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ABSTRACT ‘ : )

;5 ® - This plan of instruction, lesson plans, workbooks,
and study guides for a secondary-po tsecondary course for
électricians comprise one of a numbdr of military-developed
curriculum packages selected for adaptation to vocational instruction .
and curriculum development in a civilian setting. It contains the
final three blocks of a five- block coursé (see note) intended to
train students in electrical fundahentals, using tools and test
equipment, xnstallxng service entrances, dinstalling®and performing
maintendnce on interior wiring systégg in nonmetallic sheathed thble -
and conduit, motors and motor installatioh, and fire alarms,

. intrusion alarn’s, and cathodic¢ protection systems. Block 3 (6 units)
focuses on conduit wiring. The emphasis of Block 4 (5 units) is .-
motors and controls, Block 5 (3 units) covers controls and: alarm
-systems. The plan of instruction and lesson plans_contain criterion
- dbjectives; an outlinme of instruction, teaching steps, activities, ¢
matetials and tools needed, text ass1gnments, and references.

Gontents of study guides 1nclude objectives, ‘informative material,
and study questions. Workbooks conta%n objectxves, procedures, and
ﬁﬁy assignments. (YLB) .
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- MILITARY CURRICULUM MATERTALS

_ The military-developed curriculum materials in this course .
. package were selected by the“National Center for Research in
. ’ Vocaticnal Education Milijtary Curriculum Project for dissem-
ination to the six regional Curriculum Coordination Centers and .
other instructional materials agencies. The purpose of .
disseminating these csurses was to make curriculum materials -, .
~ developed by the military more accessible to Vocatlonal , ‘ ;o
educators in the civilian setting. ‘ '

The course materials were acquired, evaluated by project
staff and practitioners in the field, and prepared for .
dissemination. Materials which were specific to the mlitary
were deleted, copyrighted materials were either cmitted or appro-
val for their use was obtained. These course packages contain
- curriculum.resource materials which can ke adapted to support
) vocational instruction and curriculum development. .
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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 Natjonal

+ Center fulfills its mission by: ~

L
* Generating knowledge through research ~

‘e Developing educatiohal programs and
products |

" e Evaltating individual program needs
and outcomes .

2
)

products

¢ Operating information systems and . ¢
services ’ <

o

* Conducting leadership development and ~

training programs

»

. FOR FURTHER INFORMATION ABOUT S

Military Curriculum Materials
WRITE OR CALL . .
* Program Information @ffice
The National Center for Research in Vocational
Education
The Ohio State University .
1960Kenny Rpad, Columbus, Ohlo 43210 /
Telephone: 614/486-3655 or Toll Free 800/
848-4815 within the continental U.S. ’
{except Ohio) ’

4 R - .

SSOL PV M) @y ¢
VUL OBEL - Alrisaiun 28I SO N;

NOILVING3 TYNOLLYI0A NI HIUV3S

40 SraWA0D/NE00II0ALD eed
CILY *uO Inawmod pesy A

®

-
Purusatmy

e

o

Pyt
.

Qe

3’2;{,,

.
R T P T A0
P> - tST e g RSP ST Ky -

-
o

-

et
=
A A
= &

M‘i_litary Curr.i-culum

Materials for
. Vocational and
;i Technical Education
S :

1

. ! . .o
Informntion and Field
Services Division

The {!ationnl Center for Resoarch
in Vacationa!l Education

v

.




[
4.

Mllltary
‘Curriculum Materials
Djssemination Is . .+

. 8

]
-‘:-\-‘!-- . e b winbbe.

b ans ma

~t

What Materials

- Are Available?

[ RSP |

T
(T SRTTIE L T

[ S P e s wene

. . .
PP 1 (O SN TP IR STV S I PR U TE S I

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,
Arny, Manne 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
deermed applicable to vocational and tech-
nical education are selected for dlssemmatuoni

The National Center for Research in‘
Vocational Education is the U.S, Office of
Education’s designated representative to
acquire the materials and condutt the project
actlvmes

.

Pro;ect Staff: ,L

. Wesley E. Budke, Ph.D., Director
National Cenfer Clearnnghouse ;

Shirley A. Chase, Ph.D.
Project Director © ~ ~
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One hundred twenty courses on microfiche
{thirteen 'in paper form) and descriptiohs of
each have been provided to the vocational
Curriculum Coordination Centers and other
instructional materials agencies for dlssem|
nation. -~

Course materials include programmed
instruction, curriculum outlines, instructor
guides,, student workbooks apd technical
manuals ° R

- A3 ‘
The 120 courses represent the following
sixteen vocational subjeet areas:

Agriculture Food Service
. Aviatio Health™
) Buildinz & Heating & Air
Construction Conditioning .

Trades Machine Shop

" Clerical Management &
Occupations Supervision
Communications  Meteorology &

. Diafting Navigation
Electronics Photography .

Engine Mechanics Public Service

The number of courses and the subject areas
represented will expand as.ddditional mate-" -
rials with application to vocational and
technical.education are identifiedsand selected
for dissemination. )

- o

Pl

e

9,
v

hese N

~How éan These

Materlals Be Obtamed”

sody a....a.._-. D
X ¢

Ty e

- : ) J
NS I TR WL T ICTPIRY T TV R Ao O VY

.
<

Contact the Curriculum Coordination Center

in your region for information on obtaining
materials {e.g., avail:#nility and cost}. They

will respond to your¥equest directly or refer

you to an mstructlonal maternals agency

closer to you. " . . )
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Course Description

Electricuan 111, IV, and V gontains<the last three biocks of a five block coutse of study _Blocks | and 11 are included in a Previous course, Electrician |
and 1. \Trammg in this five-block course covers electrical fundamentals, using tools and tast equipment, installing service entrances, installing and
performing maintenance on interior wiring svstel;»‘m nonmetaliic sheathed cable and canduit, motors and motor installation, and hfg alarms, intrusion
alarms arld cathodic protection systems. The first unit 1n Block 1 1s not suitable for vocational education because it contains specsfit military materials
3:\d apphications. The ramaining sections in Blocks 111, 1V and V are suitable. ' . : -
., . i

Block I - Conduit Wiring ) N

Unit 2 Power Tools (1 m‘aur class instruction, 2 hours shop) .

Unit 3, Conduit Tools, Terminology and Material (2 hour? class instructions, 1 hour shop)

" Unit 4 Conduit Wiring (7% hours class instruction, 22% hours shop, 8 hours study) |

Unit 8 Low Voltage Circuits (1 hour class {nstruction, 12 hours shop, Fhour study) .

Unit 6 " Troubleshooting Conduit Circuits (% hour ¢i3ss instruction, 1% hours shop, 1 hour study)

Unit 7. Appliance Maintenance (1% hours class instruction, 4% hours :hop, 2 hours study)

» . .
%

Block 1V _ ~— Motors and Controis
' T
Unst 1- Three-Phass Mot_or Systems (11 hours class instruction, 13 hours shop, 8 hours study}
Unit 2 Troubleshooting Three-Phass Motor Systems (1% hours class instruction, 4% hours shop, 2 hours study)
Unit 3 . Single-Phase Motor Systems (7 hours class instruction, 11 hours shop, 6 hours study)
Unit 4 Troubleshooting Single-Phase Motor Systems (1% hours class instruction 4% hours sho , 2 hours study)
Unit 8% + Motor Generators, Control Panals and Circuit Breakers (3 hours ciass Instruction, 1 hodr shop, 2 hours study)

-

.

Biock V - Controls and Alarm Systems

Unst 1 ~ Intrusion Alarm Systems (12 hours class instruction, 6 hours shop)
Unit2 . Fire Alarm Systems (4 hours class instruction, 4 hours shop)
Unit 3 Cathodic Protection and Corrosion Control (2 hours class instruction) .
Y \

St.udem materials inSlude workbook8 and study guides for each unit, Instructor matenals include a plan of instruction for the course and lesson plans for®
each unit. Each block’of instruction includes a measurement test and test critique. - N ¢
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PLAN OF INSTRUCTION

§
i

COURSE. TITLE

Electrician

BLOCK TITLE

Conduit Wirim;; e

S -
UNITS OF INSTRUCYIO.N AND CRITERION OBJECT!VES

DURATION
2 (NOURS)

<

SUPPORT MATERIALS AND Guno‘)u;CE
3

¢

6
(6/0)
Pay 21
(3/0)

3/0)

Column 1 Reference STS Reference
cla, 1b - -

o
~ »

SG AFS 54, 55, 56,{ Publicatio
SG 3ABR54230-1-III-1, Public
WB 3ABRR4230~1-0I-1, Publicimiom ‘
Air Force Publicatjon Training 'File

lnstruct‘i.onal Materijals L
;\;ions

‘Audio Visual Aids
Transparencies, Publications

Train uipment
Project -Cards (1)

Technical Order File (1)
Standard Publication File(1)
Q-
Training Methods -
Discussion and Demonstration (2.5 hrs)
Performance (3.5 hrs)

Instructional ‘Environment/Design
Classroom (2.5 hrs)

Laboratory (3.5 hrs)
Group/Lockstep

Instructianal Guidance
Explain the purpose and scope of technical order system and how to
locate information using project cards, indexes and publicatiors .

DATE

1 May 1975 | scockwd. III [Paocmo . 21




PLAN OF INSTRUCTION (Continued) ( e

N

Ui TS OF INSTRUCTION AND CRITERION OBJECTIVES

DURATION

3

: , (HOURS) N SUPPORT MATERIALS AND GUID ANCE
2. Power Tools °* 3. Column 1 Reference STS Reference’
) (3/0) Za, 2b, 2c . 5a(2), 803:5
iven tools and equipment, index add ay\zz T .t e
drill h6les in a piece of stock metal using a (1/0) . Instructional Materials -

twist bit and drill press.

b. Given tools and équipingnt, dress the
edges and corners of a‘piece of metal stock, !
using a bench grinder.

¢. Given tools and equipment, drill holes|~

in a piece of stock metal using a portable drill,

=2

SG 3ABR54230-1-11I-2, Power Tools
WB 3ABR54230-1-1I-2, Power Tools

Audlo Visual Aids ,
Transparencies, Power Tools - v

Training Equipment

Portable Power Drill (8)

Drill Press (8)°

Bench Grinder (8)

Hand Tool Set (8) o

T raining Methods - S
Discussion and Demonstration (1 hr)
Performance (2 hrs) _ ‘.

Instructional Environment/Design ' N
Classroomi(1 hr) o
Laboratory (2'hrs) .
Group/Lockstep

1
i

-

Instructional Guxdance

Review safety requirements for operation of power tools. Stress the

necessity to ground all power equipment and to wear proper safety
Demonstrate the use of
the equipment, then have the students complete the projects under close

appagel when working with electrical equipment.

% 7

i
i
!
!
!
j' supervision,

3ABR54230-1
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DATE

stock no. [I1
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PLAN OF INSTRUCTION {Continued

DURATION

t SUPPORT MATERIALS AND GUIDANCE

<

UNITS OF INSTRUCLION AND CRITERION omsfnvss , (HOURS)
3
3. Conduit Tools, Terminology ahd Material 3 " Column 1 Reference .STS Reference ~ -
A ’ , \ (3/0) 3a, 3b, 3c 5a(1), 5a(4), 5a(5), 5a(6)
a. Given infarmation pertaining to con- | Day 22 . ~
duit tools, list th¢' name and use of each tool. (1/0) Instructional Materials - : : -
v .'SG 3ABR54230-1-IlI-3, Corduit Tools, Terminology and Matefial
b. Given information pertaining to con- | (1/0) WB 3ABR54230-1-11I-3, Conduit Tools, Terminology and Material
duit terminology, list the definition of each National Electrical Code ' ,
term‘ ‘ N E [ ’ -‘ . d st £ ” . )
' L B : ;o * . | Audio Visual Aids . :
c.* Given information pertaining t6 con-*|{ (1/0) Transparencies, 'Tools, Terminology and Material
duvit materials, list'the name and use of the ; , < '
materials, ) . Training Equipment .
. R ) . * , Conduit Tools (8) , . T
’ : : Trainer, Conduit Demonstrator (8) e —
‘ Coe e . Hand Tool Set (8) ~%:z >,
- , . .y Ly 13
;- y T raining Methods =~ - -
. . - Discussion and Demonstratign (2 hrs) -
. oo " ) ‘ - Performandée (1 hr) -
oL Instructional Environment/Design :
. g ’ . Classroom (2 hrs)
. : Laboratory (1 hr) - -
' . Group/Lockstep . . ’
A T ] ~ ] 4
. “ Instructional Guidance A .
’ ‘ '| Discuss and demonstrate variou s types of conduit tools, terminology
* . and materials. Stress safety requirements when working with tools,
v . . & ) . A , )
l . . ‘ — N
S " )
. [ . » ..

3ABR54230-1
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PLAN OF INSTRUCTION {Continued)

B - h

” '6 UNITS OF INSTRUCTION ANO CRITERION OBJECTIVES f 2"}1,';‘:},;‘5’,“ , , . & SUPPORT MATERIALS AND GUIDANCE .

4'.‘ Conduit Wiring . > " 38 Column 1 Reference STS Reference

. o - | (30/8) 4a ) 8e, Bf(1), 8f(2), 8f(3) -

. ays 23,24 4b , . 5a(1), 5a(4), 5a(5), 8f@) .
e . . 25,26,27 | 4c " 65a(l1), 5a{4)

a. Given information pertaining to con- (1/0) 4d , . 8a§1;, *8_21%, 8a(3), 8b, 8h, 80(1), 80(2)
duit, complete statements in accordance with de, 4f, 4g sa(1), 5a(4), 8d, 8e, 8f(1), 8(2), 8f(3), .
NEC, specifications, N : 8i, 8m, 80(1), 80(2) : A ‘ ¢

' . . 4h : 5a(1); 5a(4), 8c, 8d, 8e, 8f(1), 8f(2), *

i b. Given a length of 1/2" rigid.conduit, (5/0) - 8f(3) ’ . - ¢ .
‘necessary tools and equipment, cut, ream, 4i 5a(1f, 5a(4), 8i(1), 8f(2), 8£(3), 8m, 8o(1)
thread and bend-the conduit to NEC specifi~ 80(2) o
cations, - .
. Instructional Materials ‘
c. Given a length 0%1/2"- EMT, neces- 4/1) SG 3ABR54230-1-11-4, Conduit Wiring
sary tools and equipment, cut, ream and bend WB 3ABR54230-1-I11-4, Conduit Wiring
the conduit to NEC specifications, . National Electrical Code ‘
National Electrical Code and Blueprint Reading, K. L. Gebert

d. Provided a booth area, hand tools and (2/1) | Audio Visual Aids } ) . - -
a working drawing, install a single-phase, ¢ Transparencies, Switch Installation . B . i
120/240 volt conduit sérvice entrance and ; Transparencies; Conduit Wiring
grounded panel board according to the NEC & : K . *

- specifications, Training Equipment .

C. - , ~Conduit Tools (8)
. e. Provided a work area and necessary (6/2) Hand Tool Set (8)
. . tools and equipment, install a ceiling light, n Vise, Pipe (4) -
single pole\switch and duplex outlet in 1/2" . ’

EMT actor to NEC specifications,

-]

? f.” Provided a work area, necessary (6/2) ) . , ~. !
‘tools and equipment, install a ceiling light =
o controlled by two three-way switches accord- . ) _
ing to NEC specifications, \ R : .
. % .
. ’ . , * . 3 3
. - PLAN OF iNSTR.ZTIOK 4O 3ABR54230-1 JATE 1 May 1975 [ BLOCK NO I . ' l PAGE NO 24 . ‘: *
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N I urtlts OF INSYRUCTION' ANDbtnnf.RlK)N OBJEC~TIVES' [, ZD?N%AUT;?): " , : : ri?:: . : sUn'nonqurgR|A|_s AND GUIDAN:E |
- a X
. - g. Provided necessary tools and equip- (2/0) Trajning'Methods ° )
y ment and using thé previously installed three- | " Discussjon and Demonstration (7.5 hrs)
way switch system, add a four-way switch to . Performance (22.§ hrg) =~ T
T - control the light from three locations accordiné ) Outside Assignineiit (8 hrs)
}o NEC specifications. . . - -, ! " .
. ‘ , Instructional Environment/Design -
. h. Givenallengthof 3/4™EMT, atusel | (3/1) | Classroom (7.5 hre) D v
disconnect, tools and the necessary equipment, Laboratory (22.5 hrs) 3
.install comduit ang feeder conductors between . Study Hall (8 hrs) . @
*1|” main panel aE\!d. connect to meet NEC speci- Group/Lockstep . .
fications. . . : ’
. ’ Instructional Guidance . v ’
~ |- 1. ‘Provided a work area, necegsary (1/1) { Discuss the different types of conduit and their uses according to the .
toals and equipment, install a 220 volt recep- | , - | NEC. Explain how conduit sizes are determined. Discuss lmiting
tacle in 3/4" EMT according to NEC specifi~ factors on the mmber agd minimum radius of bends. Demoristrate
cations. . ! ’ cutting, threading and bending procedures. .Explain how to determine
. . - cii-cuit“requlrements, wire size, tolor code, and conduit size. Explain
. N . y . and demonstrate.the correct method to bend conduit, Stress safety. -
. . : Check ‘outside assignment daily. Assign students to fead SG 3ABR54230-
. . - L. 1-111-4, Conduit Wiring, and selected articles in NEC, chapter 4, on |
. . { Conduit. Answer selected questions in NEC and Blueprint Reading,
. . Gebert, _ . C /. : : ,
ey " ¢ . ¥ )
* "1 5. Circuit Extensions . .4 Column 1 Reference STS Reference
y . ' (3/1) 5a 8k . _ «
. ¢ . ' Day 28 | 5b s, '8k, 81, 8m, 8o(1) : ’
N ' a. "Given circuit extension information (1/1) 5¢ T 81
’ and a list of problems, find the answer to each . <o . _ - R
proplem. ‘ Instructional Materials . -
? L L SG 3ABR M5, Circuit Extensions, :
. Provided a work area, necessary (1.5/0) | WB 3ABR5 230-1-111-5, Circuit Extensions - . .
tools and equipment, install a circuit in sur- National Electrical Code- i . '
face metal racewdy from an existing outlet, . National Electrical Code and Blueprint Reading, K. L. Gebert
according to NEC specifications. : o .
PLAN OF :INS'RUCTION NG 3ABR54230-1 ’ CATE | May 1975 '} BLOCK NO mJ\ , . l PAGE NO' 25 ?
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PLAN OF INSTRUCTION (Continued) " ‘ .
h \ UNITS OF INSTRUCTION ANS CRITEION OBJECTIVES ,Drhnoﬂ;g“ ) SUPPORT MATERIALS AND GUIDANCE® ) ’ ‘\
. . o, . 3 K
c. . Using previously instaled circuits (.5/0) Audio Visual Aids . ’ g
and meter, ‘balancecircuits according to i Transparencies, Circuit Extensions 7
NEC specificationg. ‘ i ' -
e . . LT Training Equipment
. : ° N '| Hand Todl Set 585
X Multiméter, Clamp on Type, AN/USM-33 (4),3
LT Training Methods - )
- . Discussion and Demonstration (1 hr)
. + Performance (2 hrs) -~ ‘ i ¢
Outside Assignment (1 hr) :
- ) ' ’ Instructional Envlronment/Desigr; ’
“As . " | Classroom (1 hr) - : <
/) Laboratory (2 .hrs) : < ' . .
- : : \ -] Study Hall (1 hr) . . ‘ e ,
‘ y Group/Lockstep . . ‘
Instructional Guidance - - ’ J -
° T - Discuss methods and use of circuit extensions. Demonstrate procedureq -
> s for installation of surface metal raceway and NEC requirements. ;
. ! Stress safety. HaVé the students read SG 3ABR54230-1-I1I-5, Circuit
. Extensions, and selected articles in chapter 3, NEC, on Circuit )
! “ ' Extensions. Answer selected queshons in NEC Blueprint Reading, »
Gebert.
6. Low Voltage Circuits 3 Column 1 Reference STS Reference - s )
(2/1) 6a 6f, 61, 8o(1) ¥
. Day 2§, e : . B
a. Provided a work area, tools and " 2/ l) Instructional Materials ] :
necessary equipment, install a 1ow-voltage : SG JABR -1-1I1-6, Low Voltage Circuits 4
circuit acqording to NEC specifications. WB 3ABR54230-1-I1I-6, Low Voltage Circuits * )
National Electrical Code .
. ' r National Electrical Code and Blueprint Reading, X. L. Gebert ,
. PLANOF ~3%2_:7107 NO 3ABR54230_1 o DATE l May 1975 pS—— I B8LOCK NO m ] PAGE NO | 26
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PL AN OF INSTRUCTION (Continued)

UNITS OF INSTRUCTION ANO CRIT ERION OBJECTIVES

DURATION
(HOURS)
2 P

SUPPORT MATERIALS {NO GUIOANCE
3 ' .

-

Audio Visual Aids -
Transparencies, Installation of Low Voltage Circuits

.

Training Equipment
Hand Tool Set (8) F

Training Methods ‘
Discussion and Demanstration (.5 hr)
Performance (1.5 hr's)

-Outside Assignment (1 hr)

Instructional Environment/Design . -
Classroom (.5 hr) s
Laboratory (1.5 hrs) .

Study Hall (1 hr) - )
Group/Lockstep ‘

Instructional Guidance . 4

i Explain the yses of low voltage systems. Discuss the purpoge and

operation of a step-down transformer. Discuss installation and
maintenance of low voltage systéms, Have students install a circuit
containing a transformer, pushbutton and buzzer. Check outside
assignment. Have students read SG 3ABR54230-1-111-6, Low Voltage
Circuits and selected articles in chapter 7, NEC on Low Voltage System
to answer selected questions in NEC Blueprint Reading, Gebert.

« )

-~

K
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PLAN OF INSTRUCTION (Contifued)

. UNITS OF INSTRUCTION AND CRITERION DBJECTIVES 20?:0‘3‘;%“ s ﬁbPPORT MATERIALS ANO GUIDANC E
7. Troubleshooting Conduit Circuits 10 Column 1 Reference STS Reference
; - (8/2) a2, ™ b, 8o(1), 9m, 10a, 10b, 10c, 10e, 10f(1)
Days 28,2% ¢ 10£(2), 10£(3), 10g, 10h, 10i, 10k
- 30 7c 5a(1) )
. a. Provided a multimeter and instruc- (3/1) :
.{ tions, troubleshoat an energized (120/240 volt) Instructional Materials
circuit to locate troubles inserted in the cir-?<l SG 3ABR54230-1-111-7, Troubleshooting Conduit Circuits
cuit by the instructor. . §B wﬁaug—glﬂlgg'lgeTroubleshootmg Conduit Circuits
b. Provided a multimeter and instruc- (3/1) 3‘8”61&3 gi‘éi%‘ e and queprint Reading, K. L. Gebert
shjons, troubleshoot a deenergized electrical Transparencies, Troubleshooting . -
circuit to loéate trouble s inserted by the -
instructor. ' Training Equipment
> Trainer, Conduit Troubleshooting Test Board (8)
c. Using tools and instructions provided,| (2/0) Multimeter (1) N
disconnect electrical circuits, sort materials Hand Toal Set (8)
and store in designated storage facilities, - 14
\ L 2
N Training Methods .

° Discyssion and Demonstration (1.5 hrs)
I Performance (4.5 hrs)

i Outside Assignment (2 hrs)

Instructional Environment/Des
Classroom (1.5 hrsg)
Laboratory (4.5 hrs)

Study Hall (2 hrs)

Group/Lockstep

-
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PLAN OF INSTRUCTION (Continued)

. -

OURATION &
(HOURS) te surrun MATERIALS ANO GUIOANCE
2 3

Instructional Guidance -
Explain the methods and procedures for troubleshooting circuits.
Discuss the various types of troubles and use of meters in locating
circuit troubles. Using the circuits in the training booth, have the
students locate and repair malfunctions.’ Check outside assignments
daily. Have students read study guide 3ABR54230- 1-T11-8, - Appliance
Maintenance and selected articles in chapter 4, NEC on Appliances.

. | Have students answer selected questions in NEC Blueprint Reading,

N ' Gebert.

8. Appliance Maintenance Column 1 Reference STS Referenée
J 8a 8p

a. Given information pertaining to mstruetio%Materials ) o . e

appliance maintenan ce, list the.correct - SG R -1-1I1-8, Appliance Maintenance ‘
lution t ch problem. WB 3ABR54230-1-H]-8, Applia Maintenan
solution to ea er em ' "3“@%]2;‘““}? ge p: Blnce - R:w ce gy e
~ | RSt lpiglgal Code and Blueprint Reading, K. L. Gebert

Transparencies, Appliances
Training Eg{gigment r '
‘Trainer, Electrical Components (8)

-

. Training Methods
Discussion and Demonstration (3 hrs)
Outside Assigngxent (2 hrs) «

Instructional Environment/Design
Classroom (3 hrs)

Study Hall (2 hrs)
Group/Lockstep

PLAN OF 1NSTRUCTION NO 3ABR§4230~1 OATE 1' May 19175 - J BLOCK NO. m \' N LPAGE NO‘.
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) PLAN OF INSTRUCTION (Continyed)
UNITS OI INSTRUCTION ANO CRITERION OBJECTIVES ZD&ROAJ;?)N ) SUPPORT MATERIALS AND GUIDANCE
3 .
. o \
Instructional Guidance ) )
- Define an appliance. Discuss methods and procédures of identifying and
- correcting appliance troubles. Discuss the variais parts of appliances
and the problems with each. Check outside assignments daily. Have
. : students read study guide 3ABR54230-1-I_II—8, Appliance Maintenance,
= selected articles in chapter 4, NEC, on appliances. Have students o
¢ answer selected questions in NEC Blueprint Reading; Gebert.
. L. ] . .
9. Related Training 6
10. Measurement Test and Test Critique 2/0 , .
. Day 30
- - N
: L
i < R y -
»>

€
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+ 4 ° -
. . COURSE TITLE .
-8 PLAN OF INSTRUCTION o .
- Electrician
BROCK TITLE ¢ , T
! Motors and Controlg . . s .
UNITS OF INSTRUCTION AND CRITERION OBJECT!\Igs & D::::::?,“ SUPPORY MATERIALS AND GUIDANCE .
' 3 ] 2 s ‘, . ,
1. Three-Phase Motor Systems . . 32 Column 1 Reference STS Reference : N
5 ’ t '(24/8) la 6i, M, 9d 9 ,
. . w + |Days 31,32{ 1b 6i T, o, @ s
. a. - Given the required information 33, 34 1c, 1d . 7b 9d
L select the equipment necessary to install a (6/2) le - 9d, 9f
three-phase motor to power so the installation 1f, 1g, 1h, 1i , 9d N )
will meet NEC and manufacturer's specifica;iomi. . . . S /|
Instructional Materials
e - b. . Using a'three-phase motor trainer {2/1)e -SG 3ABR54230-1-1V-1, Three-Phase  Motor Systems

.
¢
. .
-
B o .
.
-

and previously selected equipment, install and
operate a three-phase motor on high voltage. *
Installation must meet NEC and manufacturer’ sW‘
speciﬂcatioxy B *

»
¢

c. Usinga three -phase motor trainer (2/1)
and previously selected equipment, connect<,
andoperate a three-phase mgtor uﬂ low volt= ‘| °
age. Installation must meet NEC and manu-
facturer's specifications' .

i

WB 3ABR54230-1-1IV~ 1 Three-Phase Motor Systems -

National.Electrical Code —

National Electrical Code and Blueprint Reading, K. L. Gebert
. Audio Visual Aids

TF 1-5660a, Motor Connections )

TF 6082; Motor. Controllers ’

Training Equipment ‘ "
Trainer, Rotating Magnetic Field (8)
Trainer, Motor and Motor Control (1) .

d. Using a three-phase motor trainer (1/0) 'l‘rainer AC Motor Installation Demongtrator (8)
. with previously installed three-phase motor, Trainer Operation of Float Switch Control (8)
change power leads to reverse the direction Hand 'l‘ool Set (1)
12 of rotation to meet’"NEC and manufacturer' s .
specifications, . > Training Methods )
' ' ) Discussion and Demonstration (11 hrs)
, ) - Performance (13 hrs)
Lo » Outside Assignment (8 hrs)
% ' M 2 . R
PLAN OF INSTRUCT.ON NO. 3ABR542‘30"1 DATE M’a *1975 ] SLock N TV T PAGE NO 31
1 J-r e . ]
l‘ ‘ “a R ? . o
4 . ' N .
3’/ i . » ‘1 - ' () I




v

PLAN OF INSTRUCTION (Continued), °

et N

, UNITS OF INSTRUCTION AND CRITERION OBJECTIVES _WHRO‘U,;?\N R f ©3.PPORT MATERIALS AND GUIDANCE
e. Using a three- phase motor trainer, (4/1) Instructional Environment/Design 4
select an adequate motor overload protective Classroom (11 hrs) )
‘device in accordance with the NEC, motor’ Laboratory (18 hrs) r ¢
data plate and manufacturer's specifications. Study Hall (8 hrs) . ¢
: Group/Lockstep
f. Using a threé-phase mgfor trainer, (3/1) ‘ )
install a start/stop station to afthree-phase - Instructional Guiffance s ’ -
magnetic controller to control three-phase Discuss components and theory of operation of three-phase motors
motor. Installation must meet \WEC and and controls. Discuss the NEC selection requirements of motors‘and
manufacturer's specifications, : controls based on the area in which the units will be located. Discuss
. s data platé Information, mechanical coupling to equipment and electrical
g. Usinga three-p)!se motor trainer, (2/1) installation. Trace and discuss schematics and wiring diagyams of
install two start/stop stations<to a three- motors and controls, Check outside assignments daily. Haye students
phase magnetic controller to control a three- read selected sections of SG 3ABR54230-1-1V-1, Three-Phade Motor
phase motor. Installation must meet NEC and Systems, and selected articles in chapters 4 and 6 of NEC on Motors.
manufacturer's specifications. g Have students answer selected questions’in NEC Blueprint Reading,
) ’ ‘i Gebert. -
h. Using a three-phase motor trainer, | (270) ' -
install a thermostatic control to a three- i _— -
. phase magnetic controller to control the X
oparation of a three-phase motor. Installation! | *
must meet NEC and manufacturer's specifi- | |- ’ .
cations. ,
- 1. Using a thiree-phase motor trainer, o271y )
install a reversing start/stop station and a i - .
etic controller to control the direction . b
rotation of a three-phase motor inlaccord- ' R /!
ance with NEC and manufacturer's specifi- N
wions. - ) ' : IJ . . .
! v ‘ ~
PLAN OF INSTRUCTION NO. 3ABR54230-1 ~vE { May 1975 I LR\ ] PAGE NO 32
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PL AN OF INSTRUCTION (Continued) - "
[ INITIOF INSTRUCTION ANO CRITERION DBJECTIVES — 2°:’“':)‘J;g" ; a ~ SUPPORT MATERIALS AN? GUIDANCE . .4
2. Troubleshooting Three-Phase Motor 8 Column 1 Reference STS Reference '
Systems — ’ - (6/2) | Za_ a, 10a, 10g, 10j
‘ : Day 35 | 2b ) 5a(1), 5b, 9e(1), 81, 10, 10(1), 106(2); 10K(3),
a. Using a three-phage motor and (l}'l) . . 10f(4), ¥6h, 10§ .
trainer, inspect the motor installation in 2c . 5a(1)
“ : |
N accordance with manufacturer's speciﬁ/catlons. Instructional Materials
‘ - < SG 3ABR ~IV-2, Troubleshooting Three-Phase Motor Systems
N b. Givena three-phase motor and °°ntl-‘°# /1) WB 3ABR54230-1-1V-2, Troubleshooting Three-Phase Motor'Systems
system with electrical faults and test equip- Natjona] Electrica ' Y,
. ment, repair faults to meet manufacturer's Nationa} Electr Sa} &34 ana Blueprint Reading, K. L. Gebert
E ) and NEC specifications. : , Training Equipment
) \ Traﬁﬁ]r,, Mb or, and Motor Control (1)
. . c. Using tools and instructions provided,| - (1/0) Multimeter (1) * . .
disconnect electrical circuits, sort materials Megometer (4) o o -
and store in designated-storage facilities. Hand Tool Set (1) .
T .| Training Methods RS-
¢ - ) ) Discussion and Demonstration (1.5 hrs) i ) - .
' ' Performance (4.5 hrs) .
. . Outside Assignment (2 hrs) . ; ° @
Instructional” Environment/Design - : .
o . . o ‘ . agsroom (1.5 hrs) ] : . .
\\ . .. Laboratory (4.5 hrs) . o
B ) - Study Hall (2 hrs) . k . 4 - '
. ) . Group/Lockstep e . g :
' ' " instructional Guidance i 5
. . Discuss conditions that cause malfunctions in motors and motor contro}
- C. .| systems. Explain the logical procedures for isolating troubles and
1 correcting malfunctions. Put troubles into the installed motor system
‘ . . and have the students troubleshoot the system. Stress safety pre-
sy . cautions. Check outside assignments daily. Have students read SG
. 1 ./ 3ABR54230-1-1V-2, ‘Troubleshoating Three-Phase Motor Systems,
. ‘ ~ T . ngjeﬁggegtlions t the epd of the stufiy g}xlde_and complete test
PLANOF NS™2.I7 ONNO. 3ABR54230"‘1 ’ OATE 1 MaY 1975 BLOCK NO. v — l‘ PAGE NO, 33 ,
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Vo PLAN OF INSTRUCTION {Continved)
g 4% IF (NSTRUCTION AND CRITERION OB JECTIVES 2"}‘,,“0‘:,';?," , SUPPORT MATERIALS AND GUIDANCE
1 < LT
3.  Siigle-Phase Metor Systbms . o 24 Column 1 Reference STS Reference
- o X = ~ (18/6) | 33 , . 81, ™,
s . . |Days 36,37 sy, 3c, 3d 81, 8d
.. 3. Givénithe required information,seloct {38 - 3¢, 3, 3g, sh, 3i 61, ™, 9d, 81
f\‘ the equipment’ heceseary to install a single- (6/2) .
phase motor to a power source. Installation Instructional Materials . ‘
must meet NEC and manufacturer’s specifi- SG 3ABR5?230-1-N-3, Single-Phase Motor Systems
cations, ¢ WB 3ABR54230-1-1V-3, Single-Phase Motor Systems
‘ . -' National Electrical Code
* |- _ b. Using a single~-phase motor trainer (2/1) | National Electrical Code and Blueprint Reading, K. L. Gebert
. and previously selected equipment, install-and ’ . -
operate a single~phase motor for low voltage |~ Audio-Visual Aids -
. operation. Installation must meet NEC and ’ | TF 5660b, Single-Phase Motor Connections
" manufacturer's specifications, ) TF 6180b, Motor Control System :
- . Y. . -
P c. Uslngvaﬂixﬁ%h‘i‘é‘-“-m,se motor trainer (.5/0) Training Equipment ‘
L and previously ‘installed equipment, connect - Hand Tool Set (1) _
and operate a single-phase.motor for high Trainer, Motor and-Mator Control (1)
voltage operation. Istallation must meet ' Trainer, Electric Motor xploded (8)
. NEC and mahufacturer's specifications, i ) :
- 1 T ' S : + Training Methods
m—1 A Using'a single-phase motor trainer | (.5/0) 5 Discustion and Demonstration (7 hrs)
, with'previously installed single-phase motor, ! Performance (1'hrs)
~ . " change motor leads to reverse the direction i+ Outside Assighment (6.hrs)
of rotation in accordance with NEC and T .
" . manu(acgnrer's specifications. . Instructional Environment/Design .
= . . : “ : , Classroom (7 hrs) .
. e, Using a single~phase motor trainer, (3/1) Laboratory (11 hrs) r
S install 2 drum switch to control the operation - ' Study Hall (6 hrs)
of 2 single-phase motor. Installation must ) Group/Lockstep ! .
meet NEC and manufacturer's specifications, . : .
- ) ’ . .
Foan I 72000 0N N0, 3ABR54230-1 DaTE 1May 1975 ) l BLOCK ND. [y l PAGENO g4 ]
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PL AN OF INSTRUGTION (Continved)

o

JNITs DF INSTRUCTION AND CRITERION OBJECTIVES

DURATION
2 (HOURS)

.3

SUPPORT MATERIALS AND GUIDANCE

Troubleshooting Three-Phase Mol§r

Systems -

a. Usinga three-ph;se motor and
trainer, inspect the motor installation in
accordance with manufacturer's specifications.

8
(6/2)
Day 35
(1/1)

. )
b. Given a three-phage motor and contro] (4/1)

" system with electrical faults and test equip-
ment, repair faults to meet manufacturer's
" and NEC specifications. ’

c. Using tools and instructions provided,

disconnect electrical circuits, sort materials
and store _in designated storage facilities.

°

-

(1/0)

i WB 3JABR54230-1-1V-

Instructional Environment/Design

Column 1 Reference  STS Reference e

2a a, 10a, 10g, 10j

2b . 5a(1), 5b, e(1), 81, 10e, 10£(1), 10£(2), 10£(3),
101(4), 10h, 10

2c 5a(1)

Instructional Materials :
SG 3ABR54230-1-1v-2 Troubleshooting Three-Phase Motor Systems
21,\'l’roubleshootlng Three-Phase Motor Systems

National Electrieat €93 and Blueprint Reading, K. L. Gebert

Trai Equipment ~
Trainer, or and Motor Control (1)
Multimeter (1) '

Megometer (4) -

Hand Tool Set (1)

Training Methods

Discussion and Demonstration (1.5 hrs)
Performance (4.5 hrs)

Outside Assignment (2 hrs)

Classroom (1.5 hrs)
Laboratory (4.5 hrs) Sy

Study Hall (2 hrg) . Lo /|
Group/Lockstep . ey «
Instructional Guidance - N
Discuss conditions that cause malfunctions in motors and motor corntrol
systems. Explain the logical procedures for isolating troubles and -
correcting malfunctions. Put troubles into the installed motor system
and have the students troubleshoot the system.- Stress safety pre-
cautions. Check outside agsignments daily. Have students read SG
3ABRj4230-1-1IV-2, Troubleshooting Three-Phase Motor Systems,

zxs_}ver ﬁuestlons'at the epd of the study guide and complete test
SNE | Mavel9T5 > i sLOCK KO, [y ' ] rnce No, 33
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PLAN OF INSTRUCTION (Continued) 0 ' J
TN T3 3F NSTRUCTION AND CRITERION OBJEC TIVES 70:.1:&‘1;;)‘04 . 3 * SUPPORT u;«rsmALs AND GUIDANCE
H P '
. 3. Single-Phase’Motor Systems 24 Column 1 Reference STS Reference .
. ' L (18/6) | 33 - 81, ™, .
' , . Days 36,37 3p, 3c, 3d 6i,9d
a. Given the required nformation,select |38 3e, 3f, 3g, 3n, 3i . 6i, T, 9d, 81 . .
the equipment necessary to install a single- (6/2) s C . - )
. phase motor to'a powe®Nsource, Installation . . | Instructional Materials . ) A
— {--must-meet NEC and manu{acturermiﬁ- SG 3ABR54230-1-1V-3, Single-Phase Motor Systems . . ’
catichs. . . WB 3ABR54230+1-IV-3, Single-Phasedotor Systems : . ot
. ? National Efectrical Code . . 1
' b. Using a single-phase motor trainer (2/1) | National Electrical Code and Blueprint Reading, K. L. Gebert ]
and previously selected equipment, install and ] . .o : ,
Operate a single-phase motor for low voltage Audio Visual Aids = - - ) » |
operation. Installation myst meet NEC and TF 5660!:, Single-Phasé ‘Motor Connections
» | manufacturer’s specifications, TF 6180b, Motor Control System U N © a4
¢. Using a single-phase motor trainer Q:S/O) Training Equipment - ) .
) and previously installed equipment, connect Hand Tool Set %15 ‘ - ’
, and operate’a single-phase motor for high . Trainer, Motor and Motor Control (1)
voltage operation. Installation must meet . ' Trainer, Electric Motor Exploded (8) -
NEC and manufacturer's specifications. . i ' <
] : . Training Methods ' T : )
: d. Usinga single-phaqe motor trainer (.5/0)  Discussion and Demonstration (7 hrs)
with previously installed single -phase motor, . '« Performance (11 hrs) : -
change motor leads to reverse the direction . . Outside Assignment (6 hrs) ) -
w | ©f rotation in accordance with NEC and ~ , : o
. ~ | manufacturer’s specifications. ‘ i Instructional Environment/Design » : N i
) ; N : | Classroom (7 hrs) \'* .
’ . €. Using a single-phase motor trainer, *| (3/1) Laboratory (11 hrs) ‘
. install a drum switch to control the operation Study Hall (6 hrs) .
of a single-phase motor. Installation must ‘ ' Group/Lockstep .
. meet NEC and manutacturer's}peciﬁcations. v .
» ] " ’ ..- : ) . T » ’
q ¢ i N ! L] ‘ Teor oy
oanz o .37 o NO. 3ABR54230-1 - DATE 1May 1875 - rBLOCK No [y ] PAGE NO '3‘4 .
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. *  PLAN OF INSTRUCTION (Continved)

/

’ UNITS OF INSTRUCTION ~ND CRITERION OBJECTIVES °‘:‘“°‘J,§g" . SUPPOR*® V2TER'ALS AND GUIOANCE
1 Z
+ . Using a single-phase motor trainer, (2/1) Instructional Guidance :
. install one start/stop station to a single~ phase \ Discuss components and theory of operation of single~phase motors and
magnetic controller to control the operation of " controls, Trace and discuss schematics and wiring diagrams of motors
L a single-phase motor. Installation must meet and controls, Discuss installation procedures and NEC reqifirements
NEC and mandfacturer's specifications. for motors and controls. Discuss the personnel safety and equipment
i . ‘ care'required in the operation and use of motors. Have students read
* §. Using a single-phase motor trainer, (1/0) selected sections of SG 3ABR54230-1-1V-3, Single Phase Motor System
install two start/stop stations to a single- Review selected articles in chapters 4 and 6 of the NEC and answer
phase magnetic.controller to control the selected questions in NEC Blueprint Redding, Gebert.
operation of a single-phase motor. Instal- .
' lation must meet NEC and manufacturer's D -
\ . | specitications, ’ : .° e
% h.  Using a single-phase motor trainer, | (1/0) (L, Y '
install a thermostatic control to previously - ool
installed magnetic controller to operate a < . e Jd
single-phase motor system, Installation must . 4 ? - )
meet NEC and manufacturer's specifications. - kY ' ‘ ,
i. Using a single-phase motor trainer, (é/l) i & @
install a hand-off-automatic switch and thermo- i ' <
stat to previously installed single-phase mag- ‘ :
netic controller'to operate a gingle-phase - - .
N motor system. Installation must meet NEC . o~ L.
and manufactarer's specifications. -
, , ° %
. i °
) T .y N . [
- ' - - ‘ ) . . %
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PLAN OF INSTRUCTION (Continued

UNITS OF INSTRUCTION/AND CRITERION OBJECTIVES
L * -

DURATION
}«(MOURS)

4
SUPPORT MATERIALS AND GUIDANCE ,

" Troubleshooting Single- Phase Motor
Systems .

", a. Using a single-phase motor and trainen
inspect the motor installatipn in accordance
with manufacturer's and ) specifications.

" b. Givena single-phad motor and con-
trol,system with electrical faults and test
equipment, repair faults to méet manufac-
turer's and NEC specigicatioixs

c. Using tools and instmctipns provided,
disconnect electric#l circuits, sort materials
and storg In designated storage facilities.

8 .
(6/2)

Day 39
(1/1)

(4/1)

Column 1 Reference STS Reference
4a a, , 10j

a’ Y,

4b 5a(1), 5b, De(1), 91, 10e, 101(1), 10£(2),
101(3), TO1), 10h, 10] -
a ——-’.‘ o . M

e,

4c

Instructional Materials 1\? -
SG SKBRSHKIL%—W-], Troybleshooting Single-Phase Motor Systems

"+ WB 3ABR54230-1-1V-4, Troubleshooting Single-Phase Motor Systems

National Electrical Code - '
National %lecitricallnCode and Rlueprint Reading, K. L. Gebert
pme .

Trainer, Motor and Motor Control (1)
Multimeter (1)

Megohmmeter (4)
Hand, Tool Set (1) h

Training Methdds \ :
Discussion and T'emonstration (1:5 hrs)

<

. Performance (4.5 hrs)

Outside Assignment (2 his)

Instructional Environment/Iesign
Classroom (1.5 hrs)

Laboratory (4.5 hrs)

Study Hall (2 hrs)
Group/Lockstep

§

Instructional Guidance . . . '
Discuss conditions that cause, malfunctions in motors and motor‘control
systems. Explain the logical procedures for isolating troubles and
correcting malfunctions. Put troubles into the installed motor system |
and have the students troubleshoot the system. Stress safety precau-
tions. Check outside assignment daily, Have students read SG 3 .
3ABR54230-1-1V-4, Troubleshooting Single Phase Motor Systems,

.

. answer ttong i thte study guide and complete tqgQ:B in NEC
OATE | Mav 1975 BLOTK NO. W l PAGENO. gg
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_PLAN OF INSTRYCTION (Continued) -
. UNITS OF INSTRUCTION AND CRITERION DBJECTIVES 26:1"‘;::“'?)“ . SUPPORT MATERIA'LS AND GUIDANCE
3 3 ~
i 5. Motor Generators, Control Panels and 6 Column 1, Reference STS Reference ’ 1 -
Circuit Breakers. ) (4/3) 5a, 5b 4 9%k _
. Day 40 .
a.” Using information provided, write the| (2/1) ¢ | Instructional,Materials )
purpose of a motor control center and list its SG 3ABR54230-1-IV-5, Motor Generators, Control Panels and Circuit
major components, . : - reakers '
. o ) B 3ABR54230-1-IV-5, Motor Generators, Control Panels and Circuit -
R b. Using information provided, write the| (2A) __|{  Breakers . v :
purpose of a motor generator set and list its s ational Electrical Code . -
major components. R =", | Natlonal Electrical Code and Blueprint Reading, K. L. Gebert
Tr'aInMlement . ‘
: . Trainer, Motor Control Center and Motor Generator Set (8) .
. , ¥ . | Trainer, Line Alternator Motor Control {8)
‘ O . Training Methods
2 . A Discussion and Demonstration (3 hrs) -
~ L Performance (1hr) - _ . .
N Outside Assignment (2 hrs) .
. - Instructional Environment/De #a .
Classroom (3 hrs) 1
Laboratory (1 hr) .
‘ . L Study Hall ( 2 hrs)
. v Instructional Guidance .
3 * | .Familiarize students with the components of the motor control pahels.
L, . ‘ ) - | and their purpose. Identify the purpose, components and operations of ' .
by, . . . . a motor generator set. Check outside assignment daily. Have students
g ) ' . Tead 5G JARR54230-1-1V-5, Motor Generators, Control Panels and
T © k Circuit Bregkers, selected articles in chapter 7, NEC, angwer selected
questions in NEC Blueprint Reading, Gebert. .
6. Measurement Test and#Best Critique. 2/0 , ‘ .
-~ . -— : Day 40 _ . :
o . PLANOF INS"S.ST cnnd  JABR54330-1 - DATE | May 1975 ] sLock no. [V l pageno 3T -

- ) " ’
: ' ' v
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PLAN OF INSTRUCTION

i

COURSE TITLE

Electrician . .

\{Locx TITLE | .

Controls and Al;lrm Systems

UNITS OF INSTRUCTION ANO CRITERION OBJECT'VES
1

OURATION
2 (HOURS)

SUPPORT MATERIALS ANO GUIOANCE
3

1. Intrusion Alarm Systen{s

a. Given lnformatlon‘pertainh‘\g to
intrusion alarm systems, inspect and service
electrical systems and components,

b. Using meter, trainer, and wiring
diagram, troubleshoot and repair electrical
systems and components of intrusion alarm
systems, '

i L

18
' (18/0) | 1a
Davs 41,42] 1b

STS Reference
90(3 '
Ta, 90(3)

Column 1 Reference

[
.

and 43 .
- (12/0) | Instructional Materials
SG 3ABR54230-1-V-1, Intrusion Alarm Systems *
n WB 3ABR54230-1-V-1, Intrusion Alarm Systems
(8/0) ’ .

Audio Visual Aids " -
Transparencies, Intrusion Alarm Systems
. .

Training Equipment L o~ :
Trainer, Intrusion Alarm (8) . .
Multimeter (4), -
Training Methods L,
1 Discussion and Demonstration (12 hrsy
erformance {6 hrs) g

ructional Environment/i)eslglx ' o
ssroom (12 hrs) o
‘f Laboratory (6 hrs) - .

Group/Lockstep
Instructional Guidance, . g

Discuss the various types of intrusion alarm ‘systems with students,
Coven the theory of operation, terms and definitions. ‘Trace wiring
diagrams. Demonstrate operation of the intrusion alarm trainers.
Students will inspect, service, troubleshoot and.repair elecfrical

components using meter.

OATE

1oy 1975

BLockwo. ¥

LI;AGE No 38
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, PLAN OF INSTRUCTION (Continved) -

S

nS

. " UNITS OF :NSJRulears AND CRITERION .OBJECYQVES ::J:o‘:};?\“ ) ( < SUPPORT MATERIALS AN?GUIDANCE.'

2. Fire Alarm ﬁyétems ) : 8 Column 1 Reference 838 Reference ’ 0
. PO : . (8/0) 2a Ta, 90 ,3; -
. o ' . [Days 44,45/ 2b, 2¢ Ta, 9o{3) ot

a. ’'Given information pertaiging to a fire | (4/0) Instructional Materials. | - )

alarm system, trainer and wiring diagram, " | 8G3ABR54230-1-V-2, Fire Alarm Systems 2

identify components and trace electrical WB 3ABR54230-1-Y-2, Fire Alarm Systems -

¢ircuits, . . -~ . .-

. o Audio Visual Aids-
b. Given fire alarm trainer, inspect and | (1,0) ' Transparencies, Fire Alarm Systems
service electrical systems and components. . . ’ . . .
- _— . ' Training Equipment
¢~ Given a fire alarm'trainer and meter,{ (3/0) Trainer, Fire Alarm Systems (8)
troubleghoot and repair electrical &stems and} "Multimeter (2) .. ' . )
components, ' - Hand Tool Set (2) ‘ . . .
", ’ ' ’ . Training Methods . , .
Discussion and Demonstration (4 hrs) .
. ' Performance (4 hrs) ,
i M | structional Environment /Design )
j Classroom (4 hrs) _ .
! - ¢ Laboratory (4 hrs) '
¥ - i Group/Lockstep . .
. ", Instructional Guidance : ,
N ’ Discuss types of fire alarm systems. ‘'Discuss theory of operation,
. terms and definitions. ‘Trace wiring diagrams. Demonstrate operation
. e | of fire alarm trainer. Students will uge wiring diagram to trace and .
’ - o , . | troubleshoot electrical components of systems.
? o N & . 0 . ¥
. —
PLANMOF iMSTRUCTION NO.  3ABR54230~-1 = oxe 1 May i975 } BLOCKNO ] 2:56n0. 39
. ’ - y So
S : -




. "’ .
- ' PLAN OF INSTRUCTION (Continued)
. . UNITS OF INSTRUCTION AND GRITERION OBJECTIVES 2%}—7—\ .sué;om MATERIALS ANO CUIDANCE .
"1 3. Cathodic Protection and Corrosion Control] € - Column 1 Reference STS Reference
' | @/ 3a . o «
a. Given information pertaining to . Day 45 . 3b Sn e R
corrosion, match correct terms with defini- (1/0) . . >
tions. : ’ : Instructional Materials’ .
T ! SG 3ABR54230-1-V-3, Cathodic Protection and Corrosion Control
- b. Given information pertaining to - (1/0) WB 3ABR54230-1-V-3, Cathodic Protection and Corrosion Control
cathodic protection, complete statements to
identify methods of cathodic protection, ‘ Training Equipment :
. Trainer, Impressed Current Cathodic Protection System (8)
7~ Training Methods
- Discussion and Demonstration 2 hrs)
Instructional Environment/Design
. 8 - Clasgroom (2 hrs)
‘ Group/Lockstep
i ] Instructional Guidance N . .
. . ) Discuss the effects of corrosion qn metal. Jnfroduce cathodic protection
1 as a system to prevent or retard the deterioration of metal structures
. , | due to corrosion. Show impreBsed current system trainer to students.
4 . . , -
4. ’Related Training 10
"~ ™1 5. Measurement Test and Tést Critique 1/0
A .
- Day 45 . .
! N .
6. !Course Critique and Graduation 1/0
C Day 45 : . .
. /
] [ ,
- e o 4
PLAN OF INSTRUCTION N0 A BR54230-1 oaté | May 1975 - l BLOZ" wo, ] PAGENO 40
L |
r :} " A
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LESSON PLAN ( Part |, Gonersl)

APPROV AL OF FICIAI ;/r /) | mstrucron
TCETC/zML

COURSE NUMBER

COURSE TITLE

R54230-1 ‘Electrician
BLOCK NUMBER SLOCK TITLE
I Conduit Wirin
LESSON TiITLE
Power Tools (Dgv 22) . 2
. LESSON DURATION
CLASSROOM/LABORATORY . COMPLEMENTARY * TOTAL
|3 Hrs 0 3 Hrs 5 -
p—y N N *P0OI REFERENCE :

PAGE NUMBER PAGE DATE PARAGRAPH B
22 1 May 75 2

N " STS/CTS REFERENCE
NUMBER

| 542X0, Changes1, 2.3, 4, and5

SUPERYISOR APPROVAL

oATe 20 Dec @94 Jan T2, 6 May 73
| 18 Apr 73, 2

eb 74, TNov 17 ’

SIGNATURE

OATE

SIGNATURE

OATE

PRECLASS PREPARATION

/

EQUIPMENT LOCATED
IN LABORATORY

EQUIPMENT
FROM SUPPLY

CLASSIFIZD MATERIAL

/
GRAPHIC AIDS| AND
UNCLASSIFIED MATERIAL

Portable Power
Drill '

Bench Grinder

Hand Tool Set

Projector, Over-
hegd

_None

None*

SG II-2;

WB II-2

Transparencies,.
Power Tools

[

CRITERION QBJECTIVES AND TEACHING STEPS

2a. Given tools and equipmént
using atwist bit and drill press.

(1), .Characteristics of a bench grinder
(2) Operating procedures
(3) Safety precautions

(1) Characteristics of 3 drill press
(2) Operating procedures
(3) Safety procedures for using a drill press

2b. Given tools and equipment, dress the edges and corners of a piece of metal
stock using a bench grinder.

» index and drill holés in a piece of stock metal

-




v .

T

-

=

LESSON PLAN (Pert |, Goneral) CONTINUATION SHEET

CRITERION OBJECTIVES AND TEACHING STEPS (Continued

portable drill.

-

(1) Characteristics of portable drills
" (2) Operating procedures e
(3) Safety precautions

-

.’

2c. Given tools and equipment drill holes in a pxece of stock meta} using a

¢

-

" - ! ]
*aTc o 7oA ) .2

I
(.

X



Course No:- 3ABR54230-1 "~ Branch Approval:
Day: 22 . : Date:

PARTH
mTRonupTIdN (5 Minutes)
N - B .

CHECK PREVIOUS DAY'S STUDY ASSIGNMENT:

REVIEW:

~

Review sub]ect matter covered in previous
day or individual'problem area.

-, = ATTENTION: -~ = -

&

OVERVIEW:

+*MOTIVATJON:




L e . " BOPY (2 Hours 45 Minutesy> |
-} . . N . . .
' PRESENTATION: : .

. 2a. Given tools and equipment, index and -
drill holes in a piece of stock metal " )
u.sing a,twist b1t a.nd drill press, o - ¢

' ‘

" : ‘ (1) Characteristics ‘ S, §

A ~

2 ¢

(2) Operating procedures S . . ) .

R
‘ )
.
.

L4 o

. (3) Sa.fet; procedures for using ) K - .
- - a-drill press » , . . v

- ' 2 >
’

. :
. PN . * 0 N

: ¢ - N ,

< ? A .

‘ ‘ . .
. .
° 2 ¢ N
. ) <, !
. !

2b. Given tools and eqmpment dress . N P
e the edges and corners of a piece of . o N ) ’e
° - metal stock, using a bench grinder. . . :

A}

v - P
>

’ (1) Characteristics of a hench
grinder

o e
A}
4 v ’

(2)0 Operating procédures E

i

- (3) Safety precautions




@
. , . . )

3c. Given tools and equipment, drill holes L~
: in.a piece of stock metal using a -

portable drill,

%

»

(1) Characteristics of portable drills

(2) Operating procedures ‘Y,

] _(3) Safety precautions

- <
4 .

>

APPLICATION: - ’ .

WB 3ABR54230-1-I0-2, Power Tools . .

EVALUATION:
. <
'Evaluate by oral, written questions, q
and/or observation of student's ’
performance during lesson. This .
" may be accomplished at any time during
lesson for increased effectiveness.
CONCLUSIQN (First thr- hHours Day 22)
SUMMARY: ’

Cover main‘points of lesson.
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LESSON PLAN ( Pert i, Gonul)

e R

INSTRUCTOR

COURSE NUMBER

BLOCK NUMBER

Il

COURSE TITLE

SLOCK TITLE

Conduit Wiring v

LESSON TITLE

Conduit Tools, Termmology and Material \(ﬁay 22)

LESSON DURATION

CLASSROOM/L ABORATORY COMPLEMENTARY TOTAL
3 Hrs 0 3 Hrs
POI REFERENCE
PAGE NUMBER i . PAGE DATE PARAGRARH
23 ) 1 May 75 3
STS/CTS REFERENCE
[omen oate 2 Dec 70 (14 Jan 713, 6 Mar 173,
| 542X0, Chan 2,3, 4, and5 18
’ SUPERVISOR APPROVY AL
SIGNATURE DATE SIGNATURE

¢ DATE

I

EQUIPMENT LOCATED °
IN LABORATORY

PRECLASS PREPARATION

EQUIPMENT

FROM SUPPLY CLASSI7I£D IAT!QIAL

GRAPHIC AIDS AND
UNCLASSIFIED MATERIAL

Conduit Tools
Trainer, Conduit
Demonstrator

Hand Tool Set

head

Projector, Ovefs

None -None

e, 4

SG n1-3; WBIII-3; |
National Electrical
Code; Transparen-
cies, Tools, Termi-
nology -and Material9

CRITERION OBJECTIVES ANO TEACHING STEPS

.‘/

tool.

da, vaen mformatxon pertaining to conduit tools, list the name and use of each

*
*

(1)
(2)
(3)
(4)
(5)

w

Hand tools -

Power tools -
Correct use of tools
Care of tools

Safety while ysing tools -

-

Conduit tgrms

)

db. Given mformation pertammg to condmt termmology, list the deﬁmtxon of
each term.

r onm

770

@)
a2y



LESSON PLAN (Pat I, Genorsl) CONTINUATION SHEET

- CRITERION OBJECTIVES AND TEACHING STEPS (Continued)

(2) NEC definitions - .-

. . b .
de. Given information pertaining to conduit materials, list the names and uses .
of the materials - '

4

(1) Types of materials
(2) Uses of materials

4

ATC 0%, TIOA °




[N
-

Course No: 3ABR54230-1 Branch Approval:
Daj: 22+ * * T Date:

<=

. - PART II &

- INTRCDUCTION (5 Minutes) -

Ay TENTION:




L]
LN

. : *BODY {2 Hours 45 Minutes)

i

PRESENTATION:. .~ . -

3a. Given infornfation pertaining to
conduit lools, list the-name and
use of each tool. » e

RN
-

\J

(1) Hand tools

{’ower tools
- ay,

7

.

