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FOREWORD

Both the development and revision of instructional materlals in diesei mechanics have been
rewarding efforts because of the talented peopie who planned and wrote the materials. From
the team of teachers and industry representatives has come a series of texts whick. should
offer diesel mechanics students an excelient opportunity for learning required skills.

This publication, Diesel Electrical Systems, is designed to be used with the other MAVCC
books related to diesel. These include: Diesel Fundamentals, Diesel Fuel Systems, Power
Trains, and Hydraulics.

As complex as some mechanical activities are, the MAVCC format presents the procedures In
logically ordered objectives that facliitate a comfortable learning rate. The format also frees
the instructor to concentrate on reinforcing classroom instruction with fiims, supplemental
resources, and other teaching activities that serve to maintain student interest at a high level
and to motivate students to learn and do.

Every effort has been made to make this publication basic, readable, and by all means, usable.
Thrae viial parts of instruction have been intentionaily omitted from these publications: moti-
vation, personalization, and localization. Those areas are left to the individual instructors and
the instructors should capitalize on them. As these publications are used, it is hoped that stu-
dent's performance will improve and that students wiil be better able to assume a role in diesel
mechanics.

Ron Mehrer, Chairman Greg Plerce

Board of Directors Executive Director

Mid-America Vocational Mid-America Vocationali
Curriculum Consortium Curricuium Consortium
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USE OF THIS PUBLICATION

instructional Units

Diesel Electrical Systems contains eight units of instruction. Each instructional unit
includes some or &ll of the basic components of a unit of instruction; performance objectives,
suggested activities for teachers and students, information sheets, assignment sheets, job
sheets, visuai aids, tests, and answers to the tests. Units are planned for more than one les-
son or class perivd of instruction.

Careful study of each instructional unit by the teacher will help to determine;

A, The amount of material that can be covered ir: each class period
B. The skills which must be demonstrated

1.  Supplies needed

2. Equipment needed

3. Amount ¢f practice needed

4. Amount of class time needed for demonstrations

C.  Supplementary materials such as pamphlets or filmstrips that must be ordered
D. Resource peop!e who must be contacted

Objectives

Each unit of instruction is based on performance oblectives. These objectives state the

' goals of the course, thus providing a sense of direction and accomplishment for the student.

Performance objectives are stated in two forms: unit objectives, stating the subject matter
to be covered in a unit of instruction; and specific objectives, stating the student performance
necessary to reac:: the unit objectlve.

Since the objectives of the unit provide direction for the teaching-learning process, it is
important for the teacher and students to have a common undarstanding of the intent of the
objectives. A limited number of performance terms have been used in the objeci..es for this
curricuium to asslst in promoting the effectiveness of the communication among all individ-
uals using the materials.

Readlng of the objectives by the student should Lo followed by a class discussion to
answer any questions concerning performance requirements for each instructional unit.

Teachers should feel free to add objectives which will fit the material to the needs of the stu-

dents and community. When teachers add objectives, they should remember to supply the
needed information, assignment andior job shests, and criterion tests.

Ix



Suggested Actlvitias for the Instructor

Each unit of instruction has a suggested activities sheet outiining steps to follow in accom-
plishing specific objectives. Duties of instructors wiil vary according to the particuiar unit;
however, for best use of the material they should inciude the following: provide students with
objective sheet, information sheet, assignment sheets, and job sheets: preview filmstrips,
make transparencies, and arrange for resource materials and people; discuss unit and spe-
cific objectives and irnformation sheet; give test. Teachers are encouraged to use any addi-
tlgna! Instructional activities and teaching methods to aid students in accomplishing the
objectives.

Information Sheets

Information sheets provide content essential for meeting the cognitive (knowliedge) objec-
tives in the unit. The teacher wili find that the information sheets serve as an excellent guide
for presenting the background knowiedge necessary to develop the skili specified in the unit
objective.

Students shouid read the information sheets before the information is discussed in class.
Students may take additional notes on the information sheets.

Transparency Masters

Transparency masters provide information in a special way. The students may see as weli
as hear the materlal being presented, thus reinforcing the learning process. Transparencies
may present new information or they may reinforce information presented in the information
sheets. They are particularly effective when identification is necessary.

Transparencies should be made and placed in the notebook where they wili be immediately
avallable for use. Transparencies direct the class’s attention to the topic of discussion. They
should be left on the screen only when topics shown are under discussion.

Akssignment Sheets

Assignment sheets give direction to study and furnish practice for paper and pencii activi-
ties to develop the knowledge which is a necessary prerequisite to skill deveiopment. These
may be given to the student for compietion in class or used for homework assignments.
Answer shieets are provided which may be used by the stuent andlor teacher for checking
student progress.

Job Sheets

Job sheets are an important segment of each unit. The instructor shouid be able to demon-
strate the skills outlined in the job shests. Procedures outlined in the job sheets give direction
to the skill being taught and aliow both student and teacher to check student progress toward
the accomplishment of the skill. Job sheets provide a ready outiine for students to follow if
they have missed a demonstration. Job shests aiso furnish potentiai employers with a picture
of the skilis being taught and the performances which might reasonably be expected from a
person who has had this training.




Test and Evaluation

Paper-pencil and performance tests have been constructed to measure student achieve-
ment of each objective listed in the unit of instruction. Individual test items may be pulled out
and used as a short test tc determine student achievement of a particular objective. This kind
of testing may be use as a daily quiz and will help the teacher spot difficulties being encoun-
tered by students in their efforts to accomplish the unit cbjective. Test items for objectives
added by the teacher should be constructed and added to the test.

Test Answers

Test answers are provided for each unit. These may be used by the teacher and/or student
for checking student achievement of the objectives.

Xi



| % DIESEL ELECTRICAL SYSTEMS

INSTRUCTIONAL TASK ANALYSIS

RELATED INFORMATION: What JOB TRAINING: What the
the Worker Should Know Worker Should Be Able to Do
{Cognitive) (Psychomotor)

UNIT I: iINTRODUCTION TO ELECTRICAL SYSTEMS
1. Terms and definitions

2. Safety practices dealing with electrical
systems

3. Particles in an atom

4. Electricity according to the atomic the-
ory

5. Sources of electricity
' . 6. Parts of a baslc circuit

7. Conductors and insulators of electric-
ity

8. Copper as a conductor

9. Circuit terms and units of measure
16. Basic electrical schematic symbols
11. Letter designations and terms

12. Ohm’s Law formula in triangle expres-
sion

18. Ohm's Law in letter formula
14, Types of electrical circuits

16. Factors affecting resistance in a con-
ductor

16. Characteristics of magnetizm

xili
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17.

18.
19.

21,

23.

& N O o b DN

10.

RELATED INFORMAT!ON: What JOB TRAINING: What the
the Worker Shouid Know Worker Should Be Able to Do
{Cognitive) (Psychomotor)

Relationship between eiectricity and
magnetism

Electromagnetic induction

Ways to induce voltage by electromag-
netic induction

Factors that determine the magnitude
of induced voltage

Types of electric current
Direct and alternating current

Instruments used in checking electri-
cal circuits

24,  Solve problems using Ohm's Law

UNIT lI: ELECTRICAL CIRCUITS
Terms and definitions
Rules for series circuits
Rules for parallel circuits
Rules for series-parallel circuits
Basic electricali circuit failures
Voltage drop
Types of circuit protection

Selection of cabie for various rewiring
needs

Characteristics of a wiring diagram

Parts of a typical circuit identification
code

13
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11.
12,

> 0 DN

o

RELATED INFORMATION: What
the Workar Should Know
(Cognitive)

Types of connectors

Steps in tioubleshooting electrical sys-
tems

JOB TRAINING: What the
Worker Should Be Able to Do

13.
14,
15.
16.
17.
18.

{Psychomotor)

Read a wiring diagram
Check voltage

Check a circulit for an open
Install a soldered terminal
Install a solderless terminal

Splice a wire (solder method)

UNIT lil: ELECTRICAL INDICATOR CIRCUITS

Terms and deflnitions
Electrical indicator circuits
Electric gauge operation design

Operation of the fuel, temperature, and
oll pressure magnetic gauges

Sending units

Operation of the oil pressure and tem-
perature indicator light circuits

Charging indicator circuits

10.
11.

b3)

Test gauges and sending units (tank
unit method)

Test gauges and sending units
(grourided wire method)

Test oil pressure Indicator light

Test temperature Indicator light

14
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RELATED INFORMATION: What
the Worker Should Know
(Cognitive)

JOB TRAINING: What the
Worker Shouid Be Able to Do

(Psychomotor)

UNIT IV: STORAGE BATTERIES

Terms and dafinitions

Functions of a battery

Types of batteries
Characterlstics of batteries
Voltage ratings of batteries
Ways of rogatlng battery capacity
Rules for installing batteries
Installation of battery cables

Types of battery termina! construc-
tions

Safety rules to be observed during the
care and maintenance of batteries

1.
12,
13.

14,
15.

Troubleshoot a battery
Remove, service, and replace a battery

Measure specific gravity of a conven-
tional battery

Load test a battery

Charge test a battery for three minutes

UNIT V: STARTING SYSTEMS AND CIRCUITS

Terms and definitions
Types of starting systems

Scources of compressed alir for air sta:t-
ing motors

xvi
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RELATED INFORMATICN: What JOB TRAINING: What the
the Worker Should Know Worker Should Be Able to Do
(Cognitive) (Psychomotor)

4. Components of a gasoline starting
engine

5. Types of starting alds
6. Purpose of an electrical starting circuit

7.  Major parts in an electrical starting cir-
cult

8. Function of parts of an electrical start-
ing circult

9. Major parts of a starting motor
10. Component parts and their functions

11.  Conversion of electrical energy into

. mechanical energy .

12. How a starting motor is kept running

13. Current flow in an electrical starting
motor circuit

14. Types of starter field circuits

15.  Types of starter fleld circuits and cur-
rent flow

16. Types of starting motor switches
17.  Engaging starter drives

18. Types of electromagnetic or laver shift
drives

19. Operation of a series-parallel switch

20. Operation of a transformer-rectifier
unit

il
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10.

1.

12,

RELATED INFORMATION: What
the Worker Should Know
{Cognitive)

JOB TRAINING: What the
Worker Should Be Able to Do

21,
22.

23.
24,
25.

(Psychomotor)

Remove and replace a starter

Disassemble, test, and reassembie a
starter

Test a startcr motor (no-load)
Rebuild and test a starter solenoid

Check voltage drop in a starter circuit

UNIT VI IGNITION CIRCUITS

Torms and definitions

Purpose of an ignition circuit
Components of an Ignition circuit
Functions of an ignition circuit
Ignitlon circuit components
Components of a distributor
Operation of an ignition circuit

Components of a distributor with a
built in governor

Operation of a governed distributor

Transistorized and capacitive dis-
charge Ignition systems

Major compcnents of an electronic
ignition system and their functions

General safety precautions for elec-
tionlc ignition systems

xvili
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10.

RELATED INFORMATION: What
the Worker Shouid Know
(Cognitive)

JOB TRAINING: What the
Worker Should Be Abie to Do

13.
14,

15.

16.
17.

(Psychomotor)

Remove and instali a distributor

Remove and repiace contact points
and condenser

Adjust dweli on an externally adjusta-
bie distributor

Check and set ignition timing

Remove, service, and replace spark
plugs

UNIT Vil: ALTERNATOR CHARGING CIRCUITS

Terms and definitions

Purpose of the alternator charging cir-
cuit

/ Iternator charging circuit compo-
iients and functions

Major parts of an aiternator
Construction of stator windings
Types of aiternator circuits

Characteristics of a brushiess aiterna-
tor

Operation of a brushiess aiternator
Operation of a transistorized reguiator

Safety ruies for working with aiternator
charging circuits

xix



RELATED INFORMATION: What JOB TRAINING: What the
the Worker Should Know Worker Should Be Able to Do
(Cognitive) (Psychemotor)

1. Test the Ford alternator charging cir-
cuit with external regulator
12. Remove and replace an alternator

13. Disassemble, test, and reassemble an
alternator

14,  Test a transistorized regulator
15.  Test an S.I. series alternator

16.  Tesi charging circuit resistance for a
GM alternator

UNIT Viil: EMERGENCY SHUT-DOWN CIRCUITS

1. Terms and definitions

2. Characteristics of a coolant tempera-
ture switch gauge

3. Characteris’ics of an oil pressure
switch-gaugo

4.  Steps in the operation of the magnetic
switch

5. Shut-off solenoids

8. Characteristics of the overspeed con-
tactor switch

7. Oll pressure contactor switch
8. Nperation of an alarm system

9. Troubleshoot a shut-down and alarm
circuit

XX 19




DIESEL ELECTRICAL SYSTEMS
TOOLS, EQUIPMENT, AND MATERIALS LIST

Alternator

Alternator pulley removal tools
Alternator diode removai equipment
Alternator testing equipment
Ammeter

Armature growler with test light
Auxiiiary starter button

Baking soda

Basic hand tool set

Battery

Battery anti-corrosion paste
Battery capacity tester
Battery charger

Battery clamp puller
Battery IlIft strap

Battey pliers

Battery post and cahle cisaner
Bristle brush

Carbonpile resistor
Chalk

Circult board

Circult tester
Combination end wrench
Crimping pilers

Dial indicator

Distributor cam lubricant
Distributor wrenches
Dwell meter

Electrical tape

Electrical wire

Engine

Extensions, 3" 6*- 10" by 3/s” drive

Feeler gauges
Fuel sending unit

Hex contact point adjusting tool
Hydrometer

XXi

Jumper wire
Ohmmeter
Point alignment tools

Ratchet

Resin core solder
Rubbler apron
Rubber gloves

Safety glasses
Sandpaper, medium
Screwdriver

Service manuais

Shop towels

Soldering gun or iron
Solencid

Spark piug starter wrench
Starter

Tachometer
Terminal

Test light
Timing light
Torque wrench

Variabie resistor
V blocks
Vetlc'
Voltmeter

Wire brush
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INTRODUCTION TO ELECTRICAL SYSTEMS
UNIT |

UNIT OBJECTIVE

After completion of this unit, the student should be able to identify types of electric2! circuits,
distinguish between direct and alternating current, and solve problems using Ohm’s Law.
Competencies wili be demonstrated by compieting the assignment sheet and the unit test
with a minimum score of 85 percent.

SPECIFIC OBJECTIVES

Aftor completion of thie unit, thz student should be able to;
1. Match terms related to electrical systems with their correct definitions.

2. Seiect true statements concerning saiety practices dealing with electrical sys-
tems.

3. Name two particles found in an atom.

4, Define electricity according to the atomic theory.

5. ldentify three sources of electricity related to diesel engines.
6. Name parts of a basic circuit.

7. Distinguish between conductors and insulators of electricity.

8. Explain why copper is widely used as & conductor.

9. Match the basic circuit terms with thelr units of measure.

’ 10. Matsh the basic electrical schematic s;mbols with their correct names.




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

18.
19.

21.
22.
23.
24,

OBJECTIVE SHEET

Match the letter designations used in Ohm's Law with their correct terms.
Draw Ohm's Law formula in triangle expression.

State Chm's Law In letter formula.

identify three types of electrical circuits.

Name three factors affecting resistance in a conductor.

Select from a list the characteristics of magnetism.

Select true statements concerning the relationship between electricity and mag-
netism.

Select true statements concerning electromagnetic indguction.

List three ways to induce voltage by electromagnetic induction.
List three factors that determine the magnituda of induced voltage.
Name two types of electric current.

Distinguish between direct and alternating current.

Name three instruments used in checking electrical circuits.

Solve probiems using Ohm’s Law. (Assignment Sheet #1)
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INTRODUCTION TO ELECTRICAL SYSTEMS
UNIT |

SUGGESTED ACTIVITIES
Obtain additional materials andior invite resource people to class to supplement/rein-
force information provided in this unit of instruction.
(NOTE: This activity should be completed prior to the teaching of this unit.)
Make transparencies from the transparency masters included with this unit.
Provide students with objective sheet.
Discuss unit and specific objectives.
Provide students with information and assignment sheets.
Discuss information and assignment sheets.
(NOTE: Use the transparencies to enhance the information as needed.)
Integrate the following activities throughout the teaching of this unit;
1. Demonstrate magnetic lines of force by using iron filings and a conductor.

2. Demonstrate how to make an electromagnet using 5’ of electrical wire, a soft Iron
vat, and a 1.5 voit battery.

3. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas for Iimprovement.

Give test.
Evaluate test.
Reteach If necessary.

REFERENCES USED IN DEVELOPING THIS UNIT

Armstrong, Ivan J. Auto Mechanics. Vol. |1, Stillwater, OK: State Department of Voca-
tional and Technical Education Curriculum and Instructional Materials Center, 1978.

Foutes, William A. Diese/ Mechanlcs: Electrical Systems. Stillwater, OK: Mid-America
Vocatlonal Curriculum Consortium, 1982.

Funidamentals of Service: Electrical Systems, 4th ed. Moline, IL; Deere & Compariy,
1979.

™3
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SUGGESTED SUPPLEMENTAL RESOURCES

A. Texts

1. Diesel Mschanics, 2nd ed.
Erich J. Schulz
Toxt, 1983, 496 pages (055639-3)
Workbook (055640-7)
Gregg/McGraw-Hill
PO. Box 996
Norcross, GA 30091

2. Fundamentals of Electricity and Magnetism, Training Chart Manual
Technical Literature Department
Delco-Remy Division
General Motors Corporation
Anderson, IN 46018

B. Flimstrips
1. Basic Automotive Eiectricity — #A5037

(NOTE: To obtain material and correct prices, contact your nearest Mack Branch or

distributor) . :

2.  Electron Theory, MSV-AT-M-2A
1 cassette, 1 filmstrip (29 frames), 1 worksheet

Teaching Alds Incorporated
PO. Box 1798
Costa Mesa, CA 92628-0798




DE-S

INTRODUCTION TO ELECTRICAL SYSTEMS

UNIT |

INFORMATION SHEET

Terms and definitions

A,

Alternator (aiternating current generator) — Voitage and current produced
by a rotaiing magnetic field cutting across stationary conductors

Atom — Smaliest unit of all matter
Conductor — Any material that permits passage of electric current

Counter emf — Voltage induced in a conductor which is moving through a
magnetic field in opposition to the source of voltage

(NOTE: This Is a generator action developed in every motor)
Current — Flow of eiectrons through a conductor, measured in amperes

Electrochemical -- Stored chemical energy which can be converted to elec-
trical current

Electrons — Particies with a nagative charge in orbit around a core of pro-
tons

Electromagnet — A wire carrying electric current wound into a coil around
an iron core creating a magnetic fieid

Elactromagnetic induction — Inducing voitage in a conductor that moves
across a magnetic field

Emf — Electromotive force or voitage
Insuiator — Material with an extremely high resistance to current flow

Mutual induction — Occurs when changing current in one coll induces voit-
age in a second coil

Paraliei circuit - Current has more than one path to take

Protons — Particles with a positive charge that make up the nucieus of the
atom

Resistance — Opposition to current flow in a conductor

Self induction — Voitage which occurs in a coli when there Is a change of
current

Semiconductor — An element which has four electrons in outer ring; used
to make diodes and trensistors; not a good conductor or insulator

N
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INFORMATION SHEET

Series circuit — Current has only one path it can take

Serles-parallel circuit — A circuit consisting of both series and parallel
components

Thermocouple — Thermoelectric device used to measure temperature
accurately

Thermoelectric — Electriclty generated by heat

Voltage — Potential difference that causes flow of current
Voltage drop — Voltage loss due to resistance

Watt — Electrical measurement of rate of doing work

(NOTE: 746 watts = 1 horsepower,)

Safety practices dealing with electrical systems

A

m m o 0 @

When working on electrical system that is connected to the battery, remove
all jewelry.

When disconnecting battery cables, remove the ground cable first.
If you are using an ohmmeter, disconnect the battery.

Never leave the ignition switch on when installing a distributor.
Never ground the output terminal of the alternator.

Never lay any conductor across the battery terminals.




IV.

V.

DE-7

INFORMATION SHEET
G.  When replacing an electrical compeonent, always disconnect the battery
firat.
H.  Never apply full battery voitage to the fuel tank sending unit.
I When using jJumper cables, always connect ground to the frame or engine.

J. When using a battery charger, make your connections before plugging the
charger in.

K. When adding accessories, make sure they match the vehicle’s ground.
L. When replacing a conductor, always use the same size (gauge) conductor.

M.  When adding accessories, be sure not to exceed the charging system out-
put,

(NOTE: The charging system should have an output of 10% above total cur-
rent draw.)

Particles in an atom (Transparency 1)
A.  Electron
B. Proton
(NOTE: These are the particles Involved in the electron theory,)

Electricity — The flow of electrons from atom to atom in a conductor. (Transpar-
ency 2)

Souices of electricity related to dlesel engines (Transparency 3)
A.  Thermoelectric
B. Electrochemical

C. Electromagnetic

n2
(&8



INFORMATION SHEET

VI.  Parts of & baslc circuit
A.  Witage
Example: Battery
B.  Resistor
Example: Light bulb
C.  Conductor
Example: Copper wire
D.  Control device

Example: Switch
Functional Component (Light)

WIre Conductor
«?K-q-l -

Control Device (Switch)

Basic Circuit
Power Source Battery

Reproduced b§ permission of Deere and Company, © 1982
Desre & Company. All rights reserved.

Vil. Conductors and insulators of electricity
A.  Conductors
1. Silver
(NOTE: Siiver has the least resistance to current flow.)
2. Copper
3. Gold

4. Aluminum

29




Viil.

10.
1.
12,
13.
14.
15.

INFORMATION SHEET

Tungsten
Zinc
Brass
Platinum
Iron
Nickel
Tin

Steel
Lead
Mercury

Nichrome

(NOTE: Nichrome has the highest resistance to current flow.)

B. Insulators

5.
6.

Copper as a conductor — Copper has only one etactron In outer ring and is com-
paratively cheaper than other metals which may have the same properties. (Trans-

parency 1)

Glass
Rubber
Plastic
Wood
Ceramic

Mica

DE-9
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INFORMATION SHEET

IX. Circult terms and units of measure
A.  Current — Ampe-es

B. Voltage — Volts

Reprinted with permission of Delco Remy Division, GM Corp,

C. Resistance — Ohms

{-___,

— iy
——— RESISTANCE (Ohms)

Reprinted with permission of Dalco Remy Division, GM Corp.
X. Basic slectrical schematic symbols

A. Resistance or load B. Ohms of resistance
C. Inductor (coli) D. inductor (solenoid)

S e




INFORMATION SHEET

Ground
Connection

?

Switch — single throw

-~

Cable — Not connected

ts

Fuse

O\

Fusible link or wire

—=—

Variable resistance

el

Direction of current

4

DE-11

Battery

.’.Il_.

Termination

-———-.

Switch — double throw
— r/ -—
Connectors -— separable, engaged

—&-

Circuit breaker

AN

Lamp

@

Condenser or capacitor

\ |
7|

Diode (one-way)

4

e
&)
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INFORMATION SHEET

U. Transistor V. Voltmeter

W.  Ammeter X Positive terminal
~®- +

Y. Negative terminal Z Gauge (temperature or fuel)

AA. Voitage limiter (for instrument panel)

fulalls!

Xl. Letter designations and terms

A, E — Electromotive force in volts
B. | — Intensity (current) in amps
C. R — Resistance in ohms

Xll. Ohm's Law formula in triangle expression (Transparency 4)

E

I R

L

(NOTE: E.I.R. formula reminder is the phrase “Even | Remember)




Xl

XIV.

INFORMATION SHEET

Ohm’s Law In letter formuia (Transparency 5)
A. E =1 x Ror Voits = Amps x Ohms
B. | = E + Ror Amps = Voits + Ohms
C. R = E + | or Ohms = Voits + Amps
Types of electrical clrcuits (Transparency 6)
A.  Series

(NOTE: in a series circuit the voitage wiil drop aiong the circuit. The totali
voitage drop in a series circuit wiii aiways be equal tc the applied voitage.)

B. Parallei
(NOTE: The voitage wiil be the same at ail points along a paraliel circuit.)
C.  Series-paraliel

(NOTE: The circuit is a combination of a series circuit and a paraiiel circuit.
it has medium resistance.)

Factors affecting resistance in a conductor

A. Length of wire

RO

2 x R0

Resistance Proportional to Length
A Longer Wire Creates More Resistance

Reproduced by permission of Deere and Company, © 1984
Doere & Company. All rights reserved.

B. Diameter of wire

A Smaller Wire Creates More Resistance

Reproduced by permission of Deere and Company, © 1984
Deere & Company. All rights reserved.

DE-13
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XV,

XVII.

C.

INFORMAYION SHEET

Temperature of wire

Resistance

,059 e MvER Mmiae e ems ewim —-7

04} fmem e

70°F 170°F
Temperature

A Hotter Wire Creates More Raslstance

Reproduced by permission of Deere and Company, ©1084
Deere & Company. All rights reaerved,

Characteristics of magnetism (Transparency 7)

A,
B.
C.
D.

Every magnet has a north and south pole.
Unlike poles (charges) attract and like poles (charges) repel.
Every magnet has a field of force surrounding it.

Magnetic materials are acted upon when located In a fieid of force.

Relationship betweer: electricity and magnetism (Transparercy 8)

A.

Current passed through a wire (conductor) creates a magnetic field around
the wire.

Magnetic lines have direction and change direction when the current fiow
changes from one direction to another.

(NOTE: The Right Hand Rule for a straight conductor can be used to find
the direction of the lines of force around the wire. To appl- the rule, gra-p
the wire with the thumb extended in the direction of conventional current
flow (posltive to negative); the fingers wiil then point In the direction in
which the iines of force surround the conductor. These lines of force are
always at right angies to the conductor)

Two conductors on an armature, carrying current in oppnsite directions,
create a strong and weak field on opposite sides causing conductors 10
move apart or armature to rotate.

(NOTE: The downward movement or rotation Is caused by current flowing In
the conductor. This is the principle by which a cranking motor pperates.)

39
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‘ INFORMATION SHEET

XVill.  Electromagnetic induction (Transparency 9)

A. Conductor moving across a magnetic field will have a voitage (emf) induced
in it.

B.  Voitage polarity and the current fiow direction are determined by the direc-
tion of wire movement and direction of the lines of force.

(NOTE: The conductor can move or the magnetic fieid can move.) |
XIX.  Ways to induce voltage by electromagnetic induction
A. Generated voltage by electromagnetic indiction
Examples: Generators and aiternators
B.  Self induction voltage created by a change of current in the conductor
Example: Primary of ignition coiis

C. Mutual induction voitage which occurs when changing current in one coil
induces voitage in a second coil.

. Exampie: Two windings of ignition colis
XX. Factors that determine the magnitude of induced voltage
A.  Strength of the magnetic fleid
B.  Speed at which lines of force are cutting across the conductor
C.  Number of conductors that are cutting across the lines of force
XXI.  Types of electric current
A.  Direct

B. Alternating
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INFORMATION SHEET

XXIl.  Direct and alternating cumrent

A, Direct current

1.

2,
3.

Supplied by

a. Generator

b. Battery
1) Drycell
2) Wet cell

Flows in one direction oniy

Abbreviated as DC

B. Alternating current

1. Supplied by an alternating current generator (alternator)
2. Flows in one direction then reverses and flows in the opposite direc-
tion
3. Abbreviated as AC
XXill.  Instruments used in checking electrical circuits (Transparency 10)

A. Ammeter

B. Voltmeter

C. Ohrnmeter

(NOTE: Modern testers often combine the voltmeter, ammeter, and ohmme-
ter in one test unit, such as a battery-starter tester,)

37
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L Structure of Atoms

Electron

®

Proton

Hydrogen Atom

Copper Atom
1 Electron
1 Proton 29 Electrons
29 Protons

Uranium Atom
92 Electrons
92 Protons

NOTE: Count the Number of Electrons in the Quter
Ring of the Atorn.

™1
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. ; P

Electron Flow

Positive Charge Negative Charge

Copper Wire

Electron Flow
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. N_n
/ Sources of Electricity
Iron
Thermocouple
Thermoelectric Generator
Source Electromagnetic
® Source
Carbon -I Zinc
Electrolyte
Battery
Electrochemical
Source
o
o ™3

ERIC 4
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Ohm’s Law in Triangie Expression

E = Volts | = Amps R = Resistance

NOTE: Solve for Volts, Amps,
or Resistance by

Covering the Unknown

Example: Cover E, then E=| x R
Cover |, then i=E+R
Cover R, then R=E+1

9 4o ™ 4
B ‘ Ao




Ohm’s Law in Letter Fermula

In the formula of Ohm's law,
| = amperage, E = voltage, and R = resistance in chms.

Amperes = Volis | = £
P Ohms R
Cover up L [end
E
Ohms = Volts R = T
Amperes
Cover up “R"
Cover up “E"\
Volts = Amperes x Ohms E=1xR

(Note: If you cover the quantity you wish to calculate (voltage
current, or resistance), the remaining parts of the memory circle
will show you which form of Ohm's law you must use:)

DE-25
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® Types of Electrical Circuits

@

8 OHMS

-

3 OHMS 6 OHMS

6 OHMS ; EE

P
h £ 3 OHMS b &

6 V 6V

@ Series Circuit Parallel Circuit

8 OHMsT é a |
6 OHMS z@ﬁ
3 OHMS _\_@_

. Series-Parallel Circuit

™®6
Q 44
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Magnetism and Field of Force

Magnetic Lines of Force

Leads From Battery

o

x -\£ TN B N2, KPEY -
- e o N \“
I‘\"‘;\l S “‘\':'j\|
\:’\:'\’/(\i e AP NI\ 2

”~

Unmagnetized Iron Filings

2 46
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Electricity and Magnetism Relationship

2

Conductors Tend To Move Apart

Strong Field Between Conductors

Right Hand Rule Fer Straight Conductor
Arrows Show Direction Of Field Of Force Motor Principle

i£-30
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Electromagnetic Inductions

Basic Alternator Operation

Reproduced by ps-mission of Deers and Company, © 1984
Deere & Company. All rights reserved.

™9
ERIC 49




i DE-35
® Measuring Instruments
e 12V .
._+If i%_l
@ . . 28
R
A+ *
12V—
T
- _ - il
) =
Electric “pressure” ©
is measured in volts
‘ with a voltmeter. 120
Resistance is measured
in ohms with an chmirieter.
| A7 AMPS
.1.‘ -
0 | h(fw.qyz.j
+ 4+ + 4+ l' !
+ - !
] _i' e jﬁ,.,ﬁ“%mm) /
12V —
It % '/'/
- “k - W!ﬁ;ﬂ‘
)
Electric current is measured in amperes with an
K ) ammeter.
Reprinted with permission from the Heath Coufizuny,
T™ 10




DE-37

. INTRCDUCTION TO ELECTRICAL SYSTEMS
UNIT |

ASSIGNMENT SHEET #1 — SOLVE PROBLEMS USING OHM'S LAW

NAME SCORE

Directlons: Read the problems and use the triangle expression of Ohm’s Law to solve for the
unknown value in each problem.

Example: Cover the unknown in the triangle and solve
(NOTE: E = Voltage; | = Ampares; R = Resistance.)
Show your work on each problem. Turn in to instructor after completion.

1. The starter of an automobile has a resistance of 0.12 ohms. How much current must a
12.6-volt storage battery supply to start the car?

2. A fan motor in an air conditioner has an Internal resistance of 180 ohms. What will be
the amperage draw of the motor, on a 12-volt system?

Sk




ASSIGNMENT SHEET #1

3. Calculate the battery voltage needed to drive a current of 150 amperes through the
starter of a car. The starter's resistance is 0.08 ohms.

4.  Solve for the unknown voltage.

+f;\\

—A)
al 112A é
Eer—y = 240
1

|

b

Circuit with known current and resistance,
but unknown voltage.

5.  Solve for the unknown resistance.

Circuit with known voltage and current,
but unknown resistance.
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‘ INTRODUCTION TO ELECTRICAL SYSTEMS
UNIT |

ANSWERS TO ASSIGNMENT SHEET

1. 105 amperes
0.067 ampares
12-voits
12-volts

< I S VR ¥

4-ohms

J




NAME

UNIT i

1. Match the terms on the right with their correct definitions.

TEST

SCORE

DE-41

INTRODUCTION 'O ELECTRICAL SYSTEMS

(NOTE: Terms and definitions are continued on the following page.)

a.

—Db.

Smallest unit of all matter

Particles with a negative charge in orbit
around a core of protons

Particles with a positive charge that make
up the nucleus of the atom

Flow of electrons through a conductor, mea-
sured in amperes

Any material that permits passage of elec-
tric current

An element which has four electrons in
outer ring; used to make diodes and transis-
tors; not a good conductor or insulator

Potential difference that causes fiow of cur-
rent

Opposition to current flow in a conductor

Material with an extremely high resistance
to current flow

Stored chemical energy which can be con-
verted to electrical current

Electricity generated by heat

Thermoelectric device used to measure tem-
perature accurately

Inducing voltage in a conductor that moves
across a magnetic fisld

1.
2.

10.
11.
12,

13.

Alternator
Atom
Conductor
Counter amf
Current
Electrochemical
Electromagnet

Electromagnetic
induction

Electrons

Einf

Insulator

Mutual induction

Parailel circuit
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—ea

——n

N

TEST

Occurs when changing current in one coil 14, Protons
induces voltage in a second coil

15. Resistance
Voltage which occurs in a coil when theie is
a change of current 16. Self induction

Voltage and current produced by a rotating  17. Semiconductor
magnetic field cutting across stationary
conductcrs 18. Series circuit

Electrical measurement of rate of doing 19. Series-parallel circuit
work -

20. Thermocouple
Electromotive force or voltage

21. Thermoelectric
Voltage induced in a conductor which is
moving through a magnetic field in opposi- 22. Voltage
tion to the source of voltage

23. Voltage drop
Current has more than one path to take

24, Watt
Currert hag only one path It can take

A circuit consisting of both series and parai-
lel components

A wire carrying electric current wound into a
coil around an iron core creating a magnetic
field

Voltage loss due to resistance

Select true statements concerning safety practices dealing with electrical systems by
piacing an “X" baside each statement that is true.

——f

a.

o4

¢
d.

©.

g.

When working on electrical system that is cunnected to the battery,
remove all jewelry.

When disconnecting battery cables, remove the positive cabla first.
If you are using an ohmmeter, disconnect the battery.

Never leave the ignition switch on when installing a distributor.
Never ground the output terminal of the alternator.

Never lay any conductor across the battery terminals.

When raplacing an electrical component, always disconnert the battery
first.

>y
q

-
-
o
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0 TEST

S | B Never apply full battery voltage to the fuel tank sending unit.

J— When using jumper cables, always connect ground to the frame or engine.
e When using a battery charger, make your connections before plugging the
charger in.

S When adding accessories, make sure they match the vehicle’s ground.
—_—l When replacing a conductor, always use the same size (gauge) conductor.

——m.  When adding accessories, be sure not to exceed the charging system out-
put.

3. Name two particles found in an atom.

a.

b.

4. Define electricity according to the atomic theory.

5. Identify three sources of electricity related to diesel engines.

| l
e
02
s <
a b. c




TEST

Name three parts of a basic circuit.

a.

b.

c.

Distinguish between conductors and insulators of electricity by placing a “C"” in front of
the items that are conductors and an “I” in front of the insulators.

a. Mercury
J— X Brewd

c. Rubber
—d.  Glass
——. Wood
S A Nickel
S Plastic

S N Nichrome
—_ Silver
—_— Gold
—k Ceramic

. Aluminum

Explain why copper Is widely used as a conductor.

Match the basic circuit terms on the right with their units of measure.

a. Volts 1. Current
e—— b Ohms 2. Voliage
c. Amperes 3. Resistance

e
-}
~3




TEST

10.  Match the basic electrical schematic symbols with their correct names.

(NOTE: Schematic symbols and names are continued on the following page.)

a. _\/\/\/\/._..
_ b o+

& —\/\A/\/“

.

e.

—r

S o

1.
2.
3.

10.
1.
12.
13.
14,

Ammeter
Battery

Cable — not con-
nected

Circuit breaker

Condenser or capaci-
tor

Connection

Connectors — sepa-
rable, engaged

Diode

Direction of current
Double-throw switch
Fuse

Fusible link or wire
Ground

Inductor (coil)



TEST

0. w - 15. Inductor (solenoid)

16. Lamp

S  § @ @ @ 17. Negative terminal

18. Ohms of resistance

S ——(L 19. Positive terminal

20. Resistance or load

— y 21. Switch — single
throw

22. Temperature or fuel

S 7 gauge

23. Termination

—t -®_ ~ 24, Transistor

25. Variatle resistance

b —tg— 26. Voltage limiter

27. Voltmeter

N & L
4| -
— e e—
2. °
aa. L]

n9




1.

12.

13.

14.

TEST

Match the letter designations used in Ohm's Law with the correct terms.

a. Electromotive force in voits 1. R
—bh Intensity (current) in amps 2. 1
C. Resistance in ohms 3. E

Draw Ohm's Law formula in triangle expression.

State Ohm’s Law in letter formula.

a.

b.

C.

Identify three types of electrical circuits.

®
G

-

+[0—
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15.

16.

17.

18.

19.

TEST

Name three factors affecting resistance in a conductor,

8.

b.

C.

Select rrom the following list characteristics of magnetism by placing an “X” beside
each characteristic.

—Be

b.
C.
d.

0.

Every magnet has a north and south pole.

Like poles attract and unlike poles repel.

Magnetic materials are acted upon when lccated in a field of force.
Every magnet has a field of force surrounding it.

Unlike poles attract and like poles repel.

Select true statements concerning the relationship between electricity and magnetism
by placing an “X” beside each statement that Is true.

J— §

a.

Current passed through a wire creates a magnetic field around the wire.

Magnetic lines never change direction when the current flow changes
direction.

Two conductors on an armature, carrying current in opposite directions,
create a strong and weak field on opposite sides causing conductors to
move apart or armature to rotate.

Select true statements concerning electromagnetic induction by placing an “X” beside
each statement that is true.

—_Db.

a.

Conductor moving across a magnetic field will have a voltage (emf)
induced in it.

Voltage polarity and the current flow direction are determined by the direc-
tion of wire movement and direction of the lines of force.

List three ways to induce voltage by electromagnetic induction.

a.

b.




TEST

20.  Llist three factors that determine the magnitude of induced voltage.

a.

b.

C.

21. Name two types of electric current.

a.

b.

22.  Distinguish between direct and alternating current by placing “DC” in front of the items
that refer to direct cuirent and “AC” In front of the ites that refer to alternating cur-
rent.

——, Flows in one direction then reverses and flows in the opposite direction
_—b Dry celi battery
G Supplied by an alternating current generator (alternator)

d. Flows in one direction only

e. Supplied by a generator

23, Name three instruments used in checking electrical circuits.

& J—

t‘ v ’~

o,

e

O E: ) the following activity has not been accomplished prior to the test, ask your instruc-
tor when i should be completed,)

44, Solve problems using Ohm's Law. (Assignment Sheet #1)

DE-49
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. INTRODUCTION TO ELECTRICAL SYSTEMS
UNIT |

ANSWERS TO TEST

1. a 2 l 11 q. 24,
b. 9 J. 6 r. 10
c. 14 k. 21 8. 4
d. 5 L 20 t. 13
e. 3 m 8 u. 18
f. 17 n. 12 V. 19
g. 22 0. 16 w. 7
h. 15 p. 1 X. 23

2, 4, C, dv e, fv g hv lv kv |v m

3. a. Electron
b. Proton

4. The flow of electrons from atom to atom In a conductor
5. a. Thermoelectric

b. Electrochemical
c. Electromagnetic

‘ 6.  Any three of the foilowing:
a. Voltage
b. Resistor

c. Conductor
d. Control device

~0oOoO®
0o———00
@O
OO0~

8. Copper has only one electron In outer ring and Is comparatively cheaper than other
metals which may have the same properties.

9. a. 2

b. 3
c. 1

10. a. 20 h. 22 0. 26 V. 14
b. 19 l 3 p. 24 W. 15
c. 25 J. 13 q. 18 X. 2
d. 7 k. 4 r. 9 Y. 21
e. 16 l. 8 8. 6 z 23
f. 10 m 1N t. 27 aa. 17
g n. 5 u. 12

o -
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ANSWERS TO TEST

11. a. 3
b. 2
c. 1
12.
E
| R
13. a. E=IxR
b. | = E/R
C. R=EI
14, a. Parallel
b. Series-parallel
c. Series
15. a. Length of wire
b. Diameter of wire
c. Temperature of wire
18. a,c,d, e
17. a,cC
18. a,b
19. a. Generated voltage by relative motion
b. Seif induction voltage created by a change of current in the conductor
c. Mutual induction voltage which occurs when changing current in one coll
induces voltage In a second coil
20. a. Strength of the magnetic field
b. Speed at which lines of force are cutting acros: he conductor
c. Numbsr of conductors that are cutting across the lines of force
21. a. Direct
b. Alternating
22. a. AC
b. DC
c. AC
d. DC
e.

> ®
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. ANSWERS TO TEST

23. a. Ammeter
b. Voltmeter
c. Qhmmeter

24. Evaluated to satisfaction of instructor




ELECTRICAL CIRCUITS
UNIT [i

UNIT OBJECTIVE

After completion of this unit, the student should be able to read a wiring diagram, check cir-
cults, install wire terminals, and splice a wire. Competencies will be demonstrated by com-
pleting the assignment sheet, job sheets, and the unit tests with a minimum score of 85

percent.

SPECIFIC GBJECTIVES

After completion of this unit, the student should be able to:

1,

2.

10.

Match terms related to electrica! circuits with thelr correct definitions.
Caiculate voltage drop across resistors In a serles circuit.

