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FOREWORD

Both the development and revision of instructional materials in diesel mechanics have been
rewarding efforts because of the talented people who planned and wrote the materials. From
the team of teachers and industry representatives has come a series of texts which should
offer diesel mechanics students an excellent 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 facilitate a comfortable learning rate. The format also frees
the instructor to concentrate on reinforcing classroom instruction with films, 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.
Three vital parts of instruction have been intentionally 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 will be better able to assume a role In diesel
mechanics.

Ron Mehrer, Chairman
Board of Directors
Mid-America Vocational

Curriculum Consortium

Greg Pierce
Executive Director
Mid-America Vocational

Curriculum 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 all of the basic components of a unit of instruction; performance objectives,
suggested activities for teachers and students, information sheets, assignment sheets, job
sheets, visual aids, tests, and answers to the tests. Units are planned for more than one les-
son or class period of instruction.

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

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

1. Supplies needed
2. Equipment needed
3. Amount s, 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 people who must be contacted

Objectives

Each unit of instruction is based on performance oNectives. 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 reach the unit objective.

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 understanding of the intent of the
objectives. A limited number of performance terms have been used In the objectives for this
curriculum to assist in promoting the effectiveness of the communication among all individ-
uals using the materials.

Reading of the objectives by the student should Lc) 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 and/or job sheets, and criterion tests.

lx
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Suggested Activities for the Instructor

Each unit of instruction has a suggested activities sheet outlining steps to follow in accom-
plishing specific objectives. Duties of instructors will vary according to the particular unit;
however, for best use of the material they should include 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 Information sheet; give test. Teachers are encouraged to use any addi-
tional Instructional activities and teaching methods to aid students in accomplishing the
objectives.

Information Sheets

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

Students should 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 well
as hear the material 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 will be immediately
available 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.

Assignment Sheets

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

Job Sheets

Job sheets are an Important segment of each unit. The Instructor should be able to demon-
strate the skills outlined in the job sheets. Procedures outlined In the job sheets give direction
to the skill being taught and allow both student and teacher to check student progress toward
the accomplishment of the skill. Job sheets provide a ready outline for students to follow if
they have missed a demonstration. Job sheets also furnish potential employers with a picture
of the skills being taught and the performances which might reasonably be expected from a
person who has had this training

x



Test and Evaluation

Paperpencil 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 used as a daily quiz and will help the teacher spot difficulties being encoun-
tered by students in their efforts to accomplish the unit objective. 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: INTRODUCTION 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 basic circuit

7. Conductors and insulators of electric-
ity

8. Copper as a conductor

9. Circuit terms and units of measure

1G. Basic electrical schematic symbols

11. Letter designations and terms

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

13. Ohm's Law in letter formula

14. Types of electrical circuits

15. Factors affecting resistance in a con-
ductor

16. Characteristics of magAetizm



RELATED INFORMATION: What JOB TRAINING: What the
the Worker Should Know Worker Should Be Able to Do

(Cognitive) (Psychomotor)

17. Relationship between electricity and
magnetism

18. Electromagnetic induction

19. Ways to induce voltage by electromag-
netic induction

20. Factors that determine the magnitude
of induced voltage

21. Types of electric current

22. Direct and alternating current

23. Instruments used in checking electri-
cal circuits

24. Solve problems using Ohm's Law

UNIT II: ELECTRICAL CIRCUITS

1. Terms and definitions

2. Rules for series circuits

3. Rules for parallel circuits

4. Rules for series-parallel circuits

5. Basic electrical circuit failures

6. Voltage drop

7. Types of circuit protection

8. Selection of cable for various rewiring
needs

9. Characteristics of a wiring diagram

10. Parts of a typical circuit identification
code

xiv
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RELATED INFORMATION: What
the Worker Should Know

(Cognitive)

11. Types of connectors

12. Steps In troubleshooting electrical sys-
tems

UNIT III: ELECTRICAL

1. Terms and definitions

2. Electrical indicator circuits

3. Electric gauge operation design

4. Operation of the fuel, temperature, and
oil pressure magnetic gauges

5. Sending units

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

7. Charging indicator circuits

JOB TRAINING: What the
Worker Should Be Able to Do

(Psychomotor)

13. Read a wiring diagram

14. Check voltage

15. Check a circuit for an open

16. Install a soldered terminal

17. Install a solderiess terminal

18. Splice a wire (solder method)

INDICATOR CIRCUITS

8. Test gauges and sending units (tank
unit method)

9. Test gauges and sending units
(grounded wire method)

10. Test oil pressure Indicator light

11. Test temperature Indicator light

xv



RELATED INFORMATION: What JOB TRAINING: What the
the Worker Should Know Worker Should Be Able to Do

(Cognitive) (Psychomotor)

UNIT IV: STORAGE BATTERIES

1. Terms and dafInitions

2. Functions of a battery

3. Types of batteries

4. Characteristics of batteries

5. Voltage ratings of batteries

6. Ways of rotating battery capacity

7. Rules for Installing batteries

8. Installation of battery cables

9. Types of battery terminal construc-
tions

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

11. Troubleshoot a battery

12. Remove, service, and replace a battery

13. Measure specific gravity of a conven-
tional battery

14. Load test a battery

15. Charge test a battery for three minutes

UNIT V: STARTING SYSTEMS AND CIRCUITS

1. Terms and definitions

2. Types of starting systems

3. Sources of compressed air for air stail-
Ing motors

xvi 15



RELATED INFORMATION: 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 aids

6. Purpose of an electrical starting circuit

7. Major parts in an electrical starting cir-
cuit

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

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 field circuits and cur-
rent flow

16. Types of starting motor switches

17. Engaging starter drives

18. Types of electromagnetic or lever shift
drives

19. Operation of a series-parallel switch

20. Operation of a transformer-rectifier
unit



RELATED INFORMATION: What JOB TRAINING: What the
the Worker Should Know Worker Should Be Able to Do

(Cognitive) (Psychomotor)

21. Remove and replace a starter

22. Disassemble, test, and reassemble a
starter

23. Test a starter motor (no-load)

24. Rebuild and test a starter solenoid

25. Check voltage drop in a starter circuit

UNIT VI: IGNITION CIRCUITS

1. Torms and definitions

2. Purpose of an ignition circuit

3. Components of an ignition circuit

4. Functions of an Ignition circuit

5. Ignition circuit components

6. Components of a distributor

7. Operation of an Ignition circuit

8. Components of a distributor with a
built in governor

9. Operation of a governed distributor

10. Transistorized and capacitive dis-
charge Ignition systems

11. Major components of an electronic
Ignition system and their functions

12. General safety precautions for eleJ-
tionic ignition systems

17
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RELATED INFORMATION: What JOB TRAINING: What the
the Worker Should Know Worker Should Be Able to Do

(Cognitive) (Psychomotor)

13. Remove and install a distributor

14. Remove and replace contact points
and condenser

15. Adjust dwell on an externally adjusta-
ble distributor

16. Check and set ignition timing

17. Remove, service, and replace spark
plugs

UNIT VII: ALTERNATOR CHARGING CIRCUITS

1. Terms and definitions

2. Purpose of the alternator charging cir-.
cult

3. / Iternator charging circuit compo-
uents and functions

4. Major parts of an alternator

5. Construction of stator windings

6. Types of alternator circuits

7. Characteristics of a brushless alterna-
tor

8. Operation of a brushless alternator

9. Operation of a transistorized regulator

10. Safety rules for working with alternator
charging circuits

xix I
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RELATED INFORMATION: What JOB TRAINING: What the
the Worker Should Know Worker Should Be Able to Do

(Cognitive) (Psychomotor)

11. 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 Si. series alternator

16. Test charging circuit resistance for a
GM alternator

UNIT VIII: EMERGENCY SHUT-DOWN CIRCUITS

1. Terms and definitions

2. Characteristics of a coolant tempera-
ture switch gauge

3. Characteristics of an oil pressure
switch-gauge

4. Steps in the operation of the magnetic
switch

5. Shut-off solenoids

6. Characteristics of the overspeed con-
tactor switch

7. Oil pressure contactor switch

8. Operation of an alarm system

9. Troubleshoot a shut-down and alarm
circuit

xx 1 9



DIESEL ELECTRICAL SYSTEMS

TOOLS, EQUIPMENT, AND MATERIALS LIST

Alternator
Alternator pulley removal tools
Alternator diode removal equipment
Alternator testing equipment
Ammeter
Armature growler with test light
Auxiliary starter button

Baking soda
Basic hand tool set
Battery
Battery anti-corrosion paste
Battery capacity tester
Battery charger
Battery clamp puller
Battery lift strap
Battey pliers
Battery post and cable cleaner
Bristle brush

Carbonpile resistor
Chalk
Circuit board
Circuit tester
Combination end wrench
Crimping pliers

Dial indicator
Distributor cam lubricant
Distributor wrenches
Dwell meter

Electrical tape
Electrical wire
Engine
Extensions, 3"- 6'=10" by 3/8" drive

Feeler gauges
Fuel sending unit

Hex contact point adjusting tool
Hydrometer

Jumper wire

Ohmmeter

Point alignment tools

Ratchet
Resin core solder
Rubber apron
Rubber gloves

Safety glasses
Sandpaper, medium
Screwdriver
Service manuals
Shop towels
Soldering gun or iron
Solenoid
Spark plug starter wrench
Starter

Tachometer
Terminal
Test light
Timing light
Torque wrench

Variable resistor
V blocks
Vehicla
Voltmeter

Wire brush
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INTRODUCTION TO ELECTRICAL SYSTEMS
UNIT I

UNIT OBJECTIVE

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

SPECIFIC OBJECTIVES

Attar completion of this unit, the student should be able to

1. Match terms related to electrical systems with their correct definitions.

2. Select true statements concerning safety practices dealing with electrical sys-
tems.

3. Name two particles found in an atom.

4, Define electricity according to the atomic theory.

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

6. Name parts of a basic circuit.

7. Distinguish between conductors and insulators of electricity.

8. Explain why copper is widely used as 6. conductor.

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

10. !Artist the basic electrical schematic symbols with their correct names.



2

OBJECTIVE SHEET

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

12. Draw Ohm's Law formula in triangle expression.

13. State Ohm's Law in letter formula.

14. Identify three types of electrical circuits.

15, Name three factors affecting resistance in a conductor.

16. Select from a list the characteristics of magnetism.

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

18. Select true statements concerning electromagnetic induction.

19. List three ways to induce voltage by electromagnetic induction.

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

21. Name two types of electric current.

22. Distinguish between direct and alternating current.

23. Name three Instruments used in checking electrical circuits.

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



INTRODUCTION TO ELECTRICAL SYSTEMS
UNIT I

SUGGESTED ACTIVITIES

A. 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.)

B. Make transparencies from the transparency masters included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information and assignment sheets.

F. Discuss information and assignment sheets.

(NOTE: Use the transparencies to enhance the information as needed.)

G. 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
bar, and a 1.5 volt battery.

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

H. Give test.

I. Evaluate test.

J. Reteach If necessary.

REFERENCES USED IN DEVELOPING THIS UNIT

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

B. Foutes, William A. Diesel Mechanics: Electrical Systems. Stillwater, OK: Mid-America
Vocational Curriculum Consortium, 1982.

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

CI "', L47
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4

SUGGESTED SUPPLEMENTAL RESOURCES

A. Texts

1. Diesel Mechanics, 2nd ed.
Erich J. Schulz
Text, 1983, 496 pages (055639-3)
Workbook (055640-7)
Gregg/McGraw-HIII
P.O. Box 996
Norcross, GA 30091

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

B. Filmstrips

1. Basic Automotive Electricity #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
P.O. Box 1798
Costa Mesa, CA 92628-0798
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INTRODUCTION TO ELECTRICAL SYSTEMS
UNIT I

INFORMATION SHEET

Terms and definitions

A. Alternator (alternating current generator) Voltage and current produced
by a rotating magnetic field cutting across stationary conductors

B. Atom Smallest unit of all matter

C. Conductor Any material that permits passage of electric current

D. 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.)

E. Current Flow of electrons through a conductor, measured in amperes

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

G. Electrons Particles with a negative charge in orbit around a core of pro-
tons

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

I. Electromagnetic induction Inducing voltage in a conductor that moves
across a magnetic field

J. Emf Electromotive force or voltage

K. Insulator Material with an extremely high resistance to current flow

L. Mutual induction Occurs when changing current in one coil induces volt-
age in a second coil

M. Parallel circuit Current has more than one path to take

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

0. Resistance Opposition to current flow in a conductor

R Self Induction Voltage which occurs in a coil when there is a change of
current

Q. Semiconductor An element which has four electrons in outer ring; used
to make diodes and trc.nsistors; not a good conductor or insulator
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INFORMATION SHEET

R. Series circuit Current has only ono path It can take

S. Seriesparallel circuit A circuit consisting of both series and parallel
components

T. Thermocouple Thermoelectric device used to measure temperature
accurately

U. Thermoelectric Electricity generated by heat

V. Voltage Potential difference that causes flow of current

W. Voltage drop Voltage loss due to resistance

X. Watt Electrical measurement of rate of doing work

(NOTE: 746 watts = 1 horsepower.)

II. Safety practices dealing with electrical systems

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

B. When disconnecting battery cables, remove the ground cable first.

C. If you are using an ohmmeter, disconnect the battery.

D. Never leave the ignition switch on when installing a distributor.

E. Never ground the output terminal of the alternator.

F. Never lay any conductor across the battery terminals.

Rest in
Peace
Battery



INFORMATION SHEET

G. When replacing an electrical component, always disconnect the battery
first.

H. Never apply full battery voltage to the fuel tank sending unit.

When using jumper 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.)

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

V. Sources of electricity related to diesel engines (Transparency 3)

A. Thermoelectric

B. Electrochemical

C. Electromagnetic

DE-7



INFORMATION SHEET

VI. Parts of a basic circuit

A. Voltage

Example: Battery

B. Resistor

Example: Light bulb

C. Conductor

Example: Copper wire

D. Control device

Example: Switch
Functional Component (Light)

44.

rE4 -1\ S
Wire Conductor
(Path)

Control Device (Switch)

Power Source Battery
Basic Circuit

Reproduced by permission of Deere and Company, 01982
Deere & Company. An rights reserved.

VII. Conductors and Insulators of electricity

A. Conductors

1. Silver

(NOTE: Silver has the least resistance to current flow.)

2. Copper

3. Gold

4. Aluminum



DE-9

INFORMATION SHEET

5. Tungsten

6. Zinc

7. Brass

8. Platinum

9. Iron

10. Nickel

11. Tin

12. Steel

13. Lead

14. Mercury

15. Nichrome

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

B. Insulators

1. Glass

2. Rubber

3. Plastic

4. Wood

5. Ceramic

6. Mica

VIII. Copper as a conductor Copper has only one electron In outer ring and is com-
paratively cheaper than other metals which may have the same properties. (Trans-
parency 1)
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IX. Circuit terms and units of measure

A. Current Amperes

B. Voltage Volts

PRESSURE (Voltage)

at_.

C. Resistance Ohms

CURRENT

Arr

11.

Reprinted with oermisslon of Delco Remy Division, GM Corp.

RESISTANCE (Ohms)

X. Basic electrical schematic symbols

A. Resistance or load

Reprinted with permission of Delco Remy Division, GM Corp.

B. Ohms of resistance

C. Inductor (coil) D. Inductor (solenoid) I



E. Ground

DE-11
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F. Battery

471 I

G. Connection H. Termination

I. Switch single throw

fle

J. Switch double throw

K. Cable Not connected L. Connectors separable, engaged

M. Fuse N. Circuit breaker

0. Fusible link or wire P. Lamp

O. Variable resistance R. Condenser or capacitor

S. Direction of current T. Diode (one-way)
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U. Transistor

4Y4
W. Ammeter

Y. Negative terminal

IIIMONN,

AA. Voltage limiter (for instrument panel)

111.11 ql

V. Voltmeter

X. Positive terminal

+

Z. Gauge (temperature or fuel)

XI. Letter designations and terms

A. E Electromotive force in volts

B. I Intensity (current) in amps

C. R Resistance in ohms

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

(NOTE: E.I.R. formula reminder is the phrase "Even I Remember.")
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XIII. Ohm's Law in letter formula (Transparency 5)

A. E = I x R or Volts = Amps x Ohms

B. I = E R or Amps = Volts Ohms

C. R = E I or Ohms = Volts + Amps

XIV. Types of electrical circuits (Transparency 6)

A. Series

(NOTE: In a series circuit the voltage will drop along the circuit. The total
voltage drop in a series circuit will always be equal to the applied voltage.)

B. Parallel

(NOTE: The voltage will be the same at all points along a parallel circuit.)

C. Series-parallel

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

XV. Factors affecting resistance in a conductor

A. Length of wire

RO

2 x RO

1

Resistance Proportional to Length

A Longer Wire Creates More Resistance

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

B. Diameter of wire

A Smaller Wire Creates More Resistance

Reproduced by permission of Deere and Company, ®111134
Deere & Company. All rights reserved.

r)
IC6
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Temperature of wire

Resistance
,050

.040

...nano owl tam onot

70°F

Temperature

170°F

A Hotter Wire Creates More Resistance

Reproduced by permission of Deere and Company, 01984
Deere & Company. All rights reserved.

XVI. Characteristics of magnetism (Transparency 7)

A. Every magnet has a north and south pole.

B. Unlike poles (charges) attract and like poles (charges) repel.

C. Every magnet has a field of force surrounding it.

D. Magmatic materials are acted upon when located in a field of force.

XVII. Relationship between electricity and magnetism (Transparency 8)

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

B. Magnetic lines have direction and change direction when the current flow
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 appiv the rule, gra4
the wire with the thumb extended in the direction of conventional current
flow (positive to negative); the fingers will then point In the direction in
which the lines of force surround the conductor. These lines of force are
always at right angles to the conductor)

C. 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 a7mature 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 operates.)
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XVIII. Electromagnetic induction (Transparency 9)

A. Conductor moving across a magnetic field will 'lave a voltage (emf) induced
in it.

B. Voltage polarity and the current flow 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 field can move.)

XIX. Ways to induce voltage by electromagnetic induction

A. Generated voltage by electromagnetic induction

Examples: Generators and alternators

B. Self induction voltage created by a change of current in the conductor

Example: Primary of ignition coils

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

Example: Two windings of ignition coils

XX. Factors that determine the magnitude of Induced voltage

A. Strength of the magnetic field

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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XXII. Direct and alternating current

A. Direct current

1. Supplied by

a. Generator

b. Battery

1) Dry cell

2) Wet cell

2. Rows in one direction only

3. 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

XXIII. Instruments used in checking electrical circuits (Transparency 10)

A. Ammeter

B. Voltmeter

C. Ohmmeter

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



Structure of Atoms

Electron

Hydrogen Atom

I Electron
1 Proton

Copper Atom

29 Electrons
29 Protons

Uranium Atom

92 Electrons

92 Protons

NOTE: Count the Number of Electrons in the Outer
Ring of the Atom.



Electron Flow

Positive Charge Negative Charge

Copper Wire

Electron Flow

N 3D 40
rn

Co



Sources of Electricity

Copper

Thermocouple

Thermoelectric
Source

Carbon

Wire

Generator

Electromagnetic
Source

Zinc

Electrolyte

Battery

Electrochemical
Source



Ohm's Law in Triangle Expression

E

R

= AmpsE = Volts

NOTE: Solve for Volts, Amps,

or Resistance by

Covering the Unknown

Example: Cover E, then E =l x R

Cover I, then I= E +R

Cover R, then R =E+ I

= Resistance

DE23

TM 4



Ohm's Law in Letter Formula

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

Amperes =
Volts

Ohms

Volts
Ohms =

Amperes

Cover up "I"

1=
E

R

Cover up "E"..,,k

Volts = Amperes x Ohms

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

43
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Types of Electrical Circuits

8 OHMS

3 OHMS

A
6 OHMS

3 OHMi--?1
6 V

6 OHMS

Series Circuit

8 OHMS

6V

Parallel Circuit

Series-Parallel Circuit

4

DE-27
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Magnetism and Field of. Force

Magnetic Lines of Force

AlAIIIAlliAl Alb Ak4renriviiirizagribilfrialiTZEIkinra:

5333553355

Leads From Battery

$ S. t
4. if if C1"/.'1.°

iNt Z $ kt

is%

Unmagnetized Iron Filings walk&

00' 4.440"



Electricity and Magnetism Relationship

Strong Field Between Conductors

Right Hand Rule For Straight Conductor

Arrows Show Direction Of Field Of Force

47

Conductors Tend To Move Apart

Motor Principle

4G
m,
sa



Electromagnetic Inductions

Field Circuit

Field Circuit

Basic Generator Operation

Rotating Magnetic
Load Circuit Field

Changed Polarity

Basic Alternator Operation
Reproduced by oft:mission of Deere and Company, 01984
Deere & Company. All rights reserved.
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Measuring Instruments

Electric "pressure"
is measured in volts
with a voltmeter.

12V

120

Resistance is measured
in ohms with an ohniraeier.

lai:DtizattrJ
f

0

Electric current is measured in amperes with an
ammeter.
Reprinted with permission from the Heath Ccurt:.%.,AAm

DE-35
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INTRODUCTION TO ELECTRICAL SYSTEMS
UNIT I

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

NAME __________ SCORE

Directions: 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; I = Amperes; 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?



A.SIGNMENT 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.

E

Circuit with known current and resistance,
but unknown voltage.

5. Solve for the unknown resistance.

240

Circuit with known voltage and current,
but unknown resistance.

S2



INTRODUCTION TO ELECTRICAL SYSTEMS
UNIT I

ANSWERS TO ASSIGNMENT SHEET

1. 105 amperes

2. 0.067 amperes

3. 12volts

4. 12-volts

5. 4-ohms

DE-39
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INTRODUCTION 10 ELECTRICAL SYSTEMS
UNIT

NAME

TEST

SCORE

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

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

__a. Smallest unit of all matter

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

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

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

e. Any material that permits passage of elec-
tric current

f. 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 flow of cur-
rent

h. Opposition to current flow in a conductor_I Material with an extremely high resistance
to current flow

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

k. Eiectricity generated by heat

J. Thermoelectric device used to measure tem-
perature accurately

m. Inducing voltage In a conductor that moves
across a magnetic field

1. Alternator

2. Atom

3. Conductor

4. Counter amf

5. Current

6. Electrochemical

7. Electromagnet

8. Electromagnetic
induction

9. Electrons

10. Ernf

11. Insulator

12. Mutual induction

13. Parallel circuit

DE-41
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TEST

n. Occurs when changing current in one coil
induces voltage in a second coil

Voltage which occurs in a coil when there is
a change of current

p. Voltage and current produced by a rotating
magnetic field cutting across stationary
conductors

q. Electrical measurement of rate of doing
work

Electromotive force or voltage

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

t. Current has more than one path to take

u. Currert has only one path it can take

A circuit consisting of both series and paral-
lel components

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

Voltage loss due to resistance

14. Protons

15. Resistance

16. Self induction

17. Semiconductor

18. Series circuit

19. Series-parallel circuit

20. Thermocouple

21, Thermoelectric

22. Voltage

23. Voltage drop

24. Watt

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

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

When disconnecting battery cables, remove the positive cable first.

If you are using an ohmmeter, disconnect the battery.

Never leave the ignition switch on when installing a distributor.

e. Never ground the output terminal of the alternator.

Never lay any conductor across the battery terminals.

_g. When replacing an electrical component, always disconnect the battery
first.



TEST

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

_i. When using jumper cables, always connect ground to the frame or engine.

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.

I. 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.

=1.

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

a. c.

DE43
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6. Name three parts of a basic circuit.

a.

b.

c.

TEST

7. 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

b

Rubber

Glass

Wood

f. Nickel

Plastic

_h. Nichrome

i. Silver

Gold

k. Ceramic

_I. Aluminum

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

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

a. Volts

Ohms

.c. Amperes

1. Current

2. Voltage

3. Resistance



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

e.

_g.

h.

I.

_m.

n.

M

1, Ammeter

2. Battery

3. Cable not con-
nected

4. Circuit breaker

5. Condenser or capaci-
tor

6. Connection

7, Connectors sepa-
rable, engaged

8. Diode

9. Direction of current

10. Double-throw switch

11. Fuse

12. Fusible link or wire

13. Ground

14. Inductor (coil)

DE-45
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_s.

_t.

w.

_x.

y.

z.

aa.

--Ea-.

TEST

15. Inductor (solenoid)

16. Lamp

17. Negative terminal

18. Ohms of resistance

19. Positive terminal

20. Resistance or load

21. Switch single
throw

22. Temperature or fuel
gauge

23. Termination

24. Transistor

25. Variable resistance

26. Voltage limiter

27. Voltmeter



TEST

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

a. Electromotive force in volts

b. Intensity (current) in amps

_c. Resistance in ohms

12. Draw Ohm's Law formula in triangle expression.

13. State Ohm's Law in letter formula.

a.

b.

C.

1. R

2. I

3. E

14. Identify three types of electrical circuits.

a.

71

b.

Ck)

DE47'
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TEST

15. Name three factors affecting resistance in a conductor.

a.

b.

c.

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

__a. Every magnet has a north and south pole.

b. Like poles attract and unlike poles repel.

_.c. Magnetic materials are acted upon when located in a field of force.

d. Every magnet has a field of force surrounding it.

e Unlike poles attract and like poles repel.

17. Select true statements concerning the relationship between electricity and magnetism
by placing an "X" beside each statement that is true.

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

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

c. 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.

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

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

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

19. List three ways to induce voltage by electromagnetic induction.

a.

b.

c.



TEST

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

a. 0011Im.0411.000.1

b. IMMM

c.

21. Name two types of electric current.

a.

AINMIMMEIMIN

b.

22. Distinguish between direct and alternating current by placing "DC" in front of the items
that refer to direct current and "AC" in front of the ItPs that refer to alternating cur-
rent.

_a. Flows in one direction then reverses and flows in the opposite direction

_____b. Dry cell battery

Supplied by an alternating current generator (alternator)

d. Flows in one direction only

Supplied by a generator

23, Name three instruments used in checking electrical circuits.

a,

c.

....4,1*.,..ma..
W-ftweibrw.

7.1.....v,
the following activity has not been accomplished prior to the test, ask your instruc-

tor when it should be comploted)

'Ai4. Soho problems using Ohm's Law. (Assignment Sheet #1)

DE-49



INTRODUCTION TO ELECTRICAL SYSTEMS
UNIT I

ANSWERS TO TEST

1. a. 2 I. 11 q. 24
b. 9 j. 6 r. 10
c. 14 k. 21 s. 4
d. 5 I. 20 t. 13
e. 3 m. 8 u. 18
f. 17 n. 12 v. 19
g. 22 o. 16 w. 7
h. 15 p. 1 x. 23

2. a, c, d, e, f, g, h, j, k, I, 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 following:
a. Voltage
b. Resistor
c. Conductor
d. Control device

7. a. C g. I

b. C h. C
c. I I. C
d. I j. C
e. I k. I

f. C I. C

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 o. 26 v. 14
b. 19 I. 3 p. 24 w. 15
C. 25 j. 13 q. 18 x. 2
d. 7 k. 4 r. 9 y. 21
e. 16 I. 8 s. 6 z. 23
f. 10 m. 11 t. 27 aa. 17
g. 1 n. 5 u. 12

DE-51
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ANSWERS TO TEST

11. a. 3
b. 2
c. 1

12.

