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IDENTIPIEES Military Curriculum ?roject

ABSTRACT '

This plan of instruction, lesson ‘plars, and staiert
materials (study guiles, wcrkbooks, and proaramed texts) for =
secondary-postsecondary level course in engine mecharnics is ore >f a
number >f military-developed curriculum packeaes selected for
adaptation to vocational instructior and curriculum development in a
civilian setting. It is the second of = four-part course (see Note

- for other sections) covering general vehiczle mecharics, includiny
inspection, maintenance, »nd repair. The plan of instruction sujjests
number of hours of class time devote} %0 2at¢h lessor in sne blozk of
instruction (Block III, a *otal of 74.5 hours of instruction): Aut>
Elevtrical Units, containina five lessons on fundamentals of

automotive electricity, bat*eries, and basic electrical circuits:
battary and aagnat> ignition system: crankinag motors and starting
system; DT charging svs*em: and AC charging.sys¢em. It Z1so details

__ecriterisa objectives and support raterials needed. lesson pians

- outiine teaching steps. S+tudent materials include study quides

containing objectives, text materisl, and review guestionss twd :

=.. woTtkbaoks containing shop procedures: and twe programed texts. )

#ilitary manuals, compercial tex*s, anj auiiovisuxls are suggastzd,

but nét provided. (YLE)
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* This military technical training course has been selected and adapted by

The Center for Vocational Education for "Trial Implementation of a Model Systenm
to Provide Military Curriculum Materials for Use in Vocational and Technical
Education," a project sponsored by the Bureau of Ogcupational and Adult Education,
U.S. Department of Health, Education, and Welfare. - '




MILITARY CURRICULUM MATERIALS
The military-developed curriculum materials in this course

‘package were selected by the National Center for Research in

Vocaticnal Education Military Curriculum Project for dissem--
ination to the six regional Curriculum Coordination Centers and
other instructional materials:agencies. The purpose of
disseminating these courses was to make curriculum materials
developed by the military more accessible to vocational

- educators in the civilian setting.

The course materials were acquired, ewvaluated by project
staff and practitioners in the field, and prepared for :
dissemination. Materials which were specific to the nilitary .
were deleted, copyrighted materials were either omitted or appro-
val for their use was obtained. These course packages contain
curriculum resource materials which can be 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 National
Center fulfills its mission by:

* Generating knowledge through research

¢ Developing educational programs and
products

¢ Evaluating individual program needs
and outcomes

. 'lnstalling educational programs and
products

o Operatmg information systems and
‘ services

e Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Curriculum Materials
.WRITE OR CALL
Program information Office
The National Caenter for Research in Vocational
Education
The Ohio State University
1960 Kenny Road, Colvmbus, Ohin 43210
Telephone: 614/486-36565 or Tol Free 800/
843-4818 within the oontimnu! us.
(except Ohiog)

%

Military Curriculum -
- Materials for
Vocational and

-
gg » " e
NRE Technical Education
HES
]
si Eg
..
'n! §
.'.i Inform~tion pnd Field
g! Sewvizes Division
1
Y- The '~tiona! Certar (o Reasarch -
i '

i Vershorot Cebeeation

/




H |. g

"-Curriculum Materials
Disseminationls...
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. an activity to increase the accessibility of
" military-developed curriculum materials to
vocational and technical educators.

This project, funded by the U.S. Office of
Education, includes the identification and
acquisition of curriculum materials in print

form from the Coast Guard, Air Force,
Army, Marine Corps and Navy.

Access to military curriculum materials is
provided through a “Joint Memorandum of
Urﬂew'ngng" between the U.S. Office of
Educatio nd the Department of Defense.
.
The acquired materials are reviewed by staff
and subject matter specialists, and courses
deemed applicable to vocational and tech- =
nical education are selected for dissemination.
™ Nmoml Center for Research in_
~Vocational Education is the U.S. Othce of
:—FEducation’s designated representative to

ire the materials and condﬂct the project
- activities,

" Project Staff:
“ Wesley E. Budke, Ph.D., Director
#ational Center Clearinghouse

Shtrlev A. Chase, Ph.D.
P:ogeﬂ Director

=
-

What Materials
Are Available?

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

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

The 120 courses represent the following
sixteen vocational subject areas:

Agriculture Food Service
Aviation 'Health
Building & Heating & Air
" ‘Construction Conditioning
Trades Machine Shop
Clerical Management &
Occupations Supervision
Communications Meteorology &
Drafting Navigation
Elestronics Photography -

Engine Mechanics Public Service

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

How Can These
Materials Be Obtained?

Contact the Curriculum Coordination Center

in your region for information on obtaining
materials (e.g., availability and cost), Th& °
will respond to your request directly or " ! ‘r
you to an instructional matenals agen

closer to you.

CURRICULUM COORDINATION CERTERS

EAST CENTRAL NORTHWEST

Rebecca S. Douglass William Daniels

Director Director

100 North First Street  Building 17

Springfield, IL 62777  Airdustrial Park

217/7820759 Olympia, WA 58504
206/753-0879

MIDWEST SOUTHEAST

Robert Patton James F. Shill, Ph.D.

Director ) Director

1515 West Sixth Ave.  Mississippi State UnMrsitv

Stillwater, OK 74704  Drawer DX

405/377-2000 Mississippi State, MS 39762
6801/325-2510

NORTHEAST - WESTERN

Joseph F. Kelly, Ph.D. Lawrence F. H. Zane, Ph.D,

Director Director

225 West State Street 1778 University Ave

Trenton, NJ 08625 Honolulu, Hi 96822

$09/292-6562 808/948-7834
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Caurae Dateription

This saction 1 the wecond of 3 four-part courne covering general vehicle mecnanics. The entire cOUre cOVErs iNSPEcting, Mrvicing, testing, adjusting,
troublashooting, and repairing automotivd genersl DUrpose vehicCles; QRSOING #NGiNe tuNE-uP NG rEPRIT ; MaNusl and aULOMBEtc transmission replacement
and sdiustment; IUDFICATION svItem 10rVicing and repair; cCOOHNG SYSTEM ervicing: povwet train repmr; front and snd steering system sdjustorents and
rOpSIr: Draks system adjustment and repair; werning and lighting System repsir; hydraulic control repsir: air condmomng tystefn servicing; cOrrosion
control; snd prenarstion of vehicies for climatic conditions and shipment, This section of the courte contains one biock of intrugion covering 74 8
hours,

Slock 11 - Ayto Electrics! Unite contains the tollowing five essons:

Funasmentais of Aytomotive Electnicity, Batteries, ana Basic Electrical Circyits (18 hours)
Battery and Magneto iamtion System (30 hours) '

Cranking Moturs and Sterting Systern {8 nours)

DC Charging Svstem (3 nours)

AC Charging Sy stem (17,5 hours)

This section contans botn taacher and student materais, Printed instructor materiats include lesson plans cuthning the teaching steps and a plan of
INStruction detailing urits of ingtruction, criterion objectives, durstion of the lessons, anc support matenisis needed. Student matenals «nciude are study
Juide containing otmec:.ves, text Material and review QUESTIONS; TWO workbooks containing shop Orocedures. and two programmaed texts on fundamentais
of automotive slectricity and Magneto construcion, operation, and .nspection and maintenance. Another reference on battery and magneto gnit.on systums
wus deieted becduse 't was copyrighted.

Several mititary manuais ana cammer Tially produced texts are referenced, but not provided. Audiovisudis suggested fOF use with the entire course nciude
53 transparencies, 10 *iims and 208 stides. This section u5ed 'n CONjUNCTION With the Sther three SACTIONS Orovioes comprenentive JOvarage of veh.c e
INSPACTION, Maitenarcs and recdir. Some documents can be used inGividually a8 SuD-uNItS, remedial Of Individuaiized stutv, The entire course can pe
Jsed 1N A 3roud nstrucnonai setting Or sdapted for indwiduai use.,
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. Ajternator And Regulator Testing Using §imgson
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Pundamentals Of Automotive Flectricity -
Programmed Text
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PLAN JF INSTRUCTION

CQURSE T1TL L

Mechume.,

General Purpose Vehi.le fepaiiman - Part |

BLOCK TITLE

Auto Electrical Unics

[—

e

DURATION
UMITS OF INSTRUCTION AND CRITERION DBJEC TIVES (KOURS) SUPPORT MATERIALS AND GUIDANC E
! 3
1. Pundamentals of Automotive Electricity, 16 Column 1 Retuereace 4TS Refercuce
Batteries, and Basic Electrical Circuits (12/4) la 16a
Day 16, 17 1b ‘ 12a
a. Without references, identify basic le 3, 4d, 9, 12¢
factsy and terms relating to Ohm's Law, and
principles of electricity and magnetism, to Instructional Materialu
determine types of circults and effects of TABRAT 130 50 —301 Fundun:ntals of Autowotive Electricity, Battertes, wnd
voltage, amperage, and resistance in auto- Baswic Elec lrh.al Circuits
motive electrical circutta, with 70 accuracy. (6) JABRATII0-WH-301, Fundamentals of Automotive Electricity, Batteries, and
. Busic Electrical Circuits
b. Without references, identify basic JABR4A7330-PT-301B, Fundamentals of Automotive Blectricity
facts relative to the construction, operating TO 3IDG-3-4-1, DT
principles, and servicing of autowotive
batteries with 702 accuracy. &) Audio Visunal Alds
Beleo-Fewy Chart, Section A, Fundamentals of Electrictity
c. Given TO, tools, equipment, storage Delco-Remy (hart, Section B, Batterics
battery, and observing personnel and equipuent Fi b
shop wafety procedures, perform visual 1m|pec- C(F1-5174A, Autovmotive Electiicity for Milfiary Vehicles
tion and use teat equipment to determine TF1-4144-DF, Basic Electrical Circufits
battery condition following the procedures, Transparencies, Butteries
specificatipona, and recommendations in the TO, (1)
' Trainipy Equipment
Trainer: .
60-2597, Basic Autvwotive Blectrical Buard (10),
60-257]3, Magnetic Fileld Demonscrator with Muaguets (5)
M:chanic's Common Handmols (1)
Special Tools (1)
Batreries (1)
. Battery Hydrumaters (1)
Battery -Starter Testers (2)
Training Methods
Dhcuuslun?m.moustracion (6 hry)
. Selt-Instruction (2 hra)
PLAN OF INSTRUCTION NO. 3ABR471330 Datt 2 Januavy 1975 . shocrnw | T
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P}.M OF INSTRUCTION (Ceatinved

- .
‘ UNITS OF IMSTRUCTION AND CRITERION OBJECTIVES :f’,,w,:?," , SUPPORT MATERIALS AND GUIDANC E
Pexformance (4 hrs)
v Outside Assigonment (4 hrs)
Instructional Envirunment/Design
. Classroom (8 hrsy
Laboratory (4 hrs)
lns tructional Guidance
Use PT, review, and demonsitrations as required to teach electrical
fundamentals and battery operation, ssintenance, and testing. Complete
training objectives using workbook and study referances. Point out and
) correct errors on the spot., Stress eunergy and material conssrvation.
2. Battery and Magneto Ignition Systems 30 Column 1 Reference STS Refarence
(24/6) 2a 14a
Day 18,19,] 2b R 3,44, 9, 16
& 20,21 2c 3, 4, 9, léc
a. Without references, identify basic , ’
facts and terms related to the principles of Instructional Materials
oparation and the function and relationship JABRA7330~-8G-302, Battery and Magneto Ignition Systems
of battery and magneto ignition systea and 3ABR47330-WB-302, Battary and Magneto Ignition Systems
components with 70% accuracy. (12) JABR47330-SG/WB-302A, Battery and Magneto Ignition Systems
3ABR47320-PT-2028, Magneto Construction, Operation, Iaspection, and
b. Provided with technical pubnul:lou, . Maintensnce _
beach items, tools, and equipment, sod follow- T0 33D6-3-4-1
ing all safety precautions, repair or service
ignition system oomu IAY technical. Audio Visual Aids
puhlmu.m .- (4) Dulco-Remy Chart, Section D, lguum Sysiems
s . ' Charts - Battery and Iguition Systems :
c. Supplied with engine trainer, tools, Mims:
equipment, and techaical publicstiouns, TF 1-4720, Principles of Automotive Magnetos
practiciag porsomnsl and squipmnt shop asfety, TF 1-4676, Ignition System Epark PFlugs
use visual, suditory, opu'nuonal mans, and TVL 47-14, Automotive Ignition Systems
test oquipnnt to check ignltion systems IAW ‘l‘rmpaunchg, Ignition Systieas
techatesl publicetions. A8 A AR S R S LA A U ol
'l'nlni og Equipment o B O !
Trainers: .
, 60-2327, Dvell Angle (10)
PLAM OF MITRUCTION 80.  1ABR4Z330 DATE 2 ‘January 1975 sLock no.  T11 PAGE NO. 14
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©  PLAN OF INSTRUCTION (Continued)

* DURATION
UNITS OF INSTRUCTION AND CRITERION OBJECTIVES (HOURS) SUPPORT MATERIALS AND GUIDANLL
2

60-2710, Engine, Ford, 6 Cyl (2)
60-2759, Engine Assembly, IHC 6 Cyl (2)
60-2761n, Engine, GMC 6 Cyl (2)
61-2800, Engine, Valiant 6 Cyl (2)
92902 Eagine, Briggs & Stratton (2)

Mechanic's Coumon Handtools (1)

Special Tools (1)

Bench ltems: lIgnition tystem Components (1)

Universal Diagnosis Tester (2)

Tach- bwell Tester (2)

Volt--Amp Tester (2)

T: fag Light (2)

. : Osctlloscope (2)

: ‘ Upark Piug Cleaner (5)

Spring T-msiva Gauge (5)

Trainer: 59-2427, Mag Prin (10)

Traiping Methods
Discussion/Demonstration (12 hrs)
Performance (12 hrs)

Outside Assignsent (6 hre)

Instructional Environment/Design
Y Classroom (12 hre)
Laboratory (12 hre)

Tustructfonal Guidance . -

e : B > Discuug principles,.operation, service, repair, testing, and trouble-
: ' : shooting of ignition systems. Complate rratining objectives using

workbook , study references, test equipment, and gafety precautions.

Use FT for outside assignment. _ -

= ] miawor msTaucTion 0. 3ABR47330 ~ 7 1 oATE 2 january 1975 BLOCK NO. ]
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PLAN OF INSTRUCTION (Continued

facts and terms related to the principles of
opsration, tuanction, and relationship of
starting systes components with 70% accuracy.

b. Supplied with TO, bench iteme, tcols,
and equipment, and practicing all safety
precantions, repair or service system compcnents
IAW technical publications.

¢. Provided vith engine trainer, toolsy
equipment, and TO, and practicing all safety
precautions, use visual, auditory, operational
seans, and test equipment to check starting
systems IAW TO. .

kY
B

| UNITS OF INSTRUCTION AND CRITERION OBJECTIVES °:’,."o“u'.:§’," \ SUPPORT MATERIALS AND GUIDANCE
2 )
3. Cranking Motors and Starting System 8 Column 1 Reference STS Reference
: (6/2) 3a 12a
_ Day 22 B 4d, 9, 12
s. Without references, identify basic Ic 3, 44, 9, 12¢

Instructional Materials

3ABR47330-5G-303, Cranking Motors and Starting Systeam
JABR47330-WB-303, Cranking Motors and Starting System
TO 3306-3-4-1

Audio Visual Alde
Delco-Remy Chart, Section C, Cranking Mutors
Transparencies, Starting Systems

Training Equi nt
Traipers:
60-2710, Kagine, Pord, 6 Cyl (2)
60-2759, Engine Assembly, [HC 6 Cyl (2)
60-2761, Engine, GMC 6 Cyl (2)
61-2800, Engine, Valiant o Cyl (2)
Mechanic's Common Handtools (1)
Special Tools (1)
Beoch Item: Starter Assemblies (1)
Armature Testers (5)
Battery-Starter Teuter (2)

Traf Mathods -
Discwistion/Desonstration (3.5 hra)

Performance (2.5 hrs)
Outeide Assignmant (2 hrs)

Ing tructional Euvironment /Design
Classroom . ™ v

Laboratory (2.5 hrs)

Instructional Guidance .

Discuss cranking sutors, solenoids, sagnetic suitches, drives and
starting circuits, Complete Lraining objectives using workbook,
teat equipmant, and study refereuces.

-

FLM OF INSTRUCTION NO,
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PL AN OF INSTRUCTION (Continued)
UNITS OF INSTRUCTION AND CRITERION OBJECTIVES LURaTIoN 1 SUPPURT MATI KISLS AND GUIDANC &
1 F
' Me e Charging System 3 Colunn | Reference STS Refereuce
: ' _ Day .2} ba ' : 13a
a. Without refervnces, ident1fy basic 4b 3, 44,9, 1B
facts and terms related to the prianciples of
operation, function, and relationship of DC lostructiongl Matertals
charging system components with 70% accuracy, JABLa7350-5G- W&, DC Charglng Systoems
' SABRAT7I0-HB - 504, DC Charglog Systems o
b. Supplied with bench items, tools, PO 350« 3-4-1
equipu:nt, and TO, and using all safety '
precautions, check DC charging system component Audlo Visual Afds
IAW Tu. r)cl:.:)-ﬂu'wv thart, Sectians E & F, Generators
Charts - Cut-Gut Relyy N T
rlhaess :
T 1-51748, Automotive Electrictiv ~ Irinciples of Generatury
TF 1-930%, Sutomot fve Ebecrricity - Voltage Regulators
¢ velecied Traasparenctes e ‘
irdiadny, Foulpsene
Fralners:
60-2710, Engiue, rord o Gyl (1)
. 00-2759, Eugine Assewnbly, I 4 Vb ()
i 60--2761, Engine, GMC 6 Cyl (2)
’ ' Aechanic’s Conswon Handtools (1)
. . .:pt.’t.l-.ll Toeols (l) .
B dicws .
Adtt Ciranit deneratervs (1), \
. Regulatoer (1)
: Volt-Amp Tester (2) “ )
+ Fach-well Tester (2) .
’ Srmature Tester (5) - ! :
#elt Teisloa Goauge (S)
~ ’ ) Trafutog Hethods ‘
. : . Dlacussion/cwonstraciva (3 hos) ’ -
nsteactionat Baviconwent /s §go
’ o i, (.l }ag.’&) [} , .-
\, .~
PLAN OF INSTRUCTION MO. 354147440 PRV dauary 1979 ]"? Heme gy l_ﬁ_“ Mg i
. — —— —— — w —— S A e e - Lo - - e — e | ——r— [ 9 [__ - o
) O o £ OHM T EMEVIC 08 ELITIONS CanOn | TE v ‘ . i ier e wet ds 00 drme wetst whosae w,;.,,.,* e L
EMC Q'. ATC UA: 73 A @10 T 1823 iFa 80s 129 ) W ¢y b os . I A " . Jl =




-~

PL AN OF INSTRUCTION (Continved

DC and AC charging wysteme IAW workbook .

#

\ UNITS OF INSTRUCTION aMD CRITERION OBJECTIVES °:‘,.‘{,‘:,‘.:2" , SUPPORT MATEMIALS AND GLIDANG E
] .
Inwtructional CGuidance
Discuss principles, operation, service, repsir, tasting, and troubls-
shooting DC charging sysiem components. Complete training objectivas
using workbook, test equipment, study referencas, snd followiug safety
procedures .,
V] 5. AC Charging System 17.5 Column 1 Reference STS Reference
i (13.5/4) 5a 13a
Day 23,24, Sb 3,44, 9, 1B
. 25 5¢ 3, M, 9, 13c
a. Without referances, identify basic
facts and tarms related to the principles of lostruct ional Materials
operation, function, and relationship of AC JABK47330-5C-305, AC Charging System
charg'ng system components with 702 accuracy. (6.3) 3ABRL7330-WB~305, AC Charging System
JABR4A7330-WB-305A, Alternator and Regulator Testing
b. Supplied with bench items, tools,
equipmsnt, and workbook, and practicing all Audio Visual Aide
safety precautions, repair or service AC Delco-Remy Chart, Section K, Fundamuotuls of Delcotrons
charging system components 1AW workbook. (2) Dslco-Remy Chart, Section M, Delcotrons and the Charging Circuit
Comurcial Slides - Chrysler Alternator Principles
¢. Provided with engine crainer, tools, (hart - Rectifiers
equipment, and workbook, and practicing .
persomel and equipment shop safety, use visual, Traiuing Equipment
operational msans, and test equipmeat to check Traluers: .
(5) 60-2759, Englue Assesbly, IHC 6 Cyl (2)

61-2800, Engine Assembly, Vallant 6 Cyl (2) .
Mechanic’s Common Handtools (1)

Special Tools (1)
Bench Itews: =

Alternator (1)

Regulator (1) : :
Diade Tester (10) ' ”
Tach-bwall Tester (2)

Volt-Amp Tester (2)
Balt Tenston Gauge (3)

anﬂw WSTRUCTION N0, 3ANR47330

DATE 2 Januery 1975
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PLAN OF INSTRUCTION (Continved
UNITS OF INSTRUCTION AND CRITERION OBJECTIVES ol SUPPORT MATE HIALS AND GLINIANCE

1 ’ 2 ] ) ,
Traintny Methods :
Discussion/Demonstration (6.5 hra)
Performance (7 hre) .
Outuide Assignment (5 nrs)

. Instruct fonal Eavironment /Design

Classroom (6.5 hre)
Laboratory (7 hre)
Instructivnal Cuidance
Discuss principles, operation, ssrvice, repatr, testing, and trouble-
shootiug AC charging systems and components. ‘Complete the training
vb jectives using the workbook, test equipasnt, and study references.

Related Training (identified in course chart). 4

6. Msasurement Test and Test Critique 1.5

PLAN OF INSTRUCY 10N NO. | JABRA71330 UATE 2 Jaauary 1975 BLUCK MO, 11t FAGENO. |9 ——“——f
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~ LESSON PLAN ( Pert |, Generel)

e <

1 COUREE NUMBER

"L?CK NUMBER

COURSE TITLE

Auto Electrical Units

3ABR47330 i General Purpose Vehiglg Repairman, Pars I
BLOCK TITLR

LESSON TITLE

Batter and Magneto Ignition Systems

LESSON DURATION

L s memnd awimn. L sa

’-L“*"“" /Laboratory 2229%FPY/Comp 1 ementary ToTAL
0&D 12 hrs/Perf 12 hrs 6 _hrs 22 hrs ;
{ POI REFERENCE ;
TPAGE NUMBER Mc: DATE . PARAGRARH . i
; | S 2 Lo O DAL 2 ;
srszcrs REFERENCE
TNUMBER OATE ;
STS473X0 3 Septemher 1974 i
: SUPERVISOR APPROVAL ;
_ SIGNATURE DATE SIGNATURE SATE
| PRECLASS PRePA:'uncn
i 4. AMENT L e weN ' RAPHIC A AN
,’ B LAoRaToRY # RO SURPLY CLASSIFIED MATERIAL | UNCLASSIF L0 MAT ERIAL
AT None None I, 3ABR47330-5G-372 -
{2. T-ainer: §0-2527 2. 3ABR47330-wB-302
13. Trainer: 60-2759 3. 3ABR47330-5G/WB-
*. Trainer: 60-2761 302%'
5. Trainer: 61-2800 4. 3ABR47330-PT-302% 1 |
8. Trainer: 92902 5. TO: 33D6-3-4-] ‘
7. Trainer: 60-2710. 6. Film: TFI-4676
8. Trainer: 59-2427 - 7. Film: TFI-4720
' CMR) CRITERION OBJECTIVES AND TEACHING STEPS (QVER)

Without references, fdentify basic facts and terms related to the principles of
components with 70% accuracy.
# |
. “b Provided with technical publications, bench items, ools, and equipment, and

following all safety precautions repair or service 1gm tion system components 1AW
- qtechnical publications.

" je.  Supplied with engine tra1ner, tools, equipment, and technical publications, prac- ﬂ

Iticing personnel and equipment shop safety, use visual, auditory, operational means.
and test equipment to check ignition systems IAW technical publications.

Teaching Steps are Listed in Part II.

T

ATC - [0 770 | 24

operation and the function and relationship of battery and magneto ignition system and

. LI OPOI 19T TTR- 394,23




-QUIPMENT LOCATED
IN LABORATORY

9.

10.
11.
12.
13.
14,
15.
16.
17.

Mechanic's Common Hand
tools

Special tools -

Ignition System Components
Tach-Dwell Tester

Timing Light

Volt-Amp Tester
Oscilloscope

Spark Plug Cleaner

Spring Tension Gauge

GRAPHIC AIDS AND -
uncLassIFIeD vat. @

8. Film: TviL47-14
9. Chart: Sec D -

Delco Remy
10. " CAFB74-121
11. © " CAFB64-416
12. “ "CAFB64-417
13. " CAFB64-418

14. Transparencies:
CT72-721 thru 726°
15. C772-728 thru 729
16. CT72-731 thru 732,
17. CT72-734 thru 75%



Attention and Lotivatisng e
ana nhyoica1ly alert and

sure
attentive by s*afiun

that

_;_.,g_____Hﬁ;___E. ; ‘,i_ﬁ A"
thp ,udﬁnts ares ~en hally
that the iznition

ystem is the most crltzcwl sytem of a gacoline engine, Stress
thn irrortance of the isnitien system, For performance and eccnonmy,
it must be properly adjusted %o operata at all zspeeds and throttle
settinor,
2., Zevisung ilve the 7ilz on automotive hatteries r”ﬂie and "rlthue.
corliact gtdants Lorawaplk Arsignments, crade ﬂv ‘review, Review
Dwndaantals and batéeariens aw applicanle *o ,ne irnition systen.

tre
LN ca

3. views  Zsxrlain todaya
.""'t. They will learn ahout the comry
tarin

rarair, replacecent and/or ad ju

BODY
FRESEUDATIO
L, Referrrcn Zara A, Zari )
A, uvnocs of Toition 3yctem
(1) CTeliver srark nf iciant
Lnten:i?y ta irnite the air/
Siel nixture in the combus-
tinn chamber at Lhe right
;:i.‘.’e [}
T. Zovrger of elnctrical energy
(1) Tattery (chemical)
(1) enerator (mechanical)
c., Clircuits in ignition system
(1) Primary (low voltage
{2) Secondary (high voltage)

d. Conrnonents of primary cireuit
(1)

Ignition switeh

(a)n

'anually cpens and
1oses the primary
cxrcuit

Q0
-t

leccon and what ig

exnecgt
onents, ¢

ted of each
netriction and

Drapratine princiviesz of the ignirien cystem and the insrec*ion,
stment of components, -

CT?=-7237 *he f.nition system
/ 2 = - .y
esister by-rascfiype)

CT72-729 I:nit
oreration,

ion gsysten

Fundamentalz of autorotive
electricity

Use charts to snow battery
ignition systenm, ,name com-
ponents of each circuit,

.

Delco Charts, section "D

)



(&)

Furpose i to protect
the'nrimarj coil wind-
inzs .and ignition
points from hizh current
(2) rallast resistor-heat
sensitive, bj passed
during cranking=G-
Ford, Chrysler

Hon ballast recistor-

net heat zensitive, not
by rassed during crani-
ing-Chrysler, pre 1556

—~~
)
~

—
(O
~—
pe. ¥

e: wire-use in
1 ballast re-

r
el

istor
ne of 1t
t

Iznition Coil

(2) Furrcae is %o create
nio voLﬁ?': throtiah
electroinrnatic llauctlon.
4 Required voltay
2 Available voltaze

(n) Construction

i Two 32tz of coil wind-
inrs (primary and se-
condary.)

2 larinated soft iron
core
2 Filled with oil to dis-
~sipate heat and keep
ont Moirfure
CondenZor *
(2)
{ q .
w4

iay or may not be by-passed'

lay ar nay not be by-passed

Heat increases resistance

Summarize here

NOTE: Use trainer coilsg
CT72-721 Icsnition coil
construction

Do not connec: coil back-
ward=s., Will lose up to ho%
of coill efficiency

CT72-722 Coil palarity
Show ch3rt ”A‘u 64-“18

NOZE: Use trainer condensors

-




CT72-724 Cbndensor ac&ion

(a) Furpoce —CT72-723 Conde:
bR S T e L Lt e o ; s tf,ucti on . .
_ 1l Reduces arcine of the
. peints .
= Aids in the collapse of .
“ magnetic field . Summarize here

Sur

1,

ARV

the ienition points

Connec%ed in raralelle with

{(7) Loeated in'distributer

(Y} echani~nlly makes and

rreaks the primary circuit

Y "ailde and sollang
netic fisld in icn

(') Crensd by lebes n distri-

hriter =naft

L Da-rees uf dwel
“ive the noints
“lnced,

C Lnaireas of Awal
cn zize «f reoi

dunbtear of ecan
correcponds to
of cylinder

-

Ui

END CF DAY SULI:ARY

Restate all obisetives covered in
today= leszon on construction and
operation of the nattery irnition

asvatem, P

. ' . . e

Erphaisize tha importance of the
inition system for ~6od vahicle
perfira:ance and operation,

@1
b
o
o)
D
o
(o 8
n
T3
a1
’-Jo
o |
s 4
[
e
[#7]
'-Jc
O
o |

[ Juke

1. Restate objectives of the

lesson (covered in this day)

2, Enphasize the areas of
major importance

3. Use oral questicns to
determine areas to be re-

taught,




) -

A

. Use the fcllowxnr que tlon _ L o s i@
taunht. ' | - Ask questions orally

= ~a. ¥nat is meant by cam angle?

- ~ b, What will be the res sult of oil
' or dirt on the face of the cone
tact points?

'@, fHow are tne points and condenvor
connectnd°

d, Explain now voltare 1a induced
lﬂto the secondary cir Jit.

e, How ard when.lg irnition point
' spring tensicn measured?

f. Yhat is the purnoze of the
ignition resistor?

&. How Jdo rou prarare test equipment
oefore using 1t?

P i T ein - LY K . ¥
h, Exnlain wna*t reyrirsd voltage .
: rmy 1A B . :
. , and availatle volia 2 are? :

AaSISNLEU?a CTT 0l Iara Za=lart 2 2 Hrs

(l) Road o
SAZRATS

+
- Adeatt

study onlde
Ze pracared to 1, Identify study materials
onz on the i1rniticn

(O3}

(2) XHXXE .20 2 clooln” statemen 2, Give reasons for student
i

on with assigcnment for to study assignment
e ' ' \

(3) Remind students to 3 t
of study and then s o it, 3. iention metiod of study

INTRCDUCTICHN TO NEW DAYS WORK '

-

”1. Arou~= students 1nte rest by makin" a vtirullng statement or asking
u N 2 phetorieal question pertaining to basie ignition, system components.
e . " Emphasize the: importance of understandinz the lwnltion ;ystem.

o 2, Review the main podntas of J° terdays lesson pertalnln* to the
T components of the battery, and the ignition system. Collect

(4) :
. " ' : . ’ ' 3 l V . \ 7 :




students CTT homework, grade and review, Reteach as needed,

~ T"he obJective for you today is to learn the components and

nperation of the secondary cirecuit. You will learn testing pro-
ceduras for the ignition system and alse the purpose, construction,

servieing, and testing of spark plugs. .
PRESENTATION)
l. Referance iara A, Part 2 )
A, Componants of secondary eircuit Use section "D" Deleo charts
. (1) cecondary ¢oil windings -
(<) Distributor eap
(1) Zonstracted of bakee CT72-7264 *Diatridbutor cap
lite or hard plastic arnd rotyr construction
(n) W-ork=s with ro-ar to® -
iiract hich voltaze to
nroper gpark plugs
(2) Zheex for cracks, carbon
traz2xe and corrosion of
terminals
() Rotor
(1) Recelves ~park from eoil
. ind distributes to each
gy linder )
(b) ~ChLeck for cracks, carbon
tracks ‘and corrosion.
(4) High tension wires
(a) Heavy insulation because ;
of high voltage
An) Steel filled wires
© /7 (c) OCarben of resistor wires | ‘ .
: 1 TVRS ured to reduce /
YAALAAAMNAXNNR - :
Vi
. (5)
)’
/,, . v




D o0 O . o .- e e -t

!

radio and television . o

o - - . - - e T ¥

2 Reduces spark plug L
. | o . electrode corrosion -Surmarize the secondary
; . circuit operation,

jﬂ b. Distributer advance units Show film TUI47=14
“ : Auto electrical ignition
(1) Centrifugal or mechanical ' systems
advance
(2) Advaness timing *o com- CT72-731D Distributer Assy.

prensate for erizine speed, Centrifugal type mechanism.

(v) ioves distributor cam in
’ the direction of dig-
triovutor shaft rotation.

. (2) vacuum advance CT72-732 Vacuum advance
‘ mechanism
(2) Advances timins %o come ‘
pensate for sneed of
conmoustion '

{b) “ove pouints onposite
. - diztritutor shaft rotation

(e) o=s

. (d) Arount of advance de= Conrected, ts ciro or intake
pends on: . manifold

1l Throttle position: .

2 Resultant vacuum

(e) Used for economy purposes Summarize advance mechanisms

"

/ "2, Refersnce fFara 2, Fart 2

_ a, Ignition resistor A Use volts amp tester

?,L" | (1)"Voltage dfbp FA | - k

| (2) Connections . o Lol
‘b, Ignition coil - f' ‘

o a (1) Coil necat

. (2) Secondary conltihui ty

o , (3) Capacity |
- | . (&) 3y

A\




Low and hich tens

i

(2) Rotor
(3) Foints
(+) Condensop

oitor shaft
(3 Advance mechaniges
[ Vooamd S, wm

{7} Frirary "lead

on wires

pae .

(1) vVieual incpection

() Zaceondary officiency

() irirary wirin insulation

Iels lart i, Fara 2

el hanen itors, such as

fiotpibulor:, 32lic, resistors,
'

Soontact nolnts, wirine and

T onnnctions, corton and special
sl tools, I,0,'s, student
woritook, rerfore taska re-
iated to the irnitian system,
Student~ will perfurn the

the weltten azsiznment in the
ctident workbook with help fron
tre instructor, and will
Atcomplish ftasks IAW manufac tyr-
arc ecpecifications and technical

. orders,

Student: will 4raw a2 schematic of
e inttery ionition systen using

- 7yThols. and anme each item,,and be
1ble to explain itg purpose without

QFPOI‘ . _
SCUUBARLUX AL IIX AR A WA A -

(7)

(O

G0TZ: Zore of the Arpli-
caticn is interpreorsed

throa. nout the pregentatior

e - ! ’ ? .
Use JATRULTIZIA1ELI02

N
7.0, 20Aa 3401

Hand tools

Sprecial todls

Sun U,D.T.

Spring tension gauge

-




N - Ty

References Fara C, Part 2

(&)

(&)

(Gi'-€, Ford and: Chrysler)

(2

(2) RaAnove rotor

Remove distributer cap

(3} ¥Flace roint rubbing dloeck on
nigh voint of cam lobe

(+) Lcosen hold-down screw

(5) Adjust gap - Use feeler gauge

Jighten hold-down screw

(7) Check with dwell meter

-

Adjust lgnitien points (GiP € eyl)

-

(1), Cpen window in distributor

(2) Inzsert 1/°° allnnvwrench

(20 Turn wrench %o adjust soints

() CQrserve settin: with dwell
Teter '

Zasic Isnitieon tirins
(1)
(2)

Reuiove nunrber 1 spark plug

of compression stroxke

(3)

Inztall distributor in
ourrrect position as per man-
ufacturer,

, Fosition rotor in prover
direction.

Tind dLirecticn of rotor
rotation .- .

(a)
(b)

(5)

Turn rotor by hand

Check manufacturers
specs,

Use encine trainers:
60-2527, 60-2759 ~ -
60-2761~ 61-2300

SG o2 -

- Battery and magneto

Ignition systems

Use tach dwell

Show how %o uze meter

peronstirata

v3ing tach
dwell and timing

lisht.,

rlace number 1 pilaten on T.D.C,

7alve overlap or "thumb
methed"




¥ of plucs

""’lﬂ’

L
e Wdalddd A3
n

ro s ts are ahou+t to open

’35"

Install distributer cap
Replace secondary wiring

(a) Flace number 1 where
rotor is pointing

(™) Insrall ras Aainins wires
1zcsrline Lo pator
rotation and engine
.L*Lﬂv order,

. .
croviden anoair fap to
Trente 3 orark

oy g ) [
NARr oa actradgs

Sround nlectrodae
Shell (porecelain)
Zazket aza2at

(neaA ranges)

(1)

“Static tiring

Use timing light

Demonstraue

aunwarlze rrocedures for ad-
Jus twng p01nts and tining
encine

e

(Spark pluc)

4

Show z2hart CARE fLl19y

CT72=-725 3park nluzs
(resistor tJPe)

fJ\

Show chart CAFR £t

T72-734 Spark pluc heat
range

ghow chart CAID fhalilg
extended electrodes




(1

Diztance from vaqker seat
to e ar thraads

(1)

P
»

AFFLICATI ..
lo be:

SULE AR

1. Restato
todars

Thread siz;

all chinetives
lcs‘or wnich

Diam %er ol tureﬂds mea=
,urﬂ lin millimeters,’

|

9 €% cormmons 10, 14, 18 and

(.
pive servicing

Visual inspection

Claan X

Sand blast (3 seconds cnly)
Square off electrodes

Adjnot rcap

=D CF DAYS SU.L.ARY

covered in

ard ornra 1Jn of the zecondary cire-

01)1 t

.E"tLJ'

rceedure for the basic

irniticn ";"‘bm and the purvose,

conutrnculun, =
of spark

2, Zinpnasize
sta din

ervicineg and testlnn

rpluss,

tiie ilmportance of under-

n: the irnition sysfem, The

(10)

are consisruction

Use spark plug clpaning
machine

Show [ilm ere

how film TFI-4675
Igniﬁlon sychten (spark plug)
Surmardize 3park plurs here.
T.C, 3305m3abal
Ty Sore of *the applica-
ticn is interrrerred tnrough-
out the nresentation

Lce %tach=dwnll

Use Tolts armp tect

Restate obiective of the
lesson (covered in this day)

-

Emphastze the areas of
ma jor importance

&
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n
U
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-
&

”in Ooori condltion.

“spar niugs

Use tha following questions (oral)

to determine areas to e retaught,

a. What is the purpose of %he

: condensor?

By Went s the rarpnce af the
rrinary "”Ll windin.-=?

. Wnnt i3 peint pan? g

d,  Llow ocneh vnita e dgas a anid
peadiice wnon tnier a3 1aad?

@, What g vimod to 0 aamure poind

‘rins tenrion? -

£, vt odo e ine e anpeck thae
dwall of the montant roints?

Y
:.‘.’:. l’.‘-l—

srarck rlgof

194 e
4 y

~

Ty~ - HE
y r.

I - bl . L~
", TS S Bl AR R ran~
- . e o N
e LTI Mhae opssst and Yaa
. N 23 - RE
o 1L nln- rr.celirac for
suary vl o,

.
FCEE . T

Gin.'.A -4

R"‘-[‘(!‘ 1 i

JATRTARN-T

“he end = rha cnapter and ;ive the page
And paracsraph whore tha answers were
founid, Read study material on

on electrenic irnition systems,

-
-’ . -

chiviant
'\"\ -
Yo

“tudy oeaide
newer quez'tions at

ke a elorcics stalerent to IRe

tin in

witn
next rdavs ln:aﬂv.

o

anzignment tor the

Fenticn-: Lha SR nathed of rhudya-
inF and to study at the nasa tine
eacn dny *n form hetter sfudy habits,

(11)

" 3{‘

Use oral questions to deter-
mine areas to te retaught,

Ask questions orally

r
2 Hrs
Identify study material
Give reasons for student to
- to sgudy assignment |
-

fention methoed of study



Al
JHRTECDUCIIG -TQ UBY DAY's W3k .
“the students attention by t2lling them thz irortance of
. vnderstanding the electronic ignition system, Assire that the

students are mantally and pnyesically alert, " otivate the students . =
: - toward guccessdnil corplation of today's lesscn ty appealins to - »
. his need to know,

20 Re'fie“l i
review ¢
review o

ters of major inportance in crevious day's lesson, Collect,
T homework agsirm-ents., RXReteach as nseded., 5ive a trief,
f the igniticn system as it pertains to todays lesson.

3. State todays onjachive by telling students how they are to learn
construction, overating printiples, testing and analyzing of tha
electronic igsnition systen, ~ ‘

PRESEXTATICN: Rafar

l. Refererce Fara A, rart 3

0]
D>

\C

"a, rurpose of electronic ignition g alco Charcs

(1) ane as conventional icni-
tion systen, Deliverz n
zrars of @uificeins intensit:
to 1gnite the air fuel mixture in
. the cormbustiorn chamter at the rizat
tire,

Fam
i
N
4]

Zlivinatec the ignition points

(a) Zlisinatez dwell variance
die to contact, point
wear,

(b) Elininates timing variance

(c¢) Insures more officeint
enfine operation and less
maintenance,

t. Electronic Ignition =system come
. . ponents vse vench ltems heres

‘ (1) Components which are the Distributor control unit
same as conventional igni- - wiring
tion components,

(a) Distributor.housing

S (b) Advance mechanism

o - )

_“Qm;;;“ :2}’




\ (¢) Rotor S “
; fﬁﬁ'iﬁiﬁ%f%ﬁUtor """"" cap = = : g
;:m”_ | " (e) Ignition coil {some) : : S
;" : (f) Spark plugs

L]

(2) Hew Components:

. (2) Dnal ballast resistor '
| (k) Pickeup unit

(¢) Reluctor

(4) Control unit

(e) Condenasr no lonrnr
raquired,

netion and oparqtlon
rironiec iosnition:

(a) Reluctor and pick-up Use *ranznarancies CT
physically, Replace
. ‘1znition phints and dist,
A,
) (1) Elcctromarsnetic din- .
in&uction. '
(2} Inluced triscer si:znal

L)
() Zlectronic. control unit

(1) Fick-up signal -
triggers control unit .

[ ER

(2) Control unit interupts
primary current flow.

(3) Control unit elee¢-
tronically determines
dwall (can not be

changed)
AFFLICATICH ]
1., Fara B, rFart 3 ' | Use W33022 here R
Electronic ignition
(13)

A‘;»’l

— e o+ s R T




'sing engine trainers (slant 4)
multimeter, common ‘hand tools,

NQTEt Some application

.O'sﬂgnq cemmgrfial_manuals

inters persed throughaut
'.'hi:s -

m— ,,_ _a_ﬂ:ﬁ_ Ak
) .brate and set ur °n~in°s rer
| ‘instructions on ?AaRQ?BBO-dS-3026

. - END-OF DAY sur:mm

1. Restats 311 wbijectives covered in
todays lesson whlcn are corﬂtruc.xon,
operating crincivles testing and
analyzing nleci*rcm.c 1*n1+10n systems,

2, CLrphasize the importance of under-
standing the diffearence beiwean
e;ﬂctrcnlc ignition and coqventlonal

ignition systens,

the following qxectlane 2S an orﬂl

Usn
quiz to establish areas %o be reviewed.
or retauunt,
a. 4inat are the =ix (4) iters that are
common to both ignition systems3
0. What are the five raw'iiems thas
~are peealiar (o Site alentronie ieni=-
. tion syctem only?
¢c. Lis%t the zienificans adbvanta es
of the electronic i:zniticn systam,

d., Wnat iz a reluctor?

e, Wnhy do we uze a non-metallic feeler.

gaugze for adjustment?

Itioscones, test, call-””““”“

INTRCDUCTICH TC NEW DAY'S WCRK

L. Gain the students attention by telling
oscilloscore ¢nan be, if uzed properly.

them now useful ang
chortaln that they are
mentally qnd vny s lcally alert and attantive, [otivake the students

toward successful completion of %todays lesson Uj appealins to nis
need tc xnow how to correctly use and 1nfernret the wave forms of

an oscilloscope,

_ 2, Roview items of major importance in prev1oua days lesson,
B » Xaxtax review CTT homework as ignments,

@ . | (14)

1

[t

L
g A

~Collect
Retaach as needed,



3o

- —%odaye tosson. -

Give a—brinf review of\tha_¥-

State todays objective by telling students how they are to learn
the testine and analyzing of the xvnition system usingtan oscillo-
score., Algo covered in todays lesson is the constructlon and
operatlon of the .agneto Ignition System.

PRESENTATICN Referencea rara C, Part 1
1. '

2

i t) e

& in 1 digcussion on the-
qti 1, and techniques for

.3 Au.nrj igznicion system
Oscillnscope Students will
te Aangwer queqtlonq with at

“ acecuracy

ot Hor
"
-

"-‘
\.I"D)n
"“f"’—o

ey ;13

o Oy e b
3

HO‘C (‘fO‘.’”
- DD WM DV R

-~
—\} \D

O

]
) I

W]

D

Furpos
(1) Dizsplays a vraonlike pieg- - Use Sun 3cope
txrn of the veltage in an
iznition systam eompared
5 time
(7} vertical line is boltage
(v) Horizontal line is t}me

{20 Umaful in a2nuljrins ignition
syctem oalfunstions

1)

b, 3tcre rasterns (waveform) CT72~72% Zazic Fattern 3Sac-
tion
(1) iriusary waveforn CT72=751 rFrimary Waveform
Intnrbwe,auhor
(1) Firing section Have ztudents develnp a
typlc1l waveform as pattern
1l Period that the’ is discuscsed .
ctual firing of the -
spark plu. takes place Displays primary circuit.
- CT72 741 Test Indications

P

*

2 Diriniching oscilla- 745 & PUE Test Indications
. tions represent the re-
paated charging and CI72-748 Test Indication

discharging of the cone
dnnsez while the plp
is firing

(t) 'Intermeilate section
4 Graduzally 21m1n15h1n~

0601113*10 s that re-
prpaent the energy ré-

* maining in the coil CT72-740 Test Indication
(15)
4.,
b a4

< ’ : -
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after the Fpark is CT72-747 Test Indications

”thznguzsﬁed . GT72-7#9 Test Indicatiaﬂs ‘

e e e e aiwa
g et S e e T e DI

o (c) Dwell section , i
- - * ’ -
| : 1l 2Regins when points .
close _ .
) i 2 Shows 4ime noints D ol
remain closed :
, 2 Shews tice current
. flowes in primary : '
- circuis . . Summarize here
(2) 3econdary waveform = _ Have students develop a typica
waveform as the pattern is
. _ ‘ discuszsed _
(2) Piring section CT72-743 Test Indication
1 EZZFR#474% Firing line  CT72-7L4 Test Irdications
a 7ertical line indi-
cntaz voltz e re-
. quirad to fire soark
L
2 Zpark line Use Iun Scope and f4=3135%
' A'JtO AoCt 'lf’.' Dc:v SJS‘CEIYIS
a Horizoental lire
indicates time plug ‘.
‘ firing 172~-742 Test Indications
(b) Intermediate section
| 1l Diminishing oscillations
A  Renresent eneryy
remaining in colil
’ t Result of coil - .
- and condenser acw ' -
tion
(c) Dwell section : | | A
; ‘ ' el .

i Ferlod of time points ,
are cl osed Summarize nere

(16)




. Calipbraiion
P A 3 ‘i
SELI. :L._u_ e L BT 22 Ay
source
{2) Turn power

[

-

e

(a) 7Filot 1i

-----

Adinsc rare }n
to Hllr"nl w >

urn Lolarity
recpond Lo, en
Aatnte vortine
“nobh until Ado
mery line
,'3_'!:'1"'- J,-.u-

o )‘fll"& ol

-‘l "l’j(“.’ )ll‘-’

Leecondnry

'(a)'~nnd'pat‘

lraad to

~witen

avafar:

rrocedure o

" O‘\: "

to

7ht shoudd be on

reset button if not

contrul
and expand Fnohﬂ
h d“tn =

cwitch to cor-
rine polarity

a2l pesition
E ~oves across
ln‘ risznts 3

et ntil Aot
vevrtical line

Lo oo ine
ra3ttern

2rn riskeun
cnil high ten-

=ion lnad

Plack rattern pick-

leail o eround

llp

Tl

oot

nick«up lead to

+1 cpark plug wire

36t rolarity swite
obndcite vanicles
Lery ] '

h .
hat=

Start encine, and adwust

il1le syeed

(17)

Use

(A)

Tun‘gcope and C172-

138;_

aun Scope Gonnacticnsk

For primary waveforr
tc distributor side

~plekun
of ccil

~

cennect

.jil‘ : '
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condensers,

Adjust flrlng lire height

2o line 1-by po ] :

oatfern he{7ht control knob
(g) 'Adaust xixxexr trigger

stability knob if waveform is

unstable
(2) 3Superimposed waveform
(a) Conneot rXxxEx trizzer
plck-vp lead to center of
coil high tension wire
(b) Leave everything else as
above .
Reference: rara A, iart 1

The studentwy will ra rticipate in a
discussion on the tanmic oneration
and construction, procedures and
technigues for servicinz and tesgt-
ing the ~arneto ignition systenm by
vging tenehr itar vammetos, coils,
ﬁpzrk nlu-es, common and
special iand tools, tash equin-

ment, :ractice saf~ty 1t all times
arnd will e atla <. nnzwer aquestions,
writtan or oral, wi*n at least

7070 ace Jrac,

A, r~urpose of magneto

(1) To create electridty

an? to tulld voltare of
foflCLEﬂf ’ntﬂnSLt; to iznite
the~ alr/funl mizture in the
comrustions chamver at the
right time,
t. Components )
(1)
(2)
(3)
(&)

(%)

frinary coil
Socondaby coil
\Cbntact points
Condensar ¢

Distributor cap

-

'(18)

Summarize here.

Use Trainer:

xagheto prin-
ciple 59/2427 S

se Envine Trainers 02902
uualne Zriyzs 2 Stratton for
demonstraticn

FT 3023 "azneto Construction
QOperation, Inspection and

"aintenance

59=-2427 agneto Trainer

T aw e moiemi. o mwam
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Tanun e,

tonlr, T,0,'c and esomercial
Students will calibrata
and connect n nscilloscone to a
]i'./,: A elAA y r

outli~ei b
rafety fac

1 :
P Z3/W5 32ZA, uring all
t, 3 "
Aanes romr th

with minisoe
inasructor,n

I~
b
"~
0]
(]
-
]
H
ot
o

i
r

“toolrs

ers ‘=7
IHC
£C=2710=Ford

x ) _‘Tﬁ
* MURIREL ]
() Around ont srirary to
: ~top
(; S"?"‘!"‘n"i'-'}l’j ciraais Surrarize hare
»
1, Alvan®trsas 5f svninatbg
(L) Vaprs dependa-le
) r
(2} Tred in lirited space :
2., Ulmdvantages
Y v . ‘o .. .
(L) Wea1% srars at erankin-
~readas
(2) ol ko mtars Irpdlce cuupler .
:‘. C‘) N 'il‘.l A
(1) Zoatact I ) Show Ui TP leL720L
rrin o oreration of-auty '
(7 "aalts 2 iasmer manet
AcrTIZATT
ara 7, iars L Warv=soik I
Yol e G tars o n- enrine rpainers, Uce Sun Zcore gn: ine Train-
neeiliarespes, currnn and srecial 730, 60=2771, (0-2800,

T oy

i\

Y¥liant .

NOTE Some of tha anolisgtic
is intercpersed throughout

th? presentation

Us2 hand tools and rpecial

Timing Lizhts
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e bench 1tems, such ast [ wnatos,

[

LQUQ
and test equxoment students will dils
agssenble mainetoss and insvect and -zt~
ad just components.
workboox 3AZR47330-302, using all
safety fdctors with little guidance
from the inztructor.

EVALVATIC!:

HYT"'

=15

1,

2.

ASSIGHENT AND CLC

‘1.,

What iz the purpoza

P\ e -'- .1 t? 'l.{'

Yow 135 voltace displayed?
vat are the three zsctlonz of the
prirary, waveiorm nathtern?

what loeg the zpark line of the second-
iry rattarn zhow?
Tevlain what %he dwell saskicn shows?T

TR DT BEE T e SR ol c IR FEST. TH s

Annh oira agte advantasas o a narneso?
What ara the‘di?advénta;as of a magnet
Jezerite the operation of the magneto.

CONCLUSIC
ART ALD REVCTIVATIC

'Q*n roints o
acneto i1.onition zysten,

all

o
and o0 tre

Remotivate
0

when usi: an

J2

EOI rara 2C

Q)

UREy CTT

Revipw Studenty Stu

Curplete student

“gluws+fnnmmgn_aﬂd_sﬁgnial_hand_ _________ _Use_
5 and “eovrereial manuals

dy Gulde ’A RU7330=3

|m

Workbhook 3023 _ T,

Enzine Brfggé'i"Stbaffégwwm

Conniercial :
Qanuals

T.0. 33D0=3=4-1

todays lesson on using tre oscllilioscope

tne shtudents on ¥nowing the proper procediures to use
oseillouscope and when repairing a magneto.

