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INTRODUCTION 0-5

About this manual - |

ITS PURPOSE

The purpose of tis manual s to help you get the best vaiue from
vour vehiele, 0 can do soin ssveral ways, 11 ean betp you decide whal
wark must be dore, even Il you choosa fo haye it done by a dealer
sarvice depariment or & repair shop; [ provides informalicn and pro-
cedures far routing maintenance and servicing, and it offers diagnostic
and repair procedures (o follow when trouble aocurs

W hope you use the manual to tackle the work yourssit, For
many simpler jobs. doing it yousselt may be quicker than arranaing
an appointment to get the venicle Into a shap and making the trips fo
leave It and plck it up, More impartardly, a lat of money can be saved
by avolding tne expense the shop must pass on 1o you (o cover is
labor and averhead costs, An added enefil is (he sense of satlsfaction
and accomplishrent thal you feel alter doing the job yoursal

USING THE MANUAL

[he manual is divided into Chapters, Each Chapter 15 divided inlo

numbered Sechions, which are headed in bold ype between horlzontal
lines, Each Section consists of consecutively numbered paragraphs.

Al the beginning of each numbered Section you will be referred to
any INustrations which apply 1o the procedures In thal Section. The
reference numbers used in ustration captions pinpoint the pertinent
Section and the Step wilhin that Section. That Is, llustration 3.2 means
the Hlustration refers lo Section 3 and Step (or paragraph) 2 within that
Seciion

Procedures, ance dasoribed in the text, are nat normally repeated,
When if's necessary 10 refer bo anather Chapler, the reference will be
qgiven as Chapter and Section number. Cross referances given without
use of the word “Chapter” apply to Sections and/or paragraphs in the
same Chapter, For example, “see Section 8" means in the same Chap-
ler,

Rederences Lo the left or right slde of the venicle assume you are
sitfing in the drivers seat, facing forward,

Even though we have prepared this manual with exireme care,
neithar the publisher nor the author can accept rasponsibility far any
Brravs In, or omissions from, the infarmation given

=NOTE

A Nole provides information necessary to properly complete a procedure or Information which

will make the procedure easier to understand.

s CAUTION

A Caution provides a special progedure or special steps which must be taken while completing
tha procedure where the Caution is found. Mot heeding 2 Caution can result in damage 1o the

assembly being worked an.

A Warning provides a special procedure or special steps which must be taken while completing
the procedure where the Warning is found. Not heeding a Warning can result in personal injury.

Introduction

Mercedes C-Class models ars available in elther 8 fous-diar sedan
bady style, two-door spart coupe or a four-door wagen body style

Dapending on year and model, C-Class vehicles are powered by
pither @ 1.6L or 2 3L folr-cylinder engine aquipped with a bel-=driven
supercharger to provide more power, The C-Class may also be pow-
ered by a 2.5L, 261, 3,01, 321 or 3.5L V& enging.

Automatic transmissicn models come equipped with either a flve-
speed o7 seven-speed automatic transmisstan, while manual transmis-

sicn models are equipped with a six-spead manual fransmission
Most modals are equipped with an independent, mutti-link, front
suspension system with McPherson strut type assemblias. All models
are equipped with an independerit, multi-link rear suspension
The steering system consists ol a rack-and-pinlon steering gear
arm two adjustable tie-rods. Power assist is standard
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Vehicle identification numbers

Modifications are & continuing and unpublicized process in vehicle
manufacturing. Since spare parts lists and manuals are compiled on a
numerizal basis, the individual vehicle numbers are necessary (o cor
rectly identify the companenl regulined.

VEHICLE IDENTIFICATION NUMBER (VIN)

This wery imporant (dentlfication number is stamped on a plate
dftached to the dashboard inside fhe windshigld on the drivers side of
the vehicle (see flustration). The VIN alsc appears on the Vehicle Cer
tificate of Title and Registration. Il containg information such as where
and when the vizhicle was manufactured, the modal vear and the bogy
Shyla,

VIN ENGINE AND MODEL YEAR CODES

ENGINE IDENTIFICATION NUMBER

[he enging number Is stamped onto a machinad pad an the top
right of the flange naxt to the transmission

VEHICLE EMISSIONS CONTROL INFORMATION LABEL

This labiel is found in the engine compartment. See Chapter 6 far
mar [nformation on fhis label

Twa particularly important pieces of information found 0 the YIN
are the engine code and the model year code, Counting from the e
the engine code letter designation is the Bth digit and the modeal year
code letier designation is the 108 digit

On the models covered by this manual, the model year
codes are:

FH— voveer SO
ST e 20
B LR 2003
e 2004
e 2008
B 2006
TR 1 8 |

VEHICLE CERTIFICATION LABEL

[he Venicle Cerlification Label 15 attached o the driver's side daar
post (see (llustiation). Information on this fabe! includes the name of

the manufacturer, the month and year of production, as well as informa-

tion on the options with which It |s sguipped, This labal is especially
Lseful for matching the colorand type of painl for repaln werk,

The VIN number is visible through the windshield an he
driver's side

The vehicle certification label is affixed the to the
driver's side door post
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Recall information

Vehicle recalls are carried out by the manufactures in the rare even vidual vehicle - you'll need to furnish them your Vehicle Identification
of & possible safety-related defect, The vehicle's registerad awner 15 Mumber (VIN)
contacted at the address on file at the Department of Motor Yehicles The table below is based on information provided by the National
and given the details of the recall. Remedial work is carried out free of Highway Traffic Salety Adminisiration (NHTSA), the body which over-
charge at 2 dealer service department. sees vehicle recalls in the United States. The recall database Is updated
1 you are the new owner of 8 used vehicle which was subiject 1o a constantly, For the latest information on vehicle recalls, check the
recall and you want o be sure that the work has been carried out, it's WHTSA website at www.nhtsa.gov, or call the NHTSA hatline al
best o contact a dealer service department and ask about yaur Indi- 1-888-327-4236,
Recall date Recall campaign number Model(s) atfected | Concern
Dec 17, 2003 03534000 2004 C-Class On certain passenger vehicles, some seat ball

buckles may have a burr on a metal companent
of the |locking mechanism. The presence of the
burr could prevent the saat bell from locking
under certain circumstances,

Dec 15, 2005 0BVSE0000 2005 and 2006 C-Class | Certain passenger vehicles equipped with sport
model steering wheels fail to comply with the
requirernants af Federal Motor Vehicle Satety

Standard no. 208, "Occupant Grash Protection,”

In certain low-risk air bag deployment tests
conducted by NHTSA, using an out-af-position
unbeltad 5th percentile female crash test dummy,
irregularities were demonstrated indicating that

, pccupants may not be properly

protected in a crash,
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Buying parls

Replacerment parts are available from many sources, whlch genesally {ooks and general accessories, have convenient hoors, charge lower
fall fto ane of two categories - authorized dealer parts departments and prices and can often be found not far from home
indepandent retail auto parls stores. Jur advice concarning these parts Authorized dealer parts departiment: Thiz is the best source
i5 85 foll ows: for parts which are unigua to the vehicle and not generally available
Retail auto parts slores: Good auto parts stores will stock elsewhere (such as major engine parts, transmission paris, trim pisces,
fraquertly needed companents which wear out relatively fast, such as Bie.),
cluteh componants, exhaust systems, brake parts, lune-ug paits, et Warranty information: If the vehicle is still covered under war-
These stores ofien supply new or reconditioned parts on an exchange ranty, be sure that any replacement parts purchased - reqardlzss of the
basis, which can save & considerable amount of money. Discount aulo source - do nal Invalidate the warranty!
parts stores are often very good places to buy materials and pars T he sure of obfaining the correct parts, have engine and chassis
nesded for general vehicle mainlenance such as oll, grease, filters, numbers avallable and, If possible, lake the old parts along for positive

spark plugs, belts, touch-up paint, bulbs, ete. They also ustally sell identification.
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Maintenance techniques, tools and working facilities

MAINTENANCE TECHNIQUES

There are a number of technigues involved in mainlenance and
repair that will be referred to fnroughout this manual, Application of
these technigues will enable the home mechanic to be mone efficient,
beetter organized and capable of perfarming the varicus tasks properly,
which will ensure that the repair job s thorough and complete

Fasteners
Fasieners are nuls, balls, studs and sorews used Lo hold two or

more parts together, There are & few things (o keap in mind when work-

ing with fastenars. Almast all of thern use a locking device of some
fype, either a lockwasher, lacknut, locking tab or (hread adhesive
Al threaded fasteners should be clean and straight, with undamaged

threads and undamaged soomers on the Rex head where the weench fils.

Develop the habit of replacing all damaged nuts and bolts with new
ones, Special lacknuts with nylon or fiber Inserts can only be used
once, I ihey are remaved, they lose their locking ability and must be
replaced with new ones

Rusted nuts and bolts should be treated with & penetrating fhuid to
ease ramoval and prevent Dreakage, Some mechanics use turpenting
in a spout-type ail can, which watks quite well. After applying the ust
penetrant, let it work for & few minutes before trying to loosen the ot
ur balt, Badly rusted fasteners may have to be chiseled or sawed off or
removed with a special nut breaker, avaitabie at tool slores

If & bolt or stud breaks off in-an assembly, i can be diilled and
ramoved with a spesial tool commanly available for this purose. Mosl
automotive maching shops can perform this task, a5 well as other
repair procedures, such as the repair of threaded holes thal have bean
siripped oul,

Flal washers and |ockwashers, when removed from an assembly
shoulc always be replaced exactly as removed. Replace any damaged
washiers with new ones. Never use a lockwasher on any soft metal sur-
face (such as aluminum), thin sheet metal or plastic

Fastener sizes

For a number of reasons, automabile manufacturers are making
wider and wider use ol metric fasteners, Therefore, It is impartant 1o
be able 1o tell the differance batween standard {sometimes calied U.S
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Bolt strength marking (standard/SAE/USS; bottom - metric)

Grade Identification Grade Identification
o ooy
H
g::dh:tg ﬁm @ el A AT P
Class 9 ] i
3 Dots Arabic 9
Hex Nut
Hex Nut P
e Class 10 Class Class Class
10.9 9.8 8.8
6 Dots Arabic 10
Standard hex nut Metric hex nut Matric stud strength markings
strength markings strength markings

0r SAE) and metric hardware, since they cannot be Interchanged

All tralis, whether standard or metric, are sized according lo
diameter, thread pitch and length. For example, a standard 1/2 - 13 %

1 bolt is 1/2 inch in diameter, has 13 threads per inch and is 1 inch
long. An M12 - 1.75 x 25 metric balt is 12 mm in diameter, has a
thread pitch of 1.75 mm {the distance between threads) and is 25 mm
long, The two bolts are nearly Identical, and easily confused, but they
are not inferchangeable,

In addition o the differences in diameter, thread pitch and length,
metric and standard bolts can also be distinguished by examining the
baolt heads. To begin with, the distance across the flats on a standard bolt
head is measured in inches, while the same dimension on a metric bolt
i& sized In millimeters (the same is frue for nuts), As a resull, a standard
wrench should not be used on a metric bolt and a metrlc wrench should
nof be used on a standard bolt. Also, most standard bolts have slashes

radiating out from the center of the head to denate the grade or strength
of the bolt, which is an Indication of the amount of torqua that can be
applied to it. The greater the number of slashes, the greater the strength
of the bolt. Grades 0 through 5 are commanly used on automobiles.
Metric bolts have a property class (grade) number, rather than a slash,
malded into thelr heads to Indicate bolt strength. In this cass, the higher
the numkber, the stronger the belt, Property class numbers 8.8, 9.8 and
10.9 are commanky used on attomobiles.

Strength markings can also be used to distinguish standard hex muts
from matric hex nuts. Many standard nuts have dos stamped into one
side. while metric nuts are marked with a number, The greater the number
af dets, or the higher the numiber, the greater the strength of the nut,

Metric studs are also marked on their ends according to property
class (grade). Larger sluds are numbersd (the same as metric bolts),
while smaller studs carry a geomelric code to denote grade
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Metric thread sizes

.
0 g O
e S 0 A K
7 LN A -
4 O S .

Pipe thread sizes
SN S
T, o SRR, . [,
LT R e —
- O S L Y -

U.S. thread sizes
Ty T A S —
o I L T S
o= o R, o N -
.r!'_l'I'H - “:l .....................................
1 e S
T L
T B0 s ccostaanesgiomiemmtrmnss e
L L

Fi-lbs Wm
......... ftod 91012
.......... 4102 19%0 28
......... 2B 1o 40 38t 54
......... 501t G4 1o 96
a0 ta 140 109 10 154
....... 5108 Tio 10
- 12 1018 171024
221033 0 in 44
. 251035 3 o 47
.......... Gle 9 Qo 12
......... 121018 {7 lo24
.......... 14 1o 20 191027
.......... 27 o 42 301043
....... 27 o 38 37 oAl
......... 40 1o 55 b5t 74
......... A b 60 55 to 81
...... 55 lo 80 75 to 108

P

T—!-”-—

Standard (SAE and USS) bolt dimensions/grade marks

G Grade marks (hofl strangih)

L Lengih fiminches)

T Thragd pitoh {number of threads per inch)
£} Nominal diameter (i fnches)

[t shiculd be noted that many fasteners, aspecially Graces O through
2_have no distinguishing marks on them, When such Is the case, he
only way 10 determine whethar it is standard or metric |5 o measure (ke
thread pitch or compars it Lo @ knawn Tastsnar of the same size,

Standard fastenass are often relerred o as SAE, a5 opposed (o
medric. However, It should be noted thal SAE echnically refers 1o a non-
medric fing thread (astener only, Coarse thraad non-metric fasteners are
referred 10 as LSS sizes,

Since fasteners ol the same size (both sfandard and metric) may
have different strangth ratings, be sure 1o renstail any bolls, siuds ar
nuts femovied from yoor viehicle In feir ariginal locations. Also, when
replacing a fasterser with a new one, make sure that the new ang has a
strength rating equal to or greater than the origing

Metric bolt dimensions/grade marks

P Properly class (balt strangth)

L Langth fin miflimatars,

T Thread pitch (distance between threads in miliimeters)
0 iameatar

Tightening sequences and procedures

Mot threaded fasieners should be tightened to a specific torgue
value (loraue is the twisting force applied (o d threaded camponent sueh
as a nut or balt), Overtightening the fastener can weaken it and cause it
to break, while undertighlening can cause it to eventually come loose
Balts, screws and studs, depending on the material they are macde of
and their thread diamaters, have specific torque values, many of which
are noted in the Specifications af the end of each Chapler, Be sume to
follow the torgue recommendations closaly. For tasteners nol assigned
a specific torque, a ganeral lorgue valug chart is presented hire as a
guide. These torgue values are for dry (uniubricated) fasteners threaded
into steel or cast iron (not aluminum). As was previcusly mentianed,
tha size and grade af a fastener determine the amount of torque [hat can
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i

Micrometer sel

salely be applied to i, Tha figures listed herp are approximate for Grade
2 and Grade 3 fasterers. Higher grades can tolerate higher torgue val
Les.

Fastenars laitl cul in & pattern, such as cylinder head bolts, ol pan
bolls, differential cover holts, elc., must be loosaned or tightened In
sequence (o avold warping the component, This sequence will normally
be shown in the appropriate Chapter, If a specific pattern s nol glhven,
the fallowing prosedures can be used to prevent warping,

Initially, the bolts or ruts should be assembled fingertight only.
Mexl, they should be tightened one full tum each, in a criss-cross or
diaganal pattern. After each ane has been tightered ore full turn, retum
I the first one and tghten them all one-half turn, following the same
pattern. Finally, tighten each of them one-quarter turn at & ime until
gach fastener has been tightened to the proper torgue, Te lensen ano
remaove the fasteners, the procedure would be reversed

Component disassembly

Compenent disassembly should be done with care and purpase to
Nelp ensure that the parts go back logather properly. Always keep track
ol the sequence in which parts are removed. Maka note af special chae-
acteristics or marks on parts hat can be instalied more than one way.
such a5 a grooved thiust washer on a shaft, 11 is a good idea to lay the
disassembled parls out o a clean surface In the arder that they were
removed. |l may aiso be helplii! to make skefches or fake instant pholos
of companents befare removal.