13. a. E=IxR
b. I = EJR
c. R = E/I

14. a. Parallel
b. Seriesparallel
c. Series

15. a. Length of wire
b. Diameter of wire
c. Temperature of wire

16. a, c, d, e

17. a, c

18. a, b

19. a. Generated voltage by relative motion
b. Self induction voltage created by a change of current in the conductor
c. Mutual Induction voltage which occurs when changing current In one coil

Induces voltage In a second coil

20. a. Strength of the magnetic field
b. Speed at which lines of force are cutting across she conductor
c. Number 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. DC



ANSWERS TO TEST

23. a. Ammeter
b. Voltmeter
c. Ohmmeter

24. Evaluated to satiafaction of instructor

DE-53



ELECTRICAL CIRCUITS
UNIT H

UNIT OBJECTIVE

After completion of this unit, the student should be able to read a wiring diagram, check cir-
cuits, 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 OBJECTIVES

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

1. Match terms related to electrical circuits with their correct definitions.

2. Calculate voltage drop across resistors in a series circuit.

3. Calculate current in a parallel circuit.

4. Calculate current in a series- parallel circuit.

5. Match the basic electrical circuit failures with the correct causes.

6. Select true statements concerning voltage drop.

7. Name tree types of circuit protection.

8. Complete statements concerning selection of cable for rewiring needs.

9. Select from a list characteristics of a wiring diagram.

10. Label parts of a circuit identification code.

DE-55
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OBJECTIVE SHEET

11. Match types of connectors with their correct names.

12. Arrange In order the steps in troubleshooting electrical systems.

13. Read a wiling diagram. (Assignment Sheet #1)

14. Demonstrate the ability to:

a. Check voltage. (Job Sheet #1)

b. Check a circuit for an open. (Jot #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)
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ELECTRICAL CIRCUITS
UNIT II

SUGGESTED I,,:TIVITIES

A. 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.)

B. Make transparencies from the transparency masters Included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with Information and assignment sheets and handout.

F. Discuss information and assignment sheets and handout.

(NOTE: Use the transparencies to enhance the information as needed.)

G. Provide students with job sheets.

H. Discuss and demonstrate the procedures outlined in the Job sheets.

I. Integrate the following activities throughout the teaching of this unit:

'1. Take a field 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.

4. 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.
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REFERENCES USED IN DEVELOPING THIS UNIT

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

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

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

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

SUGGESTED SUPPLEMENTAL RESOURCES

Text

Chilton'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

I. Terms and definitions

A. Cable Stranded conductor usually covered with insulating material

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

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

(CAUTION: Do not hook Into Ilve circuit.)

D. Crimping tool A tool useci to crimp terminals to wires

E. Double filament bulb Bulb with two lighting elements

F. Gauge Determines the diameter and the capacity of a wire or cab's

(NOTE: The heavier the wire, the smaller the gauge number.)

G. Ground Uninsulated side of a circuit which is in a vehicle

H. Integrated circuit (IC) Sealed unit containing resistors, diodes, and tran-
sistors

I. Junction block A multiple connection point for current or ground which
can also 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 elect' ;cal device

K. Polarity Refers to the grssinded 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 electricai
connections

N. Soldering iron A tool that delivers high temperatures; used to melt solder

0. Switch A device that opens and closes a circuit

R Terminal Type of screw, post, p% , or socket at the end of a wire or cable

Q. Test light A test instrument used to find current flow
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R. Wiring diagram (schematic) Drawing that uses electrical symbols and
lines to show electrical circuits

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

II. Rules for series circuits (Transparency 1)

A. Current through each resistor is the same.

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

C. Sum of the voltage drops ;quaffs the source voltage.

III. Rules for parallel circuits (Transparency 2)

A. Voltage across each resistor is the same.

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

C. Sum of the separate currents equals the total circuit current.

IV. Rules for serlefsarallel 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 parallel cir,Juit equal the product divided by the
sum.)

x 3Example:
6

= 2 ohm,,
+ 3

B. The resistor in series is cairdlated first, leaving the remaining voltage
equally distributed across the resista's in parallel.

C. Sum of the separate currents in the parallel resistors equals the total circuit
current.

V. Basic electrical circuit failures (Transparency 4)

A. Open circuit Break In an electrical circuit which causes extremely high
resists nce

( 40TE: Usually, no current will flow through an open circuit.)

U. Shorted circuit Unwanted connection, usually copper to copper, that
allows current to bypass all or part of the circuit

71
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C. Grounded circuit Unwanted connection that bypasses all 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 clrcu'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 flows through a resistance.

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

Lights On

Light Switch

=- Frame

Reprinted with permission of General Motors Corporation.

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

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

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

Light Switch

Frame

Lights On

12 volts 11.6 volts .4 vol drop
Reprii ed with permission o! General Motors Corporation.

(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.



62

INFORMATION SHEET

VII. Types of circuit protection

A. Fuses

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

Element

Typical fuses used In an automotive circuit

Reprinted with permission from the Heath Company,

B. Circuit breaker

(NOTE: The circuit offers protection equal to a fuse with the 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.)

Contacts

Cover

Bimetallic Lever

Terminal

Circuit breaker construction

Reprinted with permission from the Heath Company,
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C. Fusible links

(NOTE: A fusible link is a short piece 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 Irom the Heath Company.

VIII. Selection of 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.

IX. 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 represent wires.

B. Wires have identification numbers.

C. Wires are colorcoded.

D. Components are represented by symbols.

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

F. Wiring diagrams are needed by all mechanics.

(NOTE: Because of the constant change in electrical requirements, even
experienced mechanics have to rely on wiring diagrams.)
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X. Parts of a typical circuit Identification code

J 2A 18 BUY

Main Circuit identification

Part of Main Circuit

XL Types of connectors

A. Ring (eyelet)

C. Female snap on

E. Slotted-flange bay

G. Slotted hook

Color of Wire (Blue with Yellow Stripe)

Gauge of Wire (18 Gauge)

B. Roll

D. Lug

F. Insulated butt

H. Three way
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i. Male slide

K. Male plug (bullet)

tgi;;P

J. Female slide

L. Female plug (bullet connector)

XII. Steps in troubleshooting electrical systems

A. Know the systc .

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 detected without turning on the
switch or starting the machine.)

Inspection Checklist Electrical
Yes No

Bare wires or shorts

Loose wires or opens E
Poor connections

Battery electrolyte level 0
Generating belt tension

Overheated components

Other trouble signs

D. Operate the m..Achine if possible.

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

E. List the possible causes.
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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 conclusion.

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



Series Circuit Rules

12V

2St

4 Volts

8 Volts

4Si

--/VVV\--

A. I =
= 12/6 = 2 Amperes

B. E = IR
E = x 2 = 4 Volts
E = 2 x 4 = 8 Volts

C. 4 + 8 = 12 Volts



Parallel Circuit Rules

6 Amps ----i-

-4-6 Amps

A. Battery voltage across
each resistor = 12 Volts

B. I = E/Ft = 12J6

= 2 Amperes
I = ER - 12J3

= 4 Amperes

C. I = 6 Amps Fi = EJI

= 12/6 = 2 Ohms

7,0

30

DE-89

TM 2



Series-Parallel Circuit Rules

20 3 Amps
Amp

Series-Parallel circuit

A. Resistors in parallel
Resistor in series
Total resistance
1 = 1214 = 3 amps

B. Resistor in series
E = IR = 3 x 2 = 6 volts
Resistor in parallel
12 6 = 6 volts

C. 6 ohm resistor
I = Ela = 6/6 = 1 amp
3 ohm resistor
I = EJR = 6/6 = 2 amps

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

2 ohms
2 ohms
4 ohms

DE-71
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Causes of Electrical Failures

(151TY\---1
Open 1,

No Electrical Mow

Open Circuit

Ground
4 4 1

Increased No Electrical
Electrical Flow Flow

Grounded Circuit

By-Pass

Short

Increased Electrical Flow

Shorted Circuit

Poor or Loose Corroded

/-...Lost Energy
Through Heat

Damage'
Connections Connections Wires

High Resistance Circuit

F,



Typical Engine Compartment
Wiring Diagram

R.H. MARKER LP

R.H. FENDER
LAMP

R.H. PARK & DIR.
S'G. LAMP

1 2 2 4 5

Le0 ENG

TEMP Sw
OIL
PRESS

10 B

12 PPL-- --a(5)
16 DBL1 <

14

BRAKE
WARN SW

147)

)ASH PNL.

I HORN
RELAY 8.
BUZZER BLS

1$ C C.

GE N.

20 OR CHYPI
16 vi
16 DBL v."

12 R
.20 BRN

16 BRN
10 R

'-10 OR/8(
18 LBL'.

E

18 B

L.H. PARK & DIR.
SIC;. LAMP 20 OBL

20 1.81..

20 DG
18 I.G
20 B
16

URN./
A 20 BRN

L.H. FENDER
LAMP L.H. MARKER LP

20P DBL B
20 BRN

(Courtas" of Chevrolet Motor Division of General Motors Corporation)

DE75
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HANDOUT #1 - WIRE GAUGE RECOMMENDATIONS

TRACTOR CIRCUITS
Cable gauge recommendations for rewiring

CIRCUIT
12Volt
Gauge

6Volt
Gauge

AMMETER TO:

Starter Motor 12 10
Ignition Switch 12 10
Light Switch 12 10
Voltage Reg. (Batt.) 12 10
Horn Relay 10

BACKUP LAMP 16 14

BATTERY CABLES (See Note Below)

COIL TO:

Ignition Switch 16 14
Distributor 18 14

CIGAR LIGHTER 16 14

CLOCK 18 16

DIMMER SWITCH TO:

Light SwItc.. 14 12
Low Beam Head Lamp 16 14

High Beam Head Lamp 14 12
High Beam Indicator 18 16

DIRECTIONAL SIGNAL SWITCH TO:

Flasher 16 14
Left Turn Signal Lamps 16 14
Right Turn Signal Lamps 16 14
Stop Lamp Switch 16 14

DOME LAMP TO:

Feed 18 16
Switch 18 18
Ground 18 16

DIRECTIONAL SIGNAL

FLASHER TO:

Ignition 18 18
Direction Indicator Lamps 18 10

FUEL (GAS) GAUGE TO:

Ignition 18 16
Sending Unit 18 18

CIRCUIT
12Vo It
Gauge

11Vo It
Gauge

GENERATOR TO:

Regulator (Armature) 12 10
Regulator (Field) 12 10
Ground (Regulator) .3 18

HEAD LAMPS TO:

Ground 18 16

HEATER

HORN RELAY TO

Feed 12 10
Horn 12 10
Switch 18 16

LIGHT SWITCH TO:
Parking Lights 18 10
Tail Lamps 16 14
License lamp 18 10
Instrument Lights 18 16
Stop Light Switch 16 14

OIL PRESSURE GAUGE TO:

Feed 18 16
Sending Unit 18 16

RADIO

REAR SEAT SPEAKER 18 16
SPARK PLUG CABLE

SPOT LAMP 16 14

STARTER SWITCH TO SOLENOID 12 10

TEMPERATURE GAUGE 'CO:

Ignition 18 16
Sending Unit 18 10

TRAILER.CONNECTOR CORD:

7 Conductor (8112 and 1110)
6 Conductor 16 14
4 Conductor 16 14

TRUNK LAMP 16 14

UNDER HOOD LAMP 16 14

NOTE: Battery Cable - Ampere draw of starter motur depends on many factors. It Is advisable to use the same size cable recommended by the
vehicle manufacturer.

Tractor and Trailer Ampere and Candlepower Requirements

ELECTRICAL UNIT

12VOLT UNITS 13VOLT UNITS

Maximum
Amperes

Design
Voltage

Candlepower
or Watts

Maximum
Amperes

Design
Voltage

Candlepower
or Watts

Clearance and Marker Lamps .5 12.5 3 .7 7.0 3
Coll 4.5 - - 41 - -
Directional Signal Lamps 2.1 12.8 32 3.0 6.4 21
Dome Lamps 1.0 12.8 15 2,0 6.5 15
Gas Gauge .2 14.5 - .3 7.2 -
Head i.IIMpll - Upper 4.2 12.8 50 Watts 7.4 6.4 45 Watts

- Lower 3.4 12.8 40 Watts 5.8 5.4 45 Watts
Horn 7.0 - - 10.0
Ir atrument Lamp 1 14,0 2 .5 7.0 2
License Limp .5 12.5 3 .7 7,0 3
Parking Lamps .6 14.0 4 1 7.0 3
Spot Limp 2.0 12.0 30 Watts 4.3 6.2 31) Watts
Stop Lamp 2.1 12.8 32 3.0 6.4 21
Tall Lamp .6 14.0 4 .9 7.0 3

I

Reprinted with permission of General Motors Corporation.
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Front identification Lamps
(12 ga. brown)

HANDOUT #1

Front Top Clearance and
Front Top Side-Marker Lamps (12 ga. black)

See ATA1-3-1961
For Coupler
Specification

Hear Top Side-Marker and
Rear Top Clearance Lamps
(12 ga. black)

Middle SideMarker Lamps
(12 ga. brown)

Lamps showing to rear

0 Lamps showing to front
Red Reflectors

Amber Reflectors

r> To black or brown wire

Rear Lower Side-Marker
Lamps (12 ga. brown)

R.H. TUrn and
Disability Lamp
(12 ga. green)

Stop Lamp (12 ga. red)
Rear Identification Lamps
(12 ga. brown)

Tail and License Lamps
(12 ga. brown)

top Lamp (i2 la. red)
L.H. Turn and Disability Lamp
(12 ga, yellow)

Seven Conductor Cord Wiring Diagram

Reprinted with permission of General Motors Corporation.

DELCO CABLE NUMBERS FOR TRAILER WIRING

12Gauge Cab lo

Connector
Pin No. Code Color Plastic Covered Insulex

6

2

5

4

7

3

1

MI OM GM GM OD OM Brown

Black

Green

Red

Blue

Yellow
White

954

954-B

954-G

954-R

954-U

954-Y

954-W

812X

812-BX

812-GX

812-RX

812-UX

812-YX

812-WX

=m
Oa Oa MO Ole ONO=

t.



ELECTRICAL CIRCUITS
UNIT II

ASSIGNMENT SHEET #1 - READ A WIRING DIAGRAM

NAME

Wiring Diagram R.H. MARKER LP

3 4z
R.N. FENDER
LAMP

R.h. PARK & DIR.
PIG. LAMP

SCORE

I IN

OR ....r

BRAKE
WARN SW

CJ
14 PIG

TEMP SW
OIL
PRESS

DASH

HORN
RELAY &
BUZZER

10 OR 13
IS 1.111.

18 B

L.H. PARK & 011
LAMP

xi

10 OR/HY I'
16 P
1T., DPI

1 1 R
10 BRIT
16 DAN
10 R

BRJ
BRIT

L.H. FENDER .420-.10 14
LAMP L.H. MARKER LP

70 DOL
'01 BL
10 DG
IA LG
13
16 T

10 P 001 13

20 BRN

(Courtesy of Chevrolet Motor Division of General Motors Corporation)

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

1. Temperature sender switch
2. 011 pressure sender switch
3. Alternator battery wire
4. Headlight ground wire
5. Heater blower motor feed wire

Gauge of Wire Color of Wire
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ANSWERS TO ASSIGNMENT SHEET

1. 20 gauge Dark green

2 16 gauge Dark blue

3. 10 gauge Red

4. 20 gauge Black

5. 14 gauge Orange

87



ELECTRICAL CIRCUITS
UNIT II

JOB SHEET #1 - CHECK VOLTAGE

A. Tools and materials

1. Battery

2. Voltmeter

3. Appropriate service manual

B. Procedure

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

1. Connect negative lead from voltmeter to negative () battery terminal.

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

FIGURE 1

lrit )5714-- 20 Volt Scale

4 4 Volt Scale

Positive Lead

DE-83

Selector

Battery

J. Read voltmeter scale to see If you have battery rated voltage.

4. Charge battery to its rating before performing any other electrical tests if you
don't have normal battery voltage.
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JOB SHEET #2 - CHECK A CIRCUIT FOR AN OPEN

A. Tools and materials

1. Circuit board or vehicle

2. Voltmeter

3. Ohmmeter

4. Test light

B. Procedure

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

1. Check an open circuit using voltmeter.

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

b. connect voltmeter leads on each side of the component.
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c. Read voltmeter.

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

FIGURE 1 4 0

In a closed cwcult,
each componunt drops
a portion of source voltage.

RfJprinted with permission from the Heath Cr 1pany.

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

FIGURE 2

Source voltage Is
measured across the
open In an open circuit.

Reprinted with permission from the Heath Company.
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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

Current flow through an ohmmeter can damage the ohmmeter.

Reprinted with permission from the Heath Company.

a. Connect the ohmmeter to each side of the component.

b. Read ohmmeter scale.

(NOTE: The ohmmeter indicates an open circuit with a reading of infinAs
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 points beginning at the other battery terminal.

(NOTE: Each time the orobe touches the circuit between the terminal and
the open, its lamp will light. When it goes past the open, the test lamp will
no longer light. See Figure 4.)

FIGURE 4

Locating an open with a test lamp.

Reprinted with permission from the Heath Company.
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JOB SHEET atISTALL A SOLDERED TF,SfilliMAL

A. Tools eel equipmeni

1. Soldering gun c-e iron

2. Hesin co solder

3. Mod luin sandpapru.

4,, Terminal

v. Electrical wire

5,ethittal tape

'P. Safety gigesee

'r3 Procedure

1. iS.tcip and of inttulation back from 1virz to perrrtAt inetaihatlure of terminal, (Figure 1)

NOTE: Aiways use the oante ;tin wire Itz ortolilerty o8ed by the iiinanutecturer.)

F2CAUFIE, I

1.8 WO 16 1,11f

2. Clean terminal with sendpaper,

Insulation jtrippod Sack

DES9
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3. Place wire in terminal and bond ears of terminal around wire. (Figure 2)

FIGURE 2

4. Sc der terminal to wir 3. (Figure 3)

(CAUTION: Use only resin core solder on electrical connections.)

FIGURE 3
Tip Soldering Gun

rermlnal Wire

Resin Core Solder

(NOTE: The purpose of the soldering iron is not to melt the solder itself but to
heat the parts being soldered to a temperature high enough to melt solder when
It is touched to the work.)

5. Tape connection. (Figurr 4)

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

FIGURE 4

Terminal End

Tape

Wire
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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

So 'dodoes Terminal

Wire

Insulation Stripped Back

Insulation

DE91
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2. Insert wire into terminal. (Figure 2)

FIGURE 2

Terminal

Wire

(NOTE: Always use the terminal that fits the wire properly.)

3. Crimp tho 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.)
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JOB SHEET 11E; - SPLICE A WIRE (SOLDER METHOD)

A. lOols and equipment

1. Soldering gun or Iron

2. Electrical wire

3. Resin core solder

4. Electrical tape

5. Safety glasses

B. Procedure

1. Strip back insulation one inch (25.4 mm) from ends of wire. (Figure 1)

FIGURE 1
Strip Insulation from Wlre

Insulated Wire

10s--
(25.4 mm)

2. Intertwine the wire ends together.

3. Twist the strands together.

4. Solder the wires. (Figure 2)

FIGURE 2

Wire

H--- 10
(25.4 mm)

Solder i"'*'

Wire Wire

Insulated Wlre

Soldering Gun Tlp

Splice

(NOTE: Allow the soldering Iron to heat the wire first, then apply solder as shown.
Only flow enough solder on splice to hold wire securely. Do not waste solder or
build up joint. If splice has too much solder, the splice joint will break.)

5. Tape splici) by wrapping neatly with electrical tape.

,q6

DE93
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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 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:

1. Checked out proper tools and materials.
2. Connected voltmeter leads to the battery correctly.
3. Read voltmeter scale.
4. Checked in/put away tools and materials.
5. Cleaned the work area.
6. Used proper tools correctly.
7. Performed steps in a timely manner (....hrs. _min. _sec.)
8. Practiced safety rules throughout procedure.
9. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO.1
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JOB SHEET #1 PRACTICAL TEST

PROM= 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 woduct must be submitted for evaluation.)

Criteria:

3

Evaluation of
battery condition

2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

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 points In "Product Evaluation" and divide by tile total number of criteria.)
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PRACTICAL TEST
JOB SHEET #2 - CHECK A CIRCUIT FOR AN OPEN

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

1. Checked out proper tools and materials.
2. Checked for an open circuit using a voltmeter.

11011

3. Checked for an open circuit using an ohmmeter.
4. Checked for an open circuit using a test lamp.
5. Checked in/put away tools and materials.
6. Cleaned the work area.
7. Used proper tools correctly.

IMINII4111/0O11 0.11.1111. .11141.0.11111111

8. Performed steps in a timely manner (___hrs
9.

..._min. _sec.)
Practiced safety rules throughout procedure.

10. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS: ...,

DE97
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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 unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Cr;teria:

Found the open

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 devslop 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 criteria.)

1 00
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PRACTICAL TEST
JOB SHEET #3 - INSTALL P. SOLDERED 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 -

cedut9 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

1. Checked out proper tools and materials.
2. Stripped end of insulation back from wire.
3. Cleaned terminai.
4. Soldered terminal to wire.
5. Taped connection.
6. Checked in/put away tools and materials.
7. Cleaned the work area.
8. Used proper tools correctly.
9. Performed steps in a timely manner _hrs. _min. _sec.)

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

EVALUATOR'S COMM ENTS:

DE99
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Fate 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.)

Criteria:

Used correct amount
of solder

4

Connection soldered
properly

3 2 1

EVALUATOR'S CUMMENTS:

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 points in "Product Evaluation" and divide by the total number of criteria.)
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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 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:

1. Checked out proper tools and materials.

YES NO

2. Stripped insulation from wire.
......................

3. Selected the correct terminal.
=1/611*MIONINIMILV.I.

4. Crimped terminal to wire using the correct crimper opening.
1 IIMMIIMM111ms

=w116
5. Checked in /put away tools and materials.
6. Cleaned the work area.

,MNIIII11=111

7. Used proper tools correctly.
8. Performed steps in a timely manner ( hrs.

11.111.memampiew

_min. _sec.)
Practiced safety rules throughout procedure.

1
9.

10. Provided satisfactory responses to questions asked.
mmimmolosimmeNt

11001011.1111.111VIONOW

EVALUATOR'S COMMENTS:
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JOB SHEET 04 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num.
bars. 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 ana another product must be submitted for evaluation.)

eviteria:

Wire to terminal
connection

3 2

....nr...n*
4

Appearance of
terminal end
IIAMO.Y.W.WOO 2.WOW...06..J.J.avow.

EVALUATOR'S COMMENTS:

1

2 1

milywn za=f on ...

L24 -Y- Skilled -- Can perform lob with no additional training.
3 -- 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.

Mt. pmao*11..0.

PERFORMANCE EVALUATION KEY....

(EVALUATOR NOTE: If an average score is needed to coincide; pith a competency profile, total
the designated points in "Product Evaluation" and divide by the total number or criteria.)
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PRACTICAL TEST
JOB SHEET #5 - SPLICE A WIRE (SOLDER METHOD)

STUDENT'S NAME

EVALUATOR'S NAME

DATE

ATTEMPT NO.

Instructions: When you are ready to perform this task, as 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 satisfactorhy achieved each step in this procedure. !f the student is
unabie to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials. M.
2. Stripped back insulation.
3. Intertwined the wire ends together.
4. Twisted the strands together.
5. Soldered the wires. 111
6. Taped splice with electrical tape.
7. Checked in/put away tools and materials.
8. Cleaned the work area.
9. Used proper tools correctly.

WINIM/0

10. Performed steps in a timely manner (. hrs.
11.

_min. _sec.)
Practiced safety rules throughout procedure.

12. Provided satisfactory responses to questions asked. 11.1

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 tha student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Amount of solder
used

4

Connection soldered
properly

3 2 1

4

Appearance of splice

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 tre4iing 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 criteria.)



ELECTRICAL CIRCUITS
UNIT II

NAME SCORE

TEST

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

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

a. A device that opens and closes a circuit

b. Stranded conductor usually covered with
insulating material

c. Sealed unit containing resistors, diodes,
and transistors

_d. Drawing that uses electrical symbols and
lines to show electrical circuits

e. Wire, usually with alligator clips, that is
used to provide current or ground to an elec-
trical device

f. A test instrument used to find current flow

g. A self povered light, used to check for open
circuits.

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

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

_1. Type of screw, post, pin, or socket at the end
of a wire or cable

k. Refers to the grounded battery terminal or
to an electrical circuit or to the north and
south pole of a magnet

I. Any system of wires which are taped
together for electrical distribution through-
out the vehicle

m. Uninsulated side of a circuit which is in a
vehicle

1 1'I I.' r

1. Cable

2. Circuit

3. Continuity light

4. Crimping tool

5. Double filament bulb

6. Gauge

7. Ground

8. Integrates circuit

9. Junction block

10. Jumper wire

11. Polarity

12. Single filament bulb

13. Solder
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TEST

n. Bulb with only one lighting element 14. Soldering iron

0. Bulb with two lighting elements 15. Switch

p. A tin lead alloy with a low melting point; 16. Terminal
'ised to fuse electrical connections

17. Test light_q. Determines the diameter and the capacity
of a wire or cable 18. Wiring diagram

r. A tool that delivers high temperatures; used 19. Wiring harness
to melt solder

s. A tool used to crimp terminals to wires

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

2 Si Resistor a

12V.
MVO

Resistor b

3. Calculate tt 3 current going through each resistor in the following parallel circuit.

6 AMPS

a. b.

1 rL)



TEST

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

2 a AMPS

Answer

5. Match the basic electrica' circuit failures on the right with the correct causes.

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

2. High resistance cir-
b. Unwanted connection, usually copper to cult

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 sido of the circuit

d. 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.

Voltage drop occurs when electricity flows through a resistance.

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

c. Voltage drop can be measured by connecting a voltmeter on each end of
the component or wire to ground.

Voltage drop adds up when connected In series with the load.

7. Name three types of circuit protection.

a.

h.

c.

(.\
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TEST

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

a. Cable should be of proper
trical loads.

b. Cable, should feature
longest cable life possible.

size to handle maximum required elec-

and covering materials which provide the

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

a. Wiring diagrams are neGded only for beginning mechanics.

Lines represent wires.

c. Wires have identification numbers.

d. Troubleshooting suggestions are included on the diagram.

e. Wires are color coded.

f. Components are represented by symbols.

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

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

J 2A 18 BUY

......... a.Main Circuit Identification

Part of Main Circuit b.



TEST

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

_a Three way connector 1.

_b. Roll type

c. Female slide connector

d. Female snap-on

Insulated butt connector

f. Slotted-flange bay type

Lug type

h. Ring type

I. Male slide connector

j. Male plug connector

k. Slotted hook type

I. Female plug connector

4

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

171111P4

Tt

can

ta=
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TEST

12. 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.

_b. Reach a conclusion.

_c. Know the system.

_d. Operate the machine.

Ask the operator.

Test your conclusion.

List the possible cause.

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

13. Read a wiring diagram. (Assignment Sheet #1)

14. Demonstrate the ability to:

a. Check voltage. (Job Sheet #1)

b. Check a circuit 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)



ELECTRICAL CIRCUITS
UNIT H

ANSWERS TO TEST

1. a. 15 h. 9 o. 5
b. 1 I. 2 p. 13

c. 8 J. 16 q. 6
d. 18 k. 11 r. 14
e. 10 I. 19 s. 4
f. 17 m. 7
g. 3 n. 12

2. a.
b.

4 volts
8 volts

3. a.
b.

2 amps
4 amps

4. 3 amps

5. a.
b.
c.
d.

3
4
1

2

6. a, c, d

7. a.
b.
c.

Fuses
Circuit breaker
Fusible links

8. a.
b.

Gauge
Insula.ting

9. b, c, e, f, g

10. a.
b.

Color of wire
Gauge of wire

11. a. 9 e. 7 I. 10
b. 2 f. 6 J. 11

c. 5 g. 4 k. 8
d. 3 h. 1 I. 12

12. a. 3 e. 2
b. 6 f. 7
c.
d.

1 g.
4

5

1 3
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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



ELECTRICAL INDICATOR CIRCUITS
UNIT III

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:

1. Match terms related to electrical circuits with their correct definitions.

2. Match electrical indicator circuits with their correct functions.

3. Name two electric gauge operation designs.

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

5. Name three types of sending units.

6. Distinguish between oil pressure and temperature indicator light circuits.

7. Name two types of charging indicator circuits.

8. Demonstrate the ability to:

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

b. Test gauges and sending units (grounded wire method). (Job Sheet #2)

c. Test oil pressure indicator light. (Job Sheet #3)

d. Test temperature indicator light. (Job Sheet #4)

5
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ELECTRICAL INDICATOR CIRCUITS
UNIT III

SUGGESTED ACTIVITIES

A. 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.)

B. Make transparency from the transparency master included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information sheet.

F. Discuss information sheet.

(NOTE: Use the transparency to enhance the information as needed.)