£ Hrs

22 and 3AZR47330- 3045.

omplete prosrammed Lnsuructlonal package on magnetos,

.
.
. .
.
ddakii g



irepare for a quiz tomorrow on battery and magneto ignition systems ' °
—- - and the oscilloscope., Read SG-303, Cranking iiotors and Delgo booke
— dei; the cranking cire S T e e

g

L. 3. WRAF=Ur1 This concludes the subject but the information learned
== : here will be applied an the student continues in the course,

] Review of this Study Gulde and information is recommended through=
out the course. :
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LESSON PLAN { Pert |, Generel)

LESSON TITLE

Cranking Motors and Starting System
- , LESSON DURATION

CLAssRooM /Laboratory REXIOHON/ Comp 1 ementary TOTAL
— rail. s

D&D 3.5 hrs/Perf 2.5 hrs 8 hre
PO! IIFERENSE

~FAGE NUMBER PAGE DATE PARAGRAPN
/( CEEIA 3 -
: _STS/CU REFERENCE ___
T NUMBER DATE - .
2154730 3 SeptSmber 1974
: SUPERVISOR APPROVAL .
SIGNATUARE OatTe SIGNATURE WATE

PRECLASS PREPARATION

lprecautions, use visual, auditory, operational means, and test equipment to check

EQ%p:E:;nLAorcoAnva r:::':::::v CLASSIPIED MATERIAL mcc.ﬂk‘s:rrl?ea'ai;::a AL
1. Trainer: 60-2710 None . None 1. 3ABR47330-5G-303
3 Trainer: G0-o761 . 70 33083t
. Trainer: 60- . 206~3-4-1
g. ;ra;ner: 6162800 J - |, Chart: Section "C"|-
5. Mechanic's Common Delco Rem
!' Hand Tools . trans: CT72-780 d
6. Special Tools | . Trans: CT72-793
7. Starter Assemblies /. Trans: CT72-794

a. Without references fdentify basic facts and terms related to the principles of
operation, function, and relationship of starting system components with 70% accuracy.

b. Supplied with TO, bench items, tools, and equipment, and practicing all safety pre-
cautions, repair or service systme components IAW technical publications.

c. Provided with engine trainer, tools, equipment, and TO, and practicing all safety
starting systems IAW TO.

Teaching Stops are Listed in Part II:

(QVER) CRITERION OBJECTIVES AND TEACHING STEPS - (OVER) |

70 ) - P " 6RO/ 1972 779-308/43
' x

[ amprovaL o?ﬁcqvo'fnt " | INSTRYCTOR e E
COURSE NUMBER . . COURSE TITLE M hbon &
47233, Genaral Purpose Yehicls AupiNemmn. part |
MLOCK NYMSER ' SLOCK TITLE -
11 Auto Clectrical Units
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EQUIPMENT LOCATED
IN_LABORATORY

8. Armature Testers.

9. Battery-Starter
Taster

90

GRAPHIC AIDS AND
UNCLASSIFIED MAT.

g. Trgns CI 75-797

. 796
10. ¢ "oon795
11. " 0w oo» 798
12. " How» 784
13. L
14. " on 786
15. R 2:Y

-

.



Attention and Motivations Gain the students' attention by asking ‘

- them what it would be like to hand crank an engine to start it, such

as was done in the days of the “Model "T* Ford“, )otivate the

students by asking them why we need a cranking motor? Explain the
importance of the starting system,

2, Reviews Give the quiz on ignition systems, grade and critique.
Review fundamentals of electricity as applicable to today's lesson. .
Atk questions to be sure the students understand these basic principles
3, Overviews and TIE~INs In today's lesson, we are going to learn
the operating principles, construction, repairing and testing of
cranking motors and starting systems.
BODY i fdrs l-i xin
FRESENTATION
l, Reference rara a, Part 1
: Studants will participate in 2 Use Student Study Gulde SG303
discussion and determine the puxpmsaxs?® :
purpose of the starter system.
a. surpose of the cranking motor CT72-73C
: The Starting Circuit
(1) ~Provide power for crank-
ing internal combustion
engines
(2) Converts electrical
energy into mechanical
energy
b, Caution .
(1) Starter undersize for Will be damaged i cranked to
capacity long
(a) Naximum safe oper=~
ating time is 30
seconds
(b) wWait 2 minutes be-
fore restarting
2, Referciace Para a, Fart 1l Use BEhcb_Itemsn Crankiag ~otors
| Students will participate in a & Armatures ;
discussion on the operating Battery~-Starter Tester
principles of the DC cranking |
motor, N o

N

”~ .




';;;{‘}ma;ﬁh-m_ 2§ = o =
. cranking motor
(1) Current carrying con- “Arma ture =
ductor . Fileld windings & pole “ieces
- (2) Magnetic field
(3) Result (motion)
(4) Direction of (motion)
rotation
{5) Commutator
(a) Switches polarity
of conductors _
| Summarize here,
3. Reference Para b, Part 1. Use-Bench'Itemsn
Farticipate in a discussion on Starters
cranking motors - Armature Testers
i, ocmponents of cranking motor CT72=793 Starting .Jotor Lis-
assembled, Have studerts dige
\1) Armature (current assemble bench item starting .
- carrying conductor) motor
Use Delco Remy charts
(2) Field coil and pole Section “C~
pietes
(3) Housing or case Alds magnetic circuit
(4) Commutator and end frame
(5) Drive end housing and
drive unit
(6) Brushes |
(?) Thru bolts : Replace when half worn away
4, Reference Para f, Part 1 Use Bench Items:
| Starters
a, Cranking motor ecircuits Armature Tester
(1) Two coil four pole Battery Starter
‘ ‘ Tester
(2) Four coil four pole »
fuons o A °
(3) sStaight series winding ' |
| ST

(2)

-




5.

-

(a) Purpose of shunt is
to control overmma
speeding of armature

Reference Para f, Part 1

a. Identify electrical mal-

functions which can ocecur in
starting motors
gl) Open circuit
(?) Short ciréuit
(3) Unwanted groﬁnd'
(4) Excessive resistance
b, Testing electrical.components
(1) Armature
(a) Opens
(b) Shorts
(e¢) Unwanted grounds
(2) Field windings
(a) 'bpens
(b) Unwanted grounds

Reference Para f, Part 1

Students will participate in a

discussion and demonstration of the

purpose and different types of
starter drives,

| a, FPurpose of starter drives

{1) Transmits the cranking
torque to the engine fly-
wheel

* (2) Disconnects the cranking
motor from the engine fly-
wheel when mngine starts,

- (3) "5

Summarize here

When soldering electrical
connections, use Rosin Care
Solder

Use armature tester (growler)




| or72-794 smtmg anoto: Drive

- be Types of starter drives

(1) Overrunning clutch

(a)
- by a solenoid

(b) Positive action
cluteh -

Bendix drive
(a)

(b) Drive spring acts as
a shock absorber

(2)
| Inertia operated

Reference Fara f, Part 1
The students will part1c1pate in a
discussion on the operatlng

- principles of cranking motor

solenoid circuits.,

a., Cranking motor principles of
circults
-
(1) Fcot operated control

Pedal shift or mamual
control

(3) Solenoid shift unit

(a) Two sets of wind- -

ings
1l Pullein
2 Hold-in

Connected in
parallel

(b)

(c) Need a shifting
lever

Used with over-
running cluteh

(d)

(&).

- —m— - . L - % H “‘""_“ S

Operated manually or

Show studonts one of each type
of starter drive

Must havo a shift lever
Most common

"Automatic"

Weak: part of unit

Summarize here

.

CT72-797 Relay and gear shifting
Solenoid Switch Circult.

3ench Items
Starter Assembly

CT72-795 Solenoids

Large dia, windings

Small dia, windings

CT72-798 Cranking lMotor (En-
closed Shift Lever Type)

o °

c,']




(%) &agnotic suiteh 72-?95 ﬁlsn'ti°'3*it°n\‘j_iM4;;;§
U (a) vakes use of shorter TLess Re '

Battery cables
(b) Used with Bendix.
Drive

Reference Tara f, Part 1
Students will participate in a
discussion and demonstration on
procedures for proper periodic
cranking motor maintenance,

et

Cranking motor maintenance

(1) Every 5,000 miles check

all cables and connec*ions,.

should be tight and clean
(2) To prevent overheating, do
not operate motor longer
than 30 seconds
(3) Check for thrown solder
Reference Fara ¢, part 1
Students will participate in a
discussion and demonstration on
the established procedures,
using test equipment to test
cranking motors. Students wial
have a basic understanding of
these tests,

-~

lesting cranking motors

(1)

(2)
APPLICATION
. l ¢

Registance Tests

Amperage draw test

Reference Para ¢, Fart 1

L

(57

sistance used in Forda

4

Use ‘Bench Items: \
Starter Assy,. ‘ :

Use Sench Itemss
Starter_Assy.

Armature Tester. B
Battery-Starter lester

Use workbook 3ABR47330-~WE-303

Summarize here

Engine Trainers:

60~2759 IHC 6 Cyl,

60=2761 GiC 6 Cyl,

and 61«2800 Valiant 6 Cyl,

C172-784 Starter iotor
Amperage Draw Test

CT?72-735 Free Running Amperage
Draw Test

CT72-786 Starter Insulated Cir-
cuit test

CT72-787 Starter Ground Circuit
Test

Use battery-starter tester

(Sun Y=-20)

60-2710 Ford £,

Use kxttaxy Bench Items:.

Starter Assemblies
Armatures

r

NOTE:s Some of the application
is interspersed throughout the
the presentation,
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R 7 L2 7 “f“4¥4%F
60-2759 IHC 6 Cyl .
60-2761 GiC 6 Cyl .

61-2800 Valiant 6 Cyl | "

: . Hand Tools and Special Tools -
. ‘ Battery-Starter Tester

2, Reference Para C, Part 1 Uses T.0., 33D6=3-4=1
Using required test equipment and Commercial ianuals
engine trainers, student will .~ Workbook 303

perform a check of the vehicle Use mechanics common hand tools
starting system, This will be done : :

under the supervision of the in=- "

Sstructor,. . | < -

EVALUATION s

1, ‘What is the purpose of the start- ': .o
ing motor? , -

2, The cranking motor must never be
used for more than how many seconds

ast any time? 4
3. What tests are performed on the arma- .
ture using the growler? : .

. .
4, wWhat is the main difference bétween

the bendix and overrunhning clutech : ,
type starter drives? _ a~

5. The two windings of a solenoid are
connected to operate in?

6. Explain the purpose of the pull-in
and hold-in windings in a solenoid?

CONCLUSION 20 Lin
SULMARY AND REMOTIVATION:
1, Reviéw'the main points of today's lesson on the construction and
.operation of starting motors, starter drive units, solenoids and
magnetic switches “and testing the electrical components,

2. Remotivate the students about knowing how to service the cranking
motor and the starting system.

T
\).’) ' .

(6) |
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__ ASSIGNJENT AND CLOSURE4

- =1

~Read Student’ Study Guide 3AER47330-303. Answer questions on this
.assignment and give the page and paragraph where the answer was

found. Read Delco booklet - Regulation and the charging circuit, o

Study methods: Using SQ3R method'study and answer questions at

the end of the chapter,

WRAF-UPs " This concludes the subject, but the information learned
here will be applied as the student continues in the course, Review

of this material and information is recommended throughout the
course,

(7)
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SLOCK NUNMSER

| seoex TiTLE - -
111 |Aito Flectrica utes
LESSON TITLE .
0.C. Charging System IR . -4
.- - " LESSON DURATION
- [ CtAiiRcow/Taboratory m?foap‘mntaw ToTAL
D&D 3.0 hrs/Perf Q hrs - None | 3 hrs
POI REF ERENCE X
™S AGE NUMBER PAGE DATE ' ‘ PARAGRAP M
/2 Z_@#ﬂ.ﬁ - 4
. ) - STYCTE REFERENCE ! "

NUMBER : T oAvTE o

STS473%0 f 3 September 197

. SUPERVISOR APPROVAL

SIGNATURE DATE SIGNATURE DATE
]
! |
Lv PRECLASS PREPARATION
ST
i1. Trainer: 60-2710 | None None 1. 3ABR47330-5G-304
2. " " 2759 2. 3ABR47330-wB-304
3. " " 2761 3. T0: 33D6-3-4-1
4. Mechanic's Common 4. F11m: TF1-51748
Hand Tools 5. " " §308
5. Special Tools 6. Chart:CAFB74-123
6. A&B Circuft Genera< 7. " "o" 124
tors (OVER) | 8. o122
CRITERION OBJECTIVES AND TEACHING STEPS I_GVFB ’ ‘

a. Without references,identify basic facts and terms related to the

principleé of

operation, function and relationship of DC charging system components

b. gSupplied'with bench {tems, tools, equipment, and TO, and using al
tions, check DC charging system components [AW TO.

'Tcach1ng Staps are Listed in Part II.

with 70% accuracy

1 safety precau-

-t
. * . @
L_ m
ATC '0-:1 770 400 19TEITR-I00 23 -
AVG



EQUIPMENT LOCATED
IN LABORATORY

7. Regulator

8. Volt-Amp Tester

- 9. Tach-Owell Tester
10. Armature Tester
11% Belt Tension Gauge

GRAPHIC AINS AND

~ UNCLASSIFIED MAT.

9. Chart: CAFB 68-80

i

10. * " 68-81
1. " “Delco Remy,
. Sec £
12. " "Delco Remy,
Sec F :
13. Trans: .CT 72-754
thru 758.
14, Trans: CT 72-760
- thru 764
15. Trans: CT 72-766
thru 770



~ INTRGDUCTION .  QHre 20 Min

~Attention and Notivation: Ascertain that the students are both

|
%ﬁﬁmhhn

physically and mentally alert, Ask students how long a battery would
last if* it wag not for the vehicle's charging system, Stress the
importance of the charging system, Have the students relate some

of their personal experiences they may have had on charging systems

. work.

Reviews Give students -the quiz on starting motors, gride and critique,

.Collect the gritten homework assignments, grade and review. Also

review the principles of electromagnetic induction as they apply to

today's lesson, o "

Overviews Today we are going to discuss the operation of tie
generator and generator regulatop, the proper procedures for adjust~
ment, revair and/or replacement of components, and the use of tools
and squipment and safety proecéedures to be used when working on the
J.C. chargine cystem, ' 2 - .

3aDY 2 Ars 30 liin
RESENTATIONS
1, Rgferehce Para a, rvart 1 | &
Students will participate in a Chargg;

discussion of the units c¢f the D,C. Use Section "E" of Delco Remy
charging system and the "A" and .

"3" circuit generators and re-

Zulators | ///

a, Furpose of generatof

(1) To convert mechanical CT72-754
action into electrical - Generator Function
energy

(2) To recharge the battery
-~ and to supply current to
the automotive electrical
yd systems ‘

L. How generator develops voltage Demonstrate using a magnetic
: . ” - field, closed conductor, and
(1) Closed conductor motion
(armature) :

(2) agnetic field Electromagnetic Induction

(3) Relative motion



-

‘The simple generator

d.

{1) Meld siveute
(2) Charging or load circuit

Congstruction of the D.C.
generator ;
(1) Armature
(2) Commutator and brushes

(a) Mechanical recti-
fier

(b) Changes A.C. to D.C.

(3) rield windings and pole
pieces

(a) Froduce magnetlc
field

(b) Residual magnetism

(4) Iron frame housing

Two brush generator (shunt type)

Havehstudents diéasaemble bench
item generators

CT72-756 High Speed Generator

Replace brusnes when half worn
away

CT72-757 Air Cooling of Generators

Summarize'the construction of ¢t

- generator, Compare to the star

ing motor

Use chalkboard

(1) "A" circmit (standard duty)CT72-763 Generator Circuits

(a) Snunted in the gen-
erator

(b) Grounded at the re=
gulator (externally)

(¢c) iiost commonly used
(2) "B* ecircuit (heavy duty)

(a) Shunted in the re-
gulator:

(b) Grounded in the gen-

erator (intornally)

(2)

Ford uses "B"” circuit

CT72 763 Generator Circuit "B

Circuit S

Show film TF 1-51743
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2, Reference Fara A, Fart 1 Principles of operation of the =

e T i i s i -- W .

" Students will participate in a

discussion on the D.C. charging - -
systems (generator)

a., 3asic electrical malfunctions

{1) Shorts (increase current

Tlow)
(2) Opens (no current flow)
(3) High resistance (decreased

current flow)
(4) TUnwanted grounds

b, Testlng generator comoonents Give students demonstration with
use of ftowler (armature tester)

(1) Armzture ” CT72-764 Tester Connections
CT72-765 Tester Connections
(a) Opens
() 3horts _ - CT72=7535 Testing Generator
. (¢) Unwanted grounds
(2) Field zoils . Give students demonstration
' with use of battery ard an
(a) High resistance ammeter
CT72=-761 ,
(b) Unwanted grounds Charging System Resistance Tests

(¢) Open circuits

(d) Short circuits
(field current draw)

. .

(3) 3rushes and brush hol}ders

(a) All dutput passes
through insulated brush

(b). Replace when 4 worn

away
(c¢) Opens and unwanted *
grounds ' Use test light
. . (4) otoring the generator Summarize bench testing
: | (3)
Q o

Q .




Rererapce Para A, Part 1

W;mrstnﬁiﬁfn“ﬁffiiﬁifitéisifi.1“ 2

discussion on the purpose for

ploarizing and testing generator o -
outpu@.

CT72=770 Ganrntor Polari ty
CAUTION: Generator of the

Polarization of the Generator wrong polarity will burn ecut-
(1) "A" circuit

(2)

out relay points

(a) Disconneet field CT72-768 Generator Polari ty
wire at regulator and
2onnect to ground -

(b) Jumper wire from A to .
B terminal at regu- -
lator CT72-769 Generator Folarity

"B" Circuit

(a) Disconnect field wire-Done for testing purposes only
at regulator and jump : .
to battery terminal
. of regulator

Testing generator output by-
passing regulator

(1)

By-passing cutout relay

. ("A" and "B" circuits)

(2)

(a) Jumper wire between
battery and armature
terminals '

{b) Engine must be rune
ning above idlg

By-passing voltage and
current regulators

(a) "A" cireuit
1l Remove field wire
at regulator and
ground it
(b) “B" eircuit

1 Jumper wire from
armature to field |
terminal Summarize here

(&) £
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e b, Refe}ence_Para Ay Part 1  Chartes

'nstéaoais;wii%a Tt pbe-in- «L~-u*nia-306-*?* ﬂ%guhtuMHr
discussion on how to locate and

identify units of the generator Pass uround bench item regulatora
gegulator to all students

1. Purpose of generator re- -
gulator

(1) Prevents excessive cur-
rent and voltage

(2) Protects the battery and
. accegsories

(3) Protects the generator

b, Operating principles of the "A"
and "B" circuit generator re-

‘gulator
(1) Three circuits of generator CT72-758 Circuit Breaker
regulator - Action
: CT72=760 Current Regulator Action
CT72«766 Charging circuit with
. ‘ double constant voltage reg,

{a) Charging

(t) Field

(¢) Operating ﬂ
(2) Cutout relay Show Charts C{FB

(a) PFull to close elec- " " "

tromagnetic switech
which opens and closes
the cirecuit between
the battery and gen-
erator thus preventing
the battery from dise-
charging through the
generator

(b) Closed by generator If stuck closed battery will
voltage diszgarge during low or stopped
speeds . |




\

(c) 70p:ned by reverse

5.

(3)

(&)

“spring;t;naionlf"';:\
Current regulator

(a) A pull to open
electromagnetic
switch which pro-
tects the generator
from excessive out-
put

(b) All generator output

rasse3 thruthe current
regulator windings

Voltage regulator

(a) A pull to open elec=-
tromagnetic switch
whiich prevents over=-
charging of the bat-
tery and protects the
accessories from high

~ voltage

Limitation of vibrating points

(1)

(2)

Points will arc when epen-
ing

Six volt system has 2-amp
flow in the field circuit,
twelve volt system has 1.5
amp flow in field circuit

Regulator of wrong polarity

Show Charts CAF3
Current Regulator

» CELF vibrating type 50 to 200
times per second

¢

Summarize purpose and operation
of the regulator

Show Chart CAFS

Voltage Regulator

will burn current and voltage

regulator points -

Reference Para A, Part 1

. Students will participate in a
discussion of generator regula-

tors

Show film IF 1-5385

rrinciples of Operation of the
Generator Regulator




a. Visual inspection :

(1) Point alignment and
© oxidation

(2) Opens and grounded cir=-
culta .

(3) Frayed or loose con-
. nections

(4) Corrosion on terminals

. Electrical adjustments of
-regulators

(1) Dbng on vehicle

(2) To inc
+ increase

to decrease
crease spring sion

"(3) Final reading"mﬁdexistg
cover in place

se output,

AJPLICATICN:

-

Lo

Reference Para Z, rFart 1

Students will disassemble, in-
spect, test, service and repair
components of new or recondi-
tioned bench items (generators
and regulators) IAW work pro=-
cedures outlined in student
workbook 3ABRA47330-304, Using
commcn hand tools and necesgsary
test equipment: this work will
bw done under close supervision
of the instructor in the classroom,
Students will gain a basic uner=-
standing of these procedures, and
complete projects in workbook,

‘Referonco Fara B, Part 1

Students will reassembde dbench
item generator under the supere
bision of the instructor, stress-
ing safety at all times,. The
students will perform a generator
motoring test,

. () &

Use volts Amp tester (CB=12)

CT72-767 Standard Regulator

NOTE1 Some of the application
is interspersed throughout the
presentation.

Engine Trainers

60-2710 Ford 6 Cyl

60-2759 IHC 6 Cyl

60=-2761 GMC 6 Cyl

P

4

')
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. erator? Ask questions orally,

How is an “"A" circuit generator
polarized? _

3. How is the voltage and current

4.

5.

regulators by-passed on and "“A"
and "B" circuit system?

“Hiow-is a "B" eircult generator
polarized? :

When should generator brushes be
replaced?

What is used to clean a commutator?
Why do we motorize a generator?

What is the pnrpose of the gen-
wxx erator output test?

#hat tests are performed on the
growler?

10, What operates the three units in

11,

the generator regulator?
What is the purpose éf thes
Cutout relay?

Voltage regulator?

Current regulator?

12, How do you change the oqtput set-

13.

ting on the regulator?

~ How 18 initial generator output
started? '

| ”11&.' '.'?hQ.t“is._th’é -pur;poae of the D,C,
charging system?

CONCLUSION 10 ¥in



| — 1.7 ilghlight the maln points on the purpose, construction and
. - operation of the D,C, generator and the ganerator regulator.

2. Impress upon the students the importance of properly checking out
the D,C. generator and charging system and the consequences for
failing to do so, ‘ | "

ASSIGNMENT AND CLOSURE:

1. Read Student Study Cuide 3ABR47330-304, Write out the answers to
the questions at the end of the chapter and give the vage and
paragraph where the answer was found, Read Delco Booklet titled -
Jelcotron, .

2, Study Methods: Using SQ3R Method study and answer questions at ﬁhe
end ¢f the chapter, ‘ _

2 Se prepared for a daily quiz on the D.C. charging system tomorrow
morning.

+. WBAP=UFs This concludes the subject, but information learned here
will ve applied as the student continues in the course, Review of
this material an¢ information is recommended throughout the course,
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1FA'C' Charging System -
LESSON DURATICN
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D&D 6.5 hrs/Perf 7 hrs 4 hrs 17.5 hrs
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, . PRECLASS PREPARATION
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1. Trainer: 60-2759 |None - |None 1. 3ABR47330-SG-305
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3. Diode Tester 3. 3ABR47330-WB-305A
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5, Special Tools 5. Chart: Delco-Remy,
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il

CRITERION OBJECTIVES AND TEACHING .TEPS

a. Without references, identify basic facts and terms related to the principles of
operation, function and relationship of AC charging systems components with 70%
accuracy. _ -

D. Shpplied with bench items, tools, equipment, and workbook, and practicing all
safety precautions, repair or service AC charging system components 1AW workbook.

€. Provided with engine trainer, topls, equipment, and workbook, and practicing
personnel and equipment shop safety, use visual, operational means, and test equip-
mant to check DC and AC charging systems IAW workbook.

3

Teaching Steps are Listed in Part II.

i;.‘.c FoORM 770 w I J! ’/ ‘ < ero. 1972 11--:::
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EQUIPMENT LOCATED
IN LABORATORY

8. Tach-Dwell Tester
9. Volt-Amp Tester
10. Belt Tension Gauges

by

77’1

GRAPHIC AIDS AND

UNCLASSIFIED MAT.

7. Commercial Slid.
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Attention and lictivations Ascertain that the students are

physically and mentally alert., Ask them if they have any experiences

working on A.C. charging systems, MNotivate them towards success-
ful accomplishment of objectives by appealing to their need to
know the diagnosing, testing, and repairing of A.C. charging
circuits, , -

Reviews Give a daily quiz on D.C. charging systems, grad and
critique. Also review fundamentals of electricity., Impress upon
the students the need to have an understanding of the fundamentals
of electricity to understand alternators.

Overview: Give the students an overview of what will be covered,
how it will be covered and what the student will he expected to

learn about the construction, operation and testing of alternators
and rectifiers.

20DY 12 Hrs 55 .in

Participate in a discussion per-

+aining to alternators and recti- Use Section ".." & "K" LDelco
fiers ard will use aprlicatle Air  Renry

Force publicaticns to locate de- NOTEs Some of the application
gired infarmatien, Fosseses and is IAXEXIREXEXAG XINEBMINDNL
understands the basic principles interspersed throughout the
and procedures related to nom- presentation

enclature, iacts, @nspection. "
testing and repairing A.C. charg-
ing system units

a. Output comparison (D.C. and
A.C. generators)

(1) Alternators produce

_ sufficient current to Advantage
carry normal load de~
mands at idle speed

(2) D.C, generator must
reach cut-in speed be=-
fore providing current
to the load

(3) Standard production al=-
ternator i1s designed to
replace the standard pro=-
duction generator




h §

Alternator charging system

B ——

T — .
oo e et b

£11
L W " SO

(a)
(b)
(c)

Alternator Charging System =

Alternator
Rectifier (diodes)
Regulator (voltage)

Alternator main components

(1) Two end frames

(2)

(a)
(b)
(c)

Stator assembly

(a)
(b)

(e)

(e)

Die cast aluminum
Alr vents
Bolted together with

stator ('sandwiched™
between them

Stationary conductor
Laminated steel frame
to reduce eddy cur-

rents

Three phase winding
wound into slots

(&) "Wye" connection

(all three conductors
joined at one end)

[l r in whieh the
staYor is wound and
connected provides
a self-1limiting con=-

-trol of current

1 "Inductive re-
actance"“

2 Limits maximum cur-
rent output

(2)

—HEve -

w8 uni _Hkgg%g@%ﬁﬁsﬁﬁwﬁmff
students

Bench Items . P

Alternators and regulators .

Disassemble alternator and -
Fpoint out each component

Bench Item :
Alternator s

Eddy currents procduce heat

The overlapping of the stator
windings eléminates the need
for a current regulator




(b)

(c)

(4)

(e)

(f)

~ Rotating magnetlc

field _ ' z

1 Induces alter-
nating current
into the stator
windings

jro

Externally em-
cited by the : .
vehicle's battery

3 Strength of the Bnergized when ignition switen
> magnetic field de- is turned on
pends on -amount of
current flow
* through the field
coil

role pieces

L1 No residual mag-
netism

2 One pole is always
north and the other
is always south

Ends of field coils
are connected to slip

rings

r Lk . !
Brushes ride on slip Provide connection between rotor
rings and battery - Show bench item

for comparison

Field coil;. pole

pieces and slip rings | ‘ ' : ",»/’//
are all pressed on ' _ e

shaft :

rans brovide for Summarize here e

€ooling

d, Factors affecting alternator iSame as a D.C, generator

output

(3)
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. (17— Speed of rotation of the rotor

fé?*-Nﬂﬁﬁ%rmaf“ﬁvﬁﬁﬁﬁtafﬁ”tﬁ“fﬁé" R -
~stator

Strangth of the magnetic
fiel

(3)

e. Rectificayion (internal or

external - In a D,C. zenerator A.C. was
converted to D.C, through
- (1) ‘Changes A.C. To D.6, the brushes and commutator

(2) Accomplished through the Demonstrate the working. effects
use of diodes . of a dlode. o~
(a) A diode is a one-
way check valve for Chanute Chart - Rectifiers
the flow of electri=-
civy '

(b) Takes place of cute
ZR¥EX out relay:

f. The rectification circuit

(1) Diodes are connected he=- | ' - .
tween the stator windings '
and the battery

' (2) Three diodes are pressed:
T “~.into the heat sink (in-
sulated)

(3) Three diodes are presged Demonstrate methods of checking
T : in?o the end frame (ground- diodes
-~ ed :

(4) 1Internal rectification Use diode tester

o (5) Full wave rectification

} through the use of diodes A

A - one + and one -~ for each N
L stator winding

g. Reversed batt;;;MSBIarity will Emphasize importance of correct

R -~ produces battery polarity
o i - (1) Direct short through ' e
L ( “ . diOdQB
o o 2 ‘ d diod " :
(2) ZXXMMXEX Burned out diodes & .

-

- (4)




R Effnnts of an opgn dicdn

Demonstrate use of_diodl

(1)

(2)

No current flow

Loss of current con-
trol at high rotor speeds

Slightly less than nor=-
mal output at low speed

i. Effects of a shorted diode

(1) Current flows voth ways
through a shorted diode

(2) Approximately 50% loss of
output

j. Diodes prevent reverse current
flow from the battery

(1)

:No need for a cut-out relay

Alternator vattery wire is
connected directly to the
cattery

(a) Always impressed with
battery voltage - ,

(2) Diodes prevent battery from
discharging back through the
" . alternator .
Summarize here

alternator tools and diode test=
er, disassemble the alternator,
make visual inspection, identify
components, trace alternator in-
ternal circuits,  test’'diodes for
ipens and shorts, check stator
windings for opens and xmux
grounds and reassemble -the al-
ternator, Perform all tasks with
some guidance from instructor

-

(5) 75

APPLICATION
1, Reference Fara b, Part i' Use WB=305 .
Using common hand tools, special NOTEs Some of the application

is interspersed throughout the
presentation

Bench Itemss A.C. regulators
and alternators

Diode tester

]



mainly on complicated steps
of the operation.,

SUMMARY

1,

Summarize the main points of
today's lesson on the construc=-
tion, operation, and testing of

alternators and rectifiers
(diodes), :

Remotivate: the students on the
importance of knowing how the
alternator operates, so that they
can properly chekk out the A.C,
charging system.

Use the following oral questions
to determine areas to be re-

taught,

a, What is the primary advantage
of the alternater over the D.C.
generaftor?

2, What abe scme of the other
advantages?

¢, What is the primary purpose of
the diodes?

d. How does the alternator provide
control for maximum current
output?

e, Why is a cutout relay not re=-
quired on an alternator?

f. Why doesn't the rotor assembly
have residual magnetism?

€. What would happen if a battery

- was installed with reversed pol
arity in an A.C, system?

h. At low speeds?

i. Why does an open diode cause

loss of current control at high

alternator speed?

(6)

MMA

1,

8.

Y

Restate objectives of the-
lesson (covered in this day),

Emphasize the area of major

Use oral guestions to deter=-
mine areas to be retaught,

Ask questions orally.

V)



. 3., How would a shorted diode .
=" affect alternator output?

ASSIGNMENT -

l. Read Student Study Guide ' 1, Identify study materials.
3ABR4?7330-305, Answer the
questions at the end of the
chapter and xkm give the page
and paragraph where the answer
was found,

2, Prepare for a daily quiz upon 2, Give reasons for student to
completion of tomorrow's lesson study assignment,
on the A,C. charging system,

3. WRAP=UPs This concludes the : 3. ention method of study.
subject but the information .
learned here will be applied as
the student continues in the course.

Review of this study zuide and
information is recommerdsd through-
out the course,

® - INTRODUCTION 70 NEW DAY'S WORK

1., E@AXM Gain students' attantion by asking them why it is necessary
to have voltage in the A.C. charging systen, . otivate tnem toward
successful accomplishment of today's otjectives by ‘appealing
to the need to know diagnosing, testing, repairing, and isolating
A.C., charging system and circuits malfunctions.

2., Collect written homework assigrnment, grade and review, Review the
operating principles of the A.C. charging system and have the stu-
dents discuss alternator controlling factors as learned in yester-
day's lesson,

3. Give an overview on the sequence of what will be covered in today's
lesson on the voltage regulator, diagnosing charging circuit mal-
functions, and testing the charging circuit.

BODY
PRESENTATICN : ‘ ,
1, Reference Fara C, Part_l
Farticirate in a discussion
pertaining to the alternator
. regulator, the effects of Bench Items: )
| (7)




I~

f ' battery CEMF in relation to A.C. regulators
B altnrnator voltage and use of e
SE——— 40 lIovcate and

isclate A.C, charging system

malfunctions., Students will

possess an understanding of

basic principles and procedures

related to nomenclature, facts,

inspection, testing and repair-

ing A.C., charging system units to

manufacturera's gpecifications.

a, Voltage regulator Have regulator availatle %o
show students
(1) Limi%s maximunm - ~Bench Items: N
voltage output from the Regulators
alternator
(2) Accomplished by con- Controls strength of magnetic
trolling current flow t=o field
the field coil
(3) Reguiator iz connected in
saries wirta the battary and
Tield coil |
%, Field circuit (field curreat flow) .

(1) 3attery.
(2) Ammeter
(3) Igniéion switch
(&) .Regulator
(5) Field terminal of alternator
(6) PField coil
(?7) Ground back to battery
‘¢, Regulator construction and cir=-
cults s Fass out Bench Items:
A.C. Regulators
(1) Ignition terminal - ]

(2) Upper contacts

(3) Lower contacts

(8)




f.

(5) Voltage coil

(6) Resistors #1, 2 and 3
(7) Field terminal

(8) Fuse wires

Fleld current flow through
upper contacts

(1) Iaxlwun field current
flow \

(2) deavy load - low speed
(a) Low resistance in the
circuit

Field current flcw vibrating
off upper contacts

(1) Increase in resistance in
the chargins circuit

(2) Limiting field current
flow to the field coil

(a) Field current flow is
through resistecrs 1
and 2 when moveable
contact is not touch-
ing upper or lower
contact point

Float position

(1) Alternator speed, load
d demands and battery
demands are equal

(a) Field current flow
is through resistors
1l and 2

Lower contacts

(1) Low load demands, high
alternator speed

(9)

Y

Fosition of movable contact
depends upon load demands‘



(a) Field current flow is

N

"contaét to ground
~ "h. Pleld current flow vibrating
off lower contact

(1) Controlling maximum alter-
nator output voltage

(a) Pield current flow’
is through resistors
1 and 2 to field coil
and through lower
contact to ground

i. Diagnosing A.C., charging circuit.
malfunctions
(1)

Alternator output test
(a) Determine alternator
current output at a
specified RPM

(2) Insulated circuit.resistance
test
(a) ‘leasure wpiztxxw
voltage drop in insult-
ed side of charging cir-
cuit
(3) Ground circuit resistance test
(a) Measure voltage drop in
ground side of charging
circuit
(4) Field circuit resistance test
(a) Measure voltage drop in
. the field circuit
\\\ _
(5) Voltage regulator test
(a) Determine voltage re-
gulator setting
4 3

* (10)

4]

e

/

Summarize here
Use Volt-Amp tester, also
belt tension gauge

Engine Trainer 61=2800
Valiant 6 cyl. engine



- (6) vVoltage .regulator adjustments

U

”f”fgjmégg;Igg”igg;igg

APPLICATION

1.,

&

Reference Fara C, Part 1

Using common hand tools, special
alternator tools, publications,
volts-amp tester, tach-dwell tester,
engine trainer #61-2800 to test, °
isolate and adjust A.C. charging.
system malfunctions. Ferform all
tasks with some guidance and super-
vision mainly on the complicated
steps of the operation, Also

use belt tension gauge., All the
above will be accomplished to man-
ufacturer's specifications.

EVALUATICH:

1,

2.

3

sl
[

4,

s,

Explain field current flew start-
ing at the vattery,

What is the purpose of the re-
gulatecr?

What causes the regulator moveable
contact tec pull from the upper to
the lower contact?

The voltage coil of the regulator
is connected to the upper contact

* fuse wire., What type of ecircuit

would this be?

What ad justment would be nade if

the voltage regulator test on the
upper contacts was belaw manufacturer's
specifications?

(11)

P B

To increase setting, in-
creage spring tension '

W3=-305A

NOTE: Additional application
of the D.C. .charging system
will be used during the
application of the A.C.
charging system, using con-
current tralning concents,
Use engine trdner £1-2800
Valiant engines,

ALSO: Some of the applica-
tion of the A.C. charging
system is interspersed
throughout the prz2sentation.
Compare Valiant trainer 6i=-
2300 with IAC trainer ©0-
2759,

Show use of telt. tension
Zauge

Ask questions orally.



1,
7]
2.

some of the causes? ’

‘Alternator output is at its maxi-

mum when the movable contact is in
what position?

What would be the results if there
was excessive resistance in the
insulated circuit?

Why is it necessary to control
voltage output while making the
alternator output test?

When making the voltage regulator test,

what must be taken into consideration

in conjunction with the operating voltage?
i

CONCLUSION

ARY AND REMOTIVATION

li I‘Iin

Summarize all the main points of today's lesson cr tre A.C. vcltage.
regulator and A.C. charging system diagnosis and testing.

Remotivate the students on knowlng the proper procedures to

follow when checking ocut the A.C., charging system no: only for good!
operation of the system blt also to prevent damage to the dicdes

or regulator,

ASSIGNMENT AND CLOSURE:

1.

2.‘

Today ié'measdbement: Ra:view Student Study Guide, workbooks
-and class notes., Be sure to use a #l1 or #2 lead pencil for the

test,

WRAP=-UP This concludes the subject but the information learned

here will be applied as the student continues in the course,

Re=

view of this Study Guide and information is recommended through-

out the course, '
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ELECTRICAL TERMINOLOGY, DEFINITION AND PURPOSE
3 OF ELECTRICAL COMPONENTS ,

may not be familiar. The following pages consist of electrical
terms and their definitions. The definitions of thase terms
should aid you in understanding the subject beimg taught.

There are also terms and their definitions listed in the
appropriate portion of the student study guide.

The definitions may differ somewhat from others which you
have encountered. They are not intended to be all inclusive but
have the purpose of serving as reminders so the student can
quickly refresh his memory on electrical terms.

Electrical Terminoiogy —

Ammeter - An'instrument‘used for the measurement of the rate of flow
of electricity.

Ampere - A unit of measurement of flow of electrical current.

Arc - The travel of electricity through air between two electrodes
which produces a flash.

Armature - The movable part of the electromagnetic device.

Battery - A unit (usually composed of lead plates and sulphuric acid
and water electrolyte) which stores electrical energy in a
chemical form,

Capacity or Capacitance - The property of a system of conductors and
dielectrics which permits storage of electrical charges.

Coil - A circular arranger~nt of electrical "conductors so that many
conductors are placed side by side, to obtain the resul:ant
effect of their combined magnetic fields.

Commutator - That portion of an armature, consisting of a series of
copper segments which come in contact with the brushes.

Condenser - An accumulator of electrical energy.
Conductor - A contipuous path along which electricity can flow.

Core - A mqtallic portion of a coil around .which the cqnductors are
wound. ‘

Current - The quantity of flow of electricity.

Cycle - A complete act of recurrent values.
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Dielectric - An insulating medium which intervenss berween two
conductors to prevent the flow of current from ona conductor
to anothct. Usually air, rubber, mica, glass, fiber or woed.

Fectrods - Tha positive and megative terminal pornts of electrietey, =
from which the electricity must travel through air or other
substanccs.

EMF (Electromotivc Force) - That force or pressure which causes
current movement in an elaectrical circuit.

Farad - When a change of one volt per second across a condenser
produces a current of one ampere, the condenser is said to
have a capacitance of one '"farad".

Field or Magnetic Field - That space which is affected by magnetic
lines of force.

Frequency - The number of cycles completed in one second.

Generator - -An electromagnetic device used to convert mechanical
energy into electrical energy. :

Ground or Grounded Circuit - A condition where the electrical circuit
is connected or contacted with intentionally or unintentionally
to the unit frame or framework.

Hydrometer - An instrument used for the measurement of the specific
gravity of a liquid.

Induction or Inductance - That force which produces voltage when a
conductor is passed through a magnetic field.

Magnet - That part which 1s known to possess magnetism.

Magnetism - That property possessed by certain substances (especially
iron and steel) by virtue of which they can exert forces of
attraction or repulsion, according to fixed laws. (It is the
connecting link between electrical energy and mechanical energy).

Microfarad - Since the term farad i8 too large for any practical use,
the term microfarad (one-millionth of a farad) is used.

Mutual Inductance - That property which causes an induced voltage to be
set up in a second circuit, as the result of the change of current
in the first circuit. (Example: secondary winding in an ignition
coil or transformer.) : '

Ohm - A unit of measurement of resistance.
Ohmméeter -~ An instrument to measure resistanca. '

Ohm's Law - A law of electricity regarding the relationship between
voltage, current and resistance. It takes a pressure of one volt
to force one ampere of current through one phm of resistance. .
Formula: Volts = amperes X ohms (E = I X R).
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Open 01rcu1t - Any break or lack of contact in an electrical ¢ rcult,
either intentional or unin:cncional.

Parallel Circuit - A circuit offcring two or more paths for cugrant
flow.

l

Permanent Magnet - A part which retains the magnetic forces, .&en
though the force which produced the magnetism is discontihued

Resistance - That property of an electrical circuit which tends
to prevent or reduce the flow of current.

Short Circuit - Generally an unintentional contact between twd
conductors, caused by faulty insulation or lack of 1nsuldcion
This condition allows the current to bypass its normal circuit.

Starting Motor - An electromagnetic device, whiéﬁ cah convert;

electrical energy into mechanical energy used for cranking
the engine,

Volt - A unit of measurement of electrical pressure.

Voltage - That property of an electrical circuit causing current to
flow.

Voltmeter - An instrument used %o measure electrical prkssure.

Watt ~ A unit of measurement of electrical power.
1l watt = ] volt X 1 ampere. 1 kilowatt = 1,000 watts.

vy
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AND BASIC ELECTRICAL CIRCUITS
OBJECTIVES

After completing this study guide and your classroom instructionm,
you will understand the basic principles of electricity and the
construction, operation and servicing of automotive storage
batteries, and be able to correccly construct the different
types of electrical circuits and measure their voltage, amperage
and resistance.

INTRODUCTION

Due to the amount of material to be covered in this lesson,
this study guide will be geparated into two sections. Section I
will have the principles of electricity and magnetism, circuits,
and the care and use of DC meters. Section II will cover the
operation, construction and sérvicing of automotive storage

bacteries.
INFORMATION
Section 1. PRINCIPLES OF ELECTRICITY
. A good automotive electrician must thoroughly understand

the fundamentals of electricity. Because the electrician. is
working with something he cannot always see, he must have a-

gooc’ mental picture of the actions of electricity. With tuis
kticwledge, and a .little common sense, the electrician will

have no trouble understanding any electrical equipment when

he finds it in the field. Figure 1 shows the complete automotive
.electrical system which, the electrician must understand.

Man has known the practical use of ela2ctricity for over
one hundred years. Rules about it have been learned during
this time. However, no one knows just exactly what electricity
is. Scientists have developed many theories about electricity.
A theory is a statement which cannct be completely proved as
trve. These theorizs, however, explain better than anything
else the behavior of electric. current.

Electricity consists of the movement of electrons in a
conductor. Ir order to understand what an electron is and
how it behaves, let's look briefly at the composition of matter.

Composition of Matter

Matter is anything which has weight and occupiles space.
Therefore, matter is literally everything in the universe.
. * Matter may be in the form of a solid, a liquid or a gas. Ice,
water and steam are examples of mat ﬁ in all three forms.
5 . <




A Hydrogen Atom, "

Figure 3.
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ELEMENTS. All matter is composed of building blocks called ﬁ

elements. Nature has provided 103 elements which combine 1in
countless different combinmations to form the various kinds

elements are hydrogen and 5*7;&5[ When tﬁcs& two elements .

are chemically combined, the result is water.

ATOMS. The smallest particle into which an element can
be divided is the atom. An atom is s0 small that it cannot
be seen even with the most powerful of microscopes. An atom

- 18 constructed much like our solar system, figure 2, in which

the sun is the center or core and the planets revolve in orbits
about the sun. In the atom, the center or core is composed

of particles called protons, and the "planets" which revolve
around the core are called electrons. An atom may also contain
another particle called a neutron. If neutrons are present in
the atom, they will be located in the core of the atom with the
protons., To help us better undefstand the relationship between
atoms and electricity, let's look at two different atoms -

a hydrogen atom and a copper atom.

The Hydrogen Atom, A hydrogen atom is the simplest of
all atoms known. It consists of one proton which has a small
positive charge of electricity, and one electron which has
a small charge of negative electricity. The electron moves
in its orbit around the proton, figure 3. Negative and-positive
elactrical charges attract each other. This attraction, however,
is opposed by the tendency of the electron to fly away from the
proton, a tendency resulting from its movement in a circular
path around the proton. This {s the same balancing force vou
get when a ball is attached to a rubber band and swung in a
circle. As you swing the ball, the rubber band stretches because
of the tendency of the ball to fly away from your hand. But
the xubber band (the attractive force) keeps the ball moving
in a circle around your hand.

The Copper Atom. A copper atom, figure 4, 1s much like
the hydrogen atom except that it has 29 protons in its core.
To keep the atom in electrical balance, an electron is added
for each additional proton in the core. Note that these 29
electrons are in four separate orbits. The first orbit. has
two electrons, the next larger orbit has eight, the third eighteen,
and the outer orbit only one. This outer electron is not very
closely tied to the atom. A copper atom can lose this outar
electron rather easily if a force is applied to it.

.Theory of E]ectriciiy AT - -

It is not uncommon for some atoms to lose electrons when

.-a disturing force is applied. wWith some disturbing force, °

there is a drift of elactrons from one atom to another. When

one atom loses an electron, it will pull another electron from

a second atom in.order to keep in balance. This second atom
will give up its electron to the first atom, and at the same

time collect an electron from a third atom, figure 5. This drift

0‘. 7 v
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‘of electrons from atom to atom is referrsd to as "a flow of
. current.” The ability of atoms to do this is the theory of electric

power. This continuous fiow of electrons in an electrical
circuit is called dynamic electricity, and leads us to this
general definition: "Electricity is the flow of electrons from
atom to atom in a conductor." '

Current Flow '

The flow of electrons through a conductor is called current,
and is measured in amperes. When relatively few alectrons
flow in an electric circuit, the amperage or amperes of current
i{s low. When many electrons flow, the amperage is high. The
electric current is one ampere when 6.28 billion, billion electrons
nass a certain point in a conductor in one second. Thus, current
15 the rate of electron flow and is measured in amperes or
electrons per second.

]

FRANKLIN THEQRY CF CUVRRENT FLCW. There are two means
of describifig current flow. The Franklin or Conventional Theory
arbitrarily chose the direction of current flow to be from
the positive terminal of a voltage source, through the external
circuit, and then back to the negative terminal. This is the
theory of current flow which we will use through this course,
that current flow is from positive to negative.

ZLECTRON THEORY OF CURRENT FLCOW. The discovery of the
electron in 1897 led to the electron theory of current flow,
which is from the negative terminal, through the external circuit,
and then back to the positive terminal -- just the opposite
of the Franklin Theory!

WHAT IS DIRECT CURRENT? Direct current (DC) is electricity
flowing one way continuously. Electricity used in the automobile
for accessories and the ignition system is direct current.

AND ALTERNATING CURRENT? Alternating current, or AC for
short, is ocurrent which reverses its direction of travel constantly.
You've heard of 60-cycle alternating house current before.
This is current which reverses its direction of travel 60 times
per second.

Vo] tage

As said earlier, in order for electrons to flow from atom
to atom, there must .be some disturbing force applied to them.

8 a3




This dinturbin; force which pushes electrons along a conduc:or
is called electromotive forca.or voltage. Voltage is electrical
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Two sources of voltage in an automobile are the battery (a

chemical source) and the genarator (a mechanical source).

Resistance X
Resistance is the opposition to current flow. Reasistance

can take many different forms or shapes and can be either wanted

or unwanted. The unit of peasurement for resistance is the

ohm. An ohm is defined as” the resistance that will allow one

ampere to flow when there is one volt of pressure. This is

an expression of Ohm's Law which will be discussed in a later

topic. The symbol for an ohm is the Greek letter omega, and

it looks like this: {

VOLTAGE DROP. Resistance uses up voltage in a circuit. |
All voltage must be used up. This is called voltage drop. .-
Voltage drop -in a circuit, when current is flowing, is always
equal to the potential of the source, For example, a circuit
is using a 12-volt battery as a source of voltage. There should
be a 12-volt drop after passing through a light buld. If the

. voltage drop is only 10-volts, the bulb will not burn as bright
as it should.

Note: This law is very important for all mechanics to
understand.

RA

2 X Ra

RESISTANCE PROPORTIONAL
TO LENGTM

Figure 6, Resiatance Affected by
Length of Wire.
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Figure 7., Resiatanoe Affeoted by
. Diameter of Wire,
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Figure 8. Restistance Affected.
by Temperatura.

_ FACTORS OF RESISTANCE. There are many factors which will
determine how effective resistance will be in a circuit. The
major factors are the length, diameter and the temperature of
the conductor or wire. If the length of the wire is doubled,
the resistance batwaen the wire ends is also doubled, figure 6.
In other words, the longer the wire, the greater the resistance,
If the diameter of the wire is doubled, the resistance for

-any given wire length will be cut in half, or, the bigger the

wire in diameter, the less the resistance, figure 7. The other
important factor affecting resistance of a wire is temperature.

As the temperature increases, resiscance increases, figure 8,

The effects of temperature are very important in the design of
alectrical equipment. Excessive resistance from temperature
increases can be very harmful to the performance of the equipment.

Conductors and Insulators

In order to put electricity to use as desired, some means
must be provided for conveying electricity to its designated
place without it taking a shortcut. This is accomplisghed by
using conductors and insulators. ‘. .

A CONDUCTOR GETS CURRENT THERE. Conductors are usad as a
m.anl of conveying the electric current from one point to another.
A good conductor is a material which offers very little resistance

to current flow. Most metals are good conductors, and the more

. commonly used, in order of conductivity, are silver, copper and

aluminum. Copper is the most commonly used conductor in automotive
electrical circuits. It is used in the form of different sizas
of wire. The size, or diameter, of a wire is called its gage.

 Also, since current must always return to its source, in automotive

electricity one side of the circuit is grounded. This means

that the body or frame of the vehicle is used to conduct the

current in place of the wire. This eliminstes half of the electrical
wviring. Therefors, there 1: less of a chance for sounthins

to go wrong.

INSULATORS RESIST THE FLOW OF CURRENT. Whereas a,conductor

- offers yery little resistance to current flow, an insulator is
- sy material.that resists the flow of current. Examples of good

1 8y




[ ’ 2

insulators are mica, rubber, bakelite, fiber, porcelain, insulating

”to 1ts source by che shortest distance availabla. Tharefore;

- __vtrntth, and gxantic.f It thaﬁli be kngs in uﬁaﬂ thtt . 3 ti-ctrtc -

in an electric circuit, it is very important that the conductor
be coverad with some type of insulation so that the current.
must go to its source by following the path desired of it and
not have any appreciable amount of electrical loss.

Characteristics of Electricity

]

" Elactricity i3 not visible. It can and aoes make itself
known by one or more of the following effects’however.

SIECTRICIT? PRODUCES HEAT. When flowing through material
of high resistance, current flow can produce heat. Many people

" today now heat their homes with electricity.

TLECTRICITY PROVIDES LIGHT. Current flow may also produce
light when it flows through a material of high resistance. The
electrical light bulb is a good example of this and the above
also.

:LS:T?I”I Y CAN SHOCX! Electric current flowing through
a cerson's body produces this physical effect. To great of
a shock may kill a person. On the other nand, shock has been
used successfully by the mediéal profession for the treatment
:f heart patients. and certain other ailments.

Note: Don't be afraid of electricity for fear of shock.
3ut treat it with respect. Generally its only the careless
verson that gets shocked.

a conductor produces a magnetic field. Current fJowing through

a wire wound around an iron bar causes the bar to|become.magnetized,
creating a North and South pole. ' The effects and importance of
magnetism will be studied in later paragraphs.

| 'OHM'S LAW AND ELECTRICAL CIRCUITS

ELECTRICITY PRODUCES A MAGNETIC FIELD. cuxriﬁ: flowing through

The flow of curreut through an electrical circuit conforams
to a very definite rule known as Ohm's Law. Ohm's Law expresses
the relationship between current, voltage and resistance. Ohm's

" Law 18 one of the few rules which you m.st understand. In order

to gain a working knowledge of how eleccric current will flow
through the various branches of an electrical circuit, studying
and solving problems using ‘Ohm's Law will help. Howsver, before
studying Ohm's Law, it should be explained what a circuit is,

In previous paragr:phs, the word "circuit" has been used. Wo
definition of this term has been givern so far.

L

Electrical Circuits

As said before, the electroms in order to flow must have
a path or circuit to move in. A circuit is a closed path for

G ét. ‘ -
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A SERIES CIRCUIT HAS ONLY ONE PATH. A saries circuit. is
a circuit that has only one path in which gprrpn:_ctn'flow. _

i
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-all. If any devide i{s turned off, then the circuit.is opened
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and no current flows at all. .

A PARALLEL CIRCUIT HAS TWO OR MORE PATHS. A parallel circuit
1{s two or more paths for current to flow. In a parallel circuit,
figure 10, the various devices are connected -by parallel wires.
The current devices, past of it flowing into one device, part
into another. The same voltage 1s applied to each device, and
each can be turned om or off independently of the:others.

