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FOREWORD

Automotive mismeomauters do marvelous things. One manuiactursr has an on-hoard loczror
davice that uses satellite communications & heln & driver pinnsint the vehicle's exact location
at ary given moment. That application sevwes to indicate what we can anticipaie from on-
board automative computers in the vears 1o coma. But compiiters and cars go far bavond
sreature comforts and kitech gadgelvy, Theil basic objectives have been o hely auto manu-
facturers comply with {ederal gquidatines for fuel ecnnomy and emisaion contio’s. Those
things have alveany been accomplished, and anyone who crives a computerized venicle saves
monay at tne gas purnp and breathes cieaner air,

The computerized vehicle has aiso brought changes o the astomative service industry. The
service technician of today-—and fov all the days to come -—lives in a workl of sensors and the
communicaticns links that e them o command moduies. s 2 new brand ot service that
requires not orly new troubiesnooling fechnigues, but specia test instrurnents and the skills
to use them properly.

Automotive Electronics addresses comiputers and their applications on conlemparary aute-
mobiles. The text provides studenis with information and hands-on activisies that will help
them see how semiconductors and uigital logic davices fit into the new scheme of things
around a modern repair facility. We think the materiais will fulfitl an abvious nev in automotive
program.: at all levels, and give students the kind of background they need o stay up with the
times.

Harley Schlichting, Chairman Greg Pierce
Board of Directors Executive Director
Mid-America Vocational Mid-America Vocational
Curriculum Consortium Curriculum Consortium
Y
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USE OF THIS PUBLICATION

Instructional Units

Automotive Electronics contains nine units of instruction. Each instructional unit includes
some or all of the basic comporents of a unit of instruction; performance objectives, sug-
gested activities for teachers and students, information sheets, assignment shects, 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 of practice needed

4.  Amount of class time needed for demonstrations

C. Supr'ementary 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 objectives. 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 cbjectives of the unit provide direction for the teaching ‘earning 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 chould be 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 oi ine stu-
dents and community. When teachers add objectives, they should remember to supply the
needed information, assignment and/or job sheets, and criterion tests.



Suggested Activities for the Instructor

Each unit of instruction has a suggested activities sheet outlining < ieps to follow in accom:-
plishing specific vbjectives. Duties of instructors will vary according to the particular unit;
however, for bes?’. use of the material they should include the following: provide students with
objective sheet, information sheet, assignment sheets, and job sheets; preview filimstrips,
make transparencies, and arrange for resource materials and peop'e; discuss unit and spe-
cific objectives and information sheet; give test. Teachers are encouraged to .tie any addi-
tional instructional activities and teaching methods to aid students in accomy.ishing the
objectives.

Information Sheets

information sheets provide content essential for meeting the ccgnitive (knowledge) objec-
tives in the unit. The teacher wili find that the information sheets serve as an excelient 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 ere 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 segrient of each unit. The instructor should be able to demon-
strate the skills outlined in the job sheets. Procedures outlined in the jcb sheets give direction
to the skill being 1aught and allow both student and teacher to chack 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 h s had this tiaining.
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Practical Tests

Practical tests provide the instructor with an evaluation tool to aid with the documentation
of student progress. The tests provide a brief but effective means to determine a student’s
ability to performw tih tools and materials in performing a hands-on proces: or producing a
produce — a vital aid for pinpointing specific areas where students need additional inatiic-
tion.

Test and Evaluation

Paper-pencii and performance tests have been constructed to measure student achieve-
ment ¢f each objective iisted in the unit of instruction. Individual test iterns may be pulled out
and usea as a short test to determine student achievement of a particular objective. This kind
of testing may be used as a daily quiz and will help the teacher spot difficuities being encour
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

Tect answers are provided for each tnit. These may be used by the teacher andlor student
for checking student achievement of the objectives.,

by




AUTOMOTIVE ELECTRONICS

INSTRUCTIONAL TASK ANALYSIS

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

UNIT I: INTRODUCTION TO AUTOMOTIVE ELECTRONICS
1. Terms and definitions
2. The modern automobile
3. Occupational overview

4.  Prerequisites for automotive electron-
ics training

5. Training requirements

6. Responsibilities in the workplace

7. Solve basic equations. (Assignment
Sheet #1)

8. Solve literal numbers. (Assignment
Sheet #2)

9. Interpret a troubleshooting routine
from a service manual. (Assignment
Sheet #3)
UNIT li: SAFETY AND ACCIDENT PREVENTION

1. Terms and definitions

2. Automotive shop dangers and their
causes

féh)

General shop safety

4. Fire safety

o

Battery safety

xiii
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JOB TRAINING: What the RELATED INFORMATION: What

Worker Should Be Able to Do the Worker Should Know
(Psychomotor) {Cognitive)

10.

1.

12.

13. Solve safety and accident prevention
problems. (Assignment Sheet #1)

14.  Cornplet: a student safety pledge.
(Assignment Sheet #2)

16. Complete a shop safety drawing.
(Assignment Eheet #3)

Steps in safe lifting

‘*ays to recognize shock

- 08 in treating shock

FFirst aid for eye injury

Guidelines for first aid emergencies

Personal physical and hygiene require-
ments

Sarvice responsibilities

UNIT lll: AUTOMOTIVE DC ELECTRONICS

Xiv

Terms and definitic 1s
The nature of matter
Static electricity
Dynamic electricity
Batteries

Alternators

Ohm’s law

Kirchhott's law for voltage and current



JOB TRAINING: “’hat the

Worker Should Be Able to Do

(Psychomotor)

RELATED INFORMATION: What

the Worker Should Know
{Cognitive)

Y. Theories of current flow

10.  Series circuits

11, Parallel circuits

12.  Series-parallel circuits

13.  Voltage measurements

14, Current measurements

15.  Resistance measurements

16.  Multimeters

17.  Linear DC

18.  Pulsating DC

19.  Conductors

20.  Insulators

21.  Connectors

22. Fuses

23.  Circuit breakers

24.  Inductors

25.  Capacitors

26. Switches

27.  Electromechanical relays

28.  Schematic diagrams

29,  Scientific notation



JOB TRAIMNING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know
(Psychomotor) (Cognitive)
30. Troubleshooting ar: open circuit

31.  Troubleshooting a short to ground

32. Troubleshooting shorts into another
circuit

33. Trouktleshooting high-resistance prob-
lems

34. Caiculate voltage using Ohm’s law.
(Assignment Shzet #1)

35. Calculate current flow in arnperes
using Ohrn's law. (Assignment Sheet
#2)

36. Calculate resistance using Ohm’s law.
(Assignment Sheet #93)

37. Measure voitage drops in a series cir-
cuit. (Job Sheet #°)

38. Analyze current values in a series cir-
cuit. (Job Sheet #2)

39. Measure voltage, current, and resist-
ance in a parallel circuit. (Job Sheet #3)

40. Troubleshoot series-parallel circuits.
(Job Sheet #4)
UNIT IV: SEMICONDUCTORS
1. Terms and definitions
2. Diode construction
3. Diode action

4,  Symbols for other diode types

XVi «’ ‘-
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. JOB TRAINING: What the RELATEDR INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychornotor)

oy

10.
11.
12.
13.

14.

. 18.

16.  Perform a static test of semiconductor
diodes. (Job Sheet #1)

17.  Check a hall effect switch for distribu-
tor reference signals. (Job Sheet #2)

(Cognitive)

Bipolar transistor structure
Transistor operation

Transistor applications

Field effect transistors

Insulated gate FETs
Complementary metai oxide FETs
Integrated circuits

Silicon controlled rectitiers

Hall effect devices

Rectifier circuits

Guidelines for handling static sensitive
devices

UNIT V: DIGITAL ELECTRONICS

1.

_C"l

*xvii

—d

Terms and definitions
Digital overview

Binary digits

Logic gates and truth tables,

The AND gate

L



JOB TRAINING: What the RELATED INFORMATION: What

Worker Should B2 Able to Do the Worker Should Know
(Psychomotor) (Cognitive)
6. The OR gate

7. The NOT gate

8.  Other basic logic gates

9.  DIA converiers
10.  A/D converters
11.  Multiplexing and demultiplexing
12.  Fiber optics

13.  Complete truth tables for common
logic devices. (Assignment Sheet #1)

14. Construct and test an AND gate cir-
cuit. (Job Sheet #1)

15.  Construct and test an OR gate circuit.
(Job Sheet #2)

16.  Construct and test a NAND gate cir-
cuit. (Job Sheet #3)

17.  Construct and test a NOR gate circuit.
(Job Sheet #4)

18, Construct and test an EXCLUSIVE-OR
gate circuit. (Job Sheet #5)

19.  Verify OR gate operation in a cooling
fan circuit. (Job Sheet #6)
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‘ JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know
(Psychomotor) (Cognitive)

UNIT VI AUTOMOTIVE MICROPROCESSORS

—.

Terms and definitions

2.  Computer hardware/software

3. The computer as a decision center

4.  How a computer handles input/output
5. Guidelines for handling computers

6. Automotive microprocessor architec-
ture

7. Serial and duplex data communica-
tions

8. Other data communications tech-
niques

‘ 9. Parallel data communications
10.  Transducers and encoders
11.  Weather Pack® connectors and locks

12.  Microprocessor applications in auto-
motive electronics

13,  Remove and replace a PROM using
proper  grounding protection. (Job
Sheet #1)

14, Test integrity of ground ana powsr cir-
cuits. (Job Sheet #2)

15, Repair connector terminals. (Job Sheet
#3)




18.

19.

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

(Psychomotor)

(Cognitive)

UNIT VIl: COMPUTERIZED ENGINE CONTROLS

10.

11.

12.

13.

14.

15.

16.

17.

Test oxygen sensor operations. (Job
Sheet #1)

Test MAP sensor functions. (Job Sheet
#2)

%X

Terms and definitions

Oxygen sensors

O, sensor operatiig requirements
Manifold absolute pressure sensors
Coolant temperature sensors
Engine RPM inputs to the CPU
Crankshaft position sensors

The throttie position sensor
Manifold air temperature sensors
Mass-air flow sensors

Input sensor interaction

System output controls

Pulse width and on tirme functions
Fuel control systems

Ignition spark timing control
Exhaust gas recirculation controls

Emission control devices



20.

21.

2e.

23.