Correct %se of tools

»
"\

Care of tools

‘e

Safety while using tools

Given information pertaining to
conduit terminology, list the
definition of each term,

‘. -

3

(1) Conduit terms - g " ...
“

L

(2) NEC definitions

L

.




)

- . PR

Jc. Given information pertaining to
) conduit materials, list the ndime

and use of the materials. L

)

(2) .

=

- B ?

Types of materials S .

N P
ca

.
E3 , [} a

Uses pf ‘materials

v

APPLICATION: . e

3

WB 3ABR34230-1-11-3, Conduit Tools, ‘ .
Termmology and \/Iatermls

% N ¢

EVALUA Z‘ION: T

Evaluate by oral. writlen questigns,
and/or observation of student's .
performance curin_ lesson.: This may

be accomplisned at any time duaring RS

lesson for increased effectiveness,

Y

CONCLUSION (Day 22, 10 minutes)

»

SUMMARY: : . ‘ LR

) -

ks

STUDY ASSIGNMENT: .

SG 3ABR54230-1-II-4, Conduif Wiring

$ .. . .

¢ [

g

“Mb,}q
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. LESSON PLAN ( Part I, General)

ARPROVAL OFF| | INSTRUCTOR ' -
TCETcLM?“W

COURSE NU L LLL] COURSE TITL;

3ABR5423O 1~ Electrician

BLOCK NUMBER ‘ lLOCK TITLE

o ’ Conduit Wirmg

LESSON 7T K

{_Conduit Wiring (Davys 23 thry 27)
: LESSON DURATION

CL AssROOM/L ABORA TORY COMPLEMENTARY . TOTAL

30 Hrs : ‘"8Hrs 38 Hrs

* PO! REFERENCE

PAGE NUMBER N PAGE DATE . PARAGRAPH

‘24 'l 1May 7 . "4

* STS/CTS REFERENCE

NUMBER ¢

°*ve 30 Dec T0(14 Jan 72, 6 Mar 73,
542X0, Changes 1. 2. 3. 4..and § 18 Apr 73. 25 (h okl 7 Nov 14

SUPERVISOR APPROY AL

SIGNATURE . DATE b, SIGNATURE DATE

PRECLASS PREPARATION !

EQUIPMENT LOCATED ' EQuIsMENT ~ GRAPHIC AIDS AND
IN LABORAT ORY FROM SUPRLY | CLASSIFIED MATERIAL UNCL ASSIFIED MATERIAL

’ 4 S(A;TII;IA E £C1r’l: c: Co
it- - NAL EL 1 CAL DE
Conduit- Toals None Nonc NATIonat EeEcTRICAL Cooe
. Hand Tool Set " : . AND BLUEPRINT READING

. * TRANSPARENCIES, SwiTcH
-‘Vise,- Pipe ~ INSTALLAT {ON

Pro;ector Over- TRANSPARENCIES, CoNOUIT
head . : . . WirtNG -

CRITERION OBJECTIVES AND TEACHING STEPS

4a. Given information /pgntfa'imng to condmt complete statements-in accordance

with NEC specxfx}mns.

(1) Installation requlrements ’

Artlcle 215
Article 346
Article 348
Article 350

Forming cc;nduit

(a) | Types of bends

ATC [ 170




- ) <
< . .
-~ . . . . *

y -
L]
LESSON PLAN (Pert |, Generel) CONTINUATION SHEET \__/

CRITERION OBJECTIVES AND TEACHING STEPS (Continued
(b) How to bend

[

4b. Givena of 1/2" rigid conduit, necessary tools, and equipment,. cut,
ream, thread, andbend.the conduit to NEC specifications.

(1) Cutting - 3
(2) Reaming,
(3) Threading

 4c. "Given a length of l/Z'QEMT necessary tools and equipment, cut, ream, and
bend the conduit to NEC specmcahons . \

(1) Cutting
(2) Reaming
A (3) Threading

4d. Provided a booth area, hand tools and a ﬁng drawmg, ingtal] a single-
. phase, 120/240 volt conduit service'entrance and grounded panel board according
to the NEC specmpatxons - .

(1) Forming conduit

(2) Panel installations
" (3) Feeder conductors

(4) NEC requirements

4e. Provideda work area and necessary tools and eqmpment install a ceiling
light, single pole switch and duplex outlet in 1/2" EMT according to NEC

specifications
. <

(1) Installation methods < ' S
(2) Clrcmtry ' ) 0 L ‘.

4. Provided awork area, necessary tools and equipment, install a ceiling light
controlied by two three-way switches according to NEC 'specifications.
(1) Purpose of three-way switches . . - °

(2) Operation of three-way switches

3) Circultry

. s
= " [

4g. : Provid necessary tools and equipment and using the previously installed

three-way switch system, add a four-way switch to control the light from three

locations according to NEC spemﬁcahons ) ~t
(1) Purpose of four-way switches

- .. {2) Operation of four-way sthches e
(3) Clreultry .

" ATC fOMM  pgp 2

Aug . . i -
B . - . —-— ia N
o . - o)
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LESSON PLAN (Part I, General) CONTINUATION SHEET

CRITERION OBJECTIVES AND TEACHING STEPS (Continued)

4h. Given a length of 3/4" EMT, a fused disconnect, tools and the necessdry-
equipment ;+install conduit and feeder conductors between main panel and

disconnect to meet NEC specifications. - -
. (1) . Purpose . . *
(2) Circuitry . .

4i. Provided a work area, necessary tools and equipment, install a 220 volt
receptacle in 3/4" EMT according to NEC specifications.

—

-

(1) Purpose
(2) Circuitry

W GPO: 1972 778 306/24
FQRM Y
AUG 72 770A




Course No: '3ABR54230-1 Branch Aﬁproval:
Days: 23, 24, 25, 26 and 27 _Date:

PART II
INTRODUCTION (5 Minutes)

CHECK PREVIOUS DAY'S STUDY ASSIGNMENT:

e

-t

REVIEW:
ATTENTION:"
OVERVIEW: «

MOTIVATION: -

oy




BODY (24 Hours 45 Minules)
PRESENTATION:
4a. Given information pertaining to

conduit, com.glgte statements in
accordance with NEC specifications;

LN

(i) Installation requirements'

-

(a) Article 215

(b) Arm-\e 346

.
<

(¢) Article 348

(d) Article 350
(2) Formmg-conding‘
(2)  Types ol bends

k]

(%) How (o bend




b, Given a length of 1/2" rigid conduit,
necessary tools and equip)ﬂ'ent, cut
ream, thread, and vend the conduit '
- to NEC specifications.

.

(1) Cutting

(2) Reéming

(3) Threadin¢

APPLICATION:
4 WB 3ABR54230-1-I0-4, Conduit Wiring
Projects 1 and 2 .
. )
. CONC LUSION (Day 23)
SUMMARY: * ' '

.
4 : . = >

STUDY ASSIGNMENT: -

b

SG 3ABR54230-1-I0-4, Conduit Wiring

4




*

INTRODUCTION (Day 24)

CHECK PREVIOUS DAY'S STUDY ASSIGNMENT

REVIEW:

OVERVIEW:

MOTIVATION:

PRESENTATION:
4c. Given a length of 1/2" EMT, R ) “
. necessary tools and equipment, -

cut, ream, and bend the conduit
to NEC specifications.

(1) Cutting

(2 teaming

(3) Bending




4d. Provided a booth ‘:ufa., hand tools,
s . and a working drawing, install
' - single-phase, 120/240 volt conduit
service entrance and grounded
- panelboard according to the NEC
. ¢ Specifications.

D

- (1) Forming conduit ‘

' (2) * Panel installation

N\

(3) Feeder conductors . .

(4) " NEC requirements . N

® / )

»

APPLICATION: ,

-

WB 3ABR54230-1-II-4, Conduit Wiring
' . Projects 3 and 4 (EMT FOrmmg and \ :
Service Entra.nce) , . .

P e _
- CONC LUSION (Day 24)

~" " STUDY ASSIGNMENT:,

,"*\~~SG3ABR54230 1- m-4 Condmt W1r1ng
(Condmt Insta:uatmns) -

>




-»

INTRODUCTION (Day 25)

- CHECK PREVIOUS DAY'S STUDY ASSIGNMENT * .

.REVIEW:

¢

OVERVIEW: . <L

aﬁi‘. . .o
o/

P
/ 3

MOTIVATION: _ |

PRESENTATION:‘] : :
" 4e. .Provided a‘work aréa and necessary
toolfljaiid equipment, ‘install a
. ceiling light,* single pole switch and
" - duplex putlet ia.1/2" EMT
. according to NEC specifications.
e

" (1) Ins tal}at{dn -rr'xethpds 3

"
4 .~
3 3
~
”~ ° v )
¢ . R
*a ' ‘ / .
N .
’ H 3 * .
(2) Circuitry " -
- . ".
L - 4
R M . . " u
. - . . -
4 .
.
e . o
‘ . * N % . :.
» . -
- ” 5 N P
* *
. \\ ' 7
¢ % .
' ,
. - e
N -~ PN - N .
N - " N
.0
- <
. —
. .
‘- D s
- Lo . o et 3
. Y .
- .
. N » v
. K -
. * 1 e .
4 -
W ’

-




R : « { N EIPN }“
. APPLICATION: : : . ‘ :
¢ ° - . .
WB 3ABR54230 1-11-4, Condnlt Wu‘ing, . S
Project 5 > - .
A} i » « q
- S , o - .
. - T CONCLUSION (Bay 25) ,
| SUMMARY o : . . ‘
, o - _' & . - ‘
. : N o L ) 0 .
. N '\" .
a ALY \ R * \,L ’. R
STUDY ASSIGNMENT: "~ - . L ~
' . SG 3ABR54230-1-II-4, Conduit Wiring -~ - ° :
'» . \ s _ Y - . " T ) S
<, . i N e . ,
’ S INI‘RODUCTION (Day 26) L " T .
. .. THECK PREVIOU,,S DAY'S STUDY ASSIGNMENT . ' 3
. - : " -~ ‘3- ' L ®
REVIEW . ) i
v' - « - / )
N e * . ‘ " . » N
- L . . - . . . ' '/ .
S . ' - »‘.f Fy 3 i B
/ OVERVIEW: '~ o | b2 , i
N y * y . - . . ,.-- o .
#ﬁ,m ] ) .,',‘ e . . . ‘ .
- N - a - 1
p— \ . /_
MOTIVATION : : ; _ i
° , (n ) N ’ , ) ‘/
’ ‘ ., . .
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PRESENTATION: N

. 4f, Provided a work dr€a, necessury
‘tools'and equipment, insfalla ¢

* “ceiling light controlled by two
_three-way. switches acgording to

. NEC specifications, - . ¢

v

]
t

(1)\ Pu;'pose of 'three-way switches

.\‘ ES -
(2). Operation of three-way switches

(3) Circuitry *-

2

-

APPLICATION: ° .

~ WB 3ABRS54230-1-I0-4, Conduit Wiring,
Project 6

CONC LUSION (Day 26)
SUMMARY:

STUDY ASSIGNMENT:

SG 3ABR54230-1, Conduit Wiring
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INTRODUC TION (Day 27)

CHECK PREVIOUS DAY'S STUDY ASSIGNMENT

‘REVIEW:
OVERVIEW:

MOTIVATION:

~

PRESENTATION:

4g. Provided necessary tools and
equipment, &nd using the previously
installed three-way switch system,
add a four-way switch to control the
light from three locations
according to NEC specifications.~

-

(1) Purpose of four-way Switches

- (2) Opération of four-way switches

(3) Circuitry

o




B
.

4h. Given a length of 3/4" EMT{ a fused
. disconnect, tools and the necessary
equipment, install conduit and feeder
conductors between main panel and
disconnect to meet-NEC specifications, -

[ {

5
.

-~

(1) Purpose ‘ T

(2) Circuitry - .

’

4i. Provided a work area, necessary
~—~—t0o]s and equipment; In3tall a 220 -
volt receptacle in 3/4'" EMT T e .
‘according to NEC specifications.
N . Ie
(1)° ‘Pu_rpose ) ‘

- ¥

:(2) C ircui}rx

-~

APPLICATION;

" WB 3ABR54230-1-III-4, Conduit Wiring,
Projects. 7,8, and §’ -
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1

v
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ﬂ EVALUATION: i A ’
Evaluate by oral, written qyestions; )
5 . and/qr observation of student's e e . 3 >
- performance during lesson. This may . - . .
: be accomplished at any time during . } -
. - lesson for increased effectiveness, . .
' ~ CONCLUSION (10 Minutes)
- -, b . i %,
SUMMARY: )
- , | '
. \-
' REMOTIVATION: ‘ . - )
STUDY ASSIGNMENT: ‘
SG 3ABR54230-1-III-5,. Circuit Extensions ) P ' N
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L. . " ' ’ ) ¢ " a ‘ * (r \
- « ‘ 2
. ) . - ) [« % e t r )
- . [ 4 r ) ’ ‘"7 | n
- » 7 ) ‘ . -~
¢ ! e 3 ' o P - ‘
:i‘ i ~ , , i ¢ K . 1]
PR X " i 12 , )
. s ' - ) i\ ’ /;
1' , . ! "\;
° . ° Q 4 - & ﬂ)" ) ‘
- 4 . N , , u‘:) . ) ~ o .y
+ iy b L . ) '. ) \;' \ ’ ) N\
‘B s 2y “




LESSON PLAN ( Pan I, Generel)

APPROVAL OFFIC [& - | INSTRUCTOR N /-
TC_ETC/ZQW“ <1

$
COURSE NUMBER COURSE TITLY

3ABR54230-1 - Flectri'cian

SLOCK NUMBER 8LOCK TITLE

11 ' Conduit Wiring

LESSON TiTLE

Circuit Extensions (Day 28) .

LESSON DURATION
CLASSROOM/LABORATORY i COMPLEMENTARY TOTAL

| 3 Hrs 1 Hr 4 Hrs
POI REFERENCE >
PARAGRA‘Ph

PAGE NUMBER PAGE DATE

25 . : ‘1 May 5 5 o

. STS/CTS REFERENCE
NUMSBER

542X0, Changes 1, 2, 3,4, and5 18 Apt 5. 95 teb 1A, Provdg "
. SUPERVISOR APPROVAL i
DATE SIGNATURE DATE

SIGNATURE

¢

PRECLASS PREPARATION

EQUIPMENT LOCATED ) EQUIPMENT 2 . GRAPHIC AIDS ANO
IN LABORAT ORY FROM SUPBLY CLASSIFIED MATERIAL UNCLASSIFIED uArtth

Hand Tool Set Multimeter,” Clamp-| None Sl min.s
. « ]
Frowsor, Over- | onType AN/USM- st ian S

TRANSRARENCIES, CIRCUIT,
) : EXTENS kON - :

SN\ CRITERION OBJECTIVES AND TEACHING STEPS

5a, - Given circuit extension’information and a list 'of problems, find the answer
to each problem. . b '

(1) &‘xpes of circuit extensions
+» , (2) Purpose of circuit extensions

"5b. Provided a work area, necegsa.r'y tools and equipment, install a circuit in
surface metal raceway. from an existing outlet-according to NEC specifications.

. (1) Purpose _ \ -~
\ (2)" Selettion | '
(3) Fittings
(4) Installation
* (5). Circuitry

$

T ronu
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"LESSON PLAN (Pert |, Gonoral) CONTINUATION SHEET
CRITERION OB8JECTIVES ANO TEACHING STEPS (Continued . -
5¢c. Using previously installed circuits and meter, balance circuits according
to NEC specifications - .
{ . z
(1) Purpose 3 )
(2) Proper procedures -
(3)- NEC requirements . .
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.~ Course No: 3ABR54230-1 Branch Approval:
4 Day: 28 - ~ L, Date:

S ‘. _ PART O

' INTRODUCTION {5 Minutes)
.CHEC“K PREVIOUS DAY'S STUDY ASSIGNMENT

" REVIEW: . \

- . N -

. D 9
° :
k 1Y X N

- , '

\

3

! ]
: g
1}

’ y
\

N
-
A}
Y
*
-~
.-
N
M"
-
¢
[
»
e
"
<o
v
7
\' ;
L]
.
\
; -
-
”
-
.
Eo




-

PRESEN ATION: e
5a. Given circuit extension information and
a list of problems, find the answer for
each problem.
(1) Types of circuit extensions -t
\
() Purpose of circuit extensions )
5b. Provided a work area, necessary '
tools 'and equipment, install a- .
circuit in surface metal raceway .
. from an existing outlet according to’
.. NEC specifications. , - '
( S LTl
. 1) -Purpose ’ A R
‘% o v u.l’}i ‘ ‘ . fv
' (2) -Selection | ' N ¢
. . N ¢ 3 ' qv
(3) Fittings , - S

BODY ( 2 Hours 45 Minutes)

. . .
. : i et -
7 s ® § a.ﬂg 4

* . 14) Installation .

- * . i’ ‘;“
. . ) '\ My .
(5) Circuitry- : . ‘*’n
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S5c¢. Using previously‘installe}i circuits .
and meter, halance circuits ‘
"according to NEC specifications, i o

"(1) Purpose

i
s B .
P

.
. ‘" -

. (2) Proper;procedures - .

&,
1

.

' -t . A4

. T : . : . , ‘ . |
' (3) NEC requirements - - | . 4 .

s °

- APPLICATION: =

. “WB 3ABR54230-1-II-5, Circuit Extensions ..
. - Projécts 1, 2and 3 - . L , :
' . . I' . . . ] L} ~ ! . };\' .

7.
»

o~y

.

¢ EVALUATON: ¢ . & f .

bz Evaluate by oral, written questions, - .-

and/or observation of student's ' o
performance during lesson. #This may . ' : o,
be atcomplished at any time during . C .
lesgon for increased effectiveness. .

. .
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SUMMARY:

REMOTIVATION:

- O
T

»

STUDY ASSIGNMENT:
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E LESSON PLAN ( Part |, General)

e L

INSTRUCTOR

SOURSE NUMBER

COURSE TITLE -

3ABR54230-1 Electrician
BLOCK NUMSER R BLOCK TITLE *
Ik Conduit Wiring

"L ESSON T TLE

Low Voltage Circuits (Day 28)

LESSON QURATION . e -
Ce Assnooyiy‘monnonv - COMPLEMENTARY TOTAL
2 Hrs 1 Hr 3 Hrs b
PO! REFERENCE : .
PAGE NUMBER PAGE DATE . t . PARAGRAPH N
‘26 1 May 75 6 ; .
STS/CTS REFERENCE v : .-
NUMBER , OATE 9 c 4 Jan7 Mar .73 ,
5420 s1,2°3, 4, 20d5 18 AprC B e NovAR)S
. . ° SUPERYISOR APPROYAL
. SIGNATURE DATE SIGNATURE DATE

.
————— el ¢ ret Ak b

—p

PRECLASS PREPARATION

EQUIPMENT LOCATED
IN LABORATORY

EQUIPMENT' ¢,
FROM SUPPLY ’

CLASSIZIED MATERIAL.

GRAPHIC AIDS AND
UNCLASSIFIED MATERIAL

Hand Tool Set
Projector, Over-
head
e

2

None

None :

N SG J11.6: WB 1146

' NATIONAL ELECTRICAL Coue

NATIONAL . ELECTRICAL CoOt
ANO BLUEPRINT READING

TRANSPARENCIES, INSTALLA -
TION OF LOW VOLTAGE
CIRCUITS

CRITERION OBJECTIVES ANO TEACHING STEPS

6a. Pmnded a work area, tools and necessary equxpment install a low-voltage
circuit dccarding to?XNEC specmcahons. .-
(1) Purpose and use of low-voltage circuits
(2) Components used in low- voltage circuits
.(3) NEC requxrements . . .
LI A
ATC 19— 1m0 - , £ :

x




Course No; '3ABR54230-1 - : Branch Approval:
Day: 28 » Date:

.

PART II'- .
INTRODUC TION (5 Mmutes)

CHEC K PREVIOUS DAY'S.STUDY ASSIGNME’N\T

+o REVIEW

L

ATTENTION:

- OVERVIEW: -

- MOTIVATION:

"
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p’RESEN'rA'rION:
6a. Prowded a work area tools and
« necessary eqmpment installa ,

Iow voltage circuit.dccording to '
. NEC specifications.
’ ' s

/' .‘
o

i t o\ *

-

8 (1) pose and use of low voltage
*‘ cirduits - -

.

. L
>

[N

(2) ~ Components used in low
vo%z: circuits

(3) NEC requirements.' .

) X -

APPLICATION ' - |

+ »

. .

EVALUA TION:
Evaluate by oral, written questlons
and/or observation of student's )

performance during lesson. This may
be accomplished at any time dunng lesson
for increased effectiveness.
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LESSON PL AN (Partl, G«md)

" W - | | ,

COURSE NUMBER COURSE TIT\E

4230-1 - Electrici

\ BLOCK NUMBER SLOCK TITLE

it} ) Conduit Wiring ' .

LESSON TifLE

. Troubleshooting Conduit ercmts (Dayg.28 thru 30)

LESSON DURATION =
CLASSROOM/LABORATORY Y COMPLEMENTARY TOTAL B
‘8 Hrs . 2Hrs - 1', 10 Hrs
POI REF ERENCE: :
PAGE NUMBER . PAGE DATE ) * PARAGRAPH '
| 28 . liMay s 7 '
g 'STS/CTS REFERENCE
NUMBER - _Jorael Dec.AU (14 Jhn T2, © Mar (3,
¢ | 542%0, Changes1, 2,3, 4 and5 . |18 A_gi_g__Q_Feb 74, %Nov T4)
% - SUPERVISOR APPROVAL P
- SIGNATURE - DATE SIGNATURE . DATE
- [ ' ’ e
l R Pl A %
o \
PRECLASS PREPARATION
EQUIPMENT LOCATED , EQUIPMENT GRAPHIC AIDS AND
. IN LARORATORY FrOM SUPPLY " CLASPIED MATRRIAL | 0 kgsirre0 MATERIAL
- . s . SG 11174 "WB |11.7
Trainer, Conduit Multimeter None i e ren cooe
T roubleshooting T NATIONAL BLECTRICAL Cog:
1, - e AND BLUEPRINT READING *
Test Board . . 5 TRANSPARENCIES. TROUBLE.
Hand Tool Set i ., SHOOTING
Projector,-Over - ;
head® / \
. ‘ © CRITERION OBJECTIVES AND TEACHING STEPS "

7a.| Provided a multimeter and mstrucgions/ﬁ-oubleshoot an energ‘xzed (120/ 240
yolt) circuit to locate troubles inserted in the circuit by the instructor.

) . [ ]
‘(1) Types of circuit troubles
(2) Test equipment ~
(3) Methods and procedures for troubleshooting

é

T™. Provided a multimeter and instructions, troubleshobt a de-energiz:éd
electrical. circuit to locate troubles inserted by the instructor.
. . | 4 (.

~ [

(1) Types of circuit troubles )
(2) 'Test equipment -
. (3) Methods and procedures for troubleshooting
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t * - : ' <« ’ J . ‘ %
T usﬁfj PLAN (Port 1, Gonerel) CONTINUATION SHEET -
CRITERION OBJECTIVES AND TEACHING STEPS (Continied) KN

el

7c.  Using tools and ipstructions provided, ‘disconnect electrical c cireuits,
sort materials and store in designated storage facilities.
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Course No: 2ADR54230-1 o Brunch Approval:,
Days: 28, 29 and 30 °~ . + ' Dale;

FALRTII S

INTRODUCTION (5 Minutes) . L

y
o CHECK PREVIOUS DAY'S STUDY AUSIGNMENT: - : :
NP - . . Y
- ‘ ‘
. REVIEW: ..
! . - . ) ) ‘
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ATTENTION: s .
[ N . . .
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OVERVIEW: L L )
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/ 4
| Y.,
’ . ‘ .
- BODY (7 Hours 45 Minutes)
PRESENTATION: * - .

%

7a. Provided a multimeter and )
- instructions, troubleshoot an ' .
energized (120/240 volt) circuit '
- to locate troubles inserted in the
" circuit by the instructor.

.
0 . $e N

) (1) sTypes of circuit troubles / N
\ CONCLUSION (Day 28)
. SUMMARY: a |
. . - . N4
STUDY ASSIGNMENT: : v & : . ‘
.- : J . - d
SG 3ABR54230-1-01-7, Troupleshooting , ’ e
Conduit Circuits : ) : :
! . ' INTRODUC LION (Dhy 29) T ' ‘
4, GBECK PREVIQUS DAY'S STUDY ASSIGNMENT o . *
* REVIEW: } cyo LT Lo ; '
- ‘at ’ ’?
' . 3 J~ M 3 5 ;
4 . 4 e .
9% | |
“ T3 ’ ¢ . ° ¢ l i::
: ’ .;/ ‘ 2 . 2 . :es
s " . J v o e . i




y . N
3 A
. OVERVIEW: Co ~ ) . . .
MOTIVATION: ¢ Co X

. . . ' -, N !
PRESENTATION: ' , .

7a. (Continued) ’

rd . ’
(2) Test equipment

° ) & 7 ?

. (3) Methods and proé'edures n
for troubleshooting

7b. Provided a multinieter and ) . .

instructions, trouvleshoot a ' a !

_ deenergized electrical circuit B

- to locate troubles inserted by
. ° the instructor, -’

\
i

o

(1) Types of circuit troubles

I

(2) Test equipment

(3) Methods and 1)1‘o<fedures for. » . . e
troubleshooting \ : ' '




7c. Using tools and instructions previded,
disconnect electrical circuits, sort - -
materials and store in designated
~ storage facilities.

APPLICA TION;
WB SABR54230-1-TI-7, Troubleshooting
Conduit Circdits, Projecis } and 2.

(and part of .3)

CONC.LUSION (bay 29)

SUMMARY:

\

TUDY ASSIGNMENT:

SG 3ABR54230~1-I11-8, Appliance
Maintenance ot

[

h INTRODUCTION (Day 3Q) «

CHECK PREVIOUS DAY'S STUDY ASSIGNMENT:

REVIEW: ~ s

. ..
I3

7
a-//
1
-
b ]




- PRESENTATICN: : o .

. 3
’ Tc. (Continued {rom Day 29)
APPLICAPION:
Complete WB 3ABR54230-1-0I-7, Trouble-
X shooting Conduit Circuits, Project 3 N .
CONCLUSICN (Unit 7) L ' -
. SUMMARY: - : o
. ¢ , .
- . ’
- i’,‘ - e
. ) * . j ) W ;
© - . - - ’
» \ *
: Q « ’ - i ’ - _' ..
ERIC ) . co
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LESSON PL AN ( Partd, Generel)

APPROVAL ATE

T 29

INSTRUCTOR, -

COURSE NUMBER

3ABR54230-1

COURSE TITLE

Electrician

BLOCK NUMBER

.

BLOCK TITLE

Conduit Wiring

LESSON TITLE

Appliance Mamtenance (Day 30)

LESSON DURATION

, C{AQSSROO“/LABORAY&RY COMPLEMENTARY TOT AL
3 Hrs 2 Hrs 5 Hrs
PO! REF ERENCE
PAGE NUMBER PAGE DATE PARAGRAPH
29 1 May 75 8 .
R $TS/CTS REFRERENCE
NUMBER Toare 2 Dec 10 (14 Jan 12, b Mar 73,
542X0, Changes 1, 2, 3, 4, and 5 18 Apr 73, 25 Feb T4, 7 Nov 74)
. \ SUPERVISOR APPROVAL
SIGNATURE - DATE SIGNATURE DATE

[

N - A

T
' - R
- ® -
- 3 -

PRECLASS PREPARATION

EQUIPMENT LLOCATED
IN LABORATORY

EQUIPMENT

, GRAPHIC AIDS AND ’
FROM SUPPLY

CLASSIFIED MATERIAL UNCLASSIFIED MATERIAL

i i - SG I111.8: WB 1118
- Trainer, Electri - None NODQ NATIONAL ELECTRICAL COOE
cal Components : NATIONA{ ELECTRICAL CODE
. - AND BLUEPRINT READING
Projector, Over- N TRANSPARENCIES . ApeL 1 ANCES

head " .

Y

r

CRITERION OBJECTIVES AND TEACHING STEPS

_8a. Given information pertaining to appuance maintenance, list the correct
solution to each probleni,

— (1> Types of appliances )

’ ’ - (2) Appliance components , .
R (3) Installation requirements .o .

- ) (4) Troubleshooting appliances ‘




Course No: 3ABR54230-1 Branch Approval:
Day 30 Date:

PART II
INTRODUC TION (5 Minutes)

REVIEW PREVIOUS.DAY'S STUDY' ASSIGNMENT:

REVIEW:

" ATTENTION:

<

X

OVERVIEW:

S

MOTIVATION:




BODY (2 Hours 45 Minutés) -
PRESENTATION: ©- | : .

. ‘4 . I
8a. Given information pertaining to
appliance maintenance, list the
correct solution to each problem.

(1) Types of appliances | o

(2) Appliance compenents
+ (3) Installation requirements’ _ %

(4) _ Tx:oubleshooting appliances

f N ' - <
. . .

APPLICATION: o T

WB 3ABR54230-1-1I-8, Appliance
_ Maintenance

’ EVALUATION: - K . ’ L
: )
Evaluate by oral, written questions, . . ,
and/or observation of student's . g "
, performance during lesson. This- ‘ o . ‘Y
may be accomplished at any time during - S ' ST
lessen for increased effectiveness -

v
+

.




: CONCLUSION (10 Minutes) . s

SUMMARY: .
REMOTIVATION: .
STUDY ASSIGNMENT: None.’
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. T
- . ‘ LESSON PLAN ( Part |, Gesieral) . :

. -
APPROV AL OF W 22 < INSTRUCTOR ’
TCETC/2 s v N
COURSE NUMBER . CDUR$I TITLE
3ABR54230-1 Flegtrigg —— .- .

BLOCK NJUMBER “1 acoek TiTee
IV : *Motors and’ Controls N
{.ESSON TITLE L e N
Three-Phase Motor Systems Da 33, -and 34) i
& _CESSON DURATION —_
CLgSsRoou/LAeoanoav © ComhtEMENTARY TOTAL )
24 Hrs 8 Hrs - 32 Hrs .
’ POl REFERENCE —_—
PAGE NUMBER * PAGE DATE PARAGRARH B
31 ¥ 1 May 75 11 -
< $TS/CTS REAERENCE
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. CRITERION OBJECTIVES AND TEACHING STEPS N ;

) . .
la, Given the required information, select the equipmsant necessary\,o installa } .
three~phase mgfor to power so the mstallatxon will meet N andrmanuf'acua‘rer S }
specifications. . ‘ ) o ’ i .

iy N . . - H
' . N . / { ]
) (1) ~ Setect a three-phase motor . ’ W . . y
v - . ‘ !
(a) Types of motors _ ;
(b)  Motor components R ;
(¢) Theory of operation ° s . ) i
. ¢ 1 v
¢ 9 A ﬂ - ‘ ¢
(2) Wire size and type , . !
(3) Type and size of conduit o ) ) ' 1
(4) Mechanical connection to load - . - ; -
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iy LESSON PLAN (Peet |, Generel) CONTINUATION SHEET

CRIT!RION OBJECTIVES AND TEACHING STEPS (Centinved) )

1b. Usmg a three-phase motor trainer and previously selected equnpment
"install and operate a three-phase motor on high voltage. Installation must meet
NEC and manufacturer s specifications.

1) Interpret wiring diagrams
Identify motor leads

() WYE
(b) DELTA

Installation of leads
NEC specifications
. Manufacturer's speclflcatlons
le. Using a three-phase motor trainer and previously selected equipment,’
connect and operate a three-phase motor on low voltage. Instaliation must meet
NEC and manufacturer's specifications. ‘ '

) Interpret wiring diagrams
) Identify motor.leads
NEC specifications l
) Manufacturer's specifications ¢

1d. Using a three-phase motor trainer with previously installed three-phase
* motor, change power leads to reverse the direction oftrotation to meet NEC and
manufacturer ] spec1f1cat10ns. .

i Interpret wiring diagram
2) -Identify motor leads

3) Select leads for reversing
4) NEC specifications

5

Manufacturer's specifications s

N

le. Using a-three-phase motor trainer, select an adequate motor overload
protective device in accordance with the NEC, motor data plate and manufacturer’

specxflcatlox) 8. ‘ -

)

"'Types of controllers
Types of overload devices
Overload selection
Overload adjustments
Interpret wiring diagrams

4
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LESSON PLAN (Pert ] c«-.f.» CONTINUATION SHEET . -

=

CWITERION QBJECTIVES ,\uo TEACHING STEPS (Continved)

1f. Using a three-phase motor trainer, install a start/ stop statxon to a three-
phase magnetic controller to ‘contral a three -phase motor Installatun must meet
NEC and manufactumr s specxiicatxons . ;

(1) Interpret wiring dxagram ’ . .
(2) Across the line magnetit controllers _ '
(3) Switch design o

-

(4) Switch installation . .

(3) NEC specifications . .
(6) Manufacturer s specifjcations . .

lg. Using a three-phase motor trainer, 1nsta11 two start/stop stat1ons to a
three- phase ‘magnetic controller to control a three-phase’ motor Installation
must meet NEC and manufacturer's specmcanons. ‘
.(1) -Interpret wiring diagram . R .
.(2) Multi-switch installation ) '
(3) NEC specificatigns
-(4) Manuafacturer's' specmcatxons

1h. ‘Using a three-phase motor tra1ner, install a thermostatic control to a three-
phase.magnetic controller to control the operation of a three-phase motor.
,lnstallatxon must meet NEC and manufacturer s specmcatlons

1) Interpret wiring diagram - |
2) Thermostat control design ‘ -
3) Other related controls - , L

4) - Thermostat installation

5) NEC specifications

6) Manufacturer's specificat;ons

1i. Using‘a three-phase motor trainer, ‘install a reversing start/stop station
and a magnetic controller to control the dxrectxon of rotation of a three-phase
motor in accordance.with NEC and manufacturer's specxfxcatxons.

(1) Interpret wiripng diagram

(2) Reversing magnetic controllers
(3) Reversing start/stop station

(4) System installation

{5) NEC specifications

(6) Manufacturer’s specifications
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/ o |BODY (23 Hours 45 Minutes)

v

PRES ENTATION

1la, G1ven the required information,.
select the equipment necessary
to install a three phase motor to 7
power to meet NEC and manufacturer S-
specifications. : ‘

-

" (1) - Select a three phase motor .

. (a) 'i‘yp‘es of motors -

1 AC
o 2 DC
-
3 Universal
1
’ o 1 Types AC
a1 :
AN y .
o N *
b 3 -
A |
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" ) é_ Type 3 G@
- a Sychrenpus :
. ' t_> Induction
s 6 Motor data plates
_A{b) Motor components "
@ , . L '
1 Stator
~ ) -« . - ot
. ( ' 2 Rotor
3 End bells
¢ (¢) Theoxiy of operation

e
1 D)efine a motor

3

3" 'I‘yp%s of induction
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[

. 3 Rotating magnetic field

4 -Squirrél cage’rotor

)

Reversing motor ., .

Yy

(2) Wire size and types‘ °

' (3) Type and size conduit

!

[y

)(4) Mechanical connection to load

rs

-

®

APPLICATION: |

WB 3ABR54230-1-IVZ1, Three Phase
Motor System, Project 1,2, and 3

©

a

SUMMARY:

Cover main point$ of lesson.- -

.

STUDY ASSIGNMENT:

SG 3ABR54230-1-IV-1, Three Phase
Motor Systems ° . ’

¥

SO ~ CONCLUSION (Day 31)




INTIRODUCTION (Day 32)

CHECK PREVIOUS DAY'S STUDY ASSIGNMENT:

~

" REVIEW:

OVERVIEW: =~ - : (” -

. |
MOTIVATION: '

v

PRESENTATION: ;o

1b. Using a three phase motor trainer - -
and previously selected equipment, ' .

- ingfall and operate a three phase - . - .
motor on high voltage, Installation -
must meet NEC and manufacturer's . \
specifications, ’ A ‘

(1) Interpret wirine diagrams

(2). Identify motor leads

’




® ~

9. . ) .
(a) vae . ' o - ' .
.o (b) Delta . v o ‘ S

4 .

/ ~ —~

(3) Installation of leads

) . . P » - .

(4), NEC specifications

< . N . ~
-

« ° S
)

(5) Mzﬂmufa’cturer"s specifications

r. Using a three phase motor trainer ‘
and previously selected equipment, :
connect and operate a three phase .
* - motor on low voltage. Installation
must meet NEC and manufacturer's , .
specifications. 3

%4

(1) Interpret wiring diagramé ‘

(3) NEC specifications

/ - e ~

a .

(45 Manufacturer's specifications




1

- 1d. Using a three phase motor trainer

' with previously installed three phase
.7 molor, chinge power leads to

* reversé the direction of rotation to

meet NEC and manufacturer's g -
.specifications. 4

i . . l.- - I -
'(1) Interpret wiring diagrams K

.
.
- o

' (2) Identify motor.leads ; " .

Mo . - :
% . . |
. - |

.

(3) Select leads for reversing

. -~

“z,

(4') "NEC specifications '
. ] ) :

\
\

-~
hd [N » . ‘
|
\

. . M

" (5) Manufacturer's specifications

, !

le, Using a three phase motor trainer, . =
select an ddequate motor everload )
protective device IAW the NEC, ' '
2 " motor data plate and mhnufacturer's
specifications. .

(1) Types of ¢ontrollers




(2) Across-the-line -

T

(b) " Reduced voltage

>

. -

-

(2) Types of overload devices
»

%

\

-

\

(a) Thgrmal

1 Melting alloy
2 Bi-metal

(b) Magnetic

-

j APPLICATION:

WB 3ABR54230-1-IV-1, Three Phase
Motor Systems, Project 4, 5 and 6
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CONCLUSION (Day 32) ) |
E SUMMAI;Y:_ ) | . : - @
’éovex\* n;:;.ix; points. of lesson.l .' . : .
ST»UDY‘ ASSIGNMENT: , | . \

SG 3ABR54230-1-1V-1, Three Phase

Motor System . ‘ R e o
INTRODUCTION (Day 33) '
. . ’ ' ) )
‘CHECK PREVIOUS DAY'S STUDY ASSIGNMENT: -
REVIEW: \ & ‘ L
OVERVIEW:
’ -/
’ l 1

'MOTIVATION: - o S .

' , 2
PRESENTATION:

le. Continued from Day 32 .

(3) Overload selection
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@

(4) Owerload adjustmehts

o

-

(5) Interpret wiring diafgrams

' 1f, Using a three phase motor.trainer’
. install a start/stop station to a
three phase magnetic controller to

" control a three phase motor,

, Jnstallation must meet NEC' and
manufacturer's specifications,

§

v - ’ as

F's
(1) Interpret wiring diagram

~

L3

~

< B

* (2) Across-the-line magnetic
“controllers

]

4 ‘

(3) Switch design

(4) Switch installation .

* (5) NEC specifications

v
+
ta

(6) ‘Manufacturer's specifications
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" APPLICATION:: - . -
, . . ‘. . F ?
WB 3ABR54230-1-1IV-1, Tﬁrée Phase
" Motor Systems, Projects 7, 8, "

:and 10 - ~ o

’” .

»

. _ , CONCLUSION (Day 33)

"' SUMMARY:

L

‘ . v , ' .
Cover(main poiﬁnts of lesson. .

*
- " ~

STUDY ASSIGNMENT:

SG 3ABR54230-1-IV-1, Three Phase’

. ' Motor Systems
. y

o~

. INTRODUCTION (Day 34
. -

4 5HE¢K PREVIOUS DAY'S STUDY ASSIGNMENT: ~
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-

-(4) Syslem installation
(5) NEC specificafiohs . Y B

(6) Manufacturer's specifications. -

\J
Ao

APPLICATION:

WB 3ABR54230-1-1V_1, Three
Phase Motor Systems, Pro;ects 11,
12 and )3

EVALUATION: ‘ | I

Evaluate by oral, written questions,
and/or obgervation of student's -

performance during lesson. This \ " -
may be accomplished at e i ' '
during lesson for increased ) ‘
effectiveness. ; ‘ e

. , N \

CONCLUSION
SUMMARY: _ s

Cover main points of lesson. ® - . >

REMOTIVATION: o~ .. u v

- : , - : ’
STUDY ASSIGNMENT: ' ' = c
SG 3ABR54230-1-1IV- 2 I‘roubleshootmg Three Phase Motor Systems

.
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“ CRITERION OBJECTWES AND TEACHING STEPS . —
’, 2a Tising a three-phase motor and trainer, inspect the motor installati ion in 't
! accordance with manufacturer s spegifications. : .
* ) . - . — |
(1) Vlsual inspection . N
3! { 2) Operational inspection o . - —\/ s
. ¢ ‘ ° A‘.
2h. Civen a three-phase motor and control system with electricai faaits a=? i¢s. -
j equipment, repair faults to meet manufacturer's and NEC specitications. v f‘
) ) (1) Motor data plates \ . S
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LESSON PLAN (Past |, General) CONTINUATION SHEET

CRITERION OBJECTIVES AND TEACHING STEPS (Continued)

X

2c. Using tools and instructions provided, disconnect electrical circuits,
.sort materials and store in designated storage facilities.

4 - - ’

(1). Good housekeeping . ° .
(2) _Safety practices S

a.

e«
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. * ©  INTRODUCTION (5 Minutes) .
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BODY (5 Hours 45 Minutes) ’ .
PRESENTATION: "
R /
2a. Using 3 three phase motor and
trainer, inspect the motor
installation in accordance with T
manufacturer's specifications. : : T

«

(1) Visual inspection

a @
-

(2) Operational ihspection

v

(IS
* )

2b. Given a three phase motor and ‘ . .
control system with.electrical - | . - . '

,  faults and test equipment, : { . |
repair faults to meet manufacturer's - ‘f
and NEC specifications. . , S
° oy ;

R R .
M . . . ‘

-~ -

- (1) Motor data plates - . \ C ’ |
| | ; ‘\" \ - ° | ) . . | {
l

T aaw

° .
-
\ ! h

(2). Three phase motor and . : .o L .
\ ‘controller schematics™

- ' . 7 . ‘
] (3) Electrical test S

‘
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(4) Repair procedures - -
a > ) i
(5) Test equipment ” -
2c. Using tools and instructions
. provided, disconnect electrical
circuits, sort materials and
store in designated storage
facilities.
.{1) -Good housekeeping
(2) Safety practices . ‘
- APPLICATION: , ‘ -
WB 3ABR54230-1-IV-2, Troubleshooting - '
Three Phise Motor Systems “Projects ¢ . K
1and 2 p . : e . |
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EVALUATION: ”
Evaluate by.oral, writlen questions, ‘
and/or observation of student's , o~ .
performance during lesson. I'nis . . ,
may be accomplished at any time '

' during lesson for increased > )
effectiveness. ¢

CONC LUSION (Day 35) |
SUMMARY: !
. Cover main points of lesson.
REMOTIVATION: T
. ‘( / .

STUDY ASSIGWMENTT: ‘ - )
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Motor Systems N A
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Single-Phase Motor Systems (Days 36, 31, 4nd 38) ‘.
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PRECLASS PREPARATION
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IN LASORATORY

R
EQUIPMENT
’ FROM SUPPLY

k4
CLASSIFIED MATERIAL

GRAPHIC AIDS AND
UNCLASSIFIED MATERIAL

Trainer, Motor and
Motcr Control
Trainer, Flectric
. Motor Exploded

_Hand Tool Set

F ™~

Projector, 16mm '
X

None .

»
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SG,IV-3, WB |V.3

TF 56606 SINGKE PHASE
MOTOR CONNECTIONS: TF
61806.“MoToR TonTROL
SYSTEM:; NATIONAL FLECTR!.

REAOING: NATIONAL
ELECTRICAL (OOF

T

CRITERION OBJECTIVES AND TEACHING STEPS ©

3z,

.Given the required mformatlon select the equipment necessary to install a
sing’e-phase motor to a powerfsource. Installation must meet NEC a.nd inanufac-
turer’ s specxflcatxons.

“

(1) Selgct a single-phz;se motor

.~ hd w '
ta)  Types of motors ’
(b) Motor comporients - |
B (¢) Theéory of operation ‘
! : 12; Wire size and type ‘ . . ‘ a
- (3) Type and size of conduit
\ " - ¢ ‘ v' . ) he ' - .
. i ' KR 4 :
L] . o ‘3‘ ? t‘\ -
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LESSON PLAN (Part |, General) CONTINUATION SHEET

CRITERION OBJECTIVES AND TEACHING STEPS {Continyed)

. 3b. Using a single-phasé.mbtor trainer and previously selected equipment, .
install and operate a single-phdse motor for low voltage vperatidn. [nstallation
- must meet NEC and manufacturer's spec:fications. & -
i
(1) Interpref wirinz diagrams ~ N
" (2) Identify motor leads_ ‘
(3) Installation,of leads ‘- -
(4) NEC specifications - g
. (Q/II:/’Ianufacturer's specifications - .

3¢, Using a single-phase motor trainer and previously uistalled equipment, ,
connect and operate a single-phase motor for high voltage operation. Instdllation
must meet NEC and manufacturer's specifications.

(1) Interpret wiring diagrams
. (2) Identify motor leads
(3) NEC specifications
(4) Manufacturer's specifications
3d. Using a single phase motor trainer with previously wstalled single-phase
motor, change motor leads to reverse the direction of rotation in accordance with

)

NEC manafacturer's specification. .
(1) Interpret wiring diagrams _ >

(2) Identify motor leads : K -

(3) NEC specifications .- : . - : -

(4) Manufacturer's specification’s o . ’

3e., Using a single-phase motor trainer, install a drum'switch to control the ,
operation of a single-phase motor. Installation must meet NEC and manufacturer's -
. specifications. .
{
(1) Switch design
o . (2) Switch installation n :
"2 . © (3) NEC.specification ‘ .
’ {4) Manufacturer’s specification ' ’
‘ 3f. & Using a single-phase moter traiper, install one start/stop’ station to'a S,
‘ single-phase magnetic controller to control the, operation of a single-phase motor.
Installation must meet NEC and manﬁ\fac’turer's specifications. : :

- (1) Interpret wiring diggrams ‘ & . o

* ) " (2) Across the line magnetic controlier | . : . %

' , (3) Switch design : , . N “1(\;

(4) Switch installation - ’ . T ' ’

(5) NEC specifications : ‘ . A

(6) Manufacturer's specifications  ° ‘ - L
r
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L ESSON 'PLAN (Part |, General) CONTINUATION SHEET

¢ - CRITERION OBJECTIVES AND TEACHING STEPS (Continued)

,

3¢.  Using a single-phasesmotor trainer, install two stagt/stop stations to a
single-phase magnetic controller to control the operation of a smgle-phase motor.
Installation must meet NEC and manufacturer'’s specifications.

-

»

) Interpret wiring diagrams .

) Switch installation .

) NEC specifications

) Manufacturer's specificuxons a

(1
(2
(3
;@
3h. _Using a single-phase motor trainer, mstal.La_;h‘er mostatic control to

prevmusly installed magnetic contiroller to operate a single-phase motor system.
Instailahon must meet NEC and manufactuz:er s specifications.

1) Interpret wiring diagrams

2) Thermostat control design

3): Thermostat control installation
4) NEC specifications

5) Manufacturer's specifications

(
(
(
(
(

3i. Usinga smgle phase motor trainer, install a hand- off—automahc switch and
thermostat to previously installed smgle-phase magnetic controller to operate a
single-phase motor system, Installation must meet NEC and manufacturer's
specifications.

N
1) Interpret wiring diagrams !
9) Switch desigh
3) Switch installation
4) NEC specifications ,
5) Manufacturer's specifications

-~
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- s , - 3 /
ATTENTION: . . * ‘
. T ’ i
OVERVIEW: ' : I
‘ b « ‘ v .
. . . |
MOTIVATION: N ' B . .
. ) . .
) .
., Y . :
A W ¢ L
\‘1 A . v - ¢ 0
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BODY (23 Hours 45 Minutes)
., PRESENTATION: ' : e

3a. Given the required information, v o
select the equipment necessdry \
to install a single phase motor
to a'power source, installation ) . -
must meet NEC and manufacturer's '
specifications.

(1) Select a single phase motor

o

(a) Types of motors

1 Induction

2 13epuls'ion

3 Universal . . .

(b) Motor components

g Rotor

\ _g Siator

v




= 3  Endbells - .

\ , . .= )

* 4 Centrifugal switch .
o ' * T ' t ‘
- * ’ ’ "' N ) ) '~ t
; . ) . e o > . )
< (¢) Theory of operation . . .
1 * Induction motors .
. 4 ‘ ’
» h .
2  Repulsion motors N )
s “

' ' ./ & . * ) %
—a . ' .
3 Universal . L

. s . @ )
. ' (2) Wire size and type ' e '
-w - N .
. . . ¥
s ] : .
. (3) Type and size of conduit ' ’ e

APPLICATION:

. . WB 3ABR54230-1-IV.3, Single Phase’
, Motor System, Projects 1 and 2

L3
-
’ Ld
. % .
.
.
c P .
. , .
. L
.
. . 4
} * ‘\% )
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n
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' CONCLUSION (Day 36) . [ S

SUMMARY: ' ' L

Cover main points of lesson.

STUDY ASSIGNMENT: = . - - ‘ ,
SG 3ABR54230-1-IV-3, Single Phase - i
Motor Systems ) RN

I3

t INTRODUCTION (Day 37)

CHECK PREVIOUS DAY'S STUDY ASSIGNMENT: ' | . R

-

REVIEW: | ~ l N

OVERVIEW: N\ . _ .

“ et

MOTIVATION: ~ - - . \
+ : ‘ L ]

PRESENTATION: . ) . S
30, Using a single phase motor trainer )
and previously selected equipment, e . :
‘ install and operate a single phase , , o
motor for low. voltage operation. : - : . 4
{nstallation must meet NEC and : : ‘ , ,@g
manufacturer's specifications, - B
: SR o \ N
[l ‘ 5
A

. - oz o S Y e Y
. A e e TR T e L el e R ek




L . *

z Lo (1) Inferpret wiring diagrams

4 b . i ~ ’
(2) Identify motor,leads ‘ { . .
(3) Installation of leads

T A ’
(4) NEC specifications
i ¢

(5) Manufacturer's specifications.

, 3c. Using a single phase motor trainer
and previously installed equipment,
connect and operate a single phase

i motor for high voltage operation,
Installation must meet NEC and L
L manufacturer's specifications.. '
c “ J . ' / )
© ( (1) Interpret wiring diagrams ;
) ) o . s

(2) Iaentify motor leads . ‘ 3 .

. 3 .

6 \ .
’“ ‘ "’r ' .« - 1]
Q ° = "o y)
2 ERIC Cooe :

S48 ¥« St 4 . - P




v e

;g:':rv

3

£

:?’a\g

- .

(3) NEC specifications

‘ N

(4) Manufacturer's specifications

s

~

3d. Using a single phase motor trainer
with previously installed single -
phase motor, change motor leads
to reverse the direction of ‘
rotdtion in accordance with NEC
and manufacturer's specifications:

(1) Interpret wiring diagrams

L3

(2) Identify motor leads -~ y
(3) NEC specilications

.

(4) Manufacturer's specifications

M .
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e T

kL3
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£
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e
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' . =%, .
; o ' ° - i
~ 0¥
3e. U!sing a single phase motor trainer, . ‘
install a drum switch to control the ’ : . :
B operation of a single phase motor. ) o
’ Installation must meet NEC and :
' manufacturer's specific¢ations. ) -
' ‘ &
— » ‘ o} '
(1) Switch design : ~ .- — ,
. ’ / . k3 ¢ \
(2) Switch installation
. / . -~ ~ a .
(3) NEC specification ) . . C
- . ) °
(4) Manufacturer's specification ., ; B )
A , ) \
APPLICATION: s B
’ , N . . . ! a . j :
| WB 3ABR54230-1-1IV-3, Single Phase - * _ o
- ' Motor Systems, Projects 3, 4, and 5 " L AL T S
“ M '?&‘ » (,S ’,,: .
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CONCLUSION (Day 37)

N A}
A ) -
~ — . "/( L4

SUMMARY: &

Cover main points of lesson.

= A
o A _
STUDY ASSIGNMENT: )
' [

. SG 3ABR54230-1-IV-3; Single Phase ; ’
: Motor Systems. : L . e |
., . }{‘ D L2 . :;
: o : ‘
¢ l . =2 N |
Y . INTRODUCTION, (Day 38) Ly . |

CHECK PREVIOUS DAY'S STUDY ASSIGNMENT: _

/. [ . . )

REVIEW: /
- F ’ ' ! »
i & ;o ) . , - :
‘ OVERVIEW: / . A .
. ) / ‘ -
3 . _ l/ S
( : Y ‘
¥ MOTIVATION: - / - \
- - (\\ ) & . . N ‘ . s B
ll N <
| Y , . 3
. | PRESENTATION: g ° , S -
3f. Usinga single’phase, motor trainer, & , o <
*— install one start/stop station toa ~— - e
. \v single.phasé mdgnetic controller,” . T
_to control the operation of a single %
phase motor. , Installation must meet - L™
NEC and manufacturer's specifications. E x %}‘g
.' - . . ‘ Lgr
- ‘o , . )
. g " ;
. ' . Mlnzs
& . - - *,




‘(1) Interpret wiring diagrams

; (2) .Across-the-line magnetic

v

- ",. controller *

hd - e

*

(?) Load circuit .-

. . (b) Control circuit .

S {c) Start circuit
m ~

. . ; .

. .
B (3 (d) Holding circuit -
\J * ,B .

co
"i_Tﬁ t e

(3) Switch desigr = -

Ll -

.

: " (4) Switch installation

.
>
"
N v . .
i "/\_‘..“. N -
, . .

7. Ao . R

27 Q s
i3 : .
LERIC - -
e -
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[ 3

3h; Using a single phase motor trainer,

(5) NEC specifications - ‘

(6)- Mamﬁacturer's specifications

-

Ld

Using a single phase motor
trainer, install two start/stop
stations to a single phase
magnetic controller to control
the operation of a single phase
motor. Installation must meet . .
. NEC and manufacturer's . }
\
|

" specifications. . : ;o

(1) Interpret wiring diagrams. . '

a

(2) Switch instaliation

@
° -

S

(3) NEC specifications . . A )

(4) Manufacturer's specifications ) T

4

-

install a thermostatic control to S
‘previously installed magnetic n ’
controller to operate a single phase 5
* motor system, Installation must . IO

meet NEC and manufacturer's ~ o .

. specificaffons. - . - o .
) . ‘ ! ’ 11 1 3 7' ) —
,,ex“"“ e . B .

i ;{ . *» Si }“’ e %—;\;‘u % N




Ty

¥ ,
(1) Interpret wiring diagrams . ‘ ,

e -
(2) Thermnrostat control design

' (3) Th’ermost’at control
installation . N

.
[

'

' " (4) NEC specifications \

(5) Manufacturer's specifications

3i. Using a single phase motor trainer, . o Y
install a hand-off-automatic .
switch and thermostat to previously - . .
installed magnetic controller to . : - : )
operate a single phase motor system. B

‘ Installation must meet NEC and ] :
manufacturer's specifications. : o

. ) < (1) Intérpreﬂ xyiring diagrarr;s e L . ' -

I -

~ L] -

. (2). Switch design - . \

i L)
’ ' .
$ - o - .

- ?
N ‘ . - M v - -

) . .. PR

o .

2 ) : -t Y . - .
s . . e [ » ° .
i © : . - " . I )
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(4)° NEC specifications - ) )
’ s . . _~ ! ) ) v . . v
(5) Manufacturer's specifications ¢ '~ ° o '
- - - ‘e
. . . -
0 : ' “
APPLICATION . : Do
WB 3ABR54230-1-~IV-3, Smgle Phase . : L.
Motor Systems, Pro;ects 6, 7, 8and 9 - < -
) - . . : ° . ) e . 1 @ . Lt
© EVALUATION: - ‘
Evaluate by oral, written questions, | )
and/or observation of student's :
performance during lesson. This .
may be accomplished at any time ° £ ) - .
during lesson for increased # . . C o
effectiveness. / L . . ‘ /o ] '
° . l' ~ ¢ -
) . : CONCLUSION (10 Min) © :
& 7 SUMMARY: L ' ‘ L "
Cover main points of lesson. . ’ ,
: % ' ‘ )
B ‘ ' - . . ~
. STUDY ASSIGNMENT: o -
Y SG 3ABR54230-1-1V-4, I‘roubleshootmg L S s
Single Phase Motor Systems . ‘ » N
AN .,W 4
: : . 1 139 . - :
y . 5 : ’ o
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' APPROV AL' €
| renr i e

LESSON PLAN ( Part |, General)

INSTRUCTOR

-

COURSE NUMBER

-

COUR3E TiTLR

3ABR54230-1 Flectrician
BLOCK NUMBER BLOCK TITLE R
v Motors and Controls * ;
LESSON TITLE R i
Troubleshooting Single-Phase-Motor Systems (Dav 39)
- . ) i LESSON DURATION S N
CLASSROOM/LABORATORY T COMPLEMENTARY TOTAL .
6 Hrs- 2 Hrs _8 Hrs
' POL REFERENCE
PAGE NUMBER N PAGE DATE, PARAGRAPH * .
36 i 1 y 75 . . 4 ‘
‘ ‘ STS/CTS REFERENCE .
NUMBER “ s oaTe 2 Dec 70 (14 Jan 72, 6 Mar 73
542X0, Changes 1, 2.3, 4, and 5 18 Apr 73, s b 74, TNov 14) ' *
. § "SUPERVISOR APPROV AL ‘
) SIGNATURE DATE SIGNATURE DATE
I ,
. PRECLASS PREPARATION
e LABORATORY T rmo suPRLY cuassiriEDMATERIAL | S e AL
Trainer, Motor and| Multimeter None | SG 1V-4
Motor Control Megohmmeter WBIV-4
" Hand Tool Set ‘ : National Electrical
. ; I . . Code

. CRITERION DBJECTIVES AND TEACHING STEPS '

4;{. Using -a single-phase motor and trainer,h inspect the motor installation+in
accordance with manufacturer's and NEC specifications. ' .
' ' )
(1) Visual inspection ~ ., -
' (2) Operational inspection -

-
»

4b. Given a single-phase motor and cont;'o'l system with electrical faults and
test equipment, repair faults to meet manufacturer's and NEC specifications.

.

. (1) rMotor data plates

(-2)&’ Single-phase mator and controller. schematics i ST .
(3) Electricaltest S ) - o
(4) Mechanical-test - 1
SATC [, 170, ,
| R




) T _ // /
- \ g u N
LESSON PLAN(Part |, General) CONTINUATION SHEET
. CRITERION OBJECTIVES AND TEACMING STEPS (Centinued) *
(5) Repair procedures L ‘
~ (6) Test equipment. ) .
4c., Using tools and instructions provided, discornect electrical circuits, sort s
* materials and store in designated storage facilities.
(1) Good housekeeping . , — ‘
(2) Safety practicés ;
{
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Gourse No:
Day 39

: : : rd
. CHECK PREVIOUS DAY'S STUDY ASSIGNMENT

*
»

REVIEW:

o

ATTENTION:

OVERVIEW:

[}

s

3JADBR54230-1 Course‘\Approval:

Date:

.

PART I

.JINTRODUCTION (5 Minutes)

.
{ *
3
.
-
N &
.
’
*
s
'
.
A ]
] . .
.
©
-~
[ S
\
1
)
+ .
¢
‘.
) .
.
. . . . !
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2 v
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.
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BODY ( 5.Hours 55 Minutes)

PRESENTATION: .

4a. Using a single -phase motor, and .
' trainer, inspect the motor~ .
T mstallation in accordance with . .
manufacturer's and NEC - ‘ .
sgecifications.

- A . .
. °

(1) Visual inspection

& ¢ ) " () f@cétioh ‘
’ . </ . .