-

- Figure 11, Series-Parallel
Cim‘ito ' -

AND 4 SERIES-PARALLEL CIRCUIT? Most automotive electrical circuits
are of this type. A series-parallel circuit, figure 11, is,

a combination of a series circuit and a parallel circuit. Current
will f£low through one or more electrical devices in serias and

then divide itself, part of it flowing into one device and part -
into another. If any of ths device is series, marked with an ,
arrow in figare 11, are turned cff or fail to operate, the circuit
is opened and none of the other devices will operate either,

Ohm's Law o

_ The above information gives us more of an ides what an electric
circuit 1s and should aid in the understanding of the rule known as

-
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. amperage (I = E + R).

beiiis Law. dhﬁf Law can h-.in-nd up FY thn rnla;ion;hi; h.tﬂ!tn

cu:rcn:, voltsga and rtaiatlncc. Ie ts ncnod nfter thc German .
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- E = pressure. or volcagn.
Ie i{ntensity or current,
R = resistance or ohms. : Y

o —

THE RULES OF OHM'S.LAW. Ohm‘s Law can ba expressed in three

‘different ways, and can be applied to the entire. circuit or to

any part of a circuit. Let vs remember these three simple rules
which follow. '

1. When voltage and amperage are known: volts : amperage =
tesistance (R = E + R). ' -

7 2. When voltage and resistance are known: volts + resistance =
e i : o

3. When registance and amperage a&?nﬁwn resistance X amperage
- voltage (E=1 X R).
.Y 1 ‘ . : |
An pasy way to remember these rules is to refer ta the drawing
in figure 12, By using the drawing, the formula for finding
the unknown will be given by simply covering the unknown and deing
the simple mathematical problem left showing. .

P
r

E

(VOLTS)

I . X R

(AMPERAGE) (RESISTANCE)

=Y

0\_

- Figure 12. Fupnula for E%ndﬁng the
Iminowm Value wWhen Two Valuea
mxnom;zg
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one ohn of resistance.™ I: nny alno be stntcd in symbols,
"E = I X R, where:
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Pigure 13. Sirple Sertes Circutit
for Using Ohm's Law.

APPLICATION OF DHM'S LAW. Let us work a simple problem
to show how the above rules can be applied. A simple series
circuit, figure 13, may consist of a three ohm (32) resistor -
connected to a 12-Volt battery. The current flow can be determined
from Ohim's Law where I = E + R, or, 12 volts + 3 ohms = 4 amps.

*+ (urrent flow in this circuit then is 4 amps. Your instructor .
will give you some more prcblems to work using Ohm's Law. - o
MAGNETISM

Magnetism is a conmecting link between mechanical energy
and electricity., Without the effects of magnetism thére could
be no generators for charging batteries or motors for.cranking
engines. ‘It was not un.il the year 1820 -that che association. -
between alectricity and magnetism was discovdbed. Before this
time it was generally believed that there was no relationship
. at all between electricity and magnetism.

Permanent Magnets

s

£

E ' Figure 14, The Lodestons or Ratural Magnet. _ o

The effects of magnetism were first discovered vhen frasnnnts '
of iron ore called lodestons, figure 14, vhich is found in nature, , -
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were seen to attract other pieces of iron., It was dlscoversd .
that"a long.piecs of- iron ore, or an iron bar, hupg in the sir .
iad-aiije iceeif 80 thet ons end would ARNEYE Poink toverd £y - . -

5tth pole of the earth. ' This end of the iron bar vas called
the North pole, or N pole. The other end was called ‘the south _
' pole or S pole. Such a piece of iron was Galled a bar megnee,
Today, most permanent magnets:. are made of hard metals composed '
of .alloys. Sone of the more common alloys are nickel-iron and -
aluminum-nickel-gpbalt, or "Ainico." Permsnent magnets are
found in many shapes, such as the well known horsesioe magnet.

" F

The Magnetic Field

Figure 15. Magnetic Fields of
a Bar and of a Horseshoe Magmet.

The space q’fectcd by a magnet is called the magnetic field.

The magnetic figld of a bar and horseshoe magnet are shown in figure 15.

The magnetic fidld 1s described as "lines of force" which come out
.9f the N pole and enter the S pole., There are B0 acgual lines around .

the magnet, however. Thess lines of force sre sn easy way to show
. the invisible magnetic field. A good example of this is as follows:

- Taks a bar magnet. Lay a piece of glass on top if it. Then, sprinkle
iron filings on the glass. The filings becoms arranged in curved
lines, figure 16. . The curved lines of forge extend from the two
""poles of the magnet and follow the magnetic lines surrounding the
‘magnet, The extent of the field force is determined by the strength
- of the magnet. If the magnet is weak, thers are relatively few lines
of force, If the magnet is strong, there are many lines of force.

(16 [nyg




. Figure 18. Magmetic Lines of
Fbrciiof a Bar Magnet as Shoum by
' Iron Filings.
CHARACTERISTICS COF LINES OF FCORECE. To us, lines of force are
'Y invisible, unfelt, and imaginary. However, they aye assumed to exist
. because they permit an easy explanation of the efffcts of magnetism.
There are certain rules for these lines of force which may .be summed
up as follows.

1. Lines of force outside the magnet pass from the north pole
. _ . to the south pole.’ - .

2, Lines of force act as rubber bands and try tc shorten
to a minlimum leagth, '

-

3. Lines of force repel each other along their entire length.'

4, Lines of force never cross each other.

Figure 17, Unlike Poles Attract.
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Figube 18. Like Poles Repel,
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EFFECTS BETWEBN MAGNETIC POLES. When two unlike magnetic
pcles are brought together, they attract, figure 17. OUn the other
hand, if the magnets are placed so that their like poles are together,
they are found to repel each other, figure 18. From the above
statemenrt, cnis important fact about magnets can be stated: ''Unlike _y
magnetic poles attract each other and like magnetic poles repel." y T

MAGNETIC INSULATORS, ARE TIE‘RE’ ANY? Actually, there is no .
insulator for magnetism or limnes of force. Magnetic lines of force
seem to penetrate, or go through, all substances. They are deflecpld
only by another magnetic field or magnetic material. The only -
"escape' or "insulator" from a magnetic field is distance or space.

Electromagnetisim o . . . .
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linés of force do not move or flov around the wire. Instead,
they merely have direction as indicated in figure 19. Fewver electrdns
in motion megns & wesker magnetic fiqld around the conductor.

Therefore, the greater the current flow, the stronger the magnetic
field, '

- <

Figure 20, letermining
Direction of Lines of Force - Right
Haond mule.

FINDING THE DIRECTION COF TY¥F LINES OF FORCE. 1In order to
find’the direction of the,lines.of forcd around a conductor, there
is a simple rule to follow. When using the Franklin theory of
current flow (positive to negative), a simple rule known as the
rignt~hand rule is used. Simply grasp the conductor with the
right hand so that the thumb extends in the direction of the current
flow, figure 20. The fingers will then point in the direction
in which the lines of force surrouid the conductor.
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Mgure 21. . Magnetic “ -7
Pield in Loop of Wire-
Carrying Cuarént. -

of electrons in a condu.tdr, which actually nov.. tbo ugnotic
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Flnwe 22, iagnetic Field Produced by Current Flowing in an
Sleotremagmet (lLoops of wire Formed into a Cotl).
- . e '

." WROUGHT IRON CORE . o

Figure 23. £oil With Wrought Ivon Core Instead of Air Gap.
/ {

THE MAGNETIC FIELD IN LOOPS OF'WIRE. On a straight wire conductor,
the number of lifes of force are greatest at the surface og‘,pc '
conductor and spread out into space as they expand away fr
the conductor. However, if a loop was formed into the wire,

| all of the lines of force around the conductor must pass through
the inside of the loop, figure 21. The lines on the outside .-
spread into space as they did on a straight conductor. The *a
lines on the inside of the loop are conteined. They increase i
S the density of the number of lines of force in that area. If : -
e many loops of wire are formed, figure 22, it produces what . =
: - is called a coil. The lines of force of all loops combine o

oo into a pattern that greatly resembles the magnetic field surrounding -
a bar magnat. This creates a much greater magnatic field with - - R
the ssme amount of current flow. It has also besn found that B
B} more lines of force can be crested by using a batter conductor -
T for lines of force than the original air gap in figure 22, 'It. o

S has been found that by placing an iron cors into a coil, the

. il T
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Strength of Electromagnots.
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Figure 24. Amperé-Tum
Comparieon,
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Flectromagnets are constructed in various wvays. Some are

" .constructed to use large amounts of amperage (current). Starter
fields and starter armatures are examoles of this. Other npplicationc

are in relays, voltage regulators, etc,, and are constructed

to operate on very little amperage. The strength of an electromagncc
{s measured in "amper~-turns." ampere~turns is the number of turns

in the coil of wire times .che amperage (current flow) through

‘the windings. For example. 1 amp times 1,000 turns of wire equals

1,000 ampere-turns, as shown in figure 2&. And 10 amps times
100 turns alsoc equals 1,000 ampere-turns, shown in figure 24 also.
Comparing the two clectromnznats as shown, they have the same
magnetic strength. The above facts-must be kept in mind when

working on electrical applicacions where eleccromaznots are
used. ,

Electromagnetic Induction

In the year 1831, a very 1mportant di;covory was made in
the field of clnctricity when it was observed that a conductor
moving across a magnetic field would have voltage or electromotiva

force (EMF) induced into Ht. This principle is called oloctqpnngnctic .

induction. .

To illustrate this principle, consider a straight vire conduc:or
that 1s moving across the -magnetic field of a horseshoe magnet,
as 11 figure 25. If a sensitive voituster were connected to the
ends of the wire, the voltmster would indicatk a small voltage -
vhen ghe wife is moved across the msgnetic fiald. This induced

Voltage will be deperdent on chrnc factors. These factors can

be listed as follows:

.

1. The strength of the unsnncic field. '

2. The cpccd at vhick the lines of force.ars eu::ing acTO8e
the conductors.
. 21

1ng :




>

L Pigure 26. Electromagnetic
' . Induatian.

3. The numbcr ci conduc:or: that are cutting ‘across the
lines of force.

Remember that magnetism is a connecting link between mnchanic;l
energy and electricity. Without [Lhe effects of magnetism thers
could be no generators, alternators or motors for charging batteries,
cranking engines, etc. The principle of elactromagnetic induction

- must be thoroughly undcrntood \ , \

\ 4 [y

ELECTRICAL MALFUNCT\IONS AND TEST EQUIPMENT

Electrical systems on vehiclcs are well conltructed. However,
thcre are times when troubles will develop in electrical circuits,
en this occurs, the mechanic must be able to trace any circuic '
by the use of schemacics and test equipment.

Electrical Malfunctions

Y When something goes wrong in an automotive electrical circuic,.
it will usuaily fall into one of four types of malfunctions. These
types of electrical malfunctions 'can be calssified as open circuits,
short circuits, unwanted grounds, and excessive resistance.

CPEN CIRCUIT. An open circuit consists of a break in chc v
circuit. Am example of an open circuit is a wire that has come
loose or a slip connection that is not making contact. 1€-.a circuit
is open, no current will flow chrough l:ha circuit and. an ammeter
would show 0 amps.

SHORT CIRCUIT. A short circuit occurs when copper touches
copper, such as when two bare wires touch each other. Current
is given a shorter path to travel thraugh and some of the resistance
in the circuit is by-passed. A short circuit slways results
“in & higher .than Aormal currcnt flow thtuugh all ar virt'ot the
circult that is shorted. . .

UNWANTED GHDWD An unwmud :rouad occurs whenever sny
part of the wiring touches the icle. frame before it is supposed
to. An°‘uhwsated ground involves’ sccidental or uniatentional .
contact betwean copper and the iron frame of the vshicle.

. EZCISSIVF RESISTANCE, THE TROUBLEMAKER. .Eaccllivn resistance
can be cjused by many difforent thirgs,  Excessive resistance

. 1is generslly the most dit!icult nnlfunctioez{jr the mechanic to find.

. 22
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It can be caused by dirty or loose connections, frayed wiring,
and many other thingse

A good voltmster - -

I OC Meters T

: . ) Diagnosing troubles in the electrical. system is one of
i the more important duties of the automotive alectrician. To do
. , this correctly it is important that the proper instruments are
— connected in the circuit in the right manner. Many of tha meters
- \ vou will use in the field may have wmore than one scale on them.
] -You MUST know how to correctly read your test meters. If the

. {instruments are cared for and used properly, the automotive:
e " alectrician can decide whether changes or adjudtments are-needed.
= He can decide whether a unit or part needs replacement or repair.
S He can decide whether the system is performing sntisfaccorily. .
i ” Each wunit of an electrical system is built to a specification.

To find whethdér it is operating to its efficiency, periodic

— 8 tests dre necessary. In making tests, use the equipment :echnical

fordet to Sind the specifications..
: ' HORSESHOE
: - -\ SHAPED MAGNET’

e

.~ RESISTANCE '—

. - CIRCUIT . CIRCUIT

a _Fdgure 26. Moving-Coil Type Meter.
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—/ (CONNECTED ACNOAY l
. THE CIRQUAT) Y

_ /7
——~

Tigure 27, Vonrectmg Vol (Ezr and 4dmmeter in a-Czrcuzt.

o TEE /OLTME”. Most voltmeters are of the moving-coil cype.

' They consist of a permanent horseshoe magnet and a movable coil,
figure 26. Current flowing through this movable coil reacts
with the magnetic field of the horseshoe magnet (like poles
repel). causing the coil to turn agaidst a slight spring tension.
A pointer is attached to the coil and ,moves across a scale to
show the correct voltage of the circuit being tested. A voltmeter
is always hooked across a circuit or parallel with the circuit,
figure 27. This 1s a very important point to remember. The

- voltmeter uses very little current from the circuit and will
not discurb the circuit. Therefore, the voltage of a circuit
should' be much the same after the voltemter is hooked up as .

: ft was’ before ° . .
e : _ ,

THE ‘\EEW~~. The ammeter is used'to measure the flow of " .
current :hrOugh a circuit. The ammeter, like the voltmeter,
- is usually of the moving coil type, figure 26, The ammeter has
’ very low- resistance between the two terminals of the meter. This
. , lets the meter show very accurately the amount of current flowing
in the circuit. Unlike the voltmeter, the ammeter must. be connected
’ in series with the circuit being tested. Figure 27 shows the
correct way to connect an ammetar into a circuit.

-

L] -

prav s
Caution: Since the ammeter has a very low resistance, it
must NEVER be connected across the voltage source. If
connected across a voltage uourcn, such as the battery,
the meter may ¥ instantly damaged beyond repair.

-

THE CHMMETER, - You will probably not use an ohmmeter too’ C ' °
_ | often, but you should know how to use them just in case. The e
oo ohmpeter 46 much like the voltmeter and ammeter. However, the ' -
ohmmeter contains its own dry cell (flashlight) battery for a o
_source of power. Ohmmeters should never be connected to an external S
source of pover (voltage) or to a circuit that has current flowing
through it, as the meter may become damaged.

CARE OF THE DC METERS. 1t is very important that the meters

be properly cared for. The accuracy of the readinga will depend

. ‘ypon how the meter is taken care of. It they are noc cu:cd for

2 oy - A“ - -, 24 19"'
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properly, they cannot possibly.give the user an accurate rcnding.‘
 For the care of the meters, always refer tc ths correct tecimical
_order Ihnmdifft:nn:.nn:‘:aigi}lrrﬁ
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‘Electrical Symbols

@

el

& *
o i ‘ 2 l
Voltage EorV Rheostat —/-L— or '

Current l or A Connection + or +

Resistance R Crossing

Positive Terminal + -Single Pole Double ---:0 - .
Negative Terminal =~ = ~ Throw ‘S\'”itCh a .
Light Bulb - Battery —N | ’ = - |
Fuse {-\/ Voltmeter h - V) '
r'ixed Resistor —\ NN\, — — Ammete‘r - L

Adjustable Resistor —_\ /\';\/l_ Ground _‘{ I . '

Conductor Q Diode —N_ | .

. . -
: Condenser _H'— or "Cj_“ P - Transistor Q_

Figure 28. Electrical Symbols.,
We have stated that automotive circuits .may be classified

as series, parallel, or series-parallel. In any circuit there .

will be electrical devices installed, such as a battery, light '

bulbs, resistors and switches. Many symbols are used in electrical

diagrams. In electrical work, symbols are used in diagrams to

represent equipment, devices and conductora. Some of the symbols

are shown in figure 28. A diagram showing the connections using

symbols is called a wiring diagram. A typical wiring diagram ;

that will be found in automotive mainténance manuals or technical '

orders is shown in figure 29. The symbols used throughout this

course are common symbols. They should be well studied. Many

other symbols will be found in wiring diagrams. They will be

explained whenever they appeat in the coyrse.. Wiring harness

cable circuit identification has been established by number

coding and/or color coding. The prime purpose of wire identification == .
‘is to mike it easier to install a wiring herness since only ! e
the very ends of the many different wires can be seen. If number -

coding is used the code numbers and-the circuit will be listed. : L
= _ in the vehicle's technical order. Color coding the insulation ' ‘
s 1s widely used. The color code is usually given on the wiring - “

‘diagram applying to the circuit. Remembar, when in doubt, consult R

-

the proper technical order for the ,correct information. -t
‘7 | 25
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; SIX CYLINDER-DISTRIBUTOR (CLOCKWISE
: ROTATION) FIRING ORDEP 1.5.36 24
; TO INSTRUMENT PANEL WIRING
<\ T*  (TACHOMETER -5O EQUIPPED)
“ - 0 G' \ JIR-14.-DBL -+ TO BALLAST RESISTOR - “‘%’ERA'U“
H2 160GN IGNITION COlL QB/_ AUGE SENDING
{HORN / O INSTRUMENT PANEL WIRING | *[H216
. L e pwcs ST "RACHOMETER - S0 EQUIPFED) onav N
116V 4DBL 2
6V ZIGHT BANK T YO TNSTRUMENT PANEC
e Xk, ooy "IN
i
—{c J28-14DBL—TO BALLAST "{?,',?.%E
EIGHT nmoin aes:sma'___ I
‘_ —
: ﬂ&'ﬂ JFRING ORDER :
Tva43es72 Al G2 18Y
m 16081 L j28.14081
mtcumc INCH .
T g SARK PGS LerT Banx L IF
IGHT BA : ' B
FIGHT CYLINDE | IGNITION COlL 4 L4 Ré
5 | OSimeuros ; N
ﬂ&%&% BRAKE WARNING
73 318 AND 340 LAMP SWITCH
ENGINES 1
FIRING ORDER
' 18436572
SPARK PLUGS LEFT BANK .~
L H3-18BK° - -

R3 1IBDGN —-

C514
OGN (SEE INSERTY FOR VARIABLE

TWO SPEED
WINDSHIELD WIPER MOTOR

C5-14DGN 1

SPEED MOTOR)—p

+82-186K*

V3 ION;L

BAMITERY

- "

[ENGINE GROUND DASH PANEL

O

SO

« L__ G6-18GY -
LOW Ol PRESSURE
ssrntcu OR Ol PRE

SENDING
82-168K* a1 vV

)i

RED

ACK-UP LAMP
BACITCH

AND 8AC g
LAMP SWITCH

AUTOMATIC TRANSMISSION

STARTER MOTOR
-a1-68f0

".
S5-
120R

:
:

STMIT ER RELAY

M.TE!NAYOR
REGALATOR

- L FOUR SPEED TRANSMISSION
(CONSOLE)

Figure 29,

L

AND SATES LITE CIRCUITS

Engine Compartment Wiring Diagram - Typical,

SYMBOL FOR BELVEDERE
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M




\\\\\

TN

SUNMARY

soon find that‘his job becomes much sasier.

. of currenc’

.;.ctrical fundanantnls and knows how to use hin tllt meters will .

Questions

1. The exact nature of electricity is ndt known, -but |
it can make itself evident by effects. What are four effects
of electricity?

2. There are several kinds of electrical conductors.’
Wha: are the three considarad to be the best and in their propar
order?

3. What unit of maasurement is used to measure a flow

| ' \
4. What unit of measurement is used to measure ‘he force
of movememnt behind current? :

LY

5. What 1is voltage droP-an& how is 1t useful?

., 6. What.is the dirference between a saries circuit and
a parallel c.rcuit’ : . \\-
7. How can the magnetic lines of force in an electromagnet
be increased?. '

8. Magnets nave north and south poles. Which poles atiract
and which poles repel each other?

1

9. 1In heasuriﬁg the flow of current in a circuit, would

~ you connect the instrument in series or parallel?

~10. What materials sre usually used in permanent maénets?

- 11. Ohin' Law can be summed up as the rcla:ionship between

; resistance, current and voltage. State Ohm's Law.

12. What determines the strength of an electromngnet and
what term is used to express this?

13, What ate three.rules of Ohm's Law?
14, 'Whii'il a circuit? ' ' ’ S '. =

‘15: How 1s wirins_hafnasé circuit identificacion established?

u




SECTION 1! ,_ y

.- PRINCIPLES OF BATTERIES - 7
" The provioua ‘saction of this lesson covcrl_th. principlcn o

e of electricity and magnetism. We said that elactricity is not
ol —yisible but that it does make {tself svident by ona of four affects. ' - TR
‘One of these effects is chemical electricity. Chemical electricity
is produced through a combination of chemicals and various kinds : . &
of metals. The reaction that takes place produces slectricity, ' =
such as in a storege battery. The following information concsrns N :
the construction and operation of the type of storage battary . \\\\‘
used in the automobile. | : \ N

The lead-acid storage battery is an electrochemiial device
for converting chemical action into electrical energy. It-is - n
not a storage tank for electricity, as is often thought, but’ '
instead, stores electrical energy in chemical form. The battery
performs three fupctions in the automobile. First, it supplies .
current to the cranking motor and the ignition system as the : e
engine is started. Second, it supplies current for the lights, '
radio, heater and other accessories when the electrical demand
of these devices exceeds the output of the generator or alternmator..
Third, the battery acts as a voltage stabilizer in the electrical
. system. Satisfactory operation of the wehicle is impossible
unless the battery performs each of these important functioms,

Construction . . ' '

-

ROTECTED CELL CONNECTOR ' .

MICROPOROUS
RUBBER SEPARATOR CEu cover

P

.‘.
v sl Ll iboing

5 -:".-

* COPYRIGHTED BY : ' ‘
S PONTIAC 1OTOR DIVISION o B
Figure 30. Battcry | =
e The construction of an sutomotive lead-scid stota;p battery,
oo figure 30, 18 such that a highly relisble source of power is
. provided. . Storage batteries havs three or more calls depending

®  liy

*




~on the voltage required. A battery of three cells connected
" is series is called a 6-volt battery. A battery of si{x cells

—~... -
jnt S "‘;—u;_
x‘~f\.
"\\"“M
~ e
l-».’ ‘. .
‘i\:rﬂ) (
Positive Plate Negative Plate
Group. Group.
Figure 31. Flate Groups,
= =
SEES f"“'—-"..____..)_éé .
. =) ‘
‘ J ; ? *.
. | -
: * g
. !
| ,
! !
"u—t—-—--‘ LI !
ooy e : -t 1
WLl o Lt !
B S /
v Positive Plates Between
Negative Plates
Figure 32, Assembly of
g Plate Groups.

. THE BATTERY CELL. A battery cell is made up of two types
of plates, one called a positive plate and the otgcr called S
a negative plate. Actuzlly, thers ars msny such plates in s S
battary cell. The negative plates contain sponge lead (Pb). The TG
- positive plates contain lead peroxide (PbOz). The call plates - -
are a grid-like structure, figure 31. -This'mskes the plate : e
more rigid and provides more ares to be exposad to the acid in -
the cell. Several plates are joinsd together by a plats strap
casting to form.what is cakled a positive group and'a negative .
‘group, figure 32, The plates, which are immersed in a sulphuric
acid solution (H7804) (cslled electrolyts), are separated by |
_ thin sheets of porous insylating material called ssparators. T

29




Figure 33. call Conatruction.
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Separators are becweea the plotes to pravent them from touching and
causing a gpqrgﬁeiggu;;. Ench cell of a lend-acid_hlttary will produco

of a typicnl cnll is -hawn 1n ftgurc 33. A nev typc ot batctry called -
an ''Energizer” is now being usaed ia many nev automobiles as standard ~ S

equipmenc. The construction of the "Enargizer" cell is bdasically g

as described above although each part is called by a different nane,

ses figure 34,

TYE CASE CONTAINS THE CELLS. After ,(. cell components are assembled,
they are placed in a battery case. The case is cade of molded plastic
or hard rubber. This makes the case very strong and, in the case
-of plastic, lighter in weight In the bottom of the case-are sediment
“chambers. Particles of lead which fall off of the plates are kept
safaly out of the way in the sediment chambar where they will cause
no hara to the ba::ery. :

- VENT CAPS ARE THERE FOR MORE THAN ONE REASCIl. A vent cap is
located in each cell cover and serves two purposes. First, it closes
the opening in the cell cover through which electrolyte can be checked
and water added. Secondly, it provides a means for the escape of ”
gases formed during charging of the battery. This prevents the
' battery from possibly exploding! .

. ' ANIFOLD AND VENT PLUG

. HOLD DOWN SiOT" . | o
. .‘mm._ b . . . - [ S

FPigure 35. E‘mrgiur With Side Tlrmnal.a.,

POSTS PROVIDE THE CONNECTIONS. Blectrical conmection to the ST
battery is ndc through the battery posts. One post is marked positive

f “ 111( e _ ' '




- and- the other uptiﬂ. u th- _poste ave not nrm the miuv-

th‘ po-tn sido-nountcd, sse ftaur. 3 ‘Thcoo battoricc requiro . &
a spacial connecting adapter when recharging the battery or A::‘lpting i -
to "jump ltart“ the vehicle, , , .

Operation of the.lead-Acid Battery -

“~When a battary cell is fully charged, the negative plate is .
spongy lead (Pb), the positive plate is lead peroxide (Pb0O;), and -
the electrolyte contains a maximum of sulphuric acid. (4, SO ). Ioth
plactes are porous. They are readily accod upon by the acié
cell in this condition can produce elac:rical energy through the
reaction of _the chemicals. .

DISCHARGING |

Figure 36. Chemical Action -
of Discharging 3attary.

DISCHARGING THE BATTERY. 'If the terminals of the battary ace @

connected to a closed circuit, the cell discharges to supply alectric

current. The chemical process that occurs during discharge changes

both the sponge lead of the negative plate and the lead perqgxide

of the positive plate to lead sulphate (PbSO,) and thesulphuric -

acid to water (Hy0), refer to figure 36. Thus the electrolyte becomas ; W
,weaker during discharge. since the water increases and the sulphuric
~ acid decreases. . As the discharge progresses, the negative and positive

plates finally contain considerable lead sulphate. The discharge

should always be stopped before the plates have antirely changaed

to lead sulphate. Sulphated plates may result in permanent damage

to the battery. To better understand this chemical reaction, the

action that takaes place can be summed up as follows. The sulphuric

acid is absorbed by the plates to produce current. So when the -

‘slectrolyte has been reduced to water, the ba::cry is in a,gicchltzqd

condicion. .

.
° .

. RECBARGING THE BATTERY IS N8XT. To cbar]‘ ‘the cells, s l:t;:anl a TR

seu:eo of direct current must be connected to the bn:tnry‘ttrn&anln. ’ A
~The chemical action is then reversed snd returns the positive and . . - e
“negative piates to their original conditioen. then all the: aﬁipha:a . =
. on the plates has been returned to the oloctrolyto t> form sulphurie ' =
._.atid, the cell has been fully recharged. It is raady to bs usad . - !
- for the next discharge. Choucal. action for chatsing the batt.ry
ecll is ahovn in figure 37, & . ‘ ' ‘ L




o ew discherging csuses overheating snd warping of the plates. Excess

Battery Capacity - R

The two most common battery ratings are the 20-Hour Rate at
80°F and the Cold Rating at 0°F. The 20-Hour Rating indicates the
lighting and accessory load capacity of the battery and the Cold
Rating indicates the cranking load capacity.

THE 20-BOUR RATING. -Tha 20-Hour Rating in smpers-hours is
determined by laboratory testing. The battsry is fully charged.
With the battery temperature maintained at 80°, the battery 1s discharged
at & constant rate for twenty hours. At the end of this time the '
cell voltage sust remain above 1.75 volts. A battery that can supply
5 amps under these conditions would be given a rating of 100 ampere-
hours. (5 amps X 20 hours = 100 ampere-hours).

THE COLD RATING. The Cold Rating is obtained by diacharging

- a fully charged battery at O°F at a constant rate of 130 or 300

amps, depending on the voltage and ampere-hour vating of the battery.
Two ratings are given. One is the voltage obtained after 10 seconds

of discharge, the other is the gime in minutes for a battery to

reach its end voltage. A battery having a l0-second rating of 7.6 o
volts at 300 amps will maintain a voltage of 7.§ volts or higher

for 10 seconds. A battery having a time rating of 2 minutes will
operate under the above conditions for 2 minutes before the .end

voltage is reached. The higher the 10 second voltage rating and

the higher the”time rating, the greater will be the cranking capacity
of the battery.

"ENERGIZERS" ARE RATED IN WATTS. 'Energizers' are rated in .
wvatts, which is a measure of the cranking ability of the "Enorgtag;:
at cold temperatures. The wattage rating is determined by laboratdry .
testing and is obtained by multiplying the voltage by the current.

The pesk wattage is used in rating "Energizers” st the temperature
{involved. Thus, by compering wattage ratings, an immediate comparison
betwaen "Energisers" of cranking abilities 1is obtained. R

Factors Affecting Battery Life

There are various factors which affect the life of a battery. .
0f these, the more important include overdischarging, rapid charging
sad rspid discharging., Overdischarging or sllowing a battery to '
renain in o -discharged condition for s long peried of time causas
excess sulphstion of the plates. Whea this condition is veached,
it is almost impossible to charge the battary. Too rapid charging

shedding of active plata matsrisl results, reducina bsttery capscity.
" B .33 :
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. buttury cannot bo ovnrlooknd as a poaaibla lourco oE :roublc. Since

a visusl inspectiem and a few electricsl chacks will readily reveal
" the condition of the battery, it is alvays advisable to start all

eircult checks by checking the battery first. Otherwise, a component -
part of some circuit, failing to function properly, may be unjustly
condemnaed. If the battcry is proven defectivae, it should be replaced,.”
1f it is found to be marely overcharged or .ndnrchar:od furthor
chnckt nay be necsssary. .

Battlry Servicing

_ ~ Most electrical troubles caused by battcry failures can be
- prevented by systematic battery service. A large number of premature
battery failures can be eliminaced if foryr important points are
considered.

CORRECT APPLICATION I35 A MUST. Long and trouble-{ree service
' can be expected only when the amper-hour capacity is balanced with
the electrical. load. The use of an undersized battery will result
in poor performance or early failure. When a new battery is installed
in the vehicle, the replacement battery shculd be at least of equal
ampere~-hour rating to the original battery.
PROPER ACTIVATION IS NECESSARY. Proper activation of dry charged
batter'es is extremely important because improper activation always
results in poor performance or early failure. The hydrometer tast,
which will be discussed in the battery testing section later, will
determine if the battcry has been properly activated.

T CORRECT INSTALLATIOH IS IMPORTANT. Correct installation of
‘tabactcry is also important since case or cover breakage may result
from tmproper handling and installation., The hold«down bolts should
be kept tight enough to prevent the battery from shaking in its
holder, which could damage the cass. However, they should not ba
tiglitened to the point where the battery case will be placed under &
s severe strain. The battery carrier should be clean and free from
_corrosion beforea installine a battery. Corrosion on the carrier
will incresse the rate of corrosion on the carrier and keep it level.
The battery should be installed in its carrier with the positive
and nagative posts in the proper position. ‘Reversing the battery
! a pala:ity can lcnd to gensrator rcguln:or or ignition probleas.

Cauttonz ‘ﬂhan igstalling ba:en:ica. the ground cable at the
battery terminal should bde disconnected first and reconnected
last to avoid damsge to the battery and wiring by accidental
. grounds with tools.

-

-

PERIODIC- GBRVICE IS5 AN ABSOLUTE NBCESSITY! A bctecry 'te &
pcrilhahlc item which requires periodic servicing. Therafore a
good maintenance prograa for the battery will insure the loasss:
___possible battery life.
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HLECTROLYTE LEVEL
CORRECT

g -

I

veil. *

—

Eiectroiyte ot Proper Level

Figure 40.

Check Electrolyte Lével Frequently.

Checking EZeafroZyte Level Using Eye.

Electrolyte ot Low Level

o

The eslectrolyte level,

figure 38, should be checked every 2,000 miles or once a month.
In hot weather, particularly during trip driving, checking- shouf/.
‘be more frequent because of more rapid loss of water. If the electrolyte

level i3 found to be
added to each cell.

-gleo will cause cnt:ooion.

never acid.

low, distilled water or

tap water should be

"Add watef to the split ring in the bottom of
the vent well, figure 39, or until the "eye" is dark, figure 40.
Do not ov.rfill the battcry as this will cause loss of electrolyte.
Loss of elactrolyte will result in poor battery performance and

Only water- should be added to the bhattery,

Note: The water level in the cells should never be allowed
"to go below thc tap of the plates as pcrnlncnt sulphation

will result.

-

External Condition Must Be Kept Clean.
of the battery should be checked periodically for_§nqa.e such as a

36
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The extarnal condition
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" -broken cass or broken ctli.cévctl, figure 38. Ths top of the battery

_mior bes i‘;ulfo vhen cl‘aﬁ

r - ' .

should be kept clean. This is particularly

S e - . = - ] -y

hlpbrtmt for 12-volt -

with a solution of‘btying'qoda and water to neutralize say acid .-
present. The battery top should then be flushed off witlr clean

water. -Care must be taken to keep vent plugs tight, so that the
neutraliziag solution does not enter the calls.

Electrical Contact Should be Clean and Tight, To insurs good

electrical connections, the battery cables should be clean and tight -
ou the bactery posts, figure 38, If the battery posts and cable - R
ternirals are corroded, the cables should be disconnected. The '
terminals and clamps are then cleaned separately using.a battery
‘cleaning ‘tool or a solution of baking soda and water and a wire
brush. ‘After cleaning and reconnecting the ‘cablas, apply a thin
coating of vasoline on the posts and cable clamps to help reduce
corrosion. Some manufacturers also recommend that a felt washer
be placed on the battery post underneath the cable clamp to help
reduce the corrosion of the terminals. |

Battery Testing - ¢ : :
. While taking proper care of the battery will insure a long

and useful life under most conditions, the battery must be tested

occasionally to check its state of charge and internal condition.

THE BATTERY HYDROMETER TEST CHECKS TEE STATE OF CEARGE. The ()
state of charge-of a storage battery depends upon the active material

. on the plates-and the strangth of the aelectrolyte. Other than charge

"'“tigupn 42, '

the battery, you can do nothing to increase the active plate matarial,
However, you can check the elactrolyte of the battery. to find the
state of charge:” Use an instrument called a battery hydrometer. -

You arg checking the specific gravitv (weight of sulphuric acid
compared to water) of the electrolvte. The hydrometer is a small
gAass tube, weighted in-its lover end so it will float upright when
the electrolyte is drawn into the tuba. Part of the hydrometer

is shown. in figure 41. The hydrometer is calibrated from 1.150

to 1.300. The number 1.300 is on the lower end of the float, figure 41.
The depth which the weighted glass tube sinks into the slectrolyte

is determined by the density of the electrolyte. The more dense

the electrolyte, the higher the hydrometer will float. A fully
charged battery has a specific grsvity reading of, or about 1.280

on the hydrometer (80° temperature), figure 42. An undercharged
batrery would.show as a specific‘gravity reading of 1,225 or below,

D
g,
l. 1
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U S

DISCHARGED

. Acid almont entirely in plates,

week olectrolyte be-
hind. Specific gravity lower,
simon thet of water,

uacnkl&onﬂﬂna;'wﬁm
reter sinks lower. Note

_ _- B Figure 42,

Néce: Correct the specific gravity readings for alectrolyte
temperature. When the electrolytq temperature is- above 80
degrees F., add 4 points (.004) to the hydrometer reading for

every 10 degrees above 80 degrees. When the electrolyte tempera-.
ture .is below 80 degrees, subtract 4 points
below 80 degrees.

c:%:iqn: Make suré the battery is fully charged because

hydrometer readings taken on partially. charged batteries

are unreliable. Never make a hydrometer test immediately

after water has been added to a dattery. ‘It i impértant
tha; the eye be apprnximately at the liquid level when

the reading is taken. Readings taken at a sharp, angle
usually are very inaccurate. ) : :

| : : ‘ 39
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uorda. 1: doo: not show how much ac:;vn nn:trtsl is 0:111 uvailahla _
to furnish current or if the ssparators are still kesping the plates
from touching. To chsck the intsrnal comditton ot the bsttery,
. & battery capacity test is made. This maans that ths battery must

" be tested by applying a specific load om it.
" will differ depending upon tha type of test equipment being used,
be sure to refer to the proper tachnicll order or unnnal tor the

tester bcing used. .

‘Battery

: There are two mathoda of recharging am undarcharged battery.
One is the slow charge method. and the other is the fast charge
As the names imply, they differ in the length of time the
battery is charzed and the amount of charging currnnt suppliod.

mathod.

THZ SLOW CHARGE IS BEST. Thn slow chlrge mnthad supplies the
battery with a low charging rate for a iong period of time.
charging rate ‘should be about 5 amps.
- four hours and more may be needed to bring the battery to full charge.
' The battery is fully charged when there is no change ir spedific

Charging

Charging periods of twenty-

gravity 'readings over a three hour period.

FAST CHARGING IS QUICK.
a high charging rate for a short period of time.
of 40-70 amperes are common, with charge periods varying up to three

A battery cannot be fully recharged by the fast
 charged method, although it can be "boosted."

the battery, thc fast charge method should be followed with a slow

hours maximum,

charge for a fcw hourl.

Cautian:

- Connecting Batter1e§ Togethér

This hnthod supplies the battery with

Never allow the electrolyta temperature to exceed
125°F when recharging a battery by either method.
damage could result to the battery.
recharging give off a highly explosive gas.
is well ventilated to prevent an explosionm.

Since tast procedures

Charging rates
To completely recharge
Permanent

Also, batteries that are
Ba sure the aresa

»

«

b

-GAI745

Storage batteries -ny be connncto& in two different ways to obtain

various voltages and amperages. The two ways of connecting batteries

Figure 43.

Conneoting Batteries in Seriss.

40
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Figure 44. Commecting Batteries in Parallel.

are in series and in parallel. Connecting batteries in series
will increase voltage. For example, {f a voltmeter was installed ‘
in a circuit with four 6-volt batteries connected in series,
figure 43, the voltmeter will show 24 volts. However, connecting
the batteries in parallel, figure 44, will not increase voltage.
This will increase-the amperage rate. In other words, by connecting
6-volt batteries in parallel the 6 volts are maintained. The six
volts will last longer under use because the ampere-hours are
increased. In the series circuit the connections are from positive
to negative. In the parallel circuit they are from positive
tv positive and negative to negative.

SUMMARY
Becoming thoroughly familiar with the contents of Sections I
and II of this lesson will not necessarily make an automotive
electrician. However, if the automotive electrician is throughly
familiar with the prindiples of electricity, magnetism, circuits,
and storage batteries, he should be able to do a more precise
and quicker job of testing and servicing automotive electrical .
systems. To insure the subject is f miliar, a review of the
entire lesson should be made at this time by answering the summary
. qualtionl which follow.

QUESTIONS

, ' 1. ‘Reaistance 13 opposition to current flow What is
the pu:pcue of resiscance?

L

2. Electrical symbols sre used in place of devices ia SR,
‘schematic diagram. Draw eight basice lyubollﬁof a schematic diagram, =

o

- 3. wh.n.coua.ciing aioz:gnmbnttlriol.;ozpthgr to 1nctcaue”
voltage, how are thay connected? .

T b Hoﬁfari batteries connected together to increase ampsrage -
- rates?. a ' _ | ’ _ =

12y




Pl SR

ug aenmzmum_wuamumum

Mmﬁngum'am.hmmmlh

7.

7an sutomotive cloettical cireui:a?

- . the wiro

9.'
_l;nea of

10.
11,
12,
13.

6.
1n urdct to produc; a &-aupcz. tluw th:ough a 6-ohm runintanca?

—ncn ulny ﬁnltu would hnvo to bo connoc:ud to a circuit

what onfc:y proc:n:iona vould you obo.rvu wvhile working . -

What cffcc: does temperature liave on ruuintancc of o
in a circuit? ) o ‘ B

On a straight wire conduc:or vhere are the nunmber of
forcn the greatest? :

What are three mn:hodo of ihduc;ng current into a conductor? .
Bricfly explain how a storage bat:cry works.
Whn: ncparatas th. placgu in an autonotivt battery?

What is tha purpose of the lpocific sravity test of

an au:owotivc battery? , | !‘

14.
componen

Why is the frame of a vehicle included as one of the
ts which make up the electrical circuit?

9
o
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 OBJECTIVES | S =

After completing this study guide and your classroom. -
instruction, you will be able to explain the operating : ' B
principles, function and construction of vehicle lgnition )
systems. You will also be able to perform maintenance,
test and adjust the ignition system components and use
special test equipment.

INTRODUCT ION ’ - ' g

One of the most interesting subircts in the study
of automotive electricity is the ig:. _fon system. Having
the responsibilicy of providing a high voltage in the right
order at the right time, the ignition system can supply
300 high voltage surges every second at high engine-speeds. .
Since ignition systems cause the majority of engine troubles,
you must understand the operating principles, function,
and construction of the various unitcs of chese systems.,

1}

.}‘_

INFORMATION

Spark ignition systems may be divided into two classes.
These are battery and magneto. These two systems are much
the same. Both systems furnish a spark to each eylinder
. at a prooer moment to fire compressed gasses to get the
maximum energy from the power stroke of the engine.




e A PONTIAC MOTOR DIVISION |

Figure 48, Ignitian Cireuit,

The battery ignition. systenm, figure 45, consists of a
battery, a series of wires and cables, :I.gnil;ian switch, ammeter
(not shown), ignition resistor, coil, distributor (contains
points and condenser), spark plugs and cables. The system
has two-circuits, a primary and secondary. The pfimary circuit
has those units that carry only low voltage current. These
units are the battery, ignition switch, ignition resistor .
(used with.a 12-volt coil), primary winding in the coil, breaker
points and condenser. The secondary circuyit carries the cdurrent
to the spark plugs after it has been increased to high voltage.
This~Tireuit includes such units as the sacondary windings of
.the coil (fine windings), rotor, diotributor up, apark plugs,
and lgark plug cables, .

‘ Battery

The !u:ury (nd mu:or) furnish the sotirce of wluu
and current for tha ignitiog system. Vehicles may be equipped
‘with 6, 12, or Z4-velt battariés. Twelve volt ignicion systems
are .the most common in yse today. . : k

Anmter and Ignition Switch

The ammeter, if present, is conmcud betwesn the battery
and the ignition switch. Although it {s not essentisl to the

_13"1 45
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oparatien of the circuit, it i3 a uait wht:h n-ltuxtn ‘the flow

op.rltion. " The igniuion lwitch providco a mhanl ot opanin. .
and clpsing the primary circuit. Besides ch. ON=-OFF .position,
many igntion auiechc: have a START position which energizes
the starting motor and ACCESSORY position which allows curreat
' to go to the aeeca;oricn, but not through the 1|nition systen.

"Ignition Resistor o , W

In a 12-volt ignition circuit, a ballast vesistor, figure 46,
or a resistor wire is connected in series with the coil primary
windings to comtrol ignition primary current. The resistor .
wire, as used on some applications, is of a certain size and
of a certain length to cause the correct amount of resistance.

The resistance in these systems changes very slightly with =
‘temperature, This prevents excessive primary current at low
temperatures. It reduces the tendency for the distributor
contact pointa to oxidize during cold weather. The ballast
resistor, as used on other applications, is bypassed during
cranking. The ignition coil 1is then connected difectly to the
battery. This allows for improved performance and easier
starting. The bypassing on some unitg is done by use of
"finger" within the starter solenoid. :

)

Ignition Coil

The ignition coil is a device which steps up (transforms)
the low voltage of the battery or generator to a high voltage.
This voltage may reach as much as 30,000 volts in some installations.
The extreme high voltage is to provide the electrical pressure
$0 that the electric current will jump the gap at the spark
plugs. This ignites the compressed gasscs in the cylinders °
.of the engine. .The ignition coil contains three essential

parts, These are ptimnry windinga aecondary windings, and
a soft 1ron sore.,

é
PRLMARI WINDINGS. These windings, figure 47, consists
of a few hundred turns of relatively heavy wire.

SECONDARY WINDINGS. These windings, figure 47, consists
of many thousands of turns of a very fine wire. It is asdembled
with the primary winding around the outside of it.

" LAMINATED IRON CORE. The. core, figure 47, is soft irem
and, 1: diseributed so that one portion serves as a core for
the s, The remainder i{s a shell around the entire

ably.

COMSIRUCTION (OF THE COIL. Thase parts of the coil are
chon placed in a case. The remsining space is filled with oil.
The coil cap is then installed and sealed. This prevents the
entrance of moisture, which would csuse coil failure. It also
helps in cooling the coil. Although there are s variety of
ignition coils for various types of oparstion, figure 47 shows
& typical tgaition coil £euwi¢xz;mn unhiel. , \ ‘/
13 -
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Pigure 47, Cutaay View of
a Typiecal Ignition Coil,

THE COLL PRODUCES THE ZAP! The ignition coil operates,
on the primciple of electromagnetic 'induction. When the primary
circuic is closed, current from the battery or generator fI;:;
through the primary windings of the coil. This builds up a
magnetic field around the coil primary windings. When the circuit
breaks, the magnetic field collapses rapidly. The rapid movement
of the collapsing lines of force induces a very high voltage
into the secondary windings of the coil. (The amount will

. depend upon the construction of the coil, the number of turns

of wire in each winding, and the amount of current flow through
the windingl )

Igni tion Distri butor
The puzpolc of the dtscrtbueot, ftuuto 68, is to open
and closs the primary circuit by .means of contact points. The

... .. discributor alse dirscts ths high voltage surge through the

secondary eircuit to the proper spark plug st the corrsct cinh
The distributor consists of a housing, shaft, brnakc Jassambly,

condensar, distributor csp and rotor, cuntrifugll ce mechanise’

and/or a vacuum advance mechanism, 125
44}

48




L]
-

Distributor.

COPYRIGHTED BY
f

PONTIAC MOTOR D{Vl SION

tion ©

Cross Seo

P

Figure 480

¥
§
3
3
| &
k,
3

<@

PV P ST ST

i
™y
9

Bre

~ Pigure 49,




g

£
L

Figure 80. Condenser Construation.

-

.

"




| WHEN CONTACTS OPEN, CURRENT *
CONTINUES TO FLOW, CAUSING AN

R

A

~ CONDENSER PROVIDES TEMPORARY

PLACE FOR PRIMARY CURRENT T0
GO, REDUCING ARCING AT CONTACTS.

B - WITH CONDENSER IN PRIMARY CIRCUIT

b ' Pigure 51, C(Coneenser Actiom.

Vo

51 ' ] N , ‘ "




BREAXER ASSEMBLY, FIGURE 49. Ve said the coil operates
cn the ptinciylc of clccc:oun;nttic induction. Thare Dust.

of th. coil. Tho brcnkir poincs in :hc diltribu:or providu
~ this means. The assembly consists of the breaker plate, breaker
points, contact support and cordenser, figure 49, A breaker
‘" cam is driven by the engine. It is on the distributor shaft.
~ The cam has lobes (thg same number as there are cylinders
in the engine). Whep the cam rotates, sach lobe passas under e
the breaker point rubbing bloeck. This separates the contact .
points. A high voltage surge is produced in the secondary
winding of cthe coil, With every cam revolution, one spark
will result. for each cylinder of the engine. Remember ‘that |
in a four-stroke cycle engine, each cylinder fires every other
revolution. Therefore, on this type of engine the distribucor
shaft rotates at one~half the engine speed.

-

CONLCENSER . The condenser in the primary ignition circuit
prevents arcing at the distributor breaker pcints when they
begin to open. This is because the condenser provides a place
for current to flow until the points are safely separated. ,
The action of the condenser requires special insulation between
two foil sheets, figure 50. These foil sheets store current
. flow and bring it to a quick controlled stop, figure 51. Without
‘the condenser, or-if the condenser fails, no standard automotive
ignition system would operate properly. The reason is that
| without some means of ‘preventing arcing at the points, most
. of the energy in the coil would convert into current. This ’ .
“would flow across the points. This causes the points to burn '
and prevents the coil secondary winding from producing the
high voltage surge required.

THE HIGH-VOLTAGE PORTIC) OF THE DISTRIBUTCR. The cap,
rotor, and high tension leads carry the high voltage surges
from the coil to the spark plugs. This must be done in .the
correct sequence. This part of the distributor s part of the
secondary ignition system. The secondary circult starts at
the secondary winding of the coil. A high tension lead from
the coil is connected to the center terminal of the distributor
cap. From this point it continues through the cap to the ,
rotor. The rotor is actually a revolving switch which rotates
with the distributor shaft. It delivers electricity to the
proper spark plug each time high voltage is induced into the
sacondary winding of the coil, ,

e T CENTRIFUGAL ADVANCE MECHANISM, FIGURE 62. In ordex for ' : : e
- ths engine to function properly, the ignition spark must occur ‘ :
. - 8t the proper cylindar at the exact time required. This is . ) ~
T ~-fin;£n¢ timing. We kiiow that the ignition must be timed cqrractly , SR

when the engine {sWdling. Whan the engine is correctly ‘€imed, | T
.= . markings oan either he engine flywheel or the crankshaft pullcy ' '

must slign with a stationary pointer at the instant that the

~ . plug in the mumber one cylinder fircs. Correcting the timing . .
A is dome by’ loosening and turning the distributor in its mounting. e v w .
: - e

i i"




Figurs §2. Advance weights Inatalled.
queﬁer, the correct instant for introduction «f the spark

into the cylinder depends upon a number of dif:lerent operating
conditions such as different engine speeds and loads. For
example, the spark must enter the cylinder eaclier at high engine
speeds so that the mixture can ignite and deliver its power

.to the piston. Therefore some tvpe of device must be installed

to vary the spark timing for differe.ut engine operating ccnditlons,
There are different types of devices used to vary the spark
timing.. The centrifugal advance mechanism, figure 52, advances

the timing at high speeds. This type of'advance consists of

two weights that throw out against spring tension as engine

steed increases., Ad engine speed increcses, the breaker cam

{s caused to move ahead or rotate with ruspect to the distri-
butor -shait. This causes the cam to open and close the breaker
points earlier .t high speeds. This type of advance cperares
entirely by ergine speed. It will advance a certain amourt

at any speed above idle. The timing of the spark to the cyiinder
varies from no advance at low speeds to full advance at high’.
speeds.

VACUUM ADVANCE MECRANISM, FIGURE 53. Consider conditions
other than just engine speed to ytime the spark at the cylinder.
"Although the centrifugal advance mechanism operates entirely
by engine speed, and will advance a certain amount at any
particular speed above idle, there are times when additional
spark advance is required which cannot be furmished by this
device. Fot example, many times a spark advance must be based
on the engine intake manifold vacuum. .To provide for this,

" a vacuua advance mechanism, figure 53, is installed. Thars

'arc_cyzes which are installed to rotate the distributor housing
{in thils type the housing must be fres to rotate in {rs meuncing).’

Other types rotats the breaker plate only with raspect to the

remainder of the distributor. This type moves tha breaker point.

against the direction of shaft rotation so that the rubbing

block meets the cam earlier in the cycle to provide advance

timing. '
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Pigure §3. Vacwwm Advance Mechanism, -

-

The vacuum advance mechanism consists of a spring loaded
diaphragm connected by linkage to the distributor housing
or breaker plate. The spring loaded side of the diaphragm
is airtight. It is connected by a vacuum passage to an opening
in cthe carburetor. Because of thé position of the opening in
the carburetor, when the throttle is in the idle position
no vacuum is in the passage. However, when. the throttle is
moved to part throttle position, it swings past the opening
of the vacuum passage. Intake manifold vacuum can then draw
air from the airtight chamber and cause the diaphragm to be
moved against the spring. When this occurs, the motion of
the diaphragm causes the distributor to rotate in its mounting
or the braaker plate to rotate (wvhichever the vacuum advance .
operates), and the contact poincs are carried around the cam
to the advanced position. Spring tension will return the -
mehcanism to no advance when the chrottlc is returned to the
idle position. :

“The vacuum advance is a device which increases fuel economy

A at part throttle position only. It is very 1mport¢nt that

‘. both of the advance mechanisms operate within the correct

| limits to insure the best engine operation under all condigfons.
On soms later model engines, full vacuum advance at idle

,_m_tmncnufi. This 1s to imprcvc the operation of the engine at

' " 4dle It 1is done tsking/ intake menifold vacuum off below

_" the throttle plaf®. On this type of cation the vacuum

oy« line to the vacuum adraaan machsnism sust be dinnnnana:nd

. " vhea timing the Lpuion.

f
!

“‘“*“"““**f'“‘“fwmon Wirtng  © | ? |

i Ignition wires used to connect the various parts of the
- 4dgaition system are of two types. .Thess are the prinary and
seacondary wiring. ‘ 2 ‘
o o . . 84 1 9




PRIMARY WIRING, The primary circuit is designed for
low resistance combined with good mechanical strength. It
.:””nnnlllyrinwn.lazgn nnndnn;nr lnd_hll.ﬂil_lﬂd.lh:lliﬂiixlliltlﬂt

S aaml e

_ SECONDARY VIRING The high tension wiring, such al,apark E
T : Plug leads, can bs a smaller conductor. It wmust have heavy e
- ' . insulation to prevent leakage of high voltage. The wires must ;
be able to withstand heat, vibration, abrasion and oil. 1If

water or dust enters any crack in the insulation, an electrical

path is formed. This partially grounds the high tension voltage
and the spark at tha plugs will bc weak.