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

Test engine coolant temperature sen-
sor operations. (Job Sheet #3)

Test TPS operations. (Job Snhaet #4)

Test EGR valve operations. (Job Sheet
#5)

Adjust ignition timing. (Job Sheet #6)

UNMIT Viil: DIAGNOSTIC CODES AND TROUBLESHOOTING

1.

2.

10.

11.

oo
Xt )

Terms and definitions

Troubleshooting guidelines

Troubleshooting lean/rich fuel condi-
tions

Troubleshooting trees
Guidelines for testing wiring
Retrieving Chrysler diagnostic codes

Retrieving General Motors diagnostic
codes

Retrieving Ford diagnostic codes
Hand held scanning devices

Guidelines for using hand held scan-
ners

Code setting parameters



12.

13.

14.

15.

16.

17.

JOB TRAINING: What the
Worker Should Be Able to Do
(Psychomntot)

Identify operational systems and sen-
sors. and list diagnostic codes for a
Chrysier vehicle. (Assignment Sheet
#1)

Identify operational systems and sen-
sors, and list diagnostic codes for a
Gerieral Motors vehicle. (Assigrment
Sheet #2)

Identify operational systems and sen-
sors, and lisi diagnostic codes for a
Ford vehicle. (Assignment Sheet #3)

Retrieve Chrys .r diagnostic codes
manually, and with a scanner. (Job
Sheet #1)

Retrieve General Motors diagnostic
codes manually, and with a scanner.
(Joh Sheet #2)

Retrieve Ford diagnostic codes manu-
ally, and with a scanner. (Job Sheet #3)

RELATED INFORMATION: What

the Worker Should Know

(Cognitive)

UNIT IX: AUTOMOTIVE MICROPROCESSCR APPLICATIONS

1.

2.

XXii

Terms and definitions
Dashboard functions
Anti-lock brake controls
Seat position controls
Steering controls
Suspension controls

Keyless entry
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14.

15.

16.

JOB TRAINING: What the
Worker Should Be Able to Do
(Psychomotor)

Identify Chrysler computer applica-
tions for operator comfort and safety.
(Assignment Sheet #1)

Identify General Motors computer
applications for operator comfort and
safety. (Assignment Sheet #2)

Identify Ford computer applications for
operator comfort and safety. (Assign-
ment Sheet #3)

RELATED INFORMATION: What
the Worker Should Know
(Cognitive)

8.  Thett deterrent systems

9.  Trip control/monitor systems
10.  Zruise control
11.  Electronic climate control
12.  Voice alert systems

13. ( Other control systems

()] Y
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AUTOMOTIVE ELECTRONICS
TOOLS, EQUIPMENT, AND MATERIALS LIST

Basic hand tools
Basic¢ shop tools

Basic safety equipment and supplies

0 to 12 volt power supply

Power supply capabie of 120V DC

1.5V battery

Resistor assortment, 50 to 470 ohm

Diode assortment

LED assortment

Electrical breadboard

Proto board for IC connections

SN7411 triple 3-input positive AND gate
5N7432 quadruple 2-input positive OR gate
SN7400 quadruple 2-input positive NAND gate
SN 7402 quadruple 2-input NOR gate

SN7485 quadruple 2-input Exclusive OR gate
Ground clip

IC extractor

Wire repair kit with ierminal removing tools
Jumper leads (16 gauge wire)

Hand held vacuum pump and gauge wivacuum tee
Watch with secon~ hand

Pocket knife

Scanners for retriev: 1g diagnostic codes
(ALCL scanner for Chevrolet, Ford Rotunda, Chrysler DRB II, or OTC Monitor 2000 equivalent)
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INTRODUCTION TO
AUTOMOTIVE ELECTRONICS
UNIT |

UNIT OBJECTIVE

After completion of this unit, the student should be able to discuss present and future trends
in automobile design, and the role of microcomputers in automobiles. The student should
also be able to list personal requirements for an automotive electronics technician, training
required, and solve basic math problems. These competencies will be evidenced by correclly
performing the procedures outlined in the assignment sheets and by scoring a minimum of 85
percent on the unit test.

SPECIFIC OBJECTIVES

After completicn of this unit, the student should te able to:

Match terms related to automotive electronics with their correct definitions.
Complete statements ~oncerning the modern automobile.
Select true statements concerning occupational overview.

Complete statements concerning prerequisites for automotive electronics train-
ing.

Complete statements concerning the training requirements.
Compiete statements corerning responsibilities in the workplace.
Solve basic equations. (Assignment Sheet #1)

Solve literal nurmnbers. (Assigniment Sheet #2)

Interpret a troubleshooting routine from a service manual. (Assignment Sheet #3)

LR
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INTRCDUCTION TO AUTOMOTIVE ELECTRCONICS
UNIT |

SUGGESTED AZTIVITIES

A Provide students 'with objective sheet.

B. Provide students with information and assignment sheets.
C. Make transparencies.

D. Discuss unit and specific objectives.

E. Discuss information sheet.

F Invite an industry representative to speak to the class abc ut the field of autoimotive
electronics.

G. Have students visit a service center and talk to peopie working in automotive electron-
ics.

H. Have students prepare a written summary of their visit and talks with people in industry.
l. Have students give a brief oral report about their visit

J. Conduct a tour of the school facilities to acquaint students with ihe total school envi-
ronment and places like the counselor’s office, break rooms, and o.!ier special areas the
student should know how to find.

K. Outline rules of conduct expected in your area.

. Plan ahead for Unit Vil, “Computerized Engine Controls” Fram's SHOP TALK series
includes a 60-minute video tape covering “Computerized Engine Controls!” For informa-
tion about pricing and the cornplete package, write: Fram Division

Allied Automotive

SHOP TALK

105 Pawtucket Avenue
East Providence, Rl 02916

M. Another valuable training aid is available from Sun "*actronic Corporation. Sun’s 1985
Edition Computerized Engine Controls, Diagnosis and Testing, covers foreign cars, both
Japanese and European, that are not covered in this text. Information is available
from: Sun Electric Corporation

One Sun Parkway
Crystal Lake, IL 60014

o N.  Give test.

4
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INTRODUCTION TO AUTOMOTIVE ELECTRONICS

UNIT |

INFORMATION SHEET

Terms anu definitions

A.

B.

AC — Aiternating current
DC — Direct current

IC — Integrated circuit, a technology that packages complex electronic cir-
cuits on small silicon chips

Microprocessor — A complex computer circuit built using integrated cir-
cuit technology

Microcomputer — A complete computer made up of integrated circuit com-
ponents

The modern automobile

A.

Following World War Il, America quickly became a country on wheels, and
as the number of vehicles on American highways increased, so did the
quantity of dangerous hydrocarbons and lead in automotive emissions.

Lead free gas was introduceu in the late 1960's to help clean up the environ-
ment, but it took the oil crisis of 1973 to inspire the move to better engine
design to accomplish fuel efficiency and control emissions.

Government regulations set up a time table for manufacturers to meet
requirements for satety, for improved mileage, and for emissions control.

The traditional vacuum/mechanical controls on cars gave way to lighter
weight, more accurate electronic controls, and computerized engine con-
trols became an important element in the modern automobile.

The current trend is toward the use of multiple computers to control every-
thing from tuel cotisumption to passenger comfort, and improvements will
continue to be rapia and dramatic.

An indication of industry’'s commitmaent to automotive computers is evi-
denced by the fact that General Motors is the world's largest manufacturer
of microcomputers.

Occupational overview

A

As high-tech automobiles become the norim on American highways, techni-
cians with high-tech skills will be needed to service them.

LN Y
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V.

INFORMATION SHEET

Automotive computer electronics will become the most important area of
automotive service, not only on new automonbiles, but on used cars, too.

Although the stress will be on computer systems service, a good technician
will still need training 1 basic automotive systems.

The good technician will also develop skills in digital electronics and micro-
cornputer electronics as they apply io the automobile.

Technicians who can service automotive computer systems will be well
rewarded in the workplace because they will be at skill level “A" which
means they wili be the best paid technicians in the automotive service
industry.

For the automotive electronics technician who has well rounded skills in
other service areas, advancement usually comes quickly:

1. Service manager
2. Independent shop owner

3. Instructor in a school or service center

Prerequisites for automotive electronics t aining

A.

Technicians should have good math skills:

1. The ability to add, subtract, and multiply equations (Transparency 1)

2. The ability to use literal numbers to express relationships (Transpar-
ency 2)

3. The ability to manipulate equations (Transparency 3)

4. The ability to reduce equations to simplest form (Transparency 4)

[

The ability to divide a quantity by itself (Transparency 5)

3

The ability to solve equations (Transparency 6)

Automotive electronics technicians must have good reading comprehe -
sion hecause they will have to properly interpret technical manuals and
schernatic diagrams.

Automotive clectronics technicians must have good communication skilis
because they will be discussing technical problems with other technicians
and custorners.

30




D.

INFORMATION SHEET

Basic typing skills are useful to the technician because some test instru-
ments require reprogramming trom time to time on compu. :r keyboards.

Training requirements

A.

Automotive electronic technicians should also be trained in a comprehen-
sive auto mechanics course.

A background in automotive mechanics will help a technician better under-
stand how a microcomputer controls an automotive system.

Computers are not the only things that go wrong with automobiles and
being able to accomplish standard automobile repair will be required of
well-rounded technicians.

Automotive electronics technicians should also be trained in:

1.

Automotive DC electronics

(NOTE: DC electronics includes the study of circuits, voltage, cur-
rent, and resistance, the use of test instruments, and the study of
power sources.)

Automotive AC electronics
(NOTE: AC electronics includes the study of magnetism, electromag-
neti~m, inductors, and capacitors, and should also include AC circuit

characteristics, solenoids, relays, and sine wave generation.)

The oscilloscope and how to use it should be emphasized as part of
the training.

Serniconductors

(NOTE: This should cover diodes, transistors, integrated circuits or
IC's, as well as zener diodes, Hall effect generators, and electrostatic
discharge control.)

Digital electronics

(NOTE: This should include basic BIT definition, basic logic gates,
analog to digital converters and digital to analog converters, multi-
plexing, demultiplexing, and a brief overview of fiber optics.)
Automotive microprocessors

(NOTE: This should include microprocessor architecture including

bus structure, input/output data transfer, and applications of micro-
computers in automobiles.)

