B-1 and adjust 
the TTU-205 ALTITUDE CONTROL to zero, 
the static pressure should then be run 
slowly through the transition values 
listed in table 3-2. The output at 
transition shall be within the values 
listed in table 3-2. 

]J37 Change 11 3-2C/(3-2D Blank) 
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3-llB. POSITION ERROR FOR PART NUMBER 
A4370000050. 

a. Check position error of type 
A4370000050 computer fay rotating the 
computer 90 degrees about its normal 
mounting position in each of the four 
axes. At the test points in table 3-18. 
The position error must not exceed the 
values listed in table 3-18. See 
figure 3-3 for orientation. 

3-12. FAILURE WARNING CIRCUIT TEST. 

,a. Set the TTU-229/E controls to 
the positions as stated in table 3-1. 

b. Set the TTU-205 altitude control 
to zero altitude. 

NOTE 

The altitude readout on 
the TTU-229/E may drift 
during this test, but 
this drift should not 
be considered a fault. 

T.O. 5F5-4-13-22 
NAVAIR 05-30-97 

c. Momentarily position the TTU-229/E 
"Failure Warning" switch to "Failure 
Warning" position. The "Failure Warning" 
panel indicator should illuminate and 
the "Computer Operate" indicator should 
extinguish. This will assure that the 
computer failure warning circuitry is 
operating properly. 

d. Set TTU-205 altltiide control to 
station pressure altitude. 

3-13. TEST SETS TTU-205 AND TTU-229/E 
SHUTDOWN PROCEDURES. 

3-14. TEST SET TTU-205 SHUTDOWN. This 
procedure shall be used whenever one of 
the following conditions occurs: 

a. Any pneumatic connection is to be 
changed. 

b. Prior to switching OFF on comple­
tion of tests. 

c. Immediately following an interrup­
tion of power. 

Change 11 3-3 
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d. Immpdiatvly followint! .m abnormal pressure 
i-ondttion as indicated by any of the three red lamps. 

e. The test set TTU-205 shall be shutdown as 
follows: 

f. Hotatf AIRSPEED -̂ontrol fully countprclotk-
wise (50 knots). 

f. Rotate ALTITUDE control to local ambient 
altUudo. 

h. Check PRESSURE MODULATION controls OFF. 
i .e . , FREQUENCY lontrol OFF. AMPLITUDE con­
trol lo 0 Allow pressure to stabilize until counters 
.steady. 

1. Open (counterclockwise) the Ps EQUALIZER 
and Pt EQUALIZER controls. Allow pressure to run 
down and stabilize at ambient as indicated by the 
counters. 

). Switch POWER OFF. 

3 15. TEST SET TTU-229/E. 

1. Secure the test set by sett:ng the switches and 
controls to the positions given in table 3-1. 

b. Disconnect hoses and cables from the computer 
and the test SAts and return to stowage unless required 
for further operation. 

3-16. DEFINITIONS. 

a. Pressure Altitude - Altitude m a standard 
atmosphere corresponding to a given atmospheric 
pressure actually encountered. 

b. Indicated Static Pressure (Psi) - Actual st&tic 
presfiure sensed by altimeter aneroids. 

c. bidicated Pressure Altitude (Mi) - That alti­
tude displayed by a standard barometric altimeter. 
1. c.. height 3D0VC standard sea level preuaure (29. 92 
inches of mercury). 

d. Corrected Pressure Altitude (He) - Same as 
indicated pressure altitude except a prcdetermmed 
correction is applied by the computer to correct for 
static pressure error. 

e. Static Pressure Error (Psi-Ps) - That error 
resuitmg from design and location of pressure pickup 
ui conjunction with the speed of the aircra/t. 

NOTE 

When referring to Column (5) of Tables 3-3 through 3-14 the 
computer should indicate one of the alpha-numeric code out­
puts , not a l l of them. 

TABLE 3-3. SCALE ERROR TOLITRANCES, TYPE NO. CPU-46A/A-1. CPU-46/A-1 

i 
i 
1 

! TTU-205 Input 

1 a) 

1 
1 Indicated 
1 Speed 
i (Knots) 

1 •' 
1 

1 190, 

j 
1 
1 333 

i 
1 

197 

1«^ 

I'M) 

111 

-13 

(2) 

Indicated 
Pressure 
Altitude 

(7t< 

II 

IT.' 

JS» 

369 

HKO 

2370 

4l>7:i 

4733 

Aircraft 
F-IOIB. F-IOIF 

TTU-229/E Output 

(3) 

Calibrated 
Pressure 
Altitude 

(Ft) 

0 

0 

0 

600 

lOOII 

^ ôn 

^ooo 

^000 

(4) 

Total 
Tolerance 

(Fti) 

16 

49 

se 

49 

49 

49 

40 

ss 

(5) 

Code 
Outputs 

Bj n4 Cj C4 
B i a , c j 
P2 Bi Cl C2 

B2 84 C2 C4 
B2 B4 C2 
B2 84 Cl C2 

B2 84 Cj C4 
B2 B4 C2 
B] B4 Cl Cj 

B2 Cl C2 
B2C2 
B2 C2 C4 

Bi »t C2 C4 
Bi Bi C2 
Bi I j ~i C2 

Bl Cl C2 
B1C2 
Bl C2 C4 

A, B, C2 C4 
A4 B2 C2 
A4 B2 Cl CJ 

*4 Bj C2 C4 
A4B2C2 
*4 B2 Cl Ca 

3-4 Change 6 10 
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TABLE 3-3, SCALE ERROR TOLERANCES, TYPE NO. CPU-46A/A-1 CPU-46/A-1 iCont) 

Au-craft 
F-IOIB. F-IOIF 

"'TTU-aOS fcput 

(1) 

Indicated 
Spepd 
(Knots) 

I IDS 

i 
!96 

j J90 

yn 

4 ) 9 

275 

304 

310 

t31 

186 

19J 

ISl 

(2) 

Indicated 
Pressure 
Altitude 

(Ft) 

4557 

42.1.S 

TOliS 

TTU-229/rOutput 

(3) 

Calibrated 
Pressure 
Altitude 

(Ft) 

•iijO 

— •— 

97 1 

S-85 

19.421 

'23.964 

33.440 

34.357 

39.859 

49.023 

. 
1 

1 
1 ! ! 
1 

59.023 

.••.l .lil . 

20.000 

30.000 

3S.000 

35.000 

40,000 

50.000 

hO.OOO 

Note: Tests should be run u 

(4) 

Total 
Tolerance 

(Ft =) 

! 
50 

(5) 

Code 
Outputs 

A4 B2 C j C4 
A 4 B 2 C J 
A4 b2 C'l C2 

A4 B2 C2 C4 
A4 B2 C2 
. ^ 32 Cj C2 

A2 A4 34 C l C2 
A2 A4 B4 C2 
A2 A4 84 C4 

A2 A4 3 i B4 C2 C4 
-.1 1 A2 A4 Bi 8 4 C2 

, A2 M 3 i 3 4 C l 0 2 

. 3 

91 

145 

283 

126 

144 

C12 

241) 

A2 A4 B i B4 C4 
A2 A4 B i BA C 2 
A2 A4 H I B4 C l C j 

A; A2 .V( Bi 32 B4 C2 C4 
Aj Aj A4 S i 32 B4 C2 
Ai A2 A4 B i B2 34 C J C2 

Aj 34 C J 
Ai 34 C4 C2 
Al B4 C2 
Ai B4 Cl C2 
Al 34 Cl 

D4 Al B i ^ . t 
D4 Al A4 B i C4 
O4 Al A4 Bi C4 C2 
D4 Al A4 Bi C2 
D4 Al A4 Bi Cl 0 2 
D4 Al A4 Bi Cl 
D4 Al A4 Bi B4 C l 

D4 Al A4 Bi C4 O2 
D4 Al A4 3 l 0 2 
04 Al A4 Bi C1O2 

D4 At A2 A4 32 B4 C4 
D4 Al A2 A4 B2 B4 C4 C2 
D4 Al A2 A4 B2 34 C2 
D4 Al Aj A4 32 B4 Cl 0 2 
D) Al A2 A4 32 B4 Cl 

D^A,3jBjCjC, 

0,A,5j3^Cj 

D,A,3^Cj 

D4 3 i 34 C4 
D4 81 32 B4 C4 
D4 3 i B2 B4 O2 C4 
D4 B\ S2 34 C2 
O4 Di B2 84 Cl 02 
D4 3 ] 32 84 Cl 
0 4 8 1 32 Cl 

psc'ale and downscale. 
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TABLE 3-4. SCALE SRROR TOLSRAl^CES, TYPE 1!0. CPU-46A/A-3, CPU-46/A-3 

A 

':% 

• 

r 

\ 

i 
1 

; 

.•P 

TTU-205 Input 

(1) 

Indicated 
Speed 
(Knots) 

50 

351 

197 

i i S 

190 

131 •• 

. 242 

503 

365 

290 

221 

449 

275 

i . 

• (2) 

Indicated 
Pr«)8sure 
Altitude 

(Ft) 

-12 

-46 

437 

957 
-

2457 

4958 

4953 

4956 

4961 

7457 

S954 

9984 

19965 

Net* 

Aircraft 
T-38, F-5B 

TTU-229/E Output 

(3) 

Calibrated 
Pressure 
Altitude 

(Ft) 

0. 

0 

500 

1000 

2500 

5000 

5000 

5000 

5000 

7500 

10000 

10000 

20000 

: Tests should be run up 

(4) 

Total 
Tolerance 

(Ft±) 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

38 

71 

(5) 

Code 
Outputs 

32 B4 C2 C4 
B2 B4 C2 
B2 B4 CI C2 
B2 B4 C2 C4 
B2 B4 C2 
B2 B4 CI C2 
B2 CI C2 
B2 C2 
B2 C2 C4 
Bl B2 C2 C4 
Bl B2 C2 
Bl B2 CI C2 

Bl CI C2 
Bl C2 
Bl C2 C4 
A4 B2 C2 C4 
A4 B2 C2 
A4 B2 CI C2 
A4 B2 C2 C4 
A4 B2 C2 
A4 B2 CI C2 
A4 B2 C2 C4 
A4 B2 C2 
A4 B2 CI C2 

A4 B2 C2 C4 
A4 B2 C2 
A4 B2 CI C2 
A2 A4 B4 CI C2 
A2 A4 B4 C2 
A2 A4 B4 C4 
A2 A4 Bl B4 C2 C4 
A2 A4 Bl B4 C2 
A2 A4 Bl B4 CI C2 j 
A2 A4 Bl B4 C2 C4 : 
A2 A4 Bl B4 C2 
A2 A4 Bl B4 CI C2 
Al A2 A4 Bl B2 B4 
C2 C4 

Al A2 A4 Bl B2 B4 
C2 

Al A2 A4 Bl 82 B4 
CI C2 

scale and downscale. 
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TABLE 3-4. SCALE ERROR TOLERANCES, TYPE NO. CPU-46A/A-3, CPU-46/A-3 (Cont) 

Aircraft 
T-38, F-5B 

TTU-205 fiiput 

(1) 

Indicated 
Speed 
(Knots) 

v ^ 3 0 4 

386 

1 

1, 

i 
! 
1 

205 

110 

(2) 

Indicated 
Pressure 
Altitude 

(Ft) 

29986 

35469 

40068 

50000 

59969 

TTU-229/E Output 

(3) 

Calibrated 
Pressure 
Altitude 

(Ft) 

30000 

35000 

40000 

50000 

60000 

(4) 

Total 
Tolerance 

(Ft±) 

108 

174 

ISO 

180 

211 

(5) 

Code 
Outputs 

Al B4 C2 C4 1 
Al 84 C2 1 
Al B4 CI C2 1 
D4 Al A4 Bl C4 t 
D4 Al A4 Bl C4 C2 { 
D4 Al A4 Bl C2 j 
D4 Al A4 Bl CI C2 1 
D4 Al A4 Bl CI ! 

D4 Al A2 A4 B2 B4 C4 
D4 Al A2 A4 82 B4 C4 

C2 
D4 Al A2 A4 B2 B4 C2 i 
D4 Al A2 A4 B2 34 CI 1 
C2 1 

D4 Al A2 A4 B2 34 CI i 
D4 A2 Bl B4 C4 i 
D4 A 2 B 1 B4 C2 C4 | 
D4 A2 Bl 34 C2 9 
D4 A2 Bl B4 CI C2 | 
D4 A2 Bl 34 CI 1 

D4 Bl B2 34 C4 | 
D4 31 32 B4 C2 C4 | 
D4 31 32 34 C2 | 
n4 31 32 34 CI C2 | 
U4 31 32 34 CI • i 

Note: Tests should be run upscale and downscale. 

V^ 
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BENCH CHECK OF AAU-19/A ALTIMETER 

1. Perform a visual inspection of Che AAU-19/A altimeter lAW para 
4-a of TO extract 5F3-3-15-22. 

Visual Inspection - Satisfactory Unsatisfactory 

2. Check figure 4-1 of TO extract to make sure the equipment is 
connected electrically according to the diagram. 

3. Set the TTU-229/E controls according to table 4-1 of TO 

extract. 

4. 
extract. 

5. 

6. 

7. 

8. 

Set the TTU-205C/E controls according to table 4-2 of TO 

Read and follow instructions in para 4-20 of TO extract. 

Read and follow instructions in para 4-21 of TO extract. 

Read and follow instructions in para 4-22 of TO extract. 

Read and follow instructions in para 4-23 of TO extract. 

a. Perform Leak Check LAW para 4-23 of TO extract. 

b. Leak Check - Satisfactory . Unsatisfactory 

extract. 

Perform standby mode zero feet check lAW para 4-24 of TO 

a. Standby, Zero Feet Check - Satisfactory 

Unsatisfactory 

10. Perform reset mode zero ffc<it check lAW para 4-25 of TO extract, 

a. Reset Zero Feet Check - Satisfactory 

Unsatisfactory 

11. 
table 4-3 

Perform standby functional check of altimeter lAW para 4-38 and 
of TO extract. 

a. Standby Functional Check - Satisfactory 

Unsatisfactory 

12. 
and table 

Perfoirm reset functional check of altimeter lAW para 4-38 
4-3 of TO extract. 

a. Reset Functional Check - Satisfactory 

Unsatisfactory 

1̂  
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13. Perform electrical tests lAW instructions in para 4-40 of TO 
extract. 

Note: Read Caution. 

a. Electrical Tests - Satisfactory 

Unsatisfactory 

14. Perform AC power loss lAW para 4-42a, b, c, and d of TO 
extract. 

a. AC Power Loss - Satisfactory 

Unsatisfactory 

15. Perform steps in para 4-43 of TO extract, 

a. Satisfactory . Unsatisfactory 

16, Perform failure detection test LAW para 4-45 of TO extract, 

a. Failure Detection Test - Satisfactory 

Unsatisfactory 

17. Perform altitude deviation test lAW para 4-47 of TO extract, 

a. Satisfactory . Unsatisfactory . 

18. Perform lighting test LAW para 4-49 of TO extract, 

a. Satisfactory . Unsatisfactory . 

19. Perform combined scale error and friction tests lAW para 4-51 
and 4-52 and table 4-5 of TO extract. 

Note: Read NOTE. 

Satisfactory Unsatisfactory 

20. Perform test set shutdown procedures LAW para 4-55 of 
TO extract. 

a. 

21. Perform test shutdown procedures LAW para 4-56 of TO extract. 

22. Secure test equipment lAW para 4-57 of TO extract. 

15 
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SECTION IV 

CHECK LIST ELEMENTS 

4-1. HELD (INTERMEDIATE) REQUIREMENTS. 

4-2. TEST SETS. TTie TTU-229/E and TTU-20SB/E test sets, 
specified in paragraph 2-3, can be set up and operated en a minimum 
of bench space by one man. 

4-3. SKILL LEVEL. The skill level and title recommended to 
perform the bencli checic of the altimeter is: 

Air Force • AFSC 42250/32551 Instrument Repairman. 

Navy - Aviation Electrician Mate, Code NEC 7105. 

44. POWER. The power requirements for each test set are 115 Vac 
i 5 Vac, single phase, 400 Hz + 20 amperes m îximum. 

4-5. TEST ENVIRONMENT. 

4-6. The test area should be clean and provide ready access to 
necessary power sources and test equipment. The tests are to be 
conducted under room ambient conditions. 

4-7. Only common hand tools are required in addition to the test 
equipment specified in para^aph 2-3. 

NOTE 

.Any altimeter that fails to meet either the minimum 
performance or visual inspection requirements, specified 
herein, shall be considered unacceptable. No repair is 
authorized at Field (Intermediate) level. 

4-8. visuAiiir'spF.r.Tinrf-
4-9. Before connecting to the test sets, the altimeter shall be 
inspected for the following. 

a. Damage to altimeter case, barometric scale zero setting knob, 
'control switch, or electrical connector. 

b. Distorted or corroded pins in electrical connector. 

c. Foreign material in electrical connector or static port. 

d. Defective or missing filter screen. 

e. Cracked bezeL 

f. Abrasion marks on lens. 

4-10. TF,STSF.TPRFP*RATTnN 

issms. 
Failure to release the pressure relief valve on Test Set 
TTU-229/E before removing the-carrying case lid may 
cause postible damage to the Test Set and injury to 
personnel as a result of pressure differential. Operator 
should wear ear plugs when operating Test Set 
TTU-205B/E. Acoustical noise level of set can impair 
hearing. 

NOTE 

Test Sets TTU-229/E and TTU-205B/E have the capability 
to test a maximum of two altimeters simultaneously. 

4-11. TEST SET Tnj-205B/E. The accessories stowed within th'! 
carrying case lid of the test set, used for bench check of tt 
altimeter, are one (1) each: 

a. Fitting, part number MS33657-E-6. 

b. Pj hose assembly, part number AN6270-6-240. 

c. Power cable assembly, part number 610722-1. 
manufactured by Garret Corporation (72599). 

CAUTION 

Ensure that the POWER switch of the test set is in the 
OFT position before connecting accesones. 

4-12. .Make the following connections. (See figure 4-1.) 

a. Attach fitting to the static port of altimeter undergoing 
test. 

b. Connect P, hose assembly to test set and altimeter 
undergoing test. 

c. Connect power cable assembly to test set, then to i lal 
power source. (See paragraph 44.) 

QAVT19r< 

Before making any connection changes to the test set with 
power on, see paragraphs 4-53 throu^t 4-56. 

NOTE 

Blanking plugs must remain on all test set connectors not 
being used during bench check of altimeter. 

< 
4-13. TEST SET TTU-229/E. Before unlatching the carrying case 
lid of the test set, press red button on side of case to release pressure 
relief valve. 

4-14. The accessories stowed within the carrying case lid of the test 
set, used for bench check of the altimeter, are one (1) eadi: 

a. Cable assembly, part number 17960010110, manufactured 
by KoUsman Instrument Corporation (89944). 

b. Power cable assembly, part number 17960010070, 
manufactured by KoUsman Instrument Corporation (69944). 

NOTE 

Ensure that the POWER switch of the test set is in the 
OFF position before connecting accessories. 

16 
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CAUTION: 

TEST SET 
TT'J-229/E 

J 4 Q 

CABLE 
17960010110 

TO POWER • 
l i s VOLTS, 400 HZ 

AAU-19/A 
AAU-19A/A 
NO. 1 

NO. 2 

TEST SET 
rrU-205B/E 
OR EQUIVALENT 

USE FITTING 
MS336S7-6 

-INTERCONNECTING 
HOSE AND FITTING 
TO BE LOCALLY 
MANUFACTURED 

NTEE FITTING 

''ArJG27&6-240 

.610722-1 

TO POWER 
115 VOLTS, 400 HZ 

Figure 4-1. Type AAU-19/A, AAU-19A/A Field (Intermediate) Mtintenance 
(Bench Check) Test Set Up 

4-15. Make the following connections. (See figure 4-1.) 

a. Connect cable assembly Po to electrical connector of 
altimeter undergoing teat and receptacle ]n of test set. 

b. Connect power cjble assembly Pj to Jj of test set then to 

external power source. (See paragraph 44.) 

4-16. TEST SET SWITCH AND CONTROI. SETTINGS. 

4-17. TEST SET nX'-229/E. Set the switches and controls on the 
panel to the settings ipecified in table 4-1. 

4-2 
,{ 946 
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Table 4-1. TTU-229/E Control Sottings 

TTU.229/E 
SWITCH/CONTROL 

POWER 
INDUCED ERROR 
SYNCHRO SELECTOR ' ' 
SYNCHRO RESET 
LIGHTING 
SERVO 
VIBRATOR 
COMPUTER 
ENCODER SELECTOR 
ENCODER LA.MP TEST 

SETTING 

OFF 
ZERO 
ALTIMETERS 
NORMAL 
OFF 
NORMAL 
DISABLE 
NORMAL 
OFF 
NORMAL 

4-18. TEST SET TTU-205B/E. Set the switches and control* on the 
panftl to the settingi specified in table 4-2. 

Table 4-2. TTU-20SB/E Control Settings 

TTU 205B/E 
SWITCH/CONTROL 

POWER 
P S & P T E Q U A U Z E R S 
MACH UMIT 
PRESSURE MODULATION: 

FREQUENCY 
AMPLITUDE 

ALTITUDE CONTROL 
ALTITUDE RAIE 
ALTITUDE FINE ADJUST 
AIRSPEED CONTROL 
AIRSPEED RATE 
AIRSPEED FINE ADJUST 

SETTING 

OFF 
CLOSED 
0.95 

OFF 
0 
ZERO FEET (APPROX.) 
39 (Max CW> 
CENTER OF TRAVEL 
60KNUTS(FuUCCW) 
360 KNOTS 
CENTER OF TRAVEb 

4-19. TURN ON AND PRELIMINARY TEST/SETTING 
INSTRUCTIONS. 

4-20. TEST SET TTU-229/E TURN ON. Set POWER switch to ON 
portion and VIBRATOR switch to ENABLE position. The TEST 
SET, PILOT. COPILOTUmpt shall illuminate. 

4-21. TEST SET TTU-ZOSB/E TURN ON. Set POWER switch to 
ON position. 

4-22. Adjust altimeter barometric scale zero setting knob to indicate 
a reading of 29.92 inches of mercury on the baix>metric readout 
counter. 

NOTE 

Adjustment of barometric scale zero setting knob for test 
purposes shall always be made by approaching the setting 
in an increasing direction. Rotate the kn. > in a clockwise 
direction until the desired barometric counter readout is 
indicated. When necessary, the knob shall first be rotated 
in a counterclockwise direction until the counter 
indication is lower than the required setting. 

The time delays of the control switch operation on the 
Aerosonic 10180-A snd Bendix 3252001-0101 altimeten 
differ ii-^". Ihe KoUsman A4132210OO2 and 
A4132210003 altimeter aa follows: 

With electrical vnd pneumatic inputs connected to the 
altimeters, all nf the altimeters can be ener^zed by 
rotating the control switch to the RESET position. The 
STBY flag will be concealed and the vibrator will cease to 

mr 

operate almost instantly. The altimeter can then be 
de-energized by rotating the control switch to the STB^ 
position. On the Aerosonic 10180-A and Bene 
3?.S2001-010I altimeters, the STBY flag will return to 
view and the vibrator will operate within one-half second. 
The Koltsman A4132210002 and A4132210003 alUmeteis 
differ in that the return of the flag and the vibrator 
operation take two to three second*; therefore, tivs control 
switch must be held in the ^TBY position for a longer 
time. All altimeter* rhould be considered acceptable even 
though they differ in this respect. 

4-23. LEAK TEST. Set the ALTITUDE SLEW RATE control to 
5,000 feet per minute. Set Test Set TTU-205B/E to approximately 
40,000 feet altitude. Hold LEAK TEST switch on Test Set TTU-
205B/E in ON position. Ihe leak rate observed on the altimeter 
shall tiot exceed 100 feet during a one-minute intervaL Release 
LEAK TEST switch and return Test Set TTU-205B/E to zero 
altitude. 

NOTE 

The "Altitude Rate" control should be set to 5,000 
feet per minute prior to setting the "altitude control" 
to 40,000 feet 

4-24. Set ALTITUDE control switch on Test Set TTU-205B/E to 
zero feet altitude. Adjust altitude fine adjust fo.- zero indication 
on the altitude counter. Set the ALTITUDE SLEW RATE control 
to 5000 feet per minute. The altimeter shall indicate zero ± 45 feet 
The STBY flag shall be visible on dial face. • 

NOTE 
For accurate altitude adjustments on the TTU-205B/E 
Tester, utilize the "altitude fine adjust" control knob. ' 

4-25. Route the SYNCHRO RESET switch on Teat Set TTL ..-fit 
until SYNCHRO DISPLAY indicate* a reading of zero feet. Set the 
altimeter RF^ET-STBY control switch to the RESET position. The 
S13Y flag shall not be viaiUe on face of dial. The altimeter ahall 
indicate zero * 30 feet. 

NOTE 

During slewing operation of the SYNCHRO DISPLAY on 
Test Set TrU-229/E, both the PILOT and C041LOT 
panel lamp* extinguish and the altimeter revert* to the 
standby mode of operation. 

4-26. BAROMETRIC AND RIJCTRICAL ZERO SETTING. 

4-27. If scale enors in the pneumatic and/or electrical modes of 
operation exceed the allowable tolerances for paragraphs 4-24, 
4-25 or 4-50, a barometric and/or electrical zero setting operation 
is required. The zeroset locking methods for each type of alti­
meter differ significantly; therefore, a separate procedure is pro­
vided for each manufacturer's instrument within type classification. 

4-28. AA0-19/A ALTIMETER, AEROSONIC 10180-A. Perform 
barometric and electrical zero setting and verification operations in 
accordance with the following procedures. <See figure 4-2.) 

4-29. BAROMETRIC ZERO SETTING (PNEUMATIC MODE). 

a. Set altimeter RESET-STBY lever to STBY po*ition. 

b. Set Test Set TTU-20SB/E to an altitude of zero feet. 

c. With the knob (3) in the center (normal) position, route 
knob to set altimeter pointer to zero feet indication. 

d. Loosen, but do not remove, barometric scale ,'t 
adjuftment locking screw (4). Locking plate (5) shall be loose <nd 
free from sliaft engagement. 

e. Withdraw knob (3) to it* extended position and rotate until 

Change 7 4-3 



T.O. 5 F 3 : M 3 - 2 2 
.VAV.VJK 05-30-95 

/30^ 

3 BAROMETRIC SCALE 
Z't-RO SETTING KNOB 

I 2 

SET SCREWS 

NOTE; USE BRISTOL SPLINE SOCKET KEYS 5-048 -4 

.6 SHAFT HOLE 

A EARGviETRIC SCALE 
DRIFT ADJUSTMENT LOCKING SCREW 

LOC.'.ING PLATE 

Fipire v-2. ba/umvtric and Electrical Zero Reset 
(AiTosonic Type AAU-I9M) 

Jtinii'*.!"' bsroinefric readout counter is reset to 29.92 inches of 
iiicrcu" and pointer indicates zero feet altitude. 

. To ••••rify icroins;, return knob (3) to the center position. 
"In jHtiiitor jhail indicate 7.cro t 5 fee'. If 'he pointer does not 

-...iri'iii-atc zero feet within the specified tolerance, repeat step c. 

; .JO. ELECTRICAL ZERO SETTING. 

J. Loo^n setscrewj (1) and (2) on knob (3) until knob can be 
moved out on shall. .Move out knob until hole (6) on shaft is visible. 
Tij;hien inner setscrcw (1). 

b. bvt RESET-STBY control switch to RESET position. 

t-. Push knob (3) iti and rotate untd altimeter pointer indicates 
jcry * 0 fi-i't. 

N(;TE 

In the t-vent that power on scale error data indicates that 
more accuracy ran be obtained by offsetting the electrical 
si-llin^, Ihc pointer shall be adjusted to the desired offset 
iii.«lfad of zero feet. 

d. Return knob (3) to center position. 

K. S*-! Te.tt Set TTU-2053/E altitude control to zero feet. 
Vi-nfy zeroing by moving RESET-STBV control switch first to STBY 
then (d RESET. The pointer shall continue to indicate zero i 5 feel 
in fithcr position. If not, re|)eat steps a. through e. as required. 

f. When zeroing and venfication procedures have been 
cuinpli-lcd. position lockini: plate (5) in place and listen locking 
screw ' LuoMn seLwrrw (I) and move knob (3) in until hole (6) 

on shaft is no longer visible. Be certain setscrew (1) is located in hole 
(6) on shaft. Setscrew (1) should be recessed more than setscrew (2) 
when properly located in hole. 

g. Set RESET-STBY control switch to STBY position. 

4-31. AAU-I9/A ALTIMETER, KOLLSMAN A4I32210002. 
'\4132210003. Perform barometric and electrical zero setting and 
venfication operations in accordance with the following procedures. 
(See figure 4-3.) 

LOCKING PIN 
5-

BAflOMETRIC SCALE 
OaiFT ADJUSTMENT 
LOCKING SCREW 

/BAROMETRIC SCALE 
ZERO SETTING KNOB 

_Li. 
SET SCREWS 

NOTE: USE BRISTOL SPIINE SOCKET KEYS &04S4 

Figure 4-3. Barometric and Electrical Zero Reset 
(Ko'.lsman Type AAU-19/A) 

4-32. BARCMETP-IC ZERO SEITING (P.NEU.MATIC MODE). 

a. Set Altimeter Reset-STBV ConUol Switch to STBY 
position. 

b. Set Test Set TTU-205B/E to an iltitude ot i«ro feet. 

c. With knub (3) in center (normal) positior. rotate knob to 
set altimeter pointer to zero feet indication. 

d. Loosen Barometric .Scale Drift Adiustment LocI<in( Screw 
(4) until head of screw is clear of recessed hole in altimeter 
bezel. 

e. Push Lockini! screw (4) away from Barometric Scale Zero 
Setting Knob (.3) until locking pin (5) has been lifted to i u far 
up poji"on. 

f. Withdraw knob (3) to its extended position and rotate 
knob (3) until altimeter barometric readout counter is reset to 
29.92 inches of mercury and altimeter pointer indicates zero feet 
altitude. 

g. To venfy re-zeroing return knob (3) to center position. 
The pointer shall still indicate r.cio ± 5 feet. If pointer does not 
indicate zero feet within specified tolerance, repeat steps c, f and 

h. With knob (3) in its center (normal) position, reseat 
locking pin (&) back to its original position and tighten locking 
screw (4) insuring that it fits properly in recess of the bezel. 

NOTE 

In the event that standby scale error data indicates that 
more accuracy can be obtained by offsetting the 
pneumatic setting the pointer shall be adiusted to the 
desired offset instead of zero feet. The unit must still 
meet all tolerances of ubie 4-5. 

\ 
J 

i 
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4-33. ELECTRICAL ZERO SETTING. 

a. Looian Mtaenwt (1) and (2) on knob (3) until 'icnob can 
ba moved out on shaft. Move knob out untU hole on shaft is 
visible. Tifhtan satscxew (1). 

b. Sat Alttmater RESET-STBY conteol switch to RESET 
poaition. 

c. With knob (3) in canter (normal) poaition, rotate knob 
until altineler barometric readout counUr is reset to 29.92 
inches of mercury. 

d. Loose Barometric Scale Drift adjustment locking screw (4) 
until head of screw is dear of recessed bole in altimeter bezel. 

e. Push locking screw (4) away from Barometric Scale Zeru 
setting knob {3) imtil locking Pin (S) has been lifted to i u far up 
position. 

f. Push knob (3) in and route until altimeter pointer 
indicates zero ± 5 feet. 

NOTE 

In the event that power on scale error data indicates that 
more accuracy can b« obtained by offsetting electrical 
zero setting, tb« poinUr shall ba adjusted to the desired 
offset inataad of zero feet. The urdt must still meet all 
toleraaeea of Table 4'6. 

g. Return knob (3) to th« center poaition carefully. Over 
travel p u t the center position could affect the pneumatic 
jetting. 

h. With knob (3) io iU center (normal) position, reset locking 
Pin (S) back to It* original poaition and tighten locking screw (4) 
insuring that it fita properly in recess of the bezel. 

i. Set Teat Set TTV-206 B/E altitude control to zero feet. 
Verify zeroing by moving altimaWr RESET-STBY conUol switch 
first to STSY then to RESET. The pointer shall continue to 
Indicata zero ± 5 feet in either position. If not, repeat paragraph* 
4-32 and/or 4-33 aa required. 

J. When zeroing and verification procedures have been 
completed, looeen knob setscrsw (1) and move knob in until 
hole o a shaft is no longer visible. Tighten sat screws (1) aiul (2) 
flimly. Be certain that set screw (1) is locaUd in hole on shaft. 
Set Screw (1) should be receased more than setaerew (2) when 
properly located in hole. 

k. Set RESBT-ST8Y control switch to STBY position. 

4-34. AAU-I9A/A ALTIMETER, BENDIX 3 2 5 2 0 0 1 0 1 0 1 . Perform 
barometric and electrical zero setting and verification operations in 
accordance with the following procedures (See figure 4 4 . ) 

4.35. BAROMETRIC ZERO SETTING (PNEUMATIC MODE). 

a. Set altimeter RESET-STBY control switch (1) to STBY 
poaticn as shown in figure 4 4 . 

b. Set Test Set TTU-205B/E to an altitude of zero feet. 

c. With knob (2) in center (normal) position, rotate knob to 
set altimeter barometric counter to 29.92 inches of mercury. 

d. Uting a number one Phillips screwdriver louscn, but do not 
remove, locking screw (3) until the screw head is just clear of the 
front of the bezel (approximately four turns). Do not force the screw 
if mistance is felt. Shaft lock (4 ) will drop approximately flush with 
bottom of the bezel as snown in figure. 4 4 , allowing knob (2) to be 
pulled out. 

CAUTION 

Extend or depress knob (2) carefully, without forcing. If 
resistance to the motion is felt, rotate the knob slightly 
until gear teeth are properly meshed. 

BAROMETRIC SCALE 
ZERO SETTING Kl 

LOCKING SCREW 

RESrr.STlY 
CONTItOL SNITCH 

SHAFT LOCK 

BAROMETRIC ZERO SETTING (PNEUMATIC MOOC) 

SEAL SCREW 

ELECTRICAL ZERO SETTINO 

Figure 4 4 . Barometric and Electrical Zero RiMet 
(Bendix Type AAU.19A/A) 

e. Withdraw knob (2) to iU extended poaition and route until 
altimeter pointer indicate* zero feet. (Always approach the de«red 
zero setting by rotating knob in a clockwise (Erection,) 

f. To verify r»-zerolng,retumknob to center (normal) position. 
The pointer shall indicate zero-± 5 feet while the barometric counter 
indicates 29.92 iaeha* of mercury. Repeat steps e and f if the pointer 
doe* not indicate zero feet witliin the specified tolerance. 

NOTE 

In the event that sund-by scale error data indicates 
that more accuracy can be obuined by offsetting 
the pneumatic setting, the pointer slall be adjusted 
to the desired offset instead of zero feet. The unit 
must still meet all tolerances of Table 4-5. 

g. When zeroing and verification procedures have been com­
pleted, press shaft lock (4) bach into altimeter housing to original 
position, and tigbteabacking screw (3) . 
4-36. ELECTRICAL ZERO SETTING. 

a. Set RESET-STBY control switch (1) to RESET position as 
shown in figure 4-4. 

b. Loosen, but do not femove, semi screw (5) approximately 
two tad one-half turns. Using a Number One Phillips Screwdriver, 
loo*ea, but do not remove, locking screw (3) until head is clear of 
the front of bezel (approximately four turns). Shaft Lock (4) wiU 
drop flush with bottom of bezel as shown in figure 4-4 allowing 
knob (2) to b« pushed in. 

CAUTION 
Extend or deprea* knob (2) carefully without forcing. If 
resistance to the motion is felt, rotate the knob sligjit" ' 
until gear teeth are properly meshed. '' 

c. Push knob (2) in and rotate until altimeter pointer indicates 
zero tS feet. (Always approach the desired zero setting by rotating 
knob in a clockwise direction.) 
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iNOTE 

In the event that power on scale error indicates that more 
accuracy can be obtained by offsetting electrical zero 
setting, <he pointer shall be adjusted to the desired offset 
instead of zero feet. 

d. Return knob (2) to center position. 

e. Set Test Set TTU-20SB/E altitude control to zero feet. 
Venfy zeroing by .-roving RESET-STBY control switch (1) first to 
STBY (hen to RESET. The pointer shall continue to indicate lero + 
5 feet in either position. If not, repeat procedures given in steps a. 
through e. as required. 

.'. V/fcen /xTcing and verification procedures have been 
coir.p'.tita. v^H'.en iesd screw (5). Press sliaft lock (4) back into 
slumoter ho<JSing to original position and tighten locking screw (3). 

g. ?«. RJISET-STBY control switch (1) to STBY position. 

;-.r. i-i;.v./.n;;V-\LTEST.S. 

4-38. ZERO SElTi:-iG SCALE. Vflth the altimeter in the STBY 
loce •ind T-.n Sst TTU-20Sa'E off and EQUALIZER open, rotate 
'„i< • -''nc s'li:? •Kro setting knob (3) figures 4-2 and 4-3 or (2) 
.'.v«" •*—. i'ym 28.10 to 31.00 and check for smoothness of 
•-!•'< '< -e.it. Set krob at 28.J0 and record altitude display reading. 
v..-!Jii2<; Httiiig (o 29.50. 29.92.30.50, and 31.00 and record altitude 
£11.-1,:: y -eadjng at each of these upscale settings. The difference in 
•'.iCi.:,: r.i".-.>;-!M setting? .̂ hall be within the ranges specified in table 

-̂.). J. ^,i;e ihe barometric setting back to 30.50,29.92. and 29.50, 
V >•" tvAy. jiij record display reading at each setting. The readings 
..•' e.n il thr f̂ 'lawnscale settings ihall indicate within + 30 feet of 
:he readme Itken at the same points on the upscale settings. The 

•'eit jhal! be pe.'formed with the altimeter in the RE3ET mode. 
to rotat^} t*ie control switch to RESET, rotate the 

SY.VCH^O RESET switch to slew th* SYNCHRO DISPLAY 
rs loc3l "iHd sievsdofl. {Jpoo completion of test, return 
alfi.-netsr to STBY mod*. 

T^ie 4-3. Zero Sercing Scale Functional Test 

! JA.̂ O.METRIC 
i .-ETTIVGS 

j ."rom2S 10to29.92 
' From 29.50 to 29.92 
i From 29.92 to 30.50 
i From 29.92 to 31.00 

DIFFERENCE RANGE 
(in feet) 

Between 1690 and 1760 
Between 360 and 425 
Between 500 and 570 
Between 950 and 1020 

4-39. gi^SCTRiCUTtST?-
CAUTION 

Piioz to spplyist power to test set TTL'-ZO&B/E, set 
the switehe* and controls on t!ie panel to tbe tettinfi 
sptcltiei la table 4-2. Return altitude rats to 6,000 
feet after the test sat ttabUixet, i 

4-40. RESET-STBY CONTROL SWITCH, FLAG, AND VIBRA­
TOR PERFORMANCE. Set barorndtrlc readout counter to 29.92 
Inehee of mercury. On Teet Set TTU-205B/E, doe* equalixer 
viJvee, turn Test Set to ON, «il}u«t Teet Set to produce ta althnetef 
Indication of approximately 500 feet Slew Teet Set TTV-229PS, 
SYNCHRO DISPLAY undl zero feet is indicated. Note that altimeter 
STBY flag is visible, vibrator is operating, and indicator shows 
approximately 500 feet. Set the RESET-STBY control switch to the 
RESET position. Note that altimeter STBY flag is concealed, 
vibrator operation ceases, and indicator shows zero + 30 feet. Set 

RESET-STBY control switch to STBY position. Note that altimeter 
reverts to pneumatic mode, STBY flag is visible, vibrator is operating, 
and indicator shows approximately SOO feet. 
441 . >^CFPWER1,9?STOT. 

442. Set the altimeter RF,SET - STBY control switch to RESET 
position. The altimeter pointer shall indicate lero t 30 feet, the 
STBY flag shall be concealed, and the vibrator shall not be operating. 
Route the SYNCHRO RESET switch on Test Set TTU-229/E in 
either direction, in SLOW position, to slsw the SYNCHRO 
DISPLAY. During the slewing operation observe that the following 

2. Test Set TTU-229/E PILOT and CO-PILOT panel lamps 
extinguish. 

b. llie altimeter pointer indicates approximately 500 feet. 

c. The STBY flag is visible. 

d. The vibrator :s operating. 

443. Route Test Set TTU-229/E SYNCHRO RESET switch to 
NOR.MAL position and observe that the PILOT and CO-PILOT panel 
lamps illuminate. Hold Test Set TTU-229/E SERVO switch in 
RESET position, then release it to NOR.MAL position. Observe that 
the altimeter reverts to electrical mode of operation. 

444. FAILL'RE DETECTION TF.ST. 

445. With the altimeter in the RESET .Mode of operation and Test 
Set TTU-205B/E set to zero altitude, rotate Test Set TTU-229/E 
SYNCHRO RESET switch to slew the SYNCHRO DISPLAY to tero 
feet. During the slewing operation the altimeter will revert to the 
pneumatic mode of operation. When the SYNCHRO DISPLAY 
indicates zero feet, release the SYNCHRO RESET switch to 
NORMAL position then hold Test Sft TTU-229/E SERVO switch in 
RESET position to return altimeter to electric mode' of operation. 
Set the SERVO switch to DISABLE position. Slowly incruMe the 
pneumatic input until the STBY flag appears. Vibrator operation 
shall start .without Upptng the case. Wlvsn the STBY flag appeals, the 
AAtl-19/A altimeter reading shall be between 400 and 1000 feet of 
the electrical input; the AAU-19A/A altimeter shall be between 100 
and 300 feet of the electrical input. After test is completed, route 
Test Set TTU-229/E SERVO switch to NOR.MAL position. 

446. ALTITUDE DEVIATION TEST. 

447. With the altimeter set in STBY mode, adjust Test Set 
TTU-20SB/E pneumatic input until altimeter indicates 2000 feet. 
Place Test Set 229/E SYNCHRO SELECTOR in SELF TEST 
position and INDUCED ERROR control to 2000 feet. Set altimeter 
RESET-STBY control switch to RESET position. Record the 
altimeter scale error at 2000 feet induced error. Route Test Set 
TTU-229/E INDUCED ERROR control to each of the values listed 
in table 4 4 . Errors ih*ll be within tolerances spedfied. Induced error 
is defined ae the difference, in feet, between pneumatic and electrical 
input. 

Table 44 . Altitude Deviation 

PNEUMATIC 
INPUT (feet) 

2000 
2000 
2000 

INDUCED ERROR 
SETTING (feet) 

+ 2000 
+ 3000 
1-1000 

ALTIMETER 
INDICATION 

2000 
3000 
1090 

TOL. 
(t feet) 

30 
40 
¥) 

1r« Ch*n«e 8 
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4-48. 

4-49. 

4-50. 

4-51. 

NOTE 

At the completion of this test, rotate Test Set TTU-229/E 
INDUCED ERROR to 200 feet, set altimeter to STBY, rotate 
TEST SET TTU-229/E SYNCHRO SELECTOR control to ALTIMETER, 
and INDUCED ERROR control to zero. Return Test Set 205B/E 
to zero alt.tude-

LIGHVING TEST. 

Set RED-OFF-WHITE switch of TEST SET TTU-229/E to the applicable color 
and observe that the altimeter display illuminates. 

COMBINED SCALE ERROR/FRICTION TEST. 

SCALE ERROR TEST. The altimeter shall be subjected to the test points 
specified in table 4-5 for both the pneumatic and electrical mode of 
operation. The altimeter, while in the pneumatic (STBY) mode, shall 
be brought to the desired test pressure and the error determined. This 
error shall be recorded as the Standby Scale Error and shall be within 
the tolerance specific 1 in table 4-5. At the required RESET mode 
test points specified in table 4-5, the altimeter pressure input shall 
be set to the nominal test point pressure, and Test Set TTU-229/E 
SYNCHRO DISPLAY control set to the corresponding altitude setting. 
Errors shall be within tolerances specified in table 4-5. 

NOTE 

The Altimeter shall be observed for the presence of spurious pointer 
motion at the required RESET mode test points specified in Table 4-5. 
At each test point, the test set ALTITUDE contol shall be adjusted 
so that the altimeter indication is not in the counter transfer area. 
The permissible pointer motion shall be no greater than 0.080 inch 
(10 feet). 

The Altimeter shall be reset each time Test Set TTU-229/E SYNCHRO 
DISPLAY has been slewed to a different test point, and reverted to 
STBY mode before the pressure is changed. 

4-52. STOP AND JUMP FRICHTION TEST. The altimeter shall be tested for 
stop and jump friction at test poins specified in table 4-5. With 
Test Set TTU-299/E VIBRATOR switch set to the ENABLE position, the 
altimeter shall be subjected to a constant rate of decreasing altitude 
equivalent to the rates indicated. The change in reading of the pointer 
at the test points, due to its stopping and jumping while the counter is 
turning, shall be recorded as friction and shall not exceed the tolerances 
specified in table 4-5. 

4-53. TEST SET SHUTDOWN PROCEDURES. 

4-54. TEST SET TTU-205B/E. The procedure of paraph 4-55 shall be followed 
whenever one of the following conditions occur: 

a. Any pneumatic connection is to be changed. 
b. Prior to switching OFF at completion of tests. 
c. Immediately following a power interruption. 
d. Immediately following an abnormal pressure condition as 

indicated by any of the three red lamps. 

22-

13 Ox 



1313 

4-55. Test Set TTU-205B/E shall be shutdown as follows 

a. 
b. 
c. 

d. 

Rotate AIRSPEED control fully counterclockwise (50 knots). 
Rotate ALTITUDE control to local ambient altitude. 
Check PRESSURE MODULULATION controls OFF,i.e., FREQUENCY 
control OFF, AMPLITUDE control 0. Allow pressure to stabilize 
until counters steady. 
Open (counterclockwise) the ?2> EQUALIZER and Pc EQUALIZER 
controls. Allow pressure to run down and stabilize at ambient 
as indicated by the counters. 

NOTE 

The counters require power for their operation. If power cannot be 
maintained on the test set, the counters wilf remain steady even as 
pressures bleed off. 

e. Switch POWER OFF. 

4-56. TEST SET TTU-229/E. Secure the test set by setting the switches and 
controls to the positions given in table 4-1. 

4-57. Disconnect all hoses and cables from the altimeter and test sets and 
return to stowage unless required for further operation. 

22b 
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Table 4-S. Scale Error and Friction Teat 

Altitude 
Tert 
PoinU 
(feet) 

0 

500 

1.000 

2.000 
1 

! 20.000 

1 {40,000 

1 
162,000 
1 
i 

160,000 

1.60.000 
1 

.'40,000 
! 
130,000 
f 

I2C 

115.000 

i 10.000 

i 6.000 
1 

j S.OiW 

1 4,000 

1 
2,000 

1,000 

500 

0 

Direction 

Upacale from 
•1000 feet 

Upacale 

Upacale 

Upscale 

Upacale 

Upscale 

Dowracale from 
62,000 to 60,000 

Downacalr 

DownM'jlc 

Dowracale 

Dowracale 

Dowmcaie 

Downacale 

Dowmcaie 

Dowracale 

Downacale 

Dowracale 

Dowracale 

Dowracale 

Dowmcaie 

Dowracale 

Rate of 
Altitude 
Change 
(feet per 
minute) 

3-5K 

3-5K 

3-5K 

3-SK 

3-5K 

5-5K 

3-SK 

3000 

3-5K 

3-5K 

3000 

3-5K 

3-SK 

3-SK 

500 

3-5K 

3-SK 

500 

3-5K 

3-5K 

Teat Set 
1TU-229/E 
Vibrator 
Switch 

Enable 

Enable 

Enable 

Enable 

Enable 

Enable 

Enable 

Enable 

Enable 

Enable 

Enable 

Enable 

Enable 

Enable 

Enable 

Enable 

Enable 

Enable 

Enable 

Enable 

Altimeter 
Mode of 
Operation 

Stby and Reset .Mode 

Stby and Reset Mode 

Stby and Reset Mode 

Stby and Reset Mode 

Stby 

Stby 

Stby 

Stby 

Stby 

Stby 

Stby 

Stby 

Stby and Reset Mode 

Stby and Reset Mode 

Stby 

Stby and Reset Mode 

Stby and Reset Mode 

Stby 

Stby and Reset .Mode 

Stby and Reset .Mode 

Friction 
Tolerance 
Stop and 
Jump 
Operational 
(+ feet) 

100 

• 

50 

-

-

50 

50 

• 

Scale error 

Power On 
(t fe«t) 

+30 

30 

30 

30 

-

• 

' 

30 

30 

• 

30 

30 

• 

30 

30 

T(<! ratiLC 

Stby 
(+ feet) 

+45 

'^•'•so 

50 

60 

195 

345 

1200 

-

345 

270 

-

155 

120 

90 

-

75 

60 

50 

45 

^ : 
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Instrument/Flight Control Branch 
Chanute AFB, Illinois 

3ABR32531-HO-303 
3 February 1975 

PITOT PRESSURE AND PITOT-STATIC 
CONTROL PANEL AND OPERATING INSTRUCTIONS 

This handout is designed to be used in conjunction with programmed 
text 3ABR32531-PT-303, Pressure Temperature Test Set TTU-205/E and 
Automatic Altitude Reporting Equipment (AIMS). The information is 
essential for proper use of the pitot pressure, and pitot-static control 
panel. 

1. Purpose: 

a. Provides a controlled input of pitot and/or static 
pressure(s) to the AIMS Altimetry System or AIMS Computer. 

b.- Used to leak test the above system or to provide the 
system with inputs of airspeed and/or altitude simulations. 

c. Used as a substitute for the TTU-205/E. 

2. Operational characteristics (refer to figure 1): 

a. Almost identical to the ME-1 Field Tester as far as 
the operation is concerned. 

b. The only exception is that the pitot and static pressures 
are supplied from an external source and not from an internal source. 

c. The amount of pitot pressure that is needed by a system 
is read in knots on the airspeed indicator located on the control panel. 

d. The amount of static pressure that is needed by the using 
system is read in feet on the altimeter located on the control panel. 

e. Control Knob functions: 

(1) Pressure Source Valve: Used to apply a controlled 
amount of external pressure to the using system. The amount of pressure 
will be read on the airspeed indicator located on the control panel. 
After reaching the desired airspeed, the valve is closed. 

(2) Pressure Vent: When open, releases pressure from 
the using system and the control panel. 

OPR: TAS 
DISTRIBUTION: X 
TAS - 300; TTOC - 2 

Designed for ATC Course Use. Do Not Use on the Job. 

•k'^54 
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(3) Vacuum Source Valve: When open applies a vacuum 
source to the using system. The amount of vacuum required (static) 
will be read in feet on the altimeter located on the control panel. 

(4) Vacuum Vent: When open, releases vacuum from the 
using system and the control panel. 

(5) Cross Feed (refer to figure 2). 

(a) Purpose: Used to obtain a low airspeed and 
high altitude reading at the same time. 

(b) Operation: When the cross feed valve is 
opened, vacuum is applied to the pitot line. This decreases the 
differential pressure on the airspeed diaphragm. This decrease in 
differential pressure results in a lower airspeed indication. Since 
vacuum is applied to the pltot line, a decrease in altitude will 
result. Therefore, the vacuum source valve and the cross feed MUST 
be adjusted simultaneously to obtain the desired airspeed and altitude 
Indications. 

f. Remember, xjhen applying any pressure/vacuuin with the 
control panel, APPLY THEM SLOWLY. Pressure SURGES will damage the 
indicators and possibly the systems under test. 

Caution: NEVER APPLY PITOT AND STATIC PRESSURE AT THE SAME TIME. 
NEVER VENT WITH THE CROSS FEED OPEN. 

i357 
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Technical Training 

Avionics Instrument System Specialist 

OPERATION OF ACCELER0METER5 

7 February 1978 

CHANUTE TECHNICAL TRAINING CENTER (ATC) 
3360 Technical Training Group 
Chanute Air Force Base, Illinois 

Designed for ATC Course Use. 

• ' Do Mot Use on the Job. 

}3l1 
PROGRAMMED TEXT 

3ABR32531-PT-402A 
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FOREWORD 

This programmed text was prepared"for use in the 3ABR32531, Avionics 
Instrument Systems Specialist Course. It was validated using 30 students 
from the course with 97% of the students achieving the objective as 
stated. The average time to complete the text was 35 minutes. 

OBJECTIVE 

1. Without references, identify facts pertaining to the purpose, 
operation, and/or characteristics of flight instruments with a minimum 
accuracy of 70%. 

a. Accelerometers. 

INSTRUCTIONS 

This programmed text presents information in small steps called 
frames. After reading the information in each frame, you are to select 
an answer by placing a checkmark (/) by the correct response(s). Check 
your answers each time with the cov:rect answer shown at the end of the 
following frame. If you made a correct response, go on to the next 
frame. If you make an incorrect response, reread the frame before 
going on to the next frame. Be sure that you understand the material 
presented in each frame before you continue. If you do not understand 
the text or have a question, raise your hand and your instructor will 
assist you. 

) 

Supersedes 3ABR32531-PT-302, 20 January 1975. 
OPR: 3360 TCHTG 
DISTRIBUTION: X 

3360 TCHTG/TTGU-F - 200; TTVSA - 1 J 3 6 1 
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Frame 1 

The factors upon which the operation of the accelerometer is based are 
inertia and acceleration. By definition, inertia is the tendency of a body 
at rest to remain at rest. Also, a body in motion tends to remain in motion 
in a given direction, unless subjected to some outside force. Whenever an 
outside force acts on a body and overcomas inertia, there is acceleration. 
Acceleration is defined as a rate of change in velocity (speed or direction 
or both) per unit of time. 

Check (/) the true statement(s) below. 

a. Operation of the accelerometer is dependent upon the factors of 
inertia and acceleration. 

b. Inertia is a body in motion coming to.a complete rest. 

c. Inertia is the tendency of a body in motion to remain in motion. 

d. Acceleration is defined as a change in inertia. 

) 
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Frame 2 

Acceleration Increases as the applied force Increases and decreases 
as the mass of the object increases. To lllistrate this point, let's say 
that car A "weighs 3,500 pounds and has a 235 horsepower engine. Car B weighs 
3,500 pounds and has a 100 horsepower engine. We can conclude in this case, 
that with the increased horsepower (force) of car A, there is an Increase in 
acceleration. On the other hand, increasing the mass (weight and size) of 
a car without increasing the engine;, power, results in a marked decrease in 
acceleration. 

Check (/) the correct statement(s) below. 

a. Acceleration increases as mass increases. 

_b. 

_c. 

e. 

Acceleration decreases as mass increases. 

Acceleration Increases as the applied force increases. 

Acceleration decreases as the applied force Increases. 

If force is increased, acceleration will decrease. 

3 

'•383 

Answers to frame 1: / a. / 
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Frame 3 

Since acceleration is directly, proportional to the force applied to an 
object, the amount of acceleration can be used as an indication of the amount 
of force applied. This is exactly what the accelerometer does. By measuring 
the amount of acceleration, the accelerometer indicates the amount of force 
applied to the aircraft and its crew (occupants). 

Check (/) the correct statement(s) below. 

a. The accelerometer indicates the amount of inertia applied to 
the aircraft. 

b. The acceleromster measures the amount of inertia. 

d. 

Xbe. accelerometer cannot measure or indicate the amount of force 
applied to the aircraft and crew. 

The accelerometer indicates the amount of force applied to the 
aircraft and crew. 

Answers to frame 2; / b, 

' % 
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Frame 4 

Match the definitions on the left* to the terms on the right by listing 
the correct letters in the blank spaces. 

1. 

2, 

4. 

5. 

A change in velocity per unit of time. 

The tendency of a body at rest to 
remain at rest. 

Indicates the amount of force applied 
to the aircraft and crew. 

The applied force is increased. 

The applied force is decreased. 

a. Inertia 

b. Acceleration 

c. Acceleration 
. increases 

d. Acceleration 
decreases 

e. Accelerometer 

} 

/3S5 
Answer to frame 3: / d. 
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Frame 5 

The force that the accelerometer indicates is the load acting along 
the vertical axis of the aircraft. 

The accelerometer reacts only to forces that cause the aircraft to 
accelerate along the aircraft's vertical axis. 

VERTICAL 
AXIS 

WEIGHT 

J 

Check (/) the correct answerCs). 

The accelerometer Indicates the: 

a. force (load) acting along the horizontal axis of the aircraft. 

b. lift acting along the horizontal scrAs. 

c. forces that cause the aircraft to accelerate downward only. 

d. force (load) acting along the vertical â yls of the aircraft. 

J 
Answers to frame 4: 1. b 2. a 3. c 4. c 5. d 

^386 



Fraine 6 

The accelerometer indicates acceleration in "G" units. One "G" unit is 
the force exerted by the pull of gravity upon a body at rest. Acceleration 
due to gravity is 32 feet per second per second. 

Check (/) the correct answer(s). 

1. The accelerometer indicates, in "G" units, the: 

a. 

) • , 

force (load) acting along the horizontal axis of the 
aircraft. 

b. forces that cause the aircraft to accelerate upward only, 

force acting along the vertical axis of the aircraft, 

lift acting along the horizontal axis. 

The accelerometer indicates: 

the horizontal lift in "G" units. 

inertia in "G" units. 

gravity. 

acceleration in "G" units. 

c. 

d. 

a. 

b. 

c. 

d. 

J' 

Answer to frame 5: / d. |.fS7 
; . 
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Frame 7 

The accelerometer compares the forces acting on the aircraft with the 
force of gravity. When the aircraft is at rest on the ground, the only force 
acting on it is the force of gravity; therefore, the accelerometer should 
indicate +1G. The accelerometer indicates +1G in flight when the lift of 
the wing is exactly equal to the weight of the aircraft (level flight). 

The illustration below shows an accelerometer indicating +1G. This is 

what the accelerometer should indicate on the ground or in straight and level 

flight. 

Check (/) the correct st^tementCs) below. 

_a. The accelerometer should indicate 0 "G" on the ground. 

J). The accelerometer should indicate +1"G" on the ground. 

_c. The accelerometer should indicate -1"G" in level flight, 

jd. The accelerometer should indicate 0 "G" in level flight. 

e. The accelerometer should indicate +1"G" in level flight. 

Answers to frame 6: 1. / c. 2., / d. 

ii-iS8 
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Frame 8 

The term plus one "G" (+1G) is the normal pull of gravity. The accelero­
meter indicates IG only when the aircraft is on the ground or in level flight. 

Check (/) the correct answer(s) below. 

An accelerometer indicates normal gravity (+1G) when the aircraft is: 

a. in straight and level flight only. 

b. climbing'or diving. 

_c. parked on the flight line or in straight and level flight. 

_d. parked on the flight line only. 

J 

Ansvrers to frame 7: / b . / e. 
/3S9 
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Frame 9 

When the forces acting on the aircraft have the effect of increasing its 
weight (more than +1"G") such as during a pull-out from a dive, a tight turn, 
an inside loop, etc., positive "G"s will be indicated on the accelerometer. 
These forces apply additional stress on the aircraft structure. 

• ^ 

Check (/) the letter that identifies the correct answer. 

Positive "C's are indicated when: 

a. the aircraft is in inverted, level flight. 

b. the aircraft enters a dive. 

c. the aircraft pulls out of a dive. 

d. the aircraft levels out after a climb. 

Answer to frame 8: c. 

9 1370 
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Frame 10 

When the forces acting on the aircraft have the effect of decreasing its 
wieght (less than +1"G") such as during leveling out after a climb, nosing 
uown to start a dive, an outside loop, etc., negative "G"s will be indicated 
on the accelerometer. These forces also apply additional stress to the air­
craft structure. 

PULL OF 
GRAVITY 

Check (/) the letter that identifies the correct answer. 

Negative "G"3 are encountered when£ 

a. th^ aircraft climbs. 

b. the aircraft pulls out of a dive. 

c. nosing down to start a dive. J 
d. climbing upward. 

Answer to frame 9: / c. 

10-

1371 
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Frame 11 

Put a T by statements below that are true and F̂  by statements that are 
false. 

) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

Inertia is the tendency of a body at. rest to remain at rest. 

Acceleration is a change in velocity per unit of time. 

Acceleration increases as mass increases. 

Acceleration increases as the applied force increases. 

The accelerometer indicates the amount of inertia applied to 
the aircraft. 

The accelerometer indicates the amount of force applied to 
the aircraft and crew. 

The accelerometer indicates the force (load) acting along the 
vertical axis of the aircraft. 

The accelerometer indicates in "G" units. 

The accelerometer should indicate +1"G" on the ground or 
when the aircraft is flying straight and level. 

The normal pull of gravity is plus one "G." 

Positive "G"3 have the effect of increasing weight, therefore; 
increasing stress on the aircraft. 

Negative "G"3 have the effect of increasing stress on the 
aircraft during a steep turn. 

Negative "C's have the effect of decreasing the weight placing 
additional stress on an aircraft when nosing down to begin a 
dive. 

Answer to frame 10: 

1:)72 
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Frame 12 

One type of accelerometer indicates both positive and negative accelera­
tion. Positive acceleration causes plus reading and negative acceleration 
causes minus readings. An accelerometer that indicates positive and negative 
"G"s is the AF type B-6. The range of this instrument is from -5G to +10 G. 

The type B-6 accelerometer has three indicating pointers. The main pointer 
gives a continuous indication of changes in acceleration as they occur. The 
two auxiliary pointers indicate the highest maximum plus and minus readings 
reached durijig any flight or maneuver; 

AUXILIARY 
PLUS 

POINTER 

MAIN 
POINTCR 

AU>:iLIARY MINUS POINTER 

Match the definitions on the left to the terms on the right by listing 
the correct letters in the blank spaces provided. 

1. 

2. 

3. 

A. 

Gives a continuous indication of 
changes in acceleration. 

Indicates the highest plus changes 
in acceleration. 

Indicates the highest negative 
changes in acceleration. 

Indicates the highest negative and 
positive changes in acceleration. 

a. Auxiliary plus pointer 

b. Auxiliary minus ' 
pointer 

c. Auxiliary pointers 

d. Main pointer 

) 

Answer to frame 11: below 

Note: If you answered <my of the statements incorrectly, go back to the-
pages indicated next to the correct answer. Return to this page only 
after you are sure you can answer all statements correctly. 

I. T (2) 2. T (2) 3. F (3) 4. T (3) 

6. T (4) 7. T (5) 8. T (5) 9. T (6) 

II. T (7) .12. F (8) 13. T (8)' 

••' il"." 1373 

5. F (2-4) 

10. T.(7) 
) 
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Frame 13 

The auxiliary plus and minus pointers are mounted on separate hollow 
shafts which turn with the main shaft. A ratchet and pawl assembly for each 
pointer limits the turning of these hollow shafts to one direction only. 
Thus, the auxiliary plus pointer will only move up, and the auxiliary negative 
pointer will only respond to negative accelerations. 

When we speak of mass movement, we are only speaking of relative movement; 
that is, movement between the accelerometer (case) and the mass. When the 
aircraft goes into a dive, the mass will tend to remain fixed in space, while 
the accelerometer (case) will move downward. The net result of this action 
will be that the mass will move up the two mass guides. The diagram below 
indicates that an aircraft is climbing at an accelerated rate. 

) 

No Response Required 

Answers to frame 12: 1. d 2. 3. b 4. 

13 
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Frame 14 

The sensitive element is a phosphor bronze weight called the mass. (The 
mass is designated "a" on the diagram.) The mass is mounted on a pair of 
guides (mass shafts) and moves up and down in response to changes in acceleration. 

Check (/) the letter that identifies the correct answer. 

The sensitive element in the accelerometer: 

a. is the main pointer. 

b. is the main spring. > 

_c. is the mass. 

_d. are the mass guides. 

1375 
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Frame 15 

During level flight, the position of the mass ("b" on the diagram) is 

about midway between the top and bottom of the mass guides. 

) 

Check (/) the letter that identifies the correct answer. 

When the aircraft is in level flight, the position of the mass is! 

a. at the top of the mass guides. 

b. about midway on the mass guides. 

c. at^the bottom of the mass guides. 

either at the top or bottom of the mass guides. 

.̂.. -If" 

Answer to frame 14: c. 

i376 
15 
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Frame 16 

When the aircraift goes into a dive, the mass will move up the two mass 
guides and cause counterclockwise rotation of the pulley system. Two pointers 
of the assembly will move toward a minus "G" indication. Refer to the diagram 
and locate the pulleys (a), the mass (b) , guides (c), and the pointer 
assembly (d). 

Note: Only the uain and negative pointers would move in a dive. 

Check (/) the letter that identifies the correct answer. 

The main and negative pointer assembly will move toward a minus "G" 
indication when the aircraft: 

) 

accelerates away from the earth. 

b. climbs. 

jc. pulls out of a dive. 

d. accelerates toward the earth. 

1377 

Answer to frame 15: / b. 

; 

16 
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Frame 17 

When the aircraft goes into a climb, or pulls out of a dive, the mass 
will move down the guides and cause clockwise rotation of the pulley system. 
The pointer assembly will move toward a positive "G" indication. 

Study the picture (right) and check the correct answer to the statement " 
below. 

The aircraft is: 

a, accelerating away from the earth. 

. b. going into a climb, or pulling out of a dive. 

c. going into a dive, or pulling out of a climb. 

_d. in level flight. 

1 

Answer to frame 16: / d. 

i378 
17 
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Frame 18 

The string and pulley assembly transfers the movement of the mass to 
the main pointer shaft (e). The main pointer will move whenever the mass 
moves. 

Check (/) the letter that identifies the correct answer. 

The purpose of the string and pulley assembly is to transfer movement 
of the: 

a. 

b. 

c. 

d. 

main spring. 

hair spring. 

guides. 

mass to the main pointer shaft. 

• ) 

1379 

Answer to frame 17: / c. 
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Frame 19 

The auxiliary plus and minus pointers are restricted to turning in one 
direction only. That is, the plus pointer will only move up and the negative 
pointer will only move down. A. ratchet and pawl assembly (refer to picture 
below) for each pointer limits the turning in one direction. 

ATCHeT 

PAWl 

: > 

Check (/) the letter below that identifies the correct answer. 

After the aircraft has performed a +3"G" maneuver, and returned to level 

flight, the main pointer should indicate +1"G," and the auxiliary positive 

pointer should indicate a: 

a. +1"G" 

b. +3"G' 

c. 0"G' 

d. +2"G liri" 

) Answer to frame 18: __£—A' 

19 ̂ 380 
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Frame 20 

The auxiliary negative pointer will remain at the maximum negative 
reading obtained during flight. The auxiliary positive pointer will remain 
at the maximum positive reading obtained during flight. 

The ratchet and pawl assembly will hold the auxiliary pointers at the 
maximum readings obtained during flight. 

Check (/) the letter that identifies the correct answer. 

The unit that holds the auxiliary pointers at the maximum reading 
is the: 

• â. main spring. 

Jb. hair spring and main spring. 

_c. mass and guides. 

_d. ratchet and pawl assembly. 

) 

1381 

Answer to frame 19: / b. 

; 
20 



I3HI 
Frame 21 

rN^ Pushing the reset knob located on the front of the instrument lifts the 
pawls from the ratchets, allowing the hair springs (attached to the ratchets) 
to pull the auxiliary pointers back to +1"G." 

What two things happen when the reset knob is pushed? 

• a» The pawls are removed from the ratchets. 

b. The hair springs are wound up and the pawls are lifted. 

_c. The pawls are lifted from the ratchet and the hair springs 
pull the auxiliary pointers back to +1"G." 

_d. The hair sorings and main spring are wound up. 

^ 

Answer to frame 20: / d. 

i382 
21 
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Frame 22 

A locking knob, located on the rear of the instrument case, locks the 
weight in place for shipping, handling and storage. This prevents damage 
to the mass and indicating mechanism. During installation, inspection and 
during an operational check of the accelerometer, be sure the mechanism is 
unlocked. 

Note: The newer types of accelerometers' (MA-1, etc.) will not have a 
locking knob. 

Check (/) the letter that identifies the correct answer. 

The purpose of the locking knob (if indicator has one) is to: 

â. lock the mass for flight. 

b. unlock the mass only during a preflight inspection. 

c. lock the mass for shipping and handling. 

d. reset the main pointer. 

J 

1383 

Answer to frame 2 1 : / c. 
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Frame 23 

The accelerometer requires very l i t t l e maintenance. However, an inspec t ion 
check and a l imi ted opera t iona l check, normally made by the p i l o t during the 
p r e f l i gh t inspec t ion , can be performed. 

Check (/) the l e t t e r tha t i d e n t i f i e s the co r rec t answer. 

What checks can be made on the accelerometer? 

a. Functional and p r e f l i g h t checks. 

b . P re f l i gh t and ope ra t iona l checks. 

_c. Operational and inspec t ion checks. 

_d. Inspection nnd p r e f l i g h t checks. 

) 

'J 

Answer to frame 22: 

^^Bi 
23 



/3yv 
Frame 24 

The inspection of the accelerometer will be a visual one. Checks will 
be made for cleanliness of cover glass; coyer glass for cracks; range markings 
for proper limits, chips and discoloration: alignment of index mark; pointers 
set to +1"G" or within the listed tolerance; and security of mounting and lock 
knob (if instrument has one) for being unlocked. 

Check (/) the letter that identifies the correct answer. 

The one thing that will NOT be checked during the inspection of the 
accelerometer is: 

a.. correct "G" range of instrument. 

" ) 

b-

c. 

d. 

pointers set to a +1"G" indication, 

range markings for proper limits, 

security of mounting of the instrument. 

J 

iSSs 

Answer to frame 23: / c. 

J 
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Frame 25 

The operational check of the accelerometer is a check to see if the 
indicator is functioning properly and within tolerance. This check consists 
of checking the indicator for alignment of all pointers at +1"G" or within 
tolerance, when push-to-set knob is pushed. Freedom of movement of push-
to-set Vmob when it is pushed should also be checked. 

Check (•/) the letter that identifies the correct answer. 

During an operational check the accelerometer is checked for: 

a. security of mounting. 

- b. auxiliary pointers moving to their maximum "G" indication. 

c. proper functioning and operation within tolerances. 

d. limits of range markings. 

( 

Answer to frame 24: / a. 

Note: If the instrument fails to operate properly it should be replaced 
with a serviceable one. 

Note: Before proceeding to Section "B" (frame 26), ask your instructor 
for the examination covering Section "A." 

Answer to frame 25; / c. 

25 
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?lt Tng Device and Inst/Flt Cont Branch 
Chanute AFB* Illinois 

3ABR32S31-WS-A02 
6 March 1978 

INSPECTION AND OPERATIONAL CHECK OF THE ACCELEROMETER 

I. ECTIVE 

Given a workbook, test equipment and components» perform an 
inspection and operational check of flight Instruments with a minimum 
oi 1002 accurate workbook r.esponses. 

EQUIPMENT 
Basis of Issue 
1/student Accelerometer Indicator 

PROCEDURE 

Visually Inspect the accelerometer ̂ nd make a checkmark (/) in the 
satisfactory column under YES or NO in accordance with your findings. 

Ilaspect for: 

1. Clean cover glass 

2« Cover glass Intact 

3. Paint on dial for; 

a. Cracks 

b. Discoloration 

4. Place locking knob on back of indicator to 
"UNLOCKED." 

5. Security and proper motintlng (aircraft only) 

6. Check range marking decala for; 

a. Discoloration, cracked or chipped 

b. Proper liilts (aircraft only) 

7. Check slippage mark 

8. Pointers set on +1 "G" (tolerance 0,1"G") 

SATISFACTORY 
YES NO 

Supersedes 3ABR32531-WS-302, 21 June 1974. 
OPR: 3360 TCHTG 
DISTRIBUTION: X 

3360 TCHTG/TTGU-F - 200; TTVSA - 1 

Designed for ATC Courie Use Only. Do Hoc Use on the Job. 
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Perfora an operational check of the acceleroneter. Make a 

chackaark (/) in the aatlnfactory column under YES or NO in 
accordance with your finding*. 

Note: If the indicator hai one, the locking knob should be 
in the unlocked position. 

Check for; 

1. Holding the indicator upright and level the main pointer 
•hould read +1"G" (tolerance O.L "G"). 

SATISFACTORY 
YES NO 

2. Rotate the indicator ISO* (upside down) and level, the 
main pointer should read -1 "G" (tolerance 0.1 "G"). 

SATISFACTORY 
YES KO 

3. Holding the indicator upright and level the auxiliary pointers 
should return to +1"G" when the Push-TO-Set knob is pushed. 

SATISFACTORY 
YES NO 

Note: Be sure to lock the accelerotneter prior to returning 
it to storage. 
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FOSEWORD 

This programmed text has been prepared for use in the 3ABR32531, 
Avionics Instnanent Systems Specialist Course and the 3ABR32632B, 
Integrated Avlonlc Systems Specialist Course. 

OBJECTIVE 

Without references, Identify facts pertaining to the purpose, 
operation and/or characteristics of flight data recording systems with 
a minimum accuracy of 80%. 

INSTRUCTIONS 

This programmed text presents information in small steps called 
"frames." After reading the information In each frame you are asked 
to select an answer or make an entry that shows that you understand 
the information in that frame. After completion of the programmed text, 
you will be required to complete an appraisal designed to test your 
knowledge of the information contained herein. Read each frame in this 
programmed text carefully and be sure you understand each frame before 
proceeding to the next. DO NOT RUSH. If you do not understand any 
portion of this programmed text, ask your instructor for assistance. 

1390 
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Frame 1 

In recent years the Air Force has had an increase in the loss 
of aircraft due to structural failures. Costly losses s.uch as these 
lower the mission readiness and stress the need for a system which 
will assure structural soundness. With this in mind, the Aircraft 
Structural Integrity Program (ASIP), as governed by APR 80-13, was 
established* 

The intent of ASIP is twofold; the purpose of the program is to 
establish aircraft stznictural integrity, structural criteria, and 
techniques of operational usage, while the scope of ASXF is to coordi­
nate and provide guidelines for all structural activities for a given 
aircraft from design date to phase out. 

Check (>0 the statements below for the correct answer. 

1. The purpose of ASIP is to 

a. 

b. 

establish aircraft structural Integrity, criteria, and 
techniques of operational usage. 

add more aircraft to the Air Force inventory, 

c. monitor all aircraft communication. 

d. improve existing aircraft performance. 

2. The scope of ASIP is to 

a. check the accuracy of flight data, 

. b. provide information of flight tests. 

_c. monl';or flight data for short test periods on experimental 
aircraft, 

_d. coordinate and provide guidelines for structural 
activities for a given aircraft from design date to 
phttse out. 

mi 
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Frame 2 

To accomplish the objectives of ASIP, accurate, complete and timely 
flight infoirmation must be available for analysis. In order to gather 
this flight information, the Air Force has adopted the use of flight 
data recording systems. Because of the number of aircraft and locations 
Involved) the flight data recorders will be kept operational by base 
level maintenance. 

This FT will deal with two types of flight data recording systems 
that you may be required tc maintain. The two systems discussed in this 
text are the VGH recording system, (Flight Data Recorder), which will be 
covered first, and the multichannel recording system (Airborne Signal 
Data Recorder), which will be covered in detail in the second part of 
the PT. 

NO RESPONSE REQUIRED 

Answers to Frame 1; 1. . / a. ^ b. ĉ. d. 

2. a. b. c. / d. 

1392 
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Frame 3 

The VGH recording system (Flight Data Recorder) consists of the 
following three components: 

1. VGH recorder - processes Inputs of Velocity, gravity and 
Height. 

2. Servo Accelerometer - senses gravity (vertical acceleration). 

3. Tape Magazine - records Inputs on a magnetic tape. 

As Integral parts of the VGH recording system, these components 
will be discussed In more detail In the next several frames of this 
text. 

TO COMPUTER 
RECORDER 

ELECTRICAL INPUTS 

Figure 1. 

Check (/) the correct statement below. 

What are the components of the VGH flight data recording system? 

_a. Accelerometer, recorder and tape magazine. 

J}« Accelerometer, computer and recorder. 

_c. Computer, recorder and tape magazine, 

d. Computer, tape magazine..end accelerometer. 

i3§3 
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Frame 4 

The VGH recorder (Flight Data Recorder) consists of a shock 
mounted chassis which contains a power module, two removable pressure 
transducers, and a removable computer module. The recorder unit 
receives inputs of indicated static pressure (psi) and total pressure 
(Pt) from the aircraft's pitot-static system. These inputs are 
applied to the transducers as shown in figure 2. The pneumatic 
inputs are converted to an electrical signal which is sent to the 
computer module. The servoaccelerometer supplies an input directly 
to the computer module in the form of an analog DC voltage. The 
computer module then processes and converts these inputs into binary 
number outputs and sends them to the tape magazine. The tape magazine 
receives these binary number inputs and records the processed data on 
a magnetic tape. 

STATIC pRESsiitf m i i n n H l h 

TOTAL PRESS JRE.2EZZ2! SB 

SERVO 
ACCEIEROMETER 

© ^ 

VOH RECOROI 

AISOIUTE 

PRESSURE 

TRANSDUCER 

OIPFERENTIAL 

PRESSURE 
TRANSDUCER 

POWER 
SUPPLY 

MODULE 

Figure 2 

, / 
" Cy 

, 

, 

1 

1 

t 

COMPUTER 

MODULE . 

TAPE 

MAGAZINE 

© 

Check (/) the following statements which best answers the 
question. 

What is the purpose of the VGH recorder? 

To receive pneumatic and analog inputs and compute them 
into binary numbers. 

_b. To compute only inputs from the acceleroraeter into 
analog output. 

_c. To provide a feedback to the computer. 

_d. To energize and deenergize the servoaccelerometer when 
computing data. 

Answers to Frame 3: / b. c. d. 
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Frame 5 

The purpose of the servo accelerometar, located near the aircraft's 
center of gravity, la to sense the gravitational forces (G's) acting 
upon the aircraft. 

The servo accelerometer will send a DC analog voltage proportional 
to the gravitational forces (G's) to the VGH recorder computer module. 
The computer module processes the DC analog voltage Input and transmits 
a binary number output to the tape magazine for recording. 

Check (•) the correct statement below. 

What Is the purpose of the servo accelerometer? 

a. To measure the aircraft's canter of gravity. 

b. To feed a DC analog voltage to the tape magazine. 

c. Sense the gravitational forces acting upon the aircraft. 

d. Sense the altitude of the aircraft above sea level. 

Answer to Frame 4: / a . b. c. d. 

^555' 
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Frame 6 

The tape magazine is a completely self-contained, hermetically 
sealed unit. The magazine receives binary data from the recorder unit 
and records this information on a magnetic tape. 

The tape magazine has an indicator that shows the amount of tape 
remaining in hours. Its range is from 99 (full) to 00 (empty). As the 
tape reaches 00 indication, further tape movement is halted as the tape 
transport mechanism locks. The tape magazine is then removed and a 
fresh tape magazine installed in its place. 

Check (/) the best answer. 

The tape magazine will do what? 

a. Fly the aircraft in case of power failure. 

b. Function as a self-contained tape recorder, 

c. Function as a computer. 

d̂. Function as a self-contained power supply. 

Answer to Frame 5: b. / c. d. 

.;.3.96 



<.^ <•! 

l3Si 
Frame 7 

A data plate Is mounted on the shell of the tape magazine to give 
information about the tape magazine installation such as dates, type 
of aircraft» squadron, etc. A view of a common data plate is shown in 
figure 3. 

r, 
Rcccmen TWC MAOAZINC 

0*Te IN»TAtL«0 I • 1 OATe MMOWO | 1 
HfCOHOW sen. NO. [ " ~ 1 NAN«e 1 1 

AWCMArrTYn 1 ] 8CI I .NO. 

AIKIUPT STATIONS OR SOgAOHON | 

CD 
1 

REMARKS 1 1 

vy 
Figure 3. 

Check (vO vhich of the following statements is true, 

a. The tape magazine is self-contained and hermetically sealed. 

b. The tape magazine has a tape remaining indicator that sho\;.'3 
the remaining tape in feet and Inches. 

c. Tape magazine data is found on the .''ata plate. 

Answer to Frame 6: I. / b. c. d. 

-?557 
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Frame 8 

The recording system records the vertical acceleration (G) peaks 
sensed at the aircraft's center of gravity during flight. As G peaks 
are recorded, the Indicated airspeed (V), altitude (H) and elapsed tiioe 
for each Is also recorded on the same tape. 

The magnetic tape Is contained In a qulck-'detachable magazine 
which Is removed for playback on the ground. A playback of the tap̂ e 
indicates: (1) the 6 peaks sensed during flight, (2) the indicated 
airspeed and altitude of the aircraft when each G peak occurred, (3) 
the elapsed time each happened. 

Check (T/) the statement which answers the question best. 

1. What is the purpose of the tape magazine? 

a. To record all flight data. 

b. To record G peaks along with altitude, indicated airspeed 
and elapsed time. 

c. To record only G peaks, Indicated airspeed, and correct 
GMT time in hours and minutes. 

d. To record G peaks, airspeed, and altitude of takeoffs 
and landings. * 

2, What is the purpose of the flight data recorder systems? 

^ a. To record operational flight data. 

b. To keep up on pilot's abilities. 

_c. To maintain shop records, 

d. To assist pilot in flyl'.ig his aircraft. 

Answers to Frame 7: / a . b. / c. 
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Frame 9 

The VGH recorder and servo accelerometer are checked on the f l i g h t 
l i n e using the TTU-226/E t e s t s e t . The t e a t se t hook-up i s shown in 
f igure 4 . 

TTU-22fl/E 

CLiaHT DATA 

RCCOROCR 

TE«T « T 

IN»UT 

€ 

OUTMJT 

TO IISV 4 0 0 Hn 

TO 21 VOC 

ACCeLEROMCTZK 

Figure 4. 

Notet Always use a technical order when performing checks on the 
system* Be sure to perform the s teps i n sequence. Do not skip 
any steps because the t e s t equipment may eas i ly be damaged along 
with the f l i gh t data recorder system. 

Check (V) statements which bes t descr ibe the purpose of the « 
TTa-226/E t a s t e r . 

a. To supply inputs and monitor outputs . 

b . To supply inputs , 

c. To supply ou tpu ts . 

d. To monitor inputs and supply ou tputs . 

Answers to Frame 8: 1 . a. 

2. ^' a. 

/ b . 

b . 

d. 

d. 

11 •̂359 



r, •-» 

n$<\ 
Frame 10 

The tape magazine cannot be checked on the a i r c r a f t , I t must be 
removed and taken to the shop. I t I s checked In the shop with same 
type of t e s t e r r the XTU'226/E and a dual t r ace osc i l loscope . The 
hook-up for bench checking of the tape magazine I s shown In f igure 5. 
If the tape magazine I s bad, I t must be replaced with a fresh magazine, 
while the bad one I s sent to the depot for r e p a i r . 

TTU -226/e 

FLUHT OAT* 
ReCOROeR 
THT MT 

CHANNEL A 

CHANNtL • 

TA^e 
MAOAZINC 

DUAL 
TRACC 

OSCILLOSCOK 

Figure 5. 

Check (/) the correct s ta tement . 

Which of these t e s t e r s are used to check the tape magazine? 

a. The TTU-229/E. 

_i b . The TTU-226/D. 

c. The TTU-226/E. 

d. The TTU-229/D. 

Answer to Frame 9: a. b . c. d. 

12 1400 



5-) 

1360 

Frame 11 

To properly understand the flight data recorder, you must be able 
to read binary numbers. When reading binary numbers you will see only 
a 0 (zero) or a 1 (one) In each column. A sample binary number Is shown 
In figure 6. These columns are read from right to left. The first 
column Is the decimal 1* the next Is the decimal 2. This can be con­
tinued by doubling the decimal number as you go on. Look at figure 7. 
To read this number, all you would have to do Is place decimal numbers 
above each column, from right to left, doubling the decimal numbers as 
you go to the next column* Add the decimal numbers that have a 1 (one) 
In their column. This gives you the total decimal number. In other 
words, there is one 1, no 2, no 4, one 8, and no 16. This makes a total 
of 9. Look at figure 8 and find the decimal of the binary 00011. You 
can see that one 1 and one 2 makes a total of 3. 

0|i|0|0 

Figure 6. 

16 8 4 2 I 
1 1 1 1 1 

ol lo lo I 
1 + 0 + 0 + « 

=LJ t 1 
1 + ( 
\ 

) = 9 
1 

Figure 7. 

16 8 4 2 1 
M i l l , , -̂  , c 

±.£S. ' ' 1 4 \ 
1 ' ' 1 

1 , 
0 = 3 
1 

Figure 8. 

Check (•) the true statement(s) below. 

_a. The binary for 3 is 00001. 

Jb. The binary for 7 is 00111. 

ĉ. The binary for 8 is 01001. 

Answers to Frame 10: 1. a. b. c. 
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Frame 12 

The multichannel recorder system, Airborne Signal Data Recorder, 
of ASIP is somewhat more complex than the Flight Data Recorder discussed 
earlier in the programmed text. As an example of a multichannel 
recorder system, this section of the text will cover the F-111 
Airborne Signal Data Recorder system. 

This airborne signal data recording system consists of electrical 
system sensors that provide input information from selected points 
throughout the aircraft. The recorder set will process the aircraft 
data as supplied by the sensors. A tape magazine will record the data 
on a thirty (30) track magnetic tape. The magazine is aquipped with a 
tape remaining indicator that shows the hours of tape available for use 
through a window display. 

In the airborne signal data system all inputs to the recorder are 
electrical inputs as provided by the aircraft sensors. These inputs 
are processed and converted to binary number outputs to the tape 
magazine for recording purposes. 

Check (/) the most correct answer. 

1. How many recording channels does the airborne signal data 
recorder have? 

_a. Five channels, 

b. Thirteen channels. 

_c. Thirty channels, 

d. Forty channels. 

2. 

_a. 

b. 

d. 

What are the electrical signals from the sensors converted to? 

Trinomial numbers. 

Decimal numbers. 

Binomial numbers. 

Binary numbers. 

3. 

_a. 

b. 

d. 

What type sensors are used by the Airborne Signal Data Recorder? 

Pneumatic sensors. 

Pneumatic and electrical sensors. 

All electrical sensors. 

Binary sensors. 

14 
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Frame 12 (cont'd) 

Check (/) the most correct answer. 

4. What does the window display on the multichannel recorder 
set indicate? 

_a. The number of feet of tape available for use. 

_b. The number of hours of tape used. 

_c. The number of hours of tape available for use. 

__̂d. The number of feet of tape used. 

Answers to Frame 11: '' " a. / b. c. 

'UQ3 



Frame 13 

There are thirteen sensor units Involved In the F-111 airborne 
signal data recording system. Some of these sensor units have multiple 
outputs, for example, the central air data computer provides three outputs 
which are used by the recorder. Even though the central air data computer 
provides three outputs, it is considered one single sensor unit. 

Following are the thirteen sensor units. 

1. WINGSWEEP TRANSMITTER - Converts mechanical position of the 
wings to an electrical signal of degrees that is sent to the recorder. 

2. FLAP POSITION TRANSMITTER - Converts mechanical position of 
the flaps to an electrical signal of degrees that is sent to the recorder. 

3. HORIZONTAL TAIL TRANSMITTERS -'Converts mechanical position 
of left and right horizontal tail surfaces into electrical signals of 
degrees and sends them to the recorder. 

4. RUDDER POSITION TRANSMITTER - Converts mechanical position of 
rudder in degrees left and degrees right which is sent to the recorder. 

5. SPOILER POSITION TRANSMITTER - Converts mechanical position 
of each spoiler to an electrical up or down signal which is then sent 
to the recorder. 

6. LANDING GEAR SWITCH - A switch located on the main strut will 
send an electrical signal to the recorder indicating landing gear up or 
landing gear down. 

7. LANDING GEAR PRESSURE TRANSDUCERS - Converts pneumatic pressure 
in the landing gear struts to an electrical signal for use by the recorder. 

8. TRIAXIAL LINEAR ACCELERDMETER - Sands signal proportional to 
the aircraft acceleration along longitudinal, lateral, and vertical axes, 

9. FLIGHT CONTROL SENSOR SET - Relays roll, yaw, pitch rates to 
the recorder in the form of electrical signals. 

10. CENTRAL AIR DATA COMPUTER - Supplies electrical signals of 
mach nvmiber, AOA (angle of attack), £ind altitude to the recorder. 