VRS wiring. Automotive ignition systems during operation
produce certain high frequency electrical signals. These
signals can interfer with the car radio and nearby television
reception. Practically all ignition systems, therefore, incorporatce
some form of resistance of supprassion to eliminate this undesirable
- interference. One of the most common methods of suppression
is the use of:secondary ignition suppressor cable. It is
. commonly called TVRS cable (television-radidé suppression).
TVRS cable consists of a braided linen nylon core impregnated
with carbon to form a conductor. Wire pins are used to connect
the resistor cable core to the terminals. This type cable requires
- good service procedures so as not to damage the cable.

Spar;k- PIggs ’ . . . 'J

[4

H

. The only purpose of the spark plug is to create a spark -
' to ignite the air-fuel mixture in the cylinder of the engine.
1¢ tpe spark plug does not function as required, all other puics
in the ignition system will have worked for no purpose. . The
spark plug must be' able to function properly under many various
conditions. The plug must also be able.to withstand repeated
terrific combustion pressures.

CONSTRUCTION OF THE SPARK PLUG The spark plug, figure 54
- consists of the shell assembly, core insulator assembly, terminal,
‘upper sealing gasket, lower sealing gasket, center electrode:
“and ground or the side electrode. It fits into the cylindar
head. The two electrodes, separated by an &ir gap, create a

SPARK PLUG HEAT RANGE. The term "heat range” refers to

the classification of spark plugs according to their ability

to transfer heat from the firing end of the plug to the cooling

system of tha engine. Varying temparaturss in the combustion

chambers of different engins make spark plugs of different o
.- heat ranges necessary. The rate of heat transfer is con:tollcd -

asinly by the distance betwsen the gasket sest and the iasu- Ve

lator tip, figure 55. You-must select the proper heat range

when replacing spark plugs in the vehicle. ,

‘ .
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Figure 5¢. Typical Sparx Plug | .
' Cutaway View. | ‘ :
N
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suewM 3000

 Figure 55, Heat Ranges _af
. Spark Pluga..-

 THREAD SIZE AND REACH. Plugs are also designed in several threaa
sizes and "reaches,” figure 54. Thread reach is the distance ' .
e between  the gasket seat and the end of the shpll. Thread i S
" ‘gsisze is the dismeter of the threads measured in millimeters.
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LOW SPEEDS | WIGH SPEEDS

Figure 58, Pouer Tip Plug In Combussion Chamber. '

2OWER TIP PLUGS. Power tip plugs-are designed to deliver
peak performance and economy in high horsepower engines at
"all speeds. They are original equipment in many leading makes

of automobiles. On this type of plug, the insulator tip protrudes

farther into the combustica chamber, figure 56. At low speeds,
the projecting tip is in the thick of combustion as shown

{n A, figure 56. There it gets hotter quicker, and stays

hot to burn fouling deposits away clean. At high speeds the
projecting tip is in the path of incoming air-fuel mixture,

as shown in B, figure 56. There it stays cooler to affectively
check any damaging praignition. This type of plug actually .
serves as both a hot and a cold plug. :

YOLTRGE AT SPASK PLUG TERMINALS, FIZURE 67. The direction
of current flow through the ccil has not been stud.ed yet. It
gust be discussed briefly now. COne of the major causes for
the engine to be hardstarting cr spark plugs to misfire under
a load i3 reversed current flow through the coil. This is
called reversed coil polarity. It results from hooking the
ignition coil lead wire of the distributor to the wrong side
of the coil. Voltage at the spark plug terminals should always
be negative. Whether it 1s or not depends on how the primary
leads are attached to the coil, 1f positive voltage is supplied
to the spark plug terminals, it would taks mére voltage to
makea current jump the gap between the electredes as:shown .
in A, figure 57. Remember that electric current is the flow
of electrons from negative to positive. Electrons will move
from a hot center slectrode to a coldex ground electrode at
 a lower voltage, as shown in B, figure 357, With incorrect \
~volarier,-ths=hoﬁtoe~eoa;or~¢1nn::odn.hncnwca.pQIitivﬂly.ch!:l!de

the ground electrode, which is cooler, and move to the positife
- charged electrode, the ceater electrode.  This vequivres &8 .
* higher voltage. The primary tevainals of the coil should-

be connected so that the polarity markings correspoid to the

polarity of the battery, as showm 1in C, figure 37. For a

negative ground system, the + terminal of the coil 1s' connected

to the battery side of the ignition system and the =~ terminal

_ to the distributor side. S ‘ '
. . 5740
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Tharefors, electrons sust now lesve the negative charged electrods,
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3¢nata:or furninhsn thc source of volca;o and current far | °
the ignition system. UWhan ths contact points in the distributor ]
are clossd, the ignition coil primary winding is connected to 5 T
tha battery or genarator. At this rtime & magnetic field builds o
. up within the coil. As the contact points open (they are opened

and closed by a.rotating cam on the distributor shaft), the

magnetic field collapses and sends a high voltage surge into
g the secondary circuit. This surge must then be directed to _ t
S - ' the spark plug in the cylinder ready to fire. This is done ° :

: . by the distributor cap and rotor. Other devices are installed

in the ignition system for proper operation. These are the
T . . condenser, ignition resistor, ignition switch and ammeter. ' : B
= ' '~ The ignition system would not function properly without a '
condenser. The condenser is connedted across the contact
points to provide a place for current to flow until the contact .
points are safely separated. This prevents arcing at the
contact points. An ignition resistor is installed in the ignition
system to improve ignition performance. The ignition switch
provides a neans of manually opening and closing the primary
circuit. The ammeter measures the flqw of current in the vehicle
electrical circuit.

1

lote: Ignition systems may vary in design and construction
of the various components. The operating principle is the .
. same for all battery ignition systems,

SERVICING THE BATTERY. SYSTEM COMPONENTS -

The spark that ignites the fuel-air mixture in the cylinder
must do so at the exact time with just the right voltage.
This spark does not jultJ:pplar. 1t occurs becayse electricity
goes to a coil which’converts low voltage to high voltage. A
timing deavice (distributotr) then directs the spark to the right

. spark plug at the exact instant required in the cylinder. Bacause

of the exacting nature of the ignition system, the system must:
be inspected, tested and serviced regularly to maintain this
near perfect action.

Inspections | .

Pcriodic innpcctiono must be made to determine the extent
of wesr or deterioration. Operating conditions will determine
the exteat of wesr or deterioration. Operating conditions will
deternine the time that inspections will be ‘made, Por exsmple, _ o

. dust and moisture may cause excessive wear.' Tha best assurance e
of obtaining the maximum servics with the*minimum trouble :
from ‘ignition systems is to follow a ragular inspection and ) j
ssintsnance procsdure. " Inspection of the contact points, o
advance mechanisms, conngctions and cables, distributor cap -
and rotor, 1is vary essential. The contact points should be s

- exemined for burnmed or oxidized and pitted conditions. Hi.h g =
‘tension wiring should be checked for the coudition of the ) i




“-;tnlulation lnd clnaaltntca. The di:trihutor cap, rvtnr. and :
~ coil high mnion urninll aneuxd"b. axw.m for uﬂm uz;u.

Diitr{butor Lubrication

: The distributor requires lubrieation at lpccific tine
. " incervals. The distributor shaft is lubricated by a variety
: : of methods. Alvays refer to the applicable publications for
lubricating procedures. The breaker cam is also lubricated
in a variety of ways and the lubrication procedurasbysad as _
given by the manufacturer. . : y *

. Note: Avoid excessive lubrication. If too much oil is used,
the excess may get on the contact points and cause rapid g
burning of points. This is one of the most common causes of B
contact point failure, ' '

Reasons for Ignition System Failures

Ignition system failures can be grouped into three categories. o
The three categories are as follows: loss of energy in the
primary circuit, lecss of energy in cha ‘sacondary circuit,
and out of time.

DeeisY 5YSTEM F4ILURE, Thera are several conditions
wnich may cause this failure. It may be due to defective
leads, bad connections, burned contact points or switch, or
an open coil prinary. Also, it may be caused by a discharged , e .
battery; defective generator; points improperly set; defective '
condenser; or a grounded primary circult in the coil, wiring,
or distriputor.

SETONDARY SYSTEM FAILURE. This category may also have
several conditions which may cause the failure. Fouled, broken .
or improperly adjusted spark plugs will cause secondary systeh
failure. Also, high tension leakage, caused by such items
ac defective wiriag, coii head, distributor cap, rotor and
connections will cause secondary system failure.

TIMING, The timing may be affected by not being sat properly,
worn discributor shaft or bearing, distributor shaft bent, defective
varuum advance, defective centrifugal advance, plugs of the
wrong heat range or fouled plugs. While the plugs have nothing

: ¢:* . to do with timing, they may cause preignition. _ :
T TEST EQUIPMENT FOR TESTING IGNITION SYSTEM COMPONENTS e
. " Becsuse of the effect that en impropes functioning ignition - -

" systim has on the operation of the angine and the exacting i '-—1%
oL nature of the ignition system, test instruments should be used ] s

- WHER. ocrvicin; the 1sutttoa system. Even though ignicion . A : o aE
| system failures are grouped into three categories, and certain .
checks can be made to isolatse the trouble vithout the use _ ‘ .

of tnst cquipncn: certsain 1;nition ly'tca units should be chacked

0 EL - o u
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portodically itth the use ot tast oquipnnnt to deteraine 1e
thay a:n.tnnctinnia; properly. - :

Figune 58. Typioal Normal Operating
Ignition System Cycle.

The oscilloscope basically pictures on 2 viewing screen
\ the ignition system voltage compared to time. Repetitive -~
\ cycles, as occur in the ignition system with each firing of
. the spark plug, are traced on a screen in the form of a pattarm.
-‘/r‘-\ 1f the'basic pactern, figure 58, i% known, any devistion from .
" this pactern can indicate malfunctions in the system. The oscilloscope,.
.- \
. - therefore, is used as an exzellent diagnostic tool to spot
'~ troubles that are occurring withém the ignition system. The
oscilloscope method of circuit checking has proven to be g quick,
highly reliable method of determining ignition system probjems
. and their cause. Since many different models of Hscilloscopes -
l are made, your instructor will give you anothar scudy guide/workbook -
- on the particular model that you will use in this block of

instruction. . . b
Testing the Distributor ~
When loﬁkug ‘for causes of trouble, the distTibutor is n

the heart of the engine. It must have careful and minute.*
inspection. Thare are several fundamental tests which must
be made on a distributor to find if it is properly performing
- : its job. The distributar i{s removed from the engine for certain ' '
’ tasts. Some tests can be made with the disttibutor installed o v T

/

on the engine. 'rhcrg are severil different makes and models R

s of distributors. Thegefors, the information concerning the SRR
: tests sud the methodg of making the tests must be very gsneral

tn nature. When a distributor is being ssrviced, refsr to the - o

”“ ”fagtoty Procedures and sncctticatzons for the specific distributor. T

be -checked for fumu by turning eho brulur cam by hand ‘ ‘
-in the direction of rotation ‘snd then releasing it, this only
checks for freeness. It doss not give informstion on the vay = . -

. s \\ ‘ o . l .




" in vhich 1t operatés. To cbeain this iaformation, the distributor
=Wt be remcved !rau the nasinn ;d ﬁhlgk.d.an éhn.distributor .

!or testing cho ccntrifu;al advancn. uhich reacts to opccd only.
For testing the vacuum advance mechanism, the tester must
- have & vacuuh sdvance tester vhere s source of vacuum can
be spplied to the vacuum advance mechanism, These two advance

mechanisus are carefully checked against manufacturer's specifications -

to find 1f the proper advance curve under all cperating conditions
is optlincd. )

Nota: For proper procedures 9lad in testing, always refer
to the applicable publications.

A&ﬂUA&INﬂmﬂ'OWENnﬂs.OQI ::]
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Figure 59, Ihqacﬁrate Gauging of é&ugh Points,

CONTACT POINT ADJUSTMENT, " There are different methods of
chacking point openings. New points can be checked with a wire
gage. Never use a flat feeler gauge, especially on old points.
Using a wire gage eliminates the possibility of an incorrect
. gap because of vough points, figure 59. Point openings, new

or old, can be checked with a dwull metar. These methods
U 'praferred method of checking poiat opening of used contact
__points 13 by placing the distributor in the dia::fbuto:_xcatnr.

neter corractly. Adjust thc\cuqxnct points either by looucnin;
the lock screv and turning the eccentric screv, figure 60, or

by using a "hex™" type wrench to turn the adjusting screw,
‘tigure 61, to specified limits.: The sdvantage of using-a
distributor tester is that it not only measures cam angle

. or dwell, but it also uncovers trrognllrifig,'gotuncn can

- 62




Adjusting Dwell Angle

Figure 61, Adjusting Duvell Angle,

lobes, point bounco.talignnlnt of rubbing block with cam,
alignment of contacts and breaker arm spring tansion.

 CONTACT POINT DWELL. twell is the period during whidh ~ -

the. distributor points remain closed for each ignition cycls.
The dwell mater electrically msasures this period and registers
the averags for egpch cylinder in terms of degrees of distributor
cam rotation. The total number of degrees for each ignition
cycle is 360 degrees divided by tha number of cylinders.

i \
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Tigure 62, Point Duell - | R s
Stz Cylindep Showm. ; . 7 :
‘7 a -

INSUFFICENT DWELL a EXCESSIVE DWELL ,
F::.guru 83, Effébté of Point Gap On Dwell, - ,_ ‘
C S > .

~Figure 62 shows 60 degrees (between dotted lines) for each - )
cylinder of a six cylinder engine and 36 degrees (the shaded . .. L
area) as the dwell. .Figure 63 shows that -a wider point ﬁttin‘ : ' o
.- Will result in less dwell end & closer point segting will increase LR
dvell. If the duell reading ts nos to specifications, the o e F
.,* trouble could be incorrect point spacing, defective point = . ; =
. .rubbing block or bresker arn,, miseligned or worm distridutor , =
{1
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DWELL VARIATION.

“Dwell variation is detarmined by noting

any dwell change as the ergine is operated at different speeds.

Excessive viriation indicates a change in point opening that _ o
can result from shaft or bushing wear or looseness. Generally i
____..Mmmmmm:hmMe '
-3 g 1,750 T NTES

three degrees, the distributor should then be checked more
thoroughly on the distributor tester.

A
5
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rCQNT.\C'I' AREA
CENTERED

CORRECT ALIONMINT

CONTACT AREA
NOT CENTERED

MISALIGNMINT OF CINTIRS ‘

CONTACT AREA!
NOT CENTERED

MISALIONMENT OF POINT FACES.

Pigure 54.

Breaker Pcint Alignm

Weanch—121350-0

Figure 85. Aliéning Bruakcr'Pbipts. ' *
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Piqure 86, Contaot Point
Material Transfer.

E'Zgure 87« Digtributor Lead
o Arrcmggmenta.-
ANGLE WiTH

?p-mt Spring Tension.
!
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coumncr POINT ALIUMH!NT AND a!pznczmlmm' th. contnct point

set is replaced as a complete assembly. The service replacement -
contact sat has the braaker lsvar spring and point alignment
pr&aéjuatud at thn tneza:y. safnllly. ealr tht dwell sns&l

~ Correct ali;nmnnt by bondin; :h‘ £1x-d contnct !ugpar: only.
: Never bend the brasker lever:! Rough contacts which ars greyisa
N _ in eolor have a grester area of contact than new coutacts; L.
, and will provide satisfactory.service until most of the tungsten N
' is worn off. Pitted or transferred contacts is a normal condition .
and should not necessarily be replaced unless the transfer - K
of metal has exceeded .020 inches, figure 66. : :

Caution: On some makes of distributors, be sure to observe »
the location of condenser lead, primary lead, and the plate v
-ground lead, figure 67. Leads must be properly located to

eliminats lead interference bstween cap, weight base, and
breaker advance plate. - :

116%-A

- _ Figure 69. Adjusting Breaker Point Spring Tenaion.
- 'r? \

BREAKER POINT SPRING TENSION. The contact point pressure

is checked with a spring gage, figure 68. Excessive spring

pressure causes rapid rubbing block, cam, and point wear.

Too weak a spring will permit high speed point Sbg:ca and cause

arcing and burning of the points. Note this condition when

using the tester and observing the firing patiern at different

speeds. When making this check, the spring gage should-be

hooked to the bresker moveable point. Exert the pull at sn\ q

angle of 90° with the point surface. Make the resading just _
. a8 the points ssparate. Diffarsnt types of breasksr points '\\\ e
" will require different teasions. Always refer to factory . .

specifications. If the tension is not within specifications, _

l1oosen tha screv' that holds the end of the spring and slide o=

. the spring end in or out-as necessary, figure 69. Tighten o

. the screw snd rechack spring tension.

Note: Always check the spring tenaion of all new potnts
vhen installed. o

LR
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Tigure 70. Timing Marks and Pointer.

IGNITION TIMING. 1o a previous lesson the timing of

in engine was discussed. The engine must be. timed so that
a spark reaches the cylinder that.is supposed to fire at the
exact time. For this the contact points must be timed to
open and close in proper relation to the piston positions
in the cylinders. The previous lesson explained the different
timing procedures, For example, many engines have a mark on
the flywheel or dynamic balancer which aligne with a stationary
pointer when number 1 c¢ylinder is ready to fire, figure 70.
At this instant, the contact points should separats. Various
methods of checking the position of the points at this time
are used. A test lamp hooked across the points will indicate
this. Loasen the distributor in its mounting and rotate the
distributor until the points just open with engine. positioned .
properly. Another method is by using at ignition timing light.
The powar for the light is obtained from the engine battery
or a 110-volt source, depending upon the light being used. The
light flashes are triggered by the number 1 spark plug. With
the engine running, the light flashes make the flywheel or pulley
__seem to be stationary. This allows for the timiang to be observed.

Engines using the vacuum sdvance must have the vacuum lins
disconnected when chacking the timing. Corcect timing by

___totating the distributor in its mounting the sams as vhen the

light was used.
—ignition Cotl Tests

* Coil testers are svailable in most repair and tasting shops.
.. _Whenever coil periformsmce is suspscted as ths causs of troubls,
- the coil should tcncnd according to msnufsacturer's recommendationm.

L 15.)




tha coil has lgfficicutloutpgt.

4

A coil sncondary continuity test {s made to .check for opens, . .
shorts, or axcessive resistance in the secondary windings of
the coil. A coil capacity test determines’ ther or not

AR R e .’.!L_'_".T T IR Z.’; O PP -‘.l ST [P '_'. . e ' -

. will not be burhed. The gap should not show a growth of mors

To :cs: the condenssr, a good condenser.taster must be
used. good condensar testet shogld be able to test ths
condsnser for insulation breskdown$ low insulation resistance,
high series redistance and capacity. Thase conditions will
all affect ignition performance. The procedures for making
thegse tests are covered in the applicable publications. “Because
of the different types of test equipment, it is very important
to refer to the)applicable factory manuals for these procedures.

Spark Plug Cleaning and Testing : \ .
It has been mentioned previously just how important the | '
proper plug and its condition is for the efficient operation -
of the engine. It will alsc be shown in a later lesson how \
the plug condition will indicate different troubles within

the engine. Therefore, remember that the inspection, cleaning, \

and testing procedures are very important. - : o
FEZMOVING SPARX PLUGS. Tn most cases, ‘the correct procedure \

for rermoving the plugs is not thought. of too sariously. However,

being careless when removing the plugs may cduse serious troubles.

After the igniticn wiring has been removed, select the proper

size deep socket. Improper wrenches are often the cause of

spars plug insulator breakage. The plugs should each be loosened

two ccmplete turns. This action will loosen any dirt around

the base of the plug. Use a blast of compressed air to remove

this dirt to prevent it from falling into the combustion chamber

when the plug is removed. -

Note: Place each spark Plug in a suitable holder in
the order of removal.

VISUAL INSPECTION OF SPARK PLUGS. The plugs should be
checked for cracked insulators, worn alectrodes, etc. The
plug gasket should be checked. If it is not compressed, it
could mean that the plug was not properly'tightened when installed.
This could cause excessive burning of the electrodes and overheating
of the insulator tip. 1If the gasket is diltortnd the plug
has been tightened too tightly. This may causs strain on the
steel shell. The gaskat should be approximately ona-half
compressad and show & clesn, even surfacs. The spark plug
wvhen operated under normal conditions should have only a few =
deposits which will be light tan or grey in color. The electrodes e

HI
g, Al

i

than about 0.001" per 1,000 miles of operation. The spark

plug may have several appearances which are caused by different mwé
troubles in the engine. “
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Figure 71. Squk Plug Conditioms.

Gap Bridgipg. Gap bridging, gigure 71(A), may be traced

* to flying deposits in the-combustion chamber. In a few cases, ‘

£1uffy deposits may accumulate on the plugs during intown driving.
When the engine is duddenly put under load, this material can

melt and bridge the gap. '

Scavenger Deposits. Fgel scavenger depbsics shown in figure 71(B)

may be white or yellow-in color. This may appear to be harmful,
but this is a normal -appearance with certain brand fuels. Such
materials are designed to changs the chemical nature of deposits
- to lesson misfire tendencies. ® Notice that accumulation on the
" ground electrode and shell areas may be unusually heavy, but
the materisl is easily cleaned off. Such plugs are normal
in condition and can bs cleaned with standard pracedures.

Chipped Insulator. This condition is shown ia figure 71(C).
.1t usually results from bending the center electrode during
" tagapping of the plug. Under cettsin conditions, severe datonation
___can also_split the insulator firing end. The plug must be replaced.

Preignition Damage. Preigniticn damage, figure 71(D)
o 18 caused by excessive temperatures. They produce melting of
e “the center electrode ad, somewhat latsr, the ground elesctrode,

' Insulators will sppear relatively clean of deposits. Check for
7 correct plug heat rangs, over-sdvanced ignition timing and similar
- - raasons for overheating. ‘ '

SR 70 15 -
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“old Fouling. Cold fouling, or carbon fouling, figure 71(E),

shows dry, black appearance of one or two plugs in a set.
Check for sticking valves or bad ignition leads. Fouling of

‘the antirs set may be caused by a clogged

F; '__‘:‘:

b, 8

clesner, a sticking

Dverheating. Ovcrh;ating, figure 71(F): 18 indicate€d by *

gap wear rate will be considerably in excess of 0.001" per 1,000
miles. This may suggest that a cooler heat range should be
used. However, over-advanced ignition timing, detonation

and cooling system stoppages can also overheat the correct spark ' °

plug. - S

‘ SLEANING TYE SPARK PLUZ. Remove the old gasket before
cleaning. If the plug has an oily deposit on the firing end,
it should always be degreased before cleaning with abrasive
in a plug cleaner. Degrease the plug by using suitable solvent.
Then dry. When the plug is prepared for cleaning, the plug
should be placed in the cleaner adapter of the correct size.
The abrasive blast should be applied. Wobble the top-of the
piug in a circle while applying the blast. This will properly
clean the insulator tip and electrodes. The extent of cleaning
time should be only that which is necessary to clean off the
deposits on the insulator nose. Use an air blast to remove

.the abrasive remaining inside of the firing end. The threads-

shculd be cleaned by means of a wire bdrusih.

, DRESSING THE.-PLUG. Wher the plug has been cleaned and
before the gap is set, it is very important that the electrodes
by dressed down to produce a flat, parallel surface on them,
This removes oxidation. Also, a flat, parallel gsurface resists
growth better, requiring less voltage to jump the plug gap.

The plug s dressed by filing the ‘el2ctrodes with a thin point
file or mail file, figure 72.. '

- 1L

Figure 72, Filing Spark
1 5 N Plug Electrodes.
_ : 7

“

7g dead white or grey imsulacor which appears "blistered." Electrode




- must be clesn to sssure

- plug should be seated onto the gasket by hand.
- to the proper specifications. When the plu

Figurev73. Setting Spark Plug Gdp,

SETTING THT PLUG AP, FIGURE 73. Setting the gap om

the plug correctly 1s very important. Yhen setting the gap,

the center electrode should never be touched. Always bend

the grounded alectrode, figure 73, either toward or away from

the center electrode. A wire feeler gage is used to measure

the gap between the electrodes. Always refer to specifications

for correct gap setting. A slight drag should be felt when

the f2eler gage passes batween the electrodes. ,
TZSTING THE SPARK PLUG, When the plug has been cleaned,

inspected, and gapped, it is now ‘ready for testing. However,

if any defects were found when inspecting the plug there 1is

" no reason for testing it.

In other words, the plug should
be thoroughly checked visually. If no defects are found it
should then be tested. The tester should be used accordingly.

Note: Never assume that bench testing the plug simulates

the compression pressures that the plug will be under during
engine operation. Because of the varisbles, the bench test,
while useful, cannot be measured by any specific PSI readings.

INSTALLING PLUGS., The gasket seats in the cylinder head
propar ssaling and heat transmission. -
gaskats should be used. The spark
Then tighten
gs have heen installed
correctly, connect the cable terminals. '

Whenever possible, new

15>
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Note: Fail
aperate at
 operating life under mild operation or complets dtruction
. -under severs operation whers ths intenss heat cannot be

=E e "

ure to install plugs properly will cause them to
excessively high temperatures and result in reduced

R S

Summary

N

Although the above information is very brief in nature,
it should show that there are certain tests to bs made On the

.gnicion system to keep it in peak operating conditicm.- The

methods for making the tests will vary on different units and
test equipment used. The student workbook will give step~
by-step procedures on certain units. The commercial manuals
or technical order should always be referred to when possible.

MAGNETO IGNITION SYSTEMS

CABLES O SMMR MugS .

Figure 74. A Hign Tension
Magneto.

The magneto machanically generates alectricity by electromagnetic

induction. The purpose of the magneto is to take the place
of the battery ignition system. The magneto is usad when space

 4s limited, weight is an important factor, and dependabilitcy

{s the first consideration. It is a compsct combination of
generator, ignition coil, and distribucor, figurs 74. The magneto
requires no battery. It doas have its disadvantages. ~1Its |
principal ons is that it turns so slovly during the cranking

of the engine that a hot spark is not produced. Therefors,

a supplementary high voltage source must be had. This cau be a
boostér msgneto or a high tension coil to which primary current

—

. 155,

e g S S Y O S




o

comes from a battery. Also, soms magnetos use an impulse coupler.
This produces high armature speeds at cranking speeds to give

© & hot spark.

Thrae things are necessary to induce voltage--an electrical
corductor, a magnetic field, and relative motion betwaen the
field and the conductor. In the magneto, a wire coil is the
coaductor, a permanent magnet provides the magnetic fieid,
and the engine provides the mechanical energy for motion between
the fiald and the conductor. The rest of the operation of this
ignition system is very similar to'the battery ignition system.
As most engines require véry high voltage at the spark gap
in the cylinder, a davice must be installed to raise the low
voltage induced in the conductor (primary winding) to the required
high volcage. This is done in the same way that it 1s in
the battery ignition coll. To make thia device work, a set
of breaker points is found in the magneto. One end of the
primary winding is connacted to ground. The other is connected
to the insulated breaker point. Lobes on a cam actuate the
breaker points. The cam is mounted on either the armature
or rotating magnet. A condensor is placed in parallel with
the breaker points. When the breaker points are opened, the
current then flowing in the primary circuit, due to self-
induction, tends to arc across the points. This reduces the
speed with which the circuit is brokan and the magnetic field
collapsed. This.action is controlled by inserting the condenser,
The device that directs the elactrical impulses in proper order
to the spark plugs is called the distributor rotor. It is
usually driven through suitable gearing, at one-half crankshaft
speed. The .magneto cover is much larger than those used in
the battery ignition distributors. It contains the contact
spring and aelectrode which serve the same purpose as the rotor
segment in the battery ignition distributor. 1In other words,
the electrode connects the high tension leads to the spark
plugs.

Types o7 Magnetos

Two types of magnetos are used--those in which the wound _
armaturs rotates, and those in which the permanent magnets rotate.

-The latter is classified as an indicator type magneto.

THE ARMATURE WOUND- MAGNETO. This type of magneto is
the same as an alternating current generator with permanent
horseshoe type fiald magnets. Every time the armature rotates

?,fTqugna!halt,:urn, one impulse of electricity is generated.

THE INDUCTOR TYPE MAGNETO. This is a variation of the

- armature wound type. In this megneto the iaduction coil is

held stationsry around the armature shaft., Two soft iron
induction pieces rotate on the armature shaft, thereby causing

the magnacic field to rotate around the coil. ;

, -
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| . 154

]




v AP,

Low Tension and High Tension‘Typo Magnetos - 3\

luﬂ tension alsnl:a 1s one which s:nsrltns .8 low valtn;n

54k uwn

pazk ace pcrform‘d by br““"'?oincs'and uﬁdintribu:or system

ocated on one end of the magneto. The high tension magneto
is similar {n construction to the low tension magneto, except
that it has the step=up coil builct into the magneto itsalf.

- The voltage supplied dircctly to the spark plugs 1is abouc -

6,000 volts.

Impulse Coupler

Since the average enginé cannot be cranked fast enough
by hand to start if it has an ordinary magneto, an impulse coupler
is attached to the magneto. The impulse coupling must keep
the magneto shaft from rotating for a short period duriang
which the spring in the impulse coupler 15 bYeing compressed.
'he spring is than suddenly released by a latch which is tripped

~ during rotation. The energy stored in the compressed spring

tansion is enough to snap the magneto shaft over 1/2 turn to
a turning speed equal to 500 to 600 rpm. This will produce
the hot spark needed for starting the engine.

Note: Om most of today's vehicles using the magneté ignition
system a battery energizes the cranking motor only. The engine
does not have to be cranked by hand.

Booster Coil

Some units may use the booster coil to furnish the hot spark

‘necessary for starting the engine during cranking. An external source

of high tension current for starting is provided either by a booster
magneto or by a high tension coil. The primary current is supplied by
a battery. The coil method is most common. Current from the booster

coil 1s conducted to the booster electrode of the magneto. 'This connects
‘the booster coil with the magneto primary coil when the contacts open.

This causes a current surge through the primary which produces a rapid
change of magnetic fiald strength in the primary. This action induces
ir. the secondary a high voltage surge strong enough to fire the plugs.

Magneto Switches

The magneto cannot be turned off by disconnecting it from some
external source of emergy as in the battery ignition. This is because
the magneto is self-enerzizing. The method used to prevent the magneto
from producing high voltage surges is to ground the primary circuit.
Since one end of the primary circuit is already grounded, grounding the

_other end will turn it off. The grounding switch may be located

according to the vehicle.
Maintenance of the Magneto

When magneto failure occurs the two most frsquent causes are
burning of the contact points or condenser failure. The magneto
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" should be otled periodically sccording to :hn -nuue:m:'o
~ ‘ihetructions. It is very lmportant not to overoil tha hurim
--Mm%ham#mtﬂm

1. The ignition oyltn cmuuu of a primary and ueondury

= Qi“?’- Why does the uemuq circuis viring have the hesvier S =
L azion? - ' SN
: \ . | .
\ 2. What is ths primary purpooc of the 1|nitton condensar ' : N

“int :ho ignition system? _ - : 1 i

: 3. When the ignition points are cloud what takes place
within the coil?

 -_ a ., What are the units whihh make up the primary circuit
of the battery ignition lysctn?

S. What are the units which wmake up the secondary circuit
of the battery 4ignition system?

6. Why is the magneto used oh_uomc applications? )

7. What induces the high voltage into the secondary
winding of the igniction c¢oil?

8. What device is used with the 12-volt ignition‘coil -
", to control primary current flow? .

9. What is the purpose of the centrifugal advance mechanism?
10, Qha: operates the centrifugal advance?

11. Why is the vacuum mechanism installed along with
the centrifugal advancc mechanisi?

12. When 13 the vacuum advance effective?

. 13. What 1is the preferred method of checking the contact
‘points?

14, How is the éon:ac: point pressure increased or decreased?

. 15. Why should the spark plug be checked for reversed
polarity?

] 16. What kind of voltage should :hn opn:k plug :.:ninal _ e

ey

slvays havn? - i

R 17. What is the mesning of the term "hest range" as | ‘ | _;;
o applied to spark plugs?

""" 18. What i{s the difference between the power eip opork
; plug (‘nd the aundn-d opnrk plug?
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What 1s the reach ot.i:hc spark plug?
- How is the thread sisze determined on a spark plug?
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" Upon conv&nctoa of :hi. study sn&ﬁo lﬂd your GIAllroo-
Anstruction, you will be able to relate ths operating principles
.and maintenance procsdures of starting mators, starter switches,
drives and circuits; use tast equipment for testing: starters
‘ and starter ciccuits; remove, 1nnp.ct. tnpair or replace,- install
and adjust starting motors and starting system units and observe
. applicablc safaty precautiocns.

INTRODUCTION
T eam é
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) Figure 75. The Starting Cirouit,

LS

The starting system gives power for cranking the internal
combustion engine. This powsr is providcd by the bactcry .
-through the use of the starting mOtor, or starter., The starting
. e ' 3ystem, figure 75, consists of the battary, starter switch, | .
. : and the starting motor. At one time cranking of the engine -

: . / was accomplished by hand Wwi{th a simple crank. Now the alectric . .
.0 starter is used on all automobiles ind most trucks, tractors,
. ) and construction equipment using the internal combultion engine,
. : The importance of maintaining the starter -system in good working
| ' order cannot’ be overemphasized ‘since a vehicle that will not
start is completely useless. ‘ .
. } \ N - '
- INFORMATIQN ' ’ Y: I S,

- . smmne MOTORS e ! =

L]

’

. The electric motor is device :yaa.cnnwnrts slectrical .
efiergy into -sdchanical action. It makes use of current. Tiow .

fram the battery to produce mechanicsl movement. The starting |
‘motor is a special overload, direct current motdr that cin give e
a high horsepower for short psriods of‘tiqo-anly. If it 1s '

.
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. operated under a load for longer than 30 seconds it may overheat
. ..end burn out, It is called a direct curremt motor because

current flows through it in only one direction. Remssber S—
",f;Ei@;f;;isﬁuiggﬂki;!agj.;;;;;gg;iig;;j:“;  5;;5,;§: _5£;,lfi,w,;;;wwl?m~,,ZWWWWN,v ......
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 Principles of Electric Motors

Figure 76.
A Magnetic Field Is
Strongeat at the Poles,

Remembe: from a previous lesson that there is a magnetic
tield between the two poles of a magnet. This maghecic field
consigts of invisible lines of force moving from the north pole .

~ to the south pole of the magnet. Also remember that a current
carrying conductor has a magnetic field around it. Figure 76
shows what happens when we place this current-carrying conductor
<1 the magnetic field produced by two magnets., Notice how many
more lines of force there are on the left side of tHk conductor,
and how few on the right sida. There is a strong field on
one side and a weak field on the other. Thesd lines of force
are like rubber bands. When they are bent,.they try to straighten
out. As they try to straighten out, the lines of force push

on the conductor, causing the conductor to move in the direction
shown.

Instead of a straight wire, a loop of wire will now be
placed in the magnetic field provided by the two magnets.
‘An electric current is passed through the loop in the direction
shown in figure 77. The loop will now rotate in a clockwise
direction., Figure 78 shows vhy. At point A, the lines of
force are squeezed together below the wire loop. The lines
——5¢ force tend to push this side of the loop up. At point | | P
" 7’B, the lines of force are squesszed together sbove the loop.
~_This tends to push the right side of the loop down. When
---thess two forces are combined, the loop will rotats in the
direction shown by the large arrows. This is basically how
the starting motor rotates. Anytime a current-carrying conductor
“?i'ﬁlefod in a magnetic field, the result is movement, or motion.
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o Figure ??; Simpla Single-Loop
| Direot Current Motor.
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Pigure 78, Magnetic Field Pattern
' of\ Starting Motor. i

Construction of the Starting\l\‘btor ,
-. _ J
The construction of the gtarting motor is similar to
the single loop motor shown in\ figure 77, The starting motor
_used on automotive vehicles consists of the pole pieces and
field windings, the armature and commutator assembly, brushes,
and frame. Figure 79 shows a cutaway viev of a typical starting
motor. \= I{
j /
THE POLE PIECES. The magnetic field

the starting motor
418 supplisd by two or more pole pi ‘

!

around them, The poles of the ts are pole shoes.
The wire wound around thess pols shoes are called field windings.
Whan current is flowing through fisld ings, the pole
shoss ba strong electromsgnets. .

THE ARMATURE AND COMMUTATOR ASSEMBLY| In the starting
motor thers {s more than one loop of \wire;, Thase loops of

wire are to foram the stus a current is passad
through the r, it goes through : of-tha armature.

3




BRUSH \ INSULATED BRUSH HOLDER . FIELD COMt CLUTCH
ZRUSH SPRING , ARMATURG

GROU.'OED 3RUSH 'IOLDER

Figuna 25, Starting Motor Cregs section (Typieall.

This causzes the a2rmature to rotate. As socn 4as the armature rotates

a l.ctia, surtreat siifts to another looo. The armature then turns a : .

licele zore. Ihis is what causes che armacure to turn. Each end of

the laops 95 wire 15 connectzd to 3 s5.1it ring. Tor each loop of .
ra i

ir a palr of these splic ri.gs. These split rings are
calleu Commutacor segments or commutaror bars, 2ucting these segments
togetner mike up the commutator.

T SEUCHES. Zlactrical ceonnection is made with the
commutato. tirough the use of brushes. Brushes are blocks

of copper which ride on the commutator. When the starting

motor is in operation, current flows from the battery to the
starting mocor terminal. Current thea flows through the field
windings. F-eom thare, current goes through one btrush into the
commutator.  “his brush ia called the insulated brush. The
insulated bruah does not touch ground. Current then fiows
through the arwature windings in the motor. Afcer passing
thrcugh the armature, current is picked up by anothar brush,

This brush is called th2 ground brush. The ground brush is
autached 4icec:1ly to tha frame of :he starter. Current then
flows back to the battery. .

—e
-

YOTOR FRAME. The startar housing or frame provides a
place onto whick the pole shoes and fleld windings can be assembled. _
Tha frame also provides a low resistance path for the magnetic .
flux produced by the field coil windings. Remember that magnatic :
1123 .f f:rce will 4ravel through iron »asier than air and
thac they .ast foom a complcte circult,

82
“ FEAIN




SERIES COIL (&)
SERIES COiL (4)

* -8 N N Ll ” 3 - -
/ - = o Ny,
Taure 30, Jijfepent Fleild Tiroull

N
FLLNG srragemanta.

FIELD WIRING. An inspection of the wiring diagrams shown
in figure 80 shows various combinations of serles, series-
parallel, and parallel connections. The one selected for
any particular application is dependent on many factors, such
as engine speed and torque requirements, cable size, battery
capacity, and the current carrying capacity of motor brushes
‘and switches. There are two types of field coils used in cranking --
series and shunt.

: Pigure 81. Straight Series
winding.

Straight Series Winding. The field windings are comnectad
in serias with the brushes and armature windings, sc the current that
flows through the field windings also flows through the armature
windings, figure 81,  Seriés coils contain several heavy copper

. 83
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ribbon conductors. This permits an extramsly large current

' to flow, so that the motor develops high torque, or turning

—affort. -

Figure 32, ‘Series Shunt
Finding.,

Serieg-Shunt winding. Current going throdéh a starter
shunt coil bypasses the armature and flows directly back to
the battery. The shunt coil can be identified by its direct

" connection to ground, figure 82. The shunt coil contains

many, many turns of smaller wire. The shunt coil is designed

to keep the magnetic fiald of the starter strong. By keeping

the field strong, the shunt coil prevents the motor from over-
speeding. Many times the starting motor will try to obtain

a maximum speed that 1is so high that the motor will tend to

tear itself apart. The maximum speed of the starter is controlled

.. by the shunt coil, The remainder of the field coils, the series

coils, are the same as that described in the previous paragraph.
Variations in Starting Motor Constructions

The above description of t'ie construction of the starting
motor has been that of the typical starter. There are two variations
which you should be aware of however. These are the reduction
gear starting motor and the moveable pole shoe starting motor.

~ REDUCTION GEARS., This type of starting motor is usually
found only in Chrysler products. Figure 83 shows a reduction
gear motor. The purpose of the reduction gears is to produce
more torque or turning power at the drive pinion.  These gears
also cause the pinion to turn slower than the armature, making
it necessary to have a faster turning armature for the engine
to be turned over at the speed required.

MOVEABLE POLE SHOE STARTER. This type of device is now
found on Ford Motorcraft (formerly Auto-lite) startars. Tha
Ford starter {s shown i{n figure 84, When the ignition switch

. .1is turned to the start position, current flows through one
--fisld coil and a set of contact points to ground. The msgnetic

field given off the field coil pulls the moveable pole shoe

. down to its seat. When the pole is pulled down, the laver

moves the drive assembly into mesh with the engine flywheel.-
When the moveable pole is seated, it opens the contact points
and functions as a normal field coil. With the points open,

¢ .v 84 19'-))
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Figure 83. Chryeler Reduction Gear Starter,
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DRIVE END

BRUSH END OLATE 11¢%0 . " MOUSING
STARTER FRAME  FIELD COILS 11082 11190
\ STARTER ORIVE
o ey ‘ iy

1087

BRUSH COVER .
BAND 11126 \ _— "
ARMATURE 110CS f‘z
STIRTER mwe/&
PLUNGER LEVER bt
11087 PLUNGER uwm
SPRING 11103 STOP RING
‘ STOP RING  RETANER
COVER 11040 s® nm .
1 10098

Figure 84, Ford Starter Disassemblad.

current flows through all field coils energizing the starter.
At the same time, current also flows to another coil which holds -
the moveable pola down. When the ignition switch is released
from the START position, a return spring pushes the moveable
pole back to its original position. '

1

Starter Drives R o

The motor drive mechanism is assembled onto the armature
shaft, and is the part through which power 1s transmitted from
the armature to the engine when cranking the vehicle. There T
are a numbar of different types of starter drive units. These :
are covered in the sections that follow.

’ . I
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All drivei,‘re;ardlcaa of type, contain a pinion which
.18 made to move alon; the :haf: and nag;gt the rins gutr for

zotor opcratcu to crank cho cngino ac lpo.dl Outficilnt for
starting purposes. After the engine has started, it is possible
s that the ring gear would drive the armaturs at lptldl wvhich
= would cause the windings to be thrown from their slots. Therefore,
. . all drive mechanisms are designed to disengage the pinion
. from the ring gear or to provide an overrun feature when the s
engine begins to drive the pinion faster than the armature.
This feature protects the armature from being drivem to damaging
speeds..

<
 J
.

Bendix Drive-J

Although there are a variety of different types of Bendix
drives which may differ considerably in appesrance, each drive
operates on the principle of inertia to cause the pinion to
engage with the engine ring gear. Inertia is that property
of matter by virtue of which any physical body remains in
its state of rest or of uniform motion uncil acted upon by some
external force. :

- Figure 85,
Simple Bendiz Starter lriva.

SONSTRUCTION Oc THE BENDIX DRIVE. Figure 85 shows a
disassembled view of the Bendix drive. The drive pinion is
normally unbalanced on one side, and has screw threads or
splines cut on its inner bore. These screw threads match the’
screw threads cut on the outer surface of the Bendix sleevé.
The pinion and sleeve assembly fits loosely 6ver the armature
shaft. It is connected through the drive spring to the drive

¢ head. The drive head is keyed to the shaft. The pinion and
oo gleeve - assembly is fres to turn on the armature shaft to the
~ axtent pctnittld by the flexing of the'drive spring.

5SS e ENGﬂGEMEWT OF PINION T@ FLYWHEZL. When the starting
’ awitch is closed and the motor windings are energized by the
battery, the armature starts to rotatse. This rotation is
transmitted through the drive head and drive spring to the

sleseve, and these parts increase in speed with the armaturs.
The pinion, however, being unbalanced and having a loose fit

8 1:'1
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due to its inertia. The result is that ehn spiral aplinnd
sleeve rotates within the pinion, snd the pinion moves endvisas,
or "walks cut”, along the shaft to engage thn ring gear, When

m_;xakll.nlnc: SR

- _.“ m ‘ N m “ m R — ) = ]

P ] DISENGAGEMENT OF BENDIX FROM TRE FLYWHEEL. When the

’ B engine begins to operate, the pinion is drivan by the ring
gear at a higher speed than the armature. This causss the
pinion to rotate in the' same direction as the .sleeve buZ at
a higher speed.’ The pinion 1s then driven back out of wmesh
with the ring gear teeth. For as long as the operator kaeps
the motor emergized with the engine running, the motor free
speeds. The motor start switch, therefore, should be released

. immediately after the engine has started.

Note: Some Bendix drives contain a spring-loaded detent pin.

This feature prevents unwantad disengagement of the pinion
during a false start.

Overrunning Clutch

Another type of starter drive is the overrunning clutch.
This drive does tha same thing as the Bendix; it connects
and disconnects thé starter to and from the flywheel ring gear.

2

Figure 86. Typioal Quermmning Clutch Comstruction.

CONSTRUCTION OF THE OVERRUNNING CLUTCE. The overrunmning
clufch pinion is moved into and gut of mesh with the ring gear

The overrunaing clutch drive, figure 86, has a shell and sleeve
assembly vhich is eplined internally to match either straight
or spiral splines on the armature shaft. The pigion is lo¢ttti

87
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by a shift lever which is operated either menually or by a solenoid.
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_ inside the nhnll along with tptingrlo:&.d rollers that are und;nd
-1&:1&! :h-_thill _“A_colllr Ind lptin;'lucltld over th. llntv!

A B‘NGAGEMT OF OVERRUNNHG CLUTCH. Hhon th. lhife lm:'
N is opcratcd. the shift lever moves the collar endwise along
~777%" 7 the shaft, and’the spring pushes the pinion into mesh with
P  the ring gear. : If a tooth sbutment should occur, thes spring
S ' compresses with lever movement until the switch is closed,
at which time the armature starts to rotate and the tooth
abutment is cln’red The compressed spring then pushes -the
pinion into mesh.' Qranking begins with torque being transmitted
from the shell to the pinion by the rolls which ara wedged
tightly between thc Pinion and taper cut into the shell.

”ISENGAGEMENT OF OVERRUNNING CLUTCH. When the engine
starts, the ring gear drives the pinion faster than the armature
rotation. The rolls are moved away from the taper allowing
the pinion to overrun the shell. The start switch should be
opened immediately when the engine starts to avoid prolonged
overrun. When the 'shift lever moves back by return spring or
manual a.tion, the pinion is moved out of mesh and the cranking
cycle is completed.

Summary

Whether the Bendix or-overrunning clutch starter drive
is used, remember that their purposes are the same. TFirst,
they connect the starting motor to the engine flywheel and
transfer the torque of the motor to the engine for cranking.
Second, the starter drive units disconnect the starter from
. the flywheel after the engine has started. Remember to release
‘f>/! the motor start switch as soon as the engine has started to
prevent .serious damage to the drive unit.

STARTING MOTOR CONTROLS

During the cranking of a vehicle a very high current
is used. The starting motor may draw sevaeral hundred amperes
from the battery during this period. Switches able to carry
this high current without over-heating or damage to them must
be used. The switches will assume diffsrent forms whan used
on different units. The two main controls used on today s vehicles
‘are the magnetic switch and the solcnoid.

The Magnetic Switch ,

The magnatic switch is used on starting motors which
——--have the Bendix drive. The magnstic switch tdtilizes the principle
“that a flow of current in & winding of wire creates a magnetic
ERE field. A magnetic switch, figure 87, consists of a winding
e af vire mounted around s hollow cylinder. An irom plunger.

- 18 placed inside this cylinder. A contact disc 1s assembled

into the plunger. When the ignition switch {s turned to the
VJSIART position, the winding is enargized. The movement of the

88 1-»\
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i CONTACT ‘ :

MOTOR
. TERMINAL

Piqure 87, Magnetic Switen.

plunger causes the contact disc to be held tightly against the
two main switch terminals, The circuit is now closed between

the starting motor and the battery and cranking takes place.

When the ignition switch is released, the winding is deenergized.
A return spring causes the plunger to return to its original
position, The circuit between the battery arnd starting motor

{3 now open. The magnetic switch, therefore, i{s a mechanical
switch that is operated elactromagnetically. Remember that
magnetic switches are manufactured in a wide variety'of designs,
but each operates on the principle just outlined. The only
purpose of a magnetic switch is to connect the battery to the
starting motor. Different magnetic switch circuits used to
conriect the battery to the starting motor are shown in figure 88.

Solenoids

when the overrunning clutch drive is used on the starting
motor, the magnetic switch is given an additional job to do;
then it is called a solenoid, figure 89. The solenoid switch
consists basically of two windings mounted around a hollow cylindat ®
¢ontaining -a movesbls plungsr. A shift lsver is connected
to the plunger and s contact disc is aseembled in lins wich
the plunger. When the windings are energised, the plunger pulls
the shift lever. This moves the overrumning clutch into mesh
with the ring gear. The contact disc is pushed into contact
with the solenoid battery snd motor tarminals. Cranking of
the engine now takes place. The two windings:in the solenoid
are the pull-in and the hold-in windings. The pull~in winding

i
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Pigure 88. Magnetio Switoh Cirouits.

has a few turns of heavy vire, while the hold~in winding has

aany turne of fine wire. When the ignition key is turned

to the "START' pesitiocn, current flows from the battery through . :
both these viadings. The curreat Teturns to the battery from -
the hold-in winding directly through ground. The current passing
through the pull-in winding sust flov through ths cranking

motor befors returaing to the battery. .This hook=-up causes

the pull-in winding to bs shorted out vhen the plungsr pushes

90
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PINION OVERUNNING

GEAR CLUTCH
Figure 89, JScarter With Solenoid Switch and Overrunning Clutoh.

. the contact disc in. 7 Shorting out the pull-in winding lessens
' tHe drain on the battery and leaves more energy for cranking.
Ho?e magnetism is needed to pull the plunger in, 8o both windings
wotk together to accomplish this. Once the plunger is in
howrver, less magnetism is needed to hold it in.

MAINTENANCE OF STARTER COMPONENTS

Star%ing Motor

) £ Normally, the disassembly of starting motors should proceaed

L. only as far as necessary to make the repair or replacemant of

' parts, Certain checks ars common on most cranking wotors. These
tests should be made on disassesbled starters before making
starter tests using specialized test equipment.

BRSHES. They should not be worn down mors than one-
half their original length. If the brushes are worn more
than this amount, they should be replaced. Check this céndition . ,
. by comparing the starter brush to & new brush of the correct . g oo
E size for the starter. . ' ;

iw oo

BRUSR HOLDERS. Tha spring tension of the brush holders ' SR
for freeness of operation. '

| ARMATURE. Visually check the armature windings for braken
B} 4 burncd_inlulatian and unsoldered connections.

i '
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-nzy dtrcy. it vill
turning down 1in a lathe. Thn mica insulation must then ba
‘undercut and the slots clesnsd out eu rt-ovo sny trace of
dirt or copper dust.

BUSHINGS. Thers should be very little play betwesn the
armature shafc and the bushings. Inspect the bushings for
excessive scouring and wear. Chack the srmaturs for signs of.
rubbing on the pole shoes. If there is too much play or it

the armature has been rubbing on the pole shoes, cplncc the
bushings.

Starter Drives

BENDIX DRIVE, !aintenance of the Bendix drive consists
of the following:

1. Visually inspcé: for damaged pinion gears.

2. Check for fres screw action between the pinion gear
and sleeve,

. , ) _ , 4
3. Check the spring. If it is bent, brpkgn. or the
eyes are spread open, the spring must be riplacad.

4, Tubricate the drive unit with light engine oil. Never
use grease.

OVERRUNNING CLUTEH., Maintenance on this type of drive coasists
of tre fullowing:

i. Visually check for dansged pinion gears.

2. Check for free movement of thn collar on the shell and
sleeve assembly,

3. Check the condition of the pinion asicnbly By ﬁblding
the shell sleeve assembly and rotating the drive gear both ways.
It should rotate freely in one direction and lock in the _other. .

- &, Novnr immerse or soak the. overrunning clutch in solvent,
The grease will be washed out of the clutch assembly and thcrn 1.

e - WAY 0 rcgrcaso 'its Clean using s damp cloth,.

3. Lubricate the sleeve with 1ight engine oil.
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. ture is grounded. . | : =

wi;hyehi’proput :not tquipannc. This clin;nacas th. polatbility af T
placing & defective upit back into the starting motor upon reassembly.
A bric! description of each taot followl."

Armature Tasting. .. ot ‘ . *
The.a gure should "be ‘tested for grounds, shorts and open circuits
whenever the starting motor is overhauled.  The following procedures .are

typical But<be sure to check manufacturer's nnnual for the correct proce-
dure ‘for the cquipmnnt boinz usad. . .

- “ | e
Z igure JU. Amswuré; Short iest. |
SHORT CIRCUIT The armature is tested for short circuits on an
armature tester, commonly called a.''gropler."” The armature is placed

in the growler Jaws and slowly revolved while holding a steel blade
above the armjture core, figure 90. If there is a short circuit in

\ / '
Caution: Never operats the growler in the groviler test position
without an armature in the jaws. ‘

-, UNWANTED GROUNDS., This test is made with the test lamp on the
growler. One test point is placed on the srmature shaft end the other
is placed on the comu;o(. f:lgu:_n 91. 1If the lsnp lights, the arma-

-

. s e
. R <]

¢ .- ;

. . . ' . -




Pigure 91. Armature Ground Test.

