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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 cer-
tification 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) certifica-
tion. 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 suc-
cessful 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 subsys-
tem. It also discusses the design variations used by different manufacturers. The Classroom Man-
ual 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
understanding 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 ser-
vice 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 procedure. 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
chapters. 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
illustrations 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.

Vi



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

viii



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 primese of 3 differential 0 Pxpain the pirpese of the mapor hearings
O Iedentify the mujor components of 4 within & ditferential asembly
diferential and explain their purpose: 0 Describe the operation of 4 limited-sip
0 Describe the various gears in a differential Gifferentiat
assembly and stte their purpose 3 Deseribe the construction and operation of
Q@ Describe the various methods used 1o A tear uxde dssembly.
mount and support the drive pinion shaft Q@ tdenify and explain the operation of the.
and gear two mafor designs of rear sxle housings.
12 fixplain the need for drve pinion bearing 2 xplain the operation of a WD differential
preload and s drive axles.
0 Describe the diference beween hunting, 2 Descrbe the different types of drive axles
nonhunting, and partial noahunting gear and the beearings wed 10 support each of
st them

Introduction

The drive axle assembly of 3 KWE vebicle & mounted at the rear of the cat. Most of these assem-
e use s singe howsing 10 mount the differential gears and axles (Figure 7-1). The et housing
s pat of the suspension und heips 10 locate the rear wheels

Ancther type of tear drive axle is used with IRS. With RS the differential is bolted to the
chassis and does net meve with the suspension. The axdes are connected 10 the differential and
dhive wheed CV- o U-oints. Becauise the axles move with the suspension and the differential is
bolted 10 the chassis, 3 common housing for these pans is impossible

On most RWD cars. the final dave i Jocatedd i the sear axie housng, On mas FWD can, the
final drive s bocated within the transaxe: Some curnent FWD) caes mount the engine and ransde

Tongiuhnally. These wes o similar 10 cther FWD modes. A few
okder FWD) cans bl 2 ongo 4 fined 10 3 special with 2 separae
differental mesnted o &

A differential is needed hetween any two drive wheels, whether in 3 RWD, FWD, or W1
ek The ) deve whess st tm a dllesns spevchs when the vece  in 4 wm
20 Gl e "

= <-- References to the

Shop Manual
Chapter 7. page 247

Marginal Notes -->

New terms are pulled out
and defined. Common trade
jargon also appears in the
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

4
Shop Manual
Chapter 6, page 232

7

Shop Manual
Chapter 6. page 233

4
‘Shop Manual
Chapter 6. page 220

foints are commonly
called double
Cardan constant
velocity joints

The
universal joint i
also known as the
cross of four-point
jont.

" Figur 616 Equal Uijornt angles reduce the vibrations of the shaft

Canceling Angles

Vibrations can be reduced hy using canceling angles (Figure 6-160). The operating angle of the
front U-joing is offset by the one at the tear of the drve shaft, When the front 1 foint accelerates,
causing a vibeation, the tear U-pint decelerates Gausing an equal but opposite vibration. These
vibeaticns created by the two joints oppose cach other and dampen the vibeations from onc 10
the oeher. The use of angles provides s diive shaft operstion.

The comect operating angle of a -point must be maintined in okt o prevent drve line
vibration and damage. Shimming of keaf springs and the control arms on ool spang suspensions
o adjusting the control arm eccentrics allow the operating angle of the drive shaft 10 be
changed. Shimming 3 the transmission mount can ke he done on some vehicles 10 change
universal pant sngles

.m;‘

Types of Universal Joints

There are thee commeon devigns of universal joints: single univensil pints retiined by either an
inside or outside snap ring, wuphed universal joints, and universal oines held in the yoke by U-
bos or lock phites

transmit power

RS stands for
independent rear
suspension

Singl
The sing
that are

128

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

tabs (i used)
Figure 525 Open and closed npod plungig jornts.

are machined out of the housing (Figure 5-25). Plunging ripod-type wints arc used on many
Amencan and European cars. including some: Fords, Chiyslers. General Motors, and French cars

P Qoo Many new vehicles equipped with ABS (antilock brake system) have
special toothed rings fitted 10 the CV-oint housing (Figure 5-26). These rings, called
sensor rings, ABS rings, o tone wheels, provide individual wheelspeed information to the
ABS computer, Careful inspection and handing procedures are required when CV service is
performed to maintain proper ABS operation