11. SINK RATE RADAR SET - Used when the landing gear is down during 
landings for an accurate reading of altitude of thirty feet or less. 
The sat will generate, transmit, and receive a microwave signal using 
an antenna which Is an Integral part of the receiver-transmitter unit. 
The electrical sink rate signal is then sent to the recorder. 

12. TOTAL TEMPERATURE INDICATOR - Will relay an electrical signal 
of outside air temperature to the recorder. 

13. FUEL FLOW INDICATORS - Sends an electrical signal relating to 
the fuel consumption of -each individual engine during the flight. 

16 1404 
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Frame 13 Continued 

Match the sensor xinit with their respective electrical output 
signal. 

SENSOR UNIT 

JL. Flap position transsiitter 

1. Triaxial linear accelerometer. 

_3. Fuel flow indicators 

_4. Central air data computer 

5. Horizontal tail transmitters 

J5. Landing gear pressure 
transducers 

^ 7 . Total tenq>erature indicators 

^ . Spoiler position transmitter 

__9. Landing gear switch 

_10. Sink rate radar set 

11. Wingsweep transmitter 

_12. Flight control set 

J.3. Rudder position transmitter 

SIGNAL 

a. Sends signal pertaining 
to fuel consumption. 

b. Degrees left and right 
of center of the rudder. 

c. Position of wings in 
degrees. 

d. Yaw, roll and pitch 
rates. 

e. Altitude readings of 
30 feet or less. 

f. Landing gear up or down. 

g. Outside air temper?iture. 

h. Pressure in the landing 
gear struts. 

i. Altitude, mach number, 
AOA. 

j. Position of each 
spoiler. 

k. Position of the flaps 
in degrees. 

1. Acceleration along 
longitudinal, lateral, 
and vertical axes. 

m. Position of tail surfaces, 

Answers to Frame 12: 1. 

2 . 

3. 

4. 

a. 

_ a. 

a. 

a. 

b. / c. 

b. c. 

/ 

/ 

c. 

c. 

/ d. 

d. 

17 
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Frame 14 

When the tape magazine leaves the aircraft, It Is Inserted Into a 
tape to tape copier. The data on the tape of the tape magazine Is trans­
ferred to a standard reel. After this Is accomplished, the used magnetic 
tape Is erased and replaced In the aircraft. The taped standard reel Is 
sent to base supply where It Is air mailed to a central facility for 
processing. The processed data Is then used, along with the aircraft 
forms, by the aircraft builder to update fatigue analysis. 

The updated fatigue analysis affects: 

1. Predictions of fleet service life, 

2. Scheduling of structural modification. 

3. Determination of maintenance Inspection requirements for 
aircraft structure. 

4. Headquarters USAF structural planning. 

In effect, the information Is used to determine and correct troubles 
before they occur, the old concept of preventative maintenance still 
applies. 

KO B£SFONS£ REQUIRED 

Answers to Frame 13: k 1, 1 2. a 3. 1 A« m 5. h 6. 

g 7. j 8. f 9. e 10. c 11. 

d 12. b 13. 
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Frame 15 

In case of an accident, these magnetic tapes are used to monitor 
the flight and, In a sense, act as a witness to the crash. In the 
example shown In figure 9, a C-141 was four minutes and eleven seconds 
Into Its flight when It began to descend rapidly. Note the aircraft's 
rate of descent beginning at seven seconds prior to Impact. Also note 
the extreme 6 forces sensed upon Impact. 

NO RESPONSE REQUIRED 

Answer to Frame 10: b. / c. d. 

\ 
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FOREWORD 

This programmed text was prepared for use in the 3AJBR32531 course. 
This text was validated using 31 students from the subject course. At 
least 90 percent of the students achieved the approved objectives as 
stated. The average time tc complete the text was 6 hours and 47 minutes. 

• OBJECTIVES 

1. Without references, identify facts pertaining to the operation 
and/or cha "eristics of air data computer systems with an accuracy of 
at least 80%. 

INSTRUCTIONS 

This programmed text consists of three sections. Section A covers 
the operation of the Central Air Data Computer. Section B covers the 
operation of the amplifiers and indicators used in the system. Section C 
is designed to provide you with practice circuit tracing and circuit 
analysis. F.ach section presents information in small steps called 
"frames". After reading the information in each frame, you are to 
answer the questions by following the instructions in each frame. 
Check the accuracy of your responses by looking at the correct answers 
given after the following frame. If you choose the wrong response, go 
back and read the frame again. Read the material carefully and DO NOT 
HURRY. 

Supersedes 3ABR32531-PT-304, 3ABR32632B-PT-404, 11 August 1976. 
OPR: 3360 TCHTG 
DISTRIBUTION: X 

3360TCHTG/TTGU-F - 200; TTVSA - 1 

— •• 4 X 



SECTION A 

i3yo 

This part of the text will be dealing with the Central Air 
Data Computer of the FB-lllA aircraft. This computer is similar 
to the AIMS computers, CPU-46/A and CPU-66/A. 

The computer receives pneumatic inputs from the pitot-static 
system, a temperature input from a temperature probe mounted outside 
the aircraft and a signal of angle-of-attack from the angle-of-
attack transmitter. A wing sweep sensor sends a signal to the computer 
for wing sweep. 

These Inputs are computed and various output functions are 
transmitted electrically to the using systems or subsystems on the 
aircraft. Outputs of the computer are used by the following systems 
or subsystems: marker beacon, terrain following radar, fligh'c director, 
landing gear warning, flight controls, altitude vertical velocity 
indicator and alrspeed-mach indicator. The true airspeed indicator, 
engine bleed air ejector, engine spike, caution lamps, environmental 
controls, converter set, inertlal navigation and visual attack set 
also use signals from this computer. 

So as you can see, the Central Air Data Computer is a very iiiiportant 
piece of equipment on the aircraft. Your responsibility of maintaining 
this equipment is critical to aircraft operations. Therefore, you 
must understand the purpose, operation and functions of the Central 
Air Data Computer (CADC). 

No Response Required 

Ui2 
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Frame 1 

When studying any equipment, the first step is to learn the 
purpose and get this firmly in your mind. After that, the operation 
will just supplement the purpose. 

The purpose of the Central Air Data Computer is to compute 
and transmit surrounding air data to various aircraft systems and 
subsystems. 

Circle the number that identifies the correct answer. 

The purpose of the Central Air Data Computer is to: 

1. Measure the characteristics of the air surrounding the 
aircraft. 

2. Measure the immediate atmosphere through which the aircraft 
is flying. 

3. Compute and indicate the speed and altitude at which the 
aircraft is flying. 

4. Compute and transmit surrounding air data to various aircraft 
systems and subsystems. 
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Frame 2 

The CADC consists of a primary ADC and a secondary ADC. They 
are individually mounted on a common shock mount assembly (see figure 1). 
The primary and secondary computers are electrically interconnected 
and electrically and pneumatically connected to the aircraft- The 
CADC system is connected to the aircraft by five receptacles and 
two pressure ports located on the front panel of the shock mount 
assembly. The pressure ports are different in diameter. This prevents 
crossing the static and total pressure lines. The CADC is an analog-
type computer. It solves most of its computations with differentials 
and cams. 

ftlMAtY AMI OATA COMfUTK 
VACUUM t a g vAtvt a 
MCOHOAtTA* OATA COMMffM 
HI uu.nsT swrrcH 4. 

i. "lO SH/.THT SWtrCH 
L. T̂OT WtS5U«t WIT_a 
7. STATIC W t i m i >0«T |S) 
1_ Saf.TKT SWTCH 
». xiT.nst UM» 

la woix WN 
I L EUPSfD TIM MOCATM 
M SHOCK AHOUNTASStAMlY. 

IlKTIIICAt KCVTACU (S) 

Figure 1. Central Air Data Computer. 

Circle the number(s) that identify the correct answer(s). 

What type computer is used in the FB-111 aircraft? 

1. Digital. 

2. Analog. 

3. Digital to analog. 

4. Analog to digital. 

Answer to frame 1: 4 

Uii 
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Frame 3 

In your study of the Central Air Data Computer System, it is 
of utmost importance that you learn certain terms and symbols. All 
inputs and outputs of the computer system are identified by these 
symbols. In order to understand this system, you must become familiar 
with them. Throughout this programmed text, you will find that 
as each major component is discussed, the terms and symbols that 
are pertinent to that component will be used and discussed. 

Below is a list of abbreviations and symbols for the major 
components of the Central Air Data Comnuter System. 

CADC 

ADC 

Ti 

G 

CADCS 

AMI 

oc i 

Psi 

A W I 

Central Air Data Computer 

Air Data Computer 

Total Temperature 

Unit of Measurement of Gravity 

Central Air Data Computer System 

Airspeed Mach Indica«-or 

Indicated Angle-of-Attack 

Indicated Static Pressure (Uncorrected) 

Altitude Vertical Velocity Indicator 

Fill in the blanks in the following statements with the correct 
terms and/or symbols. 

1. Central Air Data Computer 

2. Air Data Computer 

3. Total Temperature 

4. Indicated Angle-of-Attack 

5. Altitude Vertical Velocity Indicator 

6. Airspeed Mach Indicator 

7, Central Air Data Computer System 

Answers to frame 2: 2 

.M'5 Ar 

5. 
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Frame 4 

/ 
The following is a list of primary inputs and outputs of the 

CADC. 

1. 

2. 

3. 

4. 

CADC OUTPUTS 

M - Mach 

ttp +-_A__ - Wing Sweep Angle. 

Hp - Pressure Altitude. 

Hp; Hp ; Hpr - Pressure Altitude Rate. 
(Rate of Climb) 

CADC INPUTS 

1. Psi - indicated static 
pressure. 

2. Pt (Qc+Ps) - total pressure. 

3. Ti - total temperature. 

4. o<. i - indicated angle 
of attack. 

5. —/^— - wing sweep angle. • 
5. Tfat - True Free Air Temperature. 

6. Vc - Calibrated Airspeed. 

7. oc X - True Angle-of-Attack. 

8. Vt - True Airspeed. 

(Ref: Figure 2, CADC Data Flow Block Diagram) 

Match the numbered f.tems on the left to the lettered items on the right 
by writing the letter of the definition beside its correct symbol: 

1. Pt (Qc+Ps) 

2 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Answers to frame 3: 1. 

5. A W I 6. AMI 

c ^ 1 

Vt 

Hp 

M 

p s i 

Hp 

Tfa t 

Vc 

CK. T 

b 

c 

d 

S 

f 

g 

h 

i 

J 

k 

CADC 2. 

7. CADCS 

ALC 

Mach 

Calibrated Airspeed 

True Free Air Temperature 

Wing Sweep Angle (Ij to 72°) 

Pressure Altitude 

Indicated Angle-of-Attack 

Indicated static pressure 

Total Pressure. 

True Angle-of-Attack 

True Airspeed 

Pressure Altitude Rate 

3. Ti 4. o<.i 

UL 

ii-^^ 

n 
f^%}i 



PITOT-STATIC 
SYSTEM 

TOTAL 
TEMPERATURE 

PROBE 

CO 

CENTRAL AIR 

DATA COMPUTER 

CADC 

CXI 

at 

TOTAL 
TEMPERATURE 

INDICATOR 

Ti > 153.3° C 

TOTAL TEMP 
CAUTION LAMP 

VERTICAL 
ACCELEROMETER 

T, > 214.3° C Of 
Sec to go 
l+ l Sacond 

REDUCE SPEED 
WARNING 

LAMP 

^M>MSM 

WING SWEEP 
TRANSMITTER 

^26VAC 

Tfof 
Log Pi 4- .A-
M 

oct 

MAX SAFE 
MACH 

ASSEMBLY 

MSMA 

MSM 

M 

llNSTR SELF-TEST | » 
-T-

a f 

a i 

AIRSPEED 
MACH 

INDICATOR 

AMI 

MSM 

INSTR SELF-TEST •:=r 

INSTR SELF-TEST 

LANDING GEAR 
HANDLE 

UP„ 

DOWN 

ANGLE OF 
ATTACK 

TRANSMITTER 

INOEXER 
LIGHTS 

TRUE 
AIRSPEED 
INDICATOR 

NOTE: 
SELF-TEST SWITCH 
SIMULATES RELAY 
CIRCUITS LOCATED 
IN THE AMPLIFIERS 
WHICH ARE UTILIZED 
FOR SELF-TEST 
OPERATION. 

ALTITUDE 
VERTICAL 
VELOCITY 
INDICATOR 

AVVI 
»'p 

MSM 

AMI 
AMPLIFIER 

AVVI 
AMPLIFIER 

MI7 
Figure 2. CADC System Data Flow Block Diagram. 
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Frame 5 

You now know the inputs and some of the outputs of the CADC. Use 
figure 2 CADC Data Flow Block Diagram and trace the inputs to the 
CADC. Also use figure 2 and trace all the CADC outputs to their 
destinations. 

1. Circle the following symbols that are inputs to the CADC. 

a. Psi 

b. c< t 

c. Tl 

|3 
c ... ̂ ^ 
' # 

Ji 

: i 

' i | 

e. Pt 

f. Tfat 

2. Circle the following units that send signals directly 
to the AMI. 

n 

3 
H 
u 

a. 

b. 

c. 

d. 

e. 

f. 

g-

CADC. 

Vertical accelerometer. 

C<. i XMTR 

Ti XMTR. 

A W I Amplifier. 

Hp Self-Test. 

MSMA. 

units. 

The total temperature probe supplies Ti signal to 

a. 

b. 

c. 

d. 

2. 

3. 

4. 

5. t% 
: -*».F 

^419 

-^'•-.';".?!<'Vi''r":'i"-i"-';"-'''v '-•••'•^^-^^^y^ir^}y^-i-:rwg^-^i^^^^a^»!dc^-t^;'^J%^'-' ' -v 
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Mark the following statements true or false. 

4. True Airspeed indicator receives Vt from the AMI amplifier. 

_5. The AMI receives Vt from the CADC. 

6. The wing sweep transmitter receives . 

7. Hpr is a symbol for rate-of-climb. 

8. Vc is a symbol for calibrated airspeed. 

9. MSM is max-safe-Mach. 

from the CADC. 

f 

Answers to frame 4 : l . h 2 . f 3.j 4.k 

6. d 7. g 8. e 9. c 10. b 11. i 

5. a 

v 

(12.0 

10 

?i 

\ 
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Frame 6 

Now that you are famil iar with the data flow of the CADC, l e t ' s 
discuss the purpose and opera t ion of the un i t s and components tha t 
make up the system. The f i r s t i s the ang le -of -a t t ack system. The 
purpose of the angle~of-a t tack system i s to measure the angle of a i r 
flow r e l a t i v e to an a r b i t r a r y reference l i n e on the a i r c r a f t fuselage, 
and provides a v i sua l i nd ica t ion of a i r c r a f t ang le -o f -a t t ack . The 
angle -of -a t tack t r a n s m i t t e r (XMTR) i s located on the l e f t r ea r e l e c ­
t ron ics bay door. This sensing element (see f igure 3) protrudes in to 
the free a i rs t ream around the fuselage. Movement of the sensor 
operates a mechanism (Pots) wi thin the t r a n s m i t t e r . The ADA XMTR 
t ransmits ^ i s i g n a l s e l e c t r i c a l l y to the CADC. The CADC computes 
and t ransmits &6 T s igna l s to the AMI and the AOA indexer l i g h t s . 

: I 

BODY 

DOWEL PIN (2 ' 

ELECTRICAL 
CONNECTORS 

raOBE 
(ROTATES 
SO DECREES) 

Figure 3. Angle-of-Attack Transmitter (ALPHA PROBE). 

Circle the number(s) that identify the correct answer(s). 

The purpose of the AOA system is to: 

1. Indicate the altitude of the aircraft. 

2. Measure the angl^ of air. flow relative to an arbitrary reference 
line on the aircraft fuselage, and'provide a visual indication of 
aircraft angle-of-attack. 

11 If 
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3. Detect relative wind by means of differential air pressure 
through a series of ports or slots located in the front of the probe. 

4. Measure the angle between the aircraft water line and 
the direction- of air flow around the AOA transmitter and provides 
a visual indication of aircraft angle-of-attack. 

Answers to frame 5: 1. a, c, d, e 2. a, b, g 3. a 4. 

5. F 6. F 7. T 8. T 9. T 

/m 

g 

t ./f o« 

12 
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, Frame 7 

The angle-of-attack indexers (see figure 4) provide a visual 
indication of the corrected AOA.during the landing approach. The 
cockpit contains two angle-of-attack indexers. The indexers are 
mounted on each side of the glareshield. Each indexer contains three 
angle-of-attack' lamps vertically arranged in a V, a center circle 
and an inverted V. The indexers' lights operate only when the landing 

gear handle is down. They receive oc T signals from the CADC. During 
landing approach, the upper V will light if the angle-of-attack is high. 
The center circle will light when the correct angle-of-attack is obtained. 
The lower inverted V will light if the AOA is low. Marginal overlap of 
signals may cause the center circle and upper or Icwer V to be lighted 
at the same time. 

f2?3 

113 

UPPER 'V 

CENTER CIRCLE 

INVERTED " V 

INDEXER 

LITES 

V 

V 

0 
0 
0 
A 

AOA 

TAPE 

+12-f 

+11.5' 

+ 10-

4-9 ' 

+ 8*1 

Figure 4. Angle-of-Attack Indexer. 

Circle the number(s) that identify the correct answer(s). 

During approach to landing, with the landing gear in the up position, 
the pilot observas a +10" reading on the AOA tape. Which of the 
following indexer lights will be illuminated? 

1. The upper V will be Illuminated. 

2. The center circle will be illuminated. 

13 
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3. The inverted V will he illuminated. 

4. No indexer lights will he on. 

Answer to frame 6: 2 

IW 

14 
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AngI* of 
Attack 

Pitch Angle 

Horizontal Reference Line 

-'tf'* 

Angle-o£-ACtac) Is '>.!ie angle becween 
c!i<> Arbitrary Reference Line and ch" 
Relative Wind 

Fig'v-e 4A. Angle-of-Attack. 

Angle-of-attack systems are installed in Air Force aircraft to 
present visual indications of the best aircraft perfoxmance and for 
stall warning. They are primarily used during the approach and land­
ing phases to verify airspeed calculations or indications, and to 
avoid exceeding high or excessive angles-of-attack. Stalls (loss 
of lift due to the separation of air from the wing aerodynamic 
surface), spins, high sink rates, and/or pitch up which are normally 
associatad with low airspeeds, are the results of excessive angles-
of-attack. 

Stall warning systems iiay consist of rudder pedal vibrators, 
control column or control stick vibrators, warning xi»ht. and aural 
warning tones in the headsets or any combination of these. These 
systems coupled with the indexer lights and angle-of-attack 
indicators warn the pilot .to take corrective measures to avoid 
entering 2 stall, spin, high sink rate, and/or pitch up conditions. 

No Response Required 

15 
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Frame 9 

The total temperature probe senses the temperature of the air 

t iTf " a i l o l h e l ^ r f ̂  '' ^°^'"^- '' ^l-^'iclnrt.lns'mits" 
m ^ h f ̂ ;̂  T ' ^ ^ ' ° ' ^ ^ temperature indicator and the CADC. In 
flight, the forward motion of the aircraft forces ait into the total 
temperature probe opening (see figure 5). inside the probe the 

ttir"^\7^' '"° '"""'"« elements. It then forces ?ts w^y rhrough 
smaller outlet ports at the back of the probe. Flow of the air 
over the sensing elements produces a temperature change ?his causes 
a resistance change of the sensing elements Thl^^K f ! 
Is elep^r^ra11w t-Z^^^^^^^ j ̂  i. cj-emencs. ihis change in resistance 
and is_^=jn«oUed , , the pltot hea/s„i..h''u°L:ro;"i:^S"ir" 

AIR FLOW 

Figure 5. Total Temperature Probe. 

Circle the number(s) that identify the correct answer(s), 

The total temperature probe 

1. has two sensing elements. 

2. senses total pressure (ram air). 

16 i4?6 
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3. mechanically transmits temperature signals. 

4. has an anti-icing system. 

Answer to frame 7: 4 

17 

Uoy 

^m 



ntf 

•MAXIMUM 
TEMPERATURE 
INDEX 

Figure 6. Total Temperature Indicator. 

TOTAL 
TEMPERATURE 
PROBE 

"T. 

TO CADC 

TOTAL 
TEMPERATURE 
INDICATOR 

Ti > 153.a'c 

Ti2 214,a^C OR 
SEC TO GO -
1 ± 1 SECONDS 

TOTAL 
TEMP 
CAUTION 
LAMP 

REDUCE 
SPEED 
WARNING 
LAMP 

Figure 7. Total Temperature Data Flow Diagram. 
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The total temperature indicator displays the temperature of 
the air sensed by the total temperature probe. The indicator, shown 
in figure 6, provides total temperature readings from -50°C to +250°C. 
The indicator has index marks at 153.S^C critical temperature and 
214.3°C maximum temperature. The total temperature circuit consists 
of a remote temperature probe, a bridge circuit, signal amplifier 
and a motor that drives the indicator'pointer. The total temperature 
data flow is shown in figure 7. 

No Response Required 

Answers to frame 9: 1, 4 

19 
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Frame 11 

The critical temperature range is from 153.3°C to 214.3°C. The 
aircraft should not fly in this temperature range for more than 
300 seconds because to do so might be harmful to the aircraft. Whenever 
the aircraft flies in the critical temperature range for 300 seconds, 
a timer causes a reduce speed warning lamp to light and the total temp 
light to go out. The pilot then must reduce airspeed to allow the 
temperature to decrease to a safe level. The reduce speed warning lamp 
will also light anytime the maximum temperature of 214.3°C is reached. 
The time totalizing counter starts timing whenever the critical 
temperature, 153.3''C is reached. The counter counts down from 300 
seconds to zero seconds. It causes a total temperature caution lamp 
to light at 298 ± 2 seconds. If the temperature remains above 153.3''C 
for 300 + 1 second, the reduce speed lamp lights, and the total 
temp light goes oui. 

Mark the following statements T for true or F for false, 

1̂. When the total temperature is 173.3°C and the timer has 
been counting for 198 seconds, the reduce speed lamp will 
be lit. 

The total temperature is above ZIS'C. 
lamp will be lit. 

The reduce speed 

After the tot«:l temperature has been at 143.3''C for 20 
seconds, the ^ >tal temperature lamp will be lit. 

mac 
or 
cen 
air 
the 
all 
Hp, 
the 
at 
saf 
fli 

''^0 

20 
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Frame 12 

The maximum safe mach assembly (MSMA) computes the maximum safe 
tnach number at which the aircraft can fly without exceeding temperature 
or structural limitations. The MSMA receives input signals from the 
central air data computer. It then transmits a computed signal to the 
airspeed-mach indicator and tne reduce speed lamp. The MSMA performs 
the same function as the maxL-num allowable section of the maximum 
allowable airspeed indicator covered earlier. The MSMA receives M, 
Hp, Tfat and Log Ps + —/<̂ ~. from the CADC (receiver figure 2). Using 
the above inputs, the MSMA computes the max speed the aircraft may fly 
at any altitude. The outputs of the MSMA are applied to the maximum 
safe mach bar in the AMI and to the reduce speed lamp. If the actual 
flight mach is greater than the MSM, the following will occur: 

1, MSM bar will move above the lubber line on the AMI. 

2. 28V DC will be applied to the reduce speed lamp and the 
lamp will glow. 

Circle the nutnber(s) that identify the correct answer(s). 

The purpose of the MSMA is to 

1. indicate the maximum safe mach the aircraft can fly. 

2. compute the maximum safe mach the aircraft can fly. 

3. measure the maximum safe mach the aircraft csn fly. 

4. position the MSM bar above the lubber line on the AMI. 

Answers to frame 11: 1. F 2. T 3. 

21 
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Frame 13 

The self-test circuit that is built into the CADC is designed for 
preflight testing and troubleshooting the CADC system in the aircraft 
on the ground. The circuit provides a means of checking the computa­
tion and servo accuracy of the CADC. Self-test can be done <̂ rom either 
the cockpit or the front panel of the CADC. The CADC HIGH-OFF-LOW 
svd.tch, when placed in either the HIGH or LOW position, energizes self-
test relays. These relays, when energized, bypass the Psi and Pt 
transducers, the total temperature probe and the angle-of-attack 
transmitter. The self-test relays allow preselected values of Psi, Pt, 
Ti and est- i to be fed to the computing section of the CADC. The CADC, 
if operating properly, computes known values for raach, altitude indi­
cated airspeed, etc. These values are displayed on the AMI, AVVI and the 
true airspeed indicator. The values that are displayed for both HIGH 
and LOW self-test are listed in figure 8. To perform self-test from the 
front panel of the CADC, hold the PRESS TO TEST switch and the HI-OFF-
LOW SELF-TEST switch in either the Hi or Lo position. Actuation of the 
two switches causes the CADC to compute and transmit signals to the 
indicators. The AMI, AVVI and TAS will position to the known values 
listed in figure 8 for either HIGH or LOW self-test. 

SELF-TEST VALUES CADC SYSTEM 

AMI 

AVVI 

TAS 

Tapes or Indicator 

ADA 

G 

M 

Vc 

Vertical Velocity 

Sensitive Altitude 

Gross Altitude 

True Airspeed 
Indicator (TAS) 

CADC 

High 

10' 

2.3 M 

493 Kts 

Climbing or Diving 
to 40,000 FPM 

60,000' 

60,000' 

1348.8 Kts 

SELF-TEST 

Tol. 
+or-

.75 

.05 

12 

130 

130 

13 

Low 

T 

.4 M 

153 Kts 

2, lOO* 

2,000' 

157.6 Kts 

Tol. 
+or-

.75 

11 

130 

130 

13 

INSTRUMENT SELF-TEST 

Instruments 

2.44 M 

800 Kts 

74,000' 

74,000' 

Tol. 
+or-

.01 

10 

150 

150 

Figure 8. 
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Circle the number(s) that iden t i fy the correc t answer(s) . 

When the s e l f - t e s t re lays are energized, which of the following 
preselected s igna l values are being fed to fhe computing sec t ion 
of the CADC? 

1. ex t , Ps, Pt and Hp. 

2. P s i , M, o< i and Pt . 

3 . Pt , P s i , Ti and o< i . 

4. T i , P s i , Pt and Vc. 

Answer to frame 12: 2 

V,— 

23 
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Frame 14 

Now that you have learned about the inputs and outputs of the CADC, 
and also the CADC self-test, there is only one item left to explain 
about the CADC. This item is the CADC system monitor circuits. The 
purpose of these circuits is to show the pilot or technician that a 
trouble exists in the CADC system. The monitor circuit performs 
this function by lighting a CADS lamp. This lamp is located on the 
caution panel in the cockpit. Remember, the monitor circuits do 
not indicate that a malfunction exists in a certain unit such as the 
AMI amplifier, AVVI or the CADC. The monitor circuit shows only that 
there is a trouble somewhere in the CADC system. 

No Response Required 

Answer to frame 13: 3 

24 
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Frame 15 

This concludes section "A^-of this programmed text. Answer 
the review questions at the end of this frame and then proceed to 
section "B" of this FT. 

Match the numbered items on the left to the lettered items 
on the right. Write the letters of the proper definition to the 
left of its term or symbol. You have not been taught all these 
terms and symbols before this time. After you have answered the 
ones you know, copy the answers to the remaining ones from the 
answer key at the bottom of this frame. Once you have all the 
correct answers, study these terms and symbols. 

Angle-of-attack 

Maximum safe mach assembly 

Wing sweep angle 

Motor-Generator unit 

Pressure altitude 

Total pressure 

Indicated differential static pressure 

Altitude vertical velocity indicator 

Value greater than 

True free air temperature 

Differential 

Calibrated airspeed 

Incremental (Change) pressure altitude 

True static pressure 

Indicated static pressure 

Maximum safe mach 

Rate of climb 

Indicated angle-of-attack 

True airspeed 

Antilogging different ia l and cam 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

. Hp 

MSM 

Psi 

Pt (Qc+Ps) 

Qci 

MSMA 

c<. 

Ps 

c<. 

A Hp 

Vt 

cxc. 

AMI 

AWI 

. -A_ 

> 

< 

Vc 

Ti 

Tfat 

i 

t 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

h. 

i. 

J. 

k. 

1. 

m. 

n. 

0. 

P' 

q. 

r. 

s. 

t. 

25 

U35 »»* 



;3<»3 
r 

(G) / u . T o t a l t empera tu re 

V. Value l e s s t han 

w. Ai r speed mach i n d i c a t o r 

X. True a n g l e - o f - a t t a c k 

y . A m p l i f i e r 

26. I d e n t i f y the i n p u t s to the CADC by c i r c l i n g the c o r r e c t 
l e t t e r s be low: 

21. 

22. 

23. 

24. 

25. 

09 -
<8) 

-o>-
1 -T 

Hp 

a. o<. t 

b . Vc . 

c . Ps + Qc 

d. P t 

e . Ti 

o< i 

Vt 

P s i 

Hp 

2 7 . I d e n t i f y o u t p u t s from the CADC by c i r c l i n g the c o r r e c t 
o u t p u t s be low: 

a. 

b. 

c. 

d. 

e. 

ex t 

Vc 

Pt 

Ps + Qc 

Vt 

Answers to frame 15 : i . e 

6. b 7 . r 8 . n 

1 3 . w 14. h 15 . c 

20. j 2 1 . d 22. k 

2. 

9. 

P 

X 

16. 

23. 

f. 

g-

h. 

i. 

j-

k. 

1. 

3. 

10. 

i 

y 

Hp 

M 

c< i 

Ti 

Hp 

MSM 

Hp + _A_ 

0 4. f 

m 11. s 

17 . V 18. 

24. t 25. 

5. g 

12. 

1 

q 

a 

19. u 

26. c , d , e , f, g , i 27. a , b , e , f, g , j , 1 
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Figure 9. Airspeed-Mach Amplifier. Figure 10. Altitude-Vertical Speed Amplifier. 

Figure 11. Accelerometer Transmitter. 
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SECTION B 

OPERATION OF THE AMI AND AVVI AMPLIFIERS AND INDICATORS 

Frame 16 

The a l t i t u d e - v e r t i c a l speed amplif ier i s shown in f igure 10. 
I t serves as a power supply and amplif ier for the AVVI. The amplif ier 
has ZERO SET and VAR DAMP screwdriver adjustments. The ZERO .SET 
adjustment i s used to zero the v e r t i c a l speed tape . The VAR DAMP 
i s used to adjust the damping of the v e r t i c a l speed tape . 

The airspeed-mach amplif ier i s shown in f igure 9. I t serves 
as a power supply for the AMI. I t amplif ies the mach, ca l ib ra t ed 
a i r speed , maximum safe mach and the t r u e angle-of -a t tack s i g n a l s . 
The amplifier has a VAR DAMP adjustment which i s used to adjust 
the damping of the ang le -of -a t tack tape on the AMI. 

The accelerometer t r ansmi t t e r i s shown in f igure 11 . I t suppl ies 
the "G" force s igna l to the AMI. This s igna l i s a l so amplified by 
the airspeed-mach ampl i f ie r . 

No Response Required 
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Frame 17 

The Airspeed-Mach indicator is shown in figure 12. It is located 
on the left main instrument panel. The purpose of the AMI is to present 
vertical indications of<i^ T, G, Mach, and calibrated airspeed 
information. Below the moving tapes from left to right are the 
acceleration counter, a command mach counter, and a command airspeed 
counter. The electrical signals for operation of the tapes and markers 
are supplied by the CADC, MSMA and a remote accelerometer. Power for the 
AMI operation is supplied by the 115V AC system through the AMI ampli­
fier. If loss of AC indicator power occurs, spring-loaded warning flags 
marked OFF will appear. The OFF flags will appear across the mach 
indicator scale and airspeed scale. 

ACCELERATION TAPE 

ANGLE OF ATTACK TAPE 

FIXED INDEX LINES 

COMMAND MACH MARKER 

MAXIMUM ALLOWABLE 
MACH MARKER 

ACCELERATION 
READOUT WINDOW 

COMMAND MACH 
SLEWING SWITCH- aaoi 

COMMAND AIRSPEED MARKER 

POWER OFF FLAG 

AIRSPEED WARNING FLAG 

•.\:ACH TAPE ""S*J 

AISSPEED TAPE 

COMMAND AIRSPEED 
READOUT WINDOW 

-COMMAND MACH READOUT WINDOW 

-COMMAND AIRSPEED 
SLEWING SWITCH 

C5ll1H0O-fOO9A 

Figure 12. Airspeed-Mach Ind ica tor . 
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Circ le the l e t t e r ( s ) tha t ident i fy the correct answer(s) . 

The purpose of the airspeed ind ica t ing sect ion i s to ind ica te 

1. True a i rspeed. 

2. True airspeed and command a i rspeed . 

3 . oc T, G, Mach, and ca l ib ra t ed airspeed information. 

4 . Maximum allowable airspeed and ca l ibra ted Jiirspeed. 

'̂̂ fo 
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Frame. 18 

The Mach tape in the center of the AMI indicates true Mach 
numbers. The Mach number is shown on a moving tape and is read 
against the fixed index. The tape is cLiibrated in hundredths 
and shows numbers in tenths from 0.4 through 3.0. At speeds below 
Mach 0.4, the tape will continue to read 0.4. A command Mach 
marker and a command Mach counter indicate the manually selected 
command Mach. The command Mach marker remains at the top or the 
bottom of the display column until the selected command Mach comes 
into view on the Mach tape. At this time, the marker will synchronize 
and move with the reading on the tape. The selected command Mach 
is numerically displayed in the command Mach readout window at all 
times. The command Mach setting is controlled manually by the 
command Mach slewing switch. When selecting a command Mach number, 
slewing speed is controlled by the amount you move the slewing switch 
from its center position. 

Circle the number(s) that identify the correct answer. 

The command Mach is set into the AMI by-: 

1. An electrical signal from the CADC. 

2. An automatic signal from a ground station. 

3. The instrument repairman before takeoff. 

4. Manually depressing the slew switch on the bottom center 
of the Al-II. 

• .I'-iVU 

t ?&• 

Answer to frame 17: 3 
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Frame 19 

Maximum safe J-lach is shown by a striped maximum allowable Mach 
marker. The marker normally rests at the bottom of the Mach diSi-lay 
column. When the maximum allowable speed is approached, the marker 
will move up towards the fixed index line. Anytime the striped marker 
is above the fixed index line, the reduce speed warning light will 
come on. The pilot should decrease speed because he is exceeding 
the design limits.of the aircraft. The maximum allowable Mach 
marker is operated by electrical signals from the MSMA. 

Circle 'the number(s) that identify the correct answer. 

Tne AMI receives the MSM signal a.'rom: 

1. The command Mach slew switch. 

2. The Mach section of the CADC. 

3. The A W I amplifier. 

4. The max safe Mach assembly. 

Answer to frame 18: 4 

't?2 
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Frame 20 

Refer to figure 13 as you study this frame. 

The airspeed tape on the right column of the AMI indicates 
calibrated airspeed. A moving tape is read against a fixed index. 
The tape is marked in 10-knot increments. It has numerals at ea.-ih 
20-knot increment to 200 knots and 50-knot increments from 200 through 
1000 knots. The airspeed tape is driven by electrical signals from 
the CADC. If there is a signal failure from the CADC, the airspeed 
warning flag marked OFF will appear across the airspeed tape. 
The command airspeed marker and a command airspeed counter readout 
window below the tape show selected command airspeed. Command air­
speed is set by the command airspeed slewing switch under the 
command readout window. The comuand airspeed marker remains at the 
top or the bottom of the display column until the selected command 
airspeed comes into view on the moving tape. At this time, the 
marker will synchronize with the airspeed tape and move with the 
reading as shown in the counter readout window. If the pilot desires 
a continuous digital presentation of his calibrated airspeed, he may 
place the slewing switch into the detent position. When the slew 
switch is in detent, the command airspeed marker will align with the 
fixed index and remain there. The readout window will display a 
continuous digital readout of calibrated airspeed duriag flight. 

Complete the matching questions using figure 13. 
numbers from the figure in thair proper spaces. 

Answer to frame 19: 4 

Place the 
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AMI 

rt B) S 
C f-" o 

C . _ 

d._ 

e._ 

f._ 

g-_ 

h._ 

i . 

j . _ 
k._ 

l._ 

m._ 

u._ 

o. 

AIRSPEED MACH INDICATOR 

Nota? Match the numbered items in figure 13 to the state-
m.enLs below. Some numbers may be used more than once 
while some may not be used at all. 

indicates aircraft true angle of attack. 

indicates "G" loading on the aircraft. 

Indicates aircraft Mach number. 

indicates aircraft calibrated airspeed. 

power OFF flag. 

airspeed warning flag. 

indicates command Mach referenced on a tape. 

mTiXimum safe Mach marker. 

displays a digital readout of command Mach. 

fixed line against which mach tape is rc-ad. 

displays command airspeed in a digital readout. 

controls command airspeed counter manually. 

operates command Mach marker. 

displays a digital readout of aircraft "Gs". 

indicates command airspeed referenced on a tape. 
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Frame 21 

New let's go back and tover the important points of the AMI. 
First, the overall purpose of the AMI is to display vertical indications 
of angle-of-attack, "Gs", mach information and calibrated airspeed 
information. 

The angle-of-attack section displays aircraft angle-of-attack 
information referenced to a fixed index line. The input is o< t 
from the CADC. 

The acceleration section displays "G" loading on the aircraft, 
referenced to a fixed index line. A plus one (+1) "G" is the normal 
pull of gravity. The input of "Gs" is supplied by the remote accelerometer 
transmitter. 

The mach section displays mach information in the form of aircraft 
mach number, command mach and maximum safe mach. Inputs are supplied 
from the CADC and the MSMA. 

The airspeed section displays calibrated airspeed from 50 to 
1000 knots. The input of Vc comes from the CADC. A command airspeed 
marker and counter displays command information. 

Circle the number of the correct statements below. 

1. The purpose of the AMI is to display vertical indications 
of Vc, M, "G"s, Hp and altitude. 

2. The angle-of-attack section receives an input of «v. t from 
the CADC. 

3. The Mach section displays Mach information in the form of 
aircraft Mach number, command Mach and maximum safe Mach. 

4. ITie acceleration section indicates aircraft "G" loading. 

5. The purpose of the AMI is to display vertical indications 
of angle-of-attack, "Gs", mach information and calibrated airspeed 
information. 

6. The input c< t goes to the angle-of-attack section of 
the AMI. 

knots. 

7. Inputs to the Mach section are supplied by the MSMA only. 

8. The range of the calibrated airspeed tape is 50 to 1000 

9. The AMI displays digital command indications of Mach and 
calibrated airspeed. 

10. The input of the "G" section is supplied by the remote 
accelerometer transmitter, 
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Answers to frame 20: a 

g. 11 h . 10 

n . 9 o. 1 

f. 3 

m. 8 

14 b . 15 c. 13 d. 4 e. 2 

i . 6 j . 12 k. 5 1. 7 

'117 
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Frame 22 

Refer to figure 14 as you read this frame. 

The altitude-vertical velocity indicator is mounted on the 
ft main instrument panel. The purpose of the Altitude Vertical 

rip-lprity Indicator is to display vertical indications of altitude 
•"•̂ TTVertical velocity information. The indicator contains: The 
^rticai velocity indicator, vernier and sensitive altitude tapes 
and gross altitude information. 

The A W I also has a barometric pressure readout window and 
barometric pressure set knob. It also has two command altitude 
markers with a single counter readout window, and a slewing switch 
for manual selection of the command altitude. The indicator is powered 
by single-phase, 115V AC, 400 Hz power. It is internally lighted. 
Electrical signals for operating the moving tapes and markers are 
supplied by the CADC system. The digits in the readout window are 
set manually. In the event of CADC failure or AC power failure to 
the indicator, a spring-loaded warning flag marked OFF will appear 
across the sensitive altitude tape. 

VERTICAL VELOCITY MOVING TAPE 
VERTICAL VELOCITY MOVING INDEX 
GROSS ALTITUDE SCALE 
VERTICAL VELOCITY FIXED SCALE 

VERTICAL VELOCITY MOVING TAPE 

COMMAND ALTITUDE READOUT WINDOW 

BAROMETRIC PRESSURE READOUT WINDOW 

COMMAND ALTITUDE SLEWING SWITCH 

BAROMETRIC PRESSURE SET KNOB 

Figure 14. Altitude-Vertical Velocity Indicator. 

37 

I 
'I 
11 

'^l^mmm:t::>'Ni 



iHob 
Circle the number that identifies the correct answer. 

The purpose of the altitude vertical velocity indicator is to 

give a vertical presentation of: 

1. Altitude and speed information. 

2. Altitude and attitude information. 

3. Altitude and vertical speed information. 

4. Speed and vertical velocity information. 

Answers to frame 21: 2, 3, 4, 5, 6, 8, 9 and 10 
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Frame 23 

Refer to figure 14 as you read this frame. 

The vertical velocity scales are on the left side of the AVVI. 
The vertical velocity scales show the rate of climb or dive of the 
aircraft in feet per minute. The vertical speed rate, up to t 1500 
feet per minute, is shown by an index which moves up or down beside 
a fixed scale. The scale is marked in 100-foot increments from 0 
through ± 1500. Rates in excess of 1500 feet per minute (FPM) are 
read from a moving tape which comes into view at the appropriate 
end of the fixed scale. This moving tape is marked in 1000-foot • 
increments from 2000 through 40,000 FPM. The CADC supplies signals 
for the tape and index. 

No Response Required 

Answer to frame 22: 3 
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Frame 24 

I I 

Still refer to figure 14 as yon read this frame. 

The altitude scales are located in the center section of the 
indicator. They show the altitude of the aircraft above or below 
sea level. Aircraft pressure altitude is read at the fixed index 
lines across the center of the indicator. The vernier altitude tape 
is marked in 50-foot increments. The tape has numbered markings 
every 100 feet from 0 through 1000 feet. The sensitive altitude tape 
is marked in 500-foot increments. It has numbered markings every 
1000 feet from -1000 through 120,000 feet. Signals for the vernier 
and sensitive altitude tapes are supplied by the CADC. A command 
altitude marker on the sensitive tape and command altitude readout 
window under the scale indicate manually selected command altitudes. 
The marker and digits are manually controlled by the slewing switch 
under the readout window. Slewing speed is proportional to the 
movement of the slewing switch from its center position. 

Note: The command altitude marker will remain at the top 
or bottom of the display tape until the selected command 
altitude comes into view on the altitude scale. At this time, 
it will synchronize and move with the reading on the scale. 
The manually selected command altitude is numerically shown 
at all times in the altitude readout window. 

Circle the number(s) that identify the correct statement. Refer 
to figure 14. 

Command altitude is indicated by a: 

1. B; Tometric counter. 

Z. Single-line marker on the gross altitude scale. 

3. Double-line marker on the sensitive altitude tape. 

4. Red and black striped marker on the sensitive altitude 
tape. 

kfS 
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Frame 25 

The barometric pressure is set into the AVVI by A set knob marked 
BARO. The knob is on the lower left corner of the indicator. Barometric 
pressure is displayed in the readout window which is located above 
the baro set knob. The baro set knob is used to perform an altimeter 
setting on the A W I . The altimeter setting is performed on the 
vertical scale AVVI the same as you performed it using the MA-1 static 
pressure altimeter. 

Circle the number(s) that identify the correct answer. 

The barometric pressure set knob is used to set in the 

1. command airspeed. 

2. altimeter setting. 

3. command mach. 

4. command altitude. 

Answer to frame 24: 3 
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Frame 26 

The gross altitude scale (gross altimeter) is located on the 
right side of the AWI. It is a thermcmieter-type altitude index 
scale. This scale shows the altitude of the aircraft against a gross 
altitude scale. It is operated by electrical signals from the CADC. 
The gross altitude scale is marked in thousands of feet. It is num­
bered every 1000 feet from 0 through 120,000 feet. The gross altitude 
scale has a command altitude marker sim.ilar to the one used with the 
sensitive altimeter tape. Command altitude on the gross altimeter 
is shown by a double-line command altitude marker (see figure 14). 
It is operated along with the command altitude marker on the sensitive 
altimeter tape. 

Using figure 14, complete the matching questions. 

Answer to frame 25: 2 

f̂̂ 3 
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1. ALTITUDE VERTICAL VELOCITY INDICATOR 

Note: Match the numbered items in figure 15 to the 
statements belo.^. Some numbers may be used more 
than once while some may not be used at all. 

a. 

b._ 

c._ 

d._ 

e. 

f._ 

8'. 

h._ 

i._ 

J.. 

k. 

controls command altitude markers. 

should display exlstlnp sea level pressure. 

movable reference for the vertical velocity 
section. 

fixed scale, gross altitude. 

indicates rate of climb above 1,500 FPM. 

reference lines for sensitive altitude. 

vernier altitude tape. 

altitude warning flag. 

sensitive altitude tape. 

displays a digital readout of command altitude. 

used to correct for changes in local barometric 
pressure. 

indicates command altitude against the tapes, 

fixed scale for vertical velocity. 
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Frame 27 

Review: 

Statements 1 through 10 are completion-type questions. Circle 

the correct answer to the following statements. Some statements have 

more than one correct answer. 

1. The AMI indicates 

a. "G" forces. 

b. calibrated airspeed. 

c. vertical velocity. 

d. minimum safe speed. 

2. The angle-of-attack tape 

a. receives an ci<.T signal from the computer. 

b. furnishes the pilot with approach information. 

c. furnishes the pilot with altitude information. 

d. receives an Hp signal from the computer. 

3. "G" forces are displayed 

a. on a moving tape. 

b. on a fixed scale. 

c. as a command indication. 

d. on a counter. 

4. When switch number 8 in figure 13 is depressed, the 

a. command Mach marker is put in motion. 

b. Mach safe marker is put in motion. 

c. Mach counter will rotate. 

d. Mach tape will be put in motion. 

1456 
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5. The command markers and digital readouts 

a. are positioned manually. 

b. operate only in the data link mode. 

c. must always read the same. 

d. can be positioned only by a switch. 

6. The Mach safe marker 

a. receives its signal from the CADC. 

b. receives its signal from the MSMA. 

c. is read against the lubber line. 

d. is prevented from driving beyond the field of view 
by a synchro. 

7. The signal for the vertical velocity section 

a. controls item 11 in figure 15. 

b. is cut out in the data link mode. 

c. comes from the central air data computer. 

d. is sent through the altitude vertical speed amplifier. 

8. The sensitive altitude tape 

a. is read against the fixed index line. 

b. gets a signal from the CADC. 

c. is ground controlled in the data link mode. 

d. is controlled by 9 in figure 15 in the manual mode. 

9. The AVVI indicates 

a. vertical velocity. 

b. angle-of-attack. 

c. target altitude. 

d. distance to target. 
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10. The gross altitude section 

a. operates only in the data link mode. 

b. furnishes target altitude information. 

c. furnishes distance to target information. 

d. indicates aircraft altitude. 

After you have completed the above questions and know how the 
vertical scale flight instruments work, proceed to section "C" of 
this progranmed text. If you have any trouble understanding the 
operation of the indicators, ask your station instructor for help. 

r 

Answers to frame 26: a. 10 

f. 4 g. 7 h. 3 

m. 12 

Answers to frame 27: 1. a & b 

b. 9 c. 13 d. 2 e. 1 

i. 6 j. 8 k. 11 1. 5 

5. a & d (J. b 7. c & d 

2. a & b 

8. a & b 

3. a & d 

9. a 

4. a & c 

10. d 
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SECTION C 

INSTRUCTIONS 

In this section of the PT you will be concerned with tracing 
various CADC system signals. You will receive step by step guidance 
in tracing simplified circuits. After you are able to trace the 
simplified circuit, you will be asked to trace the same signal on 
the electrical schematic in the handout on vertical scale flight 
instruments. You may then check the circuit you traced with the 
correct answer shown at the bottom of each frame. 

Note: Ask your instructor for the above handout at this 
time as you will need to refer to it as you complete 
Section C of this programmed text. 

Frame 28 

The first signal you will trace is the pressure altitude (Hp) 
signal. This signal is sensed at the pitot-static tube and transmitted 
to the CAOC. Two aneroids inside the Psi transducer measure the 
static pressure. 

Connected to the aneroids is the rotor of a microsjra (synchro). 
As the aneroids expand or contract, the micros3ai generates an electrical 
Hp signal. This signal is amplified and sent to a motor generator. 
The mechanical Hp output from the motor generator drives a computing 
mechanism. The output of the computing mechanism is a correct Hp 
signal and is applied to several output devices. Trace the Hp signal 
on the simplified diagram (figure 16) that follovs. After you have 

completed tracing the signal, locate the Psi section in figure 1 of 
the CADC block diagram shown in the vertical scale flight instnoment 
handout. 

Trace the Hp signal on the simplified schematic; no additional 
response is required. 
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Frame 29 

Copy the list of Hp and Log Ps outputs listed in this frame 
onto your CADC schematic. This infonnation will be an aid to you 
when you are troubleshooting the CADC system. The following list 
of outputs are applied to various systems within the aircraft. 

1. lA - altitude tape on A W I and monitor synchro signal. 

2. 7A - altitude hold autopilot system. 

3. 23A - landing gear warning system. 

4. 39A, 40A, lOA, and 41A - MSMA. 

No Response Required 

1 "• {) 
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Frame 30 

Using the simplified schematic (figure 17), trace the Hp signal 
from the CADC output lA. to the altitude tape. The synchro trans­
mitters, CX12 and CX14, are driven by the Hp shaft in the CADC. The 
output from the transmitters is applied to the course and fine synchro 
receivers, CD 901 and CD 903, in the AWI. The output from the 
receivers is sent to the control transformers, CT 701 and CT 702. 
After the signal is coupled through the transformers it is amplified 
by the altitude vertical velocity amplifier. From the amplifier it 
is applied to the variable phase of the motor MG 701. The generator, 
which is driven by the motor, generates a feedback signal that is 
18Cr out-of-phase with the input signal to the amplifier. This 
signal is coupled back to the amplifier to prevent oscillation and 
overtravel of the altitude tape. The altitude tape is mechanically 
connected to the motor-generator. When an altitude change occurs, 
the motor drives the altitude tape to the new altitude. To complete 
the servo loop there must be some method of nulling the signal. This 
is accomplished by the motor turning the rotors of the control trans­
formers and the generator which nulls the signal. The synchro and 
motor-generator all arrive at null at the same time. 

After you have traced the Hp signal on the simplified schematic, 
turn to figure 2 in the vertical scale flight instrtiments handout. 
Locate the CADC output lA and trace the Hp signal through the schematic 
to the altitude tape. The altitude signal will be colored ORAMGE. 

After you have traced the pressure altitude signal in the above 

handout, check the accuracy of your work with the correct answer shown 

in figure 18 of this PT. 
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Frame 31 

Using the simplified schematic (figure 19) trace the vertical 
velocity (Hp) signal from the CADC output 2A to the Hp tape. The 
Hp output from the computer is coupled by T-2 to the phasing network 
T-3 and T-4. R-1 is the zero adjust resistor. From R-1 the signal 
is applied to the QUAD REJECTION AMPLIFIER AR-5. The QUAD REJ AMP 
also receives a feedback signal from the generator. The feedback 
signal is coupled across R-1201, the damping adjust pot. After 
the QUAD-REJ AMP allows the correct signal to pass, it is amplified 
by AR-4 and applied to the motor. The motor turns and drives the 
generator, the Hp cape and the wiper arm of R-2 which nulls the 
Hp signal and completes the servo loop. 

After you have traced the Hp signal on the simplified schematic, 
turn to figure 2 in the vertical scale flight instruments handout. 
Locate the CADC output 2A and trace the Hp signal through the schematic 
to the Hp tape. The vertical velocity signal will be colored DARK GREEN. 

After you have traced the vertical velocity signal in the above 
handout, check the accuracy of your work with the correct answer 
shown in figure 20 of this PT. 
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Frame 32 

The mach s igna l o r ig ina t e s in the Pt transducer (f igure 21) 
ins ide the CADC. The Pt t ransducer receives p i t o t and s t a t i c pressure 
from the p i t o t - s t a t i c tube. The airspeed diaphragm ins ide the Pt 
t ransducer , expands and cont rac ts with changes in e i t h e r a i r c r a f t 
airspeed or a l t i t u d e . The ai rspeed diaphragm i s mechanically connected 
to the ro tor of a synchro ins ide the Pt t ransducer . v?hen the diaphragm 
expands or c o n t r a c t s , the ro to r of the synchro i s turned creat ing 
the mach s i g n a l . The Mach s i g n a l i s amplified by AR-5 and sent 
to the motor-generator . The mechanical shaft r o t a t i o n of the motor 
i s connected t o : (1) the Pt t ransducer for nu l l i ng the-servoloop; 
(2) the s e l f - t e s t synchro to keep i t in the co r rec t phase; (3) d i f f e r e n t i a l 
number 5 where log Qc and log Ps are mixed. The output of d i f f e r e n t i a l 
//5 i s log Qc/Ps and i s applied to the Qc/Ps v e r n i a t a t . The output 
of the Qc/Ps v e m l s t a t i s an e l e c t r i c a l s igna l equal to Mach. The 
e l e c t r i c a l mach s i g n a l i s amplified by AR-6 and applied to the motor-
generator MG-3. Null ing is- accomplished by a feedback from the 
mach v e m i s t a t ( p o t ) . The generator sends a s i g n a l back to the 
amplif ier to prevent o s c i l l a t i o n of the mach tape . The mechanical 
output of the motor i s connected to the various output synchros and 
po ts . Synchro output 3A i s the mach output from the computer to 
the airspeed-mach i n d i c a t o r . 

I 

Note: You may have noticed a slight reference to the use of 
the log prior to this frame. This term, if you are not 
familiar with it, is a methematlcal function used to denote 
extremely large and small numbers. For the purpose of trans­
ferring large signals, like Qc, and small signals like Pg, 
these values are transformed to logarithmic terms. 

> 

Trace the Mach signal on the simplified schanatic, figure 21. 
After you have traced the Mach signal on the simplified schematic, 
locate the computer schematic in the vertical scale flight instru­
ments handout. Trace the Mach signal on the computer schematic. 
If you have any questions on how the Mach signal originates, ask 
your instructor. 

m^ 
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Frame 33 / 

The following list of numbered output signals are from the CADC, 
Locate the computer schematic, figure 1, in the vertical scale flight 
instruments handout. This listing is below the Primary and Secondary 
package schematic. 

Note: These output numbers are references only. 

1. Output 4A - calibrated airspeed - used in AMI for airspeed 

tape. 

2. 

3 . 
system. 

4. 

5. 

Output 5A - c < T - used in AMI for angle-of-a t tack tape. 

Output 6A - Mach s i g n a l - used for Mach hold in au top i lo t 

Outputs 9A, X..A, and 36A are spa res . 

Output IDA and 38A - M s igna l - used in MSMA. 

6. Output 21A - Ci< T s igna l - used in the t e r r a i n following 
radar system (TFR). 

7. Output 24A - ca l ib ra t ed a i rspeed (Vc) - used in the landing 
gear warning system. 

8. Output 26A - Vt s igna l - operates the t rue airspeed i n d i c a t o r . 

9. Outputs 27A, 28A, and 29A - oc T s igna l - used by angle-
of -a t tack indexer l i t e s . 

10. Output 30A - Hp s igna l - used by the f l i ^ t d i r e c t o r computer 
(FDC). 

11 . Output 32A - M s igna l - used by the engine o i l cooling 
and spike con t ro l . 

12. 
cowl. 

13 . 

14. 
Radar. 

Output 33A thru 35A - M s igna l - used by the engine t r a n s l a t i n g 

Output 42A - Tfat s i g n a l - used by the MSMA. 

Output 43A - Vt s i g n a l - used by the Terrain Following 

15. Output 44A - Tfat s igna l - used by the ram a i r exic con t ro l . 

Note: The outputs for various a i r data computers w i l l vary 
depending on the type of a i r c r a f t in which they are in s t a l l t i d . 
You should refer to the appl icable a i r c r a f t TO to determine 
the computer outputs for your spec i f i c type a i r c r a f t . 
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(3A) 
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• SYNCHRO 
RECEIVER 
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Figure 22. 

Using the simplified schematic (figure 22), trace the Mach 
signal from the CADC output 3A to the mach tape. The twolsynchro-
transmitters CX4 and 5 are driven by the mach shaft rotation in the 
computer. The outputs from the coarse and fine transmitters are applied 
to synchroreceivers CT402 and CT403. From the receivers, the signal 
is amplified and applied to the motor-generator MG403. Seryoloop 
nulling is accomplished by repositioning the rotors of CT402 and 
CT403. The mach tape is positioned by the motor and will move with 
changes in aircraft mach. 

After you have traced the Mach signal on the simplified schematic, 
turn to figure 4 in the vertical scale flight instruments handout. 
Locate the CADC output 3A and trace the Mach signal through the schematic 
to the Mach tape. Check the accuracy of your work with the correct 
answer shown in figure 23 of this PT. The Mach signal will be colored PINK. 
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Frame 35 

So far in your study of the CADC circuit analysis, you have* 
traced the altitude, vertical velocity, and mach signals. The three 
signals were used to operate servoloops. The calibrated airspeed 
(Vc) also operates a servolodp. It consists of transmitters (CX9 
and 10), receivers (CT501 and 502), an amplifier, motor-generator, 
and a method of nulling the loop. Trace the Vc signal on the simplified 
schematic (figure 24). 

After you have traced the Vc signal on the simplified schematic, 
turn to figure 5 in the vertical scale flight instruments handout. 
Locate the CADC output 4A and trace the Vc signal through the schematic 
to the airspeed tape. The airspeed signal will be colored PURPLE. 

Check the accuracy of your work with the correct answer shown 
in figure 25. 

mm. 
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4A 
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Figure 24, 
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Frame 36 

The next s ignal to be traced i s the angle-of -a t tack s i g n a l . 
The cvi i s ignal o r ig ina tes at the AOA probe. I t i s t ransmit ted 
to the CADC where i t i s changed to ca-c T. Output 5A i s the c < T 
output from the CADC. e x T i s t ransmit ted from CX3 in Che CADC 
to CT301 in the AMI. From the synchro rece iver CT301, i t i s amplified 
and sent to the motor-generator MG301. The mechanical output of 
the motor pos i t ions the AOA tape . Nulling i s accomplished by a mechanical 
connection from the motor to the ro to r of CT301. Use the simplif ied 
schematic: ( f igure 26) and t r ace the AOA s igna l from the AOA- probe 
to the AOA tape. 

. : i y & ^ 

Mm. 
5*K!5f 

After you have traced the AOA signal on the simplified schematic, 
turn to figure 3 in the vertical scale flight instruments handout. 
Locate the CADC output 5A and trace the<=»C T signal through the 
schematic to the <=><;;'T tape. The angle-of-attack signal is colored 
BROWN. 

Check the accuracy of your work with the correct answer shown 

in figure 27 of this FT. 
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Frame 37 

The Airspeed Mach Indicator has a display of Maximum Safe 
Mach (MSM). This display is in the form of a striped marker. 

The MSM signal is made up of many different inputs. Referring 
to the simplified schematic, figure 28, trace the MSM signal to 
the MSM Marker. 

The CADC contains six (6) potentiometers which supply outputs 
to the MSM Amp. The outputs of the CADC are 38A-Mach, 42A-Tfat, 
39A and 40A-Log Ps, 41A and lOA-Log Ps and _/^ . These CADC outputs 
are sent-to the MSM Amp. In this amplifier the signals are computed, 
compared, amplified and sent to a motor-generator assenily MG-1. 
The output of MG-1 is mechanically linked to the rotor of a control 
transformer (CT-1). The MSM signal is then sent to CT401 in the 
AMI. The output of CT401 is amplified and applied to MG401. The 
mechanical output of MG401 is connected through a clutch/stop assembly 
to the MSM marker. Mechanical linkage from the clutch/stop assenbly 
is also connected to CT401 as a means for nulling the signal. 

^'-V 

After you have traced the MSM signal on the simplified schematic, 
turn to figure 4 in the vertical scale flight Instruments handout. 
Locate the CADC outputs of 38A, 42A, 39A, 40A, 41A, and lOA and trace 
these outputs to the MSM amp. Trace the MSM signal from CT-1 in the 
MSM amp to the MSM marker. The maximum safe Mach signal Is colored 
DARK YELLOW. 

Check the accuracy of your work with the correct answer shown In 
figure 29 of this PT. 
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Frame 38 

Another signal circuit to be traced is the accelerometer signal 
circuit. Locate the vertical accelerometer in figure 30. A synchro 
output of vertical acceleration ("G"s) is sent to the AMI (CT302). 
The output of CT302 is sent to the amplifier through iie rate divider 
to the G amp, ARA-2, where the signal is amplified in order to drive" 
MG302 in tha AMI. The mechanical output of MG302 is sent through 
the clutch/stop assembly to the G tape and counter. A nulling mechanical 
output is applied to the rotor of CT302. 

Now that you have traced the accelerometer signal in figure 3Q 
of this PT, refer to figure 3 in the vertical scale flight instruments 
handout. Locate the vertical accelerometer and trace the G circuit 
to the G tape. The "G" signal is colored LIGHT RED.. 
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Frame 39 

This frame explains the command marker/counter circuits. Referring 
back to section B of this programmed text, the operation of the 
command markers and counters was explained. The altitude, airspeed, 
and Mach command marker/counter indications are all basically the 
same. The altitude command marker/counter circuit will be discussed 
in this frame, but all command marker/counter circuits are identical 
(Mach, airspeed, arid altitude). 

Using the simplified schematic, figure 31, trace the command 
altitude signal circuit. Transformer 1-1 supplies 26V AC-for power 
to the Command Alt. circuit. The slew switch controls the position 
of contacts 1 and 3 through mechanical linkage. Contact 3 controls 
the direction of motor rotation and in turn, movement of the command 
marker/counter assembly. Contact 1 controls the speed of the motor. 
The mechanical output of the motor moves the comr\and marker/counter 
assembly. 

Now that you have traced the Command Altitude Circuit on the 
simplified schematic, refer to figure 2 in the vertical scale 
instruments handout and trace the Command Alt. Circuit. Locate 
the slew switch and transformer T-2 in the AWI. 

^9 

After you have traced the Command Alt. Circuit in the above handout, 
check the accuracy of your work with the correct answer shown in figure 32, 
All command signal circuits such as altitude, airspeed, and Mach are 
colored LIGHT GRJEEN. i) 
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Frame 40 

You have traced most of the signals within the CADC system. Now 
let's check your ability to trace and analyze the CADC circuits. The 
Pt and Psi transducers and potentiometers establish signals and position 
synchros in the CADC. The synchros then move from one position to a new 
position according to the signal supplied. The motors drive the tapes 
to the position established by the synchro. The generator produces a 
signal opposite to that which drives the motor, stopping the tape on 
the exact indication without over or under travel. (Reference Frame 28 
in this PT). All of this must be remembered when analyzing the abnormal 
indications that you soon may have to analyze and repair on the flight 
line. 

Examples of abnormal indications are: 

1. No movement (tape inoperative) - This indication could be 
caused by an open or short in either the'fixed or variable phase of 
the motor circuits; an open or short in the rotor of a synchro; or a 
loss of power, 

2. Tape erratic or unstable - This indication could be caused 
by an open or short in one of the stator leads of the synchro assembly. 

3. Tape oscillation - This indication could be caused by an 
open or short in either the fixed or variable phase of the rate 
generator. 

Use the CADC schematics provided to locate the malfunctions in thiS 
following questions. Circle the letter that identifies the correct 
answer. 

1. During flight, the pilot reported no movement of the Mach 
tape. 

a. Open between pin E of PI (J-14'01) and pin V of 300J3. 

b. Short between pins K and L of P5 (J-1403). 

c. Short between pins D and J of PI (J-1401). 

d. Open between pin L of PI (J-1401) and pin Y of 300J3. 

2. During flight, the pilot reported the movement of the cali­
brated airspeed tape erratic or unstable. 

a. Short between pins B and A of P5 (J-1403). 

b. Short between pins B and V of P6 (J-1301). 

c. Open between pin AA of 300J3 and pin K of P2 (J-1302). 

d. Open between pin R of 300J4 and pin C of P3 (AMI AMP). 
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3. When the high CADC self-test Is performed, the true airspeed 

Indicator does not change Indications. 

a. Short between pins A and C of Pi. 

b. Short between pins G and H of Pi. 

c. Open between pin K of Pi and pin L of P4 (P-16004). 

d. Open between V of 300J6 and pin C of Pi. 

4. During CADC self-test, the Hp tapes oscillate. 

a. Open between pin P of P4 and Pin W of 300J2. 

b. Open between pin K of P4 and pin Z of 300J2. 

c. Short between pins K and R of P4 (J-1102). 

d. Short between pins C and K of P6 (J-1101). 

5. When performing CADC self-test, the movement of the Mach 
tape was erratic or unstable. 

a. Open between pin D of PI and pin W of 300J3. 

b. Open between pin N of 300J4 and pin P of P6 (J-1301). 

c. Open between pin T of P3 (P-16003) and ground. 

d. Open between pin V of 300J3 and pin E of P2 (J-1302). 

6. During^flight, the pilot reported no movement of the verti­
cal velocity (Hp) tape. 

a. Open between pin P of P4 and pin W of 300J2. 

b. Open between pin W of P4 (J-1102) and pin N of 300J2. 

c. Short between pins V and U of P4 (J-1102). 

d. Short between pins J and H of P5 (J-1103). 

7. During the CADC self-test, the maximum safe Mach (MSM) bar 
did not move. 

a. Open between pin R of P3 (P-16003) and pin R of P3 (J-1402), 

b. Open between pin K of P7 (J-214) and pin A of P3 (J-1402)., 

c. Open between pin L of P5 (J-1403) and pin Q of 300J4. 

d. Open between pin L of PI (J-1401) and pin Y of 300J3. 
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8. During flight, the pilot reported that the angle-of-attack 
tape was inoperative but the indexer lites worked. 

a. Short between pins AA and DD of P4 (P-16004). 

b. Short between pins CC and DD of 300J4. 

c. Short between pins K and Z of PI (J-1401). 

d. Short between pins JB and A of 300J3. 

9. During CADC self-test, the pressure altitude tapes did not 
move. 

a. Short between pins C and D of P5 (J-1103). 

b. Short between pins C and K of P6 (J-1101). 

c. Open between pin P of P4 (J-1102) and pin W of 300J2. 

d. Open between pin T of P3 (J-1201) and pin B of P3 (P-16003). 

10. During flight, the pilot reported erratic movement of the 
ALPHA T tape. 

a. Open between pin C of P2 (J-1302) and pin Z of 300J3. 

b. Open'between D of P6 (J-1301) and pin CC of 300J4. 

c. Open between pin A of PI (J-1401) and pin GG of 300J3. 

d. Short between pins K and Z of P2 (J-1302). 

Now that you have answered all the questions in frame 38, go 
back to the beginning of the PT and read all of the objectives again. 
Make sure that you know these objectives. If you think that you can 
satisfactorily answer these objectives, go to the appraisal room 
and take the appraisal for PT-304. 

After you have completed the appraisal for PT-30.4, you will be 
given PT-304A which covers CADC System Trainer Familiarization. After 
the appraisal on trainer familiarization, you will be issued WB-304 
which covers the operational check and troubleshooting of the CADC. 

Answers to frame 40: 1. c 2. a 

7. b 8. c 

3. d 4. a 

9. d 10. b 

5. b 
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the subject course were used to validate the material herein. All 
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Given a programmed text, tech data and trainer, bench check the 
vertical scale flight instruments with a minimum of 80% accurate 
workbook responses. 

INSTRUCTIONS 

This programmed text contains instructions for the bench check of 
the AMI and AVSI. Follow all Instructions carefully and complete the 
tables as Indicated. The first part of this PT is made up in normal 
PT format. You are required to read each frame and respond to the 
questions. The answers to the frames are found at the bottom of the 
next frame. The second part of this text Instructs you in a lab pro­
cedure. You are required to make a response; your response will be 
verified by your Instructor. 

Supersedes 3ABR32531-PT-308, 17 December 197A. 
OPR: TTMCW 
DISTRIBUTION: X 
TTMCW - 150; TTS - 1 i 5')3 



Frame I 

The f i r s t Indicator you wil l bench check I s the AMI. This 
Indicator i s s imi la r to the one on the FB-lllA t r a i n e r , but some 
of the tapes are d i f fe ren t . The angle of a t tack tape Is read in 
symbols ra ther than degrees. The ranges of the other tapes are 
also d i f f e ren t . 

mS 

Match the lettered items in figure 1 to the statements on the 
r i g h t . 

1. Indicates mach. 

2. 

3. 

A. 

5. 

6. 

indicates airspeed 
in knots. 

indicates max 
safe mach. 

indicates instrument 
failure. 

Indicates aircraft 

^ indicates angle 
of attack. ' 

Figure 1. 

l^Qi 
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Frame 2 

The second Indicator you will bench check is the AVSI. This 
indicator is also similar to the one on the FB-lllA trainer, but 
again, there are differences. The AVSI has only two altitude scales, 
Tliey are: 

1. A sensitive scale (A) which is numbered every thousand 
feet and marks every hundred feet as shown in figure 2. 

2. A gross scale (E) with numberH every ten thousand feet 
and marks every thousand feet. This scale has a total range of -
2,000 feet to +80,000 feet. 

Match the lettered items in figure 2 to'the statements on the 
right. 

Figure 2. 

Answers to Frame 1 

1. F 2. D 3. C 

1. 

>5')5 

indicates rate 

2. 

3. 

4. 

5. 

6. 

7. 

of climb. 

indicates sensi­
tive altitude. 

Indicates gross 
altitude. 

used to set baro 
metric pressure. 

indicates baro­
metric setting. 

indicates 
instrument 
failure. 

indicates 
target 
altitude. 

4. 
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Frame 3 

Before you begin the bench check of the vertical scale flight 
instruments, notice that there are a lot of dials and switches on 
the teaters. Don't become confused by them. Each control is numbered 
and the number is referenced in the instructions. 

There are four controls that you may have some trouble reading 
or understanding, so we will present this information now. 

First, the potentiometer iH (figure ^j is located in the upper 
left corner of the tester. It consists of four (4) moveable scales. 
The scales are read from the outside to the inside. Each scale 
is referenced to a black mark on the left side of the potentiometer. 
All readings are decimal readings. (Example: .00000) 

Using figure 3, circle the letter of the correct response to 
the statement below. 

1. The reading of the potentiometer in figure 3 is 

a. .004. 

b . .11500. 

c. 1.1500. 

d. 115.00 

POTEN-!OMETER 

Figure 3. 

Answers to Frame 2 

1. B 2. A 3. E 4. D 5 . C 6. F 

-̂ •506 
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Frame 4 

The Coarse and Fine synchro, controls //2 and //3, (figure 4) 
will be used frequently during the bench check of the vertical scale 
flight instruments. For this reason, it is very important that 
you be able to read these synchros. 

Refer to figure 4. Both the Coarse and Fine synchros are read 
in the same manner. The inner and outer dials are read in degrees. 
The inner dial is in ten degree increments with every thitty degrees 
numbered. The outer dial is equal to a total of ten degrees with 
.1 degree increments. 

A reading will be taken in the following manner. First of all 
look at the Coarse synchro. The inner 
160 and 170 degrees, referenced to the 
to find the exact reading, look at the 
the long pointer. The long pointer is 
5. Your reading will be 5.4 degrees, 
inner and outer dials you come up with 
degrees. 

dial is indicating between 
short pointer. In order 
outer dial, referenced to 
four increments past the 
Adding the readings of the 
a total reading of 165.4 

Take a reading of the fine synchro and record this reading 
in the space provided below the fin« synchro. 

COARSE FINE 

Figure 4. 

FINE SYNCHRO READING 

DEGREES 

Answer to Frame-3 t5')7 
,0 
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Frame 5 

Tl\e fourth control is an AC voltmeter and a Value-Select knob. 
The position of the knob determines the maximum range of the AC volt 
scale. 

For example, in figure 5, the Value-Select knob is positioned 
on 30, indicating that the top scale has a maximum range of 30V AC. 
The pointer in figure 5 is indicating 20V AC. 

Figure 5. 

7 is OS 



mo 

In figure 6, the Value-Select knob is now in a different position 
which changes the maximum scale value of the AC voltmeter. 

Using figure 6 as a reference, record the reading of the AC 
voltmeter in the space provided. 

Answer to Frame 4 

48.7 DEGREES 

Figurs 6. 

Reading of AC voltmeter 

V AC 

Answer to Frame 5 

115V AC 5')9 
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BENCH CHECK 

This section of the programmed text contains instructions for 
testing the Mach Safe Speed Airspeed Indicator. All procedures are 
referenced to TO 5F8-2-27-2. A special tester, the Mach number safe 
speed airspeed indicator test set i3A0i90 or 13A0191 (referred to 
as test set i3A0i':)0 or i3A0i9i) is used for checking the operation 
of the Mach safe speed airspeed indicator. 

Note; Remove all jewelry I 1 1 « . * 

/isk the iab injcructor to assign you to a test set, either i3A0190 
or i3AOi9i. Pick up TO 5F8-2-27-2, turn to page 6-i and begin working. 
Check (/) each item in your FT as you complete it. 

STEP 1. Test setup—Paragraph 6-5 

Perform item a. a. 

b. 

c. 

d. 

Perform item b. 

Perform item d. 

Perform item e. 

STEP 2. Preliminary tests—Paragraph 6-6 

Perform item a. a. 

b. 

c. 

d. 

_Perf^rm item b. 

_Perforra item c. 

_Perform item d. 

_Sati3factory 

_Perform item e. 

_Sati3 factory 

_Unsatisfactory (check one) 

_Unsatisfactory (check one) 

STEP 3. Scale error testa—Paragraph 6-7 

a. Aircraft Mach-Paragraph 6-8 

(1) P̂erform item a. 

(2) l̂̂ erfora item b. 

Note: Flag for P/N 18000-lB-A-Dl and 18000-1B-4-E1 Indicators 
will disappear only in the I.A.S'. Mode. 

(3) _Perform item c and complete table 1. 

iSio 
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Note: Perform step 3, item c (in your PT), the Maximum. Safe 
Mach test (paragraph 6-10) and complece table 3 at this time. 
(See Note: Paragraph 6-10) 

COARSE 2 
(Degrees) 

FINE 3 
(Degrees) 

* 

MACH 
READING 

ERROR 
TOLERANCE 

(MACH) 

ACTUAL 
READING 

RESULTS 
(S or U) 

Table 1. Aircraft Mach Test 

Indicated Airspeed—Paragraph 6-9 

(1) jPerform item a. 

(2) P̂erform item b and complete table 2. 

COARSE 2 
(Degrees) 

FINE 3 
(Degrees) 

INDICATED 
AIRSPEED 
READING 

ERROR 
TOLERANCE 

(Knots) 

ACTUAL 
READING 

. 

RESULT 
(S or U) 

Table 2. Indicated Airspeed Test. 

Maximum Safe Mach—Paragraph 6-10 
After recording the indicator mach readings for'each of the 
mach settings in table 1, perform the following steps. 

(1) ^Rotate the FINE 3 transmitter to the FILE 3 setting 
in table 3 which corresponds with the desired mach 
reading in table 1. 

^•51 i 
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(2) Ŝet PROGRAM SEL 7 switch to Max Safe Mach and 
record Maximum Safe Mach Readings In table 3. 

(3) Return PROGRAM SEL 7 switch to Much a£tcr each 
reading and rotate COARSE 2 and FINE 3 settings In 
table 1 for the next Aircraft Mach check. 

Note: COARSE 2 settings in table 3 are taken from table 1. 
Since initial aircraft Mach teat settings in table 1 have no 
corresponding Maximum Safe Mach setting in table 3, proceed to 
the second pair of aircraft Mach test settings in table 1 before 
performing the Maximum Safe Mach test procedure. 

COARSE 2 
(Degrees) 
(Table 1) 

0 

60 

90 

FINE 3 
(Degrees) 

0 

60 

90 

MAXIMUM 

SAFE MACH 
READING 

ERROR 

TOLERANCE 
(MACH) 

ACTUAL 
READING 
(MACH) 

RESULTS 

(S or U) 

Table 3. Maximum Safe Mach Test, 

d. G Limiting—Paragraph 6-11 

(1) P̂erform item a. 

(2) P̂erform item b and complete table 4. 

FINE 3 
(Degrees) 

G LIMIT 
READING 

ERROR 
TOLERANCE 

(G) 

ACTUAL 
READING 

(G) 

RESULTS 
(S or U) 

Table 4. G Limiting Test. 

11 
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e. Minimum Safe Speed—Paragraph 6-12 

(1) Perform item a. 

(2) P̂erform item b and complete table 5. 

FINE 3 
(Degrees) 

SAFE SPEED 
READING 

ERROR 
TOLERANCE 
(Degrees) 

RESULTS 
(S or U) 

Table 5. Safe Speed Test, 

f. Command Mach—Paragraph 6-13 

(1) Perform item a. 

(2) Perform item b. 

(3) 

(4) 

(5) 

(6) 

_Perform item c. 

JPerform item d. 

_Sati8factory JJnsatisfactory (check one) 

Perform item e. 

_Perform item f and complete table 6. 

POTENTIOMETER 
SETTING 

COMMAND 
MACH 

ERROR 
TOLERANCE 

(Mach) 

ACTUAL RESULT 
READING (S or U) 
(Mach) 

Table 6. Command Mach Tesc, Automatic Mode. 

12 
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Command Indicate Airspeed—Paragraph 6-14 

(1) Perform Item a. 

(2) Perform item b. 

(3) 

(4) 

(5) 

_Perfonn item c. 

_Satl3factory 

Perform Item d. 

JJnsatlsfactory (check one) 

_Perform Item e and complete table 7. 

POTENTIOMETER 
SETTING 

COMMAND* 
AIRSPEED 
READING 

ERROR 
TOLERANCE 

(Knots) 

ACTUAL 
READING 
(Knots) 

RESULT 
(S or U) 

Table 7. Command Indicated Airspeed Test, Automatic Mode. 

STEP 4. Test Set Shut-Down Procedure 

a. 

b. 

At this time you have completed the bench check of the Mach 
Safe Speed Airspeed Indicator. 

Place circuit breakers //24 and //25 to "OFF" position. 

_Di8connect the tester power from the 115 VAC power 

source. 

Note: Have the lab instructor check your work and then proceed 
to bench check the altitude vertical speed Indicator. 

Instructor's Signature 

•A. 
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This section of the programmed text contains the test procedure 
for bench checking the Altitude Vertical Speed Indicator. A special 
test eet the altitude vertical speed indicator test set 13A0180 or 
13A0181 la used for checking the operation of the altitude vertical 
speed Indicator. All procedures are referenced to TO 5F8-9-10-2. 

Note: Remove all jewelryllf 

Ask the lab instructor to assign you to a test sec either 13A0180 
or i3A0181. Pick up TO 5F8-9-10-2, turn to page 6-1 and begin working. 
Check (/) each item in your PT as you complete it. 

STEP i. 

a. 

b. 

c. 

STEP 2. 

a. 

b. 

c. 

d. 

STEP 3. 

Test Setup—Paragraph 6-5 

Perform Item a. 

Perform item b. 

Perform item d. 

Preliminary Tests—Paragraph 6-6 

Perform item a. 

Perform item b. 

Perform Item c. 

Perform Item d. 

Scale error tests 

Note: For all scale error tests BARO setting should read 29.92" 

Hg. 

a. Sensitive altitude operation checks—Paragraph 6-7 

(1) Perform item a. 

(2) Perform item b and complete table 8. 

COARSE 2 
(Degrees) 

. 

FINE 3 
(Degrees) 

ALTITUDE 
READING 
(Feet) 

ACTUAL 
READING 
(Feet) 

1 

RESULTS 
(S or U) 

Tabl^ 8, Sen£i?tCl-<|etrAltitude Checks. 



b. Command Altitude OperatLoiial Chucks—Paragraph 6-9 

(1) Automatic Mode—Paragraph 6-10 

(a) Perform item a. 

(b) P̂erform item b and complete table 9. 

Hsy 

POTENTIOMETER 
SETTING 

COMMAND ALTITUDE 
READING 
(Feet) 

ACTUAL 
READING 
(Feet) 

RESULTS 
(S or U) 

Table 9. Command Al t i tude Operational Checks Autombtic Mode. 

C2) Manual Mode—Paragraph 6-11 

(a) jPerform item a. 

(b) ^Perform item b. 

Sat isfactory ' ^Unsatisfactory (check one) 

:. Ver t ica l Speed Section Tests—Paragraph 6-12 

(1) ^Perform item a. 

<2) _ 

(3) _ 

^Perform item b and complete table 10. 

_Perform item c and complete table 11. 

i-Zi § 
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POTENTIOMETER 
SETTINe 

CLIMB VERTICAL 
SPEED READING 
(ft/mln) 

ERROR 
TOLERANCE 
(ft/min) 

ACTUAL 
READING 
(ft/mln) 

RESULT 
(S or U) 

Table 10. Climb Vertical Speed Test. 

POTENTIOMETER 
SETTING 

DIVE VERTICAL 
SPEED READING 
(ft/min) 

• 

ERROR 
TOLERANCE 
(ft/min) 

ACTUAL 
READING 
(ft/min) 

RESULT 
(S or U) 

» • 

Table 11. Dive Vertical Speed Test 

d. Target Altitude Operational Check—Paragraph 6-14 

(1) P̂erform item a. 

(2) Perform item b and complete table 12. 

517 
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POTENTIOMETER 
SETTING 

TARGET ALTITUDE 
MARKER READING 

(Feet) 

^ 

ACTUAL READING 
(Feet) 

RESULTS 
(S or U) 

STEP A. 

b. 

Table 12. Target Altitude Operational Check. 

Test Stand Shut-Down Procedure 

At this time you have completed the bench check of the Alti­
tude Vertical Speed Indicator. 

P̂lace circuit breakers //28 and //29 to the "OFF" position. 

^Disconnect the power cable from the 115 VAC power 

source. 

Note: Have the lab instructor check your work. 

Instructor's Signature 

^^18 
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FOREWORD 

This programmed text has been prepared for use in the 3ABR32531 and 
3ABR32632B, Avionics Instrument Systems Specialist and Integrated Avionic 
Systems Specialist courses. The material herein has been validated by 
32 students enrolled in the courses At least 90% of the students 
achieved the stated objective with u . average time of 53 minutes to 
complete the text. 

OBJECTIVE 

Without references, identify facts pertaining to the operation 
and/or characteristics of air data computer systems to a minimum accuracy 
of 80%. 

INSTRUCTIONS 

This programmed text presents information in small steps called 
"frames." After reading the Information in each frame, you are asked 
to select an answer or make an entry that shows that you understand 
the information in that frame. DO NOT WRITE IN THIS BOOKLET. As you 
axe reading each frame, cover the area below the slanted lines. You 
nay check the accuracy of your answers by vicovering tha area below 
the slanted lines. 

Supersedes 3ABR32531-PT-306, 3ABR32632B-PT-402B, 23 January 1976, which 
may be used until existing stocks are exhausted. 
0:-P.: 3360 TTG 
DISTRIBUTION: X 
TTMCW - 200; TTS - 1 
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l''LMne 1 

To be able to troubleshoot malfunctions inserted into the trainer an 
understanding of the trainer and f>e differences bet;.een the >-ainer air­
craft and the CADC system must be learned. Both the trainer and the'air! 
craft have the CADC system installed on their framework. There are m^ny 
more components on an aircraft than are needed on the trainer. On the 
^ J « « " '"' ^° simulate some of these components and the signals from 
these components. As in the aircraft a power source is required^o operate 
the trainer and the CADC system. The CADC system power is obtained from 
the trainer power section. To connect the trainer to its power require­
ments connect the power cables to the power source. The trainer is pro­
tected by its own circuit breakers as illustrated below. ^ 

Caution: Serious injury to personnel and damage to equipment 

cSc'trSner!°° '̂'''""''̂  procedures in applying power to the 

The power circuit breaker panel shown b'>.low provides trainer pro­
tection for 28yDC and 115/2087 3-phase. 400-Hertz AC. T^is panel anS 
location are shown below. p<*nej. ana 

2v •DC 

• 
ON 

OF 
® 

3 PHASE 
4 0 0 CY 

ON 

8 
^ 

CADC SYSTEM TRAMC^ 
RCAR VtEW 

POWER CRCUIT BREAKER 
PANEL 

AC a OC POWER CABLES 

cr ^^Zl 
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Mark T for True or F for False in the space provided for each 
statement below. 

1. The power circuit breaker panel is located on the front of 
the CADC system trainer. 

2. The circuit breaker panel provides trainer protection for 
28VDC and 115/208V 3-phase, 400-Hertz AC. 

3. The circuit breakers must be in the "OFF" position before 
connecting the AC and DC power cables. 

A. The AC and DC power cables are located in the rear of the 
CADC system trainer. 

15?2 
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Frame 2 

CADC system components are mounted on the trainer framework. The 
framework has been divided into sections as illustrated. (Sections A, 
B, C, D, and E.) . _ 

FRONT VIEW 

Section A contains the o< probe, total temperature probe, Inlets for 
pltot and static pressures and a power receptacle for connecting test 
equipment to the system. Section A also contains test points for use In 
troubleshooting wiring from the a*, probe and T. probe. 

Section B contains test points simulating the escape capsule (more 
frequently termed escape panel) disconnect connectors. These test points 
are located on the right side of the trainer as shown. 

Section C simulates the electronic equipment bay of the aircraft 
and contains the CAOC unit, MSHA aiq), AMI amp, AWI amp, and test points 
for each of these components. 

Section D contains 3 control panels. One is used for trainer power, 
and two are used to simulate inputs to the CADC system. Test points for 
each of these components are located In Section D. 

Section E contains the system circuit breakers on the left, a 
simulated cockpit instrument panel In the center section, and the 
trainer malfunction panel (under a door labeled TRAINER MALFUNCTION 
PANEL) on the right side. This whole section is referred to as the 
instnuaent panel. 

Note: All test points on the trainer allow you_to troubleshoot 
and locate instructor induced malfunctions.without disconnecting 
CADC system components connector plugs. 

NO REPONSE REQUIRED 

/////////////////////////////// 

Answers to Frame 1; F 1. T 2. T 3 . T 4 . 

i5 2: 
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Frame 3 

Section A of the CADC system is located on the right hand side of 
the trainer. This section contains some very important equipment. The 
angle of attack probe, commonly called the alpha probe, is located in 
this section. 

TEST 
POINTS 

'•^-^ v„ 

SECTION A 

The alpha probe (A) is shown in the panel at the left. By manually 
rotating the e.*. probe, the indexer lights and angle of attack Indicator 
will operate. Directly under the C- probe you will find the : -obe te^t 
points (B). Three RED lights (C) under the «c probe are used to indicate 
cx. probe heater operation. 

Pitot and static connectors (D) are located on this part of the trainer. 
The pitot and static connectors are different sizes which prevents incorrect 
hookups of a pressure test set. These two connectors are the only pressure 
inputs to the trainer. Therefore, the tester being used to perform a trainer 
leak test, will be connected at these points. The Ps and Pt hoses will be 
connected to the pressure inputs on the trainer. 

An AC power connection (E) is used to supply power to the TTU-205C/E 
pressure test set, which is used for leak checks on the trainer. 

The total temperature probe (F) is located beside the pitot-static 
connectors. The test points (G), located under the T. probe, are used for 
troubleshooting. A single RED light (H) located under the T. probe test 
points, is used for T, probe heater operational checks. 

pU 



Match the name of the component with the letter In the panel below. 

!• T^ probe test points. 

2. ^ c< probe. 

3. AC power connector. 

^' T^ probe heater light. 

5. Pitot-static connectors, 

, r 
o- c< probe heater lights. 
7« c< probe test points. 

^525 



Frame 4 

Section B located on lower right side of the trainer contains test 
points simulating the escape capsule (escape panel) disconnect connectors 
These test points are shown below. 

NO RESPONSE REQUIRED 
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Frame 5 

Section C, located on the lower front of trainer, simulates the 
electronic equipment bay and contains the CADC unit, MSMA amp, AMI amp, 
AWI amp, and test points for each located under the component. 

All of these components (plus some built in self-testing devices) 
are shown below. The name of each component is lettered and listed 
below. 

A. 

B. 

C. 

D. 

E. 

A W I amplifier. p, 

AMI amplifier. G, 

MSMA self-test light. H. 

MSMA press to test switch. I. 

CADC self-test light. j. 

GADC HI self-test switch. 

CADC LO self-test switch. 