Calculate current in a paraliei circuit.

Calculate current in a serles-parallel circuit.

Match the basic electrical circult fallures with the correct causes.
Selact true statements concerning voitage drop.

Name 1ree types of circult protection.

Complete statements concearning selection of cable for rewiring needs.
Select from a list characteristics of a wiring diagram.

Label parts of a circuit identification code.

DE-55



11.
12,
13.
14.

OBJECTIVE SHEET

Match types of connectors with their corract names.

Arrange In order the steps Iin troubleshooting electrical systems.
Read a wiilng diagram. (Assignment Sheet #1)

Demonstrate the abllity to:

a. Check voltage. (Job Sheet #1)

b. Check a circuit for an open. (Jo!' ~"aet #2)

c. Install a soldered terminal. (Job Sheet #3)

d. Install a solderless terminal. (Job Sheet #4)

6. Splice a wire (solder method). (Job Sheet #£)

K7
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° ELECTRICAL CIRCUITS
UNIT |i

SUGGESTED £.CTIVITIES
A.  Obtain additional materials andlor invite resource people to class to supplement/rein-
force information provided in this unit of instriction.
(NOTE: This activity should be completed prior to the teaching of this unit.)
Make transparencles from the transparency masters included with this unit.
Provide students with objective sheet.
Discuss unit and specific objectives.

Provide students with Information and assignment sheets and handout.

mm P o ®

Discuss information and assignment sheets and handout.
(NOTE: Use the transparencies to enhance the information as needed.)

Provide students with job sheets.

w

H.  Discuss and demonstrate the procedures outlined in the job shests.
l. Integrate tha following activities throughout the teaching of this unit:
1. Take a fieid trip to a shop where electrical work is performed.
2. Make a circuit board of a simple lighting system.
3. Have students draw wiring diagrams.
Demonstrate safety practices on electrical systems.

5. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas for improvement.

J. Give test.
K. Evaluate test.

L. Reteach if necessary.




REFERENCES USED IN DEVELOPING THIS UNIT

A.  Armstrong, Ivan J. Auto Mechanics. Vol. }l. Stillwater, OK: State Department of Voca-
tional and Technical Education, 1978.

B. Foutes, William A. Diesel Mechanlcs: Electrical Systems. Stillwater, OK: Department of
Vocational and Technical Education, 1982.

C.  Fundamentals of Service: Electrical Systems, 4th ed. Moline, I Deere & Company,
1979.

D.  Schulz, Erich J. Diesel Mechanics. 2nd ed. New York: Gregg Division, McGraw-Hiil Book
Company, 1983.

SUGGESTED SUPPLEMENTAL RESOURCES
Text

Chliton’s Guide to Electronic Engine Controls Manual
Teaching Aids Incorporated

Order #CH 7535

Box 1798

Costa Mesa, CA 92628-0798

1-800-345-1214
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. ELECTRICAL CIRCU
UNIT Ii

INFORMATION SHEET

l. Terms and definitlons
A. Cable — Stranded conductor usually covered with insulating materiai

B.  Circuit — Continuous path along a conductor through which electricai cur-
rent can flow from a source, through a load, and back to the source

C.  Continuity ligh* — A self powered light, used to check for open circuits
(CAUTION: Do not hook into live clrcuit.)
D. Crimping tool — A too! useci to crimp terminais to wires
E. Double filament bulb — Bulb with two lighting elements
F Gauge — Determines the diameter and the capacity of a wire or cab'e
. (NOTE: The heavier the wire, the smaller the gauge number.)
G.  Grouni - Uninsulated sids of a circuit which is in a vehicle

H.  Integrated circuit (IC) — Sealed unit containing reslistors, diodes, ard tran-
sistors

l. Junction block — A muitiple connection point for current or ground which
can a!so be used as a test point

J. Jumper wire — Wire, usually with alligator clips, that is used to provide cur-
rent or ground to an electiical device

K. Polarity — Refers to the gr...nded battery terminal or to an electrical circuit
or to the north and south pole of a magnet

L. Single filament bulb — Bulb with only one lighting element

M.  Solder — A tin lead alloy with a low melting point; used to fuse eiectrica
connections
N.  Soldering iron — A tool that delivers high temperatures; used to melt solder
0. Switch — A device that opens and closes a circuit
‘ P Terminal — Type of screw, post, p: -, or socket at the end of a wire or ¢able
Q. Test light — A test instrument used to find current flow

P -
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V.

INFORMATION SHEET

Wiring diagram (schematic) — Drawing that uses electrical symbols and
lines to show electrical circuits

Wiring harness — Any system of wires which are taped together for electri-
cal distribution throughout the vehicle

Rules for series circults (Transparency 1)

A.
B.

C.

Current through each resistor is the same.

Voltage drops across each resistor will be different if the resistance values
are different. .

Sum of the voltage drops squals the source voitage.

Rules for parallel circults (Transparency 2)

A.
B.

C.

Voltage across each resistor is the same.

Current through each resistor will be different if the resistance values are
different.

Sum of the separate currents equals the total circuit current.

Rules for serles-parallei circuits (Transparency 3)

A,

Current in the circuit is equal to the total voltage divided by the total resist-
ance.

(NOTE: Two resistors in a parailel cirsuit equal the product divided by the
sum.)

X
w

Example: = 2 ohmy

|

w

6 +
The resistor in series is calrilated first, leaving the remaining voltage
equally distributed across the resistors in parallel.

Sum of the separate currents in the parallel resistors equals the *otal circuit
current.

Basic electrical circult fallures (Transparency 4)

A.

Open clrcuit — Break In an electrical circuit which causes extremely high
resistance

(NOTE: Usually, no current will flow through an open circuit.)

Shorted circuit — Unwanted connection, usually copper to copper, that
allows current to bypass all or part of the circuit
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‘ INFORMATION SHEET

C. Grounded circuit — Unwaiited connection that bypasses ail or part of the
circuit from the insulated side to the grounded side of the circuit

(NOTE: A grounded circuit is usually a copper-to-iron connection.)

D. High resistance circu’t — Failure caused by poor or corroded connections
or damaged wires wnich reduces current flow in the circuit

VI. Voltage drop
A. Voltage drop occurs when electricity fiows through a resistarice.

B. Voltage drop can be measured directly by connecting the voitmeter across
the component with the circuit operating.

/ Lights On

*

> ‘
¥ Light Switch ' ("
. -
. = Frame =

Reprinted with permission of Genera! Motors Corporation.

(NOTE: To determine if there is high resistance, compare voltmeter reading
against specifi- 1tions.)

C. Voltage drop can be measured by connscting a voltmeter on each enc of
the component or wire to ground.

(NOTE: The difference between the two readings is the voltage drop.)

12 volts - 11.6 volts = .4 voi! drop
Repri ‘ed with parmission o! Gensral Motors Qorporation.

(NOTE: This method is used on long wires where the voltmeter leads are too
short.)

. D. Voltage drop adds up when connected in series with the load.

7.
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Vil.  Types of circult protection

A,

Fuses

(NOTE: Each type fuse has a inetal element that Is designed to melt (or
blow) at a speclfic current level, opening the circuit and protecting it from
damage.)

Element

Typical fuses used in an automotiva circuit

Reprinted with permisslon from the Heath, Company.
Circuit breaker
(NOTE: The circuit offers protection equal to a fuse with thz added benefit

that It can be used again. Rather than burn open, it has a set of contacts
that open when Its current rating is exceeded.)

Cover

Bimetallic Lever

/

Contacts

1]’_
N

Circuit breaker construction

Terminal

Reprinted with permission from the Heath Company.

My~
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IX.

INFORMATIGN SHEET

C. Fusible links

(NOTE: A fusible link is a short plece of wire that Is smaller in diameter than
the wire it is connected to. Should a short occur, the link will burn open long
before the larger circuit, protecting the rest of the circuit.)

Fusible link

Reprinted with permission ‘rom the Heath Company.

Selection uf cable for various rewiring needs

A. Cable should be of proper gauge size to handle maximum required electri-
cal loads. (Handout #1)

B.  Cable should feature insulating and covering materials which provide the
longest cable life possible.

Characteristics of a wiring diagram (Transparency 5, Assignment Sheet #1)
(NOTE: Reading a wiring diagram is something like reading a road map. A road
map shows routes that connect one place with another; a wiring diagram shows
routes, too. The lines represent actual wires, which are identified by numbers
much like highways are identified on a road map.)

A. Lines repruesent wirss.

Wires have identifination numbers.

Wires are color-coded.

Components are represented by symbols.

Symbols indicate locations of circuits or components in the vehicle.

m @M o o0 ®

Wiring diagrams are needed by all mechanics.

(NOTE: Because of the constant change in electrical requirerents, even
experienced mechanics have to rely on wiring diagrams.)

~3
o =
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INFORMATION SHEET

X. Parts of a typlcal circult identification code

) 28 18 BUY

Main Circuit identification _.| b Color of Wire (Biue with Yeliow Stripe)

Part of Main Circuit Gauge of Wire (18 Gauge)

Xl. Types of connectors

A, Ring (eyelet) B. Roill
27 =Z=
C. Female snap on D.

E. Slotted-flanne bay F insulated butt
G.  Slotted hook H.  Three way

75
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INFORMATION SHEET

i, Male slide J. Female slide
g
7= ==
K. Male plug (bullet) L. Female plug (bullet connector)

o =

Steps In troubleshooting electrical systems
A. Know the syste ...

Example: Study service manual and service bulletins.
B. Ask the operator.

(NOTE: Often a passing comment by the operator may provide the key to
the problem.)

C. Inspect the system.

(NOTE: Many times the problem can be detacted without turning on the
switch or starting the machine.)

Inspection Checklist — Electrical

Yes No
Bare wires or shoris ] L]
Loose wires or opens D []
Poor connections ] []
Battery electrolyte level D Lj
Generating belt tension ] LJ
Overheated compuoiients ] O]
Other trouble signs L] Il

D.  Operate the muchine if possible.

(NOTE: Operate all electrical circuits and look for sparks or smoke which
might indicate the trouble.)

E. List the possible causes.




INFORMATION SHZ

F Reach a conclusion.

(NOTE: Scan your list of possible causes to determine the most likely
causes and those which are easiest to verify.)

G. Test your conciusion.

(NOTE: Guessing is time-consuming and expensive.)
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oeries Gircuit Rules

12V

A. | = E/IR

= 12/6 = 2 Amperes
B. E=1IR

E =2 x 2 =4Volts

E=2 x4 =8 Volts
C. 4 + 8 = 12 Volis

DE-67
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Parallel Circuit Rules

6 Amps —

+
12V -:- 2 Amps 4 Amps §39
- 1 60 1

‘ ~—0 AMpSs

A. Battery voltage across
each resistor = 12 Volts

B. | = ER = 12/6
= 2 Amperes

| = E/IR = 123

= 4 Amperes

C. |l =6 Amps R = Ell
= 12/6 = 2 Ohms

Q P"j() ™2




Serigs-Parallel Circuit Rules

—AW

20 3 Amps-—p

1AMP2 2 Amps

Fal

Series-Parallel Gircuit

A. Resistors in parallel 2 ohms
Resistor in series 2 ohms
Total resistance 4 ohms

T =12/4 = 3 amps

Resistor in series
E=IR=3x2 = 6volts
Resistor in parallel

12 — 6 = 6 volts

6 ohm resistor

| = EER = 6/6 = 1 amp
3 ohm resistor

| = E/R = 6/6 = 2 amps

Reproauced by parmission of Deare and Company, © 1984
Deere & Company. All rights reseived,

a31)
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Causes of Electrical Failures

\ )
t Open |
No Electrical low
Open Circuit
1 Ground ; l
T g L
Increased No Electrical
Electrical Flow Fiow

Grounded Circuit

81

y-Pasi

> /UO'_IWL —
? Short 1
T -

Increased Electrical Flow

Shorted Circuit

30

N =,
/»/ff(

' = .
~ / Lost Energy
Through Heat
Poor or Loose Corroded Damage !
Connections  Connections Wires
High Resistance Circuit
F
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¢ Typical Engine Compartment
Wiring Diagram

R.H. MARKER LP
@
m

S
) i E 34 1 4 6
2 Em ‘fnt & {, Q
R.H. FENQER w L ﬁ \
LA 2 o & -— l?r
Wm [+ 4
Q%{%ag l\j /f V-8 ENG !
®
Q ~
i n g P S o=y
R I‘W .Tg - o I R > 5 J
i ‘ ‘
L2 o B
- 14 0R
BRAKE
WARN SW

R.H. PARK & DIR,
§'G. LAMP
@ 0 -—r
J| ||

{

JASH PNL, =

20 WOR PPL TR e

16 7

L-8 ENG

16 LG
20 BRN
20 DBL
10 RED
-
[
"

-
R 4
)

i TEMP L 10 B 4 ‘@ﬂ]
MP Sw
EQ a OIL @ ( :zggt é
PN Qf PRESS 6 ﬂ - |
1 — 8 a'LO OR/8
L
HORN i
S RELAY & (18 Vg )
> Q1 |lsuzzer y p
b S - L3 . g 1‘ &
[ £.C. t @ {5 &
GEN. } UERT —
, \ R (&1 g e
; ~18 B
20 OR (HYP) \-_L__‘ l
16 W -—j St
t6 DBL ==
B
12 R |
20 BRN ~
@ e U 16 BRN ~
10 R 16 B i
LH.PARK 8 DIR. * ©fm 5 10 R ) InJ
SIG. LAMP e ;g Pg,L i
2 L
“~— 20 DG )
{ — 181.6 , )
20 B
167
~ 0P pBL B y
20 BRNS A 20 BRN g
420 BRN
L.H. FENDER L @——20 Y—
LAMP L.H. MARKER LP

(Courtesv of Chevrolet Motor Division of General Motors Corporation)
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ELECTRICAL CIRCUITS
UNIT Il

HANDOUT #1 — WIRE GAUGE RECOMMENDATIONS

TRACTOR CIRCUITS

Cable gauge recommendations for rewiring

12.Volt 6-Voit 12.Volt 8-Volit
CIRCUIT Gauge Gauge CIRCUIT QGauge Gauge
AMMEYER TO: QGENERATOR TO:
Starter Motor 12 10 Regulator (Armaturo) 12 10
Ignition Switch 12 10 Regulator (Fleld) 12 10
Light Switch 12 10 Ground (Regulator) m] 16
Voitage Reg. (Batt.) 12 10
Horn Relay 10 HEAD LAMPS TO:
BACK-UP LAMP 18 14 Qround 18 16
BATTERY CABLES (Soe Note Below) HEATER
COIL TO: HORN RELAY TO:
Ignition Switch 16 14 Feed 12 10
Distributor 16 14 Horn 12 10 '
Switch 18 16
CIGAR LIGMTER 16 14
LIGHT SWITCH TO:
CLOCK 16 18 Parking Lights 18 10
Tail Lamps 16 14
DIMMER SWITCH TO: License Lamp 18 16
instrument Lights 18 16
Light Switc., 14 12 Stop Light Switch 16 14
Low Beam Head Lamp 1a 14
High Beam Head Lamp 14 12 OIL PRESSURE GAUGE TO:
High Beam Indicaior 18 10
Feed 18 16
DIRECTIONAL SIGNAL SWITCH YO: Sending Unit 18 16
Fla"s[}or s ‘" 18 1: RADIO
Lett Turn Signal Lamps 16 1
Right Turn Signal Lemps 18 14 REAR SEAT SPEAKER 18 16
Stop Lamp Switch 16 14 SPARK PLUG CABLE
DOME LAMP TO: SPOT LAMP 16 14
Feed 18 16 STARTER SWITCH TO SOLENOID 12 10
Switch 18 18
Qround 18 ] TEMPERATURE GAUGE TO:
DIRECTIONAL SIGNAL Ignition 18 16
Sending Unit 16 16
FLASHER TO:
Ignition 18 18 TRAILER-CONNECTOR CORD:
Direction Indicator Lamps 18 18 7 Gonductor (8112 and 1110)
FUEL (GAS) GAVUGE TO: 8 Conductor 16 14
4 Conductor 16 14
ignition 18 18
Sending Unit 18 18 TRUNK LAMP 16 14
UNDER HOOD LAMP 16 14
NOTE: Battery Cable — Ampera draw of atarter motur depends on many factors. It | advisable to use the sume siza cable recommended by the

vehicle inanufacturer.

Tractor and Traller Ampere and Candlepowsr Requirementa

12.VOLY UNITS B8-YOLT UNITS
Meximum Design Cendlepower Meximum Design Candlepowar

ELECTRICAL UNIT Ampares Voltage or Watte Amperes Voitege or Watte
Clearance and Marker Lamps............... R 12.6 3 R 7.0 3
Coll .......... PR PPN 45 - - 4.8 - -
Directional SBignal Lamps .................. 2.1 12.8 32 3.0 8.4 21
DomaLamps ......coovviiiiieniininreone,d 1,0 12.8 13 20 8.8 18
Gaa GRIGE ... ii i e e 2 14.5 - 3 7.2 -
Meud '.ampa — Upper .........oovvvnvenn, 4.2 12.6 50 Watts 7.4 6.4 45 Watte

—~ LOWBE. ..ot 4 12.8 40 Watts 508 (X ] 45 Watts
2 [+ 1 T Ceeeaes 7.0 - - 10.0 . .
Iratrument Lamp.........covvven Ceieeees 3 14.0 2 3 7.0 2
Liconse Lamp........oovvvvivnninnss e 5 128 3 7 1.0 3
Perking Lamps. ..o e eavas .8 14.0 4 9 7.0 3
BpotLamp ....oovviiiiiiiiiiiiiinns Ceeves 2.8 12.6 30 Watts 4.3 6.2 30 Watte
BIOPLAMP ..t iiiiiiiin i iieeniinaneas 2.1 126 32 3.0 (X ] a1
TeliLamp.........vue [ AN 8 14.0 A 9 7.0 3

Reprinted with permission of General Motors Corporation.

ERIC

Aruitoxt provided by Eic:
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HANDOUT #1

Front identification Lamps

Front Top Ciearance and
(12 ga. brown)

Front Top Sids-Marker Lamps (12 ga. black)

Hear Top Side-Marker and
Rear Top Clearance Lamps

'
See ATA £-3-1981 (12 ga. black)
. For Coupler
7 Conductor Spacification
Connector

Middie Side-Marker L.amps
(12 ga. brown)

R.M. Turn and .
Disabliity Lamp

(12 ga. green)

O Lamps showing to rear

O Lamps showing to front
‘ Red Reflectors

@ Amber Refiectors
D To black or brown wire

Rear Identification Lamps
(12 ga. brown)
@ Ow. Tali and License Lamps
(12 ga. brown)
A top Lamp (12 aa. red)
L.H. Turn and Disabililty Lamp
(12 ga. yeliow)
Seven Conductor Cord Wirlng Diagram

Reprinted with permission of General Motors Corporation.

DELCO CABLE NUMBERS FOR TRAILER WIRING

12-Gauge Cablo

Cg'r:wnac(:)t?r Code Color Plastic Covered Insulex
6 - Do ow e e Brown 954 812X
2 CETER——D Black 954-B 812-BX
5 ®enesscoe Green 954-G 812-GX
4 s0doeevseoe Red 954-R 812-RX
7 - as e W e Blue 954-U 812-UX
3 SEEErE———— Yellow 954-Y 812-YX
1 G e———— White 954-W 812-WX

RO
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® ELECTRICAL CIRCUITS
UNIT I

ASSIGNMENT SHEET #1 — READ A WIRING DIAGRAM

NAME SCORE
erlng Dlagfam {-@ R.H. MARKER LP

R.H. FENDER

N ML

pol:3
I—QAD SUPT

LAWP, & DT
@y E S [ K]
Be ) [
(D @ ~ L=
R.h PARK & DIR. = r"""‘““'“ o#
SIG. LAMP t LR 13 x un:xis
» =) WARHN SW
8 £ '
J
[73
[
z 20 Y Y
(L]
gr @ aw Q DASH PNL.—%
y 22 o oo
‘iA 5OR 108 g
9\;\3 e =]
o~ 16 DBL = I E 1
- ‘\: >
-
EL‘, ] 10 OR 8
z ] —— 18 Aty
5} 218 ¥, }l: e
g Y KA
a C') .—\.} . g [ g
\ : e | R B
RXG GEN, b \ ~—
I ' —
W 188
20 QR MY M
ownn | J | \ o= )
1L oaL —
100 -~ !
Of:2 e a)
{16 DRN
.3_. [Lwor
L.H. PARK & DIR Sla - J
€ LAMP 20 DBL
5 2|® 0B
. \~ 20 0G
o . — 11
28
W of w !

a— 20 BRN
L.H. FENDER -@'—” B i

LAMP L.H. MARVER LP

: .
0P OBL B
qu**l 20 “N-J L 20 BRN J

(Courtesy of Chevrolat Motor Division of General Motors Corporation)

Diructions: Use the wiring diagram to complete the questions below. List the wire size and
color for the following components.

Gauge of Wire  Color of Wire
Temperature sender switch
Oil pressure sender switch
Alternator battery wire
Headlight ground wire
Heater blower motor feed wire

s N2

|
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Full Tt Provided by ERIC.

o > O N

20 gauge
16 gauge
10 gauge
20 gauge

14 gauge

ELECTRICAL CIRCUITS
UNIT Il

ANSWERS TO ASSIGNMENT SHEET

Derk green
Dark blue
Red

Biack

Orange

87
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'ELECTRICAL CIRCUITS
UNIT Il

JOB SHEET #1 -~ CHECK VOLTAGE

A.  Tools and materials
1. Battery
2. \Voltmeter
3.  Appropriate service manual

B. Procedure

(CAUTION: Remove all Jewelry hefore working on any elsctrical circuit, and follow all
shop safety procedures.)

1. Connect negative lead from voitmeter to negative (~) battery terminal.

2. Connect positive lead to positive terminal (+). (Figure 1)
FIGURE 1

"\\ 1|° /‘5 20%-—-—-- 20 Volt Scale
0 1.2.3 4*]\ 4 Volt Scale
: @ i Posltive Lead
‘ Negatlve Lead ‘\ ,
-
. @EJ &S

b V=g
Selector &_‘ - 4/
A

Battory

d.  Read voitmeter scale to see if you have batiery rated voltage.

4. Charge battery to its rating before performing any other electrical tests |f you
don't have normal battery voltags.
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ELECTRICAL CIRCUITS
UNIT Ii

JOB SHEET #2 - CHECK A CIRCUIT FOR AN OPEN

Tools and materials

1. Circuit board or vehicle

2.  Voltmeter

3. Ohmmeter

4. Test light
Procedure

(CAUTION: Remove all jewelry before working on any electrical circult, and follow all
shop safety procedures.)

1. Check an open clrcuit using voltmeter.

a. Connect the clrcuit to a battery sour.e so current can flow through each
component.

b.  Connect voltmeter leads on each side of the component.

89
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JOB SHEET #2

Read voltmeter.

1) If all the components in a circuit are good, each one will drop a portion of
battery voltage. (Figure 1)

4 e
FIGURE 1 S=n
-+ —

4.

E@

0

N
{

|1}

12v

i
_1
1

In a closed ¢\ cult,
each componunt drops
a portion of source voltage.

A printed with permissicn from the teath Cr ypany.

2) If one component burns out and creates an open, it will have battery volt-
age across its leads. The other components will have zero voltage across

their leads. (Figure 2)
FIGURE 2

Source voltage s
measured acroas the

open In an open circult,
Reprinted with pertalssion from the Heath Company.
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‘ JOB SHEET #2

2. Check an open circuit using an ohmmeter.

(CAUTION: When an ohmmeter Is used to locate an open, the battery must be
disconnected. See Figure 3.

FIGURE 3

\I/
4-\—\\@/:¢

i

v
| (S e —
» O3

Curmrent flow through an chmmeter can damage the ochmmeter.
Reprinted with permission from the Heath Company.
a. Connect the ohmmeter to each side of the component.

‘ b. Read ohmmeter scale.

(NOTE: The ohmreter indicates an open circuit with a reading of infiniia
resistance.)

3. Check an open circuit using a test lamp.

a Connect the clip wire to one terminal of the battery. (Figure 4)

b. Touch the probe at various polnts beginning at the other battery terminat.
(NOTE: Each time the probe touches the circuit between the terminal and
the open, its lamp wlll light. When it goes past the open, the test lamp will
no longer light. See Figure 4.)

FIGURE 4

Looating ar open with a test lamp.
Reprinted with permission from the Heath Company.
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ELECTRICAL CikCUITS
UNT 1]

0B SHEET #5 -~ (NSTALL A SOLDEREYD TERMINAL

A, Toais and equipment:

1. Sokdering gun o tron
2. Hesin cots soldar

3. Medoin savdpaps.
4, Terming

5 Cisctnusi wire

&  EBlechival tape
7. Saloty glasses
3. Procedure
1o &liilp and of insulathon baek from wire to parmit instaliadion of weminal, iFlgurs 1)
MOTE: Adways use the same @78 wire 4y sriglnelly ueed oy the maniacturer)

FIGiifneE o

7T
Toraing (: w)

\ ?, Vfira
\‘;] {gl \‘7 Insulation dtrippod Back
1 J
b e e WwB b " ‘ /‘

Earn .
o BAtION

|
|
S'W\/Wj

2. Ciean terminai with sandpaper.

2
&0




JOB SHEET #3

Place wire in terminal and bent! ears of terminal around wire. (Figure 2)

FIGURE 2

O&eq ¢

-

Soider terminal to wira. (Figure 3)
(CAUTION: Use only resin core solder on electrical connections.)

FIGURE 3
/v7 P Tip Soldering Gun

/ 4 Resin Core Solder

< = B

foronival Wire

(NOTE: The puwrpose of the soldering iron Is not to melt the solder itself but to
heat the parts being solderasi to a temperature high enough to melt solder when
it is touched to the work.)

Tape connection, (Figur~ 4)

(NOTE: It is only necessary to tape the connection if solder crimp area will con-
tact or ground against a metal arca.)

/’
( ( ”\) Tarminal End

/

/4..... Taps
(/

U
I

FIGURE 4

g Wire
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ELECTRICAL CIRCUITS
UNIT Hl

JOB SHEET #4 - INSTALL A SOLDERLESS TERMINAL

A Tools and equipment
1.  Crimping pliers
2. Terminal
B.  Procedure
1. Strip insulation from wire to fit terminal. (Figure 1)

FIGURE 1

Sclderiess Terminal

insulation Stripped Back

o Insutation

]

AN

34




JOB SHEET #4

2. Insert wire into terminal. (Figure 2)

FIGURE 2

LLLDD

A_L.—- Terminal

e Wire

NN
(NOTE: Aiways use the terminal that fits the wire properly)

3.  Crimp ths terminal to the wire.
(NOTE: Use the correct crimper opening when crimping the terminal to the wire.)
4. Connect terminal and wire to power source. .

(NOTE: Always use the proper size wire when making a repair)

_‘ Y
2o
i




A.

B.

ELECTRICAL CIRCUITS
UNIT il

JOB SHEET #f - SPLICE A WIRE (SOLDER METHOD)

Tools and equipment
1.  Soldering gun or iron
2. Electrical wire
3. Reslin core solder
4, Electrical tape
5. Safety glasses
Procedure
1. Strip back Insulation one Inch (25.4 mm) from ends of wire. (Figure 1)
FIGURE 1

ii‘ ot 1" \ré

insulated Wire (25.4 mm) (25.4 mm) insuiated Wire

Strip Insulation from Wire

2. Intertwine the wire ends together.
3. Twist the strands together.

4. Solder the wires. (Figure 2)
) e SOICOING Gun TipP

FIGURE 2
Solder””
Wire Wire
N\ i /

5

Splice

| g\IOTE: Allow the soldering Iron to heat the wire first, then apply solder as shown.
nly flow enou?h solder on spilce to hold wire securely. Do not waste solder or

bulld up joint. |
5. Tape splice by wrapping neatly with electriual tape.

splice has 100 much solder, the splice joint will break.)

S0
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ELECTRICAL CIRCUITS
UNIT |i

PRACTICAL TEST
JOB SHEET #1 — CHECK VOLTAGE

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under “Process Evaluation” must receive a
“Yes” for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the “Yes” or “No” blanks to deslgrate whether or
not the student has satisfactorily achieved each 'step in this procedure. If the student is
unable to achieve this competency, have the student review the imaterials and try again.)

The student: YES NO

Checked out proper tools and materials.

Connected voltmeter leads to the battery correctly.

Read voltmeter scale.

Checked in/put away tools and materials.

Cleaned the work area.

Used proper tools correctly.

Performed steps in a timely manner (____hrs. min. sec.)
Practiced safety rules throughout procedure.

Provided satisfactory responses to questions asked. -

CEONOOO AN S

EVALUATOR'S COMMENTS:

a7
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JOB SHEET #1 PRACTICAL TEST

PRODULCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at Ieast a “3” for mastery to be demonstrated. (See performance
evaluation key below.) If the student Is unable to demonstrate mastery, student materiais
should be reviewer and another pioduct must be submitted for evaluation.)

Criteria:
4 3 2 1
Evaluation of
battery condition
EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

— Skilled — Can perform job with no additional training.

Moderately skilled — Has performed job during training program; limited

additional training may be required.

2 — Limited skill — Has performed job during training program; additional
training Is required to develop skill.

1 — Unskiiled — Is familiar with process, but Is unable to perform job.

(< I -
I

(EVALUATOR NOTE: If an average score Is needed to coincide with a competency profile, total
the designated points in “Product Evaluation” and divide by tie total number of criteria.)

1
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ELECTRICAL CIRCUITS
UNIT II

PRACTICAL TEST
JOB SHEET #2 — CHECK A CIRCUIT FOR AN OPEN

STUDENT'S NAME DATE

EVALUATOH'S NAME ATTEMPT NO. ______

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under “Process Evaluation” must receive a
“Yes" for you to recelve an overall performance evaluation.

PROCESS EVALUATION
(EVALUATOR NOTE: Place a check mark in the “Yes” or “No” blanks to designate whether or
not the student has satisfactorily achieved each step In this procedure. If the student Is

unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

Checked out proper tools and materials.
Checked for an open circuit using a voltmeter.
Checked for an open circuit using an ohmmeter.
Checked for an open clrcuit using a test lamp.
Checked In/put away tools and materials.
Cleaned the work area. .
Used proper tools correctly.

Performed steps in a timely manner (___hrs. min. sec.)
Practiced safety rules throughout procedure.

Providad satisfactory responses to questions asked.

COOXONOIOE WM~

P

EVALUATOR'S COMMENTS:




JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the foliowing criteria by circling the appropriate num-
bers. Each item must be rated at least a “3” for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1
Found the open
EVALUATOR'S COMMENTS:

. PERFORMANCE EVALUATION KEY

— Skilled — Can perform job with no additional training.
~ Morlerately skilled — Has performed job during training program:; limited
additional training may be required.
2 — Limited skill — Has performed job during training program; additional
training is required to devslop skill.
- 1 — Unskilied - Is famillar with process, but Is unable to perform job.

w

(EVALUATOR NOTE: If an average score Is needed to coincide with a competency profile. total
the designated points in “Product Evaluation” and divide by the total number of criterla.)
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ELECTRICAL CIRCUITS
UNIT i

PRACTICAL TEST
JOB SHEET #3 — INSTALL » SOLDERED TERMINAL

STUDENT'S NAME . DATE
EVALUATOR'S NAME ATTEMPT NO..

Instructions: When you are ready to perform this task, ask your instructor to cbserve the pro-
cedure and complete this form. All items listed under “Process Evaluation” must receive a
“Yos" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the “Yes” or “No” blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

Checked out proper toois and materials.

Stripped end of insulation back from wire.

Cleaned terminai.

Soldered terminal to wire.

Taped connection.

Checked in/put away tuols and materials.

Cleaned the work area.

Used proper tools correctly.

Performed steps in a timely manner (__hrs. ___min. _sec.)
Practiced safety rules throughout procedure.
Provided satisfactory responses to questions asked.

SN ROND A

=

EVALUATOR'S COMMENTS:
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Fiate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a “3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstirate mastery, student materials
shoutd be reviewed and another product must be submitted for evaluation.)

. Criteria:
4 3 2 1
Used correct amount
of sulder
4 3 2 1
Connection soldered
properly
EVALUATOR'S CUMMENTS:

PERFORMANCE EVALUATION KEY

— Skilled — Can perform job with no additional training.

Moderately skilled — Has performed job during training program; limited

additional training may be required.

— Limited ski'l — Has perform2d job during training program; additional
trairing Is required to develop skill.

1 — Unskilled — Is familiar with process, but is unable to perform job.

N W@
I

(EVALUATOR NOTE: If an average score Is needed to coincide with a competency profile, total
the designated polnts in “Product Evaluation” and divide by the total number of criteria.)




ELECTRICAL CIRCUITS
UNIT I

PRACTICAL TEST
JOB SHEET #4 — INSTALL A SOLDERLESS TERMINAL

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under “Process Evaluation” must receive a
“Yes” for you to receive an overali performance evaluation.

PROCESS EVALUATION
(EVALUATOR NOTE: Place a check mark in the “Yes” or “No” blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

Checked out proper tools and materiais.

Stripped insulation from wire.
Selected the correct terminal.

Crimped terminal to wire using the correct crimper opening.

Checked in/put away tools and materials. —-
Cleaned the work area.

Used proper tools correctly.
Performed steps in a timely manner (___hrs. ___min. sec.)

Practiced safety rules throughout procedure.
Provided satisfactory responses to questions asked.

COINIOARWN =

P

EVALUATOR'S COMMENTS:
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JOB SHEET #4 PRACTICAL TEST

PRODUGCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num:-
bers. Each item must be rated at least a “3" Tor mastery to be demonstrated. (See performante
evaluation kay below)) If the student is unable to demonstrats mastery, student materials
should be raviewad and another product must be sutmitted for evaluation.)

Criteria:

4 3 2 1
Wire to terminal
connection

4 3 2 1
Appearance ot
terminal end
EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATIOM KEY

4 — Skilled — Can parform iob with no additional training.

3 — Moderately skilied — Has performed job during training program; limited
additionai training may be requirad.

2 -— Limited skill — Has perfermed job during training program; additiona!
training is required to develop skill.

1 — Unskilled -~ s familiar with process, tut is unable to parform job.

(EVALUATOR NOTE: If an averagse scora I8 needed to coincide - 7ith a competency profile, total
the designated points in “Product Evaluation” and divide by the total number ot criteria.)
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ELECTRICAL CIRCUITS
UNIT i}

PRACTICAL TEST
JOB SHEET #5 — SPLICE A WIRE (SOLDER METHOD)

STUDENT'S NAME _ DATE

vt ‘TS o

EVALUATOR'S NAME ATTEMPT NOQ..

Instructions: When you are ready te perform thiis task, ask your instructor to observe the pro-
cedurs and complete this foerm. All items listed under “Process Evaluation” must racaive a
“Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALLIATOR NOTE: Place a check mark in the “Yes” or *No” bianks to designate whether or
not the siudent has satisfactoriiy achieved each step in this procedure. If the student is
unabie to achieve this competency, have the student review the materials and try again.)

The student: YES NO

Checked out proper tools and materials.

Stripped back insuiation.

Intertwined the wire ends together.

Twisted the strands together.

Soldered the wires.

Taped splice with slectrical tape.

Checked in/put away tools and materials.

Cleaned the work area.

Used proper tools correctly.

Performed steps in a timely manner (___hrs. min. sec.)
Practiced safety rules throughout procedure.
Provided satisfactory responses to questions asked.

—
COLODPNOAD DN =

-t
N =

EVALUATOR'S COMMENTS:

1035
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JOB SHEET #5 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bere. Each item must be rated at least a “3” for mastery to be demonstrated. (See performance
evaiuation key below.) If tha student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1
Amount of solder
used

4 3 2 1
Connection soldared
properly

4 3 2 1
Appearance of splice
EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

~- Skilled — Can perform job with no additional training.

Moderately skilled — Has performed job during training program; limited

additional training may be required.

— Limited skill — Has performed job during training program; additional
training Is required to develop skill.

1 — Unskllled — Is familiar with process, but is unable to perform job.

(SN ARN
|

(EVALUATOR NOTE: If an average score is needed to coincice with a competency profile, total
the designated points in “Product Evaluation” and divide by the total nurmber of criteria.)
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ELECTRICAL CIRCUITS
UNIT II

1. Match the terms on the right with their correct definitions.

TEST

SCORE

DE-105

(NOTE: Terms and definitions are continued on the foliowing page.)

a.

—_b.

A device that opens and closes a circuit

Stranded conductor usuaily covered with
insulating material

Sealed unit containing resistors, diodes,
and transistors

Drawing that uses electrical symbols and
lines to show electrical circuits

Wire, usually with ailigator clips, that is
used to provide current or ground to an eiec-
trical device

A test instrument used to find current fiow

A self powered light, used to check for open
circuits.

A multiple connection point for current or
ground which can also be used as a test
point

Continuous path along a conductor through
which electrical current can flow from a
source, through a load, und back to the
source

Type of screw, post, pin, or socket at the end
of a wire or cabie

Refers to the grounded battery terminai or
to an eiertrical circuit or to the north and
south pole of a magnet

Any system of wires which are taped
together for slectrical distribuion through-
out the vehicle

Uninsulated side of a circuit which is in a
vehicls

167

Cable

Circuit

Continuity light
Crimping tool
Doubie filament hulb
Gauge

Ground

integrateu uircuit
Junction block

Jumper wire

. Polarity

Single filament bulb

. Solder
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3.

TEST

e Bulb with only cne lighting element

0. Bulb with two highting elements

S < X A tin lead alloy with a low melting point;
‘1sed to fuse electrical connections

—_q Determines the diameter and the capacity
of a wire or cable

r A tool that delivers high temperatures; used
to meilt solder

S. A tool used to crimp terminals to wires

14,
15.
16.
17.
18.

19.

Soldering iron
Switch
Terminal

Test light
Wiring diagram

Wiring harness

Calculate the voltage drop across each resistor in the following series circuit.

20 <« Resistora

{(A—— W
*| 2amps—*
12V, ¢
49
YwwwW—
- Resistor b
a b.

Calculate t' 2 current going through each resistor in the following parallel circuit.

6 AMPS —
Resistor a
1l A\ J
12V._—- L 6Q l339
AN
- 6 AMPS Resistor b
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TEST

4,  Caiculate the current going through the resistor that is in series, in the following series-
parallel circuit.

20 AMPS —p

12\/.._"_.[ AMPl eA:';APSl .

Answer .

5. Match the basic electrica’ circuit failures on the right with the coriect causes.

a. Break in an electrical circuit which causes 1. Grounded circuit
extremely high resistance

2. Hi?h resistance cir-
—b. Unwanted connection, usually copper to cuit
copper, that allows current to bypass all or
part of the circuit 3. Open circuit

c. Unwanted connection that bypasses all or 4. Shorted circuit
part of the circuit from the insulated side to
the grounded sids of the circuit

N« § Failure caused by poor or corroded connec-
tions or damaged wires which reduces cur-
rent flow in the circuit

6.  Select true statements concerning voltage drop by placing an “X” beside each state-
ment that is true.

a. Voitage drop occurs when elactricity flows through a resistance.

—b. Voltage drop can be measured directly by connacting the voltmeter across
the component with the circuit turned off.

c. Voitage drop can be measured b(}/ connecting a voltmeter on each end of
the component or wire to ground.

d. Voltage drop adds up when connected in series with the load.

7. Name three types of circuit protection.
a.
b.

c.
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10.

TEST

Complete the following statements concerning selection of cable for rewiring needs by
inserting the word that best completes each statenient.

a. Cable should be of proper _
trical loads.

size to handle maximum required elec-

b. Cable should feature
longest cable life possible.

and covering materials which provide the

Select from the following list characteristics of a wiring diagram by placing an “X”
beside each characteristic.

a. Wiring diagrams are necded only for beginning mechanics.
—_b. Lines represent wires.

C. Wires have identification numbers.

d. Troubleshooting suggestions are included on the diagram.

—_—8. Wires are color coded.
—f Components are represented by symbols.

Q. Symbols indicate locations of circuits or components in the vehicle.

Label the parts of the following circuit identification code by filling in the blanks.

) 2A 18 BLY

Main Circuit Identification e JNSSY - P

Part of Main Circult w— b.




TEST

11.  Match the types of connectors on the right with their correct names.

—Db.

a.

Three way connector

Roll type

Female slide connector

Female shap-on

Insulated butt coniector

Slotted-flange bay type

Lugy type

Ring type

Male slide connector

Male plug connector

Slotted hook type

Female plug connector

?r-;

1.

o

10.

"o R

DE-109
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12,

TEST .

Arrange in order the steps to follow in troubleshooting electrical systems by placing the
correct sequence number In the proper blank.

a. Inspect the system.

—Db. Reach a conclusion.

c. Know the system.

d. Operate the machine.

e. Ask the operator.

—F Test your conclusion.

g. List the possible cause.

(NOTE: If the following actlvities have not been accomplished prior to the test, ask your
instructor when they should b2 completed.)

13.
14.