Regardiens of the application, outer foints typically wear at 3 higher rate than inner foines,
hecause of the increased range of operating angles (o which they are subjected. Inner joint
anghes may change only 10 10 20 degrees a5 the suspension travels through jounce and rebound
Outer ointx can undergo changes of up o 40 degrees in addition 10 jounce and rebound as the
wheels are steered. That combined with more lexing of the outer boots, i why outer jints have
3 higher failure rate. On an average, it outes foints are replaced for every inner foint. That
s ot mean you shoukd overlook the inner joints. They wear o, Every time the suspension
teavels thivwagh ounce and rebound, the inner gants st plunge in Jnd out 10 accommodate the
differet arcs hetween the drive shafts and the suspension. Tripod inner goints tend 1o develop
unique wear patteens on each of the three rollers and their respective tracks in the housing.
which can Jead 10 noise and vibeation problens

m

Rebound s the
downwa
movement of the
HBpenSION system a5
it brings the ca back

after jounce

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.

- 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.




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 firited:
sip differentials and
have been sec in
overdiive units

Band-ype clutches are

Terms ta Knew
Asbestas

el housing
Hetlville spring
Clutch housing
Clutch release beanng
Clutch shaft

Cone clutches
Cuihion spring
Diapbrag spring
Dusk-mass flywheel

Driven member
Drive member —
_— Throwout bearing

/ Driven shaft
Drive shaft

Figure 3-28 A typical cone clutch

s and splinedd hub o drive the trnsmission input shaft

A BIT OF HISTORY

Gone clutches (Figure 3-28) were wsid lmost exclusively or early autamobiles, As technology
changed, expanding shoe, band-ype lutches, and wet or dry disc and pl

7
more prominent By 1950, nearly al atomobiles were equipped with a dry dise duteh system

g

pe cluiches became

sing, and linkage
s, of ampens, engine vibestions ciused
rankshuft of the engine
e chutch friction disc

e equipped with a drive-plate or flex-plate rther

2 The clutch disc s splined to the anput shaft, which llows the disc 10 move withour rocking
o the shalt

1 Thie clurch uisc is 4 steel plate with Friction material Ionded 1 Dot sides that firs between
the flywheel and the pressur

2 Mot friction dises contain ashestos fibers. Always follow sifity precautions when handling

e thee v disc agiinst the Bywhecl, Engine (orue again acts n

1
1
1
1
1
1
i
1
1
I
[}
1
I
-

-

~ 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.

<-- Summaries

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

Flex-plate
Flexibl
A flexible clutch disc has torsional dampener springs in its center hub e -
e prusary purpose of u fleible disc i 10 absorh power impulses from the engane that (Cantinued)
would otherwise be transmited directly 10 the tansmission Frction disc
rngloaced plare that engages the chutch by pressing the disc — Fulerum

Qfhe pressure pi
iy

ey from the fly
 and sopping ¢

wher the dutch pedal is depressed
orcque from reaching the twnsmission.

D The clutch release hearing is apesated by the clutch linkige

00 When the elutch pedal is depressed, the Bearing moves lowird the flywheel, depressing the
pressure plate fingers or thivst pad and moving the pressare plate away fiom (e duich

dise

£he cluteh linkige connects the ehutch pedal 1o 1 release fork that acts on the release
beanng