S, >
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INFORMATION SHEET

7. Computerized engine controls including sensor inputs, controller
outputs, and test equipment

8.  System micrccomputer controls for systems outside the engine

9.  Sensor testing, system operation, and troubleshooting for each sys-
tem

VI.  Responsibilities in the workplace
A. Be dependable and get to work on time.
B. Be neat and clean.
C Be sensible enough to ask questions when you need to.

D. Be right the first tirne you do a job because comebacks increase shop
costs, displease management, and irritate customers.

E. Be respectful of tools and test instruments and keep the shop area clean.

F Be safety conscious at all times.
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e Equations

AN

BALANCE

We can add, subtract, multiply, or
divide one side of the equation—as

long as we do the same to the othar
® side to keep the balance.

if: 3x =2y
then: 3x +3 =2y +3 is equal

and.: §3<_él-_§ = _2.3/-;_3 is also equal

T™ 1
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Literal Numbers

LITERAL NUMBERS ARE USED TO
SHOW RELATIONSHIPS

T

A

AREA (A) = LENGTH (L) x WIDTH (W)

THIS RELATIONSHIP IS TRUE FOR
ANY RECTANGLE

A=LxW

™ 2



Manipulating Equations

A=LxW
Solve For W
A=LxW
A=LxW
L L

Recall That Any Quantity Divided By
itself = 1; 9 = 1
J

N

\\xW
N\,

= W

A
L

So:

>

-l
=2

AE-13
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Reducing an Equation to Simplest Form

X=6x(@2 + 3 X =

The Operation Within The () Is Com-
pleted First.

X = 6 x (5

T™M 4




Dividing a Quantity by ltself

Z=BG+4/5+3+2)
Z = (10) / (10)

Any Quantity Divided By ltself Is One.

AE-17
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Soiving Equations

IXE=W E =

Divide Both Sides Of The Equation By |

| x E =__W_

I I
Look For Ones
I

xEBE _W

T

E=_V|§’_

AE-19
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INTRODUCTION TO AUTOMOTIVE ELECTRONICS

. UNIT |

ASSIGNMENT SHEET #1 — SOLVE BASIC EQUATIONS

Your Name Date

Directions: Solve each of the following equations.

1. X=3+2 X =
2. X=6x2+3 X =
3. X=6x(2+3) X =
4. Y =(6+2 x2 Y =
5. Y=8+44F Y=
6. Y=9 = oy Y =
7. Z=0BG+ v "4+ 3+2 Z=___
8. Z=3+3 Z=
‘ 9. Z =4+ 2 Z=
0. 3+2x4=Y Y =
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w INTRODUCTION TO AUTOMOTIVE ELECTRONICS
UNIT |

ASHIGHMENT SHEET #2 — SOLVE LITERAL NUMBER EQUATIONS

Your Name __ ... Date

Directions: Solve each of the following equations for the literal number indicated.

1. E=IxR R =
2 E=IxHR | =
3 R=E+| E=__
4, = £+ | | =
5 Al =k | =
b Zaxd + R R =
7. W =/IR R =
8. W =R b=
0 9. IxE=W E =
10 H =R, xR8) =~ R +R) R, =
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INTRODUCTION TO AUTCMOTIVE ELECTRONICS
UNIT |

ASSIGNMENT SHEET #3 — INTERPRET A TROUBLESHOOTING
ROUTINE

Your Name Date

Directions: Your instructor will provide you with a service manual for a specific year, model,
and make autornobile. Read the introductory materials in the service manual, and then select
a troubleshootirig routine related to a microcomputer function on the automobile. Write down
the routine in your own words, and turn it in to your instructor. Use the following suggestions
as guidelines for your report.

1. Does the routine require retrieving a diagnostic or trouble code?

2. Does thie routine require clearing a diagnostic or trouble code?

3. What spccial equipment, if any, does the routine require?

4. Should the routine be accomplished with the key ON or OFF?

5. Should the routine be accomplished with the engine cold or at normal operating tem-
perature?

6.  What safety precautions must be exercised while performing the routine?

7. Is the routine a general routine, or is it a routine that directly reflects a customer com-
plaint or a specific problem?

8. Does the routin2 require preliminary troubleshooting or special preparations?

9. Does the routine move systematicaliy to isolate a problem?




INTRODUCTION TO AUTOMOT!VL: ELECTRONICS
UNIT |

ANSWERS T0O ASSIGNMENT SHEETS #1

Assigm ient Sheet #1

9.
10.

X=5
X =15
X = 30
Y =16
Y =7
Y =1
Z=1
Z=12
Z=1
Y = 11

Assignment Sheet #2

9.
10.

R=E+|I
l=E+R
E=R x|
l=E + R
|l =E+R
R=1
R=W+ |2
f = (W <+ R)”
E=Wai

R = (R » R) + (R, ~ Ry

Assignment Sheei #3

Evaiuated to the satisfaction of the instructor.

AE-27
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INTRODUCTION TO AUTOMOTIVE ELECTRONICS
UNIT |

NAME

TEST

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

a. Alternating current 1. DC
—Db. Direct current 2. AC
——-C. Integrated circuit, a technology thet pack- 3. Microprocessor
ages complex electronic circuits on small
silicon chips 4. Microcomputer
———d.  Acomplex computer circuit built using inte- 5. IC

grated circuit technology

—_— A complate computer mace up of integrated
circuit componeants

2. Complete statements concerning the modern automobile by inserting the word(s) or fig-
ure(s) that best complete each statement.

a. Following World War Il, America quickly became a country on wheels, and as the
number of vehicles on American highways increased, so did the quantity of dan-
gercus and in automotive emissions.

b. Lead free gas was introduced in the late . to nelp clean up the
environment, but it took the _ crisis of 1973 to inspire the move to

better engine control emissions.

C. Government regulationssetupa . formanufac-
turers to meet requirements for safety, for improved mileage, and for emissions
control.

d. The traditional ____ [ _._. ... controls on cars gave way to
lighter weight, more accurate electronic controls, and computerized engineg con-
trols became an important elemant in the modern autormobile.

e, The current trend is toward the use of __._ g con-
trol everything from fuel consumption to passenger comfort, and improvements
will continue to be rapid und dramaiic.

f. An indication of industry’s commitrnent to automotive computers is evidenced

by the fact that =

e e .19 T WO Jargest manufac-
turer of microcomputers.




TEST

3. Select true statements concerning occupational overview by placing an “X" beside
each statement that is true.

(NOTE: For a statement to be true, all parts of the statement must be true.)

a. As high-tech automobiles become the norm on American highways, technicians
with high-tech skills will be needed to service them.

— b Automotive computer electronics will become the most important area of auto-
motive service, but only on new automobiles.

C. Although the stress will be on computer systems service, a good technician will
still need training in basic automotive systems.

—_—d. The good technician will also develop skills in digital electronics and microcom-
puter electronics as they apply to the automobile.

e. Technicians who can service automotive computer systems will be well rewarded
in the workplace because they will be at skill level “A” which means they will be
the best paid technicians in the automotive service industry.

—f For the automotive electronics technician who has well rounded skills in other
service areas, advancement usually comes quickly:

1) Service manager ‘

2) Independent shade tree mechanic

3) Instructor in a school or service center

4. Complete statements concerning prerequisites for automotive electronics training by
ineerting the word(s) that best complete each statement.

a gchnicians should have good skills:

1) The ability to add, subtract, and multiply

2)  The ability to use numbers to express relationships

3)  The ability to manipulate _

4)  The abiiity to reduce equations to ____ form

5)  The ability to divide a quantity by

6) The ability to equations

b. Automotive electronics technicians must hsve good . comprehen-
sion because they will have to properly interpret technical manuals and
. IAQTAMS,

a4
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TEST

C. Automotive electronics technicians must have good communication skills
because they will be discussing technical problems with other technicians and

d. Basic

skills are useful to the technician because some *est

instruments require reprogramming from time to time nn computer keyboa.:.s.

Complete statements concerning training requirements by inserting the word(s) that
best completes each statement.

a. Automotive electronic technicians should also be trained in a comprehensive

course.

b. A background in automotive mechanics will help a technician better understand

how a

controls an automotive system.

c. Computers are not the only things that gn with auiomobiles and
being able to accomplish standard automobile repair will be required of well-
rounded technicians.

d. Automotive electronics technlicians should also be trained in:

1)  Automotive electronlcs

2)  Automotlve electronics

3) Tha and how to use it should he emphasized as part of
... iraining

4)

5) electronics

6) Automotive

7)  Computerized _ controls including sensor inputs, control-
ter outputs, and test equipment

8) System microcomputer controls ror systems outside the

9) Sensor testing, system operation, and for each sysiem

Complete statements concerning responsibilities in the workplace by inserting the
word(s) that best complete each statement.

a. be

b. Be neat and __

, and get to work on time.

44
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TEST

C. Be sensible enough to when you need to.

d. Be right the first time you do a job because comehacks increase shop
, displease management, and irritate customers.

e. Be respectful of and and keep
the shop area clean.

f. Be conscious at all times.

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

7. Solve basic equations. (Assignment Sheet #1)
8. Solve literal numbers. (Assignment Sheet #2)

9. Interpret a troubleshooting routine from a service manual. (Assignment Sheet #3)




INTRODUCTION TO AUTOMOTIVE ELECTRONICS
UNIT |

ANSWERS TO TEST

[ BN oRN o NN e Ml
PO N

Hydrocarbons, lead
19€0’s, oil

Time table
Vacuum/mechanical
Multiple computers
General Motors

P00 o

a,cdef

a. Math

1) Equations

2) Literal

3) Equations

4) Simplest

5) Itself

6) Solve
b. Reading, schematic
Custemers

Typing

a o

Auto mechanics
Microcomputer
\Wrong

1) DC

2) AC

3) Oscilloscope

4) Semiconductors
5) Digital

6) Microprocessors
7) Engire

8) Engine

9) Troubleshooting

coow

Dependable

Clean

Ask questions

Costs

Tools, test equipment
Safety

~ooooTw
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7.

8.

9.