CADC press to test switch. 

CADC unit. 

MSMA aii5)lifier. 

5T 
POINTS 

SECTION C 

i.5o7< 



Match the name of the components to panel shown below by placing 
the letters in the spaces provided. 

1. 

2. 

3. 

4. 

CADC unit. 

MSMA amplifier. 

CADC self-test light. 

A W I amplifier. 

6. 

7. 

8. 

9. 

10. 

CADC HI self-test switch. 

CADC press to test switch. 

AMI amplifier. 

MSMA self-test light. 

CADC LO self-test switch. 3. MSMA press to test switch. 

I nil IIIIIIIIIIIIIIIIII nil III I 

Answei's to Frame 3: 1. G 2. A 3. E 4. H 5. D 6. _C 
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rraae 6 

The trainer power panel is located on Section D of the trainer. This 
panel is shown on the diagram below. The CADC system trainer power panel 
is located on the lefthand side of Section D. There are two switches and 
two lights located on this panel. The two switches are the DC and AC power 
switches. S-1 supplies DC power to the trainer and S-2 supplies AC power 
to the trainer. 

S-1 PLl S-2 FL2 
•SECTION D 

FRONT VIEW 

Mark T for True and F for False in the space provided for the 
statements below. 

1. Trainer power panel is located on the front of the CADC system 
trainer. 

2. S-1 supplies AC and DC power to the CADC system. 

3. S-2 supplies AC power to the trainer. 

////////////////////////////// 

Answers to Frame 5: 1. I 2. J 3. E 4. A 5, _D_ 6. _j;_ 

7. H 8. B 9. C 10. G 

^529, 11 
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Frame 7 

The two lights located on the CADC system power panel are the FLl light 
and PL2 light. The PLl light is the 28VDC indicator light and the PL2 light 
is the AC indicator light. When the PL2 light is illuminated it shows that 
115/208V 3-phase 400 Hz AC power in the correct phasing is applied to the 
trainer. This indicator light oust be illuminated before the DC and AC 
control switches are placed to the "ON" position. The trainer power panel 
is the second step in applying power to the CADC system. 

e 
TRAlhER POWER fW£L 

I28VDC Mi—••—•MI3PHASE AC i 

FRONT VIEW 

Mark T for True or F for False in the space provided for the 
statements below. 

1. PL2 indicates DC power applied to the trainer. 

2. PLl indicates DC power applied to the trainer. 

3. PL2 indicates AC power applied to the trainer. 

////////////////////////////// 

Answers to Frame 6: 1. T 2. F 3. T 

1530 
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Frame 8 

Now that you know how to apply power to the CADC trainer, there are a 
couple of trainer peculiarities that you should know. (Trainer peculiarity 
refers to equipment on the trainer not to be found on the aircraft). A 
trainer simulator panel located on the front of the trainer (Section D) is 
one of these peculiarities. It is used to simulate inputs to the CADC system 
that would normally be supplied by components that are not a part of the 
CADC system. The trainer simulator panel shown below contins the following 
controls: 

1. Wing Sweep Position Control - Provides simulation of wing sweep. 

2. Wing Flap Position Control - Provides simulation of wing flap 
and slat movement. 

3. Landing Gear Position Switch - Simulates gear up or gear down. 

4. Wing Sweep Handle Control - Provides simulation of wing sweep 
handle. 

5. Vertical Acceleration Control - Provides simulation of "G" forces. 

The panel also contains test points of Wing Sweep, Wing Flap, and 
Vertical Acceleration for troubleshooting purposes. 

TEST POINTS 

M^^niV-^ 
ooooooo 

WING 
SWEEP 

•IHJIM 
*.•-''.•.•.">."» ft t\ I I 
OOOCXDOOOOOO 

Tf 

-KLUtP 

Am 

«m 

LOOOtPOSmON 

Wm6SWCQ> 
HOLPOS ^ 

am 
ytnrr iccct 

TRAMER SMUUTOR PANEL 

SECTION D 

Answers to Frame 7; 
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / 
1. _F_ 2. _T_ 3. _T_ 
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Match the list of controls with their functions by placing the 
number of the control in the spaces provided for each function. 

1. Vertical Acceleration Control 

2. Wing Sweep Handle Control 

3. Landing Gear Position Switch 

4. Wing Sweep Control 

5. Wing Flap Control 

a. Provides simulation of wing 
sweep. 

b. Provides simulation of wing 
flap and slat movement. 

c. Landing gear (Up - Down) 
simulation. 

d. Provides simulation of "G" 
forces. 

e. Provides simulation of wing 
sweep handle. 

1532 



Frame 9 

Many times the actual aircraft equipment cannot be used. Therefore 
the equipment is simulated. Simulated means representing aircraft equip­
ment. It is not necessarily a true representation of the actual thing. 
Section "E" contains ths simulated cockpit Instrument panel. Located on 
this panel are the CADC system circuit breaker panel, the simulated 
instrument 'janel, the CADC ground check panel, and the trainer malfunction 
panel. The Instrument panel is outlined in the center of Section "E". 
Reference Frame 2, Page 3, Section "E". 

The Section "E" panel shown on the next page shows all of the components 
and panels identified for your reference. Below is a list of these 
components referenced to that panel. 

A. Total temperature indicator. 

B. Reduce speed light. 

C. Indexer lights. 

D. AMI indicator. 

E. A W I Indicator. 

F. Standby airspeed indicator. 

G. Standby vertical velocity indicator. 

H. True airspeed Indicator. 

I. Standby altimeter. 

J. oC/h (Alpha probe heater malfunction light). 

K. T. malfunction light. 

L. Ground check panel (contains the CADC system power switch). 

M. CADS (Warning light for the CADC system). 

N. External environment control panel. 

0. Flight control test panel. 

P. Wing sweep indicator. 

////////////////////////////// 

Answers to Frame 8: a. 4 b. 5 e. 2 

•̂533 
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Match the names of the components and panels to the panel shown on 

Page 14 by placing ;he letters in the spaces provided. 

Reduce speed light. 

CADC warning light. 

Wing sweep indicator. 

Standby vertical velocity 
ind. 

True airspeed indicator. 

c</h (probe heater light). 

Ground check panel. (CADC 
system power switch.) 

Flight control test panel. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

AMI indicator. 

Standby airsoeed ind. 

Standby altimeter. 

T malfunction light. 

Exteimal environment 
control panel. 

T indicator. 

Indexer lights. 

A W I indicator. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

X534 
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Frame 10 

The ground check panel of the simulated instrument panel contains 
the CADC system power switch. This ground check panel was mentioned 
in "L" of the previous frame. Tne CADC system power switch must not be 
confused with the trainer power switch contained in Section D" The 
CADC system power switch supplies power to operate the CADC system which 
is located in the trainer. 

NO RESPONSE REQUIRED 

SDIULATED INSTRUMENT 
PANEL 

SECTION Jf 

11 mill I III I III III I III nil III 

Answers to Frame 9: 1. _D_ 2. _F_ 3. _I_ 4. _K_ 5. _N_ 6. _A_ 

''• _C_ 8- _J_ 9. _B_ 10. _M_ 11. _P_ 12. _G_ 13. _H_ lA. J[_ 

15. L 16. 0 
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ml 
Instrument Flight Control Branch 
Chanute AFB, Illinois 

3ABR32531-WB-304 
3ABR32632B-WB-404 

CENTRAL AIR DATA COMPUTER SYSTEM 

OBJECTIVES 

Given a workbook, test equipment and trainer, perform an inspection 
and operational check of an air data computer system with a minimum of 
100% accurate workbook responses. 

Given a workbook, test equipment and trainer, troubleshoot an air 
data computer systen with a minimum of 757, accurate workbook responses. 

EQUIPMENT 

Central Air Data Computer Trainer 
Schematic Diagrams 
3ABR32632B-HO-404/3ABR32531-HO-304 

Multimeter, AN/PSM-6 
AFTO Forms 349 

Basis of Issue 
2/9tudent 

2/8tuJent 
2/8tudent 
As required 

PROCliDURE 

This workbook is divided into three sections; A, B, and C. After 
completing each section, check with your Instructor so he can certify 
your answers are correct. Read all steps carefully. REMOVE ALL 
JEWELRY. 

- Section A 

VISUAL INSPECTION 

Have your instructor assign you a trainer and then complete a 
visual inspection of it. Place a checkmark (/) in the correct column. 

b. 
cannon plugs 

c. 

d. 

Check for: 

a. Missing components 

Damaged or disconnected 

Satisfactory Unsatisfactory 

Loose or frayed wiring 

Damaged components 

2, Notify the Instructor if any discrepancies are found. 

Supersedes ST 3ABR32632B-WB-404, 3ABR32531-WB-304, 30 April 1976; 
3ABR32531-WB-306, 26 March 1975; 3AaR32632B-WB-502, 15 May 1974, which 
may be used until existing stocks are exhausted, 
OPR: 3360 TTG 
DISTRIBUTION: ... 

3360 TTGTC-W - 200; - TTVSR - 1 



3. Prepare the CADC trainer for pre-operational checks. 
/ys^o 

a. Insure that the CADC power switch is in the OFF position. 
The CADC power switch is located on the ground check panel. 

b. Insure that the AC and DC power switches located on the 
left front of the trainer Below the table top are in the OFF position. 

c. Insure that the AC and DC power switches located on the 
rear of the trainer are in the OFF position. 

4. Complete the following pre-operational checks on the trainer 
control panels. 

LOCATION CONTROL 

Malfunction switches 

System circuit breakers 

Pltot/Probe heat 

CADC high-off-low 
switch 

Barometric set 

CADC-MSMA simulated 
temperature panel 

Wing sweep position 
control 

Wing sweep handle 
position control 

Flap position control 

Landing gear safety 
switch 

Landing gear position 
switch 

Vertical acceleration 
(G) control 

POSITION 

Right side of instrument panel Out 

Left side of instrximent panel In 

External environmental 
control panel OFF/SEC 

Ground check panel OFF 

AWI 29.92" Hg 

Center front-below 
table top NORM 

Right front-below 
table top 16" 

Right front-below 
table top 16° 

Right front-below 
table top Full up 

Right front-below 
table top GRD 

Right front-below 
table top DN 

Right front-below 
table top +1G 

After all controls have been checked and set LAW section A, 
have the instructor verify completion of section A before proceeding 
to section B. 

Instructor's Initials 
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Section B 

OPERATIONAL CHECK OF THE CENTRAL AIR DATA SYSTEM 

1. Insure that .all controls are in the positions outlined in 
section A of this workbook. 

2. Insure that all circuit breakers are engaged. 

Mote: Power to the trainer is furnished thiough facility drop 
cords. Each drop cord is properly marked either L15V AC, 400 Hz, 
or 28V DC. 

3. Connect the two (2) power cables on the back of the trainer 
to their proper facility drop cord^ 

4. Place AC and DC power switches on the back of the trainer to 
the ON position 

5. Place the AC and DC power switches, Jocated on the left front 
of the trainer below the table top, to the OU position-

Note: The AC and DC power lamps will light. If ihey fail to 
light, return AC and DC power switches to the OFF position and 
notify the instructor. 

6. Position the CADC power switch, located on the ground check 
panel, to the "POWER" position. 

7. 'Allow the vertical scale Indications to stabilize. 

8. Observe that the signal reliability flage on the airspeed 
tape and the course altitude tape go out of view and that the CADS 
lamp goes off. 

9. Operate the three (3) slewing switches (2 on the AMI and 1 
on the AWI). Observe that you have two speeds up and two speeds down. 
Insure that there is movement of the mach, airspeed and altitude 
dlgdt;aL counters, and command markers. 

10. Rotate the vertical accelerometer control and Insure that 
there is movement of the accelerometer tape and the accelerometer 
counter. 

1.1. Rotate the angle of attack transmitter located on the right 
side of the trainer. Observe movement of the angle of attack tape 
and angle of attack indexer. 

12. Depress and hold the press-to-test button and the low test 
button on the front panel of the CADC. The CADC lamp shall light and 
go out immediately. 

13. Release the press-to-test and low test buttons. Allow the 
CADC to stabilize. 
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14. Depress and hold the press-to-test button and the CADC high 

test button. The CADC lamp shall light and then go out within 6C 
seconds. 

15. Release the press-to-test and CADC high test buttons. Allow 
the CADC to stabilize. 

16. Place the airspeed slewing switch to the DETENT position. 

17. Depress and hold the master test button and position the CADC 
high-off-low switch to the low position and hold. Indications shall 
drive to the values listed below. 

a. Altitude (Hp) 

b. Mach (M) 

c. Airspeed (Vc) 

2,000' + or - 220' 

.40 M 

153 knots + or - 19 knots 

Note: The airspeed tape and counter must agree. + or - 3 knots. 

d. Vertical velocity (Hpr) - Slight climb then return to 
0 fpm + or - 100 fpm. 

e. Angle of attack (« t) 7' + or - .75° 

Note: The lower "V" shall be lit on the angle of attack indexer. 

f. True altspeed (Vt) 157.6 knots + or - 13 knots. 

Mote: The signal reliability flags on the airspeed tape and 
altitude tape shall be in view and the CADS lamp shall be lit. 

18. Release the master test button and the CADC high-off-low 
switch and allow the CADC to stabilize. 

19. Depress and hold the master test button and position the 
CADC high-off-low test switch to the high position and hold. Indica­
tions shall drive to the following listed values. 

Note: The maximum safe mach bar shall come into view and rise 
upscale between .57 and .97 mach indications. 

a. Altitude (Hp) 60,000' + or - 220' 

b. Mach (M) 2.3 M + or - .05 M 

c. Airspeed (Vc) * See note below. - 493 knots + or -
19 knots. 

d. Vertical velocity (Hpr) - 40,000 fpm climb when altitude 
reaches 60,000' Hpr shall read 0 fpm + or - 100 fpm. 
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e. Angle of attack (« t) ** See note below - 10° + or -

f. True airspeed (Vt) - n48.8 knots + or - 13 knots. 

Note: * The airspeed tape and counter must agree. + oc - 3 knots. 

** The "center circle" shaiJ be lit on the angle of attack 
Indexer. 

The signal reliability flags on the airspeed tape and 
altitude tape shall be In view. The CADS lamp and the 
REDUCE SPEED lamp shall be lit. 

20. Release the master test button and the CADC hlc.h-off-low 
switch, and allow the CADC to stabilize. 

21. Depress and hold the Instrument test button located on the 
ground check panel. The following indications shall be observed. 

a. Altitude (Hp) - 74,000' + or - 150' 

b. Airspeed (Vc) " 800 knots + or - 10 knots. 

c. Mach (M) - 2.4A M + or - .01 M. 

Release the Instrument test button and allow the tapes to 22. 
stabilize 

23. Depress and hold the press-to-test button and the high test 
button on the front panel of the CADC. Allow the CADC lamp on the 
front panel of the CADC to light and then go off. CONTINUE TO HOLD 
THE TEST BUTTONS. 

24. Depress and hold the maximum safe mach self-test button 
located on the maximum safe mach assembly. 

25. The maximum safe mach assembly self-test lamp shall light 
and then go off within 20 seconds, at which time the REDUCE SPEED 
lamp shall be lit and the maximum safe mach bar shall indicate 
2.20 mach. 

26. Release all test buttons and allow the CADC and the MSMA 
to stabilize. 

27. Place the CADC power switch to the OFF position. Observe 
that one (1) OFF flag on the AMI and one (1) OFF flag on the AWI 
are in view. Also observe that the CADS lamp has illuminated. 

28. Place the AC and DC power switches on the front of the 
trainer to the OFF position, 

29. Place the AC and DC power switches on the rear of the 
trainer to the OFF position and disconnect the trainer power cables. 
Proceed to section C of this workbook.^ C ^ o 
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Section C 

TROUBLESHOOTING THE CENTRAL AIR DATA COMPUTER SYSTEM 

1. Set the trainer controls LAW section A, stops 3 and 4 of this 
workbook. 

2. Complete the first 7 steps lAW section B of this workbook. 

3. Place the malfunction switch (designated by the instructor) 
to the IN position and verify each malfunction by performing the 
operational check lAW section B of this workbook. 

Note: The actual malfunctions may not be as described in the 
workbook problems, or may not exist at all, 

A. Write the actual malfunction In the "Discrepancy" block 
on the AFTO Forms 349. 

5. Obtain an AN/PSM-6 from your instructor. 

6. Using the multimeter and vertical scale flight instruments 
wiring diagrams, identify the cause of the malfunction and record the 
cause on the AFTO Form 349. 

7. Using the lF-lll(B)A-06 Work Unit Code Manual, complete 
the APTO Form 349 blocks listed below. 

1 - Job Control No. 

2 - Workcenter 

3 - I.D. No./Serial No. 

7 - Priority 

A - Type Maintenance 

C - Work Unit Code 

D - Action Taken 

E - When Discovered 

F - How Malfunctioned 

8. Repeat steps 1 through 7 of this section until all assigned 
malfunctions have been completed. 

9. Give all completed material to your Instructor. 

Instructor's Initials 
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ms TROUBLKSHOOTING PROBLEMS 

1. Capt. Williams reported that during his flight in aircraft 
63-0063 the AOA read -10°." Job number 320-0001 was assigned to your 
shop A92AB, on a priority 2. 

2. Your shop, A92AB, received job number 345-0002 as a priority 
2 requirement. The write up noted that 'olonel Jones had AOA problems 
during his flight in .ircraft 68-0299, 

3. Job nuaiber 022-0003 assigned to your shop A9V1AB, priority 2. 
Lt. Winston wrote up the "G's" tape as reading off scale during his 
flight in aircraft 64-0142. 

4. "G" tape inoperative was the discrepancy noted by Major 
Walker during his mission in aircraft number 67-0314. Maintenance 
control assigned Job number 004-0004 to yo'ir pUop A9?.Ar., prt.orjty 2. 

5. General Thompson wrote up the cross-hatched bar on the AMI 
as being at tlie top of the scale during his flight. Job number 022-0005 
was assigned to your shop A92AB, against aircraft number 065-001.3 under 
a priority 2. 

6. Job number 055-0006 was assigned to your shop A92AB, on a 
priority 2. Major Huston noted that the MSM bar was in view at all 
times during his flight on aircraft 67-014. 

7. 029-007 was job number that maintenance control assigned 
to your shop A92AB. The pilot of aircraft 62-0084, Captain Mason, 
noted that during his pre-flight inspection the command mach could 
not be set; this was a priority 2. 

8. Your shop, A92AB, received a priority 2 job from maintenance 
control, witli an assigned number of 037-0008. The problem was written 
up by Major Royce as "erratic mach tape" and was discovered during a 
functional check flight on aircraft 67-0222. 

0. Lt. Scott noted that the mach tape appeared jerky during 
his flight in aircraft 69-0009. Job control number 047-0009 was 
assigned to your shop A92AB, with a priority 2. 

10. Lt. Scott also discovered that the AMI slew switch was 
inoperative. Maintenance control assigned job number 047-0010 to 
your shop A92AB, to cover the in-flight discrepancy on aircraft 
69-0069 on priority 3. 

11. Airspeed indicator erratic was the problem that Colonel 
Earnhardt discovered during his flight in aircraft 66-0245. Job 
number 283-0011 was assigned to your shop A92AB, as a priority 2. 

12. The pilot of aircraft 65-0222 discovered that the AMI OFF 
flag was in view. Major Taylor stated that this condition existed 
during the entire flight. Your shop A92AB, was given job number 
]84-0012 priority 2. . l^'^l^ 
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13. The discrepancy was discovered In fllglit by Colonel Garner 
and written up as "erratic altitude tape." The aircraft number was 
65-0185. Your shop A92AB, received from maintenance control, Job 
number 333-0013 with a priority 2. 

14. Captain Craig, during his flight in aircraft 66-0477, noticed 
a fluctating altitude tape. Maintenance control gave your shop A92AB, 
Job number 287-0014, priority 2. 

15. Maintenance control gave your shop A92AB, Job munber 299-0015 
to cover Lt. King's in-flight write up on an inoperative altitude 
slew switch on aircraft 69-0711, priority 3. 

16. During his mission in aircraft 70-0143, Captain Kidd reported 
an inoperative W r . Your shop A92AB, was given Job number 157-0016 by 
maintenance control priority 2. 

17. Major Disaster's mission In aircraft 62-0123 resulted in an 
abort when he discovered a CADS warning lamp ON during his pre-fllght 
checks. Job number 231-0017 was assigned to your shop, A92AB. by 
maintenance control priority 2. 

18. The TAS indicator erratic was the problem discovered by 
Colonel Hall during his flight in aircraft 66-0062. Your shop A92AB, 
was assigned Job number 011-0018 on a priority 2. 

19. A burned out doughnut light on the ADA indexer was the 
discrepancy noted by Captain Marvel during his flight in aircraft 
67-0193. 001-0019 was the job number sent to your shop, A92AB by 
maintenance control with a priority 2, 

20. Colcael Canyon had an AWI OFF flag come into view about 
half way throujh his flight in aircraft 69-0072. Due to the nature 
of the problem, the Colonel then aborted the mission. Maintenance 
control gave Job number 007-0020 to your shop, A92AB on a priority 2. 

i5^^ 



WORKBOOK 
3ABR32531-WB-30it. 30SA 

Technical Training 

Avionics Instrument Systems Specialist 

BENCH CHECK OF THE AIR DATA COMPUTER 

17 November 1976 

w 

USAF SCHOOL OF APPLIED AEROSPACE SCIENCES 
3360th Technical Training Group 
Chanute Air Force Base, Illinois 

DESIGNED FOR ATC COURSE USE 

M HOT »SB CM THB JOB 

i54f7 



]il%% Instruasnt/Flight Control Branch 
Chanute A7B, Zlllnois 

3ABR32531-WB-307 

BENCH CHECK OF THE AIR DATA COMPUTER >-/• 

OBJECTIVE 

Given a workbook and test equipment, bench check components of 
an air data computer system with a minimura of 80% accirate workbook 
responses. 
EQUlIWENf' ' ' 

AN/ASM-201B, Test Bench 
TTU-205C/E Pneumatic Test or 

Pressure and Pitot-static 
Control Panel 

Basis of Issue 
1/2 students 
1/2 students 

PROCEDURE 

Remove all jewelry. Read this workbook carefully, it will guide 
you through the bench check. 

SPECIAL NOTE 

, . Do not let the many dials and switches confuse you. If you 
experience problems in attaijning the specified indications, back up 
and reaccompllsh the steps for that particular test. Host likely 
you have mlsadjusted a dial or left a st^p out all together. Do 
this as often as necessary to learn the process. If you still can 
not solve the problem, consult the instructor. 

All the equipment has been hooked up properly, except for the 
electrical connectors and possibly the pitot static pressure lines 
of the TTU-205C/E. The pitot pressure and pitot-static pressure 
panel may be used in place of the TTU-205/E if necessary. Keep this 
in mind when you make adjustments throughout this lab project. 

Many of th^ iteps listed in this workbook were taken from the 
applicable technical order. However, some of the steps have been 
rearrsnged and simplified to enhance student learning. Keep in mind 
that you must always use the current technical order when performing 
m<fintanance of instruasnt systems in the field. 

Befora you begin the banch check of the air data computer, 
you should becom familiar with the abbreviations found in this 
workbook. Belov are the abbreviations and their meanings for your 
raferanca. 

ADC 
AOCTS 
ASJTS 
SMPT 
PUSS 
TA8 

AIR DATA COMPUTER 
AIR DATA COMPUTER TEST SET 
ALTITUDE ZNCGDBR UNIT TEST SET 
SFC MODULE PNEUMATIC TESTER , 
PRESSURE TSMPERATURE TEST SET (TTU<-205C/E) 
TRUE AIRSPEED 

This sji£ari^[es 3ABR32531-WB-307, 14 March 1975. 
OPRl • 3360TTO 
DiaXBISUXJONt X 

336QW5IC-W - 2Q0| TTY8R - 1 ^ 
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a. 
b. 

c. 
d. 
e. 

f. 

8* 
h. 
1. 
J. 

AN/ASM-201B test bench. 
Instrument display aasembly - contains angle of attack indicator, air­
speed mach indicator, vertical velocity indicator and the TAS indicator. 
Computer holder. 
Special purpose cable to computer. 

Pneumatic regulator--CN-826/ASM82 (AC power switch, mode switch and 
vacuum pump). 

TTU-205C/E pressure temperature teat set or pitot pressure and pitot-
static control panel as a substitute. 
Pneumatic tester/SFC module. 

Pneumatic raanifold-HD-532/ASM82 (engine bleed air (Pr) control). 
Computer test - AS-270. 
Altitude encoder test set - ASM-270A. 

STEP 1 

Locate the ADC model number listed on the nomenclature plate 
of the particular ADC under test. List this number here 

Read the following paragraphs and lollow the directions as 
indicated further in this workbook. Refer to this page for 
component Identification. 
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AIR DATA COMPUTER TESTING 

ADC testing is divided into two categories; (1) operational 
testinTanfarfunctional testing. The operational test s a com­
plete test of the operational readiness of the ADC. This test is 
performed on newly received ADC's and as quality assurance after 
main?Sance on the ADC. The functional tests are tests or specific 
S c f^nSion^s? These tests are performed to ^ - " 7 -P°«ed -̂ ^̂ ^̂ ^ 
functions, analyze malfunctions and assure quality after corrective 
action has been taken. 

ADC OPERATIONAL TEST 

PRELIMINARY CONTROL SETTINGS 

Set up each tes t sec as the table 

CONTROL 

i 
1 

• 

(ADCTS) 
POWER 
TliMP'R 
ANGLE OF ATTACK 
BIT 
CLUTCH 
COMMAND/RATIO 
TAS/SPC COMMAND AC-DC RATIO 
AMPLIFIER 
RATIOMETER INPUT 
VTVM INPUT 
VOLTMETER INPUT 
;.^DULE CALIBRATE 
4 2 4 0 0 MODEL 
MODULE 
AMPLIFIER VOLTAGE 

NOTE: WHEN TESTING MODEL NUMBER 4 
TO 2 1 5 . FOR MODEL 4 2 4 0 0 - 2 2 9 , SET 

(AEUTS) 
POWER 
ALIGNMENT 
TRVM RANGE 
RESPONSE 
TEST MODE 
VOLTMETER INPUT 
ENCODER 
TRVM INPUT 
FAILSAFE 
FAIL MODE 
Ln P 8 - 4 1 SPEED 
Ln P s - 4 1 MODE 
Ln P 8 - 4 1 REFERENCE ALTITUDE 
AEU OUTPUT MODE 
AEU OUTPUT SYNCHRO 

requires. 

SETTING 
OFF 
492 
0 
OFF 
OFF 
RATIO 
5000 
OFF 
OFF 

-EXT 
AC A0 
INT 
SEE NOTE BELOW 
SPC 
OUTPUT 

2400-227, SET 42400 MODEL DIAL 
DIAL TO 205. 

OFF 
OFF 
300 
FAILSAFE 
CADC 
DC-5 
READOUT 
EXT 
RESET 
DC 
FULL CCW 
ADJUST 
00,000 
ADJUST 1 
H3 1 

N 

^ 

y 
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CONTROL 
(SMPT) 
BAROMETRIC CORRECTION KNOB 
P0I-7ER 
STATIC PRESS SWITCH 

(INSTRUMENT DISPLAY PANEL) 
MODE 

(PNEUMATIC REGULATOR) 
AC POWER 
VACUUM PUMP 
MODE SELECTOR 

(PNEUMATIC MANIFOLD) 
CONTROL 

(TTU-205C/E) 
MACH LIMIT 
FREQUENCY 
ALT. RATE X 1,000 FEET/MIN 
A/S, RATE KNOTS 
TEMPERATURE SIMULATOR 
AMPLITUDE, ALTITUDE/AIRSPEED 
ALTITUDE FEET 
AIRSPEED KNOTS 
TRIM CONTROLS 
Ps AND Pt VENT VALVES (2) 
LEAK TEST SWITCHES (2) 
ALTITUDE HOLD 
POWER 

SETTING 

ON 
INDICATED 

TEST 

OFF 
OFF 
COMPTR. COMPEN, 

OFF 

2.8 
OFF 
5 
250 
30.00 

0 
740 
50 
CENTER OF TRAVEL 
CLOSED 

OFF 
NORMAL 

OFF 

STEP 2 

1. Connect power cables; 115V AC 400 Hz, 115V AC 60 Hz, 
28V DC to their respective power outlets. 

2. Turn all six (6) power circuit breakers, located on top of 
the bench to the ON position. Multiple switches count as one. 

3. Open RED pressure valve behind the test bench CCW. 

V.̂  
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IH^^ STEP 3 

PRELIMINARY PROCEDURES 

Follow procedures column for proper dial and switch settings, 
observe and compare normal Indication column with actual Indications. 
Check S or U for satisfactory or unsatisfactory completion of this 
area. 

PROCEDURE 
1 

2 

3 

A 

•j 

SKT ADCTS I'OWER SWITCH TO ON 

Si-rr ADCTS VOLTMEl'ER INPUT TO: 
EXT DC 74 
ICXT DC 28 
INT DC 74 
INT DC 28 
INT DC 10 
AC C0 
AC B0 
AC 26 
AC A0 

SET AEUTS POWER TO ON AND ALLOW 
ALTITUDE TO STABILIZE 

SCT AEUTS VOLTMETER INPUT TO: 

DC -') 
DC "•> 
DC 28 
AC 10 
AC 2() 

AC n s 

SET PNEUMATIC REGULATOR AC 
POWER TO ON 

INDICATION 
M, B 0 , C0 AND 28V DC LIGHTS GO ON 
FAILSAFE AND CORR OFF LIGHTS GO ON 

VOLTMETER READINGS: 
65 TO 80 
2 5 . 5 TO 3 0 . 5 
70 TO 78 
2 5 . 5 TO 3 0 . 5 
9 TO 11 
1 0 8 TO 1 2 2 
1 0 8 TO 122 
24 TO 28 
1 0 8 TO 122 

POWER LIGHT GOES ON, DISREGARD 
FAILSAFE AND SYNC LIGHTS I F ON 

VOLTMETER READINGS: 

4 . 2 5 TO 5 . 7 5 
4 . 2 5 TO 5 . 7 5 
27 TO 29 
9 TO 11 
24 TO 28 
109 TO 121 

AC POWER LIGHT GOES ON 

S o r U 
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STEP A 

Read and understand the ABNORMAL PRESSURE CONDITIONS procedures 
below. 

ABNORMAL PRESSURE CONDITIONS 

In the event that the altitude and/or airspeed range of the test 
set is exceeded when the power switch is turned on, the appropriate 
warning lamp will illuminate, the green lights will extinguish and 
the pump will atop. To correct the abnormal pressure conditions 
accomplish the following: 

1. Move the switch from NORMAL to READ EOT mode. Blower will 
stop running, and all power is removed from the test set except the 
ALTITUDE and AIRSPEED indicators. 

2. Slowly op.in the pi tot VENT valve until the airspeed indicator 
shows that pitot pressure is near ambient pressure. 

3. .«lowly open the static VENT valve until the altitude 
indicator shows chat altitude is near ambient pressure. 

Note: The pitot pressure line should be vented to atmosphere 
before venting the static pressure line. This prevents creating 
a negative differential pressure. In any event, check valves 
in test set that are connected between the pitot and static 
output lines prevents more than 1/2" Hg negative differential 
pressure from being developed. This protection is present whether 
the test set power is ON or OFF or whether the test set is in 
NORMAL or READ EXTERNAL modes of operation. 

4. Close the static and pitot vent valves and restore opera­
tion by adjusting the airspeed and altitude controls to ambient 
settings, and place the test switch from READ EXT to NORMAL. 

The MACH LIMIT LAMP (RED) will illuminate whenever an airspeed 
is commanded that exceeds the limit value corresponding to the 
existing altitude and the setting of the LIMIT SET control. The 
airspeed counter will run up only to the limit value, not up to the 
command value. The mach limit conditions may be corrected by: 

1. Reducing the commanded airspeed. 

2. Reducing the actual altitude. 

3. Increasing the setting of the MACH LIMIT control. 

Note: If a mach number greater than 3.00 is desired, place 
the mach limit switch in the DISABLED position. 
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mn STEP 5 

TEST SET STARTUP PROCEDURES 

PROCEDURE 
1 

INDICATION 
SET TTU-205/E POWER SWITCH TEST SET NORMAL LAMP WILL LIOHT 
TO ON FAN WILL OPERATE AUDIBLY 

READY GREEN LIGHTS WILL LIGHT IfflEN 
PRESSURE HAS BUILT UP 

INDICATORS WILL DRI'i/E APPROXIMATELY 
TO THE INTITIAL ;-ITROL SETTINGS 

NOTE: IF ANY OF THE RED WARNING LAMPS SHOULD ILLLTIINATE, CALL AN 
INSTRUCTOR. 

STEP 6 

LEAK CHECK OF THE TTU-205C/E 

Follow procedures column for dial and switch settings, observe and 

compare normal indications column with actual indications. Check S or 

U for satisfactory or unsatisfactory completion of thxs area. Before 

performing the leak check, hook up hoses to tester to supply pneumatic 

pressures for the test bench. 

PROCEDURE 1 

' 

4 

5 

() 

SET PTTS ALTITUDE TO 1 0 , 0 0 0 
FEET AND AIRSPEED TO 625 
KJIOTS 

SET LEAK TEST ALT. SWITCH 
TO ON 

SET LEAK TEST ALT. SWITCH TO 
OFF 

SET ALTITUDE TO 0 FEET 

SET LEAK TEST AIRSPEED SWITCH 
TO ON 

SET LEAK TEST AIRSPEED SWITCH 
TO OFF 

INDICATION 
ALTITUDE AND AIRSPEED INDICATORS 
WILL STABILIZE 

LEAK RATE IS LESS THAN 300 FEET 
IN TWO (2 ) MINUTES 

S o r U 

WAIT FOR GREEN READY LAMPS TO 
ILLUMINATE AND ALLOW ALTITUDE 
TO STABILIZE 

ALLOW TO STABILIZE 

LEAK RATE IS LESS THAN 3 KNOTS 
IN ONE ( 1 ) MINUTE 

WAIT FOR GREEN READY LAMPS TO 
ILLUMINATE AND ALLOW AIRSPEED TO 
STABILIZE 

S o r U 
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STliP 7 

ALTITUDE HOLD OUTPUT TEST 

/y?<r 

Follow procedures column for dial and switch settings, observe 
and compare normal indications column with actual indications. Check 
S or U for satisfactory or unsatisfactory completion of each area. 

PROCEDURE 1 INDICATION 
SET ADCTS VTVM INPUT SWITCH 
TO A ALT 

SET PNEUMATIC MAINIFOLD 
CONTROL (PR) TO VENT 

SET PTTS ALTITUDE TO -10 
TO 10 FEET AND AIRSPEED 
TO 70 TO 80 KNOTS 

SET ADCTS VTVM RANGE SWITCH 
TO 3 

NOTE: VTVM and phase meter null at the same time. Either is 
used for nulling. If VTVM Is used, the phase m«ter will Indicate 
the direction of the control rotation required to null. 

VARY TAS-SPC COMMAND AC-DC 
RATIO CONTROL FOR NULL ON 
PHASE METER AND VTVM. 
RECORD SFH'TINC HERE 

' SET VTVJI RANGE SWITCH TO 30" 

SET PTTS ALTITUDE TO 0 FEET ' 
AND AIRSPEED TO 145 and 155 
KNOTS 

TAS-SPC COMMAND AC-DC RATIO CONTROL 
SETTING IS BETWEEN 4930 TO 5070 

SET PTTS A1,TITUDE HOLD SWITCH 
TO ALTITUDE HOLD AFTER 
STABILIZATION 

S or U 

SET ADCTS VTVM RANGE SWITCH 
TO .3 

NOTE: Due to allowable stability tolerance for the Air Data 
Computer, A altitude output and static pressure input, the TAS-SPC 
Command AC-DC Ratio control null adjustment and readout must be 
accomplished within five (5) second period after the clutch switch 
Is positioned to A Alt. After completing null adjustment, any 
t-hangea in the VTVM indication thereafter, for any period of time 
up to 30 minutes, should not exceed 292 millivolts. 

IC SET ADCTS CLUTCH SWITCH TO 
A ALT, . VARY TAS-SPC 

COMMAND AC-DC RATIO CONTROL 
FOR NULL ON VTVM AND PHASE 
METER RECORD SETTING HERE 

NULL OCCURS AT A TAS-SPC COMMAND 
AC-DC RATIO CONTROL SETTING OF 
4 9 2 0 TO 5 0 8 0 . TAS-SPC COMMAND 
AC-DC RATIO CONTROL SETTING IS 
WITHIN + 0 0 8 0 OF SETTING 
RECORDED. 

S o r U 
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mi> 
PROCEDURE I INDICATION 

I I I KliCORD TAS-SPC COMMAND AC-DC 
HAT 10 CONTROL SETTING HERE 

SET PTTS TTU-205C/E ALTITUDE 

SWITCH TO NORMAL 

111 SET PTTS ALTITUDE TO 180 

FEET. DO NOT ALLOW OVERSHOOT 

TO EXCEED 10 FT. 

Ki 
AFTER THE ALTITUDE STABILIZES" 
SET THE ALTITUDE HOLD SWITCH 
TO THE ON POSITION 

l") 

16 

SET ADCTS VTVM RANGE SWITCH 

TO 3 

NULL PHASE METER AND VTVM WITH 
TAS-SPC COMMAND AD-DC RATIO 
CONTROL 

TAS-SPC COMMAND AC-DC RATIO CONTROL! 
SETTING IS 3312 TO 4 5 3 2 ABOVE 
SETTING RECORDED 

S o r 

SET VrVM RANGE SWITCH TO 300 

2 A | SET PTTS TTU-205C/E ALTITUDE 
SWITCH TO NORMAL 

251 SET ADCTS CLUTCH SWITCH TO 
OFF 

TAS-SPC COMMAND AC-DC RATIO 
CONTROL SETTING IS 3 3 1 2 TO 
4532 BELOW SETTING RECORDED 

S o r 
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m7 
STEP a 

POTENTIOMETER, TAS SYNCHRO AND AAR (LnPs-41) OUTPUT TESTS 

Follow procedures column for dial and switch, settings, observe 

and compare normaJ indications column with actual indications. Place 

the letter S or U In the spaces provided to indicate whether the test 

was satisfactory or unsatisfactory. 

?KOQEDmE 
1 

I 

J 

•) 

6 

7 

H 

') 

10 

11 

12 

\ \ 

\u 

SET THE PTTS ALTITUDE TO 0 
FEET AND AIRSPEED TO 536 
KNOTS 

SET PNEUMATIC MANII'OI.D 
CONTROI, ( P r ) TO ON 

MOMENTARILY SKT ADCTS SPC MODE 
SWITCH TO KI-i.SICT 

SET DC RAT IOMETER SWITCH TO 
AUTO 

SET TEMP'R CONTROL TO 587 

SET ANGLE OF ATTACK CONTROL . 
TO - 1 0 

OBSERVE AEUTS l,nPs-/iI ALTITUDE 

READ TAS INDICATOR WHEN USIW.' 
ADcrs 

SI'.T TAS INDICATOR SWITCH TO 
ON 

SKT VTVM INPUT SWITCH TO o< Tl 

VARY TAS-SPC COMMAND AC-DC RATIO 
CONTROL TO OBTAIN NULL INDICATION 
ON PHASE METER 

SKT ANCLE OF ATTACK TO 20 

VARY TAS-SPC COMMAND AC-DC 
RATIO CONTROL TO OBTAIN NUI.L 
INDICATION ON PHASE METER 

SET RAT10MJ-:TER I N P U T SWITCH TO 

POSITIONS LISTED ON NEXT PAGE. 
AT EACH POSITION OBSERVE 
RATIOMETER INDICATION AND 
RECORD RESULT IN SPACE 
PIWVIDED. 

INDICATION 
• 

SMPT OUTPUT PRESSURE GAUGE 90 TO 
120 PSI 

FAILSAFE LIGHT GOES OUT AND 
REMAINS OUT 

- 3 9 TO 39 FEET 

528 TO 544 KNOTS 

TAS-SPC COMMAND AG-DC RATIO CONTROI 
IS SET FROM 4 6 9 5 TO 4 8 0 5 

TAS-SPC COMMAND AC-DC RATIO CONTROI 
IS SET FROM 1175 TO 1285 

11 
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/W PROCEDURE 
II RECORD TAS-SPC COMMAND AC-DC 

KATfO CONTROL SETTING HERE 

INDICATION 

n 

Si:r I'TTS •ITU-ZO'iC/K ALTITIIDK 

swrrcH TO NOIWAI. 

lA 

SET FJTS /M/riTUDE TO I HO 
l'EI'.T. 00 NOT /\LLOW OVERSHOOT 
TO EXCEED 10 FT. 

AHTER THE ALTITUDE STABILIZES 
SET THE ^VLTITUDE MOLD SWITCH 
TO THE ON POSITION 

9 — I - - -
15 

— 

SCT ADCTS VTVM RANGE SWITCH 
TO j 

NULL PHASE METER AND VTVM WITH 
TAS-SPC COMMAND AD-DC RATIO 
CONTROL 

|,^J—vh-y VT'irMM.vwiTi;ii tH \u 

f'-Ji'J: ,^°"^° AC-DC RATlTcON^^ 
lEl^^^ ^^ 3312 TO 4 5 3 2 ABOVE 
SETTING RECORDED 

Ŝ o r U 

<J] | SET VTVM RANGE SWITCH TO 300 

TAS-SPC COMMAND AC-DC RATIO 
CONTROL SETTING IS 3 3 1 2 TO 

•} 4532 BELOW SETTING RECORDED 

SET Pn\S TTU-205C/E ALTITUDE 
SWITCH TO NORMAL 

SET ADCTS CLUTCH SWITCH TO 
OFF 

_S o r U 

10 
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PROCEDURE 
19 

20 

21 

22 

OBSERVE AEUTS LnPs-.Al ALTITUDE 

READ TAS INDICATOR 

SET ADCTS RATIOMETER INPUT SWITCH 
TO POSITIONS LISTED BELOW. AT 
EACH POSITION, OBSERVE RATIOMETER 
INDICATION AND RECORD RESULT IN 
SPACE PROVIDED 

TEST SPARE OUTPUT 44 
IN PROCEDURE 15 

Ra t iome te r 

I n p u t 

Pa 2 1 

Ps 40 

LnPs 4 

Qc 21 

Qc 23 

Hp 27 

Hp 28 

TAS 15 

TAS. 16 

TAS 17 

TAS 18 

TAS 19 

T^ 25 T 

T^ 26 T 

M 11 

AS YOU DID 

INDICATION 
9941 TO 10,059 FEEI 

253 TO 269 KNOTS 

Min 
Result 

Max 

1580 

6536 

1164 

9164 

9497 

1853 

1853 

1695 

1695 

1677 

1695 

7718 

0000 

0000 

9331 

, 

f^ 

1652 

6600 

1226 

9999 

9999 

1935 

1935 

1785 

1785 

1765 

1785 

8811 

0101 

0101 

9999 

1355 TO 1503 

/y99 

13 
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ISOO PROCEDURE 
23 

24 

25 

26 

27 

28 

1 
29 

• 

• 

• 
1 

SET PTTS AIRSPEED TO 654 KNOTS 

SET ADCTS TEMP'R CONTROL TO 
617 

READ 1'AS INDICATOR 

VARY TAS-SPC COMMAND RATIO 
CONTROL TO OBTAIN NULL ON 
PHASE METER 

SET ANGLE OF ATTACK TO -10 

VARY TAS-SPC COMMAND RATIO 
CONTROL TO OBTAIN NULL ON 
PHASE METER 

SET ADCTS RATIOMETER INPUT 
SWITCH TO POSITIONS LISTED 
BELOW. AT EACH POSITION, 
OBSERVE RATIOMETER INDICA­
TION AND RECORD RESULT IN 
SPACE PROVIDED. 

Ratiometer 

Input 

Ps 2 

Pa 40 

LnPs 4 

qc 21 

Qc 23 

Hp 27 

Hp 28 

TAS 15 

TAS 16 

TAS 17 

TAS 18 

TAS 19 

T, 25 

T^ 20 

M 11 

INDICATION 

730 TO 747 KNOTS 

TAS-SPC COMMAND RATIO CONTROL 
SETTING IS SET FROM 1215 TO 1325 

TAS-SPC COMMAND RATIO CONTROL 
SETTING IS FROM 5115 TO 5225 

Mln 
Result 

Max 

1580 

6535 

1164 

0065 

0000 

1853 

1853 

4875 

4875 

4826 

4875 

4550 

2162 

2162 

0000 

1652 

6600 

1226 

1071 

0502 

1935 

1935 

4972 

4972 

4922 

4972 

5647 

2364 

2364 

0520 

14 

1560 



I5QI 

PROCEDURE 
30 

31 

32 

33 

34 

TEST SPARE OUTPUT 44 AS YOU DID 
IN PROCEDURE 15 

SET RATIOMETER SWITCH TO OFF 

SET VTVM INPUT SWITCH TO EXT. 

SET RATIOMETER INPUT SWITCH TO 
OFF 

SET PNEUMATIC MANIFOLD CONTROL 
( P r ) TO VENT 

INDICATION 
1 3 5 5 TO 1 5 0 3 

STEP 9 

T t SWITCH ( d u c t temp h i ) TEST 

PROCEDURE 
1 SET ADCTS TQIP'R CONTROL TO 7 0 5 , 

7 1 3 , 
7 1 1 , 
704 

INDICATION 
T t 710« LIGHT OFF 

ON 
ON 

OFF 

STEP 10 

SHUT DOWN PROCEDURE 

1 . TTU-205C/E 

PROCEDURE 
1 ROTATE THE AIRSPEED CONTROL TO 

50 KNOTS 

2- ROTATE THE ALTITUDE CONTROL TO 
740 FEET 

3 ALLOW PRESSURE TO STABILIZE, 
THEN OPEN Pa AND Pt EQUALIZER 
CONTROL 

4 SET POWER SWITCH TO OFF 
POSITION 

INDICATION 

IS 

I.5S1 



/fogi 
AN/ASM-201B TEST BENCH 

PROCEDURE INDICATION 
CLOSE RED PRESSURE VALVE BEHIND 
TEST BENCH 

12 POSITION VACUUM PUMP SWITCH 
TO OFF 

TURN PNEUMATIC MANIFOLD VALVE 
(Pr) SWITCH TO OFF 

NOTE: IF USING THE PITOT-STATIC CONTROL PANEL', BEFORE SHUTTING 
DOWN THE EQUIPMENT, INSURE THAT ALL PRESSURES ON THE CONTROL 
PANEL ARE VENTED OFF THE COMPUTER 

POWER SETTINGS 

^"" -- . 

! PROCEDURE 
,11 
i 
1 

: 2 

i 3 
• 

i^ 

5 

is 

SET ADCTS POWER SWITCH TO OFF 

SET AEUTS POWER SWITCH TO OFF 

SPC MODULE" PNEUMATIC TESTER 
POWER SWITCH TO OFF 

PNEUMATIC REGULATOR POWER 
SWITCH TO OFF 

SET ALL SIX ( 6 ) CIRCUIT BREAKERS 
TO THE OFF POSITION 

DISCONNECT POWER CABLES 

INDICATION 

1562 
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Technical Training 

Avionics Instrument Systems Specialist 

VERTICAL SCALE FLIGHT INSTRUMENTS 

21 January 1980 

CHANUTE TECH«ICAL TR^MNING CENTER (ATC) 
3360 Technical Training Group 

Chanute Air Force Base, Illinois i 

}So3 

HANDOUT 

3ABR32531-HO-305 

Designed for ATC Course Use. 
Do Not Use on the Job. 
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I'^oH 
Flight Training Device/Instrument Branch 
Chanute AFB, Illinois 

3ABR32531-HO-305 

VERTICAL SCALE FLIGHT INSTRUMENTS 

The schematic diagrams in this handout support the appropriate 
programmed texts and workbooks. They will be used by the students as 
directed by the instructor. 

Glossary of Symbols and Abbreviations 

1. Hp - Pressure altitude. 
2. Hp - Pressure altitude rate of change. 
3. M - Mach. 
i,. MSM - Maximum Safe Mach. 
5. MSMA - Maximum Safe Mach Assembly. 
6. MSMf(q) - Maximum Safe Mach as a function of dynamic pressure. 
7. MSMf(Tfat) - Maximum Safe Mach as a function of true freestrearn 

air temperature. 
8. Ps - Statis pressure. 
9. Psi - Indicated static pressure. 

10. Pt - Total pressure or pitot pressure. 
11. q - Dynamic. 
12. Qci - Indicated differential static pressure. 
13. Tfat - True freestream air temperature. 
14. Ti - Total temperature. 
15. Vc - Calibrated airspeed. 
16. Vt - True airspeed. 
17. a - Angle of attack. 
18. ai - Indicated angle of attack. 
IS. at - True angle of attack. 
20. AOA - Angle of attack. 
21. G - Gravity (G forces). 
22. Hpr - Pressure altitude rate of change. 
23. TAS - True airspeed. 
?-4. y^ Wing sweep angle. 

Note: Dynamic pressure is related to stress being applied to 
aircraft. 

Supersedes 3ABR32531-HO-304, 3ABR32632B-HO-404, 8 November 1976, which 
may be used until existing s ĉk is exhausted. 
OPR: 3360 TCHTG 
DISTRIBUTION: X 
3360 TCHTG/TTGU-F - 300; TTVSA - 1 
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FIGURE I. 
CADC (PRIMARY 
BLOCK DIA. 

a SECONDARY PACKAGES) 

SYMBOLS:, 

O y ELECTRICAL SUMMINO POIMV 

/ O k MECHANICAL SUMMINO POINT 
W (DIFF) 

I W ELECTRICAL FLOW 

»—— MECHANICAL FLOW 

NOTE: 
OUTPUT SIA IS CADC GOOD SIGNAL FROM 
ALL SECONDARY PACKAGE MONITORS 
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Figure 1. 

Section 3 

Central Air Data Computer 
Block Diagram. 
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Figure 2, Section 1 
ALTITUDE VERTICAL 

DC POWER PANEL 
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Figure 2. Altitude Vertical Velocity Indicator. 
Section 2 
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iS'io VELOCITY INDICATOR 

-wv-
KATE DIVIDER 

ALTITUDE SELF 
TEST POT 

74,000 FEET 

Figure 2, Section 3 
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Figure 2, Section 4 
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Figure 2, Section 5 
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Figure 3, Section 1 

P-4 
(PI6004) 

C 
i i 

AA 

DD 

1/V] 

AIRSPEED MACH INDICATOR AND INDEXER LITES 
(ANGLE OF ATTACK AND "G" SECTIONS) 

CADC 

OUTPUT 
NUMBERS 

2 7 A 4 

28A 

AR-4 

MACH-o(-. MOOaE I 

SERVO LOOP 

29A 

\ - - ^ 

SYMBOL REPRESENTS THREE CAMS 
THAT OPERATE WIPERS OF SWITCHES 
27A, 28A, 29A, ACCORDING TO THE 
TABLE 8EL0W. 

INDEXER LI E OPERATION 
26 VAC 

INDEXER 
LITES 

AOA 
TAPE 

+ 12" t 
+ll.5» 
+ 10° 
+ 9° 
+ 8° i 

SWITCH POSITION 

29A CLOSED, 27A 8 28A OPEN 
29A a 27A CLOSED, 28A OPEN 
27A a 2BA CLOSED, 29A OPEN 
27A CLOSED, 28A a 29A OPEN 
27A a 28A a 29A OPEN 

1374 
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Figure 3, Section 2 

INDEXER LITES 
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figure 3, Section 3 
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Instrument/Flight Control Branch 
Channte 4FB, Ill inois 

3A3R32531-HO-304A 
3AflR32632B-HO-404A 

19 January 1977 

I5^H 

GLOSSABY 0? TERMS 

Tfaia handout is dasi^nad to be uaad in conjunction with Procri 
Taxt 3ABR3253i-PT-304/3AaR32632B-PT-A0A, Cantral Air Data <>»puter 
Syntea Operation. This handout contains taras and definitions appli­
cable to the Central Air Data Coapuf- System. 

i 

1. Airspeed Mach Indicator (AMI) - A vertical scale indicator 
with angle of attack, 6*s, aach and airspeed sections. 

2. Altitude Vertical Velocity Indicator (AWI) - A vertical 
scale indicator with vertical velocity (rate-of-cliiob), aensitive alti­
tude, consisting of a fine and coarae tape, and gross altitude sections. 

3. Indicated Airspeed (Vc) - Actual speed of the aircraft that 
haa tot been corrected for altitude or temperature« 

4. Indicated angle of attack (<i) - The angular difference 
between the direction of airflow and zn arbitrary reference line on 
the aircraft that has not been corrected for mach. 

5. Indicated Static Pressure (Fsi) " The still and undisturbed 
air surrounding the aircraft (uncorrected). 

6. Mach (M) - The speed that the aircraft muat attain to pene­
trate the speed of sound. Altitude is the primary factor controlling 
mach; 

7. Maxiouo Safe Mach (MSM) - The mach that the aircraft can 
safety fly without exceeding the tea^erature or structural liaitatious 
of the aircraft. 

8. Maximum Safe Mach Assembly (MSMA) - An electronic component 
of the central air data computer system designed to compute maximum 
safe aach. 

9. Pitot Pressure (Pt) - The combination of static pressure 
aa.a impact pressure. Stated as a formula this would read Qc + Fs • Pt. 

10. Pressure Altitude (Hp) - The altitude of the aircraft above 
or below seu level. 

11. Pressure Altitude Rate of Change (Hp or Hpr) - Rate of cli^b 
or dive of the aircraft in feet per minute. 

12. Total Tf>mperature (Ti) - The temperature of the air through 
which the aircraft is moving. 

S^. ' ~ABR32531-HO-305A, 17 Uecember 1974. 
&• •; ^ TTG 

UIS,';% 'ON: X 
3360 . ;JTC-W • 300; TTVSR - 1 

Designed for ATC Course Use. Do Not Use on the Job. 
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13. Trua Alrapead (Vt) - Indicated alrupaed that has bean cor­
rected for total teaqparature and praaaura altitude. Tha mathaaatlcal 
foraula would be Pt > Fa •»• Tl - Vt. 

U . Trua Aagla of Attack («t) - Tha angular difference between 
the dlr«etlon of airflow and an arbitrary xafarance line on tha air* 
craft th«e haa been corrected for aach Inslda tha CADC. 

15. Trua Fraaatream Air Teaperatura (Tfat) - True freeatreaa 
air tea^aratura la tha corrected total tavparatura. Thla la tha actiial 
outalda air tea^erature. 

• 
IS. Vertical Acceleration (G'a) • A force of -fl "G" equala the 

pull of gravity, a 4*2 "G's" la twice the pull of gravity, and ao on. 
However, it la poaaible to achieve oinua (-) "G'a". Thla will occur 
whenever centrifugal force overcoawe the pull of gravity. 

17. Wing Sweep Angle ^ - The angle of tha wing in relation 
to the fuaalaga of the aircraft. This algnal ia uaad by tha central 
air data ayatea for eoaputlng aaxitai aafa aach. 
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15-301 
FOREWORD 

This programmed text was prepared for use in courses 3ABR32531, 
Avionics Instrument Systems Specialist and 3ABR32632B, Integrated 
Avionic Systems Specialist. The text is divided into four (4) sections 
with each section covering a different area. You will be tested after 
each section to determine if you have gained the necessary understanding 
of the information contained in that section. The material contained 
herein was validated by 40 students in the subject course. At least 
90% of the students achieved the objective as stated with an average 
completion time of 4 hours and 38 minutes. 

> 
OBJECTIVE 

Without references, identify facts pertaining to the operation 
and/or characteristics of flight instruments, with a minimum accuracy 
of 70%. 

INSTRUCTIONS 

This programmed text presents information in small steps called 
frames. Each frame is followed by some form of questioning. Imme­
diately after reading each frame, you will make the required response. 
Check your answer each time with the correct answer shown ar ne top 
or bottom of every other frame. Example: Tho a.»swers to frame 1 are 
at the top or bottom of frame 3. The answers to frame 2 are at the 
top or bottom of frame 4, etc. If you made an incorrect response, 
reread the frame before going on to the next frame. Be sure that you 
understand the material presented in each frame before continuing. 
DO NOT HURRY! If you do not understand the text, or you have a question, 
raise your hand and your instructor will assist you. 

Note: Students enrolled in the 3ABR32531 course are required to 
complete all sections of this text. 

Students enrolled in the 3ABR32632L course are required to 
complete only section A. 

Supersedes 3ABR32531-1-PT-203, 19 February 1974; 3ABR32531-PT-402A, 
3 February 1975. 
OPR: 3360 ITG 
DISTRIBUTION: X 
3360 TTGTC/W - 300; TCVSA - 1 
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Section A 

GYROSCOPIC PRINCIPLES 

SPECIAL INSTRUCTIONS 

This section of-the programmed text is to be studitd in 
conjunction with an audion visual aid. Select the film titled, 
"Gyroscopic Principles" located at the projectors in the lab. 

You will be required to read a portion of this text and then 
view a short segment of the film. While watching the film, ycu will 
see a "STOP" sign; this means to return to the text to read the 
questions and make your responses. DO NOT MARK IN THIS TEXT. USE 
THE RESPONSE SHEET GIVEN TO YOU BY THE INSTRUCTOR. I J 

Frame 1 

The high speed and maneuverability of modem aircraft demands 
that navigational equipment be very precise. Some of the greatest 
advances in flight instruments and navigation equipment have been 
made possible by the use of gyroscopes. The gyroscope is used in 
systems such as instniments and automatic flight control systems; 
therefore it is essential that you have a working knowledge of gyro­
scopes and the principles of operation. 

NO RESPONSE REQUIRED 

h]'J6 
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Frame 2 

A gyroscope is a spinning mass having one or more freedoms of 
movement about its spin axis. The spinning mass is referred to as 
the rotor of the gyroscope. The rotor, as shown in A below, is con­
structed with most of its weight concentrated near the outer rim to 
increase efficiency. The rotor is mounted in a "ring" called a gimbal. 
See B below. This gimbal (inner) is mounted in another gimbal (outer) 
with bearings 90° to the rotor bearings. See C below. Adding a frame 
assembly, as shown in D, will support the rotor and its gimbals and 
give the gyroscope the freedoms of movement it requires to operate. 
This type of gyro is '?all a universally mounted gyro. 

ROTOR 

IMBAL 
{INNER) 

to 

FRAME 
ASSEM^Y 

(0) 

Complete the statement below by entering the correct word(3) in 
the space provided. 

A gyroscope is a spinning mass having 
movement about Ita spin axis. 

freedoms of 

1^07 
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Frame 3 

S 
A universally mounted gyro has three (3) axes about which it can 

move. First, there is the XX axis which is the rotor's SPIN axis. 
Axis YY goes through the points where the inner and outer gimbals 
connect and allows the gyro to TILT. Axis ZZ goes through the points 
where the outer gimbal is attached to the frame assembly and allows 
the gyro to TURN. 

= ^ — 

Z 

I 

— — ^ ^ 

START THE PROJECTOR, When the "STOP SIGN" appears, turn off the 
projector and return to this text and answer the questions at the end 
of the frame. 

Using the illustration of the gyro and the list of components, 
label the parts by placing the appropriate letter in the space next 
to the correct number. 

PARTS 

0 

a. 

b. 

c. 

d. 

Rotor 

Frame assembly 

Inner gimbal 

Outer gimbal 

WJ8 
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Frame 3 (Continued) 

Using the illustration of the gyro, label the SPIN axis, TUFN 
axis, and the TILT axis by placing the correct name in the space 
provided. 

below. 
Circle the letter next to the correct response for the statement 

8. The two freedoms of movement about the spin axis of a 
universally mounted gyro are: 

a. spin and tilt. 

b. spin and turn. 

c. turn and tilt. 

Ansvar to Frame 1: No response required. 

JJV09 



1^37 
Frame 4 

The gyro has two basic principles of operation; precession and 
rigidity. Rigidity is also known as gyroscopic inertia or stability. 
This can be defined as the ability of a spinning mass to maintain a 
fixed position to a point in space. This means that once a gyro i-s 
spinning, its spin axis will always try to point in the same direction. 

Precession is the resultant movement of a spinning mass when a 
force is applied that tries to change the spin axis, see (A) below. 
This means that if a force is applied to the spin axis at point (A) 
it is the same as applying a force to the rim of the rotor at point 
(B). The resultant force is felt 90 ahead of the applied force in the 
direction of rotation (C). This causes the gyro to turn or precess (D). 
Simply stated, if you try to tilt the gyro, it turns; try to turn the 
gyro and it tilts. Only a very small force is required to precess 
the gyro. 

m^w 

It is easier to understand rigidity and pjrecession if you can 
see it. START the projector and view the section on rigidity and 
precession. When the "STOP SIGN" appears, turn off the projector; 
return to this text and circle the letter next to the best response 
to complete the statements below. 

1. Rigidity is 
» 

a. the ability of the gimbals to act independently of 
each other, allowing the gyro to tilt and turn. 

b. the ability of a spinning mass to maintain a fixed 
position to a point in space. 

c. the property of a gyro which causes the spin axis 
to be displaced in a direction 90 from an applied 
force in the direction of rotor rotation. 

d. the resultant movement of a spinning mass caused 
when a force is applied that tries to change the spin 
axis. 

« 
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Frame A (Continued) 

2. Precession is 

d. 

the resultant movement of a spinning mass caused when 
a fores is applied that tries to change its spin axis. 

the property of a gyroscope that causes the gimbals to 
move in opposite directions when a force is applied to 
the rotor. 

the property of a gyro which causes the spin axis to 
be displaced in a direction 90 from an applied force 
in the opposite direction of rotor rotation. 

the ability of a gyro to held a fixed position to any 
reference point. 

V 

Answer to Frame 2; one or more 
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Frame S 

An undesirable trait cf a gyroscope is DRIFT. There are two 
types of drift: (1) RANDOM (MEOL^NICAL) DRIFT and (2) APPARENT 
DRIFT. 

Q 

RANDOM DRIFT occurs when mechanical faults within the gyroscope 
apply a force to cause it to precess. The two major causes of random 
drift in a gyroscope are bearing friction and rotor unbalance. The 
bearings used to connect the rotor and gimbals are practically free 
of friction. These bearings are as near to being friction free as 
modem industry can make them but they are not perfect. As the gyro 
ages, the bearings also wear which produces more friction. This 
friction will have the same effect as applying a force to the rotor. 
This force causes the gyroscope to precess or drift. 

If the rotor is not properly balanced, then this condition will 
also cause drift. If one part of the rotor is heavier than the rest, 
a state of unbalance will exist which will have the same effect as 
applying a force to the rotor, resulting in gyro precession. 

Circle the number(s) of the trtus statements below. 

1. Precession can be caused by mechanical faujlts within the 
gyroscope and is known as random (mechanic^) drift. 

2. The two major causes of random drift are bearing friction 
and rotor unbalance. 

3. Mechanical drift and rotor unbalance are not related. 

Answers to Frame 3: 1. a 2. c 3. d 4. b 5. turn 

6. t i l t 7. spin 8. ,.0 

it)12 
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Answers to Frame 4s 1. b 

Frame 6 

2. 

The second type of drift is referred to as "apparent drift." 
As opposed to random drift, the rotor does not precess, but only 
appears to as the position of the frame changes around it. Apparent 
drift is caused by the rotation of the earth and the rigidity of the 
gyroscope. Rigidity prevents the spin axis of the gyro from rotating 
along with the earth. To a person standing on the earth, the rotor 
of the gyro only "appears" to drift. 

NOW CHANGE THE FI-LM CARTRIDGE TO THE SECOND ONE (AVA 521 B). 
Pay special attention to the pictorial explanation of apparent drift. 

START THE PROJECTOR 

After viewing the film, circle the letter of the correct 
responses below, > 

1. Apparent drift is caused by 

a. applying a force to the inner gimbal. 

b. earth rotation and drift. 

c. earth rotation and precession. 

d. earth rotation and rigidity. 

2. Because of apparent drift, the gyro spin axis as seen from 
space 

a. maintains a fixed position. 

b. appears to turn. 

c. appears to tilt. 

X 
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Answers to Frame 5: 1, 2 

Frame 7 

There are two types of gyroscope mountings; universal and 
semiuniversal. The universally mounted gyroscope has two gimbals 
and two freedoms of movement about the spin axis; tilt and turn. 
The semiuniversally mounted gyroscope has only one gimbal (see 
below) and one freedom of movement about the spin axis. This 
freedom of movement is tilt. 

View the film. Whan the "stop sign" appears, return 
to the text and complete the questions at the end of 
this frame. 

START THE PROJECTOR 

0 

^S 

6IM8A1: 

SEMIUNIVERSALLY MOUNTED GYRO 

Complete the statements below by circling the correct letter. 

1. The universally mounted gyroscope has 

three gimbals and one freedom of movement about the 
spin axis. 

spin axis. 
b. two gimbals and two freedoms of movement about the 

axis. 
c. one gimbal and two freedoms of movement about the spin 

d. one gimbal and one freedom of movement about the spin 
axis. 

2. The semiuniversally mounted gyroscope has 

a. two gimbals and two freedoms of movement about the 
spin axis. 

axis-. 
b. one gimbal and one freedom of movement about the spin 

spin axis. 

d. 
spin axis. 

two gimbals and one freedom of movement about the 

three giiabals and three freedoms of movement about the 

11 
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Answers to Frame 6: 

Frame 8 

1. d, 2. 

There are two basic applications of universally mounted gyro­
scopes. The main difference Is the position of the spin axis (see 
below). k universally mounted gyro Is used as a vertical gyro. The 
vertical gyro Is used In the aircraft as a reference for pitch and 
roll attitude changes. " Its spin axis is perpendicular to the earth. 
The gyro's frame assembly is attached directly to the aircraft. The 
aircraft can move in pitch and roll without changing the gyro's spin 
axis. Signal pickoff's are used to sense the amount of attitude 
change of the aircraft. 

The other application of the universally mounted gyro is the 
directional gyro (B.G.).. This type of gyro has a horizontal spin 
axis. It is used in compass systems as a reference for obtaining 
heading information. 

Both the vertical and directional gyros are known as displace­
ment gyros, because they are used to measure the amount of. displace­
ment from their reference. Leveling devices must be used to keep 
the spin axis of the- gyro either vertical or horizontal to the 
earth's surface. 

SPIN AXIS SPIN AXIS 

VERTICAL GYRO DIRECTIONAL GYRO 

Watch the section of the film on how gyros are used in aircraft. 
Then return to the programmed text and. answer the following questions-

12 iG15 
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Frame 8 (Cont'd) 

START THE PROJECTOR 

Complete the following statements by circling the correct letter. 

1. A vertical gyro in an aircraft is used as a reference for 

a. heading changes. 

b. making a 180" turn. 

c. attitude changes. 

2. A horizontal or directional gyro in an aircraft is used as a 
reference for 

a. heading changes, 

b. pitch and roll. '~'~' ,-

c. attitude changes. 

3. In the film, the aircraft goinp into a cliirb and then a dive 
was using a 

a. directional gyro. 

b. D.G 

c. vertical gyro. 

d. horizontal gyro. 

4. In the film, what type of xiniversally mounted gyro was used 
in the aircraft making a ISO* turn? 

a. Directional gyro with a horizontal spin axis. 

b. Rate gyro. 

c. Vertical g3rro. 

5.. Vertical and directional gyros are kxtown as 

a. seoluniversally mounted gyros. 

b. displecement gyros. 

c. rate gyros. 

# 

V: 

€ 
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Answers to F'.^^ 7: 1. b, 2. b 

Frame 9 

The gyros mentioned up to now all use the property of rigidity, 
enabling the gyro to be used as a reference for displacement. 

The sei;iiuniversally mounted gyro is used as a rate gyro (see 
below). The rate gyro senses rate of movement instead of displace­
ment. This gyro uses the property of precession for its operation. 

Centering springs (see below) are used to keep the gyro's spin 
axis aligned with the gyro frame assembly. 'As the aircraft turns, 
the frame assembly also turns. The spinning rotor resists the change 
and causes the gyro to precess. As the precessing force becomes 
large enough, the spring tension is overcome. The faster the aircraf 
turns, the further the gyro will precess. A signal pickoff device 
is used to develop signals proportional to the rate of the turn. 

View the film. When "the end" appears, return to the text and 
complete the FT. 

START THE FROJECTOR 

CENTERING 
SPRINGS 

axis. 

Circle the correct statement(s) below. 

1. *'The rate gyro has two freedoms of movement about the spin 

The irate gyro uses a semiuniversal mounting. 

3. Tha rate g^ro uses springs to keep the spin axis aligned 
with the frame assembly. 

lA 
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Answers to Frame 8: 1. c, 2, a, 3. c, 4. a. 5. b 

Frame 10 

( 

Review what you have learned about gyroscopic principles. If 
any areas seem unclear, return to the text and the film. If you feel 
confident in your knowledge, answer the following questions as a 
review. 

Complete the statement below by circling the correct letter. 

1. A gyroscope is defined aa a 

a. spinning mass mounted in a frame assembly. 

^ b. balanced spinning mass or wheel. 

c. spinning mass having one or more freedoms of move­
ment about its spin axis. 

d< spixmlng mass or wheel mounted in the outer gimbal. 

Using the illustration of the gyro and a list of components, 
label the gyro parts. Place the letter of the part near the 
number. 

PARTS 

a. 

b. 

c. 

d. 

Rotor. 

Frame assembly. 

Inner gimbal. 

Outer gimbal. 

K 
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Frame 10 (Cont'd) 

Using the illustration of the gyro, label the SPIN axis, TURN 
axis, and the TILT axis. Place the correct letter near the number. 

a. 

b. 

c. 

Spin 

Turn 

Tiit 

9. Rigidity is , 

a. the resultant movement of a spinning mass caused when 
a force is applied that tries to change the spin axis. 

b. the property of a gyro which causes the gyro to turn 
when you try to tilt it. 

c. the ability of the gimbals to act independently of each 
other allowing the gyro to turn or tilt. 

d. the ability of a spinning mass to maintain a fixed 
position to a point in space. 

IBiS 
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Frame 10 (Cont'd) 

10. Precession is 

13. 

14. 
space 

b. 

c. 

a. the resultant movement of a spinning mass caused when a 
force is applied that tries to change the spin axis. 

b. The property of a gyro which causes the g5.mbals to 
move in opposite directions anytime a force is applied to the rotor. 

c. the property of a gyro which causes the spin axis to be 
displaced in a direction 90" from an applied force in the opposite 
direction of rotation. 

d. the ability of a gyroscope to hold a fixed position 
to any reference point. • 

11. Apparent drift is caused by 

a. the earth's rotation and rigidity. 

applying a force to the inner gimbal. 

the earth's rotation and bearlTjg friction, 

d. the earth's rotation^and gyro precession. 

12. Mechanical drift is caused by 

a. the earth's rotation. 

the earth's rotation and bearing friction, 

the earth's rotation and rigidity, 

bearing friction or rotor imbalance. 

Random (miQchanlcal) drift will appear in 

a. semluniversal gyros. 

b. directional gyros. 

c. vertical gyros. 

d. all types of gyros. 

Because of apparent drift, the gyro spin axis as seen from 

b. 

c. 

d. 

a. maintains a fixed position. 

b. appears to turn along with the earth. 

c. appears to tilt along with the earth. 

17 
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Frame 10 (Cont'd) 

15. The semiuniversally mounted gyroscope has 

a. two gimbals and two freedoms of movement about the 
spin axis. 

axLs. 

axis. 

b. one giinbal and one freedom of movement about the spin 

c. two gimbals and one freedom of movement about the spin 

d. three gimbals and three freedoms of movement about 
the spin axis. 

16. The universally mounted gyroscope has 

a. two gimbals and two freedoms of movement about the 
spin axis. 

axis. 

axis. 

b. one glmbal and one freedom of movement about the spin 

c. two gimbals and one freedom of movement about the spin 

d. three gimbals and two freedoms of movemtnt about the 
spin axis. *-

Mark the following statements (T) true or (F) false in the 
spaces provided. 

Yl. Vertical and directional gyroscopes are known as displace­
ment gyros. 

18. A universally mounted gyroscope with a horizontal spin 
axis is used as a reference for obtaining heading 
information. 

19. Semi\iniversally mounted gyros are used, to make rate gyros. 

20, The tmiversally mounted gyroscope with a vertical spin 
axis is used as a reference for attitude changes. 

13 



Answers to Frame 9: 2, 

Answers to Frame 10: 1. c. 2. d, 3. 4. b, 5. c, 6. 
7. b, 8. a, 9. d, 10. a, 11. 

13. d, 14. a, 15. b, 16. a 
19. T, 20. T 

/ryf 

, 12. d, 
17. T, 18. T, 

If any questions were missed in frame 10, return to the frames 
that cover the material that was missed and review it. After you }aave 
an understanding of the ma|;'erial presented in the Section A, ask your 
instructor for the apprs^^al. 

y 
NOTEl 

3ABR32632B STUDENTS STOP HERE. 

3ABR32531 STUDENTS CONTINUE. 

e 
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Section B 

J-8 ATTITUDE INDICATOR 

Frame 1 

One of the more important instruments employing gyroscopic principles 
is the attitudy indicator. The instrument we will study is the type J-8 
Attitude Indicator. It is one of the few gyro instruments that is not 
remotely controlled. The illustration below shows an exploded view and 
the face (front) of the J-8 Attitude Indicator. This indicator provides 
an indication-of the aircraft's attitude (position) in relation to the 
earth's horizon. In other words, the pilot can determine, from the 
indications the J-8 provides, whether the aircraft is in a dive, climb, 
level flight, or baiiking right or left in relation to the earth's horizon. 

''U 

J-, 

:3P ;^V -

J^ AHHud* hdieaior 
.̂ , >•••• »'^«:r^.J'...-.a-.-;:^ 

Circle the l e t t e r that identifies the correct answer. 

The above indicator is used to provide indications of the a i rc ra f t ' s 

a. degree of bank only. 

b. rate of turn. 

c. pitch only. 

d. a t t i tude . 

. 1623 
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Frame 2 

Notice in the picture below, that some of the components are 
labeled. For easier understanding, let's take a few items at a time. 
The first one we will cover is the miniature aircraft or attitude bar, 
which is connected to the case. Another is the horizon bar, which is 
connected to the outer gimbal ring of the gyro and represents the 
earth's horizon. 

BANK POINTER 

POWER'OFF^FLAG 

BANK INDEXES 

HORIZON BAR 

ATTITUDE BAR 

The angle of dive or climb is indicated by the number of bar width 
deflections between the horizon bar and the attitude bar (miniature 
aircraft)• One horizon bar width is equal to 2̂  degrees pitch. If the 
attitude bar is above the horizon bar, the aircraft is in a climb. 

Circle the letter that identifies the correct answer. 

1. The attitude bar is used to represent the 

i horizon, 

aircraft, 

degree of bank, 

degree of pitch. 

The horizon bar is used to represent the 

horizon, 

aircraft, 

degree of bank, 

degree of pitch. 

a. 

b. 

c. 

d. 

3. The horizon bar is 3 bar widths below the attitude bar, this 
indicates the aircraft is 

a. 

b. 

c. 

d. 

diving by 3°, 

climbing by 3'. 

climbing by 6', 

. diving by 6', 

21 
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Answer to Frame 1: 

Frame 3 

1. d 

The attitude of the aircraft about the roll axis is indicated by 
the position of the bank pointer in relation to the bank scale. (Refer 
to illustration below.) 

ANK POINTER 

BANK INDEXES 

The bank scale is marked with indices at 0", 10°, 20°, 30°, 60°, 
and 90° left and right bank. If the bank pointer is deflected to the 
right, the aircraft is in a left bank attitude. The illustration below 
shows an attitude of 25° right bank. Notice that the "right wing" of 
the miniature aircraft is below the horizon. 

-OS'-

'•WWP^^BBJJJJt] 

n O ->>i. 

>5t 

-> 
y 

k -̂,. 

imSi^tamt^At^tiAJ^a Mimat»km\ I [ iiiiiiii 

Circle the letter that identifies the correct answer. 

1. The bank pointer is deflected' to the left, the horizon bar is 
deflected above the attitude bar, the aircraft is banking 

a. right and diving. 
b. left and diving. 
c. . right and climbing. 
d. left and climbing. 

2. The bank pointer is deflected left to the first increment, the 
degree of bank is 

a. 90°. 
b. 30°. 
c. 20°. 
d. 10°. 

22 
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Answers to Frame 2: !• k 2. £ 3. £ 

Frame 4 

The power off flag is used to warn the pilot of AC power failure or 
low power to the indicator. The power off flag is operated by a 2-phase 
low inertia motor and a hairspring. Whenever power is turned on, the 
motor is energized and the flag is pullid out of sight. However, when 
power is shut off, the hairspring pulls the flag back into view. The 
above is for normal operating conditions. 

If power is low to the indicator, the motor does not develop enough 
torque to overcome the hairspring tension, so the flag remains in sight. 

POWER " O F F X A G 

Circle the letter that itdicates the correct answer. 

1. The power off flag is used to warn the pilot of 

a. DC power failure on the aircraft. 

b. DC power failure to the indicator. 

c. AC power failury on the aircraft. 

d. AC power failure to the indicator. 

2. The power off flag is operated by a/an 

a. hairspring only. 

b. DC motor. 

c. AC motor and hairspring. 

d. DC motor and hairspring. 

23 
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Answers to Frame 3: 

Frame 5' 

1. a 2. d 

The pitch attitude of the aircraft is indicated within a range of 
27 degrees in climb or dive by the displacement of the horizon bar with 
respect to the adjustable attitude bar. When the aircraft exceeds 27* 
in pitch, the horizon bar is hald in the extreme position and the sphere 
becomes the new reference. 

Circle the letter that indicates the correct answer. 

1. The horizon bar provides pitch reference for attitudes 

a. above 27** climb or dive. 

b. up to 27° climb only. 

c. up to 27° difflb or dive. 

d. below 27° dive only. 

24 
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Answers to Frame 4: 1. d 2. c 

Frame ft 

The «;phere is marked by the words "Climb" and "Dive," and each is 
followed ^y a "Bullseye." (Refer to the illustration.) The words 
climb or dive when directly under the attitude bar represent approxi­
mately 60° of pitch. The bullseye is graduated at 70% 80°. and 90° 
of pitch. 

€ 

hi. • r'lViir- «Mtf 

Circle the letter that indicates the correct answer. 

1. The word "Dive" appears under the attitude bar, the instrument 
is indicating a 

a. 60" dlab. 

b. 60» left bank. 

c. 21' dive. 

d. 60° dive. 

25 
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Answers to Frame 5: c 

Frame 7 

There are two knobs located on the front of the instrument. The 
knob on the lower left is called the attitude trim knob. This knob is 
used by the pilot to manually correct for level flight errors (trim 
errors), on the J-8, caused by changes in cruising speeds and in load 
conditions. 

Adjusting th» Miniafort Aircraft 

Circle the letter that indicates the correct answer. 

1. Trim errors on the instrument are corrected for by the 

a. pull to cage knob. 

b. pilot viewing the indicator at different angles. 

c. attitude trim knob. 

d. caging d i p . 

I:, 

IG2.9 
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Answer to Frame 6: 

Frame 8 

The knob on the lower right side of the instrument is called a caging 
knob. This knob, when pulled out, operates a caging mechanism which locks 
the inner and outer (roll and pitch) gimbals. The purpose of the caging 
mechanism is to provide a means for quicldy erecting the gyro. When 
caging the instrument, pull the caging knob out smoothly. A smjill clip (A), 
called a caging clip (refer,,to illustration), is installed between the 
caging knob (B) and instrument's bezel (C) to cage the gyro during shipping, 
handling, and storage. 

O Caging Mtcbanism 

Circle the letters that identify true statements. 

a. The caging knob locks the inner and outer gimbal rings. 

b. The caging knob provides a means for erecting the gyro very 
slowly. 

c. When the caging knob is pulled out the attitude bar and bullseye 
will be aligned. 

d; When the caging knob is pulled out, a caged flag appears. 

e. The caging clip is installed during shipping, handling, or 
storage. 

f. The caging knob provides a means for quickly erecting the gyro. 

o 
27 
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Answer to Frame 7: £ 

Frame 9 

The indicator permits 360° of rotation about the roll and pitch axis 
without causing the gyro to tumble. As the aircraft approaches a vertical 
attitude (90°), as in a loop, the sphere begins to rotate 180° (counter­
clockwise when in a climb, and clockwise in a dive) to show the inverted 
attitude of the aircraft. The rotation of the sphere is called controlled 
precession and should not be confused with gyro tumbling. (Study the 
indications on the next page, frame 10.) 

Circle the letter that indicates the correct answer. 

1. The indicator can show, without controlled precession, 

a. 360° pitch, 360° roll. 

b. 360° pitch, «0° roll. 

c. 360° roU, 90° pitch, 

d. 180° roll, 90° pitch. 

1631 
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Answers to Frame 8: a e £ 

Frame 10 

INVERTED 
lEVEl fllGHT 

INVERTED DIVE INVERTED CUMI 

1 
ROTATION 
80* CW ^ ^ ' ^ 4 %. 
OTATiON *• \r] 

mm.K: JJi*"^ 

UPRIGHT 
DIVE 

UPRIGHT 
DIVE 

c/cw 
ROTATION 

* • ,.,M.. JI4..IJ UPRIGHT-
ISVi i nSGHT 

. . •••- r\ • .'-

UPRIGHT 
CllMB 

Q 

I ' ^ T T I If i> 

tfirh,Vii*»ab«i> 

& w 

tmrniMttliJim 

J-S AHHud* Indieaiions During a Loop Manaurw 

€ 
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Answer to Frame 9: c 

Frame 11 

In the blank spaces provided, indicate the attitude of the aircraft 
according to the indication in both pitch and bank in degrees. 

1. 2. 

O 

3. 

//////////////// 

30 d e g r e e s r ight bank. 2. Level inver ted flight. 

4. Dive 6 deg rees 

3Q X O v> o 

30 do;;rees right bank 
60 d e g r e e s c l imb . 
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Answers to Frame 10: No response required. 

0 
Frame 12 

The gyro is universally mounted and operates on the principles of 
rigidity. The spin axis of the gyro is vertical since all attitude gyros 
use a vertical spin axis. The power requirement is 115 volts, 400 Hertz 
3-phase AC. The speed of the gyro is approximately 21,000 rpm. 

Complete the following statements. 

1. The gyro is mounted and operates on the principles 

of 

2. The gyro's spin axis i s 

t 

9 
31 



Answers to Frame 11: 

1. 30 degrees right bank. 

3. 30 degrees right bank 
60 degrees climb. 

Frame 13 

2. Level inverted flight. 

4. Dive 6 degrees. c 
Due to the gyro's rigidity and its universal mounting, the rotor 

remains fixed in this position regardless of the aircraft's movement. 
The horizon bar and bank pointer are linked to the outer gimbal ring. 
The attitude bar and scale are attached to the case. Movement of the 
case around the gyro produces the indications. 

AtltPUMe MliS'^ 
onto UMAIHS 

UPRICHT 

AinPUMB PITCHeS-

OYM JtfMAlMS 

C 
Mark the following statements true (T) or false (F). 

1. ______ Ths gyro moves when the aircraft banks. 

2. The gyro remains erect when the aircraft banks. 

3. The case revolves around the gyro. 

1635 
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Answers to Frame 12: 1. universally - rigidity" 2. vertical 

Frame 14 

The erection mechanism, located at the top of the gyro assembly, is 
used to keep the gyro erect on its spin axis. The erection mechanism 
operates on the gyroscopic principle of precession. The illustration 
below shows the gyro tilted from the vertical position. The two steel 
balls will fall to the low side when the gyro is not erect (vertical) 
and cause a force to be applied to precess the gyro back to the vertical 
position. 

Ertcfion 

Mechanism 

MAGNET 

GYRO-UNIVERSAllY 

RE-ACnON 
TO 

PRECESSION 

roncE 

MOUNTED 

Circle the l e t t e r that identif ies the correct answer. 

1. The erection mechanism operates on the principle of 

a. rigidity. 

b. inertia. 

c. apparent precession. 

d« precession. 

o 

The purpose of the erection mechanism is to 

a. keep the gyro spinning. 

b. apply a force to unbalance the gyro. 

c. keep the gyro erect on its vertical spin axis. 

d. keep the gyro erect on its horizontal spin axis. 

33 
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Answers to Frame 13: 

Frame 15 

1. F 2. T 3. T 

The components of the erection mechanism are as follows (refer to 
illustration): A rotating magnet (a) is connected to the gyro's shaft, 
and sets up a rotating magnetic field. A rotating plate (b) (magnetic 
drag assembly) is made of a nonmagnetic material, and is used to push 
the steel balls (c) around the ball track (d). It also incorporates a 
ratchet and pawl escapement (e) that controls the speed of the rotating 
plate at approximately 49 to 52 rpm. 

ROWlNa 

e. 
RACHET a 

PAWL ESCAPtMWr 

ROTOR 

R0TATIN6 
PtATE 

STEEL BAU 

BALLT^ACK 

[—ROTOR 
HOUSINa 

Match the components from table 1 to their purpose in table 2. 

TABLE 1. 

1. Ratchet and pawl assembly. 

2. Pjotating magnet. 

3. Steel ba l l s . 

4. Rotating plate. 

5. Rotor speed. 

6. Rotating plate speed. 

TABLE 2 

a. Sets up a rotating 

magnetic field. 

b. Pushes the balls around. 

c. Controls the speed of the 

plate. 

d. Causes precession. 

e. 49 to 52 rpm. 

f. Approximately 21,000 rpm. 

1G37 
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AnsTvrers to Frame 14: 1. d 2. c 
Frame 16 

o Iflienever you install a new instrument, you will find the caging clip 
installed on the pull to cage knob. Be sure to remove this to insure 
proper operation of the instrument. After installing the instrtment, 
you should check it for prope.; operation. 

Circle the letter that identifies the correct answer. 

1. To insure proper indications of the instrument you should 
always be sure that the 

a. caging knob is locked. 

b. cage clip is removed. 

c. attitude bar is caged. 

d. 115V 60 Hertz \t power 
is applied. 

e 
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I. Using the illustration, insert the letter designations of the 
component parts listed in the appropriate circles. 

a. Bank Pointer. 
b. Horizon Bar. 
c. Attitude Bar. 
d. Power Off Flag. 
e. Attitude Trim Knob. 
f. Caging Knob. 
g. Bank Index. 

II. Mark each statement True (T) or False (F). 

1. The attitude bar represents the aircraft. 

2. The horizon bar is adjusted up and down for trim error. 

3. The caging knob proxrides for quick erection of the gyro 

when pulled out. 

4. The gyro operates on the principle of precession. 

5. The speed of the gyro is approximately 50 rpm. 

6. The erection system operates on the principle of precession. 

7. The erection system speed is approximately 21,000 rpm. 

8. The attitude bar is linked to the gyro's outer gimbal ring. 

9. The power requirement for the power off flag is 28V DC. 

10. The roll axis is indicated by comparing the horizon bar to 
the attitude bar. 

11. If the bank pointer is deflected to the right, the aircraft 
is turning right. 

12. If the horizon bar is above the attitude bar, the aircraft 

i s diving. 

Ib39 
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Answers to Frame 16: 1« b_ 

Answers to Frame 17: 

I. 1. ̂  2. d 3. a 4. b_ 5. £ 6. f̂  

II. 1. T 2. F 3. T . 4. F 5. F 6. T 

10. F 11. F 12. T 

1^4>1 

1' £ 

7. F 8. F 9. F 

If you have missed any questions in frame 17, return to the 
appropriate frame to insure a complete knowledge of the materials 
presented in Section B. After you have reviewed this section ask 
the instructor for the appraisal for Section B. 
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Section C 

DIRECTIONAL GYRO INDICATOR 

Frame 18 D 
The Directional Gyro Indicator (below) is an auxiliary instrument 

which p ovides a visual indication of aircraft heading. This heading 
information can be used for navigational purposes. This indicator is 
also used in event of failure of the main aircraft compass system. 
Under normal flight conditions, the aircraft compass system uses the 
earth's magnetic field as directional reference. The Directional Gyro 
Indicator does not use the earth's magnetic field as a reference; 
therefore, it can be used in polar regions, or where the earth's magnetic 
field is not reliable. 

Operating voltage .26 j : 3 volts, 400 ± 
gyroscope 40 cps, three phase. 