Q0 The cluteh 15 usually locatedd between the engine and the transmiission

2 Clutches are. mostly operated by cither mechanieal or hydraulic linkages

e ansters the clutch pedal movement 1o the release bearing via

QA mechanical clutch i "
ks or by a cable

sl

ers, and bell

0 A bydraulic clutch linkage consists of s+ master eylinder, hydraulic wbing, and a shive
cylinder

Review Questions
Short Answer Essays

1. Define the purpose of a clueh assembly

2 Listand describe the smajor components of 4 chutch dssembly

Describe the operation of « dutch

d conteast the operation of 4 coll spring pressure plate and a disphragm
e plite

Define the role of each major companent In a elitch assembly

Describe the operition of 4 mechanical leveraype clutch linkage

3. Describe the operation of a cable-ype cluich linkage.

Deseribe the operation of a hydeaulic cluteh linkage

v
Master cybnder
Rigic clutch dise
Rivet
Semicentitugal
pressure plate

Slave cylinder

Spline

Throw-bit bearing

The J1930
List of Terminology

.
o, Explain why soim
plate
10. Deseribe the conf
than a cigid disc
O——
———
s
o R
S e =
o
T (Automatic Transaxie) Automatic Tnsaxts ar'
AT (Avtomatic Tr ) Automagc Transmission’ ar'
AAT (Amblat Air Tamparuture) Amblent All Temaersture Aar
e i "
L
L e £
Acceleraior Pedal Postiion. Acsiarstor Pegs Postion’ are'
ACH (A Cluurier Housing) A Cloaneg Housing" ACL Mousmg!
ACL (A Cioaner) A Cioanar
ACL (Aw Claanar) Elament Al Cinaner Boman’ 4G Boman'
ACL (A Cleaned) Housing. A Claaner ! ACL Housng!
- e
s
ACT (A Charge Temperature] ! 1T
o ) s el . it e i
Located in the appendix, this list serves as a reference e e i
s e e
. , Pl g -
to the acceptable industry terms as defined by SAE. —c e o
AP (Av cten Pure) Sacordary A ncion P’ a8 pamo!
AR pcsn escr) [ p——— eag!
o ) [ an'
! B By’
J B Do
Ar Clnanr or— '
e Claarar Eimemon) it Civanes B ACL Elomant!
e Clumnar Housing Au Clganas Housing! Al !
e
e A =
e e £
s St e [,
A Fiow Meter Mass At Fiow Sensr’ MAF Sensar
A Fiow Mater YVolume Ax Fig Senser VAF Sensor!
A iiaka Systun Intake A Systam 18 Systam
A Fow Sensor Masa A Fiow Sensor! MAF Sannar!
A Management | ‘Secondary Ay ueciion Bypess' AR Bypas!
A Management 2 ‘Secondary Al inecion Divener ! A Owarree!
v Torparane Sensor Intahe Au Temoaratues. ' 1AT Semwor"
i P i
AIV (As Inpection Vane) pan'
i
-
s
2% - -




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:

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

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

O Disgrore differential and rear axde nobe,
wibration, and fluid keakige problems;

i differential noise.

needed repairs.

2 tspect and replace companion flange
and pinson seal; measire companion
flange runout

0 tnspect and replce ring gear

0 Measure ring gear ninous: detesmine
needed repai

2 Inspect and replace drive pinion ger
collapsible spacers, sleeves, and bearings

O Measute and adjust drive pinion depth.

0 Measure and adjuss drive piion bearing
prelosad

0 Measure and ads differential (side)
bearing predoad and dng and pinion
buackiash (threadead cup

Q Measure shaft endplay,preload

spacer scloction procdure)

i type)

The

units. It beging with g
assembly of both iny

er problems; desermine

drive axle assembly serves severl important functions

disassenbly. Inspection, and reassembly
 and is followe by instructions for the dis
e cartier differentials. These procedures are followed by

0 Perform ring aned pinkon tooth conexs
term check, destermine: needed adystiments

O Resmeve and replace differential ssembly
and ring geat

Q Inspert, measure, adjst, and replice
ifferential piion gears (spiders), shaf,
s s, thiust washers, and case

Q Ingpect and replace diferentil sde
bearings

2 Measure differental case runout
determine needed tepaies

2 tnspect, fush, and refill 2 limited-dip
differential with corect lubricant

0 tnspect, adfust, and replace limited-slip
chtch (cone/plate) pac

O bt and replace rear axle stuft whee!
stud

3 Remove and replace rear axle shafts

2 et s replace rear axbe shaft sels
beanng. and retaine

0 Measure rear axke flange runout and bt
endplay. determune needed repains

secure the diive
que 10 the wheels,
e 18 turning 4 comer

detailat explanations of the critical seps in the procedures. Also inchided are those special pro-

cedures for the repuir of linied-slip differentials

Diagnosis of Differential

and Drive Axles

Diagnostics of differentiats 2nd drive axdes are normally centered around finding the cause of

2 noise o vibration. The key 1 locating the problerm is chearty defining the symptom «

tomer's complaint. This bs done by talking with the customer, conducting a thorough o

and carefully inspeting the comprnenis

CHAPTER

Basicools |
Basic mecharics 10
box

Toraue wrench
Frame contact kit

Clean rags

drive aes, beng
able to serice and
repar these urats s &
must for competent
automotive
technicans

<-- 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

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

technician.