ANSWERS TO TEST

Evaluated 10 the satisfaction of the instructor
Evaluated to the satisfaction of the instructor

Evaluated to the satisfaction of the instrurtor

4
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SAFETY AND ACCIDENT
PREVENTION
UNIT i

UNIT OBJECTIVE

After complstion of this unit, the student should be able to discuss automotive shop dangers,
and general shop safety. The student should also be able to list rules for fire safety, battery
safety, and safe lifting, and solve problems related to safety and accident prevention. These
competencies will be evidenced by correctly completing the procedures outlined in the
assignment sheets, and by scoring a minimum of 100 percent on the unit test.

SPECIFIC OBJECTIVES

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

1.

o

>

N

© ©

Match terms related to safety and accident prevention with their correct defini-
tions.

Match automotive shop dangers with their causes.

Select true statements ccencernirg general shop safety.

Solve problems concerning fire safety.

Complete statements concerning battery safety.

Arrange in order the steps in safe lifting.

Select true statements concerning ways to recognize shock.

Arrange in order the steps in treating shock.

Complete statements concerning first aid for eye injury.

Select true statements concerning general guidelines for first aid emargencies.
Solve problems concerning personal physical and hygiene requirements.
Complete statements concerning service responsibilities.

Solve safety and accident prevention problems. (Assignment Sheet #1)
Complete a student safety pledge. (Assignment Sheet #2)

Complete a shop safety drawing. (Assignment Sheet #3)

AE- 38
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SAFETY AND ACCIDENT PREVENTION
UNIT Il

SUGGESTED ACTIV\TIES

Provide students with objective sheet.
Provide students with information and assignment sheets.
Make transparency.
Discuss unit and specific objectives.
Discuss information and assignment sheets.

\
Discuss safety rules that apply to classroom conduct, the proper and authorized use of
tools and equipment, school requirements for student insurance, and the reasons for a
student safety pledge.
Invite the local fire department to give a fire fighting demonstration and give a fire
safety talk. Include a demonstration of proper use of fire extinguishers in the shop and
classrocm areas.

Demonstrate the proper procedure for dealing witn an automotive electrical fire.

Discuss the fire evacuation plan for classroom anu shop, evacuation routes and fire
exits, after-emergency assembly points, and procedures for tornado alerts.

Invite a local red cross instructor or another instructor certified to teach first aid to tatk
to the class about emergency first aid procedures, especially those procedures related
to proper use of the eye flush station, treating cuts, puncture wounds, and burns.

Invite a certified first aid instructor to demonstrate the use of pressure points to contro!
bleeding and the use or cardiopulmonary resuscitation (CPR).

Demonstrate the proper method of blocking an automobile before jacking up.
Demonstrate the proper use of a hydraulic lift.
Demonstrate proper jump-starting procedure to reduce the risk of battery explosion.

Give test.

o)
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REFERENCES USED IN DEVELOPING THIS UNIT

A. The American Red Cross, Standard First Aid and Personal Safety. Garden City, NY: Dcu-
bleday and Co., Inc., 1978.

B. Kansas Safety Education Handbook, Volume Il Wichita, KS: Kansas State Department
of Education in cooperation with Wichita Public Schools, U.S.D. 259, 1981.

C. Kidde Portable Extinguishers, The ABC’s of Fire Prevention. Belleville, NJ: Walter Kidde
& Co., Inc., 1978.

D. OSHA Safetly and Health Standards (29 CFR 1910), Revised. Washiigtc . 20402:
U S. Department of labor, Occupational Safety and Health Adminictratic | (981.
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SAFETY AND ACCIDENT PREVENTION
UNIT Il

INFORMATION SHEET

Terms and definitions

A.

Safety — State or condition of being safe; freedom from danger, risk, or
injury

Accident -- Any suddenly occurring, unintentional event which causes per-
sonal injury or property damage

First aid — Immediate, temporary care given the victim of an acsident or
sudden illness until the service of a physician can be obtained

Combustibles — Materials or liquids that catch fire easily

Hygiene — The science of good health and its maintenance, including sani-
tary practice and cleanliness

Automotive shop dangers and their causes

A.

Exhaust gas inhalation — Caused by running engines in a shop without
properly removing exhaust gases

Explosions and fire — Caused by charging batteries in improperly venti-
lated areas, use of improper cleaning agents, and careless use of drop
lights and welding/cutting equipment

Back {njury — Aimost always caused by improper lifting, and workers com-
pensation records in almost every state indicate that back injuries and
related problems are the number one cause of lost work time

Eye injury — Almost always caused by failure to wear safety glasses or a
face shield

Cuts and bruises — Caused by improperly using tovls, failure to wear
gloves or other protective clothing, and carelscs housekeeping that causes
trips and falls

Bodily injury — Caused by improper or careless use of iacks and lifts, and
wearing improper clothing around moving or rotating equipment

General shop safety

A.

Operate power lifts according to manufacturers’ directions, and make sure
the descent area is clear before lowering a power lift.

&y
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INFORMATION SHEET

Use jack stands to secure a vehicle when you have to work under it, and
remember ihat a jack handle sticking out into a walkway is a tripping haz-
ard.

Remove ties, rings, and jewelry when working in the shop, and confine long
hair, especially when working around rotating parts.

heep hands free of fan blades, and remember that some fans are designed
to operate even after the ignition is turned off.

Wear safety glasses when using compressed air for cleaning, and NEVER
direct compressed air at a fellow worker, even in jest, because horseplay is
strictly forbidden in an automotive shop.

Wear safety glasses, safety goggles, or a face shield as a job may require,
and never place * ur head directly over a battery or over any spring-loaded
device that you're working on.

Practice goc ' housekeeping at all times, and this includes keeping tools
and equipment clean and stored in proper places.

Fire safety

A.

)

Know the location of all fire extinguishers, the types of extinguishers they
are, and the procedure for their proper operation. (Transparency #1)

Know the locaticn uf fire exits, keep them clean, and keep fire doors unob-
structed.

Do not use yasoline or carbon tetrachloride as cleaning agents because
both create fire hazards, and fumes from carbon tetrachloride are toxic.

Use welding/cutting equipiient away from areas where flammable liquids
are stored, and only where there is proper ventilation.

Store flammahle liquids only in safety containcrs, and in designated areas.

Never operate an engine when fuel is leaking from the carburetor, fuel
pump, or fuel line.

Incase oi a fire in a vehicle, turn the ignition off, disconnect the positive (+)
battery cable, and then use a CO; or dry chemical fire extinguisher.

When servicing a battery, always disconnect the negative cable first, but in
a fire emergency, it is important to disconnect the positive cable in order to
stop the power supply; if the problem is a short to ground, disconnecting
the negative battery cable would not stop the problem.

Smoke only in designated areas.

H
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INFORMATION SHEET

V. Battery safety

A. The first rule for battery safety is to wear safety glasses or goggtes for any
type of battery service, and never place your head directly over a battery
you are working on.

B. When removing a battery from a vehicle, always disconnect the ground (-)
cable first, and reconnect the ground cable tast when reinstalling a battery.

C. Use a battery strap when removing, replacing, or transporting a battery.

D. Loosen battery clamps with a box-end wrench to avoid sparking, and work
the buttery clamps oft vy hand or with a screw-type puller, but never pry bat-
tery clamps off.

E. Charge batteries only in well ventilated areas that are free of any danger
from sparks or open flames.

F Whin using jumper cables, connect the vehicle battery first, and make sure
clainps a‘e secure; when disconnecting jumper cables, disconnect the
jumper battery first.

VI. Steps in safe lifting

‘ A. Step 1 — Look at the load you plan to lift and size it up to make sure it is not
too heavy or unwieldy for you to handle.

FIGURE 1

Lo
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INFORMATION SHEET

Step 2 — Keep your back straight as you bend to pick up the load, get a firm
grip on the object, and lIft with your back and leg muscles as you keep the
load close to your body.

FIGURE 2

Step 3 — Complete the lIft before you turn to make sure your path of travel
is clear, move the load, and then set the load down by bending your knees
and using back and leg muscles together.

FIGURE 3

Ways to racognize shock

A.

B
C.

Skiri is pale and bluish.

Skin may be moist and clammy, even cold to the touch.
Virtim feels weak.

Pulse 1s rapld and weak.

Breathing rate Is fast and Irregular.

Victim may be confused or incoherent.



VIl

IX.

INFORMATION SHEET

Steps in treating shock

A.

B.

E.

F

Notify supervisor or instructor IMMEDIATELY.
DO NOT DELAY immediate first aid treatment; it can be lite saving.

Eliminate the causes of shock, control bleeding, or administer artificial res-
piration if victim is not breathing.

Keep victim lying down with feet slightly elevated.

(CAUTION: If victim has sustained a head, chest, or back injury, do not
elevate tha feet. Leave the victim lying flat, and when in doubt about the
nature of the wound, leave the victim lying flat.)

Cover the victim to retain body head, but do not make the victim sweat.

Give no liquids or food to the victim.

First aid for vye injury

A.

Every eye injury should receive immediate first aid attention.
Notify your supervisor or instructor immediately.
For an apparent minor object in the eye, have the person wink several

times. If the tears produced by winking do not remove the object, assume
that the object is embedded and use the followiny procedure:

1. Yave the victim close his or her eyes.
2. Place a piece of moist cotton of the closed lid.
3. Place a bandage over the cotton,

4. Get the victim to a doctor as soon as possible.

When the eyeball has been obviously scratched or penetrated, apply a ster-
ile dressing, bandage /oosely, and get medical help immediately.

Never permit the victim of an eye injury to rub his or her eye.

When in doubt abcut an eve injury, se~k the most immediate medical atten-
tion whether it's on the job or in the classroom.

Even though damage may be confined to one eye, it is sumetimes best to
bandage both eyes with a sterile dressing so the victim will not have a ten-
dency to move the damaged eye.

o
o U
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INFORMATION SHEET

For chemical or acid splashes, fluch the eyes immediately at an eye-flush-
ing station or use bottled, portable flushing solution, then seek immediate
medical assistance.

General guidelines for first aid emergencies

A.

B.

Never hesitate to administer first aid when it is needed.

Always have a reason for what you do.

Reassure the injured person that everything possible is being done.
Make accurate notes about the accident including name of victim, time,
place, cause or nature of the accident, and any first aid that was adminis-

tersd.

Do not notify the victim's family because this is the responsibility of the
school, the jobsite supervisor, or the medical facility.

Report all accidents and injuries to your instructor or jobsite supervisor, no
matter how minor they may seem to be.

File a complete accident report and submit a copy to the proper persons.

