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PREFACE

Thanks to the support the Today’s Technician Series has received from those who teach automotive
technology, Delmar Publishers is able to live up to its promise to provide new editions every three
years. We have listened to our critics and our fans and present this new revised edition. By revising
our series every three years, we can and will respond to changes in the industry,changes in the certi-
fication process, and to the ever-changing needs of those who teach automotive technology.

The Today’s Technician series, by Delmar Publishers, features textbooks that cover all
mechanical and electrical systems of automobiles and light trucks. Principal titles correspond with
the eight major areas of ASE (National Institute for Automotive Service Excellence) certification.
Additional titles include remedial skills and theories common to all of the certification areas and
advanced or specialized subject areas that reflect the latest technological trends.

Each title is divided into two manuals: a Classroom Manual and a Shop Manual. Dividing the
material into two manuals provides the reader with the information needed to begin a successful
career as an automotive technician without interrupting the learning process by mixing cognitive
and performance-based learning objectives.

Each Classroom Manual contains the principles of operation for each system and subsystem.
It also discusses the design variations used by different manufacturers. The Classroom Manual is
organized to build upon basic facts and theories. The primary objective of this manual is to allow
the reader to gain an understanding of how each system and subsystem operates. This under-
standing is necessary to diagnose the complex automobile systems.

The understanding acquired by using the Classroom Manual is required for competence in
the skill areas covered in the Shop Manual. All of the high priority skills, as identified by ASE, are
explained in the Shop Manual. The Shop Manual also includes step-by-step instructions for diag-
nostic and repair procedures. Photo Sequences are used to illustrate many of the common service
procedures. Other common procedures are listed and are accompanied with fine-line drawings
and photographs that allow the reader to visualize and conceptualize the finest details of the pro-
cedure. The Shop Manual also contains the reasons for performing the procedures, as well as
when that particular service is appropriate.

The two manuals are designed to be used together and are arranged in corresponding chap-
ters. Not only are the chapters in the manuals linked together, the contents of the chapters are also
linked. Both manuals contain clear and thoughtfully selected illustrations. Many of the illustra-
tions are original drawings or photos prepared for inclusion in this series. This means that the art
is a vital part of each manual.

The page layout is designed to include information that would otherwise break up the flow
of information presented to the reader. The main body of the text includes all of the “need-to-
know” information and illustrations. In the side margins are many of the special features of the
series. Items such as definition of new terms, common trade jargon, tools list, and cross-referenc-
ing are placed in the margin, out of the normal flow of information so as not to interrupt the
thought process of the reader.

Highlights of this Edition-Shop Manual

The text was updated throughout, to include the latest developments. Some of these new
topics include dual-mass flywheels, differential designs, six-speed transmissions, and all-wheel-
drive systems. We also added a new chapter that covers transmission-related electrical systems.
This chapter includes basic electrical diagnosis and repairs, switches, speed sensors, solenoids,
electromagnetic clutches, and electronic circuits.




Located at the end of each chapter are two new features: Job Sheets and ASE Challenge
Questions. The Job Sheets provide a format for students to perform some of the tasks covered in
the chapter. In addition to walking a student through a procedure, step-by-step, these Job Sheets
challenge the student by asking why or how something should be done, thereby making the stu-
dents think about what they are doing.

Speaking of challenging questions, each chapter ends with a group of questions that reflect
the content of an ASE exam. These questions are not merely end-of chapter questions, they repre-
sent the content of an ASE test. These questions, of course, are in addition to the ASE style end-of-
chapter questions that were in the first edition.

Highlights of this Edition-Classroom Manual

The text was updated throughout, to include the latest developments. Some of these new
topics include dual-mass flywheels, diffential designs, six-speed transmissions, and all-wheel-drive
systems. We also added a new chapter that covers transmission-related electrical systems. This
chapter includes basic electrical and electronic theory and the various applications for switches,
speed sensors, solenoids, electromagnetic clutches, and electronic circuits.

Jack Erjavec




Classroom Manual

To stress the importance of safe work habits, the Classroom Manual dedicates one full chapter to
safety. Included in this chapter are common safety practices, safety equipment, and safe handling
of hazardous materials and wastes. This includes information on MSDS sheets and OSHA regula-

tions. Other features of this manual include:

Cognitive Objectives >

These objectives define the contents
of the chapter and define what the stu-
dent should have learned upon com-
pletion of the chapter.