-
* .

: (b) Bearings , . co

s ' . .

(c) Cleanliness ' - °

© . «

. - s .
B ° * . ‘ . . .

"t °(d) Motor wiring . >

. ., ‘l' 3 * . * a

. .
4 R .

- -t . - w
B B . R . w0 e -
. . “ P -

(e s . . e . .
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s . . -
A S
(a) Sound , )
) [y
/ 3
’ R - ’ ’ .
' ‘(b) Temperature '
1] ‘ ” . '
‘ * 4

] (¢) Currgnt draw (FLC) )

. 4
4b, Given a sinfle-phase motor and
control system with electrical . -
Jaults and test equipment, . - '
repair faults to.meet manu-_ . ‘q T .
' facturer's and NEC specﬁlcatlons.
’ 14
° N . - E' ~
1] -.\ ~ g /’ ’ : ‘ ’ ’ ‘ ’ -
) (1) Motor data jlgtes ’ ‘
) o : .
. ‘. - . , . . \
' - . ) ' ' °
, (2) Single-pnase motor and .
.
/ N controller schematlcs N ' ,
; o ’ ] ‘o : ‘
- .,.) B . - e > o - .
* - ’ ' o\ - . e . o {\\i
. ; (3) Electrical test - . 3
&, . SR e
b - ) [P
LY . > ' ¢ . 2 é
‘ , .+ (a) Voltage . ) ‘ nG
» K : i [ - 3 . N . -~
- ° . —
s . o he ] R "
: ) , 4 ’
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\ M L] A . -
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. (b) Full load current

(¢) Winding resistance -0 . .

(d) Insulation breakdown -

(4) Mechanical test

L4

[

. (6) Test equipment :

'

5 ) S

a
’

" (a) 'Voltmeter

-

' A
.+ (b) Ammetér~
"(2 mmete -

1] o1

" (¢) Ohmmeter

¥ ’

" (d) Megohmmeter

- (5) Repair'proce,dureg '
@ o, . ¢
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4c., Using tools and instructions
provided, disconnect electrical
circuits, sort materials and . T -
store in designated storage ~ ' .
- facilities. -

(1) Good hous'ekeeging _ _ :

(2) Safety practices

. . .

A »e “ A -
APPUGA\'EION; - ‘ . .

WB 3ABR§4230-1-1V-4, Troubleshooting ‘ oA
Single Phase Motor Systems, Projects . K
1 and 2 L

' >

EVALUATION: — o
Evaluate by oral, written &I{istions, ' .

and/or observation of student's .o -
performance during lesson. This - ' -
may be accomplished at any time ’ ‘

during lesson for-inereased , .
effectiveness. i ' : .
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® ' CONC LUSION (10 Minutes)
' SUMMARY: Cover main points of lessgm. ) >
- * /
]
» ! ! ) .
. - . ~ . .
! STUDY ASSIGNMENT: |
SG 3ABR54230-1-IV-5, Motor Generator, ) ’

Control Panels and Circuit Breakers , '

:, o ’ ) .
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|
LESSON PLAN ( Part |, General) |
APPROVAL OF ? « CZ INSTRUCTOR - s ‘
TCETC Y - ) ' . 1
1 Coumst NumMsER COURSE TITLE . |
3ABR54230-1 Electrician : |
BLOCK NUMBER BLOCK TITLE - ‘
\'/ N ) . | Motors and Qontrolg
LEMON 1 ITLE : . | i
Mo;or Generators, Control 1 ircyit Bf ¥ 40) -
. LESSON-DURATION ’ : .
CLASSROOM/LABORATORY COMPLEMENTARY . TOYAL : -
4 Hrs "l 2 Hrs 6 Hrs
) POI REFERENCE - » ’ -
PAGE NUMBER PAGE UATE PARAGRAPH ° '
° 37 to 1 May 75 5- |
$TS/CTS REFERENCE =
NUMBER . DATE c
542X0, Changes 1, 2, 3, 4, and 5 18 ‘Apr ?:f 1?12‘ 77 Nov a4
. ) SUPERVISOR APPROVAL *
SIGNATURE .  DATE SIGNATURE DATE '
:’ 1 ~
% * i
1 &
’ /
( —
. ; PRECLASS PREPARATION , i r -
B -7, cmsspoarema | o SUTHEAG A
Trainer, Motor None None “iseIv-s |
Control Center and WB IV-5 L .
] Motor Generator . . National Electrical o
: Set Code and ﬁlueprmi ' |
’ Trainer, Line ) | T Reading N
; Alternator Motor - . ‘ . s
, Control ] ‘! ( * ' 1 }
' ' © .+ CRITERION OBJECTIVES AND TEACHING STEPS Jj ;
5a. Using information provided, write the purpose of a motor control c?nter'and .
list its major components. - .
" ' (1) Purpose of a motor control center ' | "
* (2) Parts of a motor control center T - ‘
' Sb. Usmg mformanon provided write\é“’pm' pose of a motor generator set and
- list its major components. . L "~ .
l L ' * et
(1) Purpose of a motor generaxorj,sé 4 g -
(2) Parts of a motor generator sét > ) B
‘ (3) Operatmn of a.motor genexiator set . . .
L / e q / B ’ .
. N , jl R ‘ L.
- ' S *
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Course No: 3ABR54230-R1 Branch Approval:
Day 40 : . Date:

PART IT
INTRODUCTION (5 Minutes)

CHECK PREVIOUS DAY'S STUDY ASSIGNMENT

Q
t

REVIEW: ' ’
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OVERVIEW:
. -
. - ° H
- MOTIVATION;
- - ]
o . - * S §D -
9 Yo >
R - LY
. “ h
. s
A
. h . L
. . s -
. N s :
. > .
hY
e v:; . °
-~ ',ﬁg a " e | B "
. L

iR
.,

A
v K
b A5 o

|
Ay

s

.
B

P
A

L

("ig‘

v

- " gty
. - gl NEes
- > »
. . PNt
&




. ) [ e " - . s a )
) . ek BODY (3 Hours 55 Minutes)
Al
. ‘.
. ) .
- PRESENTATION: , , . -
E ‘ “ .
.. ba. Using information provided, write . - o ~ ' . '
*  the purpose of a motor control "
h ceriter and list its major , T
‘. ' components. ' . '
’ Y " . N >° - N ‘ ]
L .
» . 'j i ‘
.. . (1) Purpose of 2 motor control L -
center - ' -
LY -
» . . - PEEN . ‘ ) ' ’ - ° . .
4 . . .
— -~ (2) Partof a motor control center , , .
. - . e ’ . o .
& 5b. Using information nrovided, wrife ’ g
] the purpose of a motor generator . . :
- . - set and list its major ‘components. ' , T .
‘ < » Y . - A . \ v
L [] , [ . .
# (1) Purpose of a motor generator. %
, q set » : vl . . .
A} ' v ‘ ) . » ..
.- ~ ' i el -\ . . . ‘ > M LY
. (2) Parts of a motor generator . R . : ' ‘
o © ’ < . X .
. set ) e :
-:.. N ’ } ) - - '.\'1@:
v * ) = . ' 7 ’ . -
;y . - . (3) Operation of & m'oto‘r~ se _ ,
e - generator set; . L L
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. L] < e * .
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" EVALUATION:

APPLICATIQN: | o
‘ . N
WB 3ABR54230-1-IV-5, MotqQr
Generator, Control Panels and
Circuit Breakers, Projects 1, 2,
and 3 ‘ ' :

-—

1
! ~
|
i

Evaluate by oral, writte‘:n questions,
and/or observation of student's -

. performance during lesson. This

may be accomplished at any time
during lesson for increase .
effectiveness.

¥

CONCLUSION (10 Minutes)

SUMMARY:

7

Cover main points of lesson.

/N

R EMO'I‘IVATIQN:

STUDY ASSIGNMENT:

/

SG 3ABR54230-1-V-1, Intrusion- - -
Alarm System |

-

N g I
R -1
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LESSON TITLE

' LESSON PLAN ( Part |, Generol) . g
' APPROVAL OF Fi / INSTRUCTOR 3. o,
TCETC/ [ '
OURSE NUMBER COURSE TITLE *
3ABR54230-1 Flectrician - R
BLOCK NUMBER BLOCK TITLE . g
vV < : Qogtrols and Alarm Systems

Intrusion Alarm Systems (Days 41, 42, and 43) —  ~~___

. LESSON Mn
CLASSROOM/LLABORATORY COMPLEMENTARY ‘1 rToraL
18 Hrs 0 - - 18 Hrs

POI REFERENCE :
PAGE NUMBER PAGE oA'rt PARAGRAPH ?
8 1 May 1975 1

STS/CTS REFERENCE
NUWSER , — 1 oare ¥ Dec 70 (14 Jan 72, 6 Mar 3,
542X0, Chgs 1, 2, 3, 4, and 5 8 Feb T4, 7 Nov 14)

SUPERYISOR APPROVAL X °

DATE SIGNATURE DATE |

7 SIGNATURE

PRECLASS PREPARATION

EQl::dp:i:;nLAo'rco‘:vm r::: l;U“:FnLTY CLASSIFIED MATERIAL uchLRAAs::‘ r'::z;’:i'r‘ :l: AL
Trainér, Intrusion None, None . |SG V-1 i
Alarm WB V-1
" Multimeter Transparencies,
Projector,Overhead A ‘ Intrusion Alarm .
' ' Systems

-

CRITERION QBJECTIVES AND TEACHING STEPS

1a, 'Given information pertaining to intrusion alarm systems, inspect and service

electrical systems and components. ‘

. (1) Purpose and types of intrusion alarm systems

“ " (2) Operating principles ,

* (3) Components and usage C .
(4) Wiring diagrams

° (5) Inspection requirements

(6) Purpose and types of service

(7) Servicing instructions

+

»

ATC romv 770 1 ' P

AUG T2




LESSON PLAN (Pert |, General) CONTINUATION SHEET

CRITERION OBJECTIVES AND TEACHING STEPS (Centinued)

[

lb.

Using meter trainer, and wiring diagram, troubleshoot and repa.lr electrxcal

systems and components of intrusion alarm systems.

(1)
(2)
(3)
(4)
(5)

Purpose of troubleshooting

Types of troubles

Wiring diagrams .
Troubleshooting procedures -
Repair procedures . T

”,

v
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Course No: 3ABRS54230-1 Branch Approval:
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BODY (17 Hours 45 Minutes)

PRESENTATION: ' ’ ' :

la. Given information pertaining to
' intrusion alarm systems, inspect o
and service electrical systems ‘ i '
and components, oo ' -

(1) Purpose and types of intrusion
. alarm systems

62) Operating principles

»

° . ~ . - M - - 2 20

(3) Components.and usage o , oo
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(4) Wiring diagrams ., :
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WB 3ABR54230-1, Intrusion '
alam system project 1 and 2 b
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~ (5) REPAIR PROCEDURES B
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. APPLICATION: » : .
WB 3ABR54230-1~V-1, Intrusion : ‘
alarm systems project 3 and 4

EVAIUATION:

Evaluate by oral; written quéStions, ' -
and/or observation of student's
performance during lesson. This may : ’
be accomplished at any time during -

® . lesson for.increased effectiveness.
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(2) Operating principles
(3) Components and usage
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2c. Given a fire alarm trainer and meter, troubleshoot and repair electrical

systems and components. : : P . .
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(1) ,Types of troubles =~ ¢ o

(2) Troubleshooting procedure \ .

(3) Wiring diagrams . ‘ . - o
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EVALUATION:

Evaluate by oral, written questions,
and/or observation of studgfts'

performance during lesson. This may
.be accomplished at any time during
lesson for increased effectiveness.
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N PUBLICATIONS
OBJECTIVE . ’ . ~
Tlus umt of nmlruclw]x 1s Lo provide guidance in the'_uge of technical orders, and
standard and commercial publications. 4 o

LY

- ™

INTRODUCTION *

-
o b

It is no longer ‘necessary to memorize technical data and other information re-
quired to perform,all duties of a trade. Written material has been published making

this information available. Becoming proficient in the use of Air Force publications

will allow you to perform specific tasks without memorizing procedures.

INFORMATION y
N PUBLICATIGNS S .
You will use a study gwde that has been prepaned for several career fields. This
is the stydy ggfde titled "Publications” < for AFS 53, 54, 55, 56. -
: N Yo T e . - N
REFERENCES ' | . :
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¢ -~ SG 3ABR54230- 1-111 2

o *_ POWERTOOLS ‘
. OBJECTIVE : ) . « .
To familiarize you thh' the ploper use and care of the.drill press, electric drill,
and bench grinder.

" m'monucnou L _ .

Whep mstallmg circuits, reggrdless if it be gxconduﬂ. or ;wnnietaelhc sheathed
cable, there are'certain situations when.gower tdols should be used. -By using power
tools you will be able to do the-job.faster,. easier ahd, in many cases, ‘neater.

° y

INPORMATION e ‘ o
< . .
mwl’mcmlon AND USE OF ELECTRIC DRILLS

r
-

N 4 ~
vy ~ * *

" Electric drills are powéred with a urdiversal mrotor for- ac and dc operation,
Bearings are factory libricated for lifetime service. . The electric cord is a three-
conductor cable with a ground-wire and_plug. The ground wire should always be
,connected to a suitable ground before using the drill. The metal case of the drill is °
"thus grounded to protect the user. .HaTdly a year goes by without someone being
kitled by using an eleetnc dnll whxch was not properly groanded. -

The process of dnlling holes in metal yith an electric drill is SImilar tq drilling _

' -by hand except the power for turning the dr‘l is furnished by an electric motor instead
“ of the operafor. Electrnc drills commonly used.have capacities for drilling holes from
1/16 inch up to 3/4 inch'in diameter. Figure .l shows & popular type of an electric .
drill. Drills of this typesare equipped either with a pistol grip or Spade (closed)handle.

= Ordinarily, straight shank twist drills are, used in electrit drills. They are secured

in a key-type gear-¢ hpck' which automatxcally centers the drill shank. Many electru:

drills can be fitted with attachments for driving screws rotation of small wheels, 2

drillpg at right angles; and other special work. : )
«  When drilling metal'with the electnc drill, the user must first be sure that the
diameter of the hole to be drilled is within the capacity of the tool. The size of.an |
electric qridl is usually determined by the size of s chuck. For instance, a 1/2-inch

. drill is equipped' with a chuck that will take a twist drill 1/2 inch*in’ diamete;, and no

» larger. Using a lagger twist drill than is recommended should be practiced only .
during an emergency. Overloading an electric drill in this fpanner may either stall’
‘or overheat the drill motor. Continued stalling and overheating Will damage the dnll‘
motor to angint where it will become usqless : 2
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3 PRONG MALE PLUG N 3 WIRE CORD ]
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o

‘~ " Figurel. Electric Drill .

boa £ . .

When drilling holes, care must be used to hold the electric drill at a right angle to
the surface that is being drilled. With the tool Held,inthat manner, exert a light pres-
sure on the drill for continued drilling. If the ho to be drilled through the work,
relieve the pressure on the drill when the point of the twist drill begins to break through

. the metal. ‘Exert only light pressur%to Zomplete driling the hole. Finally, pull the,
' drill straight back until the twist drill is withdrawn from the hole, then shut off the °
drill motor. You should remember that twist drills do not pull themselves into the
work; they must be fed by pressure exerted by the operator.

.
<

a“

Maintenance of Power Drills -

_ The drill ghould be oiled in accordance with manufacturér specifications. The
vertilation holes on the drills should be kept free of dust or lint to prevent overheating
of the motor. The chuck should be kept clean and oiled to prevent rust or corrosion. .

. IDENTIFICATION AND USE OF A BENCH GRINDER
. The bench grinder, shown in figure 2, is a tool used for hand grinding opera-
tions, such as sharpening chisels, screwdrivers, drills, and punches; removing excess
metal from work; and smoothing metal surfaces. It is usually fitted with both medium
and fine grain abrasive wheels. These abrasive wheels may be removed and other
, wheels substituted for them. Such wheels may include wire brushing wheels, buffing * °
wheels. or polishing wheels. The work rest should be kept about 1/8 inch from the
wheel. The rest serves to steady the work helc} against it.

N
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- Figure 2. Bench Grinder ,

o Remember, the abrasive wheel which grinds metal can also grind human fingers
FICI easily. The work should be held firmly and at the correct angle on the.work rest
provided on the gripder. It should be fed into the wheel with enough pressure to re-
move the desired amount of metal without generating too much heat. | As often as
necessary, cool off the edges of tools being ground to prevent drawing of temper.
Operation of the Bench Grinder :
Several precautions should be dbserved prior to using the bench grinder. Before .
. applying power to the grinder,, a visual inspection should be made to assure that the .
grinding wheels securely mounted to the shaft, that they are centered and free of
cracks or breaks. Because the grinder turns at a high rate of speed and torque, a
cracked ar broken wheel may disintegrate and injure the operator/ Check to see that
the grinder is securely mounted. Loose or missing bolts can all¢gw the grinde?shift
~or turn causing damage to the equipment or the opérag:orﬁ Check/the area and floor to
~ make sure sufficient room is available 1o move the material being ground, and that the
floor is free of oil, grease or other loose material that could cause poor footing. Adjust .
* the work rest to the proper angle for the work being done, making sure that the work - .
cannot be caught between the work rest and the grinding wheel./ Select the proper
grinding wheel for the work being done. This normally meansthat the coarse wheel
will be used to grind the, work roughly to size while the fine wheel will be used to finish
thz work. .

A

" . Keep the eye shield in place and also wear goggles. Thé eye shield is not total - !
protection from tiny pieces of red-hot metal or stone. Protéct your hands. Remember \

the metal can become very hot. Hold the work securely and do not force it against the ¢
“wheel. Even though the gtinder is turned off after it has be¢en energized, it will take 2

some time for it to wind down and stop due to the inertia sfored in the grinding wheels

and motor armaturz.. ~Be sure the wheels are completely topde before touching the .
grinder wheels. . )

0

5 . Maintenance of Bench-Grinders . ] v

Tee abrasive wheels should be replaced when they Yecome worn or rounded. The ~
electric motor which drives the abrasive wheels should be lubricated as the manufac -

‘ turer specifications require. Periodically, the wheel guards should be removed and

cleaned. Dust, dirt, abrasive compounds and wark filings collect inside the wheel

guards. Be certdin the power source is disconnected before removing the wheel guards.

\
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ll)EN'l‘IFICATIOc AND USE OF DRILL PRESSES \

'The drill press was originally a metal working tool. The new type, however, may
be used for drilling metal or wood. The main parts of the drill press are a
polished steel post fastened to the cast-iron base, a table for holding the work, and a T D
: motor-driven head which is mounted at the.top of the pqst. The head of the drill press =~ - °
‘ has a boring spindle that turns inside a quil. The spindle has a cone-shaped pulley ; f_ S
mounted on the top. The spindle is driven,by 3 V-belt from a similar pulley mounted . s
on the metor shaft. The cone pulleys mounted on the motor and the spindle make it .
Jpossible to change the speed from 600 RPM to 5000 RPM. Different types-of spindles g,
* can be used in the quill. The spindles may have chucks of different types. One has a .
o « chuck with a setscrew. Thg bit fits inside the chuck and is held in place by the set-
= serew. Ancther type has a Reyless chuck in which the bit fits. The bit is clamped in
place by hand. The most popular chuck, however, is the Jacobs chuck. Thisis a
geared-type chuck and the bit is clamped in place with a gear-type key. Other chucks .
< which require a-special taper on the end of the bit are called Morse Taper Chucks. )

~

@« »

Operation of the Drill Press . ) -

; . ) |
+Prior to operation of the drill press you should perform the following checks. - - - . ;
Check the area to assure that you have adequate room to work. Insure the floor is s T
clean and free of grease and oil. Insure the drill speed will be correct for the material’ e
being drilled. Normtally speaking, the harder the material the slower the drill speed.- . S
Set the drill table at the proper height fo¥ you. This height is normally even with the .
Wﬁnl of your breastbone.  Select a sharp bit of the correct size and place in the«drill 3
. chutk~ Make sure the bit is centered in the chuck and #ll chuck jaws are contacting the... - ;
. bit shank. Operate the spindle with your hand to assure the spindle is free to turn. o
Move the operating lever to.assure the drill bit can be raised and lowered. With your
Te wotk in the drill vice lower thelrill bit to where the point will just clear the bottom of - ~ o
the work and set the stop nuts at that position. , Remove the work from the vise and , “ P
. *_ locate the point tobe drilled. Using a center punch, mark the pilot point for drilling 1
by making 4 small indention in the stock, place the stock 1n the vise,and attach to the
drill table with a "C' clamp after checking to-see that thHe drill b#t is lined over the
index mark or indention. Connect the drill press to electrical power. Put on and ad-~
w . just goggles. Check elothing and be sure all jewelry is removed. Turn on the drill
) s press. Lower the drill to the work making sure that the drill tip contacts the point
marked for-drilling. Exert a light pressure on the operating lever. When the drill
begins to cut the metal. raise the bit and check the location hole again. If the drill
mark 1s centered on the pilot point, lower the drill bit and with a light, steady pressure
- bore the hole. ‘Do not try to remdve the shavihgs with your hands. They are extremely °
. hot and sharp. Use a shop brush. When ygu feel the bit beginning to go through the
bottom, relieve the pressure slightly on the operating handle. When the. bit is completely
through the metal, raise the bit, turn off the drill press and unclamp the vise from the
table. Remove the work from the vise. Be careful as the work may, be hot from
- drilling. . - - , .

3 -

MAintenahce of Drill Presseg
. The drill press should be cleaned after use. Met.al’sha/yings can lodge between the .
* - novable table and the polished steel post (column), which scratches the finish.of the
post. The finish protects the post from rust or corrosion. A light coat of vaseline on
* + the post will inhibit rust, and also act as a lubricant. The drive motor should be, |

b °
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~ lubricated as requred by manufacturer’s specification. The V -belts shoujg be replaced“
1t worn or {rayed, Vaseline or a light grease should be appiied to the Jspi{xdle which “
’ will allow the spindle to pass smoothly ;hroﬁgh the quill.
. , hY
SUMMARY ~ . : ) .
) All electric powexfgd equipment sho:xlgi be equipped with a s_uitablé case ground. .
Electric drills are used fqr the purpose of drilling holes. Drills-that use a self- . s
centering chuck, are‘usualtly, tightened with a key. One prime considerdtion for using
' a portable electric drill is to be sure that the work is within the capacity of the drill.
* Exert light pressu’r.e when using a portable drill. A bench grinder is used to dress or
sharpen tools and metal stock. .A visual inspection should be performed prior to use of
the bench grinder for safety, ‘Use all safety precautions when operating the grinder. R
The drill press is basically a fixed machine used for drilling. Use all safety precau- .
\ tions when operating the drill press: - | . »
- . -
QUESTIONS >
‘ /
. 1., What type of drill shank is normally used with a portable hand drill? '
2. W‘nat‘préblem may develop from continuous stalling of a hand drill?
3 . N ._ ! -
3, How is the bit secured to.the hand drill? T s ., .
' 4, How arethe bearings on a portable drill lubricated? . )
T b ' L
.. . c . M
) =5, What will determiné the adjustment of the work rest on the bench grinder? ° )
- » .. What should the visual inspection of the grinding wheels include ? -
7. What precaﬁtio'ﬁS"CUnqerning clothing; apd-eye protection-should be observed’ ’ e
- \ during the use of the bench grinder? . : ‘
‘ . A ]
\ ‘ . . .
, { 8. How should the work be. secured when using a drill press? \ - -
9. What is used to control the depth of the twist bit in 4 drill press?
| . 10. How should metal cutting be removed from.the drill press? )
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i CONDUIT TOOLS, TERMS,, AND MATERIAL

°

OBJECTIVE .
This study guide is to provide a basic introduction of the tools. materials, termi- 2
nology. and bends of conduit wiring. :

» . -

[

INTRODUCTION

A conduit wiring system is an electrical éystem,in which the circuit (wires, ‘
switéhes, outlets, etc) is enclosed within a rigid outér covering. This p\}ter covering
1s used to protect and preserve the electrical circuit from mechanical injury. As you !~

:‘. R

will sée as you go through this hlock, this
materials and take many shapes or forms.

mechanical protection’canbe made of several . ¢
In order .to help you progress through this

block, there are specialized tools, materials and terminology that belong specifically to

conduit wiring. Being able to recognize

and understand this information will greatly

excessive’ pressurg. Assure that you have the proper blade for the material being cut.

aid you in performing your job as an Air Force electrician.

. . k4
INFORMATION \ : \

CONDUIT TOOLS °

s

- In addition to the\tools you have used in the other blocks, you will be Using tools L
that are cial to conduit systems. These will be tools required to cut, ream, form, °

connect, and S % this external protection for the electrical circuit.
\ A

Cutting Tools . ’ .

The two basic too}s used for cutting conduit to length are the hacksaw or the
pipe cutter, \w

N v

The hacksaWw is a tool made up of a frame and a replaceable, metal cutting blade. ,
These blades differ in length, hardness and number of teetQ per inch. Figure 3 shows
a typical hacksaw and an assortment of hacksaw blades and their uses. Since these > /
blades are hard and flexible, care must be exercised in their use to preveht the breaking .
of the blade. Some pointers to remember are: Keep the saw in line with e cit. Avoid

‘3 .
. While the hacksaw may-be used tp'c,ut any t‘ype of conduit, the pipe cutter is
restrict?d to rigid type conduit. Figure 4 shows a pipe cutt§r.

kd
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/50

14 TEETH PER INCH 18 TEETH PERJUNCH v
>
QE-D |
. . i
N N —
.
- FOR LQRGE SECTIONS 5  FOR LARGE SECTIONS
, OF MILD MATERIAL OF TOUGH STEEL
. .
KEEP AT LEAST TwO TEETH CUTTING 24 TEETH PER INCH 32 TEETH PER INCH

TO AVOID, rms7

s ®

FOR ANGLE IRON, HEAVY FOR THIN TuBING - U
PIPE, BRASS, COPPER ¥ "
.

N

Figure 3. Hacksaw B/lades and the Application'

Pipe cutters come 1n several frame
' - sizes to handle different diameters of
CUTTING WHEEL HANDLE. .. rigid conduit. The cutter works by forc-
) ing a cutter wheel through the metal as
the pipe cuiter is rotated about the conduit.
When using the pipe cutter remember:
Keep the wheels and shaft threads oiled.

'

cod Be sure that-the cutter wheel is sharp. - .
‘ Avoid excessive tension on the cutter
Figure 4, Rigid Conduit Cutter wheel when cutting, . o \

L3

Rea.niing Tools ,

After conduit,i; cut to length, the cut ]
. end must Have the sharp edges removed to N -
prevent dimage to the wire insulation.
. This procedure is called "reaming. "
| Rigid conduit s normally reamed with a

‘tool gimijar to the drawing in figure 5. ‘ Figure 5. Pipe Re;mer < !

+ ¥ - Other tools used for }eamipg are rattail files, diagonal cutting pliers and line- -

man's pliers. ' The reaming is completed when the sharp edges and metal burrs have
been removed. . ¢
N = . .

Forming Tools ) - aH
o

.

Conduit is purchased in straight pieces. Most gehe rally ks necessary to form
the pieces by bending to conforin td the job requirements This is done with special .
tools that will he}p bend the pipe without collapsing the walls of the pipe or reducing - .
its inside diameter. The type tool used wil} depend on the type of gonduit being formed.
Figure 6 shows a conduit bender head that is used to form thiriwall conduit (also called
Electrical Metallic Tubing or EMT). A-pipe-handle about-four-ieet long screws intq .
» k-3

the shank of the head., - ,

. L]
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L4

8 c Tt .
The tool used to manually bend rigid
or thick-wall conduit is called a "Higkey. "
Only small diameter rigic% conduit can be
worked with this tool because of the force
required to bend the thick-wall pipe.
Figure 7 shows a Hickey head. A pipe
handle is screwed to the shank, p

| . . s . .
Figure 6. Conduit Bender Figure 7. Hickey . -

1f larger rigid conduit must be bent to conform to a job, a hydrauliqbendér as
shown in figure 8 will be required. /

- . The mechanical force required to-
4 bend the pipe is supplied by a hydraulic
U PUMP HANOLE ® arm much the same as’ a car jack., -

" Connecting Tools , N
,Thick-wall or rigid conduit will be - -
TIE BARS ,joined together in the same way as gasfe' ¥ -
water pipe. That is, the ends will be ,
threaded and the two pieces joined by a ‘
threaded coupling. To thread the ends of
the pipe or conduit, a stock and threading &
- die of the correct size is required. See
figure 9, <

hy

. "

TIE PINS

.  Figure 8, \ﬂydrauuc Bender Figure 9. ‘“Nonadjystable Ratchet’
% g | R Stock -and Dies o
The stbck is the part that holds the die and provides a handle for working leverage.
" The stock has a ratchet head. The dies are gererally nonadjustable with replaceable
cutting sections. To use the stock and die, assure that the conduit is held firmly in a
vise. See figure 10. ‘




Y

HANOLE -
A Chain Vise

L z’.*-";-u

<

o - .
Machimsts Vises - ) . .
Figure 10, Vises ’

Inspect the die to see that it is sharp and free of metal cuttings., Place the rough + \
guide end of the die on the conduit and push the threading cutters against the pipe firmTy
] with the heel of the hand. Take three. or four 'short clockwise strokéis'to start.the
threads. . ' . - '

When the thréads are started, cut the threads with a steady, even pressure on the iy
stock handle until two threads show past the head ‘of the die. The die should' be oiled / -
- each two to three downwarq strokes. Use lard or sulphur ‘pipe thread cutting oil to * . |

& prevent overheating of thedié. To remove the die from the threaded pipe, reverse the v

ratchet and,turn the die stock counterclockwise.’ - e o ;
o . . \ , ooy
. . For connectiniz thin-wall or EMT conduit, a dimpling tool is spmetixLes used, A’
connector of the proper size is inserted over the two ends of the tonduit to be joined
| and the dimpling tool is used to make two small indentatjons or-‘d}ghples on eagchendof '~ °*
, ~ the connector. . ' . ) : )
' . . oo \ ‘v , \
7”7 ¢ Another, method of conpecting EMT is with & split ring cdhnector which we will
' cover latersin the study guide. . v ] ® .

@
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The pipe wrench: shown in figure 11,
is uscd by the electrician to fit rigid
conduit together. The conduit shouid
not be allowed to "“bottom' in the jaw
openiny because the wrench will "kick
ol and could cause injuryto the user.
+ Keep the wrench wiped clean and be sure
the Jaws are sharp and clean of dirt and )
grease so that they will not slip. Figure 11. Pipe Wrench
Securing Tools P
When conduit has been cut, formeg, and coupled together, it m/ust thenbe
decured to the structure that it will supply. This is normally done with conduit
straps of the correct size and type. Thé type of structure will determine what tools
are required to secure the copdwit to the sfructure by straps. If the struefure is
wood frame, probably nothing other than a claw hammer will be required. If the
structure is under block or brick, you will probably need a star drill or a masonry -
bit such as those shown in figure 12. ) i -

.

-

. %tar Drill *~ - . Mascary Bit -

4

Figure 12,-Masonry Tools

These tools are used té punch or bore a hole to provide for the installation of toggle

, bolts or lead anchars. In sgme cases, a stud gun may be uded. (This tool drives stud

°. bolts or nails by the use of gun powder as the propeélling force, Only highly qualifi

' pérsonnel after extessive safety training should uge a stud gun'as it is extremely dan-
gerous in unqualified hands. - s " L T
: . »
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Pulling Tools .

- After conduit wiring s'ystem is anstalled and
supported, the Fish Tape 1s pushed through the
eonduit to allow the conductors to be pulled

gas pipe.

* dete

mto the conduit from box to box, A Fish Tape

is shown in figure 13.

£

Pjeid Conduit
Rigid metal conduit is constructed of thick wall pipe greatly resembling water or
. It differs mostly from standard plumbing by a smoother inside finish and
being annealed to 2 softer metal. There are two-types of rigid metal conduit:
Galvanized and Black Enamel. For Air Force purposes, we will consider anly the

galvanized conduit due to the
Galvanized rigid conduit can

Electrical Metallic Tubing

' Electiical métallic tubin
thin wallsgEMT should NOT
tion from physical damage

with 2 hackd®w and fine tooth blade only. EMT conduit must be r

the same as rigid conduit.
Flexible Metal Conduft

Flexible met

of equipment are required or where vibrationis present, I

forming of bends in thinwall

flexible conduit should be secured to prevent the conduit from changing shape and bend- .
[l . ’3 -

.ing the conductor.

» ’

cealed work. It‘rejuires fewer supports than other conduits. The size of the conduit is,
q'mined by its inside diameter and is supplied in 10-foot lengths. '

and require more support than rigid. EMT should be cut

al conduit is a specialized conduit that is used: where minor ad;ustmehgs-

Figure 13. Fish Tape.

" MATERIALS .

3

many restrictions and high cost of black enamel conduit.
be used for all atmospheric conditions, exposed or con-

N

»~
[y

¢

g (EMT) is commonly called thinwall conduit. Due to its
be threaded.” The thinner walls of EMT offer less protec-

eaxﬁied after it is cut -

1

“ . .
~ <

may be used in places where
or rigid conduit would-be too difficult. The'bends in the

. N )
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Couplings
1

- Whije lvv hiwve déscussed the use of couplings previously in this study guwde, lig-

L_, urc 14 will show you what they look like. Remember, these couplings are used to join
two pieces of conduit. ’

g

o .
EMT Coupling Indention Type EMT Coupling Compression Type

\ . f’igure 14, Couplings -
The compressiori or split fing coupling is made up of five partsrl one body threaded

on both ends, two split rings and two end nuts, The nuts are slipped over the ends of
the conduit, then the split rings are slipped over the conduit. The conduit is then in-

serted into the body until the end of the conduit butts up to dn internal shoulder.. The
split ring is pushed to the end of the body and the end nut is threaded onto the bedy. -As

the nut is tightened, the split ring is gompressed against the condult causmg a secure
See Hgure 15.

- grip ‘on the conduit,

. ‘e

/ ENO NUT
’

CONDUIT

Py

SPLIT RING
Ly wDY N . <

. e :
B . Figure 15, Gompression Coupling ¢
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Connectors .- .
.. N o 4
’ - All parts of the electrical circuit must be protected mechanieally Lrom the source -~
. . anelboard) where the circuit brancHes (junction box) where the circult is controlled
) (switchbox) to where the ower 1s used (duplex, light fixture, etc). In order to fasten -
. thus material into the circuit, connectors are used. The type of connector will depen i
on the type of conduit involved. Changing from one type of conduit to another type of b '

conduit will require a special connector. -

Rigid conduit is normally connected to a box by the use of two locknuts, one inside .,
the box and one outside the box as shown in figure 16. A bushing is also used and . N
serves to hold the insidg lockput and protects the MWnductor insulation. ».
. > . L}
An EMT.connector has a compression fitting on gne .end and a locknut fitting on .
the other. The compression iitti.qg is attached to the conduit and the locknut is used  ~ ’
to attach the connector to the box.” Shown in figure 17. ’

] . . v PR
N e e —— - - &

' BUSHING . . .o

%‘; i . ) . -
conpurr  SPUT RING  LOCKNUT S

LOCKNUT

F'as‘tening Rigid Conduit to a Box
. Figure 16, \ -

SQUARE  ° . .. SQUARE EXTENSION - °
¢ T mox ; \ s 18 PR ) RING .
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. ’ Boxes may be of several shapes, as shown in flgure 18, and depthis. They are ° .
N ~ used to protect-the*device installed in them such as a SWltCh or duplex and to provide '
space for splices while offering a firm mounting for devices and fixtures. Avrcording .
- to Articlé 370, entitled ’ \Qutlet, Switch and Junction Boxes, and Fittings," certain | ’ 5
et . rules have been established concerning the aboye items. Some of these ruie's. wllbe * ., Tl
" ’ i d scussed in the following, paragraphs however reference should be made to Article ¥
376 of the NEC. . . A R ‘ ., & ’Qt:
. One of the prowsmns of Article 370 is that when installing conduit, round’\ques . tg N
S ¥ shall not be used if locknugs or bushings are installed to the side of the box. Another. e

proyision is that boxes or fittings installed in wet locations shall be weatherproof. The - ~ « &=’
’heatapz‘oduced when current flows will limit the number of conductors that can be plaeed

. . .intertain size boxes. Table 370-6(2)(1) through Table 370-6(b) show the numbers ad | v

- sizes of the conductors and also the dimensions "and types of boxes used,, Article 370 -

" also indicates that. alk unused-openings, “such as knockouts, are to be eﬂ'ectively closeq.

Boxes shall also be securely and rigidly fastened to the surfdce to which they are i e

¢+, mounted. completed installations.each outlet box shall Have a cover installed. Ref-- » :

t ;h»erence is given to pull and junction boxes. A Junctlon. box- is used Wwhew a cdn- O

. ductor must be spliced and gontinued to other sections of a cirtuit, A#pull box 1s used T L4

* 1n long or hard runs. of conduit so the conductors can be pulled to that point and’ then ) e

pulled to the next opemng R ) F

3
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Straps - . T - .. -t

) : ~ L 3
© s . Conduit ig secured with conduit straps to the structure. Different sizes ,and typess *

! are used dependmg .on the size of the conduit, type of conduit, and type of structm:e‘ ’ 1 -
Figure 19 shows some examples of conduit straps. K

-, : ‘ - . Dl -
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9 Cel There are two types of conduil bends. They are factory bewnds and fiold bgnds.
Ty . &up time §, because of construction features, it is essary~to have a bend in a con-
4 L (ﬂng stem tl}at is'closer than a bend that can be,m with a bender. It may be nec- d
.. R essary to have a n&ll box du‘f to.the amount of bends in a ruff of conduit. Inthese caggs )
~; - . g'condulet would be unstalied to suit the situation. Conduletssare factory-made in vai
s _,\ 2 ious shapes to cover different ?tuations. One side will provide ah open area to help - .
,_i: } + .when pulling in wires. _A few '6f the types are shpwy ig figure 20, v '
N R . ) ’ o~ ° . B
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" Figure 20, Condulets v %‘f ..
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TERMINOLOGY ' -

’

< ’ . . .
L : ical trade, probably more than-any other, is subjected to many terms - & !
. . that are never kn.ékvn except to electricians. '

>

Y . . L 2 . ) ~
a . Chapter 1. ATticle 100 of the National Electrical Code contains a large list of these -
K definitionsg,’. Several of the more common terms and -definitions are included here:

\

.

/ N
. .*+ Fitting: :\An accessory such as a locknut, bushing,or gther part of a wiring system
‘ > *. which is intended primarily to perform a mechanical rather than eléctrical
& - function. ~ ' .

v

~ ' ’
- » ~
4 [

. -~
’

_/‘ '\*1"&. “".Servite Rb.?:ewgg: The rigid metal conduit, ele% rical :metallic tubing or o_ther . . ,
. L raceway that encloses the service entrance conductors. S
N ’ ' . ” 'K - s . . . i ; |
- . Device: A unitofan electrical system which is intended to catry but not utilize .
: , dlectrical enetgy. Example - switch” '
4 . e : : e
A Rageway: Any channel for holding Vires, cabtes or busbar3 which’is designated
Tie ey et expressly for, and used solelyifor, this purpose. - ‘
\\ 0

‘ - \ -

. ‘ . We:a.thex_*gr roof: Weatherproof medhs so constructed or prbtected»that exposure to the_.
\ > ~——eather will not interfere with successful operation. .

- .
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. ) Appliance: Utihization equipmient, generally other than ?dustrxal, normally bwit 1’ .
'standardized sizes or types, which 1s installed or connected as a umt to ’
perform one or more functions, such as clothes washing, air.conditioning, -

~ | food mixing.etc. ° i - ’

° Isolated: Means that an object is not,readily accessible to persons unless special
means for access are used. . . .

Switchboard: A large single panel, frame, or assembly of panels on which are
mounted, on the face, back or both, switches, overcurrent and other
protective devices, buses and usually instruments.
Switchboards are generally accessible from the rear as well as from the
froqt and are not intended to be installed in cabinets. -. , . . -

&

Ventilated: 'Provided witha means to permit circulation 'of air sufficient to remove .
an excess of heat, fumes, or’vapprs. :
o Stub: The rise-of conduit abbve a given point. Normally associated ‘with a 80° N
bend. ' . . ‘ . N
Iy . : . sl R ) h : .
Takeéup: The amount, ip inches, of conduit consumed in the bend. - A K
. . . -
Parallel: Two lings that if extended folever would not touch or cross. Two lines in .
the same plane of reference. v —_— - Lo— = PY——
Outside -to-Outside: In reference to conduit bends, from'the extzeme outside edge of )
the bend to the extreme outside edge. Qf the conduit on the other side of
the bend. . : . .
Inside Diameter: The distance, in inches or fractions thereof; across the opening of
the conduit. : . .
PRI SUMMARY : S L. N

“

It is in your best interests to know your tools and how to use them.’ They=will
make your job easier and faster and allow you to work more safely.

. 1 - e \ »

\ Being able to -identify and use the factory ma.de materxals available will 1mprove
- - your_ efforts. . You cannot decide at any stage “of your Air Force electricxan career
that you,know all the materxals ava.uable as newsproducts are consfantly coming on the 4
market . . .

Correct términology permits yot to defme awmumcaté more exactly m\ the o

>

language ol’ vour trade. Study the National ElectricalCode chapter on terms and'def-
ipitions. ~ This should be a continuing study as ne ms are constantly being-included - .
in the 1anguage " s \
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ta . QUESTIQNS : ‘ -/ b&
| 1. EMT is cut with“a pipe cutter. T °F
| ~ 2. A Device uses electrical energy. T \{' -
N T . :
. 3. Rigid conduit over 3/4 inch cannot be threaded. - b T F .
4. EMT and Rigid conduit require different benders , T F - J
. 50 Burrs on rlgxd conduxt may be removed with a rattall file. ‘ T F :
6. When installing rigid condmt to a box, i locknut should : ' ¢
. ' be used. on both sides of the box. T .F
‘ 1. "A hacksaw blade with 32 teeth per inch is satisfactory
| for EMT condyit. - T F .
. 8. A Bushing is used to reduce the size of a hole in an o~ o
ocfagon bax. - T F
9. Rigid conduit is fastened together with a threaded
‘ coupling. T F /
10. -Condulets can be used instead of bends in rigid conduit. T F - N
’ 2
' REF ERENCES ‘
-1 TO 32-1-101, \/Imntenanc@?nd Care Handtools ¢ ’ -
*
" 9. AFR 127-101, Ground Safety Accident Prevention Handbook e T, .
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CONDUIT WIRING - \ '
ORIECTIVE | . ' A ) ‘ o
This study guide will help you 1dcntxfy the different uses of conduit and how they 70
arc formed and installed. . - , ,
INTRODUCTION . . o . L~

Since conduit wiring systems offer, the greatest mechanical protection to the
circuit, it is %onsidered to be the safest method of wiring. This method of wiring
allows more possibility for change and updating of the wiring requirements than most ~
other methods. As with other methods of wiring, corduit wiring systems requirexpents :
are covered under the National Electrical Code.

-

INFORMATION ’ - . \ . -

NATIONAL ELECTRICAL CODE INST‘”ALLATION REQUIREMENTS FOR CONDUIT B

a2 Asygou have ¥ready dxscovered om the px:ekus block of instruction, the,
Na.tional ectrical Code esta.bhshes(‘nmimum safety x\‘equxrements for electrxca.l work.-
This hblds true for conduit wiring systems. Chapter 3, '"Wiring Methods®And
Materials, " discusses installation procedures and reqmrements for wiring. This '
chapter is broken down into articles and paragraphs concerning specific types of
material installation.

@ » . . v EY .

Rigid Conduit . ) 4L
Chapter 3, Article 346, covers the installation lirhitations and requirements for | ' .

rigid metal condmt - You will note that rigid galvanized conduit has the fewest restric- )

tions of any conduit system, Natice that the size of conduit is from 1/2 inch. up to 6 . -

“inches in diameter. ..

\ \
Electrical Metallic Tubing ‘ s S .
Chapter 3, Article 348-1 through 348 -14(e), covers the use and 1nstallat1on of
EMT. Note that because of the thinner walls of this conduit, special attention must
be provided to prevent physical damage during or after installation

»

F‘te'dble Conduit P : SRS ’ ., g
Chapter 3, Article 350-1 through 350-5, covers the use'and inptallations of flexible ’ ' ‘
conduit. Note the restrictions and size limitations ST )

Vg
. . '
.
® ‘"
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TYPES OF CONDUIT ‘FIELD BENDS ¢

’ R .. *
+ Conduit installations are normally referred to as "runs'' of conduit. A conduit run

1s the bends and installation of piping from one o'peﬁing to the next opening. For ex-
ample. from the panelboard to the first outlet or from the first outlet to the second

<, outlet.- ‘. ¢

: Offéeg

_each end of the offset are parallel to each other. .

r

These combina-

A run of conduil is normally made up of 2 combination of bends.
tivn beds are called offset, back to back, gooseneck, and saddle bends.

An offset bend is two equal bends in opposite directions. It is used to avoid a
part of the structure or to bring the conduit out from the structure to match a knockout
in 2 box or panel. -Note in figure 21 after the bends are made the conduit sections on

[ . N

; L Figure '21, Offset Bend.
To make accurate offsets of 2" or more&n depth a preéetermine,d distance can be
marked-on the conduit before making the bends. Table 1 shows how to judge the dis-

tance. - Because of the.radius of the bender, offsets less than 2" in depth, such asthe
box offset shown in table 1, cannot be calcula!}ed as described. The amount of bend

]

for box offsets is merely estimited. )
Py ' “ o N 6: N Ld . )
_ . _ Tabe 1 : Lo '
. s 3 ‘. . .0
Angle Constant .
of - Multiplier .
Bends ) ) .
: 2210 x 22}° . . . ,2.5 ve
300 x30° - -~ 2.0 0t )
| 45° x 45° 1.5 '
- 60° x 60° ' 1.2 o
- —— | v .
- -} Formula N ‘ o /
OFFSET , CONSTANT DISTANCE .
DEPTH * MULTIPLIER 1 prone : .
. v )
23 ' O R
° ! ~ " ' P V
~ ) ( ' °
- - ° ,
P ‘ . o. ‘
‘ v " 1’§92 * ’ L]
* N [ i »




Exampfe- Offset 3" deep with 30° bends

-

1. Multiply depth of offset by constant multiplier shown for 30° bends (see.table)

~ 3'x2.0* ‘- — -
N 2. Place marks on conduit 6' apart shown in figure 22.
. . AY
' 3. M:\l;c a 30° bend at each mark. .
. ' . ‘
' M ; \ ¢ \
- . /,::3 v
/,"'
e .
’4 300
( = T 4 - PLACE
ARROW OPPOSITE

| ¢— 6°—»] ~ YOUR MARK

END OF CONDUIT

- . ) 30'& ‘1- . %' - ’. K
S | , , i
““Figtre 23 e

Sa

e

The result is an offset that will clear a 3' obstruction as shown 1n figure 23,

¢

- " Back -to-Back ¢

' ‘The back- to-back is two opposed 90° bends that reverse the direction in 2 run of
conduit. In making the back-to-back bend the first 90° bend is made with a certain
amount of "stub.”’ The length of stub is obtained by marking the desired distance from
.one end of the conduit and subtracting the takeup. Then place arrow of begder at that
point and make a 90° bend. The amount of takeup is determined by the size of conduit
shown in table 2.

-~




' ) Table 2 . ‘ / @7
] : 90°
BENDER TAKEUP. : Stubs _
112" EMT 5"
'3/4" EMT or 1/2" Rigid | . 6" : \ N
\ ‘ [}
1" EMT or 3/4" Rigid 8"
3
1 1/4" EMT or 1" Rigid 11" i b,
. ) Figure24 shows how to make a 90° bend with a 10" stub on 1/2" EMT. . f
W
» Y
\ :
- ;—:\0' T"‘
- ‘4—5"-» ’ : . 5" T
’ = = ) ) J_ 10" ——
172" EMT - l 4 »
\ -~ TAKE-UP
. . — \
) Figure 24 ’ »
. - renehmm " ~ -
To determine where to place the second bend an outside -to -outside measurement
_ must be taken and marked on the condyit. The bender is then placed on the conduit '
. with the star point symbol on the bender opposite the finish line desired. (The star
foretells where the back of the 90° bend will lay.) The 90° bend is then made opposing e
thefirst 90° bend as shown in figure 28, ,
- : - * -~
’ N ~ o - )
) ’\ ’_M/ ,‘~_.- ’—f .- >
° ¢
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GUTSIOE-TO~OUTSIDE - >

. Figure 25
Pipe Saddle’ .

The pipe saddle 1s used when going
from a flat surface over a round obstruc-
tion, such as a pipe, and back to the same
flat surface. This bend is made using ~*
three opposed bends. Figure 26 shows
a pipe saddle., :

S The first bend of the pipe saddle is ) ‘Figure 26, Pipe Saddle
a 45° bend made ,at point "A" in figure 26, :
The star of the bender is placed opposite the point where the conduit will pass aver the *
obstruction. Bends "B and "'C'" are 22 1,20 bends opposing the 459 bend. These are
. made with the arrow of the bender at points 2. 5 X diaméter of the obstruction on éither ‘
side of point "A." The distances should be marked on the conduit prior to bending, as - - .
illustrated in figure 27, - - ) p

Example. Pipe Saddle over a 2" diameter pipe. Yo -

T

o= :
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N "
e : [ .
' POINT A : CONDUIT RUN
v ‘ ¥ ( .
. . — T
’ ' , _ 04— PIPE 2" DIA. .
. - ; ‘
¢ 2.5x (DIA. OF PIPE) 2 = DISTANCE ON
) EACH SIDE OF -
. POINT "A” & .
3 A1 ¢ . ’
4 1 " {
L lq-—s“-»lc—s"—o] *
. .
¥
. . ‘ .
el - ) R '
. Figure 37 ’ . o
- . - -,
Gooseneck : '
The gooseneck bend consists of one 90° bend and an offset. The gooseneck is gen- |
arally used when installing an overhead fixture through the ceiling as shown in figure28. {
e’
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- Figufe 28. Gooseneck Bend

The 90° bend for the gooseneck, when run on ordinary ceiling joists, should be :
bent with the shortest possible stub without reducing the inside diameter of the conduit. L
This reduces the amount of offset that needs to be made and also leaves less conduit
above the ceiling joists. The depth of the offset can then be determined by measuring
from the top of the ceiling joists, as illustrated in fif-ure 29, )

> A b

4

DEPTH OF OFFSET

A . . . . Figure 29.
CONDUIT BENDING e 1

The actual bend\ing of conduit is an art. Like-all forms of art, the more often it is |

) practiced correctly, the more proficient-the artist becomes. Each type of conduit has N |

its own peculiarit}es when bends are being formed. - . * {

F ' Rigid Conduit . ,, ! . , . o |

® e - -~

The bends in,small rigid conduit are formed with a §hdrl throw hook called a
“hickey."' The hickey does notqhavé reference marks cast i~ This requires the oper - ' ’ |
ater to perform much more by feel of the Work than other benders. When bending |
rigid conduit the hickey is moved short distances up the conduit in what are called . 1
"bites.” The length of the bites should be kept uniform to assure a smooth bend . N

' the. same radius. See figure 30, " ' . C g v T |

‘e
~
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N

M

. TAKE SMALL BITES

Figure 30. Bending with a Hickey
Because rigid conduit has a thick wall and 1s difficult to bend, the diameter of
rigid conduit that can be bent with a hickey is limited to about one inch. Larger sizes .
of rigid conduit are formed with hydraulic benders or factory made behds are used.

-

To assure that the bends are correct a level should be'used,' if available. If a
level 1s not available. a corner can be used to check a 90° bend. With practice you
will develop a feel for the amount of pressure required to bend conduit.

ELECTRICAL METALLIC TUBING (EMT)}!
- EMT is forced with a ‘special bender as#previously stated. Each diameter EMT
will require a bender of that diameter. All the normal‘field bends can be made with
the bender. The shape of the bender will provide automatically for the proper bend
radius,. This bend radius is not less than 6 times the internal diameter of the conduit.
if used correctly, the bender will help prevent kinking, flatting, or reducing the inside
diameter of the conduit. :

LY

When possible. the bend will be made on the tloor allowing the operator to use the

“foot step” as well as the handle 1in making the bend. See figure 31.

This helps keep the conduit flat and also requires less pressure to complete the
bend, - .

There will be times when it will not be possible to make the bend on the floor.
This situation can arise because of a bend already made in the conduit so that the con-
duit cannot lay flat of the floor. If this.happens, the bends can be made "in the air."”
As you see.from figure 32, the bender handle rests on the floor with the Bender head
up. Extra care is required to keep the bends straight and the handle from slipping on
the floor. :

A
\

EMT conduit will probably be the type conduit you will work with most in your Air
Force career. It combines gbod protection with reasonable cost to.provide.an excellent
system. . .

- i 28
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Figure 31. Floor Bend With EMT™ Figure 32
) ,
. Flexible Conduxt (Greenfield)

*
L3

Flexible conduit will not require a tool for bending as 1t can be readily shaped with

your hands. Flexible conduit may, however, require tying to some support to maintain
the desired bends when it is installed.

Flexible conduit must not be used in wet locations. Flexible conduit must be se-
cured hy cabhle clips or pipe straps within 12 inches of the bdx, and‘theg at mtervals not «
tv excecd 4 1/2 feet.” Flexible conduit is cut to length with a fine -toothed hz(cksaw

The cul should be made at right angles to the steel rxbbon that makesup flexible con-
duit as shuwn mn fu:uro 33.
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. After the ribbon 1s cut, g.asp the
conduit on each side of the cut and twist

the conduit. The rough edges should be
dressed with a file and a split bushing .
inserted to protect the conductor insula-
tion as shown in figure34.

.
7 [T : -
. Al .
- ) :‘ - . . e N /72
14 . : . -
.
" ’
. .

. Fend
. L& i
. Figure 33. Cutting Flexible .
Conduit
- ! .~ * . . v
. « . L ; v ) . .
) $
p o : Figure34, Bushing Installed ' )
THREE-PHASE POWER _In Flexible Conduit ~ .
You may require three-phase power . ’ .
to operate three-phase motors or other i
equipment in the bulding. The power requirements will dictate to a large degree what "

three-phase power qonfnguratnon 1§ run to the building. The two basic conditions that.
would exist would bé-power only or power and lights.

Figure 35 shows two transformer connections that may be used.

e B d .
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. .Figure 35, Transformer Connections o .
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Figure 35 A, would be used where only power is needed to operate motors. Only
. thriee wires are available and the voltage between them is tugher than can bé used for
a normal lighting circuit; 35 B connection provides a neutral wire so that you will
have a lighting circuit or single-phase voltage available if required,

L

TERMS AND DE F{NITIONS - .

‘.. To understand the purposes and installation of a service entrance, you must be -
come {axniliar with the terms and definitions of the service, service drop, service .
entrance, and service equipment. :

Service
N ¥

.
.

Service is provided by the conductors apd equipmen'L for delivery of energy from
the electrical supply system to the wiring system of the premises served.
s 3 » - .
Service Drop

Service drop 1s made in the overhead service conductors from the last pole or
otifer aerial support to the first point of attachment to the gervice entrance conductors
at the huilding or other structures. -

Service Entrance
. . . .

Service entrance 18 the service conductors between the terminals of the service ~
equipment and a point usually outside the building, clear of building walls, where |
joined by tap or splice to the service drop. A typical, single -phase service entrance
using conduit is shown in figure 36, oo Y - »
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e

Service Equipment L . . ' /7&,

» t .
Service equipment consists of a circuit breaker or switch and fuses, and their ac-
cessories. They are located'near the point of entpance to a building and are intended

to constitute the main control and means of cutoff for the supply to that building. - RN
! a
i N ! O WEATHIERHEAD RIGID CONDUIT. }
| . N - ‘
K \ , . .
. - A *
. i qh‘“’ S
. : SERVICE DROP
i CEILING JOIST %
- - o vl % . -
N
> : o
| hi
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' /
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] ¢ P ! .
) . '
PANEL . .
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\ .o . Figure 36, Service Entrance Installation .
\ : ‘ : ‘
’ ELECTRICAL POWER SYSTEMS . .
. -~ . NS .

. The seryice entrance is attached to the service drop and consists of a.weatherhead
(service cap and conductors) which are connected to the service equipment. . <

The service e'quipngent can be in a papel by itselfor it can be, included in a panel - .
board tontaining the branch circuit protective devices. The service equipment ispro-
vided to connect or disconnect the power supplied to the fuses or-breakers and the

branch circuits. The fuses.or breakers are included in the system to protect the '
. equipment and circuit from damage in case of an overload or short, in accordance '
with NEC Article 240. ) - ) T . ;
\ .
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* Branch circuits extend from the protective devices and provide power 1n the dif-

ferent rooms or areas of the building. It is best to hold current flow to a.minimum on .
the identified or neutral conductor. To-do this, the unidentified or hot conaucters

should carry the same amount-of current flow. This is referred to as balancing circii s~

-
H

TINST m LLATION OF THE SERVICE ENTIU\NCE N
. . . ‘ .
The service entrance will he of the overhead or underground type. In most mod- . o
ern construction the service entrar;ce will be made in tonduit:, ¥ - .

) -

Iu sume cascs tlie de51gn engineer provides all the necessary information for - -
v . Stallation of the service entrance; however, if this information is not. provided, you :
may locate it 1n Article 230 of the NEC. The service to the building should be cen- Y -
trally located. This will help prevent low voltage at the’ ends of the builcimg caused .
by long conductor runs. The service-entrance that you install will be in conduit. T ~
" Figure 37 identifies the parts of your service entrance. ' g

»

.
a . . «

o

Service Cap (Weatherhead) RN : e v
hed - @ ,
The .weatherhead is made up of a ceramic or a-bakelite separator'washer and a \
screw type metal cover. It is attached by threads to the conduit mast and normally -
4 will be at least 10 feet above the ground. The weatherhead is used to prevent water .
from entermg the conduit and damaging the conductor insulation. ~- . .

~
N
N ¢

Conduit .- - o - ST . )
* The conduit wi}l generally be of a rigid type, cut to correct length to provide o
. _proper clearance, t readed on both ends and o\f sufﬁment size to carry the required > . ' '

- ’ "sizg conductor. . - : '

1

- Entrance Ell . . R
~— The entrance ell is also called a condulet. -It is-used as a pull box and to make a ) .
sharp 90° angle from the conduit to the pane}board by the use of a nippls.

T Nipple T . O K E. ‘ e

¥ The nipple is a piece of conduit of the correct length to go through the outer wall
and connect the condulet™to the panelboard by locknuts - - X

’ _ [ S
= < . - '

Cohductors

. ) The conductors should be of sufﬁcxent size to provide the correct a.mperage to the . .
building. They must be long enough to extend from the panelboard through the . - .t
weatherhead/p\s abduat 3 feet'to form a drip-loop. All cohductors should be installed
at one time. L v
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, CONOUCTORS ' 3 . .
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Lo Figure 37. Service Entrance Components
. ’ |
' Assembly of pomponents : . s
Attach the conduit to the weatherhead and condulet, Then attach the nipple to the o

condulet. Ingert the nipple into the previously drilled hole through the outer wall.
Attach the conduit to the building with a strap within.3 feet of every box'or' fitting and
10 feet thereafter. Thenputa locknut on the nipple outside and inside the panelhoard.
When.this second locknut is tightened, the panelboard.is-secured to the nipple. Then
attach the panejboard to the wall with screws. The conductors are installed and a
grounding bushing is screwed ofto the end of the nipple inside thé panelboard. This -
bushing is to prevent damage to the conductor insulation and to ground the conduit .‘\

, system, - The conductors are now connected to the panelboard as shown in figure 38.
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MAIN DISCONNE

CIRCUIT BREAKERS

*

PTBGD®OD DY

CONNECT TO COLD WATER LINE
BRANCH CIRCUIT 240 VOLTS * OR DRIVEN GROUND ELECTRODE

BRANCH CIRCUIT 120 VOLTS “.