L_ o Pzgure 92, Armature 0pen' Test.

- OPEN CIRCUITS. If. the armature has an open ci.rcui: it may show
amum.y at the commutator. The commutator bars will be udly burned.

“The ssmeter on rthe growler is alse used. Place the contact fingers of
th- .rowhr test meter cable across j;cuu: commutator bars, figure 92.

9




Test ﬁach/éounuctdor bar with the next until
checked., A law'rd;ding irdicates an open ci
m—‘ cf e o \ T 3 3 . : -

“Fleld CO{ffTesting

"-The starter ‘tnld coils are tested for 5p¢n-di cuits and unwanted

.grouhds Again, the !ollowing procadures arr typical, but be sure to

chack the nnnufacturer s specific proccdurol

Figure*93. Tile

FIELD OPE) CIRCUIT. This test will determine if the fiuﬁd windings
are broken internally. The test lamp on the growler is used for this
test. Place the leads of the test lamp 'at the two ends of the field

circuit, figure 93. If the lamp does not light, the field wiﬁdings are
open and must be replaced.

t

FIELD GROUNDED CIRCUIT. This test will determine if the Iicld
winding iansulation has failed permitting a conductor to :ouchltho framas.

. The test lamp is also used on this test. One point is placed ion the
motor terminal .of the starter and the other lead ¢n the frame, £1gur¢ 94,

If the test light glaws. the field windings are groundad and
be replaced.

ON VEHICLE STARTING SYSTEM TESTS

Trouble may develop in the starting motor system oa the icle.
There arp several chacks that can be made to detarmine vwhether the
trouble Iies in the battery, the starting motor, in the wirimg|circuit,
or elsevhers. There are many conditions besides defects in the starter
motor which can csuss poor cranking  psrformance. l

\
!

Quick Test1ng of Starting System ' - \

To nnkq a quick check of the startar motor syetem, with thp battery

fully charg‘d, turn on the hnadlightl of the vehicle. The lighFl should
1’.":; ol

T - T R T eI _'

x ‘
} .
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Figure 54. Field Coil Ground Test.

burn with normal brightness. Next, crank the engine and observe the '
brilliance of the headlights and the cranking speed.

LIGHTS GO OUT. “1f the lights g¢ out as tne starting motor is cranked,
it indicates that there is a poor connettion between the battery and the
cranking motor. ' '

LIGRTS DIM CONSIDERABLY. This tiay occur when the starting motor
operates slowly or not at all. The trouble may be some mechanical con-
dition i{n the engine or the stafting motor itself.

LIGHTS STAY BRIGHT BUT NO CRANKING ACTION. This condition indicates
an open circuit at some point., It could be either in the starting motor,
starting motor switch, or in the control circuit.

Insulated Circuit ResiStance Test

o .
The purpose of this tesa: is to measure the resistance of the cables

.. and switches from the battery io the starting motor. In this test, the’
- engine is crenked with a voltmater connected across the circuit. Ixces~
- sive voltage drop indicates resistance which may rdsult in starting dif-
_ficulpies.

6round Circuit Rc;istance Test

L]

. Tha purposs of this test is to measure the voltage drop -in ths -starting
_ motor ground circuit system. This test is performed similar to the
- imsulated cireuit test. ’ ' :

96 I3y
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Amperage Oraw Test

* t

____Sometimes the stsrter will tum the engise slowl Deciuss the starter -

\ . nections within the starter, poor brush contlc:, etc. When it is found
— that tha amperage draw is highct than specified by the vehicle manufact- s
f urer, various things within the starter could cause the trouble, such as -
i - the armature rubbing the fisld shoes or a grounded starting motor field L
3 coil. If the amperage draw is not within specifications, thh notor must )
' be removed from the vehicle and bcnqh tasted.

Note: The importance of maintaining :ha battery in a fully _
charged and otharwise good condition for cranking motor per- "t
formance cannot ba over-emphasized. If poor cranking is en-

countered, the condition of the battery should be checked

thoroughly. Of equal importance for maximum cranking output v

is the niintenance of all wiring in a clean and tight condi-

tion. Clean, tight connections become all important to avoid . -
excessive voltage drop in the starter circuits.

¥

QUESTIONS

.

3 1. The rotation of a starting mocorlis due to what?
2. What is a3 starting motor?
3, What is the purpcse of 3 starting motor?

. y 4. Magnetically, what two parts does the starting motor consist

5. What is the purpose of the magnetic field windings in the
) starting moter?

6. Whac are the two most common types of drive mechanisms in use
today? "

7. Whaé‘is.the purpose of these drive mechanisms?

8. What are the two types of controls used when the overrunning-—
clutch type drive is used on the starting mocor?

- . 9. What may occur if the starting motor switch is kept engaged
. too long aftar the engine begins to operatae?

Mmoo 10. Briefly oxplain_:ho operation of the overrunning clutch.
d mechanism. '

e 11. What :ypc of concrol is ulcd wicth the stlrtin; uotor using
=3 _ the Bendix drive uechanism?

12. Briefly explain the operation of a Bendix drive.
13, What method is used for cleaning a dirty or glazed commutator?

14, Why shouldn't a starting motor be operated for more than 30
ssconds at s time without pausing?
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15, myu 1t mimrun: m:mstmmmuhluh

16. What will dtrty cabh cmct:l.ono cauu1° .
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Vehicle Maintensace Branch < JABRA7330-8G-304
Chanute AFB, ITllinois . -

OBJECTIVE - =

T o . After completing this study guide and your classroom instructiom, 7
you will be able to explain the principles of operation,  function -and =
relationship of DC charging system components; repair and service 4
DC charging system components; and be able to use visual, auditory,
operational mean’s and test equipment to check, ldjult and isolate mal-
functions in the DC charging systea.

INTRODUCTION

The charging system is sometimes called the "power system' and .
sometimes the "battery generator system". The efficieacy of the entire
elactrical system depends upon its ability to function normally. Any
weakness of the charging system will show in the performance of the
cranking, ignition, lighting, warning and accessory systems. Therefore,
it is very important that the charging system is thoroughly understood.
The charging system consists of three basic units--the battery, generator,
and generator regulator. Broadly speaking, the bat:ery and generator >
‘work together. These two units keep a supply of powcr available -as
required by all the electrically operatad units of the vehicle. The
regulator is a control device designed to prevent damage to the. generator,
battery, and vol:age sensitive parts of the electrical system.

® INFORMATION
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Figure 95, Generator Funations. -
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supply pawcr to tho vchiclc s .lcc:ricnl aya:ou. rigurn 95 showu how

the generator and the battery work together to supply electrical power o
to the vehicle electrical system. When the generator is'at rest.or is -
operating at an extremely low speed, such as at engine idle, the elec- ‘
trical ensrgy for ignition, lights and accessories is supplied by the E
battery alone. When the generator is operating at medium speed, . : -3
energy is supplied to the slectrical system by both .the generator and :
tha battery. At high speeds, such as driving on an 1ntcrs:a:o highway, -
the generator alone supplies electrical energy to recharge the battery 2 .
-aidd to power the alectrical system., - : ‘

BRUSH HOLDBE i e i LA CON
Figure 36, Sectional View of Shunt Type Gemerator. '
| ]

The automotive generator, figure 96, consists of the pulley, fan,
drive end frame, pole shoes, field coiln, armature, commutator, and
brushes. There are different types of generators in use for different
vehicles. The generator used must do the job required of it. The
normal electrical lcad on a vehicle will determine the capacity of the ,
genarator. Also, other factors, such as the operating conditions, ;
..will detsrmine :hc dasign of the gnncra:o:. , | e

THE OC GENERATOR _
" The generator is an clcctro-tchanical dachine. This machine
changes the mechanical power from the engine into electrical energy for
" the vehicle's battary and accessoties. 3imply stated, the generator
produces clcc:ricicy. The gcnnrator is Opcratcd or drivcn by the
vehicle engine's fan bolt.
Jes
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OMECTION OF INDUCED CURRENY

Figure 97. Conductor Moving Through a Mugneéic Field,

We can produce or generate electricity with magnetism. This is
called electromagnetic induction., Generator operation is based on this
principle of electromagnetic induction. Elaectrical pressure, known as
voltage, is genarated whenever any conductor is moved at right angles
through a magnetic field. If a closed conductor is moved in the direc-

; tion shown in figure 97, voltage will be induced into the conductor and
) . cause current to flow in the direction shownm.

.o ; i ) DIRECTION OF
o CONOUCTOR MOTION l‘ﬂ @\') e

{ .

- ok | Pigure 28, Side View of Magnetic Field.

Lookinig at this same magnetic field and conductor from the side,
figure 98, the lines of force tend to wyap arcund the conductor. The
lines of force are like rubber bands. When the conductor is moved o
through them, they teud to wrap around the conductor. When a magnetic .~ ...
field goss around s conductor like this, it induces or forces voltage ~ =
into the conductor. If the conductor is then closed to form a complete i
circuit, the induced voltage will causs a surrent to flow. - i

4

,\i J-r! o
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A closed ghuduetof

3. Motten ' oy . -
This {s the principle of cloc:ionagnctic induction. It is one of the '?
most {mportant’ principles that there is in automotive electricity. : -

Operating Theory of the DC Generator o ]

Figure 99. A Simple Cenerator.

The generator uses electromagnetic induction to produce electricity,
Figure 99 shows a simple generator. A conductor is formed into a loop,
with.the ends connected to copper bars called commutator segments. A
pair of brushes ride on these uegments to pick up the current induced or
generated in the loop., When the loop is revolved in s clockwise manner,
as shown, current will flow around the loop and through the commutator
sagments, brushes, and lamp. When the loop 1is rotated 180 degress, the
tvo sides of the loop change position, but the current still goes through
the lamp in *he sama direction. This is because the commutator seguents
have also changed position. S

__ The Shunt . Generator

The shunt gemerator is the wost coamonly used generstor. A simple
- disgram of the shunt generstor is shown in figurs 100. The shunt gener- ' o
: e "it“ mm “rcmt.. . m‘ “ em“_m fi‘ld circuig m‘ :h. omr “ . . . ; -
S called the charging or load circuit., These circuits sre_in parallel with
i .88¢h other. Remsmbar, s shunt circuit is s psrallel sircuit. ' i

THE MAGNETIC FIELD, The magnstic field in the generstor is supplied
- by to aagnets called pole shoss. 1.sse pole shoes are permanent magnets
- ~-This means that thers is a smsll smount of megnetism which remains in the




Figure 100« Wiring Diagram of 'a Shunt Genarator.

pole shoes at all times. This small amount of magnetism is called “re- .
sidual” magnetish. The residual magpetism, or remaining magnetisa, is
very small. However, the amount of magnetism is enough to cause sqme
current to flow in the.armature loops as they start to revolve. Residual
magnetism is responsible for initial generator output. If there was no
residual magnetism in the pole shoes, the genserator would not work!

The magnets that form the magnetic field have a wire wrapped around
them. These coils of wire are callad field windings.. These field wind-
ings make tha pole shoes powerful slectromagnets when current flows through
the windings. These coils are woynd and connected to the generator
brushés in such a way that part of the output from the generator flows
through them. Go back and look at figure 100 again.

-
] »

- COMMUTATOR e
Pigure 104. The Armature Assemblyl.
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'ToFincroaoo ou:pu?ﬁ :hc :
: automotive genarator uses ssveral lodps of wire wound around s /cors. : b
~=o...  The sholn asseably is called the armaturs, figure 101. —5

- préiicc a vcry v low oucput."

- ny using many loops of uiro in the armaturs, thers ars mors conduc- =

: tors which will pass through the magnetic field of the generator. When E

the number of conductors passing through the sagnetic field is increased,

the output of the generater will also be increased. Notice that there .

are several of these loops around the armature core, figure 101. Each '

end of these loops of wircﬂ@s connected to a split ring segment, or - ;

commutator bar. All of these commutator bars make up the commutator. )
The core around which the loops ' are wound is made from soft iron.

It is made from soft iron to allow the lines of force of the magnetic

field to easily pass through it. But becausa the core is a conductor,

and it is moving in & magnetic field, a current is produced in 1it.

This current is called an "eddy curront." The result of this eddy: cu?\\\

rent is heat--and heat can harm the generator. To prevent this from

happening, the core is assembled from several discs of iron. This is

called a laminated core. The laminated core reduces the eddy currents

and the heat generated by the eddy currents. A fan is also placed on

one ertd of the armature to pull cool air through the generator to reduce

the heat preduced by the manufacturing of electricity. °

, ~ * (GENERATOR FRAME) N | .
: * -FIELD RING /= R POLE PIECE ‘ .
V)
N="-

/ ) N

LINES OF FORCE

. .
y . i
= -
- ‘ B N
r 4 ’ 4 Lad .
]

Figure 102, The Generator Field. )
IRON FRAME HOUSING The frams is 1nportant in th. opcration ot,chc , fi
" generator. - Remember rhat sdgndtic lines of force will travel through ' -

.. #0£% iron wmore aasily than air. The frame of the generator is made of e
iron. It allows tic lines of force from.the field to pass S
through it, figurq 102, The frame then completes the magnetic circuit.

Generator Outpyt & -
. .,. . - /
- - The currant and voltage output of a genarator dcpcgds upou tbé
uumber of armature conductors, the ttrmgth _pg the magnetic field, and

bl
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ghe apo.d at vhich the conductors cut through the magnetic field. Thé.
' connections and number‘of the cnnéuctctn sre fixed hy cha dn;i;niu; '

gy e

" The :crongth of :ho nn;notic !1‘14 dlp.uda upon :Ho nuiicf'ol windiigl“"" k
- in the field coil and amount of current flowing through the windings. T
e v . This is the only condition that can be centzolled after a genarator has =
3 ,. been built and installed. This is done by varying the curreat flowing X
through the field windings by means of various regulating devices. -

The speed at which tha conductors cut throu:h the magnetic field
is determined by the docigning cngincot. as was the aumbnr o£ conductors.

. . - ~
: Generator Circuits e ) N
A The shunt genera:zor which is found on today's automutive vehicles -
may ba either an "A" circuig generator or a "B" circuit generator. It e

is very iaportant that you be able to identify the circuit you are qorkiﬁg
) on. The only difference is in the way the field circuir is wited

"a" CIRCUIT GENERATOR. Figure 103 shows how the field circuit of
an "A" circuit 3¢ncracor is connected. The field circuit starts inside
the genarator at the insulated brush. The field circuit picks up its
current directly from the armature. Field current flows around the field
coils and then out the field terminal of the generator. It then goes
to the generator regulator. Inside the regulator, the field current is
directed to ground where it returns to the grounded brush of the gener-
. ator. As the field circuit is grounded in the rcgutitﬁ?““tni‘“aﬁ circuit
. 13 said to be externally grcunded.

"B" CIRCUIT GENERATLOR. The field circuit wiring of a "3" circuit
'generator is shown in' figure 104. The main difference from the "A" cir-
cuit is that the "B" circuit field starts inside of the generator regu--
lator. :The field circuit picks up its current from the charging Sircuit s
in the generator regulator. Field current leaves the regulacor amd goes
in the field terminal of thé generator. Field current then goes arpund
the pole p.eces in the generator and is grounded to the frame. The "B"
circuit is said to be internally grounded. ! ¢

Note: Both the "A" and "B" circuit generator systeams do the

same job. The only difference is how the field circuit is

completed. Soma test procedures ace different for the two
_ circuits, so.it is necessary. to determine which circuit is .
7 . being worked on. The best and most reliable way to detarmine o
: the circuit type is to refer to the mnnuflcturcr s maintenance

PR
manual or propar technical order. ] . ’ - _
- o < o . " ™
- ? _
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THE. GENERATOR REGULATOR

_ —" GENERATOR o . o

‘ Tizure 108, CTuyrical Tnree Im<it

feg*.a.ar With Cover Removed.

The generator regulator is the brain of the generator charging sys-
tem, Most generator charging systems use a three unit regulator similar
to the one-shewn in figure 105. . There are rhrée main units in this reg-
ulator., These units are the cutout relay, current regulator and voltage "
‘regulacor. Zach unit has a separate job to-do. The catous relay must
heep tha generator and battery working together. The voltage regulator

* y,
- " Amust control or limit the maximum volcage output of the zenerator. The .
currenc reégulator must keep the curreat output c¢f the gemerator within a .

safe limait.

Tutcout rRalay

As stated before, the cutout relay aust keep the dattery and generator
working togethner. Wienever generator voltage is higher than battery
voltage, the cutout relay connects the genarator to the pattary. This
lets tne generacbr'recharge the battery. When the generator is stopped
or when generatcr veltage is low, tha cutout relay is open. * This prevents
the batterytfrom discharging itself through the generator. --

_ JCNSTRUCTION CF THE CUTOUT RELAY. The cutout relay, figure 106;
has two vindings. One is a series winding of a few turns of heavy wire.
The other i3 a shunt winding of fine wire connectsd directly to ground. .o
& " .The shuat winding is connected across the generator 20 that generacor -

- voltage is upon it al all times. The serias or heavy winding is connected

in sdriss with the charging circuic. All geuerator output passes through
the series windings. Tha relay core and windings are assembled onto a
frama. A flat armature is attached to the Irame by a flexible hingae. : -
It is centered just abova the core, ‘When the generator is not operating,
32 set of contact points is held open by the- tunsion of a spting.

. CPERALION OF THE CUTCUT RELAY. When generator voltage builds up to

a value great enough to charge the battery, the magnetic field build-up

aroun¢’:hg shunt winding is enough to pull the armature down sd the contact
- pointa close, figure 106(A). Closing of the contact points complete the

108 Loy L
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Pigure 108. Cutous Ralay Actiom. '
circuit between the gensrator and the battery. “The curf;n: which flows
from the generator to the ‘battery pssses through the series wipdings ia =
a direction to add to the magnetisam holding the contact points closed. -
However, if the generator slows down or stops, current begins to flow : -
109 . - . " _
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=~ trom cthe bactary to the generator. This revarse flow of current through
the series winding causes a 1 series

" figyre 106(8). However, the magnetic field of the shunt winding ‘does . - _ |

" . Dot reverse, figure 106(B). ' Instead of helping each other as before, — —

the two'windings now magnetically oppose each other. The magnetic field

is now too weak to hold the points closedr The spring pulls the points . .

Bpan. This opens the circuit between the generator and the battety. -

Repember, generator voltage closes the cutout relay points. Reverse
battery current and spring tension opens them.

Voltage Regulator
W

A3 the battery becomes charged, the generator voltage will increase
o overcome the resistance of the fully charged battery. This would ~
result in excessive genefator voltage. Voltage is electrical pressure
which causes current to flow. This high voltage can cause the battery
to bacome overcharged (dye to thae h'gh current flow), light bulbs to
burn out and the accessories to be damaged (due to the high voltage). .

;f The purp%se cf the voltage regulator then is to pravent excessive voltage.

. - CWNVSTRUCTIZN OF THE VOLTASE REGULATOE. The voltage regulator,
figure 107, has a shunt winding consisting of many turns of fine wire.
This winding is sensitive to voltage. The winding and core are assembled
'"onto a frame. A flat steel armature is attached to the frame by a flexible
hinge. The armature contains a contact point which is jygt beneath a
stationary contact point. When the voltage regulator 1s ndt operating, o
the tension of a spring holds the armature so that the contact points : )
are closed, The generator field circuit is completed to ground through .
these contact points,

CFPIRATION IF TEZ VOLTAGE REGULATCR. When generator voltage reaches
the value for which the voltage regulator unit is set, the magnetic
field produced by the winding overcomes the spring tension and pulls the
< armatule down. This saparates the comtact points. A resistande is then
placed into the field circuit. The generator field current and voltage .~
are reduced. This reduces the generator voltage output to a safe limit. 3 .
When generator voltage output is reducad to its safe limit, the magnetdc |
field around the core of the voltage regulator .is reduced also. When
the magnetic field is weakdéned, the spring pulls the voltage regulator
points closed. This directly grounds the generator field circuit, . This"
_ allows the generator voltagc7and“pgtpggwggw;gg::;114__Ihqgabo¥amcyclem_-m--~- e
—oemrt o mey - be répeated at the rate of 50 to 200 times per second. This is a
vibrating type volcage regulator,

T Current Regulator N o o S
. The amount of current that a generator will produce depands upon _ s
e the demand of the vehicla's electrical system and the condition of the -
bactery. If the lcad demand 1s low, genserator current output will be o
—oew . hoWe If the load demand is high, the generstor will try to put out o
. current to equal the high demands. For example, when the battery is :
in a low state of charge and many accessories are turned on, there is : :
_ - & high current demand. The generator will try to equal this deasnd. ._
=~ +This is fine unless the demand 1is more tfan the zensrator casn safely - -
B : : Q.. : . .=
e 110 ' 4 1
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’ "Voltage Regulator Aotionm. ‘ _ | .
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Figure 108. Curvent Regulator Action.
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- produce. Thcrifo:o. ic is necessary to regulate or limit the current

ou:put of tho gcatratat. Thu_cufrunt‘ttguln:or prevents the generator

. - . ™ T

T T T e

NSTRJCTZON oF ZEE‘CURRENT REGUZATQR. The current regulator.
figura 108, has a sarias winding of a faw turns of heavy wire. This -
winding carries all generator output. The winding and core are ‘,é ' B
assembled on a frame. A flat steel armature is attached to the frame '
by a flexible hinge. It is just above the core. The armature has a
contact point which is just balow a’'stationary contact point. When
the current regulator is not operating, the tension of d spring holds
the contact points closed. When the points are closed, the generator
field circuit is completed to ground through the 2urr¢nt regulator points.

SPERATION CF THE CURRENT REGULATOR. When the generator current
ourput reaches :he value for which the current regulator is set, the .
magnetic field around tha series winding pulls thé contact points open. .t
A rasistor, located on the base of the regulator, is then put into the )
field circuit. This reduces field current and results in lower generator

" aurrent output. This causes the magnetic field around the current

regulator winding to become weaker. The spring then pulls the contact
pointsé clesed again. When the contact points close, the generator field
i5 directly zrounded. The generator output again increases. This cycle

is repeated many times a second, and limits the generatot current 30 as
et to exceed 1its rated output.

Y]

)

Jifferences Between "A" and "B" C1ncu\t Regu]ators - ";f

The azove discussiof has been of what takes place in the operation
>f the:"a" ecircuic reguiators. The "B" circuit regulators operate in
auch the same manner. In the "B" circuit however, the field circuit )
begins in the regulator. Tfield current passes through the regulating
units or the resistor and then goes to ground in .the gemerator. "A"

and "B'" circuit regulators are different, but both work on the same
principles.

~ Note: "A" and "B" circuit regulators are not interchangeable.
Be sure to replace with a regulator cf the same circuit type.

_POLARITY

Polarity is a term used to describe a direction of current flow in

the charging system. In the DC charging system, output from the generator
should be from the insulated brush to the positive pcat of - the vehicle

battery. It then returns from the battery to the generator by way of

the vehicle frame. Which way-current flows from the generator depends -
upon the position of the pole shoes in the generator snd which way - "z
current flows through the field windings. If the pole shoes are installed .
backwards in the generator, or current flowed accidencally through the o
field coild in the wrong direction, the generator would become iuprcperly =
polarizedmuith respect to the vehicle battery. -
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Figure 109. Effects of Reversed Geverator Polarity.

In a charging system of .the corract polarity, generator voltage will
build up until it is high eanoygh to charge the battery. - cutout relay
points will chen close and the generator will recharge the battery. 1If
the generator polarity is reversed, the genarator voltage would also be
reversed. This causes generator output to flow in the wrong direction
‘from thea gensrator.. The genarstor and battery are now connected in serips.
Whan the cutcut relay points close, generator and battary voltage to-
gether pass through the points., Refer to Sigure 109. This will cause
the cutout relay points to burn and eventually weld together. This allowe
‘the generator and Bagtery to be connected together at all times. In a
short tise the battery may becoms completely discharged. The generator .
armature aay also bscome burnad and have to be replaced.
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polarify in the genergtor.
through the field coils ia the proper diredtion. The magnetic field. set

up by the coils will proparly magnetize the generator pola pieces. Remsmber
howeve: that there is a differsnce in the wiring of the fleld coils of the .

"A" and "B" circuit generators. Therefore, there is a different procedure "‘H"“ji

for each circuit. On both systems, pdlarizing is easily done at the
regulacor. ' ) ' R

,;
Warning: ' Because of the danger of the pole shoes accidentally .
becoming magnetically reversed when bench tasting a generator,
the generator must be polarizd\‘:ycn it is installed on the

vehicla., It is polarized after the leads are connectad but
before the engine is started. ) .

4o

L N -E LR ) 1

BLLARIIING THE VAN (IRCUIDT GENERAIOR., The field of the "A" circuit .
generator starts inside the generator. It grounds externally in the
regulator after passing through thie current and voltage regulator points.’
To avoid damage to these contact points, first disconnegt the field lead

at’ the regulator. Connect it to a :?l ground on the vehicle -frame. 710
dolarize the generator, momentarily-fouch a jumper lead between the "BaT"

_and "GEN" terminals of the regulator, figure 110. This allows a momentary

‘low of current, through the field coils of the genexatar. This corractly
polarizes i, , '

L4
.
et g mmm amay v v H4 f7 vl oy WA SYew

FUlaARIIINI TRE CSRTUIT GENERATCR. This type of generator is

" peclarized by disconnecting the field lead from the regulator and momentarily

tduching this lead to the "BAT" tarminal of the regulator, figure 1lll.
Battery current will then go from-the battery terminal, through the field

wire and field coils to 3round. 1This momentary current is enough to
-~ polarize the generactor.

Warning: Failure to remove the field lead from the regulator
will result in burned regulator points. Never use a jumper
lead between the "BAT" and "F" terminals of the regulator. - -

Regulator Polarity | | o

Some regulators are designed for use on a ncg;tid"ground systen,
Others are for positive ground systems. The difference is in the desigr
of the regulator points. Usiag a regulator of the wrong polarity will
cause the current and voltage regulator points to pit and burn. This
will shortea the life of the regulator. The model number, voltage, and -

polarity are often stamped on the base of the regulator, Mske sure the
correct polarity regulator is used. -

TESTING OF THE DC CHARGING SYSTEM

. As with-sny of the complex systems-on the modern vehicle, mslfunctions
+do occur, When trouble with the charging systea is encountered, it can
he found by a systematic test procedure. Because there are so many dif- '
ferent types of vehicles on the road, it would be imposs..le to include

]
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+ The follawiag 1i£am=1an cunctming tm prouduru

_ Visual Ipspection

Many charging system troubles can often be found by a good visual
Fi inupeccion. Check the generator drive belt and all vehicle wiring. Make

=. -+ --gure"they are in good condition. Don't forget the battery! It must be

= in a good state of charge.

- 8y-Passing Regulation

: - The regulator can be eliminated from the charging system to determine

T 1£*1it or the generator is at.fault, With the regulator by- assed, if the

= ' generator produces voltage and current to specifications, tﬁk regulator is

= at fault., 1If the generator will not charge with the regulator‘by-passed
- the generacor must be removed and repaired. With the regulator by-pasaed

generator output is cdntrolled only by the speed of the engine. .Again.
- as there are two types of generator circuits, thare are two ways to
ad by-pass the regulator.

-~ S ) BV-PAQSING THE "q" CIR”UI” CURRENT AND VOLTAGE REGULATORS. “To by—

. pass the "A" circuit current and voltage regulator units, simply disconnéct
the field wire from the "F"' terminal of the regulator and connect it to
a ggod ground. ‘ .

33—:".&3:"«3 THE 8% CIRCUIT CJDR'-"‘I'” AND TOLTAGE REGULATCES. The "3" | | .
circuit régulator units are easily by-passed by disconneccing the field y
. wire from the "F" terminal of ‘the regulator and attaching it to the ] ot

armature ("ARM") terminal of :he regula-or. .
~ v
~. ‘ Caution: By-passing the regulator should be dohe for testing '
: . purpases only. Normal operation of the véhicle with the reg- ",
. , ulator by-passed will resuylt ia severe damage to the entire -
) electrical system. . _ : '
= . BY-PASSING THE, CUTOUT FELAY. The followir® procedure ,is used to
Y by-pass the cutout relay. This procedure is the same for both "A" and W
© L "B" circuit charging systems. To by-pass the cutout relay, connect a S i
..+ Jjumper wire between the battery and”armature (or generatow) terminals
‘o of the.regulator. With all units bypassed, it can now easily be deter- . . .

= mined if the genetator or regulacor is at fault. .

»

Caution: Tba engine must be running whcn the cutout telay . . S

s by-passed. ' If the engine is' not running, the battery will. g .. 0 -
become dischargod and danagt to the wiring and gencrator may ST, :
‘result, | B ) E

Ll ’ -

GENERATOR *ITPUT TEST. The manufséturer designs a ‘generator to o
. have a certain output, , The tated output ‘must be checked. .Lf the gan.ratot
- fails to reach its rated output it oust.be removed and tlplir.d or

replaced: S . . \

us . | a
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Pliure 115. Commutater Puncutr Check.

" it down in a lathe or with a turnin; and undercutting tool, figure 116.

Remove no more copyer than necessary to clean up the commutator.

ADJUST CLAMP SCREW FOR
SNUG ﬂT wmtt TURNING

TIGHTEN COLLET
ON ARMATURE SHMAFT

. CUT ONLY ENOUGH STOCK
TO CLEAN UP chMuuton 5 ’

35017-A

JR . FPlgure 116. Generator Commutator Tuming.

After the commutator is Curnéd down, -underéut the mica between the

bars 1/32 inch beldw the copper, using the undercutting tool as shown
in figure 117, Figure 118 illugtrates samples of proper and improper
undercutting, Polish the commutator with #00 ox #000 sandpaper to
repove all buyrrs. Brush all particles of copper from the mica insula-
txon between the commutator segments.

He‘ld Coil Tests ,
" The field coils should be inspected for -bare insulation and broken
wires., The ¢oils are checked for unwanted grounds, opens, shorts, and
excessive resistance. Procedures for tssting the field coils can be

-found ip applicable technical manuals.

-
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Figure 1

- TCO DEEP MIGH MICA  COMMUTATOR WALLS MUST -

17. Generator Commutator Undercutting.

3

; Brushes and Brush Hold

The brushes should be replaced when they are 1/2 their original

length. Brush holder
spring t:nsion gage.
replaced.

Electrical .test and adjustments of the regulator have beer stated
slready. However, there are some service procedures in addition to thc

¢lectrical adjustments

'Mechani cal AdJus tments

These adjuatunntl consists of point alignment, point gap, and sir
gsp. Usually these adjus:meucs are made at the time of manufacture and
However, if adjustments are needed, consult the
"applicable technical publication for procedures and lpcciiicacions. '

neaed never ba changed.

S€ CLEANED OF ANY MICA 3019-C

gure 118. Examples of Proper and
Improper Undercutting.
ers .

spring tension should also be checked with a
Holders not meeting specifications should be

REGULATOR MAINTENANCE

mentioned previously.

”~
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Cleaning of Contact Points

"mants are-nade.-

. QUESTIONS

Mafifacturers recommand-different- mathods for cleaning points. . Some

recommerd a special fine cut ¢ontact file. Others recommend a special
spoon or riffle file as shown in figure 119,

s . . Pigure 113. Using Spoon or

Fiffler File to (Clean Fiat Contact .

Points in the Fdgulator.
SUMMARY

Although this material has been very general in nature, if it is
thoroughly studied, the purpose, construction, and operating principles
of the DC charging system should be easily understood. ° The test pro-
cedures "and specifications will be found in the technical publications,
commercial manuals, and student workbooks'. This literature will be
available for your use during the time you will be using the test equip-
ment and actually making the tests:.on the charging system components.

T

1. What three basic units does the DC charging.system consist of?

2, Why ia the generater regulator employed in the charain; system?

3. Wha: is the purpose of the voltage regula:or (limiter)’
4. Qhat {s the purpose of the current regulator (limiter)?

S. What, 1s the -purpose of the cutout relay?

e eanry clo:h or stndpaper co cloan tho points. .




6. The ‘iron core of the generator s:t&ltn one largs comductor
h ac:uilly g;nc:a&nn vol;gj; wtnhin thg”nn:a ;;Q;L;& ;Ihig_ngzicn;ﬂ__m,,

7. wWhat devices are used on generators to car}y off the heat?

8. Why is it so importsnt cthat the heat be removed from the i
generator? ' . . . : - ' R

9. What is the basic priacinle of generation?

—— 10. What are the three main functioral sections of the DC « o
generator? '

l1. How do the various regulating devices controi the output of o S
* the generator?

-

12, What is the simplest method of controlling the generator output .
on the :hunt type generator’ .

13. 'What are the two circuits in the shunt type generator? -

14, What type of field circuits are used in the shunt type
generator?

o : 15, That is means by the terms "full field" and ''regulated field?"

o le. Whatr senarates the ~ontact points of the voltage reguvlator :
~unit? ‘ .

. 17. What holds the armature away from the core so that the points
. are in contact when the current regulator is not operaring?

18. Wat i& the purpose of the common resistor that is inserted
in the field circuit when either the current or voltagé regulator operaces’v

19. Why shouldn,t the cutout relay points ever by closed by hand?

20. What is used to clean regulator contact points when they become .
burned or oxidized? . .Y
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‘Vehicle Maintenance s:aach' . ) 3ABR47330~5G-305

) __Chmn:q m, nunoi: _ . . __

- = ii
0BJECTIVES =
o Aft;r cowﬁlating this study guide and your classroom instructian,- '- ;

i , - you will be able to explain the principlas of operation, function and
. . . relationship of AC charging system components, and be able to use visual,

S _ auditory, operational means and test equipment to check, adjust and -
- .1solate malfunctions in the AC charging circuit,

« INTRODUCTION

The cha:ging circuit is comprised of electrical components that
I work together as a team to supply electrical power for the current
consuming devices, such as ignitiom, lights, radio, windshield wiper
rotovs. power seat and window motors; air condi:ioninq and heater blower
- _ ‘mo:ors. cranking motors and many other devices. \ ’
The continual addition of electrically operated accessories in
today's cars, plus more time spent in slow speed driving due to greater -
traffic congestion, has increased the need faor a generator which is capable
, . of developing 4 considerable output of electrical energy not only at
slow car speeds, but also at engine idle speeds. To meet this increased
demand for electricity during slow speed driving and at engine idle, the
- AC-generator, or alternator, has beén deéveloped. It is small in size
. and light in weight, but high in performa.nce and output.

"~ The alternator is one of three members that meke up the charging
circuit. .The other two members are the battery and the voltage regulacor.
The operation of these units should be well understood because poor
functioning of individual units in the charging circuit may be affected
by other units or wiring in the same circuir.

- ' INFORMATION
.Before starting the study of the alternator charging system, review

the fundamentals of electriecity and magnetism in Student Study Guide - - -
R © 3ABR47330-301 in the front of. this book. Although you may find alternator ]
S " systems ufactured by différent manufacturers, such as Delco-Remy,
- ; ' -Chryslcrfkgktqihggyilln. Prastolite, and Motorola, the operating principles ...
6 ' .are all very similar. The design of the component parts may differ however., - *
e " The Delco-Remy "Delcotron" is shown-in figure 120, and the Chrylaer
alternator ia figure 121. Nots ths linilaxitial bcrwenn thgm :

W THE ALTERNATOR

- 4 %

LY

Tho altcrnacor or Aﬂ'gcncrntor converts unchanical action froa the
engine into electrical energy. The voltage and current thdt it produces
recharges the battery and supplids power to the ‘elactrical systam. It 1s

- a liahtwcighc, high performance electrical L pover plant.

" The scaaéatd 9noduc:i6a al:o:aa:o: vas dcsi;nnd to r.place th. lttndlrd oz
ptoduction e gcaotttor for 1aptov34 low speed outpnt. ‘It was not _ i

-
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: STATOR
o ASSEMSBLY

~ Figure 120, &.5" Series Delootrom.
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SHIELD ————— | INSULATOR L
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Figm 121. Altermator-Disassembled View (Chrysler)
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designed to raplace heavy duty genmerators needad to supply musm dm
| such as thou__ found _uhm _tw-ny udios and ocher lptc:ul electrical

Construction of the Alternator

The mjor components of the alum:or ‘are the fwo and framas, the
rotor assembly, and the stator windings. As mentioned before, the
| design of the altermnators may differ from msnufacturer to manufacturer. o
e Soms of the factors which determine the design of the altarnators are R
l mounting, vibration, belt loading, curreat output, and other factors
such as dirt, dust, and road splash.

. ZID FRAMES. There are two end frames in the altermator, the drive
< ' end frame and the rectifier end frame, refer to figures 120 and 121, They -
are made of die~cast aluminum with air vents cast into the frames to aid .
1n cooling the .alternator. The two end frames are held together by :
through bolts. These are of aquml length and size. The stator windings
are "sandwiched" between the two end frames in the final assembly.

SATOR 7 s A

STATOR
FRAME

Pigure 128, s'tamvmuazy -

o 8!!!@!’34!9!!&8 !h.~|nlli!u¢t4¢l~¢! the-stitor is-shown-ia figurs -
122, - The -stator assewbly consists of three sépsrate vindings mounted on
s laminated iron frame. One end of each of the three stator windings is
connected to form s three-phase wnit. This is known as & "I commactiom. .
mmaocmm,mm u-:tnnm.ucmeudto

! . | m- _
| - 2.11 o




v B , h L ' - '
'a pair of diodes-<one positive snd ots negative. This pair of diodes is

-

part of "the rectifier assembly made £ six

. There are two reasons for using three stator windings rather than just
one or two windings. First, more voltage can be daveloped. -The total
voltage between agy two terminal ends always is made up of the voltage of
at least two individual windings which are comnected in series, The second
purpose of. the three windings and the manner in which the windings are i
wound and overlapped in the stator frame is to provide a self-limiting
control of current output, This happens through the principle of "induc-
tive reactance.” With this principle no external control of current is

required. The need for a current reguiator as in the DC charging system
is eliminated. . : :

IHI SCTOR ASSEMBLY, The rotor assembly, figures 120 and 121, contains
a doughnut shaped field coil wound onto dn iron spool. The field coil {is
mounted between. two iron segments with several interlacing fingers which
are called "poles." Thaese parts are held together by a press fit on the
-shaft., - Two slip rings, upon which brushes ride, are mounted on one end

of -the rotor shaft and are attached to the leads from the field coil. Aan.
adequate cooling system carries away the heat genédrated in the windings
and rectifiers from the current. The system consists of a fan or fans
mounted on the rotor shaft. Cool air is drawn through the vents in the
end frame, over the windings and then out of the alternator. The rotor K
assembly is supported in the drive end frame by a ball bearing and in the
rectifier end by a roller bearing. These bearings are prelrbwicated amd
therefore do not require periodic lubrication. A grease filled reservoir
in the drive end frame prolongs bearing life. The roller bearing in the
rectifier end frame is permanently lubricated prior to assembly into the

frame. ' ) .
Production of Alternating Current

When the ignition switch is clesed, current from the battery flows .
to the rotor., It passes through ona brush, through the slip ring upon
which the brush rides, and then. through the field coil. After leaving
the field coil, current flow continues through the other slip ring and
brush before returning to the battery through the ground return path.

- This flow of electrical emergy through the field winding is called field

‘current and creates a magnetic field.

«

5 a ¥

. ‘fhe magnctisn created by this ﬁ}cld current causes the poles on the
rotor to hecome alternately North and South poles, It will be shown later

rat;purpoucs‘b .iilhi::itioa, thé most basic stator winding can'be

_ :iﬁrgccnccd by a singls loop of wire placed over the rotor, figure 123.
__connecting the ends of thw loop to a load such as a light bulb, as shown

~ s called an alternating voltage.

field frow the North and South \poles and the rotor cutg across each wire
:ausing a voltage to-be induced into the loop.  §igce the wirs is influ-
& south pole, the voltags produced

Q12

128
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in figure 123, completes the.circuit, As the rotor turns, the magnetic @

.
.’
~




B> VOLTMETER

- JFtgure 123. Basic Altermator Frineiple.

When a load, such as the light bulb, is comnected to the ende of the
loop, ‘the alternating voltage produced will cause current to flow fi. it
in one direction, and then in the other through the bulb. This 1is called
alternating current or AC current. If a meter is placed in the circuit
the needle movement will show that the voltage will cause current flow
first in one direction and them in the other.

F%guru 124. Cbmplati $ine Wave” | g
Generated Every 360 Digrees. ] T
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 To mwmu furthar hov an numm vnltm is ptoduud emmr

shown Lo the mu-:auan.

u ‘... u--

B - Different positions of the rotor as it turns ars shown 1n the dxlgrtnu

: bolow the horizontal solid line. The height of tha curve above and below

thas horizontal line shows how much voltage is generated in the loop of ) )
vire as the au;na:ic lines cut across esach side of the loop when the rotor . ' ¢
turns. Pcsitive voltage is shown above the solid horiszontal line and
ao;lcivo voltage below the line. The entire curve shows -the voltage
output generated or the electrical pressure which can be measursd across
the ends of tha wire, just as voltago can be measured acroau the terminal
poats of the battery.

-

With the rotor in poaicion (1) the voltage is zero. No voltags is
being generated in the loop of wire because there ate no magnetic lines
of force cutting across the wire. As the rotor turns and approaches
positior (2), the rather weak magnetic field at the tip of the rotor . ’
starts to cut across the conductor, and a voltage is developed. -As the
rotor continues to turn, the voltage increases and reaches its maximum
value, as shown above the horizontal ling, figure 124, vhen ‘the rotor
reaches position (2). This maxtmum voltage occurs whem the rotor is
directly under each wire in the loop. It is in this position that the .
loop of the wire is being cut by the heaviest concentracion of magnetic

., lines of force. ‘

It should ba noted in'particular that the height of the voltage _
curve changes as the rotor movement continues because the concentration .
of magnetic lines of force cutting across the loop of wire varies.

This occurs because the magnetic field is rather weak at the tips

of the poles, and the atrongcst at’the~cedter of the poles.

- As the rotor turns from position (2) to position (3), figure 124, ’
- the voltage decreases until at position (3) it again becomes.zero.
. It should be noted that from.position (1). through (3), the South
pole is on top, and the voltage curve above the horizontal line"
is called positive voltage. This means that the voltage will cause
current to flow out the top part of the loop and re-enter the lower ' "
part, when the circuit is completead betwaen the ands of the loop
of wire.

As the rotor turns from position (3) throush (5) in figutu 124,
‘the North poles is on top, and the voltage curve is below the horizontal
* line. The voltags curve is negative, and current will leave the:
———3owetr part of the loop and rerenter the top when the circuit is T
mm Thus, ss the top aad bottom parts of the l.eop of wire -
n:o 1nfluoaccd a;tornaealy by North and Soush 991.0. the cu:;nat

~
\

-, 4n the other. This is altotnatia; cutr.a:.

Figure 125 portr;ys ‘the three phnlc vol:n.na. or voltages between

the three winding endse. It is interesting to note that the pesk

- voltage for each phase occurs at equal intervals as the rotor turns.
--This shows graphically how msxisum phase voltage is more nearly
”conltant as described in the p:cviou- discuss connornin; stator

S— struct fom. . 1 t °
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Figure 125. Alternating Voliage (Three Fhase).
.
Rectification I -

Since the battery and other electrical accessories in the system
operate on direct. current which flows in only one direction, it
is necessary to change the AC current to DG current. This is the
job of the rettifying diodes. A diode 1: an electrical device which
allows current to pass freely in one direction, but not in the
other. It acts much like an electrical check valve.
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An external view of a diods is shown m ﬂ.;uru 126. The
diode.symbol, figure 127, Lndi»qnn by the ar-p tha: tha cun'im:

mx ﬂw oni.y 1o m_ m,ﬂ the mi‘ﬁ

- ;= il __.._....u....

A cross sec:ioml ‘view of :‘\. d;odn is shown in fiuun 1"8 : S 5
with a chin Bilicon wafer, called a "die." in position at the * ° =y
- bottom of the diode cdse. It.is the elettrical charscteriscics O
of the silicon die or wafer which pernits current flow in the
-.¢ircuit in only one d!.tcction. .

,

Note: Although th. diode i3 a comparatively rugged qomponent,

care should be exercised in handling it. Sudden ivﬁacts should . : .

ba avoided to prevent ;he passibility of cracking the- silicon - R
v . wafer. If the diodexiead is bent excassively, there i3 the )
possibilicy of cracking the<glass insulator, permicting moisture
.to enter the diode. “Moisture in the diode could cause it to ' E
short and fail to operate. Pulling the dicde lead showld also .
‘be avoided to prevent the -possibility’of breaking the sclder .
joint between the diode lead and the silicon die. CM must , '
again beé used whon soldering the stator leads to the diodes as g
excessive heat may damage the diodes also.

. N - ' ) “ i
HEAT SINK , : ND‘!IU T
QUTPUT TERMINAL i GRov SH
' SCREW -

NEGATIVE
(DIODES)
PCSITIVE RECTIIERS

{WIODES) il

RECTIFIERS iusmm
FELD '
BEARING ° ] 622101

Fzgum .1293., Rgetifier End

. A . Frame (Deleo). D
o | S 1 ' - e, L =
.o Siw diodes are locaud in assembly .nearest

o - fhe slip rings. : Thres of gile thfoe.z negative and all . =
are mounted directly' to :ho nud frame, figure 1294. Three -
positive diodes are mounted into 4 strip called'a "heat sink,” SR
figure 1298, wh:l.ch As insulated from the gnd frame, ° These o

diodjps change the. alternating or AC curfént which appears at :

- o the output or "BAT" terminal of the alternator to direct current
.. for'the vehiclae' :1 dn.

': ; "133
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Figure 130. Changing AC to DC.

o The method by which the diodes are connected to the atator
- is bhown in figure 130. This type of circuit arrangement provides
e ' a swooth, flow of difect current to the battery and other accesgsories
connected to the alternator. Also, .the blocking action of .
.the diodes preventd battery disc':arge’ through the nluma:or ‘
This eliminates the need for a catout relay unit.

3

The condenser connected bcl:wun t:h, "BAT" termira. of
the alternator and ground, figure 130, protects the diodes
from voltage surges as they block current flow.

The Importance of Battery Polarity © . AN
e ' Lat us consider vhat effect reverss polarity would hav
- . and vhat would happen to output if a diods should become open
B or shorted. A short circuit through the diodes 1is craat S
©. : . 1£ a battery is installed and connected backwards in vehicle. .
Current:can flow from the positive ternina) o! the battery,
through the negstive and positive diodes in the heat sink.
. From the heat sink, a completed ¢ircuit exists back to the "
negative battery terminsl, Full battsry woltage will be impressed
"+ or appliad on the diodes. The ruult:l.n; high current will damage
tho d.todn nd the nt:m harnass.

Fl

BFYECTS OF AN CPEN DIODE. An opened diode will mot allow . - ' o

current to flov in ef direction. Ap~open diode -upsats . <3
the limiting affect the inductive resctance which normally .

. Opposes curreat flow,~ IThis, in turw, results in loss of curtent ’ =
control at high rotor sheseds. The effect at lov spesds u . C
a onmt that is slightly less than normal. . g :
Y 134 . P
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At the priiint time, the mnajority of the aleeraatoialira"
cou:tollcd by'ona of :hrta cypas of double=-contact voltage

ignition switch is used to energize the field circuit.

Ihese regulator assemblica do not contain cutout rnlays or
current regulators.

The Single Unit Regulator K '

&

- ‘ ‘ ’
This regulator contains a double~-contact voltage regulator
and is used only for charging systems with an ammeter. A special ‘

The g
purposa of the.voltage regulator is to limit the electrical
pressure or voltage developed by the alternator.

It protects
ti:e battery and the elﬂctrical accessorties from~*oo high
a voltage.

+

UPPER CONTACT. ;

) O ONKIO®

Figure 134, Voltage Regulator

(Cover Removed) (Chrysler)

\ Pigure 135. Voztaac Regulator Fmbze wires. o=
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Figure 136, Voltage Regulator
Regigtance Units.

The voltage regulator, figure 134, has ‘wo sets of contacts«
using a common single armature. The upper ar: lower statiomary
contact brackets are mounted on 4 -molded plastic bracket which
is attached to the regulator frame by a screw. The upper contact
bracket 1s connected to the IGN (ignition) terminal by a fusihle .
wire, figure 135. The lower contact bracket is connected to
ground by another fusible wire. ' The armature is connected’
to the insulated FLD (field) terminal. Three rasistors are
used, shown in figure 136. Two control resistors are connected
in parallel with the upper set of contacts between the IGN .
and FLD terminals., One bleeder resistor is connected between
the IGN terminal and ground. The bleeder resistor's funccion
is to reduce arcing at the regulator contacts.

‘ Operation of the regulator will be explained by illustrating
.the current flow through the regulator. The following explanations
refer to the Chrysler built regulator. Other regulators are

basically the same. : ’

[

MOVEABLE CONTACT CLOSED AGAINST UPPER CONTACT POINT. Figure 137
illustrates currant flowing from the ignition teritinal of the - -
regulator, through the upper stationary point, through the

—_@ovesble poin¢, continuing through the rotor fleld coll end

" than to ground. Sints resistance in this circuit is low, mexioum
~Teurrent wil} flow through the rotor field coil. Rotor fisld
“strength will de high., Alternator output will be at its maximum
for any given rotor speed. Current flow through resistors

s £)) and (2), as well as number (3), is negligible when the .

£ield circait :hrou;h the upper contacts is coaplctcd.
| MDVEABLE CONTACT POINT- VIBRATING AGAINST UPPER CONTACT

- POINT. Whan the engine is operating at moderate speed and

"¢_ the electrical load on the alternator is low, the voltage will rise.”

-
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. Figure 137. Voltage Regulator o ~ =
Cirouits - Uopercontacts Closed. =~ ,_ L

Figure 138. Movable Comtaot
Vibrating Againgt Uprer Contaoetl.

At this time the regulator points will vibrate. This action
of the points will reduce current flow to the field windings
(rotor coil) varying the strength of the magnetic field as necessary .o

to keep voltage from rising over a specified setting. When

the points are closed, maximum current will flow to the field'

winding; when the points are separated, the current must flow

between resistors (1) and (2), figure 138, which reduces the

current flow to the field winding and weakens ‘the strength _
of the magnetic f£ield. A‘ . : . T

r

. MOVEABLE CONTACT POINT OPERATING IN "FLOAT" OR "BALANCED"
POSITION. Whanever s condition exists where load, speed, and R
battery demands for current ave equal, the poiats will be in . - . s
the "float" or "balanced" position. With the points in the -
float position, the current flows only through resistors (1) R

—_ R ‘:‘

»




Figm 139. M&Ze Contaot
Operating in "Fleat,” %

1

and (2), figure 139, which reduces current flowing to the field
winding somewhat lower than when the moveable contact point
was vibrating against the upper comtact point. This maintaina

. a weaker field in the rotor coil and limits alternatdr voltage
more than before.

Figure 140, Movable Comtact
Vzbratmg Against the Lower Contaat.

M)VE'ABLE CONTACT POINT VIBRATING AGAHST LOWR CONTACT POINT.

gizhmmommumwwm the glternator at
tow current ocutput, the slternatur voltsgs will rise, even with
__a weak magnetic field in the rotor field coil. The rising voltage -

. point, vhich is grounded, figure 140. . This sction will not
allow current to flow 1fi tha field in the coil to 'a minigum,
ptwmting axcessive voltaso rise.

2‘72

443.1 pull the movesble contact point doum cm the lower contaset .




applicacions may differ.

ﬂ
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Figure 141, Voltage Regulatbr
irouits - Lower Contaet Closed.

T fi wﬁl,;

HOVEABLE CONTACT POINT LOSED AGHINST LOWER CONTACT POIV¢1 R R
When electrical lcad demand i{s low and engine speed is high, the
alternator voltage tries to increase beyond safe limits. However,
the increased voltage acting on the voltage coil causes the moveable

' contact to close on the lower contact. Current flow is through B
‘resistors (1) and (2) to the field terminal of the regulator.

Resistance through the regulator armature to the moveable contact
and thence through the lower contact to ground, figure 141,

is much lower than the resistance of the rotor coil., The alternator
field circuit ' is momentarily bypassed, dropping alternator outpur

when the lcwer contact circuit is completed.

The Two-Unit Regulator ~ , _?f

: L]
. A double contact voltage regulator unit and a field relay
unit ‘are contained in the two-unit regulator, figure 142. It
is used in charging systems having either an indicator lamp ("idiot
light") or an ammetar. However, the external wiring, on various

THE VCLTAGE REGULATOR UNIT. The operation of the voltage
regulator unit, figure 142, in the two-unit regulator is the

- same as described in the single unit regulator.

THE FIELD RELAY UNIT. The fileld relay unit, figure 142,
which is the second unit in the ragulator, is a simple magnctic ; :
switen which energizes the field coil by connecting it to the )
battery vhen the ignition switch is closed. When the ignition
switch is opened, the field relay contacts separate to disconnect
the field coil from ' 1 ~This prevents the battary from
_discharging through the rotor field coil when the engine is ,
stopped. The fisld relay unit of the two-unit regulstormay = [ -
also act as an indicator lamp tciay on many applications. ' o

The Thrnc-ﬂnit Regulator -

This regulator, figurl 143, contains a douhln-coa:act type 2
voltage regulator unit, a field relay unit, and an iadicator ;
lamp relay unit., It {s used in charging systems using either
an indicator lamp or an ammeter. It is not interchangeable
with thc tuo-unic rc;ulator. » . . '
141
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-~ unit, figure 143, is the same as’ described in the single wn
- ) tC'\llICOI. K . t ' .