Photo Sequence 10
Removing and Replacing 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.

#45.4 Unbolt the front brake caiper

37 Separate the lower bl joint ane
e 104 end from the knuckie

103 Suspend the calper with wire

@ $A0.8 Index the camber eccentric bolt 1o
ensure proper camber adyustment during
Imassembly

P10 Jack up the veh
e and wheel assembly

6.9 Remove the knuckie-1o-strut bolts

Xi



Customer Care

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

= ({0

Figure 376 Typical clutch alignment tool. (Courtesy of Kent-Moore Division SPX Corp.)

“The clutch disc will wear quickly whenever it s operated in a partially engaged position
This is usually caused by inadequate pressure plate spring force or incorrect cluiching and
declutching. When a driver “rides the clutch,” the pressure plate is unable to apply full clumping
pressure on the clutch disc, which causes the disc and release bearing to wear rapidly. Other
conditions that cause rapid disc wear are insulficient free-play, binding clutch linkage, and high
engine rpm starts, Overloading will also Giuse premature wear

CUSTOMER CARE: |f t appears that the cause of a clutch slippage problem s the

drver, tactfully inform the customer about the driving habits that can damage the
clutch. These habits include riding the clutch and holding the vehicle on an indiine by using
the clutch as a brake.

“The clutch dise must remain dry and free of motor and transmission oil or other lubricants
A leatky front oil seal on i transmission or an éngine rear main ofl seal may oil-soak the clutch
dise, causing the frition facing t0 glaze over and slip due 1 improper climping.

WARMING: A comman source for oil on a clutch disc is a technician's hand. Never
touch the frictional surfaces of a clutch assembly with greasy hands. Always clean
your hands well before assembling the clutch and avoid touching the friction surfaces,

Ofien 4 thorough Inspection of the clutch dise can indicate the exact cause of Failure. For
example, i the hub is uniformly broken away from the disc, 1 defective or missing pilot bearing
could be the cavse. This would result from improper alignment of the transmission o the engine.

Although the disc must be removed for a complete: inspection, you can quickly inspect it
hy removing the flywheel inspection cover. Look for signs of il and metal or lining materials on
he inspection cover or bell housing, Evidence of any of these indicates that the disc should be
replaced. If the linings are oil soaked, repair the oil feak before installing the new disc. Replace
any disc that shows signs of overheating, indicated by a blueing of the steel disc backing or
gluzing of the linings

E cAUTION

1f the disc passes these checks, inspect its torsion dampener springs (Figure 3-27), which
dampen or cushion the input shaft and drive train from harsh engagement when the clutch is
applied. These springs are located between the friction fucing and the spiines of the input shat.
Try (o rotate the dampener springs with your finger. They should rotate, but not easily. If they
rotate easily, replace the disc. Usually a cluteh disc used for more than 50,000 miles
removed for other vehicle work should be replaced, regardless of its condition The time und

Riding the clutch
describes an
improper driving
technique in which
the driver’s foot s
kept partially on the
clutch pedal 3t al
times.

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

Installing an axle seal (Courtesy of Chrysler Corporation)

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.

Y

Into the axle tube

Installing Axles

the installation of e shafts is # simple pr
led all of the bearings, seals, and retaining plates on the shaft

In most case:
make sure you
Some tapered-roller bearing equipped axles require a

e retainer plate

Compare the reading against specifications and correct the endplay as necessary,

5TUDY

© Enec

seems 10 be loudest when the car is moving at slow speeds

tained well

cedure. Prior 1o installing the shafis,

endplay adjustment after ins
tion. This adjustment is made by an adjusting nut or by selective shims. The shims are nor
positioned between the retainer plate and the axle housing. The adjusting nut threads into the

W SERVICE TIP: Take extra care not to damage the new seal when reinstaling the axle
Al chatt. i 1 helpful to support the entre length of the axle and keep it evel whie nserting it

Classroom
Manual
Chapter 7, page 167

“To check the endplay, position the dial indicator so i s able o measure the end-to-¢nd
movement of the axle. Push the uxle into the housing and set the indicator to zero. Then, pull the
e out and note the reading on the indicator. This reading is the amount of endplay in the shaft

Endplay adjustments are made by adding or subtracting shims or by tuming the adjusting
faut This adjustment is done on one side of the housing but sets the endplay for both sides.