. Figure 38. Panelboard .

.
.
-

Grounding .

The. ground clamp should be made of the same material as that to which it is
attached. If an iron water pipe is used for ground, thenuse an iron clamp; if copper
is used, use a copper clamp. This is done to hold down electrolytic action which can
deteriorate the ground or ground wire. The loss of a ground would result in the sys-
tetn becoming very dangerous. :

~
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SUMMARY, " - ) ) /7&

) - ~

’ Requlrementé for -conduit wiring can be found in the National Eleetrical Code. . ~

Rigid conduit up to one 1nch can be formed with a hickey, is connected by threads, -
cut with a hacksaw or pipe cutter, and reamed before installing. EMT is cut with a
fine-tooth hacksaw, then reamed and formed with a special EMT bender.

Flexible conduit is a specialized copduit, highly restricted to use, that should be
cut with a hacksaw at right angles with the steel ribbon that makes up tlie conduit. The
cut must be dressed and ) 3plit bushing should be used. :

\

5

| o .

| NOTE: See articles 346, 348, 350, 300, and 215 of the NEC for additional

| information. 7 o .

| Three-Phase Services will be either three-wire or four -wire, depending on.the
use to be made of the power in the building. . ’

QUESTIONS o - ' '
|- 1. Name three types of conduit. ’
2; What 1s the maximum size of rigid conduit?

3. How does rigid conduit differ from water pwe?

4, How is the diameter c;f conduit determined? -

5‘> If possible, how should EMT be formed? ‘ ( .

»
6. What is the minimum bend radius for EM'I‘?

7. Name two uses <‘f ﬁéxibl_e conduit. — - | —_
4
- 8. What should be used at the ends of flexible conduit to proteci: the conductors?
~ ‘ , ) s _
S 9. Whatis'a service drop? What is a service entrance? ! '
. 10. What two things should be considered when establishing\three-phase service * .
™. - requirements?
" : 'REFERENCES . .

1.. AFM 01-17,.Electrical - Interior Facilities

2. AFP 85-1, Electrical Facilities Safe Practices Handbook

. ] R
3. National Electrical Code . . .
4. ' Electrical Trades Blueprint Reading ) . -
. 5. NFPA Handbook of the NEC ; . ‘
2 )

6. Practical Wiring

7. Electrical-Code Diagrams, Volumes I and I1 . .
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CIRCUIT EXTENSIONS . ' : )

OBJECTIVE * , M .
[
This study guide is to help you understand the types, purpose, and installation '
requirements for circpit extensions in accordance with the National Electrical Code.
INTRODUCTION - ; .

Building plans and builders try to anticigate the needs and requirements of the o
occupant for electrical power. Changes in use of the-building, new or additional equip-
ment, or reorganization of personnel may reguire additional or relocated outlets. Be-
cause of building construction or the tempor, e of the new. requirements, it may
not be feasible to run new branch circuits(within the finished walls of the building. A
systemMor providing neat, safe electricaloutlets has been provided under the rules of .
the NEC. This system is calléd circuit extensions In this study guide we will discuss u
two types of circuit extenstons.

INFORMATION

-

SURFACE METAL RACEWAY <

Where appearance is a primary factor, surface metal raceway is used. .This Y
raceway is finished with a baked-on enamel finish that blends with or complements . .

“the wall finish and is meant to be used only as an exposed circuit extension. Circuit

extensions in surface metal raceway must be continugus from outlet to-outlet. It may
not be used forf concealed work or where subjected to corrosive fumes. Surface metal -
raceway comes in various sizes and with factory-made fittings such as pull boxes, -

junction boxes, switchboxes, receptacle outlets socket outlets, elbows, couplings,

bushings, straps, hangers, adapters, and the like. Figure 39 shows a typica.l surface

metal raceway installation. .

- ik
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Figure 39, Typical Surface Metal Racev(zay Ins;ﬁa.llation

I3 / N
INSTALLATION OF SURFACE METAL RACEWAY -

* Starting at the-existing outlet, fasten -
a blank extension adapter over the existing ] .
outlet box with machine screws, Figure 40 3
shows an extension adapter. -

.

v

Align the run of metal raceway and
install the other required bases for tees,
corners, switches, or outiet boxes. These
bases should be installed with flathead
screws or toggle bolts_to prevent insulation
damage to the conductors when they are
installed. Figure 41 shows the installation
of the basic supporting units for a surface :

metal raceway cirguit. ~  Figure 41, Supporting Clip
’ §8 - ‘ _::‘w‘
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3 The surface metal raceway must be supported at least each 4 1/2 feetg Couplings / 7 ?

. - are used to fasten the raceway to surface on which it is being installed. Coupleghe ’

hase of the fittings to the raceway by slipping the tongue of the fitting under the hasge of

PN the raceway. - Using a pair of pliers, remove twistouts from the covers, then snap on

. screw covers to bases of the metal raceway. Snap on elbow and connection covers and-

. install conductors. In the case of inside elbows, it may be necessary to use pullays - )
and a {ish tape to install the conductors before the elbow covers installed. See
. figure 42, Other installation requirements are found in Article é:’s\oL(\NEC.

500 OR 700 WIREMOLD

N\

s

i

/ 616 FISH TAPE LEADER 3 ]

-
| i
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o /’/ ,;/’/ &// . /)/// . N ll .
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- . 4}',’ 7 7// // i B
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-Figure 42, Fishing Conductors Thrc;ugh Surface Metai Raceway
. Conductors Allowed in Rgceway * »
B t . . , ) ‘ *
The number and.size of conductors in surface metal raceway will be determined -
by the size and design of the raceway. Table 1 will show the number of conductors
. - that may.be installed in varioys sizes and types of surface metal raceway.
o “ :’* . . -
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MANUFACTURER'S

NUMBER OF WIRES

TRADE NAME ' DES. NO. 14 12 10 8
200 3
500 "5 4 3 2
Wiremold ‘ Cm 700 8 6 5 3
1000 10 10 8 8
1500 ‘ 4 4
2100 6 6
022 2 2
&
222
National Metal Molding 044 4 4 3 3
g
- 133 :
, 111 %
© - Ia%lé’ 1. Number of Conductors Used in Raceways

Installing Switches and Receptacles

The installation of switches; and receptacles in surface metal raceway will be gov-
erned by-the same rules-of the National Electrical Code that apply to conduit insta:llatxon.

.

CONDUIT CIRCUIT EXTENSIONS * .

Conduit éircuit extensions differ from surface metal raceway circuits in that a
conduit circuit extension may be either exposed or concealed. The conduit circuit
extension may be in rigid, EMT or flexible conduit, ®stalled in the same manner as
a regular branch @rcuit and is subject to the same NEC rules. ) ’

.

SUMMARY , ) ‘

Surface metal raceway circuit extensions are restricted to resident and office
space installation. They are designed to provide either additional or relocation of

‘outlets. They are usually constructed of a material that will blend into the overall

decor of the room. Surface métal raceway will provide mechanical protection.
Factory-made fittings and connections for surface metal raceway provide.for almost
any installation situation. Surface metal raceway may be painted to blend with any
surroundings. Conduit circult extensions may be either exposed or concealed and

are made of regular rigid, EMT, or flexible conduit. ; .
L. . . 'S
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QUESTIONS : - ,

N N
. 1. What is the purpose of circuit extensions? .
(’ ] N A [ * '
- e 2. Where may surface metal raceway circuit extensions be installed?
- 14 .
. 3.° What is the maximum voltage.for a surface metal raceway extension® . 1
4. - What governs the number of condictors that may be installed in surface metal w
raceway? , . - . .
5. © Why are circuit extensions sometimes necessary? ) .
6. What holds metal raceway to a wall? .
, 7. How are conductors installed in metal raceway? .
. . , » ’
8. . How may a epnduit circuit extension differ from nonmetallic or suface metal
raceway circuits?
. . !
. REFERENCES . s
1. National Electrical Code -
2. Blueprint Reading . k ) .
- 4 14
- 3. NFPA Handbook of NEC ' -7 ~ )
< - ‘r';" .,
4, Practical Wiring L !
’ °
5. Electrical Code Diagrams, Volumes | and II
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- - LOW-VOLTAGE CIRCUITS . ( h
OBJECTIVE -
; This study guide is designed to familiarize y‘ou with spécia.l circuit utilization,
operation, and installation. ’ : . )
" INTRODUCTION o v .
The voljages which &ou have encountered so far in dealin‘g with residential and Yo .

office wiring have been the standard voltages of 120 or 240 volts, These voltages are
_ usually the same as those supplied by the distribution system from the distribution
transformer. Unless the duplex outlet in & building is especially marked, you would
‘ expect to find 120 volts. However, certain types of equipment do not operate on this
much voltage. ‘The reason is that lower voltages are safer to handle. Circuits which
operate op Voltages lower than 120 volts are usually referred to as low-voltageacircuits.
Some of the more important low-voltage circuits are needed for doorbell systéms and
' fire alarm systems. This study ggide will deal with the low-voltage doorbell circhit,

’ INFORMATION

LOW-VOLTAGE DOORBELL SYSTEM
-~

i

. ¥4 .
Probably the simplest low-voltage
cireuit that you will encounter is the cir- ) : .
cuxﬁﬂ an ordinary doorbell system. 120v 129 ?\ﬁ?gg TTON
The doorbell circuit has a stepdown - it
transformer for reducing the voltage; TRANSFORMER K
+ bells, chimes, or buzzers for signaling; - 4
- a pushbutton switch for completing the : -
circuit; and wires to connect the com-
ponents together. Figure 43 is a wiring
4 . diagram of a typical doorbell circuit.

TERMINAL‘

. . In operation the circuit is simple.
H 120 volts is applied to the primary side .
of the transformer continuously. The
transformer reduces the voltage to 12
‘volts for the operation of the bell, When ELECTRO=
‘ you press the pushbutton switch, the . MAGNET
\ low-voltage current travels to the ter- T .
} minal, through the elecfromagnet,
St through the contact points and back to
the other terminal and returns to the
« transformer. :

|__— SPRING
pivof .

e ARMATURE .

The electromagnet pulls the arma- ' .
ture down, breaking the circuit., The .
armature. is thepn moved by a spring to
¢ its former position, closing the contact

< “ . ' . 43
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points and ‘Again energizing the circujt. Rapid repet 0D 4

© » tovibrate and ring the'bell. The’lolidness of the be %’" : ﬂiisfmg the * > -
spring tension. : , e : FouY IS S -
. ’. . Pt il ) .
) 2 L errunt B o
. A buzzer works on the principle ‘of the bell.- HoweWg; gijResiglo pot interrupt the - .
“circuit as do buzzerssand bells. The electromagnet pulla/ipIige) hich strikes a
plate, and the plite produces the chiming sound. The c oy n-when the button s
{s released, and the plunger is returned by spring action and Brines the plate. Two-
\ . station chimes have two solenoids, One solenoid acts like the -6ne&<described with the
_single plunger,. and the second plunger hits only one stfiker plate and produceés a single
L4 tom. ‘e
L. ’ v ’ — ) N
' Circuits for bell, buzzers, and chimes can be controlled {from more than one loca-
tion by paralleling the pushbutton switchx. . More than one bell of buzzer can be con-
. trolled from one location by paralleling the bells or buzzers. The conductors used in = -, | .
. low vojtage of the cjrcuit are usually two-#18 AWG insulated copper conductors twisted
¢ together. Be careful not to overload the transformer. -
- " <
SUMMARY  ° : ' o .
' Some circuits require special voltages. Special Joltage circuits should be marked.
A doorbell circuit is normally a low voltage circuit. A stepdown transformer is used
to reduce normal 120 volts to 12 volts to operate the doorbe]l system., The major parts
of the®oorbell system are: A transformer, a pushbutton switch, a signaling device and
. ' associated wiring. More than one pushbutton may be used by parallgling the switches. —*
T Normally number 18 AWG indulated copper wire, is used to install.a doorbell circuit. .
. QUESTIONS * ’
. 1. Why do some circuits require a low voltage? ) ,
. ._-—‘-"'\ - ) T
{ 2. . What should bé done to any duplex outlet that is furnishi'r'lg voltage different from
the normal 120 volts? . . R
3. What is the purpose of the stepdown transformer in a doorbell sfstems? e
/ 4. What is the purpose of the electromagnet in the doorbell? ‘ - . ’
: ’ 5. How is the loudness of the bell controlled? - : o oL
0 Lo .
{ . . -
REFERENCES . : . -
1. NEC ' ~ ; - : .-

3. ‘Electric Trades Blueprint Reading, R. C. Mullin 1969 Edition ,
' ' -

3. NFPA Handbook of NEC, Frank Stetka

.

’é‘

4. Practical Wiring, H. P. Richter
5. Electrical Code Diagrams, B. Z. Segall e
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, < y TROUBLESHOOTING CONDUIT CIRCUITS S
é N’ N . . .

OBJECTIVE

a

Vs

This study guide is to help you become familiz{r with”thé types of troubles'you will o
find in conduit wiring systems and}the procedures for locating and correcting them, R <

INTRODUCTION ... " -
“Troubles in an electrical system are generally caused by careless construction,

lack of maintenance, misuse of thie sytem, thoughtless and careless acts of the occu-

pants, and age of the system. One of your responsibilities as an electri¢ian will be . .

. to troubleshoot electrical cireuit systems. -

Since troubleshooting of an electrical circuit can vary with the type of system, .
voltage appljed, use of the system and many, many other variables, this study guide * t e
cannot cover all po§§ibi1ities.' ‘

N o ¢ N .

~

INFORMATION . b
« -TROUBLESHOOTING CONDUIT CIRCUITS
As you learned in Block II there were three basic circuit problems: (1) opens,
(2)- shorts, and (3) grounds. These’problems remain basically the same no matter
what the t¥pe of wiring installation. In conduit systems many of these troubles are
caused by improper installation of conductors in the condwit. As an example, insu-\
lation stripped or conductors broken. Because of the physical protection conduit
_* allows, the system is relatively free of trouble after it 1s installed. ‘The other con-
) ditions that cause breakdown, other than improper installation. are heat, “age, and
N moisture. Procedures for troubleshooting a conduit wiring system are the same as
- for an NM cable system except that a conduit run is a grounded system. When called .
R on to troubleghoot any wiring system, information from the. person that reported the
trouble will often save you valuable time and trouble. o

« SUMMARY ' . - ‘ . o
. Troubles are classified as opens, shorts, and grounds. An opén is a circuit that
oy is not complete. or has no continuity. A,short is where twd conductors of different
potential are touching, and a gmeund is when a conductor is making contact with a mo- \ .
. tor frame. appliance, conduit. etc. A logical sequence and commorr sense will be a 9 ’
kev to how long it will take to troubleshoot a circuit.

\
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~ , APPLIANCE MAINTENANCE *

4

. . OBJECTIVE . - R . .

A thorough study of this text will hélp you become familiar with wiring diagrams . . .
e amd specifications for electrical kitchen equipment, methods of testing and isolating N
¢ ) _electrical malfunctions and determining the extent of necessary repair. s

r
x

INTRODUCTION * . . .
° 7 . .

. This text covers the electric heating and cooking equipment ordinarily used in do- :
mestic qhiarters,_hospitals, and dining halls on Air Force installations. Although the : . SN
types of equipment used may vary the basic operating parts of these appliances such as '
‘the heating elements; switches, motors, and thermostats are the same. There are
three basic types ofkitchen equipment; element heated, *mator driven, and a combina-

. , tionof both motor driven and element heated.

INFORMATION .- “ - .
APPLIANCES

'x\ ' - . - .
Rangef? ‘ . oL .

Surface elements of ranges cook food by conduction.of heat from the surface unit to .
the utensil. Each surface unit is controlled by a switch having three or more heat"
positions.

Qvens , ‘ ] )

Electric ovens cook food by radiated and convected heat and are thermostatically
.. tontrolled to miaintain even temperatires. In addition to the thermostatic controls, .
) . most ovens have a lower and an upper switch -controlled heating element to obtain .

various heat combinationsk N

. -
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Figure 44. Twin Unit Water Heater and Wiri‘ng Diagram
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) Water ‘Heaters ‘ : ~ L /g7
. . Lt . KR

. Electric water heaters have a.storage tank, one or two heating elemen€§ . 1nsulation;
‘ ~— shell. and one or two temperahire controls. The heating elements deliver dieat directly
. to the water and each element_has a thermostat usually located just above it as illus-

*

trated in figure 44. The average temperature setting of the control is 156°F, the most
desirable water temperature for all purposes, .
»

. . Toasters ) . : _ . - : ’ -

~F

) Both domestic and commerrial toasters have a toasting chamber with heating ele-
ments ‘which heat the bread by radiation. Domestic toasters are usually operated manu- <
ally by a switch or time mechanism: commercial toasters are usually operated by a .
‘motor-driven chain conveyor. ' %
. Coffee Urn . .
Coffee urns have two compartments, an inner coffee brewer and-an outer hot water
jacket. The immersion type heating elemer.t heats the water in the jacket which 1n turn
heats the byewer. Heat is regulated by a thermostat or a three-heat switch providing
,Aew,-\rhedium, and high temperatures/, » ‘

. ) : . - CONNECTIONS * 7
= N - N -
+  Kitchen equipment is conndited to a source of power by one of two methods: ) -
permanent and temporary. Temporary connections are made by means of a flexible )

* cord attached to a male plug and connected or plugged into anwall outlet. A temporary - .
cdnnection is usually made on low voltage,_portable egdipment. Permanent connec}ions ) *
are made by wiring the appliance directlyfa junctjon box of the power circuit, "
pernianent connection is usua'l‘ly made on ldrge, high' voltage. ‘stationary equipment,

*Appliances usually have manuals or information sheets showing wiring connections

. and diagrams. . ‘ *

» N -

S ‘ . . ELEMENTS .
. SNy .

o Heating elements are of the open and enclosed types. 'The element usuallv con-
sists of a high resistance nichrome wire. ' \

. Types of Open Elements
. e F-o . .
’ The rod-and-coil type heating element, : S S

“as shown in figure 45, is used in bake . « "
ovens, roasters, ‘und space heaters. .
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_ ' Suspended coil heating elements are
‘ supported by porcelain insulators and ’
used in small ovens and space heaters.

. 3

B

Ribbon type heating elements, usually
wrapped around a mica insulator, are
ordinarily used in small appliances such’
as irons, toasters, small heaters, etc.

"Types of Enclosed elements
Enclosed tubular units of the surface
. cooking type, as sHown in figure 46, are
s used on domestic ranges and some
commercial ranges. The resistance wire -

COiL TERMINAL

STAINLESS STEEL

WELDED TO
COIL TERMINAL

LAVA BUSHING
GLASS SEAL
COIL TERMINAL

L MAFNESlUM OX;DE

LONGER

CHROMIUM
NICKEL SHEATH -

is surrounded by an insutating powder and Figure 46, Constructibn of Typical

covered by a copper tube.
Types of Enclosed Elements

The immersion type unit, as shown
in figure 47, is ordinarily used in water
heaters, commercial fry kettles, and
sterilizers. Immersion type elements
must be constantly submerged in ljquid °
to prevent damage. - :

-
e

The cast-in units have the ‘tubular
. coils described.above ast in iron. They”
are designed to withstand the dbuse of
heayy cooking utefsils. };(eavy duty ranues
.- are equipped with cast-in‘units, - R Fi
.3. '

<

v

) : - MOTORS
“ ‘ - >
. ) . Appliances that require ordinary alternating
" .. such as meat slicers, potato peejers, dishwashe

\

Tubutar Heauing Element

[N
.

gure 47, Immersion Type Unit

currén_t motors for their-operation

rs, grinders, etc., are numerous on

Air Force'installations. Often an appliance is element héated and also requires a

motor for operation.

N IS

. o - CONTROLS
** Switches . : . . .
. . ~ . \ : . .
¢ The toggle switch with'an ON-OFF -position is used to make and break'the clectri

circuit on many appliances. Rotary switches have fast make-and-break action, Thae

current’is interriipted ahead of the make-and-break of the switch contaets,, eliminating

maintenance, *

» -

. NS S 50

. Al
-
-
a

the usual pitting and burning of contacts. The rotary switch requires very little ~

‘

On some large appliances such as 220-volt coffeé urns arid r,an;gés,a magnetic
switch-is used to control power to the heating element.
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Temperature Controls

The basic function of atl temperature controls, for heating and cookir cquipment,
i turmng the current on and off as required to maintain the desired temperatre

The bimetallic blade control is operated By the expanding and contracting effect ’
caused by heating two pieces of dissimilar metals welded together. A similar type is
used in such appliances as irons and portable coffee makers,

Two other typés of temperature controls are the helix control and hydraulic control.
The helix control is operated by a coiled thermostatic metal that coils and uncoils when
heat is applied, operating a switch to make and break the electric current. . The hydraulic
control is operated by expansion and contraction of a liquid in a bulb causing diaphragm
or bellows to activate the switch mechanism of the control. - '

Timers .

The timer is used to automatically control a circuit to an appliance or give a warning
to the operator that a predetermined time has lapsed. Figure 48 shows a typical wiring
diagram of an electric range single-pole oven timer. '

SINGLEPOLE -
- OVEN TIMER
< 118 VOLT MOTOR . . )
' 236 VOUTS THERMOSTAT |
v SINGLE POLR i . |
<. . TOP UNIT o |
SOTTOM UNIT .

& N ‘v ‘
G;’"j‘\m ' \

' » l L
' 118/236 VOLTS o
. THREE WIRE SINGLE PHASE . .
' \ LiN L2 .
® ) ' . . |
Figure 48, .Typical Oven Timer wiring Diagram . c -
. # TROUBLESHOOTING AND REPAIR ~ | ;

A defective appliance should first be inspected visually. Multimete}g are indispens- . . ;,;3
ablerdevices in t#sting electrioal circuits of appliances if the visual inspection fails to .
analyze the trouble. ) .
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* Motor-Driven Appliances

. ‘The three main sources of trouble in motor-driven appliances are the power con-
nections,, switches and motor field windings. Check all power connections for a bad (
ude plug, broken or shorted (lexible cord and lbose or dirty connections. Check the

. owilch for a broken rase, making and breaking of the contacts, and loose”and dirty
connections. . "

_- Check the motor for opens, shorts, and grounds if it is inaperative. Tighten all
- loose connéctions. Clean all dirty connections. E the motor cannot be readily repaired.
install a substitute or replacement motor. ) .

.
> -

Heating Elements : -
Check heating elements for continuity by using a multimeter. Check all connections

and switches for continuity. If an open heating element becomes oxidized or brittle.

replace the entire element. If the element is fairly new or a replacement isf not readily

s available. repair it by one of the following methods. Repairs are only temporary and
, replacenients must be ordered, to replace the repaired element. ‘
> R . > . -
Braze with silver solder the broken . '
ends of the heating element wire using a
suitable flux as shown in figure 49. C
. c
’ I . - L3
e ) : Figure 49. Brazing Broken Ends of '
2 , Heating Elemgnt Wires o (
, Insert broken ends in a split-washer as
¢ shown in figure 50 and pound flat, making N
sure that a solid connection is obtained. )
, . . .
) e - ':
. oo . , .| Figure 50. "Split-Washer Method \
i < . o — , . . R )
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Nichrome sleeves are available to
fasten, the ends together. The Sleeve should i |
be flattened out to insure a solid connection _ & ’mq\M
as shown in figure 51, .

Inclosed units can sometimes be - ¢
repaired by stripping the sheath of the “Figure 51, Showing Use of Nichrome
heating unit and welding or brazing a ‘ Sleeves
new terminal to the lead, )

[ .

. Switches and Controls ' . : . »

° Check switches and controls for making and breaking of contact with chmmeter.
If the switch is ON, the ohmmeter should read "0." ) ,
New switches are usyally so’inexpensive that repairing an old one is not economical.
The contacts may be reformed as a temporary measure t¢ insure a positive contact for |
completing the electric circuit. Lubricating the contacts and spring mechanism with... ..
nonoxide grease reactivates switch operation, - - .

liepair of tHe bimetallic blade control is%imited to an adjustmént in the temperature
setting of the control to agree with the temperature recorded in the appliance or equip-
ment being tested, Temperature of equipment should be tested by a reliable temperature
tester or a good thermometer. . "
Repair of the helix control is limited to adjustment of temperature setting of the
control to agree with the temperature recorded in the appliance or equipment being
tested. If the control cannot be adjusted, the tomplete control assembly must be
repliced. . - -~

- ~ EERY

Timers W ' g

If a timer fails to operate, use the following procédures to lecate the trouble,

1. Test electric circuit for blown fuse. . ¢

.

2, Checifor friction between hands of timer and timer erystal, .. .

) . .
\ 3. Check all wire connections, To repair the inoperative electric timer,

perform the followinz: s
a. Replace ‘blown-fuses with fuse of -proper rating,

. - : - .
b. If rotor is inoperative replace complete rotor, .

c. If field coil is.hurned out, re'plac.e complete coil assembly.
o - , Tar , ,.
d. Repair timer switch assembly by cleaning contacts or reforming the
contact arm to insure posjtive contac‘ If contacts show excessive wear,
repjace switch assembly. .
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e. If hands ¢f timer are binding on crystal, re-form hands to eliminate
the conditiori,

4
-

f. Check all connections at back of timer for positive contact to insure
a.completed circuit. N ! ! ~

SUMMARY ) ‘ .

Electrical kitchen equip'merit i{s connected to a source of pawer bv the permanent or ok
temporary method. Temporary connections are usually made on low voltage, portable
equipment. Permanerit connections are made by wiring the appliance directlytoa - '

. junction box of the power circuit. - VA ’

Heating elements are of the open and enclosed types. The-element usually consists
. of a high resistance nichrome wire. e - |
Most kitchen appliances have ordinary toggle switches to turn on the electrical current
to heat the element or start a motor; however, some appliances employ a rotary switch .
that hgs a fast make-and-break contact action. Most heating and cooking equipment have “
temperature controls to maintain the desired temperature. Timers are used to control.
appliances at a predetermined time, _ . .

. The first inspection of an appliance should be made visually. f\{!otor-driven
appliance troubles are usually located in the switch, connections, or the motor field
. windings. If 2 motor cannot be readily repaired, replace it. .

.- Heating elements can be repaired b'y brazing, using a split washer or nichrome
" _sleeve if it is not oxid{zed or brittle; otherwise, it should be replaced. ,
. 1 T
Switches are usually so inexpensive that repairing an old one is not economical. N
¢ On most temperature controls the temperature setting can be adjusted to agree with (
’ the actual tempetature of the appliance. . o
Wiring on the interior of a heating appliaﬂce has a fireproof insulation such-a.s

asbestos. . .
e - . * ’

. - QUESTIONS R ‘ . -

1. - What is a heating element? : '

2. Name two types of elements. . | .

e < , 3. What two kinds of power hookups are used on mess equipment?

-

- 4. Name three kinds of switches used on mess equipment.

. ) . . 3 ’ o,
- 5. What is meant by motor-driven, egement-heated, and combination appliances?

. .
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. L4

8. Give an example of a motor-driven, -element-heated appliance.

-’ ( . 7. What equipment is ¥sed in testing an appliance ? .
8. List three methods of repairing a heating element. ‘ ’
, 9. What is the first step in troubleshooting an appliance ?
' REFERENCE
' ) . ) . . N
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o ' ° o *PUBLICATIONS
© . OBJECTIVE . ‘ v

This unit of instruction is to provide guidance in the use of technical orders, and
standard and commercial publications.

EQUIPMENT AND SUPPLIES . - Basis of Issue
.. SW 3ABRS54230-1-I-1 : 1/student
Limited Technical Order File o ) . . 8/students

Project Cards . """ 1/student
PROCEDURE ®
Project 1

1. Comﬁafeie the following sentences or supply information*as requested.
-

a. AF publications are divided into 2 classes, _ . and
’ . . oo~ N
‘ « @  and each class contains several categories. .
13 .
LS b. List the 4 categories of publications and give examples if applicable;
—”
- o
. . (a) .
' ®) \ -
(c) N ' o
v @' ) . ' :
. @
(a) . i
) .
L ©oe a
' ) > . ’
3 ‘ 1
T (4) . e ¢ 7 ° -
, : %
. .
‘ . . 1 . )
‘v, & . r sy
A' . bl i Y -
. # ) '
.~ ,
. . e :




c. The(’types of TOs
o] :

d'

e'

-~
-

go

h.

2 From the Card No.
the following chart.

are as follows:

2

3) .

4)

(5)

(6)

~

™ -

Detailed information for the operation, usdge, maintenance, mspectxon,

installation and overhaul of equipment can be found 1n

4
.

’

Tech Orders providg_

instructions for accomphshmg orr cordmg one-txme

.

The types of Time Comphance Tech rders are as follows: .

)
(2)
@)
@ ~ ,
(5)

changes.

. ' 'ﬂr . 9

Methods and Procedures Type Tech Orders provide mformation and
and

‘Instructions for

personnel

™

Why ire Index Publications needed?

The types of Index Publications are:

(1

@) o

(3 ' _

(4) — ." ‘ - T |




10

»

K 3. From the Card No
the chart below,

PROBLEM
- NO




e .
12
7 FullText Prove

3 EEEd

’§ T
oat
S

-

4. Locate TO title in the indexes from another cgrd assigned to you by your instructor.

»
- .
.

< *

TO TITLE

Card Numb\é/r .

[PROBLEM i .
NO .

“ >

4

10 ,

5. Have instructor check workbook and sign. ‘ .

Checked by

(Instr uctor)

REFERENCES
1. AFR 0-2
2. TO00-5-1 5 ~ AL e

. 3. National Electrical Code
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5.

Department of Civil Engineering Training ~

Sheppard Air Force Base, Texas . August 1975_
POWER TOOLS a -
OBJECTIVE .
~— -~ 7 < .)
When you have completed this workbook you should be"able to:

) 1. Index and drill holes in Apiece of metal stock using a drill press.
.. 2. Dress metal stock using-a bench grinder. |

3.. Drill holes in metal stock using a portable drill.

EQUIPMENT AND SUPPLIES

Basis of Issue
-

N

WB 3ABR%230-1-01-2 1/ student
Drill Press T , 87students r
Drill Vise ‘ 8/students -
Bench Grinder . 8/students
C-Clamp ‘ 8/students v -
. Portable Electrical Drill 2/students
Safety Goggles 1/student ~
. Handtools K 1/student,
* Metal Stock 1/student .
X\ssorted Twist Drills - 1/student g
PROCEDURES ) . -
. ' Project 1 v ¢y
i You arejo perform this project step by step. "The equipmertt you will be using -
demands respect. It canbe very dangerous unlegs used properly. The instruclor

should be consulted as indicated.

Step one

’

Step two 5 ,«j ‘ ‘

1. Position the stock in the drill vise and tighten the vise securely. - .
” N 1 : N /l ~
“. 2. Have the instructor check the drill press to assure proper speed. ~ .y

The instructor will issue you a piece of flat stock?” Put on your safety goggles,
button your collar and sleeves,, Use a center punch and hammer to mark the center ——
of the stock. Have your instructor check your work. - .

* ¢

) g ’

.

-

»

-

{Instructor) -

~ N

o,

e




R g L SOF
n ' Step three N — . __,) . ‘.

- .
1. Select a twist bit of the size specified by the instructor .
& ~%

2., Secure the bit in the chuck using the chuck key.

~—

—t - : 3. §et ‘the proper drill depth by operating the spindle handle down to where the bit tip .7
. .+ is barely past the stock andadjust the Stop nuts to that pbint. .
A . S e e \ -

. 4, Center the index mask under the bit by lowering the bit and moving the vise until

- the two points coincide. Lock the:vise to the table with a € clamp.

) " Step four ) y - - | - ‘

A «

‘ < < s . »
1. Plug in the drill press but’DO NOT turn it on. B <

7 2. Have the instructor ¢heck your setup’ : ) . J .

- - .
- Step five . . 5

e . Read all of the instructions on this step bef?{re beginming to drill. -

AY

1. Start the drill press. ‘ . .

o v N b [
2.. Use light, steady‘pressu‘re:.‘ ’ >
° %:‘3 ‘Raise the bit after the first light cut to assure you are drilling the index mark. ) ..

. . 1
4. Back off pressure when you feel the bit go Jhrough the stock. “ \ .

L v [
[

5. Stop the drill. . . . 7
__; Project 2 © . .

To provide you with inforrp'afion on »{at safety checks to perform before and after ,
~ using the electric bench grinder,' and also to give the operating instructions. You are
to dress the eflges of the metal stock®by grinding on‘the bench grinder. Use these '
steps. .

i

. . .

Step one, Safety Checks ‘ ’ . .

T - ° >

* 1. Remove all jewelry while working on or arou%g’électrical operated machine\s& o
‘ ] ,\«; s

2. Keep area floor clean and dry. . ) : .

3. Onserve all safety’precautions.

4, Keep all loose clothing away from wheel. .
2 ,. -\
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Step two Prepara‘t‘ion for Operation

1. - Check for loose or frayed wiring in power cord to grindmg machine’

2. * Face shietlds are not_damaged. N . ( -
'3, Safety goggles:dre available, * .
wr ' R

4. Cooling water 13 avaxlable if grinding stock is overheated.

v
3

5. ~Check the wheel clamp nuts, . whxch secure the grinding wheels on the rotor shaft,
for tightness. : <

6. Check position of the tool rests in reference:to the grmdmg wheels to make sure -
that they do not touch the wheels. The tool rests will not be used more than one-
eighth inch from the grinding wheel. If necessary, loosen the hex-head:capscrews
securing the tool rests to the wheel guazdé a.nd reorient the tool rests. Tighten
the hex-head capscrews. . X

7. Loosen the hex- head Lcapscrews securmg the eyeshxelds to the wheel guards and
position the- shi.elds as close as poss;ble to the grinding wheels. but not touching

the wheels. Tighten screws .
8. Chéek to insure that the power source is correct and‘thau the ground connection

is secure. . . Coe ,
9. Put eye goggles on, T ‘
10. After the operation, make sure the wheels have stopped rotating before leaving

the grmder ‘ . . .

. - )

11. PHave the instructor check getup . .

s . - - ) (Signature) .

Ste;).three
Operating Instmctions

Place the togg!e $witch in the ON positiOn. Hold the item t6°be ground firmly on
the tool'rest and against the grmdxng abrasive wheel. Si®wly move item back and forth
on the wheel with steady, even pressgre. Dd'not hold the item in one spot on the grind-
ing wheel or apply excessive pressure. Keeping the item stationary on the wheel will
caugse the wheel to‘be worn down uneveénly. Applying the item ta the wheel with exces-
sive pressure will result in the item being burnt and discolored. Use the coarse grain
wheel for heavy work which reqnires the removal of a copsiderable amount of metal.
Use the fine grain ‘wh_eel for gght work and when'a smooth finish i8 required.

oo ; ’ .

£y

Stﬁp fOtlr ¢ 3 * '; N ' ‘ * a0y
. . I . . ) . . .-
. Shutdown.procedure
I f_) - .
[ % - . .
= 1, Remove grinding stock from tool rest. ‘ -
, . . B . . T, §o
2. Turn off power switch. R , - . ro N
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Step .five

Postoperative check. . : : . J -
' . . 1. Insure that power cord is un_i;fugged and stored. a ‘
2. Area is cleaned of grinding waste material.
/ 3. Grinding wheel is serviceable and not cracked o ;

4, Have instructor check the work and sign this worksheet——* —..-- o
bl ' (Signhture)

Project 3 - . .

Follow this project'step by step. CAUTION: Portable dnlls can be dangerous ' .
if abused or misused. Use- care wWhen operating.

v

Step one

The instructor wﬂl issue you metal stock. Locate and index the point to be drilled.-
Have your instructor. check the work

(Instructor)
i . Step tm - - . N ) . . ; ) b
. [ . * . ¢
1., Clamp the stock in a vise. Put on your goggles. Button your collar and assure
¢ ~ that no loose clothing can catch in the work. ) .

2, Select the correct twist drill size as indicated by your instructor

(Size) .
3: Place twist drill m the drill chuck and tighten with a chuck key.

4, Plug in portable drill. DO NOT OPERATE UNTIL, TOLD TO\DO SO. Call your -
. instructor
. T ?Insttuctor) '9 ‘ '
Step three . T ’ L ' e
Read all instructions beforé you sta;-t thlS step of the pro_lect . . ’
1 Al.\gn the twist drill tip with the index mark. . “ .
’ 2. Start the drill and engage lightly to the metal stock and make 2 hgbt cut, - . ‘ .
‘ 3. Stop the drill a.nd assure that y'ou are cutting on the index mark.", . ¢ 3 5.0
' Start the drill, drin the metal stock uSmg mqderate preSSure i R . ( o ':;

5. When you feel the driu bit going through the metal reduce the pressure.’

. 6. When the drill has penetrated the metal, withdraw the drill bit and tura off the
«drill, Unplug the drill and remove the driu bit,

¥ ‘0 . b
i
o * - 1. Have instructor check your work g - )
. . oe ST (InstructBr)
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Department of Civil Engineering Txﬁining : WB 3ABRS;1230-.1 -III-3‘
Sheppard Air Force Base, Texas . August 1975 .
CONDUIT TOOLS, TERMINOLOGY, AND MATERIAL
OBJECTIVE Lo
When you have compléted this workbook you wall be able to:
‘1.7 List thelna‘.n;e and use of conduit tools. o '
2. List the defimtion to co'nduxt terms. h .
3. List the name and use of conduit gnaterials. )
EQUIPMENT AND SUPP.LIES .
¢ . : Basis of Issuc .
WB 3ABR54230~1-111-3" 1/student
PROCEDURES X ‘ : .
>t - Project 1 . L)
_ 1. Match the terms listed on the following page with the definition by putting the . ,

corresponding numbers in the blanks, Use the NEC.

.
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. TERMS  *

Connector
Eitting
Service raceway
De\'rice
R:nceway ..
Weafher?roof
Appliance
isolated ' -
Switchboard

;

Ventilated

" DEFINITIONS =~ .

1. Rigid metal conduit, clectneal metallic’
tubing, or other racewdy, that cncloses
the service entrance conductors s

2. ‘An assembly of panels containing over-
current devices

3. A unit of an electrical system which is
: intendedto carry-but not utilize electric
energy

A*channel for holding wires or busbars
An accessorv such as a locknut, bushmg,
or ‘other part of a wiring system which
1s interrded primarily to perform a
"mechanical rather than an electrical
function

Thermal protection

7. A device which establishes contact
.+ between two conductors without use of
solder . . -

. . ]
8. .An object not readily, accessible to

<’ persons unless specxal means for access -~
are used . e

.

o [y

9. _Provided with a means to permit
* circulation of air sufficient to remove
an excess of heat, fumes, or vapors

H

10. Protected from exposure from the
weather
i : G
11. Utiltzation equipment
A « 4. LY e -

’
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INSTRUCTIONS: Fill in the name and use of each tool illustrated below. .
f . 3" . > 2

‘. s . .
1]
1. Name -, P
N Use .

v 2
»
3. Name . 3
: Use
-
=
—
- -
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‘ ' . . »
L]
* - o ’ .
. .
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A L} .
4. Name >
! - '\ - b
. N Use . .
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! . Project 3 , e

. } s ) , ] 'Y

. 1. After EMT (electrical metallic tubing) is cut, it must be reamed to prévent !

. damage to the conductor insulation. The tool most commonly used for this -
purpose is the . . N .

2.  When locknuts are used to fasten EMT to a box, the locknuts are tightened with

M ~

.

/

' /
3. _When connecting two pieces of EMT together, the proper handtools touse are

.
)

' % : <4, The handtool picm(edﬁahed '
. _ When working with conddi they are used to .
- . - ’ ! j
5. © From the tools pictured below, select the proper tool for ;cqttirx’g EMT.
° N ] o ) * 2 . ' 3 . ’
. _ For cutting rigid conduit. v )
@ For cutting SMR (surface metal raceway) .
4+ ¢ \~ : N M
) —— N
6. The best tool_for quink,ter}nmal loopJ on ¢onductors are T .
- . . ’ . s ’ ¢ N . . +
- - o ., . [N . -
'y “ e s ‘ N : s‘f- N ° .,
7. From the illustrations below, select-the measuring tool most commonly used in
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11 be used the most in conduit installation.

§. Select the screwdriver that wi
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., Department of Civil Engineering Training WE 13ABR54230-1~I11-4

.- Sheppard Air Force Base, Texas . . August 1975
=~ - CONDUIT WIRING -
'+ OBJECTIVE . -

When you have completed this workbook you w1ll be ab’:e’to

1, Complete statements pertaining to condmt cut, ream, thread and bend r1g1d
conduit; cut, ream and bend electrical metallic tubmg
2, Install a single-phase conduit service entrance. Z .
3. 'Install a ceiling light, single-pole switch, and duplex outlet, ,
4, Install a ceiling light controlled by two three-way switches.
5. Add a feur-way switch to control a light from three positions.
6. Install a fused disconnect to«a main panel. . N |
. 1. Install azzo VAC receptacle., s, )
. @ e . - . . ) . o
‘EQUIPME Al!D sggPLms -t T .. Basis of Issué
WB 3ABR54230-1-I!1-4 . - T g / | 1/student’
National Eleétrical C“odg ﬁéog Tt . * 1/student
Pipe Vise . N a% 3" « _ - 1/student
‘  Handtool Set T . 5% el . - JYstudent
Comdduit Tools -« e S S .1/student
Wiring Booth - Q = s <. § b/student
* Materials (Misc) i - . . .1/studeg/’
Hickey Bender ' : Z? 1/student.
EMT Benders X "), s 1/student o
Fish Tape / ' , “1 /student
, e, o, e
PROCEDURE : -
~. ¢ ) \’. - Project 1 . \ : e .
> . « s \. ? . . .
1. Using the NEC co;g!te PI«; following stidements. Lot .
2. Article 346 of the NEC issLABELED o
3. The minimum size of rigid eonduit ig oo
4. All cut.ends of conduit shall be s ~ . SN
| s, 'I'he purpose of a bushing is to s ‘. T
/8, 'I‘he maximum degrees"gi‘ bends,,in arunis ) -t
/ - o : .
' . - hd 4 * » -
e ;R e W . 4
¢ ‘ 2.
1) .* ’ ¢ ‘ .

-
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7. Rigid conduit will be supported . feet from cach Box and cvery _
s feet thereafter, ) .

8. Article 348 of the NEC is LABELED

9. Article 350 of the NEC 1s LABELED . .

~
-

10. You have just completed some statememts using the‘NEC, it is your guide for
electrical wiring. ¢

~—

Project' 2
N

This project will be accomplished step by step. Have yeur)instructor check where |

“indicated. 3
Step one .

Select.a piec;e of 1/2-inch rigid conduit and n!a.rk 1t {o;' bending an eight-mch stub,
Hav’ your instructor check your wetk __ I

. . (Instructor) :

Step two \\ ¥ *

Make a 90° bend in the conduit with(;ut kinking, flattening,or reducing the inside
diameter. ) .
Step three ' — A '

Using the pipe vise and pipe cutfe?r, .cut the conduit 12 inches behind the bend.
Step four \ )
* Use the conduit reamer and relzg‘the conduit.

Step five . .
1. Select the correct pipe die and stock,, .
L4 ‘ \/ v N~ eF
2. Assemble the stock and die, < <
3. Slip the die over thq”ggndﬁi't as shown in figure 1. A
\‘ ' @‘ v ° -
L \ '
- ' -
" ;‘ . | ' :
. L
18 ’) '
RS-
. i
~ ,L( )@3‘\




i Figure 1, Slipping Stock Over Conduit

4. Turn stock with one hand and apply forward pressure aga‘ms't stock with other
hand until die begins to cut thread$ as shown in figure 2,

«

r
. ' .. .
|
|
- |
- ¥ \ |
) * 2 ' " * . . ‘ N
s - . Figure 2, Turn Stock Applying Forward Pressure )
[ 4 . - » ’
CAUTION: During cutting, apply thread-cutting oil to threads, die, and conduit
) every two or three turns, as shown in figure 3, This will prevent damage to pipe - ¢
) threader. .
- / A ,
i
. . L .
\ . 4
;“ . o i . P )
| . -
| « .
| ' ’
‘\ N
< . \

.
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. ~

and turn the die off the conduit.

h e A
5. When the threads are cut to the correct len&h, reverse the stock ratchet latch : 2 /y

. N
CAUTION: Remove the conduit from the vise. ' .
Step si1x '~
P Call your 1nstructor to. check your w‘grk :
\\ Instructor, - .
- ,'
Step seven T . Y ‘ .
Clean the area and store the Lools. Return the unused conduit to the stack. .
Project 3 - _
Follow this project step by step.  Call the instructor as indicated. - .
Step one ' , ‘.
%
1. Sélect 1/2-inch EMT conduit and correct EMT bender. .
2. Mark the conduit to provide a 10-inch stub when completed.
-, 3. Have the instructor check your marks -
. Instructor "
. Step two ‘
~ .
1. Position the bender and make a 90° bend 1n the condwit without kinking, flattening,
or reducing the inside diameter.
%. Check your bend to assure a 900 bend. . -
oo Step three :
) - 1. Using the pipe vise and a fine toothed hacksaw,«¢ut the conduit 14 inches behind .S
the bend. ’ . N .
2. Ream the conduit using either a reamer, pliers dr a rattail file. o )
( e ¢ L
. Step Io.ur " . e
Remove the conduit from the-vise, clean the area, store the unused conduit. R
. Clean-and store handtools. Have the instructor check your work and sign this work T
- / . - ‘
. project . ) - -~
. 'r {Tnstructor) | . 5
B ’ o, '20 ,,«’;' ;
S w 2 N
. \ - - . - . . A s
< “ v & Rl w%::":)\h” )
- ’ v \ ] . R . : ) ;".. . ’
v ” & .
“ .
- . . R . ' () 4 - . » -
L * ¢ - N k L-‘ 4 i
; . i . - - .. . . Gy
%: . ‘ . s }gﬁi ’
v Q. N - ' T . N
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- C ¥ - o
Project 4 ~ o ™
-Procedures for bending a pipe saddle to conform to installation requirements.
N ' ’ . L) - *
. §tep one . )
. S - Y
Cut and ream one piecg of 1/2-mch EMT Wlong. . . .
- Step two
Mark conduit 22 inches from one end. - s . ' Lt
Step three ’ o . - N .
From the.22-inch mark make a mark 2 1/2 times height of object to be crossed !
- (2 1/2 x 3 =17 1/2 inches) on each side (right and left). Make.these marks all around
. conduit. . : C o
T .
Step four T > - . o
E ———— .
Using a 1/2-inch EMT bender, place the 22-inch mark exactly over the top .point
, of the star. - N
. . Py @
Step fiV/’ .
. Using steady pressure, bend the conduit until the bottom lines up with the 45 de- . *
N gree mark. . . N ..
oL /s  Step six % ) ™ \ )
’ Have the instructor check your work.' ) . , e
~ £ Step seven y e . ,
R .- \ ‘With the bend inverted and placed i front of bender, line the 7 1/2-mch mark on )
the tip of the arrow. . . ) . B
Step eight " . 1
. : Usmg steady pressure, bend the condmt unti! the bottom allgns with the 22 1/2- Y
degree mark on the bender.
rE ! - N s . 3 v : '
S Step nine - - 7 »
. . ‘ N ¢ - . -
Remove conduit and turn it around so thag all bends are placed in front of bender.
_Place the second 7 1/2 -mch mark on tip of arrow. ) S
Step ten ) - . : .7 o i
. Align the conduit So that the-crown of the 45-degree bend is down and perfectly - s
vertical. ) i L K
) “ R v -~ P . . - A
: - Yoot / : <
- . ‘. . N "‘ “ ' ) ) ’ -' ._/
a« - Y- ! ¢ i - -
i ~ Y e ) s I L ‘/ .
; ’ > . A} ° - )
3 » : - S H
. 242 - -
- oy o) ) - K %g:egf N
f LY .
. .. ‘ . 5
_ k - 1" ‘{‘ e 4 - . s




A . - 6\‘ N
- » S e 2
Step eleven . .
, b gle , | L e =74 /N
Using steady pressure, pend the conduit until the bottom lines up with the 22 1/2-
degree mark on the bender. — ) s
. ‘ Stop twitve N ' : -
\ w“ e fenove conduit from bender and check with the con(ll{m placed vver the 3-inch-” v
- - ubject. - It shoxgd clear object, and both ends should be flat on floor. If object is
e, vleared and ends point up there isymore than 22 1/2 degrees. If ends do not lay flat . K
N . ‘on the floor, there is not enough in the 22 1/2 degrees. If there'is not enough to
“ cleag, the object, more 4§-degreg bend is necessary. .
e Step thirteen N - '
- } - . -~
, Clean up the area and store equipment. ‘
Checked by
. . . s . @nstructor)
) . . . Prollec:'t 5
. . . . ,
Al ) Procedures for bending a gooseneck bend to coniorm with-nstallation requirements.
5 - . . oo . T - ' ,
: Step one ) ' . -
‘ "> Cut and ream 1 piece of 1/2" EMT 5 feet long. . ’
’ Step two* L ¢ ) . : P
. : From one end of the ,é:onduit,' me®sure and mark the length of the stub (8"Ci-n this .
' case). . - » ) . .
< i ' - - - -
' ® Step three B ’ */ . '
: : - From the stub length measure’ pa’ék toward end of ggnduit and mark the amount of
. takeup required by tife bender (5" for 1/2" EMT). You now have a mark 3" and 8" from -
‘ the end of the conduit. THe second mark (5" from the first mark) should be made com-
pletely around the conduit. ! = Lo C
,‘ZStep’f.our . o ) . . o
IR ’ \r - ' & - & .
) With the conduit of the floor, place the 172" EMT bender over it so the handle is ’
in the air and the conduit is in the groove of-the bender. - . '
: : - Step five . o . L
. ¢ . et \ ~ - o4
.- Align the tip of the arrow on the bender with the gecond mark'you ‘make on the
. ' conduit, . - * . o
. v . ) é
- ‘ 'CG. ¢ -
"i,,) R ) . . - . , 22 - -
- « . a . - ‘ ! -
1 : .
N . :
1 .. . . o . :
. s ‘ Ko ! . “ ¢ .
* . ° . : <
¥, ) Z ’ ' t . LA LA
f\/::;; . L .,.;q;m'. o : ‘ '\ t ’ .
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PRSI A rimext provided by ERic
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- Step seuen . .

Step si1x .

o

Place one foot on the conduit approximately 18 ‘mcl;es from the bender and the other
toot on the heel of the bender and press firmly while drgwwg the bender handle toward ~*
the tloor until the end of the conduit is bent vertical (90~) to the floor. - ’

N . 4

-

With the bender removed, measure from the floor to the tip of the vertical piece-
of conduit., See.figure 4. This should measure 8" plus or minus 1/4". Have instruc- -
. .

— ~
v

tor check this work .
: N {Instructor)
. M ¥
: ‘-
P dm rary 5 .
. ~ _STUD 0
8" .
‘ i L '
. 172" CONDUIT . )
b v Y !
. Figure 4 - b
. - ]
Step eight - , .
Lay th conduit flat on the floor and measure .approxlmately 8" from the end con-
taining the bend toward the long end of the conduit and ‘mark around the conduit. See
figure 5. ™ . . . e v
. 1 ’ ‘ .
» . - X s
p . N .
) M .
— E— ' : N
. l< 8“ » IS -
Figure 5 ) .
- [} AN
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Step nine * : SRS ’ o
. _ o A

For a §'" offset measure (1.5x 5= 7.5) 7.5" from the 8" mark just made and mark
‘#  around the conduit. .
S}ep ten

With the handle of the bender on the floor, place the conduit in the groove with the

stub in front of the bender and pointed toward the floor. Using the handle of the bender
as a guide, align the conduit for bending. » :

. g Step eleven - ot .
. ' Move conduit until the first.mark aligns with the arrow tip. s,
Step tw‘elve ' .
, With steady pressure, bend the conduit down until. you have a 45° ‘bend. {
: Step th’irtee.n ’ ‘ . N ) .
S -

Move the bends already made forward out o

f the bender until the arrow on the
bender is opposite the second mark. :

Sep fourteen

Turn the conduit until the stub is pointing up. Align this stub vertically by sighting -
down the conduit. o .

. Step fifteen - ’ S '

~

7T
°

Apply steady pressure and bend the conduit to the 45° mark on the bender: The ¥
straight portidns should now be parallel. ' ’

, ’ Step sixteen . ; :

e

P ' .
After checking your work have it examined by the instructor
’ (Instructor)

Step seventeen

" Clean up area and store.equipment. !
! *

1
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. Project &

You are to complete this project in steps. Read the instructions carefully. Be
sure to have your instructor check your work where indicated before proceeding.

Step one ‘ o ©

-

»

before proceeding .
. (Instructor)

Step two

Assemble the service entrance. Have the instrucior check your assembly'

-

Instructor

Step three

Install the service entrance components. Have the instructor check your work

.
-

Instructor

. Step four

Observe the drawing in figure 6. You are to install a sérvice entrance. ‘Make a
bill of the -materials you will require. Havethe instructor check your bill of materals

-~

.

o .

Conpect the service entrance. Have vour instructor check your work

Instructor

-

NOTE: DO NO’/I‘apply,pov}er»until told to do so'by your instructor.

b
‘

s

T o

a
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a, .
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- T .
Figure 6, Installation of Service Entrance
Service will be 120/240 volts 14. .
Disconnect will be installed at predrilled hole. ,
D;sconnect will be bonded. -
Ground wxll be connected to ground electrode.
L i
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. - * \Project .7 : . -
. Foliow this projecT step by step. Obscrve all safety precautions.  Call the in-
et . structor when uxhieated. ‘
. Step one . 4 ! . - , .
1. Study the blueprint drawing for thissproject, figure 7. , ¢
.2, Maké a list of the tools and materials that you will need to complete this job.
T ' TOOLS *  MATERIALS
¢ ' . ' » -
> i I'd
\ .
s . . - - e 1]
. : . .
~ , -
N *
N * ¢ ' * ' ’
. _ ,
Lg .
. . ’ [
3. Have your instructor check your list
(Instructor) - "
: . 21 :
. ‘ , )
: H
S’ (N ’ -
i . . | T
s . ' o
v O »
. ,j ol . : :
Q . - - : s
. , N \ o , ) . .. . . ~ R, “ g{;

. . . _ .- AR =
o e . e <N ; B ORI o B it
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- BOARD |_+-EXISTING
) < OUTLET
CONDULET
DETAIL OF :
INSTALLATION
) 3/4"c 3 #IOTW
S |
e ' o ,
¢ J - ) * '
. \ »
| % .\
& ' *
Figure 7. Panelboard Installation
NOTES: .
1. Ser;ice entrance and disconnect are existing.,
2. Panelboard will be 19 120/240 volt. S .
3. Panelboard will be suriac.e mounted on existing plywood finish. .
4. Comdut run will be parallel to the floor. P
Figure'8, Existing Outlet to be Hooked Up After Panel is Instﬁi;ed _

/

DISCONNECT

PANEL-

t
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© R . - . . a‘ ’q ‘ . ) R
o 4 * o - . - S}
X ; - 52 N Z 5 ‘
_ . . . Step two . ) . . ,
~ ° . e . ‘ , < » .
‘5. ’ 1. Lbf:ate your circuit breaker paned. This panel should be level and f{rmly secured .
. 8 *  to the structure so that the conduit run will be parallel with the.floor.
. ' ‘ % A
- 2. Measurg the distance from the main to the cirtuit breaker panel and determine . . _
a - s . the amount of EMT conduil required. s -, ’ ‘ .
R . . ’
o, : Slep three g X :e . . !
< P "\ .
' - 1. Select vour conduit 3/4 EMT.
[ t ' - - R
. 2. Measure and mark the conduit to provide for all Tequired bends in thé run of
L e . , © conduit. . ) ’
. Step four ! ‘ . ﬁ

1. Make yéur required bends for the conduit run,

‘2. Cut the conduit to length. - g
- . “ . . “ £l .
* . ‘C . 3 Ream the conduit. S . . ‘ «
\ 9
. Step five * . .
h . 1. Select the correct fitting to secure the panels together and to secure the condyit
*  to th€ structure. - - . . ¢
2. ' Assemble the fittings to the conduit and install the conduit run. = °
. ‘ . R td »
e 3. Secure the panels togethér and the conduit to the structure. : \ .
) & ‘ ! ' . N
° Step six - - .
! ) ‘ - 4
1. Select the correct conductors for the circuit. ¢ s ﬂ'\ 3
% . 2. ~Cut and install fhe. conductors: , . . * e
<"3. Connect the conductors 1n the panels. : . ¢
< v ' ' ¢ i g & . -7
4, Hook up the-existing outlet.  » .
> - ¢ 2 ® A “
5, Have your instructor inspect your installation and sign your workbook. ’
) (nstructof) - L . Lo ‘ )
: d v \] o g '
° e u"' - ¢ , 2 |
3 .
. ) . n
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. Project 8 . ' .
B ' N - ¢ [
Complete this project step by step. Call the instructor where indicated. Observe \
safety at all times, ’
\ . R ) .
Step dhe . . .
Study the blueprint provided with this project, figure 8. Draw the equipment and
supplies you will require from supply. List the equipment or supplies that are not.
N available. Havé your instructor check list . .
*,  {Instructor)
‘ Step two - ' '
. - - q
, Install the boxes as indicated on the blueprint. Check to see that they are 1) level.
. (2) properly secured to the strufture, (3) set to the correct depth, and (4) set at the
‘correct height. . o e
. Step three <
. »
. . Using 1/2" EMT, bend and cut the conduit to {it the runs. (Yqu may refer back to
. previous work projects if you need to.) - .
? Step four . ",
‘. . (g
~Use conduit fittings and assemble the conduit runs to the boxes. .
Step five
® Secure the conduit to the structure. . ' .
' Step six
Vv \ .
Refer to your blueprint and'make a single line drawinq of the circuits to be in- '
stalled below. Color code your drawing. -Have your instructor.check the drawing’ ° .
. *—Instructor) - R B
Step seveﬁ . - ' f L
’ Select the correct size and color conductors and puil the conductors into the coaduit.
\ r +
Step eight vt
Use your single line drawing and connect the conductors. CAUTION: DO NOT
APPLY POWER. Call the.fhstructor ,
: {Instructor) ]
- \
. T 30+
\! 25 f .
s g}"I ) R ) 4 . LRI
> g » ) .




L ST 225
. Step nine - ) .

Operate the circuit when instructed to do so. The instructor will indicate 1f the -

» circuit operates properly. . . ‘
N . /]
Step ten ’ ] .
Clean up the area and store tools and equipment. :
. ¢
. P 7 :'
- q 2
. ‘ K
h 3
1
® | ' \
A ~
}
‘ S ‘ ‘
+ . /
- ,
L.}
k. s .
' 3/4"C-3#10TW
. 1/2°C-2M1aTW B .
« 172"C-3#£14TW .
» ‘ : *
- NOTES: . .
° - 1. Lighting\circuit to be runin 1/2" EMT,
o . 2. Light l;‘\q“tch to be 48’ from floor. /
* 3. Duplex outlet 12" from floor. .
' ° Figure 8’ ’ .
, 31 ° '
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Project 3 —~/

Complete this project step by step. Call the instructor where indicated. Observe

safety at all times.
Step one

Study the bluéprint provi-ded with this project,

-

figu're 9. Draw the equipment and

supplies you will require from supply. Draw any equipment or supplies that are not

available. Have instructor check drawings

«

-

Step two

{(Instructor)

Kl

Install the boxes as indicated on the blueprint. Check to see that they are level,
properly secured to the structure, set to correct depth, and set to correct height,

Step three ¢

Using 1/2" EMT, bend and cut the conduit to it the runs,

Step four

2

Use conduit fittings and assemble the conduit runs to the boxes.