Read a wiring diagram. (Assignment Sheet #1)

Demonstrate the ability to:

a. Check voltage. (Job Sheet #1)

b. Check a clrcuit for an open. (Job Sheet #2)
c. Install a soldered terminal. (Job Sheet #3)
d. Install a solderless terminal. (Job Sheet #4)

e. Splice a wire (solder method). (Job Sheet #5)

11
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) ELECTRICAL CIRCUITS
UNIT Il

ANSWERS TO TEST

1. a. 15 h. 9 0. 5
b. 1 i 2 p. 13
c. 8 J. 16 Q. 6
d. 18 k. 11 T 14
. 10 I 19 S. 4
f. 17 m 7
g. 3 n. 12

2. a. 4 volts
b. 8 volts

3 a 2 amps
b. 4 amps

4. 3Jamps

5. a 3
b 4

. c 1
d 2

6. aocd

7. a. Fuses
b. Circuit breaker
c. Fusible links

8 a Gauge
b. Insulating

9. bocefg

10. a. Color of wire
b. Gauge of wire

1. A 9 e. 7 i 10
b. 2 f. 6 J. 11
C. 5 g. 4 k. 8
d. 3 h. 1 l 12

12, a. 3 e. 2
b. 6 f.

C. 1 Q. 5
d. 4
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ANSWERS TO TEST

13.  Evaluated to the satisfaction of the instructor

14.  Performance skills evaluated to the satisfaction of the instructor
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ELECTRICAL INDICATOR CIRCUITS
UNIT 1l

UNIT OBJECTIVE

After completion of this unit, the student should be able to test gauges, sending units, and
indicator light circuits. Competencies will be demonstrated by completing the job sheets and
the unit tests with a minimum score of 85 percent.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

-

Match terms related to electrical circuits with their correct definitions.

Match electrical indicator circuits with their correct functions.

Name two electric gauge operation designs.

Arrange In order the steps in the operation of magnetic gauges.

Distinguish between oil pressure and temperature indicator light circuits.

Name two types ot charging indirator circuits.

2
3
4
5. Name three types of sending units.
6
7
8

Damonstrate the abiiity to:

b.

Test gauges and sending units (tank unit method). (Job Sheet #1)

Test gauges and sending units (grounded wire method). (Job Sheet #2)
Test oll pressure indicator light. (Job Sheet #3)-

Test temperature indicator iight. (Job Sheet #4)

9 o

L1o .
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ELECTRICAL INDICATOR CIRCUITS
UNIT 1l

SUGGESTED ACTIVITIES

Obtain additional materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of ir.struction.

(NOTE: This activity should be completed prior to the teaching of this unit.)
Make transparency from the transparency master included with this unit.
Provide students with objective sheet.

Discuss unit and specific objectlives.

Provide students with information sheet.

Discuss information sheet.

(NOTE: Use the transparency to enhance the information as needed.)
Provide students with job sheets.

Discuss and demonstrate the procedures outlined in the job sheets.
Integrate the following actlvitles throughout the teaching of this unit:

1.  Give students a wiring dlagram and have them trace the indicator circuits.

2. Meet Individually with students to evaluate their progress through this unit of
instruction, and indicate to them possibls areas for improvement.

Give test.
Evaluate test.

Reteach if necessary.
REFERENCES USED IN DEVELOPING THIS UNIT

Blanchard and Ritchen. Auto Engines and Electrical Systems. 5th ed. New York, NY:
Motor, 1970.

Fundamentals of Service: Electrical Systems. 4th ed. Moline, IL: Deere & Company,
1979.

Graf, Rudolf F. and George V. Whalen. Automotive Electronics. Indianapolls, IN: Howard
W. Sams and Co., 1970.

Schulz, Erich J. Diesel Mechanics. 2nd ed. Dallas, TX: Gregg Division/McGraw-Hill Book
Co., 1983.
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SUGGESTED SUPPLEMENTAL RESOURCES

A. Text

Automotive Electronics and Electrical Equipment, 9th ed.
Order #014831-7

Gregg/McGraw-Hill

PO. Box 996

Norcross, GA 30091

(404) 449-1837

B. Filmstrip

Basic Troubleshooting and Repair of Automotive Electrical Components
Order #B-461

3 cassettes, 3 filmstrips, study guide

Teaching Aids Incorporated

PO. Box 1798

Costa Mesa, CA 92628-0798

11y
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ELECTRICAL INDICATOR CIRCUITS
UNIT il

INFORMATION SHEET

. Terms and deflnitions

A.  Gauge — Instrument with a graduated scale

B Indicator light — A light in the dash that indicates a problem in the system
C. Pyrometer — A sensitive voltmeter that measures exhaust temperature
D

Sending unit (sender) — Variable resistor that controls the current fiowing
through the gauge which affects needie movement

IIl.  Electri 1i Indicator circuits
(NOTE: Gauges and indicating ligits are used in various combinations.)

A.  Fuelindicator circuit -~ Gauge and tank unit to indicate the quantity of fuel
in the tank

B. Temperature indicator circuit — Dash panel and engine unit to indicate the
temperature of the engine conlant or ungine oil

c. Oil Pressure indicator circuit — Dash panel and engine unit to indicate
engine oll pressure

D. ?hargting indicator circuit — Dash panel unit to indicate alternator charg-
ng rate

lil.  Electric gauge operation design

A. Variable voltage Key Switeh

Ammester o
$—¢ Gauge

£\ Operating
Starter Coll
Switch
-;% ) Sender
Limiting Rheostat
Coll eostat _
) F'l
" Partly Full Position _ .{—--.
Battery

Empty Position

Reprinted from MOTOR Auto Engines & Elsctrical Systems
® 1970 by permission of The Hearet Corporation.

(NOTE: Current is directed from the ammeter to the key switch, to the
gauge, to the sender, and then to ground.) '
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V.

INFORMATION SHEET

B. Constant voltage

S n—_} Temperature

Battery

Voltage Oll Pressure Temperature Fuel Level
Regulator Gauge Gauge Gauge

h
/\ /\
GG T
1
Case Must =
Be Grounded L

Sender Unit

6II Pressure Fuel Level
Sender Unit Sender Unit

Reprinted from MOTOR Auto Engines & Electrical Systems
© 1070 by permission of The Hearst Corporation,

(NOTE: Current fiow is the same as in the variable voltage design. The volt-
age regulator is to regulate the variable (input) voltage from the ammeter, to
produce a constant 5.0 volts output to the gauges.)

Operation of the fuel, temperature, and oll pressure magnetic gauges

(NOTE: The following pfocedures apply to AC, Auto-Lite ar 4 Stewart-Warner varia-
ble voltage systems.)

A Current from the battery passes through the limiting coil to the common
connection between the two coils.

Key

Ammeter Switch

Operating
Starter Coll

Switch

Reprinted from MOTOR Auto Englnes & Electrical Systems

©

1970 by permission of The Hearst Corporation,
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INFORMATION SHEET

B.  Current can take two paths, one thrcugh the operating coll of the gauge
and the other through the wire to the sending unit.

Ammeter Key Switch

?

Gauge
{ Operating
Starter Coll
Switch
K
S Limiting \§
Coll
[
a1 {
Battery Sending

Unit

Reprinted from MOTOR Auto Engines & Electrical Systems
© 1970 by permission of The Hearst Corporation.

C.  With low resistance in the sending unit, only a small amount of current
flows through the operating ccil.

(NOTE: With more current going through the limiting coill, it becomes mag-
netically stronger and the needle is pulled to the left.)

Battery Key Switch

Limiting Operating
Limiting  Operating Coll Coll
Coll Coll ~ Stronger Weaker
Magnetic Magnetic
Sending l } Fleld Field
Unlt I \ - N *
Low Less
Resistance More Current
P, Little Curren\t
Most Of Current -
Current

Reprinted from MOTOR Auto Engines & Electrical Systems
© 1970 by parmission of The Hearst Corporation.
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INFORMATION SHEET

D.  With high resistance in the sending unit, more current will pass through the
operating coil.

(NOTE: As tF e magnetic strength of the operating coil increases, the needle
is pulled to the right.)

Limiting

Resistance

Increased Current
Increased Magnetic

Reprinted trom MOTOR Auto Engines & Electrical Systems Puli

© 1970 by permission of The Hearst Corporation.

V. Sending units

A. Fuel

1. When the tank is empty, or the fuel supply is low, the sliding brush
has moved to eliminate all resistance in the sending unit.

Most of Reslistance
Cut Out

Current

Reprinted from MOTOR Auto Englnes & Electrical Systems
© 1970 by permission of The Hearst Corporation.




INFCRMATION SHEET

2. When the tank is full, a higher fuel ievel moves the sliding brush
along the rheostat, increasing the resistance.

Limiting

K .
® T Coll

Battery Switch

Operating
Coll

Increased -
Resistance s i
-— ! Current

Less X 7

Current

Reprinted from MOTOR Auto Engines & Elacirical Systems
© 1970 by permiasion of The Hearst Corporation.

B.  Oil pressure (Transparency 1)

1. When the oil pressure is low, the diaphragm moves the sliding con-
tacts a small distance causing a small amount of resistance.

Limiting
Key Coli
Switch

Operating
60 \, coil

_g—ﬂ

Battery

Resistance

Sliding Contact

Diaphragm . To Englne

Oli Connection

Reprinted from MOTOR Auto Engines & Electrical Systems
© 1870 by permiaslon of The Hearst Gorporation.
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C.

INFORMATICN SHEET

2. When the oil pressure is higher, the ciaphragm is flexed more, caus-
ing higher resistance.

Higher Pressure

Operating

Limiting Coll Coli

’ Key Switch
= | Battery

increased

Resistance

7,

More Of
The Current

To Enginc
Oil Connection

Higher Ol Pressaure
Moves Diaphragm

Reprinted from MOTOR Autc Engines & Electrical Systems
© 1870 by permission of The Hearst Corporation,

Temperature

1. The element in the sending unit has a high resistance value when
cold and a low resistance value when hot.

Reprinted tfrom MOTOR Auto Engines & Elsctrical Systems
© 1970 by permission of The Hearst Corporation.
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‘ INFORMATION SHEET

2. Asthe sending unit heats, its lowered resistance allows more current
to fiow through the operating coll thus pulling the needie to the high
or “HOT" side of the scale.

Limiting

Coll Operating

Coli

r}-\—-

Battery

Reprinted trorn MOTOR Auto Engines & Elactrical Systems
© 1970 by permiseion of The Hearat Corporation,

VI.  Operation of the oll pressure and ten\perature indicator light circuits
. A. Oll pressure (Transparency 1)

1. The light Is wired In serles with the ignitlon switch and the sending
unit.

(NOT?: The sending unit contains a diaphragm and a set of con-
tacts.

2. When the Ignition switch Is turned on, current goes through the light
and through the closed contacts.

3. When the engine is started, bulld-up of oil pressure compresses the
diaphragm, opening the contacts, thereby breaking the circuit and
putting out the light.

B. Temperature

1. Abimetaliic sensing switch is connected In serles with an incandes-

cent lamp, mounted on the instrument panel and excited by the bat-
tery.

2. Under normal conditions the lamp remains off.

(NOTE: As a test circuit, when the ignition is In “start” position, the
red bulb will be lit If it Is functioning properly.)

3. If the water temperature should reach a point where the engine
approaches an overheated condition, the red light wiil be turned on
by the sending unit (temperature switch).
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INFORMATION SHEET

VII.  Charging indicator circuits

A. Indicator light

1,

Terminal #1 of the voltage regulator is connected with the parallel
indicator lamp and resistor to the key switch.

With the key switch on, current flows from the battery through the
switch, the resistor, and light indicator to #1 terminal and onto junc-
tion Y, causing the indicator lamp to burn. (Figure 1)

FIGURE 1 ___eglator
Y

Stator £ fotor indicator

/Lamp

Yol ot
> ignition
. — Switch
¥H
Rectifier - "T‘ ™~ Rasistor
Bridge - P § ’ (f
nl
A » + -
N Battery
Lal

[I)lode Trio
10 S Alternator

When the alternator starts charging, current flows through the diode
trio to junction Y,

When the voltage at junction Y equals battery voltage, the indicator
famp will go out. (Figure 2)

FIGURE 2

Regulator

e L

Ll

Stator £ potor Indicator

/Lamp

Y
42 Ignition
+—Switch
Rectitier R | [~ Resistor
Briage P 4 ?
3. 3 A bl + -
4 Lal
Batter
— bt L y

Diode Trio

Junction

10 S1 Alternator

B. Ammeter

1.

When current is flowing from the charging system into the battery,
the pointer will be in the charge direction.

When the battery takes over the electrical system’s load, current

flows in the opposite direction, and the pointer is drawn Into the dis-
charge direction.
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Electrical Oil Pressure
Indicating Systems

Resistor Terminal
[ LY

Pressure (psi)

Ignition Wiper
Switch Lever
Batter 1 N /Ground I oo
Y= N Diaphragm

-l,- Indicatlng Gauge

Oil Pressure Here

Electromagnetic Coil System for
Indicating Oil Pressure

#’ = Sending Unit

Indicator Light Bulb

lanition  Contact
?g\%tch (}Arﬂm Contacts
== Diaphragm Lf_
Y
v 11

Oil Pressure Sending Unit
(Pressure Switch)

Pressure Switch System for
Indicating Oil Pressure
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. ELECTRICAL INDICATOR CIRCUITS
UNIT i

JOB SHEET #1 — TEST GAUGES AND SENDING UNITS
(TANK UNIT METHOD)
A. Tools and materials
1.  Vehicle

2. Basic hand tool set

Test light or voitmeter

> @

Fuel sending unit
5.  Appropriate service manual
B.  Procedure
(NOTE: The following procedure is in lieu of using a commercial gauge tester.)
1. Use a spare fuel gauge tank unit known to be corract.

@

‘ 2. Disconnect the wire at the gauge which leads to the sending unit. This will test
whether the gauge (fuel, oll, or temperature) is functioning.

|

3. Attach a wire lead from the gauge terminal to the terminal of the spare sending
unit. (Figure 1)

FIGURE 1

Reprinted from MOTOR Auto Engines & Electrical Jystems
® 1870 by permission of The Hearst Corporation,
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JOB SHEET 1

Ground the spare sending unit to an unpainted portion of the dash panel and
move the fioat arm.

If the gauge operates correctly, the sending unit or wiring Is defective.

If the gauge does not operate during this test, the gauge or the voltage going to
the gauge Is defectlive. ’

If the gauge registers full scale all the time when the key switch Is on, grounded
wire or sending unlt Is at fault.




@ ELECTRICAL INDICATOR CIRCUITS
| UNIT i

JOB SHEET #2 — TEST GAUGES AND SENDING UNITS
(GROUNDED WIRE METHOD)

A.  Tools and materials
1. Vehicle
2. Basic hand tool set
3. Test light or voltmeter
4. Appropriate service manual
B.  Procedure
(NOTE: The following procedure applies tc variable voltage systems.)
1. Turn on key switch.
| . 2. Remove wire connected at sending unit in question (fuel, oil, or temperature).

3. Momentarily ground wire by holding it against a clean, unpainted portion of
engine, vehicle body, or frame. (Figure 1)

FIGURE 1
Key Limiting
Battery Switch  Cofl Opecr:ltllng
Sending ) More
unt -,_E—‘ Disconnect ~ Current

and Ground
-

Aeprinted trom MOTOR Auto Engines & Electrical Systems
© 1070 by permiseion of The Hearst Corporation.

4. Read the gauge pointer which should indicate a full scale reading within 30 sec-
onds.

(NOTE: Some oll pressure gauges will indicate zero instead of a full scale read-
ing.)

5. If the gauge indicates a full scale reading, check

a. For a bad connection at the sending unit, and repair it.
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JOB SHEET #2

b. For defective sending unit and replace if needed. (Figure 2)
(NOTE: Both a. and b. could be at fauit.)
FIGURE 2

Key Limiting
Battery Switch Coll

7 O

Sending

Unit m C

Disconnect Current
‘ and Ground

Reprinted from MOTOR Auto Englnes & Zlectrical Systems
© 1970 by parmission &! The Hearst Corporation.

6. If during the test the gauge does not Indicate a full scale reading,

Operating
Coill

a. Repalr faulty voltage at the switch terminal of the gauge.

b. Replace or repair faulty lead wire between gauge and sending unit. .
c. Replace defective gauge. (Figure 3)
FIGURE 3
Key \ LImiting
Battery Switch \ Co!l Operating
Coll
Sending i /

Unit W

1 Dlsconnect Current
Q ® and Ground

Reprinted from MOTOR Auto Engines & Electrical Systems
© 1970 by parmission of The Haarst Corporation.

o
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ELECTRICAL INDICATOR CIRCUITS
UNIT 1l

JOB SHEET #3 — TEST OIL PRESSURE INDICATOR LIGHT

Tools and materials

1.

> 0 N

Vehicle
Basic hand tool set
Test light or voltmeter

Appropriate service manual

Procedure

1.

2,

Watch for oll pressure warning light when the key is turned on.

If it does not light, disconnect the wire from the sending unit, and ground the wire
to the frame or cyiinder block. (Figure 1)

FIGURE 1 @)
Indicator Light Bulb /‘
Key Contact —‘é"

Ignition Arm Contacts
© o—¢-
=== Diaphragm

1 i
v v
¢
Oil Pressure Sending Unit

(Pressure Switch)

If the warning still does not light, check

a. For voltage in wire comi.g from bulb to sending unit.
b. Bulb.

c. For voltage from key switch to bulb.

If the warning light goes on when the wire is grounded, the sending unit should
be checked for looseness or poor grounding.

DE-131
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JOB SHEET #3 ‘

5. If the sending unit is found to be tight and properly grounded, it should be
replaced.

6. If the light remains lit when engine ls running, check for
a. Grounded wire betwasn bulb and sending unit.

b. Bad sending unit. (Figure 2)

FIGURE 2
a.
Indicator Light Bulb /O
ignition  Contact =

Switch Arm Contacts

== Diaphragm

«{

Oil Pressure Sending Unit
(Pressure Switch)




ELECTRICAL INDICATOR CIRCUITS
UNIT i

JOB SHEET #4 - TEST TEMPERATURE INDICATOR LIGHT

A, Tools and materials

1.
2.
3.
4,

Vehicle
Test light or voltmeter
Basic hand tool set

Appropriate service manual

B. Procedure

1.

e o

Put key in “start” position to see if red light comes on. If It doesn’t, ground the
wire golng to sending unit.

Turn key switch back to “start” position, and if the iight Is lit, replace sending
unit.

if light stays off, check for
a,  'Voltage of wire going from light to sending unit.
b. Bad bulb.
C. Voltage going to the switch side of the bulb.
Repair or replace when necessary.
if the light stays lit aii the time, unplug wire going to sending unit.
If the light goes out, replace sending unit.

If the light still stays on, check for a ground In the wire going froru the bulb to the
sending unit.

133
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ELECTRICAL INDICATOR CIRCUITS
- UNIT Il

PRACTICAL TEST
JOB SHEET #1 — TEST GAUGES AND SENDING UNITS
(TANK UNIT METHOD)

STUDENT'S NAME DATE

EVALUATOR'S NAME _ ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under “Process Evaluation” must receive a
“Yes” for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the “Yes” or “No” blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

Checked out proper tools and materials.
Disconnected the wire going to the sending unit.
Connected the spare sending unit correctly.
Operated the float on the sending unit.

Determined which component was at fault.

Checked in/put away tools and materials.

Cleaned the work area.

Used proper tools correctly.

Performed steps in a timeiy manner (____hrs. min. sec.)
Practiced safety rules throughout procedure.
Provided satisfactory responses to questions asked.

SOOI NOOAON 2

—te

EVALUATOR'S COMMENTS:

H
LI
‘v
oy
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criter'a by circling the appropriate num-
bers. Each item must be rated at least a “3” for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to dem™onstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1
Test was performed
in proper sequence.

4 3 2 1
Problem was found
and corrected.
EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

Skilled — Can perform job with no additional training.

Moderately skilled — Has performed job during training program; limited

additional training may be required.

— LImited skill — Has performed job during training program; additional
training Is required to develop skill.

1 — Unskilled — Is familiar with process, but is unable to perform job.

N o
l

(EVALUATOR NOTE: If an average score Is needed to coinclde with a competency profile, total
the designated pcints in “Product Evaluation” and divide by the total number of criteria.)

1 Y
$ )




‘ ELECTRICAL INCICATOR CIRCUITS
UNIT il

PRACTICAL TEST
JOB SHEET #2 — TEST GAUGES AND SENDING UNITS
(GROUNDED WIRE METHOD)

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under “Process Evaluation” must receive a
“Yes” for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the “Yes” or “No” blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
. unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

Checked out proper tools and materials.

Turned on key switch.

Grounded wire going to sending unit.

Checked connection at sending unit and replaced if needed.
Checked voltage at the switch terminal.

Checked lead wire to the sending unit.

Replaced gauge if needed.

Checked in/put away tools and materials.

Cleaned the work area.

Used proper tools correctly.

Performed steps in a timely manner (__hrs. _min. _sec.)
Practiced safety rules throughout procedure.

Provided satisfactory responses to questions asked.

-k kb
OMhAOoDLDONOOIERLND A

EVALUATOR'S COMMENTS:
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JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers, Each Iitem must be rated at least a “3” for mastery to be demonstrated. (See performance
evaluation key below.) If the student Is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criterla:

4 3 2 1
Test was performed
in proper sequerice.

4 3 2 1
Problem was found
and corrected.
EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

Skilled — Can perform job with no additional training.

Moderately skilled — Has performed job during training program; lirited

additional training may be required.

2 — Limited skill — Has performed Job during tralning program; additional
training Is required to develop skill.

1 — Unskllled — ls famillar with process, but is unable to perform job.

w B

(EVALUATOR NOTE: If an average score Is needed to coincide with a competency profile, total
the designated points In “Product Evaluation” and divide by the total number of ct iterla.)

1 ’:\ }c’
Q s R "




ELECTRICAL INDICATOR CIRCUITS
UNIT il

PRACTICAL TEST
JOB SHEET #3 — TEST OIll. PRESSURE INDICATOR LIGHT

STUDENT’S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under “Process Evaluation” must receive a
“Yes” for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the “Yes” or “No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

Checked out proper tools and materlals.

Turned on key switch.

Grounded sending unit wire.

Checked voitage of sending unit wire.

Checked bulb.

Checked voltage in wire going from switch to wire.
Replaced sending unlt if needed.

Looked for grounded wire between bulb and sending unit.
Replaced sending unit If needed.

Checked In/put away tools and materials.

Cleaned the work area.

Used proper tools correctly.

Performed steps In a timely manner (___hrs. min. sec.)
Practiced safety rules throughout procedure.

Provided satisfactory responses to questions asked.

-t eh b b =h b
BN ACOONIORLN -

EVALUATOR'S COMMENTS:
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by clrcling the appropriate num-
bers. Each Item must be rated at least a “3” for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1
Test was performed
in proper sequence.

4 3 2 1
Problem was found
and corrected.
EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

- Skilled — Can perform job with no additional training.

Moderately skllled — Has performed job during training program; limited

additlonal tralning may be required.

— Limited sklll — Has performed job during training program; additional
training Is raquired to develop sklll.

1 — Unskilled — Is famlliar with process, but i3 unable to perform Job.

N o wa
i

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in “Product Evaluation” and divide by the total number of criteria.)

i
-

t") .
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o ELECTRICAL INDICATOR CIRCUITS
UNIT Il

PRACTICAL TEST
JOB SHEET #4 — TEST TEMPERATURE INDICATOR LIGHT

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under “Process Evaluation” must recelve a
“Yes” for you to receive an overall performance evaluation.

PROCESS EVALUATION
(EVALUATOR NOTE: Place a check mark in the “Yes” or “No” blanks to designate whether or

not the student has satisfactorily achigved each step in this prccedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

. The student: YES NO
1. Checked out proper tools and materiais.
2. Turned the key switch to “start” position.
3. Grounded wire going to sending unit.
4, Turned key switch back to “start” position and replaced sending

unit if needed.
Checked voitage of wire going from light to sending unit.
Checked bulb.

Checked voltage going to the switch side of the bulb.

Unplugged wire going to sending unit if necessary.

ceoNIOM

Replaced sendiny unit if needed.
10. Checked for a ground in the wire going from the bulb to the send-
ing unit.

11. Checked In/put away toois and materiais.

12. Cileaned the work area.

13. lJsed proper tools correctly.

14. Performed steps In a timely manner (___hrs. min. sec.)
15. Practiced safety rules throughout procedure.

16. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #4 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a “3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criterla:

4 3 2 1
Test was performed
In proper sequence.

4 3 2 1
Problem was found
and corrected.
EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

Skilied — Can perform job with no additional training.

Moderately skiiled — Has performad job during training program; limited

additional training may be required.

2 — Limited skill -- Has performed Job during training program; additional
tralning Is required to develop skill.

1 — Unskilled — Is famliiar with process, but is unable to perform job.

L4325 -
I

(EVALUATOR NOTE: If an average score is needed to colnclde with a competency profile, total
the designated points in “Product Evaluation” and divide by the total number of criterla.)

14

b
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® ELECTRICAL INDICATOR CIRCUITS
UNIT I
NAME SCORE
TEST

1.  Match the terms on the right with their correct definitions.

a. Instrument with a graduated scale 1. Gauge

—b. A sensitive voltmeter that measures 2. Indicator light
exhaust temperature
3. Pyrometer
c. Variable resistor that controls the current
flowing through the gauge which affects 4, Sending unit
needle movement

—d.  Alightin the dash that indicates a problem
in the system

. 2. Match the electrical indicator circuits with their correct functions.

a. Gauge and tank unit to indicate the quantity 1. Charging indicator
of fuel in the tank circuit

— b Dash panel and engine unit to indicate the 2. Fuel indicator circuit
temperature of the engine coolant or engine

oll 3. Oll pressure indicator
circuit
c. Dash panel and engine unit to indicate
engine oil pressure 4. Temperature indicator
circuit

—_d. Dash panel unit to indicate alternator charg-
ing rate

3. Naine two electric gauge operation designs.

a.

b.
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TEST

Arrange in order the steps in the operation of magnetic gauges by placing the correct
sequence number In the appropriate blank.

With low resistance in the sending unit, only a small amount of current
flows through the operating coil.

Current from the battery passes through the limiting coll to the common
connection between the two coils.

With high resistance in the sending unit, more current will pass through
the operating coil.

Current cun take two paths, one through the operating coil of the gauge
and the other through the wire to the sending urit.

Name three types of sending units.

Distinguish between oil pressure and temperature indicator light circuits by placing an
“O” next to the operation of the oil pressure and a “T” next to the operation of the tem-
perature circuits.

When the ignition switch is turned on, current goes through the light and
through the closed contacts.

If the water temperature should reach a point where the engine
approaches an overheated condition, the red light will be turned on by the
sending unit.

When the engine is started, build-up of oil pressure compresses the dia-
phragm, opening the contacts, thereby breaking the circuit and putting out
tie light.

Under normal conditions the lamp remains off.

A bimetallic sensing switch Is connected in series with an incandescent
lamp, mounted on the instrument panel, and excited by the battery.

The light is wired in series with the ignition switch and the sending unit.

143
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TEST

7. Name two types of charging indicator circuits.

a.

b.

(NOTE: If the follow:ng activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)

8. Demonstrate the ability to:

a.

b.

Test gauges and sending units (tank unit method). (Job Sheet #1)

Test gauges and sending units (grounded wire method). (Job Sheet #2)
Test oll pressure Indicator light. (Job Sheet #3)

Test temperature indicator light. (Job Sheet #4)
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ELECTRICAL INDICATOR CIRCUITS
UNIT il

ANSWERS TO TEST

a. 1

b. 3

C. 4

d. 2

a. 2

b. 4

c. 3

d. 1

a. Varliable vo tage

b. Constant voltage

a. 3

b. 1

c. 4

d. 2

a. Fuel

b. Oil pressure

c. Temperature

a. 0 d.

b. T e. T
c. 0] f. o

a. Ammeter
b. indicator light

Performance skills evaluated to the satisfaction of instructor

145
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STORAGE BATTERIES
UNIT IV

UNIT OBJECTIVE

After completion of this unit, the student should be able to troubleshoot and service a battery.
Competencies will be demonstrated by completing the job sheets and the unit tests with a
minimum score of 85 percent.

SPECIFIC OBJECTIVES

After complietion of this unit, the student should be able to:

1.

L

I S T

N

10.

Match terms related to storage batterles with their correct definitions.

List three functions of a battery.

Identify two types ?f batterles.

Distinguish between the characteristics of batteries.

Complete statements concerning the voitage ratings of batteries.

Distinguish hetween ways of rating battery capacity.

Complete statements concerning rules for installing batteries.

Draw lines showing the installation of battery cables for different volt batterles.

Identify types of battery terminal constructions.

Select from a list safety rules to be observed during the care and maintenarice of
batteries.
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OBJECTIVE SHEET

11.  Demonstrate the ability to:

al

b.

Troubleshoot a battery. (Job Sheet #1)

Remove, service, and replace battery. (Job Sheet #2)

Measure speclfic gravity of a conventional battery. (Job Sheet #3)
Load test a battery. (Job Sheet #4)

Charge test a battery for three minutes. (Job Sheet #5)
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STORAGE BATTERIES
UNIT IV

SUGGESTED ACTIVITIES
Obtain additional materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of instruction.
(NOTE: This activity should be completed prior to the teaching of this unit.)
Make transparencles from the transparency masters included with this unit.
Provide students with objective sheet.
Discuss unit and specific objactives.
Provide students with information sheet and handouts.
Discuss information sheet and handouts.
(NOTE: Use the transparencies to enhance the Information as needed.)
Provide students with job sheets.
Discuss and demonstrate the protedures outiined in the job sheets.
integrate the following activities throughout the teaching of this unit:
1. Demonstrate the use of a battery charger.
2. Show film on heavy duty batteries.
3. Cut an old battery in haif to demonstrate battery construction.
4

Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas for improvement.

Give test.
Evaluate test.
Reteach if necessary.
REFERENCES USED IN DEVELOPING THIS UNIT
Deico Remy Service Bulletin No. 1B-115, Anderson, IN: 1976.
Delcv Remy Service Bullstin No. 1B-116. Anderson, IN: 1980.

Delco Remy Service Builetin No. 1B-188. Anderson, IN: 1983.
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REFERENCES USED IN DEVELOPING THIS UNIT

D.  Fundamentals of Service: Electrical Systems. 4th ed. Moline, IL: Dsere & Company,
1979.
E.  Sun Model VAT 28 Instruction Manual. Chicago, IL: Sun Electric Corporation.

F Foutes, William A. Diese/ Mechanlcs: Electrical Systems. Stiliwater, OK: Mid-America
Vocational Curriculum Consortlum, 1977.

G.  Schulz, Erich J. Diesel Mechanics, 2nd ed. New York: McGraw-HIll Book Company, 1983,
SUGGESTED SUPPLEMENTAL RESOURCES

A Texts
1. Automotive Diagnosis and Tuneup by James A. Johnson
3rd ed., 1984.
Gregg/McGraw-Hii|
13955 Manchester Road

Manchester, MO 63011

2.  Delco Remy Service Manual No. 1.2
AC-Delco, GMC
400 Renalssance Center
Detroit, M| 48202

B. Fllmstrips
1. Heavy Duty Batterles
AC-Delco, GMC
General Motors Building
Detroit, Ml 48202

2. Sift Truck Battery Servicing
17 Minutes
34" U-matlc cassette
Part No. CEVS 7525
(NOTE: Order from your nearest Caterpiiiar dealer)




. STORAGE BATTERIES
UNIT IV

INFORMATION SHEET

l. Terms and definitions

A.  Battery — Two or more connected cells which convert chemicai energy into
electrical energy (Transparency 1)

B.  Cell — One positive plate group and one negative plate group (Transpar-
ency 1)

(NOTE: Each cell produces approximately 2 volts.)
C.  Electrolyte — Solution of watier and sulfuric acid

D.  Hydrometer — A test instrument for determining the specific gravity of
electrolyte

E. Plate group — Similar plates welded to a plate strap (Transparency 1)

. F. Speclfic gravity — Weight of electrolyte compared to an equal volume of
water at 60°F
G.  Sulfated — Oxidation of positive plate grid wires and formation of lead sul-

fate crystals which become dense and hard

(NOTE: A sulfated condition is caused by long storage without recharging.
A slow charge may or may not restore the battery)

. Functions of a battery
A.  Supplies currerit for cranking the engine

B. Supplies current when the demand exceeds the output of the charging sys-
tem

C.  Stabillzes the voltage in the system during operation
il. Tynes of batterles
A.  Conventional (Transparency 1)

B.  Maintenance free (Transparency 2)

130
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INFORMATION SHEET

IV.  Characteristics of batteries
A.  Conventional
1. Vent caps are used for each cell.
2. Electrolyte level has to be checked and water added to each caell.
B. Maintenance free
1.  Lifetime supply of electrolyte
Less gassing and corrosion
Longer shelf life
Some have built-in hydrometer

Withstand more vibration

e o & 0 DN

Resist overcharging

W.  Voltage ratings of batteries
A.  6-volt has 3 celis.

Reprinted with permission of Delco Remy Division, GM Corp.

a1
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INFORMATION SHEET

B. 12-volt has 6 cells.

—

= 2 2BE

—r

'/G" =

Reprinted with permission of Deico Remy Division, GM Corp.

(NOTE: 6 and 12 volt battcries could be either conventional or maiitenance
free.)

Ways of rating battery capanity

A. Amp-hour rating — Capacity rated according to quantity of electricity that
can be taken from a fully charged battery over a definite period of time.

Example: Battery rated at 100 amp-hour should deliver 5 amps continu-
ously for 20 hours.

B.  Cold cranking amps — Number of amps that can be taken from a fully
charged battery at 0°F for 30 seconds.

Example: A battery rated at 900 cold cranking amps can produce 900
amps for 30 seconds at 0°F.

Rules for installing batteries

A. install only fully charged batteries.

B Do not Install a new battery alongside older batteries.

C. Do not install batteries of different capacities.

D Check polarity of the vehicle before installing the batteries.

(NOTE: The ground may be to the positive or negative terminal.)

DE-155
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INFORMATION SHEET

ViIll. Installation of battery cables

A. 6-voit batteries

1. 12voit system

#000 Cabie Going To Starter Or Frame

#000 Cable Going To Starter Or Frame

2. 24-volt system

#00 Cable Going To Starter Or Frame

6 Volt

#00 Cable Going To Starter Or Frame

B. 12-volt batteries
1. 12-oit system

#000 Cablie Going To Starter Or Frame

12 Voit 12 Voit

12 Voit

#000 Cabie Going To Starter Or Frame

(NOTE: When connecting positive terminals to positive terminais
and negative terminals to negative terminais, amperage wiii
increase, but voitape wili stay the same.)
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INFORMATION SHEET

2.  24-volt system

#00 Cable Going To Starter Or Frame

' #00 Cable Golng To Starter Or Frame

(NOTE: When connecting positive terminals to negative terminals,
amperage will stay the same, and voltage will stay the same.)

IX. Types of battery terminal constructions

A, Battery post terminals

Post Type
Terminals

\L\ Reprinted with permission of Delco Aemy Division, GM Corp.

B. Bolt-type slde terminals

Terminais

Repr: vted with permiasion of Delco Remy Division, GM Corp.

£,
¢

3

-1

<
A

b
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INFORMATION SHEET

C. Stainless steel stud terminals

Terminals

N
§.
N

7

7

i,

X.  Safety rules to be observed during the care and maintenance of batterles

A. Wear safety glasses, rubber gloves, and rubber apron when servicing batter-
les.

B. Electrolyte must not be allowed to come in contact with clothing, skin,
eyes, or painted surfaces.

C.  Flush immediately with water any area of zkin which acid has contacted.

D. Flames or sparks can cause gases given off by vattery to explode.
(NOTE: Gases given off are hydrogen and oxygen.)

E. Avoid shorting or grounding battery terminals during service.

F Avoid breathing fumes from a battery that is being charged.

G.  Leave charger in the “off” position when connecting and disconnecting bat-
teries.

gl
A
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Conventional Battery
Positive Post
Vent Caps
Negative Post | \ g
Terminal Po\s: n
> Plate Strap ‘,;
Casting | o QIR s 1>
Negative
Plate Group
Cell N
Separator
\ , Battery Case
) Plate Group Sediment Chamber
2 15’3 U l Fh. ?
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Maintenance-Free Battery

Hydrometer Terminals

State-Of-Charge Indicator ‘ | . =

Heat-Sealed Covers

Stalnless Steel TermR > AL SRR

}%‘%‘J‘ ' o« 3
Finger Grips P \\ﬁ\‘&’//ﬂ_
LlquidiGas Separator — %ﬁ/ o :

= NS
Plate Straps and Terminals \\\ @*‘/\
LY * \
Extrusion-Fusion %L\Q‘
7 RN
Intercell Connection Q

Epoxy-Anchored Plate Element | ,\ N
Separator Envelope — | l

L
Element On Flat Case Bottom . u .