G. Provide students with job sheets.

H. Discuss and demonstrate the procedures outlined in the job sheets.

I. Integrate ,the following activities throughout the teaching of this unit:

1. Give students a wiring diagram 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 possiblo areas for improvement.

J. Give test.

K. Evaluate test.

L. Reteach if necessary.

REFERENCES USED IN DEVELOPING THIS UNIT

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

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

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

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

1 1 fY
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SUGGESTED SUPPLEMENTAL RESOURCES

A. Text

Automotive Electronics and Electrical Equipment, 9th ed.
Order #0148314
Gregg/McGraw-Hill
P.O. 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
P.O. Box 1798
Costa Mesa, CA 92628-0798
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ELECTRICAL INDICATOR CIRCUITS
UNIT III

INFORMATION SHEET

L Terms and definitions

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 flowing
through the gauge which affects needle movement

IL Electrk ii indicator circuits

(NOT E: Gauges and indicat!ng lights are used in various combinations.)

A. Fuel indicator 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 coolant or ,/ngine oil

C. Oil pressure indicator circuit Dash panel and engine unit to indicate
engine oil pressure

D. Charging indicator circuit Dash panel unit to indicate alternator charg-
ing rate

Electric gauge operation design

A. Variable voltage Key Switch

Ammeter

Gauge

Operating
CollStarter

Switch

"i1-?%4
Limiting

Coll

Battery

Rheostat

Connector

Partly Full Position
,

Float

Empty Position

Sender

Reprinted from MOTOR Auto Engines & Electrical Systems
© 1970 by permission of The Heartt 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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INFORMATION SHEET

B. Constant voltage

Ammeter Key
Switch

Voltage Oil Pressure
Regulator Gauge

Temperature
Gauge

Fuel Level
Gauge

Case Must
Be Grounded

011 Pressure
Sender Unit

Temperature
Sender Unit

Fuel Level
Sender Unit

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

(NOTE: Current flow 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.)

IV. Operation of the fuel, temperature, and oil pressure magnetic gauges

(NOTE: The following procedures apply to AC, Auto-Lite an .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

Gauge

Operating
Starter Coll
Switch

44 Limiting
Coll

Reprinted from MOTOR Auto Engines & 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 coil of the gauge
and the other through the wire to the sending unit.

Ammeter Key Switch

Gauge

Operating
Starter Coll
Switch

Coil

Battery Sending
1-41" 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 coil.

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

Battery Key Switch

Limiting Operating
Coll Coll

Sending I
Unit

Low
Resistance

Most Of
Current

Little
Current

Limiting
Coil

Stronger
Magnetic

Field

DE-119

Operating
Coll

Weaker
Magnetic

Field

4
Less

CurrentMore
Current

Reprinted from MOTOR Auto Engines & Electrical Systems
© 1970 by permission 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 the magnetic strength of the operating coil increases, the needle
is pulled to the right.)

Limiting
Key Coil

Battery Switch Operating
Coll

Send ng
Unit

High
Resistance

V. Sending units

A. Fuel

More

Less Current
Current

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

Increased Current
Increased Magnetic

Pull

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 Resistance
Cut Out

More
Current

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

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

Battery

Key Limiting

Switch Coil
Operating

Coll

.11
Increased

Resistance More
Current

Less
Current

Reprinted from MOTOR Auto Engines & Electrical Systems
© :970 by permission 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 Coll

Switch

Operating
Coil

Battery

Resistance

94,144%

Sliding Contact

Diaphragm To Engine
Oil Connection

Reprinted from MOTOR Auto Engines & Electrical Systems
0 1970 by permission of The Hearst Corporation.
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INFORMATION SHEET

2. When the oil pressure is higher, the diaphragm is flexed more, caus-
ing higher resistanco.

Higher Pressure
Operating

Limiting Coll Coll

Key Switch

Increased
Resistance

ono

Sliding Contact

Higher 011 Pressure
Moves Diaphragm

To Engine
011 Connection

More Of
The Current

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

C. Temperature

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

%WO.

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

:%3



DE-123

INFORMATION SHEET

2. As the sending unit heats, Its lowered resistance allows more current
to flow through the operating coil thus pulling the needle to the high
or "HOT" side of the scale.

Limiting
Coll

Operating
Coll

Battery

Reprinted from MOTOR Auto Engines d Electrical Systems
0 1970 by permission of The Hearst Corporation.

VI. Operation of the oil pressure and temperature indicator light circuits

A. 011 pressure (Transparency 1)

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

(NOTE: 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, build-up of oil pressure compresses the
diaphragm, opening the contacts, thereby breaking the circuit and
putting out the light.

B. Temperature

1. A bimetallic sensing switch is connected in series 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 will 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.

2. 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

Rectifier
Bridge

10 SI Alternator

Diode Trio

Indicator
Lamp

ignition
Switch

Resistor1
Battery

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

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

FIGURE 2

Rectifier
Brioge

B. Ammeter

Indicator
Lamp

Ignition
Switch

10 SI Alternator

lode Trio

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

2. 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.



Electrical Oil Pressure
Indicating Systems

Pressure (psi)
Ignition
Switch

Ground
Battery =--T Spring Diaphragm

Ili Indicating Gauge

Resistor Terminal

Wiper
Lever

Oil Pressure Here

Electromagnetic Coil System for
Indicating Oil Pressure

Sending Unit

Indicator Light Bulb

Ignition Contact

Switch Arm Contacts

Diaphragm

it
Oil Pressure Sending Unit

(Pressure Switch)

Pressure Switch System for
Indicating On Pressure

DE-125
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ELECTRICAL INDICATOR CIRCUITS
UNIT III

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

A. Tools and materials

1. Vehicle

2. Basic hand tool set

3. Test light or voltmeter

4. 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 correct.

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

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

FIGURE 1

Ala

High \,.."

T:\
Ground

Low

To
Battery

I

Reprinted from MOTOR Auto Engines & Electrical systems
© 1970 by permission of The Hearst Corporation.
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JOB SHEET #1

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

5. If the gauge operatea correctly, the sending unit or wiring is defective.

6. If the gauge does not operate during this test, the gauge or the voltage going to
the gauge is defective.

7. If the gauge registers full scale all the time when the key switch is on, grounded
wire or sending unit is at fault.
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ELECTRICAL INDICATOR CIRCUITS
UNIT III

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 to 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

Sending
Unit

Key Limiting

Battery Switch Coll operating
Coll

AIIMINIimmOrlelab

I-Disconnect
and Ground

More
Current

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

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

(NOTE: Some oil 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 fault.)

FIGURE 2

Key Limiting

Battery Switch Coll Operating
Coll

Sending
Unit liv\A;c1_, More

.Disconnect Current
and Ground

cS
Reprinted from MOTOR Auto Engines & Electrical Systems
0 1970 by permission c ine Hearst Corporation.

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

a. Repair 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 Coil Operating
Coll

Sending
Unit

r'VVVV--
More

Disconnect Current
and Ground

Reprinted from MOTOR Auto Engines & Electrical Systems
0 1970 by permission of The Hearst Corporation.



ELECTRICAL INDICATOR CIRCUITS
UNIT III

JOB SHEET #3 TEST OIL PRESSURE INDICATOR LIGHT

A. Tools and materials

1. Vehicle

2. Basic hand tool set

3. Test light or voltmeter

4. Appropriate service manual

B. Procedure

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

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

FIGURE 1 0
Indicator Light Bulb

Key Contact
Ignition Arm Contacts

Diaphragm

f
Oil Pressure Sending Unit

(Pressure Switch)

3. If the warning still does not light, check

a. For voltage in wire comiig from bulb to sending unit.

b. Bulb.

c. For voltage from key switch to bulb.

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

DE131
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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 is running, check for

a. Grounded wire between bulb and sending unit.

b. Bad sending unit. (Figure 2)

FIGURE 2

Indicator Light Bulb

Ignition Contact

Switch Arm Contacts

Diaphragm

Oil Pressure Sending Unit
(Pressure Switch)
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ELECTRICAL INDICATOR CIRCUITS
UNIT III

JOB SHEET #4 - TEST TEMPERATURE INDICATOR LIGHT

A. Tools and materials

1. Vehicle

2. Test light or voltmeter

3. Basic hand tool set

4. Appropriate service manual

B. Procedure

1. Put key in "start" position to see if red light comes on. If it doesn't, ground the
wire going to sending unit.

2. Turn key switch back to "start" position, and if the light is lit, replace sending
unit.

3. 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.

4. Repair or replace when necessary.

5. If the light stays Ilt all the time, unplug wire going to sending unit.

6. If the light goes out, replace sending unit.

7. If the light still stays on, check for a ground in the wire going fror,i the bulb to the
sending unit.



ELECTRICAL INDICATOR CIRCUITS
UNIT III

PRACTICAL TEST
JOB SHEET #1 TEST GAUGES AND SENDING UNITS

(TANK UNIT METHOD)

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

!nstructions: 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:

1. Checked out proper tools and materials.
2. Disconnected the wire going to the sending unit.
3. Connected the spare sending unit correctly.
4. Operated the float on the sending unit.
5. Determined which component was at fault.
6. Checked in/put away tools and materials.
7. Cleaned the work area.
8. Used proper tools correctly.
9. Performed steps in a timely manner ( hrs. _min. _sec.)

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

EVALUATOR'S COMMENTS:

YES NO

,11=11

1:14
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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 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

Test was performed
In proper sequence.

3 2

3

Problem was found
and corrected.

2 1

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 points in "Product Evaluation" and divide by the total number of criteria.)
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ELECTRICAL INDICATOR CIRCUITS
UNIT HI

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

1. Checked out proper tools and materials.
2. Turned on key switch.
3. Grounded wire going to sending unit.
4. Checked connection at sending unit and replaced if needed.
5. Checked voltage at the switch terminal.
6. Checked lead wire to the sending unit.
7. Replaced gauge if needed.
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 #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 unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

1

Test was performed
in proper sequence.

4

Problem was found
and corrected.

3 2

EVALUATORS 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 points in "Product Evaluation" and divide by the total number of et iteria.)

1 2
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ELECTRICAL INDICATOR CIRCUITS
UNIT III

PRACTICAL TEST
JOB SHEET #3 - TEST OIL 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

1. Checked out proper tools and materials.
2. limed on key switch.
3. Grounded sending unit wire.
4. Checked voltage of sending unit wire.
5. Checked bulb.
6. Checked voltage in wire going from switch to wire.
7. Replaced sending unit if needed.
8. Looked for grounded wire between bulb and sending unit.
9. Replaced sending unit If needed.

10. Checked In/put away tools and materials.
11. Cleaned the work area.
12. Used proper tools correctly.
13. Performed steps In a timely manner (_hrs. _min. _sec.)
14. Practiced safety rules throughout procedure.
15. Provided satisfactory responses to questions asked.

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 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:

2

Test was performed
In proper sequence.

2

Problem was found
and corrected.

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 r3quired 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 criteria.)
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ELECTRICAL INDICATOR CIRCUITS
UNIT III

PRACTICAL TEST
JOB SHEET #4 - TEST TEMPERATURE INDICATOR LIGHT

STUDENT'S NAME

EVALUATOR'S NAME

DATE

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

1. Checked out proper tools and materials.
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.
5. Checked voltage of wire going from light to sending unit.
6. Checked bulb.
7. Checked voltage going to the switch side of the bulb.
8. Unplugged wire going to sending unit if necessary.
9. Replaced sending 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 tools and materials.
12. Cleaned the work area.
13. Used 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:

1111101.

*-0
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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.)

Criteria:.
3

Test was performed
In proper sequence.

4

Problem was found
and corrected.

3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform Job with no additional training.
3 Moderately skilled Has performad 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 points In "Product Evaluation" and divide by the total number of criteria.)



ELECTRICAL INDICATOR CIRCUITS
UNIT III

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

3. Pyrometer

4. Sending unit
c.

exhaust temperature

Variable resistor that controls the current
flowing through the gauge which affects
needle movement

d. A light in 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
of fuel in the tank

b. Dash panel and engine unit to indicate the
temperature of the engine coolant or engine
oil

_c. Dash panel and engine unit to indicate
engine oil pressure

d. Dash panel unit to indicate alternator charg-
ing rate

3. Name two electric gauge operation designs.

a.

b.

1. Charging indicator
circuit

2. Fuel indicator circuit

3. Oil pressure indicator
circuit

4. Temperature indicator
circuit

1 42
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TEST

4. 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 coil to the common
connection between the two coils.

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

d. Current can take two paths, one through the operating coil of the gauge
and the other through the wire to the sending unit.

5. Name three types of sending units.

a.

b.

c.

6. Distinguish between oil pressure and temperature indicator light circuits by placing an
"0" 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.

_ b. 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.

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

Under normal conditions the lamp remains off.

.e. A bimetallic sensing switch is connected in series with an Incandescent
lamp, mounted on the Instrument panel, and excited by the battery.

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

7. Name two types of charging indicator circuits.

a.

b.

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

8. Demonstrate the ability to:

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

b. Test gauges and sending units (grounded wire method). (Job Sheet #2)

c. Test oil pressure indicator light. (Job Sheet #3)

d. Test temperature indicator light. (Jub Sheet #4)
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ELECTRICAL INDICATOR CIRCUITS
UNIT III

ANSWERS TO TEST

1. a. 1

b. 3
c. 4
d. 2

2. a. 2
b. 4
c. 3
d. 1

3. a. Variable vo tage
b. Constant voltage

4. a. 3
b. 1

c. 4
d. 2

5. a. Fuel
b. Oil pressure
c. Temperature

6. a. 0 d. T
b. T e. T
c. 0 f. 0

7. a. Ammeter
b. Indicator light

8. Performance skills evaluated to the satisfaction of instructor
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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 completion of this unit, the student should be able to:

1. Match terms related to storage batteries with their correct definitions.

2. List three functions of a battery.

3. Identify two types of batteries.

4. Distinguish between the characteristics of batteries.

5. Complete statements concerning the voltage ratings of batteries.

6. Distinguish between ways of rating battery capacity.

7. Complete statements concerning rules for installing batteries.

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

9. Identify types of battery terminal constructions.

10. Select from a list safety rules to be observed during the care and maintenance of
batteries.

.1 4
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OBJECTIVE SHEET

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

SUGGESTED ACTIVITIES

A. 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.)

B. Make transparencies from the transparency masters included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information sheet and handouts.

F. Discuss Information sheet and handouts.

(NOTE: Use the transparencies to enhance the information as needed.)

G. Provide students with job sheets.

H. Discuss and demonstrate the procedures outlined in the job sheets.

I. 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 half 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.

J. Give test.

K. Evaluate test.

L Reteach if necessary.

REFERENCES USED IN DEVELOPING THIS UNIT

A. Delco Remy Service Bulletin No. 1B-115. Anderson, IN: 1976.

B. Delco Remy Service Bulletin No. 1B-118. Anderson, IN: 1980.

C. Delco Remy Service Bulletin 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: Deere & Company,
1979.

E. Sun Model VAT 28 instruction Manual. Chicago, IL: Sun Electric Corporation.

F. Foutes, William A. Diesel Mechanics: Electrical Systems. Stillwater, OK: Mid- America
Vocational Curriculum Consortium, 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-Hill
13955 Manchester Road
Manchester, MO 63011

2. Delco Remy Service Manual No. 1.2
AC-Delco, GMC
400 Renaissance Center
Detroit, MI 48202

B. Filmstrips

1. Heavy Duty Batteries
AC-Delco, GMC
General Motors Building
Detroit, MI 48202

2. Sift Truck Battery Servicing
17 Minutes
3/4" U-matic cassette
Part No. CEVS 7525
(NOTE: Order from your nearest Caterpillar dealer.)
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STORAGE BATTERIES
UNIT IV

INFORMATION SHEET

I. Terms and definitions

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

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

(NOTE: Each coil produces approximately 2 volts.)

C. Electrolyte Solution of water 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. Specific 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.)

II. Functions of a battery

A. Supplies current for cranking the engine

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

C. Stabilizes the voltage in the system during operation

Types of batteries

A. Conventional (Transparency 1)

B. Maintenance free (Transparency 2)
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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 cell.

B. Maintenance free

1. Lifetime supply of electrolyte

2. Less gassing and corrosion

3. Longer shelf life

4. Some have built-in hydrometer

5. Withstand more vibration

6. Resist overcharging

V. Voltage ratings of batteries

A. 6-volt has 3 cells.

Reprinted with permission of Delco Remy Division, GM Corp.



INFORMATION SHEET

B. 12-volt has 6 cells.

Reprinted with permission of Delco Remy Division, GM Corp.

(NOTE: 6 and 12 volt batteries could be either conventional or mai' itenance
free.)

VI. Ways of rating battery capacity

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.

1/11. 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.)
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INFORMATION SHEET

VIII. Installation of battery cables

A. 6-volt batteries

1. 12-volt system

#000 Cable Going To Starter Or Frame

6 Volt 6 Volt 6 Volt F Volt

2. 24-volt system

#00 Cable Going To Starter Or Frame

6 Volt 6 Volt

IIIIMIPI.

B. 12-volt batteries

1. 12-volt system

#000 Cable Going To Starter Or Frame

#000 Cable Going To Starter Or Frame

#00 Cable Going To Starter Or Frame

#000 Cable Going To Starter Or Frame

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



INFORMATION SHEET

2. 24-volt system

no Cable Going To Starter Or Frame

4
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#00 Cable Going 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

B.

Hydrometer

Reprinted with permission of Delco Remy Division, GM Corp.

Bolt -type side terminals

Sealed
Terminals

Repnited with permission of Delco Remy Division, GM Corp.
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INFORMATION SHEET

C. Stainless steel stud terminals

Terminals

Reprinted with permission of Delco Remy Division, GM Corp.

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

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

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 Ain which acid has contacted.

D. Flames or sparks can cause gases given off by battery 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.



Terminal Post

Negative

Plate Group

Conventional Battery

Positive Post

Negative Post

Plate Strap
Casting

Cell

Separator

Positive

elate Group

Bridges
Battery Case

Sediment Chamber



Maintenance-Free Battery

State-Of-Charge Indicator

Heat-Sealed Covers

Stainless Steel Terminals

Finger Grips

Hydrometer Terminals

Liquid/Gas Separator

Plate Straps and Terminals

Extrusion-Fusion
Interco!! Connection

Epoxy-Anchored Plate Element

Separator Envelope

Element On Flat Case Bottom
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STORAGE BATTERIES
UNIT IV

HANDOUT #1 - COLD CRANKING AMPS FOR
MAINTENANCE-FREE BATTERIES

1,

Cot
No.

2
SCI

Group
Size

3.
Yon

4.
Amps

for
Load
Teti

5.
SAE-
BCI

Reserve
Capes Sy

(Mn.
lies)

Cow 6.
CRANKING
CURRENT

S.A.E. SPEC
J53Th

7,

MAXIMUM
DIMENSIONS

(MM/IN)

11.

APPROX.
WEIGHT
KO/LBS

14.

ELECTROLYTE
REOD.

LITERion

SVO'F.

( - I rc)
tin Amps.)

@ -201
( -21Pc)

(in Amps.)

8. Length 9. 10. Highl
(Ind MCI Top

flanges) Width Post)

12. 13.
Wet Dry

21-60 21 12 325 80 650 - 206/8.1 172/6.8 222/8.8 15.4/34
21-72 21 12 320 80 650 - 206/8.1 172/6.8 222/8.8 15.1/33
21R-60 21 12 325 80 650 - 206/8.1 172/6.8 222/8.8 15.4/34
21R-72 21R 12 320 80 650 - 206/8.1 172/6.8 222/8.8 15.5/35
22F-40 22F 12 160 60 330 229/9.0 172/6.8 210/8.3 13.0/29
22F-50 22F 12 190 75 385 - 230/9.1 172/6.8 210/8.3 13.3/29
22F-60 22F 12 210 75 425 - 240/9.5 172/6.8 210/8.3 14.3/31
24-40 24 12 180 75 370 - 260/10.4 172/6.8 222/8.8 15.1/33
24-50 24 12 230 90 475 - 280/10.2 172/6.8 222/8.8 16.5/36
24-60 24 12 260 95 526 260/10.2 172/6.8 222/8.8 18.0/40
24F-40 24F 12 180 75 370 - 270/10.6 172/6.8 222/8.8 15.2/33
24F-50 24F 12 230 90 475 - 270/10.6 172/6.8 222/8.8 16.5/36
24F-60 24F 12 260 95 525 - 270/10.6 172/6.8 222/8.8 17.9/39
M24MF 24 12 200 125 400 - 260/10.2 172/6.8 194/7.6 19.9/44
C24MF 24 12 230 90 475 260/10.2 172/6.8 194/7.6 16.4/36
25-60 25 12 310 100 625 - 260/10.2 172/6.8 222/8.8 18.0/40
25R-60 25R 12 310 100 625 - 260/10.2 172/6.8 222/8.8 18.0/40
26-40S 26 12 180 80 370 - 206/8.1 172/6.8 202/8.0 12.3/27
26-50S 26 12 220 70 440 - 206/8.1 172/8.8 202/8.0 12.4/27
26-60 26 12 200 70 410 315 206/8.1 172/6.8 202/8.0 13.4/29
26-80S 26 12 260 80 525 - 206/8.1 172/6.8 202/8.0 13.8/30
28R-405 26R 12 180 60 370 -- 206/8.1 172/6.8 202/8.0 12.3/27
26R-50S 26R 12 220 70 440 - 206/8.1 172/6.8 202/8.0 12.4/27
26R-60S 26R 12 260 80 525 - 206/8.1 172/6.8 202/8.0 13.8/30
27-50 27 12 220 90 440 - 305/12.0 172/6.8 222/8.8 18.2/40
27-60 27 12 290 110 500 - 305/12.0 172/6.8 222/8.8 19.6/43
27F-50 27F 12 220 90 440 - 315/12.4 172.6.8 222/8.8 10.2/40
27F-60 27F 12 290 110 580 - 315,12.4 172.6.8 222/8.8 19.6/43
27FMF 21 12 270 160 550 - 305/12.0 172/6.8 222/8,8 23.6/52
27MF 27 12 270 160 550 - 321/12.8 172/6.8 222/8.8 23.5/62

M27MF 27 12 270 180 550 - 320/12.5 172/6.8 222/8.8 23.5/52
31HCT 31 12 310 180 625 - 330/13.0 172/6.A 238/9.4 25.7/57
31-750 31 12 370' 16i, 750 - 330/13.0 172/6.8 238/9.4 24.5/54
31-900 31 12 450' 160 900 -- 330/13.0 172/6.8 230/9.4 25.2/55
34-60 34 12 250 110 500 - 260/10.3 172/6.8 240/9.4 25.0/55
41-50 41 12 250 80 510 292/11.5 172/6.8 173/6.8 18.3/36
41-60 41 12 310 90 625 - 292/11.5 172/6.8 173/6.8 17.7/39
42-50 42 12 190 70 390 - 229/9.0 172/6.8 222/8.8 18.0/40
45-50 45 12 200 70 410 - 228/8.9 140/5.5 218/8.6 12.3/27
46-5E 46 12 250 125 500 195 270/10.6 172/6.8 222/8.8 19.0/42
49-4 24F 12 180 80 370 290 270/10.6 172/6.8 222/8.8 17.1/38
49.5 24F 12 250 125 505 395 270/10.6 172/6.8 222/8.8 19.5/43
49-5E 24F 12 250 125 500 395 270/10.6 172/6.8 222/8.8 19.5/43
49-30 24F 12 130 60 275 210 270/10.6 172/6.8 222/8.8 15.8/35
49-40 24F 12 150 75 300 230 270/10.6 172/6.8 222/8.8 16.0/35

12 180 370 290 270/10.6 172/6.8 222/8.6 17.1/384F,.-50 24F 80
49-50A 49 12 310 155 630 - 381/15.0 174/6.8 168/6.7 NA
49-60 24F 12 250 125 505 395 270/10.6 172/6.8 222/8.8 19.5/43
54-5 22F 12 200 90 400 300 240/9.4 172/6.8 210/8.3 15.6/34
55.4 22F 12 150 70 310 220 240/9.4 172/6.8 210/8.3 14.3/32
55-5 221 12 200 90 405 300 240/9.4 172/6.8 210/8.3 15.6/34
55-5E 22F 12 200 90 405 300 240/9.4 172/6.8 210/8.3 15.6/34
55-30 22F 12 130 60 285 200 240/9.4 172/0.8 210/8.3 13.8/30
55-40 22F 12 140 65 280 225 240/9.4 172/6.8 210/8.3 1 (.8/30
55-50- ....

22F 12 150 70 310 220 240/9.4 172/6.8 210/8.3 14.3/32
55 12 - 212/8.3 154/6.0 218/8.6 NA5:.i-50A 210 75 430

55-60 22F 12 200 90 405 300 240/9.4 172/6.8 210/8.3 15.6/34
55-60S 55 12 260 80 525 -- 225/8.9 154/6.0 212/8.4 '1.4/29
58.4A 24 12 180 BO 370 290 260/10.2 172/6.8 222/8.8 .6.8/37
50-5 24 12 250 125 500 395 260/10.2 172/6.8 222/8.8 19.5/43

1 GO
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HANDOUT #1

FREEDOM BATTERY TEST SPECIFICATIONS

Cal
No

Group
Sue Voas

Amps

Load
Tasl

SAE

BCI

Reserve

IM,n
uasl

COLD
CRANKING
CURRENT

SAE SPEC
J537h

MAXIMUM
DIMENSIONS

IMM IN)

APPROX
WEIGHT
KGLBS

ELECTROt YTE
REO D

LITE FEOTS

cle0.1
I I O'c)

on Amps )

(a0 20'F
I 29°c)

(ri Amps )

Length
lif1C1

Flanges) Width

Helot
(Intl Top

P0111

Wel Del

58.5A 24 12 250 125 500 395 260/10.2 172/6.8 299/8.8 19.2/42
58-50 58 12 210 75 425 - 11.9/26
58.60S 58 12 230 70 413 - 241/9.4 183/7.2 171/6.8 12.4/27
59.4 24 12 160 80 370 290 260/10.2 172/6.8 222/8.8 17.1/38
59.5 24 12 250 125 505 395 260/10.2 172/6.8 222/8.8 19.5/43
59-5E 24 12 250 125 500 395 260/10.2 172/6.8 222/8.8 19.5/43
59-30 24 12 130 60 275 200 200/10.2 172/6.8 222/8.0 15.8/35
59-40 24 12 150 75 300 230 280/10.2 172/6.8 222/8.8 16.0/35
59-50 24 12 180 80 370 290 260110.2 172/8.8 222/8.8 17.1/38
59-60 24 12 250 125 505 395 280/10.2 172/6.8 222/8.8 19.5/43
59A-5E 24 12 270 135 540 - 260/10.2 172.6.8 222/8.8 19.1/42
62-50A 62 12 200 75 400 218/8,6 161/6.4 224/0.8 NA
62-60A 62 12 240 90 480 - 226/8.9 1824.4 225/8.9 -
70 -5 27 12 250 125 500 395 305/12.0 172/6.8 22218.8 21.3/47
70-50 70 12 160 75 315 - 208/8.1 177/7.0 194/7.8 12.3/27

70-60 70 12 200 80 410 - 206/8.1 177/7.0 194/7.6 13.1/29
70-40S 70 12 180 60 270 - 206/8.1 177/7.0 194/7.6 12.2/27
70-50S 70 12 220 70 440 - 206/8.1 177/7.0 194/7.6 12.3/27
70-60S 70 12 260 80 525 - 206/8.1 177/7.0 194/7.6 13.7/30
70DT72 - 12 320 80 650 - 215/8.4 177/7.0 201/7,0 14.7/32
71-4 27 12 220 1C0 450 330 305/12.0 172/6.8 222/8.8 20.3/45
71-5 27 12 250 125 505 325 305/12,0 172/6.8 222/8.8 21X47
71-5E 27 12 250 125 500 295 305/12.0 172/6.8 222/8.8 21.3/47
71-40 27 12 18C 80 370 285 305/12.0 172/68 222/8.8 18.9/42
71 -50 27 12 120 100 450 330 305/12.0 172/5.8 222/8.8 20.3/45

71-60 27 12 250 125 505 395 305/12.0 172/6.8 222/8.8 21.3/47
71A-60 71 12 325 80 MO -- 208,18.1 177/7.0 213/8.4 15.3/34
71A-72 71 12 320 80 650 - 206/9.1 172/6.8 213/8.4 15.4/34
71B-60 71 12 210 80 420 -- 206/8.1 177/7.0 213/8.4 14.3/31
73-50 73 12 210 80 420 - 230/9.1 172/6.8 213/8.4 15.2/33
73.60 /3 12 230 20 4Th - 229/9.0 177/7.0 213/8.4 18.0/40
74-40 74 12 100 75 3',13 - 260/10.2 177/7.0 2'13/8.4 15.0/33
74-50 74 12 230 90 475 260/102 177/7.0 213/8.4 16.4/36
74-60 74 12 MO (15 525 - 260/10.2 177/7.0 213/8.4 17.7/39
74A-60 7' 12 290 110 MO -- 260/10.2 177/7.0 213/P 1 19.0/42
674-60 74 12 260 95 525 - 259/10.3 177/7.0 203/i. NA
S74A-50 74 12 260 11.)5 326 - 260/10.2 1', 2/6.8 213/8.4 17.7/39
74MF 14 12 200 126 400 -- 260/10.2 177/7.0 194/7.6 19.6/43
75-6C 76 12 250 90 525 400 229/9.0 177/7.0 183/7.2 15.0/32
75A-80 75 2 310 90 630 500 229/9.0 177/7.0 194/7.6 15.1/33
75A-T2 "5 11 310 74',1

.....
630

.._..