Each topic is divided into small units
to promote easier understanding and
learning.

Differentials and
Drive Axles

Upon completion and review of this chapter, you should be able to:

0 Describe the purpase of 3 differential 0 Explain the purpose of the makr bearings

D idensify the major componenss of 2 within 3 differential assembly
differensial 2nd expiain their purpose 0 Dexcribe the operation of 2 limited-sip

0 Describe the various geans in a differcntial diferential
assembly and stae their purpose.

Q Describe the various methods used to
mount and support the drive pinion shaft
and gear,

0 Explain the need for drive pinion bearing
preload.

0 Describe the construction and operation of

a rcar axle assembly.

O tdentify and explain the operation of the
two major designs of rear axle housings

Q Explin the operation of a FWD differential

and ius drive axles.

0 Describe the difference between hunting, ) Describe the different types of drive axdes
nonhuriing, and partal nonhunting gear a0d the bearngs used to support each of
sets. them.

Introduction

“The drive axle assembly of a RWD vehicle is mounted a the rear of the car. Most of these assem-
biies use 4 single housing 10 mount the differential gears and axles (Figure 7-1). The entire housing
is part of the: suspension and helps 10 locate the rear wheels,

Another type of rear drive axle is used with IRS. With IRS the differential is bolied to the
chassis and does not move with the suspension. The axles are connected 1o the differential and
drive wheel CV- or U-joints. Because the axles move with the suspension and the differential is
boked to the chassis, 3 common housing for these parts i impossible.

On most RWD cars, the final deive s kocated in the rear axie housing. On most FWD cars, the

7]

Shop Manual
Chapter 7, page 247

Not too long ago, a

longiudinally, These
older FWD cars had 2 konginxdinally mounted engine fised 1 3
differenial w0

A differentis] i needed berween any two drive wheels, whether in 3 KWD, FWD, or 4WD
wehicle. The two drive wheels must tum at different speeds when the vehicke s in a tum,

Shop Manual
Chapter 6, page 232

Marginal Notes -->

New terms are pulled out
and defined. Common trade

jargon also appears in the A
margin and gives some of the
common terms used for com-
ponents. This allows the
reader to speak and under-
stand the language of the

Figure 616 Equal Uoint angles recce the vibrations of the shaft

Vibrations can be reduced by using canceling angles (Figure 6-16). The operating angle of the
front U-joint is offset by the one at the rear of the drive shaft. When the front Uoint accelerates,

causing 4 vibration, the rear U-joint decelerates causing an equal but opposite vibration. These.
vibrations created by the two foints oppose each other and dampen the from one 1
the other. The use of
The comest operating angle of 3 U-joint must be maintained in order 1© prevent drive line:
vibeation and damage. Shimming of leaf springs andl the control arms on coll
o adjusting the control arm eccentrics allow the operating angle of the drive shaft to be
changed. Shimming at the transmission mount can also be done on some vehicles to change
universal joint angles.

Types of Universal Joints

There are three common designs of universal foints: universal joints resained by either an
insicle or outside saap ring. coupled universal joénts, and universal joinis held in the yoke by U-
boles o lock plates.

stands for
b:‘"

7 < -- References to the

Reference to the appropriate page in
the Shop Manual is given whenever
necessary. Although the chapters of
the two manuals are synchronized,
material covered in other chapters of
the Shop Manual may be fundamen-
tal to the topic discussed in the Class-
room Manual.

Singlq

The sing
that are

128

trade, especially when con-
versing with an experienced
technician.

7 525 Open and dosed tripod plunging jonts

American and European

are machined out of the housing (Figure 5-25). Plunging tripod-type foints are used on many
cars, including some Fords, Chryslers, Genersl Motors, and French cars

performed to maintan proper ASS operation.