\%

o
150 150
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Aruitoxt provided by Eic:

STORAGE BATTERIES
UNIT IV

HANDOUT #1 — COLD CRANKING AMPS FOR

MAINTENANCE:-FREE BATTERIES

S coro 6. 7 1 14
SAE CRANKING : ' '
— CURRENT MAXIMUM AFPROX. ELECTROLYTE
BCH S.AE.SPEC DIMENSIONS WEIGHT REQD.
1 2 4, J537h (MMIN) KQ/LBS LITERQTS
‘ " Amps Rasarve
BC| 3 for Capacty | @OF. |@-20°F 8. Langth 9. 10, Height 12, 13.
cat. | Growp : Load Mo | (-18%0) | (2000 {inc) (inet Top Wet Ory
No. Size Vols Toat ues) | (0 Ambs) J{in Amps.) Flanges) Width Post)
21-80 |21 12 325 80 850 - 206/8.1 172/6.8 222/88 |{15.4/34
21-72 121 12 320 80 650 - 206/8.1 172/6.8 222/88 [15.1/33
21R-80 |21 12 325 80 650 - 206/8.1 172/6.8 222/88 | 15.4/34
21R-72 |21R 12 320 80 650 —- 206/8.1 172/6.8 222/88 |15.5/35
22F-40 |22F 12 160 60 330 — 229/9.0 172/6.8 210/83 | 13.0/29
22F-50 [22F 12 190 75 385 — 230/9.1 172/6.8 210/8.3 | 13.3/29
22F-80 |22F 12 210 75 425 - 240/9.5 172/6.8 210/8.3 {14.3/31
24-40 {24 12 180 75 370 - 260/104 172/6.8 222/88 | 15.1/33
24.50 |24 12 230 90 475 - 280/10.2 172/6.8 222/88 | 165/36
24-80 |24 12 260 85 526 - 260/10.2 172/6.8 222/8.8 | 18.0/40
24F-40 {24F 12 180 75 370 — 270/106 172/8.8 222/88 | 152/33
24F-50 |24F 12 230 90 475 — 2707108 172/8.8 222/88 | 16.5/36
24F-80 |24F 12 260 95 525 — 270/106 172/6.8 222/88 | 17.9/39
M24MF |24 12 200 125 400 - 260/10.2 172/6.8 104/76 | 19.9/44
C24MF |24 12 230 90 475 - 260/10.2  172/6.8 104/768 | 16.4/36
25-80 25 12 310 100 625 — 260/10.2 172/6.8 222/8.8 | 18.0/40
Z5R-80 |25R 12 310 100 625 - 260/10.2 172/8.8 222/8.8 | 18.0/40
26-40S |26 12 180 60 370 — 206/8.1 172/86.8 202/8.0 | 123727
26-50S |26 12 220 70 440 - 206/8.1 172/6.8 202/8.0 | 12.4/27
20-80 |26 12 200 70 410 315 206/8.1 172/6.8 202/8.0 | 13.4/29
26-605 |26 12 260 80 525 - 206/8.1 172/6.8 202/8.0 | 13.8/30
28R-408| 26R 12 180 60 370 - 206/8.1 172/8.8 202/8.0 | 12.3727
26R-50S] 26R 12 220 70 440 —- 206/8.1 172/6.8 202/8.0 | 12.4/27
26R-80S| 26R 12 260 80 525 - 206/8.1 172/6.8 202/80 | 13.8/30
27-50 |27 12 220 90 440 — 305/120 172/6.8 222/8.8 | 18.2/40
27-60 |27 12 290 110 580 - 305/12.0 172/6.8 222/8.8 | 19.6/43
27F-50 |27F 12 220 80 440 - 315/124 17268 222/88 | 10.2/40
27F-80 |27F 12 290 110 580 - 315,124 17268 222/8.8 | 196/43
27FMF |27 12 270 160 550 - 305/12.0 172/6.8 222/88 | 23.6/52
2IMF |27 12 270 160 550 - 321/12.8  172/68 222/8.8 | 23.5/82
M27MF |27 12 270 160 550 — 3201125 172/68 222/88 | 23.5/52
31HCT |31 12 310 180 625 — 330/13.0 172/8A 238/9.4 | 25.7/57
31-750 |31 12 aro’ 160 750 — 3307130 172/68 236/9.4 | 24.5/54
31-900 |31 12 450" 160 900 - 3307130 172/88 238/9.4 | 25.2/55
34-60 |3¢ 12 250 110 560 — 260/103 172/68 240/9.4 | 25.0/55
41.50 |41 12 250 80 510 - 292/115  172/68 173/6.8 | 18.3/36
41-60 |41 12 310 90 625 — 292/11.5 172/6.8 173/68 | 17.7/39
42-50 |42 12 190 70 390 - 229/9.0 172/8.8 222/88 | 18.0/40
45-50 |45 12 200 70 410 — 226/8.9 140/5.5 218/88 | 123/27
46-5€ |46 12 250 125 500 395 270/106 172/6.8 222/88 | 19.0/42
49-4 24F 12 180 80 370 290 | 270/108 172/68 222/88 | 17.1/38
49-5 24F 12 250 125 505 395 270/106 172/68 222/88 | 195/43
49-5€ | 24F 12 250 125 500 395 270/108 172/6.8 222/88 | 19.5/43
49-30 | 24F 12 130 60 275 210 | 2701106 172/6.8 222/88 | 15.8/35
49-40 | 24F 12 150 75 300 230 | 2701106 172/6.8 222/88 | 18.0/35
48.50 | 24F 12 180 80 370 290 2701106 172/6.8 222/88 | 17.1/38
49-50A | 49 12 310 155 630 - 381/150 174/68 166/6.7 NA
49-60 | 24F 12 250 125 505 395 270/106 172/68 222/88 | 19.5/43
54-5 22F 12 200 90 400 300 240/9.4 172/6.8 210/8.3 | 15.6/34
65-4 _ |22F | 12 | 150 70 | 310 | 220 | 240194 172/8.8 210/8.3 | 14.3/32
55-5 22f 12 200 90 405 300 | 24094 172/6.8 210/83 | 156/34
65-5E | 22F 12 200 90 405 300 240/9.4 172/6.8 210/8.3 | 15.6/34
55-30 | 22F 12 130 60 285 200 240/9.4 172/6.8 210/8.3 | 13.86/30
55-40 | 22F 12 140 65 280 225 240/9.4 172/6.8 210/8.3 | 11.8/30
55-50 | 22F 12 | 150 70 | 310 | 220 | 240194 172/6.8 210/8.3 | 14.3/32
55-50A | 55 12 210 75 430 — 212/8.3 154/6.0 218/8.8 NA
55.60 | 22F 12 200 00 405 300 | 240/9.4 172/6.8 210/8.3 | 15.6/94
55-605 | 55 12 260 80 525 225/8.9 154/6.0 212/84 | 13.4729
58-4A | 24 12 180 BO 370 290 | 2601102 172/88 222/8.8 18.8/37
58-5 24 12 250 125 500 395 260/102 172/8.8 222/8.8 | 19.5/43
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HANDOUT #1
FREEDOM BATTERY TEST SPECIFICATIONS

SAE cn‘i?«h?ue
-~ CURRENT MAXIMUM APPROX ELECTROLYTE
: 4] SAE SPEC DIMENSIONS WEIBHT REQD
45370 (MMIN) KG/LBS LITERQTS
Amps. Resoive
8C) for Capaciy @ofF | @ 20F Lengh Heght
Cot Group Load (M- ( 18°c) | ( 2%c) tinet (el Top wet
No Sue Vohs Tes ues) | on Amps) | (n Amps ) Flanges) Witth Post)
58-5A | 24 12 250 125 500 395 260/10.2 172/6.8 222/8.8 19.2/42
58-50 58 12 210 75 425 - 11.8/¢6
58-60S | 58 12 230 70 470 - 241/9.4 183/7.2 171/6.8 12.4/27
59-4 24 12 180 80 370 200 260/10.2 172/6.8 222/88 17.1/38
59-5 24 12 250 125 505 395 260/10.2 172/6.8 222/88 19.5/43
59-5E 24 12 250 125 500 395 260/10.2 172/6.8 222/88 19.5/43
59-30 24 12 130 60 275 200 260/10.2 172/8.8 222/88 15.8/35
§59-40 24 12 150 75 300 230 260/10.2 172/6.8 222/88 16.0/35
§59-50 24 12 180 80 370 290 260/10.2 172/6.8 222/88 17.1/38
59-60 24 12 250 125 505 395 260/10.2 172/6.8 222/88 19.5/43
59A-5E | 24 12 270 135 540 — 260/10.2 17268 222/0.8 19.1/42
82-50A | 62 12 200 75 400 -— 218/8.6 161/6.4 224/0.8 NA
82-60A | 62 12 240 90 480 - 226/8.9 162/04 225/8.9 -
70-5 27 12 250 125 500 335 305/12.0 172/6.86 222188 21.3/47
70-50 70 12 160 75 315 — 208/8.1 177/7.0 194/78 12.3/27
70-60 70 12 200 80 410 —_— 206/8.1 177.7.0 194/1.6 13.1/29
70-408 | 70 12 180 60 70 —_ 206/8.1 172710 194/7.6 12.2/27
70-508 | 70 12 220 70 440 — 206/8.1 177/1.0 194/7.6 12,3/27
70-808 | 70 12 260 80 6§25 - 206/8.1 1777710 194/76 13.7/30
70DT72] — 12 320 80 850 — 215/8.4 177/7.0 201/7.9 14.7/32
71-4 27 12 220 1C9 450 330 ans/120 172/68 222/8.8 20.3/48
71-6 27 12 250 125 805 395 305/12.0 172/6.8 222/8.8 21.3/47
71-5E 27 12 250 125 550 295 305/12.0 172/6.8 222/88 21.,3/47
71-4() 27 12 18 Bl) arn 285 305/12.0 172/6 8 222/88 18.9/42
71-50 27 12 220 100 450 330 305120 172/6.8 222/88 20.3/45
71-80 27 12 250 128 505 395 305/12.0 172/6.8 222/8.8 21.3/47
71A-60 |71 12 325 80 350 - 206181 177770 213/8.4 15.3/34
71A-72 I 12 320 8O 350 - 206/4.1 172/6.3 213/8.4 15.4/34
71860 |71 12 210 80 420 - 206/8.1 1777710 213/8.4 14.3/31
73-50 73 12 210 80 420 it 23091 172/6.8 213/84 16.2/33
73-80 13 12 230 20 47% - 22940 177170 213/84 18.0/40
74-40 74 12 i 75 yn - 260/10.2 17771¢ 213/8.4 16.0/33
74-50 74 12 230 90 475 o 260/10.2 177/7.0 213/84 16.4/36
74-60 74 12 259 s 525 — 260/10.2 177770 213/8.4 17.7/38
7_4A-G|" _7_6___ 12 290 110 560 - 260/10.2 177710 213/?‘»1 19.0/42
S§74-6u {74 12 260 9% bés - 250/103 177/70 203/L NA
ST4A-80] 74 12 260 106 926 — 260/10.2 172/6.8 213/8.4 17.7/39
74MF 74 12 200 126 400 - 280/10.2 1777710 194/7.8 19.6/43
75-8C 7% 12 250 a0 525 400 22980 1777710 183/7.2 15.0/32
Z&C‘Q‘JL?S " __910 30 630 500 229/9.0 17770 194/18 . _l§~1/§3
75A-1'2 |5 13 310 ) 830 500 229/940 177/1.0 194/78 15.5/34
75MFKB0 175 12 250 95 400 - 229190 177.1.0 183/7.3 15.0/33
76-R0 K 12 3 (7% 760 o 336/13.0 177770 213/8.4 24 2/53
76A-80 178 12 550 150 1075 - 3307120 177710 213/84 25.5/54
7“8_6-72 7\‘)~ 12 540 150 1075 - 330)/13.0 172/6.8 21 3/__8.4 76.1/57
78-60 |78 12 270 15 550 - 220/10.2 177/18 19477 6 18.9/37
T8ASI |78 12 380 1Y 770 vas 260/10.2 17770 194/1 6 17.2/38
78A72 | /8 12 160 115 0 - 260/10.2 1721 194/7.6 18.0/40
81-4 ars 12 220 100 450 330 316/12.4 172/6.9 222/8.8 20.3/45
B~1-§” @___ . _1_2 250 s 12’§m_ ~__§05 395 3i6/124 172/6.8 222/88 21 .’;/47
81.5& 27t 12 250 126 500 3% 316/12.4 172/6.8 222/8.8 21.3/47
b1-4¢ 2TF 12 184 20 370 285 316124 172/6.8 22285 18.9/42
81-50 2rF e 210 170 450 330 2167124 172/6.8 224/88 20 3/45
81-60 27F 12 250 125 505 395 316/12.4 172/6.8 222/8.8 21.3/47
350 - 12 '_.1 50 75 315‘_* - 235__“ 206/'8:1 177710 104776 13.2/29
64-6... - 12 20 80 405 285 206/8.1 177770 194/78 124727
84-3 71 iR 130 60 275 210 206/8.1 177/7.0 213/84 12.7/28
{ide% 71 12 170 HO 450 270 206/8.1 171710 213/8.4 14.6/32
L] Al 12 130 60 270 210 206/8.1 177770 21%/84 12.7/28
l’ﬁj_«é“‘_r]': 12 170 80 30 210 208/8.1 177/7.0 213/8.4 _4H14.6/32‘
LU 12 170 80 300 21 206/8.1 177/7.0 21284 14.6/32
£5-50 Fal 12 130 60 275 210 206/8.1 1777.0 213/84 136/30
85-60 | i 170 40 350 270 206/8.1 121.7.0 213/84 14.6/32
B5A-80 {71 12 190 90 390 270 206/8.1 177/7.0 213/8.4 14.8/33
B';ﬂ-{\)ﬂ }_65 1?_ 260 50 550 440 . 229.‘5{.0 172/6 8 201/8.1 15.3/34
88 A 12 210 100 430 330 220190 17770 213/84 17.1/38
314 I& 12 180 80 30 290 229M.0 177779 213/84 15.8/45
87-5 7 12 210 100 430 330 22090 17771.0 213/8.4 17.1/38
A7-KE 74 12 210 100 430 330 229700 177710 213/8 4 17.1/38
87-4U 73 12 150 75 3 230 .)_2'%9“0 17710 213/80.4 14,6/33
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HANDOUT #1
FREEDOM BATTERY TEST SPECIFICATIONS
coLo

SAE CRANKING

-~ CURRENT MAXIMUM APPROX ELECTROLYTE

-] SAE SPEC DIMENSIONS WEIGHT REQD

J537h (MM IN) xQ/LBS LITERQTS
Amps Reserve
8Ci lot Capt.oty @Q°F @ 20'F Length Height
o} Group Load iMin- {18 | ( 29°¢) (] unei Yop wer Ory
No Sue Vous Tes| ues) (in Amps ) [{in Amps ) Fianges) Witth Post)
87-50 73 12 180 80 370 290 229/9.0 177,70 213/8.4 15.8/35
87-60 73 12 210 100 430 300 229/9.0 1777710 213/8.4 17.1/38
87A-60 |73 12 230 115 460 370 229/9.0 1777710 213/84 17.8/39
a8-5 74 12 230 125 465 375 260/10.2 1777710 213/84 19.5/43
BBA-5 74 12 270 135 540 435 260/10.2 177/1.0 213/8.4 20.5/45
89-4 74 12 180 80 370 290 260/10.2 1777710 213/8.4 17.0/37
89-5 74 12 250 125 505 395 260/10.2 177,710 213/84 19.5/43
89-5E 74 12 250 125 500 395 260/10.2 177710 213/84 19.5/43
89-30 74 12 130 60 275 210 260/10.2 1777710 213/84 15.8/35
89-40 74 12 150 75 300 230 260/10.2 1777710 213/8.4 16.0/35
89-50 74 12 180 80 370 290 260/10.2 177/1.0 213/8.4 17.0/37
89-60 74 12 250 125 505 395 260/10.2 1777710 213/84 19.5/43
89A-5 74 12 270 135 540 440 260/10.2 177/7.0 213/84 205/45
89A-5E |74 12 270 135 540 440 260/10.2 1777710 213/8.4 20.5/45
89A-60 |74 12 270 135 540 440 260/10.2 177/77.0 213/84 20.5/45
042 28 12 200 70 410 - 206/8.1 172/6.8 202/8.0 13.3/29
043 24 12 180 115 375 -— 260/10.2 172/6.8 222/8.8 19.9/44
044 27 12 240 160 480 - 305/12.0 172/6.8 222/8.8 23 7/52
(C) 12 170 60 350
087 (A) 12 100 45 230 279/11.0 172/6.8 203/8.0 14.3/42
099 70 12 150 75 315 235 206/8.1 1777710 194/7.6 12.4/27
101 70 12 150 €0 310 230 206/8.1 177/7.0 194/7.6 11.7/25
102 73 12 170 70 as5 270 206/8.1 1777710 104/7.6 124,27
103 70 12 200 75 405 305 206/8.1 177770 194/7.6 12.7/28
3 75 12 250 90 500 400 229/9.0 177/7.0 194/7.6 14.9/33
106 78 12 250 115 515 415 260/10.2 177/1.0 194/7.6 16.8/36
106 78 12 270 115 5§50 440 260/10.2 177770 194/7.6 16.9/37
107 78 12 380 115 770 -— 260/10.2 177/71.0 194/76 17.2/38
108 76 12 370 175 750 600 330/13.0 1777710 213/8.4 24.1/53
110 7 12 160 90 390 315 206/8.1 177/1.0 213/8.4 14.4/32
129 24 12 190 100 390 - 285/11.2 178/7.0 251/98 NA
137 70 12 270 80 5§50 -— 206/6.1 177770 194/76 13.1/29
140 76 12 5§50 165 1075 — 330/13.0 1777710 213/84 24.9/54
187 73 12 230 115 465 375 22990 177,710 213/8.4 16.9/37
183 74 12 270 135 550 440 260/10.2 177/1.0 213/84 19.1/42
298 75 12 315 90 630 500 229/9.0 1777710 194/76 16.1/33
320 76 12 250 90 500 400 229/9.0 177770 194/7.6 14.8/33
515 35 12 150 90 310 —_ 22990 172/6.8 222/88 15.3/34
5§77 70 12 260 75 625 - 206/8.1 172/6 8 194/76 13.2/29
QB.L 78 12 310 105 620 — 260/10.2 172/6.8 194/7.6 17.1/38
MP594 | 24 12 160 65 325 - 260/10.2 17268 222/88 15.2/33
MP596 | 24 12 260 105 625 — 260/10.2 172/6.8 222/8.8 17.9/40
600 70 12 260 75 525 - 206/8.1 172/6.8 183/71 13.3/729
60, 75 12 310 90 630 — 22990 17268 183/7.1 15.5/34
602 78 12 330 115 770 — 260/10.2 172/6.8 194/76 17.9/40
607 75 12 280 90 570 — 229/9.0 172/6.8 194/7.6 14.8/33
608 78 12 360 115 730 — 260/10.2 172/6.8 194/7.6 17.5/39
810 75 12 210 90 430 - 2299.0 172/6.8 194/76 14.3/31
611 75 12 310 90 630 490 229/9.0 177/71.0 194/7.6 15.5/34
691 70 12 130 58 260 200 206/8.1 177/71.0 194/7 .6 11.5/25
692 70 12 150 75 315 235 206/8.1 1777710 194/7.6 13.4/29
693 70 12 180 80 370 285 206/8.1 177770 194/1.6 13.2/29
694 Al 12 170 90 350 270 206/8 1 177/7.0 213/8.4 ,14.8/33
695 73 12 230 115 460 370 229/9.0 177710 213/84 17.8/39
696 74 12 270 140 550 435 260/10.2 177/71.0 213/84 20.2/45
726 70 12 160 60 330 255 206/8.1 1777710 183/7.2 11.2/25
727 70 12 190 70 385 300 206/8.1 17717.0 183/7.2 12.2/27
728 70 12 210 75 425 330 206/8.1 1777710 183/7.2 123727
729 75 12 210 90 430 330 22990 17770 183/7.2 14.2/31
730 75 12 2_@_0 90 525__ 405 229/9.0 171/7.0 183/7.2 14;9/33
731 75 12 280 90 5§70 140 229/9.0 177/1.0 183/7.2 16.2/33
732 75 12 310 90 630 <90 229/9.0 177770 1R3/7.2 15.5/34
733 78 12 270 115 540 410 £60/10.2 177/1.0 183/7.2 16.6/37
734 78 12 310 1156 630 490 260/10.2 1777710 183/7.2 17.1/38
735 78 12 360 118 730 550 260/10.2 177/70 183/7.2 18.0/40
736 78 12 380 116 770 600 260/10.2 177/1.0 183/7 2 18.0/40
858 5 12 220 90 500 - 229/90 176/6.9 194/76 149/33
MP894 | 74 12 160 6b 325 — 260/10.2 172/6.8 213/8.4 15.0/33
MP896 | 74 12 260 105 625 - 260/10.2 172/6.8 213/8.4 17.7/39
;30 78 12 370 176 750 — 330/13.0 177/7.0 213/8.4 24.2/53
L | LI
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HANDOUT #1
FREEDOM BATTERY TEST SPECIFICATIONS

COLD
SAE CRANKING
- CURRENT MAXIMUM APPROX LECTROL
8ct SAE SPEC O/MENSIONS WEIGHT REQD
J537h IMM IN) kG LBS LITERQTS
Amos Reserve
BCI fot Capacity @0 F D 20F Leangth Haght
[of ] Grovp Load (M- { 18c { 290 iinel (inc) Yop wetl Dry
No Sue Vons Ten ules) iin Amps , { (10 Amps | Flanges) Wb Post)
1059 24 12 180 115 375 - 260/10.2 172/6.8 222/88 19.9/44
1059 | 24 12 1680 11§ 375 - 260/10.2 172/6.8 222/8.8 19.9/44
1071 27 12 240 160 480 - 305/12.0 172/88 222/8.8 23.6/52
1071E | 27 12 240 160 480 - 305/12.0 172/6.8 222/8.8 23.6/52
1089 74 12 180 116 375 -_ 280/10.2 177/7.0 213/8.4 19.7/43
1110 31 12 310° 160 625 490 330/113.0 172/6.8 238/9.4 24.1/53
1111 31 12 310 160 625 490 330130 172/68 236/9.4 24.2/53
1150 31 12 290° 180 580 - 330/13.0 172/6.8 238/9.4 27.4/60
1150 31 12 310° 180 625 - 330/13.0 172/6.8 238/9.4 25.5/56
1151 31 12 280 1_80 580 -— 330/11° " 172/6.8 238/9.4 27.1/60
1151 31 12 310 180 625 - 3301350 172/68 238/9.4 25.6/56
11518 | 31 12 310 180 825 490 330/113.0 17,68 240/9.4 26.0/57
1200 31 12 230° 130 474 375 330/13.0 172/°8 238/0.4 23.9/53
1200 31 12 270° 130 550 — 3307130 172/6.2 238/9.4 22.4/49
12000 | 31 12 270° 130 550 - 330/13.0 172/6.8 240/9.5 22.6/50
1200E | 31 12 230° 130 A75 375 330/13.0 172/6.8 238/9.4 23.9/53
1200E | 31 12 270° 130 550 - 330/113.0 172/68 238/9.4 23.9/53
1201 31 12 230 130 475 375 330/123.0 172/68 238/9.4 23.4/51
1201 31 12 270 130 550 —_— 330/13.0 172/6.8 238/9.4 22.7/50
1210E | 31 12 310° 160 625 4 330/113.0 172/68 238/9.4 26.9/59 _
1210E | 31 12 310° 160 625 - 330/13.0 172/6.8 238/9.4 25.9/57
1250E | 31 12 290° 180 580 - 330113.0 172/68 238/9.4' | 27.4/80
1251E | 31 12 290 180 580 - 330/13.0 172/6.8 236/9.4 27.4/60
2000 31 12 - 180 580 - 330/13.0 172/88 236/8.4 27.4/60
2000 31 12 —_ 180 580 —_ 330/13.0 172/6.8 238/0.4 26.8/59
§2000 | 31 12 290 180 580 - 330/13.0 172/6.8 240/9.4 26.8/63

‘Battery tester cable clamps should be between terminal nuts and lead pads of terminals. It not possible, load value should be 330
amperes for 31-750, 405 amperas for 31-900, 275 amperes for 1110, 1150, 1250E & 1210, and 240 amperes for 1270 & 1200E.

Reprinted with permission of Delco Remy Division, GM Corp.
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STORAGE BATTERIES

UNIT IV

DE-167

HANDOUT #2 -~ COLD CRANKING AMPS FOR CONVENTIONAL

FILLER-CAP BATTERY TEST SPECIFICATIONS

BATTERIES

coLp
SAE CRANKING
- CURRENT MAXIMUM APPROX ELECTROLYTE
act SAE SPEC DIMENSIONS WEIGHT REQD
J537h (MM IN} KG LBS AITERQTS
Amps Reserve
BCI for Capacty | 20F |.& 20F Length Height
Cal Group Load {Min. (18¢c) {1 290 {uncl uncl Top Wwet Doy
No Suze | vors Test wes) | n Amps 1 {on Amps ) Flanges) Widin Post)

A31E K| 12 450 160 900 — 330713.0 172/6.8 240/3.4 25.0/55
FD1 NS 12 NA NA NA — 419165  179/71 281/11.1 | 44/97 32/711 9.8/104
FD2 JEH | 6 420 340 850 - 482,19.3 108/4.3 250/9.8 27.3/60 20.0/44 6.4/6.8
M24 24 12 190 100 390 - 285/11.1 178/7.0 250/9.8 NA
Y51A 12 190 75 380 — 217/8.6 153/6.0 212/8.5 15.0/33  11.0/25 3.2/3.4
Y83A 60 12 180 95 330 — 328/12.9 156/6.1 226/8.9 21.1/46  17.0/37 34/3.6
Y65A 28NF | 12 140 80 290 — 330/13.0 140/5.5 226/8.9 19.3/42 15.0/33 3.4/3.8
203 170 6 200 110 405 325 184/7.2 168/6.6 168/7.4 109/24 8218 2.6/2.8
213 M1 | 6 140 105 390 310 226/8.9 176/6.9 218/8.6 145/32 9.1/20 4.2/4.5
347 NS 12 80 31 160 — 197/7.7 131/5.2 185/7.3 8.8/20 8.8/15 1.9/2.0
349 NS 12 95 31 194 - 197/7.7 131/5.2 185/7.3 9.8/22 7.7/17 1.71.8
351 22NF | 12 120 52 240 - 239/9.4 140/5.5 225/8.8 14.1/31 10.0/22 3.3/3.5
353 NS 12 95 31 194 - 211/83 132/5.2 188/7.4 9.5/21 6.8/15 1.9/2.0
361A 3ET 12 200 120 400 — 488/19.5 108/4.3 248/9.9 25.4/56 21.8/48 2.8/3.0
4-800 4 6 400 270 800 - 333/13.1 181/7.2 236/9.4 NA
4-800A |4 8 400 270 800 - 333/13.1 181/7.2 238/9.4 NA
403 701 6 210 130 415 375 185/7.3 169/6.6 188/7.4 11.8/26 9.1/20 23/2.4
405A 19L 6 220 140 450 - 207/8.1 168/6.6 189/7.4 12.7/28  10.2/23 1.9/2.0
411A 1 6 245 180 490 — 222/8.7 168/6.6 224/3.8 16.8/37 13.2/29 28/3.0
413 1M1 | 6 205 145 410 330 229/9.0 178/7.0 218/8.6 16.3/36  11.3/25 4.2/4.4
413A 1 8 200 145 410 - 222/8.7 168/6.6 224/8.8 15.4/34 11.8/26 2.8/3.0
417 Mz | 6 235 165 475 380 262/10.3 178/7.0 218/8.6 18.6/41 13.2/29 45/4.8
417A 2 6 270 165 550 - 2577101 170/6.7 225/8.9 20.0/44 16.3/38 3.0/3.2
419A 2E 8 270 165 550 — 484/194  89/4.0 224/8.8 19.0/42  14.5/32 3.8/4.0
461A 3EE 12 180 95 380 - 488/19.5 108/4.3 224/8.8 22.2/49 17.2/38 3.8/4.0
553 — 12 130 50 280 - 240/9.4 174/8.9 172/6.8 14.1/31 10.4/23 38/4.0
557A 53 12 120 80 240 - 327131 117/4.7 210/8.4 15.6/34  13.2/29 1.9/2.0
713A 3 6 270 250 550 440 29211.7 178/7.1 234/2.4 23.2/51 15.9/35 58/8.1
715A 4 6 285 245 530 - 227/8.9 174/6.8 229/9.0 25.8/57 19.5/43 5.7/6.0
717A 4 6 370 270 750 -~ 3277129 173/6.9 229/9.2 249/55 16.9/37 6.4/6.8
7194 7D 6 450 375 900 — 406/16.0 178/71 230/9.1 32.6/72 24.6/54 6.8/7.0
721A 4DLT| 12 370 250 750 - 506/19.9  206/8.1 204/8.0 40.8/80 32.6/72 7.6/8.1
725A 5D 6 410 340 830 675 343/13.7 181/7.2 234/9.4 27.8/61 20.3/45 5.7/6.0
759A 4D 12 300 430 875 - 516/20.3 220/8.7 248/9.8 55.0/122 40.8/80 11.4/121
761A 8D 12 450 400 1050 - 526/20.7 2667105  250/9.8 85.9/145 46.4/102] 15.5/164
781AA 8D 12 520 375 1050 - 525/20.7 278/109 248/9.8 NA
771A 8D 12 520 375 1050 — 527/20.7 283/11.1 276/10.8 NA
776A 30H 12 210 160 575 — 342/13.5 170/6.7 232/8.1 28.8/683  23.1/51 45/4.8
8v1 —_ 8 180 120 360 280 226/8.9 173/6.8 224/0.8 16.8/37  11.4/25 42/4.4
ava — 8 200 140 410 | 330 264/104 178/7.0 226/8.9 19.5/43  14.1/31 45/48
801A - 8 220 160 440 — 330/13.0 172/6.8 238/9.4 254/56  18.4/40 74/7.8
821A o 8 210 275 425 - 544/21.4 176/6.9 252/9.9 53.5/118 40.4/89 10.6/11.2
823 75 12 250 20 500 380 229/9.0 177770 194/7.6 15.0/33
826 75 12 250 90 500 375 229/9.0 17727710 183/7.2 15.0/33
831A(ord)| 2HN 12 130 ~- — — 260/10.2 134/6.3 230/9.1 15.4/34 11.3/25 3.4/3.6
837A(0rd)| 8TN 12 300 - - - 284/11.2  268/106  230/9.1 31.8/70 23.1/51 8.6/7.0
843A GC2 1] 6 - — — - 260/10.2 178/7.0 270/106 | 29.5/65 258/57 28/3.0
845A GC2 ] 6 NA 105 NA - 259/10.2 178/7.0 27u/109 | 28.1/62  24.9/55 28/3.0

Reprinted with permission of Deico Remy Division, GM Corp,
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STORAGE BATTERIES
UNIT IV

JOB SHEET #1 — TROUBLESHOOT A BATTERY

A. Tools and materlals

1. Battery

2. Safety glasses
3. Rubber gloves
4.  Rubber apron
5. Job Sheet #2
8. Job Sheet #3
7. Job Sheet #4

B.  Procedure

(NOTE: Specific test procedures are required to determine the abillity of a battery to
function properly. For this reason, visual Inspection, specific gravity check, and load
test are sometimaes required.)

1.

Visual Inspection

a.

b.

Check for obvious damage such as a cracked or broken case.
It da.nage Is obvious, replace battery.
(NOTE: Refer to Job Sheet #2.)

If there I8 no obvious damage, check electrolyte level. If you have a battery,
proceed to Step 3.

It electrolyte level I» above top of plates, proceed to Step 2.
If electrolyte Is below top of plates in one or more cells, add water to just

above the separators, Charge for 15 minutes at 15-25 amps and then pro-
ceed to Step 2.

1675
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JOB SHEET #1

2. Test specific gravity on conventional batteries.

(NOTE: Refer to Job Sheet #3.)

a.

Less than 50 points variation between highest and lowest cell, proceed to
Step 4.

50 polrits or more variation between highest and lowest cell, replace hat-
tery.

(NOTE: Refer to Job Sheet #2.)

3.  Test specific gravity for maintenance-free batterles.

a.
b.
1)
2

3)

Batterles withc it built-in hydrometer, go to Step 4.
Batteries with bulit-in hydrometer, check color of indicator,
Light yellow or white — Replace battery.

Indicator is dark — Charge until indicato: turns green, ther connect 300
amp load for 15 seconds and proceed to step 4.

(NOTE: For 300 amp load, refer to Job Sheet #4.)

Green — Proceed to Step 4.

4. Load test the battery.

Obtain specifications for the battery you are testing.
Manufacturer's specifications:

amps volts

Obtain instructor’s initials here hefore proceeding to next
step.

Connect voltmeter and proper ioad from specification for 15 seconds.
(NOTE: Refer to Job Sheet ¥#4.)

If voltage Is at or ahove chart value, return to service.

(NOTE: Refer to Handouts #1 and 2 for charts.)

it voltage is below chart value, replace battery.

(NOTE: Maintenance-free batteries without built-in hydrometers must be
given a long, slow charge and load ‘ested again.)

16¢
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STORAGE BATTERIES
UNIT IV

JOB SHEET #2 — REMOVE, SERVICE, AND REPLACE BATTERY

A.  Tools and materials
1. Vehicle

Safety glasses

Rubber apron

Bristie brush

Wire brush

® o » o DN

Screwdriver

~N

wsattery clamp puller
8. Combination end wrenches
9. Battery pliers

10.  Baking seda and water solt‘ilon (two tablespoor:s of baking soda to one pint of
water)

11.  Bettery anti-corrosion paste
12,  Battery post and cable cleaner
13. S.0p towals
14. Torque wrench
15.  Battery lift strap
16.  Appropriate s.rvice manual

B.  Procedure

(CAUTION: Remove all jewelry pior to working on any electrical system, and follow all
shop safety procedures.)

(NOTE: Oussrve the location of the positive post so the battery can be Instailed in the
same way.}

167
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JOB SHEET #2

1. Disconnect the battery cables from the battery posts. (Figure 1)

(NOTE: Always disconnect the grounded battery cable first to avoid short cir-
cuits. Use care to avoid twisting the battery cabie post.)

FIGURE 1

Pry Clamp Open

Pull Cable Off

2,  Remove the battery hold-down.
3. Remove the battery from the carrier.

(NOTE: Use a sultable battery lift strap to lift the battery.)
4. Inspect the battery carrier for dirt or corrosion.

5. Check battery cables for worn or frayed insulation.

168
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® JOB SHEET #2

8.  Ciean battery cable clamps and battery post. (Figure 2)

(bNIOtI\-tE) Battery posts and inside of battery cable clamps must be clean and
right.

FIGURE 2

Brush soda water solution on battery, battery post, clamps, and battery hold-
down. (Figure 3)

(NOTE: Keep water and soda from entering the battery through the vent holes In
the vent caps.)

FIGURE 3
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JOB SHEET #2

8. Wash away residue with clean water. (Figure 4)

(NOTE: Remove all residue that may have lodged around battery, frame, or parts
of the vehicle.)

FIGURE 4

9.  Set the battery into place using a lift strap.
(NOTE: Position the battery to allow for correct battery cable attachment.)
10.  Install the battery hold-down clamp or strap and tighten securely.
11.  Reconnect battery cables to the battery posts. (Figures 5 and 6)

(NOTE: Always reconnect the insulated cable first and the ground cable last.
Replace clamp bolts and nuts as needed.)

(CAUTION: Do not hammer or force terminal on post as battery cover breakage
may result.)

FIGURE 5

70




12,

13.

JOB SHEET #2

FIGURE 6

Side Post
Terminals

Reprinted with permission of General Motors Corporation.

(NOTE: Side post terminal bolts need to be torqued to manufacturer's specifica-
tions.)

Torque or tighten the battery clamps securely.
(NOTE: Use care to avold twisting the cable post.)

Spread a coating of battery anti-corroslon paste over the cable clainps and terml-
nals.

171
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‘ STORAGE BATTERIES
UNIT Iv

JOB SHEET #3 — MEASURE SPECIFIC GRAVITY
OF A CONVENTIONAL BAT.ERY

A.  Tools and materials
1. Battery

Hydrometer

Shop towels

Container of clea” water
Safety glasses

Rubber gloves

Rubber apron

& N O 00 & N

Approprlate service manual
B.  Procedure
(CAUTION: Follow all shop safety procedures.)
1. Remove vent caps from battery.
2. Insert the hydrometer into the first cell.

3. Squeeze the rubber bulb to draw electrolyte inte the hydrometer tn suspend the
float. :

(NOTE: If the electrlyte level is too low, add water, charge for one hour, and
recheck.)
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JOB SHEET #3

4, Take reading at eye level. (Figure 1)

(NOTE: Make sure the float Is not bumping the top of the hydrometer tube or
sticking to the side of the tube; write down reading for each ceil.)

FIGURE 1

Hold Tube Vertical

Do Not Suck in Too
Much Electrolyte

Take Reading
at Eye Level

5.  Squeeze bulb to return electrolyte to celi.

6. Repeat for other celis.
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O JOB SHEET #3

7. Adjust the readings for temperature.

a. Add four gravity points (0.004) to the reading for every 10°F akbove 89°,
Subtract four gravity points (0.004) for each 10° below 80°F (Flgure 2

FIGURE 2
Tomperature ~ Gravity Points
O, to Add or
Subtract
1 +3
1:: +2: +30
+
140 +24 2%
+
130 +20 +22
120 +16 18
110 +12 ::;
100 +8 +6
90 +4
+2
TEMPERATURE 80 o 2
ADJUSTMENT CHART 7 4 e
60 .
8 10
S04 .12
40 .16 ::
' o 20 °
20 | 3] -24 22
.26

10 .28
Q

b. Check specific gravity; it should read from 1.215 to 1.270 (corrected o
80°F electrolyte temperature).

c. Check the variation In readings between cells; it should be ro mors than
0.050.

d. Charge and retest the battery if the readings are not within the above man-
tioned range.

8. Replace vent caps upon completion of test.

9.  Flush any spllled electrolyte with ¢lean wate.

ey
£y
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‘ STORAGE BATTERIES
UMIT IV

JOB SHEET #4 — LOAD TEST A BATTERY

A. Tools and rnaterials

-
>

Battery

Battery capacity tester
Appropriate conductors
Safety glasses

Rubber gloves

S S o

Rubber apron
7.  Appropriate service manual
B. Procedure

(CAUTION: Remove all jewelry prior to working on any electrical systern, ar.d follow all
shop safety procedures.)

0 1. ghgck service manual to find the recommended load current to test a particular
attory.

Manufacturer’s specifications:

amps volts

Obtain instructor's initials here before proceeding to next step.
2. Connect tester. (Figure 1)

FIGURE 1
— —— e
Red = -
plask O\ Ciainp Amp Arrow ==
]
: JLTLTT \;rg::rds Batterv ||}~ o o
! - o —

’ Engine
Block
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JOB SHEET #4

Turn the rheostat knob ciockwise until the desired load is reached.

Apply load equal to three times the ampere-hour rating of battery heing tested or
/2 cold cranking amps.

(NOTE: Ampere-hour rating should be marked on the outside of battery case.
Refer to Handouts #1 and 2 for cold cranking amps.)

Read battery voltage at the end of 15 seconds.

(NOTE: If voltage drops below 1.5 volts par cell in 15 seconds, use the 3-minute
charge test.)

Loosen rheostat to relisve load at end of 15 seconds.

Disconnect tester.
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. STORAGE BATTERIES
UNIT IV

JOB SHEET #5 — CHARGE TEST A BATTERY FOR THREE MINUTES

A. Tools and materials

1. Battery
2. Adjusiable, fast-"ate batte;y chavger
3. Battery capacity tester
4. Appropriate conductors
5. Safety glasses
6. Rubber gloves
7.  Rubber apron
8. Appropriate service manual
. B. Procedure
(CAUTION: Remove all jewelry prior to working on any electrical system, and follow all
shop safety procedures.)

(NOTE: Use charge test only on batteries that fail the capasity test. Do not use this test
on maintanance-free batteries.)

1. Connect tester and charger. (Figure 1)

FIGURE 1
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JOB SHEET #5
2. Turn charger on ar.d adjust the charging rate to 40 amps for 12-volt batteries, 75
amps for 6-voit batterles.
3. Charge battery for 3 minutes.
4. Read Individual cell voltages with battery charger stiil in operation.
(NOTE: If they vary by more tian 0.1 volt, replace battery.)
5. Read total battery voltage.
(NOTE: If It Is over 15.5 volts for 12-volt batterles or 7.75 for 6-volt batterles, the

battery is unsatisfactory and must be given a long, slow charge and load-tested

again, If voltage under load test is less than 9.5 volts (12-voit) or 4.8 voits (6-volt),
replace hattery)

Ly I
NV
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. STORAGE BATTERIES
UNIT IV

PRACTICAL TEST
JOB SHEET #1 -~ TROUBLESHOOT A BATTERY

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe *he pro-
cedure and complete this form. All items listed under “Process Evaluation” must receive a
“Yes” for you to receive an overall performance evaluation.

FROCESS EVALUATION

(EV/LUATOR NOTE: Place a check mark in the “Yes” or “No” blanks to designate whether or
not the student has satisfactorily achieved each stey in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

’ The student: YES NO

Checked out proper tools and materials.

Used safety equipment.

Visually inspected battery.

Checked specific gravity.

Obtained the correct manufacturer's specificatioris.
Load tested the battery.

Checked in/put away tools and materials.

Cleaned the work area.

PN NS

- EVALUATOR'S COMMENTS:
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a “3" for mastery to be demenstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation))

Criteria:
4 3 2 1
Determined battery
condition
EVALUATOR'S COMMENTS:
PERFORMANCE EVALUATION KEY
4 — Skilled — Can perfcm job with no additional training.
3 — Moderately skilled — Has performed job during training program; limited

additional training may be required.

2 — Limited skill -~ Has performed job during training program; additional
training Is required to develop skill.

1 — Unskilled — Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the desig:ated points in “Product Evaluation” and divide by the total number of criteria.)

TEO




STORAGE BATTERIES
UNIT IV

PRACTICAL TEST
JOB SHEET /2 — REMOVE, SERVICE, AND REPLACE BATTERY

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under “Process Evaluation” must recelve a
“Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the “Yes” or “No” blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materlals and try again.)

The student: YES NO

Checked out proper tools and materials.

Used safety equipment.

Disconnected battery cables using the proper tools.
Inspected battery carrier.

Checked battery cables.

Cleaned battery, battery clamps, and terminals. -
installed battery, battery hold-down clamps, and reconnected
battery terminals.

Checked In/put away tools and materiz!s.

Cleaned the work area.

Noo~wN =

© o

EVALUATOR’S COMMENTS:

DE-187
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JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate thu student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a “3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed arid another product must be submitted for evaluation.)

Criterta:

4 3 2 1
Battery or batteries are
installed correctly.

4 3 2 1

Battery, battery hold-
down clamps, and battery
terminals are clean and in
good working order.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 — Skilled — Can perform job with no additional training.

3 — Moderateiy skilled — Has performed job during training program; limited
additional training may be required.

2 - Limited skill —— Has performed job duriiig training program; additional
training is required to develop skiil.

1 — Unskilled — is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score Is needed to coincide with a competancy profile, total
the designated points in "Product Evaluation” and divide by the tctal number of criterial)

162
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STORAGE BATTERIES
UNIT IV

PRACTICAL TEST
JOB SHEET #3 — MEASURE SPECIFIC GRAVITY OF A
CONVENTIONAL BATTERY

STUDENT'S NAME DATE

EVALUATOR’'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this forim. All items listed under “Process Evaluation” must receive a
“Yes” for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the “Yes” or “No” blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

Checked out proper tools and materials.

Used safety equipment.

Took specific gravity reading.

Adjusted the reading for temperature.

Fl.ished any spilled electrolyte with clean water.
Checked in/put away tools and materials.
Cleaned the work area. e

NoosON 2

EVALUATOR'S COMMENTS:
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criterla by circling the appropriate num-
bers. Each item must be rated at ieast a “3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:
4 3 2 1
Accuracy of specific
gravity reading
EVALUATOR'S COMMENTS:

PERTORMANCE EVALUATION KEY

N
I

Skilled — Can perform job with no additional training.

3 — Modarately skilled — Has performed job during training program; limited
additional training may be required.

2 — Limited skill — Has performed job during training program; additional
training Is required to devalop skiil.

1 — Unskilled — Is familiar with process, but Is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in “Product Evaiuation” and divide by the total number of criteria.)

oA
e

[y
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-




DE-191

® STORAGE BATTERIES
UNIT IV

PRACTICAL TEST
JOB SHELT #4 — LOAD TEST A BATTERY

STUDENT’S NAME DATE

EVALUATOR'S MAME ATTEMPT NO.

Instructions: When you are ready tc perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under “Process Evaluation” must receive a
“Yes” for you to recelve an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark In the “Yes” or “No” blanks to designate whether or
not the student has satisfactorily achievad each stzp In this procedure. If the student Is
unable to achleve this competency, have the studerit review the materlals and try again.)

‘ The student: YES NO

Checked out proper tools and materials.
Used safety equipment.

Obtained battery speclfications.
Connected and operated tester correctiy.
Checked In/put away tools and materials.
Cleaned the work area.

DO AL

EVALUATOR'S COMMENTS:

-« [




192

JOB SHEET #4 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a “3” for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted tor evaluation.)

Criteria:
4 3 2 1
Evaluation of test
results
EVALUATOR'S COMMENTS: __

PERFORMANCE EVALUATION KEY

— Skilled — Can perforr job with no additional training.

— Moderately skillea — Has performed job during training program,; {imited
additional training may be required.

— Limited skill — Has performed Job during training program; additional
tiaining Is required to develop skili.

1 — Unsklilled — Is familiar with process, but Is unable to perform jop.

RN Wh

(EVALUATOR NOTE: If an average scors is needed to coincide with a competency profile, total
the designated points in “Product Evaluation” and divide by the total number of criteria.)
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STORAGE BATTERIES
UNIT IV

PHACTICAL TEST
JOB BHEET #5 ~~ CHARGE TEST A& BATTERY FOR THREE MINUTES

STUDENT'S NAME e DATE .
EVALUATOR'S NAME N AVTEMOT NO. .

Instruc .ons: When you sre ready to perform this task, ask your instrustor to oheeve the pro-
cedue and complete this form. Al itamy Hisied under “Procass Evaluaton” must receivo a
“Yas" for you to racelve an overall performance evaluation,

PROCESS EVALVATION

(EVALUATOR NOTE: Place a chetik mark i e “Yes” or “No” tlainks 10 doslgnate whether ni
not the student has savisfactorily achisvest each gtep in this prossdwe. {f the studunt is
unable to achieve this competency, have the student review the maderials and try againg

The student: YES 9]

Chacked out proper 1008 and naterials,

Used salety equipment.