500 229/9.0 177/7.0 194/7.6 15.5/34
75MF60 73 12 250 05 500 - 229/9.0 177.7.0 183/7.3 15.0/33
76-60 76 12 379 175 750 -- 330/13D 177/7.0 213/8.4 241/53
78A60 73 12 514 150 1075 -- 330/13.0 177/7.0 213/8.4 2.1.9254
78A-72 76_ _12 540 150 1 1075 -- 3311/13.O 172/6.8 213/8.4 7.6.1/57

7.6-80 78 12 270 115 550 - 260/10.2 177/7.0 194/7.6 18.9/37
78A-4(I 78 12 330 116 770 - 260/10.2 177/7.0 194/7.6 17.2/38
78A72 ?8 12 !3C0 115 726 - 290/10.2 172/f 194/7.6 18.0/40
E1-4 27F 12 220 100 450 330 316/12.4 1726.8 222/8.8 20.3/45
81-5.......... .. 27F. _ 12... .

250........, 125. .. 505 395 313/12 4 172/6.8 222/8.8 21.2/47
B1 -5E 27F 12 250 125 500 29,6 316/12.4

..

172/6.8 222/8.8 21.3/47
N1-40 27F 12 180 P,0 370 2.05 316/12.4 172/6.8 222/85 18.9/42
81-50 2 rF 12 MO 10C 450 330 :216/12.4 172/6.8 222/8.8 263/45
51-60 27F 12 250 125 505 395 018/12.4 172/6.8 222/8.8 21.3/47
93-50 .. '12 150 75 315

-4-
235 206/8.1 177/7.0 194/7.0 13.2/2.9

133-62. 12 200 80 405 285 206/8.1 177/7.0 194/7.8 12.4/27
844 71 12 130 60 275 210 206/8.1 177/7.0 213/8.4 12.7/28
04.3 71 12 170 80 350 270 206/8.1 177/7.0 213/8.4 14.6/32
3!--4 71 12 130 60 275 210 206/8.1 177/7.0 213/8.4 12.7/28
55-5 ..._ 7'i2.22 12 170 80 3!50 270 206/8.1 17717 0 213/8.4 14.6/32
55-3F 71 12 t 70 80 31.)0 270 206/8.1 177/7.0 213i8.4 14.6/32
65-50 71 12 130 60 273; 210 2013/8.1 177/7.0 213/8.4 13.6/30
35-80 71 12 170 80 356 270 206/8.1 117/7.0 213/8.4 146/32
35A-e0 71 12 190 90 390 270 206/8.1 177/7.0 213/8.4 14.8/33
1!5 E4 -39.2 85 12 260 7x0 550 440 229.'9.0 17216.8 201/8.1 15.3/34
EZ.5 1! 12 210 100 430 330 222/9.0 177;7.0 213/8.4 17.1/38
0724 13 12 180 80 370 290 229/9.0 177/7.0 213/8.4 15.8/35
'37.5 7; 12 210 1110 430 330 221:19.0 17% // .0 213/8.4 17.1/38
67-5E 7',4 12 210 100 430 330 229/9.0 177/7 Co 213/8 4 17.1/38
87-40 73 12 150 75 300 230 229/9.0 1:7 ft .0 213/0.4 14.8/33



DE-165

HANDOUT #1

FREEDOM BATTERY TEST SPECIFICATIONS

Cat
No

ea
Glow
Si. VollS

Amps
lot

Load
Tell

SAE

°DI

Reserve

COLD
CRANKING
CURRENT

SAE SPEC
JSrt h

MAXIMUM
DIMENSIONS

IMM NI

APPROX
WEIGHT
KGLBS

ELECTROLYTE
AEO'D

LITEFVOTS

Capv.4
Mnit.

ales)

(AV'F
I WC)

pn Amps )

--,
(d NT t

I MC)
(I% Amps )

Length
Inc(

Flanges) Math

Haight
"I Top

Post)
Wel Ofy

87-50 73 12 180 80 370 290 229/9.0 177/7.0 213/8.4 15.0/35
87-60 73 12 210 100 430 300 229/9.0 177/7.0 213/8.4 17.1/38
87A-60 73 12 230 115 460 370 229/9.0 177/7.0 213/8.4 17.8/39
88-5 74 12 230 125 465 375 260/10.2 177/7.0 213/8.4 19.5/43
88A-5 74 12 270 135 540 435 260/10.2 177/7.0 213/8.4 20.5/45

89-4 74 12 180 80 370 290 260/10.2 177/7.0 213/8.4 17.0/37
89-5 /4 12 250 125 505 395 260/10.2 177/7.0 213/8.4 19.5/43
89-5E 74 12 250 125 500 395 260/10.2 177/7.0 213/8.4 19.5/43
89-30 74 12 130 60 275 210 260/10.2 177/7.0 213/8.4 15.8/35
89-40 74 12 150 75 300 230 260/10.2 177/7.0 213/8.4 16.0/35

89-50 74 12 180 80 370 290 260/10.2 177/7.0 213/8.4 17.0/37
89-60 74 12 250 125 505 395 260/10.2 177/7.0 213/8.4 19.5/43
89A-5 74 12 270 135 540 440 260/10.2 177/7.0 213/8.4 20.5/45
89A-5E 74 12 270 135 540 440 260/10.2 177/7.0 213/8.4 20.5/45
89A-60 74 12 270 135 540 440 260/10.2 177/7.0 213/8.4 20.5/45

042 26 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 - 305/12.0 172/6.8 222/8.8 231/52

087
(C)
(A)

12
12

170
100

60
45

350
230

279/11.0 172/6.8 203/8.0 19.3/42

099 70 12 150 75 315 235 206/8.1 177/7.0 194/7.6 12.4/27
101 70 12 150 CO 310 230 206/8.1 177/7.0 194/7,6 11,7/25
102 73 12 170 70 355 270 206/8.1 177/7.0 104/7.6 12.4/27
103 70 12 200 75 405 305 206/8.1 177/7.0 194/7.6 12.7/28
104 75 12 250 90 500 400 229/9.0 177/7.0 194/7.6 14.9/33

105 78 12 250 115 515 415 260/10.2 177/7.0 194/7.6 16.8/36
106 78 12 270 115 550 440 260/10.2 177/7.0 194/7.6 16.9/37
107 78 12 380 115 770 - 260/10.2 177/7.0 194/7.6 17.2/38
108 76 12 370 175 750 600 330/13.0 177/7.0 213/8.4 24.1/53
110 71 12 190 90 390 315 206/8.1 177/7.0 213/8.4 14.4/32

129 24 12 190 100 390 - 285/11.2 178/7.0 251/9.8 NA
137 70 12 270 80 550 - 206/8.1 177/7.0 194/7.6 13.1/29
140 76 12 550 155 1075 - 330/13.0 177/7.0 213/8.4 24.9/54
157 73 12 230 115 465 375 229/9.0 177/7.0 213/8.4 16.9/37
183 74 12 270 135 550 440 260/10.2 177/7.0 213/8.4 19.1/42

298 75 12 315 90 630 500 229/9.0 177/7.0 194/7.6 15.1/33
320 75 12 250 90 500 400 229/9.0 177/7.0 194/7.6 14.8/33
515 35 12 150 90 310 - 229/9.0 172/6.8 222/8.8 15.3/34
577 70 12 260 75 525 206/8.1 172/6.8 194/7.6 13.2/29
581 78 12 310 105 620 - 260/10.2 172/6.8 194/7.6 17.1/38

MP594 24 12 160 65 325 - 260/10.2 172.6.8 222/8.8 15.2/33
MP596 24 12 260 105 525 - 260/10.2 17216.8 222/8.8 17.9/40
600 70 12 260 75 525 206/8.1 172/6.8 183/7.1 13.3/29
60 I 75 12 310 90 630 - 229/9.0 172.6.8 183/7.1 15.5/34
602 78 12 330 115 770 - 260/10.2 172/6.8 194/7.6 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 - 229/9.0 172/6.8 194/7.6 14.3/31
611 75 12 310 90 630 490 229/9.0 177/7.0 194/7.6 15.5/34
691 70 12 130 58 260 200 206/8.1 177/7.0 194/7.6 11.5/25

692 70 12 150 75 315 235 206/8.1 177/7.0 194/7.6 13.4/29
693 70 12 180 80 370 285 206/8.1 177/7.0 194/7.6 13.2/29
694 71 12 170 90 350 270 206/8.1 177/7.0 213/8.4 14.8/33
695 73 12 230 115 460 370 229/9.0 177/7.0 213/8.4 17.8/39
696 74 12 270 140 550 435 260/10.2 177/7.0 213/8.4 20.2/45

726 70 1 12 160 60 330 255 206/8.1 177/7.0 183/7.2 11.2/25
727 70 I 12 190 70 385 300 206/8.1 177/7.0 183/7.2 12.2/27
728 70 12 210 75 425 330 206/8.1 177/7.0 183/7.2 12.3/27
729 75 12 210 90 430 330 229/9.0 177/7.0 183/7.2 14.2/31
730 75 12 260 90 525 405 229/9.0 177/7.0 183/7.2 14.9/33

731 75 12 280 90
- ___.

570 140 229/9.0 177/7.0 183/7.2 15.2/33
732 75 12 310 90 630 , 90 229/9.0 177/7.0 183/7.2 15.5/34
733 78 12 270 115 540 410 ,:60/10.2 177/7.0 183/7.2 16.6/37
734 78 12 310 115 630 490 260/10.2 177/70 183/7.2 17.1/38
735 78 12 360 115 730 550 260/10.2 177/7.0 183/7.2 18.0/40

736 78 12 380 115 770 600 260/10.2 177/7.0 183/7 2 18.0/40
858 75 12 220 90 500 - 229/9 0 176/6.9 194/7.6 14 9/33
MP894 74 12 160 65 325 260/10.2 172/6.8 213/8.4 15.0/33
MP896 74 12 260 105 525 260/10.2 172/6.8 213/8.4 17.7/29
)30 78 12 370 175 750 330/13.0 177/7.0 213/8.4 24.2/53



HANDOUT #1
FREEDOM BATTERY TEST SPECIFICATIONS

COLD
SAE CRANKING
- CURRENT MAXIMUM APPROX :LECTROL'

OCI SAE SPEC CAAENSIONS WEIGHT REO El
MTh ISM IN) KG LEIS LITEROTS

Amps Reserve
RC! lot Capacdy 00 F 4 20 F Length timghl

Cal Group Load Wm. i 18 ci I ' cl (ncl (mcl Top wet Dry
No Sue Volls Test Weal In Amps on Amps I Flanges) Woo Post)

1059 24 12 180 115 375 - 260/10.2 172/6.8 222/8.8 19.9/44
1059E 24 12 180 115 375 - 260/10.2 172/6.8 222/8.8 19.9/44
1071 27 12 240 160 480 - 305/12.0 172/8.8 222/8.8 23.6/52
1071E 27 12 240 160 480 - 305/12.0 172/6.8 222/8.8 23.8/52
1089 74 12 180 115 375 - 260/10.2 177/7.0 213/8.4 19.7/43
1110 31 12 310' 160 625 490 330/13.0 172/8.8 238/9.4 24.1/53
1111 31 12 310 160 825 490 330/13.0 172/6.8 238/9.4 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 12 290 180 580 - 330/1' ^ 172/6.8 23819.4 27.1/60
1151 31 12 310 180 625 - 330/14.0 172/6.8 238/9.4 25.6/56
1151S 31 12 310 180 825 490 330/13.0 17V6.8 240/9.4 26.0/57
1200 31 12 230' 130 47b 375 330/13.0 172/e 8 238/9.4 23.9/53
1200 31 12 270' 130 550 - 330/13.0 172/6.e 238/9.4 22.4/49
1200D 31 12 270' 130 550 - 330/13.0 172/6.8 240/9.5 22.6/50
1200E 31 12 230' 130 475 375 330/13.0 172/6.8 238/9.4 23.9/53
1200E 31 12 270' 130 550 -- 330/13.0 172/6.8 238/9.4 23.9/53
1201 31 12 230 130 475 375 330/13.0 172/6.8 238/9.4 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' 160 625 490 330/13.0 172/6.8 238/9,4 26.9/59
1210E 31 12 310' 180 625 - 330/13.0 172/6.8 238/9.4 25.9/57
1250E 31 12 290' 180 580 330/13.0 172/6.8 238/9.4' 27.4/80
1251E 31 12 290 180 580 - 330/13.0 172/8.8 238/9.4 27.4/60
2000 31 12 - 180 580 - 330/13.0 172/8.8 238/9.4 27.4/60
2000 31 12 - 180 580 - 330/13.0 172/6.8 238/9.4 26.8/59

S2000 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. If not possible, load value should be 330
amperes for 31-750, 405 amperes for 31-900, 275 amperes for 1110, 1150, 1250E & 1210E, and 240 amperes for 12'_'0 & 1200E.

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

HANDOUT #2 - COLD CRANKING AMPS FOR CONVENTIONAL
BATTERIES

FILLER-CAP BATTERY TEST SPECIFICATIONS

Cal
No

BCI
Group
Size VoNs

Amps
!of

Load
Test

SAE
-

SCI

Reserve
Capacay

Wm.
ules1

COLD
CRANKING
CURRENT

SAE SPEC
.1537h

MAXIMUM
DIMENSIONS

iMM INI

APPROX
WEIGHT
KG LOS

ELECTROLYTE
REDO

LITERIOTS

NO F
I 18 Cl

Im Amps 1

' 20 F
i 29 0

on Amps I

Length
Imcl

Flanges) Wdlh

Height
once Top

Post)
Wel MY

A31E 31 12 450 160 900 - 330/13.0 172/6.8 240/3.4 25.0/55
FD1 NS 12 NA NA NA - 419/1E 5 179/7.1 281/11.1 44/97 32/71 9.8/10.4
FD2 3EH 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

Y63A 60 12 160 95 330 - 328/12.9 156/6.1 226/8.9 21.1/46 17.0/37 3.4/3.6
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 17L 6 200 110 405 325 184/7.2 168/6.6 188/7.4 10.9/24 8.2/18 2.6/2.8
Z13 1M1 6 193 105 390 310 226/8.9 176/6.9 218/8.6 14.5/32 9.1/20 4.2/4.5
347 NS 12 80 31 I 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 1.7/1.8
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 - 211/8.3 132/5.2 188/7.4 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 - 333/13.1 181/7.2 238/9.4 NA

4-800A 4 8 400 270 800 - 333/13.1 131/7.2 238/9.4 NA
403 7L1 6 210 130 415 375 185/7.3 169/6.6 188/7.4 11.8/26 9.1/20 2.3/2.4
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 21/3.0
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 1M2 6 235 165 475 380 262/10.3 178/7.0 218/8.6 18.6/41 13.2/29 4.5/4.8
417A 2 6 270 165 550 - 257/10.1 170/6.7 225/8.9 20.0/44 16.3/36 3,0/3.2
419A 2E 8 270 165 550 - 484/19.4 99/4.0 224/8.8 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 3.8/4.0
557A 53 12 120 80 240 - 327/13.1 117/4.7 210/8.4 15.6/34 132/29 11/2.0
713A 3 6 270 250 550 440 292/11.7 178/7.1 234/9.4 23.2/51 15.9/35 6.8/8.1
715A 4 6 265 245 530 - 227/8.9 174/6.8 229/9.0 25.8/57 19.5/43 5.7/6.0
717A 4 6 370 270 750 327/12.9 173/6.9 229/9.2 24.9/55 16.9/37 6,4/6.8

719A 7D 6 450 375 900 - 406/16.0 178/7.1 230/9.1 32.6/72 24,5/54 6.6/7,0
721A 4DLT 12 370 250 750 - 506/19.9 206/8.1 204/8.0 40.8/90 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 - 516/20.3 220/8.7 248/9.0 55.0/122 40.8/90 11.4/12.1
761A 8D 12 450 400 1050 - 526/20.7 2.66/10.5 250/9.8 85.9/145 46.4/102 15.5/16.4

781AA 8D 12 520 375 1060 - 525/20.7 278/10.9 248/9,8 NA
771A 8D 12 520 375 1050 - 527/20.7 283/11.1 276/10.8 NA
775A 30H 12 210 160 575 - 342/13.5 170/6,7 232/9.1 28.8/63 23.1/51 4.5/4.8
8V1 - 8 180 120 360 280 226/8.9 173/6.8 224/0.8 16.8/37 11.4/25 4.2/4.4
8V2 8 200 140 410 330 264/10.4 178/7.0 226/8.9 19.5/43 14.1/31 4.5/4.8

801A 8 220 160 440 - 330/13.0 172/6.8 238/9.4 25.4/56 18.4/40 7.4/7.8
821A - 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 90 500 380 229/9.0 177/7.0 194/7.6 15.0/33
826 75 12 250 90 500 375 229/9.0 177/7.0 183/7.2 15.0/33
831Aford) 2HN 12 130 -- - 260/10.2 134/5.3 230/9.1 15.4/34 11.3/25 3.4/3.6

837A(04 8TN 12 300 - 284/11.2 268/10.6 230/9.1 31.8/70 23.1/51 6.6/7.0
843A GC2 6 - - -- - 260/10.2 178/7.0 270/10.6 29.5/65 25.8/57 28/3.0
845A GC2 6 NA 105 NA - 259/10.2 178/7.0 27t;/10.9 28.1/62 24 9/55 2.8/3.0

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

JOB SHEET #1 - TROUBLESHOOT A BATTERY

A. Tools and materials

1. Battery

2. Safety glasses

3. Rubber gloves

4. Rubber apron

5. Job Sheet #2

6. Job Sheet #3

7. Job Sheet #4

B. Procedure

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

1. Visual inspection

a. Check for obvious damage such as a cracked or broken case.

b. If dab age is obvious, replace battery.

(NOTE: Refer to Job Sheet #2.)

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

d. If electrolyte level I;,1 above top of plates, proceed to Step 2.

e. 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.
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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.

b. 50 polnxs or more variation between highest and lowest cell, replace bat-
tery.

(NOTE: Refer to Job Sheet #2.)

3. Test specific gravity for maintenance-free batteries.

a. Batteries wIthc.it built-in hydrometer, go to Step 4.

b. Batteries with built-in hydrometer, check color of indicator.

1) Light yellow or white Replace battery.

2) Indicator is dark Charge until indicator turns green, then connect 300
amp load for 15 seconds and proceed to step 4.

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

3) Green Proceed to Step A.

4. Load test the battery.

a. Obtain specifications for the battery you are testing.

Manufacturer's specifications:

amps volts

b. Obtain instructor's initials here before proceeding to next
step.

c. Connect voltmeter and pnlper load from specification for 15 seconds.

(NOTE: Refer to Job Sheet N.)

d. If voltage is at or above chart value, return to service.

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

e. If 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.)
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STORAGE BATTERIES
UNIT IV

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

A. Tools and materials

1. Vehicle

2. Safety glasses

3. Rubber apron

4. Bristle brush

5. Wire brush

6. Screwdriver

7. battery clamp puller

8. Combination end wrenches

9. Battery pliers

10. Baking soda and water soirilon (two tablespoons of baking soda to one pint of
water)

11. Battery ailti-corrosion paste

12. Battery post and cable cleaner

13. 6 lop towels

14. Torque wrench

15. Battey lift strap

16. Appropriate savice manual

B. Procedure

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

(NOTE: Observe the location of the positive post so the battery can be installed in the
same way.)

1 C7
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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 cable 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 suitable 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.
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JOB SHEET #2

6. Clean battery cable clamps and battery post. (Figure 2)

(NOTE: Battery posts and Inside of battery cable clamps must be clean and
bright.)

FIGURE 2

7. 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.)
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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.)

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

FIGURE 5
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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.)

12. Torque or tighten the battery clamps securely.

(NOTE: Use care to avoid twisting the cable post.)

13. Spread a coating of battery anti-corrosion paste over the cable clanps and termi-
nals.

1 71
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STORAGE BATTERIES
UNIT I\,

JOB SHEET #3 - MEASURE SPECIFIC GRAVITY
OF A CONVENTIONAL BA17ERY

A. Tools and materials

1. Battery

2. Hydrometer

3. Shop towels

4. Container of clew gaiter

5. Safety glasses

6. Rubber gloves

7. Rubber apron

8. Appropriate 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 Into the hydrometer to suspend the
float.

(NOTE: if the electrolyte level is too low, add water, charge for one hour, and
recheck.)

r: 2
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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 cell.)

FIGURE 1

Hold Tube Vertical

Do Not Suck in Too
Much Electrolyte

Float Must be Free

5. Squeeze bulb to return electrolyte to cell.

6. Repeat for other cells.

Take Reading
at Eye Level

s
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JOB SHEET #3

7. Adjust the readings for temperature.

a. Add four gravity points (0.004) to the reading for every 10°F above 80°.
Subtract four gravity points (0.004) for each 10° below 80°F. (Figure 2)

FIGURE 2

TEMPERATURE
ADJUSTMENT CHART

Temperature
oF.

160

150

140

130

120

110

100

90

80

70

60

50

40

30
20
10

Gravity Points
to Add or
Subtract

+32+30

+28
+26

+24

+20
+22

+16
+18

+12
+14
+10

+8
+6

+4

0
+2

-
-4

2

-6

-10
-2

-14
-16

-18
-20

--24 22

b. Check specific gravity; it should read from 1.215 to 1,270 (corrected to
80°F electrolyte temperature).

c. Check the variation In readings between cells; it should be no more than
0.050.

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

8. Replace vent caps upon completion of test.

9. Flush any spilled electrolyte with clean water.



STORAGE BATTERIES
UNIT IV

JOB SHEET #4 - LOAD TEST A BATTERY

A. Tools and materials

1. Battery

2. Battery capacity tester

3. Appropriate conductors

4. Safety glasses

5. Rubber gloves

6. Rubber apron

7. Appropriate service manual

B. Procedure

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

1. Check service manual to find the recommended load current to test a particular
battery.

Manufacturer's specifications:

amps

Obtain instructor's initials here

2. Connect tester. (Figure 1)

FIGURE 1

volts

Red

Clamp Amp Arrow
Towards Battery

before proceeding to next step.

Engine
Block

1" HI
.1 ;)

DE181
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JOB SHEET #4

3. Turn the rheostat knob clockwise until the desired load is reached.

4. Apply load equal to three times the ampere-hour rating of battery being tested or
1/2 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.)

5. Read battery voltage at the end of 15 seconds.

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

6. Loosen rheostat to relieve load at end of 15 seconds.

7. Disconnect tester.



STORAGE BATTERIES
UNIT IV

JOB SPEET #5 - CHARGE TEST A BATTERY FOR THREE MINUTES

A. Tools and materials

1. Battery

2. Adjustable, fast-ate batte.y charger

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 workingon any electrical system, and follow all
shop safety procedures.)

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

1. Connect tester and charger. (Figure 1)

FIGURE 1

0

177
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JOB SHEET #5

2. Turn charger on and adjust the charging rate to 40 amps for 12-volt batteries, 75
amps for 6-volt batteries.

3. Charge battery for 3 minutes.

4. Read individual cell voltages with battery charger still in operation.

(NOTE: If they vary by more twian 0.1 volt, replace battery.)

5. Read total battery voltage.

(NOTE: If it Is over 15.5 volts for 12-volt batteries or 7.75 for 6-volt batteries, 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-volt) or 4.8 volts (6-volt),
replace battery.)
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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.

PROCESS EVALUATION

(EV/1UATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each stet) in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Used safety equipment.
3. Visually inspected battery.
4. Checked specific gravity.
5. Obtained the correct manufacturer's specifications.
6. Load tested the battery.
7. Checked in/put away tools and materials.
8. Cleaned the work area.

EVALUATOR'S COMMENTS:

YES NO

...,..........,

-WRIO
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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 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:

1

Determined battery
condition

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perfo,m 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 points in "Product Evaluation" and divide by the total number of criteria.)
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STORAGE BA-17ERIES
UNIT IV

PRACTICAL TEST
JOB SHEET it2 - 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 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

1. Checked out proper tools and materials.
2. Used safety equipment.
3. Disconnected battery cables using the proper tools.
4. Inspected battery carrier.

=/
5. Checked battery cables.
6. Cleaned battery, battery clamps, and terminals. 1111.11.11.11111

.1=1
7. Installed battery, battery hold-down clamps, and reconnected

battery terminals.

IMMI1

8. Checked In/put sway tools and materials.
9. Cleaned the work area.

EVALUATOR'S COMMENTS:
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JOB SHEET #2 PRACTICAL TEST

PhODUCT EVALUATION

( EVALUATOR NOTE: Rate thy; 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.)

Criteria:

3

Battery or batteries are
installed correctly.

2 1

4 3

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

EVALUATOR'S COMMENTS:

111.1
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 durilig 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 criteria.)
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STORAGE BATTEIIES
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 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

1. Checked out proper tools and materials.
2. Used safety equipment.
3. Took specific gravity reading.
4. Adjusted the reading for temperature.
5. FLished any spilled electrolyte with clean water.
6. Checked in/put away tools and materials.
7. Cleaned the work area.

EVALUATOR'S COMMENTS:

I ,)
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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 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:

Accuracy of specific
gravity reading

EVALUATOR'S COMMENTS:

PERrORMANCE EVALUATION KEY

4 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 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 criteria.)
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STORAGE BATTERIES
UNIT IV

PRACTICAL TEST
J013 SHELT #4 - LOAD TEST 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 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 sat!sfactorily achieved each sti.43 In this procedure. If the student Is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Used safety equipment.
3. Obtained battery specifications.
4. Connected and operated tester correctly.
5. Checked In/put away tools and materials.
6. Cleaned the work area.

EVALUATOR'S COMMENTS:

YES NO
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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.)

Criteria:

4

Evaluation of test
results

3 2

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY
111

4 Skilled Can perform job with no additional training.
3 Moderately skilleo Has performed Job during training program; limited

additional training may be required.
2 Limited skill Has performed Job during training program; additional

ti Rifling is required to develop skill.
1 Uoskilled 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 criteria.)
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STORAGE BATTEMS
UNIT IV

PRAMAL. TEIIT
JOB SHEET #5 - CHARGE TEST A BArfERY MDR THREE: IhiliNUTES

STUDENT'S NAME 01....111.....r./IM PIO IN... SMIN1.401110.e1 DATE

EVAWATORS NAME. ATTEMPT NO,

instruc,Ions: When you we ready to perform this task, task your inatructor to obecove the pro-
tedte and complete this form. Ail items listed under "Process !,i'velualion" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATO NOTE: Place a check mark h the "Yes" or "No" blanks to designate whether
not the student has satisfactoffly achieved each step In this prozeJure. If the etudent is
unable to achieve this competency, have the student review the materials and try again)

The student: YES NC)

1. Checked out proper too gnd retaterials inmentoMees,./ /PI

2. Used safety equipment.
3. Connected tester and charger to battery correotly,

*At mw% anwea
WY. A. M.. autoMa/ ....*

Lir4. Selected the correct amperage on 17harger. JIM /00.14

5. Read total bat:ler,' .voltage to make evaeation of the battery. mews . AM,. .1.11 wir.0

6. Checked in/put sway tools anal reatvfMs. esomMik.

7, Cried the work. area, MINA/ 0171.818

EVALUATOR'S COMMENTS:

eurrea 01/..11.,./...^.101IAlar igo., 1 .6-A.," PI A...A* jea ton.. ..#
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JOB SHEET #5 PRACTICAL TEST

PRODUC: EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be mted 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.