A customer brings her car in the shop complaining of an abnormal noise coming from the
rear of the car, The service writer asks the customer the usual questions: When did it start?
When does it make the noise? How often s the noise noticeable? The customer answers
the questions and notes that the noise seems to have grown louder in recent weeks. She is
ot sure about when the noise was first noticed. She tell the service writer that the noise

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 10 have heen main-

Job Sheets e

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-joints,

ASE Correlation

“This job sheet is related to the ASE Manual Drive Train and Axles Test's content area
Drive (Half) Shaft and Universal Joint Diagnasis and Repair (Front and Rear Wheel
Drive), Task: Inspect, service and replace shafl, yokes, boots, and Universal/C\joints

A ack and safety stands
A creeper if you don't have a hoist

Procedure
1. L the vehicle and trn the vehicie’s wheels 50 you can inspect them

2 Turn the wheels and watch for broken boots. Do you see any greise
working out of any place? [ Yes [ No

Identify the inner and outer CV-joints on the dsiver’s side

Identify the inner und outer GV-joints on the passenger’s skle.

5 List the name of each kind
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followed or if a nonacceptable part
or tool is used.

r-
1
1
1
1
1
I
1
1
1

.

-

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.

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.
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Terms to Know

Chateer Companian flange
Chxkle Deive
Coast Heel

ASE Style Review Questions

Knocking

ASE Style Revie
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.

While discussing the procedure: for remaving
a differential unit

Tuchnictan A says the same procedure should
be followed on both a removable and mtegral
carrier housing

Techmnician Bays the axle shafts must be
remaved before emoving the differential case
Wha s comea?
A A only

& B oaly

€ Both Aand B
. Neither A noc B

Technician A says some axle shafis are
reained in the housing by s plate and
boles.

Technician B says some axle shafts are
retaned in the housing by a Cwasher or
i

Who is correct?
A Aonly

& Bonly

€ ol Aand B
0. Neither A nor B

While reviewing the procedures for servicing 4
differential

Techmican A says side play shoukd be checked
before the wmit is disassembled

Technician Bsiys side play shoukd be checked
afer the unit i reassembled

Whos s cormect?
A A only

B Bonly

€ Both Aand B
. Neither A nor i

While discussing the propet location of 4 dial
indicator's plunger while checking ring gear
sunout

Technician Asays it should be loaded slightly
against the top of the ring gear

Techniclan Bsays i shoukd be Ioaded
against the ring gesr mounting face on the
differential case

5 While discussing the proper uming of a ing
and pinion gear st
Technician A siys that I the gear set does
ot have Hining marks, It s 4 nonhunting gear set
Technician Bsays i there are timing marks, one
woth of the pinion gear may be grooved or
painted and there will be i notch between two.

ring gear teeth,

Who b comect?

A A only € Bath A and B
B B only . Neither A nor I8

While discusing pinion gear depth
Techmician A says it is adjusted by placing shiss
into the housing before mstalling the pinion
Technician B says this sets the depth of the mesh
between the pinion and ring gear

Wha Is correct?

A A only €. oth A and 1§

& B only ©. Nesther A nor B

While cxamining 4 pinion gear, a marking *+2° is
found on the small end of the gear

Techwician A says this mdicates that the gear has.
been remanufactured

Technician B says this indicates that 0.002 inches.
shenilel e added to the measured neminal pinion

depth
Who i comest?

A A only € toth A and B
8. Bonly o, Netther A nor 13

While reviewing the procedure for setting
backlash

Technician A says hacklash i adyusted with side
hearing preload by loosening or tightening side
bearing adjusting nuts

Tochmician Bsays o decrease the amount of
backlash, 4 thin shim & normally installed on the

drive side: of the gear and 4 thick shim instalied on

Who is cormect? the other side
A Aonly € BothAandB Who s conpet?
8. B onl

<--- Terms to Know

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

Table 3-1 ASE TASK

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.