Step five

Secure the conduit to the structure. .

3
.

Step six

K4

14

Refer to your blueprint and make a single line drawing of the circuit to be
installed. Use space below. Have your instructor check the drawing

1

¢ 4
o
.
e 0 .
- b ,r‘
&y
-
J
.
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Siep seven . . ’ .
A ) . N
’ Select the correct size 'and color conductors and pull the conductors into the conduit. '
Step eight  ~ . ) )
Use your single line drawing and connect the conductors. CAUTION: DO NOT .
. . i - N
APPLY POWER. Call the instructor - A *
: /\ {Instructor)
< Step nine L -~ . e . »
Operate the circuit when instructed to do so. The instyuctor will indicate if the
, . circuit operates properly ) ) '
{Instructor) ‘ .
L é . , .
' .Step ten ' ooy © . )
’ - Vo ey
' Police the area and properly store the tools and equipment.
&~ . /\ N )
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72 "C-3 M4 TW

-

-

/2"C-2418TW

s

. [ " :
. 172°C-2 #14TW .
172"C-3#14TW -

-

NOTES:

A L
r S

)
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. Project 10 a .
. ) Complete thigrproject step by step. Call the instructor where indicated, Observe .. R
. safety at all times. . . ' -
’ " Step one ’ L o / ‘ ) ; '
‘e _ Study the blueprint pné)véd with this project, figure 10. Draw the eqmpmefxt and . .
. supplies you will require from supply._List any equipment or supplies that are not
\available. Have instructor check list - -
. \ - . : ‘ e
' L. . ‘(Instructor‘) . ’ . .
Y a . - . 2
) Step two ¢ N
’ Install the box as indicated on the blueprint. Check to see that 1t is level; properly )
secured to structure, set to correct depth, and set at correct height, . - .

IS

Step three ™

.

Using 1/2" I.-‘\lii’l‘ cut the conduit to fit the run, L.
s . ) Step four ’ -
b *Use conduit fittings and assembke the conduit runs to the boxes, ° e .
\ . - . .
. "Step five ” . . L !
v P « ( ? * ‘ . . . N e . .
- Secure the conduit to the structure. , ’
' A N . -
- aep Six i ] ) . i I ) ¢ . .
n. " Refer to your blueprint and make a single-line drawing of the circuit to be installed. }
. Use space below. Have your instructor check the drawing N s .. -
. i . (frxs\guctor) : ” .-
[} ' . oA
. e . . .
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Step seven

‘ Select the correct size and color conductors and pull the conductors into the
condut. . - Lo T

Step eight. ) o -

Ue; your single-line drawing and connect thé conductors. CAUTION: DO NOT

1

APPLY POWER. Call instructor,
: ‘ - (Instructor)
} )

Step nine
) Operate the circuit when instructed to do so. The instructor will indicate if the

§

* circuit ‘gperates properly _.
. . (Instructor) . ’ L.

.
-~

-, -'Stepten - | ‘ n
Police the area and properly storé the tools and equipment. . 3
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A Project 11 s o b
. Complete this project step by step, ' Cbserve sa.fety at all times. Call the in-
structor as mdxca.ted in the project.
) Step one - i C L. . ’ :
Study the blueprints prowded with this-project, fwure 11, Make a list and draw
* . all the required equipment and supplies from supply. Notify your instructor ¢f any
-~ materials that are not available: gxstructor will check List .
, ) ot . .3 . o
. {Instructor) N
a1 2 . - .
Step two o ’ g
Install the disconnect as indicated on your blueprint. Check to see that it is level,
, % atthe correct height, and properly secured to the structure.
. *  Step three s - . .
. Use 3/4" EMT bend and cut the conduxt fo fit the run. '(You may refer to previous j ) .
work projects. ) ' . ' AR .
¥ . . R4 > ? )
b . Step four ) o L. . .
» - - 7 °. . e N
s . . Use conduit fitting and assemble conduit runs to the boxes. ; ) ’ :
- - . » —~
v ' Step five R o L e e iy
<~ ) - - “ . .
. : Secure the conduit run.to lhe structure. = . o T
.’5 - ) N . .. >, . 8
Step six _‘ : T . ) L
Co. i Refer to the blueprint and make a <smgle-hne drawing of the c1rcuxt _Color code ~
. ) your girawing. Have instructor check your drawing .~ o " 7
R ) e _ (Instructor)’ k . ‘
P .  Stepseven - _ Lo .- T~ T
. S Select the correct size and color conductor. pull the .cor{duct:or into t'y conduit, L ...
¢ ' L - ; s
. ! ‘ » Step eight v “t . . R ) . K ‘ X .‘ N '<. - b f
' 7 ,“. ’ ’ @ .. ."' T ’A, i . * . . i
. > - Use the single-line drawing you have prepared and connect the conductors. - - e
T - 'y . - P
{ . ‘. . > %
L ) .CAUTI : DO NO’I‘ APPLY f'owzn Cal the instructor . ) .. : s
. . . . . {Instructor} ° I i o
.2 Ste e ‘ : . ) g . ‘ : &z
‘- o i Z : ' ‘ Co e R
. « | ‘Operate the-circuit when instructed. Instructcr mlr indicate correct opération e
s Coa . . . ) s
; . R . - . . s, . (‘ . Ce 0 l ) e. . yﬂg‘g
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+  Step ten i . .
Clean up the area.- Store tools and equipment.
~v * * s
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. ~ 1. Disconpect is to be-strface modnted on e:nstmg plywood - ¢ : g

B 2. Discomngct circuit is'to be run in 3/4" EMT. - , . e : .
- "1 LA ) ’ .
- ‘ e » .
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Project 12
~
4
. Complete this project step by step. Observe safety at all times. Call the in=
structor as indicated in the project.
Step one
Study the blueprints provided with this project, figure 12. sMake a list and-draw all o
the required equipfient and supplies from supply. Notify your instructor of any .
materials that are not avatiable. Instructor will check list - .
o ’ ) (Instructor) P
h s N Step"two
Install the box as indicated on your blueprint. Check to see that it is level. at the
correct height, and properly secured to the structure. '
- .Step three - ) .
Use 3/4% EMT, bend and cut the conduit to fit the run. (You may refer to previous
. work projects.) .
N L}
\ Step four L oW : .
. Use conduit fitting and assemble conduit runs to the boxes. ] .
Step five . \ i ' ,
' Secure the conduit run to the structure. , . ¥
~ ., ,Step Si.x * » N ’ i
! : . . Refer to the blueprint imd make.a single-hne drawing ‘of the circuit. Cc;lpr code
~  your drawing. Have instructqr theck your drawmg "
4 - R - . - N . '? "
e 5 (Instructor) .
, Step seven . . ; o .
) Select the correct ‘size and color conductor, pull the conductor into the condu1t
M v _Step ei% ' % l : ’
' Use the single-line4drawing you have prepared and connect the conductors, A . "ﬁi‘
CAUTION: DO NOT APPLY POWER. Call the instructor _ - e
b : + (Instructor)
Step nine . o
. N Opera.te the circuit when mstructed, Instructor will indicate correct dperation
) : .o . . ‘ ’ 3 . (Inst.ructor)- A
., . . ) 40 '
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‘ -
— Step ten ,

Ctean up the area. Store tools and cquipment.

.k ®
' /2" I A
/ . 3 L [ ,
: i S S3—0—=5,4 . -
B 127 C-3414 Tw
o ) ‘ ;4" C3#I0TH
1/2°c-2#1a T w !
. 3,8¢- 3#|0Tw A . ‘
) - rd
' &
" 1
: \ 1,2°C-2 414 TW ¢ .
AN “ e '
. 1/2°Co2 A 14TW ‘

S ~3410TW

. . 3/4 ¢
1 . P 1/2"Ce2 #14TW
1/2"C-3 45 14Tw
. d I

1. Range outlet is to be surface mounted on existing plywood in a 4" square box.

2. Range cirquit is to be run in 3/4"" EMT, ' T . K
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Figure 12 - .

.
i &i”. ’
St
: W)g@hq.\\-

r
&

. 41 - .

NP

e

%

ki

o

5

~ 3

., « 3
R R

' . < . 28& o ‘ ,' '\( .
.. EMC' , R s o X <t .




. Sheppard Air Force Base, Texas

OBJECTIVES

+

3. Balance branch circuits.
EQUIPMM AND SUPPLIES
WB 3JABR54330-1-1I1-5
Wiring Booth
Handtools
Materials |

PROCEDURES

7, Should SMR be installed in: -

Depa;-tment of Civil Engineering Training

-1, Answer problems related to circuit extensions. N

2. Install a circuit in surface metal raceway.

1, Use your NEC to answer the following problems.

2. Article 352 of the NEC is labeled

’ ; . ‘ | 613 é

.

WB 3ABR54230-1-I1I-5
August 1975

RC UIT EXTENSIONS

Basis of Issue

1/student
1/student
1/student
1/student

Project 1

1 .

3. Could surface metal raceway be used in wet areas? -3 .
4. Who determines the number and size conductors in SMR?
5. Is it permissible to run SMR through a wall?

6. Screws ipside of SMR require what type heads ?

e

‘A

bO
\

C.

. d.

'Dry locations ?

Hoistways ?

Hazardous locations? ' DR

Office areas?

.

43 ' ' .




Project 2

Follow this project step by step. Have your instructor check where indicated.

Step one :

You are to install a circuit extension in surface metal raceway. This circuit
extension will carry 15 amps of current. The.blueprint will indicate which circuit
will be extended and what it will contain. Figure 13.

1. Make i single-line drawing of the circuit extension with the proper color code. '
Have your instructor check the drawing . .

: ﬁnsh:uctor) . ’

2. Make a list of the materials that you will need to install this ‘circuit. Have your
instructor check your list .

(Instructor)

_Step two }
1. _Install the blank exten;sion’adapter over the existing outlet.
3. Mark and align the bases required for the circuit.

3. Fasten the bases in place with flat head wood screws of the correct size.

Step three s

<

Measure and cut the surface metal raceway to length. Install the raceway. '

o

Step four ' . ' @y

?
Select the correct size and color conductor, then cut and pull in the conductor.

2

Step five

S
. 4 - . L)

Refer to your single-line drawing and make your electrical conneciggns. °
CAUTION: DO NOT APPLY POWER., Have your instructor check your installation .

L)
v

~ (Instructor)
Step six . *
Operate the circuit on instructions. Have instx\-uctor check o
' {Instructor)
Step seven “ -
Clean up the area and store tools. . - -

PR
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Project 3 .
¢ \ & . : .
1. 'This project will help you balance your branch circuits. -
%
Turn power on to your booth. . -
Y
3. rn on main disconnect. ; . ‘ .-
- ’ . e . \ -3 .
4, Turn on all branch gicuits. . : g ST
‘ . ' ) . ) S
§; Checkouta clamp-on ammeter. , ~
. ' ~ . ¢ . e
8. - Check gurrefit draw on each incoming conductor and record below. - - o R
bl L3 . - 3
NOTE: This check may be accomphshed at the service drip loop. .
0 . » -
N - ’ ' 3 . " . -1 . N
2. %#lampe A L . R, .
.‘ B : . 4 e v
. . .
' b. Line #2 amps J : . n v -
. M ey T . ] .
. N . rd -
- - . - . . —
‘¢. Neutralamps , . e J .o o e A
oo . . * . toe * . .
7. Is your branch circuits balanced? . . A .
. : ¥
. i . '
" 8, JIfangwer to step 7 is NO¥ What is your solution? e s O v e
. . . . - PR - i
. .8 . ° . N v v R
. “, * N ' - id .
e o " > . H ; s >
’ . i ) e ot )
9. Have your jhstructor check your work. N x ‘e Ve
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. Department of Civil Engineering Training WB 3ABR54230-‘1‘-HI-6 ) v
Sheppard Air Force Base, Texas Augus: 1935 s
. . -LOW VOLTAGE. CIRCUI'I‘S '
. OBJECTIVE < . -
> LT ’ .
v Install a low-voltage circuit, * ‘ - o
&  EQUIPMENT AND SUPPLIES . ...  Basis of Issuc
~ "wBYABR54230-1-MI6 © * = . 1/student )
Wiring Beoth ~ 2" = I’student L
Conduit Tools ° - N ' L 1“student . '_
Handtools : . ‘. 1/student - . .
Materials . - 1/student ’ :
PROCEDURE © .\ & .- . .
L. S *  Project 1 ° i
Ky . . .
. . - ~.
<L Complet\e this pfqect step by step. Call the 1nstructor where indicated. Observe
. safety at all times, . .
Step one : } ' .
Study the blueprmt provided with t}us pro)ect, figure 14, Draw the eqmpment
. andsupplies you will require. List any equxpment or supplies that -are not av:ul'ible s
' Have instructor check your equipment . :
e ‘ ' ¥ . (Instructor) .
‘ 4 ¢
‘ Step two ot . ~ : <
« Refer to the blueprmt and make a smgle-lme drawmg of the circuit: -Have . ‘, d
. v instructor check yourjgrawmg ‘ . . L. " .
N N 7
2 . 3’ 4
: - o o {(Instructor) * .
. Step three . o R )
) fnstgll,an bctégqn box above the distribution 'pru?cl m the attie for a transtormer. °iﬁj
! ) - ‘d.l A e -t « N
«Step four . . . P
B \/ - Use 1/2" EMT,” bend and cut the conduit to run from the gahﬁ to octagpn box. " )
¥ ' - - ) f-‘- N : ¢ ' . M
. Step five > ** ‘ y . e L
o ] N Use rconduit fittings and ag_séniblf cbnaﬁ"itfr{m to the bax and -secure. RO . -
. . . ~'w . . ;
" : ) ‘ D b
[y < (3 47
0 . . * v . "h
v . 4 - p 4 4
. . . . t \ LI .
. v’ . t »
°\ b . N =, e~ 4
4 . - * X 2 f O « N
'R . . ) _ ¥ . + - ! ) .
A . . .
. . . \ ]
. ¥
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- Step Bu ‘, oo : ’ 1 . h
o
« ¢ Mount the buzzer above she dodr and p\ishbuttod’ next to.doorway. ;
./ Stepseven T . L v }‘ ’
v\‘ [} v v
Connec't 120° volts to primary side of the transformer and mount the transformer
to the octagon box'using a round cover w1th a 1/2" knockout. * Y
Step eight ; ’
p €ig N s _ : , N\
Using #18 AWE bell wire, complete the connections for the low voltage ¢ircuit,
f . o IS 3
CAUTION: DO NOT APPLY -POWER: Call the instructor, . .
s i o N ' - . &,
Step nine . ‘ .o , 2
i Operate the cn;cuit when instructed, Instructor will check for proper operation
> . o
. b3 - N r
K Y - {/ﬂnstructor) ] -
Yo . ’ 1 e T 7 ’ '
. - u . o )
. N ¢ : *
~ b » ? - )
T R N
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- Department of Civil Engineering Tra.ining . " WB 3ABR54230-1-III-7
Sheppard Air Force Base, Texas August 1375
h
‘ . TROUBLESH ING CONDUIT CIRCUITS . \ .
-+ {. OBJECTIVES | . S "\ '
1. Locate electrical tmubles on an energized circuit, K : o
2. Locate electrical troubles on a deenergized circuit. o ' \
' 3. Disconnect, sort materials, and store mdterials., , )
. .
. 'EQUIPMENT AND SUPPLIES . Basis of Issue ;
> .. WB3ABR5#230-1-I-T . ' . 1/student.
; * “Handtools - r T , 1/student
. Wiring Booth., . ’ . 1/student
. Multimeter L . : 1/student
o Materials .- . §/students .
" ' Project 1 . . ) - i '
Follow:this project step by step. You are fo use the booth you have Juét wired. s
Your instructor will insert troubles in your booth )
Step one .« ' " . .
) You are to operate each cirguit in your booth and for each one list the trouble you :
think exists in the circuit. . . . ) . - .
) _ Circuit 1 : L e - . R |
. ., Circut 2 ot . R "4 v
2 Circuit 3" 4 . .
. > Circuit 4, ’ . , v
Circuit 5 _ . o . - .
o .. Step'two )
* Select equipment needed to locate the troubles. : : ’ .
L] ] a
. Step three ,
Use the followmg steps on each ‘eircuit you troubleshoot .o
Step four ’ . - . i . .
Use the schematic drawing that you prepared when msta.llmg tma c1rcu1t Study
. this drawing. .- . - ] s
_ Steg five . ) - o :
- T Make a visual inspection. : ' . : e L
. . ’ . 51 ‘ -
B \2 ~N -
- \\ “ o R -
. .
) 3
. . JN
. *
~ o ) P =
] . ° . . R ¢ %7 ‘3 4 _ . '
L A N N ' ) RS
- . . - .
- 0 W ) v . ’
1T s
. o~ - ,




4

y

-
+

Aruntoxt provided by Eric

" ( e
“ERIC
o T

?

-

v

,(-'1"1‘.

4

P Y

“Step six

Step seven

Usi;xg prdpér equipixxént locate and inditafe the exact location of troubles.
- r

_.Citeut 1

»

>

—t

Gircuit 2 = .

_Circuit 3

Circuit 4 -

Circuif 5-

H,ave your jnstructor check

i
i

?

Repair tgoubles, have instructor check and operate
1 4

.St?p eight

Remove all installed circu:lis, sort all materials and store in designated areas; .
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_have instructor check your area
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' r " APPLIANCE MAINTENANCE
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Iliqt the correct solution to problems on appliance maintenance.

 EQUIPMENT AND SUPPLIES

» -
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PROCEDURES

1. If an appliance is portable and will be moved from ohe area to another, what type
of electrical connection is required?

q

»

<

2. List the three methods of repairing a broken heating element ?

\
%
b. R
c. T
| ‘ ' . N
3‘. What meter is used to check a heating element for a break?
3 A , .
4. Would a damaged bimetal strip be'repaired or replacéd?
S, The first inspection to be done to a damaged appliance is\a >
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. N THREE-PHASE MOTOR SYSTEMS , a
' - : ’ . 3
OBJECTIVE . o .
L _ To enable you to understarid the fundamentals, connections, and selection dythree-
. phase motor systems. . b ‘
\ ¢ INTRODUCTION ’ S
. L ) N : &
An electric motor converts electrigal energy to mechanical energy. Motors fall
T \nto three basic types: AC, DC, and Universal. As an electrican you will need to T s
, understand the operating principles and know how tg¥seject and connect eleftric motors.
S You also need to know the various means of controjling an electric motor. This study
guide was developed to aid you in understanding thyjée-phase motors and their controk
. ., systems. — ‘ ' . . .
- : e C ' ;/ 1
INFORMATION + ™ - S ‘ Ptoe T .
. T | : . SECTION1 .
FUNDAMENTALS © | '
L Three-phase motors are s{mple in construction and relativt,ely low in initial cost.
- The most common types of 3@ motors are the squirrel-cage inddction motors and the
. wound rotor induction motor. These two types of piotors vary odly 1n the construction &+
SN of the rotor. Threesphase mqtors are also referred to,as polyphase motors. Three-=* '
- L phase motors can he broken down into three basic parts: (1) stator. fp) rotor, ~and
' v ¢3) endbells. " . N - . .
. Stator e ¢ .
. The frame is made of cast tron.or c:ist| ‘ 5 ; o
. steel into ‘which.is pressed a lamin d ° . :
: silicon steel core. The steel core lami-
‘nated to reduce "Eddy Currents. " which
is a loss due to stray currents. This steel
. core is constructed with semiclosed slots
. which hold the fieldswindings. The field .
windings are made up of 2 number of.var- .
g fished insulated coils. swhich are 120° -
) (electrical) apirt. ~Thesé coils are insu- .
' lated from the core with treated paper
. . called fish paper. The coils are connected '
. * to form ghree separate windings. These .
i windings arg connected in either a wye or .« o
» delta arrangement which will be explained . L
later in this study guide. The field swind- ¢
d ings and the steel core togethér make up i . . . . S
B - the stator or stationary part'of the-motor. °, Figuke 1, ghree-Phase Stator. ° ’ e,
N 5 Figure 1 shows the parts- of a stator. "\ o ’ b . ‘ R
, . . ; , * o % ._;-n N . ’ . ) "‘::l
3 - S S S
- R . . ,.ﬁ'o R NN i
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The kind of rotormSed inside of the shree-phas ‘stator determines the fype of motor.
There are two types of rotors, the squirrel-cage rotor and the wound rotor. . & !

v

~ 1
The squirrel-cage rotor cohsists of a laminated silicon steel core, rotor bars, and
end rings, mounted on a shaft. In the most recent types, the rotor bars are cast into
place on an angle called skew. The skew effect increases the torque of the motor. The
end rings shart circuit or connect the rotor bars together. When one rotor bar 1s ener-
gized all of them are energized. The rotor $ars and end rings together make up a
" 8quirrel-cage winding. Fan blades are added on the end of the rotor ta assist} 1n providing

- Squirrel-Cage Rotor ! . .8

. adequate ventilation for cooling. See figure 2~ - :

.
. .

.7
e
7

/ ' .\ ' .

Figure 2. Squirrel-Cage Rotor - T
' A . v . .o . “

-~
v

P . Wound Rotors . ‘
- . - ' .
- | The'wound rotor has a laminated sili- = ~ \ . _ : , )
con steel core mounted on 4 shaft. A rotor | _ . » . : ’:/1
winding is wound around the core, The '
- rotor windings are made of coils similar
- + to those used in a stator. - 'Each coil is o,
- - ade up of a4 number of turns of insulated
) »eopper wire. The windings are cénnected "
“like those of the stator, wye, or'delta.
When the rotor is connected for wye opera-
tion one ernd of the windings are connected
together in the center and the other end
‘o connected to sliprings mounted.on the|shaft.
Y Brushes ride on the sliprings and are con- - SR W
nected exterdally to resistors for.yariable ° Figure 3. Three-Phase Wou‘nd: ,F\otbr ..
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speed control. When connected for delta operation, the windings are dinternally con-
nected into a delta configuration and three leads are connected to the sliprings. Wound -
rotor types of three-phase motors are used where a low starting current js desired -
with an external starting device. See figure 3.

L 4

Endbells “1 ' ‘ |
. | . ’ T
The endbells serve three functions: (1) house the bearings, (2) support and align

the rotor and sh‘aft. and (3) complete the frame of the motor.

Pr,ihp’les of Operation ' ; 1
The effects of a rotating magnetic field around the stator are required to cause a
three-phase motor to operate. This magnetic field is caused by three factors:

(1) the difference in amount of current flow in the 3¢ power caused by the charac-
teristics of 3¢ volfage generation, (2) reversal in direction of current flow caused
by the characteristics of ac voltage, and (3) the arrangement of the field windings
in the stator core to accomplish an even spread of magnetic field around the stator.
The rotating magnetic field is set up by the rising and fallifig current in the stator
windings. - When the current reaches its maximum value in one winding, a strong
magnetic field is produced by the winding, As the current In the first winding | ?
decreases, #e current in the next winding increases, causing the magnetic ‘field to
moye to that ginding. As the current decreases in the second winding, it increases..
in the third wiiding, causing the magnetic field to move again. The windings are
distributed so that this rotation of the magnetic field is uniform a.r\\d continuous. See ,
Figure'4. ’ T

Figure 4. ‘Rotating Magnetic Field i o

* As the current floq builds-up and collapses in the field windings, the magnetic lines” -

of force cut across the rojor ‘bars inducing a current flow. The curtent flow in the .
rotor sets up its own magnetic field, opposite to the stator field, The opposite mag-
" petic fields attract and the rotor follows the rotating magnetic field.- - This will cause
*“the rotor to turn at the san&speéd as tge. magnetic field, migus. the slip. .
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Stip < . z

The time lag’ between the speed of the rotating magnetzc field (synchronous speed)
and the rotor speed is called stip. Normal slip is 2 to 5% of synchronous speed, U

- (

slip increases the torque {twisting effect of the shaft) increases.

However 25 percent

‘slip is called stall point and the rotor stalls or locks. This is normally caused if the
motor is overloaded. To figure the percent pf slip, synchronous, speed must be figured.
The formula for synchronous speed is: .

Example RPM = —ﬂbe—-r—r—f,{,‘in“e;"’g’ };0122 ) . N

RPM = 60 120 vo-

e

1

Do

00 N

RF }v{ =

.&l
-

RPM,= 1800

) 3

The synchronous speed for a four-pole motor is 1800 RPMs. A data plate located
on the stator will give the motor speed (shaft speed) as 1725 RPMs. With these two
Tigures slip can be determined as follows. .

A . ‘
. @ ofslip = sjnchronous speed - rotor s@edx 100
0 p= synchronous speed A '
' % : —SS-TSX.IOO ’ *
. hd R ¢ Of Sllp = —33 . ‘ '
|
oA . % o stip = 1800= 1128 5 109 v )
- L] "’ ’ .
% of slip = 1800 == X 100 .
v L . slipg 4.1 percent . Lo

.

Nor"'mally you can obtain the RPM of a motor from the data plate. However, in
a some cases, thedata plate will be missing from the motor. I the motor is operational
. a tachometer\can be used to determine the'spegd of the shaft. .

&

Motgor-Connections . \

A three-phase motor has both-internal and: external connections, The internal con+
\' nections determine whether the three sets of stator windings are connected delta or wye.
T The external connections are made with Jeads which are brought out to the terminal box

of the otqr These leads provide 4 means of connecting the motor to a source of power.
\
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< Internal Cohnections . . :
T - The two main types o?internal connectiong used in three-phase motors are meo{v_ve ¢
* and the delta, . v . . < - .
The symbof for a wye connected motor is the symbol Y . Figure 5 is a schenlatic.
: ' diagram of a wye connected mptor for high voltage, LA 220 v .
: ) . . ¢ -t \
. - . : A cuLg: . .
\ . - ‘ A 8 c ‘
. , g ’ \“ [ [ _j_:_ . At . -
~ . N . - , ¢ ) /
S ‘ o} >
. . g:'
) Y“ .
s ) ! -
\ . .
' X,
. .
~ = < '
R ¥ . . * 56 -t -
- ) ¢ « ’ ) - . : . ¢
— : o Figure 5. 440-Volt Circuit Diagram l
NOTE: The schematic diagr:fms shown do not illustrate the true position of the
: : coils in the stator. ’ . v 4
. , |
, ’ . 220 v . ' R ~ . |
. ) . 11b v . .
. 1 J . , ]‘
. 1 s X
. GR‘:J__ R
. . .
S L * . T .. .
R 3
' . ° . \ -
- ' ” ” ) Y
& ' » - ) o
- -
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- =) VL | .
: -8 St ¢ c - )
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. W " . ' Figure8, 220 \Volt Circuit Qiagram . : A\
T \ , ) 4 ' 5 A ) . C
o AR \ o Qo A | ) .
ERIC - . 284 Y -
, ) o ‘vt . : : .




L]
S ﬁ.'_. N
- - ‘ - M :
3 N K ~ . o, N . 3 ., t P
g ' P - b > y 3
. 4 . B v & N . . [y M ?<r ;, <
) 4 T : ‘“ . L) C .° ~ ., - B N L M o
‘ T, Fxgure 6 shows a schekmatxc diagram of a wye’ connected motor for low volta.ge T . i
. . 14 o ~— )
- " .
The symbol for a delta’ connected motor is the Greek letter delta = a_ 3 . * ' . . ‘
' . . N
L LY Fxgure 7 shows a schematxc dia.gram of delta connect\éd motor for hxgh volta.ge SN o
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- Figure 8 shows a.schematic dxa.gram of 4 delta connected motor for low voltage. - - ~
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, To determine the direction of rotatiomof a three-phase motor, it is normally ’ ) .
) started before the load is connected. If the.rotation is incorrect, you m change any
two power leads to reverse the rotatian of the motor. Figure 9 shows schematie .
: .~ representation. - i ) :
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] * The kind of rotor uged in a thiee-phase stator actually d
. “=  three-phase motor. . There are two distinct types of rotors: ‘(1) the’squirrel-cage and .-
. (2) the wound rotor. The squirrel-cage is the simplest in consu'qctiomn/g/requires .Y
T S ‘ \ .
4 ® R o '
1 \\ . \
. O ‘ , - <. '\‘
. ERIC S L
7 - ; ' N ‘ ¢ °,
3 N, '

" Pigure 9. 440-Volt Circuit Diagram for Reversing Direction of Rotation .
. ® o ) i . 4

UMMARY |

{ e stator of a three-phase motor is construéted with semiclosed slots for
which are connécted either in a wWye or in‘a delta fashion. : -
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less maintenance than the other types: therefore, it is the most popular. The three-
phase motor operates on the theory of a rotating magnetic field established in the stator. -
Slip is the time difference between the rotating magnetic field and the rotor. . Stall point
is 25 percent slip and locks the rotor stationary. To figure amourt of slip synchronous

speed must be known. : . . _frequency X 120
\ The formula for synchronous speed is RPM = v =or poles *

With synchroncus speed imown, % of slip is figured with the following formula:

Slip = iis%ﬁ X 100 parcent. The windings of three-phase motors are brought out from
the stator to an external power soutce. The windings are connected for either wye or
delta operation, 220-volt or 440-Yolt power supply. To'reverse the direction of rotation
of a three-phase motor,: two power leads mustjbe interchanged.
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* QUESTIONS ‘ a
1. How can you reverse the direction of rotatxbp of a three-phase motor ? - 2
2. What two things will change the speed of rotation.of 2 polyphase motor? - _
* 1 . ‘ .
. ’ ¢ ° . Q - '
3. What are the three main Rarts of a three-phase motgr?. )
. . z * * .
i . . > 7 R . )
4. What is the principle of operation of a'three-phase motor ? ’ R . o
- . . 5 . Iy . R ’
' 5, What are the two types of internal connections for a three-phase moto¥ ? %
6. What are the four main parts of a squirrel-cage rotor? T
7. Whyare W(‘)l:nd fotors used in three-phase motors ? .0 ' . °
3 3 - r . . ¢ ;
« 8. How are th\e' windifigs connected for higli voltage (series or parallel)? = ° . Iy
. oL ' o N e ° . M
\ \ o - “ . "
; \ < \ - (/ L4
9. How many leads connect to the sliprings on & woun rotor? °* LR
. - t : "0
N ' u,) . N - ¢ s
10. Why are laminated cores used in motors ?” SN :
) - ‘ . . ‘: }\ : ¢ ¢ :). .‘ G
. - - . ' . ‘ o o N .“
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A ’I‘HREE PHASE MOTOR AND SYS@EN(EL(CTION g) Q(

Motors chosen for a;&cmc.task must be properly rated cohstructed and pro-
tected for their work. Such factors as size, type of voltage, enclosure, speed, mount-
ing requirements, direction of rotation, torque, types of bea.rmgs shaft size, w )
temperature must be considered. . 4

.When selecting a motor for a specific function, one of the first thmgs tp con81der
is the available power. The power supply must have the required Z;hases and voltage to

o

run the size motor needed to drive the load.-

» <

<

v » ¢

" Motors a.re classified according to size, as either-being fractional horsepower or
integral horsepower. A fractional horsepower motor is any motor rated less than one
horsepower, -while an integral horsepgwer motor is rated at one horsepower or- la.rger
This classification is made by the Nmohal Electric Mamfacturer's Association (NEMA).

Motors are also classed by copstruction or enclosure accoKing to mechanical pro-
tection afforded or the method used for cooling

A N

R \ PR
‘Common types of enclosure are as follows:, @ ’
. ’ .
+ = ' ‘Open Motor —~An open motor has ventilating openings in the frame
which permit the passage of cooling outside air over and around
the windings. \ . ,
*  Splashproof - A splashproof motor is an open motor in which the’ ) \
vent slots are made to prevent liquids or solids from entering . t
them except at indirect angles, ¢
e } . -
* « Totally Enclosed This rgotor is huilt to prevent free passage - .;}

of cutside air. It is not airtight; therefore; it cannot be used PR
: in an explosxve area. i K ’ '
T Dr1p Proof - A drip-proof motor is ‘an open motor in which the i )
" ventilating openings are so constructed that.drops of-liquid br . .
« solid particles falling on ‘the miachine, eithef directly or by :
striking and running along a hortzontal surface, will not e ro. . . .
the motor. S

~ —

~%

aterproof Motor - A waterproof motor is a totally enclo'sed‘\ -
otor so constructed that it will exclude water applied in the '
form of a stream from 4 hose. - )

. . . [
. - "

*  Explosionproof - Explosionproof motors are designed to withstand

., an internal explosidn of the vapors or dust from the area in which
+ they are used and to_prevent an explosion due to motor fanlts. .
- x4 2 . \

. -

. ' . -

v




Location of installition will determine the type of enclosure of the motor.’ For .
example, an open motgr would be used where the motor is protected from the elements
by its surroundings. ~Totally enclosed motors would be used where there is aneed to
restrict, the passage of outside air. Explosionproof motorg.are used where a hazardous
- condition exists or might exist. * ‘According to Article 500 of the N. E:C., hazardous

locations are classed into three categories: o . : '

¢ ’
.

_Class I - Locations containing flammable gasseé or vapors.

«

o "Class I - Locations containing combustible dust. 4 R \ .

Qlasé IO - Locations ‘containing easiliy i{gnitable( fibers cf filings. .
‘ Article 500 of the W.E. C also breaks down hazardous conditic;ns into two divisions: )
. Div"ision I - The hazardous condi‘{ioh i's ;iorma.lly p;esent. ;

k}

Division I - Th&;hgzardms condition is not norx:nall'y present'but may occur.

. o A . .
. Along with enclosures the location of the motor will also determine the température .

of the motor. Normal temperature rise of a motor is 40°C. This rise is added tothe
ambient (surrounding) temperature of the motor. ' . o e ' ‘

) . . . bl
) - Duty of a motor is defined as the frequency in which it is started. This is an im~
portant factor in motor selection since motor windings heat rapidly during starting.
For our punposés, we will divide motors intoicontinudus duty and intermittent duty .
2 categories.! Along with duty comes the term s%rvi”ce factor. Since some ‘motors are
clagsed as’ general~purpose motors, ctl}e»y 6inay ave a service factor stamped on the data
plate, The normal horsepower rating.ié multiplied by the service;factor to give the
safe overload capacity of the motor, For example, afive horsepoier motor with a
service factor of 1,15 can be used to carry a continuous load of 5,75 hp’(5 X 1. 15)..
Normal service factor is 1015, . - 1o

i<
H
e .

* - , 3 P ' : R . o
5 % The types of bearings used in a motor usually depend on its  dpplication to.a load
: or on its mounting plane, whether horizontal or vertical. As a general rule, sleeve

_ bearing mgtors are horizontal mounted and ball or roller bearing motors are designed
. “  {dr vertical or horizontal mounting. The speed of the motor and size of the}shaft are
) determined by the equipment to be driven or the Joad to be applied, to the motor shaft.
The connection to-the shaft is made in different ways depending on,the load. Keyway
and key, pulley, couplings, and'gears are“tommon methods fg;;'cbnnecting the shaft
5. N the load. S . S R ,

\,7?

e . .o St »

Accordifig to the Afticle 430 in the-N.E.C., motors shall be marked with cers’
tain information, such as the following: -, : :

\g" v o. bl r
SR 1. . Mdmifacturér's name.. . T " ’
R . ¢ . . . . . 2
& “ . * W " Y N N . -~
. 0.0 w 2.7 Rated volts and fyll-load amps. o
: * " . ° ~ . ¢
‘ . ¢ . . ¢
f » ‘ . < %4 : PR y
< . 3. Rated frequency and ngmber of phu(s.q SR .
! o - Y : ' ‘-‘:’ ‘ A v
oL c ' ! T e | . \ Lo
- i . , , o . R N ., y - : . . Les
- . Lo . o A . ‘ . . . o " .
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4, Rated full-load speed
5. Rhted temperature rise
6. T‘u:ne rating N

7. Rated horsepower if 1/8 or more

v

\

.

Along with required information, manufacturers volunteer useful information, such as

frame number, type, design, serial nuinber, and motor connection. See figureg 10.

1

HP 3 PH3 . CYCLES 50 . 60
’

VOLTS 208 - 220/440 RPM 1500 ¢ 1800

. . N ¢ Hi Volt .
® | FRAME 213 Amps 4.7 4.3

Lo Volt L |
‘- TYPE H Amps 9.4 8.6 '
@ DESIGN. B CODE J RATING « 50°C 40C
- 208 V. AMPS 9 . ngzft;I;\slz' © vours v vours

Mantenance Instructions
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Los Angeles, Calif.
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- ’ US ELECTRICAL MOTOR INC
v

Made tn USA

Line

Milford, Conn.

§ OO 7 ;

< 00-092
Figure 10, ,\/lotor Data Plate s
" Now that the motor has been selected for a specific job, the motor controller and
related equipment must comply with the same requirements. If the motor enclosure
must be explosionproof, then the controller ¥hen installed under the same conditions,
must be explosionproof. The enclo must be adequate for the location in.which itis ¢
installed. The National Electric Manulcturer's Association (NEMA) has assigned ..
enclosure numbers to iqenbffy the jypes of enclosures for controllers as follows: '

) ! AN .

Type 1 - open or general purpose ) ¢
. [
: Type 3 - weather protected ° - <, ‘s
0 * ‘ﬂ"fg‘ s
Type 4 - mbisfure protected . ¢
- Type T _ - hazardous vaporproof - C
[N ’ . )
' Type 9 - hazardous dustproof ' . Y . ,
* Type1& 9 - hazardous vapor, and dustprdof .
Type 11 - 0il emenged e 3 ‘ Sl
- Type 12 - oiltight, dust tight & ;
¥ L] - .
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Any.additfonal information needed might be found 1n Article 430 of the N.E.C.. -
entitled “Motors, Motor Circuits, and Controllers.” To illustrate how this mformatxon
LW uld be used 1n selecting the correct motor and.controller, let's look at a problem.
A Jotor 1s needed to run an exhaust fan docated in an aircraft hangar where hazardous
ases and/or vapors are constanfly present. The fanis rated as a 3 hp toad. There
1s three-phase power available, 220 volts or 440 volts. The fan must be mounted in the

cetling thus the motor will be mounted verticallv. The motor should be connected te ¢
draw the least amount of current possible. The motor will be 2 squirrel cage 1duction b3
tve. Using the N, E.C. Article 430, the following information can he found:

. a »

1. Table 430-150 of the N, E.C. shows the full load current of a 440-volt, 3-hp s

motor is 4.8 amps. |
3 Conductor size - Art. £430-22(a) (1257 x 4.8 amps = 6 amps) and
table 310-16 (¢¥14 AWG TW copper). .

3. Conduit size - Table 3A, Chapter 9 (1/2 EMT)

4. Fuse Size - Art 430-52 and Table 430-152 (4.8 amps X 3007 = 14.4 amps). ) '

. Art. 240-6, 15 amp fuse. e

5. Enclosure type - Art: 500-4 hazardoys locations. | £

6. DBearing type -roller or ball - . ’ -
SUMMARY ' ‘ : L7

To select the proper motor to do a job, many factors have to beeonsxdered Among’

_ these are the type of power supply, amount of horsepower requxred speed, and direc-
- tinn of rotation.

The environment the motor must operate in will determine the type of housing used !
to protect the motor, also the position a motor is mounted in will determine what type -
of bearings are needed. . ’ . '

v The motor data plate furnishes much valuable mformatlon, such as hp, volt, amp,
and service iactor ) . :
. Controllers ‘are selected ta conform with the type of motor used for a certain job.
/

Motor mstallatmns may be broken down into three general types (1) general pur- }
puse, (2) weatherproof, and (3) hazardous locations. . - . -
QUESTIONS o ~ L o

\ . o3
1. What'two ways are médbrs classified according to horsepower? 3

\ . ,. . + - N
2. How does a totally enclosed motor differ from an explosionproof motor ?

s - . N

3.  What is meant by the term service factor?




What does the abbreviation NEMA represeat? w

5. Name the two classes of hazardobus locations. !

14

.6. A Class I, Divisioa I conditioa would be what typ: hazm:lo;xs' coadition ™

\
7. What article in N. E, C. pertains to motors?,
s
. . -8. Wire size and fuse size are dependent oa what factor? i

9. Will the motor data plate state the voltage rating of a motor ? L

.10. What are the three most common bearings found in motors? s
s

1
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, SECTION 3 " ‘ .
MOTOR CONTROLLERS AND CONTROLS ) -
. A motor controller is anything from a simple toggle switch to a complex system,

wh ch controls’ some operafien of an electric rpotor.

At this point, you are to read Article 430 of the N. E.C. in its entirety. Article .
430 allows certain motors under certain conditions to be controlfed by a simple device,
such as a toggle switch or safety switch, shown in figure. 1.~

» .
® . &
‘ @ .
L~
v "y - ,
C CET- 02048 N M
” "‘ N

“Figure 11, Toggle Switch and Safety Switch

’ A}

Due to the size of a motor,~the duty it is to perform, the location in which it is installed,+-, ' . -
or the construction of the motor, it may require additional protection and/or controlling
‘ devices. , . ) T :
‘ . -

»
~ = ¢

»Types of Manual Controllers

N 3

v M

Toggle Switch - When a t'oggle switch is used to control a motor, it normg.lly'co;x- .
trols a motor of low horsepower rating: An example of this would be a gamroom ex- . .
haust fan, . \ o I . :

Y . - - o

Where the supply voltage to the motor is 240 voits, you weuld have to use-a doixble'--~ .
_ pole toggle switch. This would allow you to break both hot.conductors simultaneously. .« . *

-
-~

. Safety Switch - Safety switches of all desfgns will also be‘used' ag.controllers in,
some cases. A nonfusible safety switch would provide enly a rgdnual control mears,

where a fusible safety switch can in some cases provide overcurrent protection and ° - )
control means.. See figure 11. . . )




\ »

! A three-pole double-throw safety
dwitch can be used to reverse the direc-
tion of rotation of a three-phase motor.

, . See figure 12, .. ﬂ' l
R 0 . .
N 39 i O—o ¢ - .
. POWER
, . : - -0 o— .
. . . \
. ) o
o : ; . TO MOTOR .

Figure 12. Manual'gForward-Reverse"
. Three-Phase Control

“«

C

: : Drum Contrdl - The drum control
consists of a lever operated three-position
switch encased as illustratéd, in figure 13.
¢  The center position is usually the OFF
position with the right and left positions
being forward and reverse respectively.

- o4 '
. . /
: ‘ '
. g Figure 13, ‘Drum Switch Control, )
An illustration of contact positions showing phase reversal at the forward and
reverse positions is showry in figure'14. . )
. The oil-tmmersed drum type is used extensively wherever the air may become’ . ‘ N
charged with corrosive gases or highly flamsable dust or lint. The-drum type is
frequently, made for reversing service and for smaller multispeed squirrel-cage motors.
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Figureld4, Reverse and Forward Drum Contro! Positinns .

< -

. Types of Automatic Controllers
Float Switches - The level of fluia is often controlled by the use of a float switch.
This switch 15 a set of contacts which are opened or closed mechanically by a lever and
. float assembly. By using motorsdriven pumps controlled by a float switch, the level of
! - liquid can be increased or decreased automatically. An example of A common use of *

froat switches is to coftrol the water level in water towers. ..
a Pressure*Switth - Pressure switches are used to control the pressure of gases,
air, and liquids within a desired range. For example a motor on an air compressor, -
v is controlled by a pressure switch. 8o
’\ B " o )
Thermostat - The thermostat is a device sensitive to temperature and is widely —
) used in heating and cooling systems to control the system, o
N ‘ Photoelectric Cells - The photoelectric cell is sensitive to light and is used widely.
- to turn "on and off'*exterior lights, _suclH 3s street lights, . -
Cs L. ' MAGNETIC LINE VOLTAGE. STARTER
S Electromagnetic energy'can be used to close switches. Line voltage starters pro-
v}'c(ie a safe, convenient; and economic means for controlling electric motors” ey ..
© . areused to start and stop electric motors. Magnetic line starters are widely us
-+ because they are economical and safe and they can also be controlled rémotely. ey

are normally used where full voltage starting torque is needed and where curasefft surge

is not a major factor, Magnetic starters may be as simple as the type shown in figure

15, having only’‘one set of contacts. The contacts called "main contacts” would be con-

nected in series with the vonductor carrying power to the motor. “ When the electro- .~

.. ... ~ magnetic coil is energized, it setsup a magnetic freld attracting the armature. ~When ~

. the armature moves' toward the electromagnet, the movable contact (located on the,

armature) connects with the stationary contact. This completes’ the circuit to the motor

and the ‘motor starts, - Wher the $Witch in the circuit which supplies power for the

2 electromagnetic coil is opened, the coil is deenergized, causing a loss of the magnetic |,
’ . S . *

¢ . !6 ..
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force. The spring will then'pull the-contacts apart. This s a simple magnetic line . 1
\ stirter. Other magnetic line starter’s will have more contacts, motor overcurrent |
\ ) protector relays (hedters), and may depend on gravaty to open the contacts. Heaters
*will be explained later in this study guide. Figure 16 will help you 1dentify the different
*  parts of a magnetic across the line starter. This figure shows a three-phase across ,
the line starter. containing three'sets of main-contacts, one set of holding contacts,
a coil, gwo reset contacts, and two heaters. It is designed so'gravity will cause the
contacts to open when the coil is deenergized. Pressure springs have been added to the
contacts to allow them to seat evenly. This prevents bending of the contacts and arcing,
thus prolonging their life. Shaded rings are placed on the stationary core to provide a
time delay in the loss of flux, thus preventing contact chatter and wear in the moving

parts of ac magnetic starters. . s
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* |
Figure 17 shows how this starter will appear on an electrigal diagram. .Electrical . |
symbols are used to represent the parts of the starter. Magnetic starters are often - |
cal led contactors. . , . |
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Overload, Protection

Electric motdrs require overload protection to prevent burnout. If permitted,” ,

electric motors will operate at a higher current than their rated capacity. This. may be

_caused by low line voltage, by an open line in a thrée-phase system, and by an overload
of the driven machinery. The overload on an electric motor. gauses it to draw exces-
sive current that causes everheating. The overheating will eventually result in a-burn-
out. To prevent this, overload relays are employed ong starter, to limit the amount of
current a motor can draw. This is overload protection, or running protection. .An
overload relay consists of a current sensitive element and a set of normally closed
reset contacts. The-overload relays of a starter function to protect a motor from

> excessive currént that is destructive to motors. -Current sensitive (thermal or mag-
netic) elements of overload relays are connected either directly or indirectly in the |
motor lines through current transformers.” The overload relays.act to deenergize the ~
starter and stop the mptor when excessive current is drawn.> ¥ .

Thermal Cutouts- ) . . ' .
. ~ ,

Th%mal cutouts are usually of the bimetallic or melting alloy types.. The bimetal - ' -
lic type is constructed of two dissimilar metals which, when heated, bend due to the '
different rate of expansion of the two metals. A heating element in the motor line ci--
. cuit generates the heat necessary to activate the strip. Current in excegs of the de- . —
sired amount causes deflection of the bimetallic strip to the extent that the contacts : C
spring apart, thus opening the holding coil ¢ircuit-as shown in figure 18, A reset
button is depressed to reactiviate the mechanism when the strip has coeled to operating

tolerance.~ . . N

. . . -
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The melting alloy overload relay employs a heating coil cony’ected in the motor line
.circuit. See.figure 19, '
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- Figure 19, Melting Alloy Thermal Overloa.d Relay

The heat caused by excessive current in the motor circuit melts the metal alloy
(similar to solder) releasing the spring-loaded shaft. The shaft is then capable of turn-
ing which permits the reset contacts to open,.thereby dlsruptmg service to the motor. .
When the alloy has cooled and solidified sufficiently the motor may be restarted by

depressing the reset button. A laboratory example of the meltmg alloy principle is
shown in figlire 19 D :

"

The main advantage of the melt{ng alloy over the bxmetamc type is 1ts a,mperage

o N
rating doesn’t vary after repeated heatings. . '
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Magne t.ic Over load.s . -

ar

The magneti¢ overload relay consistsyof a coil, a plunger. a dashpot, and a set of »
contacts. See figure 20. The coil 1s connected in' series with the motor. When a C o
determined amount of current passes through the coil, the magnetic field will pull the
plunger .up.causing the contacts to open. By adjusting. the length of the plunger, the
amount of current required to pull the plunger up can be varied.; An oil-filled dashpot
is added to provide a time delay,” A plate.on the bottom of the p{unger is submerged 11
the oil and aets as a piston. The plate has holes in it that can be adjusted 1n size to-
change the time delay.‘ When the coil pulls the plunger up, the o1l must flow through
the hole in the-plate as the plunger rises. By changing the size of the hole, the time
delay can be increased or decreased. Quick tripping is obtained through the use of &
light grade dashpot oil. .
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Figure 20. Magnetic Overload Relay
Selecting Heaters ‘ S N ’

The overload relay size is determined by.the full load current of the motor 1t pro-
tects. When selecting the heaters to protect a motor, you should check the motor dat1i
plate to find the full load current. Each mamufacturer normally puts a heater selection
.table in the controller cover. Heaters are not identified by amperage, but by the manu-
. - facturer's catalog number. By using the full load current of the motor tp be protected
and referring to the mamufacturer's table_,‘ thé proper heater can be selected. Figure 21
is a CAtler-Hammer heater table. If the full load current of a 2 hp motor, at 230v is

6.8 amps, the heater required would be an H1033. L
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HEATER COIL SELECTION TABLES . A —_ )
For Stze 1 Starter’ ) For Size 2 Starter Fot Size 3 Starter T’ For Size,4 Starter
T - T
, Ampere Catalog | Ampere ° Catalog Ampere I Catalog Ampera ] Catilog { > Amperé | Catalog
Range No. | Range No. Range | No. Range ° Nb, Range | Mo.
157-.177 | HI1101 | 2.20-2.45 | H1024 | 3.8924 35 | HI028  8.72-9.67. | M35 | 19.5-21.9 | H1042
.178-.198 | H1102 2,46-2.74 | H1Q25 5 4.36-4.81 | H1029 9 68-10.8 | H1036 22.0-24.7 1 H1043
-199-.223 | HI1103 | 2.75-3.07 | H1026 | 4.82-5.35 | H1030  10.9-12 0 | HI1037T | 247§-29.0 | H1044
.224-.249 | HI164 |3.08-3.42 | H1066 | 5.36-5.96 | HI1031  12.1-13 5 | 'H1038 | 29.1-31.9 | H1043
7250-.280 | H1105 7 3.43-3.87 | HI027 7 5.97-6.63 | H1032-  13.6-15.0 |, H1039 | 32.0-36.1 | H1046
281313 | H1106 | 3.82-4.27 | H1028 6:64-7.41 , HI033  15.1-16.8 | H1040 ~| 36.2.40 7' K1047 .
.314-.353 ' H1107 4.28-4.71 H1029 7.42-8.23 | H1034 16.9-19. le 1041 40.8-46 2 }-.1,046
.354-.395 | H1108 |4 72-5.24 | HI1030 ; 8.24-9.19 . HI035  1972-21,6,| #1042 | 46.3-52 4 , H1049
+396-.445 | HIL09 5.25-5.87 | HI03L . 9.20-10 2 HI036  21.7-24.5 | HI043 | 52.5.§9 2 H1050 }
A .446-.499 ' HI110 | 5.88-6 48 | HI032 | 10.3-11.4 i H103T  24.6-27 8 | H1044 | 59.3-66 3 | H1057
.500-.562 | HIIll |6.49-7.27 | H1033 | 11.5-12.8 | H1038  27.9-3I 3, Hi045 . ! 66.4-75 1 - H1052,
, . 563-.831 | H1112 | 7.28-8.14 | H1034 | 12.9-14.1 | H1039  31.6-35.3 H1046 75.2-87 1! H1054
‘ . .632-.711  HII13 {8.15:9.03 | H1035 | 14.2-159 | H1040 35 6-40°3 | HI047 .87,2-99 8 ' 11055
o -T12-.799 | HIll4 [ 19.04-10.0 + HI036 | 16.0-18.1 | H1041  40.4-45.6= HI1048 © 100.-118  H1056
-800-.903 * HIIIS ~110.1-11.2 | HIO37 | 18 2-20.# | HI042  45.7-51 8 , HI049 114 -120. = K1057
] - & oy A— g -
-904-1.01 | HI6 | 11.3-12.5 | HI033 [ 20,5-23.3 | H1043 1 51.9-38 & | HI0S0  130.-135 | H105&
1.02-1.13 | HI 12.6-13.8 | H1039 | 23.,4-26.5 |- H1044 | 58.7-65 2 | HIO51 = =eu- R
- 1.14-1.27 | HI0I8 | 13.9-15.6 | H1040 | 26.6-30.3 | HI045 | 65.3-74.3 | H1052  ---e- [
- 1.28-1.43. | H1019 15.7-17.7 H1041 30.4-34.7 H1046 74.4-86 3 H1054 | mem—- | emee=
1.44-1.60 | H1020 |17.8-19.9 ) H1042 | 34.8-39,6 | H1047 | 86.4-90.0 | H1055  ==eaa I eees .
o S i
. 1.61-1.79 | H1021 | 20M0-22.5 | Hi043 | 39.7-45.0 [ HI048 | ceceep, | =cemm ERETE L oeeees -
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. . . Figure 21, Cutler-Hammer Heater Table .,
E , - < ‘ -
SUMMARY v ‘ : ~
T ' ' s St
‘ By the use of the proper controller, it is possible to contrel and protect motors
under any given situation.” Magnetic live voltage starters are widely used because they
an'easily be controlled remotely, . ’ .-
. © J
QUESTIONS . . ) ’ ) .v
. t. What/is a drum switch used for? .-
3 s » . : N . < e, - ‘ o t
-. Howany sets of main contacts-does a three-phase maghetic starter-have 2 ’
. 2. What is the purpose of the reset’contacts in a magnetic Starter? o T *
1 ) < . ¢ i A ‘c )
el . e N . PRERRY
. 4. Are the reset-contacts in a magnetic starter normally open or normally closed ?
- e -
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.' @ 5, What s the purpose of the’ m%netlc coil in a magnetic starter° ' '
6. What is the purpo.»e of the shaded'ring, located on the 1ro1 c01e of a magsnetic
. - - starter? , . ) ,
~T T 7. How can fhe time<dbldy,be varied on the dashpot relay? e
. v 8 What are two types of thermal overload relays? .
. . . . .
“ o 9. Heater size is determined by what characterxstlc of the, motor ? . -
S s - .
¥ o~ . ' < ‘
}. List four automafic coqtrols used to control motors? -
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- SECTION 4
CONNECTING THREE-PHASE CONTROLLERS

, ) . “ .
. . Connecting three-phase controllers vary only 1n the location of the terminals and ) R
» when the controllers are to serve different duties. Figure 22 shows a square D magnetic

starter and a start-stop station controlling-a thiee-phase motor. .

.

. .
b -2 Ls‘

§ Do staar i .
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Figure 22. Wiring Diagram of a Square-D Magnetic Starter
Connected to a Start-Jtop Station .
. power is supplied to the controller at terminals marked L1, L2, and L3. The  * 3
motcr is connected to three*terminals marked T1, T2, and T3. The identification of - s

trese terminals will nérmally be the samé regardless of the Manufacturer.

1
- .n order for the motor to operate, three sets| of normally open contacts (main con- R
tacts) must close. These,contgcts are located between the line and the load (L1 & T1, , -
L2& T2, and L3 & T3). To close these contacts jthe coil must be energized. This is
. don\e through a circuit known as the control (cu t. The control circuit runs frofn
\ termynal L2 through the two reset contacts (ndrmally closed contagts) through the coil
\\" and to terminal three (3)'0on a set of holding conta¢ts. To have a complete circuit to
energizé the coil, the.control circuit must make donnection to L1. This point is where
the different types of controlling takes place, Asinfigure 22, terminal three {3) of the
magnetic starter is connected to terr?nabt\h;s‘e (3) of the start-stop station. When the
_start button is pushed,. a circuit is cdmplete rO;Q terminal three (3) throughthe start

o , s . 24




‘contacts tQ terminal.two of the start-stop station, through the stop button to terminal

one (1) and to terminal L1 of the magnetic starter. A circuitis now complete between

L1 and L2, and the coil becomes energized. ‘When the coil energizes, the arimatire is
lifted causing ‘all normally open contacts to close.. The circuit is nowcomplete to the

motor. The circuit from terminal three (3) of the magnetic starter to L1 is known as the -
start circuit. The start button on a-start-stop station 1s a constant pressure switch,
meaning it must be held in to keep the contacts closed. If pressure is rqmoved, the

circuit would be broken and the coil would become deenergized. To prevent this from
happening, another circuit calied a holding circ¢uit is added. The holding circuit 1s
connected from terminal two (2) of the magnetic starter to terminal two (2) of the start-
stop station.” When the)coil becomes energized it closes all normally open contacts.
including a set of holding contagts located between terminals two (2) and three (3) of the -
magnetic starter. When these contacts close, a circuit is completed from terminal-

three {3) through the holding contacts to terminal two (2),-to terminal two (2) of the
start-stop station, -through the stop button contacts to terminal one (1) to L1. , When the
_start button 1s released, this circuit is used to keep the coil epergized. To deenergize

the coil, pressure 15 applied to the stop button which causes its normally closed con-

tacts to open, breaking the circuit, deenergizing the coil. Should the motor draw more
current than is specified on the data plate, the overcurrent relays will heat and open

the normally closed contacts (reset contacts) in the control circuit, which will deener-

q1ze the coil. This provides motor protegtion. . ¢ *

Ficure 23 shows a wiring diagram of Arrow-Hart magnetic starter.” As you can

see, the terminals are marked the same as the Square D, but they are in different
locations: even though the wiring remains the same. On some starters. terminals 2 &

3 may be marked €2 and C3. , :

) When 2 motor system requires controlling\from more than one location, additional
start-stop stations can be added. Some conveyor belts require this type of coontrol
system to allow Starting and stopping from either end of the conveyor.
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Figure 23. .Wiring Diagram of a Arrow-Hart Magngtic Starte
©. Connected to a Start=StopzStation f
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Figure 24 shows a diagram of how two startTStbp stations are used to coptrol a .
mo.or system., The two stop buttons afe connccted nescries and the start buttons

are coifrected i parallel. | ., ¢
- e ! '
.y b L2 Ly ‘ ..
\] - - C . p R
T
------- b -
'
“ 1
, ) E )
. ! .
E ¥
& : 5
1
Figure 24. Wiring Diagram of a Magnetic Starter
. Connected to Two Start-Stop Stations T '
When a thermostat, pressure switch, photocell, or any automatic control is .
used to coatrol the magnetic starter, the holdinghcircuit is not required. As shown
1n figure 25, the thermostat is connegted to term#nals L1and 3. The contacts in
the thermostat provide a circuit to keep the coil energized; therefore. the holding
contacts are not required. e
’ g
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) Figure 25. Thermostat Controlled Motor System ’ L
° )
As you learned earlier, reversal in direction of rotation of a three e-phase motor . .

can be accomplished by changmg two power leads This can be accomplished with a
., drum gwitch. A more modern method used a "reversing starter.” Reversing starters
reqmre two contactors, one for forward, the other for reverse. The cnntactors reverse ’

., line L1 and L3. Should both contactors close at the same time it would cause a short - «.‘
circuit. To prevent both contactors from closing at the same time, u mechanical inter- _ o
lock ig used. To further prevent this the controls are so wired to provide an electrical . . .
interlotk., Figure 26 shows a reverse controller. The forward and reverse station R
has a normally closed and a normally open et of contacts, If pressure is applied to L
the forward button it opens the normally closed contacts (which are in series with the -
reverse) and closes the normally open contacts, energizing the forward coil, The .