CV-Jolnt Wear

travels through pounce

‘which can lead 10 noise and vibeation

" ABS (antilock brake sy:
A special toothed rings fitted to the CV-joint housing (Fiqure 5-26). These rings, called
speed

ripod ianes joints tend to develop
unique wear pateens on each of the three rollers and their respective tracks in the housing,
problems

Regardicss of the application, outer joints typically wear at a higher rate than inner joints,
because of the increased range of operating angles 1o which they are subjected. Innet foint
angles may change only 10 w 20 degrees a the suspension travels through jounce and rebound.
Quter joints can undergo changes of up to 40 degrees in addition to jounce and rebound as the
wheels are steered. That combined with more flexing of the outer boots, is why outer joints have
3 higher fallure rate. On an average, nine outer joints are replaced for every inner joint. That
does noc mean you should overlook the inner joinss. They wear too, Every time the suspension

"3

A

—

Cautions
and Warnings

Throughout the text, cautions
are given to alert the reader to
potentially hazardous materi-
als or unsafe conditions.
Warnings are also given to
advise the student of things
that can go wrong if instruc-
tions are not followed or if a
nonacceptable part or tool is
used.

Xi



Terms to Know

A list of new terms appears next to the
Summary. Definitions for these terms
can be found in the Glossary at the
end of the manual.

Review Questions

Short answer essay, fill-in-the-blank,
and multiple-choice type questions fol-
low each chapter. These questions are
designed to accurately assess the stu-
dent’s competence in the stated objec-
tives at the beginning of the chapter.

-

Cone dutches are st
used in some limited-
sip differentials and
usedin
overdive units
Band-type clutches are
used in automatic
transmissions.

Torms to Know
Asbestos

Bell housing
Bellevile spring
Cluteh housing
Clutch rlease beanng
Chutch shatt

Cone dutches.
Cushwon spring
Diaphragm spring
Duak-mass fywheel
Flex-plate

0 Atypical cone dlutch

to force the pressure phate and the drrven disc againstthe flywheel Engine torque again acts o
the disc’s friction facings and sphined hub to drive the transmission inpt shaft

CGone clutches (Figure 3-28) were used almost exclusively on early automobiles. As technology
changed, expanding shoe, band-type clutches, and wet or dry disc and plate-type clutches became
more prominent. By 1950, nearly all automobiles were equipped with a dry disc cutch sysiem

iy

Summary

0 The main parts of the clutch asembly are the clutch housing, flywheel, input shafi, disc,
pressure plate assembly, release bearing, and linkage:

(0 The flywhee acts as a balancer and smoohens out, or dampens, engine vibrations caused
by firing pulses and adds inertia 10 the rotating crankshaft of the engine.

(0 The flywheel also provides a machined surface for the clutch friction disc

Q Vehicles with automatic transmission are equipped with a drive-plate or flex-plate rather
than a heavy flywheel

O The chutch disc is splined to the input shaft, which allows the disc to move without rocking
on the shaft

0 The chusch disc is 3 steed plate with, friction material bonded 1o both sides that fits berween
the fiywheed and the pressure plate.

0 Most friction discs contain asbestos fibers. Always follow safeey precautions when handling

- A Bit of History

This feature gives the student a sense
of the evolution of the automobile.
This feature not only contains nice-
to-know information, but also should
spark some interest in the subject
matter.

r
1
I
1
1
1
1
1
1
1
1
1
1
1
1

-4
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---- Summaries

Each chapter concludes with sum-
mary statements that contain the
important topics of the chapter.
These are designed to help the

asbestos.

reader review the contents.

Flexibl

0 A flexible clutch disc has torsional dampener springs in it center hub
0 The primary purpose of a flexible disc is 0 absorb power impulses from the engine that
otherwise

would ¢ be transmitted directly to the transmission Friction disc
0 The pressure plate is 3 large spring-loaded plate that engages the chutch by pressing the disc  Fulrum
against the flywheel surface.
0 The pressure plase moves away from the fiywheel when the clutch pedal is depressed, Master cyinder
releasing the clamping force and Sopping engine torque from reaching the tansmision.  Rigid clutch disc
0 The clutch release bearing is operated by the cutch linkage Fivert

1 When the dutch pedal is depressed, the bearing moves toward the flywheel, depressing
pressure plate fingers or thrust pad and moving the pressure plate away from the chuich

pressure plat
dise. Slave cyinder
0 The clutch linkage connects the clutch pedal (0 @ release fork that acts on the release Splines

caring.
0 The clutch is usually located between the engine and the transmission.
0 Qlutches are mosly operated by either mechanical or hydraulic linksges.

2 A mechanical clutch linkage transfers the clutch pedal movement 10 the release bearing via
shalts, levers. and bell cranks, or by 3 cable.