Operating voltage 181 2 volts dc 
clutch 

Total length 9-1/16 inches max 

Width 3-5/16 Inches max 

Height 3-5/18 inches max 

Weight 4.3 pounds max 

Directional Gyroscopic Indicator, 

Place a checkmark (/) in front of the t rue statements below. 

1; The function of the Direct ional Gyro Indicator i s to provide 
a v i sua l ind ica t ion of a i r c r a f t heading. 

The Direct ional Gyro Indicator cannot be used as an aux i l i a ry 
instrument. 

The Direct ional Gyro Indicator does not use the e a r t h ' s 
magnetic f ie ld as a d i rec t iona l reference. 

h]n I 
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Frame 19 

The heading display is & calibrated dial that rotates relative 
to a fixed index (top lubber line). The dial contains increments 
every five degrees. Numbers are provided every thirty degrees. 
The dial also has the letters "N, S, E, and W" at the cardinal 
headings. The dial is read beneath a lubber line at the top of 
the indicator. The lubber line is in line with the nose of a 
miniature aircraft symbol. Two other indices are provided as 
reference marks used in making 45" and 90" turns. The dial of a 
Directional Gyro is illustrated below. 

Complete the statements below by underlining the correct answer(s). 

1. The dial has reference increments every (1, 5, 10, 15) 
degrees. 

2. The dial has numbers every (5, 10, 15, 30) degrees. 

3. (Numbers, letters) are provided at the four cardinal headings. 

4. Indices are provided for making (15, 45, 60, 90) degree turns. 
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Answers to Frame 18: / 1, 2. / 3. 

Frame 20 

This indicator does not use outside signals, such as the earth's 
magnetic field, as a directional reference. Before accurate heading 
indications can be read from the indicator, the correct magnetic heading 
must be manually set on the dial. Setting the dial to the correct 
heading is accomplished by using the spring loaded push-to-set knob on 
the front of the indicator. 

Complete the statements below by underlining the correct answer. 

1. The function of the knob on the front of the indicator is to 
position the (indicator gyro, indicator dial). 

2. The indicator uses (no, one, three) outside heading 
references(s). 

.h]A3 
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Answers to Frame 19: 1. 5 2. 30 3. letters 4. 45, 90 

Frame 21 

Normally the position of the indicator dial is controlled by 
a gyro inside the indicator case. Because the gyro drifts due to 
bearing friction and the earth's rotation, the pilot must constantly 
monitor and reset the dial. Resetting the dial to the correct aircraft 
heading is done to obtain accuracy in making aircraft turns. 

Complete the statements below by underlining the correct answer(s) 
in the parentheses. 

1. The position of the indicator dial is controlled by a 
(compass, gyro). 

2. The dial must be manually set to the (degree of aircraft 
turn, aircraft heading). 

41 
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Answers to Frame 20: 

Frame 22 

1. indicator dial 2. no 

When the dial is set to the correct heading, a change in aircraft 
heading causes the dial to turn the same amount that the aircraft has 
turned. The new aircraft directional heading can then be read at the 
top lubber line. Because this indicator uses a gyro as a stable 
reference, it is mora accurate in turns than the magnetic compass. The 
aircraft magnetic compass is not accurate because its magnets and dial 
are mounted in fluid for damping purposes. This causes the dial to lag 
the actual heading during turns. 

Complete the statements below by underlining the correct answer(s) 

1. Aircraft directional heading is read at the (top, bottom) 
lubber line. 

2. A (magnet, gyro) inside the indicator case provides a stable 
reference during aircraft turns. 

3. The (Directional Gyro Indicator, Magnetic Compass) is more 
accurate during aircraft tuims. 

1^45 
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Answers to Frame 21: 1. gyro 2. aircraft heading 

Frame 23 

The Directional Gyro inside the indicator case has a horizontal 
spin axis. The spin axis is maintained parallel to the earth by 
means of a leveling circuit. This circuit senses when the gyro spin 
axis is not level. Through the gyroscopic principle of precession, 
the gyro is precessed back to level. 

GYRO 

SPIN AXIS 

€ 

Complete the following statements below by underlining the 
correct answer(s). 

1. The indicator gyro has a (vertical, horizontal) spin axis. 

2. (Rigidity, Precession) is the gyroscopic principle which is 
used to keep the gyro level. 

43 
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Answers to Frame 22: 1. top 2. gyro' 3. Directional Gyro 

Indicator 

Frame 2A 

With the gyro held level by the leveling circuit, the gyroscopic 
principle of ridigity holds the gyro in a fixed position. As the air­
craft turns, the indicator case turns with it, while the gyro holds its 
fixed position. This causes the dial to turn the same amount that the 
aircraft and indicator has turned about the gyro. The new aircraft 
heading is then read at the top lubber line. 

\^< 

^ 

vV 

Complete the following statements below by underlining the 
correct answer(s). 

1. The gyroscopic principle of (rigidity, precession) enables 
the gyro to hold a fixed position during turns. 

2. The indicator (dial, gyro) turns the same amount as aircraft 

turns. 
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Answers to Frame 23: 1. horizontal 2. precession 

Frame 25 

Operation of the Directional Gyro Indicator will be covered in 
three parts: 

1. Gyro assembly. 

2. Synchro assembly. 

3. Front panel (dial) assembly. 

Refer to the drawing below to learn the three major parts of the 
indicator. 

INPUT FROM THE OUTPUT TO 
REMOTE GYRO REPEATER 

DIAL ASSY, SYNCHRO ASSY. GYRO ASSY. 

List in the spaces provided below, the three major parts of the 
Directional Gyro Indicator. 

1. . 

2. ^ . 

3. 

C 
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Answers to Frame 24: 

Frame 26 

1. rigidity 2. dial 

Tlie gyro assembly contains the gyro. The gyro provides the stable 
reference for obtaining heading and turn signals. This heading informa­
tion is sent mechanically through the synchro assembly and to the 
indicator dial. 

Complete the statements below by underlining the correct answer(s). 

1. The gyro is located in the (dial, chassis, synchro) assembly. 

2. The (indicator dial, gyro) provides a stable reference for 
turn information. 

IG49 
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Answers to Frame 25: 

3. dial assembly 

1. gyro assembly synchro assembly 

Frame 27 

The gyro spin axis is held parallel to the earth by a leveling 
device. This unit senses when the spin axis of the gyro has drifted 
from level. When the gyro is not parallel to the earth, the leveling 
devices apply power to a torque motor. Through the gyroscopic principle 
of precession, the gyro is driven back to iw/el. 

( 

\ 

Complete the statements below by underlining the correct answer(s). 

1. The gyro spin axis is held (parallel, perpendicular) to 
the earth. 

2. When the gyro spin axis drifts from level, power is applied 
to a (torque motor, synchro). 

3. The gyroscopic principle of (rigidity, prectssion) drives 
the gyro back to level. 

47 
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Answers to Frame 26: 

Frame 28 

1. chassis 2. gyro 

In the diagram below, Figure B shows a directional gyro that is 
level. Notice that the two hairsprings are to-iching the half circle 
conductor (slip ring) that is mounted between the gyro case and outer 
gimbal. Leveling does not occur at this time because both brushes 
(hairsprings) are contacting the slip ring. Figure A shows that 
leveling is taking place because the gyro spin axis is not parallel 
to the earth. Notice that only one brjsh is touching the slip ring. 
This causes the torque motor to operate which precesses the gyro back 
to level. When the gyro is again level, both brushes contact the slip 
ring and the torque motor stops operating. 

Figure A Figure B 

Complete the statements below by underlining the correct answer(s). 

1. Torquing occurs when (one brush, both brushes) coatact(s) 
the slip ring. 

2. When the gyro is (level, unlevel), torquing occurs. 

1^51 
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Answers to Frame 27: 1. parallel 2. torque motor 

c 

IS71 
precession 

Frame 29 

A gear is mounted on the base outer gimbal of the gyro assembly 
(refer to gear A below). Gear A engages with a vertically mounted 
gear (gear B) in the synchro assembly. During aircraft turns the 
gyro and gear A hold a fixed position. As the aircraft turns around 
the gyro, motion is transferred to gear B. This motion from gear B is 
transmitted through the magnetic clutch to the indicator dial. Thus, 
as the aircraft turns mechanicl motion is transferred from the gyro 
to the dial which indicates the new heading. Gear C is used to set 
the dial to a magnetic heading without disturbing the position of the 
gyro. The procedure for setting the dial is covered in a later frame. 

DIAL GEAR C GEAR B 

'^sprN AXIS 

i ClUTCH 
r SWITCH 

Complete the statements below by underlining the correct answer(8). 

1. As the aircraft turns, the gyro assembly gear A (turns, 
remains fixed). 

2. Gear B (turns, remains fixed) as the aircraft turns. 
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Answers to Frame 28: 1. one brush 2. unlevel 

Frame 30 

The synchro assembly in most cases is not used. This assembly 
enables the Directional Gyro Indicator to be used as a repeater 
indicator. As a repeater, the indicator gyro is not used. The 
indicator dial will operate from an input signal from a gyro located 
at a different location in the aircraft. The input signal from a 
remote gyro would be applied to the stator windings of synchro Bl 
in the synchro assembly (refer to the diagram). The synchro stator 
will cause the rotor to be repositioned. The rotor of synchro Bl is 
mechanically linked to the indicator dial, causing it to turn as the 
aircraft heading changes. 

INPUT FROM THE 
REMOTE GYRO 

OUTPUT TO 
REPEATER 

L 

^Hc 

/ 

\ 

-̂  

\ 

/ 

ff^^*^*0l^^^^ ^ 

Complete the following statements below by underlining the 
correct answer(s). 

1. The Directional Gyro Indicator (can, cannot) be used as a 
repeater indicator. 

2. As a repeater indicator, signals would come from (inside 
the indicator case, a remote gyro). 

IG53 
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Answers to Frame 29; 1. remains fixed turns 

isil 

c 
Frame 31 

The synchro assembly also contains a transmitting synchro, B2 
(refer to diagram). This synchro (B2) provides the Directional 
Gyro Indicator with the capability to provide an output (heading) 
signal to a repeater indicator located in some other part of the 
aircraft. As the aircraft turns, the mechanical motion which is 
transmitted through the synchro assembly to the dial, also re­
positions the rotor of B2. The rotor of B2 changes this mechanical 
motion into an electrical signal in the stators of B2. This signal 
can be transmitted to another indicator which will indicate the same 
heading as the Directional Gyro Indicator. 

INPUT FROM THE 
REMOTE GYRO 

OUTPUT TO 
REPEATER 

€ 

Complete the statements below by underlining the correct answer(s). 

1. Synchro (Bl, B2) enables the indicator gyro to operate 
repeater indicators. 

2. The rotor of B2 changes a mechanical motion to an (electrical, 
input) signal. 

^g 
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Answers to Frame 30: 

Frame 32 

1. can 2. a remote gyro 

The dial assembly consists of the; 

1. Dial (A in illustration below). 

2. Push-to-set kjiob (B). 

3. Clutch switch (C). 

The dial provides an indication of the aircraft heading. To be 
accurate, the dial must be set to the correct heading. The t̂ ilot must 
be able to set the dial without affecting the position of the gyro. 
When setting the dial to the correct aircraft heading, the mechanical 
linkage between the gyro and the dial must be disengaged. 

O 

MAGNETIC 
COUn'iNC 

J. CLUTCH 
~ SWITCH 

Place a checkmark (/) in front of the true statements below. 

_1. To obtain accuracy when reading the indicator, the gyro must 
be set to the correct heading. 

__2. When setting the dial, the position of the gyro must not be 
affected. 

_3. When setting the dial, the mechanical linkage between the 
dial and gyro is angaged. 

52 
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Answers to Frame 31: 1. B2 2. electr ical 

% 

Frame 33 

When the push-to-set knob on the front of the indicator i s 
pushed in, a set of contacts (clutch switch) i s closed. Closing 
the clutch switch energizes the magnetic clutch (refer to diagram). 
With the clutch energized, turning the knob causes gear C to turn. 
As gear C turns the indicator dial also turns without affecting the 
position of the gyro. 

© 

DIAL 

INPUT ^«OM THe 
REMOTE GYRO 

OUTPUT TO 
REPEATER 

GEAR C CLUTCH 

GEAR B 

CLUTCH 
SWITCH 

Complete the statements below by underlining the correct answer(s). 

1. Pushing the push-to-set knob energizes (gear A, magnetic 
clutch, gyro). 

2. Pushing and turning the knob rotates the (gyro and gear A, 
dial and gear C). 
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1. / 2. 3. Answers to Frame 32: 

Frame 34 

The indicator dial is read, simply by looking at the letter, 
niomber, or increment directly in line with the top lubber line. 
The dial should first be set to the magnetic hftaniu<j of the air­
craft. After the dial is set, it will rotate the san\a number of 
degrees that the aircraft turns. 

Complete the following statements by underlining ':.kc correct 
answer. 

1. Aircraft heading is read at the (be toxa lubber line, top 
lubber line, cardinal headings only). 

2. The dial turns the same number of degrees as the (aircraft, 
gyro) turns. 

Study the figures below, read the dial indications and write 
the indications below each illustration. 

B 
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Answers to Frame 33: i. magnetic clutch 2. dial and gear C 

Frame 35 

Place a checkmark. (/) in front of the true statements below. 

1. The Directional Gyro Indicator provides a visual indication 

of aircraft heading. 

1. The Directional Gyro Indicator uses the earth's magnetic 
field as a directional reference. 

3. The indicator dial contains increments at every five degrees. 

_4. The purpose of the push-to-set knob is to reposition the gyro. 

_5. During normal operation, the gyro controls the position of 
the dial. 

Complete the following statements by underlining the correct 
answer(s). 

6. The (top, bottom) lubber line provides the reference for 
reading aircraft heading. 

»7. The (gyro, dial) turns the same amount that the aircraft 
turns. 

In the spaces provided below, list the names of the three major 
parts of the Directional Gyro Indicator. 

8. . 

9. . 

10. 

i>>53 
55 



l^-^b 
Match the indicator parts to their function or purpose by placing 

thf?, appropriate letter from Column II in the proper space provided in 
Column I. 

Coltmin I 

_13.» Synchro assembly 

JL2^ Gyro assembly 

13. Push-to-set knob 

_14. Dial 

_13. Magnetic clutch 

Column I I 

a. Enables the dial to be 
positioned manually. 

b . Is energized when the push-to-set 
ktu3b i s depressed. 

c. Gives the indicator the capability 
of being a repeater. 

d. Contains the directional reference 
gyro. 

e. Contains increments at every 
5 degrees for reading direction. 

f. Reference from which the dial 
i s read. 

1^59 
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Answers to Frame 34: 1. top lubber line 

A. 035 degrees 

m'f 
2. aircraft 

B. 325 degrees 

Answers to Frame 35: / 1. 2. / 3. 4. / 5. 

6. top 7. dial 8. dial assembly 9. synchro assembly 

10. gyro assembly 11. £ 12. d 13. a 14. £ 15. b 

If any questions were missed in frame 35, return to the frames 
that cover the material that was missed and review it. After you 
have an understanding of the material covered in section C, ask your 
instructor the the appraisal. 

< 
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Section D 

BANK AND TURN INDICATOR 
Frame 36 

Bank and turn (turn and slip) indicators are basically designed 
as two instruments in one as shown below. There is an inclinometer (A) 
and a gyro operated turn indicator (B). The inclinometer provides a 
reference for the proper angle of bank in a coordinated turn. The 
gyro operated turn indicator provides an indication of rate of turn in 
degrees per minute and the direction (left or right) of turn. 

NO RESPONSE REQUIRED 

1661 
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Frame 37 

t The purpose of the bank and turn indicator is to indicate the 
rate of turn in degrees per minute and to indicate the coordination 
between the angle of bank and the rate of turn. 

Circle the letter(s) of the correct answers. 

1. The bank and turn indicator Indicates the 

a. direction of a turn. 
b. attitude of the aircraft. 
c. rate of turn in degrees per minute. 
d. coordination between the angle of bank and 

the rate of turn. 
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Answer to Frame 36: No response required. 

Frame 38 

The inclinometer shows the coordination between the angle of 
bank and the rate of turn. The inclinometer consists of four things. 
(See figure below.) They are: 

1. A glass tube (A). 

2. A black glass ball (B). 

3. Compass fluid to dampen the movement of the ball (C). 

4. An expansion chamber to allow for expansion and contraction 
of the compass fluid with temperature changes (D). 

The position of the black ball in the tube determines the 
coordination of the bank and turn. 

n 

Match the statements in Column A with the items in Column B by 
placing the correct letter in the place provided on the left. 

A 

1. Contains th6 compass fluid 
and black ball. 

2. Dampens the ball's movement. 

3. 

4. 

Allows the compass f lu id to 
expand. 

Indicates the coordinat ion 
of the turn and bank. 

B 

a. Black glass ball 

b. The glass tube 

c. Compass fluid 

d. Expansion chamber 

IG9^' ) j 
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Answers to Frame 37: 1. (aj b CcJ (dj 

Frame 39 

The gyro (A) that moves the turn pointer (B) is semiuniversally 
mounted (See figure below.) This gyro operates on the principle of 
precession. The power requirement for this gyro is 28V DC. The 
operating speed of the gyro is 5,200 rpm. This speed is controlled 
by a centrifugal governor. 

Circle the letter(s) of the true stateoent(s) below. 

a. The gyro in this instrument works on the gyroscopic 
principle of precession. 

b. When the aircraft turns, the gyro should tilt. 

c. The speed of the gyro Is controlled by the centrifugal 
governor. 

d. The gyro in this instrument operates on the gyroscopic 
principle of rigidity. 

e. The power requirement for this gyro is 28V AC. 

f. The operating speed of this gyro is 52,000 rpm. 

iSs.^ 
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b 1. 2. d 3. a A. Answers to Frame 38: 

Frame 40 

The centrifugal governor shown in figure below controls the speed 
of the gyro. One of the governor's contacts is stationary (A); the 
other is a spring contact (B). The spring contact can be adjusted to 
increase or decrease the speed of the gyro. 

B A 

r4:l 
--AAAAJ ~: i 

I f 
Circle the letter(s) of the correct answer(s). 

1. The purpose of the centrifugal governor is to control the 

a. movement of the ball. 

b. amount of gyro tilt. 

c. speed of the gyro. 

d. amount of centrifugal force. 

16S5 
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Answers to Frame 39: (aj {bj (cj d 

1593 

Frame 41 

As long as the gyro rotor speed is 5,200 rpm or less, the governor 
contacts are closed. If the rotor speed exceeds 5,200 rpm, centri­
fugal force throws the spring contact outward. (See figure below.)• 
This opens the circuit resulting in decreased rotor speed. After 
the rotor slows to 5,000 rpm, the contacts are ag£.in closed. The 
opening of'the governor contacts control the speed of the gyro to 
approximately 5,200 rpm. The governor can be adjusted to increase 
or decrease the speed of the gyro. This adjustment will be covered 
later in this text. 

Governor contact closed. Governor contact open. 

Circle the letter(3) of the true statement(s). 

a. The speed of the gyro rotor is controlled by a centrifugal 
governor. 

b. If the speed of the gyro exceeds 5,200 rpm, gravity opens 
•the governor contacts. 

c. As long as the rotor speed is 5,200 rpm or less, the 
governor contacts are closed. 

d. The figure on the right shows the gyro's 
speed is 5,200 rpm or less. 
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Answers to Frame 40: 

Frame 42 
© 

Match the statements in Column A to the items in Column B by 
placing the letter of the item in the correct space on the left. 

c 

_1. Indicates rate of turn and 
coordination. 

_2. Contains compass fluid and 
a black ball. 

_3. Dampens the ball's 
movement. 

_4« Allows the compass fluid 
to expand. 

_5. Indicates the coordination 
of the bank and turn. 

j6. Operates on the principle 
of precession. 

_7. Controls the speed of the 
gyro. 

a. Black glass ball 

b. Bank and turn 
indicator 

c. Centrifugeil governor 

d. Glass tube 

e. Compass f lu id 

f. Expansion chamber 

g. Gyro 

ibSV 
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Answers to Frame 41: © © 
Frame 43 

When the aircraft turns, the gyro tilts, deflecting the pointer 
in the direction of the turn. The amount the pointer deflects from 
zero is proportional to the rate the aircraft is turning. 

Circle the letter(s) of the correct answer(s). 

1. The rate of turn is determined by the 

a. direction of pointer deflection. « 

b. direction that the gyro tilts. 

c. amount of pointer deflection from zero. 

d. movement of the inclinometer. 

IGSS 
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Answers to Frame 42: 

b 1. d 2. e 3, f 4. a 5. J_6. c /. 

Frame 44 

The width of the pointer is 5/32". One pointer deflection from 
zero is equal to a rate of turn of 90" per minute. (See figure below). 

Circle the letters of the correct answers. • 

I 
1. If the pointer on the bank and turn indicator is deflected 

5/32" from zero, the aircraft's rate of turn is 

a. 180° per minute. 

b. 18° per minute. 

c. 90° per minute. 
* 

d. 136°. per minute. 

2. Figure 6 indicates that the aircraft is turning at a rate of 

a. 190° per minute. 

b. 180° per minute. 

c. 18° per minute. 

d. 90° per minute. 

1689 
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Answers to Frame 43: 

a b (c) d 

Frame 45 

The pointer deflections must be read accurately by the instrument 
repairman. To make sure you understand, let's divide the pointer into 
five equal parts. Remember we said the width of the pointer is 5/32", 
and 5/32" is equal to 90° per minute. This means that 1/32" is 1/5 of 
90° or 18°. 

1. Convert the following fractions of an inch into degrees 
per minute. 

a. 

b. 

c. 

d. 

e. 

f. 

8-

1/32" -

2/32" -

4/32" -

5/32" « 

10/32" -

1/8" -

5/16" -

degrees per minute. 

degrees per minute. 

degrees per minute. 

degrees per minute. 

degrees per minute. 

degrees per minute. 

degrees per minute. 

I 
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Answers to Frame 44: 

1. 

2. 

Frame 46 

a 

a 

b 

b 

© 
© 

Two pointer deflections are equal to 10/32" (2 x 5/32") or 180* 
per minute (2 x 90"). The figure below shows the aircraft turning 
at a rate which causes the pointer to deflect 1 and 1/2 pointer 
widths. 

Circle the letters of the correct answers. 

1, What is the aircraft's rate of turn in the figure above? 

a. 135". 

b. 125°. 

c. 145°. 

d. ISO'. 

2. How many inches is the pointer in the figure above deflected? 

a. 13/64. 

b. 15/64. 

c. 17/64. 

d. 19/64. 

1G71 
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Answers to Frame 45: 

18 a. 36 b. 72 c. 90 d. 180 e, 72 f. 180g. 

Frame 47 

In the previous frame we converted 11/2 pointer deflections 
(widths) to 15/64" not ?/32". Why? 1 1/2 pointer widths « 1 1/2 x 
5/32" «• 3/2 X 5/32" » 15/64". Always remember that one pointer 
width is 5/32"; and if the pointer is deflected one width (5/32"), 
this is 90° per minute. 

Read the indications below and indicate their readings in 
inches and degrees per minute. 

« 

o 

1. a. 

b. 

2. a. 

•PM b. 

II 3. a. 

•PM b. 'PM 

ItJ72° 
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Answers to Frame 46: 

1. 0 b c 

2. a fb 

Frame 48 

d 

d 

The inclinometer and pointer are read together to obtain the 
following information: 

1. Coordinated turn. 

2. Skid. 

3. Slip. 

During a turn, gravity and centrifugal forces act on the 
ball at the same time. If the aircraft is banked just the right 
amount for the rate of turn, both forces acting on the ball are 
equal. The ball then remains in the center. This is called a 
coordinated turn and is shown in the figure below. 

oPo 

0 
V ^ M N TURN y 

^-^ ^^ o 
Circle the letter(s) of the true statement(s). 

a. The fluid in.the inclinometer dampens the movement of 
the ball. 

b. Gravity and centifug?! forces act on the ball in a turn. 

c. If gravity and centrifugal force are equal, the ball will 
remain in the center. 

d. In a coordinated turn, the ball will stay in the ceuter 
of the inclinometer. 

1673 
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Answers to Frame 47; 

1. a. 5/32'= 2. a. 15/32" 3. a. 5/64" 

b. 90» PM b. 270° PM b. 45° PM 

Frame 49 

c 

If the bank is too steep for the rate of turn, gravity overcomes 
centrifugal force and the ball falls towards the inside of the turn. 
This type of turn is called a slip and can be seen on the figure below. 

Circle the letter(s) of the correct answer(3). 

1. During a turn, if gravity overcomes centrifugal force 
the aircraft is 

a. skidding. 

b. making a coordinated turn. 

c. turning too fast. 

d. slipping. 

i 
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Answers to Frame 48: 

0 0 0 0 
Frame 50 

If the angle of bank is too small for the rate of turn, centri­

fugal force overcomes gravity causing the ball to move to the outside 

of the turn. This type of turn is called a skid and can be seen on 

the figure below. 

Circle the letter(s) of the correct answer(8). 

1. During a turn, if centrifugsd force overcomes gravity 

the aircraft is 

a. slipping. 

b. making a coordinated turn. 

c. skidding. 

d. turning too slow for the angle of bank. 
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Answers to Frame 49: 

a b 0 
Frame 51 

( 

Circle the l e t t e r s of the true statements below. 

1. In a coordinated turn, 

a. gravity and centrifugal forces are equal, 

the bal l remains centered. 

2. 

3. 

b. 

c. 

d. 

the pointer indicates the -
direction and rate of turn. 

the picture on the right would 
indicate a coordinated turn. 

In a slip, the 

a. angle of bank is too steep 
for the rate of turn. 

b. gravity overcomes (is greater) 
centrifugal force. 

c. ball "falls" toward the inside 
of the turn. 

d. pointer indicates the direction 
and rate of turn. 

e. indication would be the same 
as on the indicator on the 
right. 

In a skid, the 

a. angle of bank is too small 
for the rate of turn. 

b. centrifugal force overcomes 
(is greater) gravity. 

c ball is "thrown" to the 
outside of the turn. 

d. pointer indicates the 
direction and rate of turn. 

e. picture on the right 
would indicate a skid. 
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Answers to Frame 50: 

a b Q d 

Frame 52 

In the spaces provide! : 

a. Indica te whether the bank and turn ind ica to r shows a s l i p , 
a sk id , or a coordinated t u rn . 

b . Indica te the amount of poin ter def lec t ion i n f rac t ions of 
an inch . 

c . Ind ica te the r a t e of turn i n degrees per minute. 

a. 

b . 

c . 

a . 

b . 

a . 

b . 

c . 
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Answers to Frame 51: 

1. 0 0 0 d 
2. © © 0 0 e 
3. 0 © © 0 . 

Frame 53 

A dashpot type damping unit (shown in the illustration below) 
controls oscillation of the gyro. It acts as a brake of the gyro 
assembly for controlling the speed that the gyro returns to its 
neutral position after a turn. The damping unit is necessary to 
prevent the pointer (controlled by gyro movement) from returning 
too fast and overshooting the zero mark (pointer oscillation). 

Circle the letter(s) of the correct answer(s), 

1.• The purpose of the damping unit is to 

a. prevent pointer oscillation. 

b. prevent inclinometer oscillation. 

c. keep the gyro rigid. 

d. keep the ball centered. 

« 
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Answers to Frame 52: 

1. a. s l ip 

b . 5/32" 

c . 90'PM 

a. co-ord 

b . 5/64" 

c . 45'PM 

3. a. skid 

b . 5/32" 

c . gCPM 

4. a. s l i p 

b . 15/32" 

c. 270*PM 

5. a. skid 

b . 15/64" 

c . 135'PM 

Frame 54 

6. a . s l i p 

b . 25/64" 

c . 225''PM 

Sensitivity, damping, centering (static balance), and centrifugal 
governor adjustments can be made on the bank and turn indicator. The 
locations of the adjustment screws (not necessarily the screws them­
selves) are shown in the figure on the right (looking from the front 
of the instrument). 

a. Item A is the damping adjustment 
screw. 

b. Item B is the sensitivity 
adjustment screw. 

c. Item C is the centering (static 
balance) adjustment screw. 

Study the locations again. Be sure 
you know the name and location of 
each adjustment screw. 

Match the names of the adjustments 
with the letters shown in the figure below. 

1. 

2. 

3. 

SensitiAd-ty adjustment 
screw. 

Centering adjustment 
screw. 

Damping adjustment 
screw. 
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Answers to Frame 53: 

b e d 0 
Frame 55 

The purpose of the centering adjustment is to align the pointer 
on zero. This adjustment is performed with the instrument cover 
removed and with no power applied to the instnanent. 

Pointer Aligned on Zero. 

Circle the letter(s) of the correct statement(s). 

a. The centering adjustment is performed with power applied 
to the instrument. 

b. The purpose of the centering adjustment screw is to align 
the pointer on zero. 

« 
c. The centering adjustment is perfoisied with no power applied. 

d. The centering adjustment controls pointer oscillation. 

e. The centering adjustment is performed with the instrximent 
cover on. 
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Answers to Frame 54: 

1. B 2. C 3. A 

Frame 56 

The purpose of the sensitivity adjustment screw is to adjust 
the pointer to indicate the correct rate of turn. 

-n. 

Pointer Adjusted to Indicate SO'PM. 

Circle the letter(s) of the correct statement(s). 

a. The sensitivity adjustment screw is used to adjust 
the pointer on zero. 

b. The sensistivity adjustment is located on the upper 
left side (looking from the front). 

c. The sensitivity adjustment is used to adjust the pointer 
to indicate the correct rate of turn. 

d. The sensitivity screw is located on the upper right side 
of the instrument. 

1631 
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Answers to Frame 55: 

0 0 
1^09 

?raae 57 

The damping adjustment screw adjusts the rate at which the 
gyro returns to its neutral position. This prevents pointer 
oscillation and/or overtravel when the aircraft returns to level 
flight after making a turn. 

Circle the letter(s) of the correct answer(s). 

1. The purpose of the damping adjustment (screw) is to 

a. prevent inclinometer oscillation. 

b. keep the gyro level. 

c. adjust the pointer on zero. 

d. prevent pointer oscillation and/or overtravel. 

1$ 
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Answers to 

' a b 

Frame 58 

Frame 56; 

0 © •::> 

The centrifugal governor adjustment screw is located on the 
gyro rotor. The purpose of this adjustment is to adjust the speed 
of the rotor at 5,200 rpm. 

Circle the letter(s) of the correct statementCs). 

a. The centrifugal adjustment screw is located on the 
upper left side of the instrument. 

b. The centrifugal governor adjustment screw is used to 
adjust the speed of the rotor. 

c. The rate of turn, indicated by the pointer, is controlled 
by the centrifugal governor adjustment. 

16S3 
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Answers to Frame 57: 

a b c 

Frame 59 

Match the' items in the right hand column to those in the left. 

1.. 

2., 

3._ 

4. 

0 

used to align the pointer 
on zero. 

adjusts rotor speed. 

used to adjust the pointer 
to Indicate the correct 
rate of turn. 

used to prevent pointer 
oscillation and/or 
overtravel. 

located on the upper 
right side of the 
indicator. 

a. Damping adjustment screw 

b. 'Centrifugal governor 

adjustment 

c. Sensitivity adjustment 
screw 

d. Centering adjustment 
screw 

e. Inclinometer 

f. Gyro 

iBs.i 
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Answers to Frame 58; 

a (b) c 

Frame 60 

An instrument test turntable as shown in the figure below, is 
used for bench checking all bank and turn indicators. The turntable 
i'3 equipped with special brackets that enable you to mount the 
indicator in the same position it will occupy in the aircraft. 
The turntable is used to simulate five correct rates of turn. 
The turntable must be checked periodically to make sure these 
simulated rates are correct. 

c 

Circle the letter(s) of the correct answer(s). 

1. The purpose of the instrument test turntable is to 

a. dampen pointer oscillation. 

b. simulate the correct amount of turn. 

c. simulate the correct rate of turn. 

d. check the speed of the gyro. 

IGSo 
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Answers to Frame 59: 

1. d 2. b 3. c 4. a 5. c 

Frame 61 

The starting voltage, damping, current drain and sensitivity 
tests are all performed with power apolied to the instrumpnr 

The starting voltage test is performed by applying the 15V DC 
to the instrument and checking to see if the rotor starts to rotate 
and continues to rotate. The purpose of this test is to check for 
excessive friction in the rotor bearings of interference between 
the rotor and the stator. 

Circle the letter(s) of the correct answer(3). 

1. The starting voltage fjst is performed to 

a. check for interference in the 15V X . 

b. check for excessive rotor bearing friction or 
interference between the rotor and the stator. 

c. simulate excessive bearing friction and stator rubbing. 

® 
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Answers to frame 60: 

a b 

Frame 62 

0 
c. 

The current drain (power consiunptlon) test is performed by 
placing an ammeter in series with the instrximent power input and 
checking for a maxijnum amperage of 150 milliamperes. If the 
current exceeds 150 milliamperes, the probable cause is excessive 
rotor bearing friction. 

Circle the letter(s) of the correct answer(s). 

1. The primary purpose of the current drain test is to 

a. measure 150 milliamperes. 

b. place the ammeter in series. 

c. check the condition of the rotor bearings. 

d. check rotor speed. 

C 

i^ST 
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Answers lo Frame 61: 

0 
Frame 63 

The damping test is performed by mounting the indicator on the 
turntable and allowing the rotor to rotate at full operating speed. 
Rotate'the turntable at 3 rpm (lOSO'PM). Suddenly stop the rotation 
of the turntable. The pointer should settle on the "zero" position 
in not less than 1 second or more than 3 seconds. If the pointer 
oscillates, overtravels, or appears sluggish, the damping adjustment 
must be made. If the pointer should oscillate or overtravel, it is 
returning too fast (in less tlian one second). If the pointer 
appears sluggish, it is returning too slowly (more than 3 seconds). 

Circle the letter(s) of the true statement(s). 

test. 
The turntable should be operated at 3*'PM for the damping 

b. The pointer should return to zero within 1 to 4 seconds. 

c. The oscillations of the pointer shoiild be counted. 

d. The purpose of the damping test is to check for pointer 
oscillations, overtravel and sluggishness. 
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Answers to Frame 62: 

a b Qj d 

Frame 64 

The sensitivity test is performed using the turntable to 
simulate the rates of turn given in the technical order. The 
purpose of this test is to check the instrument to make sure it 
is indicating the correct rate of turn. 

NO RESPONSE REQUIRED 

1659 
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Answers to Frame 63: 

a b c @ 

I. Circle the letter of the true statements below. 

Frame 65 

a. The bank and turn indicator measures turns in aegrees 
per second. 

b. Direction of turn is indicated by the bank and turn 
indicator. 

c. The degree an aircraft has turned is indicated by the 
bank and turn indicator. 

d. The bank and turn indicates the coordination between 
the angle of bank and the rate of turn. 

e. Rate of turn is indicated in degrees per minute. 

II. Match the bank and turn indicator parts to their function 
by placing the letters of the parts in Column II in the appropriate 
spaces in Column I. 

1. 

2. 

3. 

4. 

5̂. 

S. 

7. 

8. 

9. 

Column I 

Adjusts the pointer to 
the correct rate of turn. 

Aligns the pointer to 
center 

Allows the compass fluid 
to expand. 

Controls the rate at 
which the pointer 
returns to center. 

Controls the speed of 
the gyro. 

Contains the compass 
fluid. 

Dampens the movement 
of the glass ball. 

Has its speed adjusted 
to 5200 rpm. 

Indicates the coordination 

a. 

b. 

c. 

d. 

e. 

f. 

g-

h. 

i. 

Column II 

Compass fluid. 

Centering adjustment. 

Centrifugal governor. 

Dampening adjustment. 

Expansion chamber. 

Glass ball. 

Glass tube. 

Gyro. 

Sensitivity adjustment 

of the bank and turn. 
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10. Operates on the p r inc ip l e 

of precess ion. 

I I I . In the spaces provided; 

a. Indica te whether the bank and tuni indica tor shows 
a s l i p , a sk id , or a coordinated tu rn . 

b . Indica te the r a t e of turn in degrees per minute. 

a. 

b . 

a. 

b . 

a. 

b . 

i^ei 
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Answers to Frame 65: 

I. a ® c © 0 
II. _i ^1., _b 2., e 3., 

h 8.> f 9̂., h 10. 

M 

_d 4., c 5., % 6. a 1,, 

III. 

a. 

b. 

a. 

b. 

a. 

b. 

1. 

slip 

go^pM 

3. 

skid 

SO^PM 

5. 

skid 

135°PM 

2. 

a. co-ord 

b. 

a. 

b. 

&. 

b. 

45°PM 

4. 

sliE 

270-PM 

6. 

slip 

225'PM 

If any questions were missed in frame 65, return to the frames 
that cover the material that was missed and review it. After you 
have an understanding of the material presented in section D, ask 
your instructor for the appraisal. 

•̂̂ v̂ <& ^ 
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Flight Training Devices/Instrument Branch 
Chanute AFB, Illinois 

3ABR32531-WB-402 

INSPECTION, OPERATIONAL CHECK, BENCH CHECK 
AND TROUBLESHOOT THE BANK AND TURN INDICATOR 

OBJECTIVES 

1. Given a workbook, test equipment and components, perform 
an inspection and operational check of flight instruments with a 
minimum of 100% accurate workbook responses. 

2. Given a workbook, test equipment and components, perform a 
bench check of representative flight instruments with a minimum of 
100% accurate workbook responses. 

3. Given a workbook, test equipment and trainer, troubleshoot 
flight instruments with a minimum of 80% accurate workbook responses. 

EQUIPMENT 

Rate Table 
Power Control Panel 
AN/PSM-6 
Stroboscope 
Screwdriver 
Turn and Slip Indicator 
Workbook 

Basis of Issue 
1/student 
1/student 
1/student 
1/student 
1/student 
1/student 
1/student 

PROCEDURE 

The instructions necessary for the performance of a visual 
inspection, operational check, bench check, and troubleshooting the 
turn and slip indicator are given in this workbook. As"each step of 
this workbook is completed, you will be required to make some kind 
of a response. Your response may be placing a check (/) on a blank 
to indicate satisfactory or unsatisfactory results or filling in a 
blank with a voltage or current value. After you have completed the 
workbook, your instructor will check it. If you have difficulty 
completing any part of the workbook, ask your instructor for assistance. 
REMOVE ALL YOUR JEWELRY!!! 

1. Visual Inspection. 

a. Make a thorough visual check of the turn and slip 
indicator to insure that the case, cover glass, and connector are 
not dented, cracked, or corroded. List any defects in the spaces 
below. 

Supersedes 3ABR35231-WB-402, 27 March 1974. 
OPR: 3360 TCHTG 
DISTRIBUTION: X 
3360 TCHTG/TTGU-F - 200; TTVSA - 1 
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b. Check the fluid in the inclinometer to ensure that 

it is not discolored (milky) and that there are no air bubbles in 
view. 

Results Of Check 

Note: If there are any air bubbles visible in the inclinometer 
they can be removed by tilting the indicator clockwise until 
the air has returned to the expansion chamber on the inclinometer. 
This can be done while doing step c. 

c. Disconnect the cannon plug from the rear of the indi­
cator and slide the face plate, with the Indicator mounted on it, 
from the brackets on the turntable. Tilt the indicator left and 
right to ensure that the glass ball moves freely in the inclinometer. 
Replace the face plate in the holding brackets on the turntable, and 
the glass ball should center itself between the lines at the center 
of the inclinometer. 

Results Of Check 

EE u 

• d. Gently tap the indicator and check the pointer, it 
should be exactly aligned with the center mark on the dial. 

Results Of Check 

Note: If the pointer is not aligned with the center mark, you 
will make the proper adjustment later in this workbook. 

2. Bench Check—This portion of the workbook will incorporate 
the operational check, bench check, and troubleshooting objectives. 

Note: Before continuing, slide the case off of the indicator. 
Reconnect the cannon plug. 

a. Static Balance Check. 

(1) If you found that the pointer was not centered 
during the visual inspection, you can center it by turning the centering 
screw shown in figure 1. 

(2) yihtlo. you are turning the screw gently tap the 
indicator to remove any friction that may be in the mechanical linkage. 

Results Of Check 



iwa 

CENTERING SCREW 
Z DAMPING SCREW 
3. SENSITIVITY SCREW 
4. CENTRIFUGAL SCREW 

Figure 1 . Location of Adjustment Screws, 

b . S ta r t ing Voltage Check. 

(1) Make sure tha t the tu rn tab le RATE CONTROL i s in 
the OFF pos i t ion . Plug the turn tab le in to a 115V AC, s ingle phase, 
60Hz o u t l e t . 

(2) Wire the power control panel as shown in figure 2. 

NE6AT1VE LEAD 
OF AN/PSM-6 

TO TUROmBLE ~ TO 28V DC 

Figure 2. Power Control Panel Wiring Diagram. 

me 
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(3) Prepare the AN/PSM-6 for making DC voltage measure­

ments and connect it to the points ind^' ',ed on the power control panel 
in figure 2. Be sure that you observe the polarities when making 
this hookup. 

(4) Plug the cannon plug on the power control panel 
into the connector on the turntable. 

(5) Rotate the potentiometer on the power control 
panel fully clockwise. 

(6) Connect the power plug on the control panel into 
a 28V DC outlet. 

(7) Watch the gyrorotor and slowly turn the potentio­
meter counterclockwise. When the rotor begins to turn, stop turning 
the potentiometer and record the voltage reading of the PSM-6. It 

is reading 
less. 

volts. This value should be 15 volts or 

Results Of Check 

(8) Unplug the control panel from the 28V DC outlet, 

c. Current Drain Check. 

(1) Wire the power control panel as shown i.n figure 3. 

TO 28V t,C TO TURNTABLE 

NE8AT1VE LEAD 
0FAN/P8II-6 

POSITIVE LEAD 
OF AN/PSM-6 

Figure 3. Power Control Panel Wiring Diagram-

(2) Prepare the AN/PSM-6i for making DC current measure­
ments. Be sure to start this check with the range selector set to 
1,000. Connect the PSM-6 to the points indicated on the control panel 
in figure 3. Be sure to observe polarity. 

(3) Connect the power plug on the control panel to 
the 28V DC outlet. 

Ib\97 



H,2S 
(4) Watch the PSM-6. The current required to operate 

the gyro should not exceed 150 railliamps. The PSM-6 is reading 
milliampg. Allow 5 seconds for the indication to stabilize. 

Results Of Check 

S 1" 
(5) Unplug the control panel from the 28V DC outlet, 

d. Gyrospeed Cht / 

(1) Wire the power control panel as shown in figure 4. 

= TO 28V DC 

Figure 4. Power Control Panel Wiring Diagram. 

(2) Connect the power plug on the control panel to 
a 28V DC outlet. 

(3) On the stroboscope (refer to figure 5), place the 
select dial to the first STROBOSCOPE HIGH position. Plug the power 
cord of i;he stroboscope into a 115V AC, single phase, 60Hz outlet. 
THe stroboscope light should begin to flicker, if it doesn't, call 
your instructor. 

SPEED SCALE 

SELECT DIAL 
STROBE LIGHT 

Figure 5. Stroboscope. 
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(5) Place the stroboscope next to the gyro so that 
the light flickers ori the gyro. Adjust the stroboscope speed con­
trol knob until the gyro appears to be stopped. Read the speed of 
the gyro from the HIGH side of the speed scale on top of the strobo­
scope. The speed should be 5,200 RPM ± 100 RPM. Record the speed 
of the gyro on the space provided. 

lUL 

Results Of Check 

(6) Move the select dial on the stroboscope to OFF, 
and unplug the stroboscope. 

e. Damping Check. 

(1) Ensure that the power control panel is wired as 
shown in figure 4, and that it is plugged into a 2BV DC outlet. 

(2) Place the turntable directional control switch to 
either the L or R position, and the rate control knob to the 1,080 
degree position. 

Note: Watch the pointer closely as you perform the next step.-
The pointer must return to the center of the dial in no less than 
one second and no more than three seconds after the tuimtable 
has stopped. 

(3) After the turntable has made a couple of revolutions, 
turn the rate control OFF. This will cause the table to stop turning 
instantly. 

(4) If the pointer took less than one second, or mora 
than three seconds, or overshot the center mark when returning, the 
damping screw, will have to be adjusted. See figure 1 for its location. 

Results Of Check 

(5) If you have to make the adjustment of the damping 
screw, repeat steps 2 through 4 until the damping check is satisfactory. 

f. Sensitivity Check. 

(1) Ensure that- the power control panel is wired as 
shown in figure 4 and that it is connected to a 28V DC outlet. 

(2) Turn the rate table rate control to 180 degrees 
per minute. The pointer should deflect 5/16 ± 1/32 of an inch. 

(3) Record the pointer deflection on the blank provided. 

1(1^0 
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Results Of Check 

(4) If the pointer is out of tolerance, adjust the 
sensitivity screw shown in figure 1. 

(5) Test the indicator at the rates of turn given 
in table 1 below. Record the amount of deflection for each of 
the rates and indicate if it was satisfactory or unsatisfactory. 

Rate of Turn 

36 per min 

180 per min 

360 per min 

Pointer Deflection Required Pointer 

1/16 ± 1/64 

5/16 ± 1/32 

5/8 ± 1/16 

Results 
of Sat 

Check 
Unsat 

Table 1. Sensitivity Check. 

I7')0 
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g. Troubleshoo ting. 

(1) Figure 6 contains data relative to locating troubles 
in the equipment, their probable causes, and corrective measures neces­
sary to correct the problem. 

Trouble 

INDICATOR DRAWS EX­
CESSIVE CURRENT 

• 

BALL REACTION SLUG­
GISH OR ERRATIC 

STATIC UNBALANCE 
OF GIMBOL 
• 

NEEDLE OFF CENTER 

INDICATING POINTER 
APPEARS UNSTABLE 

INDICATOR POINTER 
SLUGGISH, LOW 
SENSITIVITY 

Probable Cause 

Excessive friction in 
bearings. 

Weak motor magnet. 

Excessive preload on 
bearings. 

Defective inclinometer. 

Improper adjustment 
of nuts. 

Improper adjustment 
of screw. 

Unbalanced rotor. 
Loose linkage to 
pointer assembly. 

Insufficient damping. 

Excessive gyrorotor 
speed. 

' Insufficient gyro-
rotor speed. 

Excessive friction 
in rotor bearings. 

Remedy 

Replace defective 
bearings. 

Replace magnet. 

Adjust motor ad­
justing nuts. 

Replace indicating 
assembly. 

Adjust nuts as 
required. 

Adjust screw as 
required. 

Rebalance or re­
place rotor assembly 
as necessary. 

Replace faulty parts. 

Disassemble and check 
damping unit for 
cleanliness. reas­
semble and check 
adjustment. 

Decrease speed to 
recommended value. 

Increase rotor speed 
to recommended value. 

Inspect and replace 
bearings as 
necessary. 

.Figure 6. Troubleshooting.Data. 



im 
(2) In the spaces provided below, using the infor­

mation obtained during bench check procedures and using figure 6, 
list all troubles observed during bench check, probable causes of 
each trouble, and the necessary remedy to solve each trouble. 

Trouble Probable Cause 

• 

Remedy 

Take your workbook to the instructor and have him check your 
entries. When he has checked them, disconnect all the equipment 
and return it to its proper storage place. 

^ ' / ^ > ^ 
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' FOREWORD 

This programmed text was prepared for use in Courses 3ABR32531, 
Avionic Instrument Systems Specialist and 3ABR32632B, Integrated 
Avionic Systems Specialist. The material contained herein has been 
validated using 21 students from the subject course. At least 90% 
of the students achieved the objective as stated. The average time 
to complete the text was one hour and 45 minutes. 

OBJECTIVE 

Without references, identify facts pertaining to the purpose, 
operation and/or characteristics of direct reading compasses, with 
a minimum accuracy of 75%. 

INSTRUCTIONS 

This programmed text presents information in small steps called 
"frames." Each frame is followed by some form of questioning. 
Immediately after reading each frame, you will make the required 
response. Check your answers each time with the correct answers 
shown. The correct answers will be given below the following frame. 
If you made the correct response, go on to the next frame. If you 
made an incorrect response, read the frame again before going on to 
the next frame. Work as fast as you can but DO NOT HURRY. If you 
DO NOT understand any part of this text, ask your instructor for 
assistance. 

Supersedes 3ABR32531-PT-401, 3ABR32632B-PT-401, 19 June 1974. 
OPR: 3360 TCHTG 
DISTRIBUTION: X 

3360 TCHTG/TTGU-F - 200; TTVSA - 1 
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Frama 1 

The magnetic (standby) compass (shown below) is a directional 
indicating instrument installed on all aircraft. It is located in the 
cockpit in full view of the pilot. On most aircraft it is only used 
in an emergency, such as electrical power failure or loss of other 
navigational aids. 

No Response Required 

c 
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Frame 2 

The earth's magnetic field has lines of force that are parallel 
to the earth's surface except near the magnetic poles. (See figure 
below.) At the poles, they are perpendicular to the earth's surface. 
The reason for this is that they are entering the earth at this point 
just as they do in a bar magnet. The intensity of the magnetic field 
at the poles will be greater than at any other point on the earth's 
surface. 

GEOCXAPHIC 

N0«TH f o i l 

MAGNETIC 

NORTH POie MAGNETIC 

LINES OF FORCE 

321SI-30 

Circle "the number preceding each true statement below. 

1. The magnetic lines of force are perpendictilar to the earth 
at the equator. 

2. The earth's magnetic field is parallel to the earth's 
surface except at the poles. 

3. The strength of the earth's magnetic field is greater at 
the poles. 

17!>6 
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Frame 3 

If a bar magnet ware allowed to hang freely, It would tend to 
align Itself with the magnetic lines of force of the earth. The end 
pointing at the north pole Is the north seeking pole. This same 
principle Is the principle of operation of the magnetic compass. 

The magnetic (standby) compass uses two bar magnets which alig 
with the earth's magnetic lines of force. These lines of force run 
parallel to the earth near the equator and dip Into the earth at the 
magnetic poles. Because the lines of force are perpendicular at th« 
poles the compass in polar regions is not accurate above 70 degrees 
north or south latitude due to the magnetic dip. Refer to the 
illustration below. 

( 

k 
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Circle the î nSber preceding each true statement below, 

1. Magnets in the standby compass align with the earth's 
magnetic force. 

2. The standby compass Is •t:ost accurate above 70 degrees 
north or south latitude. 

Answers to Frame 2: 2, 3. 

• / _ / / , . . 
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Frame 4 

The direction seeking element of the pilot's magnetic (standby) 
compass consists of two small bar magnets attached to a float. Also 
attached to the float is a circular £cale, or card, graduated in 
increments of 5 degrees from zero (0) to 360 degrees. The entire 
assembly is mounted on a jewel and pivot so that it is free to align 
itself horizontally with the earth's magnetic field. 

Study the drawing below to determine how the float and card are 
mounted in the compass. 

o 

CARD ASSEM81Y 

v-/. 

Circle the number preceding each true statement below« 

1. The direction seeking elements in the compass are 
permanent magnets. 

2. The scale mounted on the float assembly is graduated 
in 10 degree increments only. 

3. Bearings provide the motonting for the float assembly. 

Answers to Frame 3: 1. 
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Frame 5 

The card and float assembly Is placed in a nonmagnetic bowl 
filled with compass fluid. The compass fluid used is highly refined 
kerosene. This highly refined kerosene serves to dampen the oscill­
ation of the float assembly and reduce friction at the pivot. A filler 
cap allows for filling the compass bowl with fluid.- It is found on the 
top or bottom of the compass body. 

Look at the drawing below to determine how the compass is filled 
with compass fluid. 

NON.MAGNETIC SOWl 
CARD ASSEMBIY 

Circle the number preceding each true statement below. 

1. The compass fluid dampens the oscillation of the float 
assembly and lubricates che jewel pivot. 

2. In order for the compass to function properly, the bowl 
must be magnetized. 

3. The filler cap is located on the top or bottom of the 
compass body. 

4. The filler cap provides a means of filling the compass 
body with fluid. 

Answers to Frame 4: 1. 

17(^j 
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Frame 6 

. „..X dUpKras. at c.e .a.r of .Ka co»pa.a W P.o,idaa^for^_ 

expansion of the compass fluid due ^° J^^P^^'^g^^ii ^i^ vent at the 
phragm is vented to cockpit pressure ^^rough a small air 

Lar'of the indicator. Some " - P - " . ^ " ^ f ^ : ^ : / , L the ^aphragm. 
which is also vented and operates in the same ma 

Study the drawing below to determine how the diaphragm allows 

for expansion of the compass fluid. 

• ^ 

COMfENSATOI 
•ASSEM81Y S B A C K E T 

VENT 

CARD ASSEMllY 

-OtAPHHAGM 

1 -j»„ , r.̂ rcle around the number 
indicate the correct answer by placing a circle 

preceding the answer you select. 

Xhe purpoaa of .ha diaphrag. at tha .ac. of the Indicator case is to 

1. allow for changes in aircraft altitude. 

2. allo» for changes in variation. 

3. aUo» for expansion and contraction of the flnld due to 

f the fluid due to acceleration 

temperature changes. 

4. prevent excessive movement o 

forces. 

Answers to Frame 5: 1, 3, 4. 
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Frame 7 

A luminous bar called a lubber line is attached to the case, and 
is visible through the cover glass. This lubber line is the reference 
from which the compass card is read. 

An individual lighting system is generally provided in compasses 
for illuminating the indicator card when required. 

Look at the picture below to determine the location of the lubber 
line and the light bulb. 

COVER OPEN 

LUBBER LINE 

Indicate the correct answer by placing a circle aroiond the number 
preceding the answer you select. 

The lubber line ia 

1. a stationary reference line used to read the compass card. 

2. a moveable reference line used to read the compass card, 

3. an imaginary line used to read the compass card. 

Answers to Frame 6: 3, 
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Frama 8 

The standby compass is provided with a deviation compensator. 
Refer to the illustration below. The deviation compensator consists 
of four small permanent magnets. These magnets are turned by two 
screws labeled N-S and E-W. The function of this compensator is to 
adjust fot errors in the compass readings. 

COMPENSATOK 
MAGNF.TS 

FILLER CAP 
JEWEL AND 
PIVOT 

COMPENSATOR 
SCREW 

COMPASS 
CARD 

FLOAT 

NON.MAGNETIC BOWL 

Circle the number preceding the true statements below. 

1. Changes in temperature are compensated by the compasses 
deviation compensator. 

?.. The compensator magnets are turned by the N-S and E-W screws. 

3. The deviation compensator adjusts for errors in the compass 
readings. 

Answers to Frame 7: 1. 
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Frame 9 

Errors in the compass reading are caused by magnetic fields 
produced by electrical wiring and the metal structure of the aircraft. 
The difference between th*̂  actual magnetic heading of- the aircraft and 
the indication read on the compass card is called DEVIATION. 

Circle the number preceding the true statements below, 

1. Deviation is the difference between the actual heading and 
the ccmpass reading. 

2. The earth's magnetic field causes compass deviation. 

3. Errors in the compass reading are caused by aircraft 
electrical wiring and meted, structure. 

Answers to Frame 8: 2, 3. 

c 
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Frame 10 

Frame 10 is a subterminal frame. If you miss any of the questions 
in this frame, review the appropriate frame before continuing with the 
package. 

A. Circle the number preceding the true statements below. 

1. Bar magnets in a magnetic compass align with the earth's 
longitudinal lines. 

2. The magnetic compass is most accurate at the poles. 

3. A free swinging compass will align with the earth's magnetic 
field. 

4. The magnetic compass is not accurate at the poles because, 
in this area, the earth's magnetic field dips into tne earth. 

5. The magnetic compass is most accurate below 70 degrees latitude. 

6. The direction seeking element in the magnetic compass is an 
electromagnet. 

7. The scale mounted on the float assembly is graduated in five 
degree increments from zero (0) to 360 degrees. 

8. The float assembly is mounted on a jewel and pivot. 

9. Float oscillation is dampened by water inside the compass 
case. 

10. Highly refined kerosene provides lubrication for the jewel 
and pivot. 

11. A jewel and pivot provide a mounting for the float assembly. 

12. The diaphragm at the rear of the compass compensates for 
changes in aircraft altitude. 

13. Heading indications are read at the stationary reference 
called a lubber line. 

14. A deviation cmpensator is provided on the compass to comp­
ensate for temperature changes. 

15. The N-S and E-W screws are used to compensate for the effects 
of aircraft structure and electrical wiring. 

? 

Answers to Frame 9: 1, 3. 

.1.714 
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lion 
Frame 10 (Continued) 

Match the functions in the list to the components by placing the 
correct number in the circle on the illustration. 

t 

1. Allows the float to turn frealy. 

2. Corrects for deviation. 

3. Allows for expansion of fluid. 

A. Graduated in 5 degree increments. 

5. The reference line used to read the compass card. 

6. Nonmagnetic material to hold fluid. 

7. Place to put fluid in. 

8. Adjustment for compensating magnets. 

9. Illuminates the compass. 

10. Two north seeking magnets are attached to it. 

11 
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Answers Co Frame 10: 

^art A: 3 , 4 , 5, 7, 8, 10, 11, 13, IS. 

Part B: 

1716 
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Frame 11 

In the previous frames (1-10) you learned the construction and 
operation of the pilot's standby compass. You also learned that 
deviation was caused by metal parts of the aircraft and electrical 
wiring, and that a compensator is provided on the compass for adjusting 
for these errors. In order to perform a compass calibration (adjust­
ment of deviation errors) a compass swing is necessary. Compass swings 
can be accomplished on the ground or in the air. You will be concerned 
with only the Sight Compass Ground Swing method. 

A compass correction card is used durdLng a compass swing for 
recording aircraft compass readings, deviation errors, and aircraft 
magnetic headings. Using this card, deviation errors and corrections 
can be determined. As you learn the compass swing procedures, you will 
also become familiar with the Comnass Correction Card. A compass 
correction card is shown below. 

No Response Required 
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Frame 12 

Prior to performing a compass swing, a visual and an operational 
check will be accomplished to determine the serviceability of the 
compass. A visual inspection consists of inspecting the compass for 
a cracked cover glass or case. Also check for air bubbles in the 
fluid inside the case, this would be evidence of leakage. The fluid 
must be clear. If it is milky there is water in the fluid. Check for 
deterioration of the numbers on the compass card. Check the mounting 
screws. They should be tight and made of nonmagnetic material. 

Circle the nvonber of the true statements below, 

1. The cover glass and case are checked for cracks during 
a visual inspection. 

2. Steel screws may be used to mount the compass* 

3. Water in the compass fluid will cause it to be cloudy 
or milky. 

4. Deterioration of the card numbers should be checked 
during the visual inspection. 

171 o 
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Frame 13 

An operational check consists of two Items: 

1. Check the operation of the light to insure that it 
illuminates the compass card. 

2. Use a piece of metal or a magnet to deflect the 
compass card in both directions. 

As the float turns, watch for smooth movement of the float and 
check that the card returns to its original heading. If the float 
hangs up or does not return to its original heading, the compass 
must be replaced. 

Circle the number preceding each true statement below« 

1. An operational check consists of checking only the 
illumination of the compass card. 

2. During an operational check, security of mounting should 
be checked. 

3. The compass must be replaced if the card does not return 
to its original heading. 

Answers to Frame 12: 1, 3. 4. 

./ 7i 
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Frame 14 

Frame 11 stated that this text will cover the "sight compass" 
method of performing a compass swing. A sight compass is a standby 
compass with the deviation compensator removed, and a collimator lens 
installed on the top of the compass. The collimator is a sighting 
device which enables a person to accurately sight down the centerline 
of the aircraft. This is done, during the compass swing, to determine 
the actual magnetic heading of the aircraft. 

COLLIMATOR 

Circle the number preceding each true statement below, 

1. This text will cover the "in-flight" method of perfonumg 
a compass swing. 

2. A staiidby compass with the deviation compensator removed 
and a collimator installed on ic is called a sight compass. 

3. A sight compass is used to determine the indication of the 
standby compass in the aircraft. 

4. The collimator is installed on the sight compass to enable 
taking accurate readings of the actual aircraft magnetic 
heading. 

Answers to Frame 13. 3. 

i;2n 
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Frame 15 

Refer to the illustration below. A sighting is being made to 
determine the actual magnetic heading of the aircraft. Standing in 
front of the aircraft, tha sight compass is aligned on the centerline 
of the aircraft. Notice that the sight compass is indicating south 
(180 degrees). Therefore, 180 degrees must be added or subtracted 
from the sight compass indication to obtain the actual aircraft 
heading of north (000 degrees). 

Some sight compasses have had the compass card turned around 
on the float, so that when you stand in fromt of the aircraft you 
will read the same heading as the aircraft's compass. If che sight 
compass has had its compass card reversed, it will be painted red. 

Circle the number of the time statements b«low. 

1. A compass that has had the deviation compensator removed 
and a collimator lens installed is called a sight compass. 

2. If the floating compass card's position has been reversed 
the compass will be painted black. 

3. A sight compass that is painted red does not have to h:!ve 
180 degrees added or subtracted to or from its indication. 

Answers to Frame 14: 2, 4. 

172 i 
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Frame 16 

Compass swings are performed in areas selected and prepared for 
this task. Swing sites must be large enough to taxi or tow the 
largest aircraft, to be swung, throughout 360 degrees. The site 
must be at least 600 faet from power lines that are above or below 
ground, and metal structures and buildings• 

Circle the number preceding the true statements below. 

1. The swing site must be large enough to allow the aircraft, 
being towed or taxied, to be turned to all cardinal 
headings (N, S, E, W). 

2. Wiring below the ground will have no affect on the compass 
swing. 

3. The swing site must be at least 1000 feet from any magnetic 
disturbances, 

4. Buildings in or near the swing site may affect the results 
of a compass swing. 

Answers to Frame 15: 1, 3. 

1/22 
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Frame IV 

Because of the differences in the aircraft's magnetic field with 
the canopy up' or down and with the engines running or not running, most 
aircraft are swung with the canopy down and the engine running. Becausa 
of this, safety is important when swinging a compass. On reciprocating 
engine aircraft, the propellers are'dangerous. On jet aircraft, the 
engine intake suction is dangerous. The minimum safe distance in front 
of any aircraft is twenty-five (25) feet. The minimum safe distance 
behind any aircraft is two hundred (200) feet. 

Study the drawing below to determine the danger areas around a 
jet aircraft. 

^sB?'^ 
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I600«F AT MAX THRUST 
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o 
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Circle the number preceding the true statements below: 

1. Compass swings are normally performed with the canopy up and 
no engines running. 

2. The minimum safe distance in front of an aircraft is 50 feet. 

3. The minimum safe distance behind an operating jet aircraft is 
200 feet. 

Answers to Frame 16: 1. 4. 
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Frame 18 

Preswing! Before beginning the compass swing, all moveabl- items 
that would affect the aircraft's magnetic field should be in the 
positions that they will occupy during flight. Personnel engage'd in 
compensating the compass must remove all metal items from their person. 

Using a nonmagnetic screwdriver, null the aircraft compass 
deviation compensator. This is done by aligning the dots on the 
adjustment screws with the dots on the compensator front plate. 
Below is an example of a deviation compensator with the dots in 
alignment. 

DEVIATION 
COMPENSATOR 

m<^m 
ALIGNMENT 
DOTS 

Circle the number preceding the true statements below: 

1. A proper swing is accomplished with all items in their 
Inflight conditions and positions. 

2. Watches and rings need not be removed when compensating 
the standby compass. 

•'•$ 

3. Any materials which could affect the compass indications 
must be removed from the persons conducting the swing. 

4. Compensator nulling is accomplished by turning the adjust­
ment screw dots away from the dots on the compensator front 
plate. 

Answers to Frame 17: 3. 

70 7 

20 



lloS^t 
Frame 19 

Compass Swing; The actual compass swing consists of four parts 
or steps. During each of the steps, the four sections of the compass 
correction card will be completed. The first step in performing a 
compass swing is to determine how much error exists in the compass 
indications at the four cardinal headings (N, S, E, W). The COMPENSAT­
ING SWING section of the compass correction card is used to record 
the aircraft's actual heading and the standby compass indication. The 
difference between the actual heading and the compass indication is 
the deviation and is entered in the DEV'N column as a plus (+) or 
minus (-) value. Refer to the illustration below. The compensating 
swing section is outlined in heavy black. 
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circle the number preceding the true statements below. 

1. The purpose of the ".ompensating swing is to determine the 

2. 

3. 

A. 

amount of error that is in the sight compass. 

Values determined during the swing are recorded on the 
correction card. 

Deviation errors are determined during the compensation 
swing. 

Deviation errors will be recorded on the compass correction 
card as fractions. 

Answers to Frame 18: 1, 3. 
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Frame 20 

When performing the compensation swing, have the aircraft turned, 
using the standbj- compass reading, to within 3 degrees of the desired 
heading. Allow sufficient .time for the float to settle before 
recording the compass indication on the compass correction card. 
This indication is recorded in the AIRCRAFT COMP column (opposite N, 
the first? heading of the aircraft). Then using the sight compass, 
determine the actual aircraft heading. This is done by standing at 
least 50 feet in front of the aircraft and sighting down the longi­
tudinal axis. Read the magnetic heading from the sight compass. 
This reading will be the actual aircraft heading, and is recorded in 
the ACTUAL HEADING (M) column of the compass correction card. Refer 
to the illustration below, read each compass and note where their 
readings are recorded on the compass correction card. 
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Complete the following statements by underlining the correct response. 

1. The (sight compass, aircraft standby compass) is used as 
the reference for aligning the aircraft to the desired 
heading. 

2. When performing the compensation swdng, the aircraft will 
be headed to within (2, 3, 4, 5) degrees of the desired 
heading. 

3. In the illustration above, the actual aircraft magnetic 
heading is (356 degrees, 357 degrees, 359 degrees). 

4. In the illustration above, the standby compass indication 
is (356 degrees, 000 degrees, 002 degrees). 

5. Sightings should be taken at least (25, 50) feet from the 
aircraft. 

Answers to Frame 19: 2, 3. 
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Frame 21 

To determine the plus (+) or minus (-) value to be enterer' in 
the DEV'N column of the compass correction card, compare the actual 
heading and the aircraft compass readings that are entered on the 
form. If the actual heading is less than the aircraft compass 
indication the deviation (DEV'N) will be minus (-). Refer to the 
illustration below. 
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With the information given below each illustration, fill in the 
ACTUAL HEAD (M), AIRCRAFT COMP, and DEV'N columns. 
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C 
Answers Co Frame 20: 

1. aircraft standby compass; 2. 3; 3. 356 degrees; 

A. 002 degrees; 5, 50 feet. 
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Frame 22 

To complete the remaining, portion of the compensation swing, have 
the aircraft headed to east, and repeat the procedures outlined la 
Frames 20 and 21. The appropriate values for the east heading will be 
entered in the columns opposite the E 090. Determine the DEV'N values 
to be entered in the DEV'N column. When the entries are complete, have 
the aircraft moved to the south heading» Repeat the procedures and 
make the entries for this heading as you did for the north and east 
headings. Finish the compensation swing by having the aircraft headed 
west and repeat the above procedures. Recall that as the aircraft is 
moved to each heading, it must be positioned within 3 degress of the 
heading as shown on the aircraft's standby compass. A].so, allow 
sufficient time for the compass card to stabilize at each heading before 
the indications are entered in the AIRCRAFT COMP column of the compass 
correction card. 

Determine the deviation for each cardinal heading and compass 
indication given in the illustration below. Enter the DEV'N in the 
proper column on the correction card. 
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Answers to Frame 21: 
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Frame 23 

The next step in the swing procedures is to determine how much 
calibration (adjusting the aircraft compass) must be performed. The 
amount of calibration is determined by using the formulas on the 
compass correction card. Refer-to the illustration below. The 
formulas are outlined in heavy black. The formula labeled coefficient 
A (N-fE+S4V) . , ^ , ^ ^ ^ , ,̂ 
-̂  T is used to determine how much adjustment is necessary for 

correcting installation error. Installation error is caused by the 
improper installation of the aircraft compass in its mounting. The 
compass must be mounted exactly on the aircraft longitudinal axis. 
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Using the DEV'N values in the i l lus t ra t ion above, we will compute 
Coef A to determine how much correction i s needed for instal la t ion error. 

N + E + S + W 
Avg 

*•• instal la t ion 
error 

(-4)+(-6)-t-(+7)+(-H4) , 
4 

(Zimmi - + i i . +2 3/4 . 3 
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Frame 23 Continued 

By algebraically adding the deviation and dividing by four, it was 
determined that the amount of correction is +3. 

Using the figures given'in the formula below, compute the 
installation error (Coeff. A) for each problem. 

1. (-9) + (+9) + (-5) + (-10) 
4 

2. (+2) +(-11) + (4-3) + (+10) 
4 

3. (+2) + (-4) + (-3) + (+6) 
4 

Answers to Frame 22: 

N 000 zk^ E 090 :l; S 130 +4; W 270 +2. 

1730 

26 



/65f 
Frame 24 

Coefficients B and C are the formulas for deteralnlng the amount of 
correction that must be made on the M-S and E-W adjusting screws located 
on the compensator. Adjusting these screws compensates for errors in 
the compass caused by aircraft metal structures, motors, generators, etc. 
This is deviation error. When computing the formulas for deviation 
errors, change the sign of the subtrahend and add> 

Examples: Coef. C N:;;S (-A) • (+7) (-4) + (-7) -11 ,_ -
2 = 2 " 2 " 2 ' ~^ ^'^ " "^ 

Subtrahend 

Coef. B E - W _ (-6) - (-H4) ^ (-6) + (-14) ^ _ ^ 
10 

Using the figures given in the problems below, compute the 
cQrrectlons for each problem. 

1. N-S „ (-9) - (-5) 

2. 

3. 

4 . 

2 2 

N-S ^ (+2) - (+3) 
2 2 

N-S ^ (+2) - (-3) 
2 2 

N-S • (-8) - ( -8) 

5. E^W (+9) - (-10) 
2 ' 2 

6. E;^ (-11) - (+10) 
2 2 

7. . S;̂ £ (-4) - (+6) 
2 " 2 

8. E;̂ £ ̂  (+8) - (+B) 
2 " 2 

Answers to Frame 23: 

1.' (-24) -f (f9) , zi5 , ,3 3/, , ^ 
4 4 

2. (+15) + (-11) , -K ^ ,. 
4 4 -̂  

3. MI+hZl„4. 0 1/4 = 0 
4 4 
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Frame 25 

After Coefficients A, B, and C have been computed and the amount 
of aircraft compass error has been determined, the actual calibration 
of the compass must be performed. Coefficient A (Installation error) 
will first be compensated for. To adjust for installation error, have 
the aircraft headed north by the aircraft compass indication. Using 
noimagnetic shims (washers) remount the compass so that the proper 
amount of correction has been added or subtracted to the compass 
indication. Example +3 installation error, with the aircraft headed 
north t'OOO) remount the compass so that it indicates 003 degrees. By 
doing this you will have remounted the compass on the aircraft 
longitudinal axis. 

Circle the number preceding each true statement below, 

1. Magnetic shims are used to Install the aircraft's standby 
compass. 

2. Calibration of the compass is performed after coefficients 
are determined. 

3. Coefficient A is the formula used to determine deviation 
error, 

4. Coefficient A is compensated for by realigning the compass 
in its mount. 

5. The compass must be mounted on the earth's longitudinal axis, 

Answers to Frame 24: 

1. (-9) + (+5) , -4 -2 
5. +19 

- +9 1/2 » +10 

2. (+2) + (-3) . rl , ,0 1/2 . -1 6, Z21 . .,0 ^/2 . -11 

3. (+2) + (+3) , ±1, ̂^ ,/2 - +3 7. ::10_5 

^- (-8) + (+8) ̂  0 ^ . 
2 2 

'̂ f.O 

I 
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Frame 26 

With installation arroif adjusted, coefficients B and C (deviation 
error) will be compensated for by adjusting the N-S and E-W adjustment 
screws on the compensator. The compensator consists of two adjustable 
sets of magnets mounted on small rotatable gears. Rafer to the figure 
below. One set of magnets is for north-south, and one set is for east" 
west. Turning the screw moves the magnets to counterbalance the magnetic 
influence acting on the card magnets. The illustration shows how the 
magnets are rotated when the adjustment screw is turned* 

MAONtnC 
NtlOitS 

c 

MACNEtt 

AOJUSTINO SCMW 

CA(0 

»1V0T 

Compensator* 

Look at the drawing of the compass card (above right) with the 
magnetic needles (bar magnets) shown on the top of the card. Remember, 
the compass card continuously points to north while the case rotates 
around it. The compensator magnets are located close to the bar magnets 
and to the rear of the compass body. At north the compensator magnets 
affect the north seeking end of the bar magnets. If you rotate the 
compass body,, the compensator magnets are now positioned close to the 
south end of the bar magnets. This means that an adjustment of the 
compensator magnets will affect the north indication and have an equal, 
but opposite, effect on the south indlcati6n. For this reason, you must 
use the algebraic formulas given to determine the corrections. 

Study the drawings and visualize the position of the compensator 
magnets in relation to the magnetic needles (bar magnets) on the 
compass card. 

No Response Required, 

Answers to Frame 25: 2, 4. 
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Frame 27 

Installation error was corrected with the aircraft headed north-
Coefficient C (N-S) deviation will be compensated for with the aircraft 
on the same heading. Using a nonmagnetic screwdriver, adjust the N-S 
screw so that the correct amount of N-S deviation error is added or 
subtracted from the compass indication. Example: Coefficient C (the 
N-S deviation error) was computed to be -6. The aircraft is headed 
003 by the aircraft standby compass, ti,jn the N-S screw to subtract 
6 degrees from the compass indication. The N-S adjustment screw will 
be turned until the standby i-.ompass indication is 357. 

Circle the number.preceding the true statements below. 

1. The aircraft must be headed north to compensate for 
Coefficient A values. 

2. Coefficient C is ccrrected by using both the N-S and E-W 
adjustment screws. 

3. Coefficient C is adjusted on the N-S adjustment screw with 
the aircraft headed north. 

A. Nonmagnetic screwdrivers are necessary for correcting 
deviation errors. — ~ 

5. If the N-S deviation is +3 and the aircraft compass is 
indicating 000 degrees, the N-S screw would be turned 
so that the compass would indicate 357 degrees. 

1734 
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Frame 28 

Coefficient B (E-W) deviation is adjusted with the aircraft headed 
east (090 degrees). This adjustment is tha same as the adjustment for 
Coefficient C (N-S deviation). Example: Coefficient B (E-W deviation 
error) was computed to +5. With the aircraft headed east (090 degrees) 
by the aircraft standby compass, turn the E-W screw to add _5 degrees 
to the compass indication. Adjust the E-W screw until the standby 
compass indication is 09S degrees. 

Circle the number preceding the true statement below. 

1. Coefficient B is adjusted with the aircraf headed north. 

2. Coefficient 3 is adjusted on the E-W adjustment screw, with 
the aircraft headed east. 

3. If the E-W deviation is -4 and the aircraft compass is 
indicating 090 degrees, .the E-W screw would be turned 
so that the compass would indicate 086 degrees. 

Answers to Frame 27: 1, 3, 4. 
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Frame 29 

A residual swing is accomplished after corrections have been made 
on the compass. This portion of the swing is to determine how much 
error still remains in the compass readings after the corrections 
were made. The residual swing is similar to the compensating swing. 
The aircraft is headed to the four cardinal headings and the actual 
magnetic heading is read with the sight compass. The actual heading 
and the compass indication are entered in the appropriate columns of 
the residual swing section of the compass correction card. (Refer Co 
the illustration below.) After the residual swing has been completed, 
these values will be used to complete the TO FLY—STEER section of the 
compass correction card. 
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Circle the number preceding each true statement below, 

1. A compensation swing is performed to determine the existing 
errors after compensation has been done. 

2. Residual swings are accomplished prior to correcting for 
Coefficients A, B, and C. 

3. Information obtained during the residual swing is used to 
complete the TO FLY—STEER card. 

Answers to Frame 28: 2, 3. 
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Frame 30 

c«rd !!;^r/^I**'^'^P? ''^l^ ^^ ^^^ '^''^^°" °^ ""^^ "'"pass correction 
card which is detached and placed in a holder located in the cockpit. 
The information on this card enables the pilot to steer his aircraft 
on a magnetic heading using a compass indication that is not completely 
f^^'^^T:. The information recorded during the residual swing is used 
S J r if! ^ *" u°" T"-^ ^ " " ^^^'^ ''^^^'^ ^̂ ' •̂ ĥ  ̂ o'̂ Pass indication 

? 0 ^ Y ST???''^''. "'.^r.'!^'^"'"''- ' " ' ° " ^^ ^" illustration of a 
TO FLY—STEER card, which indicates to the pilot that 1-deerea error 

7 ^ f / f f' '"'^^"^ " ' ° ' ^̂  ̂ ^^' ̂ -^^«"- errir e S s L T SOUTH, and 2-degrees at WEST. 
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Circle the number preceding each true statement below, 

1. After completing the TO FLY—STEER card, it must be placed 
in the aircraft cockpit. 

2. The TO FLY—STEER card enables the pilot to fly accurate 
headings using the indications from an inaccurate sourca. 

Answers to Frame 29:' 3. 
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Frame 31 

Use the illustration below to determine how the information in 
the residual swing columns is used to complete the STEER column of 
the TO FLY—STEER card. Using north as an example, note that when 
the aircraft is headed 001 degrees the compass indicates 000 degrees. 
The indication is one degree less than the actual heading. Therefore, 
to fly a heading of 000 degrees, the pilot must steer by the compass 
one degree less than the actual heading, or an indicated heading of 359 
degrees to fly 000 degrees. Study the figures below to determine how 
the TO FLY--STEER values for east, south, and west are determined. 

NcaiouAc 
(WINS 

ACTUAH. 
MKAOfM) 

001 

089 

l?*^ 

A i n c x A ' T 
eoMP 

CC'C' 

C9o 

//Z) 

27? ^ 70 

eout* Ac« 

•NWN* 1 
1 

T̂Oy iSTEEH 

N 1359 
15 ! 
30 

45 1 

60 ; 

75 ' 

90 

105 
1:0 

135 

ISO 

US 

091 

• T 

T O 

160 

195 

310 

22s 

240 

235 

270 

285 

300 

31S 

sa 
345 

STf.fH 

x4 

268 

With the residual swing information given below, fill in the appropriate 
spaces in the TO FLY—STEER card. 

nesiouAL 
SWINO 

ACTUAt. 
HCAorM> 

O'TIJI. 

a 9 A. 

/ / J 

rJ^S 

AI«C«ArT 

aoc 

C9o 

/iO 

J^ro 

C0>4'>'^*» 

«*>UN« 

TO 
FLY 

N 

15 

STEER 

30 : 

^5 
60 

75 

90 j 

105 1 

120 

135 

150 

165 

• Y 

TO 
FLY 

180 

195 

210 

225 

240 

255 

270 

285 

300 

315 

330 

345 

STEM 

Answers to Frame 30: 1, 2 , 

.3 
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Frame 32 

^ Refer to the illustration in Frame 31 and notice that the aircraft 
compass indications are all exactly on the cardinal headings (000, 090, 
180, and 270). In actual practice, these indications are seldom 
possible to achieve. When the aircraft is headed to the cardinal 
headings, it is necessary to wait for the compass card to settle to its 
stable (card not moving) indications. After the compass card stops 
moving, the indication should be within 3 degrees of the cardinal 
heading. If it is not, the aircraft must be moved so that the 
indication is within 3 degrees of the cardinal heading. After the 
compass indication has settled, the.actual aircraft heading and the 
compass indication is recorded in the appropriate residual swing columns. 

In the figure below, compute the coefficients A, B, and C from the 
compensating swing readings. Then fill in the pilot's correction card 
STEER column with the residual swing readings. 

N 000 

E 090 

S 180 

W 270 

COM^CNtATINa 
tWINO 

ACTUAl. 
MCAOfM; 

004 

088 

184 

266 

(1) 

A i n c n * ^ r 
COM* 

000 

090 

180 

270 

(2) 

0 « V M 

+A 

-2 

+4 
. 

-4 

(l)-(3> 

nCilOUAL 
t«INO 

ACTUAL 
MCAofM; 

003 

090 

182 

269 

(3> 

AinCRACT 
eoMi* 

001 

090 

180 

270 

«) 

eoMVJkt* 

• W V I N * 

TO 
CUT 

N 

13 

STCER 

30 ! 

4S 

M 

75 

W 
!0S 
1» 

1U 
ISO 

1«S 

• V 

TO 

180 

195 

210 

225 
240 

255 

270 

285 
300 

315 
330 

345 

STCtR 

IF SWINGING COMPASS USED AHFvlU) OF AIRCRAFT, ADD OR SUBTRACT 180 DEGREES 

CoeffC.^.-L-4-LJ.-

Coeff B - ̂  . i-lfI-1 

Coef f A - ̂ 5y^±^ - ^ ^ ^ ^ ) \ ^ ) M ? 
4 4 

Answers to Frame 31: 

N 358. 

E 88 

S 177 

W 272 

^h'3 
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Frame 33 

After completion of the compass swing and the TO FLY—STEER card, 
it is necessary to fill in the required data on the compass correction 
card. On the front side of the TO FLY—STEER card spaces are provided 
for the following information; Type of compass, date that the compass 
swing was dona, and the initials of the person who completed the entries 
on the card. Below is an example of the entries on the TO FLY—STEER 
card. 

COMPASS 

SWUNGi 

Z(,//iP/70 
TO HY 

N 
15 

3 0 \ 

STI f l 

• Y. 

TO FIT 

180 
195 
210 

STttl 

The compass correction card containing the entries made during 
the compensation swing, computing the formulas, and residual swing 
must be filed in the shop until the next compass swing on that aircraft 
is accomplished. On the reverse side of this card spaces for the 
following entries are provided: 

Aircraft: Aircraft serial number. 
Compass: Type compass in the aircraft. 
D4ta: Data the swing was accomplished. 
Compensated and Swung by: Name of parson performing the 

compass swing. 

Below is an examplp if the reverse side of the pilot's correction card. 

Can>(t«n»<ted 
Swuiif y»i 

PtLOrS COb'PASS CCC3ECT1C;4 CASO 

AIRCRAFT 

tbi»k\\ 

OATC 

COMPCNSATCO ANO SlrUNO BY 

nMw*W/rB> tyO fWa K l ) 

Fo> Conio«n««Uoo p r o o d u m , f i«f to Spactflcatlon AN'C-106. 

(O K'JU 14)S iUl 47 BtKAcco A/TO n*a >•• MAY »J WKM it 
OatOLITf 
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The answers to Frame 32 are: 

1. Coeff. A is +1 

2. Coeff. B is +1 

3. Coeff. C is 0 

4. Compute the STEER headingsj 

N 358 

90 90 

180 178 

270 271 

After completion of this programmed text, go to the appraisal 
room and take the appraisal on the material covered in this text. 

^ iHi 
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Instrument/Flighc Control Branch 
Chanute AFB, Illinois 

3ABR32531-WB-402 (AOl) 

3ABX32632B-WB-501 
7 March 1979 

INSPECT, SWING A1«D COMPLETE PILOT'S 
CA12D, MAGNETIC (STANDBY) COMPASS 

OBJECTIVES 

Given a workbook and compass trainer, perform an inspection and 
operational check with a minimuji of 100% accurate workbook responses. 

Given a workbook, sight compass and compass trainer, swing and 
make compensation adjustments with a minimum of 80% accurate workbook 
responses. 

Given a workbook and compass trainer, accomplish the pilot's 
correction card with a minimum of 80% accurate workbook responses. 

INSTRUCTIONS 

This workbook will be used in conjunction with programmed text 
3ABR32531-PT-/S01 (3ABR32632B-PT-501), OPERATION OF MAGNETIC (STANDBY) 
COMPASS. 

READ ALL STEPS BEFORE STARTING PERFORMANCE. Complete the workbook 
by performing each step as outlined in the workbook, and by making the 
appropriate responses as required by tne workbook. Your instructor 
will obsf.rve your performance during the swing for correct procedure 
and wil] check your computations for accuracy upon completion of the 
workbook. If there is any portion of the workbook that you do not 
understand, ask your instructor BEFORE you attempt to perform that step. 

EQUIPMENT 

Direct Reading Compass Trainer 
Sight Compass (B-16 or B-21) 
Nonmagnetic Screwdriver 

Basis of Issue 
1/student 
1/student 
1/student 

PROCEDURE 

Your instructor will observe your performance during the swing 
for correct procedure and will check your computations for accuracy 
upon completion of the workbook. READ ALL STEPS BEFORE STARTING 
PERFORMANCE. 

Caution: 
person. 

Remove jewelry and all magnetic materials from your 

Supersedes 3ABR32531-ra-i01, 3<^ER32532B-WB-501, 2 June 1977. 
OPR: 3360 TCHTG 
DISTRIBUTION: X 
3360 TCHTG/TTGU-F - 250; TTVSA - 1 

Designed for ATC Course Use. Do Mot V.se on Che Job. 
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1. Inspection. Perform a visual inspection of the compass on 
the trainer, and check for the following: 

a. Evidence of leakage (air bubbles). 

b. Security of mounting (screws tight 
and of a nonmagnetic material). 

c. Float for deterioration (nimibers 
on card legible). 

cracks) . 

d. Fluid for color (milky). 

e . Cover glass (chipped g l a s s , 

Results of Checl; | 

Si u! 
Results of Check 

?l iU| 
Results of Check 
S U 

Results of Check 

S Ul 
Results oi check 
S U 

2. Swing and compensate the compass and complete the P i l o t ' s 
Correction Card. 

Note: Remove the P i l o t ' s Correction Card from the back of t h i s 
workbook. Use the correc t ion card to make appropr ia te en t r i e s 
as d i rec ted in the procedures below. 

a. Compensation Swing. 

(1) Null the compensator. 

(2) Align the trainer to the cardinal headings and 
record the actual heading and aircraft compass indications in the 
•appropriate spaces on the Pilot's Correction Card provided. 

(3) Determine the deviation errors for each heading 
and record these in the appropriate spaces on the correction card. 

b. Compensation. 

(1) Using the values obtained during the compensation 
swing and using the formulas on the Pilot's Correction Card, compute 
the amount of correction for coefficients A, B and C. 

(2) Using the tools provided, make the necessary 
adjustments on the compass. 

c. Residual Swing. 

(1) Align the trainer to the cardinal headings and 
record the actual headings and compass indications in the appropriate 
spaces on the Pilot's Compass Correction Card. 

(2) Using the values obtained during the residual 
swing, enter the appropriate STEER values for each cardinal heading 
in the appropriate spaces on the Pilot's Compass Correction Card. 
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N 000 

E 090 

S 180 

W 270 

COMPENSATING 
SWING 

! 
A C T U A l . j A IRCRAFT 

M S A O f M ; 1 COMP 
i 

1 

0 ) (2) 

O E V N 

<t)- (2> 

RESIDUAL 
SWING 

ACTUAC 
H E A D (M) 

(3) 

A IRCHAFT 
COMP 

(4) 

IF SWINGING COMPASS USED AHEAD OF AIRCRAFT, AOO OR SUBTRACT 
ISO DEGREES 

Coeff c = !fc5 = i-iji-l = 

Coeff a = ^ = U j i _ l = 

Coeff A = Nl£±S,tw,( iM •t( IH ) , 

COMPASS 

SWUNS 

P̂ O 1 STEER 

N ' 

15 : 

30 

*s i 
60 j 

75 i 

90 
105 
120 
135 
150 
165 

B Y 

TO 
F L Y 

180 

195 

210 

225 

240 

255 

270 

285 

300 

315 

330 

345 

STEER 

• an iMto—itt-its 

'" 

Compensated and 
Swung by 

DtladtrJ from DD Forn 1613 

PILOT'S COMPASS CORRECTION CARD 

A I R C R A F T 

COMPASS 

OATE 

• 

COMPENSATED AND SWUNG BY 

For Compensation procedure, refer to Specification AN-C-106. 

DD FOBM 1613 JUl 67 "EPLACES AFTO FORM 7«. MAY se WHICH IS 
OBsoLcrt 

• 

INSTRUCTOR'S SIGNATURE FOR SATISFACTORY COMPLETION 
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FOREWORD 

This programmed text was prepared for use in the 3ABR32531^ 
Avionics Instrument Systems Specialist Course and the 3ABR32632B, 
Integrated Avionic Systems Specialist Course, The material herein 
has been validated by 21 students from the respective courses. At 
least 90% of the students from the courses achieved the objective 
as stated. The average time for completion is 5 hours and 45 minutes. 