(NC E: Follow emergency procedures that have been adopted by local
school board.)

Personal physical and hygiene requirements

A.

Take a bath or shower daily

(NOTE: This should be a matter of personal pride, a matter or habit, but
beyond that, it's a responsibility to your fellow workers and classmates.)

Stay in good physical condition because this also promotes good psycho-
logical health.

Do not drink alcoholic beverages or use drugs on the job, and don't show
up for work with a hangover.

(CAUTION:  Even at the hangover stage, alcohol Impairs judgment and
endangers co-workers, and drugs are both physically and psychologically
damaging.)

Pay attention all the time because the maijority of accidents happen to
beginners in their first few months ¢f work.

wn
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INFORMATION SHEET

Service responsibilities

A.

Returning a clean vehicle to a customer is an important part of being a
good service technician because it promotes good customer relations.

Leaning over to work in an engine compartment requires using fender
guards to avoid leaving grease or oil stains or scratches on fenders.

Cover seats or any other areas that could be soiled when working in the
passenger cornpartment.

Handle brake fluid with care because one drop spilled on a painted surface
can leave a blemish.

Do not work with oily gloves on, and develop the habit of keeping your
hands clean so that you wil! not leave unsightly smudges on knobs, han-
dles, or other parts that have to be touched during service and repair.

Remember that a service technician is part of a team that is out to promote
a good company Imag, ™ by maintalning good customer relations.
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Fire Safety

KIND OF FIRE

APPROVED TYPE OF EXT.wGUISHER

DECIDE THE
CLASS OF
FIRE YOU ARE
FIGHTING. . .

...THEN
CHECK THE
COLUMNS
TO THE

MATCH UP PROPER EXTINGUISHER WITH CLASS OF FIRE SHOWN AT LEFT

RIGHT OF
THAT
CLASS
———

FOAM
Solution of
Aluminum
Suiphate
and Bicer:
bonate of
Soda

CARBON
DIOXIDE
Carbon
Dioxida
Gas Under
Pressure

SODA
ACID
Bicarbonate
of Soda
Solution
and Su!-
phunc Acid

PUMP
TANK

Plain
Water

GAS
CART.
RIDGE

Water Ex-

pelled by
Carbon
Dioxide
Gay

MULTI-
PURPOSE
DRY
CHEMICAL

ORDINARY
DRY
CHEMICAL

CLASS A FIRES

USE THESE
EXTINGUISHERS

-
ORDINARY
COMBUSTIBLES
* WOOD
* PAPER
® CLOTH

ETC.

&

CLASS B FIRES

USE THESE
EXTINGUISHERS

. a

FLAMMABLE
LIQUIDS, GREASE
® GASOLINE

¢ PAINTS

* QILS, ETC.

3
x

ﬁ)
I

CLASS C FIRES

USE THESE
T XTINGUISHERS
T —— -

ELECTRICAL
EQUIPMENT

¢ MOTORS
S SWITCHES
ETC.

:
X

—
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SAFETY AND ACCIDENT PREVENTION
UNIT Il

ASSIGNMENT SHEET #1 — SOLVE SAFETY AND
ACCIDENT PREVENTION PROBLEMS

A. A co-worker is idling an engine on a vehicle, but has neglected to hook up a safety
exhaust hose. When the lack of proper exhausting is pointed out, the co-worker says
that since the engine is only idling, there will be no danger from exhaust fumes.

1. Is there a problem?

2. If there is a problem, how can it be solved?

B. A co-worker is cleaning a dirty part with compressed air, and when you point out that he
ought to be wearing safety glasses, he jokingly aims the compressed air at you.

1. Is there a problem?

2. If there is a problem, how can it be solved?

C. You overhear two co-workers talking about whether or not the negative cable should be
disconnected first when servicing a battery. Co-worker one says the negative cable
should always be removed first and replaced last, but co-worker two insists that the
positive cable should be removed first in order to cut the power supply to a circuit and
help stop an automotive fire.

1. Is there a problem, or is it a matter of confusion?

2. Is co-worker one right and co-worker two wrong, or are both right, but simply not
stating their positions clearly? Justify your answer.

£
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ASSIGNMENT SHEET #1

D. Two co-workers are discussing potential danger areas around an automotive shop, and
co-worker one insists that skinned kr.ckles and abrasions cause more lost work time

than anything else. Co-worker two insists that eye injuries cause more lost work time
than anything else?

1. Which co-worker is right?

2.  How would you justify your answer?

E. A co-worker walks into the battery charging area while smoking a cigarette.

1. Is there a problem?

2. What safety rules are being broken?




SAFETY AND ACCIDENT PREVENTION
UNIT Il

ASSIGNMENT SHEET #2 — COMPLETE A STUDENT SAFETY PLEDGE

STUDENT SAFETY PLEDGE FOR VOCATIONAL AUTOMOTIVE ELECTRONICS

—., whkn is enrolled in vocational automotive studies at
, will, as a part of the training program, operate
machines and equipment. This activity requires the written permission of parent(s) or guard-
ian.

1. | PROMISE TO ABIDE BY ALL SAFETY RULES FOR THE SHOP AS FOLLOWS:

a. Yo use hand tools and power tools only after p.oper instruction and only with the
instructor’s permission

b. To use all tools and equipment only for their intended purposes, and to wear
safety glasses at all times in the shop area

C. To exhibit a concern for tools and equipment by returning them to propei storage
areas after use

d. To contribute to good housekeeping reauirements and to keep the shop area
clean and safe

e. To abide by all fire requlations and to respect no smoking signs or areas
f. To avoid horseplay at all times
g. To follow all rules and regulations of the school

2. | WILL REPORT ALL ACCIDENTS TO THE INSTRUCTOR IMMEDIATELY

DATE STUDENT'S SIGNATURE -

As parent(s) or guardian of , | hereby give consent far
my son/daughter to operate all machines and equnpment necessary for carrying out the
requirements of the automotive course in which hefshe is enrolled (parent or guardian signa-
ture not required for stuuents of legal age).

DATE

PARENT(S) OR GUARDIAN SIGNATURE..

(NOTE: Parents are cordialily invited to visit the school and inspect the automotive electronics
program at any convenient time.)

5
) 1.
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SAFETY AND ACCIDENT PREVENTION
' UNIT 1i

ASSIGNMENT SHEET #3 ——- COMPLETE A SHOP SAFETY DFAWING

Directions: Make a careful, neat drawing of the shop area. Include the location of fire extin-
guishers, first aid kit, eye flush station, and all emergency exits. Also list the telephone num-
bers to call in the event of fire or medical emergencies.

;‘ oy
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SAFETY AND ACCIDENT PREVENTION
UNIT I

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1
A 1. Yes.
2. Hook up a proper exhaust hose any time an engine is being run inside at any

e

N —

speed.

Yes.
Wear safety glasses when using compressed air, and never direct compressed air
at someone else because horseplay is strictly forbidden in an automotive shop.

It is a matter of confusion.

Both co-workers are right. In normal battery service, the negative cable should
always be disconnectad first, but with an automotive fire, the positiv2 cable
should be disconnected first to cut off power to circuits.

Neither is right.
Workers compensation records indicate that back injuries and related problems
are the number one cause of lost work time.

Yes.
Smoke oniy in designated areas, and the battery charging area should be free of
any risk from spark or flame.

Assignment Sheet #2 — Evaluated to the satisfaction of the instructor

Assignment Sheet #3 — Evaluated to the saiisfaction of the instructor
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SAFETY AND ACCIDENT PREVENTION

UNIT I

TEST

SCORE

1. Match terms related to safety and accident prevention with their correct definitions.

— b

a.

State or condition of being safe; freedom
from danger, risk, or injury

Any suddenly occurring, unintentional event
which causes personal injury or property
damage

Immediate, temporary care given the victim
of an accident or sudden illness until the
service of a physician can be obtained

Materials or liquids that catch fire easily

The science of good health and its mainte-
nance, including sanitary practice and
cleanliness

2. Match automotive shop dangers with their causes.

—b

a.

Caused by running engines in a shop with-
out properly removing exhaust gases

Caused by charging batteries in improparly
ventilated areas, use of improper cleaning
agents, and careless use of drop lights and
welding/cutting equipmer..

Almost always caused by improper lifting,
and workers compensation records in
almost every state indicate that back inju-
ries and related problems are the number
one cause of lost work time

Alinost always caused by failure to wear
safety glasses or a face shield

Caused by improperly using tools, failure to
wear gloves and other protective clothing,
and careless housekeeping that causes
trips and falls

1.
2.

Combustibles
Accident
Hygiene
Safety

First aid

. Back injury

Cuts and bruises

Exhaust gas inhala-
tion

Bodily injury
Explosions and fire

Eye injury
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TEST

Caused by improper or careless use of jacks
and lifts, and wearing improper clothing
around moving or rotating equipment

Select true statements concerning general shop safety by placing an “X” beside each
statement that is true.

—b

_—

a.

Operate power lifts according to manufacturers’ directions, and make sure
the descent area is clear before lowering a power lift.

Use jack stands to secure a vehicle when you have to work under it, and
remember that a jack handle sticking out into a walkway is a tripping haz-
ard.

Remove ties, rings, and jewelry when working in the shop, and confine
long hair, especially wt an working around rotating parts.

Keep hands free of fan blades, and remember that some fans are designed
to operate even after the ignition is turned off.

Wear safety glasses when using compressed air for cleaning, and NEVER
direct cornpressed air at a fellow worker, even in jest, because horseplay is
strictly forbidden in an automotive shop.

Wear safety glasses, safety geggles, or a face shield as a job may require,
and never place your head directly over a battery or over any spring-loaded
device that you're working on.

Practice good housekeeping at all times, and this ‘ncludes keeping tools
and equipment clean and stored in proper places.

Solve problems concerning fire safety by answering the following questions.

a. Using carbon tetrachloride as a cleaning agent creates a fire hazard, but what
other danger is associated witt. carbon tetrachloride?

Answer:

b. In the case of a vehicle fire, which battery cable shculd be disconnected first?

Answer:

Compl~te statements concerning battery safety by circling the word(s) that best com-
plete(s) each statement.

a. The first rule for battery safoty is to wear (safety glasses or goggles, heavy rubber
gloves) for any type of battery service, and never place your head directly over a
battery you are working on.-

aYH
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TEST

b. When removing a battery from a vehicle, always disconnect the (ground, positive)
cable first and reconnect the (ground, positive) cable last when reinstalling a bat-
tery.