0 A hydraubic dhch linkage consiss of  master cylinder, hydeulic tubing, and a save
ylindes

Review Questions

Short Answrer Essays
1 Define the purpose of a clutch assembly.

List and describe the major components of a dutch assembly
Describe the operation of a clutch,

& Compare and contrast the operation of 4 coil spring pressure plate and 4 diaphragm
spring pressure plate.

. Define the role of each major component in 4 clutch assembly.

I Describe the operation of a mechanical lever-type clutch linkage:
Describe the: operation of a cable-type clutch linkage

Describe: the: operation of a hydraulic clutch linkage:

Tarms to Know
(Cantinued)

the  Semicentifugal

Thiow-out bearng

te

The J1930
List of Terminology

Located in the appendix, this list serves as a reference

to the acceptable industry terms as defined by SAE.

Explain why sonf
plate:
10 Describe the nv\‘
than a rigid disc
SAE J1830 Revised SEPSS
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Shop Manual

To stress the importance of safe work habits, the Shop Manual also dedicates one full chapter to
safety. Other important features of this manual include:

Y

Performance
Objectives

These objectives define the contents of
the chapter and define what the stu-
dent should have learned upon com-
pletion of the chapter. These
objectives also correspond with the list
of required tasks for ASE certification.
Each ASE task is addressed.

Although this textbook is not
designed to simply prepare someone
for the certification exams, it is orga-
nized around the ASE task list. These
tasks are defined generically when the
procedure is commonly followed and
specifically when the procedure is
unique for specific vehicle models.

Servicing Differentials
and Drive Axles

2 tnspect and replace g gear
etermine

Diagnosis of Differential
and Drive Axles

asound finding the cause of
ing the sytuptom of the cus
fucting  thorough road tes.

Basic mechanics 100l
bax

Torque wiench
Frame contact ift

Clean rags

Imported and domestic model automo-
biles and light trucks are included in
the procedures.

«<-- Tools Lists

Each chapter begins with a list of
the Basic Tools needed to perform
the tasks included in the chapter.
Whenever a Special Tool is required
to complete a task, it is listed in the
margin next to the procedure.

Marginal Notes

Page numbers for cross-referencing
appear in the margin. Some of the
common terms used for compo-
nents, and other bits of information,
also appear in the margin. This pro-
vides an understanding of the lan-
guage of the trade and helps when
conversing with an experienced
technician.

Photo Sequence 10
ing and Replaci

a FWD Ford Front Wheel Bearing

Photo Sequences

Many procedures are illustrated in detailed
Photo Sequences. These detailed pho-
tographs show the students what to expect
when they perform particular procedures.
They also can provide a student a familiarity
with a system or type of equipment, which
the school may not have.

710-5 Suspend the caliper with ware:

10-3 kack up the vehy
re and whee assembly

7109 Remove the knuckle-to-strs

1 boits

Xili



Customer Care

This feature highlights those little
things a technician can do or say to
enhance customer relations.

=m0

Figure 326 Typical cutch ahgnment tool. (Courtesy of Kent-Moore Drvision SPX Corp.)

The clutch disc will wear quickly whenever It s operated in a partially engaged posiion
“This is usually caused by inadequate pressure plate spring force or incorrect clutching and
declutching When a driver “rides the clutch,” the pressure plate is unable to apply full clamping
pressure on the clutch disc, which causes the disc and release bearing to wear rapidly. Other  desar
conditions that cause rapid disc wear are insufficient free-play, binding clutch linkage, and high

engine mpm starts. Overloading will also cause premature wear technique in which

L the drver’s foot 5
CUSTOMER CARE: 1 it sppears that the cause of 2 cutch shppage problem s the 0 P =1 00 1
driver, tactfully inform the customer about the drving habits that can damage the

Glutch. These habits include riding the cutch and holding the vehicie on an ncline by using
the dutch as a brake.

“The clutch disc must remain dry and free of motor and transmission oil or other lubricans
A leaky front oil seal on a transmission or an engine rear main ol seal may oil-soak the clutch
disc, causing the Iriction facing to glaze over and slip due 10 improper clamping.