" . reverse button performs the same function in the reverse circuit. Bv opening the nor-
mally closed contacts an electrical interlock is provided. -

) Two sets of holding contacts are required in this controller, one in the forward
circuit, the other in the reverse circuit, Label 2, 3 and 4, 5. Six sets of main con~

tactg are req%labeled L1, .L2, and L3. . .
SUMMARY ' ' .
The termvinals on mnst m.tgnehc sta.rters~are*1dentxf1ed in the same-manner. —Thasd— =

terminals might yary in location from manufacturer to manufacwrer, If you can mnnc(l 3
- . 2{'. . "
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one type of- magnetic starter, you can connect another type because the wiring connec-

tions are the same. ° . &
- QUESTIONS ) T
1. \.Vhat is the purpose of the holding contacts ? ‘ e C

2. .The heaters are conpected 1n what circu t of the magnetic starter? ' ) .

3. The start contacts in a start-'stop station are normally ~__contacts, .
. (Open or closed. ) . '

4, The ¢oil is connected in what circuit?
5. How s the electrical nterlock provided in a forward-reverse control system?

~¥ ¢
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7 ’ SECTION.5 . g ;
REDUCED:.VOLTAGE STARTERS ( -
. * - ‘ s .
Whenever the power system has insufficient capacity to allow full voltage starting

ot a motor. or'whenever full voltage starting would cause lineé disturbances, reduced

voltage starters are used. Reduced voltage starters are normally used on larger motors:

however, they are sometimes recommended for motors as small as five horsepower.

Placing a resistance in series with the power leads reduces the voltage applied to
the motor windings, which in turn reduces the current flow causing the fotor to start
slowly. As the motor picks up speéd. a counter EMF is generated which keeps the line
current at normal value. The starting torque is greatly reduced due to the reduced

current flow. Two common types are the resistance starters and-the autotransformers.
. . 3

Resistor Type Motor Starters ' .

The reSistance starter employs resistors to reduce the input voltage, w ile the
motor 'is starting. The resistance type starter consists of a heavy-duty resistance
placed in series with the line cox;ductors, as shown 1n figure 27.

2 WIRE CONTROL IF USED

Ewm 0650

« Figure 27, Diagram of a 'Prirt'napy Resistor Type Automatic Stdrter . ¢
! for Squirrel-Cage Induction Motors

-

- ~

The voltagé drop through the line is due to resistors. The starting' current of the
motor is reduced in direct proportion of the voltage. The disadvantage of the resistor

starter lies in-wasted energy caused by the resistor heat loss.
3 ~ b4 -
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tage release.
Birpirtuit and maintaining the
N o

A low voltage release device is one which operates due to the reducfion or failure
of voltage, causing an interruption of power to the main circuit. but reestablishing the
main circuit on the return of voltage.

T obtain low-voltage protection it is necessary to have a §_ta.rt button.that closes
the control circuit only when it is being held down. A holding circuit keeps the control
circuit closed after the start button is released.
control circuit 1s opened and remains open.
starts when power returns.

In the event of voltage failure the
This gives protection against unsupervis‘éd‘

NOTE: Overload device, in the control.circuit. 1s in seriwes with the coil.-
-A low=voltage protection device requiring personal intervention .n order to restart
the motor is’considered a.manual device. .
A low-voltage release control operates automatically to restart thé motor after the
return of voktage. * A different type of pushbutton station must be used with the low-

The pushbutton must be a maintained contact type. This sta-
lly OPEN posttion: 1If the con- . .

motor is still connected

voltage release control.

tion does not use start contacts which are in the norm

tactors should be opened-due to a power interruption,

a:ross a source of power, except for the opened overload switch in series with the coil.

When voltage returns the motor will automatically restart. Automatic reset overload

relays in magnetic starters connected by a two-wire switch willnot protect the motor °
. . )

arainst sustained low voltage,
Autotransformers

Large motors require more intricate starters than those used for small motors.

This is due to the heavy current draw of iarge motors while starting. The autotrans-

férmer starter is used to reduce the voltage and current to
“~

The autotransformer, sometimes
referred to as a compensator, is a coilor
wire wound on a laminated iron core,
eral taps are brought out to provide different
voltages. On the common type compensator,
ers, one for each phase
ofinected, as shown in
figure 28, .If each coil is tapped at the appro-
r+iqte pasitan and conrected as shown is
figure 28 to a three-phase motor, the volt-
age applied to the motor on starting will be
one-half the line voltage. .Due to the input
voltage being reduced to one-half, the line
current will also be reduced.

three autotransfo
of the line, are'c

Figur;e 28. Tp%. Connectjon of a
Start Position of a Compensator




e «

( The ordinary compensator usually has two or three taps brought out, so that differ-
ent valtages are avhilable, offering a choice of voltage to be applied to the motor on
starting. The starter connectxon should be connected to the tap which offers the most
satisfactory .startmg torque at the lowest start current.

The autotransformer starter is made in two types, the manual and automatic. The ,
automatic and magually controlled compensators are essentially the same. The auto-
matic compensator however, shown in figure;29, uses a start coil in the.starting cirs |
‘cuit and a run coil in the running circuit. The automatic starter is but in operatidn by

.pushing a remote control button which closes the start contacts magnetwally A t1mmg
devicamconnects thé motor across the-line through the run contacts after it has’been
operating a few seconds on reduced voltage. |

c
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.
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Figure 29, Automatic Autotransformer Controller Compensator .- |

The manually operated type autoﬁ'ansfor'mer starter has a handle which is used to .
manually place the motor in start and then run. Only one*coil is re ired the manu- .o
ally operated compensator., The rhanually operated compensator may or ay not be y
- connected through the overload relays while the motor is starting. I the overload
relays are not in the starting circuit, no trouble will be encountered in the relay trip-
1ng because of an excessive starting current.

-




If the vol‘tgge fails, or is reduced, the holding coil is unable to lold the contyyl in
the run position. If.a prolonged overload occurs, the overload relay contacts open and
deenergize the holding coil. The holding, or undervoltage coil, is connected across
two leads of the motor with a stop button and overload relay contacts in series with it.
The overioad relaj must be reset before the motor can be started. R

- . ~—
S'UMMAR'Y. . :
g

Abnormaliy high starting currents in larg.e three-phase motors are overcome by
decreasing the voltage to the motor. By using resiStors and autotransformers in series
with the line reduces the voltage to the motor windings and lowers the starting current
to a point where it will not be dangerous to the }ines and equipment. ~ -~

QUESTIONS

\l.  What is the purpose of a reduced voltage controllér? . .

*.2.  How are the resistors connected in the circuit in a resistor type starter ? c

" 3. What is the disadvantage of resistor type controller ?

4, What ‘is the purpose of the timing device used in an autotrapsformer controller?

A

5. Why doe; the autotransformer have more than one tap ?

-
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" -locating the trouble, Check cérrent draw with dn ammetertodetermine if the motor ‘ ,&‘ “

¥ ( -
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Department of Civil Engineering Training ° . "sa 3ABR54230-1-1V,2 ©
Sheppard Air Force Base, Texas 76311 Y July {975

e ‘ . \
T TROUBLESHOOTING THRfE:E-I}H'ASE MOTOR SYSTEMS - ,
4 . - ! : :
OBJECTIVE .. - _ ’ ' .
The objéctivg of this study guide is to help ycﬁ‘oecome' familiar with the piocedures
for troubleshooting, testing, maintaiging, and repairing motors  and motor control , <
systems. . L s L . '

_ INTROBUCTION - S - , ' -

. Motor failure may’be due to a number of causes. Some of the t.h'mgs't.hat ma se
motor failures are an overload, low or high voltage, frozén or worn motor bearings,

' failure of motor windings, and failure of motor controls. : .
- CONDITIONS THAT CAUSE MOTOR TROUBLE e
. ' ' LA ' . -
‘Many things that cause motor failure are not the fault of the motor. Several condi-
tions which may cause motor failure are listed below, These conditions should be
.checked before disconnecting electrical powerlines or troubleshooting the electrical
system, . {.
*  Qverload ' t )
N A : N
* Loss ol Power ‘
*  Driven Machine Blocked \\L,/ C, .

*  Frozen or Worn Bedrings ..
. - . 1

*, Bad or Improper Connections
Qverload o

It a three-phase motor has been operating satigfactorily and suddenly stops, a
temporary everload condition may exist, Sufficient time should be allowed fop the over-' -
load device to cool before actuating the reset device. If sufficient cooling has occurred -4
?w reset will hold in the locked position and the normal starting operation can be fol- -
owed, If the motor fails to start, a systematic procedure should be employed for by

is overléaded. Y -
Loss of Power ]‘ Y A o, N
Use a voltmeter to determire if 'power is being supplied to the magnetic starter. Ry

Likewise determine if power is being supplied to the motor, _

.
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. - Bad or Improper Connectioas : . S

Before a'motor is removed from the line all electrical connections should be -
checked. Determine if the control connections are in accordance with the control- °
. wiring diagrarh. When the control connectioas have been checked, the terminal lead
connectioas in both the control appafatus and to the motor should be checked.

Motors with wound rotors are more Ssusceptible to malfunctions due to their con-
struction. Other than insulation checks which are similar to the stator winding, . -

rotors often have opens caused by overheat. Conductors must be resoldered to the
sliprings vand rebanded if necessary. ‘

=S °

’I—N - <

P ”

Brushes that have been worn to half their original length must be replaced. Check
brushes for broken leads, chipped or broken face, correct tension, and freedom of
movement in holder. -- '

<

* Driven Machine Blocked ) N ' -

Determine if the driven machine is*;? fault. “Disconnect the motor from its load
and rotate the rotor shaft of the motor by hand to determine if rotation is free. By
accqmplishing this, it can be determined if the driven machine is at fault.

~ 4 b

* Frozen or Worn Bearings-

Try oper-a'ting the motor without the load of the driven machine. Luhrication may,
be needed and‘in some cases will free the rotor. If-the bearings are frozen or stuck,
it may be necessary to take the motor apart to free the bearings. If the rotor shaft will
ever, put on gloves, or use a piece of cloth, to insure against injury to hands from
burrs or sharp edges that may be in the keyway. Check the rotor shaft for any up and
down play (movement)~ Any noticeable movement indicatés worn bearings, which.may

«

‘applied. The bearings should be replaced if up and down movement ig noted. Also
<heck for rotor end play. This is noted by moving rotor shaft in and out. Some end
play.is not detrimental; however, it should nqt exceed 1/64 of an inch. Excessive end B
play may be removed by adding fiber gpacer washers. ] .
4 - Other things to check are: ‘misalignment of endbells, a loose pole ptece or foreign
objécts in the motor. < If the trouble is not mechanical, the motor circuits are then
. -analyzed, ’ : : . -
3 . i . . ’ .
: 'PROCEDURES FOR TROUBLESHOOTING MOTOR SYSTEMS e
- R . R . ,

[

All electrical circuits are subjéct to three common malfunctions. These cireuit
~  faults are: open, grounded, and shorted circuits, . . L .
Lo . Te et : v .
—_— Opén Circuits ~ . ,; . ’ > ‘. .. . o .
- - . B & ’ o L e . . ':!—
Starting with the source of power, an oped circuit may exist at’any point between

there and the rotor of the motor, It is necessary to isolate the troable, This must’be

accomplished aa a step-to-step basis. Make the following checks oq'the equipment
. shown infigure 30.- . . . . - Lo . '
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turn, look for wobbling, which indicates a bent shaft.” Before handling the shaft how- 2

_-be causing the rotor to be dragging in the stator. This is probable when belt tension is :

=
.




"Check with an’ochmmeter from the source of power to the line terminals. of the
starter, making sure contimuity exists at the starter line terminals, L1, L2, and L3,
Make sure of a contimuous circuit between the start-stop station and the starter. This
calls for checking the starting circuit from the starter to the switch, if the motor will
not start; and the holding circuﬁt from the starter to the switch, if the motor does not
operate after releasing the start button. NOTE: THE CONDUCTOR CONNECTED TO
L1 IS COMMON TO BOTH THE-STARTING AND HOLDING CIRCUIT. Make sure there
is a continuous path for current flow from the switch side of the starter through the
holding coil-and through the resets, back to L2. This circuit normally is‘from switch
terminal 3, to starter terminal L2. Be sure you have continuity through the heaters.
Raise the armature until the contacts are closed and check for-contimity between L1 and
T1; L2 and T2; L3 and T3, JXf there are no opens to this point, power should exist to the

/

f

motor terminals, T1, T2, and T3 of the starter, when the start button is pushed.

) l | I . 30 AMP DISCONNECT
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Check for continuity between the starter termipals, T1, T2, and T3 and the motor.

. terminals, T1, T2, and T3, If we have-power to the motor terminals it will be neces«
sary to check the stator of the motor for an oven circuit. This is done in a wye con-

nected motor, as shown in figure 31, | 8
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Figure 31, Testing the Stator of a Three-Phase Wye Connected Motor - A

s . for an Open Circuit; .
Disconnect the motor leads from the power leads. Check fo'if»cbntinuity between

leads 1 and 4, 2 and 5, 3 and 6, Continuity should exist when testing across the above
mentioned pairs. Since the opposite ends of leads'?,| 8, and 9.are connected at a wye

. point in,the”ﬁv);e connected motor, continuity should exis between leads 7 and 8,-7and 9, -
or a combination of 7, 8, and 9. o

\? . . . . .
Checking the stator of a dela connected, 9 lead motor for an open circuit is accom-
. plished as shown in figure 32, Disconnect the motor leads from the power leads. Check-
| for continuity between leads 4 and 9, 6 and 8, 5 and 7‘, This will check all the windings
in the delta motor, inasmuch as lead 10 is connected finternally to lead 2, lead 11 to
lead 3, and lead 12 to lead 1, as shown in‘figure 32. . : :
* » . 4 . N X - . .
o ] -, There is little likelihood that a sguirrel-cage rotbr will be open. ' If an open does
~ exist, the motor slows down under load., It also has Jow starting torque. Signs of heat-
\  ing are usually evident. -Fractures in the rotor bars are usually found either at the - .
"« ‘connection to the end rings or at the point the bars ledve the laminations. ~If. the motor- .-

has a wound rotor,. it may be necessary to check it for an open circuit by ufgiipg the
-external growler.. B T
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1OTOR LEADS INDICATED
BY ARROWS

00-104 - < ’,.
Figure 32, Testing a Delta-Connected Motor for an Open Circuit

Grounded Circuits
The same methodical process must be followed in finling a grounded circuit as was

emploved in finding an’open circuit. It is necessdry to start with the source of power

and work toward the motor. With the main disconnect open, check with an ohmmeter

across each power phase to ground. Follow this step all .he way to the starter, tQ

insure that no grounds exist from the source of power to the starter. Any grounds exist-

ing in the power supply or any extremity connected to L1, L2, or L3 of the starter will

be indicated at any point tested, between the power source and- the starter by the needle

movement on the ohmmeter. This is assuming any disconnects between the source of

power and the starter are closed. Disconnection of conductors at certain points will bé

necessary to isolate the grounded circuit. Check across each of the conductors, one at

a time, connected to the start-stop station to ground (conduit), to determine if a ground

exists to the start-stop station. .

Check throughout the starter at

points of possible grounds, the control

circuit {through the coil) and the main

circuit, In checking T1, T2, and T3 of the

starter to ground, it must be remembered

any grounds existing in the connected

3 PHASE MOTOR
L2 t"td (X}
3]s Ly

Al

motor will be indicated at these points. . . \LEEH v i
Whether the ground exists in the motor or woron oG Wi ¢ N
on the conduit can be determined by dis- . Leaos ——sS i , 3
iconnecting the motor from the starter. If - ,
the ground does not exist in the‘conduit ¢ : voE
from the starter-to the motor, the motor 1EST LAMP 00-108 :

windings must be checked for grounds,. .
R — . . _Figure 33, Testing Motor Leads for
The motor windings are tested for Grounded Windings ~°
grounds, as shown in figure 33,™ Position

one test prod to the motor houging, being

certain metal-to-metal contact has been
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., ¥ With the other lead, touch each stator lead in-succession, I the needle MOVPS.

a ground is indicated.
as shown in figure 34, and checked to ground. ) L.

The motor must be disassémbled and each phase disc:

anecled,

-

) HOUSING . :
o /@ASE PHASE ™\
w“H ;
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. " DISCONNECT
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Figure 34. Disconnection P§ints in Wye and Délta-Wound Motors

‘When the grounded phase is located, disconnect each winding group of the phase,
as shown in figure 35, and check each group separately until the groundéd winding
groups is located. After locating:the grounded winding, check to sée if the trouble can
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. ber fepaired. If not, the motor must be replaced with a serviceable one.
- } - -
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X . Figure 35. Disconnecting Leads Between Groups of Winings of Each Phase
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A ground in the rotor of a wound mofor does not affect motor performance, until a
second ground occurs, in which case it will then assume the characteristics of a shorted
rotor,

Shorted Circuits L ® ’

Shorted circuits are found by checking across conductors with the power off. If
continuity exists across two conductors when the circuit is purposely open, the circuit .
¢ is shorted. As in checking for opens and grounds, checking for shorted circuits shaquld
' start with the source of power and be carried through to the motor windings. Figure 36
may be used for applying tests for shorted circuits. . With the main disconnect open,
start by checking across the fuses (bottom end). Assuming any disconnects are closed
i between the source of power and the starter, continuity across any two conductors will ~

indicate a short circuit exists between the maindisconnect and the starter. Discénnec- -
tion of conductors at certain points will be necessary to isolate the shorted circuit.
Press the stop button and check across the conductors number 2 of starter switch to L1
. or (C1). Pressing the stop button on the start-stop station opens the circuit to the
starter. A contimuity reading would then indicate a shorted circuit in the holding part
of the circuit. ’ v

NOTE: This circuit is normally closed due to the construction feature
¥ of the start-stop station.

. Continuity across L1 or (C1) to number 3 in the starter would indigate a shorted circuit ¢
in the starting part of the circuit.

-

. NOTE: This circuit is normélly open due to the construction feature
of the start-stop station.
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It can be checked, by using the external‘growler; e
C el mdlge T

-

When checking across the T numbers, (T1, T2, or T3) it will be necessary to dis- ’
connect the motor leads from the source of power, otherwise there w.ll he a continuity
reading, due to reading across the motor windings, After dis¢onnecting the riotor
leads continuity will exist when checking across T1, T2, and T3 and a short circuit
exists in the conduit between the motor and the starter. ?

a

Checking a wve wound niotor for a shorted stator winding is accomplisien, ws
shown in figure 36, ‘ - ‘
« The ohmmeter will be used to check across the sia,to} leads of the mots w, arg
contimity should not exist. Continuity should exist between leads 1 and 4, ¢ ~n.t 3
3 and 6, 'and. the leads of which the other ends form the wye point. 172 axt:r . waas
involved in the wye are: leads 7, 8, and 9.. Theretore, in testing for a shortad 562y,
if -continuity should exist between any combination of lead nu mlzers other trau th-se
which form a winding, a shortad, stator is indicated. - .

Procedures for checking o delta-wound, 12-lead motor for a shorted stator wmdiri;
is accomplished, as shown in :igure 37. :

-

Continuity should exist across the following leads of a delta-wound Stator havingyi2
externa] leads: 1 and 4, 2 and 5 3-?,nd 6, 7 and 10, 8 and 11, 9 and 12, Thexetore, in
testing for a shorted stator, if ?glrtinuity should exist lg_etween any conbination of aum-
bers®other than those shown ahove, the stator is shgrted. )

’ *

Prycedures for checking i 9-lead, delta-wound motor dre shown in figure 33, In
the 9-lead delta motor, which is most commonly used, three winding ends are inter-
naily connected. , Number 12,13 connected to.number 1, number 11 to number 3, and
number 10 to number 2, Continuity should exist across leads 4 and 9, 6 and 8, 5 and 7.
Therefore, in testing for a shorted stator, if continuity shéuld exist betweeg any com- ]
bination other than those shown above,-providing leads 1, 2, and 3 areact used. the' &J Y
stator is shorted. Leads 1, 2, \ana 3 are not used because dnternal leads 12, 10, and
11 are connected to them. e N o Mg . B

S P

One of t;o'chéracteristics of a squirrel-cage - rotor is that it is shorted. < However,
if the motor has a wound rotor- it may be necessary to check it for a sho.rted‘riircuit.
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Figure 38. Testing a g9-Lead Delta-Wound Stator for a Shor ted Circuit

- INSPECTION PRIOR TO REPLACEMENT OF MOTOR

» . Motor troubles can sometimes be determined by visual inspection. Before actual
disassembly of a motor, Wipe all excessive dirt and grease from the surfaces with a
clean cloth, moistened with a safety type solvent such as technical trichloromethane

(methyl chioroform). .
CAUMION: Provide adequate ventilation both during and after use.
> . . .
Avoid prolonged inhalation of vapor, sirce’this cleaner has a drying effect on the skin.

Inspect the leads for burned, cracked, or unserviceable insulation. particularly at,
the point of entry into the motor. Inspect the endbells for cracks and mismatch of

matirg surfaces. -

" If the trouble cannot be detected by any of the methods listed, the motor insulation
should be checked for breakdown. . .

Insulation tests are made to determine condition, rather than quality of insulation:
the tests indicating presence of moisture, dirt, or rarbonized material without break-
ing down the insulation are the most satisfactory. The service test most generally
applied to electrical apparatus is determination of the 'mgu[ation resistance. N

Megohms of résistance between winding and ground indicate insulation condition
if a comparison with several previous readings i8 made to determine improvement or .
deterioration. ‘All readingscshould be taken under the same conditions Wwith the machine
at normal working temperature. If tests are not made under the same temperature and
humidity conditions, the insulation resistance will vary. The temperature and humidity
must be recorded at the time the insulation resistance tests are made. Standards of the
American Institute of Electrical Engineers (AIEE) ébtdblish the normal insulation-
resistance value (at approximately-75°C) as follows: .

. 220-’Volt motor--o'.z megohm ‘-. . . B . ‘b
. 440-volt motor--0.4 megohm ‘
) 43 . o
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. A megohmmeter 15 normally used to test the insulation of,a group fo coils or of the - ’
whole motor. e

A megoRmmeter is a selftcontaiged instrument giving a direct reading of 1isulation
resistance. Before using a megohmmeter, connect the leads from the ground terminal
and the line terminal together and turn the handcrank until the clutch slips? the indicator »
should read "0, " Separate the leads and turn the handcrank again, The reading should' .
bé infinity (>=). This test indicates that the meter 1s operating correctly.

To use thig instrument connect the LINE binding post of the megohmmeter to a lin€
terminal of the motor, then connect the GROUKID binding post'to the frame of the motor
and to ground, as shown ip figure 39,,Turn the crank of the megohmmeter (megger) fast
enough to cause the centrifugal clutch to slip. (The slipping of the clutch assures the
operator that the pfoper voltage (500 volts) is being developed, and at the same time
protects the instrument against overload due to excessive generatbr speed. ) Note the
position of the pointer over the indicator scale.™The scale reads directly in megohms.
Be sure the eye is directly over the scale and pointer to avoid errors in reading the
scale, Test each line terminal of the motor and compare the readings.

L . .
TEST SET 1488 . )
) UNE TERMINALS .
‘ A S
E ° ‘ SA-201
. Pl * ' Figure 39, Mégohmmeter )
. : .~ PROCEDURES FOR CORRECTING MALFUNC TIONS
) ' All malunctions in mbtors and controls may be corrected by the Air Force elec- Y
trician except malfunctions in the.internal wi.ring of the motors. Common malfunctions
. are: ., . ‘ ’
LI = % . « R \ . , 'f‘ P .'1.,,; B >
*  Motor does not start - o - : T LW 1 géﬁif
* ' * /h E v ' ' C ' -ﬁif&}ﬁr ) . '}.t o pj“iv,;
* MOtOI‘ ?uns hOt . - . : : ’« -"l(_é%( . . , . »;,;:;é;? %%{%%;E%’g‘
; - ' ' . N - " i f R Y quéﬁz
* | Motor stops running ; nee
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» )- . Moto_r_Opc;ratés with excessive noise” - : ) A
R¢ ’Motor runs slowly ‘ N ¢
M;tor Does Not Start . & . ) o .
J _;Ctm«\fg_ ’ The motor may not start d.ue to 5. voltage failure. Check the line volt:agt;. Check /

» .

;7 f%@ fuses, broken or loose connections. Any bad conductors should be replaced.

: Motor Runs Hot~ =g, 1=% - . )
. Tl el . .
R The motor may be operating under an overload. Check the full load amperage
against the data plate rating. Check the rating of the overload relay against the full
load current. If the rating of the relay is too high, replace it with the proper rated
relay. ’ )

* ¢ (Check the available voltage to be sure the motor is not.operating on, under, or
. over voltage. It may be necessary to lighten the load or install a larger motor.

Check for proper motor ard power connections. Be.éure the motor is properly ‘
connected to the available voltage. -

Check for proper ventiliatlon., Clean any dirt from around vents or windings. > '
S—

& Check the motor to determine’if it has been properly lubricated. If it has not been,
A it according to the manufacturer's instruction. -

*a

¢

, The motor may overheat due to starting too frequently. Determine if the motor is’
,rated for intermjttentaduty. If it is not rated for the service requ ired, replace it with
' one of proper design. ) .

Motor Stops Running

If the motor stops running, sufficient time should be allowed for the motor control
to cool. The reset should be pushed into locked position and the start button pushed in.
If the motor starts, close observation should be majntained until the operator is sure
" the motor failure was not due to any severe circumstance, the recurrence of which |
would result in serious damage to the motor. A brief overload or a power failure may
have beer the cause of the failure. Occasionally the relay must be replaced due to it
becoming faulty. If the motor cannot be restarted, it may be necessary to recheck all
the things previously discussed under the topic "Procedures for Correcting Malfunctions. "
Motor Operates with Excessive Noise . o
Excessive noise may restilt from the motor not being securely mournted. This-
‘condition may be remedied by tightening the mounting bolts and the motor jsupport
securely. - ‘e ’ ) . A

>

° . 4
Dry motor bearings may c ause excessive noise while the motor is in operation.
Proper lubrication may stop the excessive noise, providing permanent damage has not
. been sustained by the bearings. Sufficient damage to the bearings may require the - -
bearings be repjaced. A regular lubricating schedule should be followed. Be certain ’
the lubricantis the type suggested by thevmotor mamufacturer, ‘ ’ )
< 3 45 \ .
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1» ) Loose rotor bars may cause excessive noise. This condition requires the bars
| be soldered or welded to the end rings. ' )

Excessive noise may be the result of loose motor accessories. It may be elimi-
nated by tightening the oil well cover arnd the connectiof box cover, /

The motor may not be mounted on a solid surface. Replacing the- mounting surface

may quiet the operation of the motor, N ’ '

Motor Runs Slowly ’ F . ‘

., When a motor runs slower than it is rated to run, considering slip in induction “
motors, several factors should be considered. The motor may be overdoaded. Satis-
) factory service cannot be obtained unless a larger motor is installed, = L6

4

-

The voltdge supply may be deficient, causing a motor to run. too sléw, Correct the
supply voltage, The voltage must be within 10 percent of the. voltage ratmg for the -
. motor, R , P . . . . N
[} N Y J .
The bearings of a motor may be bindihg which will cause the motor to run at leas
than rated speed. The bhearings should beireplaced if needed Cleanmq and relubrica-
. tion may correct the trouble. s , . ;-
The driven machine may cause a motor to run slowly. When it is suspected that - .
the driven machiné is at fault, cthe motor should be disconnected from its load and s
tested independently of the machine: © ' s - 3
Occasionally a rotor may be Open This will result in the motor slowmg down und€¥
load. The rotor must be repaired or replaced: "

-
: -

«SUMMARY - : ~ : . : ‘

The Air Force electrician is responsible for minor adjustments and m’aintzenance of
-motors and controls.. He should be aware of the troubles that may occur in- motOrs and ¢
controls, how certain troubles will affect the operation of the equlpment and how to
correct the trouble when it arises.’ e a

-

13

. The most common operational troubles will be: overloads, falluresmf power,. ; .
. frozen or,worn bearings, bad connections, and dxfflcultles ansmg a§ the result of éthe .

driven machine. - . -
) N - , e,
. . L . ' % -

R

. , . ‘ ,

’ Circuit faults will arise from time to:time. They must be dealt with in a method-. .
ical manner. As always.in locating circuit faults the electrician should start with the |
source of power and work through to the motor. By following 'good work practices, the
_Air Force €lectrician will be able, to put the equipment back in service, with the mini-
" mum loss of time. ‘ .
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. If 2 motor cannot be repaired and returned o service without comp"lete disassembly
1t must be replaced with a serviceable one or turned into a motor shop for repair.

Usually the source of trouble can be detected by visual inspection. In testing for |
open, grounded, of shorted windings an ohmmeter may be used. . ( |
) |

*»

: , B
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QUESTIONS

- 1., What instrumeént is used to check ipsulation resistance‘?

13
’

|
|
|
(VY °
2. How does insufficient line voltage affect the operation of a motor ? ‘
|
|
\

3. How can it be determined whether the driven machine or the motor is esponsible
for an overload? ’ .

4, If a motor shaft does not turn easily by hand, what is the prob_:;.ble c / se?

A

- 5. What are three things that may cause a motor to run hot?
¢ o~

6. How is a grounded winding detected in a motor ?

- 7. How can excessive end play of a rotor shaft be corrected? ’ .
~ , . 1
REFERENCES ,
TO 34Y19-1-1, Use, Care, and Maintenance of Electric Motors
i Rosenberg's Electric Motor Repair s
) TO 34Y19-1-102, Maintenance of Electric Motors and Generators o
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Department of Civil Engineering Trawing - S5 3ABR54230-1:1V-3
Sheppard Air Force Base,- Texas 76311 July 1975
Lo SINGLE-PHASE MOTOR SYSTEMS L
. * OBJECTIVE ' . y 0 )

$

To enable you to understand the fundamentals, connections, and u&s of single-phase
motor systems. * ]
‘ \

LI

' INTRODUCTION 8 | .

An electric motor is defined as a rotary macl‘yine which converts electrical energy :
\nto mechanical energy. To be-able to properly cannect, control, operate, and maintain
single-phase electric motors, it 1S necessary thatiyou know the fundamentals by which
they operate. This study guide was developed to aid you in understanding single-phase
motors and single-phase motor control systems. )

. ‘
INFORMATION

. SECTION1 ' )
FUNDAMENTALS OF SINGLE-PHASE MOTORS
Motors may be classed according to their construction features. The two general -
classes to be covered in this study guide are the commutator motors and induction
motors. Both of these classes of motors have a stationary {ield which is energized with

alternating current. R -
Induction Motors .

SPLIT-PHASE MOTORS. " Split-phase motofs are usualily just fractiondal/hors'epower
and are used to operate such devices as washing machines, small pumps’, dryers, and
blowers. : R . 3

- e

Basically, a split-phase motor is constructed the same as a three~phase motor.

It has a statop, rotor. and two ehdbells. The windings are located and connected differ-

ently than they are in a three-phase motor. A centrifugal switch has been added to the

rotor and ofie endbell. See figure 40. Ajrotating part of the centrifugal switch A N

located on the rotor and a stationary part (oontaining a set of co_nta.cts) is located in the,

endbell. The purpose of this switch will be explaineg.later in this study-guide. -
. ~

. .

CENTRIFUGAL MECHANISM (ROTATING ELEMENT)
CENTRIFUGAL SWITCH (STATIONARY ELEMENT)

Y3,

T ;oL
AR A b

P
ey
. EREsS

Figure 40. Copponents of Ceatrifugal :Switch
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A

WINDINGS. The split-phase motor has two windings. One winding is of heavy

insulated copper.wire, which is generally located at the bottom of slots in the stator

and are called "Run Windings" or Mdin Windings.' The other wifiling is called the

"Start Winding"” and is generally located in the stator on top of the run winding. The o

start winding apd the run winding are connected to power until the motor reaches 75 5

percent of its maximum RPM. The centrifugal switeh disconnects the start winding
. from the power. The run winding is made up of many turns of heavy copper wire and R
the start winding is made up of fewer turns of sma}l wire’ If the start winding was :
not disconnected after a short period of time, it will burn up. . ) s

. \ -
.CENTRIFUGAL SWITCH. The rotating part of a centrifugal switch is a mechanical
mechanism that relies on motion and flyweights to operate. As the rotor turns the
flyweights-are pulled out by centrifugal force. This applies pressure to the closed
contacts of the switch causing them to open. These contacts are in series with the .-
start winding. The opening of the contacts will deenergxze the start- wmdmg See-
figure 41 : . - , ,
OPERATION. When a split-phase motor is started, current flows through both the
running and the starting winding. This causes a magnetic field to-be formed inside the -
motor. The magnetic field induces a current in the rotor windings, which, 1n turn,
causes a magnetic field in the rotor. The magnetic fields combine in such a manner
as to cause rotation of the rotor. The start winding is necessary at the start in order
.~ to produce the rotating field effect. After the motor is tfunning, the start winding s
no lonégi" needed and is cut out of the circuit by means of the centrifugal switch, After
- . . the start windings are cut out, the motor operates on a shifting magnetic field.

v

-

Capacitor Motors . ' . ’
o . . ' Capacitor motors are made in sizes ranging from 1/20 to 10 horsepower. They .
are widely used to operate refrigerators, washing machines, air compressors, air -

conditioners, and fans
A capacitor motor is constructed similarly to alsplit-phase motor. A capacitor
has been added to give the,motor betteN.ta{ting torque. .

CAPACITOR-START MOTOR, A capacxtor-start motor is an improved version of
the basic split-phase type motor. An intermittent type of capacitor is connected in *
series with the start winding. When the motor reaches 75 percent of full speed,,the

" centrifugal switch cuts out the start windings and the capacitor. ‘I'he capacitor added

in the start windings gives the motor a greater starting torque than a basic spl;t-phase
motor . L

To create @ starting torque in a capacitor motor, a better rotating magnetic field .. e
Has to be established inside the motor. This is.accomplishetl by placing the starting R
winding out of phase with the running windings by more electrical degrees. A capaci- C
toris used to c3use the curtent in the start winding to reach its maximum value before | 7 oo
the current in the running winding | becomes maximum, Actually, the c pgcitor caus'es Bes
the current in the start winding to lead the current in the running winding,. .This causes
a revolving magnetic field m the stator which induces a current in the rotor and, causes
it to rotate. ) . N~
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PERMANENT-SPLIT CAPACITOR MOTQR. The permanent-split’ capacitor consists
-of & émndard split-phase type stator, a squirrel-cage rotor,”a capacitor and endbells, cn
This,is :another version of the basic split-phase motor. A permanent type capacitor is
connected in series with the starting windings and left in the circuit at all times. The

e

starting windings in this motor are not a high resistance winding and have the same num-

ber of ‘turns and wire size as_the run windings. The capacitor is used instead of resis-

tance to give the split-phase, effect. This eliminates the need for a centrifugal switch

in this motdr. The capacitor is continuously rated and is selected to give best opera-.

tion at full speed while sacrificing starting torque. The permanent-split capacitor

motor has the operating characteristics of poor starting torque with a high current draw.’

but runs with a good torque under load, at a constant Speed. . . . T

- @

Commutator Motors e

Single-phase commutator motors havé a drum-wound armature. commutator, and
brushes. This study guide will cover the simple replusion, repulsiqn start-ipduction
run, repulsion indugtion, and universal,_ ‘ ' N
SIMPLE REPULSION MOTOR;: The simple repulsion motor consists of a single
concentric type stator, a wound rotor, a commutator, two carbon brushes. compensat-
ing windings, and endbells. The stator windings and the compensating windi:? are
“c’onnected,in series. The compensating'windings are used to improve the poweT factor , i .
in this,motor. Two carbon brushes are employed on the commutator. The two brushes oo
are short-circuited to each other. This motor has the operating characteristics of

’ high starting torque and Iovi starting current draw. Although its starting torque 1s gsei
" ful, its large variation of speed with load is not desirable in many applications. This -

motor is commonly made in-sizes from 1 to 10 horsepower and is used to power such- -

load # conveyors, smal] compressors and woodworking equipment. - The simple repul- - :

sion motor is ghown in figure 42, . ’ . .
v N - 2]

REPULSION §TART-INDUCTION RUN MOTOR. The repulsion start-induction run,
motor consists of a single concentric type stator, a.wound rotor, .compensating windings,
a centrifugal device, and endbells. This type of repulsion motor uses four carbon
brushes; two are short-circuited together, the other two brushes are connected in series
with the compensating winding, Thg compensating windings in this motor, are used to .
improve the power factor during the starting period. TH® centrifugal device used in .o
this motor consists of a shorting ring and a brush lifting mechanism. As the motor ,
regches approximately 75 percent of its rated‘'speed, the céntrifugal device forces the ‘
short-circuiting ring into contact with the inner surface pf the commutator segments
and converts the motor into an induction motor. At the same time, the centrifugal ’ %
mechanism raises the’brushes, which reduces wear of the brushes and commatator. ‘
This motor has the q”‘perating characteristics of high starting torque with a low current )
draw and a constant-running speed under load. The repulsion start-induction run.-motor, . L
shown in figure 43} is made in sizes from 1/4 to 10 horsepower and is used to power oy
such loads as compre€ssors, fans, pumps, stokers, and farm -maqhinery.
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- Figure 42. Schemati¢ Wiring Diagram Figure 43._ Repulsion-Start Induction- < :
) of a Single-Phase Repulsion Motor P Run Motor Rotor . ’ Ay
- ]
s REPULSION-INDUCTION MOTOR. S
The repulsion-induction motor consists 3
of a single concentric type stator, a com-
bination rotor, a commutator, brushes,
. compensating windings and endbells. This . .
T . ‘type of motor has four.carbon brushes, \ ARMATURE
.. * two being short-¢ircuited together: the -
other two brushes are in series with the ,
. compensating windings. The compepsat- | . COMPENSATING WINDING

CARSON

UNE TERMINAL

*BRUSH .
TERMINAL

ing windings in this motor are used to 00-093
¢ . improve the power factor of the motor . o . ;
S - and to reduce some of the sparking at. the Figure 44, Schematic Wiring Diagram
- brushes.+ This motor doés not have & of a Single-Phase Repulsion-Inductior‘\
. centrifugal switch or device but instead Motor
has a squirrel-cage winding on its rotor | ]
in addition to a wound rotor. , Rotors of this type are called combination rotors. The
squirrel-cage Winding is placed underneath the wound rotor section and is so constructed .
v ' as to have high-inductive reactance. At iow speeds, .very little current flows in the
, squirrel-cage winaings and the motor starts as a repulsion motor. When' the motor | A
- reaches operating speed, the frequency of the in:duced rotor currenfs is low, so that ~
current flows more in the squirrel-cage winding and the motor operates as an induction
- motor. This motor has the operating character{stics of high starting torque with a low .
! current draw and a constant running speed under load. The major disadvantage of this ) ‘
motor is-that the brushes remain on thé commutator, causing arcing, thus increased
. maintenance. The repulsion-induction motor shbwn in figure 44 is made in sizes up to )
Lo . 10 horsepower and is used to power such loads™ as printing’ presses; te:;tilé machines,
4 - and lauridry extractors. To reverse Lthe direction of rotation the brushes muég be | .
| . P e

shifted past the neutral plane.

’ “ . N : £y 4 '
/ Universal Motor - , /\> oo ’ ) N

. ¢ . ‘v Pt . .

- : * A universal motor is one that can operate oin either single-phase alternating cukrént . .
_or direct current. These motors are normally ;:made in sizes ranging from 1/200 to R
. : * 3/4 horsepower. Théy are obtainable in much larger.sizes for special c'onditions.’- The L e
. fractional horsepower sizes afe used on vacuum cleaners, sewing?machines, food v
» mixers,” and power handtools. There are.several types &f universal motors: however,
- the salient pole type is more popular than- the bt?ner types. ’ N
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The salient pole t)’rpe consists of a stator with two concentrated field windings, a
wound rotor, a commutator, and brushes. The stator and rotor windings in this motor
are connected in series with the power source. Two carbon brushes are employed in
this motor and remain on the commutator at all times. These two brushes are used to
connect the rotor windings in series with the field windings and the power source. See
figure 45, , .
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A - SINGLE -PHASE -
STRAIGHT SERIES WOUND UNIVERSAL MOTOR \

.

v

Figure 45, Universal Motor

The universal motor does not operate at a constant speed. The motor runs as fast .. " -
as the load permits--low speed with a heavy load and high spéed with a light load.
Universal motors have the highest horsepower to weight ratio of all of the types of
electric motors. . : .

4 A
SUMMARY N . )

To develop skill and proficiency in the connecting, operating, and maintaining ‘

' single-phase motors, you should know.as much about ther as possible. k . - .
- The various types of single-phase motors are capacitor start, splitiphase, universal . .

" motors, and repulsion motors, All of these motors operate on the principle of iffter - N
action between magnetic fields. The major difference between single-phase motors is e
usually in the method used for starting. Capacitor start motorg, of course, employ T
- the use of a capacitor to throw the starting current out of phase Wwith the running current, - o
" <This acts to shift the magnetic fields acting on the motor totor to provide starting torque.
sUniversal motors have a wound rotor the same as a direct current motor but they are

-~ "" ldesigned to operate both on-ac and dc. Split-phase motors have a separate starting
‘ winding which serves to affect the necessary phase shift for starting.
» .

- .. ' QUESTIONS ‘ N .

.1, What is the purpose of the capacitor on a capacitor motor ? ‘ .~
.. . . . e - . ]

2, Spii't-ph'ase and capacitor motors have what fype of rotor ?

[\
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. ™~ ' ! <, ) 2 . ‘
3. How s a repulsion-induction motor revefsed? - .
4, Universal motors are commonly used for what type of loads?. i .
. 5. Which induction motor discussed does not have a centfi_fugal switch?
, 6. * Which motor uses a centrifugal device? " . - '
- - . ) . o)
. ""7.  Two classes of single-phase motors are > N and -
, X .
—~ 8. What purpose does the centrifugal switch have?
s » v .
9. Which motor has power to both the rotor and stator? . §
10. Compensating winding is used for what purpose ? . \ .
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_SECTION 2 B .
SINGLE-PHASE MOGTOR CONNECTIONS . ‘
e . -

_ Split-phase and capacitdr start motors are made for either single or dual vaoltage
operation. The single voltage, rionreversible type will have only two leads--1 and 2. : .
The single voltage reversible motor will have four leads numbered 1, 2, 5, and 8. A
- tdual voltage nonreversible motor will have four leads numbered 1, 2, 3, and 4. The ,
dual voltage reveiible motor leads will be numbered 1, 2, 3, 4, 5, and 8, Leads ° - L

‘pumbered 6 and 7 are termingis ot coils which are connected internally.

o )

In order to operate a dual voltage motor on the high voltage; the running winding e
must be connected in seriés as shown in figure 46, Leads 2, 3, and 8 are connected and
taped; leads 1 and 5 connect together and goes to power. Lead 4 goes to power, _see
figure 46, ‘

. ‘ ‘ .

To operate on the lower voltage, the running windings are connected in parallel.
Leads 1, 3, and 5 are connected together, then to power. JLeads 2, 4, 8 connect
together, then to ground, see figure 47, . i

*

'S -
RUNNING STARTING | =V
WINDING 3 WINDING .

N\

»
.

o, ’
Figure 46. Schematic of Single-Phase Motor Wmagags
3 Connected for High Voltage--220 Volts
- - < t .
The starting winding is always connected in parallel with the running ‘winding,
regardless of which voltage ‘(high.‘or‘low) is connected to the motor. The sfarting
* winding. cannot at any time havé more than 120 -volts across it.
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¢
RUNNING STARTING .
WINDING WINDING 0V

o0-083e*

- ‘ .

Figure 47, Schematic of Single-Phase Motor Windings )

Y - Connected for Low Voltage--llo Volts :

To reverse direction of rotation of a smgle-phase induction motor, the start wind -

ing leads must be interchanged. Leads-5 and 8 are the start winding leads. High volt=
4 age would be leads 2, 3, and 5 connected together and taped. Leads 1 and 8 are con-
nected.together, then to power, and lead 4 connects to power. Figure 48 shows these
< connections. The same method is used for low voltdge.r Leads 1, 3, and 8 connect to

power and 2, 4, and 5 to ground.

- ¢ \

s

.- ~ L RUNNING ARTING . .
. WINDING 3 WINDING ) : lmv

N v

' . . @
- Figure 48, Reversing Direction of Rotation of a«Smgle Phas.e Motor
. Connected for High Voltage _
- - ’ ~
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SUMMARY : , K

Single -phase motor connections can change the operation of the motor from single-
‘voltage, nonreversible todual-voltage reversible. The number of motor leads will
vary in number from 2 to 6 depending on its use. For high voltage the run winding and
start winding are connected to form a_series=~parallel circuit. For low voltage the two ..
windings arg connected“o form a parallel circuit. To reverse direction of rotation,
the start winding leads must be 'mtercha.'nged. -

v

QUE STIONS ' .

1.. Explain how the leads are connected on a split-phase motor connected for high®

voltage.

- 4

’ 2. Explain how the leads are connected on-a split-phase motor conngcted for low
voltage. . . .

3. Leads 5 and 8 are the ends of which winding in a split-phase motor ? ’

B
<
.

4, Héw can a éplit-phase motor be reversed?

. REFERENCES p ‘ |
, ) TO 34Y19-1-1, Use,. Care, and Maintenance of Electrical Motors
TO 34Y19-1-102, Maintenance of Electric Motors and Generators.
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- SECTION 3
SINGLE-PHASE MOTOR CONTROLLERS
Single-phase motor controllers are constructed and operate similarly to three-phase
motor controllers. Where switching in three conductors is required in three-phase
' " motor systems, only one or-two'conductors require switching in single-phase motor
systems. . - ‘

Magnetic Line Voltage Starters - . . o ,
- Single-phase magnetic starters have the same circuits as the three st‘arters, (Power,
o -. Control, Load, Stirt, and Holding). They have only two main or load contacts ahd one
overload protéctie relay. The coil in the starter is usually wound for dual voltage .
(120/240) and is labeled or color coded. The red.lead is.the common and is used with
either 120 or 240 volt power connections. The white lead is used when low voltage -° e
' (120 volts) connections are required. The black lead is used when high voltage (240 volts)
power is required. . : o .
- ’ . +
Figure 49 shows a single-phase magnetic sjarter and motor with low voltage con-
nections. The circuits of a magnetic starter are broken down as the control circuit,
> figure 50 thé starting circuit, figure 51 the holding circuit, figure 52 and the load
circuit, figure 53, <. K
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The part of the magnetic starter circuit from contact 3 to coil to reéet to L2 is -
the control circuit,” as shown in figure 50, .

.

THREE- PHASE POWER SUPPLY
L S L2| Lal

NEUTRAL 8US *

" NEUTRAL CONNECTS
TO STARTER Lp WHEN .
NEEDED. ven

.

2

Figure 50, Connecting the Control C ircwit in a Magnetic Starter .
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The starting circuit. as shown in figure 51, is Lj.or 1 in the magnetic st%rter to
terminal 1 on the stop hutton, to 2, wlnrhrls the jumpéred side of the stop-start stadlon.
When start hutton 1s pushed continuily 1s made from the ju mpered side ol the start

button to terminal 3 and from there to 3 i the magnetic starter.” .
. €] . .
- R B
- ’ . \ - .
‘ . oy °
—
‘ LI .
. THREE~- PHASE ‘POWER SUPPLY
i L Lzl L3 AN
. . NEUTRAL BUS * :
. = NEUTRAL CONNECTS ' £ g ¢
TO STARTER L2 WHEN 000 .
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Figure 51. Connecting the Starting Circuit in a Magnetic Starter
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$ A holding circuit must be used when a start station is spring-loadéd to the o+ .
position. The holding circuit is from 1 to Ly in the magnetic starter to 1 =1 e -
. station, across to 2 oh the stop station and-to 2 in the magnetic starter. ¥Fimw:ie | 7
shows this circuit. .
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( The load circuit connects the motor to the power s%ply. From gontact "I in the
magnetic starter through the heater to Ty on the motor. The second lead of the motor
. (Tg) is tied directly to Tg in the magnetic starter. The load circuit is shownin ; . °-
» .~ figure 53. . + N .
| : - .. '
— -~ . o
! ’
; THREE~ PHASE POWER SUPPLY '
T— L Lz' L3| ‘
N - ‘ . L NEUTRAL BUS* "
'  NEUTRAL CONNECTS .
. TO STARTER Lz WHEN
NEEDED.
- POWER
_ e ———— . \ LEADS
i START 5
. 3N .
’ .
( . »
" N . ~ ) b v
) v
! ¥ N L9 L]
X <
. ‘
) ' 0b-074 . . .
« <, ‘ ' .. :
] & D .
A . ’ ’ ,
. i RN | 4 -
. Figure 53. Connecting, the Load,Circuit in a Starter
- 3 -
‘ . . 63 :
, 2 - * X c .
. ' \ . . . '
3 . 0 2
. O ‘ . - . . . 3 ) 9\" ' ., .,
' : - ! - - i - * “ A ) ':;: Ry




- Drum Control .
\ * Adrum controller, when used to control a single-phase motor, performs the same
function as it doés when controlling a three-phase motor. It starts, stops, or reverses .
the motor. The wiring connectiohs are different. Figure 54 shows the wiring connec-
tions for both high voltage and low voltage. . ,
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. Hand-Off -Automatic Switch, x i .
A “Han\d-Off-Automatic Switch" (HOA) is a three-position selector switch. By
, switching the selector khob from one position to the other, you can stop, manually ,
s+ operate, Or automatically operate a motor system. See figure 55. . ’
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= .gxample of one of the control systems where this switch 1s used.
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' HOA SWITCH _
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Figure 56, HOA Switch Used in Motor Control System ’
: . When the switch is turned to the automatic position, the thermostat contacts mus: ~inz-
before the magnefie starter will energize, In the d position the thermqstz: .5 - -°
passed and the magfetic starter will energize, . ' t
. SUMMARY <o o . .
. Single-phase controls are di.ﬁ‘erent fm;r}x three-phése in their construction “=_.c. - .
because protection and switching are not required in as many conductors. Drui:
‘trollers are used to start, stop, and réyerse motors,
HOA switches prévide manual or automatic control selection for cBitrol st
'QUESTIONS ’ ) . - .
" L.  What is the purpose of a dium c;ontroller'? . .
L] ] ’ \ R . : . ‘
v ® 2. What is the reason for a.dual voltage coil iif"a single-phase magnetie star+er”
-5 4. How many sets af majn contacts does aﬁingie-phase magnetic starter have?
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. HOA switches are used in many different control systems. Figure 56 « .0t -
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f}._ How man°y overload relays are there in a single-phase magnetic starter ? : .
s -
5. HoWw many positioas are there oaa HOA switch? A : .
- \ * 3 - ,
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TROUBLESHOOTING SINGLE-PHASE MOTOR SYSTEMS

OBJECTIVE

The objective of this study guide is to help you become familiar with the procedures
for troubleshooting, testing, maintaining, and repairing motors and motor coatrol
systems. : T '

4

. INT;%ODUCTION

., Motor failure may be due to a number of ‘causes, Some of the things that may
- cause motor failures are an overload, low or high voltage, frozen or wora motor
bearings, failure of motor windings, and failure of motor controls.

‘CON:DITI.ONS THAT CAUSE MOTOR TROUBLE

Many things that cause motor fg'.ilure are not the fault of the motor. Several
conditions which may cause motor failure are listed below. These conditioas should
be. checked before discornecting electrical powerlines or troubleshooting the

electrical system. -
¢ x Ove;'load o - o SR
* Loss of Power S
+ Driveh Machine Blocke ' | g g .
* Frozen or Worn Bearings : ' ) .

* Bad or Improper Connections
N L, Y.

Overload - : ‘ . . ~

$

If a single-phase motor has been operating satisfactorily and suddenly stops, a
temporary overload condition may exist, Suffjcient time should be allowed for the
overload device to cool before actuating the reset device. If sufficient cooling has
occured the reset will hold in the locked position and the normal starting operatioa

- can be followed. If the motor fails to start,‘a systematic procedure should be employed
for locating the trouble, Check curreat draw with a1 ammeter to dctermine if the = ..
motor is overloaded.. . , ) e

N "

Loss of Power

N

<Use~a. voltmeter to ietérminé if power is being ‘supplied to thg magnetic starter.
Likewise determine if power is being supplied to the’ motor. .

Lo N
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Bai or Improper Coanectioas :

. Before a motor is rembdved from the line all electrical connections sheuld be -
.checked, Detemr‘u‘.ne if the control coanectioas are in,accordance with the control
wiring diagram. "When the control connections have been checked,- the terminal lead
connections in both the coatrol apparatus and to the motor should be chacked.

Molors with wound rotors are more susceptible to malfunctioas due to their coa-
siructioa. Othar than insulation checks which are similar to the stator winding,
rotors often have opens caused by overheating and melting of the soldered coanec-

tions to the commutators. Coaductors must be resoldered to the ségmeats and
rebanded if necessary, .

Brushes that have been wora to half their original length must be replaced.” Check

brushes for'broken leads, chipped or broken face, correct tensioa, and freedom o: *
movement in holder. .

Driven Machine Blocked U . . ,

¥
. I

Detérmine if the driven machine is at fault. Disconnect the motor from its load
and rotate the rotor shaft of the motor by hand o determine if rotatioa is ’fr’ee. ~By
accomplishing this, it can be determined if the driven machine is at fault,

Frozen or Worn Bearings

Try operating the motor without the load of the driven machine. Lubrication ‘may
be needed and in some cases will free the rotor. If the bearings are frozen or stuck,
it may be necessary to take the motor apart to free the bearings. If the rotor shaft
will turn, look for wobbling, which indicates a beat shaft.’ Before handling the shaft
however, “put 0a gloves, ‘or use a biece of cloth,” to insure against injury to hands
from burrs or sharp edges that may be in the keyway. Check thé rotor shaft for any
up and down play (movement, ) Any noticeable movement indicates worn bearings,
which may be causing the rotor to be dragging in the stator. This is probable, when
belt tensioa is applied. The bearings should be répla(i‘ed if up and down movement is
noted. Also check for rotor end-play, This is noted by moving rotor shaft in and out,
Some end play is nét detrimental; however, it should not exceed 1/64 of an inch.
‘Excessive end play may be removed by adding fiber spacer washers;

4

Other things to cfleck are: misalignment of endbells, a loose pole piece or foreign °

objects in the motor. If the trouble is not mechanical, the motor circuits are then
analyzed, - , .

PROCEDURES FOR TROU'éLESHOO‘I‘ING MbTOR SYSTEMS

. -

"All elech'icalvcircu'its,a;e subject to three common malfunctions. These r‘circ{iit
faults are: .open, grounded, and shorted circuits, ’

n
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Open Circuits ’ ) .

<

Starting with the source of power, an open circuit'may exist at any point between
there and the rotor of the motor, It is necessary to isolate the troublé. This must
. be accompnlished on a step-by-step basis. Make the following checks oa the equipment
shown 1n figure 57. - )

4

Check with an ohnmeter from the source of power to the line terminals of the
starter, making sure coatinuity exists at the starter line terminals, L1 and L2.
Make sure of a coatinuous circuit between the gtart-stop station and the starter. This
calls for checking the starting circuit from the starter to the switch, if the motor will
not start: and the holding circuit from the starter to the swatch, if the motor does not
operate after releasing the start buttoa. NOTE: THE CONDUCTOR CONNECTED TO

* L1 IS COMMON TO BOTH TRE STARTING AND HOLDING CIRCUIT. Make sure there

1S a continuous path for current flow from the switch side of the starter through the .
holding coil #1d through the resets, back to L2. This ¢ircuit normally is from switch
terminal 3, to starter terminal L2. Be sure you have continuity through the heaters.
Raise the armature until the contacts are closed and check for continuity between L1
and T1:'L2, and T2. If there are no opens to this point, power should exist to the
motor terminals, T1 and T2 of the starter, when the start button is pushed. .

<

A/ . THREE- PHASE POWER SUPPLY
Ly L2 L3
LNEUTRAL BUS * .
+ NEUTRAL CONNECTS
- TO STARTER Ly WHEN % % . .
NEEDED. POWER )
~e._  e=ececcccccecwe-s v < Y LEADS
START " ;Tu TG T .
. <2 J . . )
sToP ' -
. HEATER
» "
.
» v T
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Figure 57. Single-Phase Motor Ggatrol System’
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Chack-for continuity between the starter ferminals, T1 and T2,and the motor
terminals, T1 and T2. If we have power to the motor terminals it will be necessar
to check the stator of the motor for an open circuit. . This is done in a single-pha<?

e m i i “ RUNNING ' STARTING °
motor, as shown in figure 58. RUNN NS STARTING ¢

| SN -

. . / .’ -
- ) GRO .
. A ] c l____]—

u
«
]
n
A

et . Figure 58. Testing the Stator of a Single-Phase Motor
for an Open Circuit

. 1
¥

\ Disconnect the motor leads from the power leads. Check for coatinuity between
leads 1 and 2, 3 and 4, 5 and 8. o ) .
. - - . E-1-)
t
There is little likeljhood that a squirrel-cage rotor will be open. If an open do -z
exist, the motor slowsdown under load. It-also has low starting torque. Signs of !
heating are usually evident, Fractures in the rotor bars are usually found either :t -
the connectioa to the end rings or at the point the bars leave the lgminatioas. If ' - .
s motor has a wound rotor, it may be necessary to check it for an open cirduit by
using the external’growler. l . -

INSPECTION PRIOR. TO REPLACEMENT OF MOTOR ' R

Motor. troubles can sometimes be determined Ly visual inspectioa. Before act.:
disassembly of a motor, wipe all excessive dirt and grease from the surfaces with -
clean cloth moistened with a safety type solvent such as technical trichlorometha:.

- (methyl chloroform). -

Avoid prolonged inhalatioa of vapor, since this cleaner has a drying effect on.the stia

44

|
’ " CAUTION: Provide adequate ventilation both during and after use. : ) l
|
\
\

v Inspect the leads for burned, cracked, or unserviceable\msul‘atioa, particularl -
the point of eatry into the motor. Inspect the endbells for cracks and mismatch 2.

mating surfaces.

- If the trouble’ cannot be detected by any of the methods listed, the motor insular:cs
% should be checked for breakdown. ’
) Insulation tests are made to determine coadition, rather than juality of insulatid..:
v the tests indicating presence of mositure, dirt, or carbonized material without bre« .-
ing down the insulatioa are the most satisfactory. *The service test most generally
applied to electrical apparatus is determination of the insulatioa res'istancﬁg. .

. 8




Megohms of resistance between winding and ground indicate insulatioa conditioa if
: a comparison with several previous readings is made to determine improvementor
deterioration. All readings should be taken under the same conditions with the machine
at normal working temperature. If tests are not made under the same temperature axd
humidity conditioas, the insulation resistance will vary. The temperature and humidity =
must be recorded at the time the insulation resistance tests are made, Standards of
the American Institute of Electrical Engineers (AIEE) establish the normal insulatioa-
resistance value (at approximately 750C) as follows: *
© v
\ 220-volt motor--0. 2 megohm /
-~ o 440-volt motor--0.4 megohm
1T .
A megohmmeter is normally used'to test the insulation of a group of coils or of
the whole motor.

[l
Yo

. . A megohmmeter is a self-contained instrument giving a direct reading of insulation
resistance. Before using a megohmmeter, coanect the leads from the ground terminal
. and the line terminal together and turn the handcrank until the clut ch slips: the indica- e
tor should read "0." Separate the leads and turn the handcrank again. The reading
should be infinity ee), This test indicates that the meter is operating-correctly.