C. Use a (cart, battery strap) when removing, replacing, or transporting a battery.

d. Loosen battery clamps with a (box-end wrench, screwdriver) to avoid sparking,
and work the battery clamps off by hand or with a screw-type puller, but never pry
battery clanmps off.

e. Charge batteries only in we!l ventilated areas that are free of any danger from
sparks or open (flames, cuiiainers).

f. When using jumpar cables, connect the (vehicle, jumper) battery first, and make
swie clamps are secure; when disconnecting jumper cables, disconnect the
(juniper, vahitvle) battery first.

8. Arrange in vwrder the steps in sate lifting by placing the cerrect sequence number in the
apbropriate blank.

R a. Complete the lift before you turn to make sure your path os travel is clear,
move the Inad, and then set the load down by bending your knees and
using back and ley muscles together.

B 1 X l.o0k at the load vou plan to lift and size it up to make sure it is not too
heavy or unwieldy for you to handle.

RN Keep youv back straight as you bend to pick up the load, get a firm grip on
the: object, and lift with your back and leg muscles as you keep the load
close to your body.

r Select true statements concerning ways to recognize shock by placing an “X” beside
gach stateinent that is true.

S § Skin is pale and bluish.

o4

Skin may be moist and clammy, even cold to the touch.

ot e s s

C. Victim feels weak.

—d. Pulse is slow and strung.

e. Breathing rate is slow.

S, Victim may be confused or incoherent.

A7
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TEST

8. Arrange in order the steps in treating shock by placing the correct sequence number in
the appropriate blank.

a. Cover the victim to retain body heat, but do not make the victim sweat.

—_D. Give no liquids or focd to the victim.

C. Notify supervisor or instructor IMMEDIATELY.
—d. DO NOT DELAY immediate first aid treatment; it can be life saving.

e. Eliminate the causes of shock, control bleeding, or administer artificial
respiration if the victim is not breathing.

et Keep victim lying down with feet slightly elevated.

9. Complete statements concerning first aid for eye injury by circling the word(s) that best
complete(s) each statement.

a. (Every eye injury, Almost all eye injuries) should receive immediate first aid atten-
tion,

b. Notify your supervisor or instructor (immediately, at the first opportunity). ’

C. For an apparent minor 0bject in the eye, have the person wink several times. If
the tears produced by winking do not remove the object, assume that the abject
is embedded and use the following procedure:

1) Have the victim (close his or her eyes, lie down).

2) Place a piece of (dry, moist)cotton over the closed lid.

3) Place a (bandage, band-aid) over the cotton.

4) Get the victim to (a doctor, a rest area) as soon as possible.

d. When the eyeball has been obviously scratched or penetrated, apply a sterile
dressing, bandage {loosely, firmly), and get medical help immediately.

e. Never permit the victim of an eye Injury to (rub, touch) his or her eye.

f. When in doubi about an eye injury, (get any sort of help you can, seek the mos*
immediate medical attention) whether it's on the job or in the classroom.

g. Even though damage may be confined to one eye, it is sumetires best to ban-
dage both eyes with a sterile dressing so the victim will not have a tendency (to
move the damaged eye, to roam about).
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TEST

h. For chemical or acid splashes, fitsh the eyes (immediately, within 5 minutes) at
an eye-flushing station or use bottled, portable flushing solution, then seek
immediate medical assistance.

Select true statements concerning guidelines for first aid emergencies by placing an
“X” beside each statement that is true.

a. Never hesitate to administer first aid when it is needed.

— b Always do something even if you're not sure.

C. Reassure the injured person that everything possible is being done.

_d. Make accurate notes about the accident including name of victim, time,
place, cause or nature of the accident, and any first aid that was adminis-
tered.

—_e Do notify the victim’s family because this is your responsibility.

—f Report all accidents and injuries to your instructor or jobsite supervisor,
no matter how minor they may seem to be.

—_—. File a complete accident report and submit a copy to the proper persons.

Solve problems concerning personal physical and hygiene requirements by answering
the following questions.

a. Staying in good physical condition promotes what other health area?

Answer:

b. When do a majority of accidents happen to beginners?

Answer:

Complete statements concerning service responsibilities by circling the word(s) that
best complete(s) each statemant.

a. Returning a (clean, good running) vehicle to a customer is an important part of
being a good service technician because it promotes good customer relations.

b. Leaning over to work in an engine compartment requires using (drop cloths,
ferider guards) to avoid leaving grease or oil stains or scratches on fenders.

C. Cover (seats, tloor m:its) or any other areas that could be soiled when working in
the passenger comjal iment.

R
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d. Handle (brake fluid, transmission fluid) with care because one drop spliled on a
painted surface can leave a blemish.

e. Do not work with olly gloves on, and develop the hablt of keeping your hands
clean so that you wiii not leave (unsightly smudges, fingerprints) on knobs, han-
dles, or other parts that have to be touched during service and repalr.

f, Remember that a service technlician is part of a team that is out to promote (a
good company image, the team concept) by maintalning good customer rela-
tions.

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

13.  Solve safety and accident prevention problems. (Assignment Sheet #1)
14. Complete a student safety pledge. (Assignment Sheet #2)

15. Complete a shop safety drawing. (Assignment Sheet #3)
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SAFETY AND ACCIDENT PREVENTION
UNIT i

ANSWERS TO TEST

O C O U™
W =200 b

a, 3
b. 5
C. 1
d. 6
e. 2
f. 4
a) b) Cl d) e) f) g

a. Carbon tetrachloride is toxic
b. The positive cable

Safety glasses or goggles
Ground, ground

Battery strap

Box-end wrench

~lames

Vehicle, iumper
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10.

11.

12,

13.

14.

15.

ANSWERS TO TEST

Every eye injury
Immediately

1) Close his or her eyes
2) Moist

3) Bandage

4) A doctor

Loosely

Rub

Seek the most immediate medical attention
To move the damaged eye
Immediately

cow

Se oo

a’ C’ d) f) g

a. Good psychological health
In the tirst few months of work

Clean

Fender guards

Seats

Brake fluid

Unsightly smudges

A good company image

oo oW

Evaluated to the satisfaction of the instructor

Evaluated to the satisfaction of the instructor

Evaluated to the satisfaction of the instructor




AUTOMOTIVE DC
ELECTRONICS
UNIT 11

UNIT OBJECTIVE

After completion of this unit, the student should be at.'e to discuss the nature of matter and
the basic fundamentals of direct current electricity. The student should also be able to recog-
nize series and parallel circuits as well as batteries, alternators, conductors, insulators, con-
nectors, breakers, fuses, capacitors, switches, and relays. The student should aiso be able to
use Ohm'= law to compute unknown voltage, resistance, and amperage, and check troubles in
series and parallel circuits. These compstencies will be evidenced by correctly completing the
procedures outlined in the' assignment and jub sheets and by scoring 85 percent on the unit

test.

SPECIFIC OBJECTIVES

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

1.

e o &

Match terms related to automotive DC elecironics with their correct definitions.
Select true statements concerning the nature of ma’ier.

Solve a problem concerning static electricity.

Select true statements concerning dynamic electrici

Complete statements concerning batteries.

Complete siatements concerning alternators.

Select true statements concerning ohm'’s law.

Solve problems concerning Kirchoff's law for voltage and current.
Solve problems concerning theories of current flow.

Identify a series circuit.

Identify a parallel circuit.

Identify a series-parallel circuit.

Complete statements concerning v-itage measurements.
Complete statements concerning current measurements.

Complete statements concerning resistance measurements.
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OBJECTIV: SHEET

16.  Select true statements concerning multimeters.
17.  Select true statements concerning linear DC.
18.  Select true statements concerning pulsating DC.
19. Complete statements concerning conductors.
20. Solve problems cencerning insulators.
21.  Solve problems concerning connectors.
22. Complete statements concerning fuses and fusible links.
23. Complete statements concerning circuit breakers.
24. Select true statements concerning inductors.
25. Select true statements concerning capacitors.
26. Complete true statements concerning switches.
27.  Solve problems concerning electromechanical relays.
28. Complete statements concerning schematic diagrams.
29. Complete statements concerning scientific notation.
30. Select true staten.ents concerning troubleshooting an open circuit.
31.  Select true statements concerning troubleshooting a short to ground.
32. Select true statements concerning troubleshooting shorts into another circuit.
33. Select true statements concerriing troubleshooting high-resistance problems.
34, Cawculate voltage using Ohm’s law. (Assignment Sheet #1)
35. Calculate current flow in amperes using Ohm’s law. (Assignment Sheet #2)
36. Calculate resistance using Ohmn's law. (Assignment Sheet #3)
37. Demonstrate the abiiity to:
a. Measure voltage drops in a series circuit. (Job Sheet #1)
b. Analyze current values in a series circuit. (Job Sheet #2)
C. Measure voltage, current, and resistance in a parallel circuit. (Job Sheet #3)

d. Troubleshoot series-parallel circuits. (Job Sheet #4)

7
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C.

AUTOMOTIVE DC ELECTRONICS
UNIT i

SUGGESTED ACTIVITIES

Provide students with objective sheet.

Provide students with information and assignment sheets.
Make transparencies.

Discuss unit and specific objectives.

Dicuss information and assignment sheets.

Have available automotive components to demonstrate how switches, capacitors,
relays, and other electronic items are used in automobiles.

Demonstrate the measurement of amps, volts, and ohms with the different types of
instruments they can be measured with.

Demonstrate how to zero an ohmmeter and adjust it to get a proper reading.
Impress upon students the need for safe practices when using test instrurnents.

Read the job sheets carefully and prepare test circuits as needed so the students can
get some hands-on practice with real circuits.

Give test.
REFERENCES USED IN DEVELCPING THIS UNIT

EEC Il EEC IV 5-DAY TECHNICIAN CERTIFIGATION. Dearborn, M1 48121: Ford Parts
and Service Division, Training and Publications Depariment, 1985.

Flectricity and Electroni.s, Fundamentals. Highland Park, Ml 48203: Service Training,
Chrysler Corporation, 1¢ 84,

Specialized Electronics Training. Warren, Mi 48090: Product Service Training, General
Motors Corporation, 1984.