WARNMNG: A common source for ol ©n 2 dutch disc is 3 techrican's hand. Never
touch the frictional surfaces of 8 clutch assembly with greasy hands. Always dean
your hands well before assembiing the dhutch and avoid touching the friction surfaces.

Often 1 thorough inspection of the clutch disc can indicate the exact cause of failure. For
cxample, if the hub is uniformly broken away from the disc, a defective or missing pilct bearing
could be the cause. This would result from improper alignment of the transmission 10 the engine.

Although the disc must be removed for a complete inspection, you can quickly inspect it
by remaving the flywheel inspection cover. Look for signs of o and metal or lining materials on
the inspection cover or bell housing. Evidence of any of these indicates that the disc shouid be
replacext. I the linings are il souked, repair the oil leak before instlling the new disc: Replace
any disc that shows signs of overheating, indicated by a blueing of the steel disc backing or
glhazing of the linings

.uurrm
1 the dise passes these checks, inspect s torsion dampener springs (Figure 3-27), which

Springs
rouate easily, replace the disc. Usually a clutch disc used for more than 50,000 miles that is
emoved for other vehicle work should be replaced, regardiess of s condition The tme and

Riding the clutch
ibes an

<_-_-

r—
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Service Tips
Whenever a short-cut or special proce-
dure is appropriate, it is described in
the text. These tips are generally
those things commonly done by
experienced technicians.

tigurs 779 Installing 2n axle seal (Courtesy of Chrysier Corporation)

TUP: Take extra care not to damage the new seal when reinstalling the axie
\‘ shaft. It is helpful 1o support the entire length of the axte and keep it level while nserting it
into the ase tube

Installing Axles
In most cases, the insallation of axle shafs is 4 simple procedure. Prior 10 insalling the shafs,
make sure you installed all of the bearings, seals, and retaining plates on the shaft

Some tapered-roller bearing equipped axles require an endplay acjustment afier installa-
tion. This adjustment is made by an adjusting nut or by selective shims. The shims are normally
pasitioned between the retainer plate and the axle housing, The adjusting nut threads into the
axle retainer plte.

To check the endplay, position the dial indicator so it is able to measure the end-to-end
mevement of the axie. Push the axle inso the housing and set the indicator 10 2er0. Then, pull the
‘axle out and mote the reading on the indicator. This reading is the amount of endplay in the shaft

specifications and comect the endplay as necessary

Endplay adjustments are made by adding or subtracting shims or by turning the adpsting
ut. This adjustment is done on vne side of the housing but sets the endplay for bath sides.

A customer brings her car in the shop complaining of an abnormal noise coming from the

not sure about when the noise was first noticed. She tells the service writer that the noise
seems 1o be loudest when the car is moving at slow speeds.

“The service writer notes the mileage of the car and checks its service record. According to
the records, no major work has been performed on the car and it seems to have been main-
wined well

7
Classroom

Manual
Chapter 7, page 167

Job Sheets

Located at the end of each chapter,
the Job Sheets provide a format for
students to perform procedures
covered in the chapter. A refer-
ence to the ASE Task addressed by
the procedure is referenced on the
Job Sheet.

Job Sheet 17

Name Date

Identifying Types of CV-joints on the Axie

Upon completion of this worksheet, you will have demonstrated the ability to identify
CV-jourts

ASE Correlation
This job sheet is related 10 the ASE Manual Drive Train and Axles Tests content area

Drive (Half) Sbaft and Universal Joint Diagnosis and Repair (Front and Rear Whvel
Drive), Task: Inspect, service and replace shafi, yokes, boots, and UniversalCVjoins.

Equipment Needed

A vehide

A hoist or jack and safety stands
A crecper i you dont have 2 hoist

Procedure
1. Lift the vehicle and tum the vehicle's wheels sa you can inspect them

2 Turn the wheels and watch for broken boos. Do you see any grease
working out of any plee? [ Yes [ No

3 Wdenuly the inner and outer CV-joints on the driver's side
4 Idenuiy the inner and outer CV-joinis on the passenger's side

5. List the name of each kind

07

Cautions
and Warnings

Throughout the text, cautions are
given to alert the reader to poten-
tially hazardous materials or unsafe
conditions. Warnings are also given
to advise the student of things that
can go wrong if instructions are not
followed or if a nonacceptable part
or tool is used.