POINTS

¥E VOLTAGE MSOULATOR UNIT,

¥

THE FIELD RELAY UNIT. Th.,bp.rctioﬁfo! the volta.i'f Q

THE PIELD RELAY UNIT. The operation of the fiald relay unit,

vegulator, ‘

figure 143, is the same as previously described in the two-unit

THE INDICATOR LAMP RELAY UNIT, FICURE 143. The wiring of
charging systems using an indicator lamp relay is such that

. tha indicator lamp "lights' when the ignicion switch is first

turned on. "~ Then, when the alternator develops voltage and bagins
to furnish pover, the indicator lamp goes "out." This indicates
that the charging systam is operating normally. If the altermator
fails to furnish power at any time, the indicator lamp comes "on",
indicating there is trouble in the charging system.

TRANSISTOR REGULATORS

I UMITED LIFE
2. PERIODIC MAINTENANCE

- REGULATOR. 3. ‘CURRENT HANDLING
CONTACT ABILITY ‘

=%, VIBRATION EFFE®V

5. ADJUSTING
CONSIDERATIONS

=
-

.
]
=1
-



The design and performance of.the entire charging system

~ is restricted bacauss of ze ions of the tontact
... POLAER "LOCHE: ;;i;?;thﬁfi:ﬂ piatoy, t4 e Cagas
urrent handling lihieantaas, Qibration sffact and adjuatiﬁg

consideratiora. To improve the operation of the existing systems
and 'to keep pace with electrical demands, new regulacors were -
desighed. These voltage regulators replaced the conventional
contact points with transistors. - .

Transistors .
Transistors are electrical devices which act as clcc:ricai* ‘
switches. They can“be turned "on" or VYoff".to control a circuit.
A transiscor has no moving parts. Its operation is entivély '
electronic., There appears to'be no limit ¢po its lifetime provided
. it 13 used for the purpose-for which it was designad. The transistor, .
‘therefore, is a good replacement for contact points. Bettar
output, increased efficiency, more reliable and longer life systems,

‘.and fewer or no serviting requirements are features of the Cransistor

which offer great improvements to the electrical systam.

JONSTRUCTICON oF THE TRANSISTOR, For a simple understanding
of the transistor, it is best to consider it as ah'eléntrgQic- L.
device that has very definite characteristics. Figure 145 portrays
the materials that make up the transistor. Notr that there
are two pleces of "P'" material and one piece of! 'N" material.

The manner-in which these ma:efﬂals will react when connected
in an elactrical circuit can be predicted. - ™

\
y
\ -
[}
A

" * Pigure 146 shows the construction of the transistor. A lead ¥
is connected to sach of the-thres materials, called emitter,
. base, sad collector. Note that the collector is the mounting

pad of ths.t: f:c:. q s TR x

[




' / - ~ Figure 147. Iransistor Symbol,

. The transistor symbol used in wiring dlagrams is shown

. in figure 147. Note that there are only three connections.

- . The arrow always points in the direction of current flow in
automotive manuals using this symbol.

Figure 148, Transistor Appearance.

Figure 148 shows th acﬁunl appearance of the transistor.
. Many different types and sizes of transistors are manufactured.
The one shown is the typ. used 1n sutomotive clcctricnl ays:cnn

__and indicates the mamner in which it operat

f_; ’ The suall current in the emitter~base circuit controls a

' '1’ largar current flow in the emitter-collector. If thers 1is
. eurreat flow in the emitter base c_ircuu. then thers is no
oot flow i the smitter-colleetor circuit. ;:: { ef=base ci
. cfn also act as & :ai;acr to turan the emit

_ 166

'OPERATION OF 4 msrsron Mgurs 149 y-n s u-m:or
Only vhen there
-is current flow ia the emitter-base circuit, is thers cutrent
s flow in the emitter-collector circuit. The emitter-dass circuit
‘' requires only a small current. Therefore it acts as a trigger
T - té turn this elactronic -switch on in the emitter-collector circuit.:

léeter cirduit off,
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o IFTHIS- .+ THEN. o THIS . -

* " WITH VERY. LJTTLE CURRENT FLOW IN THE EMITTER-BASE ~ -
CIRCUIT, A"GREATEK CURRENT CAN BE ESTABLISHED .~ '
©INTHE EMITTER-COLLECTOR CRCUT. -~




. 1f tﬂc emitter~base circuit of the transistor can be mnnipnla:nd
7. efther on or o{f then tha, greater “ourrvent carryiag emitter-collector

:;_wﬂnﬂm-to opgtttq ctth-r anznr off t: thl ttu- = , o f

stoy-airgul R, -4 5-u

place qf“amoot of cpnt;cc ‘points. Thc cmictor-base circui:_is
the means by which the emitter-collac:or citcuic.is coq;rollad.

'Operation of the Tnansistor Regulator

-
-

Figure 150, Travagiator QeguZa‘or.

A typical transistor regulator is shown in figure 150. A
simplified wiring diagram showing the circuit of this transistor
regulator is illustrated in figure 151. When the ignition switch
is closéd, battery voltage supplies current through the emitter-
collector of the tramsistor tp the field coil of the alternator.
This circuit is complete since the transistor is turned "on"
by a higher voltage on the emitter than on the base, which permits
emitter-base current to flow. The flow of the field current to
the field circuit of the alternator provides the magnetic field .
for the alternator. When the engine is started, the alternator
builds up in voltage. This causes current to flow to charge the
‘battery and power :ha accessories.

" A8 alternator speed increases, its voltage buildg up to a
__predetermined value. Then the electrical control portion of .

the regulator places & higher voltage on the base ,0f the transistor
than that on the emitter. The transistor is turned "off". Wich -

... ne current flow in the emitter-collector, thers is no currant

flow in the field coil of the alternator. As a result, alternator
voltage fall#® to a predetermined value. Then the clcctrical’control
—portion of the regulator places a lower voltage on the base of
the transistor than that on the emitter. The transistor is
turned "on'. Current again flows through the emitter-collector

~and the field circuit. The magnetic field is built up in the

' ;48 8?1

Y
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/ REGULATOR

[} i " — i
| <OPYRIGHTED BY :
; PONTIAC MOTOR DIVISICN |
. - . : Flgure 151, Regulator <n Charging Circuilz,

NO. 1. TERMINAL - .
TERMINAL ‘

. o ad v
' Figure 152, 10-51 Series Type 100 Delootwon With Integral Regulator.
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L:lntigrai Rnguiator o

- slternator again and volta.p rtt-l. The “ou" and ":££" switching

- aetion o! thl truasit:er acts to :ngnlntt the fisld circuit of the

v s

INSULATED
HEAT SINK INSULATING
WASHER
GROUNDED
HEAT SINK

Pigure 153, Interior View of_bblaotron
With Integral Rbgulator.

Beginning in 1968, Delco-Remy bcgan producing a self-contained
charging system with miniaturized integrated circuids vhich eliminates

the traditional voltage regulator. This unit is shown in figure 152,

The system voltage is controllasd by an integral regulator within
the alternator, figure 153. 1In other words, there is no sepatate
regulator mounting, no externsl wiring bctwucn rcgulneor and

.-alteruator, no voltage.adjustments for the life of the unit, and
~uo pericdic msintenance.

MAINTENANCE AND SERVICING

_Alternator Servicing

."‘“EC

Now that we have seen how the alternator and the AC charging
systes is constructed and how it operates, let's look at & fev
_service procedures., The folloving information is general in
nature, so reference always should be made to the ntnufactuwtr ]

— ;ansasausaco sanual ﬁa:‘eho coercesssosvtet procedures.,

1
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-nd. hch _hum; hu a hthr:mt supply ﬁh:l.ch di.niutn

BBARINGS The :lumtot rotor is mporud by a ball
bmh;u:hdtiuﬂnd*mﬂuhwiuu:hnmc&h:
the

wear or glazing from slipping and hottoming in the pulley. Replace

= E Mriods of
W W “..t‘i'- 3 i i “‘?“"_“"’i“"-‘ og.

checked to see that they are 1n utistac:ory condition. Eeld
the alternator pulley with fingers.and note the side play and e
freeness of rotstion to determine the condition of the bearings. W
1f the bearings are rough, vou, or hwc muuv. u.da play, Lz
they should bé muad , i

Figure 154. Adjusting.
Zel: Tenaz,n.

Figure 155, Checking Belt
Tension With Gauge J-7318.

FAN BELT. Pariodically the fan belt should ba exszined for-

AR

the belt if necessary. If two belts are used, both must be replaced
151 | |
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Figure 156, Fan 3elt Deflection - Typioal.

@

Figure 157, Delootron Brush Holder Assembly.

""" T&t the samé time. Loose or slipping belts are quite often the

cause of a run-down battery. Additionally, loose belts can

"wéi- cause excessive heat and bearing failure will -be the result. B
" "Tighten the bélt per vehicle manufacturer's specifications,

if necessary, figure 154. Do not overtighten the belt as this

.*uill.pu: an undus strain on the. besarings and cause premsture

bearing failure. A belt tension Pse, figure 155, should be used
to aedsure proper belt tension. - Another method used to check

| - balt tension is to note how much the belt/can be deflacted by
—pressing on 1t, figure 156, and canparing‘ta nnnufacturar
~ specifications.

1’2 2'1‘\ -
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BRUSHES. The two altltnator brushes are used to carry curtent
through the two slip rings to the field coil vhich/is mounted

o

servicing. therefore is rcquired for the brushe.. - Bowever, -
aftar periods of ¢xtcnded service or at engine overhaul tinme, CT
the brushes should de checked to insure that they are {n satisfactory =
condition. If the brushes are worn halfway, they should be replaced. i

Also inspact brulh springs- for dia:ortion or weakening. In some H
~applications, bvushas springs, and brush holders are replaced g
as a unit. See figur¢_157.,

ZOTOR ASSEMBLY. The rotor windings may be checked for grounds
by connecting a test lamp from either slip ring to the shaft.
A test lamp will lighet if the rotor winding is grounded. To :
check the rotor windings for opens, shorts, and resistance, ' ?
connact an ammeter in seriass between the rotor and a battery. .
An ammeter réading abtove the specified field current draw indicates .
a short, whereas a reading below the specified value indicates

resistance. No reading at all would indicate an open in the
rotor windings.

STATCR ASSEMBLY. The stator windings may be checked for
opens after it has been disconnected from.-the end frame. 1If a
test lamp lights when connected between each pair of stator
leads, the stator winding 1is electrically good. If a test lamp
does not light when connected from any one of the leads to the
stator frame, it indicates the windings are not grounded. It
15 not practical to check the stator for shorts due to the very

' icw resistance cf the windings. . :

TEST PROD
" POSITIVE CASE
RECTIFIERS

“BAT” TERMINAL

Pigure 158, Teating Poeitive Reotifiers
With Diode Testar, _

- DIODES. The preferred method to- check the alternator diodao i
is to use a spacial diode tester, as shown in figure 158.
procedure can be given here bacause of the different cypol ef

.diode testers available. An alternate method -of testing the diodes ;

is to use a test lamp and a 12-volt battery. The diodes must ,
be discomnected from the stator leads 1if this a.thed is used. !

D 153 .




TEST LAMP TEST LAMP

Figure 159. Checking Diodes With Tast Lamp.

Connect one of the test leads to the diode lead and the other
test.laad to the diode case, figure 159. Then reverse the lead
connections. If the lamp lights in both directions, the diode
is shorted. Also, if the lamp fails to light in both directions,
. the diode is open. When checking a diode, the lamp will light

in only one of the two checks.

" Regulator Servicing

" The following 1n£ornntion is general in nature. Refsrence
should aliays be uadc to the manufacturer's manual for correct
sarvice.

VIBRATING CONTACT T!RE REGULATOR. Nornllly no pcriodic
scrvicin; is required for the regulator. However, contact points
"of the voltage regulator unit that have excessive-resistanca
or a sticking tendency can cause poor regulator performance,
~ This; in turn, -affects tha performance of the altsrnstor. When
‘this condition exists, the contacts should be cleansd. The '

. eontact poiuts should be clasnsd with s fine sbrasive paper, such

a8 & strip of 400 silicon carbide paper. Never use a file, emery

fﬂ*¢1°=h ot sahdpaper to clean double-contsact’ C7pc voltags r.‘ul.tgr

ﬁqgga_ A_Qonti.or.dinanlnﬁ-d ganditian'nt the contacts is

-normal after s telatively short period of operation. This
1is not sn indication that cleading is necessary.

154 ey
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Figure 180. Adjusting Voltage
Regulator Setting,

Figure 161, Adjusting Field Relay
Closing Voltage. '

- If 1t is nncsllnry to adjust the voltago regulator setting,
turn the voltage adjusting screw, figure 160, to either increase
the setting or ducraase the setting of the rngula:or. The field
relay closing voltage is adjusted by bending the hesl irom in
zumummuem 16}. | x

\-s‘|

TRANSISTOR REGULATORS. The transistor regulator controls
slternator voltage by slectronic means. It hes no moving parts ==
as employed in the vibrating point typs of regulator. Tharefors T
no periodic maintanance or adjuocannc of the tt;ul::or is' required.

185 o




MILLER SPECIAL TOOLS
PO im0 vits .

REGULATOR CONNECTION

TRANSISTOR
REGULATOR
(CHRYSLER)

)

. Figure 162, Testing Tranagstor Regulator With Electronic Tester.

'
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1f the ragulator is suspacted of mllfunctioning, it lhould be
:.:tod.with a t;taini slectronic volta;n rtgulator tester, fi'urt 162, -

Notc- “On some modcls of transistor rcgulators, 1: ia possibln T

to adjust the voltage ragulator secting + 0.6 volt. Remove ﬁ
the pipe plug and insert a scrawdriver {into' the slot, Turn =
the screwdriver clockwise onae or two notches to increase the -
setting, or.one or two notchas counterclockwise to decrease -3
the setting, figure 163. For each notch moved, the voltage :
setting will change approximately 0.3 volct.

Figure 162. Adjusting Iransistor.loiiage
Regulator Szising,

Because of the many different types of transistor regulators
that are manufactured, always be sure to obtain the appropria:e

: : technical order or manual to prevent damage to the regulator's
- transistors when working on the charging system. -'-‘--_ir””
WIRING SERVICE

: - A visual inspection will often reveal much useful information
- relative to the condition of the charging system. All wiring

= . should periodically be visually inspected for frayed or damaged

: insulation. Faulty wiring should be replaced. All terminals./
should be checkn& for loose or corroded connections. High resistance
resulting from looss or corroded connections batveen the alternator S
and the battery will cause a lowering of’the charging rate to | =
the battery. . Icrminlls thould be cleaned and tightened 1f necessary.

’ TROUBLESHOOTING THE AC CHARGING SYSTEM

Altcrnntor charging. systems are completely different from. ST
the dirsct current charging system circuits previously studied. .
Therefore, none of the troublcshootiug checks uled for the direct _ .




current systems can be used for the AC eystems. Bafore attcng:t_m
. to troubleshoot, it is wise to observe the following' ni

te

t.& tew - =

1., When {anstalling a battary, always make absolutely sure
=" the ground polarity of the battery and the ground polarity of
v the alternator are the same. 1If a battery of the wrong polarity
{s connected incto the charging system or if the battery is reversed
when installing it, the battery is directly shorted through the
diodes. Consaquantly, the diodes and the vehicle wiring are
— eudangered by hizh current flow. Burned wiring harness and burned
“"open' disdes probably will e the resule. '

L4

-

<. When connecting a booster battery, make certain to
connect the negative bactery posts together and the positive
battery ports together. Failure to observe this precaution will
result in the same damage as previously describad.

3. 'When connecting a charger to the vehicle, connect
the battery charger positive lead to the positive battery poat
and the charger negative lead to the negative post of the battery.
Failure to follow this procedure will result in the same damage
described in (1).

<. lNever :serate the alternator on an open circuit. With
. no battery or eizctrical load in the circuit (open circuit),
R the al:ernaior :an tuild up high voltage which may damage the .
diodes and 2ouid e extremely dapgerous to anyone who might accidentally
touch the alternator battery terminal, Bafore making tests or :
on-the-venicle checks, {t 1s wise to make sure that all connections . :
in the circult are clean and tight. p \
3. Do not short across or ground any terminals on the -
alternator or regulator. .aAny circuit purposely set up by grounding
or shorting any of the -altaernator or regulator terminals can cause
. - serious eleccrical malfunctions that might endanger components
S of the electrical system, :

6. Do not attempt to polarize the alternator. Unlike
the DC generator, the alternator's polarity cannot be lost or
changed. An attempt to polarize, therefore, can be of no value
and can cause damage to the alternator d{.odu, wiring harness,
and other systems, -

Complaincs or troubles :slegvcd in the charging systea . : o
“&te genarally either an ovarcHSrged battery oy am undercharged | - =
one. Thess couplaingts can generally be quickly“corrected. -
”Lﬁﬁﬁvtrcharged Batteries - : . : E ’ 2 ':?

3

m A batcery that 1s being overcharged is detected by excessive ~ ' : =
water usage. . In cases of extreme overcharge, the electrolyte o >
T level may ba far below the top of the plates. Since only the - | . .
- ‘portion of the plates that is coversd with eleotrolyte is useful '
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danngc 1- donn.‘ wntcr ula;n in thnnc casas txcnadn thc notnnl :
usage -of one ounce of water per cell each 1,000 miles of driving. .
In cases vhare overcharging is caused by a:téca.ly high systonm =
voltage, tha high voltage may also be damaging to voltage sensitive. :
accessorias such as light bulbs. To corract this situation and
to correct the overcharged battery conditibn, the system voltage
must be lowered by either an adjustment of the voltage regulator
or corregtion of any trguble in the ‘charging circuit. Check in
order: The battery condition, wiring, volcags regulator.

r

-Undercharged Batteries

O An undercharged battery 0 onc that ' runs down" or becomes

- discharged because of igsufficient capacity to develop sufficient
voltage to crank the engine or power the electrical accessories.
There will be almost no water usage in these cases. To correct
the undarcharged condition, which will shorten battery life,

the system voltage must be raised by either an adjustment of the
.voltage regulator or the correction of trouble in the charging
system. Check the following in order when looking for the causes
-of an undercharged battery: Fan belt tension, battery condition,
charging system wiring, alternator output, and then the voltage
ragulator, .

SUMMARY N ’

The altemator produces electricity by magnetic induction,
The conductors are cut by magnetic lines of force as the rotor = e
is rotating within the stator. To start the production of electricity,
the alternator requires current from the battery to flow.through
the windings of the rotor, producing a magnetic field in the poles
of the roror. The pole pieces of the rotor do not have residual
magnetism as the pole pieces of a DC generator have. Since
the rotor poles alternate north and south, when rotating, the
current produced is AC current. Diodeo. or rectifiers, change
the AC current produced.in the stator windinges to DC current for
the vehicle's use. A voltage regulator controls fisld current
flow to the rotor to limit the maximum safe voltage output from
the alternator. The AC charging system does not use s Sutout
relay or a currcnt regulator.

-

\

‘Questions

1. uhat ié the " ltgnificﬁn: advantage of the alternator oo
in comparison to the Dc*pcnorn:or? ) . ) -

O

. 2. ‘vhat 1: the purpose of the wiadin;a of the alcnrnn:or
stator? '

5; <Of what three main units does the alternatar system | .‘;

consist? ¢ ‘ -

&, th; ars the ulin components of an alc.rnatar?

21
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7. Hhat cooln the heat ;pnnrntcd by the rectifiers? ,

. 8. How {s the rotor shatit nuppdrt-d and what lubricatton
is providaed?

. 9, 1Ia tha DC generator current that is generated in the
armature {s AC. Th.s AC is converted to IC through the commutator

and brushes. Wwhat unit ifi™the alternator convcrts AC to DC?

, i9. Whare are the diodes mounted (as\studied in this lcsson)
in tha alternator’ - - \ :

11. What is the purpose of the voltaac regulator?

. 12. Wwhy is a transisgtor rcgulntor prcfcrred over a vibratin!
zontact point regulator.

- 13, What is the purpose of the field relav unit in the

alternator regulatov’
]

14. How is arcing of the voltage regulator. points reduced?

15. %What comoeorent within thé alternator prevents the
ery, from discharging back through the alternator?

15. To have maximum current flow to the rotor co-l, the
moveabls regulator point Tust be touching which Eixed paoition?

L
What is used to check the diodes in an alternator? .

18. What is used to check transistor regulators?

-

19. What should be used to clean dirty regulator contact .,
points? / '

|
|

20. " What should be checked if the battery is continually
being averchatged”

LS
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OBJECTIVES |

TN i

Upon compleqion of this workbook you will be able to:
Identify various eléctrical symbols and explain their méaning.

Construct electrical circuits and measure volrage, amperage and
resistance in the circuits.

Inspect, service and test automotive batteries.

EQUIPMENT . .
Basis of Issue - "
Auto Electrical Board 1/student
Batteries 1/student
dydromerer 1/student
Sattery-Starter Tester ‘ 1/2 students ‘
'Hand Tools 1/student '
X Sp?iial Tools 1/studeat _
PROCZDURE
._ Using this workbook as a guide for step-by-step pnrocedures anc

impar:aq: information, perform each task as outlined and as directed
by the iastructor. ‘

Exercisge 1

Identify electrical symbols.




Identify each of the | 1. In electrical work, symbols are
¢1¢c:r1ca1 lynbola in n:ad ia dingxann_:n represent o

fvfn the-aplc.'writc thc'cérrcct o
A EOR Y ‘ name Of the symbols in figura 1.

8. 1 OR A a. ,

T

H t n‘ll Ji'.H

3

;m ‘Figure 1. Electrical Symbols.

s




Exorciionz

. . s .
Construct a series circuit, measure voltage and amperage at

: Myi:ians;yaia:i;in_;ha.ei!guita* A , .
- | e K ———
. — — =1 | =
Y H a ?
~5 jor o ~5—0
iy
\ ' .
TS
|
= e AN B
I | ARt
—r ’ | Coa g
e S, it
. . Fizure 2, Series Circuit Using Figure 3. Series Circuit Using
Cne Light Bulb. Three Light Bulbs.
PROCEDLRE IMPORTANT INFORMATION
. 1. Connect a series circuic 1. Remember! In a series circuit,
with one light bulb as current flows in a single path.
shown in figure 2. : ‘
2. Connect an ammeter in the 2, Ammeters are always connected
circuit and note the , '
: in series. Amperage:
, auwount of amperage.
. 3. Comnect a voltmeter in the 3. Voltmetera.are always connaegted
< circuit and note the amount

of voltage.

4, Observe the brightness with 4.
' which the light bulb burns

and the heat produced by

the bulb,

Aot

25 3

1in pé;allel or across the circuit,

Voltaﬁg:

Y




'uunrmqtsnm s,

Information column.

__fell-sctery veltege.

-mnmtmmlmm

furnishes the resistatce for the
eircuit. The voltage spplied to
the light hulh is ihnut -qnnl_to

2
~ 6. Connect the three light- ‘6.
. bulbs on the trainer in a
series circuit as shown
in figure ‘3., :
7. Raead the meters-ahd record 7.

theit :eadings in the,spﬁhcs.

*

Observe that :he 1ight bulbs 8.

"burn rather dimly.

Read paragraph 9 fb the 9.

information column.’

-

-allouos éha vol:asu o! tho

battery to force only & certain

. smount of curreant through the
circuit, Thils buldb is made to

operate on 12 volts and should
burn to its full brightness.

Volts:
Amps: .

In this series circuit, the
electric current flows through

the resistances of the three light
bulbs. The total current flow is
less than in the previous circuit
where only one bulb was used.
Also, the light bulbs do not

burn ta full brightness due to

the smaller current flow,

Y

Figure 4, Measuring Voltage Applied to One Light Bulb.

61?&’1
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10, Chadgclghu voltmeter 10.
leads to the position .
showa in tigg;. 4.

“This measures the voltage applied
to the terminals of one light
bulb. ) :

~12, Remove the voltmeter leads . 12,
from the terminals of the

one light bulb and touch

them to the terminals of

the seeond light bulb,

13. Read voltmetar and record  13.
the reading. '

'14. Remove the voltmeter leads '14.'

from the second bulb and
touch them to the terminals
of the third light bulb. -

15. - Read voltmeter and record 15.
the reading.
, ‘
16. Read paragraph 16 in the 16.
information column.

Exercise 3

.. Volts {ome Bulb)s . °

Volts (second bulb):

Volts (third bulb):

When current flows through
resistances such as the light
bulbs in the circuit, a voltage
loss occurs. In this test, the
voltage measured at the terminals
of each light bulb is the amount
of loss within that bult. The
sum of all voltage losses in a
circuit {s equal to total
voltage applied to the circuit
at its source (in this case,
the battery).

R

\&'.'g-'..

Construct parallel and series-parallel ciréuits and measure

their voltage and amperage.
PROCEDURE-

1. Connect a parallel circuit 1.
on the trainer as shown
in figure 5. :

2. Resad the meters and record 2.

their readings in the
space. )

3. Note the brightneas with 3.;

which the bulbs burm.

IMPORTANT INFORMATION

2

Volts: Amps 3




Figure 5. Three Light Bulbs

)
in Parallel.
Determine why the light 4,

bulbs draw more current
when connected in parallel.

Read paragraph 5 in the -5,
information column.

Connect a series-parallel 6.
circuit on the crainat as

~in figure 6.

Read the ammeter and observe 7.

the brightness of the light
bulbs.

=4

Figure 6. One Bulb in Series;
Two Bulbs in Parallel.

- During this test the same .voltage

is applied to the terminals of
all units connected in a parallel
circuit, In this case, the units
are light bulbs; each one is
conducting current in exactly the
same manner 3as when connected in
a ciycuit by itself. The total
current flow, as measursd by the
ammeter, is equal to the current
flow of all light bulbs added -
together. The total resistarce
of the circuit is less than the
resistance of one light bulb by

itself.

gV
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8. Record the readings in th 8.
- space. - ¢ .. :
9, Bssd paragraph 9 in the "9, 1Ia this w4

' through the series bulb,

. Exercige 4

Clean and service batteries.

- parallel and the other bdbuld is in

series. All'of the curreat that .
flows in the circuit must flow
Therefore, the serfes bulb burns

brighter than the parallel bulbs.

If the series bulb goes out, all

the bulbs will go out.

PROCEDURE TMPORTANT INFORMATION
Practice all safety v 1.
precautions applying
to the project,
Clean and inspect the 2. Caution: When removing battery
battery. from vehicle or trainer, alwavs
disconnect the grounded cable
first,
. .
a. Clean terminals and a. Corrosion should be removed
clamps. - periodically from the
' terminals and clamps. Clean
Note: Negative post has with cleaning tool.
smaller diameter. Positive ‘
post has the larger diameter.
b. Clean holder and battery b, Use wire brush and baking
top. soda solution for cleaning
' the holder. When cleaning’
the battery top, the battery
vent plugs should be tightened
and the battery top sprinkled
with soda solution. When
the baking soda solution has
stopped foaming, flush top
with clean water. '
Caution: Maké sure that none of =
the solution gets into the battery. .
c. Inspect the battery. c. Check for cracked case, :
bulged case, electrolyte . - e
level, etc. ]

oo
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Figure 7.

Taking Specific

+ Gravity Reading of a Battery -
With Battery Hydrometer. (A
‘Closeup View of 1280 Reading
is Shown at.the Right.)

Exercise 5

Test a battery.’
PROCEDURE

1. Use the battery hydrometer
to test specific gravity
of each cell IAW ,
TO 33D6-3-4~1, page 12,

-

2. Record the reading in the

spaces provided.

3. Perform the battery capacicy
test IAW TO 33D6-3=4-1, -
page 13.

"4, Have fhc instructor check

your project.

30

4.

IMPORTANT INFORMATION .

Refer to figurél7.

Cell #1: ,  2: 3:
4 5: *  6:

Note: Electrolyce burns the

_skin if, left in contact for any -

length of time, It also destroys ..
¢lothing, therefore BE CAREFUL!

Refer to figure 8 for pfoper
connections of the Y-20 Battery-

" Starter Tester.

Instructor's Initials:

"
(9 |
o




- Figure 8., Battery Capacity Test.
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AM8R47330~WB~302 .Z

" OBJECTIVES

:: A ’ .Upon caqalc:tw,pf :uu workbook yod will be able to: . s ;
s \ : Identify units om the 1gn1tion system and cxplain their purpose. ) AN
- \ Repair and sarvicc ignition'svstam cowmanlnts. ‘
' ”“'—.
Chccu. adjust and/of isolate malfunctions in <he ignitionm h -
systen,
L EQUIPNENT ¥ e ST -
" C | : | : Basis of Issue |
;‘ . ' Bench Items = - 1/atudent
¥ Universal Diagnostic o ) .
, i Tester (UDT) . 1/2 students ‘
- "~ Tach-Dwell Tester - " 1/2 students
_ : Volts~Amp Testér - © 1/27students
Timing Light ‘ 1/2 students
Oscilloscope 1/3 students
Spark Plug Cleaner 1/6 students
Common Tools 1/student
o - A .
' . PROCEDURE | 2 .

Using this workbook as a guide for step-by-step procedures
and important information, perform each task as outlined and as
- directed by the instructor.
Exercise 1

Perform coil tests using the Universal Diagnostic Tester (UDT).

PROCEDURE . IMPORTANT INFORMATION
—————— . ) D ————— e
‘ 1, Practice all safety 1,

precautions applying
t? the project.

; : - : ) |

= 2. Obtain technical 2. Refer to TO ’3D6-3-é-1, pages

- : publication. ' 108-111.

B 3. Perform all coil tests. 3. Handle this equipment with care. i

\“ : Exercise 2

Perform condenser tests using the Universal Diasgnostic Tester (UDT).

.. - Zé;r" . |




1. Remember! think scfcty-—!ructica

3.

T mm =, .'.".'"_.'.”_'.’..'.’.. I'.’."“_ LT T

Obtain technical. . 2, - Refer to TO 33D6-3-4-1,
publication., ' pages 81 and 82.°

: Note: Numerous illustrations
\ . . contained tharein are very
" valuablas.
a8

Test the condensar. . 3. Handle this equipment with care.

»

Exctcilc 3
“

Remove, scrvicc. test and replace spatk plugo.

PROCEDURE ‘ . IMPORTANT mronmnoﬁ

Practice all safety 1.
precautions applying
to the project.

Remove secondary wires ) 2. Use proper tools while performing
from the spark plugs. this procedure.
- * [ 4
Remove spark plugs using 3. Carcf;hould be taken not to
special spark plug socket. - damage porcelain of spark plugs.
v - They are easily broken.

Wipe the spark plug clean, 4.

4 a1 T

-

Figure 9. Filing Spark Plug
+ Electrodes Squaro.

D12
) : 255
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10.

11.

12,

13.

g

Square off the eledtrode

:with a filc, as shown

¥+ L3

”cicc:rodoi and innlua:or.

Use air Pressure to ciean = 7.

avay loos€ particlas from . = .

spark plugs.

Figure 10.

Adjust air gap between 8.
center and ground electrodes
as shown in.figure 10,

Test spark plugs. | 9.
Replace spark plugs in 10.
engine.

Connect secondary wires 11.

to spark plugs.

Start the engine, 12.
o ‘ .
Stop the engine. 13.
13

:unﬁing_nplrk"plugi-will bc_lhown o

bv the instructor.

Note: Clean porclain as required
and make sure electrodes are
filqd squarae.

§ ~

Use protective garment and goggles

for protection of eyes.

Gapping Spark Plugs. . -

Use proper feeler gauge and

obtain specifications from
vehicle manual.

Refer to manufacturer's .

specification for correct firing
order.

Listen and-obgerve engine for
cylinder missing or backfiring
and recheck to see 1if you have
revired ignition system in the
correct ssquence. .

A ey L




Exarcise &

Adjust ignition points.

Remove the distributor cap. 1. On conventional distribucors,
_ unsaap metal clips that hold
distributor cap in place.

o, 2. Remove rotor. - 2,
ijw 3. Adjust ignition point. 3.
a. Rotate distributor shafc a.

until rubbing block on
movable contact is on
high point of cam lobe.

. b. Obtain the proper gap, : b. Use publication tc obtain
' using the appropriate proper setting.
: tool or instrumant for
— _ ' gauging. .
¢, Locsen hold-down screw T
of stationary ignition
poinc. ‘ _
- : ) \
: d. Rotate adjusting screw ' d. Contact pvints should grip
. until proper setting has. feeler gauge lightly (if
' been obtained. gauge is used).
o e. Recheck ignition points " e.

to insure proper setting.

“ . 4. Have the instructor check 4. Instructor's Initials:
» ‘ the project. .
2 Exercise 5
%' c - Time ;nging by timing marks.
: PROCEDURE _ R DIPORTANT INFORMATION
Practice all safety . 1, |

precautions applying .
to the project.

]
Perform ptcopc;aﬁion 2. Check fuel, oil.and coolant levels.
inspection, : -
.o . - 267
<
» .
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3.

Remove #1 kpark plug.

3. Use spark plug socket.
should be used not to btcak
spark plug_porcclain 1n:ul7ﬁor. =

o i

\ Clrcﬂ/ -:LFI:Z‘;N

mﬂf?dsicibjiﬂl pistdh on Cop B
.dead centaer of compression

stroke.

hole and crank engine over slowly
with the starter and feel for

compression.

!ﬁ;?ﬁ tho thunb over dpli;/plug =

Caution: Turn the engire with
short jabs on the starter switch

to prevent going past TDC (top
dead center) and past /the timing

/ mark, figures 11, 12 and 13.

¥
!

—-— .

- DEGREES B L DC
USE STEEL BA(L

T /
\

!
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DEGREE MARKS TIMING MARK  B1011.-8

" - ¥y r ¥ . Figure 13. Typical Pointer
—//' _ 4ol Mounted Degree Marks.

TIMING POINTER DEGREE MARKS 810128

Figure 12. Typical Pulley Mounted
: Degree Marks.

5., Line up the timing mark 3, _
with the pointer. Turn the .
crankshaft of the engine : .
until the ignition
timing mavk is in line
with the pointer.

6. Position distributor . 6.
rotor in accordance
with the vehicle manual.

7. Position distributor cap so 7, With distributor cap in position,
#1 wire well is directly you may use a chalk mark on the
in line with the rotor arm. body of the distributor in line
- with the #1 wire,well in the .
distributor cap. If the distributor
cap is removed, you should turn
the body of the distributor umtil
the rotor is in line with the chalk
tark. When the cap . is replaced, : ;
the rotor should line up with the =
#1 wire well. With the rotor in =
this position, the points should -
be just breaking. This can be =
: checked by turning on the ignition )
- switch and sparking the primary . o
wire against the distributor o . B




primary terminal post. You should ' ;2

then turn the body of the distributor
tlightly until o lpnrkmoccura,m

8. gcyiace spark plug wires 8.,
' cording to rotation

and firing order.

9.

Start the engine. 9.

Valiant engines.

With the distributor cap and rotor =
in position, you should replace '
the spark plug wires according to

the proper rotation and firing

order. This information should be
obtained from the applicable

technical publication. If no
publicacion is available, rotation

of the distributor rotor can be
deterninea by observing the movement

of the rotor while the engine

crankshaft is turning. On some
distributors, the rotation is

indicated by an arrow on the cam.
Another method of determining '
rotation is to check the movement

of the rotor against the governor

weight springs. The direction the -
rotor moves is also the direction
of rotation. Many engines have
the firing order cast om the
engine manifold. A popular
firing order for 6-cylinder
engines i3 1-5-3-6-2-4 and is
used on GMC, Chevrolet and = -

If in doubt,
consult the manual.

If the engine does not start, you
may check for spark at the spark
plug. Backfiring indicates the
engine is not properly timed.

You are now ready to set the
timing accurately with a timing
lighe.

Exercise 6

Adjust timing with a timing light.
PROCEDURE

1. Connect the timing light. 1,

Connect the timing light
and adjust the engine
timing.

17
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IMPORTANT INFORMATION

Alwvays set timing to specifications o
with the use of a timing lighe, T
a. This information is available




Figure 14.

" Connect the battery
leads of the timing
light to the battery
with the red clip to
the positive post and
black to the negative
post.

Connect blue spark plug
lead of the timing light
to the terminal of the
‘#1 spark plug wire at .
the spark plug.

C.

]

Start engine and operate d.

at idle speed.

Check engine idle spaed .
with a tachometer.

a. L
b

2

18

Timing Light Connections.

"manufacturer's specifications.

Refer to figure 14.

Caution: The engine should
be stopped to prevent an
electrical shock!

Refer to manufacturer's
specifications.

On some' engines equipped

with a vacuum advancs
mechanism, {t may be -
necessary to disconmect-the
vacuum advance unit. Check

-l

n

4
R
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£, Alm timing light at £. The flashing action of the
timing mark. : timing light makes the timing -
S | . mark appear to stand still.

oy A

i G
kel L

’ ,
Figure 15. Timing Mark in Line
With Pointer. - '
-8 Advance or retard timing 8. Loosen the distributor
as necessary. mounting screw and turn the

body of the distributor until
the timing mark is in line '
with the pointer, figure 15.

h. Secure the discributor h. ﬁ;th the timing mark in line
mounting screw, with the pointer, tighten the
' - . distributor mountingscrew.
The engine ignition system
is now in perfect time.

i. Remove the timing light. i. Stop engine before removing
the timing light to avoid
a shock. — )
Have the instructor check 2. Instructor's Initials:
. your project. g .
., N mm 7 . o e e e ;
Analyze engine ignition system usinﬁ an oscilloscope. a:;
. "‘ ) <
1}
H _ .e-’




_2.

3.

.

1,

Obtain proper ' 2.
publications.

Connect oscilloscope 3.
to engine.

Perform tests as directed . 4.

by the instructor. e

Have the instructor éheck 5. Instructor's Initials:
your project.
Exercige 8
Disassemble and inspect the magneto (bench item, high tension type).

PROCEDURE IMPORTANT INFORMATION

Observe all safety ' 1.

precautions applying to

the project. :

Disassemble assigned 2. Make of magneto worked on:
magneto. ' ' ' : '

The magneto will be disassembled
according to instructions from the

instructor. ‘
Ihspedt the component ) 3.  All parts should be thoroughly
parts of the magneto. inspected visually for serviceability.

Check all electrical leads for good
condition of wiring and terminals.

a. Examine breaker for a, Points must contact each
condition of points. otaer squurely with full
- _ " ~» contact surface. Badly
pitted points require the
replacement of the breaker. ..

b:  Examine cam for wear. - b.

c. Examine the diatrihu:or é{
contact surfaces for T

pitting or burnirdg.

Reassemble the uu;ncto.‘ 4. 2?




S. Have the instructor check  §. Instructor's Initials:
your projcct.

, Notat Uss tha space. n:aviﬂ:ﬁ ‘beiow for itti:tﬂﬂ:i,nﬁtg: pixt;tntn;
-4—;——*“—4%#M%hI“#hiE*%ﬁtﬁé#ﬂ%htﬁ%QB%%*BB¥!¥!=!lh

el b
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Vchiclc.natnccnanca Branch
Chanute AFB, Illinois

™3

cnasxzuc-un%eas AND STARTING S¥S¥iﬂ8

oomvnrerogm s

 OBJECTIVES . - .

Upon completion of this workbook you will be able to: B

Identify components of crtnking motors and starting systems and
explain their purpose.

-~

Repair and scrvice starting system components.

Check. adjust and isolate malfuncrions in the starting circuit,

- EQUIPM ENT ' , - .
Basis of Issue
Bench Item Starters 1/student
Armature Tester (Growler) 1/6 students
Battery-Starter Tester 1/2 students
Common Tools 1/student
PROCEDCRE

Using this workbook as a guide for step-by-step procedures and
important information, perform each task as outlined and as directed
by the instructor._

Exercise 1

Disassemble the cranking motor,

Note: The disassembly steps will vary considerably according to
the type and construction of the cranking motor. The following
information will apply mainly to the type of cranking motor that
will be fiund during the time spent in the 3ABR47330 ‘ccurse.
Disassembly should proceed only so far as is necessary to make

. repair or replacement of the defective parts. N

PROCEDURE IMPORTANT INFORMATION

1. Select the proper tools 1, Always use the correct tool and
and test equipment. use it safely. ot
2. Disassemble the cranking 2. ' : \
wotor, figure 16. . no =
a.. Disconnect starter ) a. _ _:i
switch (if used) or - ' - S =
‘solanoid from the : .
motor terminal on . L R,

the starter fraume. : S : '




J1038-A

Figure 16. Disassembled Starter Motor.

b. Rem&fe brushes from
brush holders.

- Unscrew the thru bolts,

figure 16, and remove
the cogmutator.end frame
and field frame assembly.

d. Remove the armature from
the drive housing.

Exeréise 2

.
0.
'

d.

Follow the directions of
your instructor, -

This will separata-the drive
housing. :

L]

insPect, repair or replace parts on the cranking motor.

PROCEDURE

Check armature to commutator No
leads.

Inspect the commutator, 2,

a. Clean commutator if
necessary.

b. Inspect brushes.

&

24

IMPORTANT INFORMATION

Make sure that they are properly
soldered.

Burned commutator bars are

sometimes caused by an open circuit

in the armature. .

b.

Use 00 sandpaper for cleaning.

If brushes are worn down to
less than 1/2 their originsl

length, they must be replaced..
¢ 1f brushes are being replaced -

they should be reseated as
shown in figure 17,

25




Figure 17. Reseating Brushes.
Check brush spring ¢. Use spring tension gauge.
tension.
Examine brush holders d.
for bent or damaged
condition. -
Check armature for: | e. The instructor will
' demonstrate these tests for
you.
(1) Shoft’ciréuits. {1) Short circuits are
oo located by using the

grovler, ,

(2) Open circuits. (2) Inspect the points where
- the conductors are
joined to the commutator
bars.
. . ]
(3) Unwvanted grounds. (3) Use a test lamp and
‘ s test points.

Check the field windings £, The instructor will demonstrate

. for: .,

(1) Unwanted grounds.

@ -

- asRTh

.(1) Use test lamp.

these tasts for you also.

Connect
ons lead to the field and
tha other lead to the -
starter frame.

Note: If the mogor has a shunt
coil, the shunt qoil must be
disconnected befotre making

this test. .




(2) Connect test lamp leads -

- to cndl ot the filld
mﬂu »
Exttcisc 3 . : _:f
_____ » =
Reassemble and test the crankin; motor. : v :
PROCEDURE _ IMPORTANT INFORMATION . "
Reassemble the cranking 1. Reassemble in the reverse
motor. procedure of that used in the

disassembly, figure 16. Make

‘\ | - sure that all leads are correctly 3 |
. . \ attached and that brushes are =
— ; oo installed in holders and making -
. \ contact with the commutator of
A . _ the armacure., -
12 VOLT
BATTERY
: - 3
- :
" | x - o
SOLENOID a
=
: w
-
. \
CRANKING MOTOR . . '
, -Pigure 18. Circuit for Checking " e : - Q}
e ' Free Speed of Cranking Motor, S — =
271
26 . - *




2. Motor the cranking motor. . 2. After reassambly, connegt & battery
_ o . to the cranking motor terminsl aad

srm ﬂﬂuu. htt.attho
(il h;t

| ‘ thn solenoid. -Th..srlnkin; ao:or E

should rotate freely. V!
3. Have the instructor check 3. Instructor's Initials: _ !/ | ‘,'é
your work. ! . T .
Exercise 4 B . i/l )
| J _

Test the starting circuits on the vehicls.
é’ ] PROCEDURE | IMPORTANT INFORMATION )

_ 1. Maks the checks for 1.
o excessive resistancs in the

cranking motor's insulated
and ground circuits in

accordance with o
TO 33D6-3-4-1, pages 16-18.
2. Make the starter amparage 2., Use TO 2&?6-3-4-1, page 19.
B dvaw test. . : .
. 3. Have the:instructor check 3. Instructor's Initials:
your preject. ’

Note: Use tne space provided bélow for any additional notes an
the maintenance and testing of the cranking motor.

>

T
u;l.?_li“fﬂ-tﬂ- PR




Vehicle Maintenance Branch
Chanute AFB,' Illinois °

 DC CHARGING SYSTEM

Upcn coapla;toa of this workbook you will be able to: o =

dentify uatcs of & DC Chlfliﬂi systea and-explain their funccion. 4

Repait and service DC generncors and DC charging system components.

Check, adjust and i;ﬁlatn malfunctions in a DC charging syat.n.f

- -

EQUIPMINT o * : '
_ ' Basis of Iassue R C
Bench ltem Ganerators- : 1/student ' -
Banch Item Regulators : 1/student
Armature Tester (Growler) © 1/6 students -.
Volcs-Amp Tester 1/2 sctudents
Tach-Dwell Tester 1/2" students
Spring Tension Gauge 1/6 -students _
Common Tools _ 1/student .
. 'g
PROCEDURE . s “\\\g
)
Using this workbook as a guide for step-by-step proledures and S

important information, perform each task as odtlined and as directed = N
ty the instructor. -

Exercise 1 - . .

Partially disassemble the generator.

PROCEDURE DMPORTANT INFORMATION
1. Partially disassemble the ~ 1. The procedure to be folldﬁed'will
generacor. - vary according to the 3an¢rntor

construction, . ¢

Note: Disassembly ihculd procccd

only so far as is necessary ¢o make
. repair or replacement of the

defective parts.

+ L

a. Remove thru bolts. Y
b. Remove commutator .ud}. b, End freme uay have to be
frame. ' loosened by lightly ctapping
: ) edge with a plastic hammer.
¢. Remove armature ¢. Armature, pulley, fan, and
assembly. B _ drive and frame are removed
as an assembly.
29




PROCEDURE

1. Check.the armature. }.
|
‘ i
2. Check and clean the 2,
. commutator, .
3, Test armature for: 3.

a. Short circuits.

b. Unwanted grounds. |
e, Open circuits.
“Test generator fields and 4,

terminals for:

a. 'Unwadted grounds.

-

]
H

b, Open circuits.

If coils are loose in slots or

unsoldered from commutator, the:
armature should be replaced.

If the commutator is badly seared
it should be turned; if slightly
worn or dirty, it should be sanded
with 00 sandpaper. '

a. Usea growler for this cgcck._ o =
Place in growler and slowly —
revolve while a hacksaw blade ’
is held above the armature
.core, Short circuits will
cause the blade to vibrate
against the core when it is
held above the slot containing
the shorted winding.

b. Use test lamp with test prods.
Place one test prod on the core .
of the armature and the other
on the commutator. If lamp
lighes, the armature is
grounded.

c. Open circuits in the armature
are usually readily apparent.
This condition causes burned
commutator bars. Growler may
be used for checking.

a. Use test lamp prods on field
terminal and frame. If o
lamp lights, the field is :
ounded. . _

b, Place test lamp prods at two
ends of field circuir. The
lamp should light., If it -
does not light, the field et

¢ircuit is-open.




- m/;jmnk_'”;m ,
c. - ‘Short circuits. c.
e TrErome: g KWWW.HWWWU.N»XA -

i
i

Check brush holders.

- 3. : : 5. Where IJcatcd, ' :

eck for security - =
; of mounting and\the insulated =
| brush holder for\ grounds. :

Exercise 3 .

' \
3

C i \
: i
Reassemble and make brush spring tension tést. \

} \
i‘ _‘.
! [ | .
i /
e .o r ) .
Vo
\
|
\
- 'l.
\ l
: ‘ \
®
! X
’ |
t ’ ® "._
! CLAMP IN SOFT JAWED VISE 3
i ﬂ’,/ ’l‘
. o )
TAKE READING AS BRUSH .- ,‘
LEAVES - COMMUTATOR ‘:
' |
i ; _
- ' 1u
|
i
. |

. _

Pigurc 19. Mnasuring nruih Spring
Tension on G.natator With. Tcniion Gauge.

i

!

' ' » t

0 ”2"'" - |
l') u._ i

1




2.

o

3.

Check brush cﬁring tension ra

~-as shown in figure 19.

.:ﬂdilassalhlyfwm;

" Tension is checked by measuring

with a spring ounce gauge the
Pull required to raise brushes, ’
brush arms, or holders from the
contact position. Replace the

\ springs if the tension is not as

specified. Spring tension found:

Exercise 4

&

Bench test reassembled generator.

PROCEDURE R

Observe all safety 1.

Make a motoring test. 2.

1

a. Make the correct
connections for motoring
‘test on an "A'" circuit
generator, figure 20.

b. Make the correct
‘contteccions for motoring
test on 3 "B" circuit
generator, figure 21,

Have the instructor check 3.
your project.

Exercise 5

~ operating properly.

' IMPORTANT INFORMATION

(A

Note: Connected properly, the
generator should motor at a
steady speed- if everyrhing is
Refer to
figures 20 and 21 for correct
connections,

al

Instructor's,lnifials:

Check out “he charging circuits and adjult the units 1n the -:
generator regulator, e

PROCEDURE

32

IMPORTANT INFORMATION

27




' ’ ) Figure 20. Connecticns for Running
Generator ("A" Circuit) as a Motor.

o r , —

Figure 21. anmc:iaas‘ for Running o _
Generator ("B" Circuit) as a Motor. ' :
| - 33
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1.

2. Obtain the aﬁplicnble ' 2.
publications. ’

3. Check out the charging 3.
circuit and adjust the
applicable test

- equipment. -

4., Have the instructor check 4.
your work, '

a
(]

List fcferoncps used: .

LI :

g \

_ Because of the different types of

test equipment that may be used,
always refer.to the applicable
publications for the correct
procedure.

Instructor's Initidls:

&

Note: Use the space provided below for notes pertaining to the
checking of the DC charging circuit,




Vehicle Maintenance Branch
Chanute AFB, Illinois

o

OBJECTIVES -

Upon ébaplction of this workbook you will be able to: ' mé
Identify units of an AC charging circuit and explain their functiom.
- Repair and serviae AC charging system’components.

Check, adjust and isolate malfunctions in an AC charging circuit.

EQUIPMENT :
. . Basis of Issue ‘
a Bench Item Alterndtors 1/student
. ' ) Bench Item Regulators 1/student '
' . Diode Tester . =, 1/12 students
- _ . - Tach-Dwell Tester - 1/2 students
@ - Volt-amp Tester ' 1/2 students -
Belt Tension Gauges 1/6 students
. ) Common Tools 1/student
PROCEDURE

Using this workbook as a guide for step-by-gtep procedures and
. important information, perform each task as outlined and as directed
by the instructor.

’ Exercise 1

Disassemble an alternator. .

Note: The following information concerns the Chrysler built
alternator system. Although other manufacturer's will vary the
design, location of components, and test' procedures, the ptinciple
is the same. Always refer to the factory manuals for correct test
. .procedures and apecifications.

® 1. Remove brush asacmblies. l. .To prevent possible damage to the
. . - . . brush assgmblies, they should be

removed before proceeding with
the disassambly of the altermator,
. Refer to figures 22 and 23,




622106

Figure 22. Removing or Installing Insulated Brush.

. \\
. Al 4
' 52x107/ .
Figure 23. Removing or Installing Ground Brush.
a. Remove insulated brush. = a. The insulated brush is
Remove retaining screw,. mounteéd in a plastic holder
lockwasher, nylon washer, that positions the brush
and’ field terminal. | vertically against one of
the slip rings, figure 22. _
Carefully 1ift the plastic -
' . holder containing the spring o
| . from the end housing. ' o
b. Remove insulated brush. b. The ground brush is placed T
- Remove the retaining against the remaining slip =
. screow and life the clip, . - ving snd is retained in a TR
: - 254
36




2.

3.

”“W”ﬁﬁiﬁwEiib6i§§’Eﬁ:miniﬁiati&“w" -
brush. - . :
L3 ==

- Figure 24. Separating Drive End Shield From Stator.

Separate the drive end 3,
housing pulley and rotor
assembly from the stator

and rectifier end housing
assemoly.

CAUTION: The stator is separated ;
with the rectifier end frame to i
prevent damage to wiring, figure j
24, ‘

Exerciée 2

Inspect the alternator.

Faud
PROCEDURE
Inspect slip rings for . 1.
indications of oil, being -
burnt or worm. S I .
Inspect brushes for ligﬁs 2.
of sticking.in holder '
or housing.

Inspect the bearing surfaces 3.
of the rotor shaft at the
rectifisr end and the

bearing.

Inspect rectifier (diode) b
leads, especially at
connections for goed
contact, also inspect

‘insulation. | 535?1

-

IMPORTANT INFORMATION

RO




[

Tescting positive case diodes 1.
in the heatesink.

d. -

(23]

Plug dicde tester into
110=-volt supply.

Connect :lligacor clip
of tester to the
alternatcr "BAT"
terminal.

Touch the bare metal
of each of the positive

case diode lead wirges in

the heat sink at the
diodes.

"Read the wuetar.

38

Special tool or diode tester is
used to test the diode rectifiers
without opening the "Y" connection.
Due to the short leads at the "Y"
connection it is difficult to
separate them. The tester will
save time and is accurate,

POSITIVE CASE
RECTIFIERS

igure 23, Testing Positive Rectifiers (Typical).

a. Refer to figure 25,

b. Caution: Ingulaté alternator
from metal bench during test.

c. Always con%gct the connection
nearest the diodes,

P .
Cs .
A
-

d. The reading for each diode
should be the same. The
reading on the meter will
indicate two over for : -
good diode¥” '

d




Eigure 26. Testing Negative (Tvpical).

Test nagative case diodes 2. Refer to figure 26.

in the end housing.
a. Connect alligator. clip a.
of diode tester to
- the end housing.