Connected tester ari charger 10 haitary correstly,

Selectod the corrett arpeisgs on nhargern

Hand total batiery voltage to inske svamation of the haltary,
Checked Infput away jouls und materiais.

Cluaned the work area.

NSO

EVALUATOR'S COMMENTS:

A M R L3MA RW i A rreamh s ¥ 1L ey A

D73 N 8000 A trmtrames 1 I M HIA D, . 24 et

W
I l;'ﬁ i
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JOB SHEET #5 PRACTICAL TEST

PRODUC" EVALUATION

(EVALUATCR NOTE: Rate the student on the following criterla by circling the appropriate num-
bers. Each item must be rated at least a “3" for mastery to be demonstrated. (See performance
evaluation key below.) if the student Is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Crniiena.
4 3 2 1
Evaiuatlosn of
test results
EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 .- Skilled — Can perform job with nc additional training.

3 — Moderately skilled -~ Has performed job during training program; limited
additional training may be required.

2 — Limited skill ~— Has parformed jobs during training program; additioral
trainleg is requirsd to develop skill.

1 - Unskilled — is familiar with prosess, but is unable to perf rm job.

-

(EVALUATOR NOTE: I an average score Is rieeded to coinclde with a competency profite, total
the dezignated paints In “Product Evaluation” and divide by the total number of criteria.)

Ié. ¢
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STORAGE BATTERIES
UNIT IV

NAME SCORE

TEST

1. Match the terms on the right with their correct aefinitions.

S - % Two cr more connected cells which convert 1. Battery
chen.ical energy into electrical energy
2. Cell
—Db. One positive plate group and one negatiive
plate group 3. Electrolyte
c. Similar plates welded to a plate strap 4. Hydrometer
—d. Solution of water and sulfuric acid 5. Plate group
e. Weight of electrolyte compared to an equal 6. Specific yravity

volume of water at 60°F
7. Sulfated
—f A test instrument for determining the spe-
clfic gravity of electrolyte

—— Oxidation of positive plate gria wires and
formulation of lead sulfate crystals which
become dense and hard

2. List three functions of a hattery.

a.

b.
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TEST

3. Identify the foliowing types of batteries.

)
24

4, Distinguish between the characteristics of batteries by placing a “C” next to the char-
acteristics of conventional batteries and an “M” next to the characteristics of mainte-
nance-free batteries.

——a. Lifetime supply of electrolyte
_—Db. Less gassing and corrosion

c. Vent caps are used for each cell

d. Longer shelf life

e. Builtin hydrometer

—_—f Electrolyte level has to be checked and water added to each cell
N s R Withstand more vibration

h. Resist overcharging

5. Complete the following statements concerning the voltage ratings of batteries by plac-
ing the correct number(s) in the blanks. Choose your answers from the following num-

bers: 3, 6, 9, 12.
a. 6-volt batteries have cells.
b. 12-volt batteries have cells.
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. TEST

6. Distinguish between amp hour rating and cold cranking amps by placing an “X" next to
the description ¢t cold cranking amps.

—_—_a Capacity rated according to quantity of electricity that can be taken from a
fully charged battery over a definite period of time

b Number of amps that can be taken from a fully charged battery at 0°F for
30 seconds

7. Cornplete the following statements concerning rules for installing batteries by insert-
ing the correct word (on the right) that best completes each statement.

a. Install only charged bat- Older
teries.
Polarity
b. Do not install a new battery alongside
—— batteries. Different
c. Do not install batteries of Fully
capacities.
d. Check of the vehicle.
. 8. Draw lines showing the installation of battery cables.

a. 6-volt batteries

1)  12-volt system

Cable Going To Starter Or Frame

Cable Going To Starter Or Frame

2) 24volt system

Cable Golng To Starter Or Frame

6 Volt 6 Volt 6 Volt 6 Volt

Cable Going To Starter Or Frame

S 4
| O
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TEST

b. 12-voit batteries

1)  12-volt system

Cable Golng To Ttarter Or Frame
L

.+
12 Voit
-0

.*
12 Volt
_@

Cable Going To Starter Or Frame
..~ .-~ "~~~ ]

2) 24-volt system

Cabie Going To Starter Or Frame
e - ]

(M e e’ o'
12 Voit
.0 -0 .9 -0

Cable Going To Starter Or Frame

9. Identify the following types of battery terminal constructions.
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10.  Select from the following list safety rules to be obsetved during the care and mainte-
nance of batteries ty piacing an “X"” beside the appropriate rule(s).

a. Electrolyte must not be allowed to come in contact with clothing, skin,
eyes, or painted surfaces.

—b. F!ames or sparks can cause gases given off by battery to explode.

C. Wear safety glasses, rubber gloves, and rubber apron when servicing bat-
teries.

—_—d. Leave charger in the “on” position when connecting and disconnecting

batteries.
e. Flush immediately with water any area of skin which acid has contacted.

f. Avold breathing fumes from a battery that ‘s being charged.

(NOTE: If the following activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)

‘ 11.  Demonstrate the ability to:
a. Troubleshoot a battery. (Job Sheet #1)
b. Remove, service, and replace battery. (Job Sheet #2)
c. Measure specific gravity of a conventional battery. (Job Sheet #3)
d. Load test a battery. (Job Sheet #4)
e. Charge test a battery for three minutes. (Job Sheet #5)
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STORAGE BATTERIES
UNIT IV

ANSWERS TO TEST

1. a 1 e. 6
b. 2 f. 4
c. 5 g 7
d. 3
2. a Supplies current for cranking the engine
b. Supplies current when the demand exceeds the output of the charging systems.
c. Stabilizies the veltage in the system during operation.

3. a Conventional
n. Maintenance free

4, a M e M
b. M f C
c. C g M
d. M h M

5. a. 3
b. 6

6. b

7. a Fully
b. Older
c. Different
d. Polarity

8 a 1)
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ANSWERS TO TEST

12 Volt 12 Volt 12 Volt 12 Volit

2)

12 Volt 12 Voit 12 Volt 12 Volt

9. a Bolt-type side terminals
b. Stainless steel stud terminals
c. Battery post terminals

10. a,b,ce,f

11.  Performance skills evaluated to the satisfaction of the instructor
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STARTING SYSTEMS AND CIRCUITS
UNIT V

UNIT OBJECTIVE

After completion of this unit, the student should be able to remove, replace, rebuild, and test a
starter, and check voltage drop in a starter circuit. Competencies will be demonistrated by
completing the Job sheets and the unit tests with a minimum score of 85 percent.

® SPECIFIC OBJECTIVES

Aftor completion of this unit, the student should be able to:
1.  Match terms related to starting systems and circuits with their correct definitions.
2. List three types of starting systems.
3.  List two sources of compressed air for air starting motors.
4, Select from a list components of a gasoline starting system.
5. Select from a list types of starting aids.
6. State the purposy of an electrical starting circuit.
7. Label the major parts in an electrical starting circuit.
8. Match parts of a starting circuit with the functions.
9. Seiect major parts of a starting motor.

. 10. Match component parts of a starting motor with their functions.
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11.

12.
13.
14,
15.
16.
17.
18.
19,

21,

OBJECTIVE SHEET
Complete a statement concerning the conversion of electrical energy inte
mechanical energy.
Select true statements concerning how a starting motor is kept running.
Arrange in order the current flow in a starting motor circuit.
Identify types of starter field circuits.
Ma'ch types of starter field circuits with current flow.
List four types of starting motor switches.
Explain ways starter drives are engaged.
Identify types of electromagnetic or lever shift drives.
Arrange in oider the steps in the operation of a series-parallel switch.
Arrange in order the steps in the operation of a transformer-rectifier unit.
Demonstrate the ability to:
a. Remove and replace a starter. (Job Sheet #1)
b. Disassemble, test, and reassemble a starter. (Job Sheet #2)
c. Test a starter motor (no-load). (Job Sheet #3)
d. Rebuild and test a starter solenoid. \sob Sheat #4)

. Check voltage drop in a starter circuit. (Job Sheet #5)




m m o O w

STARTING SYSTEMS AND CIRCUITS
UNIT V

SUGGESTED ACTIVITIES
Obtain additioral materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of instruction.
(NOTE: This activity should be completed prior to the teaching of this unit.)
Make transparencies from the transparency masters included with this unit.
Provide students with objective sheet.
Discuss unit and specific objectives.
Provide students with information sheet.
Discuss information sheet.
(NOTE: Use the transparencies to enhance the information as needed.)
Provide students with job sheets.
Discuss and demonstrate the procedures outlined in the job sheets.
Integrate the foliowing activities throughout the teaching of this unit:
1. Demonstrate different designs of starters.
2. Take a fleld trip to a starter rebullding shop.
3.  Show film strip.
4, Have students bring in starters to rebuild.

5. Meet Individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas for improve.nent.

Give test.
Evaluate test.

Reteach i necessary.
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STARTING SYSTEME AND CIRCUITS
UNIT V

INFORMATION SHEET

Torms and dedinitions

8. Arrature — Malin drive of starter motor; converts slectrical enorgy into
mechanical ensrgy

B. Brushes -— Sliding contacts 0 fsed electrical energy from hattery (¢ com-
mutator

C. Cemf — Counter elactromotive foice

D. Commutator — Metal segments attached to ands of wire loops to form con-
tact surface on armature

E. Fiald winding — Wire wrapped around pole pieces to increase strength of
magnetic field whan current is passed through windings

F Inertia — Tendency of a body in motion to remain in motion

G.  Motor switch -~ Any switch that ctoses the circuit between th 2 battery and
starter motor

H. Pinlon — Small gear that meshes with a larger gear

I. Pole pleces — Ends of a magnet in the field frame assembly of a starting
motor

J. Solenoid — Electromagnetic switch that closes circuit and engages the
motor drive pinion with the flywheel

K. Starter switch — Activates the motor switcn
(NOTE: This switch may be either a key or push button.)

L. Voltage drop — The drop, or current used in cables

Types of starting systemns

A. Electric motors

B. Gasoline engines

C. Air starters

20



V.

Y.

Vi

Vil.

INFORMATION SHEET

Sources of compressed alr for alr starting motors (i ransparency 1)

A.
B.

Separate engine and compressor
Air brake compressor on highway diesel tractors

(NOTE: The air starting motor produces more torque to turn an engine over
than an electric starter motor,)

Components of gasoline starting engine

A.  Gasoline engine -
8. Clutch

C.  Gear box

D. . Drive pinion
Types of starting aids

(NOTE: Aids may be useu singly or in combination.)

A.
B.
C.
D.

Clow plugs
Starting fluid
Block heater

Oll heater

Purpase of an electrical starting circult — Converts elactrical energy from the bat-
tery into mechanical energy at the starting motor to crank the engine.

Major parts In an electrical starting circuit (T; ransparency 2)

A.
B.

Battery

Starter switch

(NOTE The starter switch may be either a key or push button.)
Motor switch

(NOTE: The motor switch may be sither rnagnetic or solenoid.)

Starting motor




Vil

IX.

INFORMATION SHEET

Function of parts of ait alectrical starting clrcuit (Transparency 2)

A.
B.
C.

D.

Battery — Supplies energy for the circuit
Starter switch — Activates the circuit

Motor switch — Closes circuit tc motor and engages motor drive with fly-
wheel

Starting motor — Drives flywh3el to start engine

Major parts of a starting motor (Transparency &)

A.
B.
C.
D.

Motor switch
Field frame assembly
Armature

Drive mechanism

Component parts and their functions (Transparency 3)

A.
B.

Pole shoe — Forms a magnetic field of force around armature

Field winding — Wrapped around [.ole shoe i0 strengthen magnetic field
when current is passed through the winding

Armature — Converts electrical energy into mechanicai energy to drive
mechanism to crank engine

(NOTE: The magnetic field around the loop and the field between the pole
shoes repel each other causing the loop or armature to turn.)

Commutator — Forms contact surface for battery to feed electrical current
through armature

Brushes -— Sliding contacts which feed electrical energy to the commuta-
tor
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INFORMATION SHEET

Xl.  Conversion of electrical energy Inte mechanical energy — Current carrying con-
ductor (armature) formed in a loop and mounted on a shaft; will cause the shaft to
rotate when placed inside a magnetic field (field windings)

Loop of Wire Placed in Field Between Poles

Xll. rlow a starting motor is kept running (Transparency 4)

A. The magnetic field around the armature and the magnetic field between the
pole pieces repel each other causing the armature to turn. ’

B. Metal segments on the ends of the commutator make a one-ha’* turn
reversing their connection through sliding contacts (brushes) which causes
the current to flow in ti» : opposite cirection In the armature windings.

Xiil.  Cument flow In an electrical starting motor circuit

A.  With the key switch in the start position, current flows from the battery ter-
minal of the starter through the magnetic switch and to ground.

Key 4 m
Switch LA

<03




XIV.

INFORMATION SHEET

The magnetic switch closes allowing current to flow from the battery termi-

nai of the solenoid to the switch terminal of the solenoid.

Magnetic
Switch

The solenoid closes allowing current to flow from the battery terminal of
the solenoid to the motor terminal of the solenoid and at the same time,
engages the starter drive with the flywheel. Current then passes through
the starter and back to ground.

Solenoid

Tvres of starter field circuits (Transparency 5)

A.
B.
C.
D.

Series-wound
Parallel-wound
Series-parallel-wound

Compound-wound

Types of starter field clrcuits and current flow (Transparency 5)

A.

Series-wound — Current flows through all the field windings before It flows
through the two insutated brushas to the armature

a

o
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XVL.

XVl

XViil.

XiX.

INFORMATION SHEET

B. Parallel-wound — Current flows through one field winding to the brushes,
and also through the other field winding to the brushes, placing the field
windings in parallel.

C.  Serles-parallel-wound — One third of the currznt flows through each pair of
field windings to one of the thiee insulated brushes.

D.  Compound-wound — One or more of the poles is shunt wound, connected
directly to ground to prevent excessive speeds.

(NOTE: The shunt coil is not affected by the counter voltage (CEMF)
induced Into the armature windings when passing through the magnetic
field of the field coils.)

Types of starting motor switches

A. Manual

B. Solenoid

(NOTE: Solenold provides a mechanical means for engaging the pinion with
the flywheel.)

C. Magnetic
(NOTE: Magnetic switch does not provide mechanical shifting.)
D.  Series-paraliel
Engaging starter drives
A, Inertia of armature acting through drive mechanism
B. Electrcmagnetic plunger to mechanically shift pinion into mesh
Types of electromagnetlc or lever shitt drives (Transparency 6)
A. Overrunning clutch
B. Sprag clutch drive
C.  Positork® drive
Operation of a serles-parallel switch

A.  Starter switch closes, connecting two 12 volt batteries in series with the
starting motor.

B.  Solenoid circuit is completed by a set of points mechanically closed by the
series-parallel switch plunger and starter turns over. (Transparency 7)




C.
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INFORMATION SHEET

Starter switch is released, going into neutral position, permitting operation

of electrical equipment by two 12 volt batteries in parallel for normal opera-
tion. (Transparency 8)

Operation of a transformer-rectifier unit

A

The operator closes the start switch, forcing 12 V from the batteries marked
“A" through the magnetic switch, closing the cranking motor actuating cir-

cuit.
g +12.V
12/24-V Battery
Integral B _,
Charging

Start Magnaetic _

System
Yy | J Switch Switch

+24V §

0 +* \/
Battery
B _g

Cranking \

Venicie
Loads

Reprintad with permission of Delco Remy Divislon, GM Corp.
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INFORMATION SHEET

B.  The current for the solenold switch and for cranking flows from the positive
posts of the “B" batteries to the battery terminal on the solenoid switch, to

and over the magnetic switch disk, to insulated terminals, and through the
solenoid windings to ground.

7 +12-V

12/24-y Battery |

integral 3 -

Charging 2 Magnetic §
. System BatBtery Svsltch

24V
Cranking

Reprinted with permission of Delco Remy Divislon, GM Corp.

C.  This action energizes the solenoid and current then flows from the battery
terminal of solenoid to the motor terminal, through the starter to ground,
and into the negative part of the batteries marked “A” This action connects
both sets of batteries in series, creating 24 V for starting.

1224V

Integra.
Charging
System

Magnetic
Switch

Start
Switch

Reprinted with permission of Delco Remy Division, GM Corp.
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Air Starting System

Control Valve
Lever Ball Or
Push Button ~——

Air Starting

Reservoir Valve
150#
Control Valve Check Valve/ Hand Valve
Air Pressure--—»<:) \
95-120 PS| —Glad Hand
From Main
Air System /——Air Cranking Motor
Courteay of Mack Trucks, Inc, a

NI
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Parts in Starting Circuit

Magnetic Switch
Starter
Switchesvcpusr‘ Button
Key Switch ‘
o
Battery |
[ | olenoid (Motor Switch)

e + - {
Starting ,
Motor - »

3
o

lie3d



Parts of a Starting Motor

Contact Disc
Contact Terminals Heavy-Duty Plunger Retyrn Spring

Gasket Gasket / Solenoid fwitch Linkage Seal
— —— Linkage
C%':én g.-t:;?; . Wi A Shift Lever
Oil 2| Lever Housing
resmor | Brusn\] SR d

ivuse Housing
Cable | ol O l j Pipe Plug

\ ) (/] ks
" o .
A 1=,

. e 2 00y e .’ T

—
\ e

Terminal /% — ' § o\ =0 Bronze
. 7 oil Bushing

O-Rings Inspection | Figlq Coii / Armature / O-Ring Reservoir Oil Reservoir
Plate Sprag Clutch

Commutator Pole Shoe  Shaft Seal Bronze Bushing

© General Motors Corporation

A~
™y
o
€ic-3a




Components of Armature

Current =&
From )
Battery

- “Field Windings
Armature

Armature And Brushes

gl

- b,
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Starter Field Circuits

Fieid Coil
(4 Used)

Commutator

Pole Shoe Pole Shoe

Four-Pole—Two-Coil Series-Wound Motor Four-Pole—Four-Coll Parallel-Wound Motor

Bfush-_ Pole (6 Used) Series Coll§ 2

Six-Pole—Six-Coll Serles-Parallel-Wound Motor Compound-Wound Motor
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Types of Electromagnetic or Lever Shift Drives

Washer
Shell /' Drive
? )Solenoid Shift Lever Collar Log?:ut
Pinion Stop A o
Shift inion
Coliar Shift  Spring
Overrunning Clutch Sleeve
Rubber Positork
Damper Drive

, Pinion

~ Shift Collar
Sprag Clutch Drive

Reprinted with permission of Daloo Remy Division, GM Corp.

&2¢3a



DE-227
Series-Parallel Switch — 24 Volts
Dutput Terminal
Battery QO
~ Battery Q o A
Y 12-Volt “B | 12-Volt “A
5 Battery 5 Battery
M 12.volt ‘6" ) 12Volt A" |
Series-Parallel Switch
Ammeter .
K Optional Location

E . . .\l T ) ,U gy 'u‘s ALY IR TG

— Circuit Breaker A
Or Fuse B

Solenoid Switch N\
Ammeter . (24-Volt) ‘
Preferred Location—{{ X
" Y/
Cranking Motor (24-Volt)
Reprinted with parmission of Delco Remy Divislon, QM Corp. ™7
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Series-

L-nn-nﬂ--ﬂ"nnn--n--n---

¥ Solenoid Switch

Ammeter

Parallel Switch — 12 Volts

Output Terminal

DE-229

&
Integral
Charging
System
Q Battery ~ Battery
12-Volt “B"Y 12-Volt “A”
! I
T i -
r= h Starting Switch
Battery , A Battery
12-Volt “B” 12-Volt “A”
)
: |
1
. : i o
1 L-n--- L.lll_‘
! Series-Parallel Switch :
! i Ammeter
: : 3) Optional Location
- I
| B 4 5)
. H - ! ol Wy D
: =1 Circuit Breakel™

Or Fuse

(24-Volt)

Preferred Locat@‘.

-1

“--—_-H----J

Cranking Motor (24-Volit)

Reprinted with permission of Deico Remy Division, GM Corp.

™8




DE-231

. STARTING SYSTEMS AND CIRCUITS
UNIT V

JOB SHEET #1 — REMOVE AND REPLACE A STARTER

A. Tocis and materlals

1. Vehicle
2. Basic hand tool set
3. Battery cable pliers
4. Safety glassas
6. Appropriate service manual
B.  Procedure

{CAUTION: Remove all jewelry prior to working on any elactrical system, and follow all

shop safety procedures.)
1. Remove starter.

. a. Disconnect battery ground cable.
b. :i)emove the cables and electrical wires from the starter and label. (Figure

(NOTE: In some cases It may be necessary to remove tha starter retalning
boits and allow the starter to be lowered to provide easy removal of the
starter wires and cables.)

FIGURE 1




JOB SHEET i1

C. Remove siarter retalning bolts as required. (Figure 2)

(CAUTION: The starting motor mourling capscrews can be metric or
standard thread slzes. Be sure to Install the same slze capscrews which
were removed.)

FIGURE 2 |

Courtesy of Cummins Engine Co., Inc.
d. Remove other starter brackets If used.

e. Remove starter from engine. .

(CAUTION: Starter motors are heavy and should be handled carefully dur-
Ing removal to avoid damage to the starter or injury to the worker.)

2. Replace starter

a Clean starter and block mounting surfaces.

o

Positlon starter in mounting position and start retaining boits.

o

Tighten starter retaining bolts securely.

d. Positlon starter wires and cables In place and start retaining nuts.

Do
S
(o
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JOB SHEET #1

Tighten starter wires and retaining nuts securely. (Figure 3)

(NOTE: Avold overtightening and twisting off small retaining n::ts.)

FIGURE 3 | ‘é‘/‘ ’ﬂ I a |

- e an mend

Courtesy of Cummins Engina Co,, Inc.
Replace any brackets that may have been removed and tighten securely.

Check all connec.dons.
Replace hattery ground cable.

Start engine two or three times to check starter action.

0 4
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STARTING SYSTEMS AND CIRCUITS
UNIT V

JOB SHEET #2 — DISASSEMBLE, TEST, AND REASSEMBLE A STARTER

A Tools and materlais

1.  Starter
2. Basic hand tool set
3. Suitable armature growler with test light
4. Two V blocks
5. Dial indicator
6. Safety glasses
B. Procedure
(CAUTION: Remove all jewelry prior to working on any electrical system, and follow ali
shop safety procedures.)

1.

Disassemble starter.
a. Clean starter before disassembly.

b.. Mark the commutator end frame, drive housing, and the fleld-frame
assembly with a center punch. (Figure 1)

FIGURE 1

Courlesy of John Wlley & Sons, Inc. D/ese! Engine Repalr
by John F. Dagel, ©1982.

(NOTE: These alignment marks will ensure proper commutator, end frame,
drive housing, and fleld frame positions when reassembling.)

ﬁl«
LNV

DO
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JOB SHEET #2

Remove the bolts that hold the commutator end frame and the field frame
together.

(NOTE: Depending on which type starter you have, the bolts may be
threaded Into the main field frame or may be through bolts that reach
through the fleld frame housing and thread into the shift lever housing.)

Remove the dust cover, it applicable, or brush inspection plugs and then
remove the screws which connect the field coils to the brush holders. (Fig-
ure 2)

FIGURE 2

Commutator {3

Fleld coll to brush
assembly connection

Brushes

End Frame & Brush Installation.
Delco-Remy enclosed shift starter

Reprinted from MOTOR Heavy Truck Repair Manual
©1985 by permission of The Hearst Corporation.

Remove the bolts that hold the lever and drive housing to the main field
frarne.

Remove starter end frame.

Grasp starter housing and remove the armature and drive assernbly from
the housing.

Remove the armatute and drive assembly from the drive housing.

(NOTE: Sometimes the solenoid and shift lever assembly must be
removed befora the drive assembly and armature can be removed.)

Remove starter drive from armature shaft as follows:

(NOYE: On motors using snap ring and retainer as a pirdon stop, continue
to Steps 1, 2, and 3) .

1)  Remove thrust washer.

D
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JOB SHEET #2

2) Tap retainer toward armature to free the snap ring. (Figure 3)
FIGURE 3

3) Remove snap ring and retainer.

4) Remove starter drive and assist spring. (Figure 4)
FIGURE 4

Remove starter brushes, if required.

Test and service starter,

a.

Ciean all starter components.

(NOTE: Clean all parts by wiping with ciean cloth. The armature, field
colls, and starter drive assembly must not be washed in soivent.)

Arrange all starter components for inspection.

inspect starter bushing for iooseness and replace as required.

™
N
-3
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JOB SHEET #2

Inspect starter brushes for wear.

(NOTE: Brushes worn to half their original length or less should be
replaced.)

Inspect the starter drive.

(NOTE: The starter drive pinion gear should turn freely in one direction and
lock when turned slowly in the other direction.)

inspect armature commutator,

(NOTE: If the armature commutator is rough or out-of-round, it should be
‘turned down using suitable equipment.,)

Test the armature for short circuits. (Figure 5)

(NOTE: Place the armature on a growler and rotate the armature while
holding a hacksaw blade over the armature core. If the blade vibrates, the
armature is shorted and will require replacement.)

FIGURE 5

Steel Blade Power Switch

Courtesy of J.I.. Case Company.

A
2
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JOB SHEET #2

Check armature for ground. (Figure 6)

(NOTE: Place one lead of a test lamp on the armature core or shaft and the

other on the commutator. if the lamp lights, the armature Is grounded and
wili require replacement.)

FIGURE 6

Test Probe

Y
o
\ J ')

Courtesy of J.I. Case Company.
Check armature shaft runout.

(NOTE: Place the armaturs between two V blocks and position a dial ind|-
cator on the armature-shaft canter-bearing surface. Rotate the armature

360° to note the runout. If it is higher than .003 of an Inch, the shaft must
be straightened.)
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JOB SHEET #2

Check field coll for open circuit. (Figure 7)

(NOTE: Place one lead of the test lamp on the Insulated brush and the
other on the field connection tab. If the lamp does not light, the field colls
are open and wlll require replacement.)

FIGURE 7

Field Connector Tab

Insulated Brush

Check field coil for ground. (Figure 8)

(NOTE: Place one lead of the test lamp on the field connector tab and the
other on the grounded brush. If the lamp lights, the fleld colls are
grounded and will require replacement.)

FIGURE 8

Test, inspect, and repicne any parts that are worn or damaged before reas-
sembling startar.

200




. JOB SHEET #2

3. Reassemble starter.
a. Reassemble solenoid in reverse order of disassembly.
b. Lubricate all bushings, wicks and ol reservolrs with SAE #20 oll.

C. On motors using snap ring and retainers, reassemble in the following
manner.

1) Install starter drive on armature shatft.

2) Drive snap ring on shaft. (Figure 9)

FIGURE 9 ~y
<
~Snap Ring
Groove
Retainer

3) Force snap ring into retainer. (Figure 10)

FIGURE 10

Retainer

h\%

5 Make sure thrust collar is in place agalnst snap ring and retainer.

Do
>
A

4) Lubricate drive housing bushing with 4 to 5 drops of S.A.E. #20 oll.
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JOB SHEET #2

Check pinion clearance.

(NOTE: Shift starter drive into the cranking position and check clearance

between starter drive and drive stop. Check with specifications and repair
or adjust when needed.)

Test starter with a battery and jumper cables to determine starter motor
performancs.
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’ STARTING SYSTEMS AND CIRCUITS
UNIT V

JOB SHEET #3 — TEST A STARTER MOTOR (NO-LOAD)

A. Tools and materials
1. Starter
Basic hand tool set

Fully charged battery

Ammeter

Starter technical manual specifications
Voltmeter

Carbonpile resistor

Tachometer

© ® N o o » o0 BN

. Safety glasses
10. Appropriate service manual
B. Procedures

(CAUTION: Remove all jewelry prior to working on any electrical systam, and follow all
shop safety procedures.)

1.  Conduct no-load test.

a. Remove starter from engine.

b. Connect starter motor to a fully charged battery. (Figure 1)
Carbon Pile

FIGURE 1

RAPM Indicator

Reprinted from MOTOR Heavy Truck Repair Manual
© 1965 by permission of The Hearst Corporation.
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JOB SHEET #3

Connect an ammeter between battery and battery terminai of solenoid.
(Figure 1)

Connect a switch with leads from battery terminal of solenoid to the
switch (“SW") terminal of the solenoid. (Figure 1)

Connect voitmeter to the motor terminal of solenoid and to ground termi-
nal of starter. (Figure 1)

Connect carbon plie resistor across the battery. (Figure 1)

Placg a tachometer on end of armature to measure armature speed. (Fig-
ure

Start motor by connecting leads to battery terminali.

Vary the carbon pile resistor until the specified voitage Is shown on the
voltmeter.

Read the ammeter for the current draw.
Read the tachometer for the armature speed.

Compare tne readings with the technical manual specifications for the
starter motor being tested.

Interpret no-loaa test resuits by checking the problems you find.

a. Rated current draw and no-load speed indicates a normal starter
motor condition.

U } Low free speed and high current draw indicate:

ammenee1)  TOO much friction

———2) Shorted armature

3) Grounded, armature of fields
c. Fallure to operate with high current draw indicates:
1) A direct ground in the terminal or fields

2) Frozen bearings

S Fallure to operate with no current draw indicates:

1) Open fleid circuit
- 2) Open armature colis

—3) Broken brush springs, worn brushes, or high insulation
between commutator bars

2ad
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. JOB SHEET #3

0. Low speed and low cutrent draw indicates high internal resistance
due to poor connections, dirty commutator, or an open field circuit,

f. High free speed and high current draw indicate shorted fields.

Obtain instructor’s initials here before proceeding to Job Sheet
#4.

(NOTE: Any of these problems indicate a need to rebuild the starter as outilned
in Job Sheet #4.)

ANy
)
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. STARTING SYSTEMS AND CIRCUITS
UNIT V

JOB SHEET #4 — REBUILD AND TEST A STARTER SOLENOID

A.  Tools and materials

1. Solenoid
Basic hand tool set
Voltmeter
Carbonplle resistor

Ammeter

e o & 0 N

Safety glasses
B. Procedure

(CAUTION: Remove all jewelry prior to working on any electrical system, and follow all
. shop safety procedures.)

1. Disassemble and assemble solenoid.

a. Remove the sc*~ws or nut attaching the termina! plate assembly. (Figure

1
) Contact Disk

FIGURE 1 And Rod 1

Wire Lead
For Pulkin
Winding P

- \

Terminal
o"’ Studs
Terminal

Plate Gesket
Starter Solenoid, Exploded View Courtesy of J.I. Case Company.

a0 O

d
'L
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JOB SHEET #4

b. Remove the screw that connects the pull in winding wire to the motor ter-
minal. (Figure 1)

C. Remove contact disk and rod. (Figure 1)

d.  Remove nuts on terminal studs and remove studs.

. Clean and Inspect all components.

f. Replace or repair all pitted or worn parts.

@.  Reassemble solenoid in reverse order of disassembly.
2. . Check solenoid hold-in windings.

a.  Make the test connections as shown in Figure 2.

-~y

FIGURE 2

Ammaeter

12V Battery
Supply

Hold-In Winding Test
Cour.a8y of J.1. Case Company.

b.  Close the switch and adjust the carbon pile to decrease the battery volt-
age to the specified voitage. (Figure 2)

c. Record ammeter reading, turn carbon pile off and open the switch.
d. Compare ammeter reading with the test specitications.

(NOTE: A high reading Indicates a shorted winding. A low reading indi-
cates excesslve resistance.)
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JOB SHEET #4

9’

Check pull-in winding.

a. Make test connections as shown in Figure 3.

FIGURE 3

Voltmater

X Switch

Arhmater

12V Pattery
Supply

Pull-in Winding Test
Courtesy of J.|. Case Company.

b. Close the switch and adjust the carbon pile to decrease the battery volt-
age to the specilfied voltage.

(CAUTION: To prevent overheating, do not energize the pull-in winding
more than 15 seconds.)

c. Record the ammeter reading, turn the carbon pile off and open the switch.
d.  Compare ammeter reading with the test specification.

(NOTE: A high reading indicates a shorted winding. A low reading indl-
cates excessive resistance.)

233
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C ) STARTING SYSTEMS AND CIRCUITS
UNIT V

JOB SHEET 5 -- CHECK VOLTAGE DROP IN A STARTER CIRCUIT

A.  Tools and materials
1. Engine
2. Voltmeter
3. Appropriate service manual

B. Procedure

(CAUTION: Remove all jewelry prior to working on any electrical system, and follow all
shop safety procedures.)

1. Check insulated cables.

(NOTE: The following procedures are for a 12 voit negative ground system, using
a 40 M.T. starter)

a. Connect voltmeter positiire lead to positive battery terminal. (Figure 1)

b. C(Imnect1 )negatlve voltmeter lead to the pattery terminal of the solenoid.
(Figure

C. Set voltmeter on lowest scale.

d. Prevent engine from starting.

e. Crank engine and read meter.
FIGURE 1

(CAUTION: A cranking motor must never be used for more than 30 sec-
onds at any time and cranking should not be repeated without a pause of
two minutes.)

239
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JOB SHEET #5

f. Check voltage drop.

(NOTE: If the voltage drop exceeds 0.4 volts, excossive resistance is indi-
cated.)

2. Check solenoid contacts.

a. Connect positive voltmeter lead to the battery terminal of solenoid. (Fig-
ure 2)

FIGURE 2

Key
Switch

b. Connect negative voltmeter lead to the motor terminal of solenoid. (Figure
2

C. Crank engine and read meter.
d. Check voltage drop.

(NOTE: If voitage drop exceeds 0.3 volts, excessive resistance is indi-
cated.)

€50




DE-253

ﬂ JOB SHEET #5

3. Check yround cable.

a. Connect voltrmeter positive lead to the ground terminal of starter. (Figure

3)
FIGURE 3
Key
. Switch
v 0

b. Connect voltmeter negative lead to the negative post of battery. (Figure 3)
c. Crank engine and read meter.
d. Check voltage drop.

(NOTE: If the voltage drop exceeds 0.4 'oits, excesslve resistance is indl-
cated.)

O
<n
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STARTING SYSTEMS AND CIRCUITS
UNIT V

PRACTICAL TEST
JOB SHEET #1 — REMOVE AND REPLACE A STARTER

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO. ______

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and compiete this form. All items listed under “Process Evaluation” must receive a
“Yas” for you to receive an overall performance evaluation.

PROCESS EV*’ "_aTION
(EVALUATOR NOTE: Place a check mark in the “Yes” or “No” blanks to designate whether or

not the student has satisfactorily achieved each step in this procedure. |f the student Is
unable 10 echieve this competency, have the student review the materials and try again.)

The student: YES NO
1. Chacked out proper tools and materials.
2. Disconnected battery.
3. Removed cables and electrical wires and labeled.
4, Ramoved starier from engine.
8 Cleaned startor and block mounting surfaces.
6. Installed stecter and tightened bolts.
7. Hepositioned starter wirms and cables in the corract place and

tightened nuts securely.

8. Chacked ail connactions.
9. Repiaced battery cable.

10, Started engine to check starter action.

11, Checked infput away tools and materials.

12, Cleansd the work ares.

13. Used proper tools corractly.

14, Performed steps in a timely manner (—__hrs, min. ___sec.)

15. Practiced safety rules throughout procedure.

16. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

-

4
¢
e
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JOB SHECT #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a “3” for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materlals
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Starter operates properly.
4 3 2 1

All connections are clean
and tight.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 — Skilled — Can perform job with no additional training.

Moderately skilled — Has performed job during training program; limited

additional training may be required.

2 — Limited skill — Has performed job during training progra:a; additional
training is required to develop skill.

1 — Unskilled — Is familiar with process, but is unabla to perform job.

w
I

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in “Product Evaluation” and divide by the total number of criteria.)

o
in
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STARTING SYSTEMS AND CIRCUITS
UNIT V

PRACTICAL TEST
JOB SHEET #2 — DISASSEMBLE, TEST, AND REASSEMBLE
A STARTER

STUDENT’'S NAME . DATE
EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under “Process Evaluation” must receive a
“Yes” for you to recelve an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark In the “Yes” or “No” blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achleve this competency, have the student review the materials and try again.)

The student: YES NO

Checked out proper tools and materials.

Cleaned starter before disassembly.

Marked starter housings.

Removed boits from the commutator end frame.
Disconnected the field coil from the brush holders.
Removed the lever and drive housing.

Removed the armature.

Removed starter drive from the armature.

Removed starter brushes.

Cleaned all starter components.

Inspected starter bushing and replaced If required.
Inspected brushes and replaced If required.
Inspected the starter drive and replaced if required.
Inspected armature commutator.

Tested the armature for short clrcuits.

Checked armature for grounds.

Checked armature shaft runout.

Checked field coil for opens.

Checked fleld coil for grounds.

Replaced or repaired any parts tiat were worn or damaged.
Lubricated all bushings, wicks and oll reservoirs.
Reassembled starter in the correct order.

Checked and adjusted pinion clearance.

Tested starter for operation.

Checked In/put away tools and materials.

Cleaned the work area.

Used proper tools correctly.

Performed steps in a timely manner (____hrs. min. sec.)
Practiced safety rules throughout procedure.
Provided satisfactory responses to questions asked.

BB NBRREN NS sIco iRt oeNmOrLN S
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JOB SHEET #2 PLLACTICAL TEST

EVALUATOR'S COMMENTS:

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the apprecpriate num-
bers. Each item musti be rated ai least a “3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Testing procedures and
test equipment were used
correctly.

4 3 2 1

Starter motor performs
properly.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

- Skilled — Can perform job with no additional training.
— Moderately skilled — Has performed job during training program; limited
additional tralning may be required.
2 — Limited skill — Has performed job during tralning program; additional
tralning s required to deveiop skill.
1 — Unskilled — Is familiar with process, but is unable to parform job.

W A

(EVALUATOR NOTE: If an avarage score Is needed to coincide with a competency profile, total
the deslignated points in “Product Evaluation” and divide by the total number of criteria.)

-
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STARTING SYSTEMS AND CIRCUITS
UNIT V

PRACTICAL TEST
JOB SHEET #3 -~ TEST A STARTER MOTOR (NO-LOAD)

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
ceduie and complete this form. All items listed under “Process Evaluation” must receive a
“Yes” for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the “Yes” or “No” blanks to designate whether or
not the student has satisfactorily achieved each step Iin this procedure. If ihs student Is
unable to achlieve this coriipetency, have the student review the materials and try again.)

The student: YES NO

Checked out proper tools and materials.

Connected starter to battery.

Connected ammeter.

Connected switch.

Connected voltmeter.

Connected carbon pile resistor.

Used tachometer.

Performed no-load test.

Compared the readings of meters with technical manual.
Came to a conclusion on test results.

Checked in/put away tools and materials.

Cleaned the work area. -
Used proper tools correctly.

Performed steps in a timely manner (___hrs. min. sec.)
Practiced safety rules thrcughout procedure.

Provided satisfactory responses to questions asked.

-t wed d b b k-
OANEWUWNLOOINOIEWON -

EVALUATOR'S COMMENTS:
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a “3” for mastery to be deinonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaiuation.)

Crliterla:

4 3 2 1
Made all connections cor-
rectly.

4 3 2 1
Student’s evaluatlon is
correct.
EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

— Skilled — Can perform job with no additional training.
— Moderately skilled — Has performed job during training program; limited
additional tralning may be required.
2 — Limited skill — Has performed job during training program; aditional
training Is required to develop skill.
1 — Unsklilled — Is familiar with process, but is unable to perform job.

W a

(EVALUATOR NOTE: If an average score Is needed to coincide with a compeiency profile, total
the deslignated points in “Product Evaluation” and divide by the total number of criteria.)
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S STARTING SYSTEMS AND CIRCUITS
UNIT V

PRACTICAL TEST
JOB SHEET #4 — REBUILD AND TEST A STARTER SOLENOID

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your Instructor to observe the pro-
cedure and complete this form. All items listed under “Process Evaluation” must receive a
“Yes” for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the “Yes” or “No” blanks to deslignate whether or
not the student has satisfactorily achieved each step in this procedure. If the student Is
unable to achieve this competency, have the student review the materlals and try again.)

. The student: YES NO

Checked out proper tools and materials.
Removed the screws In terminal piate. —
Rumoved the screw from the pull in winding wire.

Remuved contact disk and rod.

Removed terminal studs.

Cleaned and inspected and repaired or replaced all components.
Reassembled solenoid.

Checked scienoid hrid-in winding.

Checked pull-in winding.

Compared test resuits with specifications.

Checked In/put away tools and materials.

Cleaned the work area.

Used proner tools correctly.

Performed steps in a timaly manner (____hrs. min. sec.)
Practiced safety rules throughout procedure.

Provided satisfactory responses to questions asked.

-t ek ek b ad b b
SCOPRLBNAOOONIOBLON 2

EVALUATOR'S COMMENTS:
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JOB SHEET #4 PRACTICAL TEST

PRODUCT E:VALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a “3” for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materiala
should be reviewed and another product must be submitted for evaluation.)

Criterla:

4 3 2 1
All components are clean
and Instailed properly.

4 3 2 1
Testing procedures and
test equipment were used
correctly.

4 3 2 1
Student’s evaluation is
correct.
EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

— Skilled — Can perform job with no additional training.
— Moderately skilled -— Has psrformed job during training program; limited
additional training may be required.
2 — Limited skill — Has performed job during training program; additional
tralning is required to develop skill.
1 -— Unskilled — [s familiar with process, but is unable to perform job.