-References to the
Classroom Manual

Reference to the appropriate page in
the Classroom Manual is given
whenever necessary. Although the
chapters of the two manuals are
synchronized, material covered in
other chapters of the Classroom
Manual may be fundamental to the
topic discussed in the Shop Manual.

Cossmeaane

<-- Case Studies

Case Studies concentrate on the
ability to properly diagnose the sys-
tems. Each chapter ends with a case
study in which a vehicle has a prob-
lem, and the logic used by a techni-
cian to solve the problem is
explained.

Xiv



ASE Style Review -——----»
Questions

Each chapter contains ASE style
review questions that reflect the
performance objectives listed at the
beginning of the chapter. These
questions can be used to review the
chapter as well as to prepare for the
ASE certification exam.

Terms to Know

Chatter Companion flange
Chuckle Drive.
Coast Heel

ASE Style Review Questions

Knocking

t While discussing the procedure for remaoving
a differential unit
Technican A says the same procedure should
be followed on bath a removable and integral
carrier housing
Technician Bxays the axle shafis must be
removed before removing the differential case
Who is comect?
A A anly
& Bonly

€ BahAandB
D. Neither A nor B

Technician A says some axde shafis are
retained in the housing by 3 plate and
bols

Technician Bsays some axle shafts are
retained in the housing by 4 C-washer o

dlip
Who is comreat?

A Aol © B Aand B
& Bonly D. Neither A nor B

3 While reviewing the procedures for servicang @
differential:
Technician A siys side play should be checked
before the unit iy disassembled
Technician Bxays side play should be ehecked
after the unit is reassembled

5 While discussing the proper tming of 2 ning
and pinion gear set
Technician A says that if the gear set does
ot have timing marks, it is 4 nonhunting gear set
Technictan Bsays if there are timing marks, one
woth of the pinion gear may be grooved or
painted and there will be a notch berween two
ring gear teth
Who i comea”
A A only C BathAand B
& Bonly ©. Neither A ner B

& While discussing pinion gear depth
Technictan A'says 1t is adjusted by placing shims
into the housing before instlling the pinion
Techmician B says this sets the depth of the mesh
between the pinion and ring gear
Whos is comece

A A only C BothAand B
. Bonly ©. Neither A nor B
7 While e  pinon gear, 3 m.nkmb R

Fouiut ot e sesell o o e
Techmician A says this indicites -
been remanufactured

Technician B says this indicates that 0,002 inches
should he added to the measured nominal pinion

- Terms to Know

Terms in this list can be found
in the Glossary at the end of the
manual.

depth
Who is comea? Whe is cormec®
A A only © Both A and 1§ A A anly € Both Aand B
& Bonly ©. Neither A nor B8 & B only 0. Netther A nox 1§
4 While discussing the proper location of 4 dial * While reviewing the procedure for setting

Indicator's plunger while checking ring gear

runout

Techntcian Asays it should be loaded slightly

against. the top of the ring gear
Techmscian Fxays it should be loaded

agatinst the ring gear mounting face on the

differential case

backlash

Technician A says backlash is adjusted with side
loadt by loosening or tightening side

bearng p
bearing adjusting nuts

Technician B says w decrease the amount of
backlash, a thin shim is normally installed on the
drive side of the gear and a thick shim installed on

Diagnostic Chart --—-—----------»

Chapters include detailed diagnostic charts
linked with the appropriate ASE task. These

charts list common problems and most proba-

ble causes. They also list a page reference
in the Classroom Manual for better under-
standing of the system’s operation and

a page reference in the Shop Manual for
details on the procedure necessary for
correcting the problem.

Wha is comeat? the other side.
A A only C Both Aand B Who is comec?
B B only
Table 3-1 ASE TASK
igr norse problems,
Problem Area Symptoms Possible Causes Classroom  Shop Manual
Manual
NOISES Squeaks, particu 1. Clutch release bearing needs si 5
lrly when pedal is Iubrication or replacement
depressed 2. Pilot bearing in flywheel " kad
nceds lubrication
3. Release sleeve needs 5 5
lubrication
4. Misalignment " ss
Ratties, especully a1 1. Release fork loose 5 o
fow speeds or 2. Loose hub in clutch disc W 7
standing 3. Worn release bearing 54 81
4. Worn release pun 5 o
5. Worn pilot b ® kel
& Worn il i oo 8 ]
shaft
7. Worn driving pins in s0 o
pressure
B, Wear in transmission of drive. 36
line
9. Worn trnsmission bearings 15 56
10. Bent clutch shuft an 9
1. Unequal adjustment of 54 4,-;
release levers
12, Misalignment " 55
Table 3-2 ASE TASK
Diagnose clutch binding problems, determine needed repairs
Problem Area Symptoms. Possible Causes Classroom  Shop Manual
Manual
BINDING
APPENDIX A