When removing fasteners from a component, keep track of their
leeations. Sometimes threading a bolt back ina part, or putting the
washers and nut back on & stud, can prevent mix-ups later, If ruts and
bolts cannot be returned to their crigingl locations. they should be kept
I & comparimentec box or 8 series of small boxes. A cupcake or mut-
fin tin is Ideal for this purpose, since éach cavity can hold the bolts and
futs from a particular area (1.e. oll pan bolts, valve cover bolis, engine
maurit belts, #ic.), A pan of this type is especially helplul when working
on assemblies with very small pans, sueh as the carburetor, alternator,
valve train of Interior dash and trim pieces. The cavities can be marked
with paint ar tape to identity the contents.

Whenever wirlng looms, RArmesses or connectons are separated, it
I3 & good fdea to dentify the bwe halves with numbered pieces of mask-
ing tape 5o they can be easily recannected,

Dial indicator sel

Gasket sealing surfaces

Threughout any vehicls, gaskets are used to a3l the mating sur-
laces Defwaen two parls and keep lubricants, fuids, vacuum or pressure
confained inan assermbly,

Rany limes these gaskels are coated with a lguid or paste-type
gasket sealing compeund belore assembly. Age. heat and pressure can
sometimes causs e lwo parts 1o stick togethers so tightly that they
are very difficult fo separate. Often, the assembly can be loosensd by
striking it with a sofi-face hammier near the mating surfases, A teoular
hammer can be used IF a hlock of wood is placed betwsan the hammer
and the part. Do net hammer on cast pars or pasls thal could be easily
damaged. With any particularly stubbarn part, always recheck [o make
sure that every fastener has bean removed

Avaid using a screwdriver o bar to pry apar an assembly, as they
can easily mar b gasket sealing surfaces of the parts, which must
remain smooth. |f prying is absclulely necessary, use an old broam
nandle, but keep in mind thal extra clean up will be necessary 1f the
wood splinters.,

Ater the pacts are-separated, fhe old gasket must be carelully
seraped off and the gaskel surfaces cleaned. Stubborn gasket materlal
Lan be soaked with rust penetrant of reated witn a special chemical to
soften it so it can be easily scraped oft

MNever use gasket removal solutions or caustic chemicals on
plaslic or olher composite components.

A seraper can be fashioned from & piece of copper tubing by Nlaltening
and sharpening ane end. Copper is recommended because il is usually
stlter than the surfaces to be seraoed, which redues the chance of
fouging the part. Some gaskets can be removad with a wire brugh, but
regardiess of the method used, the mating surfaces must ba left clean
and smoath. I for some reason the gasket suiface 1s gouged, then a
fasket sealer thick enouah fo I scralches will have 1o be used during
reassambly of the components. For most applications, a non-drying (o
semi-drying) gasket sealer should be ysed
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Hand-operaled vacuum pump

Fuel pressure gauge set

Hose remaval tips
i WARMING:

It the vehicle is aquipped with air condilioning, do not discon-
nect any of the A/C hoses without firsl having the system depres-
surized by a dealer service depariment or a service siation.

Hose remaval pracautions clasely parallel gaskel removal precau
lions, Avoid seratching or gauging the surface that the hose mates
against or te canmecticn may leak. This is especially true for sadiator
hoses. Bacauas of various chemical reactions, the rubber In hoses
zan bond ilsell 1o the metal spigot that tha hese s over To remove a
hose, first loosen the hose clamps (hal secure it to e splgot. Then
with slip-jaint pliers. grab the hose at (he clamp and retats i around
the apigel, Work it back 2nd forth until it s completely free, then pull i
ofl, Sllicore or other lubricants will ease removal if they can ba appliod
beatwagn the hose and the outside of the spigel. Apply the same lubri-
cant to the inside of the hosa and the oulside of he spiont 1o simplity
installation

As a last resor {and If the hose s 1o be repiaced with & new one
arpway, the rubber can be sl with a knife and the hose peslen from
the spigat. If this must be done, be careful that the mesal connection is
riel damagen

Compression gauge with spark plug hole adapier

I & hiose clamp is broken or damaged, do not reuse it, Wire-type
clamps usually weaken with age, so it 15 & good idea fo replace them
with screw-type clamps whenever a hosa is removed.

TOOLS

f selection of good Lools 15 8 basic requirsment for anyone wha
plans to maintain and epair his or her own vehicle, For ine owner
who has few toals, the initial investment might seem high, but when
campared to the spiraling costs of protessional auto maintanance and
repair, it is a wise one,

o help the owner decide which tools are needed to perform the
fasks detailed In his manual, the fallowing toal lists are offered. Main-
lgnance and minar rapalr, Repair/overtau and Special

Thie newsomer to practical mechanics should start off with the
maintenance ard minor repair tonl kit which is acequate for the sim-
pler jobs performed on a venicle. Then, as confidence and experience
grow, the awner can fackle more difficult tasks, buying additional lools
a5 they are needed, Eventually the basic kit will be expanded inta the
ranair and overhau! ool set. Ovar a period of time, the experienced do-
[-yoursetfer will assemble a tool set complete enough for most repair
ant owerhaul proceduses and will add tools from the special calegory
wnen it Is falt that the expense |5 justified by the frequency of use
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Damper/steering wheel puller

General purpose puller

Hydraulic litter remaoval tool

g

Valve spring compressor

Maintenance and minor repair tool kit

The loals in this list should be cansidered the minimum required
lor performance of rouline maintenance, servicing and minor repair
wirk. We recommend fhe purchase of combination wrenches (box-gnid
and open-and combined in ore wianch), While more expensive than
open end wrenches, they offer the advantages of both types of wrench,

Cimbinatiod wranch sat (TA-inch fo 1 inah o0 & mm o 19 mm)
Adjustalia wranoh, & inch

Spark piug wianch with rubbar insan
Spark plug gap aafusting lool

Feeler gatge sef

Hraka hlgader wrenah

atandard screwdriver (5/16-ingh x & fnelt)
Fhilitos scrawdriver (Ng. 2 x 8 fnch)
Carnbination pifers - 6 fnch
Hacksaw and assariment of Mladey
Tire prassure gatge

Grease qui

o ean

Fina amery claih

Wire brush

Battary post and catie cleaning fool
Ol fittar wrench

Funne! (medium size)

Safely gogntes

Jaekstands (£)

Drain pan

Valve spring compressor

Ridge reamer

e=Note: If basic tune-ups are going Lo be part of rouling main-
tenance, it will ba necessary 1o purchase a good quality stro-
boscopic liming light and combination tachometer/dwell meler.
Although they are included in the list of special fools, it Is men-
tioned here because they are absolutely necessary for tuning
most vehicles properly.

Repair and overhaul fool set
Thase lools are sssantlal for anyone who plans (o perlorm major

repairs and are in addition to those in the malnlerande and minor
repair fonl kit Included is a8 comprehensive sel of sockets whizh,
though expansive, are invaluable because of their versatility, especially
whan various extensions and drives are available, We recommend the
1/2-inch drive aver the 3/8-inch drive. Alfhough the larger drive is
bulky and more expensive, It has the capacity of accepting a very wide
ranae of large sockels, (deally, however, the mechanic should have a
SiB-inch drive set and a 1,/2-inch drive sat,

aackel sels)

Reversible rafchat

Exfension - 16 inch

Linivarsal joint

Targue wienih (same size drive as sockels)

Ball pean hammear - 8 punce

Soft-face hammer {pastis/iudber)

Standard screwdrfver [ 14-inch x 6 fnch)

Standard screwdrear (stubby - 5/16-inch)

Phiifios scrawdriver (Mo, 3 x 8 ingh)

Phiflios scrawdriver (stubby - Mo, 2)

Pligrs - vise grip
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Piston ring groove cleaning tool

Ring removal/installation ool

Ring compressor Cylinder hone

Pligrs - finemans

Pliers - needls nosa

Pligrs - snap-ring (infernal and externall

Cartel ehisel - 142-inch

Siriba

Scraper (made fram faftaned copper fubing)

Centerpinah

Fin punetes (116, 1748 3/18-inch)

Steal nifadstaightadge - 12 fnch

Atlan wrench sei (148 fo 3:8-inch or 4 mm fo 10 mmy)

A salection of fles

Wire tirush (large)

Jdarksianas (second saf)

JACK (soissor o fydraulic o)
= Note; Another tool which is often usetul is an eleciric drill with
a chuck capacity ol 3/8-inch and a sel of good quality drill his.

Special tools

The tools [n this list include those which are not used reqularly, are
expensive to buy, or which need lo be used in accordance with their
manufaciurers instructions. Unless these toals will be used frequently,
it is not very economical to purchase many of them. A consideration
would be to spht the cost and use betwesn yourself and a friend or
friends. In addition, most of these teols can be oblained fram a toal
renfal shop on a temparary basis.

This list primarily containg only those tools and Instruments
widely available to the public, and nat those special tools produced
by the vehicle manufacturer for distribution to dealer service depart-

Brake hold-down spring toal

ments, Docasionally, references to the manufaciurers special tools are
included in the fext of this manuzl, Generally, an alternative method of
daing the job without the special lool |s offered. Howeyer, sometimes
there is no alternative Lo thelr use, Where this is the case, and the tool
cannol be purchased or barrowed, the work should be turmed over to
the dealer service depariment or an automotive repair shop.

Valva spring comprassar

Pistan ring groave cleaning foal

Fiston Hing compressar

Fiston ring instalfaticn ool

Lylinder comprassion gauge

Cylinder rdga reamer

Cilinder surfacing hong

Cylinder bore gatge

Micrometers arnd/or oial calipars

Hdeaulic (e remaval ool

Baifjaint separalor

Univarsal-type pilier

Impact scrawdriver

Dial fndicator set

Sirotascopic Hming Mgt (indicive pick-un)

Hand operatad vacuumyIessLrg pumg

Tachometar/dwall meter

Univarsal elecinical multimeler

Cable hols!

Brake spring remaoval and instalfation faols

Figar fack
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Torque angle gauge

Buying tools

For the do-it-yourselfer who 15 Just Stariing o get invalved in
vehlcle maintenance and rapalr, thers are a number of cptions avallable
when purchasing tools. [f maintenance and minar repair is the extent of
the work to be done, the purchase of individual tools is satisfactary, If,
on [ otfeer hand, extensive work 15 planned, 4 wauld e a good idea
to purchase a modest fool set from one of the large refall chain stores.
# sal can usually be bought at @ substantial savings over the individual
[ool prices, and they often come with 2 lool box, As additicnal leels are
needed, add-on sets, individual tools and a karger ool bax can be pur-
chased to expand the tool selection, Bullding a tool sat gradually 2llows
the cost of the fools fo be spread over a longer periad of fime and gives
the machanic [he lreadom lo choose anly those toals that will actually
b used.

Tonl stores will often be the only saurce of same af e special ools
[hat are needed, but regard(ess of where 10015 are Louaht, try 1o aveid
cheap s, especially when buying serewdrivers and sockets, bacause
they won't fast very long. The expense involved in replacing cheap tools
will eventizally be greater than the initial cost of qualily lools,

Care and maintenance of tools

(Gond tools are expenzive, so it makes sense (o treat them with
respect Keep them clean and in usabile condition and store them prop-
erly when not In use, Always wipe off any dirt, grease or metal chips
befors putting them away, Never leave tocls Iving around in the wark
area. Upan completion of a |ob, always check closely under the hood
tor toals that may have been left there so they won't get lost during 2
test drive

aome fools, such as screwdrivers, pliers, wienches and sockels,
can be hung or g panel maunted on e garage or workshop wall, while
others should be kept in a toal box ar tray, Measuring instruments,
gauges, meters, ete. must be carsfully stored where they cannat be
damaned by weather or impact from other tools

When locls are used with care and stored properly, they will last 3
very long time, Eveny with the best ol care, though, tools will wear oul ||
used frequently. When a toal is damaged or warn oul, replace It Subse-
quent jobs will be safer and mare enjoyable if you do.

HOW TO REPAIR DAMAGED THREADS

Clutch plate alignment tool

Sometimes, the intzmal threads of a nul or belt hole can become
stripped, usually from overtightening. Stripping threads s an all-loo

Tap and die sel

common poourrence, especially when working with aluminom parts,
becauss aluminum is so soft that it easily strips oul

Usually, external or intemal threads are only partially strippad. Aftar

they've been cleaned up with & tap or dig, thay')l still work, Sometimes
however, threads are badly damaged. When this happens, you've gol
[hre@ cholces

1) Grill and fap the hole fo the mext suitable oversize and insiall &
larager diarmater hol, sorew or sfud

) Ol and &3 the hole to acceot a Wreaded piug, then drill and
lap i plug o the original scraw size, You can alse buy 8 plug
already threaded lo the origing size. Than you simoly drill 8 hale
ie the specified size, then run ie Wreaded plug info the fiola with
& boitand fam rul. Once the plug & fully seated, remove e jam
st dn bk,

3 The third methad uses a patentad ihiead repair kit (ke Heli-Cod
or Siimsart, These easy-fo-use kifs are designad fo raogir dam-
aaed threads in stralght-through holes and blind holes, Bath are
availahly as kifs which can handle a variely of sizes aid tregd
pafterms, Dl the fale, thar fan i with the 506 ciuded o
Install the Hali-Coit and ihe hole s Gack fo s original diamelsy

and thread piek,

Regardless of which mathod you use, be sure to proceed calmly and
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caredully. & |itle impatience or carelessress during one of these rela
tively simple procadures can min your whole day's work and cost you &
burdle it you wreck an expensive pan,

WORKING FACILITIES

Mot 1o bie overloaked when discussing toals is the workshop. 11
anything miere than routine maintenance is 1o be carried out, some sort
0! siltable work area i3 essenlial

It is understood, and appreciatad, thal many home mechanics do
rol have 2 aood workshop or garage avallable, and end up remeving
an enaing or doing major rapairs outside, |t is recommended, however,
thia she overhadl or repair be completed under the cover of & roch,

& clzan, tat workbench or table of comtartable working height is an
absolute necessity. The waikbench should be equipped with & vige (hal
s a jaw apering of at least four inches

hs mentioned prevlously, seme clear, dry storage space 18 also

required for tools, as well as the lubricanis, lluids, cleaning selvents,
gte. Which 5000 DECOMme Necessary.

Somatimes waste oil and [luids, drained from the enging or cooling
system during nomal maintenance o repairs, present a disposal prob-
lerm. To avald pouring them an the graund or nto & sewage system,
powr the used flulds into large containers, seal them with taps and t2ke
tham to an autharized disposal sile or recycling center. Plastic Jugs,
such as oid antifreeze containers, are fdeal or this purpose

Blways keep a supply of cld newspapers and clean rags available,
Dl lowels are excellent far mopping up spills. Many mechanics use
ralls af paper tawels for most work because hey are readily available
and disposable. To help keep the arsa under the venicle clean, a large
cardbaard hox can be cut open and flattened to protect the garage or
shop oo,

Wheanever working over 2 painted surface, such as when laaning
over a fender to service something under the hood, always cover il with
an old blanket or bedspread to protect the finish, Viny! coversd pads,
made especially for this purpose, are available at auto parts S10res

Booster battery (jump) starling

Obsarve the [ollowing precaulions when using a booster battery to
slart a venicle
) Bafore conneciing the hoosier baltery, maks sure the ignition switch
i3 fre the O position

|'J,| fuen off ing o 5, heafer and ofher afpchnical ingds
gl Your eves showld be : Wy gogeles are a good idea

db Mava sure the boostsr ballely
in e veficie,

g Thelwo vehicles MUST NOT TOUCH sach ofher!

i Maka sire Mhe fransmission (s in Mewfral (manual] or Park
faufaimatic),

gl If the booster battery is nal & maintenance-free fype, remove the
e caps and Ay a clonh over ihe ven! fnes,

I8 same vollage a5 the dead ong

Dread battery Booster battery

000000

=
o
L4

Conrect one jumper lead between the positive [+) lerminals of the
two batleries (see illustration)
=MNote: These vehicles are equipped with a remole positive
terminal located on the side of the underhood fuse/relay hox, to
make jumper cable connection easier (see Illustration),

Connect the other jumper lead first to the negative (-) terminal of
lhe booster battery, then to a goad engine ground on the vehicle 10 be
started.
=MNote: These vehicles are also equipped with a remate ground-
ing poinl, located on the right shock tower (near the remote
positive terminal).

Attach the lead at least 18 inches fram the battery, it possible. Make
sure e that the jumper lzads will not contact the fan, drivebelt or ather
maving parts of the engine.