OBJECTIVE 

1. Without references, identify facts pertaining to the purpose, 
operation, and/or characteristics of attitude '"eference systems with 
a minimum accuracy of 70%. 

a. Attitude Heading Reference Systems. 

b. Compass Systems (Gyro Stabilized). 

INSTRUCTIONS 

This programmed text presents information in small steps called 
frames. Each frame is followed by some form of questioning. Imme­
diately after reading each frame, you will make the required response. 
Check your answers each time with the correct answer shown at the end 
of the following frame. If you make the correct response, go on to 
the next frame. If you make an incorrect response, reread the frame 
before going on to the next frame. Be sure that you understand the 
material in each frame before continuing. 

SPECIAL INSTRUCTIONS 

This text covers the entire auxiliary flight reference system. 
You will learn about one section at a time. You will be tested after 
each section to determine if you have acquired the necessary under­
standing of that portion. You must understand each section before 
continuing to the next. If you do not understand the text, or have a 
question, raise your hand and your instructor will help you before 
continuing. 

Handout 3ABR32531-H0-403 is provided to be used with this programmed 
text. Pages 3-10 of the HO will be used with section A of the text, 
pages 11 and 12 will be used with section B, and page 13-20 will be 
used with section C. Handout 3ABR32531-HO-403A will also be used with 
this programmed text. 

Supersedes 3ABR32531-PT-A03, 3ABR32632B-PT-502B, 14 November 1974. 
OPR: 3360 TCHTG 
DISTRIBUTION: X 
3360 TCHTG/TTGU-F - 200; TTVSA - 1 
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SECTION A - ATTITUDE REFERENCE SYSTEM 1^0*^^ 

Part I - General Description of the Attitude Reference System 
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Frame-1 

The Auxiliary Flight Reference System (AFRS) is a standby or ' 
backup system to the Inertial Bomb Navigation System (IBNS). The 
Inertial Bomb Navigation System (IBNS) is a complex system that is 
a separate career field of its own. Since some of the functions of 
the IBNS and our system (Auxiliary Flight Reference System) overlap, 
xu will be necessary to refer to the IBNS from time to time. 

NO RESPONSE REQUIRED 

Frame 2 

The Auxiliary Flight Reference System (AFRS) produces attitude 
and heading signals. These signals are applied to indicators in the 
cockpit. Major components of the Auxiliary Flight Reference System 
(AFRS) are the Displacement Gyro Package, Compass System Controller, 
Remote Compass Transmitter, and Electronic Control Amplifier. Page 
3 of HO-403 shows the components and subcomponents of the AFRS. 
Study the illustration to become familiar with the maĵ ar components. 

Write the names of the major AFRS components in the spaces 
provided below. 

1. 

2. 

3. 

4. 

nm 
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Frame 3 
IM 

The Auxiliary Flight Reference System is actually two systems inte­
grated into one. These are the Gyro Stabilized Magnetic Compass System 
and the Attitude Reference System. We will cover each system separately. 
The first to be discussed is the "Attitude Reference System." The major 
components of the "Attitude Reference System" are the Displacement Gyro 
and the Electronic Control Amplifier (EGA). (Refer to page A of HO-403.) 
Pitch and roll signals produced by the Displacement Gyro are transmitted 
to the EGA to be amplified. The amplified pitch and roll outputs from 
the EGA are transmitted to the Standby Attitude Indicator (SAI). In the 
event of an IBNS malfunction, these signals will also be transmitted to 
the Attitude Director Indicator (ADI). We will also cover the Flight 
Instrument Reference Switch (Prim-Aux Switch), Instrument Set Coupler 
(ISC), and various control relays. These subcomponents, like the SAI and 
ADI are not part of the AFRS, but are necessary for system operation. 

Study the diagram, page 4, HO-403 to become familiar with the com­
ponents and subcomponents used in the operation of the AFRS. The arrows 
show signal flow to components and indicators. 

Match the component or subcomponent in Column II to the statement/ 
function in Column I. You may refer to the diagram on page 4 of HO-403. 

I II 

( 

Are major Attitude Reference 
Sys tem components. 

Are not part of the Attitude 
System, but are necessary 
for proper operation. 

Receives and amplifies pitch 
and roll signals. 

Receives input signals 
directly from the EGA to 
provide attitude 
indications. 

Attitude Director 
Indicator 

Standby Attitude 
Indicator 

Control relay 

Electronic Control 
Amplifier 

Displacement Gyro 

Prim-Aux Switch 

Instrument Set 
Coupler 

Answers to Frame 2: 1. 
• 2 . 

3. 
4. 

Displacement Gyro Package 
Compass System Cont ro l l e r 
Remote Compass Transmit ter 
Elec t ronic Control Amplifier 

mmm^ 
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Frame 4 

The first component to be covered is the Displacement Gyroscope 
Platfoinn (Displacement Gyro). It contains two gyros; a directional 
gyro which produces heading reference signals, and a vertical gyro 
which produces pitch and roll signals. The directional gyro output 
signal is not used by the attitude portion of the AFRS, therefore its 
operation will be covered at a later time. The vertical gyro (VG) is • 
vmiversally mounted with its spin axis maintained perpendicular to the 
earth. With its spin axis perpendicular, the VG produces attitude sign; 
(pitch and roll); attitude being the position of the aircraft in relatioi 
ship to the earth's horizon. 

Using the above illustration, study the relationship between the 
aircraft and the vertical gyro and underline the correct answer. 

1. The vertical gyro references the (attitude, heading) of 
Che aircraft in pitch and roll. 

2. The vertical gyro must be (semiuniversally, universally) 
mounted to remain rigid during aircraft maneuvers. 

3. The vertical gyro has a (horizontal, vertical) spin axis. 

Answers to Frame 3: d e 1. a b c f g 2. 

d 3. b 4. 

.IWIU"-̂  ̂ '''; 



Frame 5 

So far, you know that the gyro platform (displacement gyro) 
contains the vertical gyro (VG). The VG holds a fixed position due to 
rigidity. This allows the gimbals to move about the gyro (VG) without 
changing the VG's position. Now we must produce pitch and roll output 
signals which will be used to indicate the degree of movement about the 
gyro. This is done by placing synchrotransmitters between the gyro 
gimbals. Refer to page 5, HO-403. Note the location of the pitch and 
roll transmitters (CXs) in figure A. Figure B shows the relationship 
between the gyro and gimbals with the aircraft having a nose-up attitude 
causing a change in the pitch synchro output. Figure C shows the gimbal 
relationship during aircraft roll attitudes, causing a change in the 
roll synchro output. Attitude signals are sent from the synchrotrans­
mitters to the electronic control amplifier (EGA). 

Complete the statements below by underlining the correct answer(s). 

1. The gyroscopic principle which enables the gyro to hold a 
fixed position is (rigidity, precession). 

2. When the aircraft noses up or down, a signal is produced in 
the (pitch CX, roll CX). 

3. When the aircraft banks left or right, a (pitch, roll, heading) 
signal is produced. 

4. Attitude outputs from the transmitter synchros are transmitted 
to the (gyro platform. Electronic Control Amplifiers). 

Answers to Frame 4: 

<^£iLh-



Frame 6 

The vertical gyro (VG) references the aircraft attitude in pitch 
and roll through the use of synchro transmitters. In « f ^/° P^°^dicular 
accurate output signals, the VG spin axis must be maintained perpenai 
to the earth. To keep the VG level, electrolytic gravity switches 
(sensors) and torque motors are used. The sensors are mounted on tn 
gyro or gyro gimbals and will sense an unlevel gyro in the pitci. ana 
Ses. iSe electrolytic gravity switch is a glass tube P^Ji^l^ ^^f le^ei 
a conducting substance (mercury or sodium iodide). When the gyro is 
(figure A. page 6. HO-403), the fluid does not make contact with the p^ ^^^ 
leads; therefore, the torque motor (TM) cannot operate. If «:he gyr 
level (figure B ) , the fluid completes a circuit through one winding oi 
torque motor, causing the motor to operate. The torque motor applies 
force causing precession which levels the gyro. When the Syf ̂ ^^ ̂ f ̂ otor 
back to level, the circuit is again open. The winding of '^^^^"^f direction 
that is energized determines the direction of applied force and the airec 
the gyro will precess to become level. Figure C shows the location of the 
electrolytic switches and torquers. 

Complete the statements below by underlining the correct answ 0 

• 1. The VG spin axis is maintained perpendicular to the ^arth by 

(pitch and roll transmitting synchros, electrolytic gravity switches ana 

torque motors). 

2. Current will flow in the torquer when the VG (is, is not) level. 

3. An unlevel condition of the VG will be sensed by the (electrolytic 

gravity sensor, torque motors). 

4. The torque motors are controlled by (synchrotransmltters, gravity 

sensors), 

Answers to Frame 5: 1. Rigidity 2. Pitch CX 3. Roll 

4. Electronic Control Amplifier 

i 

17̂ ^ f'\ 



)n 

l(o$0 
Frame 7 

The Electronic Control Amplifier (ECA) receives the synchro output 
signals from the displacement gyro (gyro platform). The roll and pitch 
signals are amplified and sent directly to the Standby Attitude Indicator 
(SAX) on the instrument panel. The SAX provides a visual display of the 
aircraft's attitude in the pitch and roll axis. Another indicator that 
displays the same information is the Attitude Director Indicator (ADX). 
The ADX normally operates on signals from the gyro in the Xnertial Bomb 
Navigation System (IBNS). Under normal conditions witij two indicators 
providing the same attitude indications, but operating from different 
reference gyros, the aircraft crew has a cross check of the systems and 
indicators. 

Study the block diagram below to become familiar vith signal flow 
through the system. 

ISNS INPUTS 

KEIAY 

'> 

DISFIACEMENT G Y « 0 
PACKAGE 

PITCH 

M ) - ^ -

ELECTRONIC CONTROL AMPLIFIER 

.̂ P -• ' - . ' " w VJHi.'?-
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Match the components in Column II to the statements in Column I< 
You may refer to the diagram. 

Column I 

1. 

2. 

3. 

Receives attitude outputs 
directly from the EGA. 

Amplifies outputs from the 
displacement gyro. 

Can receive outputs from 
both the IBNS and AFRS. 

Column II 

a. Attitude Director Indicator 

b. Displacement Gyro Platform 

c. Electronic Control Amplifier 

d. Standby Attitude Indicator 

Answers to Frame 6: 1. 
2. 
3. 
4. 

Electrolytic gravity switches and torque motor 
is not 
Electrolytic gravity sensor 
gravity sensor 

\ 
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Frame 8 

Refer to the schematic on page 7, HO-403, and visually trace the 
pitch and roll signals from the VG to the SAX and through each servo loop 
which positions the sphere. 

The Standby A'ttitudci Indicator receives pitch and roll signals from 
the EGA. Pitch and roll signals represent aircraft attitude in relation 
to the horizon. Both signals are applied to closed servo loops which 
consist of a control transformer (CT), an amplifier, a motor generator 
(MG) and mechanical linkage operated by the MG. Input signals are 
applied to the CT stators.• The output signal, taken from the synchro 
rotors, is amplified. The amplifier output operates the motor generator 
which mechanically repositions the indicator sphere. The same mechanical 
linkage to the sphere also repositions the rotor of the CT to null the 
signal. Pitch and roll information read from the indicator sphere is 
referenced against a miniature aircraft symbol IT"K 7~*\ mounted on 
the front of the indicator. 

le indicatoi 

Complete the statements below by underlining the correct answer(s), 

1. Pitch and roll signals originate in the (SAI, electronic 
control amplifier, displacement gyro). 

2. Signals from the rotor of the indicator CT are applied 
directly to (the sphere, an amplifier, a motor generator). 

3. The indicator motor repositions the CT rotor to (dampen 
motor movement, null the signal). 

4. Pitch and roll signals reference aircraft attitude in 
relationship to the (earth's horizon, longitudinal axis of the 
aircraft). 

Answers to Frame 7: 1. 3. 

11 
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Frame 9 

The Standby Attitude Indicator (SAI) provides visual indications 
of aircraft attitude throughout 360 degrees of roll, but it is limited 
in pitch to 90 degrees. Pitch indications are referenced against the 
Miniature Aircraft Symbol (figures A and B, page 8, HO-403) and read 
on the horizontal scale on the sphere. Each horizontal line indicates 
five degrees. Roll indications are read from the Bank Angle Scale at 
the bottom of the indicator (figure B). This scale is marked at 10, 
20, 30, 60 and 90 degree segments on both the left and right side of the 
scale The bank index moves with the sphere to provide indications of 
the degree of aircraft roll (bank). On the lower left of the sphere is 
a "Power-Off" flag, which indicates either power failure or that the 
displacement gyro has not reached stability (figure C). It takes approxi­
mately two minutes after power application to the system for the flag to 
be removed from view. 

Complete the following statements by underlining the correct 
answer(s). 

1. The sphere provides attitude indications throughout (90* pitch 
and 360° roll, 90" roll and 360" pitch). 

2. Pitch indications are read against the (bank index and 
miniature aircraft, miniature aircraft and horizontal lines on the 
sphere). 

3. Roll indications are indicated (every 10 degrees, at 10, 
20, 30, 60 and 90 degrees). 

4. The Power-Off flag disappears after (1, 2, 3, 4) minutes of 
power application. 

•) 

p-r.. Answers to Frame 8: 1. displacement gyro 2. an amplifier 

3. null the signal 4. earth's horizon 

756 
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Frame 10 

Because of structural design (configuration), carrying fuel and 
added weight (load), most aircraft must fly with a slight noseup 
attitude. On the lower right of the SAX is a "Pitch Trim Knob" (figure 
E, page 8, HO-403). It is used by the pilot to adjust the indicator 
sphere in the pitch axis to indicate straight and level flight. Figure 
D, page 8, HO-403, shows ac aircraft with its nose up due to load and 
configuration. Figure C shows the indication on the SAX before adjust­
ment. Figure E shows the sphere with an adjusted indication. 

Complete the following statements by underlining the correct answer(s). 

1. The adjustment knob on the SAX controls the sphere in its 
(roll, pitch) axis. 

2. 
aboard). 

Load indication is due to (indicator alignment, added weight 

Answers to Frame 9: 1. 
2. 
3. 
4. 

90° pitch and 360° roll 
miniature aircraft horizontal lines on the sphere 
at 10, 20, 30, 60 and 90 
2 

,»0*'̂  

13 

iny 



Frame 11 

The Attitude Director Indicator (ADI) (see illustration below), 
provides visual indications of aircraft attitude. This indicator is 
located on Che pilot's instrument panel and is the primary source of 
pitch and roll information. Operation of the attitude sphere in the 
ADI is the same as that covered in the Standby Attitude Indicator 
operation, except the sphere in the ADI also provides heading indica­
tions which will be covered in Section B of this text. Pitch, roll 
and heading indications are read against the miniature aircraft symbol. 
Pitch increments on' the ADI sphere provide indications at every 10' 
degrees. Roll increments at the bottom of the indicator are at 10, 
20, 30, 60 and 90 degrees. This indicator also has a "Pitch Trim Knob" 
provided for load and configuration adjustments. The "Power-Off" flag 
operates the same as that on the SAI. 

[ 

PITCH REFERENCE SCALE 

MINIATURE AIRCRAFT 
SYMBOL 

POWER OFF FLAG 
BANK POINTER 

8ANK SCALE PITCH TRIM KNOB 

Match the ADI component in Column XI to the s ta tements in Column I . 

2. 

3. 

Column I 

Is marked at increments of 10, 20, 
30, 60 and 90 degrees. 

Normally is out of view after two 
minutes of initial power. 

Used to compensate for load --jnd 
configuration indications. 

References pitch, roll and 
heading information. 

Column II 

Pitch Trim Knob 

Sphere 

Power OFF Flag 

Bank Angle Scale 

Miniature Aircraft 
Symbol 
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5. Comes into view whenever power 
is lost. 

IM 

J>. Contains pitch increments (markings) 
every five degrees. 

_7. When turned, will position the sphere 
in its pitch axis. 

Answers to Frame 10: 1. Pitch 2. added weight aboard 

' > 
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Frame 12 

During normal flight conditions, the "Flight Instrument Reference 
Switch" in the cockpit is at the "Prim" (Primary) position. Attitude 
inputs to the SAI are received directly from the Auxiliary Flight 
Reference System, but attitude signals to the ADI are received from the 
Inertial Bomb Navigation System. First, we will cover system operation 
with the "Prim-Aux" switch in the "Prim" position. Refer to the schematic 
on page 9 in HO-403, and locate the "Prim-Aux" switch (Flight Instrument 
Reference switch). Visually trace the Primary Good signal from the IBNS 
to relay Kl in the Instrument Set Coupler. Now, visually trace the ground 
lead for relays K2 and K3 in Misc. Relay Panel number 1 through the closed 
contacts of Kl. When energized, relays K2 and K3 provide a path for the 
pitch and roll signals from the IBNS, to the ADI. When relays K2 and K3 
are not energized (contacts up), pitch and roll inputs to the ADI are 
received from the VG in the AFRS. 

Complete the following statements by underlining the correct answer(s), 
You may refer to the schematic on page 9 in HO-403. 

1. The Flight Instrument Reference Switch is normally placed in 
the (PRIM, AUX) position. 

2. With the Flight Instrument Reference Switch in the "Prim" . 
position, relays (Kl, K2, K3) will be energized. 

3. With power applied to the system and the Flight Instrument 
Reference switch in the "Prim" position, signals to the ADI are received 
from the (IBNS, AFRS). 

4. When the Flight Instrument Reference Switch is in'the (Prim, 
AUX, either Prim or AUX), inputs to the SAI are received from the AFRS 
vertical gyro. 

5. The AFRS vertical gyro supplies signals to the ADI when relays 
K2 and K3 are (energized, deenergized). 

Answers to Frame 11: d 1. 

b 6. a 7. 

c 2. a 3. e 4. c 5. 

1.760 
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Frame 13 

The Auxiliary Flight Reference System supplies pitch and roll 
information to both the Standby Attitude Indicator and the Attitude 
Director Indicator, when the Flight Instrument Reference Switch is 
positioned to "AUX." Refer to the schematic on page 10 in HO-403. 
Notice that the PRIM-AUX-switch is in the "AUX" position, thereby 
removing the IBNS primary good signal from relay Kl in the Instrument 
Set Coupler (ISC). The contacts of Kl will be up which deenergizes 
K2 and K3 in the Misc Relay Panel //I. With the contacts of K2 and 
K?3 up, visually trace the pitch and roll signals from the APRS (dis­
placement gyro) through the pitch and roll modules in the Electronic 
Control Amplifier (ECA). The outputs of the ECA are applied directly 
to the SAI to -operate the sphere. Pitch and roll.-outputs from the 
ECA also are sent through the contacts of K2 and K3 to be applied to 
the ADI to operate its sphere. 

Referring to the schematic on page 10 in HO-403, complete the 
following statements by underlining the correct answer(s). 

1. With the Flight Instrument Reference Switch in the "AUX" 
position, all relays are (energized, deenergized). 

2. When the Flight Instrument Reference Switch is in the "AUX" 
position,- the (IBNS, APRS) supplies inputs to the Standby Attitude 
Indicator. 

3. When the Flight Instrument Reference Switch is in the "AUX" 
position, the (IBNS, APRS) supplies inputs to the Attitude Director 
Indicator. 

4. The APRS vertical gyro supplies signals to the ADI when 
relays K2 and K3 are (energized, deenergized). 

Answers to Frame 12: 1. Prim 2. Kl, K2, K3 3. IBNS 

4. either Prim or AUX 5. deenergized 
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Frame 14 

Relay Kl will be energized, only when the "Prim-A'ux" switch is 
in the "Prim" position and the pitch and roll signals from the IBNS 
are strong enough to be relied on. In the event of failure of the 
IBNS gyro or a loss of either the IBNS pitch or roll signal, the 
primary good signal will not have sufficient strength to hold relay 
Kl energized. In the event that Kl deenergizes, the system's opera­
tion will automatically be the same as if the "Prim-Aux" switch was 
placed in the "AUX" position. The SAI and ADI will receive attitude 
input signals from the Auxiliary Flight Reference System. 

Referring to page 10 of HO-403, complete the following statements 
by underlining the correct answer(s). 

1. The primary good signal energizes Kl when the (APRS, IBNS) 
pitch and roll signals are strong enough to be relied on. 

2. In event of an IBNS gyro failure, relays (Kl, K2, K3) will 
deenergize. 

3. With'^Vloss of the primary good signal, system operation 
automatically goes into (PRIM, AUX). 

Answers to Frame 13: 

Answers to Frame 14; 

1. 
2. 
3. 
4. 

1. 
2. 
3. 

deenergized 
APRS 
APRS 
deenergized 

IBNS 
Kl, K2, K3 
AUX 

PB2 
18 



Frame 15 

Match the components in Column II to the statements in Column I. 

!(,90' 

Column IX 

a. Attitude Director Indicator 

Displacement Gyro Package 

Electronic Control Amplifier 

Instrument Set Coupler 

Primary-Auxiliary Switch 

Standby Attitude Indicator 

b. 

c. 

d. 

e. 

Column I 

1. Amplifies outputs from the 
—"" ' Displacement Gyro Package. 

2. Can receive outputs from both 
the IBNS and APRS. 

3. Determines whether attitude 
- " signals will be received from 

IGNS or APRS. 

it. Receives attitude signals 
" directly from the Electronic 

control amplifier. 

. 5̂. Receives attitude signals from 
' the APRS only. 

Complete the following statements by underlining the correct 
answer(s). 

6. (Rigidity, Precession) is the gyroscopic principle which 
enables the gyro to hold a fixed position. 

7. The (electronic control amplifier, displacement gyro platform) 
receives attitude signals from the transmitter synchros. 

8. VG torquers are controlled by (electrolytic gravity sensors, 
synchro transmitters). 

9. The adjustment knob on the SAI controls the sphere in its 
(roll, pitch) axis. 

10. Changes in aircraft attitude are sensed by (synchrotransmitters, 
torque motors). 

• > • • > * • • 
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l(o^i Match the items in the illustration below to their terms or statements. 
Numbers may be used more than once. 

)̂11. Bank Angle Scale 

)12. Bank Index 

13. Comes into view when power is lost 

) 1 ^ . Adjusted to compensate for load and configuration errors 

_)15. Miniature aircraft symbol 

;i6. Pitch and Roll Sphere 

;i7. Pitch Trim Knob 

)18. Power Off Flag 

Answers to Frame 15: c 1. a 2. e 3. f 4. f 5. 

6. rigidity 7. electronic control amplifier 8. electrolytic gravity 

sensors 9. pitch 10. synchrotransmitters (3) 11. (2) 12. 

(1) 13. (4) 14. (5) 15. (6) 16. (4) 17. (1) 18. 
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If you have missed any questions in Frame 15, return to the appropri­
ate frame to insure a complete knowledge of the materials presented in 
Section A, then proceed to Part II. 

21 
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PART II - Detailed Description of the Attitude Reference System. 

' 

SPECIAL INSTRUCTIONS 

Obtain Handout 3ABR32531-H0-403A from your instructor and trace 
circuits as outlined in this section. When you have completed this 
section, have your instructor check your work. 

Frame 1 

HO-403A (AFRS Attitude System schematic) will be completely covered 
in this portion of the text. Learning the detailed operation of the 
attitude system by using the schematic will provide you with the neces­
sary knowledge for troubleshooting the system on the trainers. Inter­
spersed throughout this section will be instructions for tracing power 
and circuits using various colors for circuit distinction. Refer to the 
schematic in HO-403A and notice that it contains components and a test 
board that were not covered previously. These additional components and 
portions of the components that you will learn about were not covered in 
Part I of Section A to keep the basic system operation as simple as 
possible. 

Pov 
amp 
uni 
the 
the 
its 
sig 
anc 
pre 
toi 
oil 
26^ 

she 

sot 

NO RESPONSE REQUIRED DGl 

is 

(3' 
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Frame 2 

Consider what happens when the systems AC and DC switches are closed. 
Power is applied from the AC and DC sources, into the electronic control 
amplififi'̂  (ECA) . From here it is distributed to various components and 
units. Reference voltage, 26V AC, is applied to synchro rotors in both 
the ECA and Displacement Gyro Package (DGP). Refer to HO-403A and locate 
these synchros. The vertical gyro (VG) spin motor receives 115V.AC for 
its operation. In order for the VG to produce accurate pitch and roll 
signals it must be leveled. For a review of the pitch and roll sensor 
and torque operation refer to Frame 6, PT 403, Section A, Part I. To 
provide fast erection of the VG, 78V AC is applied to the erection 
torquers for the first two minutes of operation. After the first two 
minutes of operation, the erection torquer voltage is decreased to 
26V AC for normal erection. 

Complete the following statements by underlining the correct answers 
shown in parenthesis. 

1. The (DGP, ECA) receives power directly from the AC and DC 
sources. 

If 

DGP) . 
2. Power is distributed to the systems components from the (ECA, 

3. Power is applied to the synchro (ROTORS, STATORS). 

4. (26V AC, 115V AC, 28V DC) is applied to the VG spin motors. 

5. To provide fast erection of the VG, (26V AC, 78V AC, 115V AC) 
is applied to the erection torquers. 

6. Fast erection of the VG is accomplished during the first 
(30 sec, 1 min, 2 min) of system operation. 

> 23 
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Frame 3 

Fast e rec t ion vol tage i s obtained during the f i r s t two minutes 
by a two-minute time delay r e l a y . Refer to HO-403A and locate the 
time delay relay in the DGP. During the f i r s t two minutes the time 
delay relay i s energized and the relay contacts are in the down pos i t i on , 
applying 78V AC to the to rque r s . After two minutes, the re lay de-
energizes and the re lay contacts re turn to the up pos i t i on , providing 
a path for 26V AC to the to rque r s . Refer to the i l l u s t r a t i o n below 
for a b e t t e r understanding of the relay por t ion . 

I 
U 

26 VAC 

78 VAC 

2MIN 

\ 

^ 
26 VAC 

1 
2 MIN 

[+— 

First 2 Min. of Operation After first 2 Min. of Operation 

Complete the following statements by underlining the correct state­
ment shown in parentheses. 

1. During the first two minutes of operation the time delay 
(energizes, deenergizes) its relay. 

2. When the time delay relay is energized (78V AC, 26V AC) is 
applied to the erection torquers. 

3. After two minutes of system operation, the time delay relay 
contacts will be (up, down). 

Answers to Frame 2: 

1. EGA, 2. EGA, 3. ROTORS. 4. 115V AC. 5. 78V AC, 6. 2 min 

1768 
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Frame 4 

During the first two minutes of operation you will find that the 
power warning flags will be in view. The malfunction detector located 
in the EGA amplifier (HO-403A) receives 78V AC which provides the neces­
sary circuitry to keep the flags in view for the first two minutes. 
Located below the malfunction detector is relay K-38 which is maintained 
deenergized by the detector for the first faro minutes. When K-38 is 
not energized the AUX ATT light in the cockpit is on and the ADI and 
SAI flags will be in view. 

Complete the following statements by underlining the correct 
answers shown in parentheses. 

1. During the first two minutes of operation, the ADI and SAI 
warning flags will be (in, out of) view. 

2. Relay K-38 is (energized, deenergized) during the first two 
minutes. 

3. When power is first applied, relay K-38 provides the path 
to keep the AUX ATT light (off, on). 

4. After two minutes of operation the AUX ATT light in the 
cockpit is (on, off). 

Answers to Frame 3: 

1. energizes, 2. 78V AC, 3. u£ 

25 
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Frame 5 

NOTE: This frame contaiuj instructions for tracing power to the system 
when initial power is turned on. Answer the questions following these 
tracing instructions. 

Use a red pencil to trace the following circuitry: 

1. From the AC Power Panel, trace the A, B, and C phase of power 
into the electronic control amplifier power supply. 

NOTE: Power wiring is not shown drawn throughout the components. 
This is to reduce the confusion of a lot of wiring. Power is 
shown at the points where it is used. 

Continue tracing the three phase power at the left of pins 80, 81, 
and 82 of the first board, into the DGP to operate the VG spin motor. 

2. Trace the 26V AC power to the synchro rotors in the DGP and ECA. 

3. Trace from the 2 min time delay in the DGP, up to the relay. 
Draw, in red, the relay contacts to the down position. Trace the 78V AC 
(above the relay contacts) through (the now down contacts) to the 
erection torquers. 

4. Locate the tie point to the right of the top relay contact. 
Trace the 78V AC out pin 4 of the DGP (PI) to the malfunction detector 
in the ECA. 

NOTE: Recall that when 78V AC is applied to the malfunction detector 
relay K-38 in the ECA will not energize, allowing the AUX ATT light 
in the cockpit to be on. 

5. Trace the DC voltages from the 28V DC ESS BUS (left side of 
diagram), through pin 27 of PI of the ECA, through the top contacts of 
relay K-38. Continue out pin 28 of PI to the AUX ATT light. 

NOTE: Because K-38 in the ECA is not energized for the first two 
minutes, relay Kl in the instrvoment set coupler is not energized. 
Therefore, with no ground for the power flags, they will be in view. 

1770 
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6. Power for operation of the Rate Gyro Transmitter: Trace the 

28V DC into pin B of P9 on the Rate Gyro Transmitter. Continue through 
the inverter to the primary' of the transformer. 

NOTE: The Inverter changes DC to AC. With the loss of AC power 
the pilot still has the use of the rate of turn pointer which 
can operate off of battery power from the aircraft. 

Continue the circuitry from the transformer secondary to the gyro 
motor and to the balance bridge as shown below. The figure below shows 
only the circuitry to be traced on HO-403A. 

B 

H I . 

NOTE: Outputs and pins C and D are signal outputs to the rate of 
turn pointer and will be traced at a later time. 

27 
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7. Pitch trim reference voltage: Trace the 18V AC, in the ADI 
through the Pitch Trim Fade Pot to the Pitch Trim Pot. Continue .from 
the Pitch Trim Pot to the Pitch amplifier as shown below. The figure 
below shows only the circuitry to be traced on H0-403A. 

1. 

18 VAC 

A. 

5. 

An 

1. 

PITCH 
TRIM 

NOTE: Operation of the Pitch Trim Knob is covered in Frame 10 

of PT 403, Section A. 

1772 
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Circle the number preceeding the following true statements, 
1100 

1. 

3. 

5. 

73V AC is applied to the malfunction detector after the first two 
minutes of system operation. 

During the first two minutes of operation, the contacts of relay K-38 
allow the AUX ATT light to be on. 

Relay K-1 in the Instrument Set Coupler is energized by relay K-38 
for the first two minutei of operation. 

115V AC is applied from the system power supply directly to the rate 
of turn gyro. 

DC is applied to the Rate Gyro Transmitter and converted to AC to 
operate its gyro. 

Answers to Frame 4: 

1. j ^ , 2. deenergized, 3. on, 4. off 

1773 
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Frame 6 

After the first two minutes of system operation, the DGP time 
delay relay deenergizcs. The contacts of the relay return to their 
normal up position. At this time the gyro is leveled. Therefore, 
only 26V AC to the torquers is needed to keep the gyro level. The 
26V AC is transmitted through relays K-6 and K-7 in the ECA to the torque 
motors in the DGP. Refer to the illustration below for better under­
standing of normal system operation. 

26V/)C 

28V0C 

PITCH 
SENSOR 

^ 

ROLL 
SENSOR 

Complete the following statements by underlining the correct 
answers shown in parentheses. 

1. After the gyfo is leveled (6.5, 26, 78) V AC is applied to 
the torquers to keep the gyro level. 

2. After two minutes of operation, the voltag;e to operate the 
erection torquers is received from the (DGP, ECA, ADI). 

Answers to Frame 5! 

1. © 3. © 
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Frame 7 

que 

As the time delay relay in HO-403Ais deenergized, the 78V AC that 
was applied to the malfunction detector is also reduced to 26V AC. Note 
chat the pitch and roll outputs fron: t>* »JGP are also applied to the 
aalfunction detector. If the gyro is level and these signals are valid, 
the malfunction detector will allow r e W K-38 to energize. When the 
contact of K-38 pulled down, the circuit to the AUX ATT light is broken 
and the light goes out. Relay K-1 in tx Instrument Set Coupler is 
energized by relay K-38. Relay K-1 nov provides the ground for the ADI 
and SAX power warning flags. With the $round applied, these flags are 
biased out of view. 

Circle the number proceeding the following rrue statements. 

1. After two minutes of operation 7ST AC is applied to the malfunction 
detector. 

2. 

3. 

A. 

If, after two minutes of operation 26V AC and valid pitch and roll 
signals are applied to the malfunction detector, relay K-38 will 
energize. 

Relay K-38, when energized, causes the AUX ATT light to come on. 

Relay K-1 in the Instrument Set Coupler provides the ground to 
bias the power warning flags out of view. 

Answers to Frame 6: 

1. 26 2. ECA 
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Frame 8 

NOTE: This Framfe provides tracing instructions. 

1. Use a green pencil to trace the 26V AC from the upper left of 
the EGA through contacts of relays K-6 and K-7 into the DGP. 

NOTE: The two-minute time delay relay is now deenergized. Continue 
tracing through the contacts of the relay to the erection torquers. 

2. From the tie point located to the right of the top relay contact, 
trace in green (parallel to the red) to the malfunction detector. 

3. In the ECA, trace the output leads (bottom of the malfunction 
detector) down to relay K-38 to show that the relay is energized. (Trace 
the contacts to the down position.) 

4. Using green, trace parallel to the red from the DC Bus to the 
contacts of relay K-38. Continue through the down contacts of K-38 
through K-1 in the Instrument Set Coupler to ground. Draw the contacts 
of K-1 down (energized). 

5. Trace from ground through the contac*"" of the energized relay 
K-1, to the following: 

a. Top contacts: trace out pin V of PI through the Misc 
Switch Panel to the power warning flag in the ADI. 

NOTE: When the PRI-AUX switch in the Misc. Switch Panel is in AUX 
(as shown), the ground to bias the ADI power warning flag out of view, 
is provided by the Instrument Set Coupler. If the pilot is operating 
in the Primary position and the ADI is receiving attitude signals 
from the IBNS, ground to bias the flag out of view, is provided by 
K-1 in the Misc. Switch Panel. 

b. Bottom contact: trace out pin jj of P2 directly to the 
SAI to the power warning flag. 

NO RESPONSE REQUIRED 

Answers to Frame 7: 

1. © 3. © 
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Frame 9 

of 

te 

s 

tew. 

Î ow that the system (after two minutes) is operating normally, we 
. consider that the DGP, pitch and roll synchros are providing valid 
ccurate signals to the two indicators (ADI and SAX). V 

and 

Use a yellow pencil to trace the pitch and roll outputs of the DGP 
.c instructed below. 

1. Trace from the stator of both the pitch and roll synchros out 

ins 10» 1̂ » ^"^f ^2' ^'* ^'^^ ^5 ^"^° ^^^ ^^^' Trace the pitch output to 
lj,e stator of the pitch synchro B6̂ . Trace the roll output to the 
scators of roll synchro B5. 

2. Note the parallel paths of both the pitch and roll outputs which 
are applied to the malfunction detector. Trace these pitch and roll 
signals (above synchro B5 and B6) to the left into the malfunction 
detector. 

NOTE: In the event that any one of the three pitch and roll 
stator leads to the malfunction detector is broken or the signal 
is not valid, the detector will cause relay K-38 to be deenergized. 
K-38, in turn, will cause the AUX ATT light to come on and the 
power warning flags to come into view. 

3. Continue tracing with yellow, off of the rotors of B5 and B6 
into amplifier Al and A2. Trace the parallel lead, off of the rotor of 
both the pitch and roll signal, into the malfunction detector. Continue 
with the amplifier signal to the two motors. Trace the two servo loops. 

a. From each motor, trace the mechanical linkage to the 
rotors of output synchros Bl and B2. 

b. Trace the motor mechanical linkage to the generator 
dampening outputs back to the amplifiers. 

c. Trace the mechanical linkage back to the rotors of B5 and 
B6 to null out the signal. 

4. Trace the outputs from the stators of Bl and B2 out of the 
EGA into both the ADI and SAI. Trace the pitch and roll servo loops 
in both indicators to show that both indicators indicate pitch and roll 
attitude. 

NO RESPONSE REQUIRED 
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1705-
Frame 10 

After prolonged turns or excessive maneuvers, the gyro may not have 
remained erect. A fast erection switch is provided on the Misc. Display 
Panel to provide for fast erection. Depressing this switch provides the 
ground to energize relay K-5 in the EGA. Refer to the illustration below 
and visually trace the ground, through the fast erection sŵ .tch to relay 
K-5 in the EGA. With the contacts of relay K-5 down (as shown) 78V AC 
from the DGP has a path through these contacts to the erection torquers. 
Follow the arrows to determine the path of current flow to the torquers. 

u»-

jsn 
28V0C 

78 VAC 

r Th. 
FAST 
ERECTION 

Complete the following statement by underlining the correct answer 
shown in parentheses. 

1. The fast erection switch is located on the (DGP, Misc. Display 
Panel). 

2. When the fast erection switch is depressed, relay (K-5, K-6, K-7) 
is energized. 

3. Depressing the fast erection switch causes (6.5, 26, 78) V AC 
to be applied to the erection torquers. 

1778 
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Frame 11 

e 
y 

a 

3W 

r 

Use a purple pencil to trace the fast erection circuit. 

1. In HO-403A, trace from ground, left of pin N on P514 of Misc. 
Display Panel, through the fast erection switch, out pin M. Continue 
tracing to relay K-5 in the EGA to 28 V DC to energize the relay. 

2. Trace the relay contacts to the down (energized) position. 

3. Trace the 78V AC in the DGP out of 8 of PI. Trace into the 
EGA, at pin 13 of P2, through the two contacts of relay K-5. Continue 
to parallel the two leads, that have been colored green, to the pitch 
and roll erection torquers in the DGP. 

NO RESPONSE REQUIRED 

Answers to Frame 10 

1 . Misc. Display Panel 2. K Ŝ 3 . _7i 
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Fraiiie 12 

Recall from Section A that che device used to sense when the gyro 
is not level, are pitch and roll sensors (electrolytic switches). These 
sensors provide -he control phase to the pitch and roll erection torquers. 
Because these devices use fluid for their operation, they are also sensitive 
to aircraft turns and acceleration forces. During aircraft turns or 
periods of acceleration, the fluid in the sensors will displace from center 
causing the pitch and roll torquers to start operating even though the 
gyro is not out of level. If at this time the voltage to the torquers i-
not reduced, the torquers will precess the gyro to a false level. 

Circle the atimber preceeding the true statements below. 

1. Pitch and roll electrolytic switches, sense that the aircraft is 
accelerating or turning. 

2. Aircraft turns and acceleration affect the torquers as if the gyro 

was not level. 

k 

(•7 SO 
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Frame 13 

Xo reduce false erection, two sensors (turn and acceleration) are used 
sense when the aircraft is acceleration or turning. These two sensors 

' electrolytic switches containing fluid. Whenever'the aircraft turns 
* accelerates the fluid is displaced from center to provide a ground 
jhich energizes relays K-6 and K-7. Relays K-6 and K-7 are located in 
he EGA. When energized these relays reduce the erection torquer voltage 
f oo 26V AC to 6.5V AC. Reducing the erection torquer voltage, reduces 
ug aino"̂ ^ of false erection. Refer to HO-403A and visually trace from 
he two sensors to relays K-6 and K-7. Note that when these relays are 
nergized by the sensors, the lower contacts provide the path for 6.5V AC 
be applied to the torquers. 

Circle the number preceeding the true statements below. 

1. 

2. 

3. 

False erection is reduced by acceleration and turn sensors. 

Acceleration and turn sensors are electrolytic switches. 

During aircraft acceleration or turns the sensors energize K-5 
in the ECA. 

During acceleration and turns the erection torquers receives 78V AC. 

Answers to Frame 12: 

© © 
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Frame•14 

Use a brown pencil to trace the false erection-reduction circuit. 

1. Trace from the two grounds through the turn accelerometer sensor 
and the accelerometer sensor out pin 9 and 16 of PI on the DGP. Continue 
into the ECA to and through relays K-6 and K-7. 

2. Trace the contacts of K-6 and K-7 to the down (energized) 
positions. 

3. Trace the 6.5V AC through the down contacts of K-6 and K-7 
through the up contacts of relay K-5. Continue to parallel the two leads, 
which have already been traced purple and green, to the pitch and roll 
erection torquers. 

NO RESPONSE REQUIRED 

Answers to Frame 13: 

0 0 3. 4. 
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Frane 15 

Located at the base of the ADI, is a rate of turn pointer. This pointer 
controlled by the rate gyro transmitter located above the ADI on HO-403A. 

^̂  ratio" of the rate of turn pointer was covered in the Bank and Turn PT. 

Use a blue pencil to trace the rate of turn circuitry. 

1. Trace from the bridge network in the Rate Gyro Transmitter, 

out pins C and D of P9. 

2. Trace from pins C and D into the ADI to the rate of turn meter 
oovement. 

NO RESPONSE REQUIRED 
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Frame 16 

Refer to HO-403A and note that the AC power from the AC power panel 
muct pass through the contacts of the AFRS Power Relay K-1 before entering 
the EGA. This relay is energized when the GYRO-OFF switch on the ground 
check panel is positioned to OFF. When this relay is energized, no power 
is applied to the gyros. This switch is positioned to OFF when it is 
necessary to have power applied to the system but not necessary for the 
gyros to be in operation. 

Complete the following statements by underlining the correct answer 
shown in parentheses. 

1. The GYRO-OFF switch is located on the (DGP, Ground Check Panel). 

2. When the GYRD-OFF switch is in the (GYRO, OFF) position power 
is applied to gyros. 

3. Power is removed from the gyros vhen the AFRS Power Relay K-1 
(is, is not) energized. 

17S4 
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panel > 
entering 1 
ground Ij 
3 power 
is %i 

c the ^' 

/7/a 
After completion of this text check the master diagram to determine 

if you have traced the circuits correctly'. 

^swers to Frame 16: 

1. Ground Check Panel 2. Gyro 3. is 

APPRAISAL 
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ni3 SECTION B - GYRO STABILIZED MAGNETIC COMPASS SYSTEM 

Section B is designed to teach you the components, component 
operation and modes of operation of the Gyro Stabilized Magnetic 
Compass System. 

SPECIAL INSTRUCTIONS 1 
Illustrations and diagrams from pages 11 through 13 in HO-403 

will be used with this section of the text. 

1786 
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Frame 1 ' ' ' ' 

The AFRS furnishes both attitude and heading reference signals 
-J, the indicators. Now you will cover the heading portion, which is 
gcually a Gyro Stabilized Magnetic Compass System. What is a Gyro 
gj-abilized Magnetic Compass System? It is a system which uses a 
directional gyro (DG) to provide heading signals to an instnunent 
yjjich indicates aircraft direction. Because the DG drifts due to the 
catch's rotation, the DG heading output signal would be inaccurate if 
ijoC corrected. This error is compensated for by a direction sensing 
component that senses the north-south direction of the earth's magnetic 
field. This sensing unit produces a signal that maintains the gyro at 
its original reference position, thereby correcting for drift. The 
sensing unit, by correcting for drift is in a sense referencing the 
pg to the earth's N-S magnetic field. Therefore, the input to the 
indicator is a (̂ ro Stabilized Magnetic heading signal. 

NO RESPONSE REQUIRED 

Frame 2 

The major components of the compass system are the Displacement 
Gyro, Electronic Control Amplifier, Compass System Controller and Remote 
Compass Transmitter. You may recall from Frame 1 of Section A that 
these components are the same as the components of the complete Auxiliary 
Flight Reference System. When covering the attitude portion of the AFRS, 
we learned how the Displacement Gyro and Electronic Control Amplifier 
affected the Attitude Reference System. These two components will be 
covered again with the addition of the Remote Compass Transmitter and 
Compass System controller. Three indicators that can receive heading 
outputs from the Compass System are the Bearing Distance Heading Indicator, 
Horizontal Situation Indicator and the Attitude Director Indicator. 

Study the block diagram on page 11, HO-403, to become familiar with 
the components, subcomponents, and indicators in the complete Gyro 
Stabilized Compass System. 

From the block diagram on page 11, HO-403, list the following in 
the spaces provided: 

1. 

2. 

1. 

The major components of the Gyro S tab i l i zed Compass System. 

Indicators which receive heading s igna l s from the compass system. 

a- 2. a. 

b . . b . 

c. c. 

43 
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Frame 3 

The first component that will be covered is the Displacement 
Gyroscope. The previous section stated that the displacement gyro 
package has a vertical gyro with its spin axis maintained perpendicular 
to the earth. The function of the VG is to provide pitch and roll 
(attitude) signals. The same displacement gyro package also contains 
a directional gyro (DG). Its spin axis must be maintained parallel to 
the earth. The function of the DG is to produce accurate heading outputs 
which are used to indicate aircraft direction. 

Study the drawings below. Notice that the aircraft has changed 
direction (figure B) but the gyro held a fixed position and the indicator 
indicates the new aircraft heading. 

5-

i 

Mark the following statements True (T) or False (F). 

_1. The Vertical Gyro produces heading signals. 

2. As the aircraft turns, the DG holds a fixed position. 

3. Signals produced by the DG represent aircraft heading, 

4. The DG must have a vertical spin axis. 

5. The spin axis of the DG is held parallel to the earth. 

Answers to Frame 2: 1. a. Displacement Gyro 
b. Electronic Control Amplifier 
c. Remote Compass Transmitter 
d. Compass System Controller 

a. Horizontal Situation Indicator 
b. Bearing Distance Heading Indicator 
c. Attitude Director Indicator 

44 
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Frame 4 i7/y 
Like the VG, the DG also must be leveled to produce an accur̂ ite 

ference signal. This is accomplished through the DG leveling sonsor 
[leveling pick off). This leveling sensor is mounted between the DG 
inner and outer gimbal. It consists of two transformer windings vith 
ne winding attached to each gimbal. When the DG is level, figure A, 
!j,ere is "° voltage output to the torquer because one coil will not 
induce a voltage into another coil that Is positioned 90 degrees to 
!j. If the DG drifts or moves away from level, figure B, the angle 
iationship between the two coils of the transformer change. As the 

^gle changes, a voltage is induced in the secondary. The direction 
ijje rotor and coil move will determine the polarity of the voltage. 
Yijis output is amplified and sent to one phase of the torque motor. 
yj,e other phase of the motor is a fixed phase. The voltage to the torque 
aotor tries to turn the gyro which causes it to tilt until it is level. 
When the gyro is level, the transformer windings are perpendicular (90 
(jegrees) to each other and no voltage is induced. 

Study the drawings below to determine how this leveling of the DG 
takes place. 

GYRO ROTOR 3UTER GIMSAl 

INNER GIMSAL 

AC 

DC SPIN AXIS 
NOT PARAllEl 
TO THE EARTH 

1 
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17/7. 
Complete the statements below by under l ining the correc t answer. 

1. To be accura te , the d i r e c t i o n a l gyro sp in axis i s kept 
(perpendicular , hor izonta l ) to the e a r t h . 

2. The DG leve l ing sensor output i s applied to the (torque 
motor, gyro) motor. 

Answers to Frame 3: 

1 , F 2. T 3 . T 4. F 5. T 

•at 

^ 
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Frame 5 
ni$ 

> 

When the directional gyro is operating and leveled, rigidity causes 
it to hold a fixed position. As the aircraft turns, the displacement 
gyro case turns with the aircraft, while the gyro and the outer gimbal 
hold a fixed position. Refer to page 12 in HO-403 to locate and deter­
mine the relationship between the gyro, outer gimbal, and displacement 
gyro case. Any change in aircraft direction (heading) will be sensed 
by a synchrotransmitter located between the outer gimbal and case 
(refer to diagram). The displacement between the rotor and stator of 
the synchrotransmitter, produces a change in the electrical output on 
the rotor, which is transmitted to the Electronic Control Amplifier 
(ECA). The ECA amplified output operates the directional indicator. 
Study figures A and B on page 12 of HO-403 and note the relationship 
between outer gimbal and the case before and after a turn. Also note 
the heading change on the indicator. 

Complete the following statements by underlining the correct 
answer(s). 

1. Changes in aircraft heading are sensed by (a leveling 
sensor, a synchrotransmitter). ^ 

2. When the aircraft changes its heading, the (outer gimbal, 
case) turns with it. 

I 
3. Outputs from the synchrotransmitter are sent to the 

(displacement gyro, electronic control amplifier). 

Answers to Frame 4: 

1. horizontal or parallel 2. torque motor 
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Frame 6 

The heading reference signal from the Directional Gyro (DG) jo 
to the Electronic Control Amplifier. The Electronic Control AmpXif.. * ? ^ 
also receives heading reference signals from the remote compass tran*^^ 
mitter. So we have two heading reference signals fed into the Elect''^ 
Control Amplifier. How these signals are used is determined by the r''^ 
System Controller. The compass system controller controls and monltli?'̂  
the compass system (heading reference). It has a selector switch T A ? 2 ^ 
controls relays in the electronic control amplifier. When a switch ̂ ^'^ 
position is selected, the amplifier will process the appropriate sjj 
amplify it and transmit it to the indicators or other components in ̂v̂ r, 
system. - •* 

Study the drawing below to determine what two signals are sent to^ 
Electronic Control Amplifier and what controls the use of these sien»i»^ 

t^f 

DISPLACEMENT S Y R O I 
COMPASS SYSTEM 

CONTHOllER 

GYRO SIGNAL 

REMOTE COMPASS 

TRANSMinER MAGNETIC SIGNAL 

ELECTRONIC CONTROL 
AMPLIFIER 

BEARING DISTANQI? 

HEADING INDICATOI. 

^ 

Mark the statements below True (T) or False (F). 

1. The compass system controller is a switch panel. 

_2. The signals are routed through the Electronic Control 
Amplifier to the compass controller. 

_3. The Remote Compass Transmitter produces a magnetic heading signal., 'i 

_4. The heading signal is processed, amplified and sent to the 
Bearing Distance Heading Indicator. 

Answers to Frame 5: 

1. a synchrotransmitter 2. case 3. electronic control amplifier 
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Frame 7 
mo 

The Compass System Controller (CSC) is located in the cockpit and 
enables the pilot to control and monitor the compass system. On the 
lower center of the controller is the mode selector switch used to 
select a particular mode of operation for specific flight conditions. 
Above the mode selector switch is a "Sync Indicator" which indicates to 
the pilot if the system signals are synchronized or not (center position 
means synchronized and that the indicator is indicating correctly). On 
the left is a "heading" set knob which enables the pilot to set the 
indicator compass card to any indication desired. To the right of the 
mode selector switch is a "Latitude Correction Knob" used in the DG mode 
to set the amount of correction required for apparent drift. It is set 
to the latitude that the aircraft is flying. Above the latitude correction 
knob is a N - S hemisphere selector switch used in the DG mode. It is 
positioned to the hemisphere, either N or S, that the aircraft Is flying 
in. 

Study the drawing below to become familiar with the switches and 
indicators on the Compass Controller. 

I! 

i i ' i 

I . 

Match the component function to its name. 

I. 

2. 

Is set to a particular latitude. 

Tells when the indicators are 
reading correctly. 

Placed in the "N" position 
above the equator. 

Set for a particular method 
of operation. 

Rotates the compass card to a 
desired heading. 

Answers to Frame 6: T 1 . 2 . 
49 

a. Mode s e l e c t o r switch 

b . Hemisphere se l ec to r 
switch 

c. Heading se t knob 

d. La t i tude correc t ion 
• knob 

e . Synchronization 
i nd i ca to r 

T 3. T 4. 
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Frame 8 

A "Banote Compass Transmitter" furnishes a magnetically induced 
electrical heading signal to the Electronic Control Amplifier. This 
component is the system magnetic direction sensing unit. Its magnetic 
heading output is used to prevent gyro drift, or, when applied to the 
indicators, to give aircraft magnetic heading. It consists of three 
pick-up coils which resemble synchrostators. These coils sense the 
North-South direction of the earth's magnetic field. The compass trans­
mitter is mounted with one pick-up coil on the aircraft longitudinal 
axis. As the aircraft turns, the pick-u- '-.oils turn, changing the 
direction Chat the earth's magnetic fielo .̂ats the coils. The amount 
the aircraft turns will determine the amount of change in the output 
of the coils. The changing output represents the amount of change in 
aircraft heading (direction). 

t> 

• ) 

S 

Study the drawings below to determine where the transmitter is 
located and how the angle of the pick-up coils in relation to the 
earth 's magnetic field determines the voltage output signal. 

N 
AIRCiArT FlYMC AT 

A CONSTANT HEAOMC 
(>40ltTHC«lY 'i 

N 

AMOAFT CHANGES HEAOING 
|90* TO aiGHT I SPIOEt 
(OTATES IN AZIMUTH 90* 

ffO^ VIEW) 

fiCK uf cons EASTKtY 
HEADING 

> . ^ 
i f 

APRS COMPASS TRANSMIHER 01 '* 

'LOCATED TOP Of VERTICAL STABILIZER 

Mark the statements beiow True (T) or Falae (F). 

1. The remote compass transmitter senses the direction of the 
earth's magnetic field. 

2. The remote compass transmitter is ''ocated in the cockpit. 

3. One leg of the transmitter is positioned on the longitudinal 
axis OL the aircraft. 

4. The position of the pick-up coils does not affect the output 
signal. 

Answers to Frame 7: d 1. e 2. b 3 . a 4 . c 5. 
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Frame 9 
mT. 

The next component to be considered is the Bearing Distance Heading 
Indicator (BDHI). This indicator presents heading information to the 
copilot. The signal to the indicator is produced by the Auxiliary Flight 
Reference System (AFRS). This signal is processed and amplified in the 
Electronic Control Amplifier (EGA) before being applied to the BDHI. 
The output of the EGA is applied to a closed servo loop which consists 
of a control transformer that receives the signal, an amplifier, a 
motor generator which mechanically operates the dial or compass card 
and nulls out the signal. The generator produces a signal for damping 
the motor operation. The compass card, which indicates aircraft direction 
throughout 360 degrees, is read against a fixed lubber line at the top of 
the indicator. 

if' 
I!--

( • 

ITX 
UtCTIONIC 
CONMOl 

@ 

Refer to the illustration and mark the statements below either 
True (T) or Fals'' (F). 

_1. The heading signal from the Electronic Control Amplifier 
goes to the synchrorotor. 

_2. The signal from the rotor is amplified to drive a motor 
generator. 

_3. The generator provides a voltage to null out the input 
signal. 

_4. The mechanical linkage repositions the sjmchrorotor 
and rotates the compass card to the new heading. 

Answers to Frame 8: T 1. F 2. T 3. F 4. 

w 
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Frame 10 

V^ 

The Horizontal Situation Indicator (HSI) is the pilot's directional 
indicating instrument. It is not a major component of the Auxiliary 
Flight Reference System (APRS), but receives heading input signals from 
the AFRS in the event of a malfunction of the Inertial Bomb Nav System 
(IBNS) that serves as the primary signal source of the HSI. The HSI 
also receives heading inputs from the AFRS if the Flight Instniment 
Reference Switch (Prim-Aux switch), in the cockpit, is in the "AUX" 
position. Study the block diagram on page 13 of HO-403. The arrows 
show t-.he direction of signal flow. The direction the aircraft»is flying 
is read against the fixed lubber line (top of the indicator), and the 
miniature aircraft symbol (in the center of the indicator). A rotating 
compass card displays the degree of aircraft heading. The internal 
circuitry to drive the HSI compass card, is the same as that covered 
in the BDHI operation. 

1. Complete the following statements by underlining the correct 
answer(s). 

a. The. (IBNS, AFRS) is the primary source of heading 
information to the HSI. 

b. When the Flight Instrument Reference Switch is in 
(PRIM, AUX), heading inputs to the HSI are from the Auxiliary Flight 
Reference System. 

2. Identify the following units by placing the number from the 
diagram in the space provided on the left. 

a. compass card 

_b. miniature aircraft symbol 

c. lubber line 

. 

0 

Answers to Frame 9: F 1. T 2. F 3, T 4. 
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Frame 11 

The last indicator to be covered that displays aircraft direction 
to the pilot is the Attitude Director Indicator (ADI). Like the HSI 
it is not a major component of the AFRS, but does receive heading 
information from the AFRS when the Flight Instrument Reference Switch 
is in the AUX position. Heading information is displayed on the sphere 
(refer to picture below) and is read against the miniature aircraft 
symbol. Under normal operating conditions the primary source* of heading 
information to the ADI is the IBNS, but in event of an IBNS malfunction, 
signals to the ADI will be received from the AFRS. With the IBNS supplying 
heading information to the ADI and HSI and the AFRS supplying heading 
information to the BDHI, the pilot has two systems to use as a cross 
check. 

Figure A below shows the aircraft flying north with the ADI 
indicating north. Figure B shows the aircraft flying 30 degrees 
and the ADI indicating 30 degrees. 

^ 

Figure A Figure B 
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Complete the following statements by underlining the correct 

answer. ' 
1. The (IBNF-, APRS) is the primary signal source to the ADI. 

2. The ADI (is, is not) a. major component of the Auxiliary 

Flight Reference System. 

3. Heading information is supplied to the ADI, by the AFRS, when 
the Flight Instrument Reference Switch is in the (PRIM, AUX) position. 

Answers to Frame 10: 1. 

2. 

b. 

a. 

b. 

c. 

IBNS 

AUX 

2 

3 

1 
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Frame 12 

1 
Before covering the operation of the system in each mode, let's 

consider the purpose or function of <2ach compass system controller 
selector switch position. Tha Slaved position is the normal operating 
mode. It .is selected when the aircraft is flying in an area where the 
earth's magnetic lines of force are parallel to the earth. In this 
mode the remote compass transmitter is used to correct the gyro for 
apparent drift. This makes the gyro output a gyro stabilized magnetic 
heading signal. If for some reason the DG fails or its ouput signal 
is unreliable, the Compass (Comp) position is selected. In this mode 
the gyro heading signal is disconnected and the remote compass trans­
mitter is the sole heading reference. In regions of weak or unreliable 
earth's magnetic field (such as above 70 degrees latitude or within 
1000 miles of the magnetic pole) the DG position is selected. During 
the DG or free-";yro mode, the displacement gyro is supplying the 
reference to changes in aircraft heading. 

Match the correct mode of operation in Column I to the purpose 
of each mode in Column IP. 

Column I 

a. DG 

b . Slaved 

c. Comp 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Column II 

Used under normal flight conditions. 

Used as an emergency mode. 

Used near the equator. 

Selected when gyro output is unreliable. 

Selected above 70 degrees latitude. 

Does not use the Compass Xmtr els a reference. 

Is a gyro stabilized magnetic compass mode. 

Answers to Frame 11; 1. IBNS i s not 3 . AUX 

\ 

\i n 
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Frame 13 

At this point you should know what the Gyro Stabilized Compass 
System does and what components it consists of. The Directional Gyro 
is a stabilized reference that uses synchros to electrically sense the 
degree of aircraft turn. The Remote Compass Transmitter senses the 
north-south direction of the earth^s magnetic field and produces an 
electrical heading (direction) output signal. The Electronic Control 
Amplifier receives both signals. These signals are amplified by the 
EGA and the position of the Mode Selector Switch on the Compass System 
Controller determines what the EGA does with the signals. The outputs 
from the EGA are sent directly to the BDHI and to the HSI and ADI if the 
Flight Instrument Reference switch is positioned to "AUX" or a malfunction 
occurs in the IBNS. 

Study the block diagram below to determine signal flow throughout 
the system. 

0 
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Answers to Frame 12: b 1. 

c z: 

b 3. 

c A. 

a 5. 

a 6, 

b 7. 
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Frame 14 
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Match the components and subcomponents in Column II to the statements 
in Column I. 

1. 

2. 

3. 

4. 

5. 

6. 

Column I 

Produces heading reference 
signals. 

Amplifies heading signals 
before they are applied to 
the indicators. 

Provides a means for con­
trolling aiid monitoring 
the compass system. 

Contains vertically and 
horizontally mounted gyros. 

Is the system's magnetic 
direction sensing unit. 

Receives heading signals 
directly from the Electronic 
Control Amplifier. 

Column II 

a. Compass System Controller 

b. Displacement Gyro Package 

c. Electronic Control Amplifier 

d. Remote Compass Transmitter 

e. Bearing Distance Heading 
Indicator 

7. Senses.the direction of the 
earth's magnetic field. 

Complete the following statements by underlining the correct answers. 

8. The directional gyro spin axis is maintained (perpendicular, 
horizontal) to the earth. 

9. An unlevel condition of the Directional Gyro is sensed by 
(electrolytic switches, a leveling pick-off sensor). 

10. When the aircraft turns, the directional gyro (holds a fixed 
position, turns with tht? aircraft). 

11. Outputs from the Displacement Gyro Package are transmitted 
(directly to the indicators, to the Electronic Control Amplifiers). 

12. Outputs from the Remote Compass transmitter are applied directly 
to the (displacement gyro package, electronic control amplifier). 

V 
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•Match the items in the i l l u s t r a t i o n to the terms or statements 
below. L e t t e r s may be used more than once. 

i - -

_13. Heading Set Knob 

_14. Hemisphere Selector Knob 

_15. Latitude Correction Knob 

_16.*-Mode Selector Switch 

_17. Synchronization Indicator 

_18. Placed in the S position when the aircraft is flying below 
the equator. 

_19. Set to a particular mode of operation. 

_20. Set to the latitude the aircraft is flying. 

_21. Tells when the indicators are reading correctly. 

_22. Used to rotate the compass card to a desired setting. 

1892 
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Match the mode of operation in Column II to the purpose or 

173C 
condition of each mode in Column I. 

Column I 

_23. Does not use the compass transmitter 
as a reference. 

_24. Is a gyro stabilized magnetic 
compass mode. 

_25. Selected above 70 degrees latitude. 

Column II 

a. Comp 

b. DG 

c. Slaved 

_26.- Selected when the gyro output is 
unreliable. 

_^27. Used as an emergency mode. 

_28. Used near the equator. 

_29. Used under normal flight conditions. 

d 1. c 2. a 3. b 4. d 5. Answers to Frame 14: 

e 6. d 7. 8. horizontal 9. a leveling pick-off sensor 

10. holds a fixed position 11. to the Electronic Control Amplifier 

12. electronic control amplifier a 1̂3. e 14. d 15. 

b 16. c 17. e 18. b 19. d 20. c 21. a 22. 

b 23. c 24. b 25. a 26. a 27. c 28. c 29. 

If you have missed any questions in Frame 14, return to the appro­
priate frame to insure a complete knowledge of the materials presented 
in section B. After you have reviewed this section, ask your instruc­
tor for the Appraisal for Section B. 
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IT3I- SECTION C - GYRO STABILIZED MAGNETIC COMPASS SYSTEM 

Section C is designed to give you a b e t t e r understanding of the 
compass system operat ion and prepare you to use the wiring diagrams 
for t roubleshooting the system. Each mode of opera t ion in the compass 
system w i l l be covered. The diagrams used for a p a r t i c u l a r frame have 
been s impli f ied so that only the c i r c u i t r y for the mode of operat ion 
being explained is shown. 

V 

PART I - Modes of Operation 

SPECIAL INSTRUCTIONS 

Because of the importance of material in each frame, you must 
have a thorough understanding of each frame before you proceed to 
the next frame'. Read the frames again whenever you feel that you 
do not have a complete understanding of the material presented. 

Illustrations and diagrams from pages 14 through 20 of HO-403 
will -be used with this section of this text. 

{^ 
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Frame 1 
im 

* 

An understanding of system operation by modes is necessary to aid 
in learning operational checks and troubleshooting procedures. The first 
mode that will be covered is the "DG" mode. This mode is used above 
70 degrees latitude where the earth's magnetic lines of force are not 
parallel to the earth. Normally the Remote Compass Transmitter furnishes 
a signal to correct for gyro drift. But in the "DG" mode, another 
method must be used because the Compass Transmitter signal is not reliable 
above 70 degrees latitude. Remember, the amount of drift varies with the 
latitude the aircraft is flying. (0 drift at the equator, maximum drift 
at the poles.) If the gyro drift is not corrected, the heading reference 
signal to the indicators would be in error. The apparent drift correction 
used in Lhe "DG" mode is set by the "Latitude Correction Knob" on the 
Compas-i System Controller. Refer to the drawing below to determine the 
location of the Latitude Control Knob. 

! < 

LATITUDE CORRECTION KNOBh 

Complete the statements below by underlining the correct answer. 

1. The DG mode is used near the (equator - poles). 

2. The degree of gyro drift varies with the (latitude - longitude) 
the aircraft is flying. 

3. Above 70 degrees latitude, the remote compass transmitter 
(can - cannot) be used as a reference. 

4. In the DG mode, gyro drift is controlled by setting the 
(compass transmitter - latitude control knob). 

5. The remote compass transmitter is used as a heading reference 
when the earth's magnetic field is (parallel - perpendicular) to the 
earth. 
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Frame 2 

Refer to the schematic on page 14 of HO-403. Notice that the Mode 
Selector Switch on the Compass Controller is in the DG position. The 
Hemisphere Selector Switch is in the "N" position, indicating- that the 
aircraft would be flying in the northern hemisphere. Since apparent 
drift is equal and opposite in the southern hemisphere, the "S" position 
would be selected when crossing the equator. The "NS" Hemisphere Selector 
Switch establishes the polarity of the drift correction signal applied to 
the Slaving Tcrquer (ST) In the displacement gyro'. Visually trace the 
correction signal from the Latitude Control Knob Potentiometer to the 
Slaving Torquer (ST). This signal is a predetermined value depending on 
the setting of the Latitude Control Knob. The voltage from the Latitude 
Control Knob Potentiometer is applied to the ST, causing the gyro to 
precess at a rate equal and opposite to the rate of apparent drift. If 
the gyro is precessed equal and opposite to the rate of apparent drift, 
the gyro will hold a fixed position. 

Referring to the schematic on page 14 of HO-403, complete the 
statements below by underlining the correct answer. 

1. Under conditions shown, the Mode Selector Switch is in 
the (Comp, Slave, DG) position. 

2. The Hemisphere Selector Switch is set to the (North, South) 
hemisphere. 

3. The Latitude Selector Control has' been set to (60, 70, 
80, 90) degrees. 

4. The "Comp" relay in the Electronic Control Amplifier is 
(energized, deenergized). 

5. The correction voltage to the Slave Torquer originates at 
the (Mode Selector, Latitude Control Potentiometer, Directional Indicator). 

6. Gyro drift is cancelled by causing the Slave Torquer to 
precess the DG in the (same direction, opposite direction) 'of gyro 
drift. 

7. The unit that reverses the polarity of the Slave Torquer 
input is the (Mode Selector, Hemisphere Selector Switch, Latitude 
Control Knob). 

^ 

Answers to Frame 1: 1. Poles 2. Latitude 3. cannot 

4. Latitude Control Knob 5. Parallel 
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Frame 3 
(731 

Now that we have the DG holding a fixed position, the heading 
synchro (Hdg CX) in the displacement gyro will produce an accurate 
heading output signal whenever the aircraft changes direction. This 
signal is transmitted to the Electronic Control Amplifier (ECA) where 
it is processed and amplified before being sent to the directional 
indicators. Referring to page 14 of HO-403, visually trace the signal 
flow from the HDG CX in the displacement gyro, to the ECA and apply 
it through the contacts of the COMP relay to the synchro differential 
(CDX). From the rotor of the CDX, the signal goes to the control 
transformer of the "Heading Follow-Up Servo Module." The module 
consists of a closed servoloop. Signals applied to the CT are amplified 
and applied to the motor generator (MG). The MG mechanically repositions 
the rotors of the CT and TX (heading output transmitter) through mechanical 
linkage. Repositioning the CT rotor nulls the input signal. Repositioning 
the TX rotor produces a heading output signal which is transmitted to 
the directional indicator where the signal is applied to a closed servo-
loop in the indicator. All indicator servoloop operation will be the 
same as was previously explained in the operation of the BDHI servoloop"^ 
in Frame 8 of Section "B". 

f) 

Complete the following statements by underlining the correct answer, 

1. The input to the indicator is received directly from the 
(Compass Controller, Displacement Gyro, Electronic Control Amplifier). 

2. An3 change in aircraft heading is sensed by the (Hdg CX, Comp 
Relay). 

3. Heading outputs from the electronic control amplifier are 
produced in the (CDX, TX, CT). 

4. The heading signal is processed and amplified by the 
(Displacement Gyro, Compass Controller, Electronic Control Amplifier). 

Answers to Frame 2: 1. DG 2. North 3. 70 4. Deenergized 

5. Latitude Control Potentiometer 6. Opposite direction 

7. Hemisphere Selector Switch 

I 
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Frame 4 

Wh^n applying power to the system, the Directional Gyro is leveled 
to a horizontal spin -axis, but not aligned to a particular directional 
heading. Because of this, the system must be referenced to a known 
heading. In the "Slave" mode, the direction sensing component (Remote 
Compass Transmitter) references the gyro; but iu the "DG" mode, the 
Compass Transmitter is not used, "̂ l̂erefore, directional gyro referencing 
is done by the pilot. To accompli... this, the pilot must know the 
direction the aircraft is heading. On the ground, he can align the 
aircraft, to the center line of a runway. He now uses the "Heading 
Ŝ et Knob" on the Compass System Controller (refer to the drawing in Frame 
1) to electrically drive the indicator compass card until it reads the 
correct aircraft heading. How that the compass card is indicating cor­
rectly, any change in aircraft direction, sensed by the directional 
gyro HDG CX results in an equal change on the compass card. Thus, the 
correct heading indications are maintained during aircraft tumi-. 

Complete the st£»>;ements below by underlining the correct answer. 

1. In the "DG" mode, the system is aligned to the correct 
magnetic heading by the (Remote Compass Transmitter, pilot). 

2. Changes in the directional heading of the aircraft are 
sensed by the (directional gyro HDG CX, I-ititude Correction Circuit). 

{) 

Answers to Frame 3: 1. Electronic Control Amplifier 
2. HDG CX. 
3. TX. 
4. Electronic Control Amplifier. 
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m'' 

U 
T • --id in understanding the "Hdg Set" operation', refer to the 

schematic on page 15 of HO-403. On the Compass System Controller you 
will find the "Hdg Set Control" which controls a switch and the wiper 
arm of a potentiometer. Pushing on the control closes the switch, to 
complete (as shown) the ground circuit to energize the "Hdg Set" relay 
in the EGA. This relay, in turn, pro-ides fixed phase voltage t .•> the 
motor generator in the "Hdg Set Servo Module." Turning the "Hdg Set 
Control" provides a signal from the potentiometer wiper arm to the "Hdg 
Set Servo Module." As the Hdg Set motor generator operates, it will 
mechanically reposition the stator of the synchro differential (CDX). 
This, in turn, produces a signal output which is applied to the Control 
Transformer (CT) in the "Heading Followup Servo Module." As the motor 
generator in the Followup Servo operates, it mechanically repositions 
the stator o£ the CT and rotor of the Heading Output Transmitter ^'TX). 
Repositioning the TX rotor produces an output signal which causes the 
compass card to be driven to the desired heading. Releasing the "Hdg 
Set Knob" removes the ground from the "Hdg Set" relay, returning the 
system to the normal "DG" mode of operation. 

Using the schematic on page 15 of HO-403, underline the answer to 
the following questions and complete the tasks described. 

1. During alignment of the system, the synchro differential 
(CDX) is (electrically, Cuechanically) controlled. 

2. Amplifier outputs are applied directly to (motors, generators, 
synchros). 

3. Inputs to the "Hdg Set Servo Module" are from the (TX, Hdg 
Followup Servo Module, Hdg Set Control Knob Pot.). 

4. Pirshing on the "Hdg Set Control Knob" (closes, opens) the 
Hdg Set Relay circuit to ground. 

5. Usirc a red pencil, trace out the circuit which is energized 
by pushing tie g Set Control Knob. 

6 Usin^ a blue pencil, trace the Hdg Set circuit signal from 
the potentiometer through the "Hdg Set Module" to the stator of the CDX. 

7. Using a green pencil, trace from the rotor of the CDX to the 
CT. From the rotor of the CT, trace through the remaining Followup 
Servo showing what is mechanically operated by the motor. 

8. Using a brown pencil, trace the Hdg output from the stator 
of the TX through the indicator Servoloop to operate the compass card. 

Answers to Frame 4: 1. Pilot 2. directional gyro HDG CX 

I • 
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Frame 6 

The schematic on page 16 of H0-A03 shows the 
including the circuitry for "Hdg Set" operation, 
match the units in Column II to the statements in 

system in the DG mode. 
Using this schematic. 
Column I. 

1. 

2. 

6. 

10. 

Column I 

Provides proper polarity for 
the drift correction signal. 

Electrically senses any change 
in aircraft heading. 

Provides the correct voltage 
to the torquer for a particu­
lar latitude the aircraft is 
flying. 

Provides a visual indication 
of directional heading. 

Receives inputs from the HDG 
Set Control Potentiometer. 

Mechanically repositions the 
rotor of the TX to produce a 
heading output to the 
directional indicator. 

Holds a fixed position to 
provide directional refer­
encing 

Is mechanically controlled by 
the "Hdg Set Servo Motor." 

Is energized when the Hdg 
Set Knob is depressed. 

Applies a force to the gyro 
causing controlled precession 
to eliminate drift. 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

h. 

i. 

J. 

k. 

1. 

Directional Indicator 

CDX 

Hemisphere Selector 
Switch 

Latitude Control Knob 

Hdg Followup Servo 
Module 

Mode Selector 

"Comp" rilay 

"Hdg Set" relay 

Directional Gyro 

Slave Torquer 

Hdg Set Servo Module 

Hdg CX 

T 
) 

t) 
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Answers to Frame 5: 1. 

2. 

3. 

4. 

mechanically controlled 

motors 

Hdg Set Control Knob Pot. 

closes 

/ 7 3 S 

-i<' 

6. A l i (^ 

7. 

8. 

©-• 
TX 

TX 

TJ 
HOC 

SET 

•J -«-

^ 

CDX 

CT N^MP. 

--©*-<«) 

HOC FOl lOW.ur MODULE 

HDG SET 
SERVO MODUIE 

HSt 

•I'l 
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Frame 7 

Before •'earning the operation of the system in the "Slaved Mode," 
return to pa^2 ^2, Section B, Frame 1, and reread the explanation of a 
Gyro Stabilized Magnetic Compas-s. 

We will first consider the normal operation of the system in the 
"Slaved Mode." By this, we mean that the directional indicators are 
indicating correct magnetic heading. Whenever the aircraft turns, the 
output from the gyro package causes the indicator dial to reposition 
to the new magnetic heading. Refer to the schematic on page 17 of 
HO-403 and visually trace the output from the directional Gyro Hdg CX 
to the Hdg Followup Servo. From the rotor of the CT, the signal is 
amplified to operate the motor generator which mechanically repositions 
the rotor of the Heading Output Transmitter (TX). From the stators of 
the TX, the signal is sent to the indicator to position the compass 
card to the aircraft's magnetic heading. 

Referring to the schematic on page 17 of HO-403, underline the 
word or phrase that completes the statements below. 

1. The Mode Selector Switch is in the (Comp, Slaved, DG) 
position. 

2. The Slave Relay is (energized, deenergized). 

3. Whenever the aircraft turns, heading change is sensed 
at the (CDX, CT, Hdg CX). 

» 

Answers to Frame 6: 1. c 2. 4. 5. I) 
6. 8. 10. 
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Frame 8 

Refer to the schematic on page 17 of HO-403. During operation in 
the "Slaved Mode" with the Directional Indicators showing the correct 
magnetic heading, the input to the Transolver (CT-RES) is electrically 
the same as the Heading Output Transmitter (TX) output. Visually trace 
the magnetic heading output sensed by the Remote Compass Transmitter to 
the stators of the CT-RES. Visually trace the output from the rotor of 
the Heading CX in the Displacement Gyro through the ECA to the TX, The 
output of the TX is the magnetic heading which causes the directional 
indicator to visually indicate magnetic headings. When the input to 
the CT-RES and output of the TX are electrically the same, we can say 
that the compass system is synchronized or in electrical alignment. 
At this time, there will be no output from the rotor of the transolver 
(CT-RES). In other words, the CT-RES is at null. Referring to the 
Compass System Controller, notice vhe Sync Indicator. Visually trace 
from the rotor of the CT-RES through the SLAVE relay contacts back to the 
Sync Indicator. When the Sync Indicator pointer is centered, the system 
is synchronized. 

Mark the statements below TRUE (T) or FALSE(F). 

1. The system is said to be synchronized when magnetic heading 
sensed by the Transmitter is electrically the same as TX 
output from the ECA. 

2. 

3. 

Outputs from the TX are applied to the Slaving Torquer. 

When the sync indicator deflects left o. right, the system 
J.S synchronized. 

The Hdg Follcwup Servo motor generator mechar.ically controls 
the position of the TX and CT-RES rotors. 

Answers to Frame 7: 1. Slave 2. Energized 3. Hdg CX 
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Frame' 9 

Synchronization is the electrical alignment of the compass system. 
Now we will consider what happens when the directional gyro drifts 
causing the system to be out of synchronization. Referring to the 
schematic on page 17 of HO-403, consider that the system is in electrical 
alignment. The aircraft is flying north, therefore, the Remote Compass 
Transmitter is sensing north; the directional indicator is reading north 
and the sync indicator is centered. Now when the gyro drifts, the rotor 
of the Hdg CX is displaced the same degree that the gyro has drifted, 
resulting in a signal change (output) from the displacement gyro. 
Visually trace the signal output to the Heading Followup Servo Module 
in the EGA. The servo motor mechanically repositions the rotors of the 
control transformer (CT), Hdg Output Transmitter (TX), and Transolver 
(CT-RES). The resulting output from the stators of the TX is an 
erroneous signal to the directional indicator, causing it to read some­
thing other than north while the aircraft is still flying north. 

Mark the statements below TRUE (T) or FALSE (F). 

I' 

1. 

2. 

3. 

4. 

The sync indicator is centered whenever the system is 
synchronized. 

The Followup Servo Motor will operate if the gyro drifts. 

The Followup Servo Motor repositions only the CT rotor. 

Gyro drift does not effect the indicator readings. 

Answers to Frame 8: 1. T 3. F 4. T 
t̂  

iSli 
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Frame 10 

im 
Referring again to the schematic on page 17 of HO-403, when the 

Gyro drifted, an output from the HDG CX in the Displacement Gyro 
caused the Hdg Followup Servo to mechanically reposition the rotors 
of the CT, TX, and CT-RES. Repositioning the rotor of the CT nulled 
out the input signal, while repositioning the rotor of the TX produced 
an erroneous signal to the Indicator. Repositioning the rotor of the 
CT-RES causes it to be out ̂ f null. (The system is no longer synchronized.) 
Visually trace the outputxfrom the rotor of the CT-RES to the Sync Indicator 
and to the Slave Torquer (ST). The pointer of the Sync Indicator deflects 
from its center position showing that the system is no longer syiu:hronized. 
At the same time, the signal from the CT-RES is applied to the SJfeve Torquer 
causing the Gyro to precess in the opposite direction that it had drifted. 
As the Gyro is being precessed back, the rotor of the Hdg Transmitter 
CX is also turned in the opposite direction, resulting in another 
heading output (at this time being a corrected output). Visually trace 
back through the circuit to the Hdg Followup Servo Motor which 
mechanically repositions the rotors of the CT, TX, and CT-RES. Re­
positioning the TX rotor transmits a corrected magnetic heading output 
to the Indicators, and repositioning the rotor of the CT-RES nulls its 
output signal. When the CT-RES is nulled, the Torquer ceases to operate 
and the Sync Indicator is once again centered. 

NO RESPONSE REQUIRED 

Answers to Frame 9: 1. T 2. T 3. F 4. F 
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Frame 11 

We know that the Remote Compass Transmitter senses the earth's 
magnetic field to produce a signal which keeps the DG from drifting. 
The same signal produced by the Transmitter is also used to initially 
synchronize the system. Keep in mind that when power is first 
applied, the Directional Gyro is allowed to remain at the position 
to which it is leveled. Allowing the Gyro to remain at that random 
position, the Indicator must be servoed to the correct magnetic 
heading sensed by the Compass Transmitter. When this is accomplished, 
the system will be in electrical alignment. In the "Slave Mode" of 
operation, initial synchronization with the Compass Transmitter 
Heading is obtained by pushing and holding the Hdg Knob until the 
Sync Indicator becomes centered. Refer to the schematic on page 18 
of HO-403 to become familiar with the system conditions during 
synchronization when in the "Slaved Mode," and the Hdg Set Knob 
is depressed. 

Referring to the schematic on page 18 of H0--403, answer the 
following questions. 

1. a. What relay is energized when the Hdg Set Knob is 
depressed? 

b. This relay supplies power to which module? (Hdg Set 
Servo Module, Hdg Followup Servo Module). 

c. With this relay energized, signal input to the above 
selected module is from the (Directional Gyro, Hdg CX, Remote Compass 
Transmitter). 

2. a. With the mode Selector Switch in the "Slave" position, 
a ground is applied to which relay? (Slave, Hdg Set) 

b. With this relay energized, the signal from the Compass 
Transmitter is applied t.o which module? (Hdg Set, Hdg Followup) 

3. a. Under the condition shown, what heading-is indicated 
by the Directional Indicator? 

T 

I 9 

19 

heading? 
b . Under conditions shown, what i s the correct magnetic 

fM 4. What magnetic heading is the Remote Compass Transmitter 
sensing? 

5. Under the conditions shown on the schematic, the system 
is (synchronized, out of synchronization). 

1816 
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Frame 12 

For a better understanding of synchronization, refer to the schematic 
on page 18 of HO-403 and visually follow the circuits as explained. The 
conditions that cause the system to be out of synchronization are: the 
Indicator is reading 045 degrees, and the Compass Transmitter is sensing 
000 degrees. When the Indicator reads the direction sensed by the Trans­
mitter, the system will be synchronized. Trace the output from the 
Compass Transmitter to the Hdg Set Module and the Sync Indicator. The 
Sync Indicator deflects from its center position to show that the system 
is out of electrical alignment. The signal to the Hdg Set Module causes 
the stator of the CDX to be repositioned. Trace the output from the 
rotor of the CDX through the Hdg Follow-up Module which mechanically 
repositions the rotors of the CT, TX, and CT-RES. Repositioning the 
CT rotor nulls out the signal. Repositioning the rotor of the TX causes 
its output to be the same magnetic heading as sensed by the Transmitter, 
therefore, the Indicator will now read 000 (N). Repositioning the 
CT-RES rotor nulls out the CT-RES so it no longer has an output, there­
fore, the Sync Indicator centers and the Hdg Set Servo stops operating. 
Now the system is synchronized and the position of the Gyro can now be 
used as a magnetic reference. 

Mark the statements below TRUE (T) or FALSE (F). 

1 

tt 

During initial synchronization, the DG is precessed to a 
northerly direction. 

During initial synchronization, the Indicator is servoed to 
the correct magnetic heading. 

When the system is synchronized, the CT-RES is out of null. 

The Sync Indicator is centered when the system is synchronized. 

A signal from the TX controls the Sync Indicator. 

The output of the Compass Transmitter is applied to the 
Hdg Set Module. 

Answers to Frame 11: 

1. a. Hdg Set 3. a. 045 degrees 
b. Hdg Set Module b. 000 - North 
c. Remote Compass Transmitter 

4. 000 - North 
2. a. Slave 

Out of synchronization 
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Frame 13 

When the system is operating in either the "DG" or "Slaved" 
modes, the Directional Gyro is the reference which supplies information 
to the Indicators whenever the aircraft changes its heading (direction). 
With the Gyro referenced either manually in the "DG" mode or by the 
Remote Compass Transmitter in the "Slave" mode, its output represents 
accurate magnetic heading for Indicator operation. In event that 
the Gyro fails to operate, or its output is not accurate, the pilot 
will select the "Compass" mode of operation. In the "Compass" mode, 
the Remote Compass Transmitter is the sole heading reference. As 
the aircraft changes its heading, this change in direction is sensed 
by the Transmitter. This change in heading is electrically transmitted 
to the CT-RES and amplified in the Electronic Control Amplifier. 
The EGA output signal causes the Indicator compass card to drive 
to the new magnetic heading sensed by the Compass Transmitter. This 
circuitry is the same as explained during "initial synchronization" 
when in the "Slave" mode of operation. 

Underline the correct answer in the following statements. 

1. In the "DG" mode. Gyro referencing is accomplished (manually 
by the pilot, by the Remote Compass Transmitter). 

2. In the "Slave" mode. Gyro referencing is accomplished 
(manually by the pilot, by the Remote Compass Transmitter). 

3. The "Compass" mode is used (above 70 latitude, for normal 
operation, as an emergency mode). 

4. In the "Compass" mode, heading changes are sensed by the 
(Remote Compass Transmitter, Directional Gyro). 

5. In event of Gyro failure, the pilot will select the (DG, 
Comp, Slave) mode of operation. 

T 
If 

1) 

Answers to Frame 12: 1. __F_ 

5. F 6. T 

2. T 3 . F 4. T 
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The question that should be asked now is "Why not always use the 
Compass mode whenever the Remote Compass Transmitter can be used to 
supply magnetic heading to the Indicators without the use of a Direc­
tional Gyro?" First, consider how the Remote Compass Transmitter 
operates. The sensing unit (pick-up-coils) must be parallel to the 
earth so that the earth's magnetic lines of force are parallel to the 
pick-up-coils. The sensing unit is pendulously mounted so that it 
will remain parallel to the earth with up to 30 degrees aircraft roll 
(refer to the drawing on page 19 of HO-403). Whenevet the aircraft 
banks (rolls) to turn, centrifugal force causes the sensing unit to 
seek a position parallel Co the aircraft wings, rather than parallel 
to the earth. At this time the Transmitter will be producing erroneous 
output signals which would cause the Indicator to read incorrect magnetic 
heading. When the aircraft hgs completed its turn and is once again 
level, the Indicator reading will again be accurate. The system is more 
accurate with a Gyro providing stabilized signals, but when it cannot 
be used, the "Compass" mode provides sufficient accuracy until the 
aircraft can be landed and the malfunction repaired. 

Study the drawings on page 19 of HO-403. Note the position of 
the sensing unit during level flight, bank without turns, and bank 
during turns. 

Underline the correct answer that completes the following statements. 

1. The Remote Compass Transmitter pick-up coils must be (parallel, 
perpendicular) to the earth's magnetic field to function properly. 

2. The direction sensing unit will remain parallel to the earth 
with up to (30, 45, 60, 75) degrees of aircraft roll. 

Answers to Frame 13: 

1. Manually by the pilot 

2. By the Remote Compass Transmitter 3. 

3. As an emergency mode 

4. Remote Compass Transmitter 

5. Comp 
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Frame 15 

Now that we know when the "Compass" mode is used and why ̂ t is not 
used in place of the "Slaved" mode, we will refer to the schematic on 
page 20 of HO-A03 to determine what conditions exist when the selector 
is placed in the "Compass" position. Looking at the Compass System 
Controller, you can see that the mode switch is in the "Compass" 
position, providing a ground to energize both the Hdg Set and Compass 
relays. The "Hdg Set Relay" is providing a path for the Compass Trans­
mitter signal to be applied to the "Hdg Set Servo Module," a^ the same 
time providing fixed phase voltages to the motor generator. The "Compass 
Rel'ay" has cut off the signal from the Directional Gyro. Because it is 
not? used, it is not shown in this mode. The Compass Relay has also 
provided a ground to energize the "Slave Relay." The "Slave" relay is 
also providing a path for the Compass Transmitter signal to be applied 
to the "Hdg Set Servo Module," It also provides a path for the same 
signal to the "Sync" Indicator. 

Refer to the schematic on page 20 of HO-403 to answer the following 
questions and to complete the tasks described. 

1. a. In the Compass mode, what relays are energized directly 
by the Mode Selector Switch? 

b. Using a red pencil, trace from the Mode Selector to 
these relays. 

2. a. What relay is energized when the "Comp" relay is 
energized? 

b. Using an orange pencil, trace the circuit from ground 
to this relay. 

3. a. Using a blue pencil, trace the output from the Remote 
Compass Transmitter to the "Hdg Set Module." 

b. What Synchrorotor is mechanically repositioned by the 
"Hdg Set Module?" 

4. a. What Synchro produces the signal input to the "Heading 
Followup Module?" 

b. Using a brown pencil, trace from this Synchro through 
the "Hdg Followup Servo," showing what is mechanically positioned. 