Willison, Neal and James Shelton. Basi¢ Electronics li. Stillwater, OK: Mid-America
‘\ocational Curriculum Consortium, 1981,
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AUTOMOTIVE DC ELECTRONICS
UNIT Il

INFORMATION SHEE/

Termis and definitions

M.

Battery — Portable, chemical source of electricity

Capacitor — Electronic component that stores energy in an electrostatic
field

Conductors — Materials that pass electricity easily

Current — The rate of flow of electrical charge, measured in amperes; the
symbol for ~urrent is |

Electrons — Atomic particles that have a negative charge

Elements — Basic huilding blocks of matter

Inductors ~ Electronic component that stores energy in a magnetic field
Insulators — Materials that do not pass electricity easily

lon — An atom that has gained or lost an electron

Neutron — Atomic particle that has no electric charge

Proton — Atomic particle with a positive electric charge

Resistor — Electronic component that resists the flow ot electricity, con-
verts ciectrical energy to heat, unit is the ohm, symbol is Q

Voltage — Electrical pressure that can force current to flcw through resist-
ance, unit is volt, symbuls used are V and E

Nature of matter

A.

3.

All matter is made up of basic building blocks called elements.

There are over 100 naturally occurring elements such as oxygen, | ydrogen,
caiuon, and iron.

Elements can combine to produce common forms of matter.

Example: Oxygen can conblne with hydrogen to produce water or iron
can combine with carbon o form sieel

Each element has its own unique atomic structure.




INFORMATION SHEET

An atom is made up of two parts, a dense nucleus and electrons that orbit
the nucleus.

The nucleus of an atom has two kinds of atomic particles, neuwons and
protons.

Electrons have a negative electrical - harge.
Protons have a positive electrical charge.
Neutrons have no electrical charge.

The negative electrical charge of an electron is the same size as the posi-
tive charge of a proton.

In a normal atom there are as many orbiting electrons as protons in the
nucleus. (Transparency 1)

Under certain conditions, an atom may gain an extra electron or lose an
orbiting electron. (Transparency 2)

If an atom gains or loses an orbiting electron, the atom is no longer electri-
cally neutral — the atom has become an jon.

If an atom loses an orbiting electron, the atom has a net positive charge
and is called a positive ion.

An electron lost from an atom is called a free electron.

When an atom loses an electron the empty space left in the atom is called a
hole.

If an atom gains an extra orbiting electron, the atom has a net negative
charge and is called a negative ion.

The movement of electrons is considered electricity.

Static electricity

A.

Free electrons can gather on the surface of a material to create a negative
static electrical charge.

A nonmoving electrical charge is called static electricity.

~J
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INFORMATION SHEET

The easiest way to create static electricity is to create friction between two
different substances.

Example: Sliding across a car seat will often produce static electricity.

On a dry day, a comb that has been used to comb hair will be electrically
charged with static electricity and can be used to attract small hits of paper.

Static electricity will remain static until a conducting path allows a dis-
charge.

Example: Many have walked across a carpeted room on a dry winter day
and experienced an electrical discharge as they touched the
doorknob.

An awareness of static electricity is necessary because electrostatic dis-
charge can accidentally damage or destroy sensitive electronic compo-
nents, and static discharge has to be controlled by static grounding.

Example:  Wrist straps grounded to chassis are commonly used for static
grounding.

Dynamic electricity

A.

B.

Dynamic or moving electrons are called an electrical current.

Electrons can quickly form an electric current if placed near positive ions,
the positively charged ions attract the electrons which rush to fill the holes
left by missing electrons.

Electrons will be repelled by neg- .ive ions because like charges repel and
unlike charges attract. (Transparancy 3)

Electric currents flow easily through metal wires called conductors.

The best metals for electrical conductors are gold, silver, copper, and alumi-
num, and copper is the most ¢  monly used electrical conductor.

Electrical pressure supplied by a battery or other source can make current
flow through a conducting path known as a circuit.

The electrical pressure that causes an electrical current to flow through a
closed electrical path is called voltage.

The unit of measure of electrical pressure is the volt.

The measure of how much current flows through a conductor is the

~ ampere.

N
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INFOCRMATION SHEET

J. When an electrical resistance such as a light bulb is placed in the path of
an electrical current, the meaasure of electrical resistance is the ohm.

K. When an electrical current passes through an electrical resistance or other
electrical load, work is done, and electrical energy is transformed into heat,
light, or forms of mechanical work.

L. The measure of work performed by electrical energy is the watt.

Batteries

A. One of the main sources of portable electricity is the battery.

B. Batteries convert chamical energy into electricity. (Transparency 4)

C. Batteries are composed of a chemical solution called «n electrolyte and
two different kinds of metals called the plates.

D. The positive ions in an electrolyte collect on onz of the battery plates and
the negative .ons in an electrolyte collect on the other battery plate.

E. A battery is made up of battery cells connected in & series.

F The most common battery used in automobiles is called a lead-acid battery.

G. Automobile batteries are made up of six lead-acid cells connected in series
to give a hattery voltage of 12 volts.

H. Each of the lead-acid cells making up the battery produces approximately 2
volts.

I Lead-acid batteries used in automobiles can supply electrical energy to do
work such as turn a starter motor or light head lamps.

J. As a battery supplies energy or power, the battery discharges the chemical
action that prodiices electricity decreases, and an internal resistance
develops that limits max.mum current flow.

K. An automobile battery can also be recharged with an alternator.

Alternator. (Transparency 5)

A.

When an eiectric cur ent fiows through 4 conductor, it establishes a mag-
netic field around the conductor.

Since a moving electric charge creates a magnetic field, the key words are
movement, electric charge, magnetic field, and if any two of the above are
present, the third will occur.
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INFORMATION SHEET

Moving a conductor across a magnetic field will create an electrical current
in the conductor that will flow through the complete electrical circuit.

The concept of inducing electricity is used to build electric generators and
automobile alternators which are used to charge automotive batteries.

The alternator voltage is slightly greater than the battery voltage and forces
a reversal of the chemical action within the hatte v, and reversal action
fecharges the battery.

Ohm’s law (Transparericy 6)

A

Ohm'’s law expresses the relationship of voltage, current, and resistance in
an electrical circuit.

Ohm’s law states: The current flowing in an electrical circuit is directly pro-
portional to the voltage, and inversely proportional to the circuit resistance.

Ohm's law '=s symbols to represent the three electrical quantities:
1. Eis the symbol for voltage (pressure), and is measured in volts.
2. listhe symbol! for current (rate of flow), and is measured in amperes.
3.  Ris the symbol for resistance (load), and is measured in ohms.

When at least two electrical quantities are known, Ohm’s law can be used
to find the other unknown quantity, as expressed in mathematical formulas:

1. E = x R (amperage times resistance)
2. | = E/R (voltage divided by resistance)

3. R = E/I(voltage divided by amperage)

Kirchhof*'s law for voltage and current

A.

Kirchhof{’s voltage law — The sum of the voltage drops in a closed loop cir-
cuit (series circuit) is equal to the applied voltage.

Kirchhotf's current law —- 1 he algabraic sum of currents into any point iri a
circuit is equal to the algebraic sum of currents out of that point.

Theories of current .iow

A.

The electron theory of current flow states that current flows from the nega-
tive battery *errninal (~) through a circuit, and back to the positive battery
terminal (+).
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B. The conventional theory of current flow states that current flows from the
positive battery terminal (+) through a circuit, and back to the negative bat-
tery terminal (~).

C.  Theconventional theory of current flow is the accepted theory used in auto-
motive applications, and in solid-state electronics applications.

FIGURE 1 Basic Circuit

Conductor—-

Source

D. Confusing the two theories can lead to misreading schematics, and errors
in troubleshooting, so always know which theory is heing used, and remem-
ber that the conventional theory is used in automotive applications. .

X. Series circuits (Transparency 7)

A. Current flow in a series circuit follows a single continuous path through the
load devices.

B. An open in any part of a series circuit stops current flow in a series circuit.

C. Each resistance or load in a series circuit has its own voltage drop which
equals the resistance of the load times the current flow.

Example: V4 =1 x Ry
Vo =1 xRy

D. The sum of all the voltage drops in a series circuit will equal the battery volt-
age.

E. Total resistance in a series circuit equals the sum of all resistances in the
circuit. b

Exanple. Ry (total resistance) = Ry + Ry + Ra

& i
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Parallel circuits (Transparency 7)

A. Current flow in a parallel circuit can follow several different paths or
branches through the load devices.

B. If there is an open in one bianch, current will still flow through the other
branches in a parallel circuit.

C.  The total current flow in a parailel circuit is equal to the sum of the current
flow in each of the branches.

D.  Since the same amount of voltage is applied to each load in a parallel cir-
cuit, the total voltage drop across each of the loads is equal to the battery
voltage.

E. Total resistance in a parallel circuit is less than the iowest resistance of any
of the branch loads.

F There are two formulas for calculating total resistance in a parallel circuit:
Ri X Ry x Rj

Ry - Ro + Rj — + + =
Series-parallel circuits (Transparency 7)

A. Current flow in a series-parallei circuit can follow a single continuous path
at one point, and follow several different paths at other points.

(NOTE: As the name implies, a series-parallel circuit has characteristics of
both a series, and a parallel circuit.)

B. If there is an open in the series part of a series-parallel circuit, current flow
will stop, kut if there is an open in a branch, current flow will stop in that
branch, but not in the circuit.

C. In a series-parallel circuit, the resistance of the load devices in the series
part of the circuit drops the voltage to the level of the load devices in the
parallel parts of the circuit.

. To calculate total resistance in a series-parallel circuit:

1. Total the resistance of all the parallel branches.
2. Total the series resistance.
3.  Add the two together to obtain total resistance.
(NOTE: Common automotive applications of series-parallel cirruits

include the use of a switch series to light instrument panels where
lamps are wired in paralicl.)

19
.
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Voltage measurements (Transparency 8)

Voltage measurements are made with a voltmeter.

Voltages are measured across resistors and sources such as batteries and
power supplies.

Voltmeters have very high resistance in order not to disturb the circuit
under test.

Since the voltmeter is across a resistor or source, it is in parallel with the
resisior or source.

There are two common types of voltmeters, analog and digital.
Analog voltmeters indicate a voltage readiig with a pointer on a scale.