Start the enoine using the boostar battery, then, with the engine fun-
ning at idle speed, discannect the umper cables in the reverse order of
connection

Make the booster batlery cable connections in the numerical
order shown (note that the negative cable of the booster battery
is NOT attached to the negative terminal of the dead batlery)

Remote jump starling terminals
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Jacking and towing

JACKING

TOWING

#e WARNING:

The jack supplied with the vehicle should only be used for
changing a tire or placing jackstands under the frame. Never
work under the vehicle or start the engine while this jack is
being used as the only means of support

The vehicle should be on (evel ground. Place the shilt lever in Park
and Block the wheal diaganally opposite the wheel being changed. Sel
the parking brake,

Remove the spare tire-and jack from stowage. Remove the whes
coverand trim ring (I 20 equipped) with the apered end of the whegl
bolt wrench by inzerting and wisting the handle and then prying
against the back of the whesl cover. Lonsan the whes bolls about 1/4-
to-1/2 turn each,

Place the scissors-type jack undar the sfide of the vehicle and adius!
the jack helght undil it fits in the noteh in the vertical 1ocker panel
{lange nearest the wheel to be changed, There is a front and rear jack-
ing point on each side of the vehicle (see Illustration),

Turn the jack handle clockwise unlil the lire clears the ground.
Hemave the wheel balis and pull the wheel off, then install the spare.

Install the wheel balls and lighten them snugly. Dan't attempl to
tighten them complately until the vehicle is lowerad or i could slip off
the fack. Turn the jack handlz counterclockwise to lower the vehicle,
Remave the |ack and tighten the whae! bolls in a diaganal patter

Install the cover (and rim ring, if used) and be sure it's snapped
imto place all the weay a:ound.

Stow the tire, jack and weench. Unblock the wieels

The manutacturer siates that tha only sate way [0 fow \hese vehicles
5 with & flatbed-type car carrier. Other metheds could cause damage to
the drivetrain

Place the jack so it engages the flange (beiween the two
nolches) rocker panel neares! the wheal fo be ralsed
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Automotive chemicals and lubricants

i number of guometive chemicals and lubricants are availabie o use
durnp wehich maintarance and rapain They ing virlely ol products
ranging from i 5. dnd degraasers o I||i*:|n"'||I-. and prolective
spraws Tor rubiben, plastic and vingl

CLEANERS

Carbaretor cleaner and choke cleamer i a shong solvert [ar gum,
wilrnistand catbon, Mest carbireton cleanars legve e dry-tepe ubricant flm whizh
will not farden of gum up. Becawse of this flm i1 15 nof ecommendad for use on
slacilczl companants.

Brake system cleanar (3 csed o mmova, brake dusl, grease and brake
[iied Tram the brase systam, whare clean surfeces are absoluiel necessary,
leavas no mesdue and nken aliminates orake sgqueal caused by contaminants,

Efscirical efeaner emoves oxidation, corosion and carbon Saposis
from . siscirical con asloring Il cursEne Tow, [ an 2150 Ba usad [ clean
spark plugs, carburetor jits, welfage regulators and otherparts where an pil-free
surfice i5 desirad

Demoisturants ramove walar and mosature: from
ol s alterzalang, vallage reguiators, alactrical connectarns an
18 NON-CONaLEtivg and non-=gornsiva

Degraasars 14 heawy-duly solvents used b remose grease from 19 oul-
side of Heangme and lom chasgis components, They can be sprayed or bnished
ar &, degsnd ng on e epe; ass nsad ofl eithes with water or solvent.,

LUBRICANTS

Maotor off i ihe lubricanl Tormulakad for use noengines. 1 noomally
contans a widga variety of additas o presant coragsion and reduce [2aming
ani m_.dl Wotor oil comes I various weighls {viscosily satings) dom 010 80
arpht of the ol depanas on the season, lemperaius and he

on the anglme, Light ofl s used in cold climates and undes lig lead
104, Heawy all 15 ugad in hot climates ana .-..nr-rc high loads are ancoun-
|I:'I|-' Multl-viscosity oils are desioned to have ristics of bote lght and
fieavy oits and are svallzble in o number of welghts I|||n| aW-20 1o 20W-50,

Gear ol 5 designed to be used in differentials, manual ransmissions and
othar areas whera igh-tamperature lbrication 1S reguired.

Chassis and whee! bearing grease is a heavy qreass wsed where
irnraased Joads and Irichon are encouniersd, such as for wheel boarings, ball

=ro 8RS RN Unfersas [SIns
mgn lemperature whea! bearing grease |5 dasigned 15 withslan:
the eslreme temperalures ancounteres Sy whoel aarings i dse brake suig ]|IEJ
vahicles, 11 usually containg molybedenum disalide (maly), which is a dry-type
lubricant,

White grease [5 & heavy gresse for imatal-to-matdl applications whire
wates is & probler, While grezse stays soft under both low andhigh tamperitures
(Lsually from =100 1o+ 190-dagrees Fy, and will nat wash off ordilutd in the pres
N of wates

Assembly fube I 1 special extreme pregsura [ubricant, usaaly contain-
ing moty, used 1o Jobricats "ir|" Inad parfs {such as main and rod bearings and
cam Inbes) forinitial star-up of @ naw anging. The assambly fube lbrcates tha
parts without being squeszed oot or washed awiy ol the enging oling system
hiegins fo funcion

Siffcone lubirfeants are used to profed rubbar, plasic, viny &nd mylon
pars,

Graphite fubricanls ar:
lamination problems, swuch as
Wil Temairning uncon
ductivia and will not foul ak

cirical pompones
fuise bincas, Thay

used wharm Gils cannob be usad due o con-
oke, The dry praphile sl s s melal parts
atedl by cirt, waten oll or gclds. 1115 electrically con-
fieal contacts in locks such as e lgnitfon switch

Moly penelrants loosen and labrcats Irieen, wsted and corocad fas
taniers and prevant uture usting o freesing.

Meal-sink grease s & spacial electrically nor-conductive grease that is
used for mourting. elestronic igoition modulas where if 15 sssential 15at heal 15
tranafarred away from the moduls

SEALANTS

ATV sealant iz ona of the mosl widely used gaskst compounds, Magd
I||||r| silicone, BT 15 air curing, It seals, bonds, waterproofs, s surface imegu-
remains faxibla, doesn't shrink, is relativaly easy W remove, and |5 usad
5 & supplemertary sealar with almast all low and mediam tempenature gaskeis

Anaerobic sealan! i much ke BEY 0 thal 1 can e used aithar 10
saal paskets or B form gaskats by itsatt, I remaing Nexible, is solvenl resistant
and fills surface imperfestions. Thi aifferance between an anagrabic sealant and
an ATV-typa saalant is 0 He curfng. ATV cores when axposed to alr while &n
amaarablc sealant cures only Inihe absence of ait This means [hal &n dnaerobic
sealant cures ealy aftar the assambly of pans, seating tham togethar,

Thread and pipe seafant is used for sealing hydraclic and pragmalic
fittings ard vacuom lnes, It is usually made Foma Tailon campaund, and comas
M i sprdy. A painl-on lguld and as 8 wrdg-around Gipe

CHEMICALS

Anti-geize compound prevents saizing, peling, cole welding, st and
corslon in lasteners, High-lamparature anti-seiz, wsuily made wilh copper
and grephile lubricants, b5 used for exhaust system and sxnaust manifold bolts.

Anzerobic locking compounds fr usad 1o keen [astenars from
wibrating or working loose and cura only alt tallatlon, In the absence of i
Wledium st I ronund &5 usac for small nuts, bolts and screws hat
may ba removed Teter High-strangth 1ocking compound is for large nids, bolls
and studs which aren't ramoved on @ regular basis,

0dl additives range from viscosiy index Improvers o chamical tragt-
mmants (hal clalm de reduca Internal enging friction. 11 shoald be notet (=al most
ofl manutacturers caution against using additivas with (i oils

Gas additives perform several funclions. depending on their chamical
makewp, They usually confaln solvents thil balp disselve gum gnd vamish
fhiat build up on cerburetor, fuel injaction and intike parts, They &lso Serve 10
bragk down caroon deposds thal fosm on the ingide surfaces of the combustion
chambars, Some aaditivas contain cpper cylinder lubricants for valves andg pesion
rinea, ane oftaes contan chemicals o remove sondessation Iram the ggs lank

MISCELLANEQUS

Brake Mufd (s spacially formulated tydraotic Muid that cen withstand the
haat and pressune encooniersd in brake systems. Gare must be takan se s Juld
does ot coma In contact with painted surizces or plastics. An opened conlane:
should atways be resedled o prevent comdamination by watar o dirl,

Weathersirip adhesive is used io hond weatherstripping around doors
windows ana frunk ds: 1t s sometmes usad fo aliach irim piaces

Undereaalting is & petrofeum-based, lar-llks substznce thal 15 designed
fo protect metal sustacas on fha underside of the vahicle from corrosion. IE also
achks as & sound-dez o agent by insulgting the botom o the vehicl:

Waxes and polfshes are used b help protect painted @nd plales sur-
[acas fram e weathar. Diflerent types of paint may mguie the use of different
fypes ol wax and polish, Scme podishies utillze a chemicl or abrasive cleaner
toy help remowe the top layes of oeddized (@ull) paint on older vahicles, in racant
WERMs manmy nan-was polishes el contain a wide varlety of chimicals such s
palymars and siliconas have been Inlroduced. These non-was polishas as usuy-
ally easiar S0 apply and |zt longer han conventional waxes and polishes
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CONVERSION FACTORS ;

LENGTH (distance)

Inchas {in) X 254 = Mliilimeters (mm) A 0.0384 =lInches {in)
Faet {ft) X 03056 = Metars {m) X 3281 =Foet(ft
Miles X 1.609 = Kilometers (kml X 0821 = Miles
VOLUME (capacity)
Cubig Inches (cu in: in) X 16387 = Cubic centimeters [cc; om®} X DOB1 = Cuble inches (eu In: In®
Imparial pints (Imp ptl X 0688 = Liters () X 1.76 = |mparial pints (Imp pt)
Imparial guarts {fmp gt) X 1337 = Liters {l) X 0.88 = Imperial quuorts {Imp gt
Imparial quarts {Imp ot X 1201 =US quars (US gt X 0833 =Imperlal quarts {Imp qt)
US guarta (U5 gt X 0946 = Liters (1) X 1.067 =US guarts (LS qgt)
Imperial gallons (Imp gal) X 4546 = Liters (1) X 0.22 = Imperlal gallons (Imp gall
Imperlal gallons (imp gal} X 1.201 =US gallons {US gall X 0833 = |mparal gallons {lmp gall
U5 gallons {US gal) X 3,785 = Liters {|} X 02684 =US gallons {US gal)
MASS (weight)
Ounces (oz] X 2835 = Grams |g) X 0035 =0Ounces (oz
Pounds {Ib} X 0454 =Kilograms (kg) X 2206 =Pounds [k
FORCE
Dunces-force (ozf: oz) X D278 = Newtons (M) X 3.6 = Duncas-force [ozf: ozl
Pounda-force |Ibf: |b X 4448 = Newtons (M) X 0228 = Paunds-force {Ibf: Ib)
Mewtons [N] X 0oa Kilograms-force (kgf; kgl X 9.81 = Newtons [N)
PRESSURE
Pounds-foree per square Inch X DOT0 = Kllograms-foron per squars X 14223 = Pounds-force per sguare [neh
{psl: 1I6fn®: Ibin®) centimater (kgtiem®; kglem® (pal) I8N Ib/in®)
Pounds-force per square nch ¥ D068 = Atmospheres {atm) X 14898 = Pounds-force per square Inch
ipsi; I6fin®; 1bfin®) {psly IbIn®; Ib/in®}
Pounds-force per square inch X 0.088 = Bars X 14.56 = Pounds-force par square Inch
(pai; 16850 Ibyind) {psl: Ibfin®: Ib/in®
Pounds-force per squara Inch X 6896 = Kilopascalz (kPal X D456 = Pounds-force per squere Inch
[pai; Ibf/n"; Ib/inf) ipsl; Ibifin®; Ibin)
Kilopascals (kPal X 0.01 = Kilograms-foroe par square x 98.1 = Kilopascals (kPa)
contimater (kgifem®: kgfem?l
TORQUE (moment of force)
Pounds-foroe inches X 1.162 = Kllograms-force centimeter X 0BBE = Pounds-force Inches
(If in; b In} {kgf cm; kg cm) bt i b in)
Pounds-forge inches X 0113 = Nawton meters {Nm) X B.BS = Pounds-fores Inchas
(I6f in: tb In) fibf In; b in)
Pounds-foree inches X 0083 = Pounds-force feet (Ibf fi; Ib fi) X 12 = Pounds-foroe Inches
{Iisf In: by i) {Ief In: Db ind
Pounds-force feet (Ibf ft; lb ft} X 0,138 = Kilograms-force meters X 7233 = Pounds-force feat |Ibf ft; 1b f1)
(kgf m; kg m)
Pounds-force feet (Ibf ft: Ib ft} X 1,368 = Newton meters (Nm) X 0738 = Pounds-force feet |Ibf f: Ib f)
Mewton maters (Nm) X 0.102 = Kilograma-force meters X 8804 = MNewton maters [Nm}
{kgf m; kg m)
VACUUM
Inches marcury (in, Ha) X 3377 =Kilopascals (kPa) X 02981 = Inches mercury
Inches mercury (in, Ho) X 254 = Milllmeters marcury {mm Ha) X 00394 = Inches mercury
POWER
Horsepower (hp) ¥ V457 = Watts (W) X 0003 =Homepower [hp)
VELOCITY (speed)
Miles per hour (miles/hr; mph) X 1,608 = Kllometers per hour (kmihr; kpht % 0621 = Miles per hour {miles/hr: mph}
FUEL CONSUMPTION *
Miles per gallon, Imperisl (mpgl X 0.354 = Kilomaters per liter {kmy/l) X 2826 = Miles par gallon, Imparial (mpg)
Miles per gallon, US (mpgl X 0426 = Kilomaters per liter (k) X 2382 =Mlles per gallon, US {mpgl
TEMPERATURE -
Degrees Fahrenhait = (°C x 1.8) + 32 Degrees Calsius (Degress Centigrade: °Cl = (°F - 32| x 0.56

Yt fs cormman practive te convert from mites per guilon fmpg) to fiters/100 kilomaters (17 00km),
whare mag (imperial] x {100 km = 282 and mpg (LS} x 1100 ke = 235
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DECIMALS TO MILLIMETERS FRACTIONS TO DECIMALS TO MILLIMETERS
Decimal mm Decimal mm Fraction | Decimal mm Fraction | Decimal mm
~oonl 00254 0,500 12,700 /64 | 00156 0.3969 13/64 0.5156 13.0969
0.002 0.0508 0.510 12,9540 132 00312 | 07938 17/32 05312 | 134938
£.003 0.0762 0,520 13,2080 364 0.0469 11906 15/64 05460 | 138906
0.004 0.1016 0.530 13,4620
0.005 01270 (1,540 13.7160
0.006 0.1524 0,550 13,9700 116 0.0625 15875 9/16 0.5625 | 14.2875
.00 01778 {1,560 14,2240
0,008 0.2032 0.570 14,4780
0.009 0.2286 (.580 147320 5164 0.0781 1 9844 37/64 05781 | 14.6844
0.590 14,9860 3132 0.0938 2,3812 19/12 0.5938 | 15.0812
RO | oo Ti64 01094 | 27781 39/64 | 06094 | 154761
(L0246 0.5080
(.05 0, 7620
0.040 10160 0.600 15,2400 | . .
et i Her e 18 01250 | 3.1750 58 06250 | 158750
0.060 1.5240 (1.620 15,7480
0070 17780 “"'i“ '2'*1":;:; 9i64 01406 | 35719 al/64 | 06406 | 162719
ot Lo (el Rirod sa2 | oasez | 3sess | 2142 | 06562 | 166688
Q090 24860 oees i f:m 11464 01719 | 4.3656 43/64 06719 | 17.0656
:“ rm 2 ;:; I:; {1,670 17.0180
L P - b ]
0.120 2 4ED :::ﬁ:}' :ﬁgaﬁ 316 00875 | 47625 1716 06875 | 174625
0.130 3.3020
0,140 3.5560
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0-22 SAFETY FIRST

Fegardiess ol how snusiastio you may beabolt geting on with fa iob @
fand, faka tha time 10 ensure that your slety 15 nof jeopard zeq. & moments lck
ol attantion can result in @n acoident, ag.cas 1Elure 16 obsarve certain simpla
SRty precadtions, The possinitty of an aceident will afways exist, and the fol-
owing paints should nol ba considarad & comprahensisg tst of 2! dangers
Hathar, thisy a:a (ntanded o make you swire of the dsks and o encourage a

iilety clous approach toall work you cerey out on your vEhicle

ESSENTIAL DOS AND DON'TS

DON'T rely o a fack when working under the vehicle, Always use approved
jrekstands o support the weight of thi vahicle ard place them andear the recom-
menced 1 ae sugpor! palnts,

DON'T attempt fo loosen extramsaly ight fasteners (e, wheat lug nute) whiks
[hes vishitcld 15 on a fack - 1t miay &l
DONT atart the angineg withou! first making sore hal e ensmisson & n
Metral (or Pack whiere applicabley and iha parking brake ig 5ed

DON'T rmcwe he radiator cao from a hot cooling systam - leb it cool or cover
8 with-a el and raleass the pressurs gradusally

DON'T attermpt to drealn the anging ool wobil you g sums it has cooled to tha
point hat it will not buen you.