Problem Area  Symptoms. Possible Causes Classroom  Shop Manual
Manual
NOISES Squeaks, particu- 1. Clutch release bearing needs S “
farly when pedal s lubricaton or replicement
depressed 2. Pilot bearing in flywheel m ”
needs lubrication
3. Release sleeve needs 54 85
Iubrication
4. Misalignment s 55
Ratdes, especally at 1, Release fork loose 5 @
tow specds of 2. Loose hub in clutch disc “ K
standing 3. Wom release bearing 5 L
4. Wom refease part 54 )
$. Wom pilot bearing W el
6. Wom splines in hub or on L k)
shaft
7. Womn driving pins in 50 [
pressure phate
Wear in transmission or drive 56
line
9, Worn trnsmission bearings 45 56
10, Bent clutch shaft " [
1. Unequal adjustment of 54 m
release levers
12 Misalignment - 55

Diagnose clutch noise problems; determine needed repairs

Table 3-2 ASE TASK

Dlagnose clutch binding problems, determine needed repairs.

Symptoms.

Possible Causes

Classroom  Shop Manual
Manual

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.

APPENDIX A

A customer says he hears the sound of gears
dlashing when he attempts 1o shift into reverse
gear immexdiately after disengaging the clutch; he
does not hear any noises when he shifts imo fiest
Reur

Technician A ssys that the customer appears 10
e shifting o feverse gear 100 soon after
divengaging the chutch

Technician B says that there may be a problem
with reverse gear

Who is eorec?
A, Technician A
8. Technician ¥

€ Both Aund B
©. Neither A nor B

A customer says the clutch of her car appears 0
he slipping aftes shifting into first gear the vehicle
does not begin o move untl the chutch 1< almos:
completely disengaged

Technician A says there may be excessive dutch
pel free

Technician B says the clutch master cylinder
primary seal may be leaking.

Who s comrect?
A Technician A
8. Technicun B

€ Both Aand B
D. Neither A noe 8

Cluteh actuition systems are being discussed
Tochnician A says normal cluteh wear wil sesul
in a decrease in clutch pedal free-play on a
vehide equipped with inkage-type actuation
Tochnician Bsuys 3 wom release bearing fork
pivor will result in excessive clutch pedal free-
play on lmkage-type clutch systems.

Whe is comreet

A Technician A
& Technician B

€ Both Aand B
D. Neither A not B8

Technician A xays duieh chatter can be caused by
a cluteh dlisc that hus been saturated with oil
Tchnician Bxays 4 flywheel thar has insufficient
Lieral runout can cause clutch chater

Whe s comect?
A Technician A
8. Technician B

€ Both Aand B
D. Newher A nox

s

A vehicle has been towed inta the shop because

the customer chaims the transmission will not shif
into any gear while the engine 18 ninning. Which

of the following could cause thix problem?

A A cluch disc with wom friction muterial

B A pressure plite with 3 wesk spring diaphgram
€ A frozen clutch relesse bearing

0. A frozen chitch pilos bearing

A severe pubsation i felt at the chiteh pedal the
instans the chutch pedal is touched

Technictan A says 4 flywheel with excessive
lateral runout could cause this problem
Tochnician B says this problem could be caused
by a worn transmission input shaft hearing

Who is correct?
A Techniclan A
8. Technician B

A clutch muaster cylinder is being replaced
Technician A says this procedure does noc
require any adjustments

Technician Bsays flure 10 bleed the hydraulic
system properly can result in excessive clutch
pedal free-play.
Who is comect?
A. Technician A
8. Technician 5

€ Both Aund B
0. Neither A nor B

€ Both Aund B
B. Neither A not

During an engine replacement an olly fluid s
found all aroune the elutch componens.
Technictan A says the engine reas main il seal
could have heen leaking

Techmician Bxays i the pans are not wom out they
can be washed in deaning solvent andd then reuse).
Who is comext?
A Technician A
8. Technician B

C Both Aand B
D. Neather A nor 8

“The alignment of the clutch bellhousing to the
engine block s being discussed

Technean A says 1 typical misalignment limit

s 500"

Techmician Bxays misaligament can be corrected
by installing shims between the bellhousing and

A Technician A
8. Technicun B

€ Both Aand B
©. Neither A nor B
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Safety

CHAPTER

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

Q Explain how safety practices are part of U Properly work around batteries.

professional behavior. 0 Explain the procedures for responding to
0 Dress safely and professionally. an accident.
0 Identify substances that could be regarded

as hazardous materials.