3

Evaluatios I of
test results

2

EVALUATOR'S COMMENTS.

.."--4 Skilled Can perform job with no additional training.
3 Moderately ;killed -- 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 prowess, but is unable, to pelt' rm job.

PERFORMANCE EVALUATION KEY

(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.)



STORAGE BATTERIES
UNIT IV

NAME SCORE _____

TEST

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

Two c r more connected cell which convert 1. Battery
cherr ,cal energy into electrical energy

2. Cell
b One positive plate group and one negative

plate group 3. Electrolyte

___c. Similar plates welded to a plate strap 4. Hydrometer

__A Solution of water and sulfuric acid 5. Plate group

Weight of electrolyte compared to an equal 6. Specific gravity
volume of water at 60°F

7. Sulfated
A test instrument for determining the spe-
cific 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 battery.

a.

b.

C.

DL.195
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TEST

3. Identify the following types of batteries.

b.

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

b. Less gassing and corrosion

_c. Vent caps are used for each cell

_d. Longer shelf life

e. Built-in hydrometer

_J. Electrolyte level has to be checked and water added to each cell

_g. 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.



TEST

6. Distinguish between amp hour rating and cold cranking amps by placing an "X" next to
the description ct 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

Number of amps that can be taken from a fully charged battery at 0°F for
30 seconds

7. Complete 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

o. 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

6 Volt

..
6 Volt

2) 24-volt system

+

6 Volt

Cable Going To Starter Or Frame

_

+
8 Volt

_
6 Volt

r.

6 Volt

_
6 Volt

6 Volt

DE-197

Cable Going To Starter Or Frame

Cable Going To Starter Or Frame
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TEST

b. 12-volt batteries

1) 12-volt system

Cable Going To c!tarter Or Frame

+
12 Volt 12 Volt

2) 24-volt system

Cable Going To Starter Or Frame

Of

12 Volt

_

+

12 Volt-

Volt

+

12 Volt 12 Volt

Cable Going To Starter Or Frame

Cable Going To Starter Or Frame

9. Identify the following types of battery terminal constructions.

a. b. C.
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TEST

10. Select from the following list safety rules to be observed during the care and mainte-
nance of batteries by placing an "X" beside the appropriate rule(s).

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

_b. Flames 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 Avoid breathing fumes from a battery that 's being charged.

(NOTE: If the following activities havb 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)



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 voltage in the system during operation.

3. a. Conventional
b. Maintenance free

4. a. M e. M
b. M f. C
c. C g. M
d. M h. M

5. a. 3
b.

6. b

7. a.
b.
c.
d.

8. a.

Fully
Older
Different
Polarity

1)

6 Volt 6 Volt 6 Volt

-.111111111111111111111111INIIIJIM1111111111111111111111.1111311111111111111111111
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ANSWERS TO TEST

b. 1)

2)

9. a. Bolttype side terminals
b. Stainless steel stud terminals
c. Battery post terminals

10. a, b, c, e, f

11. Performance skills evaluated to the satisfaction of the instructor



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 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:

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 purpose 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. Select major parts of a starting motor.

10. Match component parts of a starting motor with their functions.

1 '6

DE2C0
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OBJECTIVE SHEET

11. Complete a statement concerning the conversion of electrical energy into
mechanical energy.

12. Select true statements concerning how a starting motor is kept running.

13. Arrange in order the current flow in a starting motor circuit.

14. Identify types of starter field circuits.

15. Match types of starter field circuits with current flow.

16. List four types of starting motor switches.

17. Explain ways starter drives are engaged.

18. Identify types of electromagnetic or lever shift drives.

19. Arrange in older the steps in the operation of a series-parallel switch.

20. Arrange in order the steps in the operation of a transformer-rectifier unit.

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. k.;ob Sheet #4)

e. Check voltage drop in a starter circuit. (Job Sheet #5)



DE-205

STARTING SYSTEMS AND CIRCUITS
UNIT V

SUGGESTED ACTIVITIES

A. 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.)

B. Make transparencies from the transparency masters included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information sheet.

F. Discuss information sheet.

(NOTE: Use the transparencies to enhance the information as needed.)

G. Provide students with job sheets.

H. Discuss and demonstrate the procedures outlined in the job sheets.

I. Integrate the following activities throughout the teaching of this unit:

1. Demonstrate different designs of starters.

2. Take a field trip to a starter rebuilding 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.

J. Give test.

K. Evaluate test.

L. Reteach if necessary.
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REFERENCES USED IN DEVELOPING THIs UNIT

A. Foutos, 1.),e1,19/ Mechanics: Electrical Systems. Stillwater, OK: ivlid,America
Vocational Currimilum Consortit, 1982.

B. Master Crawier 850 Service Manual. Racinvi, WI: J,.I. Case Company,1975.

C. Motor Heavy Truck Repair Manual. 2eid ed. New York, Nt. Hearst nooks, 1985.

D. Schulz, Erich J. Diesel Mechanics. 2nd act. Dallas: McGraw-Hill Book Company; 1983.

SUGGESTED SUPPLEMENTAL RESOURCES

To

Del co Remy &mice tutonual #1.2
AC-Delco
General IVIotors Building
DeWitt MI 413202

Filmstrips

1. Luce-Neville Starting Motor
Order #A6047
Educational Communications Ins:.
Dept. M
761 Fifth Avenue
King of Pilissia, PA 19406

2. The Automotive Starting System aplained
Order #B-45
Teaching Aids Incorporated
Post Office Box 1798
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STARTING MIENS AND CIRCUITS
UNIT V

INFORMATION SHEET

I. Terms and definitions

A. Armature Main drive of starter motor; converts electricM energy into
mechanical energy

B. Brushes Sliding contacts to feed electrical energy from battery to com-
mutator

C. Demi' -- Counter electromotive .force

D. Commutator Metal segments attached to ends of wire loops to form con-
tact surface on armature

E. Field winding Wire wrapped around pole pieces to increase strength of
magnetic field when current Is passed through windings

F. Inertia Tendency of a body in motion to remain in motion

G. Motor switch -- Any switch that closes the circuit between th a battery and
starter motor

H. Pinion Small gear that meshes with a larger gear

I. Pole pieces 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 switch

(NOTE: This switch may be either a key or push button.)

L. Voltage drop The drop, or current used in cables

11. Types of starting systems

A. Electric motors

B. Gasoline engines

C. Air starters

DE-207
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M. Sources of compressed air for air starting motors (Transparency 1)

A. Separate engine and compressor

B. 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.)

IV. Components of gasoline starting engine

A. Gasoline engine

B. Clutch

C. Gear box

D. Drive pinion

Types of starting aids

(NOTE: Aids may be used singly or in combination.)

A. Glow plugs

B. Starting fluid

C. Block heater

D. Oil heater

VI. Purpose of an electrical starting circuit Converts electrical energy from the bat-
tery into mechanical energy at the starting motor to crank the engine.

Vii. Major parts in an electrical starting circuit (Transparency 2)

A. Battery

B. Starter switch

(NOTE The starter switch may be either a key or push button.)

C. Motor switch

(NOTE: The motor switch may be either magnetic or solenoid.)

D. Starting motor
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VIII. Function of parts of an electrical starting circuit (Transparency 2)

A. Battery Supplies energy for the circuit

B. Starter switch Activates the circuit

C. Motor switch Closes circuit tc motor and engages motor drive with fly-
wheel

D. Starting motor Drives flywhsel to start engine

IX. Major parts of a starting motor (Transparency 3)

A. Motor switch

B. Field frame assembly

C. Armature

D. Drive mechanism

X. Component parts and their functions (Transparency 3)

A. Pole shoe Forms a magnetic field of force around armature

B. Field winding Wrapped around pole shoe to strengthen magnetic field
when current is passed through the winding

C. Armature Converts electrical energy into mechanical 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.)

D. Commutator Forms contact surface for battery to feed electrical current
through armature

E. Brushes Sliding contacts which feed electrical energy to the commuta-
tor
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XL Conversion of electrical energy Into 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

XII. How 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'f turn
reversing their connection through sliding contacts (brushes) which causes
the current to flow in $ opposite direction in the armature windings.

XIII. Current 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.

203



INFORMATION SHEET

B. The magnetic switch closes allowing current to flow from the battery termi-
nal of the solenoid to the switch terminal of the solenoid.

Magnetic
Switch

C. 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.

XIV. Types of starter field circuits (Transparency 5)

A. Series-wound

B. Parallel-wound

C. Series-parallel-wound

D. Compound-wound

XV. Types of starter field circuits and current flow (Transparency 5)

A. Series-wound Current flows through all the field windings before it flows
through the two insulated brushes to the armature

241
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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. Series-parallel-wound One third of the current flows through each pair of
field windings to one of the three 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.)

XVI. Types of starting motor switches

A. Manual

B. Solenoid

(NOTE: Solenoid provides a mechanical means for engaging the pinion with
the flywheel.)

C. Magnetic

(NOTE: Magnetic switch does not provide mechanical shafting.)

D. Series-parallel

XVII. Engaging starter drives

A. Inertia of armature acting through drive mechanism

B. Electromagnetic plunger to mechanically shift pinion into mesh

XVIII. Types of electromagnetic or lever shift drives (Transparency 6)

A. Overrunning clutch

B.. Sprag clutch drive

C. Positork® drive

XIX. Operation of a series - parallel switch

A. Starter switch closes, connecting two 12 volt batteries in series with the
starting motor.

E. Solenoid circuit is completed by a set of points mechanically closed by the
series-parallel switch plunger and starter turns over. (Transparency 7)
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C. 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)

XX. Operation of a transformerrectifier unit

A. The operator closes the start switch, forcing 12 V from the batteries marked
"A" througn the magnetic switch, closing the cranking motor actuating cir-
cuit.

12J24V
Integral

Charging

System +24V

V Ade
Loads

Reprinted with permission of Delco Remy Division, GM Corp.
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B. The current for the solenoid 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.

12/24V
integral

Charging
System

+24V

+12V
Battery

S _

Start
Switch

Magnetic
Switch

Vehicle
Loads

24V
Cranking

Motor

Reprinted with permission of Delco Remy Division, 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.

12124V
Integra:

Charging
System

Vehicle
Loads

Reprinted with permission of Delco Remy Division, GM Corp.
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Control Valve
Lever Ball Or
Push Button

Air Starting System

Control Valve Check Valve

Ail: Pressure
95-120 PSI
From Main
Air System

"Safety
Valve
150#

Hand Valve

Glad Hand

Air Cranking Motor

Courtesy of Mack Trucks, Inc.



Parts in Starting Circuit

Starter
Push ButtonSwitches."S----

`Key Switch

Battery

Magnetic Switch

olenoid (Motor Switch)

411111110

Starting
Motor
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Parts of a Starting Motor

Contact Disc
Contact Terminals Heavy-Duty Plunger Return Spring

Gasket Solenoid Switch
Gasket

Commutator
End Frame

Oil
Reservoir

Cable

Linkage Seal
Linkage

Shift Lever

Lever Housing

use Housing
Pipe Plug

Brush

;:

0-Rings Inspection
Plate

Commutator Pole Shoe

© General Motors Corporation

1
Field Coil

224.

Armature 0-Ring Oil
Reservoir

Shaft Seal Bronze Bushing

Bronze
Bushing

Oil Reservoir

Sprag Clutch

0
1:3



Current
From

Battery

kdir

Components of Armature

Loop

flagnetic Field

Loop Of "Live" Wire And Its Magnetic Field

Armature For Starting Motor

woo"

Loop Placed In Field Windings

Brushes

Commutator
Pole

Pieces
Field Windings

rmature

Armature And Brushes



Brush

Field Winding

Starter Field Circuits

Current From Battery

"EV

;SlY
Grounds

Field Winding

Commutator
Pole Shoe

Parallel Windings Field Coil
(4 Used)

Pole Shoe
Four-PoleTwo-Coil SeriesWound Motor Four,Pole Four-Coil Parallel-Wound Motor

Commutator

Brush
Shunt Coil

Brush Pole (6 Used) Series Coils
Pole Shoe

SixPoleSixCoil Series- Parallel -Wound Motor Compound-Wound Motor
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Types of Electromagnetic or Lever Shift Drives

Solenoid Shift Lever

Overrunning Clutch

Armature Shaft

Rollers
Collar

1 /

Overrunning Clutch Drive Engaged

Pinion Gear

2 1 on

Washer

Shell Drive
Collar

Lockout
Pin

Shift
Collar Shift Spring

Sleeveleeve

Damper

inion

Positork
Drive

Sprags wristai
Shift Collar

Sprag Clutch Drive
Reprinted with permission of Delco Remy Division, GM Corp.

Pinion

0



Series-Parallel Switch imag-1 24 Volts

Battery
12-Volt "B'

Output Terminal

Integral
Charging
System

DE-227

Battery
12-Volt "A"

Starting Switch
Battery

12-Volt "B"
Battery

12-Volt "A"

Ammeter
Optional Location

tin ^1 .."4 -P"1"E.4717,-Mnir,

Ammeter
Preferred Location

Cranking Motor (24-Volt)
Reprinted with permission of Delco Remy Division, GM Corp.
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Series Parallel Switch 0 12 Volts

0 Battery r
T 12-Volt "B"1"

A Battery
212-Volt "B"

Output Terminal

Integral
Charging
System

Starting Switch

DE-229

Series-Parallel Switch

I

I
in..
um 'Circuit Breaker Im""

IL Or FuseL MU ME NMI MO OM NM IN NM ws mi img am mu is EN dm NE

I
Solenoid Switch

Ammeter (24-Volt)
Preferred Location

MIN NI MO MI MI NM IN MI MI MN 111111 MI S
Cranking Motor (24-Volt)

Reprinted with permission of Delco Remy Division, GM Corp.

TM 8
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STARTING SYSTEMS AND CIRCUITS
UNIT V

JOB SHEET #1 - REMOVE AND REPLACE A STARTER

A. Tools and materials

1. Vehicle

2. Basic hand tool set

3. Battery cable pliers

4. Safety glasses

5. Appropriate service manual

B. Procedure

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

1. Remove starter.

a. Disconnect battery ground cable.

b. Remove the cables and electrical wires from the starter and label. (Figure
1)

(NOTE: In some cases It may be necessary to remove the starter retaining
bolts and allow the starter to be lowered to provide easy removal of the
starter wires and cables.)

FIGURE 1

Courtesy of Cummins Engine Co,, Inc.
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c. Remove aiarter retaining bolts as required. (Figure 2)

(CAUTION: The starting motor mounting capscrews can be metric or
standard thread sizes. Be sure to install the same size capscrews which
were removed.)

FIGURE 2

Courtesy of Cummins Engine Co., Inc.

d. Remove other stater 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.

b. Position starter in mounting position and start retaining bolts.

c. Tighten starter retaining bolts securely.

d. Position starter wires and cables in place and start retaining nuts.
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e. Tighten starter wires and retaining nuts securely. (Figure 3)

(NOTE: Avoid overtightening and twisting off small retaining nuts.)

FIGURE 3

Courtesy of Cummins Engin* Co., Inc.

f. Replace any brackets that may have been removed and tighten securely.

Check all connections.

h. Replace battery ground cable.

I. Start engine two or three times to check starter action.

g.

2 "
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STARTING SYSTEMS AND CIRCUITS
UNIT V

JOB SHEET #2 - DISASSEMBLE, TEST, AND REASSEMBLE A STARTER

A. Tools and materials

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 all
shop safety procedures.)

1. Disassemble starter.

a. Clean starter before disassembly.

b. , Mark the commutator end frame, drive housing, and the field-frame
assembly with a center punch. (Figure 1)

FIGURE 1

Courtesy of John Wiley & Sons, Inc. Diesel Engine Repair
by John F. Dagel, 101982.

(NOTE: These alignment marks will ensure proper commutator, end frame,
drive housing, and field frame positions when reassembling.)
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c. 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 field frame housing and thread into the shift lever housing.)

d. 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

Brushes
Field coil to brush
assembly connection

End Frame & Brush Installation.
Delco-Remy enclosed shift starter

Reprinted from MOTOR Heavy Puck Repair Manual
©1085 by permission of Th0:3 Hearst Corporation.

o. Remove the bolts that hold the lever and drive housing to the main field
frame.

f. Remove starter end frame.

g. Grasp starter houuing and remove the armature and drive assembly from
the housing.

h. Remove the armature and drive assembly from the drive housing.

(NOTE: Sometimes the solenoid and shift lever assembly must be
removed before the drive assembly and armature can be removed.)

I. Remove starter drive from armature shaft as follows:

(NOTE: On motors using snap ring and retainer as a pinion stop, continue
to Steps 1, 2, and 3.)

1) Remove thrust washer.
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2) Tap retainer toward armature to free the snap ring. (Figure 3)

FIGURE 3

Sleeve

3) Remove snap ring and retainer.

4) Remove starter drive and assist spring. (Figure 4)

FIGURE 4

J. Remove starter brushes, if required.

@CO

2. Test and service starter.

a. Clean all starter components.

(NOTE: Clean all parts by wiping with clean cloth. The armature, field
coils, and starter drive assembly must not be washed In solvent.)

b. Arrange all starter components for inspection.

c. Inspect starter bushing for looseness and replace as required.
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d. Inspect starter brushes for wear.

(NOTE: Brushes worn to half their original length or less should be
replaced.)

e. 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.)

f. 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.)

g.

FIGURE 5

Steel Blade Power Switch

Pilot Light

Courtesy of J.I. Case Company.
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h. 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
will require replacement.)

FIGURE 6

Test Probe

Test Probe

Power Switch

Pilot Light

Courtesy of J.I. Case Company.

I. Check armature shaft runout.

(NOTE: Place the armature between two V blocks and position a dial indi-
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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Check field coil 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 coils
are open and will require replacement.)

FIGURE 7

Insulated Brush

Field Connector Tab

k. 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 field coils are
grounded and will require replacement.)

FIGURE 8

I. Test, Inspect, and repie,te arty parts that are worn or damaged before reas-
sembling starter.
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3. Reassemble starter.

a. Reassemble solenoid in reverse order of disassembly.

b. Lubricate all bushings, wicks and oil reservoirs with SAE #20 oil.

c. On motors using snap ring and retainers, reassemble in the following
manner.

1) Install starter drive on armature shaft.

2) Drive snap ring on shaft. (Figure 9)

FIGURE 9 \\).

;Snap Ring

Groove

Retainer

3) Force snap ring into retainer. (Figure 10)

FIGURE 10

Thrust Washer

4) Lubricate drive housing bushing with 4 to 5 drops of S.A.E. #20 oil.

5) Make sure thrust collar is in place against snap ring and retainer.

DE241
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d. 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.)

e. Test starter with a battery and jumper cables to determine starter motor
performance.



STARTING SYSTEMS AND CIRCUITS
UNIT V

JOB SHEET #3 - TEST A STARTER MOTOR (NOLOAD)

A. Tools and materials

1. Starter

2. Basic hand tool set

3. Fully charged battery

4. Ammeter

5. Starter technical manual specifications

6. Voltmeter

7. Carbonpile resistor

8. Tachometer

9. Safety glasses

10. Appropriate service manual

B. Procedures

(CAUTION: Remove all jewelry prior to working on any electrical system, 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
Ammeter

DE243

RPM Indicator

Starting Motor

Reprinted from MOTOR Heavy Thick Repair Manual
©19015 by permission of rho Hearst Corporation.

233

Switch
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c. Connect an ammeter between battery and battery terminal of solenoid.
(Figure 1)

d. Connect a switch with leads from battery terminal of solenoid to the
switch ("1W") terminal of the solenoid. (Figure 1)

e. Connect voltmeter to the motor terminal of solenoid and to ground termi-
nal of starter. (Figure 1)

f. Connect carbon pile resistor across the battery. (Figure 1)

g. Place a tachometer on end of armature to measure armature speed. (Fig-
ure 1)

h. Start motor by connecting leads to battery terminal.

I. Vary the carbon pile resistor until the specified voltage is shown on the
voltmeter.

j. Read the ammeter for the current draw.

k. Read the tachometer for the armature speed.

I. Compare the readings with the technical manual specifications for the
starter motor being tested.

2. Interpret no -load test results by checking the problems you find.

Rated current draw and no-load speed indicates a normal starter
motor condition.

Low free speed and high current draw indicate:

_I) Too much friction

Shorted armature

3) Grounded, armature of fields

c. Failure to operate with high current draw indicates:

_1) A direct ground in the terminal or fields

_2) Frozen bearings

_d. Failure to operate with no current draw indicates:

_1) Open field circuit

Open armature coils

3) Broken brush springs, worn brushes, or high insulation
between commutator bars
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_e. Low speed and low current draw indicates high internal resistance
due to poor connections, dirty commutator, or an open field circuit.

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 outlined
in Job Sheet #4.)
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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

2. Basic hand tool set

3. Voltmeter

4. Carbonpile resistor

5. Ammeter

6. 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 sni,,,vs or nut attaching the termin& plate assembly. (Figure
1)

FIGURE 1

Contact Disk
And Rod

,01
Wire Lead
For Pull-In
Winding

or tit* ,dh,
eh

W
al& W2

or

0

Thrminai
Plate Gasket

Starter Solenoid, Exploded View Courtesy of J.I. Case Company.

Tbrminal
Studs

Terminal
Plate

2
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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.

e. Clean and Inspect all components.

f. Replace or repair all pitted, or worn parts.

g. Reassemble solenoid in reverse order of disassembly.

2. Check solenoid hold-In windings.

a. Make the test connections as shown in Figure 2.

FIGURE 2 Voltmeter

Switch

Ammeter

12V Battery
Supply

Ifoldin Winding Met
Cour,..Ay of J.I. Case Company.

b. Close the switch and adjust the carbon pile to decrease the battery volt-
age to the specified voltage. (Figure 2)

c. Record ammeter reading, turn carbon pile off and open the switch.

d. Compare ammeter reading with the test specifications.

(NOTE: A high reading indicates a shorted winding. A low reading indi-
cates excessive resistance.)
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3. Check pull -In winding.

a. Make test connections as shown in Figure 3.

FIGURE 3
Voltmeter

Switch

Ammeter

12V Pattery
Supply

Pullin Winding Test

Courtesy of J.I. Case Company.

b. Close the switch and adjust the carbon pile
age to the specified voltage.

(CAUTION: To prevent overheating, do not
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 indi-
cates excessive resistance.)

to decrease the battery volt-

energize the pull-in winding



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 volt negative ground system, using
a 40 M.T. starter.)

a. Connect voltmeter positive lead to positive battery terminal. (Figure 1)

b. Connect negative voltmeter lead to the battery terminal of the solenoid.
(Figure 1)

c. Set voltmeter on lowest scale.

d. Prevent engine from starting.

e. Crank engine and read meter.

FIGURE 1

DE251

(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.)
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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

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 voltage drop exceeds 0.3 volts, excessive resistance is indi-
cated.)
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3. Check ground cable.

a. Connect voltmeter positive lead to the ground terminal of starter. (Figure
3)

FIGURE 3

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 colts, excessive resistance is indi-
cated.)
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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 complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EV4' ',ZION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the studeet 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. Disconnected battery.
3. Removed cables and electrical wires and labeled.
4. Pamoved starter from engine.
5, Cleaned starter and block mounting surfaces.
6. Inetalled starter and tightened bolts.
7. Repositioned starter wires and cables in the correct place and

tightened nuts securely.
8. Checked all connections.
9. Replaced battery cable.

10. Started engine to check sterter action.
11. Checked input away tools and materials.
12, Cleaned the work area.
13. Used 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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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.)

Criteria:

Starter operates properly.

4

All connections are clean
and tight.

1

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 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 #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 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

1. Checked out proper tools and materials.
2. Cleaned starter before disassembly.
3. Marked starter housings.
4. Removed bolts from the commutator end frame.
5. Disconnected the field coil from the brush holders.

ME111.111.

6. Removed the lever and drive housing.
7. 'Removed the armature.
8. Removed starter drive from the armature.
9. Removed starter brushes.

10. Cleaned all starter components.
11. Inspected starter bushing and replaced it required.
12. Inspected brushes and replaced if required.

11
13. Inspected the starter drive and replaced if required.
14. Inspected armature commutator.
15. Tested the armature for short circuits.
16. Checked armature for grounds.
17. Checked armature shaft runout.

-=1.1111.

18. Checked field coil for opens.
19. Checked field coil for grounds.

IMMOI

20. Replaced or repaired any parts that were worn or damaged.
21. Lubricated all bushings, wicks and oil reservoirs.
22. Reassembled starter in the correct order.
23. Checked and adjusted pinion clearance.
24. Tested starter for operation.
25. Checked in/put away tools and materials.
26. Cleaned the work area. 4
27. Used proper tools correctly.
28. Performed steps in a timely manner ( hrs.
29.

_min _sec.)
Practiced safety rules throughout procedure.

30. Provided satisfactory responses to questions asked.
mi11.11
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JOB SHEET #2 PFIACTICAL TEST

EVALUATOR'S COMMENTS:

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each Item musi 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:

Testing procedures and
test equipment were used
correctly.

Starter motor performs
properly.

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.
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 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-
cedui e 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 ihG student Is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Connected starter to battery.
3. Connected ammeter.

YES NO

4. Connected switch.
...11mi

5. Connected voltmeter.
6. Connected carbon pile resistor.
7. Used tachometer.
8. Performed no-load test. ryllMIMMMI

9. Compared the readings of meters with technical manual.
10. Came to a conclusion on test results.
11. Checked in/put away tools and materials.
12. Cleaned the work area.
13. Used proper tools correctly.
14. Performed steps in a timely manner ( hrs.

elawl001 ri,,,rar16

15.
_min. _sec.)

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

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 evaluation.)

Criteria:

4

Made all connections cor-
rectly.

2 1

Student's evaluation is
correct.
1..111111.1711=.

4 1

_.4"

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 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 #4 - REBUILD AND 'TEST A STARTER SOLENOID

STUDENT'S NAME

EVALUATOR'S NAME

DATE

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:

1. Checked out proper tools and materials.
2. Removed the screws in terminal plate.

YES NO

1111.111.

3. Removed the screw from the pull in winding wire.
4. Removed contact disk and rod.

...
5. Removed terminal studs.

1 ilsillONN10.11

6. Cleaned and inspected and repaired or replaced all components.
7. Reassembled solenoid.

11
8. Checked solenoid held -in winding.
9. Checked pull-in winding.

10. Compared test results with specifications.
11. Checked in/put away tools and materials.

.11.11.1

12. Cleaned the work area.
1.0=1WWIMMI11=

13. Used prover tools correctly.
14. Performed steps in a timely manner ( hrs.
15.

_min. _sec.)
Practiced safety rules throughout procedure.

.11.0=11=111.

16. Provided satisfactory responses to questions asked.
INMEINIONm=1NONO 11111111110Mblielle

1111111111.111.0110

EVALUATOR'S COMMENTS:
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JOB SHEET #4 PRACTICAL TEST

PRODUCT FVALUATION

(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.)

Criteria:

All components are clean
and installed properly.

4 3

Testing procedures and
test equipment were used
correctly.

Student's evaluation is
correct.
MINIV1111.11.1%

3 2

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 points in "Product Evaluaticil" and divide by the total number of criteria.)
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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 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

1. Checked out proper tools and materials.
2. Made voltmeter connection on insulated cables.

..
3. Cranked engine and read voltage drop.
4. Made voltmeter connections for the solenoid 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.
M1111

11. Performed steps in a timely manner ( hrs.
12.

_min. _sec.)
Practiced safety rules throughout procedure.

13. Provided satisfactory responses to questions asked. 41.1

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 be submitted for evaluation.)

Criteria:

Testing procedures and
test equipment were used
correctly.

4

Student's evaluation of
test results is correct.