5. Why is the rotor of the CT-RES positioned by the "Hdg 
Followup Servo?" 

1 

%9 

t^ 

Answers to Frame 14: 1. parallel 2. 30 
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1 Answers to Frame 15: 

1. a. Corap and Hdg Set 

COMP 

X^ 

SLAVE 

0 G 

6 
h 

HOG 
SET 

im 

2. a. Slave 

b . r SIAVE 

+ J 

3. a. 

H>-<H>T<4) 

a. 

b . 

CDX 

CDX 

CT.RES 

CPX 
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5. To null out the output signal when the system is synchronized. 
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Frame 16 

A. Using the diagrams on pages 21 through 23 in HO-403, complete the 
following statements by underlining the correct answer(s). 

Note: All relays are shown deenergized with all contacts in 
their normal position with NO POWER on. 

1. The Sync Indicator shows (Direction Gyro Leveling, Electrical 
Alignment of the system. Aircraft heading). 

2. The (pilot, remote compass transmitter) accomplishes gyro 
referencing when in the SLAVE MODE. 

3. Reversing the polarity of the-latitude correction voltage 
is accomplished by repositioning the (Hdg Set Knob, Latitude control 
knob, N-S Hemisphere Switch). 

4. Inputs to the Slave Torquer originate at the (Sync Indicator, 
Remote Compass Transmitter, Latitude Correction Potentiometer) when 
the Mode Selector switch is in the DG position. 

5. The (Slave, HDG Set, Comp) relay(s) are energized when 
the mode selector is in the COMP position. 

6. Aircraft turns are electrically sensed by the (HDG, CX, 
CDX, TX). 

7. When in the Slave Mode, the (Slave, HDG Set, Comp) relay 
is energized. 

8. When the HDG Set Knob is depressed, the (Slave, HDG Set, 
Comp) relay is energized. 

9. Gyro drift is eliminated by the (Heading CX, Slave Torquer, 
Heading Followup Servo Module). 

10. Turning the "HDG Set Control Knob" applies a voltage to 
the "(HDG Followup Servo, HDG Set Servo) module. 

B. Use page 21 of HO-403 to accomplish the tasks listed below. 

Note: All relays are deenergized. Contacts are in the proper 
fjositiori for NO POWER applied to the system. 

With the mode selector switch in the position shown (DG position). 

1. Using a red pencil, show which switch is closed when the 
HDG Set switch is depressed by drawing the contact ro the closed 
position. 

2. Using a red pencil, trace from ground to the relay which 
is energized when the HDG Set Knob is depressed. AJ 
relay contacts to the closed position. 

draw the 
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3. Using a blue pencil, trace from the HDG set potentiometer to 

the Heading Set Servo Module. Also trace from the motor generator 
mechanical linkage to the CDX. 

4. Using a brown pencil, trace the signal produced at the 
CDX to the Heading Followup Servo Module. Also trace the mechanical 
linkage to the TX. 

C. Use page 22 of HO-403 to accomplish the tasks listed below. 

Note: All relays are deenergized. Contacts are in the proper 
position for NO POWER applied to the system. 

With the mode selector switch in the position shown (Slave 
position). 

1. Using a red pencil, trace from ground to the relay(s) 
that will be energized when power is applied to the system. Also 
trace the relay contacts to the appropriate position for power on. 

2. Use a blue pencil to trace the circuit which causes the 
sync indicator to operate. 

3. Using a brown pencil, trace the remote compass transmitter 
output to the slave torquer. 

4. Using a green pencil, trace the displacement gyro package, 
heading output signal to the Hdg Followup module. Also trace its 
mechanical motion to the TX and CT-RES. 

D. Use page 23 of HO-403 to accomplish the tasks listed below. 

Note: All relays are deenergized. Contacts are in the proper 
position for NO POWER applied to the system. 

With the mode selector switch in the. position shown (Comp position). 

1. Using a red pencil, trace fror. ground to the relay(s) 
that will be energized when power is applied to the system, and 
trace the relay contacts to the appropriate position for power on. 

2. Using a blue pencil, trace che output of the Remote Compass 
Transmitter to the Hdg Set Servo Module. Also trace through the 
amplifier and motor generator showing the mechanical output to the 
CDX. 

3. Using a brown pencil, trace the heading output from the 
electronic control amplifier to the Directional Indicator. Also 
trace through the indicator servoloop to the compass card. 



Answers to Frame 16: 

A. 

B. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

1. 

Electrical Alignment of the system 
Remote compass transmitter 
N-S Hemisphere Switch 
Latitude Correction Potentiometer 
Slave, HDG Set, Compass 
HDG CX 
Slave 
HDG Set 
Slave torquer 
HDG Set Servo 
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3. 

REMOTE 
t , COMPASS 

TRANSMITTER 

o CT 
RES 

( & -

K 
^ 

HDG SET SERVO MODULE 

> 

DIRECTIONAL 
INDICATOR 

%t> 

Now ask the instructor for the measurement for section C of 

this PT. 
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SPECIAL INSTRUCTIONS 

This section provides instructions for tracing circuits given in 
H0-403A-(404). Circuits will be traced, using various colors for 
circuit distinction. These circuits will then be used in the lab 
during troubleshooting procedures giv^n in Workbook 3ABR32531-WB-403. 
Because the compass system is operated in three different modes of 
operation, some circuits will have more than one color traced on them. 
Tx'acing procedures will be outlined by modes of operation, showing 
the circuits that are used in each mode. Keep in mind that some 
circuits are used in more than one mode of operation. Now obtain 
Handout 3ABR32531-H0-403A-(404) from your instructor and follow the 
instructions given therein. 
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Frame 1 

1. DG Mode 

a. Purpose: Used in latitudes above 70 degrees or en the 
compass transmitter cannot be used. 

b. Relays: None energized except when the Heading Set Knob 
is depressed. Depressing the Heading Set Knob 
energizes Relay K-1. 

c. Circuits used in the DG mode. 

CD Initial Power. 

(2) Heading Output from the Displacement Gyro Package (DGP). 

(3) Latitude Correction from the Compass System Controller (CSC), 

(4) Heading Set from the Compass System Controller (CSC). 

d. Initial Power: Trace in RED. 

Note: Locate the AC and DC powei busses on the left side of 
the diagram. These provide power to the system. 

(1) Gyro spin motor power. 

(a) Trace the three phases (A0, B0, and C0) of power 
into pins 24, 25, and 26 of PI on the EGA, to the AC and DC junction. 

Note: To eliminate the confusion of many wires, this wiring is 
not drawn through this component. 

(b) Continue the gyro spin motor circuitry at pins 80, 
81, and 82, at the left of the test board, and trace into the DGP to 
the DG spin motor. 

Note: Gyro power from the AC buss must pass through the contacts 
of the APRS relay. This relay is energized when the GYRO-OFF 
switch (on the ground check panel) is positioned to OFF. This 
switch is positioned to OFF during aaintenance procedures when 
it is not necessary for the gyro to be in operation. 

(c) Trace the 28V DC, from the DC buss, through switch 
SI in the Ground Check Panel, to the APRS power relay (KL). NOTE: 
Keep in mind that Kl is not energized until the GYRO-OFF switch is 
positioned to OFF. 

%D 
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(2) Remote Compass Transmitter excitation voltage (23.5V AC). 
Remote Compass Transmitter Compensator, deviation (NS-EW), adjustment 
potentiometer reference voltage. 

(a) Locate the 23.5V AC, at Pin 20 on P3 of the EGA. 
Trace this voltage into the Remote Compass Transmitter Compensator. 
Trace through the power supply to the N-S, E-W adjustment potentiometers. 
NOTE: Do NOT trace off of the potentiometer Wiper arms. Continue the 
circuitry out of Pin 5 of P3 (Compensator) and back to ground, at Pin 21 
on P3 of the ECA. 

(b) Locate the junction between Pins 34 and 304, Pins 35 
and 305 on the test board. Trace from these junctions upward to and 
through the excitation coil of the Remote Compass Transmitter (CX). 

(3) Sjmchro Rotor Reference Voltage 26V AC. 

(a) DGP Heading Synchro: Trace the 26V AC, from the ground, 
located at the left of Pin 16 on PI of the ECA, through the rotors of 
B1-B4 to the 26V AC source, located to the right of synchros Bl and B2. 

t: 

Note: Synchros B3 and B4 are provided as heading outputs if they 
are needed. The outputs are not shown because they are not used 
by the compass system. 

(4) 26V AC to the Heading Set Circuitry. 

(a) Locate the 26V AC at the right of Pin 3 on P3 of 
the ECA. Trace this voltage into Pin 3 of P5 and on the Compass System 
Controller (CSC). Trace in the primary and secondary of the transformer. 
Also, trace to the potentiometer, but not off of the wiper arm. Refer 
to the illustration below. The figure below shows only the circuitry to 
be traced on HO-403A. 

POT. 

V 
TRANSFORMER 

P5 P3 

26 VAC 

Note: The ground for the remainder of this circuit is located 
at the right of Pin 23 on P3 of the ECA. This is also ground 
for other circuits. 

i 
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(5) 27V DC to the Latitude Control Potentiometer. 

(a) Locate the 27V DC, at the right of pin 4 on P3 of 
the ECA. Trace out of Pin 4 to Pin 4 of P5 of the CSC. Continue to 
and through the Latitude Control Potentiometer. NOTE: Stop immediately 
after going through the potentiometer. DO NOT trace off of the wiper arm 

(6) 28V DC to the relay coils. 

Note: These voltage potentials are present at the coils, 
but the relays are not energized until a ground is provided 
by the various switches and controls such as the system mode 
switch and the heading set control knob. 

(a) Locate relays Kl, K3, K4, K5 and K6 in the ECA. 
Trace the 28V DC potential, located to the right of each coil, to but 
not through each coil. 

Note: To eliminate the confusion of a lot of wiring through 
the ECA, the wiring from the DC power source to the relay coils 
is not shown drawn through the ECA. 

(7) Reference Voltage for Synchro B7, in the ECA, when K3 
in the ECA is energized. 

Note: Whenever K3 is energized (Compass Mode), 26V AC is applied 
to the stator of synchro B7. This reference voltage enables the 
synchro to produce signals whenever MG-2 mechanically repositions 
the rotor of B7. 

(a) Locate the 26V AC at the upper right of relay K3 
contacts. Trace this voltage to the contacts of relay K3. This 
potential will be applied to B7 whenever K3 is energized. 

e. Heading Signal: Trace in blue. 

(1) For a review of the Heading Signal, refer to Frame 3, 
Section C in PT~403. 

(2) Locate the heading synchro (upper left comer) in the 
DGP. Trace from the stators of the synchro, out of pins 1, 2 and 3 
of PI on the DGP, into Pins 1, 2, and 3 of P2 on the ECA. Continue 
through the contacts of relay K3 to the stator of B7. From the stator 
of B7, trace to the stator of synchro B5. 

Note: At this point the Heading signal is applied to the Heading 
Follow-up Module. For a review of the Heading Follow-up Module, 
refer to Frame 3, Section C (Part I) of this FT. 



D' 
(3) Trace the resulting output signal from the rotor of B5 into 

amplifier A3. Trace the mechanical linkage from the motor to the following 
points ,• 

(a) The generator; Trace its output back to the amplifier. 

(b) The rotor of B5; (Note: Repositioning the rotor of 
E5 nulls out the input signal to the 
Heading FollowUp module). 

B 

(c) The rotor of B6; 

1̂. Repositioning the rotor of 36 nulls the slaving 
signal from the Remote Compass Transmitter. In the D. G. Mode of operation, 
the slaving signal is not used. In the D. G. Mode, Latitude Correction 
voltages compensate for apparent drift. 

2̂. For further explanation, refer to Frames 1 
and 2 of Section C in PT-AOS. 

Cd) The rotor of HI through B4: As the motor repositions 
these rotors, the resulting signals are transmitted to the HSI, BDHI, 
and the ADI. 

(4) Trace the output of Bl into pins R, S, and T of PI on 
the Instrument Set Coupler (ISC). Continue the signal through the 
contacts of Kl to the three junction points. Trace upward through the 
CDX and out of the ISC to the ADI. Trace the servoloop which controls 
the sphere in azimuth. 

(5) Return to the junction in the ISC and trace downward 
and out of the ISC through Pins N, P, and Q, continuing to the HSI. 
Trace the servoloop which controls the HSI azimuth dial. 

(6) Return to the ECA and trace the output from the stators 
of synchro B2 into the BDHI. Trace the servoloop which controls the 
BDHI azimuth dial. 

f. Latitude Correction Circuit: Trace in yellow. 

(1) For a review of the Latitude Correction Circuitry refer 
to Frames 1 and 2 of Section C (Par.t I) of this PT. 

(2) 27V DC has already been applied to the Latitude Cor­
rection Potentiometer in the Compass System Controller (CSC). The 
output taken from the wiper arm is controlled by the Latitude Control 
Knob which is set to the latitude that the aircraft is in. 

3 
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(3) Trace the output from the wiper of the latitude 

control potentiometer out Pin 9'of P5 on the CSC through Pin 9 of P3 
on the ECA. Continue through the ECA out Pin 18 of P2. Trace into the 
DGP to and through the slaving torquer (ST) to ground. 

NOTE: The voltages traced from the latitude control potentiometer 
through the N position of the hemisphere switch is used to control 
the slave torquer when the aircraft is in the northern hemisphere. 

(4) Return to the Latitude Control Potentiometer and 
trace the signal to the slaving torquer when the hemisphere switch is 
in the South position. 

g. Heading Set Circuitry: Trace in brown. 

(1) For a review of the Heading det operation, refer to 
Frames 4 and 5 in Section C (Part I) of this PT. 

(2) Locate the Heading Set Knob in the Compass System 
Controller and draw the contact to the depressed (down) position. 
This provides the ground to energize relay Kl in the ECA. Trace 
the ground, located at the right of Pin 23 on P3 of the ECA, into 
Pin 23 on P5 of the controller. Continue upward through the Heading 
Set Knob and out Pin 1 on P5 of the CSC. Trace into the ECA through 
relay Kl to the DC potential. Draw the contact of Kl to the energized 
(closed) position. 

(3) Return to the Heading Set Potentiometer located below 
the Heading Set Knob in the CSC. Trace from the wiper arm, out Pin 2 
of P5, and into Pin 2 of P3 on the ECA. Continue through the de-energized 
contacts of relay K4 to amplifier Al. Trace the Heading Set Module 
circuitry and the mechanical linkage which repositions the rotor of 
synd.co B7. 

NOTE: The signal which results when the Heading Set Module 
repositions the rotor of B7 is the same as the signal which 
is produced in the DGP when the aircraft turns. 

%D 
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Frame 2 

2, Slave Mode of Operation. 

a. Purpose: Used between 70 degrees North and 70 degrees South 

latitudes (where 'he earth's magnetic field is 
parallel to the f^rth). 

NOTE: For further explanation v̂ 'fer to Frame 12 of Section B 
in this PT. 

b. Relays: 

(1) K4 Slave re lay is eneV};ized by the Mode Selector Switch, 
during the Slave Mode of ope ra t ion . 

(2) KL, Heading Set r e l ay , w i l l a l s o be energized vrtien the 
Heading Set Knob Is depressed. 

c. 

d. 

e. 

Circuits used in the Slave modes. 

(1) Initial power. 

(2) Heading output from the DGP. 

(3) Latitude control from the CSC. 

C4) Slaving signal from the Remote Compass Transmitter. 

Initial Power: Initial power is the same in all modes. 

Slave Signal: Trace in or.-mge. 

(1) For review of the Slave mode and the purpose of the Remote 
Compass Transmitter output, refer to Frames 7 through 11 of Section C 
(Part I) of this PT. 

(2) Normally, when power Js first applied to the system, the 
mode switch will be in the Slaved ponition. 

NOTE: Relay K4 is energized when the mode switch is positioned 
to Slave. 

(3) Using an orange penci.l» draw the CSC mode selector 
switch to the Slave (S) position. 

(4) Trace from the ground, located to the right of Pin 23 on 
P3 of the ECA, to and through the mode selector switch. 

NOTE: This is the same ground which energizes Kl when the Heading 
Set Knob is depressed. 

Continue out of the CSC into Pin 5 of P3 on the ECA. From Pin 5, trace 
through the contacts of relays K5 an̂ J K6 to relay K4. Trace the contacts 
of relay K4 to the down position. 

9i 
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m NOTE: Energizing I- (Slave) relay provides a complete path for 
the slaving signal from the remote compass transmitter to be applied 

to the slave torqucr in the DGP.' 

(5) Locate the Remote Compass Transmitter on the left 
side of the diagram. Trace the transmitter output, from the CX output 
leads out of Pins 1, 2, and 3 of'Pl on the Remote Compass Transmitter. 
Continue the signal into the Remote Compass* Transmitter Compensator. 

NOTE: The purpose of the Remote Compass Transmitter Compensator 
is to provide a means for correcting the errors. 

(6) Trace the correction voltage from the E-W and N-S 
adjustment potentiometers to the right and apply these to the slaving 
signal. Continue the slaving signal out Pins 7, 8, and 9 of P3 on 
the compensator to synchro B6 in the EGA. From the rotor of B6 trace 
the signal through amplifier A4, the frequency halver, and amplifier 
A5 to the contacts of relay K4. 

(7) Trace through the bottom contacts of K4, through 
the demodulator and out Pins 17 and 18 of P2 on the ECA. Continue 
into the DGP, through the slaving torquer to ground. 

NOTE: The demodulator changes the AC signal to DC for torquer 

operation. 

(8) Return to the two junction points above the de­
modulator. Trace the slaving signal to the left, to the two junction 
points, located to the right of Pins 8 and 9 of P3 on the ECA. Trace 
the signals up from these junctions and out Pins 6 and 7, continuing 
into the CSC and apply this signal to the SYNC indicator. 

(9) Return to amplifier A5 in the ECA. Trace through 
the second set of contacts (counting from the bottom) of K4 up to the 
open contacts of relay Kl. 

NOTE: If Kl is energized by depressing the Heading Set Knob, 
': e slaving signal will be applied to amplifier Al which will 
operate MG-2. Depressing the Heading Set Knob when in the Slave 
mode causes the system uo synchronize. 

(10) Trace through the contact of Kl and apply the signal 
through Al to MG-2. Trace the mechanical linkage from MG-2 to the 
rotor of B7. 

NOTE: The output of 37 is at this time magnetic heading, which 
causes the indicators to indicate the direction sensed by the 
Remote Compass Transmitter (Magnetic Heading of the aircraft). 

1836 
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f. Heading Signal! 

Latitude Control: 

/76Y 
When the mode selector is in the Slave position 
and the Heading Set Knob is_ not depressed, the 
Heading Signal from the DGP is the same as in ' 
tlxe DG mode. 

Same as in the DG mode, except that the 
slave signal is combined with latitude 
control. 

t 
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^ s ^ ' . Frame 3 

3 . Compass >i3de of Operation. 

a. Purpose: Used when the gyro fa i l s to operate or i t s output 
is not accura te . 

NOTE: For further explanation refer to Frames 13 , 14,, and 15 in 
Section C (Part I) of t h i s PT. 

b . Relays: 

(1) Relays Kl, K3, and K4 are energized in the COMP mode. 

(2) Relays Kl and K3 are energized by the mode se lec to r 
switch during the COMP mode of operat ion. 

(3) Relay K4 i s energized by the bottom contacts of relay 
K3 whenever K3 is energized. 

c. Circui ts used in the Compass mode. 

(1) I n i t i a l Power. 

(2) Slaving Signal . 

(3) Heading output from B7 which is produced by the Slaving 
signal operating MG-2. 

d. Initial Power: Initial power is the same in all modes. 

e. Relay Operation: Trace in green. 

(1) Using a green pencil, draw the CSC mode selector switch to 
the COMP (C) position. 

(2) Trace from the ground located to the right of Pin 23 on 
P3 of the ECA to, and through the mode selector switch (now in the 
COMP position). 

NOTE: This is the same ground which energizes K4 in the Slave 
mode and Kl when the Heading Set Knob is depressed. 

(3) Continue out Pin 24, on P5 of the CSC, into Pin 24 on 
P3 of the ECA, and up to the junction located below relay Kl. 

(4) Trace through the diode and energize relay Kl. Draw 
the contact of Kl down. 

(5) Return to the junction and trace to, and through relay 
K3 to energize it. Draw its contacts down. 

NOTE: When K3 is energized, it provides 26V AC reference voltage 
to the stator of B7. As this is accomplished, the DGP Heading 
Signal is eliminated from the ECA circuitry. 

% 
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(6) Trace the ground loc'ated at the right of the bottom 

contacts of relay K3. Draw the contacts of relay K4 to the energized 
(down) position. 

f. Circuitry: 

(1) Due to the fact that the Remote Compass Transmitter output 
is used in both the Slave and Comp modes, the signal need not be retraced, 

(2) Visually trace the transmitter output (orange) to the 
ECA. Follow the circuitry through B6, A4, Frequency Halver, and A5. 

(3) Follow the signal through the middle contacts of relay K4 
and continue through the contact of relay Kl. Trace through amplifier 
Al to MG-2. 

(4) MG-2 mechanically repositions the rotor of B7 which has 
26V AC applied to its stator, thereby producing a heading output. 

(5) The output of B7 follows the same path to the indicators 
as the heading output does in the DG or Slave modes. 

NOTE: In the Compass mode, the indicators indicate the magnetic 
heading sensed by the Remote Compass Transmitter. 

If you understand the system operation and have colored in all the 
system circuitry, you are ready to start troubleshooting on the trainer. 
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NOTE' 
IF RELAYS ARE ENERGIZED DURING 
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NOTE! 
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NOTE 5 
ALL RELAY CONTACTS ARE SHCZ/N 
IN THE PROPER POSITION FOR 
POWER ON IN THE SLAVE MODE 
WHEN THE HDQ SET KNOB IS 
DEPRESSED. 
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NOTE •• 
ALL RELAY CONTACTS ARE SHOWN 
IN THE PROPER POSITION FOR 
POWER ON IN THE COMP MODE. 
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REMOTE COMPASS 
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NOTE' 
ALL RELAYS ARE SHOWN 
DE-ENERG!-ED (NO POWER) 
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NOTE! 
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NOTE' 
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FOREWORD 

This handout was designed for use in Courses 3ABR32531, Avionics 
Instrument Systems Spec ia l i s t and 3ABR32632B, Integrated Avionic 
Systems Spec i a l i s t . This handout wi l l be used in conjunction with 
3ABR32531-PT-403 (3ABR32632B-PT-502B), AUXILIARY FLIGHT REFERENCE 
SYSTEM and with 3ABR32531-WB-403 C3ABR32632B-WB-502), AUXILIARY FLIGHT 
REFERENCE SYSTEM (Inspect , Operational Check and Trouble^iiooting) and 
w i l l be used as d i rec ted by the programmed t ex t , workbook and/or the 
i n s t ruc to r . 

Supersedes- 3ABR3253:-HO-403A, 3ABR32632B-HO-405A, 6 March 1975; 
3ABR32531-HO.-404, 3ABR32632Ii-HO-405B, 29 August 1973. 
OPR: 3360 TTG 
DISTRIBUTION: X 

3360 TTGTC/W - 200; TTVSR - 1 
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Instrument/Flight Control Branch 
Chanute AFB, Illinois 

3ABR32531-WB-403A 

BENCH CHECK AFRS SYSTEM ELECTRONIC COMPONENTS 

OBJECTIVE 

Given a workbook, test equipment, technical data and trainer, 
bench check representative components of the attitude-heading reference 
system with a minimum of 80% accurate.workbook responses. 

INSTRUCTIONS 

This workbook is to be used in conjunction with programmed text 
3ABR32531-PT-403A, ELECTRONIC TEST EQUIPMENT. 

This workbook is divided into four (4) sections with each section 
containing the necessary instructions for bench checking one (1) 
component of the attitude-heading reference system. At the beginning 
of each section you will be issued a technical order and De referred 
to the specific steps, needed to complete the bench check in that 
section. Follow the technical order steps unless directed otherwise 
by your instructor. If ANY step is not clear to you, check with your 
instructor before proceeding. DO NOT RUSHl 

SECTION A 

BENCH CHECK OF THE AMPLIFIER POWER SUPPLY 

EQUIPMENT 

AJM-17 
Oscilloscope 
Phase Angle Voltmeter 
DC Digital Voltmeter 
PSM-6 
Amplifier Power Supply 
Workbook 
TO 5A1-9-2-2 

Basis of Issue 
1/student 
1/student 
1/student 
1/student 
1/studenc 
1/student 
1/student 
1/student 

PROCEDURE 

Turn to Section 10 in the TO. Follow the procedures step-by-step 
completing all sections required. Record your results in the spaces 
provided in this workbook. This workbook will be checked by the 
Instructor. Remove your jewelry. 

Supersedes 3ABR32531-WB-403A, 21 April 1975; 3ABR32531-WB-403B, 
27 March 1974; 3ABR32531-WB-403C, 27 March 1974; 3ABR32531-WB-403D, 
9 January 1975. 
OPR: 3360 TTG 
DISTRIBUTION: X . 

3360 TTGTC/W - 250; TTVSR - 1 i 8 S 2 
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Inspection 

Preliminary Operation Instructions. (Refer to TO paragraph 10-2.) 

1. In the spaces fcllowing, list any damage or corrosion found 

during the visual inspection. 

2. Ho response required. 

3. No response required. 

4. t!o response required. 

5. Time totalizing operation. 

Sat Unsat 

POWER ON lamp. 

Sat Unsat 

6, No response required. 

7. Use tible 1 below. 

VOLTAGE READINGS 

u 
jiB 
F 

SAT UNSAT 

Table 1. 

Bench Check 

Resistance Continuity. (Refer to TO paragraph 10-3.) 

1. Place resistance continuity switch in each of the positions 
indicated in table 2 arid monitor output on multimeter. 

fS93 



1^0 f 

RESISTANCE CONTINUITY 
(switch position) 

1 

2 

3 

4 

5 

6 

7 

8 

OFF . 

MULTIMETER INDICATION 
(ohms) 

SAT 

, 

UNSAT 

Table 2. Resistance Continuity Test. 

Voltage Continuity. (Refer to TO paragraph 10-4.) 

1. Place voltage continuity switch in position 11. Wait 2 (two) 
minutes, then proceed with TO table 10-3. DO NOT PERFORM TEST 1 THROUGH 10. 

VOLTAGE 
CONTINUITY 
(switch pos.) 

• 11 

12 

13 

14 

15 

16 

17 

MULTIMETER 
• READING 

(ohms) 

D-C VTVM 
READING 

(VDC) 

*Adju8t phase reference contrail 
oscilloscope and note phase r̂ l 

A-C VTVM 
READING 

(VAC) 

until an Inphas 
:erence dial ind 

e pattern on 
1cation. 

PHASE 
REFERENCE 

Dial Reading* 
(degrees) 

the t 

1 
Table 3. Voltage Continuity T<:«L, 
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a. Circle unsatisfactory readings in table 3. 

Erection Cutout and Fast Erection. (Refer to TO paragraph 10-5.) 

1, Flace switches in positions indicated in table 4 and monitor 

output. 

a. Circle unsatisfactory readings in table 4. 

Power Interruption. (Refer-to TO paragraph 10-6.) 

1. No response required. 

2. No response required. 

3. ' Reading . Sat Unsat 

Power Failure Warning. (Refer to TO paragraph 10-7.) 

1. Multimeter Reading . Sat Unsat 

Sat Unsat AC VTVM Reading 

AMPLIFIER-ERECTION 
(switch pos.) 

1 

1 

1 

1 

2 

2 

2 

2 

ERECTION 
(switch pos.) . 

mmiAL 

NORMAL 

ROLL CUTOUT 

ROLL CUTOUT 

NOBMAL 

NORMAL 

PITCH CUTOUT 

PITCH CUTOUT 

FAST ERECTION 
(switch pos.) 

NORMAL 

FAST 

FAST 

•NORMAL 

NORMAL 

FAST 

FAST 

NORMAL 

A-C VTVM 
readings (VAC) 

Table 4. Erection Cutout and Fast Erection Test. 

2. Multimeter Reading 

3, Multimeter Reading 

Sat 

Sat 

Unsat 

Unsat 

4, No response required. 
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LevjBling Plckoff Excitation. (Refer to TO paragraph 10-8.) 

1. AC VTVM Reading . Sat Unsat-

DO NOT PERKIRM paragraphs 10-9, 10-10, and 10-11. 

Roll Servoalarm. (Refer to TO paragraph 10-12.) 

1. No response required. 

Caution: PLACE THE ACVM RANGE SELECTOR TO THE IV RANGE]'.! 

2. Multimeter Reading . Sat Unsat 

Caution: PLACE THE ACVM RANGE SELECTOR TO THE 300V RANGE!!I 

3. Multimeter Reading . Sat Unsat 

4c Multimeter Reading . Sat Unsat 

5. Multimeter Reading . Sat Unsat 

Pitch Servoalarm. (Refer to TO paragraph 10-13.) 

1. Multimeter Reading . Sat 

2. Multimeter Reading . Sat 

Unsat 

Unsat 

Conclusion of Testing. (Refer to TO paragraph 10-14.) • 

1. No response required. i 

2. No response required. 

3. No response required. 

4. Position switches and controls, rempve power and disconnect 
associated test equipment from test panel according to procedure inap­
plicable test equipment operating lnstruc«:lons. 

5. Have your instructor check your workbook. 

6. Replace dust covers on equipment. 

7. Replace components in storage. 
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SECTION B 

BENCH CHECK RATE OF TURN GYRO TRANSMITTER 

EQUIPMENT 

Rate-of-Tum Gyro Transmitter 
Rate Table 
AJM-17 Test Set 
Digital DC Voltmeter 
TO 5A1-9-2-2 
Workbook 

Basis of Issue 
1/student 
1/student 
1/student 
l/.student 
1/student 
1/student 

PROCEDURES 

Turn to page 8-1 in TO 5A1-9-2-2, MAINTENANCE INSTRUCTIONS FOR 
THE RATE-OF-TURN GYRO TRANSMITTER. Follow the instructions exactly 
as they are given. Record your results in the spaces provided in 
this workbook. Answer questions in this workbook and indicate if the 
checks are satisfactory or unsatisfactory in the spaces provided. This 
workbook will be checked by your instructor. Remove your jewelry. 

INSPECTION 

1. Preliminary Checks (TO para 8-2). 

a. Make a visual inspection as per TO instructions. 

b..jt List any damages or corrosion found during the visual 
inspection. *-

c. Position the Rate Gyro Transmitter Test Panel (AJM-17) 
controls and switches as indicated in table 8-1 in the TO. 

d. Connect bench test set-up in accordance with figure 8-1 
as in the TO. 

-?5,97' 
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ma. 

BENCH CHECK 

!• Power Consumption Test (TO para 8-3). 

a. The highest reading within 5 seconds was 

Check is satisfactory unsatisfactory ____^ 

b. X26 position milliamperss. 

Check is satisfactory unsatisfactory 

c. X115 position milliamperes. 

Check is satisfactory unsatisfactory ______ 

d. Circle the correct answer below. 

With the RANGE switch and RATE SET potentiometer set as shown 
by the figure below, what is the rate of turn? 

(1) 2 degrees per min. 

(2) 20 degrees per min. , 

(3) 200 degrees per min. 

(4) 2000 degrees per min. 

3-58 

.3-3.8 30-380 

is 

2. Output Sensitivity and Null Limits Check (TO para 8-4). 

a. In^lfcation of the DC VTVM with rate table in "stop" 

'1 

Satisfactory Unsatisfactory 

189^ 
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b. Complete the following table for the DC VTVM readings 
indicating if each check is satisfactory or unsatisfactory. 

RATE SEX Control 
Setting 

045.0 (45" per min) 

090.0 (90° per min) 

180.0 (ISO* per min) 

360.0 (360» per min) 

Place rate table 
Place rotation a 
Return rate tabl 

360.0 (360* per min) 

180.0 <180' per min) 

090.0 (90° per min) 

045.0 (45° per t̂ î y 

ROTATION Switch 
Position 

CW 

CW 

CW 

CW 

D-C Vtvm 
Indication 

SAT UNSAT 

power switch in off position, 
vltch in CCW position, 
e power switch to on position. 

CCW 

CCW 

CCW 

CCW 

(Omit TO paragraphs 8-5, 8-6, and 8-7.) 

3. Conclusion of Testing (TO para 8-8). 

a. After completion of para 8-8, have the instruction 
check your workbook. 

b. Replace-dust caps on equipment as required. 

c. Replace the components in storage. 
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SECTION C 

BENCH CHECK SWITCHING RATE GYRO 

EQUIPMENT 

AJM-17 Test Set. 
Switching Rate Gyro 
Rate Table 
Electronic Counter 
Workbook 
TO 5A1-9-2-2 

Basis of Issue 
1/student 
1/student 
1/student 
1/student 
1/student 
1/student 

PROCEDURE 

The TO and workbook provide the operational instructions necessary 
for operating the AJM-17 test set when bench checking the switching 
rate gyro. Follow the instructions carefully. Spaces are provided 
for recording the results of each check. This workbook will be checked 
by the instructor. Remove all jewelry. 

INSPECTION 

1. Preliminary Checks. (TO para. 16-2) 

a. Make a visual inspection as per TO instructions. 

b. List in the spaces below, any damage or corrosion found. 

(1) . 

(2) . 

(3) . 

c. Position the switching rate gyro test panel (AJM-17) 
controls and switches as indicated in table 16-1 in the TO. 

d. Connect bench test set-up in accordance with figure 
16-1 in the TO. 

Caution: The RATE SET control is offset from zero. Do not 
turn it counterclockwise below a setting of 0150 or clockwise 
above a setting of 3850. The calibration and accuracy of the 
RATE SET control can be destroyed by forcing it against its 
potentiometer stops. 

Do not change the position of the ROTATION switch without first 
placing the rate table POWER switch in the OFF position. 

Keep the cable assembly from becoming entangled during rate 
table operation. Excessive drag may result in invalid test results^ 
and equipment damage. 

1300 
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e. Position the rate table switches and controls as 
indicated in table 16-2. 

f. Position electronic counter switches and controls 
as indicated in tables la or lb. Table la contains the settings 
for the Hewlett Packard counter. Table lb contains the settings 
for the Eldorado counter. 

Switch or Control 

rRIGGER SLOPE 
START switch 
IRIGGER SLOPE 
STOP switch 
INPUTS switch 
TRIGGER LEVEL 
START control 
TRIGGER LEVEL 
STOP control 
FUNCTION SELECTOR 
switch 
TIME UNIT switch 
POWER switch 

Table la. 

Position 

+ 

• • 

CCMION 
n o and 2 

(DC) 
XIO and 2 

(DC) 
TIME INTERVAL 

SEC 
ON 

Switch or Control 

POWER switch 
STORAGE 
DISPLAY 
RESET 

MODE 
TIME 
INPUTS 
CIRCUIT switches 
SLOPE A 
SLOPE B 

Table 

Pc 3ition 

ON 
OFF 
C/W 

Press to 
clear dlsplar 
AX 1 
10.5 
X 1 
DC 
-

f 

> 

lb. 
BENCH CHECK 

1. Power Consumption Test. (TO para. 16-3) 

a. Results of GYRO NORMAL and POWER lamps check. 

Sat Uhsat 

b. Results of Power Consumption Test. Sat Unsat 

'm 
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2. Switching Rata Test. (TO para. 16-4) 

a. Adjust the race table for direction and rotational 
speed as specified in the TO. Record t:jne and results of the test. 

Control Setting 

15°/Min. 

ZC/Min. 

45VMin. 

ISOVMin. 

180°/Min. 

45VMin. 

aC/Min. 

15VMin. 

Rotation j Time Interval 
' for switching 

(ma:: seconds) 

CW :o 

Actual Time 
interval 

1 1 
j CW "/^ i 

I CW J 

! CW ' 4 
1 

Place rate table PG'./ER switch in OFF position. 
Place rate tabii: ROTATION switch in CCW position. 
Return rate table POWER switch to ON position. 

j CCW 4 j 

CCW 3 j 

1 J 

j CCW 30 j 

R<!SUltS 

S U 

1 

b. At the conclusion of step a for the last rotational 
rate listed, place test pan^i TATE TABLZ switch in the STOP position 

3. Power Failure Test. (TO para. 16-5) 

Results of power .failure test. Sat a. 

b. 

Unsat 

observed. 
In the spaces below, list any abnormal indications 

(1) -

(2) : . 

(3) : . 

1902 
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Caution: Wait five minutes for the switching rate gyro motor 
to coast down before removing the unit from the rate tabl'?. 
Otherwise coEponent damage may result. 

^' Conclusion of Testing. 

a. After completion of paragraph 16-6, have the in tructor 
check your workbook. 

b. Replace dust caps on equipment as required. 

c. Replace components in storage. 

SECTION D 

3ENCH CHECK OF THE DUAL TÎ fER 

EQUIPMENT 

AJM-17 Test Set 
Elec t ronic Counter (H-Packard) 
Dual Timer 
TO 5A1-9-2-?. 
Workbook 

Basis of Issue 
1/student 
1/s tudent 
1/s tudent 
] / s tudent 
1/student 

PROCEDURE 
« 

Turn to sect ion 21 in TO 5A1-9-2-2, Follow the procedures s t e p -
by-s tep completing a l l sec t ions required. Record your r e s u l t s i n the 
spaces provided in th i s workbook. This workbook w i l l be checked by the 
i n s t r u c t o r . Remove your jewelry. 

INSPECTION 

a. Preliminary Operation lastriActions , (Refer to TO para 21-?.) 

In the spaces provided., l i s t any damages found during the v i sua l 
inspect ion for para 21-2. sceos 1 through 3 , then provide neceisary 
responses for the remaining s t eps . 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

* 

Sa t i s fac tory 

SaCisfacuorv 

Satisfar.i-.ory 

Sat i s fac tory 

Uns a t i s f ac tory 

Uns at is f act ory 

Unsatisfactory 

Unsat isfactory 

1 1 1 

13 
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Steps 8 through 11 

No response required. 

b. Inif '1 Timer Warm-Up. Provide the necessary responses 
for steps 1 thi <ugh 7 in para 21-3. 

1 through 5 - No response required 

5 Satisfactory Unsatisfactory ^_^ 

6 through 7 - No response required 

c. Pullup and Release Timer. Use table 1 below to record 
Electronic Counter Indications when performing prftcedures outlined 
i^ para 21-4. Check as. Satisfactory or Unsatisfactory. 

Mode Switch 
Position 

4 

4 

3 

3 

3 

4 

4 

4 

Dual Timer 
Pullup 

30.0 

0.2 

60.0 

30.0 

0.2 

CO 

0.0 

0.0 

Release 

15,0 

0.2 

0.0 

0.0 

0.0 

30.0 

15.0 

0.2 

Electronic Counter 
Indications 
(Seconds) 

• 

Sat. Unsat. 

1 
i 

Table 1. 

d. Lighting. Provide the necessary responses for steps 1 ar:d 
2 in para 21-5. 

ON OFF 

2. Satisfactory Unsatisfactory 

e. Automatic Shutoff. Provide the necessary responses for 
steps 1 through 4 in para 21-6. 

Steps 1 through 3. No response-required. 
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4. Electronic Counter Indication 

Satisfactory Unsatisfactory 

f. Conclusion of testing. (Refer to para 21-7) 

1. Complete procedures in para 21-7. No response required. 

2. Have your instructor check your workbook. 

3. Replace components in storage. 

1^0 5 
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FOREWORD 

This programmed text was prepared for use in the 3ABR32531 
course of instruction, and was validated using 20 students enrolled 
in that course. Ninety-five percent of the students achieved the 
objectives as stated. The average time required to complete this 
text was 1 hour 37 minutes. 

OBJECTIVES 

After completing this programmed text, and without the aid-
of reference, demonstrate your knowledge of the MC-1 compass 
calibrator by: 

1. Identifying the purpose of the MC-1 and each of its 
components with an accuracy of 80%. 

2. Matching each MC-1 component to its function with an 
accuracy of 80%. 

3. Identifying the compass swing site requirements with 
an accuracy 'of 70%. 

INSTRUCTIONS 

This programmed text presents information in small steps called 
frames. Each frame is followed by some form of questioning. Immedi­
ately after reading each frame, you will make the required response. 
Check your answers each time with the correct answer shown at the end 
of the following frame. If you make the correct response, go on to 
the next frame. If you make an incorrect response, reread the frame 
before going on to the next frame. Be sure you understand the 
material presented in each frame before continuing. 

^907 



Frame 1 
itn 

The gyro stabilized magnetic compass system provides aircraft 
crew members with indications of the aircraft's magnetic heading. 
Readings taken from the compass indicator provide references for 
navigating the aircraft. Unless thtse indications are without 
error, accurate navigation is not possible. Compass swings are 
performed to insure magnetic heading accuracy. Compass swings 
determine the amount of error in the indicator readings and are 
used to remove these errors. In this text, you will learn the 
procedures used with the MC-1 compass calibrator. The calibrator 
is used to determine the amount of error in a compass system and to 
calibrate the system. The MC-1 is used to calibrate most modern 
aircraft compass systems that use a remote transmitter as a 
directional reference. 

No Response Required. 
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•Frame 2 

When swinging a compass system, using a sight compass or 
compass rose, the aircraft must be towed or taxied through 360° 
of azimuth. When using the MC-l compass calibrator to perform 
the swing, the aircraft is parked on a north-south line. With 
the MC-1, the aircraft is not moved during the swing 

Place a check (/) in front of the true statements. 

_a. 

b. 

Sight compasses are used with the MC-1. 

When using a sight compass, the aircraft is not rotated 
through 360°. 

When using the MC-1, the aircraft remains on a north-south 
line. 

I9d9 
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Frame 3 

The MC-1 Compass Calibrator consists of the-components shown. The 
description and purpose of these components will be defined in the 
following frames. > 

No Response Required 

•-̂ •̂ ^̂  

CONSOLE MONITOR TURNTABLE 

({0 

POWER SUPPLY 

\ 

TRIPOD 

OPTICAL TRANSFER 
EQUIPMENT 

Oi Ck C)k Ov 

Oi C^ ̂ ^ 
CABLKS CONNECTORS 

MC-1 Components and Auxiliary Equipment. 

Answers to Frame 2: a. _b. / c. 

3 
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Frame 4 

A magnetic survey of the compass swing location must be 
accomplished. Accurate compass swings cannot be performed until 
this is done. The purpose of the magnetic survey is to determine 
whether the earth's magnetic field in that area is uniform in both 
direction and strength. 

Place a check (/) in front of the true statements below. 

_a. The magnetic survey is to check the accuracy of the 
. aircraft's compass. 

_b. Uniformity of the earth's magnetic field is checked 
during a magnetic survey. 

_c. Magnetic surveys are performed after compass swings. 

J 9/1 
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Frame 5 

A selected area which meets the conditions of the magnetic 
survey must be checked at least once a year. This check Is to 
see if the earth's magnetic field has changed in the swing area. 
The check will also be made if there is a physical change in the 
site (new buildings, roads, etc.). A physical change may result 
in a magnetic disturbance. 

Place a check (/) in front of the true statements. 

a. Compass swing areas must be checked at least once a year. 

b. 

c. 

Checks of the area are made to see if the earth's 
magnetic field is the same as during the initial survey. 

Checks are not necessary when new buildings are 

constructed in the swing area. 

Answers to Frame 4; a. / b. c. 

(C 

c 
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Frame $ • 

The compass swing site must be easy to get to. It must also 
be large enough to allow the aircraft to be towed in and aligned 
to magnetic north, Tae area must be free of outside magnetic 
disturbances^uch as large buildings, towers and traffic. If the 
magnetic suirvey determines that the earth's magnetic field is not 
uniform in both strength and direction, then another location must 
be selected. On page 7 there is an illustration of a typical swing 
site and equipment set up for performing a compass swing. 

Using the illustration when needed, place a check (/) in front 
of the true statements. 

a. Area size has no bearing on the swing area selection. 

b. Another area must be used if the magnetic field is not 
uniform in strength or direction. 

c. A metal shed near the swing area would have no effect 
on the swing area. 

Answers to Frame 5: a. / b. c. 
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TURNTABLE 
LOCATION 

POWER SUPPLY 

INVERTER 

1914 
Compass Swing Equipment Set-Up. 
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Frame 7 

The components of the MC-1 calibrator used in the area survey 
are: 

1. Field monitor - used with the console during the magnetic 
survey to measure the strength and direction of the earth's magnetic 
field. 

2. Console - has the necessary controls, switches and 
indicators to perform surveys and compass swings. 

3. Power supjjiy - is an inverter with its own mounting, 
connecting provisions and power cable. This unit converts DC 
to AC /,00-Hertz for console power. 

Place a check (/) in front of the components listed below that 
are used to perform a magnetic survey. 

a. 

b. 

c. 

d. 

Console. 

Turntable. 

Field monitor. 

Power supply. 

Answers to Frame 6: / b. c. 
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Frame 3 

/f>2? 

Let's.review the material that has been covered so far. Pla<:e a 
check (/) in front of the true statements below. 

,( 

_a. When using the MC-1 to perform compas.s swings, the aircraft 
must be rotated through 360°. 

_b. Magnetic surveys are performed to check the output of the 
aircraft compass. 

_£. Magnetic surveys must be performed before compass swings 
can be accomplished. 

_d. A check of the swing site must be performed at least once 
each year. 

_e. Areas to be surveyed must be at least 100 square yards 
in size. 

C' 

I. When performing compass swings using the MC-1, sight 
compasses are not used. 

Place a check (/) in front of the components that are used 
during a magnetic survey. 

ĝ. Turntable. 

h. Console. 

i. Monitor. 

J. Power supply. 

Answers to Frame 7: / a . b. / c. / d. 
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1. A tripod used for mounting the following: 

a. A 22 power telescope for sighting targets. The telescope 
contains adjustments for focusing. 

b. An azimuth dial that is provided for alignment of the 
monitor and reading ''irections viewed through the telescope. 

c. The sensing unit which senses the direction of the 
earth's magnetic field (a nonpendulous sensitive element). 

Match the items in column A with their function in column B by 
placing the correct number in the proper space. 

Column A 

a. Azimuth dial 

b. Sensing unit 

_c. Adjustments 

Column B 

1. Provided for alignment of the 
monitor and reading directions 
viewed through the telescope. 

2. Focusing for distance and 
cross hair. 

3. Mounting for the monitor. 

4. Senses the earth's magnetic 
field. 

Answers to Frame 8^ a. b. / 

/ f. ĝ. / h. / i. / j . 

c. / d. 

1913 

10 
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f The master direction sensing unit is mounted below the telescope 
as shown in the figure below. Like the remote compass transmitter, 
this unit contains three pickup coils. These coils sense the 
north-south direction of the earth's magnetic field. Unlike the 
compass transmitter, the pickup coils are not pendulously (hanging), 
mounted. This means that much care must be taken to insure that the 
monitor is level when it is being used. 

• MAGNETIC 
•NORTH 

TRANSMinER 

Place a check (/) in front of the true statements below. 

ja. The pickup coils in the sensing unit sense the direction 
of the earth's magnetic field. 

b. The sensing tinit is pendulously mounted. 

ĉ. Care must be taken in lev-ling the monitor. 

Answers to Frame 9: l a . 4 b. 2 c. 

11 
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North-South line as shown below. This line is used to align the 
aircraft to magnetic north during compass swings as shown in the 
figure. The location picked for the field monitor, turntable, and 
North-South line are determined during survey of the swing site. 
The target bearing is permanently recorded near the location 
established for the monitor. Note that the bearing in the figure 
is 325'° 15' and would be marked on the pavement, the turntable 
location is also shown in the figure. 

NORTH-SOUTH LINE LAID OUT PARALLEL TO 
THE MAGNETIC NORTH HEADING AT 
TURNTABLE LOCATION 

TURNTABLE LOCATION 
(DIRECTLY BELOW AIRCRAFT 
TRANSMITTER LOCATION) 

TURNTABLE LOCATION 
CORRECTION PAINTED 
ON PAVEMENT 

Using the i l lus t ra t ion when needed, place a check (/) in the space 
next to the true statements. 

a. 

b. 

Cl 

d. 

The reference target bearing, location of components and the 
north-south line are determined by using the console and the 
turntable. 

The target bearing will be marked near the north-south 
reference line. 

The console and monitor are used during the survey to 
determine component location. 

The turntable correction is +13°. 

Answers to Frame 10: / a. b. / c. 
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reference target bearing are established. The target should be an 
object (building or tower) 1/2 mile or more from the swing site (see 
figure on page 7, Compass Swing Equipment Set-Up). The magnetic 
bearing of this target is used as a reference during compass swings. 
The bearing of this target is permanently marked at the selected 
monitor location. 

Place a check (/) in front of the true statement(s). 

_a. Reference targets are less than 1/2 mile from the swing 
location. 

_b. The bearing of the reference target is permanently marked 
at the monitor location. 

c. Target bearing is used during compass swings. 

Answers to Frame 11: a. b. / c . / d . 

r 

c 
13 
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Column I , to match the purpose to the u n i t . 

I I I 

a. Adjustments 

_b. Azimuth Dial 

_c. Sensing unit 

1. Focusing for distance and 
cross hairs. 

2. Mounting for the monitor. 

3. Reads direction received 
through the telescope. 

4. Senses the earth's magnetic 
field. 

Complete the following statements by underlining the correct 
answer(s). 

d. The target bearing will be permanently marked near the 
(turntable, monitor) location. 

a. The (monitor and console, turntable and console) are used to 
determine the reference target bearing. 

f. Reference targets must be at least (1/4, 1/2, 3/4) mile from 
the swing site. 

Answers to Frame 12: a. / b. / c. 

1^922 
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been completed. The MC-1 components that are used to complete a 
magnetic survey are also used to perform the compass swings. In 
addinion to the console, monitor, and power supply, the turntable 
is also used to perform the compass swing. 

Place a check (/) in front of the true statements below. 

a. 

b. 

Compass swings are performed after area magnetic surveys 
are completed. 

Components used during the survey are also used during compass 
swings. 

ĉ. The turntable is the MC-1 component not used during the survey. 

Answers to Frame 13: 

X a. 3 b, 4 c. Monitor d. Monitor and Console e. 1/2 f. 

15 
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A compass swing data sheet (AFTO Form 53) is provided for use 
when compass swings are performed. This sheet is used as a guide 
for performing compass swings. It gives control and switch settings 
to be set on the console for each check. Spaces are provided for 
recording values read from the monitor and console for each step. 
The entries in the spaces are keyed to the paragraph in the TO that is 
used to perform the operating procedures. 

Place a check (/) next to the true statement(s). 

a. The AFTO Form 53 provides procedures to perform a compass 
swing. 

b. A swing data sheet is a guide to be used when performing 
compass swings. 

Spaces are provided on the swing sheet to record aircraft 
compass readings. 

d. The AFTO Form 53 is keyed by paragraph to the TO. 

Answers to Frame 14: / a. / b. / c. 

t 
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V that are used during compass swings. 

a. Monitor. 

b. Console. 

ĉ. Power Supply. 

d. Turntable. 

Complete the statements below by underlining the correct answer(s). 

e. Compass swing are performed (before, after) the magnetic 
survey is accomplished. 

f. The Swing Data Sheet (is, is not) used as a guide in 
performing compass swings. 

Answers to Frame 15: / b. c. / d. 

17 
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The compass swing procedures consist of the following related 
operations that must be performed in the order given: 

a. Equipment Set-up 

b. Magnetic North Alignment of the Transmitter 

c. Determination of the El and E2 Voltages or the Transmitter. 

d. Determination of the 180 and 270 Crosstalk Values. 

e. Optical Transfer of the Transmitter. 

f. Actual Aircraft Compass Swing. 

Each of the above steps will be covered separately. These steps 
will include procedures to be followed to perform each major operation. 
You will find that the first five steps are preparations necessary in 
performing the actual aircraft compass swing. The last step (f) is 
the actual compass swing. 

NO RESPONSE REQUIRED 

Answers to Frame 16: / a . / b, / c. / d. After e. is f. 

k 
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monitor and turntable are set up at the locations established during the 
magnetic survey. Cable connections are made between the power supply, 
monitor, and console, as shown below. Note that certain distances 
have to be met in setting up the equipment to prevent electrical 
interferences. The aircraft is not normally in position at the swing 
area at this time. 

TARGET 

TURNTABLE 
LOCATION 

POWER SUFPLY 

INVERTER 

(I 

Compass Swing Equipment Setup. 

Place a check (/) in front of the true statement(s). 

_a. When setting up for a compass swing, calibrator components 
can be placed wherever it is convenient to use them. 

J}. The aircraft must be in position before calibrator components 
are set into position. 

_c. The field monitor and turntable locations are selected 
during the area survey. 

1.9 o '̂  



After the monitor has been set up ana ievej.ea at xus î iuî et 
location, it is used to determine the magnetic bearing of the 
North-South line. This is to determine whether the earth's 
magnetic field has changed in direction and strength since the 
original area survey was performed. Any difference that exists 
is known as a monitor index error. 

The monitor will be used to "monitor" any changes in magnetic 
conditions during the remainder of the compass swing procedures. 

Place a check (/) in front of the true statement(s). 

a. During set up procedures, the initial survey of the 
swing area is made, 

b. The monitor is used to determine the magnetic bearing 
of the North-South line. 

Answers to Frame 18: a. b. / 

19Z8 
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The second step is the magnetic north alignment of the aircraft 
remote compass transmitter. The compass transmitter must be removed 
from the aircraft and mounted on the turntable. The turntable is 
similar to the monitor. In place of the telescope and master sensing 
unit, It has a mounting flange for the transmitter. The dial on the 
turntable serves as the azimuth reference for positioning the 
transmitter to the desired headings. See the figure below. 

Transmitter Mounted on Turntable. 

Check the true statements below. 

_a. In this portion of the swing, Che monitor transmitter is 
aligned to north. 

b. A master sensing unit is provided on the turntable. 

c. During north alignment of the transmitter, it remains in 
the aircraft. 

d. To align the transmitter, it is mounted on the turntable. 

A telescope Is provided on the turntable to align the 
transmitter to the desired heading. 

Answers to Frame 19: a. /b. 
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Frame 21 

V 

Recall that the function of the remote compass transmitter is 
to supply the compass system with an electrical signal which 
represents the direction the aircraft is flying. This signal 
is produced by the earth's magnetic field and is processed in 
the system to control the position of a gyro or it is applied 
to an indicator. As the aircraft changes its direction, the 
transmitter turns with it. This causes a change in the output 
voltage of the three pickup coils which produce the signal. 

Answers to Frame 20: 

NO RESPONSE REQUIRED 

a. b. c. / d. e. 

t 

1930 

# 
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Frame 22 

After the transmitter has been aligned to magnetic North the 
next step is to determine its electrical characteristics. Specifically, 
the value of the voltages required to create magnetic fields within 
the transmitter to cancel the earth's existing field. These voltages 
are referred to as El and E2 voltage. Both the El and E2 voltages 
are determined from the average of readings taken with the transmitter 
initially set to a specific direction and then with the transmitter 
rotated 180 degrees. For example; El voltage is determined by taking 
three readings with the transmitter set at 180° and three readings 
with the transmitter at 0°. The average of the six readings is the 

El voltage. E2 voltage is determined by taking three readings with the 
transmitter set at 270° and three readings with the transmitter at 90°. 
The average of the six readings is the E2 voltage. 

The El and E2 voltages will then be used later to perform an 
Electrical Compass Swing. (Electrically rotating the magnetic field 
relative to the transmitter). 

Check (/) the true statements below. 

El and E2 voltages are detrmined by setting the monitor 
at 0° and 180°. 

b. E2 voltage is determined by setting the turntable at 
270° and 90°. 

ka. average of the six readings is used to determine the El 
voltage, 

23 
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Frame 23 

Match the components and component units in Column A to their 
function in Column B. 

Column A Column B 

_1. Monitor 

2. Monitor telescope 

3. Monitor sensing unit 

4. Turntable 

5. Turntable azimuth dial 

J). Power supply 

7. Console 

a. Contains controls, switches, and 
indicators necessary for per­
forming swings and magnetic 
surveys. 

b.- Used with the console to measure 
the direction and strength of 
the earth's magnetic field. 

c. Provides component power and 
connections between calibrator 
components. 

d. Is not pendulously mounted and 
senses the north-south direction 
of the earth's magnetic field. 

e. Used for sighting a target at 
least 1/2 mile away. 

f. Provides a mounting for the 
aircraft remote compass 
transmitter. 

g. Used for aligning the aircraft 
on the north-south line. 

h. Provides a reference for reading 
the direction to which the 
remote compass transmitter 
is pointing. 

Complete-the following statements by underlining the correct 
answers. 

8. The monitor is used to "monitor" conditions of the earth's 
magnetic field .... (remote compass transmitter) during the compass swing. 

9. The remote compass transmitter Is mounted on the (monitor.., 
turntable console) . 

10. An (azimuth dial....master sensing unit) is provided on the 
turntable to align the transmitter to the desired headings. 

11. The electrical characteristics of each (console....master 
sensing unit..,.remote compass transmitter) determine the El and E2 
voltage requirement for the electrical swing. 

12. When determining the El and E2 voltages, readings are taken 
at (every 15 degrees heading.... the cardinal headings). 

Answers to Frame 22: a. 

i.932 
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frame 24 
* 

The remote compass transmitter output signals contain errors which are 
produced by the unit itself. These errors are due to the difference in 
construction of the pickup coils and by the magnetic field from one coil 
affecting the output of the other two coils. This is known as Crosstalk 
Error and must be compensated for to achieve a precise electrical swing. 

Place a check (/) in front of the true statement(s). 

a. 

b. 

c. 

Errors in the transmitter output are due to construction of the 
unit and the magnetic field in each pickup coil. 

Transmitter errors are determined during the mechanical portion 
of the swing. 

Compass transmitter errors are produced by the earth's magnetic 
field. 

Answers to Frame 23: 

b 1. e 2. d 3. f 4. h 5. 6. 7. 

i 

earth's magnetic field 8. turntable 9. azimuth dial 10. 

remote compass transmitter 11. the cardinal headings 12. 

i 
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Frame 25 

The procedures followed up to this point are performed to 
determine the serviceability of the compass transmitter. Equipment 
has been set up at its proper location; checks have been made to 
determine that the outputs ary within a specific tolerance. The 
area has been resurveyed, the transmitter mounted and aligned 
to north. Transmitter output and amount of output error have 
been checked. If the compass transmitter is not serviceable, a new 
transmitter must be obtained. In this case the swing procedure must 
be started over. If the transmitter is serviceable, the procedure 
will be continued. 

Place a check (/) in front of the true statement(s). 

Up to this point in the swing, it should be determined 
whether or not the transmitter output is within tolerance 
and the transmitter can be used. 

At chis point, if the transmitter is not serviceable, the 
swing will continue without one. 

If the transmitter is serviceable, the swing procedures 
will be continued. 

Answers to Frame 24: / a. 
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Frame 26 

The remainder of the swing will be performed with the remote 
compass transmitter in the aircraft. The optical transfer is 
the next step of the compass swing procedure. The transmitter 
must be moved from the turntable back to the aircraft. When the 
transmitter is returned, it must be aligned to the aircraft's 
longitudinal axis. 

Place a check (/) in front of the true statements(s). 

The process of moving the monitor to the aircraft is 
called Optical Transfer." 

b. When the transmitter is mounted on the aircraft, it must 
be aligned with the longitudinal aircraft axis. 

Answers to Frame 25: / a. b. / c. 
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Frame 27 

To complete an optical transfer optical alignment equipment 
must be used. This equipment is used when moving the transmitter 
from the turntable to the aircraft. Optical transfer equipment 
consists of a telescope which is attached to the transmitter while 
it is in place on the turntable. The figure below, and legend, shows 
the placement of the optical alignment equipment with telescope and 
necessary subassemblies and shafts. An azimuth adjustment makes it 
possible to rotate the telescope in respect to the transmitter. 

< 

° ' Remote Aligfinent Eqvnpment. 

1. Telescope 
2. Leg Alignment Subassembly 
3. Transmitter Mounting Studs 
4. B-52D Adapter Subassembly 

5. Support Plate Subassembly 
6. Short Coupling Shaft 
7. Long Coupling Shaft 
8. Leg Adjusting Subassembly 

Place a check (/) in front of the true statement(s), 

When transferring the transmitter, optical alignment 
equipment must be used. 

b. Optical alignment equipment consists of a master transmitter 
and subassemblies. 

Answers to Frame 26: I. / b. 
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Frame 28 

Before the aircraft is towed into position, the optical transfer 
equipment must be motuited on the remote compass transmitter. This is 
accomplished using the mountings and fixtures provided for the type of 
aircraft being swung. Special mountings and fixtures are also provided 
for the type of transmitter used in that particular aircraft. See the 
figure below and on the opposite page. 

Stabilizer - Mounted 
Standard Transmitter. 

Stabilizer - Mounted 
Thin Transmitter. 

Place a check (/) in front of the true statement(s). 

a. Optical alignment equipment is mounted on the transmitter 
before the aircraft is in place. 

b. Special mountings and fixtures are provided for a particular 
type of aircraft and/or transmitter. 

t 
Answers to Frame 27: / a. b. 

29 
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Frame 29 

With the telescope mounted on the transmitter, a target will be 
sighted through the telescope. The target (any target) must be at 
least one-half mile away. It must be in view from both the turntable 
location and transmitter location in the aircraft. The telescope will 
be aligned with its cross hairs on the target. When the cross hairs are 
on the target, the telescope will be locked into place on the transmitter. 
When the transmitter is replaced in the aircraft, sighting back on the 
target will insure that the transmitter is aligned correctly in the 
aircraft. 

Place a check (/) in front of the true statement(s). 

a. The target used as a reference for aligning the transmitter 
in the aircraft must be at least 1/4 of a mile away. 

b. The target must be visual to both the turntable location and 
transmit-ter locations. 

c. Using the telescope and target insures that the transmitter 
is aligned correctly in the aircraft. 

Answers to Frame 28: / a. / b. 

30 
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Frame 30 

V After the reference target *.f'.r transfer) has been sighted, the 
aircraft will be towed into the swing area. When the aircraft is towed 
into the swing area, it is aligned on the north-south line. There is 
usually some misalignment between the aircraft and the north-south line. 
The amount of misalignment must be determined. The difference between 
the north-south line and the aircraft's longitudinal axis must be set 
into the transfer equipment. This is done to insure accurate alignment 
of the transmitter in the aircraft. 

Place a check (/) in front of the true statement(s). 

a. 

c. 

The aircraft is towed into the swing area after alignment 
equipment is mounted and the target is sighted. 

Perfect alignment on the north-south line is seldom possible. 

Knowing the amount of misalignment between the aircraft and 
the north-south line is not necessary for aligning the 
transmitter in the aircraft. 

Answers to Frame 29; / b. / c. 

c 
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Frame 31 

Upon completion of the optical transfer of the transmitter from 
the turntable to the aircraft, an electrical swing at the four cardinal 
headings is performed. The transmitter is then indexed and the N-S and 
E-W compensation adjustment is made. This procedure is called Index 
and One-Cycle Error Compensation. 

Place a check (/) in front of the true statement(s). 

Before the transmitter can be returned to the aircraft, the 
amount of error in the monitor signal must be determined. 

b. Misalignment between the north-south line and t'.e aircraft 
longitudinal axis must be compensated for. 

Optical transfer equipment is used to remove the transmitter 
from the aircraft. 

The monitor telescope is used during the transfer procedures, 

e. 

f. 

After the optical alignment equipment is mounted on the 
transmitter, the aircraft is towed into position. 

To insure that the transmitter is aligned correctly in the 
aircraft, a target at least 1/2 a mile away from the swing 
area must be sighted through the alignment telescope. 

Answers to Frame 30: / / b. 
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Frame 32 

When the N-S and E-W errors have been reduced to a minimum, further 
compensation will depend upon the aircraft compass system compensation 
available. For example, if the compass system used a 24 point compensator, 
the HDG SELECTOR on the control console can be rotated to headings spaced 
15" apart and the appropriate potentiometer adjusted to remove any 
remaining error. 

Place a check (/) in front of the true statement(s). 

_a. After the index and one-cycle compensation is completed, no 
further calibration can be made. 

If a 24 point compensator is used, readings are taken at 
every 15 degrees. 

Answers to Frame 31: a. / b. e. / f. 

( 
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Frame 33 

When performing the steps of the compass swing, various values 
are recorded on the swing data sheet (AFTO Form 53). These values 
represent some of the following: 

1. 

2. 

3. 

4. 

Reference target bearing. 

Monitor values at cardinal headings. 

Remote compass transmitter outputs. 

Compass transmitter errors. 

These values are used to perform calculations of formulas provided 
on the swing data sheet. This provides the necessary data for setting 
the controls on the console. These settings produce console outputs 
needed during the remainder of the swing. 

Place a check (/) in front of the true statement(s). 

a. 

b. 

The AFTO Form 53 provides formulas for calculations used during 
various parts of the swing. 

Calculations provide data for operating the console during 
the swing. 

c. Console outputs are not used during the latter part of the swing. 

Answers to Frame 32: a. / b. 

I 
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Frame 34 

It was stated earlier in the text that when using the MC-1 calibrator, 
the compass swing can be performed without rotating the aircraft. This is 
done by using the information recorded on the swing data sheet (AFTO Form 53) 
These recordings provide values to be set into the console. The settings 
will produce current outputs which are transmitted to the aircraft's 
compass system. During this phase of the swing (the actual compass swing), 
all heading signals from the remote compass transmitter are produced by 
outputs from the console. 

Answers to Frame 33: a. 

NO RESPONSE REQUIRED 

/ b. . c. 

l^ 3 
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Frame 35 

The console outputs are precisely controlled DC currents. The 
currents are passed to the r̂ imote compass transmitter, figure A, and 
through the remote compass transmitter compensator, shown in figure B. 
Another type of transmitter and compensator is shown in figure C. The 
compensator in figure C is not electrically connected to the console. 
You will adjust the N-S, E-W screws when swinging. With the proper values 
set into the console, its outputs simulate the earth's magnetic field 
at any desired heading. 

• 

N-S 
ADJUST 

COMPENSATOR 

t 

Compass Transmitter and Compensators. 

Place a check (/) in front of the true statement(s). 

Console output? are precisely controlled AC outputs. _a. 

b. 

c. 

Console outputs are transmitted first to the remote compass 
transmitter compensator, and then to the remote compass 
transmitter. 

Console outputs are transmitted directly to the remote 
compass transmitter. 

_d. Console outputs simulate the earth's magnetic field. 

36 
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Frame 36 

* 
The console outputs make the compass system react as if the aircraft 

was actually being turned. The aircraft remains on the north-south line 
and the earth's magnetic field is simulated. For example, with the proper 
values set into the console to simulate the earth's magnetic fields at a 
90 degree heading, the indicator should indicate 90 degrees, even though 
the aircraft is still pointing north. By simulating the earth's magnetic 
field, the compass system errors can be determined and corrected without 
moving the aircraft. 

Place a check (/) in front of the true statement(s). 

&, Console outputs affect the compass as if the aircraft were 
actually turning. 

Jb. By simulating the earth's magnetic field, the cor.oole o-tputs 
can be corrected. 

Answers to Frame 35: / b. / d. 

1-9̂ 5 
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Frame 37 

The console headings simulate the earth's magnetic field at the 
4 cardinal headings (N, E, S, W). Compass indicator readings are 
taken at each cardinal heading. The difference between the simulated 
cardinal headings and the indicator readings is deviation. The error 
at each heading is recorded o the swing correction form. Formulas 
are provided on the AFTO Form 53 to determine the amount of correction 
to be set into the compass system. Indicator errors are corrected at 
the remote compass transmitter compensator. 

Place a checK (/) in front of the true statement(s). 

_a. 

b. 

The earth's magnetic field is simulated by the turntable. 

Variation is the difference between the simulated heading and 
the indicator reading. 

c. Corrections are made on the remote compass transmitter 
compensator. 

Answers to Frame 36: b. 

1946 
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Frame 38 

c The remote compass transmitter compensator contains two adjustment 
screws shown in figures B and C, Frame 35, Compass Transmitter and 
Compensators. These screws compensate for deviation error. The com­
pensator supplies DC currents to the remote compass transmitter. These 
currents are controlled by the N-S and E-W screws. DC currents tend to 
cancel disturbing magnetic fields which are generated by the aircraft's 
equipment (single-cycle error). 

Place a check (/) in front of the true statement(s). 

The. adjustment screws on the compass transmitter compensator 
are comparable to the adjustment magnets on the magnetic 
standby compass. 

Adjustments made at the compensator tend to cancel out the 
indicator readings. 

Adjustments made on the N-S and E-W screws, compensate for 
single-cycle error. 

Answer." to Frame '37: b. / c. 
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Frame 39 

Some aircraft compass systems are provided with a 24 point compensator. 
The indicator readings are reduced to minimum with the transmitter 
compensator adjustment screws. Additional corrections can be made on 
the 24 point compensators. The 24 point compensator provides for 
"system error compensation." This is error produced by the compass 
system itself (mechanical errors in the components). Adjustments are 
made at every 15 degrees of magnetic heading (these are simulated 
headings using the MC-1). 

Place a check (/) in front- of the true statement(s). 

_a. Mechanical errors are corrected at the N-S and E-W screws 
on the compensator. 

_b. Adjustments on the 24 point compensator aire made at every 
15 degrees. 

_c. During the swing portion, the aircraft is rotated 360 degrees. 

Answers to Frame 38: 

ig-ys 
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Frame 40 

Upon completica of this programmed text you should have a basic 
knowledge of why the MC-1 compass calibrator'is used in place of the 
sight compass method for performing compass swings. If you did not 
understand all portions of this text, go back and reread the pertinent 
frames. When you are confident that you understand the steps and 
procedures in performing a compass swing, ask your instructor foi the 
appraisal over the material covered in this programmed text. 

Answers to Frame 39: / b. c. 
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FOREWORD 

This programmed tex t was developed for use In Course 3ABR32530-1, 
Automatic Flight Control Systems Spec i a l i s t . The mate r i a l herein 
was val idated by 26 s tudents In the subject course. At l e a s t 90% 
of the students achieved the object ive as s t a t e d . Average time r e ­
quired to complete th i s text Is 21 minutes. 

OBJECTIV,;s 

Using Illustrations of the compass calibrator azimuth dial, Inter­
pret the readings on the vernier scales without error. 

INSTRUCTIONS 

The Information In this program Is presented In small steps called 
"frames." Each frame Is followed by some form of questioning. Immedi­
ately after reading each frame, make the required response. The correct 
answer will be found at the beginning of the next frame. Check your 
answer each time. If you make an Incorrect response, read the frame 
again. If the response Is correct, continue to the next frame. 

i96l 
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Frame 1 

Performing compass swings using the MC-1 compass calibrator re­
quires reading vemie.r scales on the azimuth dials. The accuracy 
of this type of compass swing depends a great deal on the ability 
of the user to accurately read these scales. The following frames 
are designed to explain how to read the azimuth dials in degrees 
and minutes. The degree and minute readings are used as magnetic 
headings and references throughout the swing procedure. 

NO RESPONSE REQUIRED. 

1 
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Answer to Frame 1: None required. 

Frame 2 

The MC>1 azimuth scales are calibrated In degrees and minutes. 
The smallest division represents 30 minutes (30'). The azimuth 
scales are equipped with verniers that read In minutes. Each division 
on the vernier scale represents 1 minute. 

Circle the letter(o) of the true statement(s) below. 

1. The azimuth scale Is graduated In Increments o£ 30 minutes. 

2. The smallest division on the vernier scale represents 1 
second. 

3. The vernier scale Is calibrated in minutes only. 

1.9 S3 
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Answers to Frame 2: © -• © 
Frame 3 

Refer to figure 1 below. All headings on the azimuth scale are 
referenced to the index ( / ) on the vernier scale. The heading on 

the azimuth scale below is exactly 000° or 360". The f i r s t division 
to the right of 000 degrees i s 30 minutes less than 360 degrees and 
of course the f i r s t division to the lef t is 30 minutes more than 000 
degrees. 

'V£RNIER SCALE 
{EACH DIVISION - I MINUTSi 

30 20 ^ 10 

•L i l J 1.1̂ 1 l . l l j . l ijl l l | " . l ) l I.I 1)1.1 l| I 

10 

XL 
T T T i I I I I 

000 

AZIMUTH SCALE 
(EACH DIVISION - ZOMNUTES- 1/2 DEGREE) 

Figure 1. 

Circle the le t te r (s ) of the true statement(s) below. 

1. The azimuth scale is referenced to the index on the vernier 
scale. 

2. The f i r s t division on the azimuth scale to the right of 
the index indicates a reading less than 300 degrees. 

3. The smallest Increment on the azimuth scale represents 
1/2 of a degree. 
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Answers to Frame 3 : C^y 2 . ( S J 

Frame 4 

The importance of accurately reading the MC-1 azimuth scales 
cannot be overemphasized. Probably the best way to achieve a high 
degree of accuracy is to follow some sequence for taking these 
readings. Refer to figure 2 while following the instructions below 
in order to establish this sequence. 

STEP 1. Determine wiich NUMBERED division on the azmimuth scale 
is referenced closest to the vernier index. 

STEP 2. Next, add the number of degrees on the azimuth scale 
that appears to the right of the index up to the NUMBERED degree. 

Using figure 2 as a reference, circle the correct word(s) in each 
statement below. 

1. There is (less, more) than 1 degree that appear(s) to the 
right of the index up to the NUMBERED degree. 

2. The heading on the azimuth scale is (less, more) tht>n 80 
degrees. 

30 

UU JU 

THE ONLY DIVISION ON'THE VERNIER SCALE 
THAT EXACTLY ALIGNS WITH A DIVISION ON 
THE AZIMUTH SCALE. 

10 

u a 

90 

INDEX MARK IS APPROXIMATELY 
MlCmr BETWEEN A 30MINUTE 
DIVISION. 

Figure 2. 
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Answers to Frame 4; 1. (less 

Frame 5 

Thus far, you know that the heading la 80 degrees and more than 
30 minutes. Refer to figure 2 again. Notice that the Index Is half­
way between divisions. This Indicates an amount close to 15 minutes 
and brings us to the next step. 

STEP 3. Focus your eyes on the vernier scale near the 15 min­
ute division. Notice that there Is only one division on the vernier 
that EXACTLY aligns with a division on the azimuth scale. 

STEP 4. Add this amount to the 80 degrees and 30 minutes and 
you have the EXACT heading indicated on the azimuth dials. 

Refer to figure 2 and fill in the blank space(s) In the statements 
below with the correct words or numbers which complete the statements. 

1. The only division on the vernier scale that EXACTLY ALIGNS 
with a division on the azimuth scale is the min­
ute division. 

The EXACT heading is: 
minutes. 

degrees and 
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Answers to Frame 5: 1. twelve (12), 2. eighty (80), forty-two (42) 

Frame 6 

To gain proficiency in reading azimuth scales accurately per-
foirm the following four exercises and record your reading in the 
space provided below each exercise. 

30 20 

i.i.n.ii.1.1 
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I I 1 1 11 I i I I I 1 I i I ( I i 

270 280 

EXERCISE NO 1 

30 20 

m 
10 
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Answers to Frame 6: EXERCISE NO 1. 270" 45' 

EXERCISE NO 2. 60<* 3' 
EXERCISE NO 3. 30' 24' 
EXERCISE NO 4. 29" 33' 

Frame 7 __̂ ---'' 

The azimuth scales on the turntable, monitor, and console are 
all read the same way. The vernier scale can be rotated independently 
of the azimuth scale or the azimuth and vernier can be locked together 
and rotated within the tripod as a unit. 

NO RESPONSE REQUIRED. 

If you missed any of the exercises in Frame 6, read the text again. 
When you are finished, ask the instructor for the examination. 

i-^S9 
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Instrument Branch 
Chanute AFB, Illinois 

3ABR32531-WB-404 
3ABR32632B-WB-502B 

6 August 1974 

USE OF THE MC-1 COMPASS CALIBRATOR 

OBJECTIVES 

Using a trainer, workbook, technical order, AFTO Form 53, and a 
MC-1 compass calibrator set, perform a compass swing and compensation 
adjustment lAW the procedures in the TO. You will be allowed no more 
than 10 instructor assists for performance and recording of data in 
each section of the AFTO Form 53. 

To accomplish this objective, you will require the following 
equipment. 

EQUIPMENT 

MC-1 Compass Calibrator Set 
Trainer, APRS 
Adapter Kit, MC-1 
TO 5N3-3-7-1 
AFTO Form 53 

Basis of Issue 
1/2 students 
1/2 students 
1/2 students 
1/student 
1/2 students 

PROCEDURES 

Perform each step in the following list of procedures in the 
sequence listed. DO NOT OMIT or perform any step out of sequence. 

1. Caution: Remove your jewelry and any ferrous material that 
you may have on your person. 

2. Select TO 5N3-3-7-1 from the technical order file; turn to 
Section IV, paragraph 4-41, Equipment Set-Up. Follow the instructions 
to set up the equipment for performing the compass swing. 

3. Obtain an AFTO Form 53 from your instructor. Turn to page 1 
and complete the data required at the top of the page: LOCATION: 
Chanute AFB. AIRCRAFT: F-111. COMPASS SYSTEM: Gyro Stabalized. 
TRANSMITTER PART NO.: (No. of TX on turntable). SERIAL NO.: (No. of 
TX on turntable). 

4. Determine initial magnetic bearing of N-S line (refer to 
TO 5N3-3-7-1, paragraph 4-42). 

This supersedes 3ABR32531-PT-405B, 3ABR32632B-PT-405B, 17 August 1973. 
OPR: TAS 
DISTRIBUTION: X 
TAS - 750; TTOC - 3 

Designed for ATC Course Use. Do Not Use on the Job. 

1 
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5. Magnetic north alignment of the transmitter (refer to TO 

5N3-3-7-1, paragraph 4-44). 

6. Determine the El and E2 voltages for the transmitter (refer 
to TO 5N3-3-7-1, paragraphs 4-45 through 4-50). 

7. Determine the transmitter A180 and A270 crosstalk values 
(refer to TO 5N3-3-7-1, paragraph 4-51). 

8. Optical transfer of the transmitter (refer to TO 5N3-3-7-1, 
paragraph 4-52). 

a. Mount the optical alignment equipment on the transmitter 
and sight the target as per instructions in the TO. 

b. Position the APRS trainer onto the N-S line. 

Note: We will assume that the trainer is one-tenth the size 
of the aircraft, therefore all measurements will be based on 
a 10 to 1 ratio. 

9. Electrical swing of aircraft remote compass transmitter (one 
cycle error). Refer to the specific aircraft TO for correct procedures. 

a. An electrical compass swing is performed to determine the 
error due to magnetic materials or direct current fields in the vicinity 
of the remote compass transmitter. 

b. Disconnect the harness on the remote compass compensator. 

c. Make the following connections: 

(1) Connect PI of cable Wl to the remote compensator. 

(2) Connect P2 of cable Wl to the turntable cable from 
the console of the MC-1 (P104 of W102). 

(3) Connect Jl of cable Wl to P5 of cable W4. 

(4) Connect J4 of W4 to the aircraft harness at the 
remote compensator. 

d. Disconnect the aircraft harness from J3 of the EGA. 

e. Leavb the field monitor at the field monitor location and 
leave it connected to the console. 

f. Position all the controls and switches to their OFF or 
zero positions. 

E2 NORM. 
g. Place the El switch to El NORM; place the E2 switch to 

h. Place the Power Switch to ON. Check the voltmeter and 
freqmeter for the correct indications (23.5 VAC and 400 Hz). 

1.971 2 



i. Rotate the MODE SELECTOR to MON. Use the SYNCHRO CONTROL 
knobs to zero the null indicator. Record the synchro dial reading on 
line F-1 of the data sheet. 

j. Enter the MISAL control setting on line F-2 of the data 
sheet. The MISAL control setting is determined by adding the aircraft 
misalignment (E-5), field monitor index (A-4), and field monitor reading 
(F-1), and aubtracting the field monitor zero error reading (A-5). 
Rotate the MISAL control on the console to the calculated setting. 

k. Enter the 180 and 270 correction values on lines F-3 and 
F-4 of the data sheet. Rotate the 180 and 270 controls to the respec­
tive settings. Enter the E-1 check (C-3) and E-2 check (0-̂ 4) values 
in t'.ie spaces provided in the electrical swing portion of the data 
sheet. Rotate the E-1 CHECK and E-2 CHECK controls to their respective 
settings. » 

1. Rotate the HDG SELECTOR to 0. Adjust the synchro dial to 
90. Position the E-1 - E-2 CHECK switch to the E-1 CHECK and adjust the 
E-1 voltage controls to zero the null indicator. Place the E-1 - E-2 
CHECK to the E-2 position and adjust the E-2 voltage controls to zero 
the null indicator. Position the E-1 - E-2 CHECK switch to OFF. 

m. Rotate the MODE SELECTOR to CAL. Position the HDG SELECTOR 
to 0 and the SYNCHRO DIAL to 0. Adjust the N-S compensator screw to 
z;]jo the null indicator. 

n. Position the HDG SELECTOR to 90 and turn the SYNCHRO DIAL 
to 90. Adjust the E-W compensation screw to zero the NULL INDICATOR. 

o. Rotate the HDG SELECTOR to headings of 0, 90, 180, and 
270 degrees. At each heading, use the SYNCHRO DIAL to zero the null 
indicator. Record two errors for each of the four headings in the 
ONE-CYCLE ERROR table F-1 of the AFTO Form 53. 

p. Average the two readings at each heading and record 
the average. Use the average errors to compute the ONE-CYCLE error 
of the compass system as follows: 

E„ - E 
N-S Error 180 E-W Error = ^90 ~ ^270 

q. To correct for this error, rotate the HDG SELECTOR to 
0. Increase or decrease the SYNCHRO DIAL setting from a heading of 
0 by an amount equal to but opposite, in algebraic sign, to the amount 
of the N-S error. AdjuGt the N-S compensator screw on the remote 
compensator to zero the null indicator. 

r. Rot-ste the Hr>G SELECTOR to 90. Increase or decrease the 
SYNCHRO DIAL setting from a beading of 90 by an amount equal to but 
opposite in algebraic sign to the amount of E-W error. Adjust the E-W 
compensator screw on tha remote compensator to . ro the null indicator. 

uri 
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3. Perform a corrected electrical swing by rotating the 

HDG SELECTOR to headings at 30 degree increments. Begin with 0, 30, 
60, etc. At each heading, zero the null indicator using the SYNCHRO 
DIAL. The difference between the HDG SELECTOR and the SYNCHRO DIAL 
is the error. Record the errors on the data sheet. 

t. If any errors recorded in the corrected electrical 
swing just performed exceeds 30 minutes, the swing is not acceptable. 
An unacceptable swing shall be corrected by repeating steps m through 
r. 

10. The following information is limited to compensating the 
swing adjustments between the AFRS trainer compass system and the 
remote compass transmitter. 

a. Disconnect POWER from the CONTROL CONSOLE. Place the 
MODE SELECTOR to COMP. 

b. Connect J3 to the EGA. 

c. Remove cable W'; from between the remote compensator and 
the aircraft harness. Connect the aircraft harness cable (Wl) to the 
remote compensator. 

d. Connect 28V DC and 115V AC, 3 phase, 400 Hz to the AFRS 
trainer. Prepare the trainer for operation. Place the AC POWER, DC 
POWER and GYRO switches ON. (Allow sufficient time for the system to 
warm up.) 

e. Place the power switch on the CONTROL CONSOLE to ON. 

f. Rotate the HDG SELECTOR to each 15 degree setting and 
adjust Che 24 point compensator for the appropriate heading-. (Note: 
Watch the HSI while making these adjustments.) 

g. This completes the training on the MC-1 compass calibrator. 
Request further instructions from your instructor. 

1.973 



MC-I/MCOM COMPASS SWING DATA SHEET 

AIRCRAFT TYPE COMPASS SYSTEM 

SWITCH AND CONTROL SETTINGS 

LOCATION 

TRANSMITTER PART NUMBER I SERIAL NUMBER 

SECTION A CHECK THE MAGNETIC BEARING AT THE MONITOR LOCATION (para 4-42) 

Tobia A Doto 

Also, A270, MISAL to 0. 
HDG. SELECTOR u O DEGREES. 
E1>E2 CHECK to OFF. 
E l . E2 VOLTS to OFF. 
MODE SELECTOR to MOH. 
READOUT SELECT (MC-1M) to FV. 
TRANSMITTER SELECT (MCOM) oi 

coq^lxd. 
POWER ON-OFF to POWER ON. 
EX. VOLTS to 23.5. 
SYNCHRO CONTROL (MC-1) to null ot ooch 

hooding In toblo A, 

Chongot MODE SELECTOR to CAL.. 

1.): "^ A 

Chongoi MODE SELECTOR to MON. 

AFTO /ur?o 53 

Monitor 
Hooding 

90 

180 

270 

Algobrolc Sum 

Roadout 
En or 

REFERENCE TARGET BEARING (poro 4-42a) 

Sum MONITOR INDEX ERROR (poro 4-43a)= *'9«'"°''=^E"'" 

TURNTABLE LOCATION CORRECTION (poro 4-43*) 

CORRECTED MONITOR INDEX <A-2) - f (A-3) (poro 4-43*) 

MONITOR ZERO ERROR (pora 4-431) 

SECTION B ALIGN THE TRANSMITTER MAGNETICALLY 

Toblo B 

Turntoblo 
Hooding 

90 

180 

270 

Roodout Errors 

Initlol lot 2nd 3rd Ayg 

Algobrolc Sum 

Corrocttd Manual 
P Avg MInut 1 
I |ndo>t(B-1)j 

TRANSMITTER INDEX ERROR (poro 4-44l<) 

Algobrolc Sum 
4 

NOTE 
Corroct Indox until 
error U wlthln<|>|5 
minutos. 

A-1 

A-2 

A-3 

A-4 

A-5 

(paro 4-44) 

B-1 

l.}75 
Monitor Zoro Error (poro 4-44k) B-2 

4420 PREVIOUS EDITION WILL BE USED. 
Pago 1 o( 4 Pogos 



CliMtM MODE SELECTOR l * CAL. 
Et , 12 VOLTS • • tHc l l lW In (abU* 

C l w 4 C 3 
HOC. SELECTOR I * M DECREES. 
SYNCHRO CONTROL (MC-I) • • »fc»\»4 

In tokUs C I m4 C2 
READOUT SELECT (MC>tM) • • <HC<fM 

Ut M U * S Ct anJ C2. 

CkwiiHi MODE SELECTOR 1* MON. 
Et. E 2 1 * NORM. 
E l VOLTS to C.2. 
E3 VOLTS to C - l 
Et>E2 CHECK M r i ^ l r W . 
SYNCHRO CONTROL (MC>t) to fO. 
READOUT SELECT (MCIM) to M . 

CbMHi EI*E2 CHECK to OFF. 
SYNCHRO CONTROL (MC'.I) to null. 
READOUT SELECT <MC>1M) to PV. 

ClMii|«t MODE SELECTOR to CAL. 
E l VOLTS to C.3 
S2 VOLTS to CO 
MISAL to 0*2 
HOC. SELECTOR • • MUafi 
SYNCHRO CONTROL to M I I . 
E l . E2 to NORM. 

(TURNTABLE to 0 twarfliif.) 

197^ 

— I " - • . 

SECTION C DETERMINE THE EI AND E2 VOLTACES FOR THE TRANSMITTER (par* 4-4S) 

Tabu Ct 

E l to OFF 
E2 to NORM. 
READOUT to 0 
TURNTABLE 370 

E2 to REV. 
READOUT to 0 
TURNTABLE 90 

AlfaWalc S I M 

E2 

T 

. 
TahU C2 

Et toREV. 
E2 to OFF 
READOUT to 90 
TURNTABLE ttO 

Et to NORM. 
READOUT la 90 
TURNTABLE 0 

Alfahralc S«ai 

El 

' ' 

E2 AVERAGES g? Algabr.U Su-

(para4>4l«) C . | 

Et AVERAGE= E< Algahr.lc Sum 

(para 4-49>) C>2 

E l CHECK CONTROL SETTiHC, E I -E2 CHECK «wltch to Et CHECK (pw« 4-SOk) C.3 

E2 CHECK CONTROL SETTIHC. Et -E2 CHECK twitch to E2 CHECK (p«r« 4-SOc) C-4 

SECTION 0 DETERMINE THE ZV)M ANDZi270 VALUES (para 4>S1) 

MONITOR ZERO ERROR (para 4'Stk) O*! 