U Recognize fire hazards.

Q Inspect equipment and tools for unsafe
conditions.

Safety is everyone’s job. You should work safely to protect yourself and the people around you.
Perhaps the best single safety rule is “Think before you act.” Too often people working in shops
gamble by working in an unsafe way. Often they gamble and win and no one gets hurt, but it
takes only one accident to lose all those past winnings. The gamble may save five minutes, but
cost you an eye or a hand. By acting first and thinking last, you can ruin your back and lose
your career. Accidents in a shop can be prevented by others and by YOU. Safe work habits also
prevent damage to the vehicles and equipment in the shop.

Personal Safety

When you have neat work habits, you display a professional attitude. Actually, neat habits are
also safe habits. Cleaning up spills and keeping equipment and tools out of the path of others
prevents accidents. This is only common sense, but too often, time is not taken to remove these
safety hazards. It is the rush to complete a job that usually results in unsafe conditions. True pro-
fessionals take time to clean their tools and work areas. A professional does a better job, makes
more money, and has fewer accidents than others who don't take the time to be neat and safe.

With a professional attitude, you do not clown around in the shop, you do not throw items
in the shop, and you do not create an unsafe condition for the sake of saving time. Instead, a
professional saves time by effective diagnostics and proper procedures. Professionals also take
pride in their work, treat customers and their vehicles with respect, and try to stay current with
all technical, safety, and environmental concerns.

Dress and Appearance

How you dress and appear to others says something about your personality and your attitude,
including your attitude about safety. Clothing that hangs out freely, such as shirttails, can cre-
ate a safety hazard and cause serious injury. Nothing you wear should be allowed to dangle in
the engine compartment or around equipment. Long hair should be tied up or tucked under a
hat. Shirts should be tucked in and buttoned and long sleeves buttoned or carefully rolled up
(Figure 1-1).

Rotating Pulleys and Belts

Be very careful around belts, pulleys, wheels, chains, or any other rotating mechanism. Be espe-
cially careful while leaning against a belt or pulley when it's not moving. Make sure no one acci-
dentally activates the machine. When working around an engine’s drive belts and pulleys, make
sure your hands, shop towels, or loose clothing do not come in contact with the moving parts. It
may not seem that these parts are rotating or traveling at high rates of speed, but they are. Hands
and fingers can be quickly pulled into a revolving belt or pulley even at engine idle speeds.

It has been said that
50% of all shop
accidents could have
been prevented by a
single individual, the
technician.

N

—]
Shop Manual
Chapter 1, page 2

An accident is
something that
happens
unintentionally and
is a consequence of
doing something
else.



The thermostatic
switch for the
electric cooling fans
may be disconnected
to prevent the fan
from coming on.

An electrical short is
basically an
alternative path for
the flow of
electricity.

The shank of a shoe
is that portion of the
shoe that protects

the ball of your foot.

Brake fluid is not
only used in brake
systems but is also
commonly used as
the hydraulic fluid
for hydraulic clutch
assemblies.

Figure 1-1 Proper dress prevents injuries.

CAUTION: Be careful when working around electric engine cooling fans. These

fans are controlled by a thermostat and can come on without warning, even when
the engine is not running. Whenever you must work around these fans, disconnect the elec-
trical connector to the fan motor before reaching into the area around the fan.

Jewelry

Rings, necklaces, bracelets, and watches should not be worn while working. A ring can rip your
finger off, a watch or bracelet can cut your wrist, and a necklace can choke you. This is espe-
cially true when working with or around electrical wires. The metal used to make jewelry con-
ducts electricity very well and can easily cause a short, through you, if it touches a bare wire.

Foot Protection

You should also protect your feet. Tennis and jogging shoes will provide little protection if
something falls on your foot. Boots or shoes made of leather, or a material that approaches the
strength of leather, offer much better protection from falling objects. There are many designs of
safety shoes and boots made of leather or similar material with steel plates built into the toe and
shank to protect your feet. Many also have soles that are designed to resist slipping on wet sur-
faces. Foot injuries are not only quite painful but can also put you out of work for some time.

Keep your clothing clean. If you spill gasoline or oil on yourself, change that item of cloth-
ing immediately. Oil against your skin for a prolonged period of time can produce rashes or
other allergic reactions. Gasoline can irritate cuts and sores. As well as being bad for your
health, greasy uniforms do not look professional.