ASE Practice
Examination
A 50 question ASE practice exam, located in
the appendix, is included to test students on
the content of the complete Shop Manual.

1 A customer says he beans the sound of geans
clashing when he atiempes to shift into reverse
gear immediately after disengaging the dutch; he
does not hear any noses when he shifts into firs

Technician Asays that the customer appears (o
be shifting into reverse gear oo soon after
discogaging the cluch

Technician Bsays that there may be a problem

€ Both Aand B

8. Technician . Neither A nor 1§

2 A customer says the clutch of her car appears
be slipping after shifting (nto first gear the ehicle
does not begin to move il the chutch is almost
completely disengaged

Technician A says there may be excessve chutch

pedal free-play

Technictan Bays the dutch master cylinder
primury seal may be leaking,

Who ls correct?

A, Techniclan A € Both Aund B

8. Technician B . Neither A nor B8

1 Clutch actuation systems are being discussed
Technician A says romal clutch wear wil result
in 3 decrease in clutch pedal free-play on 2
vehicle equipped with linkage-type actuation.
Technician Bsays a worn release bearing fork
pivot wil result in excessive clutch pedal free-
play on linkage-type cluteh systems
Whe ks comect?
A Technician A
8. Technican B

© Both Aand B
©. Neither A nor 8

« Technician Asays chutch chatter can be caused by
a clutch disc that has been saturated with oil
Technician Bsays a flywheel that has insufficient
lateral runout can cause clutch chatter,

Who is correct?
A Technician A
8 Technicaan B

€ Both Aand B
0. Neither A noe I8

s

A vehicle has been towed inio the shop because

the customer claims the transmission will nof shift
into any gear while the engine is running. Which
of the following could cause this problem?

A A duich disc with worn friction material

B. A pressure plate with  weak spring diaphgram
© Afrozen cluich release hearing

D. A frozen dlutch pilot beanng.

A severe pulsation i felt at (h dullh pedal the
imstant the clutch pedal is

Technician A say 3 flyw o s et
Lateral runout could cause this problem,
Technician Bays this problem could be caused
by & worn transmission input shaft bearing

Who is comect
A Technician A
8. Technician B

€ Bath Aand B
. Netther A nor B

A clutch master eylinder is heing replaced
Technician A says this procedure does not
require any adjusments.

Technician Bsays failure 10 bleed the hydraulic
system properly can resull in excessive clutch
pedal free-play
Whey s comeet?
A. Technician A
8. Technictan B

€ Both A and B
. Neither A nor I8

During an engine replacement an oily fluid &
found all around the clutch companents.
Technician A says the engine rear main oil seal
could have been leaking

Technician Bays if the parts are not worn out they.
can be washed in cleaning solvent and then reused
Who s correct”
A Technician A
8. Technician B

€ Both Aand B
. Neither A nor 1

The alignment of the clutch bellhousing © the
engine biock is heing discussed

Techncian Asays 3 typical misaligament limit

is 500°

Technician Bsays misalignment can be corrected
by installing shims berween the bellhousing and
the engine

Who is comeet?
A Techmician A
B Techmician B

€ Both Aand B
. Neither A nor B
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Safety

Upon completion and review of this chapter, you should be able to:

Q Discuss how to ensure a safe work Q Inspect and use tools safely.
environment in a shop. Q Properly work around batteries.

Q Properly lift heavy objects. Q Discuss basic safety rules and describe

Q Extinguish the common variety of fires. how common sense dictates these rules.

Safe Work Practices

An engine should never be run in a shop without properly ventilating the exhaust fumes.
Exhaust gases may contain large amounts of carbon monoxide, always vent the exhaust out-
side or connect the exhaust pipes to a ventilating system (Figure 1-1).