DON'T touch gny part of 12 engline or exsaust system unbl! it has cooled sut
ficigritly § 2l aurmsa

DON'T siphon toeie louids suck 25 zsaling, 2nlifresse and hiaka uid by
ol o @l e to rarnain an your skm

DON'T Inhale orese fning dust - 1t is pokantially Razarcols (see Asbestos balow)
DON'T aliow spillied ol or grease o cemain on the dioor - wios i up before
someone atips on L.

DON'T use loose fiting wranches ar ofsar bools swhesh miy slip nd cawsa infury,
DON'T push on wienches wran loasening of tyhtensing nuls or baolts, Al
Fopull tha wrench fowarg you. e siiugdion calls lor sushing the wianch i
sl witfean cesn band to avoid scraped knuckles © the weench should slip
OON'T atternpt o it a be mponent alona - get someone o Help you
DON'T rush or take onsafe shoreuts to finish & job

DOMT Al chileiren or anirmass in o areund e vehick while you e warsing on 3,
DO wagr eve piotestion whan Lsing power lools such 83 8 drill sander, bench
grnder, gic. gnd when working woder g vehicte
DO keep leosa clathing and long halr well out of the way of meving parts

DO make sure thad gy hoist dsed has a sas warking [oad rating adeaguata for
the jeb

DO get someens to check-on ol perodica’ly when working alone on g vehize
DO carry out work in a lagisal sequencs and mike sune that gvanghing is cor-
aactly assernblad and tghtanad

D0 keap chemicals and Tuids tohtly capoes ang ol of tha reach of children
ani pats,

00 samember that your vehicle's safely afiects that of yoursalt gnd others, I in
deubt on asy point, ge professional advige

STEERING, SUSPENSION AND BRAKES

These sysiems &re easential i deiving Sarety, 50 maks
it shop of individual check your work. Also

can cavse njury o reteasad suddenly - Be sura [0 use @ spr

AIRBAGS

LUNE wou have 3 qual-
SUspENSIoN Spnngs
1) CATpressos,

Mirbags are explosi g5 thal can CAUSE injury if ey deploy while
w2 working on the vehizle, Feliow the manufactorer's instrochicns to disable
Fix airban whenever youe werking in the viciniy o airsag eomponents

ASBESTOS

tion. Induletng, sealing, gnd other products - such as braka lin-
rake bactds, chesch lnings, 1erque convariers, gaskets, ale, - may contaim
507 othar hazardous friction matarial Exreme care must be feken to
avild ‘mibalation of dust from such preducts, since it 2 hazardeus to health. If in
desabl, sasume shal they ap contan ashastos

FIRE

Rernember al 4l thmas that gasoling |s highly lammakle. Navar smake or
P ity kind of apen Hema around whan warking on a vehicls, Bul lha risk
deas nobend here, & spark caosad by an alactical st el by o matal
surlaces coniacting each ofhes of sven by sfatic 2tectricity built up in your bagy
Lnder certain conaiticns, can ignite gaseling vapors, which in & confinard spaca
are highly explosive. Do nos, under aey clroumstances, use pasoling fo -
nr parks. Lse an approvad salely solveni.

Always disgonnect the bartary grownd (<) cable af the sattery bafore working
o any part ol the bl system or elacirical systam, Mever sk spilling fus ona
hit ggles or exvaus| companant, s strongly racommeanded that & lire extin
fuishar suitabla for uss an luel and electical fres be kept sandy in the garage o
wirkshap at all imes. Neser [y f0 extinguish & fuel or electrizal fire with waler

FUMES

Gertam hemeas ara highly toxic and can quickly cause unconsciousaass and
aen deglh If Inhilad to amy extent Gasaline vapor %lls inls this category, as
do the vzoors from Seme cleaning sotsants. Any draining or pourng of such
wolatile fuids should be done in g well vertilatd area

When using cleaning fluids and solverts, aad tha instruchions on e con
TEinar carelully. Never se mates| i containers,

Mt run the anging n an enclag SUCT A5 A paraga, Exhaust
furnes contain carbon maroide, which is adsmely poisorous, 11 you need
to run e engine, always do 50 in the open air, or & ‘eas! e the rear of the
weticle oufsica the work area,

THE BATTERY

Newer creale a soark or allow & bara gal bull naar 2 babery, Thay normm Iy
Qv off @ certain amount of fyerogen gas, which is highly exglosive

Always cisconnect fa attery ground (-} cable 28 s batery before working
on the fual or electrical systems.

Il possibie, Ioosan the Fller caps or covar when charging the Satlery from an
axfiarnal source Ohis does nod &pply tosegled or maindemanee-ree batieras), Do
not chargs al an excassive rate or the battery may burst,

Take care when aading water o & non mainienance-frae satlery and when
carrying a badtary, The elecirolyla, even whan diluled, i very corosive ang
should not be allowed to contast clothing or skin,

Always wiar eye protection when clezning tha battery (o pravant the caustic
I3 Trom enlering your ayas,

HOUSEHOLD CLIRRENT

Winan usng an elestric powar tonl, imspection light, ete., which operices on
fizuzahald current. always mitke sure thit the fool s comectly connectad Lo s
plug and that, whara necassary, |5 propeily grounded, Do ol use such ilgms
in damp condifions and, again, de aolcreate 3 soark or apply excessive heal In
P wiciniy of Juel or feal vapor

SECONDARY IGNITION SYSTEM VOLTAGE

A savere alecttic shiack can result from touching cerfain pars of e igne-
frmn system isuch s the spark plug wires) when tee enging is running o being
aranked, garticularly if componanis are demo or the insulation 12 dafactive, In
fhe casa of ectronic igrition system, the secomdary system vollage is much
Alghes and could prove fasal

HYDROFLUORIC ACID

This extramely corrosive acid is formad when cedzin types ol sethitic b
B, found nsome C-rings, ol seals, ool hosas, ste are exposad [ lamparaiones
ahove Fal-degrees F (400-degreas C), The rubber changas info & crarmed o
slicky substanca comzining the acid. e foemed, M aeid remaing dergerous fo
pears. il gets onlo e skin, o may De necessany (o dmoutate te dmb concamad

When fealing with & vehicls which has sufferad & e, or with components
salvaged from such a vehicle, waar prodective gloves-and discard Fsm ator use

{apoy
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Troubleshooting

CONTENTS

Sectlon  Symptom

Engine

Engine will not rotate when attempting to start

Engine rotates bul will not star

Starter motor operates without luming engine

Engine hard to start when cold

Engine hard 1o start when hot

Starter mator noisy or engages roughly

Engine starts but stops immediately

Engine lopas’ white Idling or idles erratically

Enging misses at idie speed

10 Excessively high Idle speed

11 Battery will not hold a charge

12 Allemnator light stays on

13 Alternatar light fails to come on when key Is tumed on

14 Engine misses throughout driving speed range

15 Hesilation or stumble during acceleration

16 Engine stalls

17 Englne lacks power

18 Engine backfires

19 Engine surges while holding accelerator steady

20 Pinging or knocking engine sounds when engine
is urider load

21 Engine diesels {continues to run) atter being tumed off

22 Low oil pressure

23 Excessive oil consumptian

24 Excessive fuel consumption

25 Fusl odaor

26 Miscellangous engine noises

CHECK ENGINE light on - see Chapter 6

Cooling system

27 Dwerheating

28 Overcooling

28 Bxternal coolant leakage
30 Internal coolant leakage
A1 Abnommal coolant loss
3¢ Poor coolant circulation
33 Corosion

Clutch

34 Falls to release (pedal pressed to the loor - shilt lever
does not move freely in and out of Reverss)

35 Clutch slips (engine speed increases with no Increase
in vehicle speed)

36 Grabhing (chattering) as clutch is engaged

37 Squeal or rumble with clutch enpaged (pedal released)

38 Soueat or rumble with clutch disengaged (pedal depressed)

39 Clutch pedal stays on floor when disengaged

i Lad oG =
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Manual fransmission

40 MNoksy in Neutral with engine running
41 Noisy in all gears

42 Noisy in one particular gear

43 Slips aut of near

4 0l |eaks

Seclion  Symplom

45
46

Difficulty engaging gears
Moise occurs while shiffing gears

Automatic transmission

47
44
44
50

51

Fluid leakane

General shift mechanism problems

Transmission will not downshift with the accelerator
pedal pressed to the floor

Engine will start in gears other than Park or without brake
pedal being depressed

Transmissiaon slips, shifts rough, is nolsy or has no
drive In forward or Reverse gears

Driveshaft

52
53

o
55
56

Leaks af front af driveshatt

Knock or clunk when transmission is under initial load
(just after transmission Is pul into gear)

Metallic grating sound consistent with vehicle spesd
Wibration

Seraping noise

Rear axie and differential

b7
il
B9
B0
B

Maise - same when in drive as when vehicle is coasting
Knocking sound when starting or shifting gears

Naise when turning

Vibration

Qildeaks

Brakes

Vehicle pulls te one side during braking

Maise (high-pitched squeal or scraping sound)
Extessive brake pedal fravel

Brake pedal feels spongy when depressed
Excessive effort required 1o stop vehicle

Pedal lravals to the floas with [ittle resistance
Brake pedal pulsates during brake application
Brakes drag (indicated by sluggish engine performance ar
whesls being very hot after driving)

Rear brakes lock up under light brake application
Rear brakes lock up under heawy brake agplication

Suspension and steering

e
73
L]
]
76
i
74
4
ad
L
82
B3
B4
B
B&

Vehicle pulls to one side

Shimmy, shake or vibration

Excassive pitching and/or rolling asound comers or during braking
Wandering or general instability

Excessively stiff stesring

Excessive play In stearing

Lack of power assistance

Steering wheel fails to return to straight-ahead position
Stearing effort nat the same in both directions

Nolsy power steering pump

Miscellansaus nolses

Excessive tire wear (nol specific to ong area)

Excessive tire wear on outside edge

Excessive tire wear an inside adoe

Tire tread wom in ane place
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This Section pravides an easy ratarence guids to the more comman
problems which may acour during the eperation of yaur vahicle, Thesa
problems and their possible causes are grouped under headings denof-
ng various components or systems, such as Engine, Cooling systerm,
ete. They also rafer you to the Chaoter and/or Section which deals with
the problem.

Rermermnber thal successiul troubleshooting is not @ mysterious art
practiced enly by professional mechanics. It s simply the result of the
rignt knawledge cembined with an intelligent, systematic approach fa
the problem. Always work by a process of slimination, starling with
the simplest solution and working through (o the most complex - and
never overlnok the obvious, Anyane can run the gas tank dry or leave
the lights on overniaht, so don't assume thal you are exemp! from such
oversighls.

Firally, always establish a clear idea of why a problem has occourred
and fake steps to ensure that it doesn't happen again. If the slectrical
system fails becauss of a poor connection, check the other connections
in the systerm to make sure that they don'l fail as well, 1 a particular
fuse continues to blow, find out why - don't just replace one fuse afier
anaifer, Aemember, failure of a small component can often be indicative
ol potential fature or incorrect functioning of a mare important compo-
nent ar systam,

ENGINE

1 Enpine will not rotate when attempting to starl

1 Baftery terminal cornections toose of corroded. Check the cable
lerminals al the Battesy; lighten cable clamp andfon clean off corrosion
a5 necessary {ses Chapter 1)

2 Baltery discharged or faulty. If fhe cable ends are clean and tight
on [he battery pasts, e the key to the On position and switch on the
headlights or windshigld wipers. If they won't run, the battery is dis-
charged,

3 Autormatic transmission not engaged in Park (P or Meotral {N)

4 Broken, loose or discannected wires in the starting circuil,
Inspect all wires and connectors al the battery, startar solenoid and igni-
tien switch (n steering celuma),

5 Slarter motor pindon jammed in Sywheel driveplate ring gear.
Aemave the starter (Chapter 5)and inspact the pinion and ring qear
(Chapter 2)

6 Sarter solencid (aulty (Chapter &),

¥ Starter motor By (Chapler 5)

& lgnition switeh faulty (Chaptar 12)

9 Engine s2ized. Try o furn the crankshalt with a large socket and
breaker bar an the puliey boil

10 Startar relay faulty {Chapter 4},

2  Engine rotates but will not starl

Fuel tank emphy
Batlery discharged (engine relates slowly)
Battery lermingl connections loose or corraded.

4 Fuel not reaching fuel injectors. Check for clogged fuel filter or
lines and defective fuel pump. Also make sure the tank vent lines aren'l
clopned (Chapter 4)

Ead A —=

Low cylinder compression, Check as described in Chapter 2.
Water in fuel, Drain tank and il with new luel
Defeclive ignition coil(s) (Chapter 5).
Dirty or clogged fuel infector{s) {Chapter 4).
Wet or damaged ignition components {Chapters 1 and &),
10 Womn, faully or incorrectly gapped spark plugs (Chapter 1),
11 Broken, lnose or disconnected wires in the starting circuit {see
pravious Section),
12 Broken, loose or disconnected wires at the ignition coll or faulty
coil (Chapter 5).
13 Timing chain failure or wear affecting valve timing (Chapter 2)
14 Fuel injection or engine control systerns failure (Chapters 4 and 6).
15 Defective MAF sensor (Chapler B)

= - = S

3  Starter motor operates withou! turning engine

1 Sfarter pinion sticking. Remove the starter (Chapter 55 and
inspect,

2 Starter pinlon or flywheel/driveplate teeth worn or broken
Remove the inspection cover and Inspect.

4  Engine hard to start when cold

1 Battery discharged or low, Check as described In Chapter 1,

¢ Fuel nat reaching the fuel injeciors, Check the fuel filter, lines and
fuel pump (Chapters 1 and 4},

3 Defective spark plugs (Chapter 1),

4 Defoctive angine coolant temperature sensor {Chapter &),

5 Fuel Injection or engine contral systems mallunction {Chapters 4
and &),

5 Engine hard to starl when hot

1 Alrfilter dirty {Chapter 1),

2 Fuel not reaching the fuel injection (see Section 4), Check tor 8
wapar lock situation, brought about by clogged fuel fank vent lines,

4 Bad engine ground cannection

4 Fuel injection or engine control systems mallunction (Chapters 4
and G,

6  Starter motor noisy or engages roughly

1 Pinion or driveplate teeth worm or broken. Remave the inspection
cover on the lelt side of the enging and inspact,
2 Sfarter motor mounting balis loose or missing

7  Engine starts but stops immedialely

1 Loose or damaged wire harness connections al eoil ar alternator

¢ Intake manifold vacuum leaks. Make sure all mounting bolts/muts
are tight and all vacuum hoses connected to the manifold are attached
properly and In good condition,

3 Insulficient fuel pressure (see Chapler 4),

4 Fuel Injection or engine control systems mallunction (Chapters 4
and &),



e e e e e e e e

8 Engine ‘lopes’ while idling or idles erratically

1 Nacuum feaks, Check mounting bolts at the ntake maniold lor
lightress. Make sure thal all vacuum hoses are connected and in good
condition. Use a stethoscopa or a length of fuel nose held against your
gar 10 listen for vacuum leaks while the engine |s running. A hissing
sound will be heard. A soapy water solution will also detect [eaks,
Check the Intake manileld gaskel surfaces.