MISAL CONTROL S E T T I N C t ( B . t ) - f ( D > 1 ) - ( B . 2 ) (para 4<Slc) 0*2 

TabU 0 

HOC. SELECTOR 

0 

fO 

I M 

270 

Raaiieut Errar 

1 2 3 A»t 

Can<^tf4 Manual 
Swing Valua 

(fraoi tahia B) 

(E>M)EI«clrlcal 
Errar MIHU* 

Manual Errar 

A t l O = E . M , „ ( p « r a 4 . 5 I J ) 

A 2 7 0 = E - M ^ ^ E . M j „ (pato 4.5tJ) 

E • M ^ tkall ha .4 iual toE * ^ 2 7 0 ^ ' Minutoij I I nat. raptal Mcllant B an4 C. 

197 r 

Carractod 
Elaclrtcal 

Swing 

D>3 

• 0-4 

4 

) 

«»Q 

5fi 
* 

Faga 2 af 4 Fagat 



SECTION E OPTICAL TRANSPER OP THE TRANSMITTER 

PLUMB BOB SEPARATION •!«>* alrcfift (pwa 4-531) 

OUylacMiMif *f «•*• of aircraft fnm N-S tin* (para 4>53|) 

DUplaca«anl af tali af aircraft fraai N>S Una (yora 4'SSI) 

PLUMB BOB TOTAL DISPLACEMENT (E-2) • {E-3) (Mfa 4-S3k) 

AIRCRAFTMISALICNMCNT WITH H-S Una (rara 4-531) 

OPTICAL ALtSNMBNT CORRECTION (PARA 4-S3«i) AIRCRAPT MISALIGNMENT 
(E-S) +> (A.4) -•• (B-?). (A-S) - (B-J) 

(para 4-SI) ^ 

E-2 

E-S 

_E.4 

E-$ 

E-« 

SECTION P COMPASS SWING 

SWITCH AND CONTROL SETTINGS DATA 

(para 4-S4) 

El , E2 ta NORM. 
ei.E2 CHECK «a GPP. 
MOOE SELECTOR ta MON. 
HOG. SILECTORtaO. 
SYNCHRO CONTROL (MC-1) ta NULL. 
READOUT SELECT (MC>tM) ta PV. 
El CHECK ta C j . 
E2 CHECK ta C U 

MONITOR ZERO ERROR (para 4-54a) 

MiSAL CONTROL SETTINCi (E-S) -f (A-4) f (P-l) • (A-S) ( M M 4-S4I) 

A I M carractlan valua (fraai D-3) 

A27O cart«clis(i vaiua (iraai 0-4) 

El CHECK CONTROL SETTING (fraai C4) 

E2 CHECK CONTROL SETTING (fraai C-4), 

(para 4-54|) 

P-l 

P-2 

P-J 

P.4 

It-S 

'p-«* 

O M M H I SYNCHRO CONTROL ta 90. 

Rl̂ ADOUT SELECT Ir 90. 

El , E2 VOLTS ta awtl NULL INDICATOR. 

El raear4aj witli 

E2 rac*r4a4 with 

E]-E2CHECKInE|CHECKl 

EI-E2 CHECK In E2 CHECKj 
(para 4-S4I) 

_P-7 

P-« 

ChanHi El •B2 CHECK ta OPF. 
MiSAL ta Pa. 
MODE SRL8CT0R ai f^Uti. 
HOC. SELECTOR a* f^UU. 
SYNCHRO CONTROL (MC-I) a* t„fjU»i. 
READOUT :eLC!CT (MC-IM) ai f^U»4. 

INDEX AND ONE-CYCLE ERROR COMPENSATION 

Tabta Pt 

HOC.SELECTOR. 

fO 

I M 

270 

SYSTEM REAOOtlT ERROR 
In4aiis. 

N-S Errar— 

'o'*^'»0"*'^HO'*"^270 
4 

E» - E 

(para 4-SS) 

ISO 

E-W Snef«' •»0 ^̂ 270 

2? 

-te^ 
1978 

AFTO JK"?o 53 fC 
44X0 

BRCVIOUS KOITION.WILL BC USED. Paga 3 af 4 Paga* 



SYSTEM ERROR COMPENSATION (para 4*S6) 

TobU F2 

HOC. SELECTOR 

0 

15 

[ 30 

45 

iO 

75 

90 

105 

SYSTEM 
READOUT ERROR 

1 2 3 

HDC.SELECTOR 

120 

135 

150 

165 

180 

195 

210 

225 

SYSTEM 
READOUT ERROR 

1 2 3 

HOG. SELECTOR 

240 

255 

279 

285 

300 

315 

330 

345 

SYSTEM 
READOUT ERROR 

1 2 

1980 

3 

1 

1 
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OBJECTIVE 

Without reference, select statements pertaining to the operation of 

electronic test equipment. 

INSTRUCTIONS 

This programmed text presents information in small steps called 
"frames." Each section allows you to proceed stepbystep through the 
material. Each step teaches you a small amount of material and then 
asks you to respond to that information. Read the information and 
respond as directed. Confirmation to your responses are given at the 
bottom of the following frame. Do not proceed until you have responded 
correctly. If you need assistance, see your instructor. 

DO NOT HURRY! 

( 

Supersedes 3ABR32531PT403A, 12 January 1978, which may be used 
until existing stocks are depleted. 
OPR: 3360 TCHTG 
DISTRIBUTION: X 

3360 TCHTG/TTGUF- 300; TTVSA 1 l - ^ ^ ? 

t 
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Frame 1 

When checking aircraft system components, it is necessary to 
use various pieces of test equipment. Some test equipment is designed 
to check specific components or a specific system. The AFRS Line 
Analyzer is an example of factory designed test equipment with a 
specific purpose. Other test equipment is used on a wide range of 
components or systems. The PSM/6 is an example of general test equip­
ment. The electronic test equipment you will use in the lab and will 
study is general test equipment. 

Circle the number(s) of the true statement(s) below. 

1. Electronic test equipment is factory designed to be 
used with a specific sys'tem. 

m 

2. Electronic test equipment is considered as general 
test equipment. 

I 

* 

m 
i '-ri 

:r^i 

5..T 
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DC DIGITAL VOLTMETER 

Frame 2 

Page 3 shows a piece of test equipment used in the lab. The 

power requirements for the electronic test equipment in the lab is 115 

volts 6OH2. 

Circle the letter of the correct answer below, 

1. The power requirement(s) for the DC digital voltmeter is 

a. 28V DC. 

b. 115V, 60Hz. 

c. 115V, 400Hz. 

d. 115V, 400Hz and 28V DC. 

The correct answer to Frame 1 is: 1 © 

',^^mtmu.vm^m^fm^.y^!fmMii^J^mA'^.^Mit-^^ 
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ON 

orrHoto CALII 

10000 

OANAlDIGITAl VOLTMETER MODEL 4 4 3 0 

CALIB I 10 100 1000AUTO 

ZERO 
GND INPUT 

1985 
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Frame 3 

The DC digital voltmeter (shown on page 3) is actually a vacu\im 
tube voltmeter connected to a digital display. The purpose of this 
voltmeter is to measure and give a digital reading of DC voltage. 
When checking trinsistorized components, the DC digital voltmeter is 
used in place of the PSM/6 because the PSM/6 causes enough circuit 
loading to make its readings inaccurate. 

Place a checkmark (/) in front of true statements below. 

^ 

_1. 

2. 

3. 

The DC digital voltmeter is a vacuvmi tube voltmeter. 

The DC digital voltmeter if --̂ d to measure DC voltage, 
milliamperes, and resistance. 

The DC digital voltmeter is used when checking transistorized 
components becattse of less circuit loading. 

Answer to Frame 2; © 

* 

I'^Sf^ 
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Frame 4 

There are two modules on the DC digital voltmeter, the 
DIGITIZING AND DISPLAY MODULE and the ACCESSORY MODULE. (See 
figure below.) We will first cover the DIGITIZING AND DISPLAY MODULE. 
This portion of the voltmeter contains a power switch, digital display, 
and calibrate adjustment. 

ON 

Kj 
DANA OICITAl VOlTMETtt 

CAl l l I 10 100 1000 AUTO 

I I I I IZXZl 
:"o 5„(, iNrur 

® O (5DD® 

1. In the spaces provided, write the two names of the 
voltmeter modules. 

2. Complete the statement below by underlining the correct 
response. 

The power switch, digital display, and calibrate 
adjustment are located on the (digitizing and display 
module, accessory module). 

The correct anŝ  er to Frame 3 is; / 1. 2. / 3. 

A • 

•19S7 

.AZ-,. 
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Frame 5 

Use the figure below to locate the part of the digitizing 
and display module as they are explained. 

POWER SWITCH -

a. OFF - all power is removed from the voltmeter. 

b. ON - the voltmeter is operating and taking readings. 

c. HOLD - "freezes" the last reading of the voltmeter until it 
is switched back to the ON position. This allows the voltmeter to 
remain warmed up without imposing wear on its switches and relays. 

DfGITAL DISPLAY - provides a visual readout of the voltage level 
at the input. 

CALIBRATE ADJUSTMENT - used to calibrate the voltmeter to 10,000 
after it has wanned up. 

% 

O ' ^ H O I O Ml.720 
1 DANA DIGITAL VOLTMETER 

CALIB 

10000 

CALIB 1 10 100 1000 AUTO 

ZZl 
ZERO GNO INPUT 

o ^ @ 
Digitizing and Display Module Accessory Module 

Place a checkmark (/) in front of the true statements below. 

_1. The HOLD position of the POWER switch freezes the reading. 

_2. The calibrate adjustment is located on the accessory 
module. 

_3. Voltage readings are taken from the digital display. 

The correct answers to Frame 4 are: 

1. Digitizing and display module, accessory module. 

2. Digitizing and display module. 

i-)S8 
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Frame 6 

When reading the DC digital voltmeter the entire reading is 
shown in one picture on the face of the meter as shown in the figure 
below. A decimal point is incorporated in the digital display. 
Positive or negative voltage is indicated by a polarity sign (+) (-) 
which precedes the digital display. 

O M ^ O I O MI.720 
1 DANA DIGITAL VOLTMtTER 

CALIB 

10000 

CALIB 1 
1 

1 

ZERO 

10 100 1000 AUTO 

GND INPUT 

•r-^,. 

•', -4 .• 

Digitizing and Display Module Accessory Module 

Circle the letter(s) of the correct answer(s) below. 

The reading shown on the DC digital voltmeter in figure 4 is 

a. +1.1720. 

b. -11720. 

c. -1.1720. 

d. +11.720. 

The correc t answers to Frame 5 a re : >̂  1. 2. ^ 3 . 

19 so 
-'•' '»?!f JfJ?' .'^•JJ! 
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trame 7 

Use the figure below to locate the accessory module controls as 

they are explained. 

CALIBRATE (CALIB) SWITCH; This switch is the first one on the 
left end of the si.i pushbutton switches. When depressed, it causes 
a test reading (10000) to appear on the display readout. This reading 
remains on the display as long as the switch is depressed. 

ZERO ADJUSTMENT; To zero the voltmeter, short the two INPUT leads 
together (located on the bottom right of the DC voltmeter), and select 
AUTO range. Adjust the ZERO potentiometer for a readout display of 
00000. 

ON 

© 
OANA on 

+ 1.1972 

ITAl VOlTMtTK 

(8) 
10000 

CiUI 1 
1 1 

ZERO 

@ 
wj iNm 

0 @®@ 

Match the controls in column A to its function or purpose in 
column B by placing the appropriate letter from column B in the 
space provided in front of each control. 

COLUMN A 

JL. Calibrate Switch 

_2. Zero Adjustment 

a. 

d. 

The correct answer to Frame 6 is: 

COLUMN B 

Is interlocked until another switch 
Is depressed. 

Provides a test reading of 10000. 

Is depressed to select a desired 
range. 

Used to adjust the readout display 
to 00000. 

0 

ir)3n 

10 

^ 
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Framê  8 

Use the figure below to locate the accessory module controls 
as they are explained. 

RANGE CONTROL - The range control consists of the remaining 
five pushbutton switches on the accessory module. These switches 
are located to the right of the calibrate (CALIB) switch and are 
labeled 1, 10, 100, 1000 and AUTO. Because these switches are 
interlocking, when one switch is depressed the previously used 
switch returns to the open position. 

MANUAL RANGES - Ranges are selected by depressing the switch 
for the r^ge desired (1, 10, 100, 1000). 

AUTO RANGE - This switch allows the voltmeter to automatically 
select the range that provides the highest accuracy for the voltage 
being measured. 

m 
i . 

+n;i:8!9:2 ON 
OFF HOLD 

o 
DANA DIGITO.VOLTMETER 

CALIB 

o 
10000 

CALM 

I 1 ' 
ZDIO 

0 

1 10 

1 
100 1000 MTO 

l i l t 

«N0 mfVT 

O O 0 o 

Match the controls in column A to its purpose or function in 
colimin B by placing the appropriate letter from column B in the 
space provided in front of each control. 

COLUMN A 

Range Switches 

Manual Ranges 

_3. Auto Range 

a. 

b. 

c. 

d. 

Answers to Frame 7: b 1. 

COLUMN B 

Used to calibrate the voltmeter 
to 10000. 

Labeled 1, 10, 100, 1000, and AUTO. 

Provides automatic ranging. 

Selected by depressing a switch 
for the range desired. 

d 2. 

11 
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Frame 9 

Circle the letter of the correct answer(s) below. 

1. The purpose of the DC digital voltmeter is to 

a. measure and give a digital reading of DC voltages. 

b. measure current flow in transistorized components. 

c. provide a digital reading of AC voltage in 
transistorized circuitry. 

d. replace the PSM/6 during voltage and resistance 
checks. 

Circle the letter of the readings that are correct for the 
display. 

2. 3. 

a. 

b. 

c. 

d. 

+7.6V DC. 

-7.6V DC. 

+760 millivolts DC. 

-760 millivolts DC. 

a. 

b. 

c. 

d. 

-O.IV DC. 

-O.OIV DC. 

+0.001V DC 

-O.OOIV DC 

4. 

+ 

» • I I 'JWH.I.IUW Jl^'.HK na^. 

10.101 
a. 

b. 

c. 

d. 

+10V DC. 

+10.101V DC. 

+1010.IV DC. 

-lO.lOlV DC. 

5. 

O 

12 

00.008 
a. 

b. 

c. 

d. 

-0.008 millivolts DC. 

-8 millivolts DC. 

-80 microvolts DC. 

+8 microvolts DC. 
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Frame 9 (Cont'd) 

Match the controls in column B to their purpose or function in 
column A by placing the appropriate letter in the space provided in 
front of each purpose. 

6. 

COLUMN A 

Selected by depressing the a 
switch for the range desired. 

b 
7. Labeled 1, 10, 100, 1000 

and AUTO. c 

8. Provides a test reading 
of 10000. 

COLUMN B 

AUTO Range. 

Range Switches. 

Manual Ranges. 

Calibrate (CALIB) 
Switch. 

_ 9 . Provides automatic ranging. e. ZERO Adjustment. 

_10. Used with AUTO range to f. Calibrate Adjustment, 
adjust the display to 
00000. 

The answers to Frame 8 are: b 1. d 2. c 3. 

Note: The answers to Frame 9 will be verified by the instructor. 
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PHASE ANGLE VOLTMETER 

Frame 10 

The phase angle voltmeter shown on page 13 is a dual purpose 
instrument; (1) it functions as a standard vacuum tube voltmeter for 
measuring AC voltage, and (2) it measures the phase angle between two 
input test voltages. The phase angle voltmeter requires a 15-minute 
warmup, because it uses vacuum tubes in its operation. 

Circle the letter of the correct answer below. 

1. The two purposes of the phase angle voltmeter are 
measuring 

I 

a. 

b. 

d. 

frequency and time. 

AC current and DC voltage. 

the phase angle between two input voltages and 
AC voltage. 

the phase angle between two input voltages and 
DC voltages. 

14 
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Frame 11 

The Function Selector Switch located on the fa» left side of 
the voltmeter provides a means for selecting whether the instrument 
will function as a standard vacuum tube voltmeter or a phase angle 
voltmeter. (See figure below.) Two positions are provided on the 
function selector switch for standard voltmeter (STD VTVM) operations; 
(1) TOTAL, (2) FUND. There are four positions provided for phase angle 
voltmeter (VTVM) operations, (1) 0 % (2) 9 0 % (3) 180% (4) 270'. 

Circle the letter of the correct answer below. 

1. The FUNCTION selector switch is placed in the TOTAL 
position to measure 

a. voltage. 

b. current. 

c. resistance. 

d. phase angle. 

The answer to Frame 10 is: © 

16 
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Frame 12 

Located to the right of the FUNCTION selector switch is a 
DEGREES dial. This dial is calibrated in one degree increments. 
It is used in conjunction with the FUNCTION selector switch for 
measuring phase angles. (See figure below.) 

r s ^ 

Fill in the blank spaces in the following statement. 

The DEGREES dial is used in conjunction with the 

The answer to Frame 11 is: 

for measuring phase angles, 

0 

• ' ^ i 

;/s 
ipf'>l 
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Fraiae 13 

A reference adjust (REF ADJ knob is located to the lower right 
of the degrees dial. This knob is used to adjust the meter pointer 
to a red line at half scale prior to making phase angle measurements, 
To the left of the REF ADJ knob are the input connectors (EXT REF) 
for a reference voltage. (See figure below.) . 

Fill in the blank spaces in the following statements. 

1. The reference adjust (REF ADJ) knob is usedi prior to 

making measurements. 

2. The REF ADJ knob is used to adjust the meter pointer 

to the at half scab's. 

3. The EXT REF input connectors are for a ^ 

voltage. 

The answer to Frame 12 is: FUNCTION selector switch 

1J9D 
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Frame 14 

Tlie lamp marked "OVERLOA:)" warns of impending amplifier overload. 
The lamp lights whenever thg signal exceeds a prescribed level. The 
PHASE ANGLE VOLTMETER in the center has two scales, 0 to 3 and 0 to 10. 
The lower scale (0 to 3) is used whenever the range is a multiple of 3. 
The uppe.- scale (0 to 10) is used when the range is a niultiple of 10. 
This will be covered In more detail in later frames. Notice the 
location of these two parts in the figure below. 

Circle the letter of the correct answer. 

Tne graduations of the scales .on the meter are 

a. 0 - 5 and 0 - 10. 

b. 0 - 3 and 0 - 30. 

c. 0 - 7.5 and 0 - 10. 

d. 0 - 3 and 0 - 10. 

The ansvers to Frame 13 a re : 

1. phase angle 2. red l i n e 3 . reference 

39 
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Frane 1.' 

To the riKht of the volDneter i s the POWER lamp. The ON-OFF 
- v l t i i . t h r p o i e r s S t c h ! When power i s applied to the phase angle 
: : 5 ^ c e r tS : 'l^^ ?Z w m U s h t . The SIGNAL input to the right 
of Ch.- ower ON-OFF switch i s used to make connections for voltage 
readings. This i s the input used for standard VTVM measurements. 
(See figure below.) 

• 

POWER 

MODEL 2023R 

PHASE ANGLE VOLTMETER 

Circle the letter of the correct answer below. 

1. Standard VTVM measurements are made with the leads 
connected to the 

a. EXT REF input. 

b. SIGNAL in ut. 

c. "% signal input. 

d. P.1ASE ANGLE input. 

The answer to Frame 14 is: T d j 

2:)oi 
20 
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Frame 16 

The REFERENCE selector selects external (EXT) or LINE reference 
voltages. This is used as a reference for making phase angle measure^"•^ 
ments. When using external references, connect the leads to the EXT 
REF input. The ADJ position and the REF ADJ knob are used to set the / 
meter at the red line at half scale. (See figure below.) 

RANGE 

-10 
REFERENCE 

.003 / \ 
.001 300 

100 

30 ADJ LINE 

w 
11 

I 

In the spaces provided write the three positions of the 
reference selector knob. 

3. 

The answer to Frame 15 is: ( ̂  j 

21 
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Frame 17 

The RANGE selector selects full scale value of the meter. It 
wojks in the same manner as the range selector on the PSM/6. The 
RANGE selector should be set at a value that is known to be greater 
than the voltage being measured, then reduced after voltage is 
applied. (See figure below.) 

RANGE 
-!> 

-10 
REFERENCE 

"-30 AD J LINE 

Cross out the incorrect word. 

1. The RANGE selector should be set to a value that is known 
to be (greater, less) than the voltage to be measured. 

2. The RANGE selector can be reduced (before, after) voltage 
is applied. 

The answers to Frame 16 are: 1. EXT 2. AD J LINE 

2 )P3 
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Frame 18 

Match the controls on the left to their function on the right by 
placing the letter corresponding to the function in the blank 
preceding the control. 

CONTROLS 

_ 1 . FUNCTION Selec tor 
Switch 

_2. DEGREES Dial 

_3. Reference Adjust 

_4. Reference Selector 

5. RANGE Se lec tor 

FUNCTIONS 

Selects external or line 
reference voltage. 

Used in conjunction with the 
function s e l e c t o r swtich to 
measure phase ang les . 

Used to adjust the meter to 
the red l i n e a t half s c a l e . 

Selec ts f u l l s ca l e value of 
the meter. 

Selec ts phase angle or VTVM 
funct ions . 

Lights when the load exceeds 
a prescr ibed l e v e l . 

The answers to Frame 17 a re : 1. g rea te r 2, a f t e r 

23 
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f'rame 19 

To measure AC voltages accurately with minimum circuit loading, 
follow the instructions in the following table. 

"% 
Step 1 Connect the input leads to the SIGNAL input 

terminals. 

Step 2 Set the RANGE selector to its maximum reading. 

Step 3 Set the reference selector to the LINE position. 

Step 4 Set the FUNCTION selector to either TOTAL or FUND 
pos it ton. 

Step 5 Reduce the RANGE selector until the switch is at 
the lowest setting that will not cause the meter 
to peg. 

Circle the letter of the correct answer. 

1. If the meter pegs the problem is 

a. the function selector is in the wr.- -g posir.ion. 

b. the input leads are crossed. 

c. the range selector is set too high. 

d. the range selector is set too low. 

The answers to Frame 18 are: 

e l . b 2. c 3. a 4. d 5. 

2.1'̂  • O 
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Frame 20 

When the RANGE selector is at its proper setting read the meter 
in reference to full scale value. (See figure below.) The reading 
shown in the figure is 6 volts. Full scale value is 10 volts. As 
previously stated, the full scale value is determined by the position 
of the RANGE selector switch. If the RANGE selector is in a position 
that is a multiple of 3, use the lower scale. For voltmeter readings 
the needle will always be deflected to the right. 

POWER 

VOLTS ms 
NORTH AT/ANTIC 

1 

RANGE 

. 0 3 ^ 

.DI­

ON 

.003 / \ 100 
.001 300 

SIGNAL 

.CO) o: 
MODEL 202BR ^ 

PHASE ANGLE VOLTMETER 

"am 

Circle the letter of the correct answer. 

1. If the RANGE switch in figure 15 was in the 1.0 position 
and the meter indicated as shown, the reading would be 

a. .06 v o l t s . 

b . .6 v o l t s . 

c . 6 v o l t s . 

d. 60 v o l t s . 

The answer to Frame 19 i s ; © 

25 
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Frame 21 

To measure the phase angle between two signals follow the 
steps in the following table. 

1. A voltmeter reading should be taken and the RANGE 
selector set for maximum safe pointer deflection. 

2. Connect the reference signal to the EXT REF input 
terminals. 

3. Set the reference selector to the ADJ position. 

4. Use the REF ADJ knob to center the pointer on the red 
line at half scale right. 

5. Return the reference selector to the EXT position. 

6. Set the FUNCTION selector to a 0 degree phase angle. 

7. Rotate the DEGREES dial until the meter pointer is at 
zero. 

8. Read the amount of phase angle by adding the position 
of the FUNCTION selector to the reading of the DEGREES 
dial. This is the phase angle between the signal and 
the reference voltages. 

Fill in the blanks in the following statement. 

1. The amount of phase angle is read by adding the position 

of the selector to the reading on the 

dial. 

The answer to Frame 20 is = 0 
2 i'̂ 7 
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Frame 22 

Circle the letter of the correct answer. 

1. The purpose of the phase angle voltmeter is to measure 

a. frequency and time. 

b. AC current and DC voltage. 

c. the phase angle between two input voltages and 
DC voltage. 

d. the phase angle between two input voltages and 
AC voltage. 

Match the controls on the left to their function on the right 
by placing the letter corresponding to the function in the blank 
preceding the control. 

1. 

2. 

3. 

4. 

5. 

CONTROLS 

FUNCTION Selector 
Switch 

Reference Adjust Knob 

Reference Selector 

RANGE Selector 

DEGREES Dial 

a. 

b. 

c. 

FUNCTIONS 

Selects external or line 
reference voltage. 

Used in conjunction with 
the function selector 
switch to measure phase 
angles. 

Selects phase angle or 
VTVM functions. 

d. Selects full scale value 
of the meter. 

e. Lights when the load ex­
ceeds a prescribed level. 

f. Used to adjust the meter 
to the red line at half 
s cale. 

The answers to Frame 21 are: 1. function, degrees 

27 
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Frame 22 (Cont'd) 
> 

Enter the readings of the voltage or phase angles in the 
spaces provided. 

1. 

RANGE 

MODEL 202BR 

PHASE ANGLE VOLTMETER 
OFF 

2 , 

Note: Answers to Frame 22 wi l l be ve r i f i ed by the i n s t ruc to r 
when you have completed Frame 23. 

28 
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Frame 23 

Circle the letter that identifies the correct answer. 

1. The purpose of the DC digital voltmeter is to 

a. replace the PSM/6. 

b. measure and give a digital reading of the DC voltage 
applied. 

c. measure and give a digital reading of the AC voltage 
applied. 

d. measure and give a digital readout of the DC current 
applied. 

Match the CONTROL with its FUNCTION by placing the letter of 
the FUNCTION in the blank to the left of the corresponding CONTROL. 

CONTROL 

_2. AUTO Range 

_3. Calibrate Switch 

_4. Manual Ranges 

_5. POWER Switch 

6. ZERO Adjustment 

a. 

FUNCTION 

Labeled 1 , 1 0 , 100 , 1000 and 
AUTO. 

b. Provides automatic ranging. 

c. Selected by depressing the 
switch for the range desired. 

d. Provides a test reading of 
10000. 

e. "Freezes" the last reading of 
the meter until switched back 
to the ON position. 

f. Used with the AUTO range to 
adjust the display to 00000. 

Enter the readings displayed to the right of the drawings, 

7. + 001.00 ! DC. 

8. - 090.00 DC. 

Note: The answers to Frames 22 and 23 are located at the 
bottom of the next page. If you have missed any questions, 
return to the appropriate frame to insure a complete knowledge 
of the material. 
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•y'" 'H<i>.""ii' jĵ ĵ gji4j.'y;i.' 'v- •;^w^W'S!:<"j-y"?j.' *;v-'!MVW^'^'H-^'^'-S-i!y*Vg"'''-n!CT'r-v A<LJ JK.*^ '^vf-'.' ̂ '.^.tMw-f '-t 



iVl. 
Section II 

ELECTRONIC COUNTER 

Frame 24 

The Electronic Counter (see figure on the following page) is 
actually an electronic stop watch. The purpose of the counter is to 
measure frequency, period and time interval. An input voltage is used 
to turn the timing circuits on and off. By measuring the time between 
turning them on and turning them off, accurate readings of the elapsed 
time can be taken. This method allows the counter to accurately 
measure time as small as microseconds (one millionth of a second). 

Fill in the blanks. 

1. The purpose of the Electronic Counter is to measure 

, , and 

2. The input voltage is used to turn the 

ON and OFF. 

Answers to Frame 22: 

1. a. b. c. ( d.] 1. c 

1. 135' 2. O.OIV AC 

2. f 3. a 4. d 5. b 

Answers to Frame 23: 

1. 

2. b 3. d 4 . c 5. e 6. f 

L. a. ( b . ) c . d. 

7. IV DC 8. -90V DC 

2 111 
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Frame 25 

The frequencies inside the counter must be very accurate so 
precise readings may be taken. The frequencies are kept stable by 
using a crystal mounted in an oven as a frequency standard. The 
oven keeps the temperature stable and this helps the crystal keep 
the frequency stable. The counter requires a warmup period of 30 
minutes. It is necessary only to plug the counter in for the warmup 
period—it doesn't need to be turned on. 

Circle the letter of the correct answer. 

1. The counter should be given a warmup period of 

a. 5 minutes. 

b. 10 minutes. 

c. 30 minutes. 

d. 60 minutes. 

The answer to Frame 24 is: 1. frequency, period and time interval. 

2. timing circuits. 

2 > 1 4 
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Frame 26 

The Power ON - OFF Switch is located on the extreme lower left 
of the counter. (See figure below.) The power ON - OFF switch supplies 
power directly to all circuits except the crystal oven, which is 
connected directly to the power cord. Anytime power is applied to the 
power cord the crystal oven is operating. It is necessary only to plug 
the counter in for the 30-minute warmup period. The power switch may 
remain OFF and save wear on the switches, timing circuits and other 
parts inside the counter. 

Cross out the incorrect words in the ( ). 

1. The crystal oven (does, doesn't) receive power through the 
power ON - OFF switch. 

2. During the warmup period the power switch (is, isn't) 
required to be ON, 

The answer to Frame 25 is: 0 

33 
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Frame 27 

The Storage Switch i s a two-position switch located to the right 
of the power switch. In the ON position i t is used to "store" the 
count, then display i t when the counting is completed. The display 
remains blank while the count is stored. In the OFf position the 
display follows the counting from s t a r t to stop. (Sea figure below 
and note location.) 

F i l l in the blanks. 

1. The storage switch has posit ions. 

2. If the storage switch is ON, the count Is stored un t i l the 

counting is . 

3. In the OFF position the display the 

counting from s ta r t to s top . 

The answer to Frame 26 i s : 1. doesn't 2. i s n ' t 

2 )1G 
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Frame 28 
19U 'm 

The Display Time Control is a potentiometer and switch combination. 
It provides a means for setting the time the count is displayed before 
it is automatically reset to zero. The time may be varied from 0.1 
second to 10 seconds. In the extreme clockwise position, there is 
a switch contact that is used for an infinite display time setting. 
In this position the display remains until the reset button to the 
right is pressed. The reset button is the provision for manually 
resetting the counter to zero. (See figure below to locate the 
display time control and reset button.) 

Place a (/) in front of the true statements below. 

1. The reset button provides a means of manually resett ing 
the counter to zero posit ion. 

2. A switch contact in the display time control potentiometer 
provides for an infinite setting of the count display. 

_3. The display time control provides a means of setting 
the time the count is displayed. 

The answer to Frame 27 is: 1. two; 2. completed; 3. follows. 

!§•*» 
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Frame 29 

The Mode Switch (see figure below) is a seven-position rotary 
switch located to the right of the Display controls. It is used to 
determine the function or mode of the electronic counter. Going 
clockwise from the extreme counterclockwise position, the modes and 
tfieir functions are as followsr 

(1--2) Count A ON - Count A OFF: Count A ON continuously counts inputs 
until switch is moved to Count A OFF. Count A OFF stops the input and 
the count remains fixed. In the Count A modes, the count is cumulative 
and must be manually reset to zero.' 

(3) Per A X N: Used for multiple measurement periods. Multiplier (N) 
switch is used to select the number of periods averaged. 

(4) Per A X 1: Measures single period inputs to channel A. (The time 
the signal starts until it stops is one period.) 

(5) Freq A: Performs frequency measurements of input A. 

(6) Tim A - B: Times interval measurements between starts on 
channel A and stops on channel B. 

(7) Ratio •=• X N: Provides ratio measurements of channel A to channel B, 
B 

Fill in the blanks. 

1. The mode or function of the counter is determined by the 

The answer to Frame 28 is:' (/) 1. (/) 2. (/) 3, 

2)1.8 
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Frame 30 ni^i 

The TIME (us)/MULT (N) switch is an eight-position rotary switch. 
It provides the time base or multiplier function for the Mode Switch. 
It denotes the time in ps, frequency in megahertz, and ratio in numbers 
using powers of ten. The unit of measure used for the display appears 
on the right end of the digital display. It is important to remember 
the unit of measure to accurately read the digital display. (The 
location of the Time (us)/M[JLT(N) switch is shown in figure below.) 

w.-.-

Place a (/) in front of the true statements below. 

1. The TIME (jis)/MULT(N) switch uses powers of ten. 

The unit of measure used for the display appears on 
the right end of the digital display. 

_3. The TIME (ys)/M[JLT(N) switch provides the time base 
or multiplier function for the mode switch. 

The answer to Frame 29 is: 1. mode switch 

Ifî -S 
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Frame 31 

The A INPUT and B̂  INPUT controls function identically and contain 
2 switches. The difference is in the channel they control. (Channel 
"A" or channel "B".) The table below lists the controls and their 
function. 

1. The Input Connectors are used to connect the external 
signal to the appropriate channel on the counter. 

2. The AC/DC Toggle Switch selects input coupling. Use AC 
for AC signals and DC for DC signals. 

3. The + - Slope Toggle Switch selects input slope polarity. 

4. The Test/Attenuator Switch provides for self test function, 
and input attenuation of XI, XIO, or XIOO. (This is the 
outer switch.) 

5. The Trigger Level Control selects + or - trigger point 
on the input amplifier; it can vary from ~1 to +1. (This 
is the inner sw.) 

Refer to figure below for location of the input controls. 

Fill in the blanks. 

1. The are used to connect the 
external signal to the appropriate channel on the counter. 

2. The selects input coupling. 

3. The 
polarity. 

toggle switch selects input slope 

2 '20 
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Frame 31 (Cont'd) 

4. The 
t e s t , 3jid input attenuation. 

switch provides for self 

5. The 
point on the input amplifier. 

control selects + or - trigger 

The answer to Frame 30 i s : (/) 1. (/) 2. (/) 3 . 
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Frame 32 

Match the controls on the left to their function on the righ 

by placing the letter of the function in the blank, to the left of 

the control. 

1. Power Switch 

2. Storage Switch 

3.- Display Time Control 

4, Reset Switch 

Itode Switch 5. 
d. 

_6. Time(ys)MULT(N) Switch e. 

f. 

g-

Provides time base or multiplier 
function for the mode switch 

Provides manual reset 

Programs counter to a mode 

of operation 

Provides display storage 

Provides power to all circuits 

except crystal oven 

Provides variable display time 
from 0 to 10 seconds and an 
infinite setting 

Selects input slope polarity 

. . e answer CO . . . . e 31 i.-. X- i ^ S^^S^' 2 . ^ H ^ 
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Frame 33 

When reading the counter, the entire reading is shown in pictorial 
display. A decimal point is incorporated in the display. The unit of 
measure for the display is given at the right end of the display. For 
time measurements, the unit of measure is one of the following: ps 
(microseconds), ms (milliseconds) or, s (seconds). For frequency 
measurements, the unit of measure is one of the following: MHz 
(megahertz), or kHz (kilohertz). For ratio measurements there is no 
designation as it is a number (ratio) only. 

Identify the symbols by writing the unit of measure that corresponds 
in the blank to the right. 

•mM 

:*t:" m 

1. us 4 . MHz 

2. ms 5. kHz 

3. 

The answer to Frame 32 i s : e 1; d 2; f 3 ; b 4; 5; 6. 

m 
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Frame 34 

Look a t the readings shown and w r i t t e n below the drawings. 

© © 0001.20 s © 0010.00 ms 0005.60 MHz 

(p\ 1.2 seconds 0 10 milliseconds 0 ) 5.6 Megahertz 

© © 003.10 us © 000400 kHz 00050.0 MHz 

(T) 3.1 microseconds^^) 400 kilohertz (T) 50 Megahertz 

Below are 6 displays, enter the readings in the blanks below each. 

00340.0 s 

0095.60 ms 

c. 

e. 099.000 s 

The aiiswer to Frame 33 is; 

1. ys microseconds 

2. ms milliseconds 

3. s seconds 

000.500 kHz 

b. 

d. 

d. 

f. 

f. 

00800.0 ys 

873.400 MHz 

4. MHz Megahertz 

5. kHz kilohertz 

>^- •• o 3 
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Frame 35 
im 

When using the frequency function, all readings will be displayed 
as MHz (megahertz) or kHz (kilohertz). Perform the steps given in the 
following table to measure frequency. 

1. Turn the power switch ON. 

2. Set the Mode switch to FREQ. A. 

3. Set the TIME (ys)/MULT(N) switch to the time base desired. 

4. Turn Display Time control full clockwise to infinite 
setting. 

5. Connect input signal to input "A". 

6. Pictoricil display gives frequency reading with the unit 
of measure (MHz or kHz). 

No Response. 

The answer to Frame 34 i s : a . 340 seconds; b . 0.5 k i l o h e r t z ; 

c. 95.6 mi l l i s econds ; d, 800 microseconds; e . 99 seconds; 

f. 873.4 Megahertz 
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Frame 36 

Period measurement uses a single input signal. It routes the 
signal to the timing circuits, and measures the length of time between 
the beginning and end of the signal. To perform period measurement 
with the counter, follow the steps given in the following table. 

•1 

%9 

1. Turn the power switch to the ON position. 

2. Turn MODE switch to PER. A X 1. 

3. Set TIME (us)MULT(N) switch for desired resolution; 10 - 10 
4 7 

for milliseconds, and 10 - 10 for seconds. 

4. Connect the signal to input "A". 

5. Set Display Time control to convenf.ent reading rate. 

6. Pictorial display shows count, unit of measurement (ms or s) 
and the decimal point. 

Cross out the incorrect word in the ( ). 

1. Period measu ement is made with the counter in the (A X 1, 
FREQ. \) mode. 

2. The input signal is connected to (input A, input B) connector 
for period measurement. 

3. If during period measurement the TIME ()is)/MULT(N) is set at 

10 , the reading will be in units of (milliseconds, seconds). 

#D 

2 )o-̂  
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Frame 37 
nn 

Time Interval measurement is very similar to period measurement. 
The difference is we use two input signals for Time Interval measure­
ment, one to start the count, and another to stop the count. To 
perform Time Interval measurements, follow the steps given in the 
following table. 

1. Turn power switch ON. 

2. Turn MODE switch to TIM A - B. 

3. Set TIME (us)/MULT(N) switch for desired resolution 

10 - 10 for milliseconds, and 10 - 10 for seconds. 

4. Connect the start signal cable to input A. 

5. Connect the stop input signal to input B. 

6. Turn DISPLAY TIME control for a convenient reading rate. 

7. Pictorial display shows the time interval counted in the 
unit of measurement (milliseconds or seconds) and the 
decimal point. 

Place a (/) in front of the true statements below. 

Both inputs are used for Time Interval measurements, 

0 

The mode switch is set to RATIO "n X N for time interval 
measurements. 

Tlie answer to Frame 36 is: 1. A X 1; 2. input A; 3. seconds 
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OSCILLOSCOPE 

Frame 38 

The purpose of the oscilloscope is to view the waveform of a 
voltage and compare it, if necessary, with the waveform of another. 
Use the table below and the figure on the next page to review the 
controls on the oscilloscope. 

Y Position Control Moves the entire trace either up or down. 

X Position Control Moves the entire trace either right or left. 

Intensity Control Varies the brightness of the trace. 

Focus Control Varies focus of the trace. 

Sync Selector Selects either external, internal, or line 
frequency synchronizing signals. 

Sweep Range Control Varies s'-7eep frequency in gross steps, 

Sweep Vernier Control Varies sweep frequency when used with sweep 
range control. 

Sync Amplitude 
Control 

Selects phase and varies voltage to the 
synchronizing circuit. 

Y Attenuator Provides for direct peak-to-peak reading of 
input signal in steps of 1, 10, 100, & 1000. 

Y Amplitude Control Varies amplitude of vertical deflection. 

X Selector Controls horizontal deflection. AMPLIFIER 
positions selects AC or DC coupling. RECUR 
provides for continuous sweep. DRIVEN pro­
vides for sweep when triggered by sync. sig. 

X Amplitude Coutrol Varies amplitude of horizontal deflection. 

Power Rotary Switch Controls power ON and OFF and varies inten­
sity of the lighted scale on the scope face. 

^ 
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EXTERNAL &TA/C SELECT^ 
SYNC * # ' 

J=S: exr • 

L;WE- FBEQ 

y ATTENUATOR 

SYNC AMPLITUDE SAWTOOTH 
TESTS/ONAL 

SWEEP VERNIER 
90^ . ^ 0 

V /OOO • /ooo^^ 

Y INPUT 

/Oa 

y Awpuruoe 
50 60 

40^HX^* ^*,J0 

300 0 
/oo 

!0» 

SWEEP RANGE 

X SELECTOR' 

<t^OFF • ' 

'10 •%, 

I. 

POWER 

v.^ 

300 

X AMPLITUDE 

SO 60 
4 0 . s v « . . M , 

OBO, 

:990 20*. 
0-C 
SAL 

ONO 

0 
10 ICO 
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Frame 38 (Cont'd) 

Circle the letter of the correct answer. 

1. The purpose of the oscillosope is to 

a. measure the elapsed time. 

b. provide a digital display of the amplitude gain in the 
circuit. 

c. provide viewing on 8A channels of UHF. 

d. provide viewing of a voltage, waveform, and comparison 
to another. 

1 ^ 

The answer to Frame 37 is: (/) 1; ( ) 2. 

• § 
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Frame 39 

You will use the oscilloscope most frequently to observe a waveform 
to locate a source of "noise" or distortion. Connect the ground point of 
the circuit under test to the Y GROUND terminal on the lower left of the 
oscilloscope. Connect the test signal to the Y INPUT terminal. Set the 
SYNC SELECTOR to INT and the X SELECTOR to RECUR. Turn the Y ATTENUATOR 
control to the position that gives a suitable size trace within the range 
of the screen. The volts full scale of the control should always be 
higher than the value of the input voltage. Either AC or DC may be 
selected by moving the selector to either the right or left. 

>j?. 

Note: Do not permit a sharply focused line or spot of high 
intensity to remain fixed on the screen for any length 
of time. The screen material may be burned or 
discolored. 

Place a (/) in front of the true statements below. 

_1. A sharply focused object of high intensity may bum the screen 
material on the oscilloscope if left for any length of time. 

The volts full scale value should be lower than the value of 
the input voltage. 

The ground point of the circuit under test should be connected 
to the Y input connector. 

The answer to Frame 38 is: 1. a 0 

49 
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Frame 40 

Increase the SWEEP RANGE control until the trace becomes steady, 
using the SWEEP VERNIER for fine adjustment of the sweep frequency. 
When the trace looks like it heis almost stopped, "lock it in" using 
the SYNC AMPLITUDE control. The trace can be locked in with either 
the positive- or negative-going portion of the signal on the left side, 
depending on the setting (right or left) of the SYNC AMPLITUDE control. 
The Y and X amplitude controls may be used to expand the trace in their 
respective axes for a more detailed view. 

Fill in the blanks. 

1. •• When the trace is almost stopped it is locked in using the 

control. 

^0 

The answer to Frame 39 is (j/)̂  1. ( ) 2. ( )3. 

• 0 
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PHASE RELATIONSHIP OBSERVATION 

3 Frame 41 

The oscilloscope can be used to determine the difference in phase 
angle between two signals of equal frequency. Since the exact phase 
angle will be measured using the Phase Angle Voltmeter, we need only 
to make approximate readings of the phase shift using the oscilloscope. 
Begin by connecting one input to the X INPUT terminals and the other 
to the Y INPUT terminals. Turn on the X and Y Selectors to give a 
suitable sized trace within the scope face. The trace or pattern will 
depend upon the degree of phase shift. Note the most commonly obtained 
patterns and their meanings shown on the next page. 

Enter the phase shift in the blank to the right of the drawing. 

The answer to Frame 40 is: 1. Sync Amplitude 

51 
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• • • M M . 

(A) 0* or Seo*. 
i>r«na* 

(B) 45* or 315», 

MNrtlO* 

@ 

(C) 90' or 270». 

(D) US' or 225*. (E> 180*, 
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Frame 42 

Circle the letter of the correct answer. 

1. The purpose of the Electronic counter is to 

a. provide a digital readout of frequency, period, and 
time interval. 

b. supply a source of power to the crystal oven. 

c. provide readings of Hertz, Megahertz, and kiloHertz only. 

d. provide a display of the phase relationship between 
two voltages. 

2. The purpose of the Oscilloscope is to 

a. measure the elapsed time. 

b. provide a digital display of the amplitude gain in 
a circuit. 

c. provide a readout of time intervals. 

d. provide viewing of a voltage waveform and comparison to 
another. 

Match the functions on the left to the controls on the right by 
placing the letter of the control in the blank to the left of the 
corresponding function. 

mo 

4. 

6. 

7. 

8. 

9. 

10. 

Counter 

provides manual rese t . 

programs counter to a mode of 
operation. 

provides power to a l l c ircui ts 
except the crys ta l oven. 

provides variable display time 
from 0 to 10 seconds. 

Oscilloscope 

Selects phase and varies voltage to 
the synchronizing c i r cu i t s . 

Varies focus of the t race. 

Varies brightness of the t race. 

Varies amplitude of ver t ica l 
deflection. 

a. 

b. 

c. 

d. 

e. 

b. 

c. 

d. 

e. 

Display Time Control 

Reset Button 

Power Switch 

Mode Switch 

Storage Switch 

Sync Amplitude 
Control 

Y Amplitude Control 

Intensity Control 

Focus Control 

Power Rotary Switch 
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Frame 12 (Cont'd) 

Enter the readings displayed to the r i gh t of the drawings. 

Go790.0 ms 11 . 

^ 
r̂  

0502.30 MHz 12. 

00800.0 us 13. 

348.000 s 14, 

Enter the degrees of phase s h i f t to the r i g h t of the drawings. 

15. 

2 2J36 

18. 

§0 
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The answer to Frame 41 is: 1. 180 degrees. 
im 

The'answers to Frame 42 will be verified by the instructor. If you 
missed any questions, return to the appropriate frame to insure a 
complete knowledge of the material. 
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FOREWORD 

This programmed text was prepared for use in course 3ABR32531, 
Avionics Instrxanent Systems Specialist. The material contained 
herein has been validated with 31 students from the subject course. 
All students achieved the objectives as stated. Average time to 
complete the text was 278 minutes. 

OBJECTIVE 

Without references, select statements pertaining to the flight 
director systems. 

INSTRUCTIONS 

This programmed text is divided into four (4) sections; Sec­
tion A, Flight Director System Components; Section B, Horizoutal 
Situation Indicator; Section C, Attitude Director Indicator; and 
Section D, Modes of Operation. This programmed text presents 
information in small steps called "frames." Each frame is followed 
by a form of questioning. After reading each frame, make the 
required response. Check your answer each time with the correct 
response being shown at the end of the following frame. If you make 
an incorrect response, reread the frame before going on to the next 
frame. If you do not understand the material'in this text, raise 
your hand and your instructor will assist you. 

Supersedes 3ABR32531-PT-40A, 3ABR32632B-PT-504, 7 July 1977, which 
may be used until existing stocks are exhausted. 
OPR: 3360 TCHTG 
DISTRIBUTION: X 

3360 TCHTG/TTGU-F - 550; TTVSA - 1 O jr,/ 
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Section A. GENERAL DFSCRIPTION OF FLIGHT DIRECTOR SYSTEM COMPONENTS 

Frame 1 

The Flight Director System (FDS) receives heading, attitude 
and other information from various systems in the aircraft. This 
information provides visual pitch, roll, heading, and various types 
of command information to the aircraft crew members. The two indi­
cators of the Flight Director System that present this information 
are the Attitude Director Indicator (ADI) and the Horizontal Situation 
Indicator (HSI). The two other major components of the FDS are the 
Flight Director Computer (FDC) and the Instrument Set Coupler (ISC). 
The major components and some signals of the Flight Director Computer 
System are shown in the block diagram below. 

inns' 

FL IGHT 

DIRECTOR 

COMPUTER 

. < ? • - • 

COURSE DEVIATION 

, LOCALIZER DEVIATION 

COURSE FLAO 

LOCALIZER FLAG 

GLIDE SLOPE DEVIATION 

GLIDE SLOPE FLAG 

A L T I T U D E ERROR 

28V0C (MODE SIGNAL) 

GLIDE SLOPE INDICATOR 

INSTRUMENT 

SET 

COUPLER 

. 

DE SLOPE DEVIATION h FLAG 

. I 

PITCH STEER BAR , 

GLIDE SLOPE FLAf i ^ 

BANK STEER FLAG , 

GLIDE SLOPE INO. 

' COURSE DEVI . INO. 

A FLAG 

ATTITUDE 

DIRECTOR 

•NDICATOR 

HORIZONTAL 

SITUATION 

INDICATOR 

Write the names of the Flight Director System components in the 
spaces provided. 

1. 

2. 

3. 

4. 

^J.;() 



Frame 2 

The Flight Dir'̂ ctor Computer (FDC) accepts guidance and sensor 
information from the Instrument Sat Coupler (ISC). In Frame 1 only 
a portion of the information transferred is shown. The FDC processes 
this information and transmits it to the indicating sections (bars, 
pointers, flags, etc.) of the HSI and the ADI. The guidance and sensor 
information originates in the Navigation and Attack Systems, CADC, 
AFRS, Glide Slope Radio Receiver, Localizer Radio Receiver, HSI Tacan 
System, and others. The computer is shown bclcVo 

^ 

CONNECTOR-

- FLIGHT SiRECTOR 
COMP-J C O 

CONNECTOR-

Place a checkmark (>̂  in front of each true statement. 

^' Signals processed by the FDC are used to operate indicating 
sections of the ADI and HSI. 

^' All guidance and sensor information originates in the Flight 
Director System. 

Answers to Frame 1: 1. Flight Director Computer 
2. Instrument Set Coupler 
3. Horizontal Situation Indicator 
4. Attitude Director Indicator 

• 
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Frame 3 
im 

% 
The Instrument Set Coupler (ISC), shown below, is located in the 

cockpit and is used to select a particular Flight Director System 
mode of operation. The coupler serves as a conditioning and distri­
bution center for the signals received from the various signal sources 
in the aircraft. After conditioning the appropriate signals for a 
particular mode of operation, they are routed to selected Flight Director 
components and other systems. 

Place a checkmark (/) in front of the true statements. 

__1. The FDC is used for selecting a particular mode of operation. 

2» After conditioning signals, the ISC transmits its outputs 
to the Flight Director components. 

Answers to F/ame 2: 



• i 

'^A ,• 
.Frame 4 

Tha Flight Director System contains four panels. These contain 
tha switching circuits required to select the desired mode of operation 
for a specific flight condition. These panels provide a selection of 
10 modes and two submodes of operation. The panels are: 

1. Instrument Set Coupler (Control Panel). 

2. Miscellaneous Display Panel. 

3. Ground Check Panel. 

4. Navigation Display Panel. 

Place a checkmark (>^ in front of the components that contain 
switching circuits for the Flight Director System* 

1̂. Attitude Director Indicator. 

1. Flight Director Computer. 

3̂. Ground Check Panel. 

4. Horizontal Situation Indicator. 

5̂. Instrument Set Coupler. 

6̂. M5.scellaneous Display Panel, 

1» Navigation Display Panel. 

Answers to Frame 3: 1. / 2. 
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Frame 5 

The two switcjies on the face of the ISC provide the means of 
selecting the modes of operation. These switches are the: 

1. MODE SEL Switch. It provides a selection of 10 different 
Flight Director modes. 

2. Pitch Steer Switch. It determines what signals will be applied 
to the Pitch Steering Bar on the Attitude Director Indicator. 

Refer to the illustration below to become familiar with the two 
switches and modes of operation. The front panel of the ISC also has 
two landing gear indicating lamps. These operate independently of the 
Flight Director circuitry. 

MODE . 
SELECT 
SWITCH-

M CTS sa. 55Jf*' ' S ' . 
NAV '*^^ CRSUNE PTFCH STEEF 

y. »-s/ ._^ 4LTIWr 
MANCKS AtTRer 

UANHOO 

® k) 
TKRBV 

PITCH 
STEERING 

• swrrcH 

Place a checkmark (ŷ  in front of the true statements. 

_1. The MODE SEL Switch- is used to select a submode of operation. 

2. The Pitch Steer Bar of the ADI is controlled by the Pitch 

Steer Switch. 

3̂. Landing gear lamps on the ISC are controlled by the FDS. 

4̂. Major modes are selected on the MODE SEL Switch. 

Answers to Frame 4: 1. 2. / 3. 
^ 7. 
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Frame 6 

The Ground Check Panel, shown below, contains two switches associated 
with the Flight Director System. Both s\d.tche3 are used during maintenance 
operations. They are: 

1. INSTR Switch (A). 

2. GYROS-OFF Switch (B) . 

The INSTR Switch is used to perform a self-test of the Instrximent 
Set Coupler. It also performs a self-test of indicators not part of 
the Flight Director System. The GYSD-OFF Switch is used to remove 
power from the AFRS, Bearing Distance Heading Indicator (BDHI), and 
Rate-of-Tum Transmitter when performing maintenance. 

< 

— . F M OETKT—— 
* ENO I ENG 

CONnOl 

NO«M 

t l t M t W 
SHOItlTBT 

iAITMT roWH 
lAOOM rOSHCHn, 

NO«M 

( JfM I SfKE NSI MACM;III(* SW*** »»'«'*i 

( ^ t t TEST 
NOIM 

• WCHT COKl Ib l ' 
•COMfUTM f O W E « — — C A O C — caoiiON 

NO I NO } NO 3 HCH rawEI NO«M CTtOS 

Off Off Off lOW Off Off Off 

OMft ' *A1C 0Y«O • 

SatVO CHAN A CHAN I CHAN C ACCU 

Place a checkmark C>^ in front of the true statements. 

_1. The INSTR and GYROS-OFF Switches are used to select submodes 
of operation. 

_2. Self-test of the ISC is performed by using the INSTR Switch. 

_3. The GYROS-OFF Switch controls power to the Flight Director 
System. 

Answers to Frame 5: / 2. / 4. 

2 )15 



<> 

Frame 7 11 ri tm 
The Miscellaneous Display Panel contains the FLT INST Ref Switch 

(Flighc Instrument Reference Switch) (A). This switch permits manual 
saleccion of either the primary INST or Auxiliary Flight Reference 
System (APRS). This is the source of pitch-and-roll signals supplied 
to the ADI and FDC and the magnetic heading signals supplied to the 
ADI and HSI, The FLT INST REF Switch operation was covered in the 
Auxiliary Flight Reference System. The Miscellaneous Display Panel 
is shown below. 

S 

HIST ERECT 

Place a checkmark (»̂  in front of the true statements. 

1. The FLT INST REF Switch determines whether the INS or AFRS 
supplies signals to the HSI and ADI. 

2. The FLT INST REF Switch controls the Pitch Steer Bar in the 
ADI. 

Answers to Frame 6: 1. / 2. 3. 
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Frame 8 

The Navigation Display Panel is not an Instrument System component. 
This unit is part of the Bombing Navigation System. This system pro­
vides command and steering signals to the Flight Director System in 
particular Flight Director modes. 

Place a checkmark (/) in front of the true statements. 

The Navigation Display Panel is a Flight Director System 
component. 

The Bombing Navigation System has nothing to do with the Flight 
Director System. 

Command and steering outputs from the Bomb Navigation System 
are provided for the Flight Director System. 



Frame 9 m3 
The Horizontal Situation Indicator (HSI) is the Flight Director 

System Navigational Instrument. The HSI is located on the main instru­
ment panel and provides the pilot with visual displays of heading, 
course, distance and bearing information. This multiple display instru­
ment receives the majority of its input signals from the flight director 
computer. After being processed by the computer, the signals are trans­
mitted to the Instrument Set Coupler and then to the HSI. 

0 (Z) 

0 a 0 I 

MILES 
33 

N I 0 0 0 

COURSE 

30 

•W 

.24 12> 

21 15 

HtAOINC 1 

SIT 

count 
SCT 

o 
Place a checkmark (ŷ  in front of the true statements. 

The Horizontal Situation Indicator is a Flight Director System 
Component. 

The HSI provides the pilot with a visual display of aircraft 
attitude. 

The majority of the HSI inputs are processed by the Flight 
Director Computer. 

Answers to Frame 8: / 3. 

r^^: 



Frame 10 

The indicating sections of the HSI are arranged so that the indi­
cator provides the pilot with a pictorial view of the aircraft's navi­
gational situation. When reading the indicator, the view is as if 
you are looking at the ground through the indicator. Refer to the 
illustration below. The miniature aircraft represents the aircraft 
in which the instrument is mounted. Indications of aircraft heading, 
course, and bearing are referenced to thz minature aircraft. 

Sf 

MINIATURE AIRCRAKT 
TACAN 

w 

o 

.MILES 
33 

N 
COURSE 

'30 

• W t 
,24 12> 

21 15 

counst 

0 

I'O I 

ACTUAL AIRGJUFT 

Place a checkmark (*̂  in front of the true statements. 

JL. Indications read on the HSI are referenced to the earth's 
horizon. 

2. The HSI provides a pictorial view of the aircraft's navigational 
situation. 

_3. Indications of heading, course, and bearing are referenced 
to the miniature aircraft symbol. 

Answars to Frame 9: / 1. 2. / 3. 

fc'l 
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Frame 11 
I9ff 

The Attitude Director Indicator located on the 'main instrument 
panel is a multiple display indicator which displays attitude, heading, 
turn and slip, glide slope deviation, and bank and pitch steering infor­
mation. These indications are provided on an attitude sphere, turn 
and slip indicator, pitch and bank steering bars, and a glide slope 
indicator. Flags are also provided to indicate power failure or unre­
liable signals. The steering bars and glide slope indicator receive 
input signals from the Flight Director Computer. 

Place a checkmark (/) in front of the true statements 

1̂. The Attitude Director Indicator displays attitude, heading, 
turn and slip, glide slope, and steering information. 

2. The ADI contains flags for indicating power failure and 
reliability of input signals. 

3. The Flight Director System controls most ADI indicating sections. 

Answers to Frame 10: 1̂. / 2. / 3. 

13 





S e c t i o n B. HORIZONTAL SITUATION INDICATOR nf7 

Frame 1 

The Horizontal Situation Indicator (HSI) i s one of the major 
components of the F l i ^ t Director System. This navigational instniment 
displays magnetic heading, heading selection, course selection, 
course deviation, bearing and distance to a selected radio transmitter. 
This multipuiT>ose indicator' provides the p i lo t with a pic tor ia l 
view of the a i r c ra f t ' s navigational s i tuat ion. Indications are 
provided on eight indicating sect ions . Warning flags are also 
provided to indicate power fai lure and signal r e l i a b i l i t y . 

Place a checkmark (/) in front of each true statement. 

_1. The HSI i s a major component of the FDS. 

_2. The HSI provides the p i lo t with a p ic tor ia l view of the 
a i rc ra f t ' s a t t i tude . 

3. Signal r e l i ab i l i t y and power failure are indicated by 
the HSI. 



Frame 2 

Look at the illustration below. The upper lubber line indicates 
the aircraft heading. This heading is read from the compass card. 
The lower lubber line is used as a reference point. The miniature 
aircraft symbol represents the actual aircraft. It will always 
point to the top lubber line. 

MINIATURE 
AIRCRAFT 
SYMBOL-

^ ^ . l ^ - ^ J ^ i . - . 

UPPER LUBBER 
LINE 

LOWER LUBBER 
LINE 

Identify the indicating sections in the illustration below 
by placing the appropriate letter from the drawing in the proper 
space in front of the names listed below. 

..v.,.>.- .•^:.-v^-



Frame 3 

Study the Horizontal Situation indicator illustrated below 
as you read this frame. 

The HSI contains four servo-operated indicating sections. 
The Compass Card is one of these and is shown in the illustration 
below. The Conq>ass Card (also known as Azimuth Dial) indicates 
aircraft heading. The heading is marked off to give readings from 
0 degrees to 360 degrees. Increments are provided every 5 degrees 
and numbers every 30 degrees. Letters are also provided at each 
of the cardinal headings (N, E» S, and W). The Con̂ jass Card rotates 
as the aircraft turns. The aircraft heading is read at the upper 
lubber line. 

nsH 

COMPASS CARD 
I 

Place a checkmark ( / ) i n front of the t rue s t a t emen t s . 

_ 1 . The Compass Card i s a s t a t ionary reference for reading 
a i r c r a f t heading. 

_2. The Compass Card ind ica t e s des i red heading. 

_3. As the a i r c r a f t t u r n s , the Compass Card a l so t u r n s . 

_4. Aircraf t heading i s read a t the bottom lubber l i n e . 

_5. The Conqjass Card contains reference Increments a t every 
five degrees . 

Answers to Frame 2: B 1. A 2 . C 3 . 

17 
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Frame 4 

' The Heading Marker i s shown in the i l l u s t r a t i o n below. The 
Heading Set Knob i s used to manually s e t the marker. The Heading 
Marker can a lso be servo-operated by a command s igna l from the 
Bombing'Navigation System. The pos i t ion of t h e MODE SEL switch 
determines which way the Heading Marker o p e r a t e s . 

-HEADING 
MARKER 

Place a checkmark (/) in front of the t r u e s ta tements . 

1. The double rec tangular marker on t h e HSI i s t h e Compass 
Card. 

The Heading Set Knob i s used to manually pos i t i on the 
marker agaiixst t he Con^ass Card. 

The Heading Marker can only be pos i t ioned aga ins t the 
Compass' Card by the Heading Set Knob. 

The MODE SEL switch determines how the marker wi l l "̂ e 
con t ro l l ed . 



Frame 5 n(^i 
The Heading Marker can only be manually set when the MODE 

SEL switch is in the MAN/HDG mode. In this mode the marker serves 
as a memory device. The pilot uses the Hdg Set Knob to position 
the marlcer against the Compass Card. This provides a reference 
for the direction he desires to fly, and is shown in the illustration 
below. After the marker has been positioned against the Compass 
Card, it moves with the Conqjass Card whenever the aircraft turns. 
The pilot turns the aircraft until the marker is at the top lubber 
line. With the Heading Marker at the top lubber line, the pilot 
is flying his desired heading. 

HEADING 
SET KNO? 

HEADING MARKER-

NOT DESIRED HEADING 

Place a checkmark (/) in front of the true statements. 

The Heading Marker can be manually set when the MODE 
SEL switch is in the MAN/HDG mode. 

_2. During aircraft turns, the Heading Marker turns with 
the Cospass Card. 

3. The aircraft is flying the desired heading when the Heading 
Marker is at the bottom lii)ber line. 

Answers to Frame A: 



&Jfci2 

Frame 6 

The Heading Marker is servo operated in all modes except MAN/HDG, 
The command input signal is computed by the Bombing Navigation 
System. This signal drives the heading marker to a command heading 
on the compass card. Once the Heading Marker is positioned to 
the computed heading it moves with the Compass Card as the aircraft 
turns. The pilot flies the aircraft in the direction that moves 
the Heading Marker to the "op l\ibber line. By steering the aircraft 
in a direction that keeps the Heading Marker at the top lubber 
line, the pilot will fly the aircraft to the precomputed destination, 
target, or rendezvous aircraft. 

Place a checkmark (/) next to the true statements. 

The Heading Marker is servo-operated only in the MAN/ 
HOG mode. 

2. Computed command heading signals originate in the FDS. 

_3. Steering the aircraft to keep the Heading Marker at the 
top lubber line, takes the aircraft to a precomputcid 
destination. 

Answers to Frame 5: 



Frame 7 
19(^3 

The Course Arrow i s another servodriven i nd i ca t i ng sec t ion . 
Like the Heading Marker, the Course Arrow i s e i t h e r servo-operated 
by s igna ls from the Bonb-Nav System o r manually s e t by the p i l o t . 
How the Course Arrow i s cont ro l led depends on the pos i t ion of the 
MODE SEL swi tch . The Course Arrow i s read aga ins t the Compass 
Card. The Arrow i s servodriven or manually s e t to the desired 
course on the Compass Card. I t then moves with the Con?)ass Card 
when the a i r c r a f t t u r n s . The course arrow i s shown in bold l i n e s 
in the i l l u s t r a t i o n below. 

COURSE 
ARROW 

Place a checkmark (/) next to the t r u e ' S t a t e m e n t / s . 

_ 1 . The Course Arrow c a n ' t be manually s e t . 

_2. The Course Arrow i s read aga ins t the Heading Marker. 

_3. After being pos i t ioned aga ins t t h e Compass Card, the 
Course Arrow moves with the Compass Card during t u r n s . 

Answers to Frame 6: 



IW 
Frame 8 

A Course Set Knob on thty bottom right of the indicator is 
used to manually position the Course Arrow against the Compass 
Card. A Course Select Window (course counter) provides a digital 
readout of the position of the arrow against the Compass Card. 
This counter is mechanically linked to the Course Arrow and always 
indicates the same as the arrow. Turning the Course Set Knob controls 
both the arrow- and the counter. Locate the Course Set Knob and 
the Course Select Window in the illustration below. 

COURSE 
SELECT 
WINDOW-
COURSE 
ARROW-

COURSE 
SET KNOB. 

Place a checkmark (/) next to the true statements. 

1. Turning the Course Set Knob positions both the Course 
Arrow and Course Select Window. 

2. The Course Select Window indicates the position of the 
arrow against the Compass Card. 

3. The Course Set Knob has no control of the Course Select 
Window. 

Answers to Frame 7: 1. / 3. 

2.^^J 
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Frame 9 
llho 

The Course Arrow is manually positioned during modes of operation 
that provide radio signals for navigation. An example of this 
is the radio signal transmitted from the far end of a runway. This 
signal is used by the pilot to center his aircraft on the centerline 
of the rxinway prior to landing. This is shown in the illustration 
below. Using the Course Set Knob, the pilot sets the runway direction 
into the Course Select Window. Now the indicator gives the pilot 
a pictorial view of his navigational situation. The Course Arrow 
represents the rxinway. In the illustration below the pilot is 
flying 000 (N) degrees. This is indicated by the lubber line. 
The runway direction is 090 degrees and is indicated by the Course 
Arrow. 

RUNWAY 

Place a checkmark (/) next to the true statements. 

1. When landing, a radio signal positions the Course Arrow. 

2. Runway direction is set into the Course Select Window 
prior to landing. 

3. When landing, the Course Arrow represents the centerline 
of the runway. 

Answers to Frame 8: 



x-
Frame 10 

During modes of'operation that provide command signals to 
the Course Arrow, it indicates Magnetic Ground Track. Magnetic 
Ground Track is the direction the aircraft is moving in relation 
to the ground. In other words if a cross wind pushes the aircraft 
off course, the pilot must nose the aircraft into the wind to maintain 
his desired course. With its nose into the wind the aircraft 
is pointing in one direction but is moving in another. The top 
lubber line.indicites the direction the aircraft is pointing while 
the Course Arrow indicates the direction the aircraft is moving. 
In the example in the illustration below the aircraft is pointing 
in a 45 degree direction but is moving due east over the ground. 

J/ 

'GROUND 
TRACK" 

Place a checkmark (/) next to the true statement/s. 

Command signals provide the pilot with indication of 
Magnetic Groxmd Track. 

2. Magnetic Ground Track is read at the top lubber line. 

_3. The pilot must set Magnetic Ground Track into the Course 
Select Window. 



Frame 11 IH7 
The last servooperated indicating section of the HSI to be 

covered is the Bearing Pointer. This indicator always provides 
relative bearing to a TACAN radio transmitter. TACAN radio trans­
mitters are located throughout this country. They provide aircraft 
with radio signals to be used in guiding the aircraft during cross­
country flights. Each TACAN station has its own frequency. A 
pilot sets a TACAN frequency into his radio set. The bearing pointer 
then indicates where the TACAN station is in relation to his aircraft. 
This is shown in the illustration below. 



(" 
Frame 12 

Match the indicating section reference or control in the figure 
to the each statement on the left. Place the letter from the illustration 
in the space provided on the left. 

1. 

2. 

3. 

Bearing Pointer. 

Bottom lubber line. 

Compass Card. 

Course Arrow. 

Course Select Window. 

Course Set Knob. 

Heading Marker. 

Heading Set Knob. 

Miniature aircraft synbol. 

Top lubber line. 

Set to runway heading. 
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Frame 13 lib'} 

on 

The Range Indicator and the Range Indicator Warning Flag are 
used with the Bearing Pointer. These are shown in the illustration 
below. The Range Indicator is a digital counter that indicates 
the distance to or from a selected TACAN radio transmitter. When 
the pilot sets his radio controls to the frequency of a selected 
TACAN station, the bearing pointer indicates relative bearing to 
the station. The Range Indicator at the same time indicates miles 
to or from the TACAN transmitter. If the range system is not operating 
or the signal is not reliable, a red and white striped flag drops 
across the numerals of the Range Indicator. 

BEARING POINTER 

RANGE 
INDICATOR 

RANGE INDICATOR 
WARNING FLAG 

Place a checkmark (/) next to the true statements. 

_1. The Range Indicator indicates distance to or from a selected 
TACAN station. 

_2. Distance is manually set into the Range Indicator. 

_3. The Range Indicator operates in conjunction with the 
Bearing Pointer. 

_4. The Range Indicator Warning Flag indicates reliability 
of the range signal. 

D 13. 

Answers to Frame 12: B 1. I 2. 

H 6. C 7. K 8. J 9. 

F 14. C 15. 

E 3. G 4. F 5. 

D 10. F-G 11. K 12. 

I. 

I-
I-
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mo 
Frame 14 

You may have already noticed that the Course Arrow is a three 
part indicating section. The Course Arrow head, the Course Arrow 
tail, and the center position are all part of the Course Arrow. 
The Course Arrow and Course Deviation Indicator (CDI) are shown 
below. The CDI rotates with the Course Arrow and also moves to the 
left or right of the arrow but remains parallel to it. 

COURSE ARROW 
HEAD 

COURSE ARROW 
TAIL 

COURSE 
DEVIATION 
INDICATOR 

Place a checkmark (/) next to the true statement/s. 

1. The Course Arrow is a four part indicating section. 

_2. The CDI rotates in the opposite direction of the Course 
Arrow. 

3̂. The CDI moves to the left or right of the Course Arrow. 

Answers to Frame 13: j/^ 1̂. 2. / 3. / A. 
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Frame 15 
/??/ 

The Course Deviation Indicator (CDI) indicates the deviation 
from a preselected course. In the illustration to the right, the 
selected course is 035 degrees. The aircraft is flying 000 degrees 
(North). This is indicated on the lubber line. The Course Deviation 
Indicator is to the left of the Course Arrow. As the aircraft moves 
near the selected course, the CDI moves toward the Course Arrow, r. 
If the aircraft moves beyond the selected course, the CDI will move 
to the right of the Course Arrow and behind the miniature aircraft 
symbol. 



Frame 16 

The Course Warning Flag is also used with the Course Deviation 
Indicator. This flag is shown in the illustration below. The flag 
which is red, appears in the window whenever there is an invalid 
course deviation reading. 

COURSE 
DEVIATION 
INDICATOR- COURSE 

WARNING 
-FLAG 

Place a checkmark (/) next to the true statement/s. 

1. The red flag located below the Course Arrow head indicates 
an invalid course deviation signal. 

The Course Warning Flag operates in conjunction with the 
Course Deviation Indicator, 

When the course deviation signal is unreliable, the Range 
Indicator Warning Flag comes into view. 

4. 30 



Frame 17 
tm 

Four course deviation dots are provided for reading the amount 
of course deviation. Two are located to the left of the Course 
Arrow and two to the right of .the Arrow. These dots are sl^wn in 
the illustration below. Each dot indicates a certain number of degrees 
of course deviation. The number of degrees depends on the mode of 
operation selected. 

COURSE 
DEVIATION 
DTS 

Place a checkmark (/) ne>:t to the true statement/s. 

Course deviation dots are provided for reading relative 
bearing to a station. 

_2. Course deviation dots are the reference from which deviation 
from a course is read. 

_3. Each dot represents the same number of degrees of deviation 
in all modes of^operation. 

Answers to Frame 16: / 1. / 2. 3. 



Frame 18 

The next indicating section to be discussed is the TO-FROM 
Arrow. This is shown in the illustration below. This indicating 
section is used only in the TACAN mode of operation. In all other 
modes the TO-FROM Arrow is out of view. This section points either 
to the head or tail of the Course Arrow. When the aircraft is on 
a course that will take it to the TACAN station, the arrow points 
to the head of the Course Arrow. When flying away from the TACAN 
station the TO-FROM Arrow points to the tail of the Course Arrow. 
In the illustration below the aircraft is flying to the station. 
The TO-FROM Arrow points to the head of the Course Arrow. 

TO-FROM 
ARROW 

Place a checkmark (/) next to the true statement/s 

1. The TO-FROM Arrow indicates whether the aircraft is flying 
toward or away from a TACAN station. 

2. When flying away from a TACAN station the TO-FROM Arrow 
points to the Course Arrow tail. 

_3. When not being used, the TO-FROM Arrow remains out of 
view. 

Answers to Frame 17: 1. / 2. 

ZO^'.J 
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Frame 19 I9?S 

POWER OFF 
WARNING FLAG 

Place a checkmark (/) next to the true statement/s. 

1. s\o„°:rto"hrs?^''-' =°°=' "̂" -̂ "̂"" ^°-

Answers to Frame 18: / 1. / 2. / 3. 

5^.'rr 



Answers to Frame 19j J 1. 

Note: See HSI film AVA 523B* 
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Section C. ATTITUDE DIRECTOR INDICATOR tm 

Frame 1 

The Attitude Director Indicator is a component of the Flight 
Director System. This indicator is the pilot's prin.ary attitude 
instrument. This instrument provides the pilot with visual displays 
of attitude, heading, turn and slip, glide slope deviation and flight 
director steering information. Flight director steering information 
from the Flight Director Computer (FDC) or Instrument Set Coupler 
(ISC) is applied to the ADI steering pointers and signal reliability 
warning flags, pie mode of operation selected on the Instrument 
Set Coupler determines what Flight Director signals are being transmitted 
to the ADI. The mode of operation also determines whether the signals 
are received from the Flight Director Computer or InstiTument Set 
Coupler. 

Below is an illustration of the ADI with the indicating sections 
numbered. Each indicating section will be covered separately. 

NO RESPONSE REQUIRED 

1. Turn and Slip. /r 

2. Rate-Of-Tum Pointer. 

3. Minature Aircraft Symbol. 

A. Power Warning Flag. 

5. Glide Slope Warning Flag. 

6. Glide Slope Pointer. 

7. Pitch Steering Bar. 

8. Bank Steering Bar. 

9. Course Warning Flag. 

10. Bank Pointer. 

11. Attitude Sphere. 

* 



Frame 2 

' The Attitude Sphere displays pitch, roll,-and heading. These 
are read in relation to a fixed miniature aircraft symbol which is 3 in the 
figure in frame 1. The symbol is shown in the illustration below. 
The miniature aircraft represents the aircraft while the moveable 
sphere represents the earth's horizon. Figure A below represents 
an aircraft with its nose below the horizon. Figure B shows an 
aircraft with its right wing below the horizon and its left wing 
above. This is called a right bank. Figure C shows an aircraft 
flying straight find level with a magnetic heading of 060 degrees. 

r 

MINIATURE AIRCRAFT SYMBOL 

Place a checkmark (/) next to each true statement. 

_1. The miniature aircraft symbol represents the earth's 
horizon. 

2. The sphere provides visual indications of aircraft pitch, 
roll, and heading. 

_3. The attitude sphere is movable and is read against the 
miniature aircraft symbol. 

2073 
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Frame 3 
1979 

Figure A 

. 1 . Nose up, r i g h t bank. 

_2. Nose up, l e f t bank. 

Figure B 

Diving, 090 
degree heading. 

Diving, 000 
degree heading. 

Figure C 

1̂. No bank, 000 degree heading. 

. 2. No bank, 045 degree heading. 

Answers to Frame 2: 1̂, / 2. 



i-A mo 
Frame 4 

The Bank Steering Bar, item 8 in the figure in frame 1, is a 
Flight Director indicating section. Input signals to the Bank Steering ̂  
Bar are received from the Flight Director Computer. The Bank Steering 
Bar is used by the pilot in making turns and maintaining desired 
headings and courses. This is a "steer to" indicating section. 
If the bar deflects to the right, the pilot must steer right. 

Place a checkmark (/) next to each true statement. 

1̂. Inputs applied to the Bank Steering Bar are received 
directly from the Auxiliary Flight Reference System. 

3. 

The Bank Steering Bar aids the pilot in maintaining headings 
and courses. 

When the Bank Steering Bar deflects left, the pilot must 
steer right. 

Answers to Frame 3: 

Figure A 

/ 1. 

2. 

Figure B 

1̂. 

/ 2. 

Figure C 

/ 1. 

2. 

2 )?5 
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Frame 5 
au 

Signals that operate the Bank Steering Bar are: 

1. heading error. 

2. roll. 

3. course error. 

4. localizer. 

5. TACAN. 

6. command steer. 

Conmand signals are from the Bonfc Navigation System or Attack 
Radar. The signal or combination of signals applied to the Steering 
Bar depends on the position of the MODE SEL Switch. Any time the 
Bank Steering Bar is in view and being used, roll signals can be 
applied ttj it. The other signals to be applied depend on the mode 
of operation. The illustration below shows the effect of roll (bank) 
attitudes on the Bank Steering Bar. 

® ® 

U 
fe g) 

e ® 

k. 
Place a checkmark (/) next to each true statement. 

_1. The Bank Steering Bar can respond to more than one 
signal at a time. 

2. When the Bank Steering Bar is being used, roll signals 
operate it. 

Answers to Frame 4; 1. / 2. 

•̂•re 
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Frame 6 

Heading error is applied to th= Bank Steering Bar in modes when 
the pilot manually positions the Heiiing Marker on the HSI. When 
the HSI Heading Marker is not_ at th= top lubber line, an error signal 
is produced. This signal is sent tc the Flight Director Computer. 
If the ISC MODE SEL Switch is in the proper position, the heading 
error signal is sent to the ADI. r::is causes movement of the Bank 
Steering Bar. 

ERKO* 3W ̂  

fLUMT :i«(CTO» 
COK^JTCR 

MANUAL 
HOC L) 

AOI 

Place a checkmark (/) next to each nrue statement 

1. Heading error signals are produced in the Attitude 
Director Indicator. 

When the HSI Heading Marker is at the lubber line, no 
heading error exists. 

Heading error signals are transmitted directly from the 
HSI to the Bank Steering Bar. 

Answers to Frame 5: / 1. / 2. 

2>J?7 
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Frame 7 1983 

Refer to the illustration below. Figure A shows an HSI with 
a magnetic heading of 000 degrees. The Heading Marker has been 
set to a desired heading of 045 degrees. Because the Heading Marker 
is not at the lubber line, a heading error signal is produced in 
the HSI. The heading error signal is transmitted to the Flight 
Director Computer. The MODE SEL Switch on the ISC is positioned 
to MAN/HDG. This allows the error signal to be sent to the ADI 
Bank Steering Bar. The Bank Steering Bar is deflected to the right. 
This tells the pilot to steer right to the desired heading of 045 
degrees. Figure B shows that the aircraft has turned to the desired 
heading and the Heading Marker is now at the lubber line. With 
the Heading Marker at the lubber line, no heading error exists. 
This means the ADI Bank Steering Bar is centered. 
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Answers to Frame 6; 

NO RESPONSE REQUIRED 

1. / 2. 3̂. 



Frame 8 

Course error can also be applied to the Bank Steering Bar. 
Course error is the signal produced in the HSI when the Course Arrow 
is not at the top lubber line. Course error signals are sent to 
the Flight Director Computer. The course error signal is applied 
to the Bank Steering Ear when the MODE SEL Switch is in the right 
position. The illustration below shows the Course Arrow displaced 
away from the lubber line. A course error signal is being transmitted 
to the Flight Director Computer. In the appropriate mode of operation, 
the signal is applied to the ADI Steering Bar. 

HSI AOI 

Place a checkmark (/) next to each true statement. 

_1. Course error is produced in the HSI when the heading 
marker is not at the lubber line. 

Course error causes the ADI Bank Steering Bar to deflect. 

2 )?9 
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Frame 9 !<??/ 

d 
n, 

TACAN or localizer erro 
Steering Bar. These signals 
from a preselected TACAN or 
signals as course deviation 
a runway heading is the pres 
to the left of the course. 
Indicator and the ADI Bank S 
This tells the pilot a right 

r signals can be applied to the Bank ' 
occur when the aircraft drifts or deviates 
localizer course. We refer to these 
error signals. In the illustration below, 
elected course. The aircraft has drifted 
This is indicated by the HSI Course Deviation 
teering Bar deflecting to the right, 
turn is needed to get back on course. 

W-

A 
z 
<2 
in 

a 
Mi 

Place a checkmark (/) next to each true statement. 

1. Course deviation error signals occur when the aircraft 
is to the left or right of a preselected TACAN course. 

2. Course deviation error signals occur when the aircraft 
is to the left or right of a preselected localizer course. 

3. If the aircraft drifts to the left of a course, the Bank 
Steering Bar deflects to the left. 

Answers to Frame 8: / 2. 
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Frame 10 

The Bank Steering Bar is also controlled by the input signals 
from the Bomb/Nav and Attack Radar Systems. The position of the 
MODE SEL Switch determines in what modes command steering signals 
operate the Steering Bar. In the correct mode, a command signal 
moves the Course Arrow to the course that the pilot must fly to reach 
a precomputed target or destination. If the aircraft deviates from 
the command course, the Bomb-Nav System provides the command steering 
signal to operate the Bank Steering Bar. The bar indicates the 
direction to steer. Steering to the bar returns the aircraft to 
the command course. 

Place a checkmark (/) next to each true statement 

1. 

3. 

Only signals produced by the Flight Director System can 
operate the Bank Steering Bar. 

Deviation from a precomputed course causes movement of 
the Bank Steering Bar. 

The Bank Steering Bar provides steer-to information 
to fly back to a command course. 

Answers to Frame 9; / 1. / 2. 3. 

2 )Sl 
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Frame 11 
MS7 

The next indicating section of the ADI to be covered is the 
Pitch Steering Bar. This bar is shown as item 7 in frame 1. The 
bar provides horizontal steering reference. Like the Bank Steering 
Bar, this is a steering to indicating section. If the bar deflects 
up, the pilot must fly the aircraft up to the bar. This indicating 
section is also referenced to the miniature aircraft. 

Complete the following statements by underlining the correct 
words to complete the statements. 

1. The Pitcn Steering Bar provides (vertical, horizontal) 
steering references. 

2. The Pitch Steering Bar is referenced to the (sphere, miniature 
aircraft). 

3. If the Pitch Steering Bar deflects up the pilot must fly 
the aircraft (up, down). 

I 

Answers to Frame 10: / 2. / 3. 



Frame 12 

Various signals can he applied to the Pitch Steering Bar. The 
ISC Pitch Steer Switch xnd the MODE SEL Switch determine the signal 
that operates the bar. Tne illustration below shows the effect 
of pitch attitudes on the Pitch Steering Bar. Figure A shows an 
aircraft with a nose down .attitude in relation to the horizon. The 
ADI Pitch Steering Bar is deflected up. This shows the pilot that 
he must steer the aircraft up to the bar.. Figure B shows that the. 
aircraft's nose is up and the Steerinjr Bar is centered, showing that 
no steerine correction is necessary. 

'€i 
o 

^ ° 
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Place a checkmark (/) next to each true statement. 

B 

_1. Control of the Pitch Steering Bar is determined by the 
MODE SEL and Pitch Steer Switch positions. 

_2. The Pitch Steering Bar provides the pilot with steer-
to information. 

Answers to Frame 11: 1. horizontal 2. miniature aircraft 

3. U£ 
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Frame 13 

The Glide Slope Pointer, item 6 in frame 1, Is located on the 
left of the ADI. This indicating section is used as an aid for making 
an instrument landing. The pointer moves up or down in relation 
to the odnlature aircraft. This represents the glide angle necessary 
for landing on the near end of the runway. 

Place a checkmark (/) next to each true statement. 

1. 

_2. 

3. 

The Glide Slope Pointer is used in obtaining proper glide 
angle for landing. 

The Glide Slope pointer represents the earth's horizon. 

The Glide Slope Pointer moves to the left or right of 
the miniature aircraft. 

Answers to Frame 12: 



Mo Frame 14 

H 
h 
1< 

In the illustration below, indicator A shows the aircraft approaching 
the glide slope. The glide slope signal is transmitted from the 
near end of the runway. The Glide Slope Pointer is displaced above 
the miniature aircraft. This shows that the glide slope is above 
the aircraft. Indicator B shows that the aircraft has reached the 
glide slope signal. Therefore, the Glide Slope Pointer has moved 
down to the miniature aircraft, ka long as the pilot holds the 
aircraft on the glide slope the pointer remains centered with the 
miniature aircraft. 



ing 

Frame 15 mi 
An Inclinometer and Rate-of-Turn Needle, items 1 and 2 in 

frame 1, at the bottom of the indicator provides turn and slip information. 
The InclinoFeter is the curved tube with the ball in it. The ball 
indicates aircraft slip, skid, and coordinated turns. The Rate-of-
Turn Needle indicates rate of turn (degree of turn per minute). Rate-
of-turn signals are provided by a remotely located gyro. Reading 
this portion of the indicator is t^e same as reading the conventional 
Bank and Turn Indicator. 

Place a checkmark (/) in front of each true statement. 

1̂. Bank and turn information is read on a separate indicator. 

2. Rate-of-tuim information is received from a remote gyro. 

3. Coordinated turn is indicated by the Rate-of-Turn Pointer. 

Answers to Frame 14: 1. / 2. 3. 

:̂ -̂ î  



Hfa Frame 16 

i 

Two warning flags provide reliability information. These flags 
indicate whether or not the input signals to the ADI have enough 
strength to operate the Glide Slope and Bank Steering Bar accurately. 
The third flag is the Attitude Warning Flag, item 4 in frame 1, which 
comes into view in event of power failure to system components or 
failure of the ADI. The glide slope warning flag, item 5 in frame 1, 
is shown on the left and course steering warning flag, item 9 in 
frame 1, is at the top of the illustration. 

Place a checkmark (/) in front of each true statement. 

1̂. Warning flags indicate the reliability of input signals 
to the Glide Slope Pointer and Bank Steering Bar. 

The Atticude Warning Flag indicates the reliability of 
input signals to the Pitch Steering Bar. 

The flag marked OFF comes into view with loss of power 
to the ADI. 

Answers to Frame 15: 

Answers to Pramn 16: 

See ADI film AVA 523A« 



Section D. MODES OF OPERATION 

Frame 1 

The flight director system (FDS) receives its input signals from 
the various other aircraft systems. This portion of the text will 
cover Basic signals that are applied to the ADI and HSI in various 
modes of operation. Because of the similarity between some of the 
navigation modes, not all modes will be covered in detail. The MODE 
SEL switch and the PITCH STEER switch on the instrument set coupler 
determine what signals will be applied to the indicators (ADI & HSI). 
The operation of each switch and its position will be covered separately. 
In order to perform operational checks and .troubleshooting procedures 
on the trainer, it is necessary to have a basic understanding of the 
system operation in various modes. 

NO RESPONSE REQUIRED 



f 
Frame 2 

The Pitch Steering Mode switch operation will be covered at this 
time. The FITCH STEER switch (A in the figure below) is a three 
position switch marked ALT REF (altitude reference) and TF (terrain 
following). This switch is used in conjunction with the MODE SEL switch 
B. The PITCH STEER switch is solenoid held in either the ALT REF 
or TF position. In the event that the PITCH STEER switch is being 
solenoid held in either position and the MODE SEL switch is positioned 
to a mode that does not use the Pitch Steer Bar, the PITCH STEER 
switch will automatically go the OFF position; solenoid deenergized. 

^iiiiii> 



Frame 3 
i99sr 

The Altitude Reference (ALT REF) aubmode aids the pilot in 
maintaining a predeteiTnined altif-ude. With the PITCH STEER switch 
in the ALT REF position, pitch steering command signals are applied 
to the "Pitch Steer Bar" in the ADI. When the aircraft flies below 
a predetermined altitude, the pitch steer bar on the ADI deflects 
upward. This indicates to the pilot that he must fly up. As the 
aircraft reaches the desired altitude, the pitch steer bar returns 
to the center position. Refer to the illustrations in HO 4.05̂  page 3. 
Figure A shows the aircraft below the reference altitude with the 
pitch steer bar showing a fly up command. Figure B shows the aircraft 
at the reference altitude with no steering bar displacement. Figure 
C shows the aircraft above reference altitude with a fly down command 
on the ADI. 