W

(EVALUATOR NOTE: If an average score is needed tu coincide with a competency profile, total
the designated points in “Product Evaluaticn” and divide by the total number of criteria.)




STARTING SYSTEMS AND CIRCUITS
UNIT V

PRACTICAL TEST
JOB SHEET #5 — CHECK VOLTAGE DROP IN A STARTER CIRCUIT

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under “Process Evaluation” must receive a
“Yes" for you to recelve an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the “Yes” or “No” blanks to designate whether or
not the student has satisfactorlly achleved each step In this procedure. If the student Is
unable to achieve this compatency, have the student review the materials and try again.)

The student: YES NO
1. Checked out proper tools and materials.
2. Made voltmeter connection on Insulated cables.
3. Cranked engine and read voitage drop.
4. Made voltmeter connections for the solenold contacts.
5. Cranked engine and read voltage drop.
6. Made voltmeter connections for ground cables.
7. Cranked engine and read voltage drop.
8. Checked in/put away tools and materials.
9. Cleaned the work area.

10. Used proper tools correctly.

11. Performed steps In a timely manner (___hrs. min. Sec.)
12. Practiced safety rules throughout procedure.

13. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

)
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JOB SHEET #5 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a “3” for mastery to be demonstrated. (See perfcrmance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Testing procedures and
test equipment were used
correctly.

4 3 2 3

Student’s evaiuation of
test results is correct.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 — Skllled — Can perform job with no addiiional training.

3 -~ Moderately skllled — Has performed job during training program, limited
additional training may be required.

2 — Limited skill ~- Has performed ob during training program; additlonal
tralning is required to develop skill.

1 .- Unskilled — Is famlliar with process, but is unable to perform job.

(EVALUATOR NOTE: If an uverage score is needed to coincide with a competency profile, totai
the designatad polnts In “Product Evaiuation” and divide by the total number of criteria.)




DE-265

' STARTING SYSTEMS AND C!RCUITS
UNIT V
NAME —— SCORE
TEST

1. Match the terms on the right with their correct definitions.

a. Ends of a magnet in the field frame assem- 1. Armature
bly of a starting motor
2. Brushes
—bh. Wire wrapped around pole piecex to
increase the strength of the magnetic field 3. Cemf
when current is passed through the wind-
ings 4. Commutator
C.  Main drive of starter motor; converts electri. 5. Field winding
cal energy into mechanical energy
6. Inertia
—d Metal segments attached *o ends of wire
. loops to form contact surface on armature /- Motor swtich
e. Sliding contacts to feed electrical energy 8. Pinion
from battery to commutator 9. Pole pleces
—_—t Small gear that meshes with a larger gear 19 solenoid
S R Electromagnetic switch that closes circuit  11. Starter switch
and engages: the motor drive pinion with the
flywheel 12. Voltage drop

— ) Any switch that closes the circuit between
the battery and starter motor

S Toendency of a body in motion to remain in
motion
SN Counter electromotive force

—_—k The drop, ¢r currant used in cables

I Activates the motor switch

% List threu types of starting systems.

a.

b.

S50




TEST

3. List two sources of compressed air for air starting motors.

a.

b.

4, Select from the following list components of a gasoline starting system by placing an
“X" beside each correct component.

a. Motor switch

S  } Ciutch
N X Drive pinion
—_—d Oil heater

e. Gear box

S A Gasoline engine

5. Select from the following list types of starting aids by placing an “X” beside each cor-
rect type.

a. Oil heater

. b Block heater

c. Clutch

—d. Glow piug
—— Starter switch

f. Starting fluid

6. State the purpose of an electrical starting circuit.
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TEST

7. Label the major parts in an electricai starting circuit.

Magnetic

8. Match parts related to a starting circuit with the correct functions.

a. Supplies energy for the circuit 1. Battery

b. Activates the circuit 2. Motor switch

c. Closes circuit to motor and engages motor 3. Starting motor
drive with flywheel

4. Starter switch
d. Drives flywheel to start engine

9.  Select the major parts of a starting motor by placing an “X” beside the cor-
rect part.

a. Motor switch

b. Shoe pole

c. Field frame assembly

—d. Armature

e. Rotor

R, Drive mechanism




10.

1.

12,

13.

TEST

Match component parts of a starting motor with their correct functions.

——a, Forms a magnatic field of force around 1. Armature
armature
2. Brushes
S} Wrapped around pole shoe to strengthen
magnetic field when current is passed 3. Commutator
through the windiig
4. Field winding
c. Converts electrical energy into mechanical
energy to drive mechanism to crank engine

Pole shoe

o

—. Forms contact surface for battery to feed
electrical current through armature

e. Sliding contacts which feed electrical
energy to the commutator

Complete the following statement concerning the conversion of electrical energy into
mechanical energy by filling in the blanks correctly with the following words: Rotate,
conductor, magnetic.

Current carrying formed in a loop and mounted on a shaft, will cause
the shaft to when placed inside a field.

Select true statements concerning how a starting motor is kept running by placing an
“X" beside each statement that is true.

a. The magnetic field around the armature and the rnagnatic fisid between
the pole pieces repel each other causing the armature to turn.

—b. Metal segments on the ends of the commutator make a one-half turn
reversing their connection through sliding contacts which causas the ¢ur-
rent to flow in the opposite direction in the armature windings.

Arrange in order the current flow in an electrical starting motor circuit by placing the
corract sequence number beside each step.

a. The solenoid closes allowing current to flow from the battery terminal of
the solenold to the motor te minai of the solenoid, and at the same time,
engages the starter drive with the flywheel. Current then passes through
the starter and back to giound.

—b. With the key switch in the “s’art” position, current flows from the battery
terminal of the starter through the magnetic switch and to ground.

c. The magnetic switch closes, allowing current to flow from the batte:y ter-
minal of the solenoid to the switch terminal of the soienoid.

R 255
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15.
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TEST

Identify four types of starter field circuits.

Field Coil l _Current From Battery
(4 Used)

Parallel Windings

Commutator
Pole Shoe

Commutator

ommutator .'
Brush <8 _Shunt Coil
Pole (6 Used) Series Coiis Pole Shoe

Match the types of starter field circuits with the current flow in each type circuit.

a. Current flows through all field windings 1. Compound-wound
before it flows through the two insulated
brushes to the armature. 2. Parallel-wound

— b Current flows through one fieid winding to 3. Series-parallel-wound
the brushes, and also through the other field
winding to the brushes, placing the fieid 4. Heries-wound
windings in parallel.

c. One-third of the current fiows through each
pair of field windings to one of the three
Insulated brushes.

—d One or more of the poles is shunt wound,
connected directiy to ground to prevent
excaessive speeds.
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TEST

16.  List four types of starting motor switches.

a.

b.

C.

d.

17.  Explain two ways starter drives are engaged.

a.

b.

18.  Identify three types of electromagnetic or lever shift drives.

Washer

Shift \
Collfar Shift Spring
Rubber O'°eVe
Damper
: b.

Pinion
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19.  Arrange in order the steps in the operation of a series-parallel switch by placing the - “r-
% rect sequence number beside each step.

a. Solenoid circuit is completed by a set of points mechanically closed by
the series-parallel switch plunger and starter turns over.

% —_b. Starter switch closes, connecting two 12 volt batteries in series with the
starting motor.

c. Starter switch is released, going into neutral position, permitting opera-
tion of electrical equipment by two 12 volt batteries in parallel for normal
operation.

20. Arrange in order the steps in the operation of a trarisformer-rectifier unit by placing the
correct sequence number beside each step.

, a. This action engages the solencid and current then flows from the battery
v terminal of solenoid to the motor terminal, through the starter to ground,
' and into the negative post of the batteries marked A. Thls action connects
both sets of batteries In series, creating <4 V for starting.

¥ 412V
: 12/24-V Battery
" Integral B_-g

Cshyasrtgeltrrwlg N B+ t1t2-v Magnetic
- aB er y” Start Switch
Switch

S The current for the solenoid switch and for cranking flows from the posi-
tive posts of the “B” batteries to the battery terminal on the soienoid
switch, to and over the magnetic switch disk, to insulated terminals, and
through the solenoid windings to ground.

12/24V
Integral
Charging

System Magnetic

Switch

Vehicle
Loads

Cranking

v +12-
Battery

oy,

258
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TEST

e —C. The operator closes the start switch, forcing 12 V from the batteries
marked “A’ through the magnetic switch, closing the cranking motor actu-
ating circuit.

12/24-V
integral
Charging
System

' Magnetic
Start
Switch Switch

+24v |

24V
Cranking !
Motor

> +12.V |
Battery
.

(NOTE: If the following activities have not been accomplished prior to tha test, ask your
instructor when they should be completed.)

21. Demonstrate the ability to:

a. Remove and replace a starter. (Job Sheet #1)

b. Disassemble, test, and reassemble a starter. (Job Sheet #2)
c. Test a starter motor (no-load). (Job Sheet #3)

d. Rebuild and test a starter solenoid. (Job Sheet #4)

e. Check voltage drop in a starter circuit. (Job Sheet #5)
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STARTING SYSTEMS AND CIRCUITS
UNIT V

ANSWERS TO TEST

1. a 9 9. 10
b. 5 h. 7
c. 1 I, 6
d. 4 e 3
e. 2 k. 12
f. 8 l. 11

2. a Electric motors
b. Gasoline engines

C. Air starters

3 a Separate engine and compressor
b. Air from exhaust manifold on highway diesel tractors

4 b, e f
5. a,bd,f

6. Converts electrical energy from the battery into mechanical energy at the starting
motor to crank the engine.

7. a Battery
b. Starter switch
C. Motor switch
d. Starting motor
8 a 1
b. 4
c. 2
d. 3
9. a0cdf
10.

P OTD
NW-= 2O

11.  Conductor, rotate, magnetic

12 ab




274

13.

14,

15.

16.

17.

18,

19.

21,

ANSWERS TO TEST

3
1
2

oop

Parallel-wound
Ceries-wound
Series-parallel-wound
Compound-wound

aooe

ooop
- N

Manual
Solenoid
Magnetic
Series-parallel

aoope

Explanation should include:
a. Inertia of armature acting through drive mechanism
b. Electromagnetic plunger to mechanically shift pinion into mesh

a. Positork®
b. Overrunning clutch
C. Sprag clutch drive

a. 2
b. 1
C. 3
a. 3
b. 2
c. 1

Performance skills evaluated to satisfaction ot irstructor

26




IGNITION CIRCUITS
UNIT VI

UNIT OBJECTIVE

After completion of this unit, the student shoula be able to remove, service, and replace com-
ponents of an Ignitiun circuit. Competencies wili be demonstrated by completing the job
sheets and the unit tests with a minimum score of 85 percent.

SPECIFIC OBJECTIVES

After completion of this unit, the student should e able to:

1.

2.

10.

Match terma related to ignition circuits with thelr correct definitions.
Explain the purpose of an ignition circulit.

identify coinponent= of an ignition circulit.

Match components of an Ignition circuit with their correct fui.ctions.
Distlnguish between primary and se.ondary ignition circuit components.
Identify components of a distributor.

Arrange in crder steps In the operation of an ignition circult beginning with the bat-
tery through one complete cycle.

Identify comoonents of a distributor with a bulit-in governor.
Arrange In order siaps in the operation of a governed distributor.

Distingulsh between transistorized and capacitive discharge ignition systems.

269D
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11,
12,

130

OBJECTIVE SHEET

Match major components of an electronic ignition system with their functions.

Select true statements concerning general precautions for electronic ignition sys-
tems.

Demonstrate the ability to:

a. Remove and install a distributor. (Job Sheet #1)

b. Remove and replace contact points and condenser. (Job Sheet #2)
c. Adlust dweli on an externally adjustable distributor. (Job Sheet #3)
d. Check "ind set ignition timing. (Job Sheet #4)

e. Remove, service, and replace spark plugs. (Job Sheet #5)

2R3
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IGNITION CIRCUITS
UNIT Vi

SUGGESTED ACTIVITIES

Obtain additional materials andior invite resource people to class to supplement/rein-

force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)
Make transparencies from the transparency masters included with this unit.
Provide students with objective sheet,

Discuss unit and specific objectives.

Provide students with information sheet.

Discuss Iinformation sheet.

(NOTE: Use he transparencies to enhance the information as needed.)
Provide students with job sheets.

Discuss and demonstrate the procedures outlined in the job sheets.
Integrate the following activities throughout the teaching of this unit:

1. Discuss the different methods of ignition bypass.

2, Show electronic parts to students and explain their operation.

3. Discuss spark plug components.

4, {'scue 'gnition cables.

5 Meet individually with students to evaluaie their prograss through this unit of
instruction, and indicate to them possible areas for improvement.

Give test.

Evaluate test.

Reteach it necessary.

REFERENCES USED IN DEVELOPING THIS UNIT
Electronic Engine Controls Manual, Radnor, PA: Chilton Book Co., 1985.

Foutes, Wililam A. Diesel Mechanics: Electrical Systems. Stillwater, OK: Mid-America
Vocational Curriculum Consortium, 1982.
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REFERENCES USED IN DEVELOPIN% THIS UNIT

Fundamentals of Service: Electrical Systems. 4th ed. Moline, IL: Deere and Co., 1979.
Truck and Diesel Repair Manual. 34th ed. New York, NY: Motor, 1981.

SUGGESTED SUPPLEMENTAL RESOURCES
Text

Chilton’s Guide to Electronic Enginz Controls
Order #CH-7535

Teaching Alids Incorporated

PO. Box 1798

Costa Mesa, CA 92628-0798

Fllmstrips

1. The Ignition System Explained
Order #B-401
Teaching Alds Incorporated
PO. Box 1798
Costa Mesa, CA 92628-0798

2. Electronic Ignition Systems
Crder #D-E1000
Teaching Alds Incorporated
PO. Box 1798
Costa Mesa, CA 92628-0798




IGNITION CIRCUITS
UNIT VI

INFORMATION SHEET

Terms and definitlons

A.

Coli polarity — A means of connecting the coll primary windings to the dis:
tributor so that current produced at the spark plug wiil travel from center
electrode to ground

Example: Negative-ground systems — The negative primary terminai of
coll Is connected to distributor. Positive-grotind systems — The
positive primary terminal is connected to the distributor.

Condenser — A unit installed between the breaker points and coil to pre-
vent arcing

(NOTE: A condenser has the ability to absourb and retain surges of electric-
ity.)

Dweli — Number of degrees of distributor cam rotation that the ignition
points are closed

Electronic ignition system — ignition system using a control unit and mag-
netic pickup to oper and c'ase the primary circuit

_Electronic module — A switching device that opens and closes the ignition

to primary ground circuit

Primary ignition circuit — Low voitage circuit which energizes the ignition
coli

Secondary ignition circuit — High volitage circuit which produces electrical
current to jump spark plug gap

Spark plug — Provides the gap for the high voitage spark to ignite the fuel/
alr mixture

Timing — Igniting the fuel-air mixture at the exact instant that wiil enable
the engine to develop maximum power

Timing marks — M...<s used to synchronize Ignition circuit so that plugs
wilil fire at precise time

(NOTE: Timing marks are usually located on the vibration damper or fly-
wheel.)

2hE
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INFORMATION SHEET

Purpose of an ignition circult — The ignition circuit produces a high voltage spark
which ignites the fuel-air mixture in the engine cylinder.

Components of an ignitlon circult (Transparency 1)

A
B
C
D.
E
F
G
H

Battery

ignition switch

Primary resistance unit

ignition coil

Contact points

Condenser

Distributor

Breaker cam

Spark-advance mechanism

(NOTE: There are two types of spark-advance mechanisms — vacuum and
mechanical. Engine vacuum controls timing advance in relation to engine
load. Mechanical advance changes engine timing according to engine
speed.)

Rotor

Distributor cap

Spark plug

Primary ignition wire

Secondary ignition cabie

ignition bypass circuit

Comvonents of an Ignition circuit and their functions (Transparency 1)

A,
B.

Battery — Source of elestrical power

Igiition switch, — Upens and closes the primary ¢.rcuit between battery
and contact points

Primar) resistance unit — Reduces voltage in the primary circuit to protect
the cor tact points
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INFORMATION SHEET

Ignition coil — Transforms low voltage into high voltage necessary to jump
the spark plug gap

Contact points -~ Make and break the primary circui: to altow the coll to
produce high voltage at ihe spark plugs

Condenser — Device that absorbs surges in the primary alrcuit when the
opening of the ignition points causes an interruption In curront flow

Distributor — Contains the contact points and condenser; distribiutes the
high voltage current from the coil to the proper cylinder

Breaker cam — Opens and cloges the contact poir.ts

Spark-advance mechar 'am — Regulates the timing of the high voltage cir-
cuit for best ignition during all spesd and load conditions

Rator — Takes the high voltage current from the coll and directs it to the
correct cylinder

Distributor cap — Holds the coll and spark plug wires in a sequence and
provides a cover for the distributer

Spark plug — Provides a spark gap inside the engine cylinder to ignite the
fuel-air mixture

Frimary ignition wire — Carries low voitage from the battery through the

ignition coll to the points

Secondary ignition cable — Carries high voltage from the cecondary side
ot the coll 10 the spark plug (heavlly insulated wirg)

Ignition bypass circult ~- Primary ignition circuit that bypasses the ignition
registance unit, permitting full battery voltage to the ignition coll during
starting only

ignition eircult components

A.

Primary -~ Low voitage circuit (Transparency 2)

1. DBattery

2. Ignition switch

3. Resistance unit

4, Primary winding of the coll
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INFORMATION SHEET

o

Contact points

o

Condenser

7. Low voltage wire that connects the units
B.  Secondary -— High voltage circuit (Transparency 3)

1.  Secondary winding of the coll

2. Distributor cap
3. Rotor
4. Spark plug

5. High voltage wire that connects the units
VI. Compcnents of a distributor (Transparency 4)

Distributor cap

Rotor

Centrifugal advance mechanism
Condenser

Vacuum advance unit

Breaker plate

Distributor cam

r ®©& m m g O @w »

Contact points

Distributor housing

J. Primary lead wirs

K,  Distribulor drlve gear
Wi, Qparation of an igaltion clrcelt

A Wit the Lnitlon awitch on and the contact puints ciosed, low voltage cur-
rant Hows from the betery through the primary windlnyg of the coff and
through the cantact polnts 1o greund. (Punspasnoy 5)

B, Tae fuw of Jow voltage curvent through e prrmary wingdlogs of e coll
cmsans B mageetic fold bulidup, (ranspurency 8)

Ty
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INFORMATION SHEET

G.  Asthe contact points apen, current attempts to flow across the point sur-
faces; the condenser attached to the points absorbs this flow of current.
(Transpareticy 7)

D.  Stopping this flow of current caus 3s the magnetic field of the coii to col-
iapse across the secondary coil windings, causing a high voltage surge.
(Transparency 8)

E. This high voitage surge Is directed from the secondary windings of the coll
through ths distributor cap and rotor and on to the spark plug to ground.
(Transparency 9)

Viil.  Components of a distributor with a bulitn governor

(NOTE: Except for the built-in maximum speed governor, this distributor is similar
to the standard distributor,)

A
% ]
Cover Band i £ =
; E 5

| g F Latch
Lo ™

Bailast
Weight
Rubbar - e A | - Adjusting
Cushlon/ o ; ' ' : Nut
Valve
Shatt ~ Return
; .Spring
Vacuum ul '
) Distributor
Passage 1 — Mwl__;__ Maln Shaft
Bulit-In Engine Maximur: Speed Qovernoy
Mechanism
Reprinted with permisslon of Delco Ramy Division, GM Corp.
A. Valve shaft
B. Bailast weight
C.  Adjusting nut
L. Return apring
E Cover band
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INFORMATION SHEET

iIX. Operation of a governed distributor (Transparency 10)

A. Vacuum from the intake manifold draws air through the air cleaner, through
the distributor and past the carburetor actuator. An overriding feature on
the butterfly valve allows the foot pedal to contro! the butterfly valve posi-
tion except when the actuator diaphragm pull is sufficient to overcome the
opposing spring force.

B. When the dlistributor shaft revolves fast enough the centrifugal force of the
weight pulls against the spring, causing the valve shaft to move transver-
sely in the main shaft, restricting the flow of air.

To Carburetor
Distributor Air Cleaner Butterfly Vaive jCarburetor
“N /’ ’fr/ﬁ = N7k \ ‘
72\ //;' 2 & / \
1\\\// ’ ? Ll /N
|||“ l"='-\" t f A s Was 4;;
NEE ) R4 I\
Z ”/Ps\\&"/, e Carburetor & Y
’[L"\Q;:‘;U IB Actuator—¥ = 2 K/ ARNR,
P // 0 '
/\ll / Centrifugal Vaive [z ”"’””A
A“ / Manifold Vacuum v R
Alr Flow And Vacuum Connectlons Between
Carburetor And Delco-Remy Governed Distributor (Typlcal)
Reprinted from MOTOR Truck and Diesel Rapair Manual © 1985 by
permission ot The Hearst Corporation.

C.  When this restriction occurs, a vacuum Is created in the carburetor actua-
tor, causing it to move the butterfly valve in the carburetor, thereby govern-
ing the engine speed.

X. Transisiorized and capacitive discharge ignition systems

(NOTE: Both variations are designed tc increase primary voltage to coil and
reduce voltage to points or eliminate points.)

A.  Transistorized ignitions
1. Amplifier is included In circuit between points and ignition coil.
2. Transistors allow very low voltage through the points and very high
voltaje to tne primary windings in coil.
B. Capecitive dischargse system
1. Sglsltem contains special ignition distributor, amplifier, and special
2. System operates to charge a capacitor te a high voltage ‘vhich, on

signai from distributor, Is then discharged through the primary wind-
ings in coil.
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. INFORMATION SHEET

Xl.  Major components of an eiectronic ignitlon system und thelr functions (Transpar-
ency 11)

(NOTE: ...e electronic ignition system functions the same as the conve.itional
ignition system; however, In the electronic system, an electronic control unit and
Its sensory device, a magnetic pickup, does the job of the ignition points of the
conventlonal system.)

A Resistor — Maintains constant primary current flow according to engine
speed and is bypassed during cranking

Reslstor

Courtesy of Allied Aftermarket, Division of Aliled-Signal, inc.

B. Control module — Controls the flow of current in the primary windings of
the ignition coil and maintains constant dwell

unit, mounted firmly to the firewall or fender shieid. On G.M. cars, it is self-

‘ (NOTE: On Ford, Chrysler, and American Motors, this module Is a separate
contained within the distributor.)

—
Electronic
Control Module

I

Courtesy of Allled Aftermarket, Division of Allied-Signal, inc.

C. Magnetic pickup assembly — Sends a small voltage pulse to the control
urlnltd to trigger switching transistor to stop current flow in the coll primary
windings

D.  Armature or reluctor — Rotates with the distributor shaft producing a volt-
age pulse in the magnetic pickup

Courtesy of Allled Aftermarket, Division of Allled-Gignal, inc.
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INi-ORMATION SHEET

General safety precautions for electronic ignition systems

(NOTE: There are numerous variations in procedures, techniques, tools, and parts
for servicing all the electronic Ignition systems. An appropriate service manual
will provide safe, reliable repair procedures.)

A,

Always turn the ignition switch off when disconnecting or connecting any
electrical connectors or componetts.

Never reverse the battery polarity or disconnect the battery with the engine
running.

Disconnect the ignition switch feed wire at the distributor when making
compression tests.

(NOTE: This will avoid arcing that may damage components, especially on
computer-based ignition systems.)

Check all replacement part numbers carefully.

(CAUTION: installing the wrong component for a specific application can
damage the system.)

Ali manufacturer’s instructions must be followed carefully when using test
equipment.

(NOTE: inaccurate readings and/or damage to ignition system components
may result due to the use of improper test equipment.)




Components of an Ignition Circuit

i~ Contact Points
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lySecondary Ignition Cable
|
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Primary
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Wire
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Primary Circuit
i

s Magnetic
Switch

. Contact Points

Battery
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Condenser 8t
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Ignition Switch
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Secondary Circuit

High Voltage Wire

<t ) <= -l ¢ | g
r R \ ’ o 8 ¢ ( oLl " f
M

Rotor

\Secfmt!ary
Spark Winding
Plug
(0 :
Distributor  Coil
- Cap
T3
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Components of a Distributor

Distributor Cap
Primary Lead ‘
c:m 5 D b Rotor
Contact Points i :
Py Distributor = '
/O] ‘ —Cam—"_
. (o P
Breaker N Centrifugal
~ Plate I Advance
i‘ 1 Mechanism
Permanent L Housing
Condenser L'gggé}avt(u)ciwrn i |
Vacuum Advance Drive
Unit P Gear
| |
|
Reprinted with permission of Delco Remy Divie 3n, GM Corp.
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Operation of an Ignition Circuit — D

Contact Points
(Breaker Points)
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Ignition
Switch On

High Voltage Surge

Ignition Cail

Magnetic Field Collapses Across
the Secondary Coil Winding

2 288
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Operation of a Governed Distributer

Distributor T%i(;.‘%rlt;:;e;?r . Carburetor
Butterfly
Vaive

Carburetor
Actuator o\
GCentrifugal Manifold R i

AR

Valve Vacuum

Reprinted from MOTOR Ti ick and Diess! Repair Manual ©1985 by
permission of The Hearst Corporation,
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Major Components of an Electronic
lgnmn Syatem

| Electronic
Ii Iqmtson Coil /Comrcsﬁ Module

Dlstnbutor
Cap

Spark lug
Rotor -

nition
witch

Vacuu W\ B4 /P magnetic
Advance \ o’ ¥ Pick-Up

Reluctor "

of Asmature

Courtesy of Allied Aftermarket, Divislon of Ailied-8lgnsl, Inc,
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O IGNITION CIRCUITS
| UNIT VI

JOB SHEET #1 — REMOVE AND INSTALL A DISTRIBUTOR

A. Tools and materials
1. Engine
2. Basic hand tool set

Set of ignition wrenches

> @

Special distributor wrenches as required
Auxillary starter button

Swark plug socket wrench

Shop towels

Safety glasses

© ® N o o

Appropriate service manual
B. Procedure

(CAUTION: Remove all jewelry prior to working on electrical system, and follow all shop
safety procedures.)

1. Remove distributor.
a. Disconnect negative battery cable from battery.
b. Remove air cleaner if required.
c. Rermove the distributor wire from coll or distributor as required.
d. Remove the distributor cap and position out of the way.
e. Mark position of the rotor.

(NOTE: It is necessary that the position be marked or indicated in some
manner for re-installation.)

f. Remove vacuum hose line from distributor and plug.
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vOB SHEET i1

0. Remove distributor clamp scraw and hold-down clamp. (Figurs 1)

FIGURE 1

REMOVE THIS CLAMP

h. Pull distributor up slowly and check direction the rotor tums.

(NOTE: The amount the rotor turns and the direction it turns will be necas-
sary for re-installation.;

i. Remove distributor from engine.

(NOTE: If engine is not disturbed while distributor is out, it can be rein-
stalled without turning engine.)

(CAUTION: Avoid dropping bolts, brackets, or forelgn matenai into opan-
Ing. Cover with a shop towel.)

je Service distributor as required.
2. Instali distributor.
a Remove number one cylinder spark plug.

b. Instali auxiliary starter button, and crank the engine untii compression is
felt on number one cylinder.
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JOB SHEET #1

Crank the engine with short movements until the timing marks on the fly-
wheel index with the timing marks on the front cover. (Figure 2)

FIGURC 2

¥
//.- " l .‘ -‘\

8]y
i

Place distributor in opening.

(NOTE: The rotor must be pointing in the same direction as it was before
removal.)

Move distributor, if necessary, to engage the oll pump shaft.

(NOTE: Occasionally the distributor will not fall into piace because ths oil
pump shaft has moved. The rotor should be positioned as close as possl-
ble to the beginning location and the engine rotated slightly until it falis
into place. Some distnibuior drives will be driven by oll pump and gear
mesh will not be necessary.)

Install hold-down clamp and clamp screw.

Statlc time point openings.

(NOTE: A connection between distributor side of coll and ground with a
light or buzzer can be used.)

Tighten the hold-down screw slightly.
Replace vacuum lines.

Replace distributor cap and wires If remored.
Replace spark plugs ard plug wires.

Replace distributor lead wire.

Check all connections for correct placement.
Start engine and check timing.

Check operation of automatic advance.

298
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‘ IGNITION CIRCUITS
| UNIT Vi

JOB SHEET #2 — REMOVE AND REPLACE CONTACT POINTS
AND CONDENSER

A.  Tools and materlals

1. Engine
B~slc hand tool set
ignition wrenches
Feeler gauges, .010-.025
Distributor cam lubricant
Point alignment tools
Timing light

Shop towels

© ® N @ O A @ B

Safety glasses

e
e

Appropriate service manual
B.  Procedure

(CAUTION: Remove all jewelry prior to working on electrical system, and follow all shop
safety procedures.)

1. oake sure that ignition switch is in the off position.
Remove distributor cap.

Remove rotor.

> @ DN

Cetermine condition of contact polnts and location of wires, screws, and eccen-
tric as used.
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JOB SHEET #2

5. Disconnect contact point primary lead wire and condenser wire by loosening
screw. (Flgure 1)

FIGURE 1

6. Loosen screws holding contact points in place. (Figure 2)

FIGURE 2

7.  Remove contact point set.
8. Remove screw holding condenser in place.
9. Remove condenser.

10.  Clean breaker plate and distributor cam.
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JOB SHEET #2

11, Lubricate distributor cam with a light coat of cam lubricant. (Figure 3)

(NOTE: On distributors with the centrifugal weights accessible, place a drop of
light oil on each weight pivot post.)

FIGURE 3

12.  Place the contact points In distributor and Install attaching screws.
13.  Replace condenser and attaching screw; tighten securely.
14.  Replace the primary lead and condenser wires.
(NOTE: Position the wires In such a manner to avold binding or grounding.)
15.  Tighten primary lead and condenser wires securely.
16.  Check point alignment and adjust as required.

17.  Check contact point breaker spring tension.
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JOB SHEET #2

18.  Adjust contact point opening. (Figure 4)

(NOTE: Crank tha engine to position the rubbing block of the contact points on
the peak of the cam lobe.)

‘% :

FIGURE 4

Jll

Contact Points

19.  Adjust contact points to manufacturer's recommendations.
20. Tighten contact point attaching screws securely; recheck contact point opening.
21.  Install rotor.

(NOTE: Make sure the rotor Is positioned correctly and securely In place.)
22. Install distributor cap.

(NOTE: Make sure the distributor is positioned correctly and securely In place.)
23. Replace distributor in englne, If remcved.

24,  Start engine.
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JOB SHEET #2

Set timing to manufacturer's specification. (Figure 5)

FIGURE 5
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‘ IGNITION CIRCUITS
UNIT Vi

JOB SHEET #3 — ADJUST DWELL ON AN EXTERNALLY
ADJUSTABLE DISTRIBUTOR

A. Tools and materials

1. Engine

2. Dwell meter

3. Hex contact point adjusting tool
4. Safety glasses

5. Appropriate service manual

B. Procedure

(CAUTION: Remove all jewelry prior to working on electrical system, and follow all shop
safely procedures.)

1. Connect dwell meter. (Figure 1)

(CAUTION: Observe comrect hookup procedures, and position wires away from
moving engine parts.)

FIGURE 1

2. Refer to manufacturer's specifications for desired aweli setting.

. 3. Start the engine.

©
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JOB SHEET #3

4. Adjust idle speed to manufacturer's specification.
5. Raise distributor cap adjustment window.
6. Inseit hex wrench into contact point adjustment screw. (Figure 2)

FIGURE 2

Window
=

Hex Wrench L‘ Il Contact Point

———

Adjusting Screw

g > . l//
. ) ey
M~
—
—
7. Adjust contact point dweil whiie observing dwell meter reading to comply with .

manufacturer's specifications.
(NOTE: Recheck engine idle speed.)
8. Remove hex wrench and recheck dweil reading.
9. Shut off the engine.
10. Remove dwell meter.

11.  Push window on distributor cap down securely.
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IGNITION CIRCUITS
UNIT VI

JOB SHEET #4 -~ CHECK AND SET IGNITION TIMING

Tools and materials

1. Engine
Timing light
Comblination end wrenches, 7/1e"-916"”
Speclal distributor wrenches as required
Chalk
Shop towels

Safety glassas

® N o o0 » 0N

Appropriate service manual
Procedure

(CAUTION: Remove all jewelry pricr to working on electrical system, and follow all shop
safety procedures.)

1. Obtain manufacturer's specifications for ignition timing, dwell, and rpm.

(NOTE: Rpm and dwell must be set to manufacturer's specifications before tim-
ing is set))

2. Remove vacuum line at the distributor and plug. (Figure 1)
FIGURE 1

REMOVE VACUUM LINE
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JOB SHEET #4

Locate and clean the ignition timing marks on the harmonic balancer; mark with
chalk.

Locate and clean the timing pointer or plate on the front cover.
Connect the timing light according to the instructions for the iight being used.

(NOTE: Do not puncture spark plug cables with pins or clips to make connec-
tions))

Position wires away from moving engine parts.
Start the engine.
Make sure the engine Is idling at manufacturer's recommendations.

(NOTE: The engine must idle correctly to prevent incorrect timing caused by the
centrifuga!l advance.)

Direct the timing light toward the timing marks. (Figure 2)

(NOTE: If the timing Is correct, the timing marks will line up ai ithe check point. If
the timing is incorrect, proceed as follows.)

FIGURE 2

TIMING
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o JOB SHEET #4

10. Loosen the clamp or lock screw on the distributor.

11.  Move the distributor until the timing marks are lined up. (Figure 3)
FIGURE 3

MOVE DISTRIBUTOR TO ADJUST TIMING

‘ 12.  Tighten the clamp or lock screw on the distributor.
13. Recheck timing.
14.  Shut off englne.
15.  Disconnect timing light.
(NOTE: Remove timing light adapter on spark plug If used.)

16. Replace vacuum line on distributor.
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IGNITION CIRCUITS
UNIT VI

JOB SHEET #5 — REMOVE, SERVICE, AND REPLACE SPARK PLUGS

A.  Touls and materials

Engine

Spark plug socket, 3/s” drive
Ratctiet, 3/s” drive

Extensions, 3”8"-10" by %/s” drive
Shop towels

Safety glasses

N o o & D2 Db =

Appropriate service manual
8. Torque wrench
B. Procedure

(CAUTION: Remove all jewelry prior to working on electrical systam, and foliow all shop
safoty procedures.)

1. Remove spark plug wires.

(NOTE: Pull the wire from the spark plug by grasping the terminai, not by pulling
on the wire.)

2. Loosen the spark plugs.

3. Clean the area around the spark plug by biowing, wiping, or brushing. {(Figure 1)
(CAUTION: Protect your eyes when using compressed air.)
FIGURE 1
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JOB SHEET #5

Remove the spark plugs.

(NOTE: Arrange the spark plugs in order as they are removed. The condition of
the spark plug can tell a lot about the operation of a particular cylinder. See Fig-
ure 2.

FIGURE 2

ARRANGE IN ORDER

Wipe the plug hole seat with a clean, dry cloth.

(NOTE: Be careful not to get dirt or fllings Into the combustion chamber)
Consult the service manual for the proper spark plug.

Reset gap on new spark plugs to manufacturer's specifications. (Figure 3)

(NOTE: Use a wire gauge to check the gap. Make sure ine electrode surfaces are
parallel. Regap every time plugs are serviced.)

(CAUTION: Bend only the ground electrode.)
FIGURE 3

Gap Setter

round Electrode

RESET SPARK PLUG GAP
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JOB SHEET #5

8. Instail the plug by hand until tight.

9. Finish the installation with a torque wrench, using torque recommendation in
Table 1.

Tuble 1
SAE:ISO RECOMMENDED INSTALLATION TO> \NE

Cast Iron Heads Al "inum Heads
Plug Thread Pound Feet Newton Meters Pound Feet Newton Meters
10mm Gasket Seat 7-11 Ib. ft. 10-15NM 7-11 Ib. ft. 10-15NM
12mm Gasket Seat 11-19 Ib. ft. 15-25NM %1-19 Ib. ft. 15-256NM
14mm Gasket Seat  26-29 Ib. ft. 35-40NM 15-22 Ib. ft. ___20-30NM
14mm Tapered Seat  7-15 Ib. ft. 9-20NM 7-15 Ib. ft, 9-20NM
18mm Gasket Seat  32-38 Ibft 43-52NM 28-34 |b. ft. 38-46NM
18mm Tapered Seat  15-20 Ib. ft. 20-27TNM 15-20 Ib. ft. 20-27NM
7/g™18 35-43 Ib. ft. 47-58NM 31-39 Ib. ft. 42-53NM

If no torque wrench Is avallable — tapered seat 14 and 18mm — tighten 116" turn (snug) after finger tight. 14
and 18mm gasket seat plugs — tighten 2" turn past snug. 12mm gasket seat plugs — tighten %™ turn past
snug. 10mm gasket seat plugs — tighten Y/4*” turn past snug.

Courtesy of Allled Aftermarket, Division of Allied-Signal, Inc.

10.  Replace the spark plug wires in the proper order.

(NOTE: Push the spark plug wires securely into place, and make sure they are in
the brackets or holders.)
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IGNITION CIRCUITS
UNIT VI

PRACTICAL TEST
JOB SHEET #1 — REMOVE AND INSTALL A DISTRIBUTOR

STUDENT'S NAME DATE
EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under “Process Evaluation” must receive a
“Yes” for you to receive an overall performance evaluation.

PROCESS EVALUATION
(EVALUATOR NOTE: Place a check mark In the “Yes” or “No” blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. if the student is
unable to achleve this competency, have the student review the materials and try again.)
The student: YES NO

Checked out piops: iocois and materials.

Disconnected negative battery cable.
Removed the distributor wire from coil or distributor.
Removed distributor cap.
Removed vacuum hose and plugged.
Removed clamp screw and hold-down clamp.
Removed distributor.
Removed number one spark plug and found top dead center on
number one cylinder.
9. Installed distributor.
10. Installed hold-down clamp and clamp screw.
11.  Replaced vacuum line.
12. Replaced distributor cap and wires.

PNOOHE LN A

13. Replaced spark plugs and plug wlres.

14. Checked all connections for correct placement.

15. Started engine and checked timing.

16. Checked In/put away tools and materials.

17. Cleaned ihe work area.

18. lJsed proper tools correctly.

19. Performed steps In a timely manner (____hrs. min. s6ec.)
20. Practiced safety rules throughout procedure.

21. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #1 PRA JTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on thc follow; ng criteria by circling the appropriate num-
bers. Each item must be rated at least a “3" for mastery to be demonstrated. (See verformance
evaluation key below.) If the student:is unable to demonstrate masiery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1
Steps were performed in
proper sequence.

4 3 e 1
Engine performs
correctly.
EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

— Skilled — Can perform job with no additional training.

Moderately skilled — Has performed job during training program; limited

additional training may be required.

2 — Limited skill — Has performed Job during training program; additional
training is required to develop skill.

1 — Unskilled — Is famillar with process, but is unable to perform job.

w
|

(EVALUATOR NOTE: If an average score is needed to coincide with a competency proflle, total
the designated points in “Product Evaluation” and divide by the total number of criteria.)
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. IGNITION CIRCUITS
UNIT VI

PRACTICAL TEST
JOB SHEET #2 — REMOVE AND REPLACE CONTACT POINTS
AND CONDENSER

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this ta:k, ask your instructor to observe the pro-
cedure and complete this form. All items listed under “Process Evaluaticn” must receive a
“Yes" for you to ,aceive an overall performance evaluation.

PROCESS EVALUATION
(EVALUATOR NOTE: Place a check mark in the “Yes” or “No” blanks to designate whether or
not the student has satisfactorily achieved each step Iin this procadure. If the student Is

unable to achieve this coi.petency, have the student review the materlals and try again.)

‘ The student: YES NO

Cheched out proper tools and materials.

Checked to see that the ignition switch was off.
Removed distributor cap.

Rernoved rotor.

Disconnected wires from points and condenser.
Ramoved contact point sci.

Removed condenser.

Installed new points and condenser in distributor.
Checked point alighment and adjusted as required.
Adjusted contact points.

Installed rotor and distributor cap.

Started engine and checked timing.

Checked in/put away tools and materials.

Cleaned the work area.

Used proper tools correctly.

Performed steps in a timely manner (___hrs. min. sec.)
Practiced safety rules throughout procedure.
Provided satisfactory responses to questions asked.

-t b ah b b b b b b
PNOPARLONLOOOININEWON S

EVALUATOR'S COMMENTS:
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JOB SHEET #2 PRACTICAL TEST .

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a “3” for mastery to be demonstrated. (See performance
evaluation key below.) if the student is unabie to demonstrate mastery, student materiais
should be reviewed and another product must be submitted for evaiuation.)

Criterla:

4 3 2 1
Sequence of steps

4 3 2 1
Point alignment

4 3 2 1
Performance of engine
EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

Skilled — Can perform job with no additional training.

Moderately skilled — Has performed job during training program; limited

adc!tional training may he required.

— Limited skill — Has performed job during training program; additional
training is required to develop skill.

1 — Unskiiled — Is familiar with process, but is unable to parform job.

N W o
|

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in “Product Evaluation” and divide by the total number of criteria.)




IGNITION CIRCUITS
UNIT Vi

PRACTICAL TEST
JOB SHEET #3 —~ ADJUST DWELL ON AN EXTERNALLY
ADJUSTABLE DISTRIBUTOR

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your Instructor to observe the pro-
cedure and complete this form. All Items listed under “Process Evaluation” must recelve a
“Yes” for you to recelve an overall performance evaluation.

PRCCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the “Yes” or “No” blanks to designate whether or
not the student has satisfactorily achleved each step in this procedure. if the student Is
unable to achleve this competency, have the student revlew the materlals and try again.)

The student: YES NO

Checked out proper tools and materials.

Connected dwell meter.

Started englne and adjusted Idle.

Adjusted polint dwaell.

Killed engine and removed dwsll meter.

Checked in/put away tools and materials.

Cleaned the work area.

Used proper tools correctly.

Performed steps In a timely manner (___hrs. min. sec.)
Practiced safety rules throughout procedure.
Provided satlsfactory responses to questions asked.

HOOENOIOEWON S

b b

EVALUATOR'S COMMENTS:

316




JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a “3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materlals
should be revlewed and another product must be submitted for evaluation.)

Criterla:

4 3 2 1
Ssquence of steps

4 3 2 1
Dwell setting

4 3 2 1
Engine performance
EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 - Skilled — Can perform job with no additional training.

3 — Moderately skilled — Has performed iob during training program; limited
additional training may be required.

2 — Limited skill — Has performed job during training program; additional
training is required to develop skill.

1 — Unskilled — Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in “Product Evaluation” and divide by the total number of criterla.)
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STUDENT'S NAME
EVALUATOR'S NAME

IGNITION CIRCUITS
UNIT Wi

PRACTICAL TEST

DE-335

JOB SHEET #4 — CHECK AND SET IGNITION TIMING

DATE

ATTEMPT NO.

Instructlons: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and coinplete this form. All Iltems listed under “Process Evaluation” mus* receive a
“Yes” for you to recelve an overall performance e+ ‘uation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check rark in the “Yes"” or “No” blanks to designate whether or
not the student has satisfactorlly achleved each step In this procedure. If the student Is
unable to achieve thls competency, have the student review the materials and try agaln.)

The student:

EVALUATOR'S COMMENTS:

—h b ambh wd b b
OEONAROCOOINOIORON

Checked out proper tools and materials.
Obtalned manufacturer’s specifications.
Removed vacuum line at the distributor and plugs.
Marked harmonlc balance.

Connected timing light.

Started englne and set Idle.

Set timing using timing light.

Killed englne ai-d disconnected timing light.
Replaced vacuum line and ran engine.
Checked In/put away tools and materials.
Cleaned the work arva.

Used proper tools corractly.

Performed steps In a timely manner (__hrs. min.

Practiced safety rules throughout procedure.
Provided satisfactory responses to questions asked.

YES NO

sec.)
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JOB SHEET #4 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a “3" for mastery to be demonstrated. (See performance
evaluaticn key below.) If the student Is unable to demonstrate mastery, student materlals
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1
Sequence of steps

4 3 2 1
Engine timing Is set cor-
rectly.
EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

Skilled — Can perform job with no additienal training.

Moderately skilled — Has performed job during training program; limited

additional training may be required.

- Limited skill — Has performed job during training program; additional
training is required to develop skiil.

1 — Unskilled — Is familiar with process, but is unable to perform job.

N W
I

(EVALUATOR NOTE: If an average score is needed to coinclde with a competency profile, total
the designated points In “Product Evaluation” and divide by the total number of ctiteria.)
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IGNITION CIRCUITS
UNIT VI

PRACTICAL TEST

DE-337

JOB SHEET #5 — REMOVE, SERVICE, AND REPLACE SPARK PLUGS

STUDENT'S NAME
EVALUATOR'S NAME

DATE

ATTEMPT NO.

Instructions: When you are reacy to parform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under “Process Evaluation” must receive a
“Yes” for you to recelve an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark In the “Ye3” or “No” blanks to designate whether or
not the student has satisfactorily achleved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

EVALUATOR'S COMMENTS:

b b b b b
APONSDOOINIM PO~

Checked out proper tools and materials.
Removed plug wires.

Removed spark plugs.

Consulted service manual.

Reset or checked spark plug gap.
Installed spark plugs.

Torqued plug with torque wrench.
Replaced spark plug wires.

Checked in/put away tools and materials.
Cleaned the work area.

Used proper tools correctly.

Performed steps in a timely manner {____hrs. min.

YES NO

sec.)

Practiced safety rules throughout procedure.
Provided satisfactory responses to questions asked.




JOB SHEET #5 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criterla by circling the appropriate num-
bers. Each Item must be rated at least a “3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student Is unable to demonstrate mastery, student materlals
should be reviewed and another product must be submitted for evaluation.)

Criterla:

4 3 2 1
Sequence of steps

4 3 2 1
Spark plug gap

4 3 2 1
Engine performance
EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

— Skilled — Can perform job with no additional training.

~ Moderately skilled — Has performed job during training program, limited
additional training may be required.

~ Limited skill — Has performed job during tralning program; additional
tralning Is required to develop skill.

1 -— Unskilled — Is familiar with process, but Is unable to perform job.

N W

(EVALUATOR NOTE: if an average score Is needed to colncide with a competency profile, total
the designated polnts in “Product Evaluation” and divide by the total number of criterla.)
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IGNITION CIRCUITS
UNIT Vi

SCORE

TEST

Match the terms on the right with their correct definitions.

a. Igniting the fuel-air mixture at the exact
instant that will enable the engine to
develop maximum power

—Db. Marks used to synchronize the ignition cir-
cuit so that plugs will fire at the precise time

c. Low voltage circuit which energizes the igni-
tion coil

—d. High voltage circuit which produces electri-
cal current to jump spark plug gap

e. Number of degrees of distributor cam rota-
tion that the ignition points are closed

—f A unit installed between the breaker points
and coil to prevent arcing

—_. A means of connecting the coil primary
windings to the distributor so that current
produced at the spark plug will travel from
center electrode to ground

—_—h Ignition system using a control unit and
magnetic pickup to open and close the pri-
mary circuit

S A switching device that opens and closes

the ignition to primary ground circuit

_—] Provides the gap for the high voltage spark
to ignite the fuellair mixture

Explain the purpose of an ignition circuit.

o

10.

s> © N

Coil polarity
Condenser
Dwell

Electronic ignition
system

Electronic module

Primary ignition cir-
cuit

Secondary ignition
circuit

Spark plug
Timing

Timing marks
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TEST

3. ldentify the components of an ignition circuit.

a b.
c d.
e. f
g. h
I J.
k. |
m. n
o.
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TEST

Match the components of an Ignition circuit on the right with their correct functions.

a.

—b.

Source of electrical power

Opens and closes the primary circuit
between battery and contact points

Reduces voltage in the primary circuit to
protect the contact points

Transforms low voltage Into high voltage
necessary to jump the spark plug gap

Make and break the primary circuit to allow
the coil to produce high voltage at the spark
plugs

Device that absorbs surges in the primary
circuit when the opening of the ignition
points causes an interruption in current flow

Contains the contact points and condenser;
distributes the high voltage current from the
coil to the proper cylinder

Opens and closes the contact points

Regulates the timing of the high voitage cir-
cult for best ignition during all speed and
load conditions

Takes the high voitage current from the coil
and directs it to the correct cylinder

Holds the coil and spark plug wires in a
sequence and provides a cover for the dis-
tributor

Provides a spark gap inside the engine cylin-
der to ignite the fuel-air mixture

Carrles low voltage from tive battery through
the ignition coll to the points primary side of
the ignition coli

Carries high voltage from the secondary
side of the coll to the spark plug

Primary ignition circuit that bypasses the
ignition resistance unit, permitting fuil bat-
tery voltage to the ignition coll during start-
ing only

324

1.

o

10.
1.

12,
13.

14,

15.

Battery

2. Breaker cam
3. Condenser

4, Contact points
5.
6
7

Distributor

. Distributor cap

. Ignition bypass cir-

cuit

Ignition coill

Ignition switch
Primary ignition wire

Primary resistance
unit

Rotor

Secondary ignition
cable

Spark-advance mech-
anism

Spark plug
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TEST

5.  Distinguish between primary and secondary ignition circuit components by placing a
“P” next to primary components and an “S” next to secondary components.

a, Resistance unit

—b Condenser

C. Distributor cap

d. Ignition switch

e. Rotor

N Secondary winding of the coil

—. High voltage wire that connects the units
—h. Low voltage wire that connects the units
X Contact points

—_ Battery

— k. Primary winding of the coil

— Spark plug
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’ TEST

6. Identify the components of a distributor.

a.
c d.
e. f
g h
I Ji
k.

7. Arrange in order the steps in the operation of an ignition circuit baginning with the bat-
tery through one complete cycle by placing the correct sequence number beside each
step.

a. As the contact points open, current attempts to fiow across the point sur-
faces; the condenser attached to the points absorbs this fiow of current.

—Db. This high voltage surge is directed from the secondary windings of the coil
through the distributor cap and rotor and on to the spark plug to ground.

C. The flow of fow voltage current through the primary windings of the coii
‘ causas a magnetic fieid buildup.

Q | | 3?6




TEST

—d. Stopping this flow of current causes the magnetic field of the coll to coi-
lapse across the secondary coil windings, causing a high voltage surge.

e. With the ignition switch on and the contact points closed, low voltage cur-

rent flows from the battery through the primary winding of the coll and
through the contact points to ground.

8. !dentify the components of a distributor with a built-in governor.

|
!

i
v ivaipliy|

Latch

Distributor
Passage T T i shatt
Bulit-In Engine Maximum Spsed Govemnor
Mechanism
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' TEST

9. Arrange in order the steps in the operation of a governed distributor by placing the cor-
rect sequence number beside each step.

To Carburetor
Air Cleaner —-- Butterfly Vaive

Carburetor

NG
é J I I/A Manlfold Vacuum

Air Flow And Vacuum Connections Betwean
Carburetor And D co-Remy Governed Distributor (Typical)

S - § When the distributor shaft revolves fast enough the centrifugal *orce of the
weight pulls against the spring, causing the vaive shift to move transver-
sely in the main shaft restricting the fiow of air,

. —b. When this rastriction occurs, a vacuum is created in the carburetor actua-
tor, causing it to move the butterfly valve in the carburetor, thereby govern-
ing the engine speed.

c. Vacuum froin the intake manifold draws air through the air cleaner,
through the distributor and past the carburetor actuator. An overriding fea-
ture on the butterfly vaive allows the foot pedal to control the butterfly
valve positior. except when the actuator diaphragm pull is sufficient to
overcorve the opposing spring force.

10.  Distinguish between transistorized and capacitive discharge ignition systems by piac-
ing an “X" next to the descriptions of transistorized ignitions.

a. System contains special ignition distributor, amplifier, and special coil.

—Db. Transistors allow very low voltage through the points and very high voltage
to the primary windings in coil.

C. Ampiifer Is inciuded in circult between points and ignition coil.

S § System operates to charge a capacitor to a high voitage which, on signal
from distributor, is then discharged through the primary windings in coil.
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TEST

11,  Match major components of an electronic ignition system on the right with their func-

tions.

Maintains constant primary current flow 1. Armature or reluctor
according to engine speed and is bypassed
during cranking 2. Control module

Sends a small voitage pulse to the control 3. Magnetic  pickup
unit to trigger switching transistor to stop assembly
current flow In the coll primary windings
4 Resistor
Rotates with the distributor shaft, producing
a voltage pulse in the magnetic pickup

Controis the flow of current in the primary
windings of the ignition coil and maintains
constant dwell

12,  Select true statements concerning general safety precautions for electronic ignition
systems by placing an “X" beside each statement that is true.

—D.

—_—.

a.

Always turn the ignition off when disconnecting or connecting any electri-
ca: vunnectors or components.

Reverse the battery polarity or disconnect the batter with the engine run-
ning.

Disconnect the ignition switch feed wire at the distributor when making
compression tests.

Check all replacement part numbers carefully.

All manufacturer's instructions must be followed carefully when using test
equipment.

(NOTE: If the following activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)

13. Demonstrate the ability to:

a. Remove and Instail a distributor. (Job Sheet #1)

b. Remove and replace contact points and condenser. (Job Sheet #2)

c. Adjust dwell on an externally adjustable distributor. (Job Sheet #3)

d. Check and set ignition timing. (Job Sheet #4)

e. Remove, service, and replace spark plugs. (Job Sheet #5)
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a
b.
c.
d
e

Explanation should include — The ignition circuit produces a high voltage spark which

IGNITION CIRCUITS
UNIT Vi

ANSWERS TO TEST

WNO 2 ©
—rgoa ™~
OO H =N

ignites the fuel-alr m.xture in the engine cylinder

PPITATTITOTPALDD

ooow

Qo ow

s LR XXX

Battery

Ignition switch

Primary resistance unit
Ignition coll

Contact points
Condenser

Distributor

Breaker cam
Spark-advance mechanism
Rotor

Distributor cap

Spark plug

Primary ignitic 1 wire
Secondary ignition wire
Ignition bypass circult

1 f. 3 k. 6
9 g. 5 I 15
11 h. 2 m. 10
8 I 14 n. 13
4 . 12 0. 7
P e. S i P
P f. S J P
S Q- S Kk P
P h. P I S
Distributor cap
Rotor
Centrifugal advance mechanism
Condenser
Vacuum advance unit
Breaker plate
Distributor cam
Contact polnts
Distributor housing
Primary lead wire
Disiributor drive gear
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ANSWERS TO TEST

7. a 3
b 5
c 2
d 4
e 1
8. a. Valve shaft
. Ballast weight
C. Adjusting nut
d. Return spring
e. Cover band
9. a 2
b. 3
C. 1
10. b, ¢
1. a. 4
b. 3
C. 1
d. 2
12. a, ¢ d,e

13. Performance skills evaluated to satisfaction of instructor
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ALTERNATOR CHARGING CIRCUITS
UNIT VI

UNIT OBJECTIVE

After completion of this unit, the student should be able to test chargling circults and remove,
replace, and rebulld an alternator. Competencies will be demonstrated by completing the job
sheets and the unit tests with a minimum score of 85 percent.

SPECIFIC OBJEGTIVES

After completion of this unit, the student should be able to:

1.
2.

10.

Match ter~~ related to alternator charging circuits with their correct definitions.
State the purpose of the alternator charging circuit.

Match alternator charging circuit components with their correct functions.
Identify the major parts of an alternator.

Discuss the construction of stator windings.

Distinguish between types of alternator circuits.

Select from a list characteristics of a brushless alternator.

_Select true statements concerning the operation of a brushless alternator.

Select true statements concerning the operation of a transistorized regulator.

Compiete statements concerning safety rules for working with alternator charging
circults.
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11.

OBJECTIVE SHEET

Demonstrate the ability to:

a. Test the Ford alternator charging circult with external regulator. (Job Sheet
#1)

b. Remove and replace an alternator. (Job Sheet #2)

c. Disassemble, test, and reassemble an alternator. (Job Sheet #3)
d. Test a transistorized reguiator. (Job Sheet #4)

e. Test an S.1. series alternator. (Job Sheet #5)

f. Test charging circuit resistance for GM aiternator. (Job Sheet #6)

333
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ALTERNATOR CHARGING CIRCUITS

SUGGESTED ACTIVITIES
Ohtain additional materials and/or invite resource people to class to supplementirein-
force information provided In this unit of Instruction.
(NOTE: This activity should be completed prior to the teaching of this unit.)

Make transparencies from the transparency masters included with this unit.

UNIT ViI

Provide students with objectlve sheet.

Discuss unit and specific objectives.

Provide students with information sheet.

Discuss information sheet.

(NOTE: Use the transparencles to enhance the information as needed.)

Provide students with job sheets.

Discuss and demonstrate the procedures outlined in the job sheets.
Integrate the following activities throughout the teaching of this unit:

1. Demonstrate different types of testing equipment.

o x> O D

Glve test.
Ev Juato test.

Reteach If necessary.

Have students identlfy different models of alternators.
Demonstrate the removal of different types of diodes.
Review safety precautions on electrical systems.

Meet Individually with students to evaluate their progress through this unit of
Instruction, and Indicate to them possible areas for Improvement.

334
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REFERENCES USED IN DEVELOPING THIS UNIT
Armstrong, Ivan J. Auto Mechanics. Stillwater, OK: State Department of Vocational and
Technical Education, 1978.
Delco Remy Service Manual No. 1.2. Service Bulletin 1G-266. Detroit, MI: AC-Delco, 1983,

Foutes, Willlam A. Diesel Mechanics: Elec.iical Systems. Stillwater, OK: Mid-America
Vocational Curriculum Consortium, 1982,
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Text
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ALTERNATOR CHARGING CIRCUITS
UNIT VIi

INFORMATION SHEET

Terms and definitions

A
B.

Brushless alternator — An alternator that has nelther slip rings nor brushes

Diode — Device that allows current to flow in one direction and blocks cur-
rent in opposite direction

Grounded circuit — Circult in which a wire touches ground causing the cur-
rent to fiow to ground instead of through the circulit

Heat sink — Dissipates heat from diodes

(NOTE: High ampere alternators often use finned diodes for better heat
removal.)

Open circuit -— Circuit in which a wire Is broken or disconnected
Potentiometer — Acts as a voltage divider or voltage adjustment
Rectifier bridge — Six diodes mounted in one assembly

Negative
Heat Sink

)

Dlodes

Poslilve
Heat Sink

Insulation

Reproduced by permlission of Deere and Company, © 1982
Deere & Company. All rights reserved.

Rotor — Wire coll wrapped around an iron core and mounted on a rotating
shaft

(NOTE: The rotor assembly does the same job for the alternator as the field
coll and pole shoe do for the generator; however, the rotor assembly
revolves.)

Short clrcuit — Wire touching another wire and providing a shorter path for
current to flow
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INFORMATION SHEET
Slip rings — Metal conductors in the form of a ring, fastened to each end of
coll and mounted on rotor shaft
(NOTE: Current flows through the regulator, through the insulated brush,
through one slip ring into the coil, and out through the other slip ring and
the other brush to ground.)

Stator — Laminated soft iron ring with three groups of colis

(NOTE: The stator assembly does the same Job as the armature In a genera-
tor; however, the stator is fixed while the armature turns.)

Transistorized regulator — Fully electronic unit composed of resistors,
diodes, zener diode, transistors, and thermistor

Purpose of the alternator charging circuit — The alternator chargling circuit
recharges the battery and maintains a supply of electrical current to meet the
operating needs of the equipment.

Alternator charging circult components and functions (Transparency 1)

A.

m m o O

Battery
1. Starts the circuit by supplying spark to start engine.

2. Helpsout during peak operation when electrical load is too much for
alternator.

3.  Stabilizes system volta::o
Alternator
1. Supplies electrical power to accessory circuits
2.  Recharges battery
Regulator — Limits the alternator voltage to a safe, preset value
Ammeter - Measures the rate of current flow
Voltmeter — Indicates produced voltage

Indicator lights — Indicates problems In system; used in place of a meter
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VI.

VII.

INFORMATION SHEET

Major parts of an alternator (Transparencies 2 and 3)
Drive end frame

Rotor assembly

Stator assembly

Slip ring end frame

Diodes

mm o o ® »

Brush assembly

G. Pulley

Construction of stator windings — Windings have three phases which are con-
nected together to form a “Y” or delta connection, with each winding connected
to a positive and negative diode. (Transparency 4)

Types of alternator circuits

(NOTE: The regulator places a resistance in the field circuit which reduces current
fiow to the alternator rotor.)

A. External regulator — Field current Is regulated before It gets to the rotor,
and the field is grounded in the aiternator. When the fisld is grounded in the
alternator, it is called a “B” circuit.

B. Internal regulator — Field current is regulated after it goes through the
rotor, and the field is grounded through the regulator. When the field Is
grounded in the regulator, it is called an “A’ circuit.

Characteristics of a brushless alternator (Transparency 5)

High mileage unit

Used on both gasoline and diesel engines

Regulator compartment can be vented for increased capability
Uses large bearings at both ends

Has extra large grease reservoirs

Has extra large lip seal to keep grease in and dirt out

Regulator compartment is air tight

I o mm o O ® P

Designed to operate between engine oveirhauls without attention
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Operctlon of a brushless alternator

A

m o O ®

G.

To generate voltage in the stator windings, it is only necessary for the rotor
to cgiuse alterniating north and south magnetic lines to cut across the stator
windings. .

The field coil is mounted to the end frame.
The rotor is mounted on bearings and fits between the stator and field coil.
The field coil produces a north pole at the right hand side of the coil.

viugnetic lines cross the air gap between the field coil and rotoi to make all
the right hand rotor poles all north poles.

The non-magnetic lines of force cannot go through the non-magnetic ring
directly; instead they pass through the air gap into thie left hand south mag-
netic poles of the rotor; the magnetic lines then cross the air yap between
the rotor and field coil and then into the field coil to complete the magnetic
path.

The non-magnetic ring has diverted the magnetic field into the stator wind-
ings, and as the rotor turns, AC voltage is generated in the stator windings.

Operation of a translstorized mgulator

A.
B.

Allows battery current to excite the alternator field coils

Controls charging voltage at safe values during operation by regulating the
field current

Safety rules for working wlth alternator charging circuits

A.
B.

H.

Never attempt to polarize the circuit.

Be sure the battery is in good operating condition before making any tests
or adjustments.

Never operate the alternator in an open circuit, except when instructed in
the technical manual.

Never short or ground the alternator terminals.
Do not disconnect the voltage regulator while the alternator is running.

Disconnect the negative battery cable first when removing the alternator or
battery.

Do not use acid-core solder on the alternatcr terminals; use only a rosin-
core solder.

Never immerse the circuit components in cleaning solution.




® Alternator Charging Circuit Components

//
f (i,
-

Combination
Optional Hourmeter
Ether And
. Starting Aid Tachometer
' ~
: P See - <
: £ Key Switch g Note 1| L /
] s
o
| Starting Aid : ' Hormeter
; Button ||
| ' :
l

\ -

Solenoid

“=1" Alternator With

Ol
Pressure
Switch

Star‘er Alternator

Starter : Internal Regulator

Ground
Wire To

Block

Alternator With Internal
Voltage Regulator

Courtesy of Deutz-Allls Corporation.

Optional
Ether
Ether Starting Aid
Startingy Aid

Button

S fnote3

! See Note 1

/ Ammeter

Stacter
Button

i
]
: Heater
‘l~ Button

- ———

Ground
Wire To
Block

Starter %:ﬁtery

Alternator With External
Mounted Voltage Regulator
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Parts of an Alternator

Diodes °

Stator Assembly
Slip Ring End Frame

Brush
Assembly

1~ Pulley

Rotor Assembly

Drive End Frame
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Parts of an Alternator
(Continued)

REAR HOUSING BRUSHES
SPRINGS ,!k }

TERMINAL

INSULATORS RETAINER

BEARING
G RETAINER

R i ) /' I' (
BEARING SPACER

FRONT BEARING

Courtesy of Ford Motor Company.
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Stator Winding Construction

Stator 6-Diode Rectifier

‘/ / DC Qutput

/

Battery
Delta-Connected Stator Windings

Stator 6-Diode Rectifier
= —\
\ L DC Output
e/
«%%W? b 7
Baftteﬁ'y

*¥”-Connected Stator Windings
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Brushless Alternator Construction

T-R Rectifier Extra-Large

Stationary Field Coil

Generator (Brushless Construction)
Bridge Grease Rectifier
24-\olt Output Reservoir Bridge _ Steel Bushing
Terminal with Locking Thread
f \ il — Lip Seals
® )f =) o
0 ~ Mr
L | el ° 7':” Labyrinth Seal
Transformer \\ T =\
Integrated  Heavy-Duty Steel Heavy-duty
Circuit  Roller Bearing =T**Mounting Ball Bearings
Transformer Rectifier Regulator  with Lip Seal Bushings
Adjustable Bushing  Grease Reservoir
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ALTERNATOR CHARGING CIRCUITS
UNIT Vii

JOB SHEET #1 — TEST THE FORD ALTERNATOR CHARGING CIRCUIT

WITH EXTERNAL REGULATCR

f. Tools and materials

1.

7.

® o a2 w N

Vehicle

Basic hand tool set
Voltmeter

Ammeter

Variable resistor
Jumper wire

Safety glasses

B. Procedure

(CAUTION: Remove all jewelry prior to werking on electrical system, and follow all shop
safety procedures.)

(NOTE: There are many methods of testing the alter-ator systems. The method outlined
In this job sheet Is simplifled and adaptable to moat light-duty alternators.)

1.

Test the battery.

(NOTE: For vallid tests, the battery must be at least half charged and in good con-
ditlon.)

Check and adjust belt tension.
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3. Test alternator output.

(NOTE: The following diagnostic procedures are for a charging system: that is not
charging.)

a. Make test instruments connections as shown in Figure 1.

FIGURE 1
Ind. Light
|
T B
}‘ ]/ SW.
Junction ign.
Block
]
3 b
Load
Rhaostat
Voltmeter
%
Bat,
_E— - Ford w! Indicator Light

124

Disconnect the fleld from the reguiator by rcmoving the regulator gang
plug.
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c. Connect the fleld to the battery output terminal with jumper lead. (Figure
2)

(NOTE: This “feeds” the field directly, bypassing the regulator and wiring.)

FIGURE 2
Ny @,

Regulator Plug \f
™ Removed
From Regulator ..

Jumper Wire Connected
« To Alternator
“Bat” and “FLD" Terminals

Reprintad from MOTOR Truck and Diesel Repair Manual © 1985 by
. permiasion of The Hearst Corporation,

d. Start and operate the engine at idle speed.

e. Adjust rheostat and engine speed until a speed of 2,000 rpm and a voltme-
ter reading of 15 volts Is ob.ained.

(NOTE: These speclfications may vary slightly from model to model; con-
sult the appropriate service manual for accurate specifications.)

(CAUTION: Never allow voltmeter to read over 16 volts; damage to the
charging system could occur.)

f. Read ammeter.
(NOTE: If the alternator starts to charge and is within 10 amps of rated out-
put, the regulator or wiring is at faulit, If the alternator does not charge, it is
defective.)

g. Reduce engine spsed and turn off carbon plle rheostat after current output
test Is completed.

h.  Turn off ignition swi{sh.
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4. Test wiring.

a. Hook voltmeter to the wire connecting to the “A” terminal of the regulator
and observe voltmeter reading. (Figure 3)

(NOTE: Remove gang plug from regulator.)

FIGURE 3
Ind. Light

Sw.

ign.

—Ow

0 - Ford wi Ammeter _E-e - Ford w/ Indicator Light

(NOTE: If there is no voltage, repair or replace wire.)

b. Turn on ignition switch, and check voltage of the wire leading from the
Ignition switch to the regulator.

1) Test systems that have an ammeter by connecting voltmeter to ihe
wire leading to the “S” terminal of the regulator. (Figure 4;

(NOTE: If there Is no voltage, repair or replace wire.)
FIGURE 4
ind. Light
O “
L\
._E@ , R | AN QD
- L] nyvn B
= SW' Sw.
15,9 48 Ign ign.
S
0
i
vO- 8 b >
Bat. L
..E“ O ] Ford w/ Ammeter —E'O - Ford w/ Indicator Light
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2) Test systems thai have an indicator light by hooking voltmeter to
the wire connecting to the “I” terminal of the regulator. (Figure 4)
(NOTE: If there is no voltage, repalr or replace wire.)
Turn ignition switch off.

Test the wire connecting the “S” terminal of the alternator to the “S” termi-
nal of the regulator. (Figure 5)

(NOTE: This procedure Is for systems with an Indicator light.)

1)  Connect voltmeter to the wire leading to the “S” terminal of the
alternator. (Figure 5)

FIGURE 5 Jumper Lead
/ ind. Light

TSP DT
4

B
Sw.
ign.
B
F
S
S @ o
v At/ == L
) +0
J:--ﬁ- Ford w/ Indicator Light

2) Connect jumper lead to “A” and “S” terminals of the regulator. (Fig-
ure 5)

(NOTE: If there Is no voltage, repalr or replace wire.)
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JOB SHEET #1

e. Test wire connecting the “F” terminal of the alternator to the “F” terminal
of the regulator.

1)  Hook voltmeter to wire leading to the “F” terminal of the alternator,
(Flgure €)

FIGURE 6
Jumper Lead ind. Light

Reg. \ O Y SF
JeL TAnT @ h
S

w G

Use Jumper Wire
To Connect “A" and "F" Terminals
At Regulawr Plug

o Reprinted from MOTOR Truck and Dieso! Repalr Manual © 1985 by
+ permission of The Hearst Corporation.

_Erﬁ- Ford w/ Inc.<ator Light

2) Usejumper lead to connect the “A” and “F" terminals of the regula-
tor.

(NOTE: If there is no voltaye, repalr or replace wire.)
f. Reconnect all regulator and aiternator connections.
5. Test regulator.
a. Turn on ignition switch.
b. Check for good grounding of voltagc reguiator.

(NOTE: If the ground of the regulator is in question, connect jumper wire
from the base of the regulator to the frame of the alternator)

c. Connect voltmeter to the field of the alternator.

(NOTE: If there Is no voltage and all the above tests were satisfactory, the
voltage regulator Is at fault.)




A.

B.

ALTERNATOR CHARGING CIRCUITS
UNIT VII

JOB SHEET #2 -- REMOVE AND REPLACE AN ALTERMATOR

Tools and materials

1. Vehicle

2, Baslc hand tool set

3. Battery cable clamp removal tool

4. Shop towels

5. Safety glasses

6. Appropriate service manual
Procedure
(CAUTION: Remove all jewelry prior to working on electrical systern, and foliow all shop
safety procedures.)

1. Remove alternator.

a. Remove battery ground.
b. Remove wire leads.

(NOTE: Alternator leads should be tagged for replacement.)

c. Loosen the adjusting screw locknut. (Figure 1)
d. Loosen retaining nut. (Figure 1)
e. Loosen mounting boits. (Figure 1)

f. Remove alternator beit.
FIGURE 1

Courtesy of Cummins Engine Co., Inc.
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Remove the adjusting link mounting bolt and the adjusting link. (Figure 2)

Remove the alternator mounting capscrew, nut, washer, and the alterna-
tor. (Figure 2)

FIGURE 2

1. Adjusting Link
Mounting Bolt

2. Adjusting Link

Courtésy of Cumrhlns Engine Co,, Inc.

Install alternator.

al

Install the alternator, capscrew, washer, and nut to the mounting bracket.

(NOTE: Do not tighten the capscrew and nut unti! the alternator belt is
Installed and adjusted.)

Install the adjusting link and mounting capsc.ew.

Install and adjust the alternator belt, using co:rect belt tension gauge.
Instali wire leads and tighten securely.

Install battery ground cable.

Start engine and check operation of alternator.
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0 ALTERNATOR CHARGING CIRCUITS
UNIT VI

JOB SHEET #3 — DISASSEMBLE, TEST, AND REASSEMGLE
AN ALTERNATOR

A.  Tools and materials

1. Aiternator
Baslic hand tool set
Alternator pulley removal tou..
Alternator dlode removal equipment
Alternator testing equipment

Torque wrench

Shop towels
Safety glasses

© ® N o O » 0N

Appropriate service manual

. B.  Procedure

(CAUTION: Remove all jewelry prior to working on electrical system, and follow all shop
safety procedures.)

1. Disassemble aliernator.

a. Scribe the alternator before disassembly. (Flgure 1)
FIGURE 1

Scribe Alternator
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Remove through bolts holding the end frames together.

Pry at bolt locatlons to separate the drive end frame frorm the slip ring end
frame. (Figure 2)

(NOTE: Be sure stator stays with slip ring end of frame.)
FIGURE 2

Remove the slip ring end frame and stator (as an assembly) from drive end
frame and rotor assembly.

Remove the three stator lead attaching nuts.
Separate stator from slip ring end frame.

Remove screws, brushes, and brushholder assembly.
Remove heat sink from end frame.

Remove pulley retaining nut. (Figure 3)

FIGURE 3

REMOVE PULLEY RETAINING NUT
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3 Remove pulley and far using puliers as required.

k. Remove rotor and spacers from end frame assembiy.

l. Remove drive frame bearing retainer and bearing from drive end frame.

2, Test alternator cornponents,

a. Wash all metal parts except stator, dioda, and rotor assemblles.

b.  Replace bearings as required.

c. Inspect rotor slip rings.

(NOTE: The slip rings should be clean and free of scratches.)

d. Service as required.

e. Inspect brushes for wear.

f. Replace brushes as required.

a. Test the rotor for grounds. (Figure 4)

1) Hold one test probe of ths ohmmeter against the roior shaft.

. 2) Hold the other against either of the slip rings. (Figure 4)

(NOTE: If the fleld coll is not grounded, the ohmmeter will not move
from Its infinite pasition.)

FIGURE 4

\\\\\\\

N

Ohmmater

‘Checking Rotor for Grounds, Shorts and Opens

. Reprinted with permission of Delco Remy iivislon, GM Corp.
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h. Test rotor for an open or short circult by holding one probe agalinst each
slip ring. (Figure 4)

(NOTE: If there Is no open or short circult, the ohmmeter shouid ;idicate
the resistance speclfied In the service manual,)

L Test tie stator for grounds.

1)  Connect one test probe of the ohmmeter to the stator frame.

2)  Connect the other test probe to any stator lead. (Figure 5)

FIGURE 5

(Chack For Opens)
Ohmmeter

=

Checking Stator Windings

: :
L_J S
Ohmmeter Ohmmaeter
(Check For Opens) (Check For Grounds)

Reprinted with perraission of Delco Remy Division, GM Corp.

(NOTE: The ohmmeter will show an infinity reading when the stator
winding Is not grounded.)

J Test the stator for open circuit.
(NOTE: This test will not work on a delta wound stator.)

1)  Connect test probes of an ohmmeter between A and B stator leads.
(Flgure 5)
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2) Connect test probes between A and C stator leads. (Figure 5)
3) Connect tests probes between B and C stator leads. (Figure 5)

(NOTE: If the ohmmeter falls to show continulty, there is an open
winding.)

Test diodes for shorts or opens.

(NOTE: If a test lamp Is used instead of an ohmmeter, voltage should be 12
volts or less.) '

1)  Connect one of the ohmmeter leads to the heat sink or diode body.
(Figure 6)

2) Connect the other ohmmeter lead to the diode lead or flat metal
connector. (Flgure 6)

FIGURE 6 oo
Holder Regulator
Capacitor
©
o) \
= . 0
o
X O
' LN
VD
| \Connect To
nsulated Flat Metal

Heat Sink P Grounded And Not

Heat Sink Threaded
Stud

Ohmme er
Repiinted with permission of Dele: Remy Division, GM Corp.
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3) Observe the ohmmeter reading.

(NOTE: If both readings are low, the diode Is shoried. if both are
high, the diode has an open. If one reading is high and the other Is
low, the diode is good.)

4)  Check the other diodes In the same manner.
5 Replace any defective diodes.

(NOTE: Use special tools manufactured for this purpuse.)

. Test diode trio for resistance reaction.

(NOTE: A diode trio Is used In conjunction with an Integrated voltage regu-
lator)

1) Connect the negative ohmmeter probe to the long lead.

2)  Connect the positive probe to each short lead. (Figure 7)

(NOTE: You should obtain at each short lead a low-resistance reac-
tion.)

FIGURE 7

Ohmmeter

Single Connector

Three Connectors
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3) Reverse the ochmmeter probes. (Figure 7)
(NOTE: You should obtaln a hiyii reading.)
3. Reassemble alternator.

a. Assemble heat sink to end frame.
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JOB SHELT #3

b. Instali brush holder and brushes into siip ring end frame. (Figure 8)

(NOTE: Insert a pin or wire through the hole to hold the brushes in the
holder)

FIGURE 8

N

oo ¢ .\\‘-! W p;/{/ /" S p———
A\ 1) “ i Irr"
0

C. Install stator assembly in slip ring end frame, and locate diode connectors
over the relay, diode, and stator Icads.

d. Install and tighten terminal nuts securely,

e. Install bearing In drive end frame.

f. Install rotor In drive end frame.

g. Ir-stall fan, spacer, puiley, and retaining nut.

h. Tighten nut to manufacturer’s specifications.

L Assembile slip ring, end frame, and stator assembly to drive end frame and
rotor assembly.

(NOTE: Align end frames by referring to scribe marks put on during disas-
sembly)
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Install through bolts In the end fiame assembly.
Tighten bolts securely.
Remove wire holding brushes In place.

Check aliternator operation.
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. ALTERNATOR CHARGING CIRCUITS
UNIT Vii

JOB SHEET #4 — TEST A TRANSISTORIZED REGULATOR

A. Tools and materials

1. Vehicle
Bagic hand tool set
Voltmeter
Carbon pile resistor
Ammeter
Jumper wire

Safety glasses

& N 2 o 2w DN

Appropriate service manual

. B. Procedure

(CAUTION: Remove all jewelry prior to working on elactrical system, and follow all shop
safety procedures.)

(NOTE: For a particular test procedure, always follow the equipment technical manual.)
1.  Test regulator voltage.

(NOTE: Thi.. tast can be performed either on or off the machine. Use an aiternator
that is known to be In good repalr)

a. Set up the test clrcuit. (Figure 1)
FIGURE 1

Regulator Carloon Pile Resistor o

Y = TN
Voltmeter

12-Volt

e B ' , ‘ Battery
Jumper Wire
| g S Ammeter
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Connect a voltmeter to the alternator ground and output terminals. (Flgure
1)
(NOTE: Be si:7e to use a voltmeter with an accuracy wiinin 0.1 volts.)
Start the englne; momentarlly connect jumper wire to excite the fleld, and
apply a load of about 10 amperes — use lights, motors, carbon pile resis-

tors, etc.

Operate the circult for about 15 minutes to stabillze the temperature of the
regulators.

Measure and record the temperature about one Inch from the regulator
case.

Compare the \ Jltmeter reading with the voltage specifications listed in the
machine service manual.

Adjust the reading for the temperature recorded above.

Adjust transistorized regulator.

al

Use adjusting screw to change the operating voltage for different condi-
tions.

(NOTE: This may not be used on some transistorized regulators.)

Since most transistorized regulators are sealed units, repalir by replacing if
they are found faulty.




ALTERNATOR CHARGING CIRCUITS
UNIT Vi

JOB SHEET #5 — TEST AN S.I. SERIES ALTERNATOR

A, Tools and materials

1.

2.
3.

>

» o

8.

Vehicle

Voltmeter

Ammeter 0-75 amp rating or higher
Carbon plle

Screwdriver

Clean shop towels

Basic shop tools

Appropriate service manual

B. Procedure

(CAUTION: Remove all Jewelry prior to working on electrical system, and follow all shop
safaty procedures.)

1.

Test the battery.

(NOTE: For valid tests, the battery must be at least half charged and in good con-
dition.)

Check alternator drive belt tension, and adjust as necessary.

Check all charging system wiring for defects and all terminal connections for
cleanliness and tightness.

(NOTE: if ali the above steps are satisfactory, check the aiternator with the fol-
lowing procedure.)

Disconnect battery ground cable.

3R5
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5. Make test instrument connections for the type of alternator to be tested, as
shown in Figure 1.

FIGURE 1

Voltmeter

" " L “"““\“\
-------------- ) ‘~

_________ 4 ./ ¢
q ¢
¢ N A
A
¢ 14
4 %
1
/ f
’ f
/ '
/ 1
f .
f 1
f \ j
’ A !

| f =g Test
‘ / / Ammeter
a3 2 M N N N N 8N N N N )
<2

Generator

Terminal

----------------------------------

Integral
Charging

System Voltmeter

-----------------------------------------------------------------

25-S|
Raprinted with permission of Delco Remy Divis‘on, GM Corp.

(NOTE: The hex bolt on the output terminal on the 25-Sl alternator is electrically
insulated.)
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6. Operate engine at moderate speed, and adjust the carbon pile rheostat as
required to obtain maximum current output.

(NOTE: If ammeter reading Is within 10 amps of rated output, the alternator and
regulator are not defective. If ammeter reading Is not within 10 amps of rated out-
put, bypass regulator to see if the alternator or regulator is at fault.

7. Bypass regulators on 10-Sl and 27-S| alternators. (Figure 2)
(NOTE: Ground the fleld winding by inserting a screwdriver into the test hole.)
FIGURE 2

Insert Screwdriver
Ground Tab To
End Freme

Courtesy of Oldsmoblle Divislon, General Motors Corporation,

(CAUTION: Tab Is wlthin 3/s inch [19. .. mm)] of the casting surface. Do not inrce
screwdriver desper into the end fiame; seveie damage to the alternator could
rc uit)
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Bypass regulator on a 25-Si alternator.
a. Remove field coil leads from the regulator.
o, Ground one field lead and connect the other fieid lead to battery voltage.

Operate engine at moderate speed, and adjust carbon plie rheostat to obtain
maximum current output.

(NOTE: if current output is within 10 percent of rated output, replace the voltage
regulator. |f curret t output is not within 10 percent of rated output, remove alter-
nator and bench test fleld windings, rectifier, and stator.)

Turn engine off and disconnect all test instruments.
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6 ALTERNATOR CHARGING CIRCUITS
UNIT Vil

JOB SHEET #6 — TEST CHARGING CIRCUIT RESISTANCE
FOR GM ALTERNATOR

A.  Tools and materials
1. Vehicle
Basic tool set
Voltmeter
Ammeter
Jumper wire

Safety glasses

N @ o & o N

Appropriate service manual

. B.  Procedure

(CAUTION: Remove all jowslry prior to working on electrical system, and follow all shop
procedures.)

(NOTE: This job sheet is adaptable to the Ford charging circuit covered in Job Sheet
#.)

1. Test wiring for 10 D.N. alternators.
a. Test wire going to #3 terminal of the regulator by connecting voltmeter.

(NOTE: High resistance in this line will cause the alternator voltage to be
high.)