2 Leaking EGR valve or plugged PCY valve (see Chapter 6)

3 Airfilter clogged (Chapter 1),

4 Fual pump nat dalivering sufficient fual (Chapter 4).

5 Leaking head gasket. Perform a cylinder compression check
{Chaptel 2},

6 Timing chain womn (Chapter 2)

{ Camshatt lobes worn (Chapter 2)

B Valves bumed or otherwise feaking (Chaper 2)

9 lgrition sysem not operating properly (Chapters 1 and 5)

10 Fuel injection or engine contral systems mallunction (Chapters 4
and &),

9  Engine misses at idle speed

spark plugs faulty or nol gapped properly (Chapter 1)
Faulty spark plug wires (Chapter 1),
short circults in gnition, coll or spark plug wires.
Sticking or faulty emissions systems {see Chapler 6).
Clogaed fusl filter andfor foreign matter in fual,
Vacuum leaks at intake manitold or hose connections. Check as
described in Section B,

7 Low or unaven cylinder compression, Check as described in
Chapter 2.

8 Fuel injection or engine control systems malfunction (Ghapters 4
and &},
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10 Excessively high idle spead

| Vacuum leaks at intake manifold or hose connections, Check as
described in Section 8,

¢ Fusl Injection or enging control systems malfunction (Chaplers 4
and ).

11  Battery will not hold a charge

TROUBLESHOOTING 0-25

Datective alternatar {Chapter &)
Fauit in the primted cimuit, dash wirlng or bull nolder (Chapter 129

a3 =2

14 Engine misses throughout driving speed range

Fuel filter clogged andior (mpurities in the fuel system,
Faulty ar incorrectly gapped spark plugs (Chapter 1),
Defective apark plug wirss {Chapter 1),
Emissions aystem components faulty (Chapter &),
Lo ar uneven cylinder comaression pressures. Check as
described in Chapter 2
6 Weak or faulty ignition coilis) (Chapter 5)
7 Weak or faulty igaition system (Chaptar 5),
A Vacuum leaks al intake manifold or vacuom hoses (see Section B)
9 Dirty or cloggsd fusl injector(s) (Chapiar 4),
10 Leaky EGR valve {Chapter ).
11 Fuel injection ar engine control Sysiems malfunction (Chaptars 4
and &),

L b a3 o —

15 Hesitation or stumble during acceleration

1 Ignitian syslem nel oparating properly (Chapter 5)

2 Dirty or clogged fuel Injector{s) (Chapter 4,

3 Low fuel pressure. Check for proper operation of the fusl pump
and for restrictions in the fuel filker and lines (Chaptar 4)

4 Fuel injection or engine control systems malfunction {Chapters 4
and &)

16 Engine stalls

1 Fuel filter clogged and/or water and impurities 0 the fuel system
(Chapter 1)

2 Emissions system companents fulty (Chapter &)

3 Faulty or incorrectly gapped spark plugs (Chaptar 1)

4 Vacuum feak at the intake manifold or vacuum hoses. Check as
descrbed in Section 8,

5 Fuel injection or engine contral systems maliunction (Chaptars 4
and 6],

17 Engine lacks power

Altegrnator drivebelt defective or not adjusted properly (Chapter 1),
Baitery cabies loose or corroded (Chapter 1),

dliernatar not charging properly (Chapter 5)

Loose, broken or faulty wires in the charging circult (Chapter 5).
short circuit causing & continuous drain on the battery,

Hattery dafective Internally.

o LY e A B —-

12  Alternator light stays on

1 Fault Inalterpator or charging circull (Chapter 5).
2 Altarnator drivebelt defective or not properly adjusted (Chapter 1),

13  Alternator light fails to come on when key is turned on

1 Faulty bulb (Chapter 12].

Faulty or incorrectly gapped spark plugs (Chapter 1),
Air filter dirty {Chapter 1),
Faully ignitian cails) (Chaptar &),
Brakes hinding {Chapters 1 and B
5 Mutomatic transmission fuld level incorrect, causing slippage
(Chapter 1)

6 Fuel filter clogged and/or impurities in the fuel system (Chapler 4)

7 EGH system nat functoning propesty {Chapter 6}

8 Use of sub-standasd tuel. Fill tank with proper octane fuel

9 Low or uneven cylinder comprassion prassures, Chack as
described in Chapter 2

10 Vacuum leak at intake manitald or vacuum hioses [check as
described in Section 8)

11 Dirty or clogged fuel injectons) (Chapters 1 and 4.

12 Fuel injection or engine canfrol Systems malfunction (Chapters 4
and &)

{3 Restricted exhaust system (Chapter 4),

LN e Cad B3 —2
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18 Engine backiires

24 Excessive fuel consumption

EGR systemn not functioning properly (Chaptar &)
Vacuum leak {refer to Section ),
Damaged valve springs af sticking valves (Chapler 2),
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19 Engine surges while holding accelerator steady

Vacuum leak at the intake manifold or vacuum hoses (ses Section 8),

| Wacuum leak at the intake manifold or vacuum hoses (see Section B).

2 Restricted air filter (Chaptar 1),

3 Fuel purnp or pressure regulator defective (Chapter 4).

4 Fuel injection or engine canirol systems malfunction (Chapters 4
and 6),

20 Pinging or knocking engine sounds when engine is
under load

1 Incomeet grade of fuel, Fill fank with fuel of the proper octane
rating.

2 Carbon bulld-up In combustion chambers. Remove cylindar
headis) and clean combustion chambers (Chapter 2).

3 Incorrect spark plugs (Chapter 1),

4 Fuel injection or engine control systems matfunction (Chapters 4
and £},

5 Restricted exbaust system (Chapter 4).

21 Engine diesels (continues to run) after being
turned off

Incorrect spark plug heat range (Chapter 1),

1
2 Macuum eak at the intake manitold or vacuum hoses (see Section 8).

3 Garbon build-up in combustion chambers, Remave the cylinder
head(s) and clean the combustion chambers {Chapter 2}

4 Valves sticking (Chapter 2).

5 EGR systemn not sperating proparly (Chapter 6).

6 Fuel Injection or engine control systems malfunction (Chapters 4
and £},

7 Check lor causes of overheating (Section 27),

22 Low oil pressure

Improper grade of pil.

0il pump wom or damaged (Chapter 2),

Engine overhealing (refer to Section 27).

Clogged oll filter (Chapter 1),

Clogged oil strainer (Chapter 2],

Qil prassure gauge not working properly (Chapter 2),

£nLn bt R —s

23 Excessive oil consumplion

Pistons and cylinders excessively worn (Chapler 2)

Piston rings not installed correctly on pistons (Chapter 2).
Wom or damaged piston rings (Chapler 2).

Intake and/or axhaust valve oil seals warn or damaged,

Warn valve stems ar guides.

Wom or damaged valves/guides,

Faulty or incorrect PCY valve allowing toa much crankease air-

— L B L P —

Tle,

Dirty or clogged alr filter element (Chapter 1),
Low tire pressure or incorrect tire size {Chapter 10),
Inspect for binding brakes.

4 Fuel leakage. Check all connections, lines and components in the
fuel system {Chapter 4).

5 Dirty or clopged fuel Injectors (Chapter 4),

6 Fuel Injection or engine control systems malfunction (Chapters 4
and &),

7 Thermostat stuck open or not installed,

B Improperly operating transmission.

Lo P —

25 Fuel odor

1 Fuel leakage. Check all connections, lines and components in the
fuel systerm (Chapter 4),

2 Fuel tank overfilled. Fill anly o automatic shut-off,

3 Charcoal canister filker in Evaporative Emissions Control systam
clogged (Chapter 1).

4 Vapor leaks from Evaporative Emissions Control system lines
(Chapter &),

26 Miscellaneous engine noises

1 A strong dull noise that becomes more rapid as the engine accel-
erates Indicates worn or damaged crankshaft bearings or an unevenly
worn crankshaft. To pinpoint the trouble spot, disconnect the electri-
cal connector from one coil at a time and crank the engine over, If the
noise stops, the cylinder with the remaved plug wire or disconnected
coil indicates the problem area. Replace the beanng and/or service or
replace the crankshaft (Chapter 2).

2 Asimilar {yet slightly higher pitched) noise to the crankshaft
knocking described in the previous paragraph, thal becomes more rapld
as the engine accelerates, indicates warn or damaged connecting rod
bearings {Chapter 2), The procedure for locating the problem cylinder is
the same as described In Paragraph 1.

3 An overlapping metallic noise that increases in intensity as
the engine speed increases, vet diminishes as the engine warms up
Inclicates abnormal piston and cylinder wear {Chapter 2). To locale the
problem cylinder, use the procedure described in Paragraph 1.

4 A rapid clicking noise ihat becomes faster as the angine accelar-
ates indicates 8 worn piston pin or piston pin hole. This sound will hap-
pen each time the piston hits the highest and |owest poins in the stroke
{Chapter 2}, The procedure for locating the problem piston s described
In Paragraph 1,

5 A metallic clicking noise coming from the water pump Indicates
worn or damaged water pump bearings or pump. Replace the waler
pump with a new one {Chapter 3),

6 A rapid tapping sound or clicking sound that becomes fastar
as the engine speed Increases indicates “valve tapping." This can be
dentified by holding cne end of & section of hose fo your ear and plac-
ing 1he other end at different spots along the valve cover. The point
where the sound is loudest indicates the problem valve, If the pushrod
and rocker am components are in good shape, you likely have a col-
lapsed valva [ilter. Changing the engine oil and adding a high viscosiy
oil freatment will semetimes cure a stuck |ifter problem, If the problem
persists, the lifters, pushmds and rocker arms must be removed for
inspection (see Chapter 2),

7 A steady metallic rattling or rapping sound coming from the area
of the timing chain cover indicates a warn, damaged or out-of-adjust-
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ment timing chain, Service or replace the chain and related components
(Chapter 2

COOLING SYSTEM

27 QOverheating

Irsutticient coolant in systerm {(Chapler 1),
Driveball defective or not adjusted properly (Chapter 1),
Radlatar core blocked o dirty and restricted (Chapter 3),

4 Thermostat taulty {Chapier 3)

5 Cooling fan not functioning properly (Chapter 3)

B Expansion lank cap nol maintaining proper pressure, Have cap
pressure tested by gas station ar repalr shap

¢ Detective watar pump (Chaptar 3)

B Improper grace of engine ol

8 Inaccurale temperature gauge {Chapiar 12),
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28 QOvercooling

| Thermostat faulty (Chapier 3)
¢ Inzccuraie tempersture gauge (Chapier 12)

29 Exlernal coalan! leakage

| Detaricrated or damaged hoses, Loose clamps al hose connec-
tiors (Chaper 1)

2 Watar pump seals defective, I his is the casa, water will drip
from the wesp hole in the waler pump bedy (Chapter 3).

3 Leakage from radiator core or header tank, This will require the
radiator to be professionally repaired {see Chapter 3 for removal proce-
durss)

4 Leakage fram the expansion tank or cap

5 Engine drain plugs or water jacket freeze plugs leaking (see
Chapters 1 and 24

fi Leak from coolant temperature switch {Chapter 3).

7 Leak from damaged gaskels or smatl cracks [Chapter 2),

30 Internal coolant leakage

=Note: Internal coolant leaks can usually be detected by
examining the oil. Check the dipstick and the underside of
the engine oil filier cap for water deposits and an oil consis-
tency like that of a milkshake.

| Leaking cylindar head gaskel. Have the system pressure tested or
rermove the cylinder hezd (Chapler £) and inspect

2 Crackes cylinder bors or cylinder nead, Dismantle engine and
inspect (Chapter 2),

31 Abnormal coolant loss

the system tesied tor the presence of combustion gas in the coolart at a
shop. (Combustion lzak detectors are alse available al some adto parts
storgs.)

32 Poor coolant circulation

1 Inoperative water pump. A quick test s %o pinch [he {op radiator
niose closad with your hand wiile the angine 15 (dling, then elease |
Yiou showld feed a surge ol
coplant f the purmp |5 working properly (Chapter 3).

2 Resfriction in cocling system. Drain, tash and redill the systam
{Chapter 11, 1 necessary. remove the radiator (Chapter 3) and have il
reverse flushed or professionally cleanad.

3 Looss waler pump drivebell [Chapter 1),

4 Thermostat sticking (Chagpter 3),

5 Insulficiant coolant {Chapter 1)

33 Carrosion

1 Excessive impurities in the watarn Soll, clean water 15 recam
mended. Distilled ar raimwater is satistactory

2 Insufficient antifreeze solution (refer to Chapier 1 for the proper
ratic of water 10 antiireess)

3 Infreguent flushing and draining of system, Regular fushing ol
the cooling system should be carried out at the speclfied intervals as
describied in (Chapter 1)

CLUTCH

=Note: All clutch service Intarmation is located in Chapter 8,
unless otherwise noted.

34 Fails to release (pedal pressed to the floor - shift
lever does not move freely in and oul of Reverse)

1 Cluich plate warped, distorted or atherwise damaged

2 Diaphtagm spring fatipued, Remove clutch cover/oressure plate
dasembly and nspecl,

3 Selzed plial bearing

35 Clutch slips (engine speed increases with no
increase in vehicle speed)

1 Warp or pll soaked clutch plate,
2 Cluteh plase nol broken In. [Fmay take 30 o0 40 normal starts fon
a niw cluteh 1o seal

36 Grabhing (chatiering) as clutch is engaged

Overfilled cooling system (Chaptar 1)

Coolan boiling away due o cverheating (see causes in Saction 27),
Internal orextarnal leakage (see Sections 24 and 30)

Faully expansion lank cap. Have the cap pressure tested

Cocling system being pressurized by englne comprassion. This
could be due to 8 cracked head o block or [eaking head gasket(s). Have

r Bm G B —

1 Ol an cluich plate, Remove and Inspecl, Hepair any eaks,
2 Warn or loose enging or transmission maunts. They may maove

slightly whan clutch is released, Inspect mourts and bolls

3 Worn splines an transmission inpul shaft, Remaove ¢lutch campa
nents and inspect,

4 Warped prassurg plate or lywheel. Remove clulch components
ant Inspect.
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5 Diaphragm spring ftiguad. Remove clulch cover/pressure plate
assembly and inspect,

6 Clutch linings hardenad or warped,

7 Cluteh lining rivets loose.

37 Squeal or rumble with clutch engaged (pedal
released)

1 Release bearing binding on transmission shatt. Remove clutch
companents and check bearing. Remove any burrs ar nicks, clean and
relubiricate Before reinstallation

2 Clutch plate cracked.

3 Fatigued clutch plate lorsion springs. Replace chtch plate,

38 Squeal or rumhie with clutch disengaged (pedal
depressad)

f Excessive gear end play,
7 Womn synchronizars,
8 Chipped or warn gear teeth,

44 Dil leaks

1 Excessive amount of lubricant in transmissian {see Chagpter 1 fo:
correct checking procedures). Drain lubricant as required,

2 0l seal damaged

3 Topinpoint & leak, first remove all bullt-up ditt and grime from
the fransmission, Deqreasing agents and/or sieam cleaning will achisve
[his. With the underside clean, drive the vehicle al low speeds 5o he
air fiow will not blow the leak far from its source. Raisa the vehicle and
determine where the leak is iocated

45 Difficulty engaging gears

1 Worn or damaged release bearing,
2 Worn or broken pressure plate diaphragm fingers.
3 Defective pilot bedring.

39 Clutch pedal stays on floor when disengaged

Defective release system.

MANUAL TRANSMISSION

=Note: All manual transmission service information is
located in Chapter 7A, unless otherwise noted.

40  Noisy in Neutral with engine running

1 Input shatt bearing worn.,

¢ Damaged main driva gear bearing,

3 Insufficient fransmission ofl (Chapter 1),

4 Transmission ol in poor condition. Drain and Hlwith propear
fgrade oil. Check old oil for water and debris {Chapter 1),

41 Noisy in all gears

1 Any of the above causes, and/far;
2 Worn nr damaged output gear bearings or shaft.

42 MNoisy in one particular gear

1 Worn, damaged or chipped gear festh,
2 Waorn or damaged synchronizer.

43 Slips out of gear

Shift linkage binding
Broken or loose input gear bearing retainer,
Wem linkang.
Camaped or wom check balls, fork rod ball grooves ar check
springs
5 Worn mainshaft or countershalt bearings,
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| Clutch not releasing completely.