To use this instrument connect the LINE binding post of the megohmmeter to a line

terminal of the motor, then connect the GROUND binding post to the frame of the motor

and to ground, as shown in figure 59. Turn'the crank of the megohrmmeter (megger) - . o
. fast enough,to caus@®the centrifugal clutch to slip. (The slipping of the clutch assures
, the operator that the proper voltage (500 voits) is being develoged, and at the same

> time protects the insfriiment against overload due-to ekcessive génerator speed.) I

Naote the position of the pointer over the indicator scale. The scale reads directly in
megohms. Be sure the-eye is directly over the scale and pointer to avoid errors in
reading the scale. Test each line terminal of the motor and compare the readings.

'

& TES 48,
& T SET 1488

o LINE TERMINALS
DSCONNECTED

‘SA 201

. Figure 59. Megohmmeter
: S 13




. - . y - ¢
i-q . ¢ L ' 3 .
. , )\
‘? ~' . N hd . .. . . ’ :
PROCEDURES FOR CORRECTING MALFUNCTIONS ' . o
= All mqﬁunctiofxs in motors and controls may be corrected by the Air Force e : * ’
s trician except malfunctions in the internal wiring of the motors. Common malfu, - . R
w T ‘ T AR :
* Motor does not start . . §
ts . 3
* Motor runs hot ' . .

¢ Motor Stops running

~

. ‘ . Motor operates with excessive noise | * , ' .
. * Motor runs slowly . ) ‘ )
i Motor Does Not Start ) ) . ’ s ‘
Co. - The motor may not start due to a voltage failure. Check the line wo}ta.gé. Cr.™- .
- - for blown fuses and broken or leose connections. Any bad conductors should-be 1z .. . 2
' a - ‘
. . x
e Motor Runs Hot T . v
A\ : ‘ 3 ‘ . . : ]
> The motor may be operating under an overload. Check the full load an}emge ,
against the data plate rating. Check the rating of the overload relay against the ot - Y

load currept. If the rating of the relay is too high,replace it with the proper ratdy °‘\
. relay. . ) :
.Check the availabte voltage to be sure the moter is not operatingoa under. )
over voltage. It may be necessary to lighten the load or install a larger moloy. -y

Check for proger motor and power coanections. Be sure the motor 1s proper:” .
- comnected to the available voltage.’ St s .

Y

Check for proper ventilation.-_Cle‘an any dirt from around vents or windinzs. .

Check the motor to determine if it has beea 5roperfy lubricated.. If it has Aot
been, oil it-according to'the manufacturer's instructioa,
o LA . . ,
. The motor may overheat due to starting too frequently. Determine if the mot :
rated for jntermittent duty, H it is not rated for the service required, replace it
one of proper design. -

9

Motor Stops Runaing : ‘ )

If the motor stops runaing, sufficient time should be allowed for the motor =
to cool. , The, reset should be pushed into locked ‘positioa and the start buttoa pustc- R
If the mptor starts, close observation should we maintained until the operator. is sure
the motor failure was, not due to any sevexre circumstance, the recurrence o] whicn |
*  wo'ild result in serious daniage to the motor. A brief overload or a pbwer-fa%ure mav

o
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.. have been the cause of the failure. Occasioaally the relay must be replaced due to it

- becoming faulty. If the motor cannot be restarted, ‘it may be necessary to rechack all
. the things previously discussed under the topic "Procedures for Correcting
Malfunctioas. " ’ * ) ) , .
’ Motior Operatés with Excessive Noise -

Excessive noise may result from the motor not being securely mounted. This |,
. conadition may be remedied by tighteninz the mounting bolts and the motor support
secarely., ‘ -
Dry motor bearings may cause excessive noise while the motor is in operatioa.
‘Proper lubrication may stoy the excessive noise, providing oermanent damage has
not been sustained by the bearings. Sufficient damage to th2 bearings may rejuire .
the bearings be replaced. A regular lubricating schedule should .be followed. * Be N
certain the lupricant is the type suggested by’ the motor mamifacturer.

Loose rotor bars may cause excessive noise. This conditioa requires the bars
be soldered or welded to the end rings., :
' '
"Excessive noise may be the result of loose motor accessories. It may be elimi- -

nated by tightening the oil well cover and the coanectioa box cover.
’ ®

"
‘ . The motor may not be mounted on a solid surface. Replacing the mounting surigace
may quiet the operation of the motor. . U
» o N . - <
Movor Runs Slowly : . . : . .

When a motor runs slower than it 15 rated to run, coasidering slip in induction
motors and that there is‘no overloading of the motor, then other factors must be

considered. — R

. The voltage-supply may be deficient, causinz a motor to run too slow. Correct :
the supply voltage. The voltage must be within 10 percent of the voltage rating for
the motor. o . ‘

L

The bearings of a motor may be binding.which will cause the motor to run at less
than rated speed. The béarings should be replaced if needed. Cleaning and
relubrication may correct the troublpx.\ . .

The driven machine may cause a motor to run Elowly, When it is suspected. that .
the driven machine is at fault, the motor should be discoanected from its load and ~ .
tested independeatly of the machine.

7 ‘ . .
Occasionally a rotor may be open. This will result in the motor slowing down
under load. The rotor must be repaired or replaced. ' .

. s

. . . L)
When troubleshooting single-phase motors you should check for such items as
.bad ceatrifugal switches, bad brushes, and bad capacitors. K

» -
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B R . LR . . .o ~ . ?ﬁ:\» -




RO A et Provided by ERIC

' . M R ! « * < " «
. . I'e - )
If a split-phase motor hums but will not start the trouble will probabty be 1n t:2™ . -
centrifugal switch or bad start windings. This same problem with a capacitor ‘star; q *

moter might mean the motor has a bag capacitor.. All other checks are the same 5
either single - or three-phase motors. o .

[

SUMMARY ' : ' ' , .

Th° Air Force electrxcmn is respons1ble for minor azl;ustments and maintenan.
motors and coatrols. He should be aware of the troubles that may occur n moter:
and controls, how certain troubles will affect the ogeratxon of the equipment ani ! -
to correct the trouble when it arises. ]

« Ths most commox operational troubles will be: overloads, failures of power. .
{rozen or worn béarings, bad coanections, and difficulties arlsmv as the resuit o -
the driven machine. 4 ;

Circuit faults will arisg from time_to time. They must be dealt wn\ In a meti . - e
1cal manner. As always in locating circuit faults the electrician should start thh
the source of power and work through to the motor. By following good work practica:
the-Air Force electrician will be able to put the equipment back 1n service with e ‘
.

minimum loss of tu\i . . N
(5 . N , < /
If a motor cannot be repa’ired and returned to service without complete disasse:.- .

1t must be replaced with a serviceable one or turned into a motor shog for repair. ‘

3
2

"Usually the source of trouble can be detected by visual inspeétion,, In testing @ -
ogen, grounded, or shorted windings an ohmmeter may be used.

< ~

QUESTIONS . .

', .

1. What instrument is used to clieck insulation resistance ?

.«

2. How does insufficient line voltage affect the operation of a motor?

3. How can it be determined whether the driven machine or the motor is respons
for an overloa®? - . . , -

4, If a motor shafgdoes not-turn easily by hand, what is the probable cause ?

<t

5.7 What«;aré’ three things that may cauge&moto‘ to run hot?
. ¢ v : N
6. How is a 'grounéled winding detected in a motor ? .

7. How can excessive end play of a rotor shaft be corrected?

> N
AR o
AT T L T

8, How will a centrifugal switch that will not reclose affect the operanon of ame

REFERENCES o , - : < :

TO 34Y19-1-1, Use, Care, and Maintenance of Electric Moiors .

Roseaberg's Electric Motor Repair '
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MOTOR GENERATORS, CONTROL }:)ANELS, AND CIRCUIT BREAKERS ~

v -

OBJECTIVE

The objective of this study guide is to help you ideatify the major components and /
understand the operation and circuit arrangement of a motor generator set and
. motor coatrol centers. —~/

INTRODUCTION

In large factories and complexes it is often desirable to provide a centralized
contro! point for many motors required for operation. The control center serves as
a.housing for switches, circuit breakers, meters, transformers, contactors, and
relays.

It is necessary for the electrician to be able to recognize the various components.
upderstand how to operate-a motor control center, and be able t6 interpret the wiring “
) diagrams so that troubles can be eliminated without undue loss of time.

3
N [y

_ SECTION 1 :

MOTOR CONTROL CENTERS .

) Motor control centers provide an ideal means of centralizing motor control and
related control equipment. They permit motor starters, feeder breakers, distribution
transformers, lighting panels, interlocking relays, and metering devices-to be contained £ |
in a single floor-mounted enclosure and fed from 2 common enclosed bus. Motor con- - |
trol centers are made up of standardized vertical sections housing vertical and hori-
zontal bus, witing channels and compartmented control units. Sections are bobted to-
gether to form a single panel assembly. Control units are mounted and wired. The
entire center is powered by line connection at a single’point. i

Motor control centers offer grouped-control installation and operation advantages.
Design flexibility--performance--safety for personnel, and equipment ease of mainte-
- nance and installation, are all contained in a motor control center.

Steel-enclosed control centers can be joined together to centralize and protect the
. most complex systems of auxiliary drives, or the simplest of f#nh or pump motor con-
trols. Motor control centers factory mount motor starters in isolated compartments
- within a control center minimizing valuable floor space normally required to mount .
. " - individual starters on wills or racks, Savings result from elimination of the cost of
field mounting of individual starters. The costly expenses of conduit runs, pull boxes,
junction boxes; and wire and cable pulling are reduced. These expenses can be con-
trolled‘. and economically performed in factory assembled and tested control centers.
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. COMPONENTS g :

— -, .

The following is™a list of comﬁonents on the face of a motor control center and °
their uses. & )

. -~ - * L]
. 1. Control Switches - for main circuit breakers. - ' ;

2. ‘Pushbuttons - for motor control through control circuits of magnetic starters. ¥
a 3. Indicating Lights - to monitor individual circuits.. ‘

¢ . - "
4. Time Meters - record hours of operation.

~ 5. Ammetersf to read amperage on individual phases.

6. Voltmeters - to indicate incoming voltage on individual phasés.
7. Metering Switches - for phase seléction. .
8. 'fime Clock - used to turn circuit on or off at a predetermined time.
. . * A 5
HOA Switches.” HOA means Hand-Off-Auto and is used with a combination motor
starter and circiit breaker. To start, move the handie to the HAND _position. which i
also closes the magnetic motor starter contacts. Then switch the handle to AUTO and .
__” the motor will run until stopped by the opening of any pair of contacts in series with the
operating circuit. You may also stop the motor by manually Switching to the OFF pos:- .
tion. HOA switches are used in the motor control center for the operation of pumps. '

< . The electrical components located within the motor control center include circdit
breakers, control transformers, contactors, and relays. . -

-’ -

Circuit Breakers . . , RN
\ . L ’
. Circuit breakers are the most common type of short-circuit protectivg devices.
Circuit breakers offer these features: all three circuit phases trip at one time elimi- \
nating the possibility of single phasing. No replacement is normally,required to re- .
close a circuit after a fault. Isolation and circuit protection are proWded in one device: sl
. ~ a
.To protect against damage from short circuits, a control center must have the
capacity to withstand and sué¢Bessfully interrupt the maximum short-circuit current
. available at the incoming line terminal. To provide protection a circuit breaker can
‘be used as a main protective device. When a circuif breaker is used as the.main pro-
tective device, it is important that an instantaneous trip be prqyided for protection of
the control center bus and power wiring. An instantaneous tri?is ,required to remove
the control center from ghe line quickly should a bus fault occur. ’ '

- Two types of circuit breakers used in low-voltage controllers are molded case °
circuit breakers and switchgear type power-cireuit breakers. These breakers have
adjustable trips and, visible contacts, and are available in both stationary and drawoul-

) construction. The molded case circuit breaker is thermal-magnetic-type with adjust-
able instantanetus trip. Operating handle integral with breakex indicates breaker pcsi-
tion whether door is open or ¢losed., Handle can be padlocked in off position.’ B

‘v

-
e

’ ’ t. - ‘8¢ o~ - s
S ' 353 . :

. -
‘' . s
.

8 -
%




:,C'onti'ol 'I‘ransfor’msx;s y Y W e v
These are used to step down 480”volts to 120 volts for use in control circuitlg. Each
transformer is protected fromshort circuits and overloads by cartridge fuses, N
/ Contaétors Lo ' . ) .ot

Magrietic type contactor with built-in overloac"ot;ection. Controlled by HOA
switches, float switches, thermostats, etc, Usually 110V control voltage and 320/440
volts operation, . A

= »

Relays ° . .

o . °
.

-For control,.may be pull-in, drop-out, or time‘del/ay.
. ~ -

" CIRCUITRY - [ . '

) Figures 60, 61, and62 are diagrams of £ypic control centers. Study these dia-
grams carefully. The instruct%wm discuss each of these d\iagrams. ’
7 I’ .

v
Failure to clese bre TS and switches in proper sequence will prevent proper .

operation, ‘ , .
. . \
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Figure 61,
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CIRCUIT PANEL
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SUMMARY

viotor control center provides an ideal means of centralizing motor control and
related equipment. It offers grouped-control installation and operation advantages.
Design flexibility--performance --safety for personnel, and equipment ease of mainte-
nance and installation are all contained in a motor control center. The cost expense
of conduit runs, pull boxes, junction boxes, and wire and cable pulling are reducei.

. .

The major components on the face of the motor control center are control switches,
pushbuttons, indicating-lights, time meters, ammeters, voltmeters, metering switches,
time clock, and HOA switches. The components within the motqr control center are the
circuit breakers, control trans\formers.. contactors, and relays.

~

As an electrician, you will be responsible for t'he_ proper operation of the motor
control center. You will inspect the equipment periodically and isolate malfunctions
as they occur. » d N

\
.

'QUESTIONS

1. What 1s the primary purpose of the MCC?

-

3. List the components found on the face of the MCC. ~ ) o

. '?/:\\’
. . . a4 . ,
3. List the major components found within th€ MCC. . -
. Y . ‘e ' \. - ) R
4. What are four advantages of an MCC. . .
.5 "What 1s the purpose of the circuit breakers ? \ i '

6. * What type of 'copnection is shown between pressure switches in 'figure 92 of this
study guide? ° - » T
., ‘

1 M

. . o\
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SECTION 1I

MOTOR GENERATORS

A motor generator is a motor-driven generator converting mechanical energy into

electrical energy. It is designed to deliver a controlled voltage and/or frequency. ' A

. motot generator consists of a prime mover, an exciter, a generator, and a voltage
regulator. The prime mover is a motor. It can be single- or three-phase and its pur-
pose 1s to turn the exciter field. The exciter is a dc generator supplied with direct
current through a voltage, regulator., The voltage regulator 1s usually the magnetic
amplifier or electromechanical type. The: voltage regulator senses the voltage output
of the generator windings. The generator winding can be connected for ac or dc opera-
tion. The windings ar€ usually the stationary part of the generator. '

Figure 63 shows an example of a motor generator set. Power 1s supplied to the ' .
prime mover which furns the exciter. The exciter is supplied direct current from the
power winding. Witqcurrent in the exciter, and the primer mover turning the arma- e
. ture, voltage 1s generated in the generator windings. The output voltage is sensed 5
, through the control winding which varies the amount of magnetic lines of flux in the
iron core. The lines of flux will either aid or resist the current to the exciter field.
A The amount of current in the exciter will d‘etermine the output voltage.

-~ -
-

SUMMARY ¢

* Motor generatqr sets consist of a prime mover (motdr), an exciter (armature),
windings, and a voltage regulator. The motor generator set may be used to regulate
voltage and/or change the frequency. .
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Figure 63. Motor Generator Set
QUESTIONS ‘ ‘
1. What are the three factors necessary to generate a voltage 2
2. The exciter is what ty'fpe of generator ?

o

3. The stationary part of a generator is usually referred to s

4. The rotating part of a generator is usually referred to as

LY

5. What determines the amount of output voltage? -
REFERENCES

. AFM 85-17, Maintenance and Operation of Electric‘Plants and Systems.
AFR 85-19 Maintenance and Operation of Electric Power Generating Plants.
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- , ‘. THREE-PHASE MOTOR ‘SYSTEMS
OBJECTIVE . . ) . .
- . %,
4
- When you have completed this workbook, you w111 be able to ‘ R
. ' _ - .
. 1. Identify parts of a 3¢ motor. ..
. - : . Y
p N IR ‘ . .
. * 2. Read a motor data plate. . v .
2 3. Select a 3# motor for various specifications. S o o
. . * X - : o . -
- 4. Connecp¥a 38 motor to operate on 440 VAC or 220 VAC.: « Lo
» 5. Reverse the direction of rotatjon of a 34 fbtor. ’
7,6 "Cogxect a 34 'motor'to powef. ] toe o T R
/ T Identlfy moter control components. . o .
& X - .
-2 Select prpper overload elements. - o - - .
- ‘ ' ‘ 'Y ’ o
.Lé ’ "9 Insta:ll a 3@ motor controller, and a stal‘t/stop station, ) .
N 10 Instay a@ﬂ motor, contrplles, and two start/stop station. . coe -
. 11, Install adg motor controller, a.nd thermostat. oL {
o . . g Eo 5. 2
. T 2'2‘ Install a fmotor, reversmg magnetlc controller and reversmg statloni : L
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PROCEDURE

AY

v

1.” Figure 1 is a picture of'a three'e-phase motor. Identif
the name of eagh part in the space provided. -
-, P

-

PROJECT 1

w

«

y these parts by writing

7/

.

. ) A A

v . . N ¢ ¢ T b

. . ] Figure 1.. Three-Phase Mot()r ' e e ! :
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2. Match'the correct terms on the left w1th the statements on the kight by writing \ ,
the number in’ the space pfovided: .
..a." Rotqr . " Supports the rotor, houses the . 1
e p .bearings and completes the frame i
El . » - - ‘ v . .~ . -
#. ' b. Endbells . - Allow the rotor to turn smoothly . . ‘
T Stator - Moving part'of this particular motor ‘
R T * , o, ' 3 .
d. Bearing * That part of the rotor. that may be v .
. B} . a conne‘:tmn point for the load
+ €. Shaft _ Holc_is the field winding and core .
. . f.- Field Winding : That which develops a rotating
) i maQeti ield ' . R
g. Fan , Reduces and eliminatés heat frgm .
- . arowkd the inside of the motor
/ i E ) - L
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READING A MOTOR DATA PLATE .
K - . Using the data plate- illustrated ih figure 2, enter the i;aiormation in the following ’ . )
. blank spaces to 'adequately identify motor installation and operation data. :
. 1. Mamfacturer's Name _ ‘ ’ . w."‘
. 2. Horsepower Rating ~ ¢ v
. ) R , N Fd ~ s
‘ & v
’ 3. Temperature Rise - 50 cycles 60 cycles !
4. RPM atfull load - 50 cycles ‘ 60 cycles
l 5. Frequencw \ '
. \\ '

6. Number of phases

7. Voltages motor will operate on

) . 8. .Fﬁll load-current on high voltage - 50 cyctes
h ~ 60 cycles > ) s, : : :
9. Frame Number N and design/code __ @ )
s ” _General, Electric - Induction 1\:Iotor ' ) ' L e
h " HP 2 \ Ph 3 . ~{ cys0 60 ' -
| Volts 208/220/440 . RPM 950 1145
\ o | Frame1s¢ Hi Volt Amps 3.6 - 3.1 ) 3
} . | Type K - ‘+| Low Volt' Amps 7.2 - 6.2 o \
' ’ Design B Code.L Rating 50°C .-  40°C C,
‘ ) . SF 1. SF 1.25. ' - ,
- . . )
. . Figure. 2. Motor Data Plate ' T
L ]
~ . ] . ' .
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PROJECT 3 . ; , ‘ :

&
SELECTING A THREE-PHASE MOTOR TO MEET.ESTABLISHED SPECIFICATIONS

Using the National Electric

Code Bobk, determine the specification requirements

for a threg-phase motor which must be capable of 24-hour daily. service with a 5-horse- ’
power load ‘The motor will be vertically mounted in an area where explosive gases are
present. 'The motor will be installed to draw the least amount of full-load current. The ’

power available is three-phase 230/460 volt service. v - o=
!
Plage an X in the blank space 0pp0$1te the material or-equipment whlch is requlred
to meet installation specifications. ; .
.1: DUTY Ty ' «. . .+ 5. FUSESIZE .
Continuous 30 amp . )
- Intermittent S . 15 amp ‘
. T———— —— _— . .
2. BEARINGS . 25 amp e
Y 2
' Sleeve ) 10 amp .
Rotller 6, SIZE CLASSIFICATION
i - Ball , o Fractional- | ‘ .
- Horsepower
3. TYPE ENCLOSURE,OF MOTOR. © - . tegral - .
> . * orsepower .
Open ¢ o | )
. ’ ‘ ) - ¢ i -
] *Totally Enclosed . —_ 110 volts
"Dust Explosionproof : 220 volts )
* Y vVapdr Explosionproof © 440 VOItS .
8, L LOADC RRENT
4, CONDUIT SIZE FULL U
. . )
1/2 inch ~ - 6.1 amp .
3/4 inch . _.;__-;7 6 amp
' ) ‘ 1 inch 13.2 amp .
‘ £y . . 3 - t “ \‘
d * . 15.2amp N
. ’ - ) ?
- N v . «L .
' 15 ¢ _ ,;;:;;5-‘:‘3 ,
v , \ . \ ‘:{.ﬁfx&{%’
) . {"ﬁ--éf{ﬁ .
et ¢ N . R .O ",1’ ‘
o , 389 S
. ,/‘ . - "




CONTROLLER ENCLOSURE TYPE

Open - General’ Purpose. DISCONNECT ACCORDING TO THE .
- : - LW N. E. C -
Weather-protected . '
- ‘ 10 AWG ° <
, Moisture-protected - T . .
: e 12 AWG - .
HaZzardous vaporproof N N )
- . 14 AWG
Hazardous dustproof S
! ) ) 18 AWG
. ° >
- . PROJECT4 o

&

N

10. SIZE CONDUCTORS FROM MOTOR

Ed

1. Con-lpléte the schematic diagram in figure 3 Dby numbering the motor windings and
. drawing .in the necessary connections and conductors for applying 440-volt power to the_
motor for high voltage operation. -

-/

o e
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- . 3y Fig’ugé 3.
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. . . . . . 3(_//
' ' " @ . ‘

Complete the schematic diagram in figure 4 by numbering the motor windmgs and

drawmg 1n the necessary connections and conductors for dpplying 220-volt power to.the

motor for low voltage. . o

| =
o . | .

. " Figure 4 220-Volt Circuit Diagram Te,
_ 3. Complete the séhematic diagram in figure 5 by mimbering the motor windin d
drawing in the necessary connections and conductors for applymg 440-volt power to the
’ motor. for high voltage. . .
¥
- N . .
- ‘ -i{ 3 ~
. - * . . N Mo
0 s 9% c% L__j_
' ’ -
"\ " w7 ¢ . ) ‘| * P
KR :
o . * Figure 5. 440-Volt Circuit Diagram .
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) 4. Complete the schematic diagram in figure .6 by numbering the motor windings and L
. drawing in the necessary connections and conductors for applying 220-volt power to the
*  motor for low veltage. . . o
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) | Figure 6. 220-Volt Circuit Diagram :
¢ t - . A
»
. * ' ~, * ¢
N Ve £y .
- * \ . . -
B "y . .
3 7w
4 ‘0 .t " ' ° ‘ = -
- . . . 1
’ : ’ - .
g b . \'- . . v N
L] ' . M * ) ) .
+ A} -
. . ' . A
- . . . <
t , . L] - <, 1 .
v ! ' - 1 '
. ~ " . o~ \
. . » -
) . s \.
r - . . . “ - ~ -6 .
. . . N
. r-4 . 3
. , : % . -
. - 4 - . 1
. ¢ ) : . , |
‘ - ' . - |
. . ' F }
* * , 8 o ‘1
. . . "
~ : " .
- 3 N 1 .'Yf -
. 2 ) 3 02 . .
.. \ . o J .
) ’ N - T 0 - . . L 2 - ‘:‘
* i * . a . 3 . hd ' . . »‘..:
. ‘e ” .. . , * -~ . ! - "“
O y . N ,3 . b ’ ' -éi“ﬂ\- , .o \ - ‘..‘}\ \"j
LERIC /o , et e
| e ) g ] . : ’ ~~ . A
' ST . . ‘ | R . M
+ _ . Q " >




; ) L . o . 3¢3 -
: * ’ s " 'y '
. . \ - PRQJECT 5 . ,
‘ L toe . . ’ i . - [ M
Show connections. for reversing the direction of rotation by numbering the motor )
v . windings and drawing in the necessary connections for a wye connected high voltage .
’ ‘ system on figure 7. = ° .
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PROJECT 6

. Connect a three-phase wye motor to a 220-volt power source using the following

stepsy

I3

)

.

\

N

1. Obtain-a length of 3/4" flexible =~
‘Cond uit ta reach from the 30~ampere dis-
connect to the motor terminal box, as ’

. Shown'in figure 8. - . .

[y

€

Aruitoxt provided by Eic:
- i

. 2. Run three black conductors through
the flexible conduit to the motor. Permit

the leads to extend an additional 6 inches P

- inside the motor terminal box.

8. Connect the flexible conduit with
the proper squeeze type connectors to the
motor terminal and 30-amp discohnect box.

4. In the 30-ampere dlsconnect
connect the 3 leads to'the bottom terminals

of the fuse holders L e

5. Reverse the c_iu'ection of ‘rotation df .

* Jnotor by.interchanging two power leads to

the motor.
.
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Figure 8. Connecting a Three-Phase
Motog to Power
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. PROJECT 7
N— . . '
. IDENTIFICATION OF MOTOR CONTROL COMPONENTS o

Fxgure 3 shows components ‘of the motor starter in schematxc formr. Identify each
of the numbered components on the arrows provided.

" coe b ) 3 .\
LS ,
1
T —0 ;
v ' ’ / . 1]
. A - »
. )
. o T
O .
‘ . RN l
. h ' v ‘
\ : X
. ., . . ‘é&
b ] g : : Coa '
- .
’ . * i Ty . T 25.:7 . . : ‘
o : ' ’ . RS 3
L ; e Fz.gure 9. Three Phase Starter Schematxc Diagram [ @ ™
‘4. ¥ . VL
'f ' State the purpose of the followmg magnetic starter components:
.. 1. Cojl; . - - A P
- - N . '
- 2. Main or load contacts: : . '
. '.A' v . S .
N _' \ 3. Reset c‘bngz}cts: .', N o - ol T
4. Overload heater element: . U cet
g " .. 5. Reset pushbutton: . ) \ e ‘. ' g
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Square D No.
- Allen Bradley No.

Arrow Hart No.

voltage, 6
Allen Bradley No. ~
' Arrow Hart No.

Square D No.

PROJECT 8

" S LECTING THE PROPER OVERLOAD ELEMENT

INSTRUCTIONS: To answer the questions bélow use the tables o figures 12, 13, and M,
and a motor data plate to determine the number of the overload element (relay, heater,
or fuse) to be used with the types of motor starters listed below. Write the number of
the overload element,in the blank space provided.

1. Observe the motor data plate shown in figure 10; if the motor is conn
’ voltage, what number overload would be used?

" Century
Capacitor Single Phase Motdr

Model GSA -203 -CA6-3FA

HP 1

RPM 1750

- Volts 115,230

AMPS12 6 Cy 60

Tim'e Rating -Cont open

Temp Rise 40°C

SF1.25

rd

[N

3

- Figure 10. Motor Data Plate

motor data plate shown in figure IT.
ycle power, what number overload would be used?

¢ D034

.

HP 3

Uniclosed Motor”

. | cyso\-60, °

_ Volts 208/220/440

'RPM 150 - 1800

grime 213

Hi Volt Amps 4.7 - 4.3

Tpe H\

Lo Voit Amps 9.4 - 8.6

" Des\gnB. Coded | .~

Rating 50° - 40°C

208 Wolt Amps 9. 1

a2,

" Figure 11. Motor Data Plate

P N ~

346 -

?&tid to high

If the motor is connected to low-




LEIAY

O

ERIC

Aruitoxt provided by Eic:

L

Observe the dasa plate shown in figure 10. I the motor is connectec{ to low voltage,
what.number overload would be used? ’

Allen Bradley No., = - _ e %

Square D No. ' ~‘

Arrow Hart No. b

Observe thg figure 11 data plate. If the motor is connec‘\t‘ed to low voltage, 50-cycle
powef, what.number overload would o€ used? i ‘

Square D No. . .

Ailen Bradley No. %

Arrow Hart No. * ‘ . ’ ’

If a motor havir:’g a data plate like the one shown in figure 11 is connected go. 208- 0

volt, 60-cycle power, what number overload would be useg?

‘

Arrow Hart No. . . -

Square D No. . .

_Allen Bradley No.

. Motor - Motar' | Motor , . :
full load Relay” | fuliload ' Relay full load |[* Relay’
‘e current |Number| current Numbenj  current Number . .
0.32-0.34 /B 0.44 | 1.97-2.23 | B 2.65 | 10.0-10.6 B-14
0.35-0-38 |B 0,51 | 2.24-2.50 1 B 3.00 | 10.7-11.4 | B 15.5 -
0.39-0.44 {B 0.57 | 2.51-2.81 |- B 3.30 | 11,5-12,3 B 17.5 \
. 0,45-0,53 {B0.63 | 2,82-3,19,] B 3770 | 12.4-13,6 B 19.5
0,54-0.58 |B 0.71 | 3.20-3.61 | B 4,15 | 13.7-14,6 B 22 .
0.59-0.66 [B 0.81 | 3.62-4.14 |' B 4.85 .7-16.8 B 25 -
0.67-0.74 {B0.92 | 4.15-4.40 | B 5.50 6.9-18.6 |, B 28 *
5 0,75-0.84 [B1,03 ‘I 4.41-4.7 B 6. 25 8.7-20.2 B 32 e .
0,85-0.% iB 1.1 4,79-5.44 B 6.9 ! 20.3-22.8 B 36
0.98-1.12 {B1.30 -} 5.45-6.1 B 1.70 2,9-24.7 | . B40 - .
,13-1:19|B 1.45 .17-6.86 | B 8.20 | 24.8-27.0 B 45 3
.20-1.34 |B 1. 67 .87-7.64 | B 9.10 . . ,
,35-1,54 {B 1,88 | 7,65-8,41 10,2 : \
1.55-r.78 |B 2.10 | 8.42-8,77 | B1l.5 ) . | .
. 1,79-1.96 /B 2.40 | 8.78-9.9 B12.8 s - : N .
* ' ca=3218 .
v, : - ' [
v Figure 12. Square D Table
. . @ - .
. L4 ) . Y -
- ” .
R B . Y ’ - .
Al * 4 2
, . &, * I ,
i3 ¥

14 . . o 3 . . _ o . A
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\." ) N . ? ~ s
Heater”-| Full load| Heater | Full load| Heater | Fullload | " Heater *{ Full load
Tyﬂ'e No.| Amps [Type No. Amps | Type No.| Amps | Type No. Amps
_JN2 o0.48 N 11 1.45 N 20 3.47 N 29 8.35
N3 0.59 N 12 1.62 N 21 3.88 "N 30 9.13
- N 4 0,74 N 13 1.77 N 22 4.29 N 31 10.5
N 5 0. 81 N 14 1.3 N 23 4. 80 N 32 11.3
N 6 0. 89 N ¥ 2.16 N 24 5.22 N 33 12.6
N 17 0.97 N 16 2.41 N 25 5.76 N 34 ¢14.3 . -
N 8 1.11 N 17 2.68 N 26 6.41
N9.| 1.22 - N 18 2.8 N 27 7.02-
N10}| -1.31 N 19 8.18 N 28 7.74 .
CA=O21a
- Figure 13, Allen Bradley Table
- ) N ,

. Full%Load |[Max.| - ~ Full Load | Max.
Heater | Trip Motor Amps {Fuse | Heater | Trip Motor Amps | Fuse
CatNr | Amps | Min. Max. [Size | CatNr [ Amps| Min. Max.| Size
42013 , 1.2 5.76 - 6.53] 20 42022 | 22.4 17.9 - 19.4 80
42014 8.4 6.72 - 7.59] 35 42225 | 25.0 20.0 - 21.8 100 °
42015 9.6 7.7 - 8.4 ] 35 42226 | 28.0 22.4 - 24.4 100
42016 10.9 8.7 - .9.51{ 35 42227 | 32.6 26.0 - 28.3 ~125
42017 12.6 {. 10.1 -11.01 40 42228 | 36.3 29,0 - 31.6 125"
42018 13.7 11.0 -11.5] 45 42229 { 42.0 33.5-36.5 |- 150
42019 14.5 11.6 -12.6 50 .1 42230 | 48.0 38.4 - 41.5 ‘150
42020 15.8 12.6° -13.71 50 42231 52.0 | 41.6 - 45.2 175
42021 .| 18.3 14.6 -15.9 1| 60 42232 57.0 45.5 - 49.0 200
42224 20,0 16.0 -17.8] 70 42233 | 60.5 49.0 - 52.5 200

M ‘ ¢a.020
. . 4 ,
\
. /
- /
. Figure 14. Arrow Hart Table .
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- + v -,CONNECTING THREE-PHASE CONTROLLERS: * ) .
. . ' < bR ] .
1. Gomplete the diagramsé .in figures 15, 16, and 17 s . C
. . . ¢« . ‘ R . «® . 2
2 ‘ e ) - * 4 s
* G ! * ° . K}
~e & . i‘ Lo L4 ) L2| L3| . . .., Q' . ‘9«‘, .
» ® . - .. [~3 4 . . t . I
. f ) '- ' ‘ . . /\ y—" :g-
¥ * - P .
L3 ~ . - . h
: .) - ¢ = - " "a . & oy
° ‘»: ¢ ‘ l St e T sl
' o START - .. " s
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Figure 15, Connecting a Three Phase Square-D Magnetxc Starter |
. L For Low Voltage : '
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PROJECT 10 -
' Step 1. Using one of the diagrams you co‘mpleted in project, 9, nstall and conMect a
three-phase motor controlled by a magnetic starter and one start-stop station.

-

Step 2. Have the instructor check your work. (CAUTION--Do not turn the power ON. )

) /
Y. . ‘ - ; v \\
Step 3. Operate the motor to insure correct operation. . . :
Step 4. Have tHe instructor check your work, ' ) . ]
° ! ' ) o : ¢ L e N . .
- y ’ '_‘ N . -
. -« (Instructor's.Signature) L —_— |
: q}/ _PROJECT 11 ~ o . |
b ) . |
° N » [ e . . 1
Step 1. Compléete, the following diagram, Figure 18. L : . |
* 4 :
_ ) ) “1 Laf, Ly " . . |
»” ' ) ‘ ‘ \ - } |
° * ’ N v % . . R |
‘ * \ Ly I a Lz‘ - Ly : ¢ N «
: i N START i a .
. h ) . . 2 U L2 Ls ’ . .
. ‘3 c& 4 ] o . @ _
| ° Sl TR TR 1 B
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~)
< X
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I . .
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] Figure 18. Connecting a Three-Phase Motor System . . ‘ .
@ - g - Usin)g Two Start-Stop Stations. o . |
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Step 2. Usdng the diagram you have just.completed in step 1, add a start-stop statxon

~  to the.motor control system you instdlled in project 3. ] .- .
Step 3. Have the instructor check your work. (CAUTION Do not tufn the power ON )
Step 4. Operate the motor to insure correct operation. . LT .
. - ,
Step 5. Have the instructor check your work, - ’
S ' ‘ .
. » {Instructor's Signature) ' J
Step 6. Remove the two start-stop stations. Leave the magnetic starter and mdtor -
connected. e - .
. . e i \ - 3 . \ A
' . CAUTION: Make sure the power 1s, turned OF F befcre attempting to compiete -
. + -
this step. .
‘ e PROJECT,12 o L
. '* step1. Complete the following diagram, figure 19. ‘. P .
< N ’ N -
¢ . . . * . '
! . <y L2 Ly
) A
Ly Li A Ly . i
" . )
\ » Ved AN Y
, i , g
. L] §.\& ‘. e
£y « \ v
s ) Yo . .
i
) [ R
' R : e,
\ . ~ o r~ i
. B . , . ;
;o ’* — ,Figure 19. Gonnecting a Three- Phase Motor- System . .
! -, - .
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A . Ve
, »Step 2. Using the diagram you have just completed in step 1, install a thermostat to
‘control the three~phase motor system on yolr trainer. N
: f . )
’ Step 3. Have the instructor check your work. (CAUTION: Do not turn the power ON.) \
. Step 4. ' Operate the motor. to insure correct operation. Ce ' .
; . .
. ‘.
Step 5. Have the instructor check your work. . !
- 4
. .o Instructor’'s Signature :
Step 6: Remove all installed equipment (except the safety switch)«from your trainer. )
P . N - ’ o
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Y + PRQJECT 13
"Step 1: Complete the following diagram, figure 20.

-
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Step 2. Using the diagram you have just completed in step 1, install a three-phase
forward-reverse control system to control theé three-phase motor on your trainer. X —

.

Step 3, Have the instructor cﬁeck your work, CAUTIOI\i: Do not turn the power ON,)>

. Step 4. Operate the motor to insure correct operation. . o .

Step 5. 'Have the instructor check yourﬂwork. ’ !

~

s

bl -

{Instructor's Signature)

Step 6. Remove all installed equipment from your trainer and store it in the proper
location in the trainer. oo .

[}
-
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Departmen‘t of Civil Engineering 'i‘raining . . i WB“‘BABR54239-i -Iv-2
= Sheppard Air Force Basée, Texas . . ’ July 1975
TROUBLESHOOTING THREE -PHASE MOTOR SYSTEMS . v
OBJECTIVES " . . -
¢ . ’ [e . .
When you have completed this workbook, you wilk be able to: ; oL

- A
1. Perform an operai‘ronal check on a motor control system.

2. Troubleshoot a motor control system for opens, shorts, and grounds.

“

3.. Repair electrical troubles,
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. . PRQJECT 1

INSTRUCTIONS. Using diagram provided 1n figure 21, select the observable
symptom which will be the result for each trouble. Consider each txouble to be the
only one in the system.

e
- )

' . L

-

P A ettt
-

~

1
[]
]
[}
]
]
]
]
]
1
1
]
]
]
]
]

g iy gy S
! .

gmm—rmtcmcecccana—aqy

'

- Figure 21. Three-Phase Motor System. -

TROUBLE OBSERVED .
POINT - TROUBLES , SYMPTOM , . SYMPTOM

4

Open . a. Motor si}1gle phases.

Short b. Blown fuse in panel.
. Open ] c. Res'e_t'trips. .
Open . d. Motor will not start.

Short e. Motor will not stop with either station.

D o B W N -

Open ' ) f. ,Motor _starfs, but stops when start
button is released. R TN

Open . i .
g. Motor wll start with only one station.

Open LT
Open - ’

Loy .
.Q‘,CD ® =3




' PROJECT 2 )

Step 1. Troubles have been created in your trainer. You are to locate and correct

these troubles.
s

Step 2. "Have the instructor observe while you operate the motor system to insure
all troubles%ave been corrected.

Step 3. Use an ammeter and check the current draw of the motor. The meter

reading is : amps. Compa}e this reading with the f\{n load current from
the motor data plate to insure the motor is drawing the proper amount of current.

Step 4. With the power turned OFF, disconnect the motor windings. With a
megohmmeter, check the resistance of each set of windings.

Step 5. Have the instructor check your work.

\ ’ . ' ' \

(Instructor's Signature)

‘Step 6. Remove all installed items from the trainer and return them to their
proper lpcation. Clean and straighten trainer. Return all handtools to the trainer and
have the instructor ch7k your trainer before locking it.

[+

o
»

(Instruetor's Signature)
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SINGLE-PHASE MOTOR SYSTEMS . .
4

. OBJECTIVES

When you have completed this workbook, you will be abie to:

1. Identify parts of a 18 motor. . e
2. Identify electrical schematics of single 18’ motors.

3. tomplete electrical schemancs for 120 VAC or 240 VAC hookups for aly
induction motor. .

X &

4. Connect a 1@ induction motor to power.

5. Comnect a L& motor c-ontrolled by a drum contral.
. 6. Install a 18 motor, magnetic controller and a starf/stop station.
7. Install a 18 motor, magnetic controller and two start/stop stations.
8. Install a 1@ mgtor, maghnetic controller and a thermostat.

. \v—
9. Install a 18 motor, magnetic«contrdﬂ’ér, thermostat, and HOA\switch.

-’




- PROJECT1 | , ¢
-

The iuust‘i'ations in figure 22 are the major parts of a single-phase motor. In‘the
blank space provideds write the name of the appropriate compohent.

1.

»

“g- . @

3.

. .

-~
. (]
. . )
N Figute 22. Major Parts of a Single-Phase Motor . )
» ’ ©o g . ' ) R < ) - .
N . a .
. . .
* \ 03 9‘_‘L '
) - . .
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[ / —

1. Figures 23 and 24 are schematic drawings of two types of single-phase motors.

2. Write the name of each major component where a letter appears. In the spaces
provided unhder'each d\rawing, correctly identify the type of motor Shown.

o ‘L <>

N

DO=083A

Figure 23 - ' Figure 24

Figure 23 is the schematic of a * . ‘ motor.

Figure . is the schematic of a i ' motor.

Méjqr componenté of figure 23 are: Major components of figure 24 are:

.
., - . ‘ .
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PROJECT 3

Complete, the diagram 1n figure 25 by r-umbermg the motor windings and drawmg n the
necessary connecnons for 220-volt operation.

L%

RUNNING
WINDING

»

« Complete the diagram in figure 26 by numbermcr the motor wi

STARTING

WINDING

‘

o

GRO

f AN

(4

Figure 25

necessary connectxons for 110-volt operation.

RUNNING °

WINDING

R

- Figure 26. Schematic of Single-Phase Motor Windings

STARTING

WINDING

N\

9

n?fmgs and drawing in the

GROD

1

oo
<&

G
VRV

o

~




Reverse direction of rotation of t.hxs motor compared to the motor 1n figure 27. Connect
for low voltage.

~
.

2

* RUNNING STARTING 7
WINDING  *  WINDING

r
, .
M L4
-
/\‘ \\
»

N Figure 27, Single-Phése Motor Windings-

PROJECT 4

CONNECTING A SINGLE-PHASE MOTOR TO POWER ‘
1. Obtain a piece of 3/4-inch flexible conduit long enough to veach from a 30 -ampere
» disconnect to the motor terminal box as shown in figure 28. )
3 v, .‘
< - e
\ ‘ OISCONNECT \ - 7
60 AMPS, .| orsconnect - '
] E 30 AMP ‘

S .

4 R ¢
CO-084a

Figure 28. Connecting a Single-Phase Motor to Power

- S '
Run one black and one white conductor through the flexible conduit to the motor
Permit the leads to extend in the motor terminal box about 6 inches

Connect the flexible conduit with the proper type connector tothe motor terminal

and 30-amp disconnect box.

=



- LAY
" 4"

L ' 4. In the 30-ampere disconnect, connect the ‘white conductor to the neutral bus par
and the black conductor to’the bottom terminal of a fuse holder.

. . [ 4
" 5. 'In the motor terminal box, connect the motor leads for low voltage. Refer to the < .
. : diagram shown in figure 27 for low-voltage connections. . . o .
. 6. In the motor terminal box, connect the motor leads for low voltage. . ,
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- ) PROJECT 5 .

* Step 1. C—omplete the diagram _'plctnred ' ) L :
in figure 29. Motor Will be connected : . ‘ ’
{for high voltage. X .
¥ .
. - S
.
‘J :,i., . . - ' 3
L] * ‘
: - ‘
. \{:\‘) S 6

Step 2.

Figure 29. Single-Phase Motor
Controlled by a Drum Controller

Using the diagram you lave just completed in figure 29 connect a single- phase

motor -contrqlled by a drum controller.

Step 3.
Step 4.

Step 5.

Step 6.

Have the instructor check your work.

»

Opé,rate the motor to insure correct operation. .

Have the instructor ctiggck your work.

(CAUTION: Do not turn the power ON.)

.
2

(Instructor's Signattre)

Remove the drum controlled and return to proper location.

-

v
]
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PROJECTS .
ob‘voltage,

Step 1. Complete the following diagram in figire 30. Motor will operate on !

- -

?

-

X

. . o Figure 30. Connecting a Single-Phase -Starter for Low Voltage

" Step 2. Using the diagram you have just completea infigure 30, connect a single-phase
motor controlled by a magnetic starter and one start-stop®station.

Step 3. Have the instructor check your work. (CAUTION: Do not turn the power, ON, )
’ /
&tep 4. Operate the motor to insure correct opération.

Step'5. Have the instructor check your work.

] ' = j
S ; (Insiructor's Signature

N « 33 R
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PROJECT 7

~ Step 1. Complete the followmg d1agram in figure 31 The motor will be connected for
high voltage

\

Figure 31. Connecting a Single-Phase Starter with Two Sta.rt-SMions

Step 2, Usmg the diagram you have Just completed in figure 31, -add a start-stop station
T to the control system now ipstalled on’your trainer,

* Step 3. Have the mstructor check your work. (CAUTION: Do not turn the power ON )

-~ Step 4. Operate the motor tg insure correct operation, . ’

Step 5. Have the 1|nstructor check your work,

y

e ‘ (Instructor’s Signature) .

[N

‘%tep 6. Remove the two start-stop stations and return to proper location. Leave the
magnetic starter installed, '

P . . . -
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" PROJECT 8

S e . - . .
N Step’l. Complete the following diagram in figure 32. '
¢ N : | THREE- PHASE POWER SUPPLY )
oo Ly L2 L3 . ]
. ° - LNEUTRAL 8US * ..
*NEUTRAL CONNECTS S g/
TO STARTER L, WHEN , 600
. 1 . NEEDED. ,Bed] POWER ‘
' [ 2 — v ¥ ¥ LEADS '
1
. HEATER i
. ¢
‘ RESET
%
~ R
~ 14
} 00 ~-074

K -
<

Figure 32. Connecting a Single;Phase Sta.rter with a Th#rmostat

- Step ;. Using the dxagram you have just completed in figure 32, comect a thermostat
to control the magnehc starter now mstaued on.your trainer,

Step 3. Have the 1nstructor check your work. (CAUTION: Do not turn the power ON, )
* ) . Step 4. Operate the motor to insure correct operation. ‘
/ Step 3. Have the instructor check your work.

{Instructor's Signature) -

35
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: S PROJECT 9 .- -
¥ . , - -
" Step 1.”-Complete the following diagram in figure 33.
13 A ‘ ' - - ¢ )
. ‘- THREE- PHASE POWER SUPPLY . .
- -t \ [ Ly L3i
\] g/-usumm. Bus * - ‘ .
cwmensn] 5005 L
' v v v Leacs ' .
, 3 AUTO .
\
OFF -
2 @
4HAND ! |
’ :
' | »
. X ) :‘ =
[ . .
» — 3
C . 'S
Figure 33. (fonn'ecting a Single-Phase Starter with a Thermostat and a HOA Switch
. Step 2. Using the diagram you have just completed, figure 33, add a HOA switch to the
‘control system now'installed on your trainer, ’
Step 3. Have the instructor check your work, (CAUTION: Do not turn the power ON,)
Step 4. Operate the motor to insure correct operation,
Step 5. Have the instructor check your work. .
' ' P
) y(Instructor's Signature)
NOTE: Do not remove any of this system from the trainer .
after you have completed this project,
36 - . )
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. Department of Civil Engineer Training WB 3ABR54230-1-IV -4 - ’
-~ Sheppard Air Force Base, Texas . + July 1975

-

»

TROUBLESHOOT ING SINGLE -PHASE MOTOR SYSTEMS

. OBJECTIVES

' ~ »

When you have completed this workbook, you will be able to:

. * 1. Perform an operational check on a motor control system.

. ' ‘2. Troubleshoot 2 motor control system for opens, shorts, and grounds.
3. . Repair electrical troubles. P
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. 1
PROJECT 1 _
INSTRUCTIONS TO STUDENT: Using the diagram provided in figure 34, select
- . theobservable symptom which will be the result for each’trouble. Consider each '
* trouble to be the only one in the system. .
’ .~ TROUBLE' OBSERVED .
POINT TROUBLES SYMPTOM ) SYMPTOM
1. .Open a. Motor will not start,
2, Short. b. Motor will not run unless contacts '
are held closed. .
- 3. Open .
/ c. Motor will not stop using stop
L4 Short — +———  button. '
5. Short — d. Motor starts without pushing start )
o 6. Open . ‘ button. .
. e. Motor rung as long as start button is
7. Blown:Fuse held in. Stops when released. \ B
,; . 8. Op'en'v ) _— f. Contacts close but motor does not
9. Opén : run.
10. - Open ) : )
T . " THREE PHASE POWER SUPPLY
. \ Ly I LZ! L3 a .
- S e O QuGO ‘
' wssoso. - )
- 1 Z e LeAss .
. @-. ' START ’
\& i
. ro 30—t
O——-
. sTOP
- . . . - . 00-076
= : Figure 34. Single-Phase Square D Magnetic Starter
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' PROJECT 2

Steﬁ 1. Troubles have been created in your trainer. You are to locate and correct

these troubles. i
) ) Z

Step 2. “Have the instructor observe while you operate the motor system to insure all
troubles 'have been corrected. - : P @

<

Step 3. . Use an ammeter and check‘the current draw of the motor. The meter read-
ing is . amps. Compare this reading with the full load current from the
motdr data plate to insure the motor is drawing the proper amount of current.

Step 4. With the power turned OFF, disconnect the motor windings. With a megohm- '
meter, check the resistance of each set of run windings.

¢

Step 5. Have the instructor check your work.
. ¢ »

(Instructor's Signature)

Step 6. Remove all installed items from the trainer and return them to their proper
location. Clean aﬁd straighten trainer. Return all handtools to the trainer and have
- the instructor check your trainer before locking it ’

*.

\

(Instructor's Signature)
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Department of Civil Engineéring Training ' WB 3ABR54230-1-IV-5
Sheppard Air Force Base, Texas , . J:xly 1975
- - N ' %
MOTOR GENERATORS, CONTROL PANELS, AND CIRCUIT BREAKERS
OBJECTIVES = . . : - : .
: When you have completed this workbook, you will be able to: v
1. Idéntify the ‘majof components of a motor control center.
2. List the major components of amotor control center. N
3. Idéntify the major parts of a motor generator set.
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PROJECT 2

Answer the:\followmg questions about the motor contro? q‘emér.

-

: 1. How many .incdining power connection points will the MCC.have ?

y .
2.  Name four elettrical components that can be found on the face of the MCC. .
a. - c- ~ a
b. <
c. L) ) .:
d. - : - . y
3. What two types of circuit breakers may an MCC éontain ?
a, -
b, L
4. How i®voltage distributed through the MCC ? - N '
3... -What is the purpose of the door switchés in the' MCC ?
6. What is meant by HOA switch ? -
S -
. L
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- . PROJECT 3
£

) . -ldentify the numbered components on figure 36.
0 N v !
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Department of Civil Engineering Training ‘ e} 3ABR'5,4230-1-V'-1 .-
Sheppard Air Force Base, Texas . " August-1975
o " INTRUSION ALARM SYSTEMS * ! y
OBJECTIVE - - \ )
Thié study guiée will help you to becomezfamiliar .Wiﬂ'l the tyi)es, design, operation, ‘ﬁ‘\

and-components of intrusion alarm systems.

©

INTRODUCTION,

Intrusion alarm systems are composed of protection and annunciating devices for
premises protection. These.devices are assembled into an integrated system for the ‘
protection requirements of various structures and/or areas. Special features are
incorporated to meet tie particular operating procedures and physical layout existing
at a particular area. : ) B L :

These systems are primarily designed for the detection of unauthorized entry and - ' .
supervision of authorized entry into the protected area. This protection is obtained by ,
use of all or a combination of sound detectors, heat detectors, motiop detectors,
vibration detectors, qoor contacts, ‘window contacts, foiling, and lacing.

" The circuitry is aerranged sb,thatf eiaytry into'a protécted area causes the transmission
of a signal to the guardhouse. This signal causes the operation of visual and audible
alarm devices. . T ’ RN

1 ,

Wiring from-all structures to the Central'Security Control is clectrically supervised
ag fawits such as grounds, breaks, and/or a short vghich cause distinctive indica-
tio “the control center, ~See figure'l for a block diagram of a typical intrusion alarm -
system. " : g

INFORMATION - ¢ . : :

PROTECTIVE ALARM SYSTEMS

An electrical protection system a‘pplied to an area will automatically detect un-
authorized entry and supervise authorized entry. Generally, the ma&p/ advantage is
that it removes the need for compiete dependence upon the human element and permits .
a reduction in security force. There are other advantages, such as: . .

”
“

- Perm\itt_dng supervisory personnel to readily know of an attack. .

. . ‘ -
Zoning.of circuits'pinpoints the alarm and permits the concentration of security .
force where needed most. - - . - ; ~

q‘ -
. - { Supplementing the security force and permitting greater coverage with a reduced
.= . security force,. i !

L4
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Fhi”ure 1. Block Diagram of Protectic;n System
‘Basic Theory ' ‘ L ..

Inttusion alarm systems congist of a number of simple direct current cu'cuits.
For you to be better able to follow the description of these circuits, three basic items
will now be dlscussed or reviewed,

. OHM'S LAW Ohm's law states that the applied voltage to a circuit is equal to

the current times the resistance, Voltage is measured, in volts, current in amperes,

and resistance in ohms, The symbol for voltage is E, clirrent I and resistance R.

A pressure eof one volt will cause a current of one ampere to flow through a resistance

of one ohm. One"ampere of current is.quite a,large value with Tespect to signal or

protection circuits with which we will be dealing. "Since supervisory and/or alarm

current is normally below 1/20 (, 05) of an ampere, we must use the term milliampere. °

One amﬁre is equal to 1000 milliamperes, and thus ofe milliampere is equal ta.1/1000
ofsan ampere. When writing milliampere, use the abbreviation ma.

Ohm's law may also be expressed as follows: .

-

Izg- RSF- E-:IR
R, T

An example of the application of Ohm's law is to determine the current that will
flow in a cifcuit where the value of the applied voltage and the resistance are known.
Find the current that will flow in the circuit, shown in figure 2, with 48 volts applied
and a total resistance of 3200 ohms,

” ~
.
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« Figure 2, Basic Protection Circxgt

Example: 1 = TEt = 320%8—%;‘: = ,015 amperes

.015 ampere or -1-(1)—‘5)-0 amperes equals 15 nrilliamperes.

Thus, the answer may be expressed as 15 ma or 15 mils. - .

*  RELAY OPERATION: A relay is an electromechanical device that consists of a

- coil of fine wire wound around a soft iron core. This core is made of a magnetic
material, a material that is capable of being magnetized. When an electrical current
flows through the coil, a magnetic field is set up in and around the core. This mag-
netic field .exists as long as current is flowing in the coil. When the current is cut off,
the magnetic-field collapses. The core material is soft iron, and due to its composi-
tion, loses its magnetism immediately after the current flow has stopped. The coil and
core of a relay is an electromagnet. Attached to one end of the coil and coreis a
hinged armature. This armature is also made of soft iron so that it will be attracted
magnetically but will not retain any magnetism after the field induced by the electro-

" magnet collapses. Therefore, when the coil has current flowing through it, it attracts

. the armature, Since the armature is hinged, it will'swing on its pivot toward the core.

=ls \

The mechanical movement of the armature causes a set or several sets of elec-
trical contacts to operate. Tliese contacts may be normally open and close a circuit
when the relay is energized. They can also be normally closed and open a tircuit when
the relay is energized. It is pogsible to have several sets of contacts, either closed
or open on the same relay actuated when the armature is attractedsto the core, (See
figure 3, Basic Relay Components.) * o
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OPEN CIRCUIT {——— e RELAY CONTACTS
CLOSED CIRCUIT {_—— -wHINGE s
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COIL CIRCUIT (,—J ' " CORE {SOFT IRON) ) 07 . J RN
\r R v P .
RELAY COH (MANY TURNS OF FINE WIRE) )
EC-2sl
- L 7 “
Figure 3. Basic Relay Components .
* The reasons for usiné relays are as follows: -
A relatively small amount of current is requirfed to operate a relay. Therefore,
a small gage wire rhay be used for long distances. e
One E.:ontact or swl'tch can control a single relay which:in turn can be magde to "
perform several functions, depending on the number and type of contacts on the < ’
relay. . T
Since relays, depending on their design, need certain values of current to operate, 4
they can be used to detect-various conditions in a circuit.
+  Relays can be used to lock circuits in‘or out-and provfde a means-of remote control. , \

DEFINITION OF TERMS. Terms frequently used when discyssing intrusion alarm
ystems and their definitions are as follows: ** :

: B. A. Contact, Burglar Alarm Contact. Any device so placed that will actuate -
an alarm, ” : '

-

Drop or B, A. Drop. The annunciation device pséd on the central control unit

that senses any abnormal conditions occurfing in the protection circuit. )

. . . -
- * Supervised. An alarm will result when the wire is-broken, grounded, or when

two wires are shorted together. X N ’

Annunciation. Visual and audible signal indications received at central control
points. . ' T . '

.

Break Alarm (Break Drop). An alarm created by. a decrease in line curfent

below 9 ma. . .

>
. vy

- - o\ Ca
Ground Alarny (Ground Drop)., An alarm created by an i’crcasc in line current

Loy 30 100, IEEN '\




Combination Break and ﬁfrbund Alarm (Double-Drop). An alarm created first
by a decrease in line current below 9 ma and then an increase in line gurrent
to 30 ma. A : e g

. \

Basic Circuit

There are two distinct features which must be a part of the design of a basic pro-
tection circuit. These are: The circuit must be under constant and complete elec~
trical supervision, and it must function with a ‘current capable of being carried by )
telephone conductors. .

1

In the typical basic protection circuit shown in figure 2, notice that in addition to

" the closed series protection circuit, there is also an open series annunciation (alarm)

circuit in parallel across the same power supply.

The closed series protection circuit contains relays B and G (part of BA drop in
central control unit), a transfer contact and two resistors. The open series annuncia-
tion circuit gonta.ins contacts of relays B and G connected .in parallel and the alarm bell.

Let us now see how the circuit fulfills the requirements for constant and complete
electrical supervision. We have calculated by Ohm's law that the current flow in the
circuit shown in figure 2 is 15 ma, This current is sufficient to energize relay B and
thus maintain its contact Bl open. If a hreak occurs in any portion of the circuit, relay
B wil} deenergize, contact Bl will close and the alarm bell will operate.

. H a ground occurs in any portion of the power side of the c’i\rcuit, both resistors .
will be bypassed, and according to Ohm's law, the circuit will increase (less resistance--
more current). Relay B will remain energized and relay G due to its design will
energize. Its-contact G1 will close and the alarm bell will operate.

QU N .
If a ground occurs in the portion of the ground circuit between the two resistors,
the 1600-ohm resistor would be bypassed ang the current would increa3e tp approxi--_

_mately 30 n}a Relay G would energize and cause agnunciation as before.. e

kY

If a short (cross) occurred between the two wires in any portion. of the circuit, the
current would“increase and be annunciated by the alarm bell.

-
~

It may be 'se;an that the circuit is completely supervised. Any accidental circuit
faults result in an alarm. For all practical purposes, it is foolproof and cannat be |
tampered with. Any malicious tampering results in the operation of the alarm bell.