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 ',ob 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 criteria.)
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STARTING SYSTEMS AND CIRCUITS
UNIT V

TEST

SCORE

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

a. Ends of a magnet in the field frame assem-
bly of a starting motor

_b. Wire wrapped around pole piece to
increase the strength of the magnetic field
when current is passed through the wind-
ings

c. Main drive of starter motor; converts electri-
cal energy into mechanical energy

_d. Metal segments attached to ends of wire
loops to form contact surface on armature

_e. Sliding contacts to feed electrical energy
from battery to commutator

f. Small gear that meshes with a larger gear

_g. Electromagnetic switch that closes circuit
and engage: the motor drive pinion with the
flywheel

h. Any switch that closes the circuit between
the battery and starter motor_I Tendency of a body in motion to remain in
motion

Counter electromotive force

_k. The drop, or current used in cables

_l. Activates the motor sw!tch

List three types of starting systems.

a.

b.

c.

1. Armature

2. Brushes

3. Cemf

4. Commutator

5. Field winding

6. Inertia

7. Motor swtich

8. Pinion

9. Pole pieces

10. Solenoid

11. Starter switch

12. Voltage drop

00/..:......

2'.;
A 4.4
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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

b. Clutch

c. Drive pinion

Oil heater

e. Gear box

f. 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

Clutch

d Glow plug

e 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 electrical starting circuit.

a.

Magnetic
Switch

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
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

_ID Shoe pole

c Field frame assembly

_d. Armature

e Rotor

Drive mechanism
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TEST

10. Match component parts of a starting motor with their correct functions.

_ma. Forms a magnetic field of force around 1. Armature
armature

2. Brushes
_b. Wrapped around pole shoe to strengthen

magnetic field when current is passed 3. Commutator
through the winding

4. Field winding_c. Converts electrical energy into mechanical
energy to drive mechanism to crank engine 5. Pole shoe

d Forms contact surface for battery to feed
electrical current through armature

e. Sliding contacts which feed electrical
energy to the commutator

11. 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.

12. Select true statements concerning how a starting motor is kept running by placing an
"X" beside each statement that is true.

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-half turn
reversing their connection through sliding contacts which causes the cur-
rent to flow in the opposite direction in the armature windings.

13. Arrange in order the current flow in an electrical starting motor circuit by placing the
correct sequence number beside each step.

a The solenoid closes allowing current to flow from the battery terminal of
the solenoid to the motor to minal 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 solenoid.

255
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14. Identify four types of starter field circuits.

a.

c.

Parallel Windings Field Coil
(4 Used)

Pole Shoe

Brush

Field Winding,

b.

DE-269

Current From Battery

Field Winding

Commutator

Pole Shoe

Brush

Series Coiis

d.

Commutator

Shunt Coil

Pole Shoe

15. Match the types of starter field circuits with the current flow in each type circuit.

Current flows through all field windings
before it flows through the two insulated
brushes to the armature.

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 One-third of the current flows through each
pair of field windings to one of the three
Insulated brushes.

One or more of the poles is shunt wound,
connected directly to ground to prevent
excessive speeds.

2 5 6

1. Compound-wound

2. Parallel-wound

3. Series-parallel-wound

4. Series-wound
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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

Shell Drive
Collar

Lockout
Pin

Shift
Collar Shift Spring

Sleeve

Damper

a.

inion

Solenoid Shift Lever

Pinion Stop

Sprags

Shift Collar

c.

257
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19. Arrange In order the steps in the operation of a series-parallel switch by placing the
rect sequence number beside each step.

a. Solenoid circuit k 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 transformer-rectifier unit by placing the
correct sequence number beside each step.

a. This action engages the solenoid and current then flows from tho battery
terminal of solenoid to the motor terminal, through the starter to ground,
and into the negative post of the batteries marked A. This action connects
both sets of batteries In series, creating z4 V for starting.

12/24-V

Integral
Charging
System

Vehicle
Loads

b. 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 solenoid
switch, to and over the magnetic switch disk, to insulated terminals, and
through the solenoid windings to ground.

12/24-V

Integral
Charging
System

+24V

+12V

+12-V
Battery

B

+ V
Battery

Start
Switch

Magnetic
Switch

Vehicl
Loades

+1 -V
Battery

A

+12-V
Battery

A

24-V
Cranking

Motor

258
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TEST

_._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.

12124V
Integral

Charging
System +24V

Vehicle
Loads

24V
Cranking

Motor

+12-V
Battery

A

(NOTE: if the following activities have not been accomplished prior to th5 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)



t a.
b.
c.
d.
e.
f.

STARTING SYSTEMS AND CIRCUITS
UNIT V

ANSWERS TO TEST

9 g. 10
5 h. 7

1 I. 6
4 j. 3
2 k. 12
8 I. 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, o, e, f

5. a, b, d, 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. a, c, d, f

10. a. 5
b. 4
c. 1

d. 3
e. 2

11. Conductor, rotate, magnetic

12. a, b

260
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ANSWERS TO TEST

13. a. 3
b. 1

G. 2

14. a. Parallel-wound
b. Caries-wound
c. Series-parallel-wound
d. Compound-wound

15. a. 4
b. 2
C. 3
d. 1

16. a. Manual
b. Solenoid
c. Magnetic
d. Series-parallel

17. Explanation should include:
a. Inertia of armature acting through drive mechanism
b. Electromagnetic plunger to mechanically shift pinion into mesh

18. a. Positork®
b. Overrunning clutch
c. Sprag clutch drive

19. a. 2
b. 1

c. 3

20. a. 3
b. 2
c. 1

21. Performance skills evaluated to satisfaction of instructor



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 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 5e able to:

1. Match terms related to ignition circuits with their correct definitions.

2. Explain the purpose of an ignition circuit.

3. Identify col aponen61 of an Ignition circuit.

4. Match components of an ignition circuit with their correct fui lotions.

5. Distinguish between primary and setAdary Ignition circuit components.

6. Identify components of a distributor.

7. Arrange in order steps in the operation of an ignition circuit beginning with the bat-
tery through one complete cycle.

8. Identify components of a distributor with a built-in governor.

9. Arrange in order sops in the operation of a governed distributor.

10. Distinguish between transistorized and capacitive discharge ignition systems.

DE-275
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OBJECTIVE SHEET

11. Match major components of an electronic ignition system with their functions.

12. Select true statements concerning general precautions for electronic ignition sys-
tems.

13. 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. Adjust dwell 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)
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IGNITION CIRCUITS
UNIT VI

SUGGESTED ACTIVITIES

A. 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.)

B. Make transparencies from the transparency masters Included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information sheet.

F Discuss information sheet.

(NOTE: Use the transparencies to enhance the information as needed.)

G. Provide students with job sheets.

H. Discuss and demonstrate the procedures outlined in the job sheets.

I. 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. Crscus 'gnition cables.

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 it necessary.

REFERENCES USED IN DEVELOPING THIS UNIT

A. Electronic Engine Controls Manual. Radnor, PA: Chilton Book Co., 1985.

B. Foutes, William A. Diesel Mechanics: Electrical Systems. Stillwater, OK: MidAmerica
Vocational Curriculum Consortium, 1982.

2E4
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REFERENCES USED IN DEVELOPINg THIS UNIT

C. Fundamentals of Service: Electrical Systems. 4th ed. Moline, IL: Deere and Co., 1979.

D. Truck and Diesel Repair Manual. 34th ed. New York, NY: Motor, 1981.

SUGGESTED SUPPLEMENTAL RESOURCES

A. Text

Chilton's Guide to Electronic Engina Controls
Order #CH-7535
Teaching Aids Incorporated
P.O. Box 1798
Costa Mesa, CA 92628-0798

B, Filmtitrips

1. The Ignition System Explained
Order #B.401
Teaching Aids Incorporated
P.O. Box 1798
Costa Mesa, CA 92628-0798

2. Electronic Ignition Systems
Grder #D-E1000
Teaching Aids Incorporated
P.O. Box 1798
Costa Mesa, CA 92628-0798
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IGNITION CIRCUITS
UNIT VI

INFORMATION SHEET

1. Terms and definitions

A. Coil polarity A means of connecting the coil primary windings to the dis
tributor so that current produced at the spark plug will travel from center
electrode to ground

Example: Negative-ground systems The negative primary terminal of
coil is connected to distributor. Positive-ground systems The
positive primary terminal is connected to the distributor.

B. Condenser A unit installed between the breaker points and coil to pre-
vent arcing

(NOTE: A condenser has the ability to absorb and retain surges of electric-
ity.)

C. Dwell Number of degrees of distributor cam rotation that the ignition
points are closed

D. Electronic ignition system ignition system using a control unit and mag-
netic pickup to open and else the primary circuit

E. Electronic module A switching device that opens and closes the ignition
to primary ground circuit

F. Primary ignition circuit Low voltage circuit which energizes the ignition
coil

G. Secondary ignition circuit High voltage circuit which produces electrical
current to jump spark plug gap

H. Spark plug Provides thu gap for the high voltage spark to ignite the fuel/
air mixture

I. Timing Igniting the fuel-air mixture at the exact instant that will enable
the engine to develop maximum power

J. Timing marks fv1,.:ts used to synchronize ignition circuit so that plugs
will fire at precise time

(NOTE: Timing marks are usually located on the vibration damper or fly-
wheel.)

2G6
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INFORMATION SHEET

11. Purpose of an ignition circuit The ignition circuit produces a voltage spark
which ignites the fuel-air mixture in the engine cylinder.

Ili. Components of an ignition circuit (Transparency 1)

A. Battery

B. Ignition switch

C. Primary resistance unit

D. Ignition coil

E. Contact points

F. Condenser

G. Distributor

H. Breaker cam

I. 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.)

J. Rotor

K. Distributor cap

L. Spark plug

M. Primary ignition wire

N. Secondary ignition cable

O. Ignition bypass circuit

IV. Components of an ignition circuit and their functions (Transparency 1)

A. Battery Source of elcotrical power

B. Ignition switch upens and closes the primary circuit between battery
and contact points

C. Primary resistance unit Reduces voltage in the primary circuit to protect
the cor tact points

2R 7
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INFORMATION SHEET

D. Ignition coil Transforms low voltage into high voltage necessary to jump
the spark plug gap

E. Contact points Make and break the primary circui to allow the coil to
produce high voltage at the spark plugs

F. Condenser Device that absorbs surges in the primary 4Ircu it when the
opening of the ignition points causes an interruption in current flow

G. Distributor Contains the contact points and condenser; distributes the
high voltage current from the coil to the proper cylinder

H. Breaker cam Opens and closes the contact poir.

I. Spark-advance mechar-sm Regulates the timing of the high voltage cir-
cuit for best ignition during all speed and load conditions

J. Bator Takes the high voltage current from the coil and directs it to the
correct cylinder

K. Distributor cap Holds the coil and spark plug wires in a sequence and
provides a cover for the distributor

L. Spark plug Provides a spark gap inside the engine cylinder to ignite the
fuel-air mixture

M. Primary ignition wire Carries low voltage from the saattery through the
ignition coil to the points

Secondary ignition cable Carries high voltage from the secondary side
of the coil to the spark plug (heavily insulated wire)

0. Ignition bypass circuit Primary ignition circuit that bypasses the ignition
resistance unit, permitting full battery voltage to the ignition coil during
starting only

V. Ignition *cult components

A. Primary Low voltage circuit (Transparency 2)

1. Battery

2. Ignition switch

3. Resistance unit

4. Primary winding of the coil

2k8



282

INFORMATION SHEET

5. Contact points

6. Condenser

7. Low voltage wire that connects the units

B. Secondary High voltage circuit (Transparency 3)

1. Secondary winding of the coil

2. Distributor cap

3. Rotor

4. Spark plug

5. High voltage wire that connects the units

VI. Components of a distributor (Transparency 4)

A. Distributor cap

B. Rotor

C. Gentrifugal advance mechanism

D. Condenser

E. Vacuum advance unit

F. Breaker plate

G. Distributor cam

H. Contact points

I. Distributor housing

J. Primary lead wire

K. Distributor drive gear

Ograratien c4 an Wolfram Wreuit

A. With the 1,4nitlon switch on and the contact points closed:, low voltage cur-
rent flows ircfrn the brAtery through the primary winding of the coii and
through the corAact points to murid, (Tian. parcncy 5)

E-3, The ktx of km voits.ige cun'ent throuoh Ow primary winalgs o Viti-1 coil
cauase a magnetic tioici builtiPo Cit'anaptigremy 6)



INFORMATION SHEET

C. As the contact points open, current attempts to flow across the point sur-
faces; the condenser attached to the points absorbs this flow of current.
(Transparency 7)

D. Stopping this flow of current cam38 the magnetic field of the coil to col-
lapse across the secondary coil windings, causing a high voltage surge.
(Transparency 8)

E. 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.
(Transparency 9)

VIII. Components of a distributor with a built-in governor

(ik!OTE: Except for the built-in maximum speed governor, this distributor is similar
to the standard distributor.)

Ballast
Weight

Huttaar
Cushlon

Valve
Shaft

Vacuum
Passage Distributor

Main Shaft

Bail Win Engine Maximum Speed Governor
Mechanism

A. Valve shaft

B. Ballast weight

C. Adjusting nut

D. Return awing

E. Cover band

Adjusting
Nut

Return
Spring

Reprinted with nermienion of Delco Remy Diviefon, GM Corp.
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INFORMATION SHEET

IX. 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 control the butterfly valve posi-
tion except when the actuator diaphragm pull is sufficient to overcome the
opposing spring force.

B. When the distributor 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.

Distributor

To Carburetor
Air Cleaner Butterfly Valve 1Carburetor

Carburetor
Actuator

Centrifugal Valve
Manifold Vacuum

Air Flow And Vacuum Connections Between
Carburetor And Delco-Remy Governed Distributor (Typical)

Reprinted from MOTOR Truck and Diesel Repair Manual ©1985 by
permission of 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. Transistorized and capacitive discharge ignition systems

(NOTE: Both variations are designed to 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
volt') je to tne primary windings in coil.

B. Cavcitive discharge system

1. System contains special ignition distributor, amplifier, and special
coil.

2. System operates to charge a capacitor tr a high voltage vhich, on
signal from distributor, is then discharged through the primary wind-
ings in coil.



INFORMATION SHEET

XL Major components of an electronic ignition system and their functions (Transpar-
ency 11)

(NOTE: 1.ie electronic ignition system functions the same as the conveitIonal
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
conventional system.)

A. Resistor Maintains constant primary current flow according to engine
speed and is bypassed during cranking

Courtesy of Allied Aftermarket, Division of AilledSignal, Inc.

B. Control module Controls the flow of current in the primary windings of
the ignition coil and maintains constant dwell

(NOTE: On Ford, Chrysler, and American Motors, this module Is a separate
unit, mounted firmly to the firewall or fender shied. On G.M. cars, it is self-
contained within the distributor.)

Electronic
Control Module 11111PONMEM1111111B

Courtesy of Allied Aftermarket, Division of AilledSignal, Inc.

C. Magnetic pickup assembly Sends a small voltage pulse to the control
unit to trigger switching transistor to stop current flow in the coil primary
windings

D. Armature or reluctor Rotates with the distributor shaft producing a volt-
age pulse in the magnetic pickup

Courtesy of Allied Aftermarket, Division of AilledGgnal, Inc.
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IM-ORMATION SHEET

XII. 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 components.

B. Never reverse the battery polarity or disconnect the battery with the engine
running.

C. 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.)

D. Check all replacement part numbers carefully.

(CAUTION: Installing the wrong component for a specific application can
damage the system.)

E. All 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
Spark Advance Mechanism

Condenser

Contact Points

I Secondary Ignition Cable

Breaker Cam

Rotor Primary Resistance Unit Ignition Switch

Distributor

Spark
Plug

Ignition
Coil

Contact
Disk

Resistor Bypass Circuit
Operates Only While

Cranking Engine
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Motor
Terminal

Starting Motor

Ignition
Bypass
Circuit

Battery

ri_117-1"

275 .61



To Starter
Motor

Primary Circuit

Contact Points

40d
8/11111111/11111011111

Condenser It

pri.-;iary Winding
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littBattery

`NN Ignition Switch

qlt 111

ow Voltage
Wire

Coil

Resistance Unit
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Tr

Secondary Circuit

High Voltage Wire

441 44.11 404 10 4/*IS frustimmordr4nragrateac

Rotor

difi\f"

Spark

Plug

Secondary

Winding
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Distributor

Cap

V
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Contact Points

280

Components of a Distributor

Primary Lead

c.=E
Distributor

Cam

Distributor Cap

Breaker
Plate

Permanent
Lubrication
Reservoir

Centrifugal
Advance

Mechanism

Vacuum Advance
Unit

Reprinted with permission of Delco Remy DiviC.m, GM Corp.
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Operation of an Ignition Circuit WAgriXe

282

Contact Points
(Breaker Points)

Closed

am was o sue.

:t Primary

Primary

Winding

Ignition Coil

Resistance Unit

Ignition

Switch On

2 r4iI, I:,

to



Operation of an Ignition Circuit B

's4

Contact Points
(Breaker Points)

Closed

4*
Wallin Ill III Rio

g

Primary

Winding

ma4

a

Magnetic Field Build Up ljnition
Switch On

2R5
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Operation of an Ignition Circuit --- C

Contact Points
(Breaker Points)

Open

Condenser

Absorbs Extra Current

Momentarily to Prevent

Points from Arcing

2S6

Ignition

Switch On

11.1111,
VIM
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Operation of an Ignition Circuit D

2R8
co

Contact Points
(Breaker Points)

Open

Ignition Coil

High Voltage Surge

-Li!rr11-
L

ammo.. Iworarmleamaeol

Ignition

Switch On

Secondary Winding

Magnetic Field Collapses Across

the Secondary Coil Winding

2S9
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Distributor

Operation of a Governed Distributor

To Carburetor
Air Cleaner

Carburetor

Butterfly
Valve

Carburetor
Actuator

Centrifugal
Valve

Reprinted from MOTOR Mick and Diesel Repair Manual 01985 by
permission of The Hearst Corporation.
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Manifold
Vacuum
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Major Components of an Electronic
Ignition System

Ignition Coil
Electronic

Control Module

Distributor
Cap

Spark Plug

Rotor

igniiion
Switch

Vacuum
Advance

Reluctor
or Armature

Magnetic
Pick-Up

Courtesy of Allied Aftermarket, Division of Inc,
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IGNITION CIRCUITS
UNIT VI

JOB SHEET #1 - REMOVE AND INSTALL A DISTRIBUTOR

A. Tools and materials

1. Engine

2. Basic hand tool set

3. Set of ignition wrenches

4. Special distributor wrenches as required

5. Auxiliary starter button

6. &dark plug socket wrench

7. Shop towels ,

8. Safety glasses

9. 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. Remove the distributor wire from coil 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.

2.9
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JOB SHEET #1

Remove distributor clamp screw and hold-down clamp. (Figure 1)

FIGURE 1

REMOVE THIS CLAMP

h. Pull distributor up slowly and check direction the rotor tuns.

(NOTE: The amount the rotor turns and the direction it turns will be neces-
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 foreign material Into open.
ing. Cover with a shop towel.)

j. Service distributor as required.

2. Install distributor.

a. Remove number one cylinder spark plug.

b. Install auxiliary starter button, and crank the engine until compression is
felt on number one cylinder.
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JOB SHEET #1

c. 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)

FIGUR 2

it

d. Place distributor in opening.

(NOTE: The rotor must be pointing in the same direction as it was before
removal.)

e. Move distributor, if necessary, to engage the oil pump shaft.

(NOTE: Occasionally the distributor will not fall into place because the oil
pump shaft has moved. The rotor should be positioned as close as possi-
ble to the beginning location and the engine mtated slightly until it falls
into place. Some distributor drives will be driven by oil pump and gear
mesh will not be necessary.)

f. Install hold-down clamp and clamp screw.

g. Static time point openings.

(NOTE: A connection between distributor side of coil and ground with a
light or buzzer can be used.)

h. Tighten the hold-down screw slightly.

I. Replace vacuum lines.

J. Replace distributor cap and wires if removed.

k Replace spark plugs and plug wires.

I. Replace distributor lead wire.

m. Check all connections for correct placement.

n. Start engine and check timing.

o. Gneck operation of automatic advance.
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IGNITION CIRCUITS
UNIT VI

JOB SHEET #2 REMOVE AND REPLACE CONTACT POINTS
AND CONDENSER

A. Tools and materials

1. Engine

2. B. sic hand tool set

3. Ignition wrenches

4. Feeler gauges, .010-.025

5. Distributor cam lubricant

6. Point alignment tools

7. Timing light

8. Shop towels

9. Safety glasses

10. Appropriate service manual

Procedure

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

1. Make sure that ignition switch is in the off position.

2. Remove distributor cap.

3. Remove rotor.

4. Determine condition of contact points 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. (Figure 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.

300



DE-315

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.)

FLAME 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 avoid 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 the engine to pos;tion the rubbing block of the contact points on
the peak of the cam lobe.)

FIGURE 4

Feeler Gauge

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 engine, if removed.

24. Start engine.

302
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JOB SHEET #2

25. Set timing to manufacturer's specification. (Figure 5)

FIGURE 5

DS17



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
safety procedures.)

1. Connect dwell meter. (Figure 1)

(CAUTION: Observe correct hookup procedures, and position wires away from
moving engine parts.)

FIGURE

//

Distributor Side of Coil

Black Red

Dwell Meter

2. Refer to manufacturer's specifications for desired mill setting.

3. Start tho engine.

3Q4
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JOB SHEET #3

4. Adjust idle speed to manufacturer's specification.

5. Raise distributor cap adjustment window.

6. Insert hex wrench into contact point adjustment screw. (Figure 2)

FIGURE 2

Hex Wrench Contact Point

Adjusting Screw

7. Adjust contact point dwell while observing dwell meter reading to comply with
manufacturer's specifications.

(NOTE: Recheck engine idle speed.)

8. Remove hex wrench and recheck dwell 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 04 - CHECK AND SET IGNITION TIMING

A. Tools and materials

1. Engine

2. Timing light

3. Combination end wrenches, 7/18"-9h6"

4. Special distributor wrenches as required

5. Chalk

6. Shop towels

7. Safety glasses

8. Appropriate service manual

B. Procedure

(CAUTION: Remove all Jewelry prior 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

3. Locate and clean the ignition timing marks on the harmonic balancer; mark with
chalk.

4. Locate and clean the timing pointer or plate on the front cover.

5. Connect the timing light according to the instructions for the light being used.

(NOTE: Do not puncture spark plug cables with pins or clips to make connec-
tions.)

6. Position wires away from moving engine parts.

7. Start the engine.

8. Make sure the engine Is Idling at manufacturer's recommendations.

(NOTE: The engine must Idle correctly to prevent Incorrect timing caused by the
centrifugal advance.)

9. Direct the timing light toward the timing marks. (Figure 2)

(NOTE: If the timing is correct, the timing marks will line up at the check point, If
the timing is Incorrect, proceed as follows.)

FIGURE 2

TIMING
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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 engine.

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. Tools and materials

1. Engine

2. Spark plug socket, 3/8" drive

3. Ratchet, 3/8" drive

4. Extensions, 3"-6"-10" by 318" drive

5. Shop towels

6. Safety glasses

7. Appropriate seNice manual

8. Torque wrench

B. Procedure

(CAUTION: Remove all jewelry prior to working on electrical system, and follow all shop
*slaty procedures.)

1. Remove spark plug wires.

(NOTE: Pull the wire from the spark plug by grasping the terminal, not by pulling
on the wire.)

2. Loosen the spark plugs.

3. Clean the area around the spark plug by blowing, wiping, or brushing. (Figure 1)

(CAUTION: Protect your eyes when using compressed air.)

FIGURE 1

CLEAN AROUND SPARK PLUG
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JOB SHEET #5

4. 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

I

ARRANGE IN ORDER

3

5. Wipe the plug hole seat with a clean, dry cloth.

(NOTE: Be careful not to get dirt or filings Into the combustion chamber.)

6. Consult the service manual for the proper spark plug.

7. Reset gap on new spark plugs to manufacturer's specifications. (Figure 3)

(NOTE: Use a wire gauge to check the gap. Make sure tne electrode surfaces are
parallel. Regap every time plugs are serviced.)

(CAUTION: Bend only the ground electrode.)

FIGURE 3

Gap Setter

-OBI)

RESET SPARK PLUG GAP

round Electrode
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JOB SHEET #5

8. Install the plug by hand until tight.

9. Finish the installation with a torque wrench, using torque recommendation in
Table 1.

Table 1

SAE-ISO RECOMMENDED INSTALLATION TO; _OWE

Plug Thread
Cast Iron Heads

Pound Feet Newton Meters
Alt...11nm Heads

Pound Feet Newton Meters

10mm Gasket Seat 7-11 lb. ft. 10.15NM 7-11 lb. ft. 10-15NM

12mm Gasket Seat 11.19 lb. ft. 15-25NM 4.1-19 lb. ft. 15-25NM

14mm Gasket Seat 26-29 lb. ft. 35-40NM 15-22 lb. ft. 20.30NM

14mm Tapered Seat 7-15 lb. ft. 9-20NM 1 -15 lb. ft. 9.20NM

18mm Gasket Seat 32-38 lb. ft. 43-52NM 28-34 lb. ft. 38-46NM

18mm Tapered Seat 15-20 lb. ft. 20-27NM 15-20 lb. ft. 20-27NM

7/8"-18 35.43 lb. ft. 47-58NM 31-39 lb. ft. 42-53NM

If no torque wrench is available tapered seat 14 and 18mm tighten lhaw turn (snug) after finger tight. 14
and 18mm gasket seat plugs tighten 1/2" turn past snug. 12mm gasket seat plugs tighten 318" turn past
snug. lOmm gasket seat plugs tighten 114" turn past snug.

Courtesy of Allied 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

EVALUATOR'S NAME

DATE

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

1. Checked out pcopof ioois and materials.
2. Disconnected negative battery cable.
3. Removed the distributor wire from coil or distributor.
4. Removed distributor cap.
5. Removed vacuum hose and plugged.
6. Removed clamp screw and hold-down clamp.
7. Removed distributor.
8. Removed number one spark plug and found top dead center on

number one cylinder.

M11.11=.

9. Installed distributor.
MIIMI111/1

10. Installed hold-down clamp and clamp screw.
11. Replaced vacuum line.
12. Replaced distributor cap and wires.
13. Replaced spark plugs and plug wires.

W=1
14. Checked all connections for correct placement.
15. Started engine and checked timing.
16. Checked in/put away tools and materials.
17. Cleaned the work area.
18. Used proper tools correctly.
19. Performed steps In a timely manner (_____hrs.
20.

_min. _sec.)
Practiced safety rules throughout procedure.

21. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #1 PRA ;TICAL 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. Pee eerformance
evaluation key below.) If the student unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

2 1

Steps were performed in
proper sequence.

4

Engine performs
correctly.

3 1

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, totalthe 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 tar*, 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 .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 in this procedure. If the student is
unable to achieve this coopetency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Checked to see that the ignition switch was off.
3. Removed eintributor cap.
4. Removed rotor.
5. Disconnected wires from points and condenser.
6. Removed contact point sot.

YES NO

7. Removed condenser. 7 011=11 1110

8. Installed new points and condenser in distributor.
9. Checked point alignment and adjusted as required.

ISMONINI 1111111==*

10. Adjusted contact points.
11

11. Installed rotor and distributor cap.
12. Started engine and checked timing.
13. Checked inlput away tools and materials.
14. Cleaned the work area.

ilimM11.

15. Used proper tools correctly.
1

16. Performed steps in a timely manner
17. Practiced safety rules throughout procedure.

_sec.)

18. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

3 1 4
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JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Hate 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.)

Criteria:

Sequence of steps

Point alignment

Performance of engine

4 3 2 1

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

add!tional 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 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 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

1. Checked out proper tools and materials.
2. Connected dwell meter.

MININ11.011= 1101
3. Started engine and adjusted idle.

11
4. Adjusted point dwell.
5. Killed engine and removed dwell meter.

111
6. Checked in/put away tools and materials.
7. Cleaned the work area.
8. Used proper tools correctly.

qmilm

9. Performed steps in a timely manner ( hrs.
10.

_min. _sec.)
Practiced safety rules throughout procedure.

11. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

316
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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 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

Sequence of steps

4

Dwell setting

1

4

Engine performance

3

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.
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 criteria.)
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IGNITION CIRCUITS
UNIT VI

PRACTICAL TEST
JOB SHEET #4 CHECK AND SET IGNITION TIMING

STUDENT'S NAME

EVALUATOR'S NAME

DATE

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" mus* receive a
"Yes" for you to receive an overall performance (

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. Obtained manufacturer's specifications.
3. Removed vacuum line at the distributor and plugs.

s
4. Marked harmonic balamt.
5. Connected timing light.
6. Started engine and set idle.
7. Set timing using timing light.
8. Killed engine aid disconnected timing light.
9. Replaced vacuum line and ran engine.

10. Checked in/put away tools and materials.
11. Cleaned the work area,
12. Used proper tools correctly.
13. Performed steps in a timely manner ( hrs. _,...min.
14. Practiced safety rules throughout procedure.

.sec.)

15. 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.)

Criteria:

4 3 2 1

Sequence of steps

3

Engine timing is set cor-
rectly.

2 1

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 Unskiiled 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 criteria.)



IGNITION CIRCUITS
UNIT VI

PRACTICAL TEST
JOB SHEET #5 REMOVE, SERVICE, AND REPLACE SPARK PLUGS

STUDENT'S NAME

EVALUATOR'S NAME

DATE

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 "Yea" 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:

1. Checked out proper tools and materials.
2. Removed plug wires.
3. Removed spark plugs.
4. Consulted service manual.
5. Reset or checked spark plug gap.
13. Installed spark plugs.
7. Torqued plug with torque wrench.
8. Replaced spark plug wires.
9. Checked in/put away tools and materials.

10. Cleaned the work area.
11. Used proper tools correctly.
12. Performed steps in a timely manner (_hrs. _min. _sec.)
13. Practiced safety rules throughout procedure.
14. Provided satisfactory responses to questions asked.

YES NO

MaIMMIMMINNIMINOMM

=11111
1 INNIN

1.10.11001

=111. 11,S0

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 be submitted for evaluation.)

Criteria:

4

Sequence of steps

3 2 1

Spark plug gap
1.110111111MIIIIIMIN

4 3

4

Engine performance

3 2

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY
MIL11111111%

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 points in "Product Evaluation" and divide by the total number of criteria.)



IGNITION CIRCUITS
UNIT VI

NAME SCORE

TEST

1. 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

__b. 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

g. 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

i. A switching device that opens and closes
the ignition to primary ground circuit

Provides the gap for the high voltage spark
to ignite the fuel/air mixture

j.

2. Explain the purpose of an ignition circuit.

1. Coil polarity

2. Condenser

3. Dwell

4. Electronic ignition
system

5. Electronic module

6. Primary ignition cir-
cuit

7. Secondary ignition
circuit

8. Spark plug

9. Timing

10. Timing marks
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TEST

3. Identify the components of an ignition circuit.

b.

d.

f.

h.

1.

n.

32,3



TEST

4. Match the components of an ignition circuit on the right with their correct functions.

a. Source of electrical power

b. Opens and closes the primary circuit
between battery and contact points

c. Reduces voltage in the primary circuit to
protect the contact points

d. Transforms low voltage Into high voltage
necessary to jump the spark plug gap

e. Make and break the primary circuit to allow
the coil to produce high voltage at the spark
plugs

f. 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

g.

h. Opens and closes the contact points

Regulates the timing of the high voltage cir-
cuit for best ignition during all speed and
load conditions

J. Takes the high voltage current from the coil
and directs It to the correct cylinder

k. 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

m. Carries low voltage from the battery through
the ignition coil to the points primary side of
the ignition coil

n. Carries high voltage from the secondary
side of the coil to the spark plug

o. Primary ignition circuit that bypasses the
ignition resistance unit, permitting full bat-
tery voltage to the ignition coil during start-
ing only

3 2 4

1. Battery

2. Breaker cam

3. Condenser

4. Contact points

5. Distributor

6. Distributor cap

7. Ignition bypass cir-
cuit

8. Ignition coil

9. Ignition switch

10. Primary ignition wire

11. Primary resistance
unit

12. Rotor

13. Secondary ignition
cable

14. Spark-advance mech-
anism

15. Spark plug

DE-341
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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

I. Secondary winding of the coil

g. High voltage wire that connects the units

h. Low voltage wire that connects the units

I. Contact points

_J. Battery

k Primary winding of the coil

I. Spark plug



TEST

6. Identify the components of a distributor.

c.

e.

9.

i.

k.

b.

d.

f.

h

7. Arrange in order the steps in the operation of an ignition circuit beginning 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 flow across the point sur-
faces; the condenser attached to the points absorbs this flow of current.

b. 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 low voltage current through the primary windings of the coil
cams a magnetic field buildup.
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TEST

d. Stopping this flow of current causes the magnetic field of the coil to col-
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 coil and
through the contact points to ground.

8. identify the components of a distributor with a built-in governor.

Rubber
Cushion

0.

Air Passage

Latch

Vacuum
Passage

Seals

Distributor
Main Shaft

Bull o Engine Maximum Speed Governor
Mechanism

d.



TEST

9. Arrange in order the steps in the operation of a governed distributor by placing the cor-
rect sequence number beside each step.

Distributor

To Carburetor
Air Cleaner

Butterfly Valve Carburetor

Carburetor
Actuator

Manifold Vacuum

Air Flow And Vacuum Connections Between
Carburetor And Dt., co-Remy Governed Distributor (Typical)

When the distributor shaft revolves fast enough the centrifugal !orceof the
weight pulls against the spring, causing the valve shift to move transver-
sely in the main shaft restricting the flow of air.

b. 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.

c. Vacuum from the intake manifold draws air through the air cleaner,
through the distributor and past the carburetor actuator. An overriding fea-
ture on the butterfly valve allows the foot pedal to control the butterfly
valve position except when the actuator diaphragm pull is sufficient to
overcome the opposing spring force.

10. Distinguish between transistorized and capacitive discharge ignition systems by plac-
ing an "X" next to the descriptions of transistorized ignitions.

_a. System contains special ignition distributor, amplifier, and special coil.

_b. Transistors allow very low voltage through the points and very high voltage
to the primary windings in coil.

Amp lifer is Included in circuit between points and ignition coil.

System operates to charge a capacitor to a high voltage 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.

-C. Maintains constant primary current flow
according to engine speed and is bypassed
during cranking

o Sends a small voltage pulse to the control
unit to trigger switching transistor to stop
current flow in the coil primary windings

c. Rotates with the distributor shaft, producing
a voltage pulse in the magnetic pickup

d. Controls the flow of current in the primary
windings of the ignition coil and maintains
constant dwell

1. Armature or reluctor

2. Control module

3. Magnetic
assembly

4 Resistor

pickup

12. Select true statements concerning general safety precautions for electronic ignition
systems by placing an "X" beside each statement that is true.

_a. Always turn the ignition off when disconnecting or connecting any electri-
ca: uunnectors or components.

Reverse the battery polarity or disconnect the batter with the engine run-
ning.

c. Disconnect the ignition switch feed wire at the distributor when making
compression tests.

d. 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
instructor when they should be completed.)

13. 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. 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)

3I'9
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IGNITION CIRCUITS
UNIT VI

ANSWERS TO TEST

a. 9 f. 2
b. 10 g. 1

c. 6 h. 4
d. 7 I. 5
e. 3 J. 8

2. Explanation should Include The ignition circuit produces a high voltage spark which
ignites the fuelair mixture in the engine cylinder

3. a. Battery
b. Ignition switch
c. Primary resistance unit
d. Ignition coil
e. Contact points
f. Condenser
g. Distributor
h. Breaker cam
I. Spark-advance mechanism
J. Rotor
k. Distributor cap
I. Spark plug
m. Primary ignitio wire
n. Secondary ignition wire
o. Ignition bypass circuit

4. a. 1 f. 3 k. 6
b. 9 g. 5 I. 15
c. 11 h. 2 m. 10
d. 8 I. 14 n. 13
e. 4 J. 12 o. 7

5. a. P e. S I. P
b. P f. S j. P
c. S g. S k. P
d. P h. P I. S

8. a. Distributor cap
b. Rotor
c. Centrifugal advance mechanism
d. Condenser
e. Vacuum advance unit
f. Breaker plate
g. Distributor cam
h. Contact points
I. Distributor housing
J. Primary lead wire
k. Distributor drive gear
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ANSWERS TO TEST

7. a. 3
b. 5
c. 2
d. 4
e. 1

8. a. Valve shaft
b. Ballast weight
c. Adjusting nut
d. Return spring
e. Cover band

9. a. 2
b. 3
c. 1

10. b,

11. a. 4
b. 3
c. 1

d. 2

12. a, c, d, e

13. Performance skills evaluated to satisfaction of instructor
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ALTERNATOR CHARGING CIRCUITS
UNIT VII

UNIT OBJECTIVE

After completion of this unit, the student should be able to test charging circuits and remove,
replace, and rebuild an alternator. 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:

1. Match tPri." related to alternator charging circuits with their correct definitions.

2. State the purpose of the alternator charging circuit.

3. Match alternator charging circuit components with their correct functions.

4. Identify the major parts of an alternator.

5. Discuss the construction of stator windings.

6. Distinguish between types of alternator circuits.

7. Select from a list characteristics of a brushless alternator.

8. Select true statements concerning the operation of a brushless alternator.

9. Select true statements concerning the operation of a transistorized regulator.

10. Complete statements concerning safety rules for working with alternator charging
circuits.

.3,2
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OBJECTIVE SHEET

11. Demonstrate the ability to:

a. Test the Ford alternator charging circuit 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 regulator. (Job Sheet #4)

e. Test an Si. series alternator. (Job Sheet #5)

f. Test charging circuit resistance for GM alternator. (Job Sheet #6)

3 :13



DE-351

ALTERNATOR CHARGINC. CIRCUITS
UNIT VII

SUGGESTED ACTIVITIES

A. 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.)

B. Make transparencies from the transparency masters included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information sheet.

F. Discuss information sheet.

(NOTE: Use the transparencies to enhance the information as needed.)

G. Provide students with Job sheets.

H. Discuss and demonstrate the procedures outlined in the job sheets.

I. Integrate the following activities throughout the teaching of this unit:

1. Demonstrate different types of testing equipment.

2. Have students identify different models of alternators.

3. Demonstrate the removal of different types of diodes.

4. Review safety precautions 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. Eve luato test.

L Reteach if necessary.
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REFERENCES USED IN DEVELOPING THIS UNIT

A. Armstrong, Ivan J. Auto Mechanics. Stillwater, OK: State Department of Vocational and
Technical Education, 1978.

B. Delco Remy Service Manual No. 1.2. Service Bulletin IG-266. Detroit, MI: AC-Delco, 1983.

C. Foutes, William A. Diesel Mechanics: Electrical Systems. Stillwater, OK: Mid-America
VocaVonal Curriculum Consortium, 1982.

D. Fundamentals of Service: Electrical Systems. 4th ed. Moline, IL: Deere and Co., 1979.

E. Schulz, Erich J. Diesel Mechanics. 2nd ed. Dallas, TX: McGraw-Hill Book Co., 1983.

SUGGESTED SUPPLEMENTAL RESOURCES

A. Text

Heavy Truck Repair Manual, Order Code D(3)
Motor Publications
555 West 57th Street
New York, NY 10019

B. Filmstrip

Leece-Neville 2500 VB Alternator, Order No. A3041
Educational Communications, Inc.
Department M
761 Fifth Avenue
King of Prussia, PA 19406



ALTERNATOR CHARGING CIRCUITS
UNIT VII

INFORMATION SHEET

I. Terms and definitions

A. Brush less alternator An alternator that has neither slip rings nor brushes

B. Diode Device that allows current to flow in one direction and blocks cur-
rent In opposite direction

C. Grounded circuit Circuit in which a wire touches ground causing the cur-
rent to flow to ground Instead of through the circuit

D. Heat sink Dissipates heat from diodes

(NOTE: High ampere alternators often use finned diodes for better heat
removal.)

E. Open circuit Circuit in which a wire is broken or disconnected

F. Potentiometer Acts as a voltage divider or voltage adjustment

G. Rectifier bridge Six diodes mounted in one assembly
Negative
Heat Sink

Insulation Pos'dve

Diodes Heat Sink

Reproduced by permission of Deere and Company, ©1982
Deere & Company. All rights reserved.

H. Rotor Wire coil 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
coil and pole shoe do for the generator, however, the rotor assembly
revolves.)

I. Short circuit Wire touching another wire and providing a shorter path for
current to flow
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INFORMATION SHEET

J. Slip rings Metal conductors in the form of a ring, fastened to each end of
coil 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.)

K. Stator Laminated soft iron ring with three groups of coils

(NOTE: The stator assembly does the same job as the armature In a genera-
tor; however, the stator is fixed while the armature turns.)

L. Transistorized regulator Fully electronic unit composed of resistors,
diodes, zener diode, transistors, and thermistor

II. Purpose of the alternator charging circuit The alternator charging circuit
recharges the battery and maintains a supply of electrical current to meet the
operating needs of the equipment.

III. Alternator charging circuit components and functions (Transparency 1)

A. Battery

1. Starts the circuit by supplying spark to start engine.

2. Helps out during peak operation when electrical load is too much for
alternator.

3. Stabilizes system voltas;o

B. Alternator

1. Supplies electrical power to accessory circuits

2. Recharges battery

C Regulator Limits the alternator voltage to a safe, preset value

D. Ammeter Measures the rate of current flow

E. Voltmeter Indicates produced voltage

F. Indicator lights -- Indicates problems In system; used in place of a meter
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INFORMATION SHEET

IV. Major parts of an alternator (Transparencies 2 and 3)

A. Drive end frame

B. Rotor assembly

C. Stator assembly

D. Slip ring end frame

E. Diodes

F Brush assembly

G. Pulley

V. 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)

VI. Types of alternator circuits

(NOTE: The regulator places a resistance in the field circuit which reduces current
flow to the alternator rotor.)

A. External regulator Field current Is regulated before It gets to the rotor,
and the field is grounded in the alternator. When the field 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.

VII. Characteristics of a brushless alternator (Transparency 5)

A. High mileage unit

B. Used on both gasoline and diesel engines

C. Regulator compartment can be vented for Increased capability

D. Uses large bearings at both ends

E. Has extra large grease reservoirs

F. Has extra large lip seal to keep grease in and dirt out

G. Regulator compartment is air tight

H. Designed to operate between engine overhauls without attention
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INFORMATION SHEET

VI II. Operation of a brushless alternator

A. To generate voltage in the stator windings, it is only necessary for the rotor
to cause alternating north and south magnetic lines to cut across the stator
windings.

B. The field coil is mounted to the end frame.

C. The rotor is mounted on bearings and fits between the stator and field coil.

D. The field coil produces a north pole at the right hand side of the coil.

E. Magnetic lines cross the air gap between the field coil and rotoi to make all
the right hand rotor poles all north poles.

F. The non-magnetic lines of force cannot go through the non-magnetic ring
directly; instead they pass through the air gap into the left hand south mag-
netic 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.

G. 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.

IX. Operation of a transistorized regulator

A. Allows battery current to excite the alternator field coils

B. Controls charging voltage at safe values during operation by regulating the
field current

X. Safety rules for working with alternator charging circuits

A. Never attempt to polarize the circuit.

B. Be sure the battery is in good operating condition before making any tests
or adjustments.

C. Never operate the alternator in an open circuit, except when instructed in
the technical manual.

D. Never short or ground the alternator terminals.

E. Do not disconnect the voltage regulator while the alternator is running.

F. Disconnect the negative battery cable first when removing the alternator or
battery.

G. Do not use acid-core solder on the alternator terminals; use only a rosin-
core solder.

H. Never immerse the circuit components in cleaning solution.
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Alternator Charging Circuit Components

Optional
Ether

Starting Aid

-NI- See Note 3
Ether

Starting Aid
Button

Air
Heater
Button

Air
Heater

See
Note 3

Air
Heater

Solenoid

Starter
Ground
Wire To
Block

See
Note 1

I See
r"-- Note 2
Ammeter

I

Combination
Hourmeter

And
Tachometer

Hourmeter

Resistor
L-1

Alternator With
I internal Regulator

011

Pressure
Switch

Bat fiery

Alternator With Internal
Voltage Regulator

Courtesy of DeutzAllis Corporation.

Ether
Starting Aid

Button
See

iNote 3
;See Note 1

iAmmeter

Optional
Ether

Starting Aid

Starter
Button

Voltage Regulator

Star!er
Ground
Wire To
Block

0
F
0

air

hoo

011

Pressure
r, Switch

Alternator

I.

Hourmeter

Air
Heater
Button

Air
Heater

See
--a Note 3

Air
Heater

Solenoid

Starter
Battery

Alternator With External
Mounted Voltage Regulator

TM 1



Parts of an Alternator

Slip Ring End Frame

Brush
Assembly

Stator Assembly

Rotor Assembly

Drive End Frame
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Parts of an Alternator
(Continued)

REAR BEARING
REAR HOUSING

SPRINGS

BRUSHES

DIODE

PLATES PRINTED-CIRCUIT
BOARD

WASHER STATORTERMINAL
BRUSH

INSULATORS
RETAINER "os

INSULATOR
ROTOR SPACERS

BEARING
at RETAINER FRONT HOUSING

SLIP-RING

BEARING SPACER

FRONT BEARING

FAN SPACER

FAN

Courtesy of Ford Motor Company,

PULLEY
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Stator Winding Construction

Stator 6-Diode Rectifier

Battery

Delta-Connected Stator Windings

Stator 6-Diode Rectifier

0 0 0 0 0 0

4

Battery

"Y"-Connected Stator Windings

343
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24-Volt Output
Terminal

Brushless Alternator Construction

T-R Rectifier
Bridge

Extra-Large
Grease

Reservoir

Stationary Field Coil
Generator (Brushless Construction)
Rectifier
Bridge Steel Bushing

with Locking Thread

Lip Seals

Transformer

Transformer Rectifier
for 24-Volt Starting

344

Labyrinth Seal

Integrated Heavy-Duty Steel Heavy-duty
Circuit Roller Bearing 'Mounting Ball Bearings

Regulator with Lip Seal Bushings

Adjustable Bushing
Extra-Large

Grease Reservoir
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ALTERNATOR CHARGING CIRCUITS
UNIT VII

JOB SHEET #1 - TEST THE FORD ALTERNATOR CHARGING CIRCUIT
WITH EXTERNAL REGULATOR

f.. Tools and materials

1. Vehicle

2. Basic hand tool set

3. Voltmeter

4. Ammeter

5. Variable resistor

6. Jumper wire

7. Safety glasses

B. Procedure

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

(NOTE: There are many methods of testing the alternator systems. The method outlined
in this job sheet is simplified and adaptable to most light-duty alternators.)

1. Test the battery.

(NOTE: For valid tests, the battery must be at least half charged and in good con-
dition.)

2. Check and adjust belt tension.
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3. Test alternator output.

JOB SHEET #1

(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

Junction
Block

Ammeter

Load
Rheostat

Voltmeter

Ford WI Indicator LIghi

Sw.

Ion.

b. Disconnect the field from the regulator by removing the regulator gang
plug.
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JOB SHEET #1

c. Connect the field to the battery output terminal with jumper lead. (Figure
2)

(NOTE: This "feeds" the field directly, bypassing the regulator and wiring.)

FIGURE 2

Jumper Wire Connected
d lb Alternator

"Bat" and "FLO" Terminals

Reprinted from MOTOR Truck and Diesel Repair Manual ©1985 by
permission 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 obained.

(NOTE: These specifications may vary slightly from model to model; con-
sult the appropriate service manual for accurate specifications,)

(CAUTION: Never allow voltmeter to read over 10 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 fault. If the alternator does not charge, it is
defective.)

g. Reduce engine speed and turn off carbon pile rheostat after current output
test is completed.

h. Turn off ignition swlt3h.
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JOB SHEET #1

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

+ 0
Bat.

r ° Ford at/Ammeter

Sw.

Ign.

Ind. Light

B

F
S G

Alt.

Ford WI Indicator Light

Sw.

Ign.

(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 the
wire leading to the "S" terminal of the regulator. (Figure 4)

(NOTE: If there is no voltage, repair or replace wire.)

FIGURE 4

IMMINII.vairms

OMNI.
MO

Ford wl Ammeter

Ind. Light
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JOB SHEET #1

2) Test systems that 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, repair or replace wire.)

c. Turn ignition switch off.

d. 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

Ford WI Indicator Light

2) Connect jumper lead to "A" and "S" terminals of the regulator. (Fig-
ure 5)

(NOTE: If there is no voltage, repair 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.
(Figure 6)

FIGURE 6
Jumper Lead Ind, Light

Use Jumper Wire
To Connect "A" and "F" Terminals

At Regulator Plug

Reprinted from MOTOR riuck and Diesel Repair Manual 01985 by
permission of The Hearst Corporation.

Ford w/ Inc.aator Light

Use jumper lead to connect the "A" and "F" terminals of the regula-
tor.

(NOTE: If there is no voltage, repair or replace wire.)

f. Reconnect all regulator and alternator connections.

5. Test regulator.

a. TUrn on ignition switch.

b. Check for good grounding of voltage regulator.

(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.)
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ALTERNATOR CHARGING CIRCUITS
UNIT VII

JOB SHEET #2 - REMOVE AND REPLACE AN ALTERNATOR

A. Tools and materials

1. Vehicle

2. Bas lc hand tool set

3. Battery cable clamp removal tool

4. Shop towels

5. Safety glasses

6. Appropriate service manual

B. Procedure

(CAUTION: Remove all jewelry prior to working on electrical system, and follow 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 bolts. (Figure 1)

f. Remove alternator belt.

FIGURE 1

Courtesy of Cummins Engine Co., Inc.
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9.

JOB SHEET #2

Remove the adjusting link mounting bolt and the adjusting link. (Figure 2)

h. Remove the alternator mounting capscrew, nut, washer, and the alterna-
tor. (Figure 2)

FIGURE 2

1. Adjusting Link
Mounting Bolt

2. Adjusting Link

2. Install alternator.
Courtesy of Cummins Engine Co., Inc.

a. Install the alternator, capscrew, washer, and nut to the mounting bracket.

(NOTE: Do not tighten the capscrew and nut until the alternator belt Is
installed and adjusted.)

b. Install the adjusting link and mounting capsc, ew.

c. Install and adjust the alternator belt, using correct belt tension gauge.

d. Install wire leads and tighten securely.

e. Install battery ground cable.

3. Start engine and check operation of alternator.
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ALTERNATOR CHARGING CIRCUITS
UNIT VII

JOB SHEET #3 DISASSEMBLE, TEST, AND REASSERhidLE
AN ALTERNATOR

A. Tools and materials

1. Alternator

2. Basic hand tool set

3. Alternator pulley removal tout:.,

4. Alternator diode removal equipment

5. Alternator testing equipment

6. Torque wrench

7. Shop towels

8. Safety glasses

9. Appropriate service manual

B. Procedure

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

1. Disassemble alternator.

a. Scribe the alternator before disassembly. (Figure 1)

FIGURE 1

Remove Thru Bolts

354

Scribe Alternator
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JOB SHEET #3

b. Remove through bolts holding the end frames together.

c. Pry at bolt locations to separate the drive end frame from the slip ring end
frame. (Figure 2)

(NOTE: Be sure stator stays with slip ring end of frame.)

FIGURE 2

d. Remove the slip ring end frame and stator (as an assembly) from drive end
frame and rotor assembly.

e. Remove the three stator lead attaching nuts.

f. Separate stator from slip ring end frame.

g. Remove screws, brushes, and brushholder assembly.

h. Remove heat sink from end frame.

I. Remove pulley retaining nut. (Figure 3)

FIGURE 3

REMOVE PULLEY RETAINING NUT
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JOB SHEET #3

j. Remove pulley and fan using pullers as required.

k. Remove rotor and spacers from end frame assembly.

I. Remove drive frame bearing retainer and bearing from drive end frame.

2. Test alternator components.

a. Wash all metal parts except stator, diode, and rotor assemblies.

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.

g. Test the rotor for grounds. (Figure 4)

1) Hold one test probe of the ohmmeter against the rotor shaft.

2) Hold the other against either of the slip rings. (Figure 4)

(NOTE: if the field coil is not grounded, the ohmmeter will not move
from Its infinite plsition.)

FIGURE 4

Ohmmeter

Checking Rotor for Grounds, Shorts and Opens

Reprinted with permission of Delco Remy Division, GM Corp.
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JOB SHEET #3

h. Test rotor for an open or short circuit by holding one probe against each
slip ring. (Figure 4)

(NOTE: If there is no open or short circuit, the ohmmeter should ;stdicate
the resistance specified in the service manual.)

I. Test the 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
(Check For Opens)

Ohmmeter

A

Cd

_J
Ohmmeter Ohmmeter

(Check For Opens) (Check For Grounds)

Reprinted with permission of Delco Remy Division, GM Corp.

(NOTE: The ohmmeter will show an infinity reading when the stator
winding is not grounded.)

Checking Stator Windings

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.
(Figure 5)



JOB SHEET #3

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 continuity, there is an open
winding.)

k. lest 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. (Figure 6)

FIGURE 6
Capacitor

Brush
Holder

Regulator

',Isolated
Heat Sink Grounded

Heat Sink

Ohmmeter
Rep,Inted with permission of Delo: Remy Division, GM Corp.

35S

Connect To
Flat Metal
And Not

Threaded
Stud
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JOB SHEET #3

3) Observe the ohmmeter reading.

(NOTE: if both readings are low, the diode is shorted. 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 thla purpose.)

I. 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



JOB SHEET #3

3) Reverse the ohmmeter probes. (Figure 7)

(NOTE: You should obtain a high reading.)

3. Reassemble alternator.

a. Assemble heat sink to end frame.
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JOB SHEET #3

b. Install brush holder and brushes into slip ring end frame. (Figure 8)

(NOTE: Insert a pin or wire through the hole to hold the brushes in the
holder.)

FIGURE 8 Pin

BRUSHES IN POSITION

c. Install stator assembly in slip ring end frame, and locate diode connectors
over the relay, diode, and stator leads.

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, pulley, and retaining nut.

h. Tighten nut to manufacturer's specifications.

I. Assemble 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.)



JOB SHEET #3

I. Install through bolts In the end t ame assembly.

k. Tighten bolts securely.

I. Remove wire holding brushes In place.

m. Check alternator operation.



ALTERNATOR CHARGING CIRCUITS
UNIT VII

JOB SHEET #4 - TEST A TRANSISTORIZED REGULATOR

A. Tools and materials

1. Vehicle

2. Basic hand tool set

3. Voltmeter

4. Carbon pile resistor

5. Ammeter

6. Jumper wire

7. Safety glasses

8. Appropriate service manual

B. Procedure

(CAUTION: Remove all Jewelry prior to working on electrical 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, test can be performed either on or off the machine. Use an alternator
that is known to be In good repair.)

a. Set up the test circuit. (Figure 1)

FIGURE 1

Regulator Carbon Pile Resistot...,,

Jumper Wire

Voltmeter

Amallirmsommommeimme

4"-- Ammeter

3 I13

12-Volt
Battery
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JOB SHZET #4

b. Connect a voltmeter to the alternator ground and output terminals. (Figure
1)

(NOTE: Be sure to usE) a voltmeter with an accuracy wanin 0.1 volts.)

c. Start the engine; momentarily connect jumper wire to excite the field, and
apply a load of about 10 amperes use lights, motors, carbon pile resis-
tors, etc.

d. Operate the circuit for about 15 minutes to stabilize the temperature of the
regulators.

e. Measure and record the temperature about one inch from the regulator
case.

f. Compare the Jltmeter reading with the voltage specifications listed in the
machine service manual.

9. Adjust the reading for the temperature recorded above.

Adjust transistorized regulator.

a. Use adjusting screw to change the operating voltage for different condi-
tions.

(NOTE: This may not be used on some transistorized regulators.)

b. Since most transistorized regulators are sealed units, repair by replacing If
they are found faulty



ALTERNATOR CHARGING CIRCUITS
UNIT VII

JOB SHEET #5 - TEST AN Si SERIES ALTERNATOR

A. Tools and materials

1. Vehicle

2. Voltmeter

3. Ammeter 0-75 amp rating or higher

4. Carbon pile

5. Screwdriver

6. Clean shop towels

7. Basic shop tools

8. Appropriate service manual

B. Procedure

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

1. Test the battery.

(NOTE: For valid tests, the battery must be at least half charged and in good con-
dition.)