Automotive air conditioning systems are filled with R-12 or another type of refrigerant. These
refrigerants will cool anything that it is around as it escapes from the system. It will freeze your eyes,
hands, or any part of you. To prevent frostbite, always be careful when working around air condi-
tioning lines and components and avoid contact with leaking freon. If freon is burned by the engine
or by contact with an open flame or extreme heat, phosgene gas is formed.

' SERVICE TIP: R-12 is being phased out and is not used as the refrigerant in auto-
L‘ motive air conditioning systems. A new refrigerant, R-134a, has been introduced.
R-134a is less harmful to the atmosphere, however it requires the same safe handling prac-
tices as does R-12.

. CAUTION: Phosgene gas is poisonous and will make you sick or fatally ill.

WARNING: R-12 should never be released to the atmosphere, it should always be
captured and reclaimed by special equipment whenever an A/C system is opened. It
has been determined that R-12 has an adverse effect on the earth’s ozone layer.

Figure 1-1 When running an engine in a shop always connect the exhaust to the ventilation
system. :

CHAPTER

Exhaust contains an
odorless, colorless,
and deadly gas:
carbon monoxide.
This poisonous gas
gives very little
warning to the
victim and can kill in
just a few minutes.

R-12 is the type of
refrigerant used on
most cars and is
commonly referred
to as freon.



Classroom Manual
Chapter 1, page 3

Lifting Heavy Objects

When lifting a heavy object, like a transmission, use a hoist or have someone else help you. If
you must work alone, ALWAYS lift heavy objects with your legs and not with your back. Bend
down with your legs and securely hold the object you are lifting, then stand up keeping the
object close to you. Photo Sequence 1 shows this procedure. Trying to “muscle” something with
your arms or back can result in severe damage to your back and may end your career and limit
what you do the rest of your life!

Safe Work Areas

Familiarize yourself with the way the shop is laid out. Find out where fire extinguishers, first aid
kits, eye wash stations, and other safety items are located. Make sure that you know the route to
the exit in case of a fire. Find out whether there are certain stalls reserved for special jobs. Abide
by these rules. Take note of all of the warning signs around the shop. No smoking signs, special
instructions for shop tools and equipment, danger zones, and so forth, are all there to help the
shop run smoothly and safely. Take time to read the fire extinguishers’ operating instructions and
the type of fire on which they are meant to be used. Be familiar with the instructions given on the
eye wash stations and know where they are situated.

Housekeeping

You are responsible for housekeeping in your work area and the rest of the shop. A clean orga-
nized work area will help you be a better technician. If the work area is clean and organized,
chances are that your work will be the same. Housekeeping within the shop is a safety consider-
ation. A cluttered shop is a dangerous one.

When you jack up a car, set the car down on safety stands and remove the jack. Don’t leave
a jack handle sticking out for someone to trip over. When you are not using your creeper, shove
it back under the car or prop it against a wall. Don'’t leave it out so someone can step on it. Don't
leave air hoses in walkways. Make sure all exits aren’t blocked with equipment. Keep exits clear
at all times. Keep the shop floor and work benches clean and tidy. If you see something out of
place, pick it up and put it away. If you spill oil or drop grease on the floor, wipe it up. Oil on the
floors can cause serious accidents and injuries. Dirty and oily rags should be stored in a closed
metal container to avoid catching fire.

Do not operate shop tools or equipment that are in an unsafe condition. Electrical cords
and connectors must be in good condition. Extension cords should not be strung across walk-
ways because they pose a hazard. Never drive cars over electrical cords because this could cause
a short circuit. Bench grinding wheels and wire brushes should be replaced if they are defective.
Floor jacks and hoists must be in safe operating condition and should not be used above their
rated capacity. The same applies to mechanical and hydraulic presses, drills, and drill presses.
Bring all unsafe conditions to the attention of your instructor or shop foreperson.

Fire Hazards and Prevention

In case of a fire you should know the location of the fire extinguishers and fire alarms in the shop
and should also know how to use them. You should also be aware of the different types of fires
and the fire extinguishers used to put out these types of fires.

Basically, there are four types of fires: class A fires in which wood, paper, and other ordi-
nary materials are burning; class B fires, which involve flammable liquids, such as gasoline,
diesel fuel, paint, grease, oil, and other similar liquids; and class C fires, which are electrical fires.