Safety Glasses

You should wear some sort of eye protection whenever and wherever there is a possibility of dirt
or metal particles flowing in the air (Figure 1-2). Dirt, grease, or rust can get into your eyes and
cause serious damage. Safety glasses or goggles should be worn when you are working under a
vehicle and when you are using any machining equipment, grinding wheels, chemicals, com-
pressed air, or fuels. Chemicals, such as brake fluid, can cause serious eye irritations, which can
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Figure 1-2 Different types of eye protection worn by automotive technicians: (A) safety
glasses; (B) goggles; and (C) face shield. (Courtesy of Goodson Shop Supplies)

lead to blindness. The lenses of safety glasses should be made of tempered glass or safety plas-
tic. Common sense should tell you to wear safety glasses nearly all of the time you are working
in the shop. Some schools and repair shops require that you do.

Hand Protection

Good hand protection is often overlooked. A scrape, cut, or burn can seriously impair your abil-
ity to work for many days. A well-fitting pair of heavy work gloves should be worn while grind-
ing, welding, or when handling chemicals or high temperature components. Special rubber
gloves are recommended for handling caustic chemicals.

Fire Hazards and Prevention

There are many items around a typical shop that pose a fire hazard. These include gasoline, diesel
fuel, cleaning solvents, and dirty rags. Each of these should be treated as potential fire bombs.

Gasoline

Gasoline is present in shops so often that its dangers are often forgotten. A slight spark or an
increase in heat can cause a fire or explosion. Gasoline fumes are heavier than air. Therefore when
an open container of gasoline is sitting about, the fumes spill out over the sides of the container
onto the floor. These fumes are more flammable than liquid gasoline and can easily explode.

CAUTION: Never siphon gasoline or diesel fuel with your mouth. These liquids are
poisonous and can make you sick or fatally ill.

Never smoke around gasoline or in a shop filled with gasoline fumes because even the
droppings of hot ashes can ignite the gasoline. If the engine has a gasoline leak or you have
caused a leak by disconnecting a fuel line, wipe it up immediately and stop the leak. While stop-
ping the leak, be extra careful not to cause any sparks. Make sure that any grinding or welding
that may be taking place in the area is stopped until the spill is totally cleaned up and the floor
has been flushed with water. The rags used to wipe up the gasoline should be taken outside to

A caustic material
has the ability to
destroy or eat
through something.
Caustic materials are
considered extremely
corrosive.



The volatility of a
substance is a
statement of how
easily the substance
vaporizes or
explodes.

The flammability of
a substance is a
statement of how
well the substance
supports
combustion.

A hydrocarbon is a
substance composed
of hydrogen and
carbon molecules.

dry. Immediately wipe up any gasoline that has spilled on the floor. If vapors are present in the
shop, have the doors open and the ventilating system turned on to get rid of those fumes.
Remember, it takes only a small amount of fuel mixed with air to cause combustion.

Gasoline should always be stored in approved containers and never in a glass bottle or jar.
If the glass jar was knocked over or dropped, a terrible explosion could take place. Never use
gasoline to clean parts. Never pour gasoline into a carburetor air horn to start the car. Repair any
fuel leak immediately.

Diesel fuel is not as volatile as gasoline, but it should be stored and handled in the same manner
as gasoline. It is also not as refined as gasoline and tends to be a very dirty fuel. It normally con-
tains many impurities, including active microscopic organisms that can be highly infectious. If
diesel fuel happens to get on an open cut or sore, thoroughly wash it immediately. If it gets into
your eyes, flush them with water immediately and get medical help.

Solvents

Cleaning solvents are not as volatile as gasoline, but they are still flammable. They should be
stored and treated in the same way as gasoline (Figure 1-3).

Figure 1-3 Combustible materials should be stored in approved safety containers and
cabinets. (Courtesy of Justrite Manufacturing Company)

Oily or greasy rags can also be a source for fires. These rags should be stored in an approved
container and never thrown out with normal trash. Like gasoline, oil is a hydrocarbon and can
ignite with or without a spark or flame.

Safe Tools and Equipment

When you work with any equipment, make sure you use it properly and that it is set up according
to the manufacturer’s instructions. All equipment should be properly maintained and periodically