2 Insulficient transmissicn oll (Chagpter 1)

3 Transmission cil in poor condition. Drain-and fill with proper
grace oil. Check oll for water and debris {Chapter 1),

4 Damaged shift fork,

§ Wom or damaged synchronizer

46 Noise occurs while shifting gears

1 Check for proper operation of the clutzh (Chapter 8)
2 Faully synchranizer assemblies.

AUTOMATIC TRANSMISSION

= Nofe: Due to the complexily of the automatic fransmission,
it's difficult for the home mechanic 1o properly diagnose and
service. For problems other than the following, the vehicle
should be 1aken 1o a reputable mechanic.

47 Fluid leakage

1 Automatic transmission Huid is a deep red color, and Noid leaks
should riot be canfused with engine ail which can easily be blown by
alr flow to the transmissian

¢ To pinpoint a leak, first remove all buill-up dirt and grime from
the transmission. Degreasing agents andfor steam cleaning will achieve
this. With the underside clean, driva the vehicie at low speads so the
air flow will net blow the leak far from its source, Aalse the vehicle and
defermine where the leak is located, Common areas of leakage are:

al Fluia pan: Hohtan mourting boits andior replace pan gaske!
as necessary (Chapter 1)

i) Rear gxtension: Jighten bolts ard/or raplaoe off 5481 a8
NECESSANY

¢l Filler pipe: replace the rubber ail seal whare pipe enters Irans
Mission case.

d) Transmission ol lines: fighten fittings where lings enter frans
imission case anaor raplace lines

&) Vent pipe: fransmission overfilled anddor water in Muld (see
checing procedures, Chanler 1),



{1 Vemole speed sensar; replace the O-ring whers spead sansar
EIErS IEANSITHSSIoN Case

48 General shift mechanism problems
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Chapter 78 caals with chacking and adjusting the shifl linkage on
automatic transmissions. Common problems which may be caused by
cut of adjustment linkage are;

a0 Engine siacting fn gears oiher than P (nark) or N (Neutral)

B Indieator poimting 19 & gear other than the one actually
engaged

o) Vahicle moves wilh fransmission in P (Park) pasition,

49  Transmission will nol downshift with the acceleralor
pedal pressed to the floor

Since these transmissions are electronically cantrolled, check for
any diagnosic frouble codes stored in the PCM. The actual repair will
mist likely have to be performed by a qualified repair shop with the
froper eguipmient,

50 Engine will start in gears olher than Park or without
brake pedal being depressed

Brake Transmission Shilt tnterlock (BTS1) system out of adjustiment
[Chapter 78)

31 Transmission slips, shifts rough, is noisy or has no
drive in forward or Reverse gears

1 There are many probable causes for the above problems, but the
fiome mechanic should concern hims2If only with ona possibllity; fluid
|ayal

2 Betore taking e vehicle (o a shop, check the (0id level and
condition a8 oescribed In Chaplar 1. Add fluid, if necessary, or change
the fluid and filter it neaded. If problems persist, have a professional
diagnose the transmission

3 Transmisstan fold break down atker 30,000 miles,

DRIVESHAFT

= Note: Refer to Chapter 8, unless otherwise specified, for
service information.

52 Leaks at front of driveshail

Datective transmission or transter case seal, See Chapter 7 for
repiacement procedure. As this is done, check the splined voke for
burrs of roughness hat could damage 1he new seal, Remcwve burrs wilh
a fine file or whetstona

53 Knock or clunk when transmission is under initial
load (just afler transmission is put into gear)

| Loosa or disconnected redr suspension compenents, Cheek all
mounting bolkts and bushings (Chaptess 7 and 10

2 Loosa drivaghall balts. Inspect &l bolts and nuts and tghten
them securely,

1 Wom or damaced universal joinl bearings {Chapter &),

4 Wormn sleeve yoke and mainshaft spling,

54 Metallic grating sound consistent with vehicle
speed

Pronounced wear in the universal joints or driveshalt cenler support
bearing. Replace driveshatt or center support bearing, as necessary,

55 Vibration

= Note: Before blaming the driveshait, make sure the tires
are perfectly balanced and perform the following test.

1 instail & tachometer inside the vehicle 1 manilor enging speed
a5 the vehicle is driven, Drive the vehicle and note the enging speed
al which the vibration (roughness) is most pronounced, Mow shift the
transmission fo a difterent gear and bring the engine speed o the same
paint
2 I'the vibration oeours at the same engine speed (rpm) regardless
ot which pear the transmission is in, the driveshaft is NOT at fault since
the driveshaft speed varies
3 I the vibratlon decreases ar 15 eliminaied when the ransmission
i5 In & different gear al the same engine spead, refer o the fallowing
probable causes
al Bant or denfed drivashalf nspect and replace as necessary
0) Undeceaaling o built-up it efe. an the driveshaft. (laan the
shalt tharouahly
o) Worn universal foint bearings, Repiace ihe D-joints or
diiveshalt as necessary,
Driveshait andfor companion Mange owf of balance, Check
for missing weights on the shafl, Ramave driveshalt and
reinstall T80-degrens from original pasifion, then recheck
Have the drivestalt bhafancad if grobiam persists
) Lopse drivashalf mounting boftsiuts,
it Worn transmission rear bushing (Chapter 7)

o

56 Scraping noise

Make sure here is nothing, such as an exhaust heat shield, rubbing
on the driveshal,

AXLE(S) AND DIFFERENTIAL

=Note: For differential servicing information, refer to Chap-
ter 8, unless otherwise specified.

57 MNoise - same when in drive as when vehicle is
coasting

Road noise, Mo corrective action available

Tire noize. Inspect tires-and check tire pressures (Chapter 1)
Frart wheel bearings |nose, worn or damaged (Chapter 1),
Inzufficient differential oil {Chapter 1),

Defective differantial

BN Fa L3P —2
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58 Knocking sound when starting or shifting gears

64 Excessive brake pedal travel

Detective ar Incomecily adjusted differsntial

59 Moise when turning

[afactive differential

60 Vibration

Sea prabable causes under Driveshalt. Procesd under the guidelings
listed for the driveshatl. If the problem persisls, check (he rear wheel
bearings by raising the rear of the vehicle and spinning the wheals
by hand. Listen for evidence of raugh (naisy) bearings. Remove and
inspact {Chaptar 8).

61 Dil leaks

1 Finien oil seal damaged (Chapter ),

¢ Driveaxie ofl seals damagsad (Chapter 8),

1 Differential cover lzaking, Tighten mounting balts or ieplace the
gasket as required.

4 Loose filler plug on diftsrential (Chapter 1)

5 Clogged or damaged breather on differential

BRAKES

»Nole: Before assuming a brake problem exists, make sure
the tires are in good condition and inflated properly, the front
end alignment Is correct and the vehicle is nol loaded with
weight in an unequal manner. All service procedures lor the
brakes are included in Chapter 9, unless otherwise noted.

62 Vehicle pulls to one side during braking

1 Detective, damaged or contaminated orake pad on one side
Inspect as described in Chapter 1, Reler (o Chapler 911 replacemant |5
required

2 Excessive wear of brake pad material or disc an one side. [nspacl
and repalr a5 necessary,

3 Loose or disconnected front suspension components, Inspect and
tighter all bofts securely (Chapters 1 and 10).

4 Defective front brake caliper assembly. Remove caliper and
ingpect far stuck piston ar damage.

5 Scored or out-of-round dise,

6 Loose brake caliper mounting bolts

63 Noise (high-pitched squeal ar scraping sound)

1 Partial hrake system failure, Inspect entire system (Chapier 1) and
Correct &5 required.

2 Insufficient Mud in master cylinder. Check (Chapter 17 2nd add
fluid - oleed system it necessary,

3 Alrin systern. Blegd system

4 Detective master cylinder

65 Brake pedal feels spongy when depressed

1 Air In brake lings, Blead the brake system

2 Deteriorated rubber brake hoses. Inspect all system hoses and
lines, Aeplace paits a3 necessary.

3 Master cylinder mounting nuts loose, Inspect mastar cylindsr
bolts {nuts) and tighten them securely,

4 Master cylinder fauthy
Incarrect brake pad clearance
Clogaed regarvair cap venl hala,
Catormed subber brake [ines.
Goft or swollen caliper seals.
Poor quality brake fluid: Bleea entire systerm and fill with new
approves fuld,

n
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66 Excessive efforl required to stop vehicle

1 Fower brake booster not operating properly

2 Excassively worn hrake pads, Check and replace if necessary

& Ore or more caliper pistons seized or sticking. Inspecl and
(anuild a5 requiretd,

4 Brake pads contaminated with ofl or grease. Inspect and replace
as raguired

5 Worn or damaged master cylinder or caliper assemblies, Check
particutarly for frozen pistons.

67 Pedal travels 1o the floor with lifile resistance

Little ar pe fluid In the master cylinder msesvair cacsed by [eaking
calipar piston(s) or loose, damaged or disconnected brake lings. Inspect
antire-system and repair as NECassany

68 Brake pedal pulsates during brake application

I Wheel bearings damagad, wem ar oul of 2djosiment,

2 Caliper nol shding properly dus o improper installation or
obstructions. Remove and inspect

4 Disc notwithin specifications. Check for excessive [ateral runout
and parallalism. Have the dises reasurfaced or replace Shem with mew
pnes, Also make sure thal all dises are the samp thickness

69 Brakes drag (indicated by slugaish engine
perfermance or wheels being very hot after driving)

1 Brake pads worn cul, Replace pads with new ones Immacdiately!
2 Glazad or contaminated pads.
3 Dirty or scored disc

1 Mastar cylindar plston seized in bore. Replace master cylinder
2 Caliper piston seized n bore.

3 Parking brake assembly will nol release

4 Clogoed or intermally split brake lines,

5 Brake peoal hetght Improperly adjusted
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70 Rear brakes lock up under light brake application

76

Excessively stiff steering

| Tire pressuras loa figh,
2 Tires excessively warn (Chapter 1),

71 Rear brakes lock up under heavy brake application

Tire pressuies loo - high

Tires excassively worn (Chapier 1),

3 Front brake pads contaminated with oil, mod or water, Clean of
replaca the pads.

3

4 Front brake pads excessively worn.

o 3 —

SUSPENSION AND STEERING

=Note: All service procedures for the suspension and steer-
ing ?rsiams are included in Chapter 10, unless otherwise
noted.

72 Vehicle pulls to one side

1 Tire pragsures uneven (Chaptar 1).

¢ Detective tire (Chaptar 1),

3 Excessive wear in suspension or steering components (Chap
ler 1)

4 Frontend alignment incarres
Front brakes dragping. Inspec! as described in Section 71
Whesl bearings fmpoperly adjusted (Chapter 1)
Wheal bolts loose

e L=
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Shimmy, shake or vibration

Tire or wheel aul of balance ar out of round

Locse, worn ar out of ad|ustment wheal bearings (Chapter 1)
Shock absorbers and/or suspension components wom or gam-
aged [see Chapter 10)

LA o3 —

74 Excessive pitching and/ar rolling around corners or
during braking

1 Detective shock absorbers, Replace as a st
2 Sapning springs.
3 Worn or damaged stabilizer bar o1 bushings

75 Wandering or general instability

| Improper tre pressures

2 Incorrect frant and alignmen

3 Worn or camaged stesring lirkage or sUSpENsion companents.
4 Improparly adiusted steering gear

5 Oul-ol-balance wheels.

i Loosa wheel balls

7 Worn rear shock absorbers

1

ate (0
bl
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Lack of fluid in the power sieering Huld reservair, where appropri
hapter 1)

Incorrect lre pressures (Chapter 1),

Front erd cut of alignment.

Steering gear out of adjustment or lacking lubrication.

Warn or damaged sieering gear.

Low tire pressures

Worn or camaged balljoints,

Warm or gamagen tie-rod ends

Excessive play in sleering

3 LR e D T —

78

Warn wheel bearings (Chapter 1)
ielve weal (0 suspension bushings (Chapter 1)
Steering gear worn
Incorrect front end allgrment
Stearing gear mounting bolts looss,
Warn or damagad tie-rod ends

Lack of power assistance

2
q

Steering pump drivebelt faulty or tensioner defective (Chagter 1.
Fluisd lewvel low (Chapler 1)
Hoses or pipes restricting the flow. Inspect and replace parts as

NECESSArY,

q
5

79

Alr In power steering system. Blesd system
Detactive power steering pump

Steering wheel fails fo return lo straight-ahead
position

o L PR —t

80

Incarrect frent end alignment

Tire pressures low

Worn ar darmaged balljoinl

Worn ar damaged tie<rod end

Lack of fluid In power steering pump

Sleering effort nol the same in both direclions

i

Leaks in steering gear,
Clogaed Huid passages in steering ear

Noisy power steering pump

ol S-SR K

g2

[nsufficient Hutd in pump.

Clogaed hoses or ofl filter In pump

Lovose pulley,

Drivabelt faulty or tensloner defective (Chapter 1),
Defactive pump

Miscellaneous noises

B s B

o

impraper tire pressures

Defective balljoint or tie-rod and.

Loose or worn steering gear of Suspension componants
Detective shock ahsorber.

Detactive wheel bearing
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G
7

8
g

Worn or damaged suspension bushings.

Loose wheel lug nuts

Worn or damaged shock absorber mounting bushing
Woarn stabillzer bar bushings

10 Incomact fear axle endplay
1 See also causes of noises at the rear axle and driveshalt

B3

Excessive tire wear {nol specific 1o one area)

Excessive tire wear on outside edge

Cad o3 =

85

Incorrect bire pressure,
Excassive speed in lms.
Front end alignment incoreect

Excessive tire wear on inside edge

ON s O3 B =

oy

|nGorrech Hre pressures

Tires out of balance

Wheels damaged. Inspect and replace as necessary
Suspension or steering components worn [Chapter 1).