1)  Connect a voltmeter as indicated by V1. (Figure 1 or Figure 2)

(NOTE: Circuit #1 Is for indicator light charging systems, and circuit
#2 is for charging systems using an ammeter,)
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2) Energize the fleld relay.

a)  Connect a jumper wire from the #3 terminal to the #." termi-
nal. (Figure 1)

(NOTE: This will energize the field for circuit #1.)
FIGURE 1

Junction =1

Resistor

Iindicator
Lamp

3’
ﬁ:::;@a:aas‘-"’

2
» Regulator
‘G
Clrcult 1

®n
:
é&::sﬁ;@-&m
Delcotron ! s
l':a:z:z:@:======:’°

Reprinted with permission of General Motovs Corporation,
b)  Turn on the ignitlon switch. (Figure 2)

(NOTE: This will energize the fleld for circuit #2.)
FIGURE 2

Junction

@ Ty o .,lz g
v
,+** Reguiator
Clrcult 2
Reprinted with permission of General Mators Corporation.

Observe voltmeter reading.

......

]
Delcotron ! o
|'llnllll@ll!l!lll’

1

(NOTE: The voltage drop should not excaed .3 .olts.)
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Test voltage drop between the alternator output terminal and the battery.

a. Connect an ammeter In series with the battery terminal of the alternator,
(Figure 1, 2, or 3)

(NOTE: Figure 3 or circult 3 features GM’s Sl series alternators.)

FIGURE 3
.
Junction
th Block
R 440 cc Resistor
é 3 ign
Switch
¥ \
i Battery ! ,, Indicator
" H Lamp
raamsaxssezy 1]
I "
" E\
;l
X
~ 3
B-:t:ﬂ:@ »»»»
Delcotron Circult 3

Reprinted with permission of Genaral Motors Corporation.
b. Start the engine.

c. Turn on enough lights and accessories to obtain a 20 ampere charge rate.
d. Connect a voltmeter as Indicated by V2 and V3. (Figures 1, 2, and 3)
e. Observe voltmeter readings.
(NOTE: The combined total of V2 and V3 should not exceed .8 volts.)
Test voltage drop in the ground circult. (Figures 1, 2, and 3)
a. Shut off engine, but leave lights and accessories on.
b. Connect a voltmeter as indicated by V4, (Figure 1, 2, or 3)
c. Observe voltmater reading.
(NOTE: V4 should not exceed .1 volt.)

Turn off lights and accessorles and disconnect voltmeter.
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ALTERNATOR CHARGING CIRCUITS
UNIT VI

PRACTICAL TEST
JOB SHELT #1 — TEST THE FORD ALTERNATOR CHARGING
CIRCUIT WITH EXTERNAL REGULATOR

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO. ..

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under “Process Evaluation” must receive a
“Yes” for you to receive an overall performance evaluation.

PROCESS EVALUATION
(EVALUATOR NOTE: Place a check mark in the “Yes” or “No” blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student Is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

Checked out proper tools and materials.
Tested the battery,

Checked and adjusted belt tension.
Tc sted alternator output.

fested wiring leading to the “A” terminal of the regulator.
Tested wire connacting ignition switch to the regulator.

Tested wire connecting the “S” terminal of the alternator to the
“S” tarminal of the regulator.

O NoOgARONS

Testud wire connacting the “F” terminal of the regulator to the
“F” terminal of the alternator.

9. Tested regulator.
10. Checked in/put avay tools and materiais.
11. Cleaned the work area.
12.  Used proper tools correctly.
13. Performed steps in a timely manner (___hrs. ___min. ____seuc.)

14. Practiced safety rules throughout procedure.
15. Provided satisfactory responses to questians asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALL!ATOR NOTE: Raie tF 1 student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a “3" for masiery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Student performed all
steps in proper sequence.

4 3 2 i

Student's evaluation of
charging system is valid.

EVALUATOR'S COMMENTS:
PER:*QORMANCE EVALUATION KEY
4 - Skilled — Can perform job with no additional training.
3 — Moderately skilled — Has performed job during training program; limited

additional training may be required.

2 — Limited skill — Has performed job during training program; auditional
training Is required to develop skill.

1 — Unskilled — Is famillar with process, but is unable to perform job.

(EVALUATOR NOTE: |f an average score Is needed to coincide witn a competency profile, total
the designated points in “Product Evaluation” and divide by the total number of criteria.)




ALTERNATOR CHARGING CIRCUITS
UNIT VI

PRACTICAL TEST
JOB SHEET #2 — REMOVE AND REPLACE AN ALTERNATOR

STUDENT’S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under “Process Evaluation” must receive a
“Yes” for you to receive an overall performance evaluation.

PROCESS EVALUATION
(EVALUATOR NOTE: Place a check mark in the “Yes” or “No” blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. if the student is
unable to achieve this competency, have the student review the materials and try again.)
The student: YES NO

Check:d out proper tools and materials.

Removed battery ground.
Removed wire leads.

Removed alternator,

Instaiied alternator.

Instalied and adjtisted aiternaior beit.

Installed wire leads and tightened securely.

Installed battery ground cable. ——
Checked operation of alternator.

Cleaned the work area.

Checked in/put away tools and materials. —_—

Used proper tools correctiv.

Performed steps in a timely manner (___hrs. min. sec.)
Practiced safety rules throughout procedure.

— b b b b -
ORONIDOENOOPLON S

Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the foliowing criteria by circling the appropriate num-
bers. Each item must be rated at least a “3” for mastery to be demonstrated. (See performance
evaluation key below.) if the student Is unable to demonstrate mastery, student materlals
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Student performed ali
steps In proper sequence.

4 3 2 1

Alt srnator operates prop-
erly.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 — Skilled — Can perform job with no additional train” .

3 — Moderately skilied — Has performed job during training program; limited
additional training may be required.

2 — Limited skili — Has performed job during training program; additional
training Is required to develop skill.

1 — Unskilled — Is familiar with proces, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in “Product Evaluation” and divide by the total number of criteria.)

-
it
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¢ ALTERNATOR CHARGING CIRCUITS
UNIT VI

PRACTICAL TEST
JOB SHEET #3 — DISASSEMBLE, TEST, AMD
REASSEMBLE AN ALTERNATGR

STUDENT'S NAME DATE

———— T oy o s—

EVALUATOR'S NAME ATTEMPT NO. ..

instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under “Process Evaluation” must receive a
“Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the “Yes"” or “No” blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the stucd int review the materials and try again.)

. The student: YES NG

Checked cut proper tools and materials.

Scribed the alternator.

Separated the drive and frame from the slip ring irame.
Removed the stator.

Removed the brushes and brushholder.

Rer ved heat sink.

Removed pulley and fan.

Removed rotor.

Tested rotor.

Tested the stator. e
Tested diodes.

Tested diode trio.
Reassembled altarnator.
Cliecked alternator operation. -
Checked in/put away toocls and mate lals.

Cleaned the work area.

Used proper tools correctly.

Performed steps in a timely manner (__hrs. min. seQ.)
Practiced safety rules throtighout procedure.

Provided satisfactory respunsas to quustions asked.

- and avdh e ad ad cd ek ad -
SISO RPN OENOOALN =

o EVALUATOR'S COMMENTS:
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVAILUATOR NOTE: Rate the stucent on the following criteria by circling the appropriate num-
bers. Each iterr. must be rated at least a “3” for mastery to be demonsirated. (See performance
eveiuation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluatior:.)

Criteria:

4 3 2 1

Student performed steps
in proper sequence.

4 3 2 1

Student’s evaluation of
alternator components is
valid.

4 3 2 1

Alternator operates prop-
erly.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 .~ Skilled — Gan nerform job with no additional training.

3 — Moderately skilled — Has performed job during training prograin; iimited
additional training may be requi-ed.

2 — Limited skill — Has performed job during training program; additional
training is required to develop skill.

1 — Unskilled — I famillar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in “Product Evaluation” and divide by the total number of criteria.)
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ALTERNATOR CHARGING CIRCUITS
UNIT Vil

PRACTICAL TEST
JOB SHEET #4 — TEST A TRANS!STORIZED REGULATOR

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

instri.ctions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items iisted under “Frocess Evaluation” must receive a
“Yes" for you to recelive an overall performance evaluation.

PROCESS EVALUATION
(EVALUATOR NOTE: Place a check mark in the “Yes” or “No” blanks to designate whether or

not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO
1. Checked out proper tools and materials.
2. Made all test instrument connections.
3. Started and loaded alternator 10 amperes.
4. Moasured and recorded temperature of regulator.
5. Checked specification manual.
6. Adjustad voltage reqgulator.
7. Replaced ragulator.
8. Checked in/put away tools ang materiais.
9. Cleaned the work area.
10. Used proper tools correctly.
11.  Parformsz steps in a timely manner (___hrs. min. sec.)
12. Practiced safety rules throughout procedure.
13. Provided satisfactory responses to questions asked.
EVALUATO'S COMMENTS:
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JOB SHEET #4 PRACTICAL TEST

PRODUC. EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a “3” for mastery to be demonstrated. (See performance
evaluation key below)) If the student Is unable to demonstrate mastery, student materlals
should be reviewed and another product must be submitted for evaluation.)

Crlterla:

4 3 2 1

Student performed steps
in proper sequence.

4 3 2 1

Regulator operates cor-
rectly.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 — Skilled — Can perform job with no additional training.

3 — Moderately skilled — Has performed job during training program; limited
additional training may be required.

2 — Limited skill — Has performed job during training program; additional
training Is required to develop skill.

1 — Unskilled — Is familiar with process, but Is unable to perf.im job.

(EVALUATOR NOTE: If an average score Is needed to coincide with a competency profile, total
the designated points in “Product Evaluation” and divide by the total number of criteria.,)
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‘ ALTERNATOR CHARGING CIRCUITS
UNIT VII

PRACTICAL TEST
JOB SHEET #5 — TEST AN S.I. SERIES ALTERNATOR

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you .re ready to perform this task, ask your instructor to observe the pro-
« cedure and complete this form. All items listed under “Process Evaluation” must receive a
“Yes” for you to receive an overall performance evaluation.

PROCESS EVALUATION
(EVALUATOR NOTE: Place a check maik in the ‘“/es” or “No” blanks to designate whether or
not the student has satisfactorily achieved es.ch step in this procedure. If the student Is

unable to achieve this competency, have the student review the materials and iry again.)

Q The student: YES NO

Checked out proper tools and materials.

Tested the batt ry:

Checked alternator belt.

Checkeg wiring.

Disconnected battery ground.

Made test instrument connections.

Operated engine ard tested alternator output.
Bypassed voltage regulator.

Turned off engine and disconnected test instruments.
10. Checked in/put away tools and materials.

11. Cleaned the work area.

12. Used proper tools correctiy.

13. Performed steps in & timely manner (__hrs. min. sec.)
14. Practiced safety rules throughout procedure.

15. Provided satisfactory responses to questions asked.

©CONDOOEDN A

EVALUATOR'S COMMENTS:
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JOB SHEET #5 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each Item must be rated at least a “3” for mastery to be demonstrated. (See performance
evaluation key below.) If the student Is unable to demonstrate mastery, student materials
should be reviewed and another product must te submitted for evaluation.)

Criteria:

4 3 2 1

Student performed steps
in proper sequence.

4 3 2 1

Student’s evaluation of
the charging system is
valid.

4 3 2 1

Alternator operates prop-
erly.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 — Skilled — Can perform job with no additional training.

3 — Moderately skilled — Has performed job during training program; limited
additional training may be required.

2 — Limited skill — Has performed job during training program; additional
training Is required to develop skill.

1 — Unskilled — Is familiar with process, but Is unable to perform job.

(EVALUATOR NOTE: If an average score Is needed to coincide with a competency profile, total
the designated polnts In “Product ‘valuation” and divide by the total number of criteria.)

381




ALTERNATOR CHARGING CIRCUITS
UNIT VII

PRACTICAL TEST
JOB SHEET #6 — TEST CHARGING CIRCUIT
RESISTANCE FOR GM ALTERNATOR

STUDENT'S NAME DATE

EVALUATOR’S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under “Process Evaluation” must receive a
“Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the “Yes” or “No” blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

Checked out proper tools and materials.

Tasted wire going to the #3 terminal of the regulator.

Tested wire going 1o the alternator output terminal.

Tested voltage drop in the ground circuit.

Turned off lights to accessories and disconnected voltmeter.
Checked in/put away tools and materials.

Cleaned the work area.

Used proper tools cotrectly.

Performed steps in a timely manner (___hrs. min. seC.)
Practiced safety rules throughout procedure.

Provided satisfactory responses to questions asked.

SCOINOIIADN S

P e

EVALUATOR'S COMMENTS:

o
x
20
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JOB SHEET #6 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the approoriate num-
bers. Each Item must be rated at least a “3” for mastery to be demonstrated. (See paerformance
evaluation key below.) If the student is unable to demonstrate mastery, studerit materials
shouid be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Student performed steps
in proper sequence.

4 3 2 1

Student’s evaluation of
wiring Is adequate.

EVALUATOR'S COMMENTS:
PERFORMANCE EVALUATION KEY
4 — Skilled — Can perform job with no additional training.
3 — Moderately skilled — Has performed job during training program; {imited

addltlonal tralning may be required.

2 — Limited sxill — Has performed job during training program; additional
training is required to develop skii.

1 — Unskllled — is familiar with process, but Is unable to perform job.

(EVALUATOR NOTE: If an average score Is needed to voincide with a competency profile, total
the designated points in “Product Evaluation” and divide by the total number of criterla.)
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ALTERNATOR CHARGING CIRCUITS

UNIT Vi

1.  Match the terms on the right with their correct definitions.

—Db.

a

TEST

Wira coil wrapped around an iron core and
mounted on a rotating shaft

Laminated soft iron ring with three groups
of colls

Device that allows current to flow in one
direction and blocks current in opposite
direction

Metal conductors in the form of a ring, fas-
tened to each end of coil ard mountec: on
rotor shaft

Wire touching another vvire and providing a
shorter path for current to flow

Circuit in which a wire is broken or discon-
nected

Clrcuit in which a wire touches ground caus-
ing the current to flow to ground instead of
through the circui.

Fully electronic unit composed of resistors,
diodes, zener diodes, transiswors, and ther-
mistor

Dissipates heat from diodes

An alternator that has neither slip rings nor
brushes

Acts as a voltage divider or voltage adjust-
ment

Six diodes mounted in one assembly

2. State tho purpose of the alternator charging circuit.

SCORE

-t

-t emh ek
P = D

©® ® N o o & 0D

Brushless alternator
Diode

Grounded circuit
Heat sink

Opan circult
Potentiometer
Rectfier bridge
Rotor

Short circuit

Slip rings

. Statoi

Transistorized regula-

tor
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3.

TEST

Match of alternator charging circuit comporents on the right with their correct func-
tions.

. —_—8 Starts the circuit by supplying spark to start 1. Alternator
engine, helps out during peak operation
when electrical load is too much for alterna- 2. Ammeter
tor, and stabilizes system voltage
3. Battery
NS ) Measures the rate of currert flow
. 4. Indicator lights
C. Supplies slectrical power to accessory cir-
cuits and recharges battery - 5. Regulator

6. Voltmeter

S+ } Indicates produced voltage

e. Limits the alternat~r voltage to a safe, pre-
set vaiue

—_f Indicates problems in system; used in place
of a nistar

identify the major parts of an alternator,

a.

Discuss the construction of stator windings.




TEST

Distinguish between types of alternator circuits by placing an “E” next to the descrip-
tion of an external regulator.

Fleld current is regulated before it gets to the rotor, and the fleld is
grounded in the alternator. When the field is grounded in the alternator, it
is called a “B” circuit.

Fleld current is regulate after it goes through the rotor, and the field is
grounded through the regulator. When the field is grounded in the regula-
tor, it is calied an “A” circuit.

Jelect from the following list characteristics of a brushless alternator by placing an “X”
beside each correct characteristic.

o

Is & iow mileage unit

Is used on diesel engines only

Regulator compartment is non-vented

Uses large bushings at both ends

Has extra large grease reservoirs

Has extra small lip seal to keep grease in, and dirt out
Regulator compartment is air tight

Dasigned to operate between engine overhauls without attention

Select true statements concerning operation of a brushless alternator by placing an
“X" beside each statement that is true.

To generate voltage In the stator windings, it is only necessa. y for the rotor
to cause alternating north and south magnetic lines to cut across the
stator windings.

The field coll Is mounted to the end frame.

The rotor is mounted o bearlngs and flts between the stator and field coil.

386

DE-409



410

TEST

—d The field coil produces a north pole at the right hand side of the coil.

e. Magnetic lines cross ‘he air gap between the field coil and rotor to make
all the right hand rotor poles all north poles.

S The non-magnetic lines of force cannot go through the non-magnetic ring
directly; instead they pass through the air gap into the left iiand, south
magnetic poles of the rotor; the magnetic lines then cross the air gap
between the rotor and field coil and then into the field coil to complete the
magnetic path.

S B The non-magnetic ring has diverted the magnetic field into the stator
windings, and as the rotor turns, AC voltage is generated in the stator
windings.

9. Select true statements conceriing operation of a transistorized regulator by placing an
“X" beside each statement that is true.

a. Allows battery current to excite the alternator field coils

N } Controls charging voltage at safe values during operation by requesting
the field current

10. Complete the following stateinents concerning safety rules for wo:king with alternator
charging circuits by inserting the word(s) that best completes each statement.

a. Never attempt to the circuit.

b. Be sure the battery is in good operating condition before making any tests or

C. Never operate the alternator in an circuit, except when
instructed in the technical manual.

d. Never _. or ground the alternator terminals.

e. Do not disconnect the voltage reyulator while the alternator is

f. Disconnect the battery cabla first when removing the alterna-
tor or battery.

g. Do not use acid-core solder on the alternator terminals; use only a
core solder.

h. Never immerse the circuit components in . solution.




TEST

(NOTE: If the following activities have nct been accomplisted prior to the test, ask your
instructor when they should be completed.)

11.  Demonstrate the ability to:

a.

b.

Test the Ford aiternator charging circuit with external regulator. (Job Sheet #1)
Remove and replace an alternator. (Job Sheet #2)

Disassemble, test, and reassemble an alternator. (Job Sheet #3)

Test a transistorized reguiator. (Job Sheet #4)

Test an S.I. series alternator. (Job Sheet #5)

Test charging circuit resistance for G.M. alternators. (Job Sheet #6)

3R8
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ALTERNATOR CHARGING CIRCUITS
UNIT VI

ANSWERS TO TEST

1. a. 8 e. 9 i 4
b. 1" f. 5 ] 1
c. 2 g. 3 k 6
d. 10 h. 12 | 7

2.  The alternator charging circuit recharges the battery and maintains a supply of elactrl-
cal current to meet the operating needs of the equipment.

oop

- N W
(0]
[, ]

Drive end frame
Rotor assembly
Stator assembly
Slip ring end frame
Diodes

Brush assembly
Pulley

@a~opoTp

5. Windings have three phases which are connected together to form a “Y” or delta con-
nection, with each winding connected to a positive and negative diode.

6. a
7. egh
8 abogdefg

9. ab
10. a. Polarize

b. Adjustments
c. Open

d. Short

e. Running

f. Negative

g. Resin

h. Cleaning

11.  Performance skills evaluated to the satisfaction of the instructor.
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EMERGENCY SHUT-DOW/N CIRCUITS
UNIT Vil

UNIT OBJECTIVE

After completion of this unit, the student should be able tu troubleshoot a shut-down and
alarm circuit. Competencies will be demonstrated by completing the job sheet and the unit
tests with a minimum score of 85 percent.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1.

»

Match terms related to emergency shut-down circuits with their correct defini-
tions.

Select true statements concerning characteristics of a coolant temperature
switch-gauge.

Select true statements concerning characteristics of a2n oll pressure switch-
gauge.

Arrange in order steps in the operation of the magnetic switch.
Select true statements concerning shut-off solenoids.

Complete statements concerning characteristics of the overspeed contactor
switch.

Select true statements concerning the oil pressure contactor switch.
Complete statements concerning the operation of an alarm system.

Demonstrate the ability to troubleshoot a shut-down and alarm circult. (Job Sheet
#1)
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@ EMERGENCY SHUT-DOWN CIRCUITS
| UNIT Vgl

SUGGESTED ACTIVITIES
A.  Obtain additional materials andlor invite resource paopie to class 1o supplenent/rain-
ferce information provided in this unit of instruction,
(NOTE: This activity should be compieted prior to the teaching of this unit.)

Make transparencles from the transparency masters inciuded with this unit.

Frovide students with oblective sheet.
Discuss unit and specific objectives.

Provide students with information sheet.

moom o O 9

Discuss information sheet.

(NOTE: Use the transparancies to enhance the Informatica as needed.)
G.  Provide studenis with job cheet.

H.  Discuss and demonstrate the procedures outlined in the job sheet.

l. integrate the following activities throughout the teaching of this unit:

1. Disouss safety procedures pertaining to emergency shut-dowr circuits.

2. Take a field trip to at least 3 diffsrent truck stops to see different types of shut-
down circuits.

(NOTE: Shut-down circults can also be founc anywhere that emeryency genera-
tors are located, such as, in hospitals, in shopping centers, on combines, and on
irrigation systems.)

3. ieet Individually with students to evaluate their progress through this unit of
instruction, and Indicate to them possible areas for improvement.

J. Give teot.
K. cvaluate test,

L. Reteach if necessary.
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REFERENCES USED IN DEVELOPING THIS UNIT

A.  Swichgage® Diagnostic General Catalog 1987-88. Tulsa, OK: Frank W, Murphy Manufag-
turer.

B.  Operating and Malntenance Manual, Engine Models 3500 Mark Il and 3700 Maik !
Power Unit. Harvey, IL: Allis-Chalmers, 1984,

SUGGESTED SUPPLEMENTAL RESOURCES
Filmstrip

Alarm Switches and Shuteffs (93 slides)
Order #JEG02702

Catarpillar Tractor Co.

Literature Orders Sgction

1335 S.W. Washingion

Peoria, IL. 61602
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° EMERGENCY SHUT-DOWN CIRCUITS
UNIT ViII

INFORMATION SHEEY

. Terms and definitlons

A. Flow control switch — Senses coolant flow through system and warns
operator of !mmediate shut-down

B.  Magnetic switch — Same as a solenoid but does not have an activating
device

C. Murphy switch — An automatic shut-down switch for coolant, oll, and fue!
systems

D.  Normally closed switch (NC) — A switch that is activated by an electrical
signal to shut down a device or an engine

E. Normally open switch (NO) — A switch that Is activated either manually or
electrically and returns to the open position when released

F Overspeed governor — Protects engine from excessive rpm
(NOTE: This Is also known as an overspeed trip.)
G.  Solenold — An electric coil with a moveable iron core; when currant flows
Lhrough the coil, it forms a magnet, and the iron core moves to activate a
evice

H.  Switch — Electrical or mechanical device that opens or closes a circuit

l Temperature sending unit — Monitors engine coolant temperature
Il. Characteristics of a coolant temperature switch-gauge (Transparencies 1 and 3)
A. A combination coolant temperature gauge and safety switch

B.  Connected directly into engine cooling system by a heat bulb and vaplilary
tube.

AN V0 ’179 o

L T ‘) . N ")-.
¢ -T&) kfﬂ UKE
L Dle.

Courtesy of Frank W, Murphy Manutacturer, Tulsa, QOklahoma.
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INFORMATION SHEET

C. The contacts in the switch-gauge react according to their design.

1.  One wire, contact pointer type — The pointer contacts the high cool-
ant temperature adjustment screw grounding the switch gauge.

Std. Model
HIGH
RED
CASE
CRND.

Courtesy of Frank W. Murphy Manutacturer, Tulsa, Oklahom:
2. Three wire, micro switch type — The contacts open to de-energize
the circuit.

£SR Model

N.C. RED

. COM.
WHITE

.—LN. O. BLACK

Courtasy of Frank W. Murphy Manutacturer, Tulsa, Oklahoma.

D. The gauges are adjusted at the factory to shut off the engine when the cool-
ant temperature reaches 205-210°F.

(NOTE: This setting can be changed by using the 1/16” hex head wrench or
small screwdriver and turning the adjustment screw.)

lll. Characteristice of an oll pressuie switch gauge (Transparencies 1 and 2)
A. A combination oii pressure gauge and safety switch

B. Counnected by a tube directly to the engine oil gallery pressure

Courtasy of Frank W. Murphy Manutacturar, Tulsa, Oklahoma.
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INFORMATION SHEET

C. The contacts in the switch-gauge react according to their design.

. One wire, contact pointer type — The pointer contacts the low oli
pressure adjustment screw, grounding the switch-gauge.

Sti. Model
Low
Red

Case

Grnd.

Courtesy of Frank W. Murphy Manufacturer, Tulsa, Oklahoma.

2. Three wire, micro switch type — The contacts open tc de-energize
the circuit.

EO Model

rNC Red

¥ Com. White

NO Black

Courtesy of Frank W. Murphy Manufacturer, Tulsa, Oklahoma.

D. Adjusted at the factory to shut down the engine when oil pressure drops
below 10 to 12 psi

(NOTE: This setting can be changed by using a 1/16” hex head wrench or
small screwdriver to turn adjusting screw.)

Operation of the magnetic switch

A.  Wired into the circuit of the uafety controls; supplies current to open fuel
shut-off solenoid.

High weter Tempersture Low Oil Pressure
Bafety Switch Satety Switch
Py Yy

Warning Hoin

Optional
Charging Switeh
Circuit

To Battery
Terminel OF
Alternator

~a[e [

o {catasf—

Y

L
Fuse - 5 Amp

Current Typa Satety Shutdown Switch-Gauges Of
The Puinter Conlact Type With Magnetic Bwitch

Courtesy of Deutz-Allls Corporation.
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V.

Vi.

C.

INFORMATION SHEET

Whenever the pointer of any safety-gauge makes contact and compietes a
clicuit, it will momentarily energize the coil in the magnetic switch, releas-
ing the armature and opening the circuit to the fuel shutoff solenoid, stop-
ping the engine.

High Water Temperature Low Oit Pressure
Satety Switch Safety Bwitch

Magnali
Ammeter Optional sgnelic Switch

e Charging Swilch
Circult
To Batter,
Terminal Of
Alternator \
|

Fusa -5 Amp

Fual i

A\Pump Shut OH

Sotenotd
1
10 B
> | =5 |
[ .l |
Watning Horn Relay
l.___._.l Ly

Curcent Type Salety Shutdown Switch-Gauges Uf
The Pointer Contact Typa With f4aguielic Swilch

Courtesy of Deutz-Allls Corporation.

When the problem has been corrected, the reset button must be pressed in
before the englne can be started.

Shut-off solencids

A,

C.
D.

Energized by any of the following:
1.  Water temperature contactor switch or switch-gauge
2. Oil pressure contactor switch or switch-gauge
3. Oversneed contactor switch
4. Manual control switch

Work by overriding the governor and moving the fuel rack to the shut-off
position

Shut off fuel supply
Shut oft air supply.

Characteristics of the overspeed cortactor switch (Transparency 3)

A,
B.

It Is mounted to the tachometer drive.

When the engine overspeeds, the contact points close and send a signai to
the shut-off solenoid.

If the overspeed contactor switch is activated, it wiil have to be reset.
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INFORMATION SHEET

VIl.  Oll pressure contactor switch (Transparencies 3 and 4)
A. Is an electric switch
B.  Signals the shut-ofi solenoid

C. On automatic start-stop systems, a double set of cuntacts opens to discon-
nect the starter solenoid.

Vill.  Operation of an alarm system (Transparency 5)
A.  Uses a light in the dash to warn driver of system failure
B. Uses a horn to warn driver of system fallure

C. Has to be reset after engine has been stopped
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Types of Switch Gauges

Oii Pressure Water Temperature

Micro
Switch Type

Low Oll Presyure

High Water Temparature
Safety Switch

Safety Switch

=

Tape Black Wire
Safety Control |
Ammeter on On Switch
N Switch
To Battery £ g
Source E
Charglng L./
Clroult
Fuel Injection
3 [7E Warning Horn Pump Shut Off
Solenold
[ 2 ---,
7 3 .
e é | -
Warning Horn Relay e

Switch Gauges Used With Bypass Switch

Courtesy of Deutz-Allla Corporation,
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Types of Switch Gauges
(Continued)

High Waler Temperature

Low Oil Preasure
Safaly Swilch Sately Swilch
Warning Horn
L=
= = =
Magnatic Switch
Ammotar Optional d Fuel Injection
= Charging Switch Pump Shut Of ]
Circuit st Solenoid
To Batlery : ] - 2 ;
Terminal Of - % L | l _"IJj_
Ahernator . - —17 3} =
4
Fuse -5 Amp L1 n | [
l 1 | Warning Horn Relay

Current Type Safety Shutdown Swilch-Gauges Ot
Tha Polnter Contact Type With Magnetic Switch

Pointer
Contact Type

Water Temperature

Qil Pressure

Courtesy of Deutz-Allls Corporation,

Water Temperature
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Automatic Shut-Down Device

Oil Pressure

Fuel Pressure Switwtef Temp. Switch —
5 | .
,?; R [ [ ; N
= . S (I
—/ - ol P "3

A

Ovei'speed', | \ e Shut-Dow'n
Governor 33 | : Solenoid

Switch 1333}

© General Motors Corporation
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Typical Shut-Down Switches
(Continued)

r"
=
U
’.":.'5
~ Terminals (2)
Adjusting Screw
Lock Terminals _ Switch Block
ocknut Switch Actuating Lever "~ Switch Button
| Bracket Spring :E « Adjusting Screw
«ontact Points Spring Contact Wheel 6‘:?‘_?,_ Spring
| 4 Plunger Plunger ~ SN—=—m \— Switch Block
i R o Support
/ - k3 2 -.::. l‘ll\l!\"l‘l:“
Pressure Chamber l J o Diaphragm

Drilled Passage

© General Motors Cecrporation

Qil Pressure Switch

© General Motors Corporation

Low Water Temperature Switch

2
5
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Alarm Systems

SPECIFY 12 OR 24VDC , 758-A —NOTES —

it 4 ¥
ESS{R}';E OR NEG. MAGNETIC SWITCH I. IGN.RESISTOR 'R’ OR RESISTOR IGN. WIRE
- . MUST BE BETWEEN NC TERMINAL OF
MAGNETIC SWITCH & IGNITION COIL.
] 2.[A], [B], & [€], REPRESENT ALTERNATE
= o METHODS OF ENGINE SHUTDOWN FOR DIESEL
OR SPARK ICNITION ENGINES. SELECT
HORN . TD APPROPRIATE CIRCUIT & WIRE ACCORDINGLY.
S | 3.[D].INDICATES WIRING TO VEHICLE HORN ¥OR
=+ | — WARNING, RATHER THAN SHUTDOWN.
" M Ls 5 4. INDICATES CUSTOMER WIRING: = = — == -
L , H IGN. SWITCH OIL PRESS. WATER TEMP.
(ENERGIZE ¢ L0 - -
TO OPERATE) (I
SOLENOIDOPERATOR ; |
) vl | JUMPER
P—-li@ A
p-—=-4 | L L
| /’\ d

= =~=TOVEHICLE LIGHT SWITCH

d D AN
I = WARNING LIGHT
=% [— |OR MINI-SIREN (SAH)

FUEL VALVE IGNITION ILLUMINATION
(OR SOLENOID OPER)
DE-b.'ERGIZE RESISTOR LIGHT
TO SHUTDHYWN
’ @ —_
L -
Wiring diagram showing choice ot circuits to provide alarm only by
panel mounted indicator (large flashing red light or mini-siren) or
vehicle hoin, shutdown for diesel or gasoline engine. To rastart after
shutdown merely turn ignition key off and on.
IGNITION COIL

Courtesy of Frank W. Murphy Manutacturer, Tulsa, Oklahoma.
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‘ EMERGENCY SHUT-DOWN CIRCUITS
UNIT Vil

JOB SHEET #1 — TROUBLESHOOT A SHUT-DOWN AND
ALARM CIRCUIT

A. Tools and materials

1. Vehicle

2. Baslic hand tool set

3.  Clrcuit tester

4. Clean shop towsls

5.  Jumper wire with alligator clips

6. Appropriate service manual

B. Procedure

(CAUTION: Remove all jewelry before working on any electrical circuii, and follow all
shop safety procedures.)

(NOTE: The following covers Murphy’s 20 series Swichgages® and #117 magnetic
switch. The wiring and the type of magnetic switch will differ for various applications.
Refer to the service manual,)

1. Turn on optional switch and check for voltage at the “B” terminal on the mag-
netic switch. (Figure 1)

(NOTE: If there is no voltage, replace fuse or repair wiring.)

FIGURE 1
High Water Temperature Low Oi] Pressure
Satety Swit¢h Safe: Switch
Warning Horn
= 1—: Clrcult =
Tester
Magnetic Switch I @ Tr
Ammeter Optional il Fuei Injection
S Charging Switch Pump Shut OHf
Circult Solenold
To Battery Rowet 5 1r 1
Terminal Of 080 3 2
Alternator Button = | I 7 a4 :'l:"'
L l_ 4
i1 ]
il

Fuse - 5 Amp

|
I 0] § ! Warning Hotn Relay

Current Type Safely Shutdown Switch-Gauges Of
The Painter Contact Type With Magnetic Switch

Courtesy of Deutz-Allls Corporution.
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JOB SHEET #t

2. Ground the “S” terminal of the magnetic switch.
3. Test voltage at the “C” terminal of magnetic switch. (Figure 2)

(NOTE: If there Is voltage at the “C” terminal, repair or replace magnetic switch.)

Install With Arrow
1 Up To Prevent
Molsture Collection
In Case
Coll  Switch Batterﬂ"
S B
Jumper rw
lead

Clreult
Tester Courtesy of Deutz-Allis Corporation.

4, Discornnect wires from the “S"” terminal of the magnetic switch and start engine.

5. Connect the switch-gauges to the “S"” terminal of the magnetic switch one at a ‘
time. {Figure 3)

(NOTE: Ir engine stops, repair or replace the circuit or gauge that is at fault.)

FIGURE 3
High water Temperature Low Oll Pressure
Safely Switch Safety Switch

Connect Warning Horn

1. One Gauge .L
°  AtaTime
Magnetic Switch

Fuel Injection
Pump Shut Ot
Solenoid

Ammeter Optional
Charging Switch
Circult

To Battery
Terminal Ot
Alternator

Reset (Cl S| [B

5
s
Button 7

A r |
1 1 I -
L

L

H
| Warning Horn Relay

&
b

Fuse - 5 Amp
Courtesy of Deutz-Allls Corporation. I

6. Test voltage at the fuel shut off solenoid.

(NOTE: If there Is o voltage, replace or repair wiring or magnetic switch. If there
Is voltage #nd solenold Is not working, check ground circuit; if it is okay, replace
solenoid.)
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JOB SHEET #1

7. Test voltage in the wire going from the optional switch to the horn relay.
(NOTE: If there is no voitage, repair or replace circuit.)

8. Disconnect the wire going from the “C” terminal of the magnetic switch to the
horn relay. (Figure 4)

(NOTE: If the horn does not operate, check voltage in wire going from the relay to
the horn. If voltage is not present, replace horn relay)

FIGURE 4
High Water Temperature Low Oll Pressure
Safaty Switch Safety Switch

Warnir.g Horn

I\

Ammeter Optional

Charging Switch :uur::)";l:::'g?'
Clrcul Solenoid
To Battery 5 1
Termina! Of [ 2 —I—Ij_
Alternator - 7 3 —
[EVER |5,
Fuse- S Amp L_ L l J Warnin 'Hom Relay Clroult
Courtesy of Deutz-Allls Corpuration. 31 ] Disconnect 0 Toster

9. Test horn by connecting voltage to the insulated terminal.

(NOTE: If horn doesn’t operate and the ground circuit is good, replace or repair
horn.)
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EMERGENCY SHU1-DOWN CIRCUITS
UNIT VI

PRACTICAL TEST
JOB SHEET #1 — TROUBLESHOOT A SHUT-DOWN AND
ALARM CIRCUIT

STUDENT’S NAME DATE

EVALUATOR'S NAME ATTEMPY NO.

Instructlons: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under “Process Evaluation” must receive a
“Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark In the “Yes” or “No” blanks to designate whether or
not the student has satisfactorily achieved sach step in this procedure. If the student Is
unable to achleve this competency, have the student review the materials and try again.)

The student: YES NO

Checked out proper tools and materials.

Checked for voltage at the “B” terminal.

Tested for voltage at the “C” terminal.

Checked switch-gauges and wiring.

Tested fuei shut-off solenoid.

Tested horn relay.

Tested horn.

Checked in/put away tools and materials.

Cleaned the work area.

Used proper tools correctly.

Performed steps in a timeily manner (___hrs. min. sec.)
Practiced safety rules throughout procedure.
Provided satisfactory responses to questions asked.

b mh b b
N OoOLOENOOAMOND

EVALUATOR'S COMMENTS:
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criterla by circling the appropriate num-
bers. Each ltem must be rated at least a “3” for mastery to be demonstrated. (See performance
evaluation key below.) If the student Is unable to demonstrate mastery, student materlals
should be reviewed and another product must be submitted for evaluation.)

Criterla:

4 3 2 1

Problem In the circuit is
found and repaired.

EVALUATOR'S CCMMENTS:

PERFORMANCE EVALUATION KEY

— Skilled — Can perform jub with no additional training.

Moderately skilled — Has performed job during training program; limited

additional training may be required.

2 — Limited skill — Has performed job during tralning program; additional
training Is required to uevelop skill.

1 — Unskliled — Is famillar with process, but Is unable to perform job.

w >
I

(EVALUATOR NOTE: If an average score Is needed tc coincide with a competency profile, total
the designated polnts In “Product Evaluation” and divide by the total number of criterla.)
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EMERGENCY SHUT-DOWN CIRCUITS
UNIT Vil

SCORE

TEST

1. Match the terms on the right with their correct definitions.

D

a.

Electrical or mechanical device that opens 1. Flow control switch
or closes a circuit

2. Magnetic switch
Same as a solenold but does not have any
activating device 3. Murphy switch
An electric coll with a moveable Iron core; 4. Normally  closed

when current flows through the coll, It forms switch
a magnet, and the iron core moves to actl-

when released

vate a device 5. Normally open switch
Monitors engline coolant temperature 6. Overspeed governor
A switch that Is activated either manually or /- Solenold
electrically and returns to the open position 8. Switch

9,

Temperature sending

A switch that Is activated by an electrical unit

signal to shut down a device or an engine

Senses coolant flow through system and
warns operator of Immediate shut-down

Protects engine from excessive rpm

An automatic shut-down switch for coolant,
oll, and fuel systems

2. Select true statements concerning characteristics of a coolant temperature switch-
gauge by placing an “X” beside each statement that Is true.

—Db.

a.

A combination coolant temperature gauge and safety switch

On the one wire, contact pointer gauge, when the pointer contacts the
high coolant temperature adjustment screw, it opens the switch-gauge.

On the three wire, micro switch, the contacts close to de-energize the cir-
cuit.

The gauges are adjusted at the factory to shut off the engine when the
coolant temperature reaches 205 - 210°F

P
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TEST

3. Select true statements concerning characteristics of an oil pressure switch-gauge by
placing an “X” beside each statement that is true.

a. A combination oil pressure gauge and safety switch

—b. Connected by a tube directly to the engine air breather

C. The contacts in the switch-gauge are all the same

—d. Adjusted at the factory to shut down the engine when the oil pressure
rises above 10 to 12 psi

4. Arrange In order the steps in the operation of the magnetic switch.

a. Whenever the pointer of any safety-gauge makes contact and completes a
circuit, it will momentarily energize the coil In the magnetic switch, releas-
ing the armature and opening the circuit to the fuel shutoff solenold, stop-
ping the engine.

S ) Wired into the circuit of the safety controls; supplies current to open fuel
shut-off solenold

c. When the problem has been corrected, the reset button must be pressed In
before the engine can be started.

5. Select true statements concerning shut-off solenoids by placing an “X" beslde each
statement that is true.

(NOTE: A statement is true only if all parts of the statemsnt are true.)

a. Energized by any of the following:

1) Water temperature contactor switch or switch-gauge
2) Oil pressure contactor switch or switch-gauge

3) Overspeed contactor switch

4) Manual control switch

b Work by overriding the governor and moving the control switch to the shut-
off position

c. Shut off fuel supply

8. Complete the following statements concerning characteritics of the overspeed con-
tactor switch by Inserting the word that best completes each statement.

a. It Is mounted to the diive

b.  When the engine overspeeds, the contact polnts and send a
signal to the shut-off solenoid.

c. if the overspeed contactor switch is not activated, it will have to be

41
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TEST

7.  Select true statements concerning the oil pressure contactor switch by placing an “X"
beside each statement that Is true.

a. Is an electric switch

—Db. Signals the shut-off solenoid

(o On automatic start-stop systems, a double set of contacts closes to dis-
connect the starter solenoid.

8. Complete the following statements concerning the operation of an alarm system.

a. Uses a light in dash to warn driver of

b. Uses a to warn driver of system fallure

c. Has to be reset after

(NOTE: If the following activity has not been accomplished prior to the test, ask your instruc-
tor when it should be completed.)

9. Demonstrate the ability to troubleshoot a shut-down and alarm circuit. (Job Sheet #1)
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EMERGENCY SHUT-DOWN CIRCUITS
UNIT Viil

ANSWERS TO TEST

1. a 8 f. 4
b 2 g. 1
c 7 h. 6
d 9 i 3
) 5

2 ad

3 a

4. a. 2
b. 1
c. 3

5. ac¢

6 a Tachometer
b. Open
c. Reset

7 ab

8 a System failure
b. Horn
c. Engine has been stopped

9. Performance skills evaluated to the satisfaction of the instructor
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