'1^ 

1. 

2. 

3. 

Place a checkmark (/) in front of each of the true statements below. 

The ALT REF submode is selected for maintaining a predetermined 
flight direction. 

When using the ALT REF position on the PITCH STEER switch, 
steering signals are applied to the Pitch Steering Bar. 

With the PITCH STEER switch in the ALT REF position, the 
pitch steering bar deflects up if the aircraft goes below 
a predetermined altitude. 

Answers to Frame 2: l. / 2. / a . 



Frame 4 

To obtain a reference altitude, the pilot flies to the altitude 
he desires to maintain. When the desired altitude is reached, the 
PITCH STEER switch is placed in the ALT REF position. This engages 
a clutch in the central air data computer (CADC) . The CADC system pro­
vides "differential altitude signals to the Instrument Set Coupler," 
This signal is routed through the ISC (Instrument Set Coupler) to the 
Flight Director Computer (FDC) and applied from the FDC to the ADI 
Pitch Steering Bar. Refer to the block diagram below. Visually trace 
the signal from the CADC to the ISC, and FDC and apply this to the 
pitch steering bar in the ADI. 

PITCH STEER 

ALT REF 

(§) 
IF 

OFF 

Place a checkmark (/) in front of each of the true statements below. 

1. To obtain a reference altitude, the aircraft is flown to the 
desired altitude and the PITCH STEER switch is positioned 
to ALT REF. 

_2. When using the ALT REF submode, differential altitude signals 
are applied to the CADC. 

_3. Differential altitude signals are routed through the ISC to 
the FDC and applied to the ADI pitch steering bar. 

Answers to Frame 3: / 2. / 3. 

2 )9i 

54 



Frame 5 
im 

The TF submode is used when it is necessary to fly at 1^ altitudes, 
I This mode enables the aircraft to approach a bombing target at minimum 

altitudes. In this mode, aircraft altitude is referenced to ground 
level. If ground elevation increases or decreases, the aircraft 
altitude must change proportionally. The illustration below shows 
an aircraft in the TF mode. 

y 

Place a checkmark (/) in front of each of the true statements below. 

1̂. The TF submode is used to laatntain a preset altitude above 
ground level. 

2. In the TF submode, aircraft altitude is referenced to sea 
level. 

3. This mode enables the pilot to approach a target at minimum 
altitude. 

Answers to Frame 4: / 1. 2. / 3. 
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Frame 6 

When the TF submode is selected, information from the terrain fol­
lowing radar (TFR) is routed through the ISC to the Pitch Steering Bar 
in the ADI. TF signals do not go through the Flight Director Computer. 
If the TFR ia in the manual mode, the Pitch Steering Bar provides 
fly up or fly down indications to the pilot. Refer to the illustration 
on page 4 in HO 405. In the automatic mode, TFR signals cause the 
aircraft to automatically fly up or down to maintain a preset altitude 
above ground level. Figure A in HO '405 shows an aircraft approaching 
a mountain, the pitch steering bar is deflected up telling the pilot 
to fly up. Figure B shows the aircraft at the top of the mountain 
with the ADI showing a steer down indication. Figure C shows that 
the aircraft has leveled out with no steering commands being indicated 
by the ADI. 

Place a checkmark (/) in front of each of the true statements below. 

1̂. In the TF submode, input signals to the Pitch Steering Bar 
are received from the Central Air Data Computer. 

2 . With the Pitch Steering switch in the TF position, input 
signals are not processed by the Flight Director Computer. 

_3. When the Pitch Steering switch is in the TF position, the 
pilot can fly the aircraft manually or the aircraft can 
hold a fixed position automatically. 

Answers to Frame 5: / 1. 2. / 3. 

2 9̂3 
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Frame 7 1999 
The instrument set coupler MODE SEL switch provides a means 

of selecting any one of ten major modes of operation. In*the OFF 
position, the bank steering bar, glide slope pointer and warning flags 
are biased out-of-view. The operation of the pitch steering bar is 
determined by the position of the PITCH STEER switch on the ISC. Refer 
to HO iA05 page 1 and 2 in order to determine which ADI and HSI indicating 
sections are being used and what they indicate in the OFF position. 

Place a checkmark (/) in front of each of the true statements below. 

_1. When the MODE SEL switch is in the OFF position, no input 
signals are applied to the Bank Steering Bar. 

_2. With the MODE SEL switch in the OFF position, the operation 
of the Pitch Steering Bar is determined by the position of 
the PITCH STEER switch. 

Answers to Frame 6: 1. /2. /3. 



9.000 
Frame 8 

The next position on thu MODE SEL switch is the ILS (Instrument 
Landing System) mode. This mode provides the capability of making 
instrument approaches and landings on runways equipped with localizer 
and glide slope radio receivers. Refer to the illustration on page 6 
in HO A05. The localizer and glide slope signals are received by the 
instrument set coupler, processed and sent to the flight director 
computer. After being processed by the FDC, these signals are applied 
to indicating sections of the ADZ and HSI. 

Refer to HO 405! pages 1 and 2 to determine which ADI and HSI 
indicating sections are used in the ILS mode. The illustration on page 
5 in HO 306 shows a block diagram of components used in ILS. Study 
the inputs and outputs of each component. 

Place a checkmark (>'') in front of each of the true statements below. 

1̂. The ILS mode of operation assists the pilot in making 
instrument approaches to runways. 

2. Signals from localizer and glide slope receivers are applied 
directly to the ADI and HSI. 

3̂. The Flight Director Computer processes ILS radio signals 
before they are applied to the ADI and HSI. 

Ansvv. .3 to Frame 7; /I. /2. 

2 )f>;3 



Frame 9 
^oo\ 

' 

Localizer radio transmitters are located at the far end of the 
run*'ay. The localizer signals provide a reference for aligniag the 
aircraft to the centerline of the runway. Signals from the aircraft 
localizer receiver are applied to the HSI Course Deviation Indicator 
(cm) and to the localizer warning flag. The CD! indicates deviation 
to the left or right of the runway centerline. The localizer signal 
applied to the localizer warn:*'' flag, biases the flag out of view, 
indicating that the deviation x laications are reliable. 

Study the illustration on page 7 of HO 405. Notice the relation­
ship between the aircraft and localizer signal and miniature aircraft 
and CDI. 

Using the illustration on page 7' of HO 405 complete the following 
statements by underlining the correct responses. 

1. The localizer transmitter is located at the (near/far) end 
of the ..unway.. 

2. The CDI is indicating that the aircraft is to the (left/right) 
of the runway centerline. 

3. The localizer warning flag is indicating that the signal 
is (reliable/unreliable). 

Answers to Frame 8: / 1, 2. / 3. 

* 
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'Frame 10 

Witli the MODE SEL switch in the ILS position, localizer signals 
are mixed with altitude and other pertinent steering data in the flight 
direc\;or computer. The FDC provides a localizer steering command 
signal which is displayed on the bank steering bar in the ADI. The 
bank steering bar deflects left or right to indicate the direction to 
steer to the centerline of the runway. If the aircraft is to the left 
of the runway centerline,' the bar deflects right. This indicates 
that a right turn is necessary to get back to the centerline. Study 
the illustration on Page/8 of HO (405. 

Place a checkmark (/) in front of each of the true statements below. 

' 

1̂. Localizer signals are applied to the ADI pitch steering bar. 

2. The ADI bank steering bar indicates the direction to fly 
in order to get on the runway centerline. 

2. When the aircraft is to the right of the ruiiway, the 
steering bar deflects right. 

Answers to Frame 9: 1. far 2. right 3. unreliable 

2 )[^7 
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Frame 11 
3t003 

The glide slope transmitter is located at the near end of the 
runway. This transmits a radio signal at an angle from the and of 
the runway. This signal provides the pilot with a glide angle to guide 
the aircraft down to the runway. The glide slope pointer on the ADI 
indicates to the pilot the relationship between his aircraft and the 
glide slope sigVial. If the aircraft is above the signal, the pointer 
moves below center. 

Study the illustration on Page 9 of HO 405, notice the relation­
ship between nhe aircraft and glide slope signal, and the ADI miniature 
aircraft and glide slope pointer. 

GLIDE 
SLOPE 
POINTER 

GLIDE 
SLOPE 
TRANSMITTER 

Using the illustration above, complete the following statements 
by underlining the correct responses. 

1. The glide slope transmitter is located at the (far/near) end 
of the runway. 

2. The ADI glide slope pointer is indicating that the aircraft 
is (above/below/on) the glide slope signal. 

Answers to Frame 10; 1. / 2. 

^'ii3 
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Frame 12 

The glide slope signal which is applied to the glide slope pointer ' 
is also applied to the glide slope warning flag. The glide slope warning 
flag will remain out of view as long as the deviation signal applied 
to the glide slope pointer is providing a reliable indication. 

I 

GLIDE 
SLOPE 
TRANSMITTER 

Place a checkmark (/) in front of each of the true statements below. 

1̂. Glide slope signals are applied to the ADI glide glope 
pointer and glide slope warning flag. 

2. The glide slope warning flag is in view when the glide 
slope signal is reliable. 

Answers to Frame 11: 1. near 2. above 

'V 
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Frame 13 

Deviation data from the glide slope signal is also combined 
with at '.tude signals in the FDC. The resulting glide slope steering 
commands from the computer are applied to the pitch steering bar. 
If the aircraft is above the glide slope signal, the pitch steering 
bar deflects down. This indicates to the pilot he must steer down to 
get back to the glide slope signal. 

/ 

c,vOi" .v^*-^ 

•s-^ 
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PITCH STEEHIMO 
BAR 

-RUNWAY - 'e> 
GLIDE 
SLOPE 
TRANSMITTER 

Place a checkmark (/) in front of each of the true statements below. 

1. The glide slope signal is combined with heading signals 
in the FDC. 

2. The computer signal applied to the pitch st- iring bar 
provides steer up - steer down indications. 

Answers to Frame 12; / 1 . 2. 

63 ^ 
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Frame 14 

Complete the tasks below. If you miss any of the questions, 
retuî n to the appropriate frame to insure a complete knowledge of 
the material before continuing with the text. 

below. 

1̂. 

2. 

A. Place a checkmark (/) in front of each of the true uta'-.ements 

The pitch steer switch provides a selection for ten major 
modes of operation. 

ALT REF, TF, and OFF are the positions on the PITCH STEER 
switch. 

f 

fo: 

_3. The ALT REF position is selected when maintaining a pre­
determined altitude ĉ bove sea level. 

_4' When in the ALT REF position, the signals applied to the 
PITCH STEER bar are being received from terrain following 
radar. 

_5. The terrain following subaode is used when approaching 
the target at a preselected altitude which is referenced 
to ground level. 

_6. With the PITCH STEER switch in the TF position, signals to 
the pitch steering bar are received from terrain following 
radar. 

An. 

1. The MODE SEL switch is the- control used for selecting 
submode? of operation. 

_8. When the MODE SEL switch is in the OFF Position, no inputs 
are applied to the bank steering bar. 

_9. With the MODE SEL switch in the OFF Poaition, operation 
• of the pitch steering bar is determined by the position 
cf the PITCH STEER switch. 

10. The OFF position is selected to allow command inputs to 
operate both the bank and pitch steering bars. 

B. Using the illustration on Page IQ of HO 405 complete the 
following statements by underlining the correct responses. 

11. In the illustration on Page lO of HO 405, the aircraft is to 
the (right/left) of the localizer signal. 

12. The CDI is displaced to the (left/right) of the miniature 
aircraft. 

A (right/left) turn is needed to get back to the localizer 
signal. 

h ^ ^ ^ 



14. The localizer transmitter is located at the (near/far) end 
of the runway. 

;?C)o7 

15. In the illustration, the localizer warning flag is indicating 
that the signal is (reliable/unreliable). 

C. Using the illustration on page 11 of HO 405, complete the 
following statements by underlining the correct responses. 

16. 

17. 

18. 

19. 

20. 

In the illustration, the aircraft is (above/below) the glide 
slope signal. 

The glide slope transmitter is located at the (near/far) 
end of the runway. 

In the illustration, the aircraft must fly (up/down) to get 
back to the glide slope signal. 

The glide slope pointer indicates that the aircraft is 
(below/above) the glide slope signal. 

The glide slope warning flag is indicating that the glide 
slope signal is (reliable/unreliable). 

Answers to Frame 13: 1. / 2. 
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Frame 15 

The Airborne Instrument Landing and Approach Mode (AILA) provided 
the capability of making Instrument approaches and landings on runways 
NOT equipped with localizer and glide slope transmitters. Simulated 
localizer and glide slope signals are provided by the bombing-navigation 
and attack radar systems. Simulated localizer and glide slope signals 
operate the same ADI and HSI indicating sections used when landing in 
the " LS mode of operation. 

Refer to Pages 1 and 2 in HO 405 to review what signals are 
applied to the ADI and HSI indicating sections in the AILA mode. 

Place a checkmark (/) in front of each of the true statements below. 

) 

_1. In the AILA mode, inputs to the glide slope pointer and 
steering bars are received from glide slope and localizer 
receivers. 

1. The AILA mode provides the capability of making instrument 
approaches to runways equipped with localizer and glide 
slope. 

_3. Indications during the AILA mode are the same as in ILS mode. 

Answers to Frame 14: 

A. 1. / 2. / 3. 4. / 5. / 6. 7. / 8. / 9. 

B. 11. right 12. left 13. left 14. far 15. unreliable 

C. 16. below 17. near 18. u£ 19. below 20. reliable 

10. 
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Frame 16 

When in the TACAN (Tactical Air Navigation) Mode, the flight 
director system receives input signals from a TACAN radio transmitter. 
TACAN signals enable the pilot to fly anywhere in the country while 
being provided with radio signals for cross-country navigation. TACAN 
radio transmitters are located throughout the country. These stations 
transmit radio signals in all directions which radiate from the station 
(transmitter) like the spokes of wheel. (Refer to the illustration of 
Page 12 of HO 405.) The pilot can select and fly anyone of the 360 
signals (radials or courses). 

Place a checkmark (/) in front of each of the true statements below. 

B'i* 

1, The TACAN Mode provides the capabil'ity for cross-country 
navigation. 

2. TACAN provides 270 radials which can be used as guides 
for navigation. 

Answers to Frame 15: 1. 2. / 3. 



Frame 17 

When using a TACAN station as a directional reference, the 
pilot uses the course set knob 'to sec the course counter and arrow to 
the TACAN radial (radio signal) he desires to fly. If the aircraft 
is on the selected radial, the course deviation indicator (GDI) will 
be centered. If the aircraft is not on the ratiial, the GDI will be 
deflected to the left or right. A red alarm flag (.deviation bar 
alarm flag) is located under the head of the course arrow. This flag 
comes into view in event the TAGAN signal is unreliable or the aircraft 
is too far from the selected radial. Study the illustration on page 13 
in HO 405. 

) 

Using the illustration on page 13 in HO 405, complete the fol­
lowing statements by underlining the correct responses. 

1. The aircraft is displaced to the (left/right) of the selected 
TACAN radial. 

2. (000/060/075) is the selected course set into the course 
counter. 

3. The (CDl/course arrow) is indicating lateral displacement 
from the selected radial. 

4. The deviation bar alarm flag is indicating a (reliable/unreliable) 
TACAN signal. 

Answers to Frame 16: / 1. 2. 

2l'.»5 
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Frame 18 

A TO-FROM arrow, which is located under the course arrow, 
indicates to the pilot whether the aircraft is flying to or from 
the TACAN station. When the aircraft is flying to the station, the 
TO-FROM arrow points towards the course arrow head. When flying away 
from the station, the TO-FROM arrow points towards the course arrow 
tail. 

Refer to the illustration on Page 13 of HO 405, locate the TO-
FROM arrow and notice the relationship between the aircraft and the 
TACAN station. 

Complete the following statements below by underlining the 
correct responses. You may use the illustration on page 13 of HO 405. 

1. When flying to a TACAN station, the TO-FROM arrow deflects 
(up/down). 

I.'-̂ sii 
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2. In the illustration, the aircraft is flying (to/from) the 
TACAN station. 

Answers to Frame 17: 1. left 2. 000 3. CDI 4. unreliable 
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Frame 19 

Relative bearing to a TACAN station is indicated by the BEARING 
POINTER. Relative bearing is the position of the TACAN station in 
relation to the aircraft direction of flight. 

Refer to page 14 of HO 405. (Note the position of the bearing 
pointer against the compass card.) 

The distance to the TACAN station is indicated by the DISTANCE 
COUNTER. Bearing and distance to TACAN are displayed in all modes 
of operation if the pilot has set in a TACAN frequency of a station. 

Using the illustration on page 14 of HO 405, complete the following 
statements by underlining the correct responses. 

1. The (000/010/040/060) TACAN radial has been selected as a 
directional reference. 

2. The aircraft is displaced to the (left/right) of the selected 
radial. 

3. Tlie aircraft is (025/075/150) miles and flying (to/from) the 
TACAN station. 

4. (010/040/060) is the relative bearing to the N station. 

Answers to Frame 18: 1. u£ 2. to 

i 
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Frame 20 

The ADI-Bank steering bar provides the pilot with steering commands 
to maintain the selected course set into the course counter. If rha 
aircraft drifts to the left, the bar deflects right, indicating a 
right "bank is necessary to steer back to the course. The course 
warning flag on the ADI will come into view in the event the signal 
is unreliable. 

Refer to Page 1 in HO 405 to determine which ADI indicating sections 
are being used and what indications the ones being used are providing. 

Using'the illustration on Page 15 of HO 405, complete the fol­
lowing statements by underlining the correct responses. 

1. The HSI indicates 

a. that the aircraft is to the (left/right) of the selected 
radial. 

b. (180/200/290/310) is the relative bearing to the TACAN 
station. 

i' 

r }) 

c. (000/030/090/180) is the selected radial. 

d. that the aircraft is (005/025/050/100) miles (to/from) 
the TACAN station. 

e. that the TACAN signal (is/is not) reliable. 

f. The TO-FROM arrow is indicating (to/from) the station. 

2. The ADI indicates 

a. that a (left/right) bank is needed to fly back 
to the selected radial. 

b. that the input signal to the bank steering bar is 
(reliable/unreliable). 

Answers to Frame 19: 1. 060 2. right 3. 075, to 4. 040 

71 

•wM m-



r 
201^ 

Frame 21 

This frame is a review exercise for the TACAN mode of operation. 
If any questions are-missed,'refer back to the appropriate frame to 
insure a complete understanding of the materials presented before 
continuing with the text. 

A. Place a checkmark (/) in the front of each of the true 
statements below. 

1̂. The TACAN mode is used primarily for landing on runways not 

equipped with localizer and glide slope. 

2 . 360 degrees or radials are provided with each TACAN station. 

3̂. The direction the pilot desires to fly to or from a TACAN 
station muse be set into the course counter. 

A . When in the TACAN mode, the course arrow is controlled by 
a command signal. 

5. The course deviation indicator, indicates deviation to the 
left or right of a TACAN radial. 

B. Using the illustration on page 16 in HO 405 complete the 
following statements by underlining the correct responses. 

6. In the illustration on page 16 of HO 405, the (010/045/090) 
radial has been selected by the pilot. 

7. The aircraft is to the (left/right) of the selected radial. 

8. Relative bearing to the TACAN station is (000/015/030) degrees. 

9. Distance to the TACAN station is (025/050/100) miles. 

10. The TO-FROM arrow is indicating that the aircraft is flying 
(towards/away) from the station. 

Answers to Frame 20: 1. a. right b. 290 c. 090 d. 050, from 

e. is f. from 2. a. left b. reliable 

V 
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Frame 22 

The next mode to be covered is the Bomb-Navigation (Bomb/Nav) 
Mode. This mode is used to fly to a precomputed weapons (bomb) 
release point or to a preselected destination. Prior to a flight 
in which the Bomb/Nav mode is used, longitude, latitude and other 
information pertaining to the departure point and destination must be 
fed into the Bomb/Nav computer. Daring the flight, the computer 
monitors aircraft speed, drift, distance and other information. By 
constantly updating these data, the aircraft position in relation 
to the precomputed course and destination is always known. 

Place a checkmark (/) in front of each of the true statements below. 

1̂. Before a Bomb/Nav flight, the flight director computer 
must be programmed. 

2. Pertinent data is constantly maintained current by the 

Bomb/Nav computer. 

3̂. The Bomb/Nav mode is used during instrument approaches. 

Answers to Frame 21: 1. / 2. / 3. 4. / 5. 

6. 010 7. left 8. 030 9. 050 10. towards 
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Frame 23 

During a Bomb/Nav flight, the heading set knob and course 
arrow are not manually set. The heading marker and course arrow 
are controlled by command signals from the Bomb/Nav system. The 
heading marker indicates the computed course to destination or target 
(bomb release point). The course arrow Indicates current magnetic 
ground tract. Magnetic ground tract is the direction the aircraft is 
moving in relation to the ground. The Illustration on page 17 of 
HO 405 shows an aircraft with its nose into the wind to maintain course. 
Because the aircraft is on course, the computed course indicated by 
the heading marker, and ground tract Indicated by the course arrow, 
are the same. 

Place a checkmark (/) in front of each of the true statements below. 

1̂. In the Bomb/Nav mode, the course arrow always indicates 
magnetic heading. 

2. Majjnetic ground tract is always the direction the aircraft 
is liovlng. 

3̂. Computed course to destination is indicated by the 
heading marker. 

4. Controlling signals applied to the heading marker and course 
arrow are produced by the Bomb/Nav system. 

V 

Answers to Frame 22: 1. / 2 . 3. (P 

211. 
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Frame 24 

In the illustration on page 18 of HO 405, figure A shows the 
aircraft on course with magnetic heading, ground tract and computed 
course all the same. Figure B shows that the. same aircraft has 
drifted to the right of the course. The course arrow is indicating magnetic 
ground tract (the direction the aircraft is drifting due to wind). 
The heading marker is indicating a new computed course to target. The 
course deviation indicator has moved to the left (showing the aircraft's 
displacement from the precomputed course). 

Refer to pages 1 and 2 of HO 405 to determine what other ADI 
and HSI indicating sections are being used. Note what each indicates 
to the pilot. 

Complete the following statements below by underlining the 
correct responses. 

1. The (Course Arrow/Course Deviation Indicator) indicates lateral 
drift from a computed course. 

2. Whenever the aircraft deviates from course, the (miniature aircraft/ 
course deviation indicator/course arrow) moves to the left or 
right. 

3. Signal reliability to the ADI is indicated by the (attitude warning 
flag/course warning flag). 

4. In the Bomb/Nav mode, the ADI Bank Steering Bar indicates 
(Command Steer to destination/Command Steer to course line). 

Answers to Frame 23: 1. / 2. / 3. ./ 4, 



Frame 25 

When in the Bomb/Nav mode, if the aircraft drifts off course 
(as shown on Page 18 of HO 405) the Bomb/Nav computer will compute 
a new course to target or destination. As the new course is com­
puted the heading marker will indicate the new course. The bank 
steering bar in the ADI will deflect, telling the pilot the direction 
in which to steer to maintain the new course. The illustration on 
Page 19 of HO 405 shows the heading marker at the new computed course 
and the ADI bank steering bar deflected to indicate a left turn to 
the new course is necessary. 

Using the illustration on Page 19 of HO 405, complete the fol­
lowing statements by underlining the correct responses. 

1. When the aircraft drifts off course, it is (steered back to 
course/flown on a new course to destination). 

I) 

2. In the illustration, the heading marker indicates the (old 
computed/new computed) course. 

3. The bank steering bar indicates that a (left/right) turn is 
necessary. 

Answers to Frame 24: 1. Course deviation indicator 2. course 
deviation indicator. 3. course warning flag 4. command steer to 
destination 

2113 I) 
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Frame 26 

This frame is a review exercise for the Bomb/Nav mode of 
operation. If any questions are missed, refer back to the appropriate 
frame to insure a complete understanding of the material presented. 

Place a check (/) in front of each of the true statements below. 

1̂. The Bomb/Nav mode is used for navigation to a bomb release 
point. 

2. When in this mode, the course arrow and counter indicate 
command heading. 

3̂. Magnetic ground tract is displayed by the position of the 

course arrow. 

4̂. In this mode, the heading marker cannot be manually set. 

5̂. The course deviation indicator indicates lateral drift from 
a precomputed course. 

6. The heading marker is controlled by signals from the bomb/ 
nav system. 

7. Before a Bomb/Nav mission, the flight director computer 
must be programmed. 

8̂. The ADI bank steering bar indicates the direction of turn 
to steer to destination. 

9. Whenever the aircraft drifts off course, the miniature 
aircraft moves left or right. 

10. Magnetic ground tract is the direction the aircraft is 

moving in relation to the ground. 

Answers to Frame 25: 1. flown on £ new course to destination 

2. new computed 3. left 
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• Frame 27 

The course select navigation (CRS SEL NAV) mode of operation 
provides the capability of approaching a preselected destination 
along a route other than the most direct. This enables the pilot to 
avoid bad weather, obstacles such as mountains, and enemy antiaircraft 
weapons. The illustration on Page 20 ir. HO 405 shows an aircraft 
approaching a target. This aircraft is flying with the mode switch 
in CRS SEL NAV and the pitch Jteer switch in the TF submode. Because 
it is necessary to approach the target at a very low altitude, the 
mountains must be avoided. An alternate route must be selected that 
will alio*' the aircraft to fly around, rather than over, the mountains. 
Refer to the illustration'on page 20 in HO 405. 

Place a checkmark (/) in front of each of the true statements below. 

V 

5 
1. 

2. 

The CRS SEL NAV mode is used when approaching a target 
on the most direct route. 

The CRS SEL NAV mode is used when it is necessary to avoid 
obstacles. 

Answers to Frame 26: / 1. 

7. / 8. 9. / 10 

2. / 3. / 4. / 5. / 6. 

2115 
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Frame 28 

In the CRS SEL NAV mode of operation, the course arrow and counter 
are manually set by the pilot. Using the course set knob, the pilot 
sets the course arrow to an alternate course which enables him to avoid 
an obstacle (mountains, gun emplacements, etc.)» When the course arrow 
has been set to the new desired course, the course deviation indicator 
indicates the aircraft displacement from the new manually selected course. 
Refer to the illustration on page 21 in HO 405. 

Using the illustration on page 21 in HO 405, complete the following 
statements by underlining the correct responses. 

1. The precomputed course to destination is (000,030,045,060) 
degrees. 

2. Course deviation is indicated by the (heading marker, course 
arrow, course deviation indicator). 

3. The new desired course is set by the (bomb/nav signal, pilot). 

Answers to Frame 27: 1. / 2. 

i 
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Frame 29 

The bank steering bar in the ADI provides the necessary steering 
commands to make good the manually selected course. Refer to the 
illustration on page 22 in HO 405. The illustration in the upper left 
hand corner shows an aircraft in three different positions (A, B, and 
C) as it flies around an obstacle to a target. Three groups of indi­
cators are shown for each aircraft position and are labeled A, B, and 
C. The ADI and HSI labeled A show the indications the pilot would 
see when he is flying in position A. Magnetic heading is 0A5 degrees 
and he has set the course arrow to a desired course of 015 degrees. 
The ADI bank steering bar indicates a right steering command. Aircraft 
B shows that the pilot has made the turn and the course deviation 
indicator shows that the aircraft is approaching the new course. The 
indications in C show that the aircraft has made the turn and is 
now flying towards the target. All indicating sections are centered 
at the top lubber line. 

Place a checkmark (/) in front of each of the true statements below. 
Refer to page 22 in HO A05. 

V 

1. The bank steering bar in figure A indicates that a left 
bank is necessary. 

2. Figure B indicates a left bank is necessary. 

3̂. Figure C indicates that the aircraft is to the right of 

course. 

Answers to Frame 28: 1. 060 2. course deviation indicator 

3. pilot 

1̂  
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frame JU 

The Manual Heading (MAN HDG) mode is used when the pilot elects 
to fly the aircraft without the aid of Bomb/Nav signals applied to 
the heading marker. In this mode of operation, t. pilot uses the 
heading set knob to control the position of the ht ling marker. The 
heading marker is set to the heading that the pilot desires to fly. 
By steering the aircraft until the heading marker is at the top lubber 
line, the aircraft is turned to the new desired heading. Study the 
illustration on page 23 in HO 405. 

Using the illustration on page 23 in HO 405, complete the 
following statements below by underlining the correct responses. 

1. In figure A, the current magnetic heading is (000, 045, 090) degrees. 

2. The pilot uses the (HDG set knob, course set knob). 

The pilot has set his desired heading to (000, 045, 090) degrees. 3. 

4. By steering the heading marker to the top lubber line, the 
aircraft will be flying (Fig B) (000, 045, 090) degrees. 

Answers to Frame 29: 1. / 2 . 3. 

f) 
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Frame 31 

When in the Manual Heading'mode, and the Bomb/Nav system is in 
operation, the course arrow CMNOT be manually set. The Bomb/Nav 
signal applied to the course arrow will cause it to indicate current 
magnetic ground tract. Refer to the illustration on page 24 of HO 
405. The pilot has- set the heading marker to 080 degrees on the com­
pass card. This heading steers the aircraft nose into the wind 
sufficiently to eliminate drift. This causes the aircraft to move 
in the direction the pilot desires to fly. At this time, magnetic 
ground tract is the direction the pilot desires to fly. The course 
counter provides a digital readout of the current ground tract. 

Place a checkmark (/) in front of each of the true statements below. 

The Bomb/Nav system cannot control the course arrow when 
the flight director system is in the MAN HDG mode. 

When in the Manual Heading mode, it is possible for the 
course arrow and counter to indicate current ground tract. 

The course counter provides a digital readout of aircraft 
ground tract. 

1. 045 2. HDG set knob 3. 090 4. 090 

%D 
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Frame 32 

If the Bomb/Nav system is inoperative, the course set knob is 
used to set the desired heading into the course select window. This 
provides a digital readout of the aircraft magnetic heading, and 
will have the heading marker and course arrow aligned. Aligning the 
heading marker and course arrow reduces the possibility of heading 
confusion. Refer to pages 1 and 2 of HO 405 to review which ADI 
and HSI indicating sections are used in the MAN HDG mode, and what 
they indicate to the pilot. 

Place a checkmark (/) in front of each of the true statements below. 

_1. The course arrow can be manually set when the Bomb/Nav 
system is not operating. 

_2. With the course arrow set to desired heading, the heading 
marker and course arrow should indicate the same. 

Answers to Frame 31: 1. / 2 . / 3. 
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Frame 33 

When the pilot sets the heading marker to any desired heading 
other than the current magnetic heading, a heading error signal is 
generated in the HSI. This signal is sent through .the FDC and ISC 
to the ADI. This signal is applied to the ADI bank steering bar to 
provide steering commands. The steering pointer aids the pilot in 
steering the aircraft to the desired heading which the heading marker 
has been set to on the compass card. The illustration on page 25 of 
HO 405 shows the heading error output from the HSI being applied 
to the FDC and to the ADI bank steering bar. 

Place a checkmark (/) in front of each of the true statements below. 

%5 

1. Heading error signals are produced by the HSI when the 
HDG marker is at the top lubber line. 

2. Heading error is processed in the bomb/nav system before 
being applied to the ADI. 

3̂. Signals applied to the bank steering bar assist in keeping 
the aircraft on the desired heading. 

Answers to Frame 32! /I. /2. 

i: 
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Frame J4 

This fraae is a review exercise, answer the questions below and 
check your responses. If any questions are missed, return to the 
appropriate frame to Insure a complete knowledge of the materials 
presented. When you are sure you have a complete understanding, 
continue with the text. 

?oa7 

Match the mode or submode of operation in Column II to its purpose 
in Column I. Place the appropriate letter from Column II in the space 
provided in Column I. 

« 

Column I 

_1. Enables a change from a computed 
course to a manually selected 
alternate course. 

_2. Used for landing on runways 
equipped with localizer and 
glide slope. 

_3^ Keeps the aircraft at a pre­
selected altitude, above sea 
level. 

_4. Used when tadlo signals or bomb/ 
nav are not available. 

_5. Holds the aircraft at a pre­
selected altitude above ground 
level. 

a. 

b. 

c. 

d. 

e. 

f. 

g' 

h. 

1. 

Column II 

Altitude reference 

Terrain following 

Mode select "OFF" 

ILS 

AILA 

TACM 

Bomb/Nav 

CRS SELECT NAV 

MAN HD6 

_6. Used ;^en landing on runways NOT 
equipped with localizer and glide 
slope transmitters. 

_7. Used when flying to a preselected 
bomb release point. 

j8. This mode biases the bank steering 
bar out of view. 

_9. Uses radio signals for cross country 
navigation where ground transmitters 
are provided. 

10. 

Answers to Frame 33: 

Used when making low altitude 
approaches to a target. 

/ 3. 
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Frame 35 

r 
r 
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The COURSE LINE STEERING (CRS LINE) mode of operation provides 
most of the same indications as the'Bomb/Nav mode. When flying in 
the Bomb/Nav mode, if the aircraft drifts off course, the bank steering 
bar will steer the aircraft on a new (shortest) course to destination. 
In the CRS LINE mode, steering information on the bank steering bar 
provides steering commands which will steer the aircraft back to the 
original precomputed course (NOT destination) by the shortest route. 
Thê _ illustration on page 26 of HO 405 shows an aircraft off course 
and -tAe direction the pilot must fly to get back to the course. 

Place a checkmark (/) in front of each'of the true statements below. 

1̂. The ADI and HSI provide all the same indications in the 
CRS LINE mode as in the Bomb/Nav mode. 

2. In the CRS LINE mode, steering information directs the 
aircraft back to the precomputed course. 

3̂. In the Bomb/nav mode, steering commands direct the aircraft 
to the destination. 

^ ^ 

Answers to Frame 34: h 1 . d 2. 

e 6. g 7. c 8. f 9. 

a 3. 

b 10. 

i 4. b 5. 

' 
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Frame 36 

The final mode to be covered is Tanker Rendezvous (TKR RV). This 
mode position i^ used to steer the aircraft to a refueling tanker. 
In this mode, the heading marker is controlled by a signal from the 
attack radar set. The position of the heading marker, against the 
compass card, provides the pilot with a bearing indication to the tanker 
aircraft. Refer to the illustration ori page 27 of HO A05. Note the 
position of the aircraft in relation to the tanker and the position of 
the heading marker against the compass card. 

Place a checkmark (/) in front of each of the true statements below. 

1̂. TKR RV provides steering capability to a tanker for air 
refueling. 

2. In this mode, the heading marker is driven by a signal from 
the navigation computer. 

m 

3. Bearing of the tanker is indicated by the heading marker. 

A. The pilot must set the heading marker to his desired course 
to the tanker. 

Answers to Frame 35: 1. / 2. / 3. 
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Frame 37 

In TKR RV mode, both b?nk and pitch steering bars on the ADI 
are used. A heading error signal is fed, from the attack radar, 
to the flight director computer. The FDC sends this signal to the 
ADI bank steering bar. The bank steering bar indicates the necessary 
commands to steer the aircraft to the tanker. The pitch steering bar 
will indicate the necessary pitch steering correction to fly fo the 
same altitude as the tanker. Refer to pages 1 and 2 in HO 405 to 
determine what the remaining ADI and HSI indicating sections indicate 
to the pilot. 

Place a checkmark (/) in front of each of the true statements below. 

1̂. The bank steering bar is biased out of view in the TKR RV 
mode. 

2. In this mode the course deviation indicates lateral drift 

from the computed course. 

3̂. The pitch steering bar is used to fly to the tanker altitude. 

Answers to Frame 36: / l . 2. / 3 . 4. 
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Frame 38 
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' This frame is a review exercise; answer the questions and check 
your responses. If any questions are missed, return to the appropriate 
frame to insure a complete knowledge of the material presented. 

A. Complete the following statements by underlining the correct 
responses. 

1. The pitch steer switch is a (one/two/three) position 
switch. 

I — , ^ s 

f# 

2. The pitch steer switch provides pitch steering in 
(major modes/submodes) of operation. 

3. The (ALT REF/TF) submode is used holding a fixed altitude 
above ground level. 

4. The (ALT REF/TF) aubmode is referenced to sea level, 

5. The (modfi select switch/pitch steer switch) determines 
the operation of the pitch steer bar. 

6. When making approaches to runways equipped with glide 
slope and localizer, the pilot would select the 
(ILS/AILA/TACAN) mode of operation. 

7. The (TACAN/BOMB NAV/CRS LINE) mode is used for cross 
country navigation using radio signals as directional 
references. 

8. When it is necessary for the aircraft to avoid obstacles, 
the pilot would select the (BOMB NAV/MAN HDG/CRS SEL 
NAV) mode of operation. 

9. When flying to a bomb release point and no deviations 
from the precomputed course are necessary, the (BOMB 
NAV/CRS LINE/CRS SEL NAV) mode would be selected. 

10. When flying with no radio or navigation signals needed, 
the pilot would select the (BOMB NAV/CRS LINE/MAN HDG) 
mode of operation. 

• ^ 



Match the ADI and HSI indicating sections to the indication 
it provides by placing the appropriate letter from Column II in the_ 
spaces provided in Column I.' ^ 

Column I 

1̂. Indicates magnetic heading in 
all modes of operation. 

2. Is manually set to a runway 
heading when landing. 

3̂. Moves to the course arrow 
tail when the aircraft is 
flying away from a TACAN 
station. 

4. Indicates computed course 
when the mode SEL SWITCH is 
in a bombing mode. 

5. Is controlled by a signal 
transmitted from the near 
end of the runway. 

6̂. Indicates bearing to a 
TACAN station. 

a. 

b. 

c. 

d. 

e. 

f. 

g' 

h. 

1. 

Column II 

Bank steering bar 

Bearing pointer 

Compass card 

Course arrow and 
counter 

Course deviation 
indicator 

Glide slope pointer 

Heading marker" 

Pitch steering bar 

TO-FROM arrow 

% 

_ 7 . Provides nose up, nose 
down steering commands. 

_ 8 . . Indicates the bearing to 
a tanker when the mode SEL 
SWITCH is in TKR RV. 

_ 9 . Indicates lateral deviation 
from a precomputed course. 

_10. Provides left or right 
steering commands for 
maiiltalning a course. 

Answers to Frame 37: 1. 2. / 3. 
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Answers to Frame 38: A. 1. three 2. submode ,3. TF 4. ALT REF 

5. Pitch steer switch 6. ILS 7. TACAN 8. CRS SEL NAV 9. Bomb/Nav 

10. MAN HDG B. c 1. d 2. i 3. g 4. f 5. b 6. 

h 7. g 8. "e 9. a 10. , 
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ISC MODE SEli;CTOR K.N03 POSITIONS VS ADI INDICATIONS 

ISC MODE SELECTOR KNOB POSITIONS 

aaak. 
Steering 
Bar 

OFF 

Out 
of 
View 

lis 

Steer 
to 
Loc 

AIU 

/Ca 
jteer fr 
J/N to 
set cî s 

TACAN 

Steer 
to 
TACAN 
crs 

CRS 
SEL m 

Com steer 
fr B/N to 
set crs 

BCMB/ 
NA7 

Can 
steer to 
dest 

CRS 
LINE 

Coa 
steer 
to crs 
line 

MAN 
CRS 

Ccm steer 
to 
selected 
Ci'S 

MAN 
HOC 

Hdg f r 
HSI & 
FDC 

TKR/ 
RV 

Target 
Jteer fr 
ittack 
radar 

Pitch 
Steering 
Bar 

Out 
of 
View 

In view in alt 
ref 4 when C/S 
beas inter 

Out of view unless TF or ALT REF is selected' 

Target 
slev fr 
attack 
radar 

Heading 
Reference 
Scale 

Mag hdg frcm B/N or sag hdg from AFRS if pri hdg caution laap is on, or moae 
selector loiob is in TACAN or TKR RV. 

Attitude 
Sphere 

Pitch and roll from B/N system when selected, or from the AFRS when 
pri/att/hdg caution light is CM, or AUX is selected. 

Glide 
Slope 
Indicator 

Out 
of 
View 

G/S fr 
G/S 
rec 

Dev fr 
set C/S 
f r S/N 

Out of View 

Course 
Warning 
Flag 

Out 
of 
View 

Out ot 
vi«w 
when 
loc 
adeqjfg 
stren 

Out of 
view 
loc 
valid 
fr B/N 

Xit of 
/iev 
<hen 
TACAN 
ideq sig 
stren 

Out of view when lateral steering 
is valid fr B/N 

Out of 
view 
when 
nan hdg 
valid 

Out 0^ 
view 

GOide 
Slope 
Warning 
FUg 

Out 
of 
View 

Out of 
view 
when 
G/S 

Out of 
view 
when 

iev fr 
aideqS{9 3/S i s 
stren valid 

Out of View 

Attitude 
Warning-
Flag 

Noznal condition - Out of view. 
Abnomal condition - In view, disregard ADI and use stby att ind or OOS 
for attitude and glide elope. 

ISC 
Pitch 
Steer Sw 

TF or 
ALT 
REF 

Off when G/S 
is intercepted TF or ALT REF Not 

Useable 

Notv: Ai; UEf 0 usfable prior to intercepting G/S, When C/S is intercepted the ALT REF 
ir. automatically disengaged by the FDC in 11^ or B/N in AILA mode. 
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ISC MODE S'tliCTOR KNOB I'CSiTK.NS VS K51 INUiCATlONS 

ISC MODE SE12CT0R KNOB POSITIONS 

OFF ILS A I U TACAN 
CR:; 

SEL NAV 
BOMB/ 
NAV 

CRS 
LINE 

MAN 
CRS 

MAN 
HOC 

TKR 
KV 

Course 
Set 
Knob 

Not 
Used 

Used to set Idg 
approach crs in 
crs set window 

Used to 
set 
Tacan 
crs 

Used to set 
desired era 

Not 
used 

Not Used to 
used I set 

I des crs 
Not used 

Heading 
Set 
Xnob 

Not̂  Used 
Used to 
set 
desired 
mag hdg 

Not 
used 

Ccspass 
Card 

Heading fr B/N sys when sel, or mag hdg fr the AFRS when pri hdg caution light 
is ON or AUX is sel, excpt TACAN or TXR RV modes which uses AFR mag hdg only 

Course 
Select 
Window St 
Course 
Arrow 

Mag 
grd 
track 
fr 
B/N 

Ldg approach 
crs man set by 
the crs set knt 

TACAN 
crs 
man 
set 

Desired era 
man set 

Cur 
gnd 
trk 

Cur 
grd 
trk 

Fix at 
last set 
pos 

Ground track 
from 
B/N 

Course 
deviation 
Indicator 

Not 
used 
ctr 

Loc Loc dev 
dev fr fr B/N 
loc 
rec 

TACAN 
dev fr 
sel 
crs 

Lateral dev fr B/N Not used->* 
Center 

Heading 
Marker Indicates conputed course from B/N 

Mag hdg 
man set 

Bear­
ing to 
tkr fr 
attack 
radar 

Course 
Deviation 
Bar 
Flag 

Fewer 
Off 
Warning 
rxa.% 

Range 
Ind and 
Warning 
Flap. 

Out of view 
Out of 
view 
by 
TACAN 

Out of view by B/N Out of view 
by FDC 

Normal condition—Out of view 
Abnormal Condition— When in view, disregard HSI and ADl in MAN/HDG mode and 
use BOHI 

Indicates distance to TACAN station 

dear:nr. 
Pointer 
(TACAN) 
To-Krcm 
Incicator 
(TACA;;) 

Indicates bcarinf, I TACAN -i^ation 

Out of view-
floL used 

To or 
frcre 
TACAN 

Cut o f v i e w — Not used 
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FOREWORD 

This handout was designed for use in the 3ABR32531, Avionics Instru­
ment Systems Spec ia l i s t course, and the 3ABR32632B, Integrated Avionic 
Systems Spec ia l i s t course. The schematic diagrams in t h i s handout 
support the programmed texts and workbooks for the Fl ight Director 
System. The diagrams wi l l be used by the students as directed by the 
in s t ruc to r . 

Supersedes 3ABR32531-HO-406A, 3ABR32i32B-HO-407A, 3 February 1976. 
OPR: 3360 TTG 
DISTRIBUTION: X 

3360 TTGTC-W - 200; TTVSR - 1 
'^L9.l 
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Figure 1, Section 3 
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Figure 3, Section 1 
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Instrument/Flight Control Branch 
Chanute AFB-, Illinois 

3ABR32531-WB-404 
3ABR32632B-WB-504 

FLIGHT DIRECTOR SYSTEM 

OBJECTIVES 

Given a workbook and trainer, perform an inspection and opera­
tional check of the Flight Director System with a minimum of 100% 
accurata workbook responses. 

Givr.n a workbook, test equipment and trainer, troubleshoot the 
Flight Director System with a minimum of 80% accurate workbook responses. 

Given a workbook, test equipment and trainer, bench check components 
of the Flight Director System with a minimum of 80% accurate workbook 
responses. 

NOTE: Students enrolled in the 3ABR32632B, Integrated Avionic 
Systems Specialist Course will complete ONLY the first two (2) 
objectives as listed above. Students enrolled in the 3ABR32531, 
Avionics Instrument Systems Specialist Course, will complete all 
listed objectives. 

INSTRUCTIONS 

The laboratory instructor will supply you with the materials required 
to complete the appropriate sections of this workbook. Take your time 
DO NOT RUSH. If you have any difficulties with any part of this workbook 
ask your instructor for assistance. DO NOT attempt any step that you do 
not understand until you check with the instructor. 

EQUIPMENT 
Basis of Issue 

Auxiliary Flight Reference Trainer l/studtnt 
Schematic Diagrams (Flight Director Sys)l/student 
Workbook 3ABR32531-WB-406 1/student 
Multimeter AN/PSM-6 1/student 
ASM-159 Test Set, Nav. Subsystem 1/student 
HSI 1/student 

PROCEDURE 

Due to the limited number of trainers, you may have to work with 
an assistant during operational procedures. After completing the pro­
cedures once, you and your assistant will change positions so that each 
will operate the controls and each will observe the indications and note 
the malfunctions. Record your results in the spaces provided, and indicate 
if the checks were satisfactory or unsatisfactory. This workbook will be 
checked by your instructor. REMOVE ALL JEWELRY! 

1. INSPECTION: 

a. Inspect the trainer for damage or missing components, discon­
nected or damaged plugs or wiring. List any discrepancy found 
during the inspection below. 

Supersedes 3ABR32531-WB-404, 3ABR32632B-WB-504, 20 June 1977. 
OPRs 3360 TCHTG 
DISTRIBUTIONS X-
3360 TCHTG/TTGU-F - 250; TTVSA - 1 ^iS.i 
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Note: The silhouette stand is an outline of the aircraft and 
contains the Rate Gyroscope Transmitter, Displacement Gyroscope, 
and Remote Compass Transmitter. 

b. To ensure smooth operation of the silhouette, loosen the hoding 
knobs beneath the silhouette stand, and move the silhouette 
through pitch, roll, and azimuth. Using the bubble level 
provided on the silhouette, level the silhouette and tighten 
the holding knobs. 

Note: Inform your instructor of any binding that occurs when the 
silhouette is used. CAUTION; DO NOT rotate the silhouette more 
than 360 degrees CW or CCW because damage may result to the 
electrical wiring. 

2. INITIAL SWITCH SETTINGS: 

a.-^ Insure that the trainer power switches are in the OFF 
position. 

Note: All synchro settings will be made using the OUTER RING. 
DO NOT use the center knob. Using the center knob causes 
misalignment and places error into the system. 

b. Initial setting of simulator control panel on rear of trainer. 

CONTROL POSITION PURPOSE AND USE 

Pull Up Switch OFF Applies 28V DC pull up signal to 
ISC for weapon control simulation. 

Pri. Att. Good OFF 

Provides for NCU input for reference 
system operation. Switch in OFF 
position simulates a primary 
navigational system malfunction. 

Flag Control 
Controls power to the vertical 

OFF steering pointer and course 
deviation bar off flags. 

AFRS Switch NORMAL Simulates malfunction of AUX ATT 
caution lamp. 

Simulated Beam Sensor 
Trip Switch 

OFF Simulates beam sensor trip 
signal from converter set. 

CADC Good Switch GOOD Switch in ON position provides 
signal of central air data 
computer good. 

TF Transmitter Good 
Switch 

GOOD Simulates TF XMTP. signal from 
TF receiver. 

Pitch or Climb/Dive 
Steering Control 

FULL COUNTER -Simulates pitch attitudes and 
CLOCKWISE direction from weapons system 

and terrain following radar. 
3 
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CONTROL POSITION PURPOSE kim USE 

Pitch or Climb/Dive 
Steering Switch 

Horizontal Steering 
Control Knob 

UP Same as above. 

FULL COUNTER- Simulates azimuth steering outputs 
CLOCKWISE from navigation computer unit. 

Controls magnitude and direction 
of output to ISC. 

Horizontal Steering 
Switch RIGHT Same as above. 

Course Deviation 
Bar Control 

FULL COUNTER- Simulates course deviation 
CLOCKWISE signal from converter set to ISC. 

Course Deviation 
Bar Switch RIGHT Same as above. 

Target Bearing 
Synchro 

ZERO (adjust 
outer ring 
only) 

Simulates target bearing inputs 
to HSI from attack radar system. 

Magnetic Course 
Angle Synchro 

ZERO (adjust 
outer ring 
only) 

Simulates magnetic course angle 
from converter set. 

True Ground Track 
S3mchro 

ZERO (adjust 
outer ring 
only) 

Simulates inputs in conjunction 
with magnetic variation to provide 
ground course to HSI. 

Magnetic Variation 
Synchro 

CADC Altitude 
Error Synchro 

ZERO (adjust 
outer ring 
only) 

ZERO (adjust 
outer ring 
only) 

Simulates magnetic variation 
inputs to HSI. 

Simulates altitude error signals 
from central air data computer. 

Pitch and Tilt 
Synchro 

Tacan Distance 
Measuring Hundreds 
Synchro 

ZERO (adjust 
outer ring 
only) 

ZERO (adjust 
outer ring 
only.) 

Simulates pitch and tilt input 
signals to ISC from attack radar 
system. 

Simulates distance to or from 
the selected TACAN station input 
signals to both the HSI and BDHI. 

Tacan Tens 
Synchro 

Tacan Units 
Synchro 

ZERO (adjust 
outer ring 
only) 

ZERO (adjust 
outer ring 
only) 

Same as above. 

Same as above. 

21 ^ ^. 



CONTROL POSITION 
-̂ o>f 

PURPOSE AND USE 

Valid Switch OFF Simulates valid input to the HSI 
and BDHI. ^ 

Tacan Bearing 
Synchro 

ZERO (adjust SlmuIntcH benring to or from the 
outer r ing si ' lcctcd TACAN Htntlon Inputs to 
only ilST ond BDIII. 

To-From Switch TO Simulates bearing to or from the 
selected TACAN s t a t i o n inputs to 
HSI and BDHI. 

Tacan or Localizer 
Deviation Control 

FULL COUNl'ER- Simulates deviat ion ( l e f t or r ight ) 
CLOCKWISE inputs and f lag pos i t ion to ADI. 

Left-Right Switch 

Flag Switch 

Glide Slope Devia­
tion Control 

Up-Down Switch 

Flag Switch 

Trouble Switches 

c. Initial set 

CONTROL 

Mode Selector 

Pitch Steer Switch 

Fit, Inst. Ref. 

Course Set 

Gyros Switch 

Mode Selector 

Latitude Select 

Hemisphere Switch 

RIGHT 

OFF 

FULL CLOCK­
WISE 

LT 

OFF 

OUT 

Same 

Same 

as 

as 

Simulati 
glide 3'. 

Same 

Same 

as 

as 

Simulati 

;ting of pilot's instrument 

LOCATION 

Instrument Set 
Coupler 

Instrument Set 
Coupler 

Misc. Switch 
Panel 

HSI 

Ground Check Panel 

Compass System 
Controller 

Compass System 
Controller 

Compass System 
Controller 

above. 

above. 

BS dev^<ition from 
Lope. 

above. 

above. 

es trouble in the system. 

panel controls. 

POSITION 

OFF (push to turn) 

OFF 

AUX 

000 

OFF 

Slaved 

40 degrees 

N 
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COOTIU)L 

Pitch Trim Knob 

Pitch Trim Knob 

Radar Alt. Switch 

LOCATION 

ADI 

SAX 

Above Misc. 
Switch Panel 

POSITION 

Center (arrow to white 
dot) 

Center (arrow to white 
dot) 

OFF 

Note: Report any unsatisfactory results to your instructor 
immediately. 

3. INITIAL OPERATIONAL CHECK PROCEDURES: 

a. Ehsure all switches and synchros are in the prescribed 
positions. (Completion of Initial Switch Setting list) 

b. Power: 

(1) Connect 115V AC, AOOHz, 30 and 28V DC power cables to 
the outlets suspended from the ceiling. 

(2) Turn power switches ON and observe that the AC and DC 
power lamps are illuminated. 

Results of Check 

U 

Note: Steps 3 and 4 are timed items. 

(3) To apply power to the Auxiliary Flight Reference 
System, position the GYROS-OFF switch to GYROS. 
Observe that the AUX-ATT lamp on the caution l i gh t 
panel i s lighted and the ADI and SAI off f lags are 
in view. The OFF flag on the BDHI shal l go out of 
view within 15 seconds after the GYRDS-OFF switch 
i s positioned to GYROS. 

Results of Check 

U 

(4) Wait two minutes for the system to stabilize. Observe 
that within two minutes the AUX ATT lamp, on the caution 
panel, goes out and the ADI and SAI off flags go out of 
view. 

Fast erection. 

Results of Check 

U 

(1) Depress and hold the FAST ERECT switch, on the 
miscellaneous display panQl., p, ̂  

^138 



(2) Observe the ADI, SAI, and AUX ATT lamp, on the caution ^^^I 
panel. The off flags shall come into view and the 
AUX ATT lamp shall light. 

Results of Check 

S U 

(3) Release the FAST ERECT switch. 

(4) The off flags on the ADI and SAI shall disappear and 
the AUX ATT lamp shall go out. 

Results of Check 

3 
4. FLIGHT DIRECTOR SELF TEST CHECKS: 

a. ALT REF self test: 

(1) Move the Mode Selector, on the ISC, Alt Ref, and 
INSTR TEST switches to the positions given in Figure 1. 

(2) Indicate if the checks are satisfactory or unsatisfactory. 

(3) When you have completed all the checks given in Figure 1, 
return all switches to their original positions given 
in Step 2b. 

ISC SWITCH POSITION 
MODE I PITCH STEER 
SEL 

OFF 

OFF 

ILS 

AILS 

TACAN 

CRS SEL NAV 

BOMB/NAV 

CRS LINE 

MAN CSS 

MAN HDG 

TKR RV 

ALT REF 

Engaged 

Engaged 

Engaged 

Engaged 

Engaged 

Engaged 

Engaged 

Engaged 

Engaged 

Engaged 

Drops to 
OFF 

INSTR 
TEST SWITCH 

Not engaged 

Engaged 

Not engaged 

Not engaged 

Not engaged 

Not engaged 

Engaged 

Not engaged 

Not engaged 

Engaged 

Not engaged 

ADI DISPLAY 
PITCH STEERING BAR 

In view and center^c 

Deflects approx 1 
inch upward 

In view and centered 

In view and centered 

In view and centered 

In view and centered 

Deflects approx 1 
inch upward 

In view and centered 

In view and centered 

Deflects approx 1 
inch upward 

In view and centered 

RESULTS 
S 

•• I 

U 

• - • 

Figure 1. Alt Ref Self Test, 

7 
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b. OFF mode self test: 

(1) For this test the ISC mode selector will remain in the 
OFF position. 

Note: After the next two steps are completed, tliese conditions 
will remain the same for the rest of the self tests and operational 
checks. 

(2) Place the Compass System Controller to DG. 

(3) Depress and rotate the HDG Set knob on the Compass System 
Controller until the heading marker is under the upper 
lubber line. 

(4) Observe the indications given in Figure 2 on the ADI 
and HSI. 

Note: Check the ADI and HSI before and during each test. During 
test means, depressing the INSTR test switch on the Ground Check 
Panel and observing the pointer deflection, if any, on the ADI 
and HSI. 

HSI 
• 1 

DISPLAY 

Cours* Dev 
Bar 

D«v Bar 

BEFORE 
TEST 

Centered 

Out of 
view 

DURING 
TEST 

Centered 

Out of 
view 

S U 

ADI 

DISPLAY 

Bank Steer 
Bar 

Course 
Warning 
Flag 

Glide Slope 
Pointer 

Glide Slope 
Warning 
Flag 

Pitch Steei 
Bar 

BEFORE 
TEST 

Out of 
view 

Out of 
view 

Out of 
view 

Out of 
view 

Out of 
view 

DURING 
TEST 

Out of 
view 

Out of 
view 

Out of 
view 

Out of 
view 

Out of 
view 

S U 

Figure 2. OFF Mode Self Test. 
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c. ILS self test. 

(1) Place ISC mode selector to ILS. 

(2) Turn the glide slope deviation control knob, on the 
simulator panel, full counterclockwise. 

(3) Check the HSI and ADI displays, as given in Figure 3, 
before and during the test. 

Note: After you have completed the checks given in Figure 3, 
return the glide slope deviation control knob to the full 
clockwise position. 

HST 

Dispuy 

Course Dev 
Bar 

Oev i3ar 
Alarm Flag 

BBKOHii 
TEST 

CJentered 

In view 

DURING 
TEST 

Two dots 
right 

Out of 
view 

S U 

ADI 

DISPLAY 

Bank Steer 
Bar 

Course 
Warning 
Flag 

Glide Slope 
Pointer 

Glid« Slope 
Warning 
Flag 

Pitch Steer 
Bar 

BEFORE 
lEST 

Centered 

In view 

Centered 

In view 

Out of 
viev 

DURING 
'TEST 

Deflects '|; 
inch- right 

Out of 
view 

Two "dots 
down 

Out of 
view 

Out of 
view 

S U 

Figure 3. ILS Self Test. 
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d. TACAN self test. 

(1) Place the ISC mode selector to TACAN. 

(2) Check the HSI and ADI dis..lays, as given in Figure i\, 
before and during test. 

HSI 

DISPLAY 

Couri* Dev 
Bar 

D«v Bar 
Alarm Flag 

BEFORE 
TEST 

Centered 

In view 

DURING 
TEST 

Two dotj 
right 

Out of 
view 

S 

1 

u 

ADI 

DISPLAY 

Bank Steer 
Bar 

Course 
Wamlns 
Flap 
Glide Slope 
Pointer 
Glide Slope 
Warning 
Flaa 
Pitch Steer 
Bar 

BEFORE 
TEST 

Centered 

In view 

Out of 
view 
Out of 
view 

Out of 
view 

DURING • 
TEST 

Deflects 
about 1/2 
riaht 
Out of 
view 

Out of 
view-
Out of 
view 

Out of 
view' 

S U 

; 

Figure 4. TACAN Self Test. 
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e. MAN HDG self test. 

(1) Place the ISC mode selector to MAN HDG. 

iX) Check the HSI and ADI displays, as given in 
Figure 5, before and during test.-

(3) After completion of this test return the ISC mode 
selector to the OFF position. 

^ 
1 

HSI 

DISPLAY 

Gours« D«v 
Bar 

Dav Bar 
AJarm Plaff 

BEFORE 
TEST 

Centered 

Out of 
view 

DURING 
TEST 

Centered 

Out of 
vieK 

S U 

ADI 

DISFUY 

Bank Steer 
Bar 

Course 
Warning 
Flag 

Glide Slope 
Pointer 

Glide Slope 
Warning 
Flag • 

Pitch Steer 
Bar 

BEFORE 
TEST 

Centered 

Out of 
view 

Out of 
view 

Out of 
view 

Out of 
view 

DURING 
TEST 

Centered 

Out of 
view 

Out of 
view 

Out of 
view 

Out of 
view 

S U 

Figure 5. MAN HDG Self Test. 
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5. SYSTEM OPERATIONAL CHECKS. 

a. OFF mode check out : 

(1) Ensure tha t a l l switches and controls are in the 
pos i t ions given in Step 2b, and tha t the heading marker 
and bearing pointer are under the upper lubber l i n e . 

(2) With the ISC in the OFF pos i t i on , observe the ADI and 
HSI. On the ADI a l l pointers and warning flags w i l l be 
out of view. On the HSI the course deviat ion warning 
flj»g w i l l be out of view and the course deviat ion bar 
w i l l be centered. 

Result of Check 

U 

(3) Move the Pitch Steer switch to the ALT REF po-iition. 
Result: The horizontiil steering pointer on the ADI will 
come into view and be centered. 

Result of Check 

U 

(4) Rotate the CADC Alt Error synchro clockwise. Result: 
The horizontal steering pointer will indicate a dive 
command• 

Result of Check 

U 

ILS mode check out : 

(1) Ensure tha t a l l switches and contro ls a re in the pos i t ions 
given in Step 2b, and tha t the heading marker and bearing 
poin ter are under the upper lubber l i n e . 

(2) Place the ISC mode selector to ILS and pitch steer switch 
to ALT Ref position. Move the silhouette in roll, pitch, 
and azJauth. Result: The ADI, HSI, SAI, and BDHI 
indications shall correspond to the silhouette movement. 

Result of Check 

U 

(3) Place the silhouette in a climb right wing low attitude. 
Result: The horizontal steering pointer will indicate a 
dive command and then slowly decay to center. 

Result of Check 

U 
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(4) On the Simulator Control Panel, rotate the CADC Alt. 
Error synchro clockwise. Result: The horizontal 
steering pointer will indicate a dive command. 

(7) 

(9) 

(10) 

Upsults of Check 

(5) Return the synchro dial to ZERO. 

(6) Place the Tacan/Localizer and Glide Slope Flag switch 
to FLAG. Result: The course deviation warning flag on 
the HSI and the glide slope deviation warning flag on the 
ADI will go out of view. 

Results of Check 

Slowly rotate the Glide Slope Deviation control knob 
counterclockwise. Result: The glide slope pointer will 
move towards center, when the pointer is almost centered 
the pitch steer switch shall disengage itself. 

Results of Check 

U 

(8) Adjust the glide slope deviation control knob to keep 
the glide slope pointer centered. 

Vary the Tacan/Localizer Deviation Control knob. Result: 
The course deviation bar movement shall correspond to the 
movement of the control knob. If the deviation is two 
dots or greater the horizontal steering bar will drop out 
of view and will not reappear until the deviation bar is 
returned to center. 

Results of Check 

U 

Slowly vary the G'lide Slope Deviation Control knob. 
Result: The horizontal steering pointer and the glide 
slope deviation pointer movement shall correspond to the 
movement of the control knob movement. When the glide 
slope deviation is two dots or greater the horizontal 
steering pointer shall go out of view and not return 
until the deviation has been reduced to zero. 

Results of Check 

|S 
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(11) Vary the Magnetic Courp,e Angle synchro dial clockwise 

and counterclockwise. Result: The heading marker on 
the HSI will follow the movement of the .synchro dial. 

Results of Check 

U 

(12) Vary the Tacan Rearing Synchros clockwise and counter­
clockwise. Result : The bear ins pointer on the HSI and 
PDHI w i l l follow the movement of the synchro d i a l s . 

Note: The bearing syncluro c loses t to the TO-From switch controls 
the BDHI bearirag po in te r ; the other synchro contro ls the HSI 
bearing po in te r . 

Hesults of Check 

U 

(13) 

(15) 

Move the Tacan Distance Measuring Valid switch to VALID. 
Result: The range indicator warning flags on the HSI 
and BDHI shall go out of view. 

Results of Check 
t 

U 

(14) Move the Tjican Distance Measuring synchro dials as 
follows: '.iuadreds to 1, Tens to 5, and Units to 8. 
Result: The HSI and BDHI distance counters shall 
display 158 miles. 

Results of Check 

U 

Vary the HSI Course Set knob clockwise and counter­
clockwise. Result: The vertical steering pointer 
shall deflect right for clock'-rise movement and left 
for counterclockwise movement. 

Results of Check 

TACAN mode check out: 

(1) Ensure that all switches and controls are in the positions 
giveii in Step 2b, and that the heading marker and bearing 
pointer are under the upper lubber line. 

(2) Place the mode selector on the ISC to TACAN and the 
Pitch Steer switch to ALT REF. 

'^193 
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(3) Place the Tacan/Localizer Flag switch to FLAG. Result: 

The ADI course warning and the HSI course deviation flag 
will go out o£ view. 

Result of Check 

Rotate the Tacan/Localizer deviation control knob clock­
wise. Result: The vertical director pointer and the HSI 
course deviation bar will deflect to the right. 

Results of Check 

(5) Rotate the Magnetic Course Angle synchro m the clockwise 
direction. Result: The HSI heading marker movement shall 
correspond to the movement of the synchro dial. 

Results of Check 

(6) Rotate the Tacan Bearing synchro dials in a clockwise 
and counterclockwise direction. Results: The BDHI and 
HSI bearing pointers shall follow the movement of the 
dials. 

Note: The BDHI will respond to the synchro dial closest to the 
To-From switch, and the HSI will follow the other synchro. 

(7) 

(8) 

(9) 

Results, of Check 

Place the Tacan Distance Measuring Valid switch to VALID. 
Results: The range warning flags on the HSI and BDHI 
will go out of view. 

Results of Check 

U 

Rotate the Tacan Distance Measuring synchros to the 
following positions: Hundreds to 1, Tens to 2, Units 
to 7. Results: Both the HSI and BDHI range indicators 
will read 127. 

Results of Check 

U 

Rotate the CADC Altitude Error synchro dial clockwise. 
Results: The horizontal pointer shall indicate a dive 
command. 

Results of Check 

15 
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(10) Verify that the HSI To-From arrow indicates TO. Place 
the TO/From switch on the simulator panel to FROM. Resul ts . 
The To-From arrow sha l l ind ica te From. 

Results of Check 

(11) Verify the g l ide slope poin ter i s inac t ive (Out of view) 
and the gl ide s lope warning flag i s out of view. 

Results of Check 

d. MAN HD6 mode check out : 

(1) Ensure tha t a l l switches and controls are in the pos i t ions 
given in Step 2b, and tha t the heading marker and the 
bearing pointer a re under the upper lubber l i n e . 

(2) Place the ISC mode se lec to r to MAN HDG and the Pitch 
Steer switch to ALT REF. 

(3) Rotate the Tacan Bearing synchro d i a l s clockwise and 
counterclockwise. Resul t : The bearing pointers on the 
HSI and BDHI s h a l l follow the movement of the synchro 
d i a l s . 

Note: The synchro c loses t to the TO-FROM switch controls the 
noveoent of the BDHI pointer while the other synchro controls the 
HSI pointer. 

(A) 

(5) 

Result of Check 

J 

Rotate the Heading Set knob on the HSI clockwise until 
the heading marker is set to 030 degrees. Result: The 
vertical steering pointer on the ADT shall indicate a 
right steering command. 

Results of Cheak 

'J 

Loosen the silhouette locking knobs and bank the 
silhouette to the right. Result: This action will cause 
the vertical steering pointer to move towards its center 
position. After the vertical steering pointer is 
centered, rotate the silhouette clockwise (maintaining 
the correct amount of bank to keep the vertical steering 
pointer centered) until the heading marker is under the 
upper lubber line. 

16 
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(6) Rotate the CADC Altitude Error synchro dial clockwise. 

Result: The horizontal steering pointer shall indicate 
a dive comnand. 

Results of Check 

e. TKR RV mode check out: 

(1) Ensure that all switches and controls are in the positions 
given in Step 2b, and that the heading marker and bearing 
vointer are under the upper lubber line. 

(2) Place the Pitch Steer switch to the ALT REF position. 

(3) Place the ISC mode selector to TKR RV. Result: The 
Pitch Steer switch will disengage to the OFF position. 

JResults of Check 

U 

(4) Rotate the Tacan Bearing synchro dials clockwise and 
counterclockwise. Result: The bearing pointers on the 
HSI and BDHI will follow the movement of the synchro 
dials. 

Note: The BDHI will respond to the synchro dial closest to the 
TO/FBDM switch, and the HSI responds to the other synchro. 

(6) 

Results of Check 

U 

(5) Place the Tacan Distance Measuring Valid switch to VALID. 
Result: The range indicator warning flags on HSI and BDHI 
shall go out of view. 

Results of Check 

Rotate the Tacan Distance Measuring synchro dials to the 
following positions: Hundreds to 1, Tens to 5, Units to 
8. Result: The range indicators on the HSI and BDHI 
shall indicate 158. 

Results of Check 

17 
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(7) Loosen the silhouette locking knobs and rotate the 

silhouette counterclockwise in azimuth. Result: The 
ADI and HSI will respond to the movement and show the 
new heading, and the vertical steering pointer on the 
ADI shall indicate a right steering 

(8) Place the silhouette In a right bank, 
vertical steering pointer shall center, 

(9) Now rotate the silhouecte clockwise until che HSI is 
reading 000 degrees. Result: The ADI and H ^ will 
respond to the movement in azimuth, and the vertical 
steering pointer on the ADI shall indicate a left 
steering command. 

Results of Check 

S U 

Result: The 

Results of Check 

S U 

Results of Check 

(U 

(10) Return the silhouette to levol. Resvilt: The vertical 
steering pointer on the ADI shall return to center. 

Results of Check 

U 

(11) Rotate the Target Bearing synchro dial clockwise. 
Result: The HSI heading marker shall move clockwise 
the same amount the synchro dial was turned, and the 
vertical steering pointer on the ADI shall indicate 
a right steering command. 

(12) Place the silhouette in a right bank, 
vertical steering pointer will center. 

(13) Rotate the silhouette in azimuth until the heading 
marker is under the upper lubber line. Result: The 
vertical steering pointer shall indicate a left steering 
command. 

Results of Check 

e u 

Result: The 

Results of Check 

S u 

Results of Check 

^2ri<] 
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(14) Return the silhouette to level. Result: 
steering pointer shall return to center. 

The vertical 

Results o£ Check 

U 

(15) Rotate the Pitch/Tilt synchro dial clockwise. Result: 
The ADI horizontal steering pointer shall indicate a 
climb command. 

Results of Check 

U 

(16) Position the silhouette in a IKJSE UP attitude. Result: 
The ADI horizontal steering pointer shall center 
momentarily then decay to a climb steering command. 

Results of Check 

U 

(17) Rotate the True Ground Track synchro dial. Result: 
The HSI course arrow and counter movement shall 
correspond to the movement of the synchro dial. 

Results of Check 

U 

(18) Place the silhouette in the level position and secure 
the locking knobs, and return all switches and controls 
to the positions given in Step 2b. Now you will begin 
to troubleshoot the Flight Direct system for malfunctions. 

19 
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6. TROUBLESHOOTING USING THE PSM-6 MULTIMETER 

There are two parts to troubleshooting, (a) Identification of the 
malfunction and (b) Location of each malfunction using a multimeter. 

a. Identification of malfunction: The nine (9) malfunctions 
placed in each trainer are: 

Altitude reference will not engage 

Distance unit digit inoperative 

Course deviation indicator inoperative 

To-From arrow inoperative 

Vertical steering pointer in view at all times • 

Heading marker seeks 30 or 210 

Course warning flag in view at all times 

Glide slope pointer in view at all times 

Horizontal pointer in view at all times 

Each of the nine (9) malfunctions must be matched with the correct 
trouble switch number from the chart on page 20. 

(1) Procedure for malfunction identification. 

(a) Copy the trouble switch numbers for your trainer 
(from the chart on page 20) in the left hand column 
of the chart on page 21. 

(2) Place one of the trouble switches to the IN position. 
(It is important that only one switch be in the IN 
position at a time.) 

(3) Repeat the instructions given for the system operational 
checks (Section 5) until the correct malfunction is noted. 

(4) Record the indicated malfunction on the chart, to'the 
right of the proper switch number. 

(5) Place that trouble switch to the OUT position. 

(6) Repeat steps 1 through 5 for each of the trouble 
switches. 

2 '̂( ̂  
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TROUBLE SWITCH CHART-FLIGHT DIRECTOR SYSTEM 

Trainer 
{lumber 

Trouble 

Switdies 

To Use 

01 

2 

3 

U 

9 

10 
11« 

IB 
21 

• 50 

02 

2 
U 

7» 

8 

13 
16 

17 
20 
2^ 

03 

2 

4 

6* 

12 

^^ 

u 
24 
27 

•2^ 

Ok 

1 
10 

11 

15 

16 
17* 

18 

29 
3Q 

05 

1 
2 

6* 

8 

9 
10 

15 
16 
23 

06 

5 
9*̂  

10 

12 

1fi 
20 

21 

24 
26 

07 

4 
S» 

13 

14 

1*; 

19 

22 

24 
26 

08 

4 
7« 

10 

11 

20 

?1 
23 

24 
30 

09 

1 
4 

7 
8 

1^ 
21 

25 

29 
30» 

10 

2 
3 
5 

i 
8 

12 

13 
20 
23* 

21 

.''3 



YOUR TRAINER NUMBER YOUR NAME 

to 

Su. « MALFUNCTION YOU OBSERVED 

\ 

LOCATION OF MALFUNCTION 
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b. Location of malfunction using a multimeter. In the following 

steps you will utilize the Flight Director schematic diagram 
to determine the cause of each malfunction. Do not analyze 
the malfunction identified by an asterisk on the trouble 
switch chart. Tlie procedure to follow in locating the re­
main Ing eight (8) malfunctions is: 

(1) Analyze the malfunction using Flight Director scliemntic. 

(2) Check" your analysis with a PSM-6 multimeter, all checks 
will be power "ON" voltage checks. 

(3) Record the cause of the malfunction and its exact loca­
tion on the chart provided. An example of your entry 
should read: open test points 156 and 32. The causes 
of the malfunctions will be opens, shorts and crossed 
wires. 

Note: This concludes the workbook for those students enrolled 
in the 3ABR32632B, Integrated Avionic Systems Specialist Course, 
return all materials to the instructor. Those students in the 
Avionics Instrument Systems Specialist Course, 3ABR32531, are 
required to complete the remainder of the workbook. 

BENCH CHECK .OF THE HSI 

During the final portion of this workbook you will use the AN/ 
ASM-159 Flight Director System Component Test Set, an HSI and the 
operating instructions for the Test Set to bench check the assigned 
indicator. Read the operating instructions over carefully, then set 
the controls and monitor the indications specified in the instructions 
for each section to be tested. Be particularly careful when connecting 
and disconnecting the cannon plugs so as not to damage the cannon plug 
pins. 

CAUTION: OBSERVE ALL SAFETY PRECAUTIONS. 

If you have a problem or do not obtain the specified indications, 
call your instructor for assistance. Upon completion of the entire 
check, have your instructor check your answer sheet and sign off the 
criterion objective before disconnecting the test set and putting it 
away. 

Procedure for using the Flight Director Test Set during bench 
check. 

a. The specific procedures to follow are given in the operating 
instructions for the Flight Director Test Set. 

b. As you complete each part of the Test Set operating instruc­
tions, check the responses below and answer them as required. 

Part 1. Did the mode lights operate satisfactorily? CYes-No) 
If you answered No which ]ights did not? 

I ' - ' ' (? 
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Part 2. Did the Distance Counter operate normally? (Yes-No) 

If you answered No, which part did not? 

Part J. Did tlie Hearing Pointer operate normnlly? (Yes-No) 
If you answered No, what wa« wrong? 

Part 4. Did the Course Pointer operate normally? (Yes-No) 
I£ you answered No, what was wrong? 

Part 5. Did the Heading Marker operate normally? (Yes-No) 
If you answered '.4o, what was wrong? 

Part, 6. Did the Heading Error Signal cause correct moveuents? 
(Yes-No) 

Part 7. Did the To-From arrow and the Course Deviation Bar 
operate normally? (Yes-No) 

2..?!!7 
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2. 

3. 

Frame 

1. 

2. 

3. 

AVIONICS SAFETY (Conti 
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38 

39 

40 

41 

Frame 42 

1. 

2. 

3. 

4. 

Frame 43 

1. 

2. 

3. 

Frame 44 

1. 

2. 

3. 

Frame 45 

Frame 46 

Frame 47 
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Frame 

Frame 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
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1. 

2. 

3. 

4. 
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1. 

2, 

3. 

48 
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Frame 

1. 

2. 

3. 

4. 

Frame 

Frame 

a. 

b. 

c. 

d. 

e. 
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b. 
c. 
d. 
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c. 

Frame 3: 

a. 
b. 
c. 

Frame U: 

a. 
b. 
c. 

Frame $\ 
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b. 
c. 

a. 
b. 
c. 

Frama 7: 

a. 
b. 
c. 

Frame 8: 

a. 
b. 
0. 
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AVIONICS MAINTENANCE FUNDAMENTALS 

Frame 9: Frame 17: Frame 20(cont) 
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b. 
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d. 

Frame 10: 
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b. 
c. 

a. 
b. 
c. 

Frame 12: 
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c. 

a. 
b. 

Frame 6: praroe lU: 

a. 
b. 
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d. 

Frame 18: 
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d. 

Frame 11: PramB 19: 

a. 
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c. 

Frame 20: 
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Frame 13: 2. 
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c. 
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c. 

a. 
b. 
c. 
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f. 
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Frame 16: 

No reaponae 

1|. a. 
b . 
c. 

5* a. 
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c. 
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d. 
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c. 
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c. 

d. 
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9 —" 

Frame 25: 
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3 . 

Frame 23: 

1. 

2. 

3 . 
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3. 
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2. 
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1. 
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3 . 
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1. 

2. 

Frame 5 
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b . 

c. 

d. 

Frame 6 
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Frame 7 

1 . 

2. 
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2. 

3 . 

k. 
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1. 
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3 . 

h. 

5. 
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9 

10 
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Frame 

1. 

2 . 
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a. 

b . 

c. 

d. 

11 

12 

Frana 13 

1 . 
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Frame lli 

a. 

b. 

c. 

d. 

Frame 15 

1. 
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3 . 
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Frame I6 

a. 

b. 

Frame 17 

1. 

2. 

3 . 

a. 

b. 

c. 

d. 

a. 

b. 

c. 

d. 

a. 

b. 
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d. 
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b. 

c. 

d. 

Frama 

a. 

b. 

c. 
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18 

Frame 19 
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2. 

Frame 

1. 
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3 . 
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a. 

b. 

c. 

d. 
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1. 

2. 

3 . 

20 

21 

22 

Frame 23 

1. 

2. 

3 . 
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a. 

b. 

c. 

d. 

Fraaa 25 

a. 

b. 

c. 

d. 

Frame 3S 

a. 

b. 

c. 

d. 

Frame 27 
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Frame 26 

a. 

b. 

c . 

d. 

Frame 29 

1. 

2. 

3. 
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b. 

c. 

d. 

Frame 30 
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Frame 31 

1. 

Frame 32 
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2. 

3 . 

h. 

5. 

Frame 33 

1. 

2. 

Frame 3U 

1. 

2. 

3« a. 
b. 
c. 
d. 
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17. 

18. 
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36 
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25. 
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Frame 37 
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Frame h9 
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Frame 39 

1. 
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Frame 5 

1. 
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3 . 
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Frame 6 

1. 
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3 . 

Frame 7 
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h. 
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1» 
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Frame 10 
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2. 

Fraas 11 

1. 
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3 . 

Frame 12 

1. 
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3 . 

1*. 

Frame 13 

1. 

2. 

3 . 

Frame 1U 

1. 

2. 

3 . 
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2. 

3 . 

Frana 16 
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2 . 

Frane 17 

1. 

2 . 

3 . 
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1. 

2. 

3 . 

Frane 19 

1. 

2. 

3 . 

Frana 

1. 

2 . 

Frame 

1. 

2 . 

3 . 

20 

21 

Frana 

1. 

2. 

22 

Frane -23 

1. 

2. 

Frame 21̂  • 

1. 

2. 

• 

Frame-2^-

1. 

2 . 

3 . 

Frama 

1. 

2. 

3 . 

u. 

• 

26 

Frane 27 

1. 

2. 

3 . 

Frane 

1. 

2. 

3 . 

28 

Frana 29 

1. 

2. 

3 . 

Frane 30 

1. 

2. 

3. 

Frane 31 

1. 

2. 

3. 

Frana 32 

1. 

2. 

3 . 

Frane 33 

1. 

2. 

3. 

li. 

5. 

6. 

7. 

8. 

9. 

10. 

Frana 33 (CONT) 

11. 

12. 

u. 
Mi. 
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16. 

17. 
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SPECIAL TOOLS, SAFETY INC DEVICES, SOLDERING 

TECHNIQUES AND SOLDERLESS CONNECTORS 
(PART A) 
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a. 
b. 
c. 
d. 
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a. 
b. 
c. 
d. 
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a. 
b. 
c. 
d. 
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a. 
b. 
c. 
d. 

Frame 

a. 
b. 
c. 
d. 
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a. 
b. 
c. 
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a. 
b. 
c. 
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1. 

2. 

3. 

4. 
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3 

4 

5 

6 

7 

8 
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b. 
c. 
d. 
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a. 
b. 
c. 
d. 
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a. 
b. 
c. 
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a. 
b. 
c. 
d. 
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9 

10 

• 

11 

12 
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SAFETYING DEVICES 
PART B 

Frame 14 
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Frame 
a. 
b. 
c. 

d. 
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l.a. 

b. 
c. 

d. 

2.a. 
b. 
c. 

d. 

15 

16 

Frame 
1. 

2. 

3. 

4. 

a. 
b. 
c. 
d. 

a. 
b. 
c. 
d. 

a> 
b. 
c. 
d. 

a. 
b. 
c. 

d. 

Frame 
a. 
b. 
c. 

d. 
e. 

Frame 
a. 
b. 

c. 
d. 

Frame 
1. 

2. 
Frame 
1. 

2. 

3 • 
b. 
c. 
d. 

a. 
b. 
c. 
d. 

14 

17 

18 

19 

20 

21 

I'rame 
•5. 

4. 

a. 
b. 
c. 
d. 

a. 
b. 
c. 
d. 

21 

SOLDERING TECH. 
& SOLDERLESS 
CONNECTORS 
PART C 

Frame 22 
MO RESPONSE 

Frame 
1. 
2. 
3. 
4. 

Frame 
1. 
2. 
3. 
4. 

Frame 
1. 
2. 
3. 

Frame 
1. 
2. 
3. 
4. 

Frame 
1. 
2. 
3. 
4. 

Frame 
1. 
2. 
3. 
4. 

2\ 

23 

24 

25 

26 

11 

28 

^0. 

Frame 29 
NO RESPONSE 

Frame 30 
1. 
2. 
3. 

Frame 31 
1. 
2. 
3. 
4. 

Frame 32 

Frame 33 
1, 

2. 
. 

3. 

A « 

5. 

6. 

7. 

a. 
b. 
c. 
d. 
a. 
b. 
c. 
d. 
a. 
b. 
c. 
d. 
a. 
b. 
c. 
d. 
a. 
b. 

c. 
d. 
a. 
b. 
c. 
d. 
a. 
b. 
c. 
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SPECIAL TOOLS, SAFETYING DEVICES, SOLDERING 
TECHNIQUES, AND SOLDERLESS CONNECTORS 

(LAB SHEET) 

XU3 

Special Tools 
Part A 

1. No Response 

2. a.___ 

3. a._ 

b. 

4. 

5. 

6. a. 

7. ^. 

8. a. 

No Response 

a. 

Soldering Techniques and 
Solderless Connectors 
Part C 

Exercise I 

a. (1) 

b. (1) 

(2) 

(3) 

c. 

d. 

The rest of the responses 
are PERFORMANCE ONLY. 

Safetying Devices 
Part B, Section A 

Performance 

Performance 

(1) 

(2) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

Section C Section D 
Fig. A 

1. 

2. 

3. 

4. 

5. 

Section B 6. 

1. 

2. 

3. 

4. 

5. 

(3) Performance 

f. (1) Performance 

(2) Performance 

(3) Performance 

Exercise II and III 
are both performance 

Exercise IV 

1. a. (1) 

b. (1) 

i ; 

2. 

3. 

4. 

5. 

6. 

7. 

7. 

8. 

9. 

10. 

11. 

Section D The remainder of exercise IV 
Fig. B is all performance. 

1. 

2. 

3. 

4, 

5. 

15 
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d. 

a. 

b. 

c. 

a* 
b« 
c« 

e. 

a* 
b. 

d. 
e. 
f. 

a* 
b. 
c. 
d. 
e. 

a. 
b. 
c. 
d. 
e« 
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TO 00-5-1 
APR 5-a 
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AF7A 39-18 
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ANSWER SHEET 

AIR FORCE TECHNICAL 

8. 

9. 

10. 

11. 

12. 

13. 

li a. 
b, 
c. 
d. 
e. 
f. 

2. a. 
b. 

c. 
d. 
e. 

3. b. 
c. 
d. 

e. 

h. 

a. 

d. 

a. 
b. 
c. 
d. 

g* 

a. 

b. 

, c. 

d. 

a* 
b. 
c. 
d. 
e. 
f. 

h. 
i. 

ORDER SYSTEM 

2 

14. 

15. 

16, 

17. 

18. 

19. 

20. 

)0') 

a. 
b. 
c. 

a. 

b. 

c. 

a. 
b. 
c. 
d. 

a. 

b. 

c. _ 

d. 

a. 

b. 

c. 

d. 

e. 

f. 

a. 
b. 
c. 
d. 
e. 
A* 
g. 

a* 
b. 
c. 
d. 

ATCPT 52-4 
dtd June 1977 
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AIR FORCE TECHNICA). ORDER SYSTEM (Continued) 

45. 

46 . 

47 . 

48 . 

49. 

50. 

51 . 

52. 

a. 

b. 

c. 

a. 
b. 
c . 
d. 
e. 

a. 

b. 

c. 

a. 

b. 

c. 

a. 

b. 

c. 

_a. 

b . 

_c. 

_d. 

_e. 

_ 1 . 

_2. 

_3 . 

• 

53 . 

54 . 

55 . 

56 . 

• 57 . 

58 . 

59 . 

60 . 

62 . 

63 . 

a. 
b . 
c . 
d. 
e . 
f. 
8-

a. 
b . 
c . 
d. 

a. 
b . 
c . 
d. 

e . 
f. 

a. 
b . 
c . 
d. 

a. 
b . 
c . 

a. 
b . 

a. 

b . 

a. 

b . 

a. 

b. 

a. 

b . 

c . 

2 

64. 

65. 

66. 

• 

) o "-
-J »-< c / 

a. 

b. 

c . 

a. 

b. 

c . 

d. 

e . 

f. 

ATCPT 52-4 

a. 

b. 

c. 

d. 

e . 

f. 

_ 8 ' 

_ h . 

i . 

_J . 
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67. a. 

b. 

a. 

b. 

66. 

69. 

70. 

.a. 

. c . 

b. 

71. a. 

b. 

c. 

d. 

e. 

f. 

K« , .. 

h. 

i . 

J. 

72. a. 
c. 
d. 
e. 
g« 
h. 
i . 

73. 1. 

2. 

3 . 

73»cont. 

74. 

75. 

76. 

77. 

_ ^ 4. 

5. 

6. 

7. 

a. 

b̂. 

c. 

d̂. 

e. 

— «^» 

b. 

— °* 
d̂. 

— . ®« 

' 1 . 

2 . 

3. 

4. 

5. 

6. 

7. 

8. 

a. 
b. 
c. 
d. 
e. 
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78, 

79. 

80. 

81. 

82. 

83. 

a. 

c. 
d. 
9 . 
f. 

a. 
b. 
c. 
d. 
«. 
f. 

a. 
b* 
c. 
d. 
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ATCPT 52-4 

84. 

85. 

86. 

87. 

88, 

89. 

90. 

91. 

a. 

97. 

98. a. 

99. 

100, 

101, a. 

105. 6, 
7. " 
8. 
9. " 
10. 
u. 
12. 
13. • 
U. 
15. ' 
16, 
17. ' 
18. • 
19. • 
20. ' 
21. • 
22. ' 
2 3 . ; 
24. . 

106. a. 
b. 
c, 

d. 

92. a. 

93. 

94. a. 

102, 

103, 

104. 1. 

107. 

107. 

a. 
b. 
c. 
d. 

a, 
b. 
c. 
d. 

108. a. 

b. 

95. 

96, 
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AIR FORCE TECHNICAL ORDER SYSTEM (Continued) 

ATCPT 52-4 

130. l._ 
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3. 
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131. 1. 
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3.. 

4._ 

5.. 

132. l._ 
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5._ 

6._ 

133. l._ 
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3-_ 
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