Digital voltmeters indicate the voltage reading as a digital display and have
to be used in some applications.

Current measurements (Transparency 9)

0.

Current measurements are made with an ammeter.

Current measurements are made by placing the ammeter in series with the
circuit being measured:

1. The circuit must be opened and the meter placed into the circuit.
2. The circuit must flow through the ammeter.

Ammeters must have very fow resistance; the presence of the ammeter
should change the circuit under test as little as possible.

There are two kinds of arameters, analog and digitai.

Resistance measurements (Transparency 10)

A.
B.

Resistance measurements are made with ar ohmmeter.

Resistunce must not be measured with an ohrameter while power is applied
to the circuit.

(NOTE: The resistor or circuit component is usually removed from the cir-
cuit before its resistance Is measured.)

An ohmmeter contains its own voltage source, usually a low voltage bat-
tery.

Ohmmeters are available as both analog and diyital instruments.

5 A
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Multimeters (Transparency 11)

A. Since common circuit measurements are voltage, current, and resistance,
these functions have been incorporated into a single instrument called a
multimeter.

B. To use a raultimeter, the function switch is first turned to the quantity to be
measured, voltage, current, or ohms.

C. Once the function has been set, select the range of the quantity to be mea-
sured.

(NOTE: Many modern digital instruments have auto-ranging. If auto-ranging
is not available and the range of the quantity to be measured cannot be
estimated, set the instrument on the highest range, connect the instrument
to the circuit, and then down range to get the reading.)

D. Multimeters are availabie as analog or digital instruments.

E. Digital multimeters are easier to read, and in high impedance applications,
they do a better job than analog meters.

F Remember that a multimeter becomes a voltmeter, an ammeter, or an ohm-
meter depending on the function switch setting.

G. The muitimeter is the most widely used basic circuit analysis and testing
tool in electronics.

Linear DC (Transparency 12)

A, Linear DC is a constant or near constant value.

B. Linear DC mz; be either positive or negative with respect to a reference
point such as the automobile chassis.

Pulsating DC (Transparency 12)

A. Pulsating DC changes value with time, but never crosses the zero refer-
ence.

B. Fulsating DC may be either positive or negative with respect to a reference
point such as the automobile chassis.

C. A sophisticated instrument called an ogcilloscope is used to measure pul-
sating DC.
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Conductors

A

Conductors are the wires or metals that easily conduct electrical currents
in circuits,

B. The most common electrical conductor is copper wire.
C. All conductors have some resisiance based on fength, diameter, and tem-
perature:
1. The longer the wire, the higher the resistance.
2. The smaller in diameter the wire, the higher the resistance.
3. The hotter the wire, the higher the resistance.
D.  The important characteristics of copper conductors are summariz<d in a
wire gauge table. (Transparency 13)
Insulators
A, Insulators are poor conductors of electrical current.
B. Common insulating materials are rubber, plastics, glass, and ceramics.
C.  Insulating materials are used to cover conductors to offer protection for
woth the circuit and technicians working on circuits.
D. If an insulator fails, a short circult may occur, and excessive current flow
will damage circult components and perhaps start a fire.
Connectors
A. Many electrical connectors are connected to the conductors of a circuit or
cable by solder.
B. Solder is a mixture of lead and tin, a metal with a low melting temperature
(compared to copper).
C. Solder is used to make electrical connections between conductors; it is not
used to create a strong mechanical connection.
D.  To properly solder a connection:

1. Clean the connection or joint with a resin paste or flux.
2. Heat the joint with a solderinqg iron.

3. Apply the solder so that it melts and forms a bright, smooth appear-
ance at the joint.

4,  Tape the connection to insulate it from corrosion.

X
<
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Common errors in soldering are:

1. Failure to properly clean the joint.

2. Not heating the joint sufficiently, forming a cold solder joint that
looks dull and rough.

3. Using too much solder.
4. Using improper flux
In automotive circuits, connections are often made with crimp connectors.

Crimp connectors are special connectors that have a sleeve that the con-
ductor is slipped into; the sleeve is crushed using a special tool to form a
mechanically strong solderless corinection.

If the crimp connection is subjected io long periods of vibration, the joint
may fail by breaking the conductor at the crimp.

A newer and far superior technique is to use solder to form the electrical
connection and to make the connection corrosion resistant by covering it
with heat shrink.

While tne conductor is soidered to the connector, the crimp is made on the
conducte:'s insulation.

Fuses and fusible links

A.

A low cost and effective method of protecting circuits from excessive cur-
rent flow is to fuse the circuit.

A fuse is a metal link selected and shaped to allow continuous current flow
up to some predetermined amperage.

When predetermined amperage is exceeded, the metal link melts, and the
fuse blows.

When a fuse blows, it is calling attention to a circuit problem that should
corrected.

Never replace a fuse with one that has a higher amperage rating because
circuit protection will be lost.

Replacing a fuse with one with a higher rating may lead to expensive
destruction of circuit components and/or electrical fires.

-~
Fa
.
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Fusible links are used in power circuits, and like all other fuses, should be
replaced with a fusible link of the same resistance. (Figure 1)

FIGURE 1

Circuit breakers

A. Ciicuit breakers are circuit protectors that can be usually be reset, and
don’t have to be replaced like fuses do.

B. Circuit breakers are usually of the thermal type; when they get too hot from
excessive current flowing through them, the circuit they are protecting is
opened.

C.  Thermal circuit breakers are composed of a small resistor used as a heat-
ing element and a bi-metal switch.

(NOTE: A~ the resistor overheats from excesslve current passing through it,
a bi-metal switch is forced to open. This type circuit breaker may be reset
after « is allowed to cool.)

D. A bi-metal switch is composed of two different metals that expand at differ-
ent rates as they are heated.

E. If a circuit breaker continues to trip, it's a sure sign that the circuit needs to
be tested.

Inductors

A. A current flowing through a conductor produces a magnetic fleld around
the conductor.

B.  The e'fects uf this magnetic field may be strengthened by forming the con-

ductor into a coil; the result is called an inductor.
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The inductor has many uses in electrical and electronic circuits.

An inductor may be wound to form an ignition coil to produce high voltage
from a low voltage source:

1. When the circuit closes, current flows through only part of the coil
and a slowly expanding magnetic field is created around the entire
coil or inductor.

2.  When the circuit opens, the magnetic field quickly collapses induc-
ing a very high voltage in the total coil, and this high voltage is used
to fire spark plugs.

3.  The magnetic field is strengthened by inserting a soft iron core into
the center of the coil.

XXV.  Capacitors (Transparency 14)

A.

Capacitors are two plates of conducting material separated by an insulat-
ing material called a dielectric.

A capacitor may be charged — that is, the capacitor may have excessive
negative charges on one plaie and a deficiency of negative charges on the
other plate (positively charged).

The electrical energy of a charged capacitor is stored in the dielectric
between the conducting plates.

A capacitor may be charged or discharged through a resistor.

The larger the capacitor value in capacitance, and the larger the resistance
value in ohms, the longer it will take the capacitor to charge or discharge.

When a capacitor is charged or discharged through a resistor, the circuit is
often called a resistive capacitive (RC) circuit.

RC circuits are frequently used in timing applications, and to supress volt-
age spikes from inductors.

The unit of measure for capacitance is the farad.

(NOTE: Because one farad of capacity is very larqe, capacity values are
expressed as micro-farads (uF), this is one millionth ot a farad.)
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X¥VI.  Switches (Transparencies 15&16)

A.

The most basic mechanical switch is one that either tioses or opens a eir-
cuit, and is called a single-pole, single-throw switch (SFST switchy,

Switches come in all sorts of cc iigurations and may have many poles or
contacts.

Multi-throw switches offer circu't alternatives such as turning on Bigh or
low beam lights.

XXVIl.  Electromechanical relays

A.

An inductor or coil of wire may be incorporated into a mechanical switch to
form an electromechanical relay, usually simply called a ralay.

Relays allow a small control current to pass through the o2il, the tala, con-
tacts open or close, opening or completing a high power cirguit.

Relays may be made in several switch configurations.

Example: SPST, SPDT, DPDT, 3PDT, etc. (Figure 2)

FIGURE 2 Symbol for a Relay

S =)
Contacts \\O

A J:ﬁ
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F\)Coi!

SPDT Relay

A special high-power relay is .alled a scleneid.

When current passes through the solenoid coil, the 5ot iton core is pulles
into the coil by magnetic force.
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Schematic diagram (Transparency 17)

A,

&

Schernatic diagrams are drawings made up of symbols to represent circuit
coraponaents,

Schematic diagrams are used to show much circuit information in limited
Space,

With practice, schematic diagrams become easy to follow and the physical
circuit easy Lo visualize.

Seientific notation and metric prefixes (Transparency 14)
A

Scientific rivtation or powers of ten convey fractions ¢r multiples of basic
units of volis, amps, or ohims.

it s common practice to use names and symbols to represent commonly
ocaurring powers of ten.

One reason for using powers of ten is that it simplifies computations.
In multiplization ihe powers of ten are added.

I stivision the powars of ter are subiracisa.

Troubleshouoting an open cinsuit

A,

An open cirsuit means that theie is »  eak in the circuit, and there is no
iongger a path tor current te flow. (ig. e 3)

FIGURE 2

LK1
T
L. : K Opus *

No Electrical Fiow

In & series circuit, ain open will step all current tflow, but in a paralie! circuit,
an open will affect only the branch where the open is located.

Ore methad of finding an ooz ¢ to use a jurnper wire to nypass a sus-
pevted trauble spat; if the jumper wire makes the circuit cosrvational, the
open is in the part of the circuit that was jumped.

A continuity cneck with an ohmrmuwr or a seit-powerad test hgnt is another
way to check for an onen, but be sure the circuit has first been discon-
nacted from its voltage sourqa.

~ -
A
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Troubleshooting a short to ground

A.

A short to ground interrupts the normal curreni path in a circuit, and cre-
ates another path through a ground such as the chassis.

Because a short to ground creates low resistance, a iarge current flow
results, and it usually opens protection devices in the circuit, and blows a
fuse, opens a fusible link, oi cycles a circuit breaker on and off. (Figure 4)

FIGURE 4

f@?ﬂ?
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T jl

Increased No Electrical
Electrical Flow Flow

In circuits that have no fuse, a short to ground is dangerous because it may
burn wire, and even