Frant end allgnment incorrect,

Lack af proper e rotation routine, See Sowine Mainfensnce

Schedule Chapter 1,

Py

Incorect tie Aressure:
Frant end alignment incorrect

Tire tread worn in one place

Tirag out of balance.
Damaged or buckled wheal, Inspect and replace if necessary
Detective tre
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17
18
19
20
21

23
24
25
26

7

General information

Introduction

Tune-up general information

Fluid level checks

Tire-and tire pressure checks

Engine oll and filter change

Service indicator resetting

Air filter check and replacement

Windshield wiper blade inspection and replacement
Battery check, maintenance and charging

Tire rotation

oeat belt check

Underhood hose check and replacement
Cooling system check

Exhaust system check

Interior ventilation filter and charcoal filter replacement
Brake system check

Suspension, steering and driveaxle boat check
Fuel system check

Drivebelt check and replacement

Brake fluid change

Spark plug check and replacement

Spark plug wires - check

Differential lubricant change

Automatic transmission fluid and filter change
Manual transmission lubricant change

Cooling system servicing (draining, flushing and refilling)

Transfer case lubricant change (AWD models)

TUNE-UP
AND ROUTINE
MAINTENANCE




1-2 TUNE-UP AND ROUTINE MAINTENANCE

Engine compariment layoul {four-cylinder model)
I Coofan! expansion fank 4 Alr filfer housing 7o Engine ol Rifer cap
Automatic transmissian furd fitler fube & Power stesring fuid resarvair d O filfer howsing

2
3 Englie ol dipstiok fube f  Winoshield washer fwd resarvolr
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Engine compartment layoul (V6 madel}
1 Cootant axpansion fank (pressure cap) 3 Brake i resarvolr S00ESS cover fi Power steering Mid reserv
it vantiiatian e Baltery 4 Enging ol ilter cap & Ot iiter houstag
JOOESS CoveEr 5 Windstiald waster fuid resarvoir 8 Serpenting drivebe
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Typical front underside components (V6 shown, others similar)

I Engine olf diain piug d  Exhaust pipe A Hadigtor dain plug
Front dise brake caliper 4 Autarmatic fransmission ftd drain g g Steerfng gear Doot
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Typical rear underside componenls

Rear s brave calipar g Dnveaxle hoot 5 Mufier
2 faar shock ahsorber 4 Exhaust pipe i Hear differaniial
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The maintenance intervals in this manual are provided with the
agsumption that you, not the dealer, will be doing the work, Thase are
the minimum maintenance inferals recommendad by the factory for
yahicles that are driven daily. If you wish to keep your vehicle in peak
condition at-all times, you may wish to perform some of fhese proce-
dures evan more often, Because (requent maintenance enhances the
efficiency, performance and resale value of your car, we encourage you
to do so. If you drive in dusty areas, tow a trailer, idle or drive at low
speeds lor extended perfods or drivelor shoft distances-(12ss than four

miles) In below freezing temperatures, shorer infervals ars also recom-

manded

When yaur vehicie Is new, It should be serviced by & factary autho-
rized dealer service department to protect the factory wasranty. In many
rases, the initial maintenance check is done at no cost to the owner,

EVERY 250 MILES (400 KM) OR WEEKLY, WHICHEVER
COMES FIRST

Check the cooling system hoses and connections Tor lzaks and dam-
age {see Section 13)
Check the exnaust pipes and hangers (see Seclion 14)

EVERY 15,000 MILES (24,000 KM) OR 12 MONTHS,
WHICHEVER COMES FIRST

Check the engine oll lavel (see Saction 4)

Check the engine coolant level (see Sectlon 4

Chetk the birake luld level {see Saction 4)

Check the power staering lluid Tevel (see Section 4)

Check the windshisld wasker fluid level (sea Section 4}
Check the automatic fransrmission lluld level (ses Section 4)
Check he fires and tire presstres [see Section 5)

Check the operation of all lights

Check the hom oparation

EVERY 3,000 MILES (4800 KM) OR 3 MONTHS,
WHICHEVER COMES FIRST

Al ftams fisled above, pius,
Change fhe engine oil and 1ilier (see Section 6)
Check and raplace, If necessary, the air filter element {Section 7)

EVERY 6,000 MILES (9600 KM) OR 6 MONTHS,
WHICHEVER COMES FIRST

All temns Nsted above, pius,
Check the wiper blade condition [see Section 8)
Check and clean the battery and teminals (see Section %)
Hotate the tires (see Section 10
Check the ssatbelts (see Section 11)
[nspect underhood hoses (see Section 12)

All items Jisted above, plus:

Check the differential lubrican! level (Section 4)

Check the manual transmission lubricant level (seg Section 4)

Check the transfer case lubricant level (see Section 4)

Replace the interior ventilation filter and charcoal fiter {see Sep-
tion 15)

Chick the brake system (ses Section 16)

Check the suspension/stesring components and driveaxle boots (see
Section 17)

Check the fugl system hoses and connections for leaks and damags
{588 Section 18)

Chick the drivebelts and replace if necessary (see Sectlon 19)

EVERY 30,000 MILES (48,000 KM) OR 24 MONTHS,
WHIGHEVER COMES FIRST

Al itoms listad abave, plus:
Replace the air filter el2meant (see Section 7)
Change the brake fluid (see Section 20)
Replace the spark plugs (see Sectlan 21)
Check the spark plug wires (see Saction 22)
Check the ignitlon coli(s) {ses Chapler &)
Changs the automatic transmission Nuid and filer (Section 24)

EVERY 60,000 MILES (96,000 KM) OR 48 MONTHS,
WHICHEVER COMES FIRST

AN items-disled above, plis:
Replace the fuel filter (ses Chapter 4)
Change the ditferential lubricant (see Secticn 23)
Change the manual fransmission fluld (see Section 25)
Change the transfer case lubricant (se2 Section 27)

EVERY 60 MONTHS (REGARDLESS OF MILEAGE)

Service the cooling system (drain, fush and reflil) (Section 26)
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2 Intraduction

This Chapter s designed 1o help the home mechanic maintain the
Mercedes-Bernz C-Class with the geals of maximum perlarmance,
acanemy, safety and reliabilty In mind

Included [5 a master malntenance schedule, [ollowed by procedures
dealing spacitically with each ilem cn (he scheduls, Visual checks,
adjustments, componant replacement and other helpful fems are
incieded. Refer to the accempanying filustrations of the engine com-
partment and the underside of the vehlcle fer the lacations of various
components

Servicing your vehicle in aceordance with the mileage/time mainte-
nance schedule and (ha step-by-step procedures will result in a planned
maintenance program that should produce a leng and rellable service
life; Keep in mind that it a compiehensive plan, so maimaining some
itams out not others at the specified Intervals will not produce the samsa
resulls,

A8 you sanvice your vehlele, you will discover thal many of the pro-
cedures can - and should - be grouped togethar becausa of the nature
of the particular procedure vou're perfomming or because of the olose
proximity of two otherwise uneeialed compenents 1o one ancther,

For axamgle, i the vehicle is raissd for chassis lubrication, you
should inspect the exhaust, suspension, steering and fual syslems while
you're uncer the vehicle, When you're rofating fhe tires, it makes good
sensn Lo check the brakes since the wheels are already removed, Finally,
[at's supposs you have (o borrow of renl a lorque wrench, Even if you
only need If to tiohtan the spark plugs, vou might as well check the
torgue of as many critical fasteners as time allows;

The first step in this maintenance program is (o prepare yoursell
before the actual work begins. Read through all the procedures you're
planning to de, then gather up all the parts and tools needed, I it looks
ke you might run inle problems during & particular job, seek advice
from a mechanic or an experienced do-it-youiseliar

OWNER'S MANUAL AND VECI LABEL INFORMATION

Your vehicte awner's manual was written for your year and model
and contains very specific information on componant locations, speci-
fications, fuse ratings, part numbers, ele, The Dwners Manual 15 an
important resource for the do-it-yourselter to have; il one was nal sup-
plied with your vehicle, it can penarally be ordered from & dealer paris
depariment

Among other impartant infarmation, the Vehlcle Emissions Contral
Informaticn (VECI) label containg specifications and procedures (of
applicable tune-up adjustments and, in some Instances, spark plugs.
The Information on this fabel is the exact maintenance data recom-
miended by the manutacturer. This dala often varies by intended operal-
ing altitude, local emissions regulations, month of manulacture, elc.

This Chapler contains procedural details, safety information and
mare amhitious maintenance intervals than you might find in manu-
facturers literature, However, you may-also find procedures or speci-
fications in your Owners Manual or YECI labal thal differ with what's
printed here, In these cases, the Owner's Manual or VEGI label can be
considered corract, since it is speoific to your particular vehlcle,

3 Tune-up general information

The tarm tene-up is used in this manual lo represent 2 combination
of individual operations rather than cne specific procedurs

It fram the time the vehicla 15 new, the routing mainienance sched-
Ule is followed closedy and frequent checks are made of fluid levils and
high wear items, as suggested throughout this manual, the-englng will
be Kept In relatively gocd ranning condition and the nead for additional
work will b minimized,

More likely thar nol, however, there will be times when the englne
is running poorly due to lack of regutar maintenance, This s even more
Ikely IF @ wsed vehlcle, which has nol received regular and frequent
mainenance checks, is purchased. In such casas, an engine tune-up
will be rieeded outside of the regular routing maintenance intervals.

The first step In any tune-up or diagnostic procedure to help correct
a poor running engine is a cylinder compression check. A compression
check (see Chapter 2C) will help determine the condition of internal
engine compenents and should be used as a guide for tune-up and
repalr procedures, If, for Instance, @ compression check indicates seri-
als interrial engine wear, & corvertional une-up will not improve the
performance ol the engine and would be a waste o time and monay,
Because of it Importance, the comprassion check should be done by

someane with the right equipment and the knowledge to use it properly
The following procedures are (hose most often needed to bring a
generally poor running engine back into a proper state of luns,

MINCR TUNE-UP

Check all engine-related ulds (Section 4)
Clean. inspect and test the battery (Section 5)
Check all underhiood hoses {Section 12)
Check the cooling system (Section 13)

MAJOR TUNE-UP

All items iisted under Minor fune-up, plus .
Replaca the alr filter (Section 7)
Chack the drivebelt (Section 19)
Haplace the spark plugs (Section 21)
neck the charging system (Chaptar 5}
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4 Fluid level checks (every 250 miles or weekly)

et CAUTION:

1 Flitlds are an essential part of the lubrication, cooling, brake
and windshield washer systems. Because the llulds gradually become
depletad andfor cantarminated during normal operation of the vahicla
thay must be periodically replenished. Ses Recommended (ubricants
and fudds at the of this Chapter betore adding Huic to any of the follow-
ing components
==Nota: The vehicle must be an level ground when fluld levels
ara checked,

ENGINE OIL

¥ Refer to illustrations 4.2a, 4.2b, 4.4, 4.6a and 4.6b

== Nate: To padorm this procedure on 2005 and earlier models,
you'll have to oblain a dipstick (parl number 120 589 07 21 00)
Iram a dealer parts deparimant or an aftermarket fool supplier

(unlike most vehicles, a dipstick is not present in the oil filler fube).

The dipstick used for checking the oil level on 2005 and earlier
models is only a tool; it shouid never be lefl in the dipstick tube
when the vehicle is operaied.

2 On 2006 and later models, 1he oil lavel 15 checked wilth a dipstick
which is located on the side of the engine (see lustrations). The dip-
stick extends through a metal tube down into (ke oil pan. On 2005 and
earlier madals there's a dipstick tube, but it has a cap on the top and no
dipstick insids

3 The ol fevel should b checked belore the vehlcle has hesn
driven, or about & minutes atter the-anoing has been-shut off, If the ail
i5 chacked immediaiely after driving the vehicle, some of the ol will
remain |n the upper part of the enging, resulling in an inaccurate read
ing on the dipstick

4 Pull the dipstick out of the tube and wips all (he oil from the end
with a clean rag or paper towel, Insert the clean dipstick all e way
back into the tube and pull it out again, Note the oll at the end of the
dipstick; on 2006 and later models, the level should be between the
MIN and MAX marks {sae ilustration), On 2006 and azrlier models, the
level on the temparary dipstick should be as follows;

Four-epinger amginas - balween 118 mm and 120 mm an e dipshick

W5 enginas
Rear-whes! drive models - belween 170 mm and 173 mm on
ihe dipstick
ANATIC (af-whesl drive) modals - betwaan 123 mimand 126 mm
an the I-J'.':ll.J.'.';lll'.!hll

=Note: Alter checking the oll and adjusting the lavel (if neces-
sary), ba sure lo remove the temporary dipstick and reinstall the
cap on the dipstick tube.

& Do not allow e level (o drog below the minimum mark, o ol
slarvation may cause engine damage, Conversely, overfilling the enaine
(adding oll above the MAX mark) may cause oll fouled spark plugs, oll
leaks or oil seal failures. The-ail could also be whipped by the crank-

4.2h Engine oll dipstick/dipstick tube cap location
(V6 angines)

4.4 On 2006 and later models, at its highest poinl, the lavel
should be between the MIN and MAX marks an the dipstick
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shalt, causing 1t to foam, which could cause accelzrated wear of the
friction surlaces in the engine due to lack of proper lebrication

6 Toadd oil, remave the filler can from the valve cover (3ee |lIUsTa-
tions), After adaing oll, wait & lew minutes o allow the leval to stabilize,
tren pull aul the dipstick and check the level again, Add more ol if
reauired. Install the filler cap and tighten it by Rand only,

7 Checking the oil level 15 an imperant preventive maintenance
step, A consistently low all level indicates oil lzakage through dam-
aned seals, delective gaskets o past worn rings or valve guides. If the
oil looks milky in color or has water droplets in it the cylinder head
gasket(s) may be blawn or the head(s) or black may be cracked. The
enging should be checked immediately. The condition of the oll should
alsn he checkad. Whenever you check the oil level, slide your thumb
and index fingar up the dipstick before wiping off the oil, If you see
small dirt ar metal partizles clinging 1o the dipstick, the oil should be
changed {see Section 6)

ENGINE COOLANT

# Reter to llustration 4.9

skt WARNING:

Do not allow antifreeze to come In confact with your skin or
painied surfaces ol the vehicle. Flush contaminaled areas
immediately with plenty of water. Don'l store new coolant ar
leave old coolant lying around where it's accessible to children
or pels - they're atiracted by ils sweel smell. Ingestion of even a
small amouni of coolant can be fatal! Wipe up garage floor and
drip pan spills immediately. Keep anlilreeze containers coverad
and repair cooling system leaks as soon as they're noticed.

B Al wehicles covered by this mandal are equipped with 2 pressur-
(zed coalant recovery systerm. An expansion tank is located in the right
side ol the engine compartmen

B The coolant level in the tank should be checked raguiarly

Never remove the expansion tank cap when the engine Is warm|

The level in the tark varies with the temperature of the engine, When the
engine is cold, the coolant lavet should reach the black [op part of the
reservalr on the axpansion fank (see ustration). I 1t doesn't, remove
ther cap from the tank and add a 50/50 mixture of MEB 3250 Anticorro-
slonantifresze agent (or equivalent) and water

Remave the cap slowly. If you haar a hissing sound when
unscrewing the cap, wail until il stops, then proceed.

10 Drive the vehicle and recheck the caalant level, I only a small
amount of conlant Is required to bring the system up 1o the proper level,
watler can be used. However, repeated additions of water will dilute the

4.6b Engine oll filler cap (V6 engines)

4.9 When the enpine is cold, the coolan! level shauld reach
the black part of the expansion tank
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antifreeze and water solution. In order to maintain the proper ratio of
antifreeze and water, always top up the coolant level with the carrecl
mixture. Don't use rust Inhibors or additives. An empty plastic milk jug
or hleach battle makes an excellent container lor mixing coolant

11 It the coalant level drops consistently, there may be a laak in the
system, Inspect the radiator, hoses, filer cap. drain plugs and water
pump (see Section 13). If no leaks are noted, have the expansion fank
Cap pressure tested by a service station

T¢It you have to remove (he expansion tank cap, wait until the
engine has cooled complately, then wrap a thick cloth around the cap
and turn it ta the first stop. If coolant or steam ascapes, of if you haar 3
hissing noise, let the engine caal down langer, then remove the cap,

13 Check the condition of the coolant as well, It should be relatively
clear. If its brown or rust colored, the system should be drained. flushed
and refilled. Even If the coolant appaars to be normal, the corrosion
inhibitors wear out, 56 it must be replaced at the specified intervals.

BRAKE FLUID

¥ Refer to illustrations 4.14 and 4,15

14 The brake master cylinder is localed In the driver's side of the
engine compartment, near the firewall (see lustration).
15 To check the fuld level of the brake master cylinder, ramave the
-Breess cover fram the left cowl cover, then loak at the MAX and MIN
marks on the reservoir (gee illustration). The:level should be within the
specified distance from the maximum fill line;

16 1 the level is low, wipe the lop of the resarvolr cover with a clean
rag o prevent contamination of the brake system befare lifting the cover
17 Add only the specified brake fluid to the brake resarvoir (zefer
lo Aecommended lubricants and fluids at the end of this Chapter, or to
your owner's manual). Mixing differant types of brake fluld can damage
the system, Fill the brake master cylinder reservoir anly fo the MAX

[ire

et WARNING:

Use caufion when filling either reservair - brake fluid can harm
your eyes and damage painted surfaces. Do nol use brake fluid
that is more than one year old or has been left open. Brake fluid
absorbs moisture from the air. Excess moisture can cause a dan-
gerous |oss of braking.

18 While the reservoir cap is removed, inspect the master cylinder
reservolr for confamination, If deposits, dint particles or water droplets
are prasent, (he fluid should be changed {see Saction 20)

19 After filling the reservoir to the praper level, make sure the lid is
properly seated 1o prevent fluid leakage andfor system pressure loss,

20 The Nluid in the brake master cylindsr will drop slightly as the
brake pads at each wheel wear down during normal cperation. If the
master cylinder requires repeated replenishing Lo keep it at the proper
lewel, this 15 an Indication of leakage in the brake system, which should
be correctad immediately. If the brake system shows an Indication of
leakage, check all brake lines and connactions, along with the calipers
areil master cylinder (se2 Section 16 for more infarmation).

21 11, upan checking the brake master cylinder fuid Tevel, you dis-
cover the reservolr emply or nearly emply, the system should be thar-
aughly inspected (see Chapter8)

POWER STEERING FLUID

¢ Refer 1o illustrations 4.23 and 4.27

22 Check the power steering fluid level periodically to avoid steering
system problems, such as damage to the pump,

DD NOT hold the steering wheel against either stop (exireme left
or right furnj for more than five seconds. If you do, the power
steering pump could be damaged.