5. T2uch the test prod to b.
=.e base wire I tche
iicde leads at the
diodes.

. Meter will indicate the c.
conditicn of the diodes.

¢ 110-VOLT BULB

Figure 27. Testing Stator For Grounds (Typical). \

| a9
.

The test indicaticns arz2 the
same for the negative case
diodes as far the positive
case diodes in ctha heat sink.
However, the meter will

read at the opposite end of
the scala. Refer to item 1d

.above.

61x251




J core, und contuc: the
— ‘ » other prod to each of -

the threa stator l.ldl.

‘4, Test the stator wiadinga for 4,
open citcuits.

a. Contact one prod of the a.
test lamp to all three
stator leads at the
"Y" ¢omnection.

b. Contact each of the three b.
stator leads at the o:hcr
end.

5. Test the rotor for grounds. 5.
a. Contact one prod of a.
the test lamp to one .

of the slip rings.

o. Contact the rotor shaft

. " with the remaining test
' prod,
3
6. Test the rotor for opens, 6.
shorts and excessive
resistance,
a. Connect an awﬁpter in ‘a.
' s . series between the slip
. ings and a battery of"
the specified voltage.
. [ .
- | ., .
» .
S -~ .
- ‘s
I . b. Connect one ammster lead b,
: . to one slip ring. Connect .

ground lead to the other
, qi:p ring. '

These three checks can be made
in cne step.

‘ reading indicaces a short
dircuit while a lower than

3.  Refer to figure 27,

Frehe tost Ts
stator windinga ars groundnd.

The test lamp should light |
when the prod contacts each

of the three leads. f the
test lamp does not 14 , the
stator winding is open.

-

r\d
The test lamp should not .
1ight. If the lamp does .

light, this indicates that
the rotor field coil is
grounded.

Kl

Field current draw should ‘QT-
be app tely 2.5 amps. - s
No reading on the ammeter

tndicates an open circuit, _

A higher than specified .

*

specified reading indicates

excessive resistance. \ B -
Asmster resding: e 5%
@ v F ' - ) / - -:_

Rt N




Exarcise &
Reassenmble the alternator. -
PROCEDURE | * IMPORTANT INFORMATION
- | 1. Position the stacor on the 1. Make sure that all of the diodes,
: _ . diode end housing. , connections, stator leads, and
g L ‘ condenser leads (internally
f - installed, if used) will not: =
interfere with the rotor fans. B
3 " 2. Posit;:lxlhc rotor and drive 2.
end housing assembly on the
dicde end housing. "
o 3. Align che thru bolt holes 3.
: through the drive end Wt
housing, stator and diode . )
\\ _ - housiag. '
= a, _Compfess stator and both = 4. T )
end nousings together by
. hand. '
-t S.‘{énstall the thru bolts, .. -
ashers, and nuts. N . . ot
+ L g \J . - - ‘ S
6. Install the ingulated C 6. . : Ce
) . brush, 13chcwashers, nylon . ;
washer, 'and terminal screw. ' B
Lo 7. Install the ground brush 7. - ' ..
and attaching screw., .
. “f : 8. Rotate the pulley. ' 8. By hand and slowly. This is to be
N ) sure that’ the ,rotor fans do not g
= . T &\ \, hit the diode and stator o
N 0 gonnections, e . . o
Y \ 4 - * 'A‘ 84 :‘ ) [ ’
Have the inetructor chieck o 9. Instructor's Inttisls: __ e
‘your project. - ! o . ' o
. : / . t \ ' i — e . -
-, +  Exercise 5 - B
"Teiﬁ ché_AC ¢harging system. , N o R
. _ / .

A
”»
/9’
T
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2. Have the instructor check 2, . Instructor's Inicia].:sx. o
your project. | ‘ - T

~ +
-
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.. Chanute AFB, Illinois I

Vehicle Maintenance Branch ) N

OBJECTIVE | - - Cér

CEQUIPMENT === -
L Basis of Issue ,
Operational Engine Trainers 1/2 students
Oscilloscope X 1/2 students
Mechanic's Toolkit L 1/2 studunts |
INTRODUCTJON - ~

the desgription, purpose, principle of operation, and operating instructions
of the ¢dgine ignition analyzer oscilloscope. The worksheet portion contains
procedurds for the use and operation of the oscilloscope for testing the
ignition system components. " ”-

OPR: TSDT .

DISTRIBUTION: X . : ! . . .

TSDT - 550; TSOC - 2 : .
A | ; |
C Courss -
1 v
297

o .

Th:{étudy guide portion of this lesson contains information relative to

After complgting this ltudy 3uido/uorksh¢ot and your classroor instruction

you will be able to test and isolate malfunctions of vehicle ignition :yotn
components by uning spacial test esquipment.

T

e
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1-2. This manual contains operation and mainte«
nahce 1nstructions and a repair parts list for the
Portable Engine Ignition Analyzer-Oscilloscope. Sun
Eleciric Corporation Model No, $8-35, This eguip-
ment’ wul be referred to throughout this manual a8
the oscilloscope, {(See figure 1-1),

1=, Also included in this manual is a brief expla-
aativn of the vscilloscope principle of operation,
wavelorm or portrayal interpretation and ignition
tests and troubleshooting procedures,

1-4, DESCRIPTION AND PURPOSE

13— The geci loucope, wcluding the accessory Kit,

{see fnmure 1-1) 18 a seif-gontained unit requiring only
external electrical power for operation, The
oscilluscope operates on a power source of 113 volts,

50 cvelie. single phase turrent.

lq-ri. The oscilloscope is designed to display in a

sragh-iike picture, the qperating events of spark
‘.,‘.won systems used on military, automotive and
nutboard marine enqines. The accessory it contains
eS3ONNIAL engire aadapters f{or waterproo! ignition
svstems, '

1-7.  OSCILLCSCOPE PRINCIPLE OF OPERATION

1-%  The-odcilloscope screen may be compared to
4 Sraph as diustrated n figure 1-2, The verucal
e represents voitage while the horizontal line
represents Ume.  3ince the asculloscope waveforms
represent voltage 1n reiation totime, the oscilloscope
5 especiillv useful when measuring a ¢hranging volt-
AL,

1-3. F:oure 1-2 depicts a constantly changing volt-
Ade aurinz a period .of one second, divjded nto
quarters. From a starung point on the zero line,

.- voltage increases steadily until it reaches its maxi-

mum positive valye of «2 volts at time Ti. From
this point the voltage decreases steadily to T3 its
maximum negative value of -2 volts. During the last
quarter of a second the voitage begins to rise again
entil :t reaches 0 volts at time T4.

Voltage Measurement in
Relation to Time

Figure 1-2.

a voltage of one palarity when the trace is above the
zero line, and of the opposite pohﬂty below the zero
line, Thu'don an osciliating waveform above and
below the zero line, represents AC voitage,

1.11, Hor_uont;.l movement of the trace represents.

time, However, when the oscilloscope is used for
testing ighition systems, time is not measured in
seconds or minutes but in degrees of distributor
rotation. For example: when testing an ignition
system of a 5ix cylinder engine, the system willcycle
six times for every one revolution »f the distributor.
Dividing six into 360 degrees equals 60 deyrees of
distributor rotation for every one ignition cycle.

1-12. T1If the osciligscope trace 13 adjusted o that

one complete ignition cyele starts at 60 degrees. and
ends at zerodegrees on the dwell scale of the oscillo-
scope screen, any portion of the waveform can be
accurately measured in degrees oi dxstributor
rotation. . s Ca

1-13. WAVEFORM INTERPRETATION

1-14, Correct and accurate interpretation of oscil~.
loscope waveforms is essential to proper ignition.

system analysis. Wavefor ms, either primary or
secondary, depict’ ignition everts as they occur in
the engine.. Malfupctions in an ignition system or
defective tomponents will distort these waveforms,
thus mdicatuuﬁ@ problem, The location and shape of
the distortion determines the type of problem and its
probabie location,

-1 5. * PRIMARY WAVE FORMS

1-16. Since the application of this osciiloscope pro-
vides mostly primary waveforms. this waveform is
examined first. The primary waveiform consists of
tifree sections: THE FIRING SECTION. THE INTER-
MEDIATE SECTION, and the DWELL SECTION. (See
figure 1-3). “

¥




b. The vertical rise {rom A to B, “and the dimin-
ishing oscillations that tollow, represent the “epeated
charging and discharging of the condenser while the

spark piug is firing. As the spark bridges the spark
plug and rBror gaps and energy is drained from the
coil. the amplitude, or height, of these oscillations
Jdiminishes until the spark 13 extinguished, as in-
dicated at point C. Distortion inthis section mdtcuu;

~high-resistanceia-the-secondar
badly fouled spark plugs, or arcing of the points upon
vpening. The negative peak of tha tlrmc line may also
be affected,

1-18. INTERMEDIATE SECTION

a The Intermediate Section is seen as a series
of gradually diminishing oscillations that represent
the energy remaining in the coil after the spark is
extinguished, This remaining energy dissipates it-
self as anoscillating current that gradually decreases
unt1] the contact points close at goint D. Distortion
i this section will be in“the form of missing oscil-
lations. which indicates a defective coil, condenser,

. % or \mproper Dwell.
o

“1-19. DWELL sscrxox

a. The Dwel Sectxon begins when the distributor
contact points close at point D. The point clcse
signal can be observed as a {aint downward line from
point D to point E. The Dwell Section is represented
bv the horizontal line which extends from point E to
the pount F. It is during this period that the points
remain closed, and turrent flows in the primary
cireuit, Distortion in this section will be in the point
close signal and indicates an adverse condition of the
breaker points, The distortion may take the shape of
a vetrace, or a slight break in the point close signal.

1-20, SECONDARY WAVEFORMS

1-21. The secondary waveform, though somewhat
different in shape, is a direct reflectionof the primary

. wavelorm. (See figure 1-4), The secondary waveform

consists of the ¢ three sections as the primary,
that is, the Tiring Section, Intermediate Section, and
the Dwell Sec ‘ . « .

1-22. Fm.lf-"m

a  The Firing Yection of the secondary wavefori

is composed of only two lines, The first is the Firing
Line, & verueal nuﬂlll indicstes

the
‘quired to overcome the spark olug and rotor gaps.

The second is the Spark Line,

e .
"indicates the voltage required to maintain the spark

-

L

Point A repreasnts the instant at whjch jhe breaker
The resulting high voltage is dis-

puints separats.
Mu&hmﬂ MAm

i g e e R g i

Figure 1-4. Secondary Waveform With
Primary Waveform gmp,uuon

- b, After the spark plug fires there is a sharp
drop in secondary voitage to point C. As the "spark
continues to bridge the gap, the spark voltage re-
mains at a fairly low, but constant value until the
spark extinguishes A\t point D. Distortion in this
section indicates, excessively high resistance in the
secondqry circuit, badly fouled spark plugs, or arcing
of the contact points on opening.

1-23. INTERMEDIATE SECTION

a. The Intermediate Section, which immediately
follows the Firing Section, is seen as a series of
gradually diminishing oscillations that represent the
energy remaining in the coil after the spark is ex-

tinguished, This energy dissipates itsell as an oacil--

lating current that gradually decreases as it ap-
proaches point E. -This oscillation resujts from the
combined effects of the coil and condenser in dissti-
pating this energy. Distortion in the Intermediate
Section will be in the form of missing oscillations,
whichi indicates defective coil, condenser, or im-
proper Dwell.

1-24. DWELL SECTION

a. The Dwell Section represents that period of
time during the ignition cycle, when the breaker

the poiats causes & short downward lihe followed by &
series of amall, rapidly mnmmuoneuuuou.
The Dwell Saction continues until the points opea

the beginning of the next firing cycle gm r).

mmmummmmamm

condition,
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-1 OPERATING DNSTRUCTIONS

.-

2-4. OPER.AWG PROCEDURE ST

e e e e o s e

e

L

2-2, Waterprool Igmtion Systnms .

2.3. This section covers operation of the oscillo-
scope, when used on waterproof ignition systems.
Some of the controls are preset and negd not be ad-
justed each time the unit is used. Otherd¥ire adjusted
according tothe operator's preferendl, or as required
by the particular tests, No special safety precautions
reed be ubserved while operating this unit. However,
it should be treated with the normal care and con-

. sideratiofl Ziven %0 any piece of electronic equipment.

Avcid rough or abusive handling,

re‘err o ‘iwe 2-. T

a.  Attach pover cord (z figure 1-1) to the rear
of the oscilloscope case. Insert other end of power
cord mto a 115v ac power supply. ,

b. Set power switch (10, figute 2-1) to ON. Whan
the power switch is in the ON position the pilot lamp
(1, figure 2-1) should light,,

*
NOTE
If the pilot lamp fails to light !spect ac power cord

connections and proper voltage power supply. Press
circuxt breaker RESET bution {8, tigure 2-1).

S
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. Focus Control

. Brightness Control

. Trigger Stability Contral
Expand Control , .
. Trigger Pickup Connector

. Reset Button

. Pilot Light

=3 hoh B LI S e

[

8. Pattern Pilkup Connector
. 9. Parade Control

10. Power Switch

11. Pattern Height Control

12. Polarity Switch

13, Vertical Position Control :

14. Bezel Assembly

Figure 2-1. Oscilloscope Control Panel
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Ce, Rotate upud control knob (4, figure :-1)

_u&u_mmumm«»cm mnm

2769

L. Adjust brightness control knob (2, tlcuro!d)

~

'_

ammmpmu Myetm

4. Align parade control knob (9 figire 2-1) as
wumed in step ¢, The parade knob adjusts horizontal
position of the waveiorm and permits parading of in-
dividual cylinders across tha screen, for closer
examination,

-

+ €. Rotate pattern height knob (11, figure 2-1) to
an upright position. The waveform height or vertical
. gain is controlled and ndjusteg with this knob.

f. Set polarity switch (12, figure 2-1) to match

polarity of the vehicle battery ground -terminal. The
polarity switch chances pol 'u'ity of the wﬂgemrm.

N R..)l.lle »ertxcu posmon knob (13 figure 2-1)
T an upright position. The vertical position of the
wavetorm is controlled and adjusted with this knob.

h.  Adjust the triugger stability knob (3. Ligure 2-1)

.as nuthined n <tep g, This control eliminates hori-

C2ontud movement or roll of the waveform caused by

mproper svnchronization of the oscilloscope with the
vngine,

J.  Adjust focus coatrol knob (1, figure 2-1} as.
" - outlined in step g. The focus knob: !ocuunhcwave-
-form for maximum clarity and shall be adjisted

whenever the brightness comtrol knob (2, tigure 2-1)
is changed.

*

OSCILLOSCOPE CONNECTIONS TO ENGINE
WATERPROOF IGNITION SYSTEMS

2-6.

2-7, Connections, Tl:‘e following connections will
provide only a Primary Display Waveform.

a Remove adapter plug from dlstrlbutor cap.

b. lnstau primary pick-up adapter, (7. iigu:-e
1-1), .

t

c. Connect red lead of the pattern pxck-up to the

primary pick-up adapter,

d. Connect black pattern pick-up lead (9. figure

- 1-1) to a suitable engine ground. -

e ol

v -
-
i

* / .ompark flugs

Figure 2-2. Trigger Pickup Lead and Adapter Connections

20




wu-e so that a spark cannot jump to ground.

{.  Actach trigger adapter, (3, um‘?l l)toumu
“cylinder spark plug. ‘

g. Connect timing cyundof spark plug cablo to

trtuer adapter,

h. Connect trigger pick-up lead (4. figure 1-1)
of the oscilloscope to the trigger pick-up adapter as
shown in figure 2-2, i
1. Set polarity switch (12, figure 2-1) to match
the vehicle battery ground polarity.

* j. Set the trace oa the zero line, using the verti-
cal position contrdd.

k. Startengune. and adjust idle speed if necessary.

-1, Observe waveform, and adjust the spark lune
height to line 1, using the pattern height control. Ad-

" ijust the remaining controls for the desired position,

clarity and brightness. I waveform appears to be
unstable, or is moving horizontally across the screen,
adjust the trigger stabuization control {3, figure 2-1)
until tHe waveform is steady,

-

m. Stop engine. .

L4

NOTE

1 the waveform cinhot be stabilized with the trigger

stabiiizat:ion control it 15 possibie that the trigger
criinder Spurk plug is badly foiled, In thir »vent
stop the engife and install the trigger adapter on the
spark pluyg for the alternate timing cviinder.. The al-
ternate Lming cylinder can be determaiped by dividing
the tiring order in half, and arranging the two halves
n the form of a fraction, The timing cylinder and its
adternate cvimder then will be arranged one above the

. sther. For example, if No. one cylinddr is used to
. time a s1X cylinder engine whose firing order is 1-5-

3-6-2-4. the alternate timing cylinder is No. six. Ar-
rarzed as a {raction, the firing order becomes:
) 1-5-3
, E-!uz
which shows that cylinder Nog. one and six are the
timing cylinders,

3-1. TESTING WATERPROOF' IGNITION. SYSTEMS

3-2. Cranking Coil Output Test. This test reveals
the availability of voltage required to fire the rotor
and spark plug gaps. - Proceed as follows:

a. Disconnect one-spark plug wire, Isoiste the*

*

b. Back idle speed screw out far encugh to allow
the throttie plate to close completely, thus preventing
the engine {rom 'starting.

" €. Crank engine only long enough to note the coil

output. Height of firing line shouid increase approxi-
mately to line 1. (See figure 3-1).

[ ¢
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Figure 3-1. Coil Qutput Waveform '
~Engine Cranking

J-3. Results and lndlcmona. Low coil output: Low

- battery, defective ignition primary circuit, fatlure of

resistor by-pass circuit, insufficient dwell, excessive
distributor resistance, defective coil or condenser.

3-4. IGNITION SYSTEM POLARITY TEST

3.5, Incorrect ignition svstem polarity can result
in 20 to 40 per cent higher voltage required to fire
spark piugs. Proceed as follows:

a. Set polarity switch (12, figure 2-1)to corres-
pond with vehicle battery ground polarity.

b. Start engine and run at idle speed,

c. Prlma.ry waveform should appear as mustrated a
in figure 3-2.

Figure 3-2. Primary Display Waveform

3-6. Results and indications. Inverted waveform:

vehicle battery polarity reversed. No waveform or :
mwwmwweoﬂm =
connections.

'3-7. DWELL

3-8, Dwell {8 the number of distributor degrees that
the contact points remain closed during each ignition .
eyele. To perform the dweil test, provesd as follows: e




Lower waveform 80 pNat i, touchss the dweil
dcale at the bottom of the oscilloscope screwn.

L

- The point close-sigral indigates the degrees of
Be sure to read the prophr scale.

., d
dwell,

3-9.  Results and Indications. Dwell reading within

“the. spegification: ignition points are operating

normally and are spaced properly, Dwell reading not
within specufication: iriproper pont spacing, wrong
Point assembly. point rubbing block defective, poiat
rubbing block misaligned, .yorn digtributor cam.

-3-10. DWELL VARIATION

T

3-11. Dwell variaion is determined by noting any’
dwell change as the engine is operated at diferent
speeds. Excessive variation indicates a change in
point opening that may result from shaft or bushing
wear, or from the distributor plate shifting because
of vear or looseness, To obgervé dwell variation
note the following:

1. Distributor Dwell at idle speed.

. 5. Dwell indication at 1000 RPM. Dwell tndica-
tion should aot change more than 3 degrees on most
venhic.es, Refer ta vehicle's speciications before
Cindemmag d181rthuter, *

. NOTE

U ‘he waveiorm moves horﬁontally on the screen

when the engine speed increases. reposition it with

parade control knob, s

~

3=12, Results and Indications. Dwell variation
Mithin manufacrurer's specified tolerance: distributor
15 11 toud mecranical condition. Dwell variation
exceeds manufactirer’'s maximum specification: worn
distributor shaft, worn bushing, or worn breaker
plate. ’

3+13, CAM LOBE ACCURACY TEST

3-14, The accuracy of the ignifion Aistributor cam
determines the ignition timing relationship of ail the
¢ylinders. Should.one or more of the distributor cam
lobes be worn, the distributor shaft bent, or worn
shaft or bushings, uneven timing of the cylinders will
result. Proceed as {ollows: :

i Adjust engine speed to 1000 RPM.

- b. Expand primary waveform as for the dwell
test, s )
c. Starting with the first cylinder, parade the

cylinders across the oscilloscope screea, ¢
the dwell of each ome. Nuommmdvdl.

i L]

*

-

/

.
L

. v, . Y
: lﬂlmdhﬁmdvummm_' 2 L
{dwall, or the pointclose signals, indicates the umber” -
OF degrees of distzibutor- cam lobe variation. This _
variation should not exceed 2 degrees.

¢. Retirn wavelorm 10 sero line on sereen,
3-15. SECONDARY CIRCUIT CONDITION TEST

3-14. Analysis of the firing line and spark line of

the primary display waveform will reveal the pre- , .
sence of excess resistance in the secondary circuit. N

‘Excess ressstahce in this circuit.absorbs some of the Ty W
Power necessary for proper ignition, thus resulting .

in poor engine performance. Proceed as Jollows:

3. Start engine and adjust speed to 100Q RPM.

B. Adjust parade and expand controls to obain a
primary display waveform.

Al

€. Reverse the poiarity swatch,

d. Observe waveform for distortion in the_firing
section. (See figure 3.3). Expand and parade wave-
form {or desired clarity of each cylinder, .

Figure J-3 Firing Section Distortions

3:17. U distortion appears in the firing section.
perform the following tests to determine the cause.

a.  Stop engine and remove spark plug wire re- .
taining nuts from the spark plugs of the cylinders
showing distcrtion,

0 .
b. Start engine and adjust speed to 1000 b&l.
{from the“spark

¢. Remove each wire individu
plug, and ground it,

d. QObserve the waveform and refer to Results and
* Indications.

3-15. Remiits aad Indications. Spark line appears
Aormal after grounding spark plug wire: defective
spark plug, or engine condition Affecting spark plug.

‘(Bee figure 3-4). Spark line remains digtorted sith
Spark plug wire grounded:

-

i




J-...——— ¥ ]
Figure 1-4, Normal Spark Line With
Spark Plug Wire Grounded
2. On gne or more cylinders: defective distri-
hutor cap towers, or individual spark plug wires,

Ground the distributor cap tower with a suitable probe
to determine uf the cap or Wire is defective.

-

.b. On all cylinders: delective coil-tower, coil
wire, distributor cap ®wers, or rotor,

3-19. POIL AND CONDENSER TEST '

Ay, set pelarity switch to match vomcm battery
Rmund polant}

"2 series of dimanising oscillations Lgepresents - the
dissipation of the energy remaining ¥a the coil after
the spark plug has Cteased firing. Ignition system
"trouble can be detected by noting the rate at which the
nsciliations dimirush, Normally these oscillations
Jdiminish gradually, Proceed as follows:

L 3- 20 The Intermediate Section, Mutf;’Oblér'V!d as

1. Observe theTntermediate Section {or gradually
duminishing osc:illations. If the intermediate section

. 18 ‘acpmpiete, and dwell is normal, reduce engine

ipued "0 observe lhe complete imntermedlate section,

3-21;  Results and Indications, Lack of oscillations
- mer'ned..ne section: short in coud or leaky con-
denser. (See figure 3-3),

Figure 3-8, -Shorted Coil Or Leaky Condenser
@

3-22. POINT CONDITION AND ACTION TEST

3-23. The Dwell Section begins when uu dutnhutor
contact points closs and extend to the instant at which
the contact points open to {ire the nextcylinder. When

* analyzing tais section of the waveform, the point

close and.the point open signals should be carefully
observed. Cbserve the following:

L~Mm!o?'meludmmw
signals. (See tigure 3.6, 3-7 and 3-8).

Figure 3.7,

Pownt Close - Expanded

)
- ___/‘\'.,

Figure 3-

8. Distorted Poiat Open

b, Adjust pattern height control as desired for a

clearer view of the pcmt close signal. (See {igure

3-6 and 3-7).

i1

C.

3-24,

After tes adjust {iring line hefght to line 1

Resuits and Indications.

a. Figures 3-6 and 3.7 depict burned or hizh
resistance contact surfaces, Figure 3-8 shows the

pointg arcing when opening. This condition results

from pitted contact surfaces or adefective condenser,
3-25, SPARK PLUG FIRING VOLTAGE TEST,

3.268, Spark plug firing voltage is the voltage re-
quired to overcome the rotor and spark plug gips,
and establish a spark across the spark plug electrodes,
Temperature, fuel mixture, compression pressure
and condition of the spark plugs and/or secondary
circuit affect the rmh'td {iring voltage. Proceed
as follows:

T A ‘sl!pa:adoaumaMcmol knobs 10 obtan
a PRIMARY DISPLAY wave:orm.




sngine and remove spark plug wire re-

o

+ ¢ondition,

- mmmdwm

i 1, = = =

b. - Start enamnd adjust q:ndtolmnﬂl.

¢. Remove each wire individually from tpu-k
plug, and ground i,

d. Observe waveform. The up peak should
* approximately 1.2 the length of downward peak,
15& iigure 3-9), The spark line should be smooth,

and siantea downward,

- Figure 3-9. ‘Firing Voltage

l

-

A

J-28. Results and Indications. Upward peak ap-
proximuately 1 2 the length of downward peak when
Spark plug wire i3 grounded: worn spark plugs or
viuine ~onditfon affecting the spark plugs. Upward
reAK less than 1 2 .t the downward peak. or U spark
line siants upward when spark plug is ¢rounded, on
4l ¢vlinders: poor ¢onpection between coil and rotor
ar wide rator :ap.

Uneven Fuiring Voltage: worn spark plugs, broken
»park plue wires. or cocked or worn distributor cap.
(round Jdistributor cap tower to determine if cap or
wire 13 defective, If waveform fails to meet step d.
paragraph 3.7, problem i3 in the cap. U waveform
pdsses step d, prnme-m is.n the wire,

3-40. MAXIMUM COIL OUTPUT TEST (Available

Vaoltage),

R ]

3-30. Maximum Coil Output is @ term used to des-
cribe the maximum secondary voltage that an ignition
system 13 able to produce under a given operaiing
Because of it§ operating principle, an ig-
nition coti will produce its maximum voltige whenever
it attempts to {fire an impossible gap, such as when a
spark plug wire is removed from a spark plug and
heid away from ground. For this test, proceed as
Iollows

.t

»-’ s e e

+

-

¢ Pee Mm.d pliers to’disconnect spark piug
wire from ank plug. Hold wire away from ground.

d. Observe haight of firing ine, Height should
increase by 1/3 upward, and by 1/2 downward

e. Reduce engine speed to 1000 RPM.

1-31. Reslits and Indications. Insufficient Coll
OQuiput: excessive resistance in the primary cireuit,
low primary input vo_tage, defective coil, dwell less
than specified or defective secondary insulation.

3-32. SECQNDARY INSULATION fEST

.

3-33. When an ignition coil prodyces a surge df high
voltage, as a result of the collapse of its magnetic
field, *he voltage is applied frdm the coil tower to the
coil wire, distributor cap, rotor and the secondary
wire, and {inally to the spark plug to create the spark
across its electrodes. It must be realized that insula-
tion of all parts of the secondary circuit must be of
high _quality and in good condition to insure reliable
ignition under all operating c.ondmons. Proceed as
tollows: '

w

4. Set polarity switch to match vehicle battery

sruund polarity,
* . ¥

b: With a spark plug wire removed as for the
Maximum Coil Qutput test, observe downward peak of
the waveform, For primary waveform it should be
approximateiy 1,3 of the upward peak, and he con-
sistent,

¢. Reconnect spark plug wire and test remaining
cvlinders in the same manner,

'

3-34. Results and Indications. Short, intermittent
or absent lower extent on ohe or more cylinders:
~ insulation leakage in the distributor :ap or spark plug
wires. Short. intermittent or absent lower extent on

all cylinders: insulation leakage in cotl tower, rotor, .

coil wire or distributor cap.

- ”




) 4-2,

SECTION IV

“l‘bL

Connections. The following connections, for
standurd ignition syster. dilfer somewhat from those
listed in paragraph 2-7. The basic difference results
in a secondary waveform, Also, by clanging the

trigger pick-up, a superimposed waveform can be
* obtiined,

i=3.  Secondary Display Waveform Connections
a. Connect red pattern pick-up lead (9, figure
1-1) to center of coil high tension lead as illustrated
in figure 4-1,
. .
b. Attach black pattern pick-up lead (9 figure
1-1) to a suitavle engine ground

C. Att.xch trigger pick-up lead (4. figure 1-1) to
timing cylinder spark plug wire three to six inches
from the distributor cap, (See figure 4-2),

NOTE

- The tr.u,ger pxck-up clip must be insulated from the

. hlch «oltage spark, I arcing occurs between the
wiresand trigger pick-up clip, the spark plug for that
c¢ylinder will not {rre,

| ﬁ. mmmta,mz-ﬂwr
< _WIuity e e _— - -

e. Align the trace on the zeroumby adjusting
the vertical posmou control knob,

i

f. Startenygine and adjust idle speed if necessary.

g. Adjust firing line height to line 1 by rotating
the pattern height control knob.

h. Refer to paragraph 2-7, step l.

L4 N
i. If the waveform appears unstable refer to the
note following step\(:), paragraph 2-7,

L]

4-4. Superimposed Waveform Connections

_a. Seeparagraph 4-3, stepa,

b. See paragraph 4-3, stepb

c. Conneet trigger pxck-up lead (4, figure 1-1)to
center of coil high tension lead. (Refer to figure 4-3.

-

Figure 4-1.




Figure 4-2. Trigger Pickup Connection

i




Trigger pick-up clip must be insulated from the high
w OOturd. betwedn m wire

properly.

d. Set polarity switch opposite vehicle battery
ground polarity,
4-5, STANDARD IGNITION SYSTEM TESTS
4-3. This gaction outiines .various ignition tests
that can be made with the oscilloscope. These tests
apply to the standard ignition svsterns and are :nade

Wil 4 secondary display waversrs uni2ss 1t (s stated
Jtherwise,

-7, COIL OUTPUT TEST - CRANKING
b«4,  This tast inaicates the avajlability ot voltase

seguired o fire the rotor ane spark plug gaps wihiwe
“he engine 18 bewny lursed over, This test 18 made 4s
tuJows:

&, Remove coul wire from Jdistributor cap and
isolate the wrir2 50 that a spark cannot jusip s ground.

/b. Crank the engine, and note the coid output,
Zee fiaure a-4.
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Ficure 4-4. Coil Output - Cranking
¢. Heizht ot the wavetorm should extend to tae
'op ! the screen.

4. Replace coil wire intp distributor. v

4-3. Results and Indications, Low cail output: iow
pattery, defective ignition primarv circuit. failure of
1gnition resistor by-pass circuit, insufficient dweil,
excessive distributor resistance. aefective cou or
condenser. . S

4

4-10, IGNITION SYSTEM POLARITY TEST

4-11, Incorrect igrition system polarity can result
in 20 to 40 per cent higher voltage required to {ire
spark plnp Check aystem pola'rity as follows:

a Set oscilloscope polarity switch opposite the
vehicle battery ground polarity.

b. Start engine and run at idle speed.

: c Secondary waveform should appear as shown
in tigure 4-35).
1

. 3 r);j

11

H
. a

Figure 4-3, Normal Secondary Display Waveform

4-12. Results and indications. Inverted waveform:
veiucie battery potarity reversed, ignition coil ime-
properly connected. incorrect coil [or the vehicie,
DWELL TEST

The dwell test procedure ;s as follows:

i, Run engine at idle speed,

b. Transfer trigger pick-up lead to coil wire lor

the superimposed waveform.

oo A3ust leagth o waveform so it stirts and
ends ot toe verncal Lines op the oscrlioscope screen,

-

d. Lower waveform so it touches awell scale at

the bottom of the oscilioscope screen.
b
e.” The point close sigmal indicates degrees of
dwel.. Be sure to read the proper scale,  (See figure
4-7..

Figure 4-6. Point Close

4-15. Results and Iadications. Dwell reading within
the specification; ignition points are operating nor-
mally and are spaced properly. Dwell reading hot
within specification: improper point spacing, wrong
point assembly, point rubbing block ddoctivo. point
rubbing block misdligned, worn distributor cam.




4-16. DWELL VARIATION TEST

K

spesds. Excessive variation indicates a change in
point opening 4t may result from shaft or bashing
wear, or {rom the diswributor plate shifting because’
of wear or looseness. Proceed as follows:

a Use the superimposed waveform for this test, '

~ b, Note distributor dwell at idle speed,

NOTE

I the waveform moves horizontally on the screen
when the engine speed increases, reposition it using
the parade control. :

¢. Note dwell reading at 1000 RPM. Dwell read-
g should not change more than 3 degrees on most
vehicles, Refer to vehicle's specifications beiore
condemning distributor. ’

4-18. Results and Indications. Dwell variation with-
i manufacturer's specified tolerance: distributor .is
m good mechanical canditicn, Dwell variation exceeds
‘manufacturer's maximum specification: worn distri-
butor shaft. worn bushing, worn breaker plate.

3-19.

CAM LOBE ACCURACY TEST
4-20. Accuracyot the iznit:ondistributor camdeter-
munes agnition uming relauonship of all cvlinders.

3hould one or more of the distributor ¢am lobes he-
come worn, or the aistributor shaft be bent. uneven
timing of the cylinders will result. Proceed as follows;

4. Set éngine speed to {000 RPM.
b, Superimpose waveiorm.

¢, Adjust length of waveform so it starts and
ends, at the vertiwcal lines vn the oscilloscope screen,
Je wn the dwell test,

’

B [
4, Note variation in the point close signals.

4-21. Results and Indications. The number of de-
grees variation wn.dwell, or pomnt close signals,
indicates the number of degrees of distributor cam
lobe variation. This variation should not exceed 2
deJrees, P

4-22. SECONDARY CIRCUIT CONDITION TEST

“§-%3. Analysis of the firing line and spark line of
the secondary waveform will reveal the presence of

excess resistance in the secondary circuit. Excess
resistance in this circuft absorbs some of the power
necessary for proper ignition, thus resuiting in poor"
ongim performance. Proend a follows:

Some resistance 1s desirable in standard ignition
systems to reduce. ignition interference with radio

and telsvizion recsption. mlnnmcukmn'

as ignition suppression,

- ]

c. Start engine and adfust speed to 1000 RPM.

d. Adjust firing 'ine height to line 1, using pat-
tern height countrol.

e. Observe firing lines and spark lines for dis-
tortion, Expand and parade waveform as desired for
closer observation. .

3-34. It distortion appears in the firing section,
perform the following detailed test to determine the
cause. .

»+ a. Remove the wire from the spark plug of the
cylinder showing distortion, and ground it.

K]

b. Observe the waveform: refer to Retults and-

Indications,

4-25. Results and Indications.

(See figure 4-7).

Spark line appears normal after grounding spark plug
wire: defective spark plug, or engine condition af-

fecting spark plug. Spark iine remains distorted with
spark plug wire grounded:

a, - On one or more cylinders: defective distri-
butor cap towers, or individual spark plug wires,
Ground the dxstnb.ltor captower with 4 suitable probe
to determine if { the cap or wire 13 defective.

b, On-an cylinders: defective coil tower, coil
wire, distributor cap towers, or roter.

»

Figure 4-7. Normal Secordary Waveform

Expanded

4-26. COIL AND CONDENSEB TEST

' 4-27. The Intermediate Section, usually observed as

a series of diminishing oscillations, represents dis-
sipation of ‘energy remaining in the coil dfter the
spark plug has ceased firing. Ignition system trouble
can be detected by noting the rate at which the oscil-

lations diminish. Normally thase oscillations ..

diminish gradually. Observe the following:

" a. Intermediate Section for gradually diminish- -
-ing oscillations. I the intermediate section is income
plets, and dwell is normal, reducé engine speed to -

mmemmmm
ndwﬁcmdormnmmcm observa-
tion, N
4-23 nmluuum‘um Lack of oscillations
in intermediate section: short in coil, leuky conden-
morpoorcou wire comcttonl

)

P |




f, Reverse polarity switch,

L]

“{inders for hayeht and unllormity,

3-27: I aboormal f{iring lines are observed, pro-
ceed with the following tests to determine the cause,

I

b b

li. R

—_ 4
)Wo
H

" Figure 4-8. Missing Oscillations

Defective Intermediate Section

4729. POINT CONDITION AND ACTION TEST

. )
4-40. The Dwell Section begins when the distributor
contacts ciose and extends to the instant at which the
contacts open to fire the next cylinder, When analyz-
g this section of the wavetorm. the point close and
the point open signals should be carefully observed.
Proceed as [ollows:

1. Observe Dwell Section -for point close and
pownt open signals.

b. Expand and parade waveiorm as desired for
closer observation.

4-31. Results 'and Indications.

a. Figure 4-9 depicts burned or high resistance
contact surfaces. Figure 4-10 shows the points
arcing when open‘~v, This condition results from
pitted contact surfaces or a defective condenser.

Figure 4-9. Point Close

smooth and nearly flat.

?J

-l

Figure 4-10. ° Point Open
' ®
4-32, SPARK PLUG FIRING VOLTAGE TEST

4-33. Spark Plug Firing Voltage is the voltage re-
guired to overcome the rotor and spark plug gaps.

‘and establish a spark across the spark plug elec-

trodes. Temperature, fuel mixture, compression
pressure and condition of the spark plugs and/or
secondary circuit affect the required firing voltage.
Proceed as follows:

a. Use the secondary dlSley wawiorm for this
test,

b, Set the polarity switch opposite the vehicle
battery ground polarity.

¢. Run engine at 1000 RPM.

d. Observe firing line and spark line of all cy-
linders for height and uniformity. A slight variation
in the secondarv {iring lines i normal.

NOTE

I unusually high or low firing lines are observed,
proceed with the following detailed tests to determine
the cause. y

1. Expand the waveform as desu'ed and locate
the defective cylinder.

. 2. Remove each wire individually {rom the spark
plug, and ground it.

3. Observe the waveform. The firing line should
come below line 1, and the spark line should be

4. Refer to Remults and Ind!ca.tions

4-34, Rosults and Indications, I a normal waveform
appears when the spark plug wire is grounded; worn
apark plugs, or engine condition affecting the umg
voitage, U waveform remsins dumd wvhen the
qn.rk plug wire is M




A\l

a’ Usethe mnnhry display wavefors for :m

B ———

distributor cap, or spl.rk' Plug wire uddocuve:"ﬁ

4-35. . MAXIMUM COIL OUTPUT TEST {Available
Voltact)

4-38, Mmamm Coil Output is a term used to des- .

<ribe the maximum secondary voitage that an ignition
system is able to produce under a given operating
condition, Because of its operating principle, an
lgnition coil will produce its marimum voltage when-
ever it attempts to Yire an impossible yap. such as
when a spark plug wire is removed from a spark plug
and held away {rom ground. Proceed as follows:

i, Use the secondary display waveform for this
test,

b. Setpolarity switch oppusite the vehicle batter?
ground polarity.

c. Set engine speed to 2500_ RPM.

d. L’sxhg insuiated piers disconnect spark plug
wire from a spark piug. Hold the wire away (rom
grouna.

"2, Cbserve height of {iring line, Height of firing
line should increase approximately to line 3. down-
wvara extent shouid be 1,2 of the upward extent,

t.  Reduce engine speed to 1000 RPM. . .

4-37. Results and [ndications, Insufficient Coil
Quiput: eXcessive resistance in the primary circuit,
low primary imnput voltage, defective coil, dwell less
than specified or defective secondary :insuiation.

4+-38. SECONDARY INSULATICN TEST

4-19. When an 1gnition col produces a surge of high
voltage.—as 3 resuit-of thecoltiapse of 1t3 magnetic

field, the ¥oltage is applied from the coil towertothe—— =

coil wire, distributor cap, .rotor and the secondary
wire, and finally to the spark plug to create a spark
across its electrodes. It must be realized that the

‘insulation of all parts of the secondary circuit must

be of high oualityand in good condition to insure

- ——~reliabletgnition under ai} operating conditions. Pro- -

ceed as fouows

b Sot tho pdlrity Mﬁch m!lml vehlclc B

battery ground polerity.
c. Run engine at 1000 RPM.

Fs

d, With spark plug wire removed as for the Max-
imum Cotl Qutput test, observe downward peak of the
waveform. The downward péak should be 1/2 or more
of the upward peak, and be consistent,

e. Reconnect spark plug wire and test remaining
cylinders in the same manner.

4-40. Results and Indications. Short, mMmtermittent
or absent lower extent: o

a. On one or more cylinders: insulation leakage
in the distributor cap or spark plug wires, .~

b. On all cylinders: insulation leakage in coil
tower, rotor, cou wire or dutrichor cap, s

4-41. SPARK PLUGS UNDER LOAD TEST

\
4-42, When a load is applied to an engine, the re-
quired nring voltage rises. This rise will be slight
and uniform if the plugs are in yood condétion. and
properly gapped. However, if any unusual firing
characteristics are observed while the engine is
operating under a lpad, an abnormal spark piug

condition may exist. Pay particular attention to-the - '

firing voltages that are corsiderably higher or lower
than the {iring requirements of tha other cyiinders of
the engine. Proceed as follows:

1. Set polarity switchopposite the veaicle battery
ground polarity.

b. Momentarily load engine by "snap accelera-
tion,

c. Observe rise of the {iring voltages.
should be moderate a.nd mu.{orm.

p— i gy T ——

lines higher than others: wide plug gap, open spark
plug resistor or badly deteriorated electrodes. One
or more {iring lines lower than others: spark plug
{ouling, flashover or cracked i uuulator.

‘14

375

_ The rise .

4-43. Results apd Indications. One or more mmg"




5.3,  The design of the oscilloscope is such that
assembly and  disassembly instructions are not re-
qrired except for the removal of the cathode ray tube,

CAUTION
Wlien removing the cathode ray tube, rubber
gloves and safety glasses sbould be worn.
MWhen handling the cathode ray tube, extreme
care should be taken to.hold the tube by the
face end rather than the nech section,

54, To remove the cathode ray tube; proceed as
{oilows: :

-9 Loosen two screws holding éhmp to neck of
cathode tube. . S

6-1. RECOMMENDED PARTS LIST
'£.2, THis parts list includes those items used in

the oscilloscope: Model §8-5, which are considered by
:he manufacturer as repiaceable.

¢-3. INSTRUCTIONS FOR REQUISITIONING

PARTS NOT IDENTIFIED BY FSN

8-4. When requisitioning parts not identified by =
Tederal Stock Number. it is mandatory that the fol-
wung information be furnished the supply officer:

1. Manufacturer's Federal Supply code number.
(82386) ‘ |

b. Manufacturer's part mimber exactly as listed =
herein, _

c. Nomenclature exactly aslisted herein, includ-
ing dimensions if necessary.

4. Manufacturer's._ model .number (end. item). .

18

tenance OF SETVice. ‘ ‘ o
s B. Discoannect base socket from neck end of

C. Remove four screws from besel assembly
{14, tigure 2-1), '

d. Remove tour screws from dwell scale (15,

"tigure 2-1).

5 Grasp the face Oof the cathode ray wibde and \\
gently pull the tube from the protective metal cone. o™

£, - Reassembly of all components as wall as ihe
cathode ray tabe i3 essentially in the reverse order
of disassembly. '

SECTION VI | S

e. Mamfacturer's serial number {end item).

{. Any other information Buch as ‘ype, frame .
number. and electrical characteristic:, i appiicable,

g U DD Form 1348 is used, fill in ali blccks
except 4, 5, 6 and Remarks Field in accordance with
AR 725-50. Complete iorm as follows:

1. In blocks 4, 5 and 6, list mamfacturer's
Federal Supply code number (82386) follcwed
by a colon and manuracturer’s part numoer.
for the repair part.

2. Complete Remarks Field as follows:

Noun: (nomenclature of repair part).
For:" (FSN of end item).
Mfr: - (of end item).

Model: (of end item), °
Serial: (of end item).

¢

(Any other pertinent information such as

e -irame-number, type, dimensions etc).

i)
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This programmed text was developed for-use in 3ABR47330, Automotive
Repairman's course. [t was validated in 1966 using 30 students from the’
courge; 90X of the students used in valida:ion achieved the objectives as y
stated. The text was adopted in:the 3ABR47231, Special Vehicles Repairman

course. The text has been in use for the past five years and 1: considered
to be valid for both the subject courses. '

\
-

- 0§JECTIVE§
After coﬁpléting this“programﬁﬁd text;‘you will be able to:
1. State the burpose of a magneto. )
2.  List the major components of a Q;gneto.
3. From a list, select the statements that describe component operation.

4. ‘Inspect a Qagneto, using an inspection check sheet.

All objectives will be accomplished with 80% accuracy.

INSTRUCT IONS R

- Thd programmed text presents information in small steps, called "frames'.

,After reading the information, you will be required to respond by answering the

Questions. Simply circle the letter which identifies the correct answer, then
check vour selection with the correct answer shown at the top of the following
page. If you make an error, go over the frame again, to make sure you under-
stand why the answer shown in the text is correct, then proceed to the next

= ]

e

frame. If you have trouble understanding the text, ask your instructor for help.

T
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INTRODWTION

The mt.o suppuu high volha to lmu tho fusl-air mix-
ture in a Mlim engine,

H

A magneto is & conpleto ignit.i.on ayst- in i.mlf' no battery
is required, however, hand cranking would be neceszery to turn

 the engine over to cause the magnete to fire,

Tte advnnugu of a magneto include dcpondability, vory uttlo
uintomnco, and ainipum mi.ght and space.

' QUESTIONS 1 and 2.

LAl

i
.

?

77777122 °?

................

1. What is the 'purpou of 1 magneto?

a. To crank the engine.
. b. To charge the battery.
¢ ¢, For ignition only. -
d, - ‘ro supply all engine electrical requirements.

2. Which ot the following is XOT an sdvantage of tho
 magneto?

a. Dependability.

b. Minimus mainteaance.
c. Weight/space factor.
d. Engine starting.

-
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Queation 2: Resaporise "4" is correct,
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.Fi._gure 1.

Rotating Magnet

Sof't Iron Core (l‘hgnof:ic Circuit) |

Breaker Points
Primary eircuit
Condenser

.. Coil

Shaft

Cam '
Rotor Drive Gear
- 10. Reoter

pomag

(s)
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in parenthes

references !

The rotating sagnets- (1) are the source of pover for the to.
The magnets are mounted on a ball bearing supported steel shaft 7. -
ummar‘mmummmJanm vhich mashes . ;
with the rotor (10). In front of the rotor gear, on the shaft, 1s a
cam (8) for opening and closing the bresker points (3). Acrosc the
points is p cordenser (5). The coil (6) hes & laminated soft-iron
. | core tnrough its center. This core bridges the iron core (2) built
. ‘ into the magneto housing to complete the magoetic circuit.

a o=

.'T'_ ’ ¥

_ o | B N o -
QUESTIONS 3 through 6 | | ro

napgonn0 9222222772222 221222 7?2?2727 2219177

The source of power for the magneto ?

1 g .
a, is the coil. ' ) ?
b, is the core. '
e, are the breaker points.’ " -
a, are the magnets.
" . . ?
. ~ .. The breaker points are opengd and closed by the
a, rotor gear. - D
5. cam., L] ?
e. rotor. .
4. coil. : | o
o wnich of the lfollouing ugnoto_componehts does NOT rotate? -
" a. the magnets. _ | | 2
D. the shaft. '
B c. ‘the rotor gear. . ?
d. - the condenser. - '
’ - - ?
. A magneto is used to .
~ . ) 4
a.. charge the battery. : '
o b. - supply all engine electrical requirenents. " ?
‘ '¢. crank the engine. -
~ . 4, ignite the fusl-air mixture. - 3 , =
.‘.’??'.".’?"?????4'??,???????-?‘.’????“f????‘.’??????
, '_ - -
. \3
‘40
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Question 4: Reasponse "b" is correct. ,

Question 5:  Re "g" i3 corvect.
Question 6: Response "d" is correct.

R

v

The magzneto produces high voltage by magnetic induction.: The
rotatir,s magrets produce a fluctuating magnetic field in the core.
dnen the polats are closed, the magnetic field creates a flov of
surrent in the primary vinding (s@veral hundred turns of 0.030-inch
diameter wire). . The.pre winding increases the strength of the
magnetic field within the cotl. The rotating cam, on the-shaft,
rens tne breaker points. The instant the points are open the
nnilt-up magsnetic field collapses causing a voltage to be induced
in the secondary winding (many thousands of turns of 0.003-inch
diameter wire), and the coil fires. .

Tne rotor, timed tc the opening of the breaker points, completes
rne ~ireuits, in turn, to each spark plug. A condenser.is installed
in raral.el witn the breaker points to speed up the collapse of the
mainetis fleld and also tc reduce arcing across the points.

r

-~

N
) ATSTD N Y supousn @
- TT 00U TT022922722222222222292270°
- The. strenpgth of the magnetic field is ?
? 4. increased when the points are closed. ?
- u. decreased when the points are closed. .
~.  increased wnen the points are open. ?
1. constant vhen points are open or closed.
S, The coil fires when the points are
" . . - ?
a. closed.
7 b. wide open.. ?
‘ - 2., just open. -
S d. about to ciose. | ?
? 9. Tre Purpose of thc yoft 1ron core is to e ?
v a. ~reduce’a £ uctuqtinr magnetic fleld. ?
e b. .create a flov of current in the prinnry uindtng.‘
v c. orovide an electric circuit.
d. orovide a magnetic circuit.
""'.'?"‘ﬂ?')ﬂ')')"”"?""””"',"q???????????????

-
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Response "a" is correct.
- Response "2" is correct.
Response "d" is correct.

e
i

Question 7:
 Question 8:
Question 9:

At low engine speed (while crankinz, either by hand or starter)
the output of the magneto is too low to bridze the spark plug garp.
To overcome this, an impulse coupler is used. The impulse coupler
{ncreases thé speed of the rotating shaft to produce a-higher volt-
age. There is a spring in the impulse coupler .that must be compres-
sed, and then released to provide the speed-up of the shaft. While
the spring is being compressed, the shaft is not rotating and timing
is automatically retarded.

JUFOTIONS 10 and 11,

We m w AT p BN o AmAge AN N s Aan 90N 29 2% 22200027
. . . - . . * . ’ . . . . . s *a ’ L) . . . L] . - . * - . . [

lllll

.

1. To overcome the inability of a magneto to produce high
voltage at lowv speeds -

a larger coil is used.

a larger core is used. _

a higher capacity condenser ls used.

. - an impulse coupler is used.

-

[~ e B e "
. =

il. An impulse coupler is used when cranking an engine to

a. speed up'coilapse of the primary magnetic field.
b. reduce arcing at -the points. . . :
¢ retard timing and increase shaft speed.

d. advance timing and decresse shaft speeds. -

b
™,

\\
\‘__‘
-
. 5 ’ R
‘é? - Y
o .
) - i_,-'
[ .L\-——;/ ; ) ¥ © \

2

?

re 9909992722222 272722¢222222222?72229 022222

Sy




1,

2'

Remove magneto cover (distributor),
Iglpopt'boaring! for wear, lioothnoas and lubrication.
Ingpect dtstributor”fbr oracks and worn centacts.
Inspect rotor for cracks and burned meta)] strﬂps.

Inspect Primary wire for loose connections and broken or
frayed wires. '

vheck breaker points for Pits, alignment and spring tension
and the spring for rust spots (Rust spots may cause the
spring to break.). Pointg must be free of oil or dirt.

Point zap must be exact; follow manufacturer's specif-
ications (Gare must be clean with no oil film.),

CAUTION: Due Yo the very low current floyw in the

Primary circuit, step 7 must be followed
to the letter, N

Inspect seal betveen body ang cover; a broken seal may
cause the cover to break during installation.

12, Why is it necessary to follov,nnnufcgturer'!'-
- specifications when inspecting points and ndguatinc
gap? (Write your answer on the lines below.




flov in the primary.ecircuit®.

Y

When rotor .or rotdr drive zears are reinstalied in the magneto,

they must be timed to each other.

To make this possible, the gears

have marks on them to be aligned.
ting the mar< on the drive gear to the 12 o'clock position (with

the magneto right side up).

in mesh with the mark on the rotcr aligned with the mark on the

Timinz is accomplished by set-.
With drive.gear set, slide the rotor

The 'gears are now timed.

drive gedr. See Figure 2.

Rotor.Drive Gear

Firire 2 .

',

Rotor

T
Timing marks aligned

Rotor and Drivle Gear

SUESTION 13:

I I B A - B
......'.l.".l

T?7T?2?7?7?2?72°?2?2?27?272°?2?72?2°2°22

a ' ?

13, Improper timing of the rotor gur and the drive gear would
regult in _ . s ?
a. “a.tlure of the points to opon " ?
b. failure -of the primary magnetic circuit. to collapse.
c. firing of each plug. ? =
d., failure >f the coil to fire.

LI 2

29222222722222222222227222722222°?

7 .
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After completion of your inspection and maintenance,
nagneto must be tested rwontput_volhp. Secure the magneto in a
suitable holder (A vice may be used.), JInstall cne

spark plug wvire,
Aold the wire end 3/8" fyem the magneto housing., Ro

"t . of the magneto when the
shutoff switch 1is .turned to "OFF™, L

il

. .
_.- K. I
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ALTERNATOR AND REGULATOR TESTING USING SIMPSON CES -

L N e

. £

= - LI

. \ N

L S e o
K \ P

T OBJECTIVES _ .
Afcer completigg this workbook, you will be able to perigim a visual in- :
spection and use test equipment to check and/or isplate mallunctions oﬁ”@n .
AC charging system on a live engine._ ) ¢ i
CQUIPMENT ;o , B
. Basis of lasue ‘ . :

- ‘ Engine Asseambly Internasional 6 Cyl 1/2 students . , T

- - Zngine Assembly Valiant 6 Cyl . i/2 students - A .=

- Simpson Model CBS ' 1/2 students \N 3 R

Tach-Pwell Tester LR studangp "
P 'CEDURE | - . . ‘ '

/’, a " Using the instructions coatained in’this workbook, you will test an .-
ilternator charzing svstem equipped with a single unit, double contagt voltage s
ceagulator, . '

VISUAL. INSPECTION - J

' ‘I' S 1. . Chaeck: o _ - . o

a. Drive belts -~ loose orlslippﬁag.\“
5. Connections -- dirty, loose or corroded.