2. Check alternator drive belt tension, and adjust as necessary.

3. Check all charging system wiring for defects and all terminal connections for
cleanliness and tightness.

(NOTE: if all the above steps are satisfactory, check the alternator with the fol-
lowing procedure.)

4. Disconnect battery ground cable.

315
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JOB SHEET #5

5. Make test instrument connections for the type of alternator to be tested, as
shown In Figure 1.

FIGURE 1

10-SI

Output
Terminal

27-SI

Integral
Charging
System

C=-.)

Ammeter

25-SI

Reprinted with permission of Delco Remy Division, GM Corp.

(NOTE: The hex bolt on the output terminal on the 25-SI alternator is electrically
Insulated.)

3 13



JOB SHEET #5

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-SI and 27-SI alternators. (Figure 2)

(NOTE: Ground the field winding by inserting a screwdriver into the Zest hole.)

FIGURE 2

Tab

Insert Screwdriver
Ground Tab To

End Frame

End
Frame
Hole

Courtesy of Oldsmobile Division, General Motors Corporation.

(CAUTION: Tab Is within 314 inch [19. mm] of the casting surface. Do not force
sorewdrivcr deeper Into the end ham% SOMA damage to the alternator could
rc Jit.)

3e7
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JOB SHEET #5

8. Bypass regulator on a 25-81 alternator.

a. Remove field coil leads from the regulator.

b. Ground one field lead and connect the other field lead to battery voltage.

9. Operate engine at moderate speed, and adjust carbon pile rheostat to obtain
maximum current output.

(NOTE: if current output is within 10 percent of rated output, replace the voltage
regulator. If currer + output is not within 10 percent of rated output, remove alter-
nator and bench test field windings, rectifier, and stator.)

10. Turn engine off and disconnect all test instruments.
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ALTERNATOR CHARGING CIRCUITS
UNIT VII

JOB SHEET #6 - TEST CHARGING CIRCUIT RESISTANCE
FOR GM ALTERNATOR

A. Tools and materials

1. Vehicle

2. Basic tool set

3. Voltmeter

4. Ammeter

5. Jumper wire

6. Safety glasses

7. Appropriate service manual

B. Procedure

(CAUTION: Remove all jewelry 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.)

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.)

3139
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JOB SHEET #6

2) Energize the field 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
Block

Nft

11 Battery
I.

tt

u..22v,s
Delcotron

1.22111122122 =2:233:11,
Circuit 1

re,

00*
00' Regulator

Reprinted with permission of General Motors Corporation.

b) Turn on the ignition switch. (Figure 2)

(NOTE: This will energize the field for circuit #2.)

FIGURE 2

Junction
Block

ACC
n

12 2.144:

Deicotron valeasizza@t

It

asx4 wa
is

oit41. Regulator
0*

NI%

Circuit 2

Reprinted with permission of General Motors Corporation.

b. Observe voltmeter reading.

(NOTE: The voltage drop should not excaed .3 volts.)

3 %J
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JOB SHEET #6

2. 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 circuit 3 features GM's SI series alternators.)

FIGURE 3

rt.

to

Us aaaaa assess

Junction
Block

Battery

rsorysmom.

(1.
al ol

e-ztung
Deicotron

Ba cc Resistor

Ign
Switch

Indicator
Lamp

Circuit 3

Reprinted with permission of General 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.)

3. Test voltage drop in the ground circuit. (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 voltmeter reading.

(NOTE: V4 should not exceed .1 volt.)

4. Tim off lights and accessories and disconnect voltmeter.
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ALTERNATOR CHARGING CIRCUITS
UNIT VII

PRACTICAL TEST
JOB SHEET #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:

1. Checked out proper tools and materials.
2. Tested the battery,
3. Checked and adjusted belt tension.
4. Tc Aed alternator output.
5. rested wiring leading to the "A" terminal of the regulator.
6. Tested wire connecting ignition switch to the regulator.
7. Tested wire connecting the "S" terminal of the alternator to the

"S" terminal of the regulator.
8. Testud wire connecting the "F" terminal of the regulator to the

"F" terminal of the alternator.
9. Tested regulator.

10. Checked in/put avay tools and materials.
11. Cleaned the work area.
12. Used proper tools correctly.
13. Performed steps in a timely manner (__hrs. __min. _see.)
14. Practiced safety rules throughout procedure.
15. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO

11.1*

e
.11
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALU4TOR NOTE: Ram ti- 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.)

Criteria:

4

Student performed all
steps In proper sequence.

2 1

4

Student's evaluation of
charging system is valid.

3 1

EVALUATOR'S COMMENTS.

PERIORMANCE EVALUATION KEY

4 -- Skilled Can perform lob 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 wits 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 #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 aid 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

1. Check :d out proper tools and materials.
2. Removed battery ground.
3. Removed wire leads.
4. Removed alternator.
5. Installed alternator.

mIIgmell

6. Installed and adjusted alternator belt.
7. Installed wire leads and tightened securely.
8. Installed battery ground cable.
9. Checked operation of alternator.

.6. -.011 alm
10. Checked inlput away tools and materials.
11. Cleaned the work area.

111
12. Used proper tools correctly.
13. Performed steps in a timely manner ( hrs.
14.

__min. _sec.)
Practiced safety rules throughout procedure.

15. 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 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.)

Criteria:

4

Student performed all
steps In proper sequence.

4

Alt irnator operates prop-
erly.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform Job with no additional train. j.
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 points in "Product Evaluation" and divide by the total number of criteria.)

:3



ALTERNATOR CHARG:NG CIRCUITS
UNIT VII

PRACTICAL TEST
JOB SHEET #3 - DISASSEMBLE, TEST, AND

REASSEMBLE 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 studi)nt review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Scribed the alternator.

MIIIMME1111 IIN NM I 1.*

3. Separated the drive and frame from the slip ring frame.
awao lisAm

4. Removed the stator.
1* /MOWN.

5. Removed the brushes and brushholder.
6. Fan Ned heat sink.
7. Removed pulley and fan.

M1111111*.

8. Removed rotor.
1 .1111...

9. Tested rotor.
'10. Tested the stator.
11. Tested diodes.

.1104101111

12. Tested diode trio.
13. Reassembled alternator.
14. Checked alternator operation.

il
15. Checked in/put away tools and mate lals.
16. Cleaned the work area.
17. Used proper tools correctly.
18. Performed steps in a timely manner (__hrs.
19.

__min. __sec.)
Practiced safety rules throt'ghout procedure.

.....
20. Provided satisfactory responses to questions asked.

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 demonsdrated. (See performance
evaluation key below.) If the student is unable to demons+rate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Student performed steps
in proper sequence.

4

Student's evaluation of
alternator components is
valid.

1

Alternator operates prop-
erly.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can nerform job with no additional training,
3 . Moderately skilled -- Has performed job during training program; Iiniited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Linskilled -- 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 criteria.)



ALTERNATOR CHARGING CIRCUITS
UNIT kin

PRACTICAL TEST
JOB SHEET #4 TEST A TRANSISTORIZED 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. AD 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:

1. Checked out proper tools and materials.
2. Made all test instrument connections.
3. Started and loaded alternator 10 amperes.
4. Measured and recorded temperature of regulator.

YES NO

1111

5. Checked specification manual.
111111111.

6. Adjusted voltage regulator.
11 .1111=140/0

7. Replaced regulator.
1111

8. Checked in/put away tools and materials,
immmal.11/amfta aolUnnl

9. Cleaned the work area.
10. Used proper tools correctly.
11. Performix,' steps In a timely manner (._hrs.

Iwo* =0,
12.

_min. _sec.)
Practiced safety rules throughout procedure.

13. Provided satisfactory responses to questions asked.
1 OMOMIAIII10=11

MMMAI1lMM14.II

EVALUATOR'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 materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Student performed steps
in proper sequence.

3

4

Regulator operates cor-
rectly.

2

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 perk In 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.)



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 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 ep.ch step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and pry again.)

The student:

1. Checked out proper tools and materials.
2. Tested the batt )ry.
3. Checked alternator belt.
4. Checked wiring.
5. Disconnected battery ground.
6. Made test instrument connections.
7. Operated engine ar,d tested alternator output.
8. Bypassed voltage regulator.
9. Turned off engine and disconnected test instruments.

10. Checked in/put away tools and materials.
11. Cleaned the work area.
12. Used proper tools correctly.
13. Performed steps in a timely manner ( hrs. _min. _sec.)
14. Practiced safety rules throughout procedure.
15. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO
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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 urable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Student performed steps
in proper sequence.

4

Student's evaluation of
the charging system is
valid.

3 2 1

4

Alternator operates prop-
erly.

3 2 1

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 points in "Product 'valuation" and divide by the total number of criteria.)



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

1. Checked out proper tools and materials.
2. Tested wire going to the #3 terminal of the regulator.
3. Tested wire going to the alternator output terminal.
4. Tested voltage drop in the ground circuit.
5. Turned off lights to accessories and disconnected voltmeter.
6. Checked in/put away tools and materials.
7. Cleaned the work area.
8. Used proper tools correctly.
9. Performed steps in a timely manner ( hrs _min. sec)

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

EVALUATOR'S COMMENTS.
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JOB SHEET #6 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.)

Criteria:

Student performed steps
in proper sequence.

4

Student's evaluation of
wiring Is adequate.

3 2 1

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 points in "Product Evaluation" and divide by the total number of criteria.)
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ALTERNATOR CHARGING CIRCUITS
UNIT VII

NAME SCORE

TEST

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

a. Wire coil wrapped around an iron core and 1. Brushless alternator
mounted on a rotating shaft

2. Diode_b. Laminated soft iron ring with thole groups
of coils 3. Grounded circuit

Device that allows current to flow in one 4. Heat sink
direction and blocks current in opposite
direction 5. Open circuit

_d. Metal conductors in the form of a ring, fas- 6. Potentiometer
tened to each end of coil and mounted on
rotor shaft 7. Rect,fier bridge

e. Wire touching another wire and providing a 8. Rotor
shorter path for current to flow

9. Short circuit
Circuit in which a wire is broken or discon-
nected 10. Slip rings

Circuit in which a wire touches ground caus- 11. Stator
ing the current to flow to ground instead of
through the circuit 12. Transistorized regula-

tor_h. Fully electronic unit composed of resistors,
diodes, zener diodes, transistors, and ther-
mistor

_I. Dissipates heat from diodes

An alternator that has neither slip rings nor
brushes

k. Acts as a voltage divider or voltage adjust-
ment

I. Six diodes mounted in one assembly

2. State the purpose of the alternator charging circuit.

3R4
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TEST

3. Match of alternator charging circuit components on the right with their correct func-
tions.

. _a. Starts the circuit by supplying spark to start
engine, helps out during peak operation
when electrical load is too much for alterna-
tor, and stabilizes system voltage

b. Measures the rate of current flow

c. Supplies electrical power to accessory cir-
cuits and recharges battery

d. Indicates produced voltage

e. Limits the alternat,1 voltage to a safe, pre-
set value

Indicates problems in system; used in place
of a nietor

4. Identify the major parts of an alternator.

a.

b.

c.

d.

e.

f.

1. Alternator

2. Ammeter

3. Battery

4. Indicator lights

5. Regulator

6. Voltmeter

5. Discuss the construction of stator windings. a.
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TEST

6. Distinguish between types of alternator circuits by placing an "E" next to the descrip-
tion of an external regulator.

a. Field current is regulated before it gets to the rotor, and the field is
grounded in the alternator. When the field is grounded in the alternator, it
is called a "B" circuit.

b. Held 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 called an "A" circuit.

7. tielect from the following list characteristics of a brushiess alternator by placing an "X"
beside each correct characteristic.

a. Is a low mileage unit

_b. Is used on diesel engines only

c. Regulator compartment is non-vented

Uses large bushings at both ends

e. Has extra large grease reservoirs

f. Has extra small lip seal to keep grease in, and dirt out

g. Regulator compartment is air tight

h. Designed to operate between engine overhauls without attention

8. Select true statements concerning operation of a brushless alternator by placing an
"X" beside each statement that is true.

a. 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.

b. The field coil is mounted to the end frame.

c. The rotor is mounted on bearings and fits between the stator and field coil.

3 Fi 6
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TEST

d. The field coil producer; a north pule at the right hand side of the coil.

Magnetic lines cross 'he air gap between the field coil and rotor to make
all the right hand rotor poles all north poles.

f. The non-magnetic lines of force cannot go through the non-magnetic ring
directly; instead they pass through the air gap into the left :land, 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.

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 concerning operation of a transistorized regulator by placing an
"X" beside each statement that is true.

Allows battery current to excite the alternator field coils

b. Controls charging voltage at safe values during operation by requesting
the field current

10. Complete the following statements concerning safety rules for working 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 regulator while the alternator is

f. Disconnect the battery cable 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.

3 S 7
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TEST

(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. Test the Ford aiternator charging circuit 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 regulator. (Job Sheet #4)

e. Test an S.I. series alternator: (Job Sheet #5)

f. Test charging circuit resistance for G.M. alternators. (Job Sheet #6)

3R8
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ALTERNATOR CHARGING CIRCUITS
UNIT VII

ANSWERS TO TEST

a. 8 e. 9 i. 4
b. 11 f. 5 j. 1

c. 2 g. 3 k. 6
d. 10 h. 12 I. 7

2. The alternator charging circuit recharges the battery and maintains a supply of electri-
cal current to meet the operating needs of the equipment.

3. a. 3 d. 6
b. 2 e. 5
c. 1 f. 4

4. a. Drive end frame
b. Rotor assembly
c. Stator assembly
d. Slip ring end frame
e. Diodes
f. Brush assembly
g. Pulley

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. e, g, h

8. a, b, c, d, e, f, g

9. a, b

10. a. Polarize
b. Adjustments
c. Open
d. Short
e. Running
f. Negative
g. Rosin
h. Cleaning

11. Performance skills evaluated to the t3atisfaction of the instructor.

3R9



EMERGENCY SHUT-DOWN CIRCUITS
UNIT VIII

UNIT OBJECTIVE

After completion of this unit, the student should be able tc.J 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.

2. Select true statements concerning characteristics of a coolant temperature
switch-gauge.

3. Select true statements concerning characteristics of P.n oil pressure switch-
gauge.

4. Arrange in order steps in the operation of the magnetic switch.

5. Select true statements concerning shut-off solenoids.

6. Complete statements concerning characteristics of the overspeed contactor
switch.

7. Select true statements concerning the oil pressure contactor switch.

8. Complete statements concerning the operation of an alarm system.

9. Demonstrate the ability to troubleshoot a shut-down and alarm circuit. (Job Sheet
#1)
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EMERGENCY SHUT-DOWN CIRCUITS
UNIT VIII

SUGGESTED ACTIVITIES

A. Obtain additional materials andlor 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.)

B. Make transparencies from the transparency masters included with this unit.

O. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information sheet.

F. Discuss information sheet.

(NOTE: Use the transparencies to enhance the informatico as needed.)

G. Provide students with job sheet.

H. Discuss and demonstrate the procedures outlined in the job sheet.

I. Integrate the following activities throughout the teaching of this unit:

1. Discuss safety procedures pertaining to emergency shut-down circuits.

2. Take a field trip to at least 3 different truck stops to see different types of shut-
down circuits.

(NOTE: Shut-down circuits can also be found anywhere that emergency genera-
tors are located, such as, in hospitals, in shopping centers, on combines, and on
Irrigation systems.)

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

J. Give toot.

K. Evaluate 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 Manufac-
turer.

B. Operating and Maintenance Manual, Engine Models 3500 Mark Il and 3700 Mark II

Power Unit. Harvey, IL: Allis-Chalmers, 1984.

SUGGESTED SUPPLEMENTAL RESOURCES

'Filmstrip

Alarm Switches and Shutoffs (93 slides)
Order #JEG02702
Caterpillar Tractor Co.
Literature Orders Section
1335 S.W. Washington
Peoria, IL 61602



EMERGENCY SHUTDOWN CIRCUITS
UNIT VIII

INFORMATION SHEET

I. Terms and definitions

P. Flow control switch Senses coolant flow through system and warns
operator of Immediate 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, oil, and fuel
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. Solenoid An electric coil with a moveable iron core; when currant flows
through the coil, it forms a magnet, and the iron core mores to activate a
device

H. Switch Electrical or mechanical device that opens or closes a circuit

I. Temperature sending unit Monitors engine coolant temperature

II. 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 .apillary
tube.

DE-419

Courtesy of Frank W. Murphy Manufacturer. TUIsa, Oklahoma.
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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.

CASE
CRND.

Courtesy of Frank W. Murphy Manufacturer, Tulsa, Oklahoma

2. Three wire, micro switch type The contacts open to de-energize
the circuit.

ESR Model

N. C. RED

COM,
WHITE

N. 0. BLACK

Courtesy of Frank W. Murphy Manufacturer, Tulsa, Oklahoma.

D. The gauges are adjusted at the factory to shut off the engine when the cool-
ant temperature reaches 205-210°E

(NOTE: This setting can be changed by using the 1/16" hex head wrench or
small screwdriver and turning the adjustment screw.)

III. Characteristics of an oil pressure switch gauge (Transparencies 1 and 2)

A. A combination oil pressure gauge and safety switch

B. Gunnected by a tube directly to the engine oil gallery pressure

Courtesy of Frank W. Murphy Manufacturer, Tulsa, Oklahoma.



INFORMATION SHEET

C. The contacts in the switch-gauge react according to their design.

1. One wire, contact pointer type The pointer contacts the low oil
pressure adjustment screw, grounding the switch-gauge.

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

NC 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 1/18" hex head wrench or
small screwdriver to turn adjusting screw.)

IV. Operation of the magnetic switch

A. Wired into the circuit of the uafety controls; supplies current to open fuel
shut-off solenoid.

To Battery
Terminal Of
Alternator

High Wales Temperature
Safety Sent Ch

Low Oil Pfes4Ufe
Satiety Swel:h

Warning Han

A, ;matter Optional
Charon Switch
Circuit

Magnetic Switch
Fuel !napoleon

Pump Shut Off
Soknotd

Out lon

Fuse 5 Amp 't Warning HOm Relay

Current Type Safety Shutdown SwitchClaupes Of
The Puenlef Contact Type With Matnelto Switch

Courtesy of Deutz-P.111s Corporation.
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INFORMATION SHEET

B. 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 solenoid, stop-
ping the engine.

To Saner;
Terminal Of
Alternator

High Water Temperature
Safety Switch

Low Oil P/116$11111

Safely Switch

Ammeter Optional
Charging Switch

Circuit

Magnetic Switch

Winning Won

Fuel Injection
^Pump Strut Oh

Solenord

Fuse 5 Amp

Current Type Safety Shutdown SwitchLtauges OI
The Pointer Contact Type With Magnetic Switch

Courtesy of Deutz-Allis Corporation.

Warning Horn Relay

C. When the problem has been corrected, the reset button must be pressed in
before the engine can be started.

V. Shut -off solenoids

A. 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

B. Work by overriding the governor and moving the fuel rack to the shut-off
position

C. Shut off fuel supply

D. Shut oft air supply.

VI. Characteristics of the overspeed contactor switch (Transparency 3)

A. It is mounted to the tachometer drive.

B. When the engine overspeeds, the contact points close and send a signal to
the shut-off solenoid.

C. If the overspeed contactor switch is activated, It will have to be reset.
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INFORMATION SHEET

VII. Oil 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 contacts opens to discon-
nect the starter solenoid.

VIII. 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 failure

C. Has to be reset after engine has been stopped
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Types of Switch Gauges

OW Pressure Water Temperature

Micro
Switch Type

High Water Temperature
Safety Switch

Low 011 Pressure
Safety Switch

Tape Black Wire Tape White Wire
Red

To Battery
Source

Ammeter
Safety Control
Off On Switch

Red

Bypass
Switch

co

Charging

Warning Horn

Warning Horn Relay

Fuel injection
Pump Shut Off

Solenoid

Switch Gauges Used With Bypass Switch
Courtesy of DeutzAllis Corporation,
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To Battery
Terminal Of
Alternator

Types of Switch Gauges
(Continued)

High Water Temperature
Safety Switch

Low Oil Pressure
Safely Switch

Warning Horn

Pump Shut Off
Fuel Injection

Solenoid

Furre5Amp

Oil Pressure

Oil Pressure
Courtesy of DeutzAllis Corporation.

Current Type Safety Shutdown Switch-Gimp's 01
The Pointer Contact Type With Magnetic Switch

Pointer
Contact Type

Warning Horn Relay

Water Temperature

Water Temperature
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0

400

Automatic Shut-Down Device

Fuel Pressure Switch Water Temp. Switch ----

Overspeed;
Governor
Switch 1,71

Shut-Down
Solenoid

© General Motors Corporation
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Typical Shut-Down Switches
(Continued)

contact Points

Terminals (2)

Adjusting Screw

Locknut

Bracket

Spring
Plunger

Na I 2 2111.12-12 IS te"/1% SIN IL%

Pressure Chamber

Drilled Passage

© General Motors Ccrporation

Oil Pressure Switch

4 402

Diaphragm

Terminals _

Switch Actuating Lever
Spring

Contact Wheel
Plunger

0 General Motors Corporation

Switch Block
Switch Button
Adjusting Screw

Spring

Switch Block
Support

Low Water Temperature Switch
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Alarm Systems

SPECIFY 12 OR 24VDS4,758-A
POSITIVE OR NEG. MAGNETIC SWITCH
GROUND.

HORN

D L
(ENERGIZE

TO OPERATE)
SOLENOID OPERATOR

IM

404

FUEL VALVE
(OR SOLENOID OPER)

OE-IL:MR(312E
TO SHUTD1WN

NOTES
I. IGN. RESISTOR '111, OR RESISTOR IGN. WIRE

MUST BE BETWEEN NC TERMINAL OF
MAGNETIC SWITCH & IGNITION COIL.

2. gg, REPRESENT ALTERNATE
METHODS OF ENGINE SHUTDOWN FOR DIESEL
OR SPARK IGNITION ENGINES. SELECT
APPROPRIATE CIRCUIT &WIRE ACCORDINGLY.

3.1E, INDICATES WIRING TO VEHICLE HORN FOR
WARNING, RATHER THAN SHUTDOWN.

4. INDICATES CUSTOMER WIRING:
IGN. SWITCH OIL PRESS. WATER TEMP.

L _

JUMPER

towla *IMMO

IGNITION COIL

WARNING LIGHT
I OR MINI-SIREN (SAH)

IGNITION
RESI STOR

---TO VEHICLE LIGHT SWITCH

ILLUMINATION
LIGHT

Wiring diagram showing choice of circuits to provide alarm only by
panel mounted indicator (large flashing red light or mini-siren) or
vehicle hot n. shutdown for diesel or gasoline engine. To restart after
shutdown merely turn ignition key off and on.

Courtesy of Frank W. Murphy Manufacturer, Tulsa, Oklahoma.



EMERGENCY SHUT-DOWN CIRCUITS
UNIT VIII

JOB SHEET #1 - TROUBLESHOOT A SHUTDOWN AND
ALARM CIRCUIT

A. Tools and materials

1. Vehicle

2. Basic hand tool set

3. Circuit tester

4. Clean shop towels

5. Jumper wire with alligator clips

6. Appropriate service manual

B. Procedure

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

(NOTE: The following covers Murphy's 20 series Swichgages® and #111 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

To Battery
Terminal Of
Alternator

High Water Temperature
Safety Switch

Ammeter

Low 011 Pressure
Safe Switch

Optional
Charging Switch
Circuit

11,11,11
Fuse 5 Amp

Magnetic Switch

Reset
Button

LJ

Circuit =-
Tester

Fuel Injection
Pump Shut Off

Solenoid

I t I

Warning Horn

1.1
IBC
..4111111.10

Current Type Safety Shutdown Switch Gauges Of
The Pointer Contact Type With Magnetic Switch

Courtesy of Deutzllis Corporution.

Warning limn Relay



436

JOB SHEET #1

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.)

FIGURE 2

Jumper
lead

Caution
Install With Arrow

Up To Prevent
Moisture Collection

In Case
Coil Switch Battery

C S B

Circuit
Tester Courtesy of DeutzAllis Corporation.

4. Disconnect 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

Safety Switch

To Battery
Terminal Of
Alternator

Low Oil Pressure
Safety Switch

Connect
One Gauge
At a Time

Warning Horn

Ammeter Optional
Charging Switch
Circuit

Magnetic Switch
Fuel Injection

Pump Shut Off
Solenoid

Fuse 5 Amp

Courtesy of DeutzAllis Corporation.

6. Test voltage at the fuel shut off solenoid.

Warning Horn Relay

(NOTE: if there is no voltage, replace or repair wiring or magnetic switch. if there
is voltage And solenoid 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 voltage, 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

Safety Switch

To Battery
Terminal Of
Alternator

Low Oil Pressure
Safety Switch

Warning Horn

Ammeter Optional
Charging Switch
Circuit

Fuel Injection
Pump Shut Off

Solenoid

Fuse - 5 Amp

Courtesy of Deutz -AIIIs Corporation.

1

L. -J Disconnect

9. Test horn by connecting voltage to the insulated terminal.

Warning Horn Relay Circuit
Tester

(NOTE: If horn doesn't operate and the ground circuit is good, replace or repair
horn.)
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EMERGENCY SHUT -DOWN CIRCUITS
UNIT VIII

PRACTICAL TEST
JOB SHEET #1 - TROUBLESHOOT A SHUT-DOWN AND

ALARM 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 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

1. Checked out proper tools and materials.
2. Checked for voltage at the "B" terminal.
3. Tested for voltage at the "C" terminal.
4. Checked switch-gauges and wiring.
5. Tested fuel shut-off solenoid.
6. Tested horn relay.
7. Tested horn.
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:

alm,
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student ors 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.)

Criteria:

4

Problem in the circuit is
found and repaired.

3 2

EVALUATOR'S CCM ENTS:

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 points in "Product Evaluation" and divide by the total number of criteria.)

41 0
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EMERGENCY SHUTDOWN CIRCUITS
UNIT VIII

TEST

SCORE

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

a. Electrical or mechanical device that opens
or closes a circuit

b. Same as a solenoid but does not have any
activating device

An electric coil with a moveable iron core;
when current flows through the coil, it forms
a magnet, and the iron core moves to acti-
vate a device

_d. Monitors engine Joolant temperature

e. A switch that is activated either manually or
electrically and returns to the open position
when released

_f. A switch that is activated by an electrical
signal to shut down a device or an engine

g. Senses coolant flow through system and
warns operator of immediate shut-down

h. Protects engine from excessive rpm

I. An automatic shut-down switch for coolant,
oil, and fuel systems

1. Flow control switch

2. Magnetic switch

3. Murphy switch

4. Normally closed
switch

5. Normally open switch

6. Overspeed governor

7. Solenoid

8. Switch

9. Temperature sending
unit

2. Select true statements concerning characteristics of a coolant temperature switch-
gauge by placing an "X" beside each statement that is true.

a. A combination coolant temperature gauge and safety switch

_b. On the one wire, contact pointer gauge, when the pointer contacts the
high coolant temperature adjustment screw, it opens the switch-gauge.

c. On the three wire, micro switch, the contacts close to de-energize the cir-
cuit.

__A. The gauges are adjusted at the factory to shut off the engine when the
coolant temperature reaches 205 - 210°F.
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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

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 solenoid, stop-
ping the engine.

b. Wired into the circuit of the safety controls; supplies current to open fuel
shut-off solenoid

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" beside each
statement that is true.

(NOTE: A statement is true only if all parts of the statement 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

6. Complete the following statements concerning characteristics of the overspeed con-
tactor switch by Inserting the word that best completes each statement.

a. It is mounted to the drive

b. When the engine overspeeds, the contact points and send a
signal to the shut-off solenoid.

c. if the overspeed contactor switch is not activated, it will have to be
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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

_____b. Signals the shut-off solenoid

c. 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 failure

c. Has to be reset after

(NOTE: If the following act:vity 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 VIII

ANSWERS TO TEST

1. a. 8 f. 4
b. 2 g. 1

c. 7 h. 6
d. 9 i. 3
e. 5

2. a, d

3. a

4. a. 2
b. 1

c. 3

5. a, c

6. a. Tachometer
b. Open
c. Reset

7, a, b

8. a. System failure
b. Horn
c. Engine has been stopped

9. Performance skills evaluated to the satisfaction of the instructor