Let us see how the circuit fulfflls the second basic reuirement. The normal
supeyvisory current is 15 ma, and the greatest current resulting from a trouble is 30
ma. Thus, the current in the closed series protection circuit is low and capable of
being carried by small gage wire. The current in the open circuit.annunciation may
be quite high. This is safely handled by the contacts of the B and G relays; and since
this circuit is part of the control panel, conductor size is not a problem.
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CENTRAL CONTROL EQUIPMENT -

Each protected area, building, or section of a large building has its own alarm
circuit directly connected to the central control equipment in the guardhouse. At this
point, each circuit terminates at a BA drop located on the #ront of the central control
unit. ’

‘

b

. N

BA Drop
This device consists of a plug-in unit on the face of which are two small windows
through which can be seen two target annunicators. Associated with each target and
_ directly below it is a reset lever. Two telephone-type switches, one with a yellow
handle (S1 and S2) and one with a red handle (L1 and L2), are located directly below
the reset levers. A tapper is located between the two telephoné-»type switches. The
“tapper" taps audibly on the inrfer side of the faceplate and moves visibly in and out
beyond it when an authorized person at the. protected structure wishes to communicate
with the operator at the guardhouse. This is done by inserting the plug of the phone
in the jackbox and operating the hand button located on.the handgrip of the handset. The
tapper-rod is mechanically attached to the armature of the tapper coil, which is located
at the rear of the BA drop. With normal night current of 15 ma, the tapper coil is
v deenergized, and the tapper is flush with the faceplate. With alarm current of 30 ma,
the tapper coil is enengized, and the tapper extends out from the faceplate. Inside the
housing are two galvanometer movements, break and ground, which aré attached to
each target by an operating arm, At one end of these arms are the targets, at the
other end are a set of contacts (G1 and B1). The targets are reset\out of view; these -
. contacts are open, When the targets are in view, these contacts aré closed. Each '
galvanometer movenient has a coil (ground coil and break coil) which are wired in
. series. These.coils are connected in series with the tapper coil and the line switch
T on the drop, the alarm devices in the protected structure and the power supply. The
«circuit components are adjusted to’produce 15 ma normal.current. ' The alarm devices
‘are capable q£ either reducing.the current %o zero and/or increasing the cupfent to 30 .
. ma by ‘openingn%xd/or crossing the line. " -
E°N

‘a

The 'sig\alé“?&gived on the BA drops may be of four distinct types: ‘

" 1. Abreak in the protection circuit, causing the break target on the drop to \

) . show,
u . - K } L -

2. A short in the circuit, causing the ground ta'frget to show.
. -
3. A combination break and cross, causing both targets to show. :

4. The tapper coil is energized be't;weeri 18-22 ma. -

[N

_ All types of above signals result in both an audible and visual signal at the guard-
’ house in the form of a buzzer and red pilot light. A}l.signals received are treated as . )
alarm signals as’'this equipment will not differentiate between 'an alarm and a trouble
. . signal. Quite often a trouble signal is the result of x;gucious tampering. ) -
v . BREAK. When the circuit is*broken, the ¢ rrent falls below 9 ma,
. ~contact~Bl closes and break target comes into view. Upon closing,
contact Bl establishes a circuit throdugh alarm relay (AL") and a red

pilot light oh the panel. ‘Th‘is light operates and contagt ALL closes,
causing the vibrating buzzer to sound. (Refer'to, figure 4.)

- ' w
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~ A
LEGEND

O TEMINALS OF 83906--C CONTROL u~.'T

L NOTES T 1HIS UMIT AS SUPRLIEO 1S FOR A 4 YOLT OPERATION
WHEN A 26 VOLT SOWER SURPLY ISUSED THE AMPERS
SHOWN DOTTEO ACAOSS THE 100 Ori AESISTORS - INTERCONNECTING SOCRET AND PLUG
K2 AND A3 IHOULD 8¢ INSTALLED
. L

2 THE UNIT SHOTY (S WAED FOR POSITIVE GROUNOED
SATYEW 1F NEGATIVE GAOUNORD SATTENY 1S USD,
MVENSE MANG TO CONDENSEA BY CONNECTING
WA LABRED 8 TO PLUS Ot CONDENSER AND MAE
A 70 MINUS O% CONDENSER AND SEVERSE CON~
NECTIONS TO METER . FS4 LOCAL ANNUNCIATORFUSE _

"

3 TEMMNALS A. 3. C. O AND € ABE PROVIOED OR
CONNECTIONS 10 A 38004~CA AULILIARY CON-
TROL UNIT F REUIMCOCONNECT A T0 A
sr08 €1C - 4

81 LINE FUSE
FS2 TEST FUSE

£$3 TALKING-CINCUIT FUSE

Lt L2 UNE SMTCH CONTACTS GF DROS

St 52 LOCAL SWWTCH CONTACTS OF OROe
v €C.292
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Figure 4. Typical Circuit for Central Equipment
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Operating the silence sthch (yellow handle) to the left opens contact S1 which
silences the alarm buzzer'and extingunishes the red pilot light. The break target can-
. not be reset until circuit current returns to 15 ma, The silence switch should be
restored to its center pasition when the break target’is reset. .
CROSS. When the circuit is crossed, the shunting of the night resistor in the
protected structure, causes.the current to ipcrease to 30 ma. Contact Gl.closes and
the ground target comes into view. Upon closing, tontact G1 establishes a circuit
through alarm relay (AL) and a red light on tHe panel. The light glows and contact
ALl closes, causing the alarm buzzer to sound. (See figure 4.)

When the silence switch (yellow handle) is operated to the right, contact S2 will
open, silencing the alarm buzzer and extinguishing the red pilot light. The ground
target-cannot be reset until the circuft current is«down to 15 ma. The silence switch -
should be restored to its center position when the target is reset.

BREAK AND CROSS. The circuit is first broken and then crogsed almost simul-
taneously. When the circuit is broken, contact Bl closes, and as described before,
the red light and buzzer operate. When the circuit is crossed, contact Gl closes and
establishes another path for the annunciation circuit.

The break target may be reset as the protection circuit is tompleted, through
ground with a current flow of 30 ma. The ground target cannot be reset due to this
current value.

When the break target is reset, contact Bl opens; but the buzzer and red light
remain in the operated condition through contact G1. Operation of the silence switch
1o the right opens contact S2 and silences the alarm buzzer and extinguishes the “red
pilot light., When the circuit is restored to normal, the ground drop should be reset
and the silence switch restored to its center position.

Circuif Description .

Signals from the various protection circuits are received on galvanometer -relay
units (BA q¢rops). : ) .

N . . \

The protection circuits from the various protected structures are connected to
individual BA grops located on the front of the switchboard. These drops are mounted
in. horizontal Yows of four drops each. There is a common alarm light associated with

. each row to aid in quickly locating the operated drop.

. - Reference should be made to figurés 4 and 5 in conjunction with the following
descriptions of typical normal protection, alarm test, cgmmunication,and talking
circuits. . . ~

3
L4

NORMAL PROTECTION CIRCUIT. ;The circuit from the source of power enters

terminal 21, of the central control unit, figure 4. The circuit then continues through .

fuse FS1 (3-amp) to terminal A. Then the circuit énters terminal 2, -and a 1/4-amp
fuse;located to'the rear of the BA drop. “The circuit continues through the tapper coil,
£r o+d coil G, Break coil B, thPough line switch L1 (RED) through terminal 1, of the

-
Y

Cont ral (‘nutrnl to the prntvvted gétructure through a telephone communication cirewt.

A,
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_The circuit continues to: terminal L (Line) of }igure 5, to TA1l (pry-off tamper
switch), TA2 (door tamper switch), backshell lining, cover lining, J1 (communication

jack) téerminal 2, RX1 day resistor, terminals 1 and 2, to the ON portion of on-off

switch, terminal A, through the vibration contacts, to the "X contact, terminals B
and 5, through doqr contacts to terminal 7, through night resistor RX 2, to Bl test

bell contacts, terminal 8, terminals'®, 4, 3, test bell coil B, terminal 9, then in
tigure 4 to ferminals 2, B, 22, and back to the source of power.
- 0008 'CONTACTS L .

-y g
™.

\ .
. -

« LEGEND
. O Terminpal of 5912-CL Control Unit
“ & Terminal of eight-point socket
- —3— Plug and socket connection ‘
----- Internal wiring of "X' relay

—=— Installers Wiring

B-coil of test bell

RX1-Line resistor
RX2-Night resistor

RX3 -Heater resistor .
RX4-Current limiting resistor

SW -Protection on-off switch
TA1-cabinet pry-off tamper
TA2-cabinet door tamper °
X-Plug-in alarm relay -

.

.“

Bl-test bell contact
J1-telephone jack .

NOTES:
*1. Circuit shown in normal PROTECTION ON condition. -
2. Plug-in relay X is required if vibration contacts are connected in the circuit.

3. 1f relay X is used, remove strap between terminals A and B.
4. Terminals D and E should be connected to 24 volts ac in locations
where heat is required to prevent condensation.
5. If'B.A. screens or lacing is to be connected in the circuit, remove strips between
terminals 1 and 2 and 3 and 4, connect high side between'terminals 1 and 2 and low

side between terminals 3 and 4.,
6. It B.A. foil is to be cornected in the circuit, remove the strap hetween terminals
1 and 2 and connect accordingly, follow the same procedure if other tampers are

to be congected in the ¢igguit.
D . 2 !
Fignee % Sehematie of Security Alarm-Svatem Loeal Gonteol 1Thad
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ALARM CIRCUIT. The normal 15~mil (milliamps) current is Sufficient to energize
the break coil, and keep its target from view, but not sufficient to energize the ground
coil. When normal current drops below 9 mils, the break coil deenergizes, its target
moves into view'and contact Bl closes. When contact Bl closes, a circuit is establAshed
from power through the coil of alarm AL on the control panel to point 8 on the drop plug,
contact Bl and silence switch (yellow handle) contact S1 to- plug 7, through the alarm
pilot with parallel 150-ohm resistor, a 100-ohm series resistot, through a J-amp fuse
on the control panel to power. The alarm relay energizes and the alarm pilot lights
{red). Contact AL closes energizing alarm buzzer on the control panel, causing it to
operate. .

[

The operator then moves the yellow-handled silence switch to the left, openmg
contact S1 which silences the buzzer and extinguishes the pilot light. Contact Bl of the
drop remains closed as the break target cannot be reset until the circuit current in- L8
creases above the 9-mil p(\nt and energizes the break coil. =~ | ° — :

If the normal current ‘increases to 3p-mils, the grOund coxl of the drop energizes,
its target moves into view and contact G closes’ establishing the same circuits as
previously described, except-that this tirhe the czrcuxt is established through contact§”
S2. The operator moves the yellow=handled silence switch to the right, ppening
contact S2, silencing the alarm buzzer,an extinguish:ng thg pilot light. Contact G1
remains closed as the ground target c t be reset until the circudit current decreases
below the 21-mil point and deenergizes the ground coil. -

©

Some protection devices Will, upon operation, cause the protection circuit to
first be broken and then cros ed(ahunting out the night resistor in the local control
unit and increasing the current to 30-mils) almost sunul.taneously When the circuit =
is broken, contact Bl'closes and’thg fed light and buzzer operate. When" the’circuit =
becomes crossed, contact Gl closes and egtablishes a parallel path for the dlarm
annunciation circuit. The break'target may be reset immediately as the cross on the .
protection circuit, causing a 30-mil current to flow, energizxng the break c01l

When the break target is reset, contact Bl opens, but the buzzer and light remain
operated through contact G1. Operation of the silence switch to the right opens contact
S2 and thus silences the buzzer and extinguishes the light. When the'circuxt-restores to ¢
normal, with 15-mil current {lowing, tlie ground cojl deenergizes. The ground target
may be reset and the silence switch restored to its normal’ center position. . . ..
TEST CIRCUIT. Rectified ac power is proyided for individually testing Hie pro- _
tection circuits. Selectivity is obtained by manipulation of the line thch 0n the BA .
drop in the particular protection circuit. . .

When the line switch (red handle) is operated to the right; contact L1 opens and
. contact L2 closes. This transfegs the high-side of the protection from-its normal

48-volt power source through the break and ground drops, to a 135-volt test power
source. The test circuit may be traced from the negative through the power set, a
1-amp fuse, the primary of the test transformer on the control panel, the milliammeter
on the test panel, contact L2 and through the line jack to the protected structure. The
circuit i§ completéd through the local.control unit normal protection citcuit located at
the protected structure, causing the bell coil to ring at the protected structure, and the
test light to rlow and milliammeter to respond at the central.control mdxcafmg anormal’
circuit, ‘ x

.
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*Talking Circuit” ' . (

A common "talking" circuit may be provided for comm cation over the transmis-~
sion lines. Selectivity is obtained by operating the line switch to the L2 position on the
particular BA drop, after the telephone handset is plugged into the communication jack
at the central control unit. . :

Jacklioxes must be installed in each local control unit for authorized personnel to
plug-in a portable telephone handset. This enables the maintenance man to signal .
and talk to the switchboard operator. ’
The maintenance man removes the tamper plug from the jackbox at theslocal
control unit and plugs in his handset. A ground alarm is received on the particular
BA drop when the tamper plug is removed. A break alarm is registered when the
handset'is inserted. The maintenance man signals the operator by intermitténtly
operating the pushbutton in the handle of the phone, This button opens and closes the
protection circuit, annunciates an alarm condition, and operates the tapper coil on the
particular BA drop. : . )

The visual and apdible operation of the tapper is a distinctive feature which
_ identifies the annunciation as 2 communication signal rather than an alarm signal.

The switchboard operator plugs his telephone handset into the communicafion cir-
cuit jack at the central control unit, operates the line switch (L2) to the right position,
and the "talking” circuit is thus established for two-way communication. '

When the conversation is completed, the maintenance man removes his handset and
‘restores the protection circuit to normal by replacing the tamper plug.

The switchboard operator returns the line switch (L1) to the left position and.
removes the telephone handset from the "talking” jack and resets the break and
ground targets. . .

_CENTRAL CONTROL UNIT (B5904C)

/

!

The control unit provides for the control, annunciation, and testing of the pro-
tective alarm system circuits. There are various types of control units which can be
used, “depending on the scope of protection desired. The type discussed here is the
one you will be associated with in this course. It is 18" wide, 18" high, and 7" deep,
with a hinged cover. The cover of the cabinet has cutouts to accomodate a maximum
of six BA drops. The cover of the cabinet contains a line jack for each drop position, .
a common "talking” jack, a test milliammeter, a test pilot light (amber), and 3
common alarm red light. ‘ : . .

The wiring at the rear of the cover contains six, 10-point sockets, on short cables, e
each of which is provided for attaching to 2 particular BA drop.

11




Local Control Unit 5912-CL

This unit, designed for nstallation outside the protected structyres, is the control, N
unit to which the alarm initiating-devices are connected. The unit consists of a gray
finished steel cabinet, (approximately 12'* high, 5 1/2" deep, 8" wide) inside of whi¢h
is mounted a control panel. The unit is lined and provided with a cover tamper switch
and a pry-off tamper switch. The cover contains a three-position rotary switch for
conditioning the protective circuit to the ON or OFF condition, a jack for inserting a
portable telephone handset for communicatjon and a tamper plug attac?ed to a chain.

The' control panel contains two variable resistors for adjusting the circuit currenté,
a test bell, a resistor for providing heat, a socket for inserting an alarm relay,and
two terminal strips-for external wiring connections. (Refer to figure 5.)
- e
The test bell is operated at closing"time (and periodically during the protection ON
‘period) by applying a test potential, at the Guardhouse, 'to the protection circuit. I . -
the circuit continuity is complete the tést bell will operate. _ ’
. Terminals are provided to connect 24-volts ac to the resistor on the conttol panel
if heat is required to prevent condensation within the unit. .

An alarm relay must be ordered separately and ingRgted in the socket on the control .
panel if vibration contacts are connected to the protection circuit. The relay is a five-
prong plug-in relay with a 200 -ohm coil and a set-of transfer contacts.

The unit’is designed for wall mounting and is provided with 1/2" and 3/4" conduit
knockout at each side. The unit is not weathertight and must, therefore, be mounted
in a suitable outdoor housing .

" The test bell is factory adjusted and should not require any field adjustment. After .y - - ~
the unit is instalfed and all the protection devices connected the line currents should .
be adjusted. N :

.
- -

A
After the unit is ingtalled and the jnitial line and bell current “adjustments are,
made, the unit will require little attention. The contacts on the spring pileups of the
jack should be burnished at least every three months.

-
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Local Control Unit B179 . -

This unit, designed for installation inside the protected structures, is the control __
unit to which the alarm initiating devices are connected. It is 7 7/8" highX 4 3/8"°
deep and consists of a phenoffc housing with 2 removable cover. The cover contains a
three-position rotary switch for conditioning the protection circuit to the ON or OFF
condition. . The cover also contains two pin plugs which are electrically connected
within the phenouE’matérial. These plugs engage mating jacks in the base of the cover
and both the plugs and jacks are wired into the circuit, i such a manner, as to open
the protection circuit when the cover is removed, figure 6. ‘

The wnit also contains two variable resistors for adjusting the circuit currents, a
terminal strip for external wiring connections and a test bell. The test bell is. operated
at closing time (and periodically during the protection "On" period) by applying a test
potential, to the protection circuit at the Guard House. If the circuit continuity is
completed, the buzzer in the B179 unit- will operate. .« -

No provisions are made for running conduit to this unit and therefore, it must be
mounted on a Conduit Base. THis base is approximately 1-1/2" deep and is provided
with a tapped hole for 1/2" conduit at the top and bottom of this unit.

The test bell in this unit is factory adjusted and should not require any field adjust-
ment. However, the location of the bell dome is an essential part of the adjustment and
it must be removed in order to mount the unit. Therefore, the bell dome should be *
marked before removing and should be carefully replaced in order not to affect the

“adjustment. ’ i .

/

.

SAFOIL O FIXED

—

ol
©

—— - ey




' BA (BURGLAR ALARM) GONTACTS
Vibration Contact

In figure 5, the component parts of the unit are molded and/or assembled to a
phenolic base. A phenolic cover is secured to the base with two screws and sets on a
« »  cork dust sealing gasket. The unit consists of a set of normally closed contacts. The
. stationary contact is molded in the base; the moving contact cqnsists of a thin, flexible™ -
steel reed with a small weight riveted to the end. A pressure:spring is attached to the v
steel reed and is provided with an adjusting screw. Two two-foot leads are soldered to .
/ terminals in the bottom of the base. A bottom cover is installed over these terminals . r
to insulate them from metal surfaces. .
- N
The unit should be mounted so that the leads face downward to prevent the possibil-
. o Ity of water and/or dirt accumulating in the wiring recesses and to assure proper
° operation of the contact. f . )
* \
- A comnecting block, for use as a test point, must be mounted near each vibration
¥ contact, so that a meter may be inserted in the circuit to observe the results of the . o - ;
tests. The metal strip supplied-with the block should be replaced with a wire strap to
- facilitate opering the circuit for inserting the test meter.  ° S o,

. The vibration cix}\ut is normally closed and fs wired to shunt the alar¥ relay in the ¢
. relay unit; which is required whenever vibration type contacts are usfd. The vibrations
. which occur during an attack cause the steel reed to vibrate, open the normally closed
’ circuit,and thus energize and operate the relay unit and the alarm set to produce a
locked=in ground at the guardhouse. : ; L

( % . The contact is factory adjusted for a cpnfact pressure of four to six grams. -In

theory, each contact should be adjusted to a certain maximum sensitivity to assure |

receipt of an alarm upon minimum attgck vibrations gnd a certain minimum sensitivity .
. in order that false alarms may be eliminated. The minimum pressure setting for the ) ‘s
contact should normally be one gram. P |

[ 4 . "
The sensitivity is adjusted by changing the contact pressure. Turning the pressure R
adjusting screw clockwise will increase the pressure 2 on the contacts and decrease*the
, sensitivity. Turning the pregsure adjulting screw counterclockwise will decrease the - ¢
pressure on'the contacts and increase the sensitivity, i ' .

Contact pressure sﬁall be measured with a grim gage. .An approximate separation - .
pf not less than 1/32 inch must be held between the two springs.. This will allow proper

. freedom of movemerit,for the weighted contact. Never bend the springs of the contacts. - |
If defective for any reason, replace it with a new unit,

-
- »

" Magnetic Contact  * - T _
. . In figures 5 and 6, the magnei:ic contracts are primarily used for heavy-duty

' ting blocR and a contact block, each enclosed in a weatherproof hoysing. The magnet
is mounted on the door ta.be protected and the éontact block is mounted on the door
- ead or frame in such a manner that when the door is closed, the magnet and contact
Hck are brought together. The air gap between the two parts of this contact (magnet

’

L A .
L , 14 423‘ :. )

. -
.

1

- . {

- . swing doors, track doors, and gates. These contacts consist of two parts, an actua- , |
|

|

|

|
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and contact block) ghould be {from 1/4 to 1/2 inch. A tapped hole for 1/2-inch conduit
is locateéd it one end of‘the contact block. A removable cover plate is provided for
access to the wiring terminals. | ) .
g his unit ‘wiil not require adjustment. Oun rar occasions, ‘the contact within the
contact block may become inaperative. When thjshapgens, the contact unit ‘should be

L)

~replaced. . It would not-be necessary to remove ‘the,r; ontact block to replace this unit.
The Costact unit consists™of two pole pieces and a rotor piyoted between the polé
pieces. Attached to-the rotor is a metal strip with coritact points which-mate with
fixed contact points on the pole piece as the rotor pivots. A spring attached between
one end of the rotor and a fixed bracket keeps thé rotor in position so that one of its
contact points €ngages a pole piece contact point and maintains a closed circuit. When

a strong magnetic field is introduced near the contact block (door closed), the rotor will

pivot due to its irregular shape, since the lines of magnetic flux will seek the shortest’

~ path through iron. The rotor is pivoted by this magnetic force and in so doing charges

the torsion spring. The pivoting of the rotor transfers the rotor contact point from one

pole ‘piece contact point to the other pole piece contact point. This device is in effect.

A single-pole, doublesthrow switch, When the magnetic field is removed (door opened),

the rotor is pivoted by the torsion spring and the contacts transfer, initiating a break
alarm and:then aground alarm. - : . .
A ol -
& <

»

Mercury Contact - ‘ 1

e

In figure 6, this devic® consists of two siégle-action mercury switches mo in

an adjustable clip and enclosed in a phenolic housing. These switches are moufited so .

that the contacts of one are normally open (make contact) and the other noimally
closed (break contact). Screw terminals are provided for connecting the line wiring;
clips are provided under the heads of the terminal screws for connecting the window
foil, see figure 3. -
"I‘he switches should be adjusted to operate when the surface on which the contact
is mounted is tilted through ap angle of two degrees. ' .

] N

]

This contact is used for protection of tilting windows such as horizontally pivoted
windows or the cantilever projected type.

When the window on which a mercury contact is mounted is tilted, the mercury in
the normally closed switch flows away from the contacts. while the mercury in the
normally open switch flows toward the contacts. The break contacts are opened amd
the make contacts are closed due to the action and conductance.of the mercury. This’
action is in effect equivalent to a transfer contact and résults in a break foilowed by a
ground on the circuit. - . -

-

]
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SUMMARY " ' T

An intrusion alarm system appliedsto an area will detect unauthorized entry and

supervise authorized entry. The main advantage is that It removes_the need for
complete aepeﬁ_eqce upon the human glement and permits a reductiom in guard force.

These systems consist of a mimber of simple direct current circuits. .Since super-
visory and/or alarm current is normally below . 05 of an’ampere, we must use the '
term milliampere. One ampere is equal to 1,000 milliampers and one milliampere is
equal to 1/1,000 of an ampere, The common abbreviation for, milliampere is ma.

A relay is an electromechanical device that consists of a‘coil of fine wire wound
around a soft iron core, made of a magnetic material. Due to the composition of the
“core, the armature materials, they lose their magnetism immediately after current
| ceases flowing in the coil and the magnetic field collapses. L :

The mechanical movement of the armature, becanse of its attraction to the core
of a relay, will causé a set or sevéral sets of electrical contacts to operate, These
contacts may. be nortnally open and ¢lose a circuit when the relay is energized; or they
may be normally closed and open a circnit.  ~ . ‘

Relays are used,bécause a relatively small amount of current‘ is required for their
operation, permitting the use of small gage wire for long distances. - .

One contact or switch can-control a single relay which, in turn, can bé;}:r*\"ade to
perform several functions depending on the number and type of, contacts on the relay.

* Since relays, depending on their design, need certain values of current to operate. N

they can be used to detect various circuit conﬁs. T,
There are two distinct features which mus incorporated’ in the design of a basic '

rotection circuit. These are: . the circuft must be under constant and complete elec-

phone conductors. L. :

. f s = , -

¢ e . s

4

rical supervision, and it must function with a current capable of being carried by tele-

v
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In direct wire intrusion alarm systems, each protected area, building, or section
of a large building has its own alarm circuit directly connected to the central control
equipment iri the guardhouse. Each circuit terminates™at a BA drop mounted in the
control unit. . .

A BA drop consists of a plug-in unit on the face of which are two small windows
through which can be Seen two target indicators. *

Associated with ’each target and directly belo{w it is a reset lever. Two telephone-
type switches, one with a yellow handle and one with a red handle, are located directly
below the reset levers, '

Signals received on the BA drop may be of three distinct types:

1. A break in the protection circuit, causing the break target on the d{op to show.”

2. A cross in the circuit, causing the ground target to show.

3. _ A combination break and.cross, causing both targets to show.

+

. . .

QUESTIONS

1. What is the purpose of intrusion (alarm systems?

'

2" What is the. main advantage of these systems?

Why are so many relays used in intrusion alarm systems?

What are the four distinct indications received on BA drops? .

L Y.
What does the term supervised mean in-connection with intrusion alarm systems?

4
‘

How dges a decrease in a circuit’s resistance affect the current flow?

. What distinct features must an intrusion-alarm protection circuit posseqs?
. ‘ )

. What. are the three expressions of Ohm's Law? N

- .

What is the cause of a g;jound target.on a protection circuit’s EA drop?

b

i
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* ‘OBJECTIVE : ; - , "
.3 ] .
. The objective of this study guide is to help you become familiar with fire alarm . F
systom ' -
N B * )
wmonuc'non :

A fire a.larm aystem lerm the primary function of vaming personnel that an
) overheated condition or an actual {ire exists. While fire is one of man's oldest tools,
y it is also one of his most deadly enemies, The fire toll each year in lives and property
is tremendous. Fires have killed more people fn this country than wars. It is bbvious '
that detettion and control of fires are of grave concern to the Air Force. This study ‘
guide is to help you keep alarm systems in serviceable condition by detecting and" g ‘

:‘orrecting possible causes_of failures in operation in either mamual or antomatic sys~-
ms
I ,) L4

\ b

INFORMATION - . :

a e

PURPOSE OF m ALARM SYSTEMS

« Fire alarm systems provide a dimt intqmgiblc, and reliable means of summon-’

. ing the {ire department to a fire, thus re‘chcmgthe interval between the time afire is

deuctod and the time p firefighting equipment arrives on the scene. It

warns the occupants :?:tmcmre that a {ire condition exists so that they may take -

action to remove the ves {from danger. Some types of {ire alarm systems amto-

matitally detect fires and transmit alarm signais, Other systems, such as sprinkier
- - or deluge systems not only detect and transmit an alarm signal but also begin to ex-
&F tinguish the fire automatically before firetighters arrive;

v

TYPES OF FIRE ALARIAI SYSTEMS:

. Fire alarm sgu{s are classified as either coded or uncoded according to the
’ type Q‘% transmitted, This classification is further broken dovm into mamsal or

automatic, depending on thc method of actnauon.

< Coded System o .
) d_ & .0+ 1Y . a < N
Coded systems transmit, record, and goubhda signal‘identifying the transmitter s !
or actuating device {rom which the signal originates.
‘/ ' ' . ’ ‘ . N “ Y ‘ . ' < f '
. - » ’:. e : e
) 19 v
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Noocoded System - .
. Noncoded systems sound a continuous signal and indicate through visual devices
.. the circuit in wht'ct\t,he actuating device is located. . ’,
‘Marual System RV C
. '

In manual systeins other than fire reporting telephones, signals’originating from
fire alarm boxes may produce either coded or noncoded signals.

Automatic System ;
. ] :

Automatic fire alarm systems may produce either coded or noncoded sxgnals
Detectors in the system operate automatically in response to {lame, or abnormally
high temperatures, ‘These _systems may also have manual stauons to permit manual
trmmission of fire alarms.

: ' THEORY OF OPERATION
Most automatic fire alarm systems operate'by varying the current flow through a

’ network of circuits. Current flow is changed in intensity (amount) by changing either -

the voltage applied to the circuit or the resistance in'thé circuit. The amount of

resistance in the circuit can be increased or decreased by relays adding or removing

resistors by varying grid voltages to tubes or by changing the charactéristics of the
trcults. .

Fire alarm circuits are normally operateg using dc voltage and obtain their power
from a commercial alternating current voltage System through a transformer-rectifier.
Usually a battery or series of batteries are used for backup or standby supply for the
system in case of an ac power failure, figure 5.

s
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110-120V
60
AC

GROUNDED SIOE . . - v
OF AC SUPPLY .

PN N . . e CEZA-03S
N ’

' Figure 5. Sébematic Wiring Diagram of Power Set

Figure 5, is a schematic wiring diagram of the power set. Power at 120-volts
60-cycle ac is fed through terminals 1 and 2 of the power soufce, switch PS1, fuse
“FSl,and to the primary of transformer TF, There are four tap terminals on the
secondary of the transformer which are identified on the terminal strip of the rectifier
units as C, D, E, and F. The number of cells in the battery deterhines the terminal
to which the rectifier input terminals A and B are comnected,

The secondary Yoltage from the transformer8s ddjusted by rheostat RX1 and is
impressed across the bridge-comnected selenium rectifier. The rectifier- voltage is
connected ifi parallel with the battery voltage through terminals 5 (positive) ad 6
(negative) and the input to the r.esistor blocks as shown in figure 5. °

: ¢
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~ Automatic Heat Detector
A | .

RATE-OF-RISE PRINCIPLE OF
OPERATION, When afire occurs, air
temperature rises rapidly, especially at
the ceijling of an enclosure. This rapid
rise of temperature, 15 to 20 degrees or
more per minute, affects the Automatic
Heatf Detector Unit. The air in chamber |,
(A), see figure 6, is expanded, reacts
against thin flexible metat diaphragm (C)
which moves spring (D) to close an electri-
cal circuit with screw (E).

A passage leads Irom chamber (A) to
the atmosphere in which there is a factory-
. installed, predetermined, trouble-free
vent (B)., This vent is calibrated, set and
sealed at the faetory to allow, under normal
temperature variations, a halanced relatjon-
ship Between the air in chamber (A) and the
outer surrounding atmosphere. This
"breathing action” allows the chamber tp
"ride through" normal air changes.

FIXED TEMPERATURE PRINCIPLE
OF OPERATION. Completely independent i
of the "rate-of -rise’ feature, the "fixed-
temperature’ principle utilizes a metgllic - Figure 6. ﬁ:ﬁ,ﬁt&:ﬁ%ﬁ? etector or
sp (G), held to inactive position'by a ° ’ .
temiperature-rated fusible alféy (F). Thus, should the "'rate-of -rise’ Wature not
_ < respond where smoldering {ires create.slow temperature increases, when the heat at
the ceiling reaches the fusing temperature of the alloy (F), spring (G) is released. This
.+ action then. moves spring (D) to close electric circuitry with scxew (E). Temperature -
ratings are 135 and 1909F. Selection is important, being determined by the maximum
- ambient air tem‘peraturesh, known and anticipated, at the detector unit under normal
* conditions. " . T

-

)

TELL-TALE INDICATOR. When the heat detector unit is operated by the "fixed-
temperature’ feature, the unit cannot be reset and must be'replaced. A unique tell-
tale indicator (H) of figure 6 is provided in such instances. Looking like a small
"button” on the outside of the chamber, this button becomes a hole when the alloy ( F)is
melted. This ‘arrangement makes it possible to readily detect a unit which has been -
activated. v

+




Fire Alarm Box
' The manual fire alarm box is an open circuit contact device operated by pulling a’
die-case handle which breaks a ‘glass retaining rod. See figure 7, The handle, in
. " turn, holds the switch plunger depressed against spring tension so that the svitch

¢ . coltact is open. When the handie is pulled, the switch plunger moves forward to close °
_the switch contacts. The lox is tested by rotating the eccentric glass rod retainehone-
half turn s0 as to release the rod and allow the switch plunger to move forward. After
each fire alarm, the glass rod must be replaced. This is done by rotating the rod *
retainer to a certain position which will allow insertion of the rod. Atter insertion,

¢ the rod retainer is returned to its normal position. -
[ 4

‘{@-_‘ T p— v , )
| (&)
. 1 ( puLL DowR
d‘ ( /? , [ 4
- R , . : . )
. S LOCAL -
S F IRE
: . ‘ ' ** . ALARM ‘
5 « = o cinms
. . . . T "
- - ) ) . - . -
* . N - « Figare 7. Manual Fix'e Alarm Box
. T . :
. o ) ) ?IRCUH' ANALYS!S . : .
‘ * ‘Figure 8, Loca.l System shows. the circuit in a normal supérvisory condition. )
This means m.u the norm’.u power supply is feeding power to the system and that v
- there arc no lmuqc:s or alarms in the sya;em. . . T,
. N Current s flowing through the one portion of the circuit, arming the trouble and

. . dperating coils'but without sutﬂcient currenf to activate the relay. Current is reduced
‘ by.the lkne resistor. - & .

An ac power fallure will deenerglze the power failure relay (PFR) causing its con- .
e . tacts to change position. This will open the mainline contacts and close the B+ and
. trouble buzzer line contacts. This will connect the battery into the system at B+ and
s ' DB-,and energize the buzzero to let you know there is trouble, seec figure 9,
) ’ 3 . : * ‘, . ' N %, ‘
.’ . . . 23 ' ’

e Y
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“switch through the TRI coptacts and through the trouble buzzer, indicating a fire

A fire signal will occur when an overheat condition causes one of the detectors to
close. When the detector closes, the line resistor is bypassed, reducing the total re-
sistance of the circuit., A reduction of total resistance will cause an increase in cur-
rent. This increase if current will be great enough to ehergizé the trouble relay
(TRI) and the operatigg relay (ORI) through the zone circuit. When the ORI relay
energizes, the ORI colfacts close providing a path for the signal bells, see figure 10.
When the TRI relay contacts close, a path is provided.through the trouble buzzer

condition exists.
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To restore the system after a fire signal has been sent, the following circuits will
be involved: The zone circuit, the signal circuit, and the tro e circuit. If a fire
has actuated the zone circuit, the detectors involved must be .inspected and, in some
cases, replaced. This is particula.rly true of some fixed temperature detectors that
have'a fusible alloy link. Once the detectors have been restored, the réset button on
the-control panel is pressed to deenergize the zone circuit and allow the contacts to
return to their normal position., The signal cutoff switch should be moved to the signal
position and:the trouble buzzer switch should be returned to the buzzer -position. The
system should now be ready to resume its dufy in a normal Supérvisory condition.

SUMMARY —_— , -
The purpose of a fire alarm system is to notify building occupants to evacuate and
summon organized assistance. Electrical fire alarm systems may be either coded,

noncoded, manual, automatic, and sprinkler, or deluge. Fire detectors can be heat,
smoke, or {lame detectors or operate electrically or electronically.

QUESTIONS
1. What is the purpose of the PFR relay?
2. How are the alarm bells silen;:ed?

«

3. What is the function of the buzzer?

4. What is the principle of operation of a temperat e detector '7

5. Name the three circuits mentioned in the .study de on fire alarm systems.
o )
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CORROSION‘CONTROL AND CATHODIC PROTECTION - L

OBJECTIVES

The purpose of this study guide is to help you recognize corrosion of metals a.nd
the procedures necessary for the protectlon of metallic structures

- . .
4

INTRODUCTION * . , . ;

The Air Force is interested in eliminating the waste of materxals and manpower .
caused by corrosion of metals. .

If the entire Air Force were located at one installation, the corrosion problem
would not be so difficult to control, but because the Air Force has worldwide commit-
ments corrosion becomes a greater problem. |

Cathodlc protection is the reduction or preventi@® of corrosion of a metal surface.
This is a.ceemf)-llshed by making the metalli¢ structure the cathode of a corrosiv ell.
Two  types of protection in general use are the galvanic anode and the impressed

rent methods. . o <
, INFORMATION x Q
_ " THEORY OF CORROSIQN ( ‘ L

Man has had corrosion problems to contend with ever since he started making .
items out of metal, “Some metals, like iron, will corrod¢. Other metals, such as
‘gold and silver, will not corrode, It has only been in this century that definite steps . .
have been taken to prevent corrosion, Thé theory accepted today is that corrosion is L
basically electrochemical in pature.

Corrosion is defined as the gradual destruction of metal by electrochemical reac- R BN
tion with its environment. ‘ ) -
Metals tend to retu,rn totheir natural state; An éxa.mple iron x‘eturns to iron . . o
oxide. The fagtors necessary for corrosion are an anode, cathode, electrolyte, and
a condudtdr. Ions flow from the anodic area.through the electrolyte towards the
cathodic area. See figure 11. 'I'tny pieces of metal make up the ions. Leavingthe
anodic area, metallic ions combine with negative ions and become oxides or rust. .
, _Thus corrosiop i8 in progress. “The tendency of a metal to corrode dependq:upon the o ‘ S
' potential between the ntetal and its ions in solution. . P ‘
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¢ Ppotentialis determined by the type of metal and its ions in the solution.

_— : . TERMS USED IN CORROSION, , . ©_ . ,

: 4
The following terms are useful in understanding corrosion:

. . Anode - The electrode of an electrolyﬁc cell at which oxidatio;a occurs. In corrosié;n, '

Y N ;’i IS usually the electrode from which the electrons flow to an external circuit.

i n . F) ° . °

- - Cathode - The electrod® of an electrolytic cell, soil or‘the area that is.no{attacked. :

. and 1s the electrode to which ,electl'ons'{low from an external circuit. ’

b4 . - - - ¥
Corrosion - The graduat deéfmctign of a metal by chemical or electrochemical reaction

‘o ©  -with its enVvironment, » - ) . . ®

. . . <, " = ' .
) Electrolyte - A chemical substance or mixture. soil or liquid. containing ions, which-

migrate in an electrical field. # -

i Electron -. A fundamental particle carrving a negative electric charge, ;t' is the funda-
T . * ‘mental carrier of electricreurrent. ' ’

N

Iﬁ1 - An electrically.charged particle. in;which the charge is due to the gain or loss of t
. .one or more.electrons. '

~
? . )

g -
A
K

- - . FORMS OF CORROSION - !

-

-5, Thereware three general forms of corrosion. ' .

Uniform Etch Cor;osion
! 2 ’ <
. The surfaee effect produced by most direct chemical attacks. As an'example. zinc,
> «=-if exposed lo hydrochloric’acid. will corrode. @n a polished surface this type of
. corresion is lirst seen as a general dulling of the surface, 1If such corrosion is atlowed
to contuwue. the surfiace becomes rough and possibly frosted in appearance. _ '
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'\ Localized Corrosion

A8

s

.

Localized corrosion is caused by local action or local cells. A local cell is set
potential between areas on a metallic surface that 1s in an

when there’is a difference of

elettrolyte.~ Localized corrosion ma

Cavitation and erosion are started by

strike the surface of the metal with sufficient foree to kno

y be in the form ef pitting, cavitation, or erosion.

mechanical forces. The sudden collapse of air*
« bubbles between a metal surface and a liquid under pressure will cause the water to

The holes left by this action will have sharp edges as if they had been chiseled out.
Erosion is usually caused by the abrasive effect of liquids moving 6ver’the surface<gf a
metal. Water has an abrasive effect ‘and if it is moving fast enough, ,it will erode the
metal. If the fluid should have sand or similar. abrasive material in it, the sand wiil
add to the erosion. Metalthat has been éroded will look similar to soil that has been

eroded. If an electric current passes from a piece of metal into 3 solution, it will take

some of .the metal with it, leaving avacancy or pit in the surface of the metal’. If the
current leaves the metal equally over a large area, the corrosion will look similar to
the corrosion caused by direct chemical attack, But if the current leaves only from

spots on the metal, the metal will have s

Pots of corrosion on it. Figure 12 shows some

examples of corrosion that will leave pits in tHe metal surface.

b Y

Compaositional Corrosion

Composiitional corrosion is caused
by dis$imilar metals in'contact with

each other.

¢

Brass is an alloy consisting mostly
of copper and zinc. If brass is ex- .
posed to electrochemical corrosion,
since the zinc is higher up.on the gal-
vanic series the zinc will be dissolved
out of the alloy first, leaving the cop-

per. The more common use

of brass

is in the manufacture of valves and -
similar pipe fittings. . Since these
brass fittings are usually joined to
either iron or copper-pipe, this type .

of corrosion can occur guite

often and

can be a great problem. , Figure .12

shows a diagram of how this

form of

corrosion can occur. Cast iron i an
alloy made of iron and carbon. The-
carbon is in the form of graphite. [f
cast iron is exposed to.electromechan-

~jical corrosion, the iron will
out and ledve the graphite.

dissolve
It occurs

quite often on cast-iron pipe. As often _ .
happens with underground pipe, most of the iron may dissolve out, leaving a graphite

pipe. The graphite pipe may last}”‘ggr many years if it is not subject to any mechanical -

forces or sudden pressures.
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METHODS OF CONTROLLING CORROSION .

In order to control corrosion, the electrechemical circuit must be broken. This
. . may be accomplished by applying a coatmg oLpamt or plating with metallic surface.
This will prevent the metallic surface from coming in contact with its corrosxon
, -environment. Another method to control corrosion is to introduce a countercurrent
> flow which will prevent current from leaving the metallic surface anodic areas. There
: are two methods used to provxde this countercurrent flow, . galvanic anode and uhpressed
current. | ( .

Galvanic Anodé Method - ‘ . )

To control corrosion by the galvanic method, a metal anode higher in the ‘electro-
motive force series and more negative than the metal to be protected must be electrx-
cally connected.

. " . When magnesium and iron are connected, the more negative metal (magnesium),
| . becomes the anode, and the metal to be protected (iron) becomes the cathode. Thus, “
| a cathodic protection system is formed. Current leaves the anode as it corrodes and
- . passes through the electrolyte (soil or water) to the cathode. I more current from the
| - anode enters the protected metal preventing current from leaving it, corrosion will
| stop. See figures 13 and 14 for examples of cathodic protecflon by Calvamc (Sacrmcxal)
0 Anode systems - a { .

B . . 1
| c, . PIPE .. - -
. ! ¥ /‘ .. ' “ .
.
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)7 ELECTROLYTE : ,
— )

|
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-} .
~ “ @ - -
' T PIPE ) . X
-~ 1
) \ ‘ . - s .
N .~ . N M I » N
g : / t CATHODE g .ot
.2 . i 3 ) ’ ' t ' o B o ‘
. . . E - ( ;- .
S . . A A ~ "AJMAGNESIUM . S

HRIBBON ANODE

» -

. -

= Mognesium
B+ ) Cothode Rod (Ausde)
Co e e D Qe
. . . ] . LT Cﬂ'w «i.’ ~
. - -~ . Tonk Corrodlqg_ - Tank Protectad ., ) . w
- ) . IR ll.,uu’ 13. ~Cathendle Protection by the Sacrificlal Anode? Mt!lm(b Ty, ‘ ‘

g T el L

. . - N - -

-

it




O

L ERIC’

Aruitoxt provided by Eic:

.

INSULATED
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Figure 14; Typical Sacrificial Anode

Installation
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Advantages of Galvamc Anode System

.o The chief advantages of the galvanic
or sacrificial anode system are:

< 1. No external power source is needed,

2. . NoJregula'tion is needed. .
3. Simplicity of installation,

4. Dangex"s from cathodic interference
is minimized. . .

5. Maintenance, is small over the anode
life,

Disadvantages of the Galvanic Anode System

The chief disadvantages are:

s .

i. Current output

N N r
2. Large numbers of anodes are usually required to protect bare structures.

is limited.

.

b 3

'

Galvanic anode systems are preferred where areas to be protected are small.
They are also preferred in hazardous locations, and on well-coated lines of pipe, .

"The major components of a galvanic anode system are cathode,‘ anode test
» stations, electrolyte and backfill.

13




Impressed Current Method E ‘ s .

An impressed current system normally consists of a source of dc power obtained

- — from a rectifier set, an anode, cathode, test stations, electrolyte, and backfill. s
Current is forced from the source of pawer through the ground bed (anodes), the
electrolyte, and to the structure to be protected (cathode). See figures 154, B, C,
and D, - , .
3 0

Anodes used in impressed current systems are inactive materials, They normally
do not corrode until current is impressed and then only a small amount is lost over a )
period of years. The anodes are installed in a ground bed of soil or water. The two

. most common anodic materials used are graphite and high silicon cast iron. ‘Scrap
iroh and aluminum is sometimes used. A closeup view of a graphite anode is shown
in figure 18, ‘e ) .

In the galvanic anode and impressed current systems, the current generated by
both methods "buck out" the corrosion currents which occur when metal ions go into
gaseous solution.

.. . . . C ProtectLine Booster Stations D Protect Large Industrial Storage Tanks
’ ) Figure 15, Impressed Current Methods i

. 34‘ 4.12 .
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Figure 16, Graphite Anode Installed in Earth
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An impressed current anode system, using graphite anodes, is shown in figur'e 17

- . Notice that the negative lead of the rectifier is connected to structure or tank. < The
) positive lead of the rectifier connects to the graphite anodeg/in backfill. Graphite anodes
- are very brittle and are subjeet to damage in handling and nstalling. .
. , ¢ . Y

RECTIFIER

i/ POSITIVE
GRAPHITE ANODES LEAD

! XFILL
» N BACKFIL INSULATED

CONDUCTOR

. - - '
> ~

Figure 17. Impressed Current Anode System Using Graphite Anodes

Coke breeze backfill is used with graphite anodes for the purpose of establishing
a2 lower resistance bond between the soil and the ground bed. Coke is a good conductor.
When the graphite anode is installed in coke breeze, the coke breeze in effect becomes
the anode. This backfill is about 77 percent carbon, 15 percent moisture, 4 percent

@‘sulphu'. 1 percent ash, and the remainder is water.

Backfill lowers the anode-to-soil. resistance and permits use of greater current
density. The life of the anode is extended when coke breeze backfillis used by approxi-
mately ten to fifteen years. '

Another material used for impressed current system anodes is high silicon cast
tron. This anode is also very brittle. By composition it contains a minimum of 14.35'
"percent silicon, a maximum of 0. 85 percent carbon, and 0. 65 percent manganese.
The remainder is iron. For high-chloride and high-temperature operation, 3 percent
: molybderum may be addéd. Sizes of anodes range from 4 to 5 pounds for flexible
assemblies and from 14 to 115 pounds for rigid types. Sizes above 55 pounds are used
asly in.salt water. - .
Aluminum is used with impressed current systems to protect the interior of water
_ storage tanks, Aluminum anodes are available in the form of wire, rod. and bar with
g sizes ranging from 1/16 to § inches in diameter. The commonly used diameter size
rods are 1/2, 3/4," 1, 1 1/2," and 2. .

I * Aluminum has the advanfkge of low initial cost and lightness of weight. Commer-
cial anodes are only 75 percent efficient. They.are consumed at the rate of 9 1bs per
. ampere year. This high consumption rate is undesirable, however, the corrosion

| products from aluminum do not contaminate potable water. The installation of these
| + anodesis shown in figure 18, . . ’
| .
|
)
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Fiéuré 18. Impressed Current Cathodic Protection System °
- for 75,000-Gallon Elevated Water Tank Using Alumimim Anodes
Current Sources ' .o - % ' -
P n

The transformer-rectifier set shown-in figure 19 is the principally used
source of power for impressed current systems. - Commercial 60-cycle 110-volt ac
is frequently the inpuY powex. The transformer steps the ac down and connected to

- the secondary are selédpium $tacks in a full-wave hridge connection. The negative

terminal of the -rectifie is cqnnected to thestructdre which is being protected. The
posif'ive terminal of the/rectifier is connected to the impressed current anode bed.

-
®

The rectifier normally contains coarse taps and fine taps for adjusting the output
voltage. Once these setlings are made to adjust the output voltage, they are seldom
disturbed unless a caretul check is first made of the system, A voltmeter is provided
for convenience on the inside panel of the rectifier for reading output dc voltage. An
ammeter i8 similarly used to determine the dc flow in the output circuit. The purpose
of the rectifier is to convert alternating current to direct current for use in the im-
pressed current method of cathodic protection. . ’ ©
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Rectifiers for cathodic protection use are available for ac voltages of 115, 230, or
460 volts, either single-phase or three-phase. Direct current voltages from 6 volts to,
125 volts of 6 amperes to 200 amperes are common.

Selenlum-iron stacks are commonly used for the rectifier. These stacks may be
air-cooled or oil-immersed, Air-cooled stacks are subject to fouling of the air Screens
by dirt, dust, and insects, Oil-immersed stacks are free from these faults and are
necessary in hazardous locations. Where high ambient temperatures, high humdity
conditiops,” corrosive atmospheres, and wind or dust are present. totally oil-immersed
rectifiers are preferred.

Silicon diodes have limited application in cathodic protection because they are sus-

ceptible to overload current or voltage surges. Silicon cells arg, lighter and show less

drop in efficiency 1n use under coptrolled conditions. - .

s ’ To AC Power.Supply

| & : e

- Safety Switch
. . 4
’ ! ~~Fuse R
; | .

R -

T———————— _3—Circuit Breaker -

. Za—t—Transformer
Fine Adjustment
hieee Course Adjustment .
Rectifier Stacks ~——| Shunt )
\ -~ Negative Lead
. ~~| Push to Read
Voltmeter — .| Switch
’ 1

* Ammeter
. Positive Lead

Figure 19. Wiring Diagram for 230-Volt,
Single-Phase, Full-Wave, Bridge-Type Rectifier
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Selenjum stacks are illustrated in figures 20a and 20b in bdth series and parallel
connections. Parallel connection is used to incfease current available. Series con-:
nection is used to increase voltage. . -

.
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Figure 20. Selenium Rectifier Stack

gy _ Other sources o dc are sometimes used with impressed current systems. These
. are windmill-driven generators, motor-generator sets, engir}e-driven-generators, or
. , storage batteries. A welding rig can also furnish dc power for preliminary survey use,
. , oy ° ~
. SUMMARY . A
i Corrosion is a universal ﬁréblem with the Air Force. Man has had to conte‘pd with

corrosion problems ever since he started using metals, There are three types of corro-

sion. * These are uniform, localized, and composition. * The theory today is that corro-
. sion is caused by electrochemical means. Corrosion factors can be divided into two
groups, those associated mainly with the metal and those associated with the environ-
ment. Most electrolytes themselves do not cause corrosion: however, they may carry
the agents that do cause corrosion. '

-

. The two methods of cathodic prOtect'ion are the sacrifitial or galvanic anode method

and the impressed current method. Both methog’s may be applied to structures above-

s 0 graind, underground, and under water ifethe structure is in contact with an electrolyte,
- The electralytes in cathodic protection are usually soil or water.

¢ . .
The two metals commonly used to protect steel structures are magnesium and zinc.,
Magnesium anodes usually are prepackaged in backfill. The chief advantage of the ’
galvanic anode system is fairly uniform current distribution. Its chief disadvantages
are low driving potential and small current output. The chief use of the galvanic anode
system is in smgll installations. )

) . ‘ \
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The impressed current method of protection is used where the current demands
are larger and the driving potential must be gr r. Two commonly used anodes in
the impressed current system are graphite high-silicon cast iron. The graphite
anode is used with coke-breeze back{ill which, in‘effect, becomes the anode and extends
its useful life. The source of power in the impressed currenq system ig a rectifier.
The selenium stacks are used in a full-wave, bridge-type connection to change ac to de.
Silicon is sometimes used in place of selenium. 'T

Cathodic protecton "bucks out" corrosion currents which [occur wherf metal ions
at the anode go into gaseous solution. The bucking current comes from either galvanic
anodes or impressed current,

Y

QUESTIONS . |
Why is the Air Force interested in the corrosion probleq}s? .

"2, ‘How long has man been having corrosion problems ?

.

3. How can electric currernt cause corrosion of metal?

4, Deiscribe the methods used to ca.thodically protect the interior of a large water

Morage tank. \ -

5.~ Draw a galvanic anode system, using five anodes to protect a pipeline.
2

6. Draw an impressed current system used to protect the pottom of a fuel storage

LI ‘ -tankifthetankrests on the ground. ’ .
1. Explain the mrpo.se of backfill,” '
. 8. Compaie the use of graphite and high-grade silicon cast iron in ground beds.
9, Why are aluminum anodes used mostly in water stor ’tanks?
, *10; 'Draw the \schematic‘ diagram for a rectifier uSed‘in e impi'e“ssed/ current-system,
. 11. Whylis zinc';xsed in place of magnesium for some gglvanic anode syst'em;'?
12, Tell why selenium stacks are more co;nmonly use inlrectifie‘rs than othelr '

materials. °
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INTRUSION ALARM SYSTRMS -
OBJECTIVE ¥ ‘

N s

.. Upon completion of the exercise in this workbook, you will be familiar with the -
terms and definitions of the intrusion alarm circuits. ; .07

- EQUIPMENT AND SUPPLIES — : Basis of Issue
WB 3ABR54230-1-V-1 : * 1/student
PROCEDURE

" INSTRUCTIONS -

) Project 1 .

1. Match thg following terms and definitions by inserting the correct letter in the
appropriat® slot. - !

B. A, antact v () 1. An alarm created by an increased in

line current to 30 MA. -

Drop or B, A. Drt;p 1
» . ( )

The annunciating device used on the -
Ground Alarm alarm switchboard.
(Ground Drop) ’” )

If an alarm wiil result when the wirew
Supervised is broken or grounded or both.

Combination Break'and - " 4. An alarm created first by a decrease
Ground Alarm (Double in line current below 9 MA and then
Drop) ~ . an increase in line current to 30 MA.-

Annunciation Any device that is s}xplacedfas- to
. cause an alarm when actuated.

Break Alarm u&

(Break Drop) () 6. An #flarm caused by a decre

line current below 9 MA.,

se in

]
() 7. Visual and audible signal indications
< received at the guardhouse,
Using the schematic in figure 1 and 2 (a) trace over the night supervisory circuit
, With a red color pencil, (b) trace the day supervisory circuit with a blue pencil,
(c) and ‘trace thé alarm circuit with a green color percil. )

-
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Project 2

In the spaces below, write in thé nomenclature of the items identified in’ figure 1 by corresponding numbers.
- - ¢ 4 ”~

B . .
.
.

“ - " Project 3 .

-

1. Using the trainer, figure 1 of workbook and meter, *locate and correct any trouble found ir the system.
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N Project 4 - .

. . 1, Using the trainer, figure 2 of workbook and meter, locate and correct any trouble

g +found in the system.
ol e .
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In the spaces below, write in the nomenclature of the jtems identified in figure 2.
by correspondingwumbers. . A )

1.

Aruitoxt provided by Eic:
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Sheppard A:r Force Base, Texas . - August 1975

-

S \ FIRE ALARM SYSTEMS
OBJECTIVE . R T

.

Upon completion of the e;ercise in this workbook you w111 be‘Tamxhar with the
components of the fire alarm system, " :

A4 -
~ e

5 Project 1

INSTRUCTIONS . B IR

Using figure 1 in your workbook identxiy the numerical components by Tnatching
the number with the na.me.

N -

.

() a. FKire detectors

() b.' Opex:ating relay (ORI) *
() B‘atteryvsui)ply .‘
() d. Power supply
() .' e, Power failure ;'ela;

() . f. Trouble switch (Manual)
(') g’ Line resistor '

*




Project 2 .

. Using a meter, the fire alarm trainer,and figure 3, locate troubles inserted into
trainer by the instructor. When trouble is located, notify instructor. .

.

.

N
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DETECTORS y

Figure 3. Local Systém

‘ Project 3 .
. »

Using the trainer, figure 3 of workbook and meter, \locate"and correct any trouble
found in system. ‘
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CATHODIC PROTECTION AND CORROSION |

_OBJECTIVE

Upon completion of the exercises in this workbook, you will be familhar with .
corrosion and cathodic protection. ' ' ’

INSTRUCTIONS

.

v Project 1

1. Using Study Guide 3ABR54230-1-V, complete the following sentences by writing
in the blank spaces. _ ‘

a.

h.

i.

I

ko

The gradual destruction of a metal by electroghemical reaction with its

environment is known as

g
1

An | is an electrode in a corrosion cell which corrodes.
A is the part of a corrosion-cell that does not corrode. B

\ is a chemical substance or mixture containing jons.
j’ .

An electric current passes from the to the
in corrosion. v

-~

e - . M
An’ is an electrical particle of metal as it passes from the
afxpde through the electrolyte to the cathode, .

Metalljc ions that enter-the electrolyte.leave the area.

<

A metal's tendency to corrode depends upon the potential between the Metal and

its - in solution.

The three types of corrosion are , , and

?

L7 v v

The ground beds consist of anodes either submerg'ed in or .

All . structupes are subject to corrdsion.”
»

-

* .




2. Match the following terms their definitions by inserting the correct letter in
the appropriate sldt. i ,

a. Anode ‘ () 1, The gradual destruction of metal by
electrochemical reaction with its
b. Corrosion environment,

Cathode () .+ 2, The area that is not attacRed.

¢

Ion () . An electrically charged particle, in
whichthe charge is due to the gain or
Electrolyte loss of electrons.

Electron () . The area at which oxidation occurs.

Conductor () A path for electron flow.

() . A mixture, usually liquid, containing
ions that migrate in an electrical field.

() . A fundamental, negatively charged,
electrical particle.

Project 2 )

M 4

1. Complete the :0.iowing statements pertaining to cathodic protection.
a. List five advantages of‘a galvanic anode protection system. .

1y

-

b. 6&5( twc a .17 a~ages of a galvanic anode system.

(D
(2)

- . -

c. List the ni: o, coemponents o a galvanic anode system.
(1

v

(3
(4)




d. List the major components of an impressed current system.

(1)

o (2
~ (3)
(4)
(5)

2. Complete the following sentences by writing in the blank spaces.

’
’ \

‘a. Cathodic protection is the reduction or prevention of - . » \ )

a metal surface by making the metallic'structure the -
of a corrosion cell, s

-~ ) b. The two methods of cathodic protection are and

]

.

© ' [}

ra
¢. The more active metal becomes the i ofa '

+*

. . purposely established corrosion cell, and the metal to be protected becomes

! ' the : .
d. I the current from the , __is strong enough to prevent all
1 current from leaving the anodic areaw_protected metal, corrosign will
. ‘ - stop. ) .

e. A direct current from an external source is &ced to the grou'nd bed through

?

’ the electrolyte to the metal to be preserved in - .
protection, , o, ﬁ, .
3. In the space below figures dand5 o . .
enter the type of cathodic protection . cono®or
syatem,

. - PIPELINE

3




.
N

NEGANVE

. %i LEAD
:’POSITIVE

- *  GRAPHI, . ANODES LEAD
. N 3ACKFILY .
. : N\ INSULATED
. N CONDUCTOR
b' ) )
R -~
. 1

. \

-t

. " REFERENCE

N B o

| \

;

|

; - x

«
” .
. * i
¢ »
.
. - .. K
: - 1/ ‘
9 ' )
e |l .
.
) ' !
LY L] ’
y
| 4 v
» "’ ' .
| . .10
.
L4 1o - s
F) L 4
L}
. . ~
9
M ¢ - 46{).
- . . A
f .. . ‘ .
- - .

ERIC — *» ... . - °

Aruitoxt provided by Eic: - . . .
. -
B , B

3 AFM 88-9, Carrocion Control, Chapter 4

>

\ 0
vy
v
-
4
.
\A
13
-
4
.
’
NN
g .
»- N
. *
. )"
& . .
)
, .
.
. €
4
.
. v
T
by
"
. .
.
g
.
» B
¢ >
. .7 .
.
.
~ s
PR j
o 3,
. "~
3
‘s
. A
i
/‘ ~ -
s
: TRl
-»