¢c. Wiring -- too small, too long or frayed.

PRETEST CONNECTIONS.
S - .
1. Connect the quick disconnect adapter to ¢ither post of the battery
and leave knife switch apen. . &
2.  Connect one ammeter lead to either post of adapter. - '
3. Connect remaining ammater lead to other post:of° adapter.
) ALTERNATOR OUTPUT TEST \
1. Turn field control knob to epeh position. I
* 2. Connect one fiald control lead to ungrounded post of the battery.
: o e : e
OPR: TSDT - o | - TN

DISTRIBUTION: . X . . .
TSDT ~ 500; TSCC - 2 S

Desi;nnﬁ for ATC Course Use Only
. 1 , .
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3.

Discoancct field wire from altermator field ttruinal and fran the

. 18ﬂit1°n :nrninal of tba v¢lnage regnl;;gr.

4 gt A

8.

ﬂote. If any meter should read downscale during tests, merely push

Cbnnnct ranaining field control leid\to al:ernltor fiel& cerminal.
Place vol:agg regulator test switch in the diroct‘pooition, =
Place test selector switch in 80 amp positian. | “
Cloae knife switch and start engine.

Open knife switch.

;m - u {he meter reversing switch to the opposite poaition. »

g,

10.

Set engine Speed at 2500 rpm.
Turn field control knob to direct positionm.
Read output on 80 amp scale.

What is the altermator's output?

Is this within manufacturer's specifications? N

ak

Turn field control knob to open position and reduce engine speed

. .
.

Leave all leads coﬁnectedcadd proceed with the next test.
INSULATED CIRCUIT RESIéTANCE TEST

Connect one voltmeter lead to aitern&tor output terminal.

Connect remaining voltmeter lead to ung}ounded post of battery.

Set engide speed at 1500 rpm.

Turn field control knob until 10 amps are registe;ed on the 80 amp

Close the knife switch. | o .
Turn. test selector switecl to the k-volt‘pasition. ,

' Read voltage drop.

What is the voltage drop? ' ‘ .7

ols this within manufacturer's specifications? . _ -

If excessive resistance is indicated, move either voltmeter lead .
the ¢ircuit to iaolate the, malfunction.




i1. Turﬁ field control knob to;opnn position and reduce engine speed to Té

T ———

712, open knife meiceh.

E T - 13. Laavitall lea@s connected and proceed with the next test. =

GROUND CIRCUIT RESISTANCE TEST
. _

1. Connect one voltmeter lead to ground on the alteﬁpatofﬁframe.
2. Connect remaining voltmeter lead 'to grounded post of the battery.

3. Set engine speed at 1500 rﬁ&.

4. Turn field control knob until 10 amps are regis:eréd on the 80 amp

scale. e
! » 5. Close knife switch.
5, Turn test selector switch to the 4-volt position.
7.  Read voltage drop.
* 3. List the voltage jrop.
. .' . 9. Is this within manufacturer's specifications?
i0. ‘If excessive resistance is-indicated, move aither voltmeter lead

tarough the circuit to isolate the malfunction.
11, Turn field control kacb to open-position and stop engine.
12. Disconnect both field control leads.

‘13. Reccnnect vehicle field wires to field terminal on alternator and to '
the ignition terminal .of the voltage regulator.

) 14, Leave ammeter leads connected and proceed with the next test..

A}

FIELD CIRCUIT RESISIANCE-TEST
(Single Unit Regulator Only)

-1l. - Connect one voltmeter lead to ungrounded post of the battery.

2. Connect remaining voltmeter lead to field terminal on altermator.

»

3. Turn test selector switch to the .4-volt position.

- . é [

. &, Ttn ignitlon switch to "ON" position.
“; . Note: Do not start engine! |
; v 5. Read voltage drop and compare to mnnufacturer s apecifications.




'6. What is the volttga drop?

--"\ak-v e

7.' ,Is it within tptcificatioal? __mﬂm

— S'

If excesaive resistance is 1ndicated move eicher volcaater lead

Hrouuh the circuit to isolate the malfunction.

Ll

Turn ignition switch to "OFF."

10. Distnneét'voltmeter le;hs.
it Operr knife switch. :
22 Leave ammeter leads connected and proceed with n;xt test. .
VOLTAGE REGULATOR TEST
l. Connect one-voltﬁetet lead to dlternator output':erﬁinai.

Q

Connect remaining voltmeter lead to ground on the alternator frame.
Disconnect field wire from alternator field terminal.
Lonnect ‘one field control lead to aliternator field terminal.

Connect remaining field control lead to the wire whlch was discon- -

. from the field terminal.

Turn test selector switch to the 80 amp position.

Close knife switch and start engine.

Cpen knife switch.

. . }
9. Set,engine spaeed at lSOO’rpm. : n i .
10. Turn field control knob until 15 aﬁps are registered on the 80 amp
scala. 130
Turn test selector switéh to the 16-volt position.

v 1.

T

v -

¢ - _
Read voltmeter and compare to manufacturer's specification for the

ceries contact setting of the voltage regulator.

-

13. What is the sgries contact setting of the reéul&tor? ]
" 14, Is it within specifications? | o
15. Place-voltage r;gulatortleit:;witch in the voltage regulator test
ncsition. : .
i6. Read voltmeter and comparae to manufacturorus-spacificacion for the.

ground contact setting of the voltage regulator.

17.

What iz the ground contact setting of the regulator?

4
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18. 1Is this within manufacturar's specifications?

aFi =i

20. Reconnect field wire to field terminal om alternator.

remove all test lead

*

.

’

s



~—@PR: TDWS :

.
-

Techgical Training

General Purpose Vehicle-RepairmanC?
Special Vehicle Repairman ‘
(Towing and Servicing Vehicles)
(Crash/Fire Vehicles)
~ (Refueling Vehicles)
(Materials Handling Vehicles)

-

FUNDAMENTALS OF, AUTOMOTIVE enc@krcrry

—~r

This supersedes 3AB

DISTRIBUTION: X

TOWS - 800; TTOC - 6

18 January 1972

CHANUTE TECHNICAL TRAINING CENTER (ATC)

R47330-PT-3018, 4 Novesber 1969.

-

-

r

o0 oY USE ON TNE JOB
) ey '

e Designed For ATC Course Use ot -




. FOREWORD

N

V. -

[P, PN N . . ' et
INTROMCT IO " . —

A good automotive repairman should understand the fundamentals of elec- -
tricity. With this knowledge he <can-anslyze each new unit in an electrical s
circuit and repair the venicle with minimum delay. Witnout this nowledge X
he would have to learn each new component in the electrical system before he
could perform any kind of service om it.

 OBJECTIVES

After you have completed this programmed text, you will be able to: . .
1. Write the Ohm's ‘Law formula from memory, without error. ' oo

2. Solve Ohm's Law problems related to voltage, current, and resistance,
with 80X accuracy.

3. Given a kist of electrical terms and a list of definitipns, maéch
the two lists with 802 accuracy.

4. Fiom a list of statements, identify how electricity is produced
mechanically. . '

5. Identify the prdper way to connect meters in a circuit. :

6. Identify a series circuit without error. ' o

7. Identify a parallel circuit, without error. ” | .
8. Identify a series-parallel circuit, without error. .

INSTRUCTIONS

.

This program presents information in small steps called "frames." After
-each step you are asked to select the correct statements, match some state-
ments, or respond to the information presented in some other way. Use a
piece of paper or a card as’ a mask to cover the printed materigl. Slide the
card or mask down the page until you expose the top of the slashes (//////l/).
One small step is now exposed for your reading. Read the material presented,
select your response.to the question, and indicate that response on the

- separate answer sheet provided. DO'NOT WRITE IN THIS PROGRAM. Instructions
for answering each question are included at appropriace points in the program. ;
After you respond to the question, slide ghe mask down and compare your answer :

with the one given in the progras. If yolr answer is correct go on to the next

feame; 1f you are wrong read the frame again. " .

ooy Duting your study of this programmed text you will resd many electrical —
 tesms with vhich you mey not be familiar. An alphaberical list of these terms
_._‘and their definitions can be found in the next four pages. Feel free to refer

&

.to the definition of amy term you do not understand. . "L*f
| Begin vith the mfo:ﬁcim.ptc;c.:ntcd in Frame 1. e ' .
433 _




_ INDUCTION or

el 2 — . A L

The prsit!ve ot fu 1eive terninal pelat of
slectricity, from vadch the tlcc:rtcity

~u3s “:?5'5.1 h!}wﬁ.-‘_ 1!r 5T \ul-. aw 3o ﬂ_“b arsg,

FICLD or MAGNETIC FIELD

FREQUENCY
GENERATOR

GROUND or GROUNDED CIRCUIT

HYDROMETER.

INDUCTANCE

'MAGNET

- MAGNETISY

MICROFARAD

-

MUTUAL INDUCTANCE

ooverent in an elgb.:xual clruux..

el 3 Sdage ol e velt pet saccnd across
a condenser produces a current of one ampere,
the condcnscr is said to have a capacitance -
of "one farasd." S

That spacc.which is affected by magnetic
lines of force.

The aumber of cytles completed in one second.
An clcc:tomngnctic device used to convert
mechanical energy into eléctrical energy.

A condition where the electrical circuit is
connected or contacted either intentionally
or unintentionally to the unit frame or
framework. ,

An instrument used for the measurement of
the specific gravity of a liquid.

*

That force which produces a voltage when a
~conductor is passed through a mggnetic field.

That p;rt which.is known to possess magnetism.

That property possessed by certain substan-
ces (especially iron and steel) by virtue -
of which they can exert forces of attraction
or repulsion, according to fixed laws. (It
is the connecting link between electrical
energy and mechanical energy.) -

Since the term "farad" 1s too large for any
practical use, the term "microfarad’ (one-
millionth of a farad) is used, !

That property which causes an induced
voltage (EMF) to be set up tn a second
eircuit, as :hc;rd‘ulx of the, change of
current in the first ‘circuit. (Example;
Secondary winding in an ignition coil or
ttaasformerx.) .

’ A unit ot measurement of vesistance.

An inltrunnn: to mesasure rclis:ancc.
-«
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ELECTRICAL TET'S AYD THUTID OFFINITY rTONS
" *," '.’-L.'.iﬁ-'. I' s ,_I,_ e R Y o
T LA L e s s e - e SN anT unte

Thev are not iatended to be all-inclusiva but, ragher £ scrve as reminders s@
_ema studant can quickly refresh his memory of tnese elactricd. teras.

e o L

AMMETER | An instrument used for measurement of the - :
rate of flow of electricity. o -
AMPERE B ' A unit of measurement of flow of electrical ii
. % curreat. . ) .
"ARC /. Tha travel of electricity through air -
between two electrodes which produces a '
o flash. _ T
ARMATURE . o The moveable part of an electromagnetic :
: N device. ]
BATTERY : A unit (usually composed of lead plates and

a sulphuric acid-water electrolyte) which
storas electrical energy in a chemical form.

CAPACITY or CAPACITANCE The property of a system of conductors and
' dielectrics which permits storage of

electrical charges. 7

. COIL . _ A circular arrangement of electrical com-
_ - ‘ductors so that_many conductors are placed
. ' ' ' side by side, to obtain the resultant effect
of their combined magnetic fields.

o COMMUTATOR That portion of an armature consisting of
. ' a series of copper segments which come into : .

contact with the brushes.

""CON‘ENSER i An accumulator of electrical energy.
cONDUCTOR . K continuous path (usually metallic) along
. : g which electricicy can flow. L
CORE ' _ | A metallic portion (usually laminated) of a

coil around which the conductors are wound.

Corona is produced when ionization of gases
(air) is concentrated either around a com-
ductor or between electrodes. This is often
. the condition around high voltage transmis-
. ~gdon linas. A resultant flow is often visible

in darkness. ' )
. The quantity of flov of electricity. 2
A complete set of recurring valuas. J =

An iasulating sedium which intervenes be-
tween two conductors to prevent the flow of .
current from one conductor to another. ‘
Usually air, rubber, mica, glass, fidber,

V”d. or .bmt.n .. oy '

Gk Bl
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A lav of electricity resarding the rtlt- '

t’....:..:r.‘.;.‘ Dmlure 1 VO.L a3, .3..&":., and

one o*a of reetetanco.‘ The *oxmu.a is: 3
voles = amreres troh-s, cr E= I xR, S

© OPEN CIRCUIT " Any bresk or lack of contact i3 an electri- :
. “m . .. cal eircuit, either intentional or uninten- ,
. i tional. | -
OSCILLATION A rapid back and forth (reciprocating)
) movemant . \
] OZONE . A faint blue gas with a characteristic E
B . o smell, produced when an elactrical dischirge z
, : . is passed through air, creating a concen-
A . tration of oxygen (or changing oxygen into
ozone) 03
: gARAiLEL CIRCUIT V A circuit offering two or more paths for
a ~ current to flow. -
PERMANENT MAGNET _ A part which retains the magnetic force,

even though the force which produced the
‘magnetism is discontinued.

. RESISTANCE The property'of an electrical circuit which
o' | | tends to prevent or reduce the flow of
- " current.. _
SERIES CIRCUIT A single continuous circuit, in which the

flow of current would stop if broken at
any one point.

— SHORT CIRGUIT = . Generally an unintentional contact between

- : ' - two conductors, caused by faulty insulation
: or lack of insulation. This condition

allows the current to bypasl its normal

. . STARTING MOTOR . An eleétrqpazne:ic device, which can con-
- . vert eiectrical energy into mechanical : -
' g * energy used fqr.cranking the engine. . .
VOLT - . | | A unit of icnaurcanat o!-clceﬁsieal-prcsauso.~i:§
€ _ '
VOLTAGE - - That ptopctty of an nlcctrical circuit that 2
| - cAuses current to flow. P _ e
. ‘ *, A
VOLTMETER | )  Am m:rmc md to messure electrical .
~ ' ' ' pressure. ’
vm‘:i ‘ - " . \inic of seasurdhent of electrical power,
- 1 watt = 1 volt x 1 snpera. i
1 kilowatt = 1,000 watts. o
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pr{“ on 1‘- a tree, o

= Matazulad craeist of atorms, Agprs are made up Of protons, «iscirons, ald
neutrons. These divisions of atoms nave pusitive, fegative, T neutzal
~ slectricdal charges.

The proton is a basic partiéle having a single positive (+) charge.
s The electron s & particle having & single negstive (=) charge.
The neutron is a basic particle having no charge.’

* QUESTIONS 1 through 3 | . -

Match the letters used to 1dent1fy the parts of an atom in the accompany-
ing diagram to the correct term. .

1. Proton.

\“- 2 . Ellcttcn .

%, 3. Neutrom.

.Q o | 1111111011011

1. B 2. € 3. A

QUESTIONS a.chrough 6

Match the terms and definitions below by recording the letter used to
identify each deiinition on the separate answer sheet provided.

4. Neutrom. A, A negatively chargcd particle in an atom.
. 5. Electron. B, A positively charged ﬁarticle gn an atom.
6. Proton. C. A particle of an atom having no charge. 5
gy

4. € S. A 6. B

3f s=.'ler units called "molecules." air, for cxample. is for-ud ot moleculus.

i



= - e A TS TeiTioiny - z s e T Tt
-~ gbout e4~\ LnJividual nucleua. 21:1 sume uii-dtb.d’ fa:s; (Jﬂ vitless O
el.m.:rons in any parc of mc c.i:c.m:) Liere, 4.-9\ Jieal O electluiio I8

IR

davn bu PR ‘G.- PN ‘ri i’ T -.L-- g% BN .. : "l“" .

shown in the illustration bclcv are greatly cnlargcd 1n order :o shou this
zovenant of el ctrons. Electrons drift at approximaccly 186,000 miles per

second.

'I i ’

(OO OO O/':

Electrons transferring from atom to atom

?’ Current flow {s measured in amperes., One ampere 13 about the amount of
Lurrent flow a 100-watt light bulb will draw; however, it takes more than gix
billion billion electrons passing any given point in one second to equal one

ampere. -

™

—  QUESTION 7.

*

Indicate on your answer sheet those statements below that are Ctrue.

a. Electrons will drifc from one atom to- ano:hcrlvhcn there aréd

an equal number of protons and electrons in the atom.

to atom.

e. The unit of nl:;urcncnc for current flow is the ampere.
NN N
- ‘_ . - !'_'b,". "d," and "e" are true statements.

Vi

b. An oxc3g3’9£ po|1:1ve.charges will attract electrons.
7 c. When an atom is balanced it has two electrons to eich proton.

d. An unbalanced situation will cause electrons to move from atom

i
Y 2L

41
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Tho“clcctr
tive (=) to pos

current

An insulator, or noncomductcr, is a substanc
Since current flow deppnds upon the movement of free electrons along a
eircuit, the lack of free electrons in an insulator will prevent the flow of
The insulation on electrical wiring and electrical devices prevents
the free electrons from taking a short circuit, and covers ana protects the
Insulators include rubber, porcelain, glass, bakelite, and certain

* current.

conductor.
kinds of fiberboard.

therer is cthat clecér:ﬂ; 1nd ~ureont haeh sq0en from neza-
ve (+).

» . b

The rranklin theory is that elactrons move from negative to positive buc
A = positive to negative.® llost of the commerczlal manuals o
will be ultn; follow this theory.

In order for electrons to drife,
they must have 3 path or circuit to
move in. Materials having an sbundance
of free electrons are referred to as
conductors. Copper wire is used in
circuits of sutomotive vehicles be-
cause it has o any frae electrons in it.
An atom of copper has 29 alectrons circ-
ling around its nucleus in four different
orbits (see illustration to the left).
Note that the outer orbit has only.one
elgctron. This electron can move away
from its nucleus rather easily and be-
come a8 free electron. A copper wire is
made up of countless atoms and therefore
has a tremendous number of these free
electrons. 'Some other good conductors

are Aluninuthzinc, and silver.
e

at has 8 frwv free elec-




B

"l'} . id.

QUESTION 9.
Materials
‘ a.
b.

C.

-conductors.

molecules.

insulators.

///////I/////<(/I(

g corzect

~

having very few ctnctr&nq make good

atoms.
eonductors.
molgculqp.

V4
insulators.

N

iy

"d" {s correct

r

-




\g =anti-ned earliep, there
‘must be some disguroing force to
) ;,:a;g a drii: ai dlec:rohs._d:n

trons (cutrtnt fiow) :atougn a
o eirouity it 15 Deceddaty w2 nave -
electrical pressure (voltage or
electomotive force). ‘A storage ¢
battery is used as one source of
electrical pressurs for sutomotive
vehicles. Note in the figure to
the right that the electrons flow
avay from one post of the battery
and toward the other post. The
reason for this is that a battery
creates an excess of electrons at
one post and it has a deficiency
of electrons at the other post.

*#—

QUESTION 10.

a. current flow.
b. charging.
c. yoltage.

d. elec;fon balance.

1111111111111

\ a. 1s correct

The pressure or force in an electrical circuit thac causes current to flow is
called voltage. When current flows, the battery voltage will decrease.

The drift of free electrons from one atom to another is called




N - - L} . H b
B i, - ‘o
\- PP {4 e “:,E:
1
i
-

of fres tinc:teni iajcaased,by

balanced ate=s. i
conductors. | ) a 5
. c. electrical pressure.
) d. insulation. * .
1111111111111
"e.  is correct
QUESTION 12. ] )
- That propCtty of an electrical circuit that causes current flow.iS
'a;H_melectfons, | ,
b. protbﬁs.
C. neutrons. . - J o
d. voltage. ' _ '
11111
\ d. 1s correct K
| y
| - .
‘?,
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ilQtilﬁn_iﬂﬁﬂ_Ili‘iiiﬂﬁl-to cur:gn: ri-u.; i

TWilT varv wiFA the dlameter, le~ctn, ftammspraturs; and ths tvae Af =Atevt
A lorg wire ﬂ"ﬂrs rore resistance than a share H"e 0n¢ tha ' eqama marare
| Ldfge uwhduucick #ire olferd less resiscance tian a small diaceter wire. Lron
wire has fewer free electrons than copper wire. Therefore, iron vire offers
more resiscan¢c than a copper wire of the same temperature, length, and diam-.
eter, The resistance of most, metals ircr;ases with an inrr;ase in :f;;era ture.

The unit of measurement for resistance is the ohm.” One ohm is the amount

of resistance that will limit the current flow to one ampere when one volt of
electrical pressure is applied.

wWhen more thanm one path is ptovided for current flow. the flow will divide

.according to the resistance, with the greatest current flow. taking the path
of tha least resistance.

QUESTION 13.

On your ansver sheer indicate which of thelféiiﬁwing_statemencs are true.

. a@. Resistance is measured in ohms.

b. A large diameter wire offers more resistangé'than a small

diameter wire.
N ]

c. That property of an electrical circuit that tends to prevent
or reduce current flow is called "resistance.’

d. Copper wire has a large number of free electrons; therefore, a

. small amount of resistance. : -

e. An increase in temperature will increase the resistance of a
wi.l'e. ‘ i \"

I

a, ¢, d and e are true statements
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Frare 8.
UESTIONS 14 through 17

-ma;_u\gﬁ a:t*mnlu!: ;g.‘;_gggigazgmthi 1c'z¢r :&a: 14:n:£££¢n each :c;u on_the

14. A unit of msasurement of resistance. a. Resistance.
15.. That property of an electrical circuit b. Volct.
that causes current to flow. '
c. Ampere.
16. That property of an electrical circuit _
that tends to prevent or reduce current flow. d. Voltage.
. 4
17. A unit of measurement of current flow. e. Ohm.
111111111111111111
14, _e 15. _d 16. a 17. ¢
QUESTIONS 18 through 21. - —_—

~

Oon your answver sheet indicate the letter that identifies each term on the

right for each definition in the left hand column.

18. A unit of measurement of electrical a. Volt.)
" pressure (electromotive force). '
: ; , ‘b.  Ohm.
19. A particle of an atom that contains
- no electrical charge. c. Electron.
' 20. A positively charged particle of an d.. Proton.

atom.

. : e. Neutron.
21. A negatively charged particle of an

atoam.

///_//'////////////I
18. a 19. e 20. d 21. c

Note: 1f you found that you could not accurately match thess terns
and their definitions without looking back to the answers, go back
and study the term(s) that gave you trouble before continuing any
further with the progtan.

\ 315
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"’<::> ) 2 erder to have cur:en' 1w ghe eliztrsas —ust have a tath 9 sireuts
- ' to move through. An electrical circuit is a closdl path for tne fl of
: 2nd. Ine startiog pe&eg 1; EC ¥ vpe o3 gevice :a,;zesxa eaee::i*al
‘ '--é;:‘ai'_ s—ﬁr "% & b - THE TIETEETT I n :
~_ tne conduc:ing path can be traced back to the starting poin; where tae VOLCa&é
. . "7 9Tigendtes. <ie frame of aa dutoimotive vehacle ;C“?léts: tae cirIuls daex ::

. its source. This is known as a "ground eircuit.” . : =

Circuits may be classified as "egrieg,“ "parallel," and "series-
parallel." A series circuit has only one complete path for current flow.
. A parallel circuit has two or more paths for current flow. A series-
.parallel circuit is a combination of the two in that part of the circuit that
has two or more paths for current flow but these parallel circuits are in

g | series with another section of the circuit that has only one path for current f'

flow. _
QUESTIONS 22 through 2. | - ' | \

|
\
On your answer sheet indicate the kind of circuit represented by each of ﬁ
the following diagrams. \

a. Series-parallel

b. Parallel h

. ) e Series | | .
o™ | | -

22.

23,




TQUESTICH

)

- -

-J'

o g~-"saparate aaswer sheet, black cut the Pottoros) worrespanding T
tanh trun statement given bclow. : '

<.

1
\

A seties circuit has only one paca for curtent flow,

In a patallcl circuic. 1£ one device develops an open circuit all

current flow will cease.

d. -

If one device in a scricl ci:cuit develops an open circuit all

,curten; flow will -cease.

e.
of power.

~A circuic.is not gomplé:e until it can be traced back to the source

-

nauan

&, b, d, and e are true statements

L

* REVIEW

In a series circuit, the voltage will divide (be dropped) across each

resistor,

the circuit, all the voltage will be used up.

in accordance with the ohmic resistance of each resistor. Around

the voltage drops around a series circuit must equal the source voltage.

The current flow will be the same in any and all parts of a series

circuit.
1 B

,

In a parallel circuit, the voltage applied to all parallel branches 1is

the same.

~

The current will divide across the parallel branches according to the
resistance present in each path, with the greatest current in the circuit
having the least resistance,

In other words, the sum of all

T P

e gl -l S Wt



- . “‘ < '\ . -
S The rela:ionsnip between current, vol;agp. and rcsLs:ance in an electrical
_ cirauls confir= %o 1 rula kndom as "~ '? Tae, " Thig lar szaspe: "Ueleage {4
= equal to current tlow times resistance, whica .zéZ;, #Catdud-Zuins Lidl w0 -
= -voL' wi.l Fual oﬂe.au;ere af current ":-Joe mzoohn of radia 1inle,

. s ' .
=l QUESTION 26 ) ‘ =
’ . Indicate which letter identifies the corract answer below: —_ | o
Ohm's Law is the principle which states that a ' h -
v . ! ’ ) A LI

a. current flow of one ampere will cause one ohm of resistance in a ’

*  eircuit having one volt of electrical pressure.

b. prassure of one volt will push one ampere of current flow through

d one ohm of resistance. ,
. '¢. resistance of one ohm will produce an electrical pressure of one R
. volt in a circuit having one ampere of current flow. :

d. circuit having an equal &mount af current flow, voltage, and
resistance is a complete circuit.

”»

Q | | 1IN

b. 1s correct




EER = - : .
oo Ohm'y Law wlat be understood bifore it is possivie to ktutt'trouhlca in
o aatomotive electrical cirvcuits. A majority of electrical ttoubles in auto-
] Ve lll28 Tosall from {ncreased Tesiszance ia Cirtuitsi  ds can be
4 by bad comnecttons, faulty wirineg, direy or burﬂed=ae§tac:% in awitchas,

adf Lroudies. If ualgggn;gnnuins~¢aaq;gg:

1t resisiance—iighins constant anld vels 32 incrcases,
: Surrent Ilow will increase. rIhis condition could cause sarious damage to
== -wnits {n the electrical system | ' I

Ohm's Lav can be stated as a mathematical formula as: E = I x R, where
'E = voltage, I = current, and R = resistancs. '
~ The Oha's Law triangle may help you to
remember the formula. This formula cin be
used to solve any problem in electpical
.eireuits when any two of the factors are
known, ' |

. The formula for finding the unknown
quantity will be given by covering the.
unkaown factor of the triangle and per-

" forming the simple mathematical problenm
left showing. For example:  Given 12
volts of electrical pressure and 6 ohms
of resistance; cover the "I" in the
-triangle and you have E + R left.

12 divided by 6 = 2 amperes of current

an flov,
o




—'Now.*use the formula “ ol "-‘"'“.F*.‘"."f";s*“ wing: “m

AresTTON 27.

_ in the Llrcult shown to the right,

5 e o e e e S 2 g e s e e 6y e e

-

JIIIEEE I

o 1  ampere
QUFSTION 28.

In the circuit sh&m to the right,
. the resistance is ohms. - ., G

i

12 volts ?
' ohms

-

3 amperaa.'
. _ ) |

N/ ,
111111111111111111 | : ’

4  ohnis

= s

‘In the circuit shown to the right, _
the applied voltage is volts. X —"

QUESTION 29.

- ? volts 6

— ohms

2 amperes
-0
o/

i ‘E
12 volti :
351



~ Feama 14. . 7 . i
" ‘When you have two or Bors resistors tn series, add the resistor valuas
to find the totsl resistance. Then, tclve the problemthe ssms a6 G-

:—i_._ : .IW 30. __.
" | In the circuit shown below, the current flow is- amperes. ’ -

' .
o

3'ohns : olms

12 volts

* ? amperes
Q)
) o/
4
I
2 amperes
QUESTIONS 31 through 33. ‘ | e M
31. A circuit with 12 volts applied and 4 ohms of ro;astance will have ’
amperes of current flow.
32. A circuit with 3 ampereb of current flow and 4 ohms resistance will
have ) volts applied.
4 33. A circuir with 6 amperes of current flow and i2 volts applied

voltage will have ohms of resistance.

1IN '
3. 3 32, _12° 33. 2




o

the behavior of the liut. of force as shown in the 111uacracions shaun on the
lover part of chts pago :

a. Lines of force outside the magnet ﬁas. from the north to the south
_ - o

pole.

b.  Lines of force sct as rubber bands and try to shorten to a minimum
length. ‘

c. Lines of force repel each other along their entire length.

d. Lines of force never cross each ochcr. _

e. Lines of force cannot be insulated but grow weaker with distance.

£. Lines of force are referred to as "the magnetic field" of the
magnet.

2 The closer the poles the stronger the magnetic field.

h. Like poles repel each other - unlike poles attract each other. _

‘Q\S
Walh! 717

\\t @éijf:::::;féx N ;\(
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T L e e e e e g o ;

b.

asrth to south inside and south to north outside che uaguﬁ:.

‘

| louth to north inside lnd outside :hc asgnet.

south to north inside and north to south oucsido chc magnec.

nor:h to south inside and outside the magnet. . 3

1IN

¢. 1s correct

quzs'r ION 35.

Thl-ungnctic field of a nlgnot can be defined as

" the length times tha ‘width of the magnet.
that space which is affected by magnetic lines of force.
:hq length times the width times the thickness of the magnet.

that area ;round the place where natural magnets are found.

111111111111111111
\ b. 1is correct
-r
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' Lika Poles Unlike Poles
. /' 36. As shown in the figures above, in reference to magnets
a. 1like polis repal. )
b. the north pole of one magnet will attract the north pole
another magnet. ~ ' a
c. unlike poles repel.
; d. the south pole of one magnet will attract the north pole
o another magnet. :
- . ‘ _ 37. Which of the following is a correct statement about magnets?-
a. The north pole of one magnet will attract the south pole
another magnet. : -
b. Unlike poles repel.
¢. The nogch pule of one magnet will attract the north pole
, another magnet.
d. Like poles attract.
38." "That space which 1s affected by magnetic lines of force" is the
. definition of a/an '
a. magnetic field.
/' bo 8rC.
"' c. -sn.:.
d. north pole.

-

1IN '.
3%, asd 37. . a. 38.
‘ 35
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T . -, .. . ) ] ____ S
. Magnetisa affacts cobalt, naickel, iron, and tiwir alloyTy

R-lidull -gntttsn 1: tha amount of magnetic effect :tﬂaxnxng Iu tas '
””mﬁiafi‘nc.:aaﬁgna: lhhﬁ :na ;.e::r city ts gurala il % ot e
— - R =
Sof: tron 1: easy to nngﬂetiza sut i. da30 Losus ils sdghaliss eddiay.

F

nard iron or steel is difficulg to un;nnt&:c but will retain its nazna:inn =
for lon;~pcriods of tinme.

Magnets can be*demagnetized by applyxng heat, vibration, or a;:ar'a:.ng
current to then. ;

0 . - . R :
-
e t

. Some magnets have the capability of rctlining their gnccian for indcf-
tni:c periods of time and are known as "gprmancn: magnets.'' Permanent zagnets
are made of hard metal. Magnets can be cade of soft metal which does not retain
,magnetism and are therefore called “"temporary maznets. A temporary magnet, -
when wrapped with coils of insulaced wi:c. becomes’ an clccttonagnct. .

, QUESTIONS 39 through 41,

- On your separate answver- .sheet indicate- che letter :ha: 4{dentifies chg . S
description from the right column for each type of magnet listed in the left
column.

A

Y \

39. Temporary magnet. . A. A soft iron core wrapped with |
: 1nsu1a:ed wire. : '

40. Permanent magnet.
* B. A mngnetizad steel bar, .

, 41. Electromagnet. .
' v C. A magnetized soft .{ron bar.

I T |
9. _C 40. _B 1. P | :



The strengch of permanent and cemporary magne:s is cons:an:, but the

-t - - . * ..,
- -

v.......d va b e a0 sty D . . . \ morie o

..-'u - - .

Sl

TNt s Shcie an SnP Cecgtan vea oo
muleislied bv Tiie numler 9f arteguea of
electromagnet in ampere=turns.’

"-windings
7™\ 7\ l”\ 7\

' COPQ'-"( [ ! ! ! l-_;) )

Cu:renf

QUESTION 42.

AN
On your answer sheet black out the letters to indicate the true state-
ments below.

electromagnet. \

t

‘b.  An increase in the number of windings will decrease the
strength of an electromagnet.

¢. A decrease in the number of windings will decrease the
strengthvf an electromagnet.

d. Remdving the iron core will decrease the strength of an
electromagnet.

-y

e. Decreasing current flow will increase the strength of an
electromagnet. ‘

the iron core.

g. An electromagnet with 2 amperes of current flow and 200 turns
of wire is a 400 ampere-turn electromagnet.

LI 1] -

‘8., ¢,. d., and g. are correct

a. An inrrease in current flow will increase the strength of an

£. The.s;:eq@th of an electromagnet can be increased by removing'




"Tien curreat flows through a conduetsr, a mignegic field is produced
aronnd thlt conductor. thn the direction of current flow 13 known. the

-', Tie liues of. t. pce itound tae avr o P PANT we of /*
hauﬂ tule” &8 shown 1n the zitt,part nt‘:he iliustration Saloy /
3 S —— = - I S
FEURE TR = rf#%ﬂ¥€¥”¥%&%&EHw>s FErLS 1
po&n: your :huma in the ditection of the current flew 1nd veour flacor: w4l /
point out the direction oiiche lines of force, If neithor the diracsisa of

T U cuPreat fl.e nor tle cirection of the lines of force are known, use a compass

to find the direction of tNe lines of force as shown in the right hand portfion

of the illustration below and then use the right hand rule to find the direc-

tion of current flow by pointing vour fingers in the direction of the lines of

force and your thumb will ﬁoinc out the direction of current flow. The right

hand rule is applicable undur the ctheory that curreat flows from positivg’(+)
- to negative (-). | /

o
_—

\ /

T “——’»-—-—;_

":.ij:l‘giw" -
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ustration beluw that accur.
the lines of forze.

b,

Current flow ~e=ege

Current flow ==~p=
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b, is corract
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1es

;1fy'bt\£h; lines fufo
example of this Eg the 1llustration below. This greater density creates a

o
e

- mueh stronger etic effect with the
same amount of rent. A series of
loops will create the same effect as a
pernanent magnet with a north and a
south pole. All lines of force inside
the coil point in the same direction.
In a bar nagnet the lines of force in-
side the magnet travel from the south
pole tn the north pole. The direction
of the lines of force inside a coil is
the same as in a bar magnet.

QUESTION 44.

Label the north and south poles of the electromagnet shown in the
illustration below.

* %40

HIHITIEINIIIIIL iy

a. North

b. South




Another metiad of Jeterminini

QQESTION 45.

On your separate answer sheet, indicate the polarity of the poles.in the
illustration below.

Note: The arrows show
the direction of the
current f;ow.

Qe ) lbo
}
”~
ANSWER WILL BE FOUND TOWARD THE BOTTOM OF PAGE '
.@ The previous illustrations of electromagnets show coils similar to a

apring. Electromagnets can be formed into many shapes. The field coils of

. generators and starters, the primary winding in an ignition coil, the coils
in electric gauges, the coils in relays, and even the windings in a starter
armature can be consideved as electromagnets. They all produce magnetism by
electrical energy.

-—

Answer to QUESTION 45: a. South b. North




T ——

~ a. | Generator, g. Relay
- b. Toggle switch - h. Bar magnet
¢. Rheostat ¢ 1. Circuit breaker
d. Electric pugu' 'j. Fuse
ec. Battery | | k. Resistor
f£. Starter | Tl Igni:ién coil
//////////////////

a., d., £., ﬁ.. and 1. make use of electromagnets

Diagnosing troubles in electrical circuits is one of the most important
jobs of an automotive mechanic. Each unit in an electrical system is built
to a specification which means that it should have a certain amount of resis-
tance, current flow, and voltage applied. In order to determine if che
component is satisfactory it is necessary to measure these properties. This
requires the use of electrical meters. An ammeter is used to measure the flow

" of current and is read in amperes. A voltmeter is used to measure the electri-

cal pressure (voltage, or electromotive force) and is read in volts. An
ohmmeter is used to measure the resistance and is read in ohms. When a volt-
peter is used to measure across a device in a circuit, the reading obtained is

called "voltage drop." This reading divided by the curgent flow can be used
to determine the amount of resistance in a "live" circuit.

which electromagaets by B

FTELD

i

i
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RESISTANCE

AMMETER

RESISTANCE
CIRCUIT OLTMETER
CIRCUIT

;f;iw

(N Ty

; The {llustration above shovws a cyﬁical meter movement. Note that the
. voltmeter circuit has a high resistance in series with the meter movement coil.

The ammeter has a low resistance in parallel with the meter moveupmi coil.
An ammeter is never connected in a circuit that has no resistance because the
low internal resistance in the ammeter will allow maximum current and burm out.

The high internal resistance in the voltmeter prevents excessive current
flow and allows it to be used to check a power supply.

The voltmeter is connected in parallel to the circuit being checked so
that 1t allows the curreat flow of the circuit to continue undisturbed.

The smmeter is connected in series with the circuit but the low internal
resisctance allows the. current to continue in the circuit undisturbed.
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Frare 27.

- e-=nccted to the circuit to accurately

s1gatrical matess fust ba corpestly
e che voltage, cusreal, &AG/Or Fedlaldicd. : |

A voltmeter is connected in pa:aii§1"éiiﬁwthéwéf?bdff“éi”'dv”ct"
checked and is used Co measure voitage (ez=i, viestrical pressure, =T elactro-

" motive Iorce).

An ammater is connected in saries with the load or control resistance and
13 used to measure current flow. The positive terminal (+) (tad) of meters is
connected into the circuit in the direction thne current is coming Irom.

[

QUESTIONS 50 through S3.

sheet black out the letter that identifies

s0. On your separate response
measure voltage in the diagram shown

the instrument being used to correctly

below.
| ) - |
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ge sheet black out the letter that identifies

51. On your separate respon
ly to measure current in the diagram shown

the instrument being used correct
above.

S2. A voltmeter must be connected in
a. parsllel when being used to measure current.
b. series when being used to msasure voltage.
c. parallel when being used to measure voltage.
d. series vhen being used to’mnaaure.current.'l
53. An ‘ammeter must be connected in
a. parallil with the switch or fuse for th; circuit. .
b, ur:l.u‘ vhen being used to weasure voltags.
¢. parallel with one device in the circuit.
d, series when being used to measure curtent.
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'_Teggsfzgxs 54 through $9,

givenwia the lef:_coluFﬂ;w

| m.“‘ i

L. 0. in#trunant used O measurs: Y M’ s Law.
3 - elactrical pressure. _ 3
= B. Series circuit. ™~ - E
i ' 55. A circuit having only ane com- - 2

plete -path for curreant flow, C. Ammeter.
) $6. An instrument used to measure D. Voltmeter.
resistance.

| E. Parallel circuit. ;
57. The principle which states . S =
that a pressure of one volt F. Ohmmeter. . : '
will force one ampere of
current flow through one
ohm of resistance.

58. A circuit h;ving two Or more
paths for current flow.

59. An instrument used to measure
current flow.

A g [
. /////////‘////////////////// : e

S4. D_  SS. 6. F_ 57. _A

2.
8. E_ 59. _C

Ndte: If you found that you could not accurately match the terms and
definitions above without looking at the answers, go back and study
the terms that gave you trouble before continuing any farther with
the remainder of this program.
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Meters are used in maintaining, repax:ing. and t:oualesuoo:ing eles t'.:sl
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This is not to be confused with a ground which ua: dcsignnd to complete the
circuit through the vehicle. frame. .@for connections or very small wire (cable)

can cause excessive resistance. g

.

QUESTIONS 60 through 63.

After the corresponding number on your response sheet black out the |
letter that identifies each definition on the right with :hc term it defines -
as given in the left column. ) .

60. Q UnJ;nted ground. A.. A break or lack of contact in an
* electrical circuit. .

61l. Excessive resistance. . :
+ B. Where a bare Aire is touching another

- 62. Short circuit. bare wire giving the current a
) | different path to travel than vas
63. Open circuit. intended.

C. Dirty or loose connections, cable
too small, or frayed.

D. Where a bare wire is touching the

frame or another metal surface that’
is grounded.

JI0111110000000010011001711111 ’
60. D ° 61. C 62, B 6. _A
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?ﬁﬁf*“hcusaaold appliances. .

In direct current the
electrons flow around the cir-
cuit in one direction only. |

When an alternating current
generator is used, the electrons
£low back and forth as the pol-
srity of the voltage changes
(ses illustracion). The figure
shows three impulses. House-
hold ac is generally 60 cycles
per second; that is, 60 im-
pulses in each direction each
second.

When an electrical appli-
ance is unplugged from a wall
receptacle a flash may be seen.

3 This flash is electricity
: . traveling through the air and
’ s called an "arc."

£ H oW M
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QUESTIONS 64 through 66. | AC GENERATORS :

. .

After the corresponding number on your response sheet black out the letter
that i{dentifies each definition on the right with the term it defines as given
in the left column. s !

64. Alternating current. A.- The travel of electricity through the
- ' air when it produces a flash.
650 Arco ’

B. Current that changes its dircction of .
66. Direct current. flow at regular intervals.
" G. Current that flows in one direction
I 1111111 S 2
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QUESTIONS 67 through 73.

' Afcer ghaiearrcsyeudzaq nurber of your resconse sheet black out the

—min fheuloft”cinﬂn;

! 67. - Curfent that flovs in one ‘ A. Upen circuit. o
\ direction. : .- : -
\ | . - B, Alternating current. E
- \ 68. Direty or loose conne, tions, : "
K- cable too small, or frayed. C. Short circuit.
y  69. Where a bare wire is touch- D. Arc.
4 ing another bare wire, giving :
\ the current a different path E. Excessive resistance.
; to travel than chat intended. . ,
ST ¥\ F. Direct curreat.
o \  70. ~Current that changes its _
direction of flow at regular G. Unwanted ground.
intervals.
©71. A break or lack of contact in -~

an electrical circuit.

‘72. The travel of electricity . : -
' through the air where it
Q, . produces a flash.
. 73. Where a bare wire is touch-
¢ H ing the frame or another

metal surface that is
grounded.

* | //////////////////////////// -
'-\ 67. F_ 68. E 69, C 70, B  Tl. _A

72. D 73. _G_
Note: | If you found that you could not accurately match the terms
and definitions above without looking at the ansvers, go back and
study those terms chat gave. you trouble before continuing any
farther with this program. ‘ .
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1 - nuzsTious 74 through 81. - o
i ' '

Taigg§1:hq,ca§gcspea4;ag number on vour responss sieet bldcx VUl tae

. o .
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4a the left coluan.

76. A unit of msasurement Of Tasissancd. ae ARaL-%anIT. . .

75. The pressure or force of an electrical 8. Volt. 7

cireuir that causes curreat to flow. 3

. L. Aampere.

76. That property of am electrical circuit , o’

that tends to prevent or reduce current 'D. - Voltage. o

E. Obm. :
77. A unit of measurement of curvent flow. : D e
' F. Electron. ' i

78. A unit of measurement of elactrical

pressure (electromotive force). G. Proton. -
79. A particle in an atom that contains H. Neutron.

no electrical charge.
80. A positively charged particle in an

atm.

, -
81. A negatively charged particle in an : ) o
- acOﬂ.
I
%. E 75. = 6. A 7. L= )
8. _B 79. H_ 80. _G_ 81. _F
Note: If you found that you could not accurately patch these terms and
definitions without looking at the an3dyers, study the terms that gave
you trouble before proceeding any further in the-program., ‘
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cpraduce élac ri~a. erergy In

A génerator cnﬁ be uncd to

ganerator :cquitt& the use of
Ssdhanical ey and produces
electrical energy, the gensra-
tor can be described as a device
that converts mechanical energy
to electrical energy.

qussrrog 82. . . a . . . . :
A generator is a device that convaftl
a. chcuic;l energy to electrical energy.
b. 'uncﬁanical energy to electrical energy. .
§. electrical encrg§ to mechanical encfﬁy:

4. chemical energy to mechanical energy.

£ \

///////////r//////?///////// | N
. | b. 18 correct

¥

Electricity can be used to operate an electric motor which in turn
,cranks the engine (automobile starter) or some other device that can be
'1inked mechanically to the motor. Since an electric motor uses electricity
to produce mechanical energy it (the motor) can be-described as a device
that converts electrical energy to mechanical energy. A curreit-carrying
conductor, in a magnetic field, will be pushed out sidbyays."




cherical exergy to :ech#nical cnergy. | e ‘ | o
' ! o _ :

pY . ‘ -
cheaical energy to elec%riCal,cnurgy.
¢. mechanical energy to electrical energy.

d. electrical energy to ne@hanical energy.

b5

NN Y

: - ' ‘n’ , P 7,
% l . o : d. ,1is correct

L. . / ' ) - .
' ~ : . . )

* . O N o’ - : “
‘ ‘Many electrical devices have a movable part called an "armature." A de¢
i - generator produces electricity by rotating the armature through a magnetic
y . field. 4 motor because the magnetic fields act upon the armature causing
‘ {t to rotate. A felay or a doorbell pperates when the magnetic field attracts
-.,.the armature. . - |

3

- .~
O

QUESTION 84.
An armature is defined as the | " @
a. movible patc-of an electromagnetic device. .
b. device that changes elactrical energy to mechanical energy.
c. part of a relay or bell that produces a magnetic field.

d. device :hat changes mechanical energy to electrical energ}.
LY
1100000000000 10011011TTT

a. 1is correct
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slthough batseries arae often call:d
"s-oraga” ¥aczeriss thev adtuallw sreluzs,
not store, electricity. THe only device

that stores electricity is 'the capacitor .

(condenser). Notice in the illustrations above :hajsymbols sed to represent
capacitors.

A capacitor consists of two wires connected to ketal plates which
are separated by a very thin insulating material. A capacitor is charged with
electricity by applying 4 voltage between the two wires.

build up of a positive charge on one plate and a neéative charge on the other
plate. The.unit of measurement of capacitance is a "farad.” In terms of

capacitance 'a farad is a rather large unit of measurement, therefore, most

capacitors are rated in terms of "microfarads." A microiarad is one-millionth
of a farad. ' o

i \

QUESTIONS 85 and 86. Y
: _ . o |
85. A capacitor is a device that |
a. changes chemical energy to electrical energy.

, b. produces; an arc a the ignicion points of autémociva@
vehicles. ' ; ' ' ’

c. stores electrical energy. 2

: \

| d. produces electticity. ' | \
“l

The unit of measurement of the capacity of a capacitor is ithe
1

a. volt. E
i

b. farad.

c. ampere.

d. ohm.

/////////7//////////////////
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reyv into electrical energy.

This agtion causes a
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entifies each term on the right wwich {te dofinition as given

- 87. A device that changes electrical A. Capacitor. .
energy to zechanical energy. «
B. Generator.
- 38. ~ unit of measurement cf th \ :
| capscity of a capacitor o C. Motor.
(condenser). :
D. Farad or microfarad.
89. A device that changes mechanical A
energy to electrical energy. E. Armature.

. 90. A aevice that stores electrical
energy.

91. The movable part of an electro-
magnet ic device. _ : .

)

87. C 8. D 8. _B: a e
® 9. A 9. E

Note: If you found that you could not accupate1§ match the terms and
definitions above without looking at the answers, go back and study
the terms that gave you trouble ‘before proceeding any further with

this program. .
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1f a conduztor is moved “through a mag-
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QUESTION 92.
Electricity can be produced mechanically if you have
2 ‘ .
a. a conductor and a magnetic field.
b. motion and a magnetic field.
¢. a magnetic field, a closed conductor, and relative motion.
d. motion and a conductor. -
It
Ce. is correct
The armature of a generator supplies the conductor.used in producing
electricity. The rotation of this armature supplies the motion and the field
windings supply the magnetic field. when a conductor . is moved through a
megnetic field the resultant current flow is said to be produced by "electfo-
magnetic indvction.”
/ b
t
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- AESTIGNS 93 through 97

| Ele:c:i:i:}'.s ‘:':Jﬁkd zech alz alls tr 1/an

L %,

95.

oy g ERY ST p—— [ T e e g e T v 4
&
b. generator.
: transforadr. v

d. electromsgnet. -
How does a generator produce electricity?
a. By clcctroingnetic induction. -

b. By electromotive fotce.‘

c. B§ chemical action.l

d. Statically.

t

What are the three :hings required to produce electricity by

electromagnecic induction?

97.

a. A generator, a ba:tééy, and a traﬁsformef.

b. A chemical, a fétce; and an electromagnet.

e Spongy iead,,lead péro;ide, and electrolyte.

d. Motion, £ magneiic :field, and a closed conduétpr.
A generator éroduces_eléccricicy

a. chemically.

b. magnetically.

¢. residually.

-d. mechanically.

The production of electricity in a generator is called
a, chemical action. o
b. residual magnecgsm.

c. electromagnetic induction.

d. static electricity.. : ' N

TN 118] -

93. b 9. _a 95 4
. 96. d_ 97. _e_

. -«
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'VOLTAGE CURRENT RESISTANCE
. 1. The property of an | 1. The movement of free |l. The opposition -
electrical circuit that electrons in a circuit is |to current flow in
causes current flow. called "curreat." ‘an electrical cir-
: ' cuit is called
«{ 2. The unit of measure- 2. The unit of measure- "resistance."
ment is the "volt." ment is "ampere’ or

_ nmp.n
3. Voltage is measured : .
. with a voltmeter. , 3. Current is measured
| ' with an ammeter.

- 4, The symbol for
’ voltage is "E." 4. The symbol for cur-

B rent is "I."
. REMEMBER: THE VOLT-

2. The unit of
measurement is the
"“ohm."

3. Resistance is
measured with an
ohmmeter.

. METER MUST BE CONNEC- REMEMBER: THE AMMETER 4. The symbol for
; | TED IN PARALLEL TO MUST BE CONNECTED IN ‘resisrance is "R."
ﬁ MEASURE THE VOLTAGE ‘ SERIES TO MEASURE THE ’

. O 'OF A CIRCUTIT. CURRENT IN A CIRCUIT. .

Note: Cover the chart above 'with ybut‘mask and answer each question.
After you have answered the questions you may check your answers by

referring to the chart above. . .
y QUESTIONS 98 through 107
98. Opposition to curreat is
.99. Causes current to flow
-IOO.V Unit of measurement for.R is , .
101. pni: of measurement- for E is
102. 4 Unit of measurement for 1 is

e 103. Msasures current.

104. Measures resistance.

R 105. Measures voltage.

’ . - 106.'“ Must be connected in series.

fau . V0 107. Must dbe connected in pargllel.

RESPONSES

a—

Voltage

1 ©

Registance
Amperes
Ohms

Volts

Voltmeter
Ammeter

Ohmmeter
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After the corresponding m on vour response sheet black cut the

toshas ..ﬂn:i---s edsh L¢3 the it Wit ..4__;--n-_;:n a3 ziven
_____ 128, A unit of weasurement of resiscance, Ao Resiscance; %
109. The prassure or iforce in an elactrical o Velt. . ﬂ
. eircuit that causes current to flow.
‘ - C. Ampere. «;
110. That property of an electrical circuit
that tends to prevent or reduce current D. Voltage.
flow,
E. Ohm.
111. A unit of measurement of current flow. _ ‘
' : _ ' F. Electrom.. - . ., s
112, A unit of measurement of electrical . ’
prassure (electromotive force). G. Proton. ’
113. A particle in an atom that possesses . H. Ncutron.
no electrical charge.
114.. A positively charged particle in an
atonm.
115. A negatively charged particle in an '
a.tqmo i \\‘\_
TNl
108. E. 109. D . 110. _A 111. C i
112, B8 u3. B ' we. ¢ us. F -
I § . |
}
¢ -




in the laf:‘colu;n.

116. Curreat thar flows ia cme Z2iresticn. | A. Open cireulr. ==
117. Dirty or loose connection, cable too B. . Alternating é
small, or frayed. ‘ current. =
118. Where a bare wire is touching another C. Short circuit. o
bare wire giving the curxent a dif- ‘ :
ferent path to travel than that: ’ D. Arc.
intended.

E. Excessive =
119. Current that changes its direction of resistance.

flow at regular intervals. *

_ F. Direct current.

120. A break or lack of contact in an

' electrical circuit. G. Unwanted ground.

121. The travel of electricity through the
air where it produces a flash.

122. Where a bare wire is touching the
frame or another metal surface that
is grounded. - .

I
16, F_ 7. E 8 ¢ - 119. B .

— “
'

120, A 121, D 122. G

LAST CHANCE! 1If you found that you could not accurately match the terms
and definitions of any of the last two frames without looking

e | at the ansvwers study those terms that gave you trouble.
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