23 The power steering resenvl, is located al the rigbt side of the
engine compartment {see (lustration).

24 For the check, e front wheels should be polntad stralght ahaad
and he engine should be off

25 Use a clean rag 1o wipe off the reservoir cap and the area around
the cap. This will help prevent any forelgn matter from entering the res-
ervolr during the check

26 Twist off the cap and check the temperatura of e Tuid at the end
of the dipstick with vour finger

27 Wipe off the fluld with a clean rag, reinsert the dipstick, then
withdraw It and read the fluld level. The fluld should be at the proper
level, depending on whether it was checkad bt or cald (see illustration).

4.14 Release the clips by turning them 1/d-turn, then
remove Ihe cover 1o access the brake fluid reservoir

4.15 Never lel the brake fuld level drop below the MIN mark
A MAY mark a0 MIN ek
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4.23 Power sleering Nuid reservoir

Mever allow the fuid level (o drop below the lower mask on the dipstich.
26 |1 additional Hluid is tequired, pour the specitied type directly into
the resarvair, sing a funnel 1o prevent spills,
29 |t the rezervolr reguites Trequent Nuid additions. all power steer-
Ing hoses, hose connections, steering gear and the power slearing
purmp should be carefully checked for leaks

WINDSHIELD WASHER FLUID

¥ Aeler fo ilusiration 4.30

30 Fhuid for the windshield washer system is stored in a plastic res-
grvoir located at the el front of the engine compartment (3ea illstra-
licn)

31 In milder climates, plaim water can be-used in the resenvair, bul i
should be keot no mone than 203 full lo allow for expansion if the water
[reezas. In colder climates, vse windshigld washer system antifreezs,
avallable at any auto parts store, to lower the freezing point of the fluid,
Mix the antifresze with waler in accardance with the manufaciurers
directions an the containe

4.27 The fluid shouold be at the proper level, depending on
whether it was checked hol (A} or cold (B)

At CAUTION:

Do not use cooling system antifreeze - H will damage the vehi-
cle's paint.

DIFFERENTIAL LUBRIGANT

# Refer to illustration 4.32

= Note: It isn’t necessary to check this lubricant weekly; avery
15,000 miles or 12 months will be adequale.

32 To check the fluid level, raise the vehicle and support il securely
on jackstands. On the axle housing, remave the check/ill plug (see
Nustration, I the ubricant favel |5 correct, 11 should be wp to the lower
gdge of the hole,

33 If the differantial needs more lubricant (if the level is not up e the
hite), use a syringe of & gear ofl pump to add mere, Stop flling the dif-
lerential when the lubricant beging to run out fhe hole.

4.30 The windshield washer 1luid reservoir is located in the
left front corner of the engine compartment

4.32 Differential check/fill plug (A) and drain plug (B)
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34 Install the plug ano tighten it sacurely. Drive the vehicle a shon
distance, then check for leaks

AUTOMATIC TRANSMISSION FLUID

¥ Reler to illustration 4.38

35 This procedore should only be used when refilling the transmis-
ston after the fluid has been drainad, unless an obvious leak has been
etertad, Low Nuid levef can lead to slipping or loss of drive, while
avarfilling can cause foaming and lass of fluld,
=MNate: To perform this procedure you'll have to abtain a dip-
stick (parl number 140 589 15 21 00) from a dealer paris depart-
ment or an allermarke! tool supplier {unlike most vehicles, a
tipstick is nol present in the transmission filler lube), A scan
ool capable of reading the temperature of the aulomalic frans-
mission fluid will also be required. The allernative is lo take the
vehicle 10 a dealer for the fluid level check. You'll also need a
new locking clip for the tamperproof cap on the dipstick tube.

36 In arder to check the automatic transmission fluld level, the
transmissicn must be at operating temperature (Huid temperature 178
tegrees B}, Operaling lemperatute is resched afier driving for approxi-
malely 10 miles. Do not ttempt to check the fluid level on a cold
Iransmissian. Lsing a scan toal capable of reading the temperatura of
the autematic transmissian fluld. check the temperature of the automalic
transmission Huid,

37 With the fransmission at aperating lemperature, ensure that the
vahicle is parked on level ground. Remove the engine cover/alr filter
hausing on modals where I Intarferes with access to the dipslick tube
{see Chapler 4)

38 The top of the filler tube Is aquipped with & tamperpraol cap
Incorporating a red plastic clip, The clip is broken when the cap is
removed, and 8 new clip must be installed when tha cap is installed,
Pry out 1he locking clip securing the filler tube cap (See illustration).

39 With the engine running &l idle speed and the parking braks
applied, ensure that the transmission selector laver is in position P

4 Insert tne dipstick into the filler tube anc pull cut again, and note
the fluid level. With a fluid t'emperature of 176-degrees F, the level on
the dipstick must be In the "8" range on the dipstick,

A1 I topping-up is necessary, tap-up through the filler tubs using
luid of the specitied type (see Recommended lubricants and fuids at

the end of this Chapter). Da not overlill the transmission - the fluid level
must nol be above the “B" mark,

42 On completion, reinstall the filler tube cap, Install & new tampear-
proaf clip,

#el CAUTION:

Do nol leave the dipstick in the filler tube. I is only used for
checking fluid level.

MANUAL TRANSMISSION LUBRICANT

=HNote: 1 isn't necessary to check this lubrcant weekly; every
15,000 miles or 12 months will be adequate.

43 The manual transmission hag a filler plug which must be
removed 10 chack the lubricant level. If the vehicle Is raised to gain
access 1o the plug, be sure to support 1t safely an jackstands - DO
NOT crawl under a vehicle that is supported only by & jack! Ba sure the
vehicle s level or the check may be inaccurate,

44 Using he appropriate wrench, unscrew the 1 plug fram the
fransmission,

45 Use your finger to reach inside the housing to feef the lubiricant
level, The level should be at or near the bottom of the plug hale. If
it ian'l, add the recommendad |ubricant hreugh the plug hole with
syringe or squeaze hottle

46 Install and tighten (he plug. Check for leaks after the first few
imiles of driving

TRANSFER CASE LUBRICANT (AWD MODELS)

& Refer to illustration 4.48

=MNaote: H isn'l necessary to check this lubricant weekly; every
30,000 miles (48,000 km) or 24 months will be adequate (unless
leakage is noted),

47 The transter case has a filler plug and a check plug whish must
[ remaved to chack 1ne lubricant level. To gain access to the plugs,
tfie-engine rear crossmember and mount (see Chapter 28), and the fronl
driveshatt {see Chapter 81 must be remaovad

S3040-1-4.&8 HATHER

4.38 Pry out the locking clip securing the filler tube cap

4.48 Transfer case filler plug (A}, check plug (B) and drain
plug (C}
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48 Ralse the transmission/transter case with the floor [2ck unthl they
are af their installed helght, Femave the filler plug and the check plug
(see |lustration). Using & squeeze bottle or Jubricant pump, add the rec
pmmendad lubricant 1o the filler plug hole until lubricant starts to fow
fram the check plug hole.
= Note: This is the only way 1o accurately verity that the transfer
case i properly filled, since thare is another chamber (behind
the one that the check plug screws into) that mus! be full.

49 Allaw the lubricant to drip from the check plug hole lora couple
of minutes, then install the check and filler plugs and lighten them to
the torque value listed in tnis Chapters Specifications.
= Note: Be sure 1o install new sealing rinps on the check and
liller plugs.

A0 Install the front driveshalt and the engine crossmember

51 Check for leaks atter the lirst Tew miles of driving.

5 Tire and tire pressure checks (every 250 miles or weekly)

# Refer o llustrations 5.2, 5.3, 5.4a, 5.4h and 5.8

| Periodic inspection of the tires may spare you the inconvenience
ol being stranded with a ffat fire. Il can also provide you with vital infar-
malion regarding possible problems In the steering and suspension
systems befare major damage oCours.

¢ The origingl tires on this vehicle are equipped willh 1/2-inch wids
bands thal will appear when tread depth reaches 1,/16-nch, al which
point thay can be considersd worn out. Tread wear can be monitored
with a simple, inexpensive device known as a fread depth indicator (see
Ilstration)

3 Note 2ny abnormal tread wear (see [llustration). Tread pattern
Irregularities such as cupping, flat Spois and more wear on one side
than the ather are indications of frant end aligoment and/or balance
problems, Ifany of these conditions are noted, take the vehicle to-a tire
shop or service siation to coregt the problem

5.2 Afire tread depih indicator shouid be used to monitor
fire wear - they are available at auto paris stores and service
stations and cost very little

UNDERINFLATION

CUPPING

Cupping may bo caused by:

= Underinfintion and/or mechanical
Irregularitien such as out-of-halance
eondition of whoel and/or tire,
and bont or damaged whesl.

# Loone or worn stesring tie-rod
or steaning idiar arm,

= Loose, damaged or warn front
suspension parts,

INCORRECT TOE-IN
OR EXTREME CAMBER

5.3 This chari will

help you determine the
candition of your tires,

the probable cause(s) of
abnormal wear and the
corrective action necessary

OVERINFLATION

FEATHERING DUE
TO MISALIGNMENT
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4 Look closely ter cuts, punctures and mbadded nails or 1acks.
semetimes a tire will hold air pressure for a short lime or leak down
very slowly after a-nail has embedded itselt in the tread, If 2 slow leak
persists, check the valve stem core to make sure it is tight (e illustra-
tion). Examing the tread foran object that may have embedded itsell in
the tire or for a plug thal may have begua o leak (radial tie punclures
are repaired with a plug that is Installed in a puncture), It puncture
I5 suspectad, It can be easily verified by spraying a solution of soapy
water onto the puncture area (see lustration). The soapy solulion wil
bubble If there is a leak. Unless the punclure is unusually large, a tire
shop or service statlon can usually rapair (he tire,

5 Caretully inspect the Inner sidewall of each tire for evidence of
brake fluid leakage. If vou see any, inspect Lhe Drakes immediately

6 Correct air pressire adds miles o the lile span of the tires,
improves mileage and enhances overall ride quality, Tire pressure can-
not be accurately estimated by looking at a tire, especially If it's & radial
A lire pressure-gauge is essential. Keep an accurats gauge in the glove
compariment. The pressure gauges attached o the nozzles of air hoses
a1 gas stations arg often Inaccurate,

7 Always chack tire prassure when the flres are cold. Cold, in this
case, means the veficle has not been driven over a mile in the thres
hours preceding a lire pressire check, A pressure fise of four fo eight
pounds is not uncomman once the tiras are warm,

B Unscrew the valve cap protruding from the whesl or hubcap and
push the gauge firmly onto the valve stem (see llustration). Note the
reading on the gauge and compara the figure to the recommendead tire

pressure shawn an the tire placard on the driver's side door. Be sure o
reinstall the valve cap to keep dirt and maisture oul of the valve stem
mechanism. Check all four lires and, If necessary, add enough air to
bring them up to the recommended pressure,

5 Don't forget to keep the spare tre inflated to the specified pras
sure {refer to the pressure molded into the lire shdewall ),

f

5.4a If a tire loses air on a steady basis, check the valve
core first to make sure it's snug (special inexpensive
wrenches are commanly available al auto parts sfores)

5.4b It the valve core is tight, raise the corner of the vehicle
with the low lire and spray a soapy waler solution onta the
tread as the lire is turned slowly - slow leaks will cause
small bubbies to appear

5.8 To axtend the life of your tires, check the air pressure at
least once a week with an accurate gauge (don't largel
the sparel)
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6 Engine ail and filter change (every 3000 miles or 3 months)

# Refer to illustrations 6.2, 6.6a, 6.6b, 6.6c, 6.8, 6.13a, 6.13h
and 6.14

1 Frequent ofl changes are the bast prever fve mainterance the
hiome mechanic can give e engine, becausa aging oil becomes diluted
and eontaminated, which |Bacs o premature enging wear,

2 Make sure you have al the necessary tools before you begin
his procedure (see illustration). You should also have plenty of rags of
newespapers handy for mopping up any spills.

3 Acpess to the underside of the vehicle |s greatly improved If the
yehlcle can be-lifted on & holst, driven onto ramps or supported by
[ackstands

= WARNING:

Do not work under a vehicle which is supported only by a jack.

4 1 this s your first ofl change, get under the vehiclke and famil-
larize yoursell with the location of the cll drain plug. The-engire and
exhiaust components will ba warm during the actual work, sofry 1o
anticipate any potertial problems before the engine and accessories are
fol.

5 Park the vehicle on a level spot. Starl the enalne and allow it to
teach its normal cperating lemperature, Warm ofl and sludge will flow
aut more easily, Turn off e engine when s warmed up, Remove the
filker cap from the valve cove:

B Working in the engine compartment, locate the all Titer/housing
on ke front lefd-hand side of the engine, Place a rag arcund the housing
lo absork any spilt oil, then unscraw the oil fitter cap (see llustrations).
The element is withdrawn with the cll filter cap, and can then be sepa-
rated and discarded (see lustration)

7 Ralse the vehicle and suppart it secumely on |ackstands.

= WARNING:

Never gel beneath the vehicle when il is supported only by a
jack. The jack provided with your vehicle is designed solely for
raising the vehicle to remove and replace the wheels. Always
use |ackstands 1o support the vehicle when il becomes naces-
gary lo place your body underneath the vehicle.

6.6a 0il iler location - four-cylinder models

Ve

= T SR el

6.2 These tools are required when changing the engine oil
and filter

| Draln pan - [t should be iy shiafiow i deplh, ul wige (0 crigr
10 prevant sl
7  Rubber gloves - When removing he diain plug and iites f &
inevitalie fal vou witl gel oif on yowr Rands (e gioves will prevent
buens}
3 Breaker bar - Sometimis the oif drain plug is predly fight aind &
iang breasar bar 15 feeded o foosan it
4 Sockel - To be used wilth fhe breaker bar or 2 ratehet (mbst be (he
corect size to it the draln plug)
5 Fifter wrench - This (s a metal band-tyoe wranch, wiich requires
cigarance around i filter fo be effective
g Fitter wraneh - This fyne fits on (e bofform of fhe filfer and can
b termad with a ratehet or bagker bar (diffarent size wrenchas
Avaftabie for differen yoes of fifers) k

.60 On V6 engines, use an oil lilter wrench to remaove the
filter cap
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6.6c Pull the used slement off of the filler cap slem

6.8 Usea proper size box-end wrench or sockel to remove
the ail drain plug and aveid rounding it ofl

6.13a Install a new O-ring on
thecap . . .

& Balng carell not 1o touch {he hot exhaust compenents, place the
diain pan uncer the drain plug in the bottom of the pan and remove the
plug (see {llusiraticn). You may want 10 wear gloves while unscrewing
{he plug the Tinal few turns if the endgine 15 hol,

& Aliow the ald ol fo drain info the pan. It may be necessary 1o
miwe the pan larner under e engine as the off fow slows (o a rickle,
Inspect e old ail far he presence of metal shavings and chips,

10 After-all the ail has diained, wipe off the drair plug with 8 glean

rag. Even minuta metal particles clinging to the plug would immediately

contaminata the new ol

11 Clean the area around the drain plug opening, reinsiall the plug
and tighten Il securely, but do nat strip the threads.

12 Hemove all tools; rags, e, from under the vehicls, being carstul
nette spill tha ofl in the drain pan, then lower the vehicle.

13 Wipe out the oll fitter housing and cap using a clean rag, then
[ristall a new O-ring on the cap and stem (see illustrations),

14 instail the filter element anto the cap (2es lustration)

|5 &trew on and tighten the cap sacuraly

6.13b . .. and stem

6i.14 Install the new filter elemant

16 Add new ail to the engine through the oil filler cap in the valve
cover, Usa a funnel, if necessary, o prevent oil fram spilling ontn the
top of the enging, Pour the-specilied type and amount of fresh all into
the gngine (refer o Recommended lobricants and fiulds and Capacilies
at the end of this Chapter). Wail & few mindles fo allow the ail to drain
into the par, then check the lavel (see Section 4), If the ail level is cor-
rect, Install ke filler cap hand tight, start the engine and allow e new
oil to circulats,

17 Allow the engine to run forabout a minute, White the engine Is
running, leok under the vehiclz and check far leaks at the ol pan drain
plug and around the ol filter. I eiller is leaking, stop the enging and
tighten the plug ar filter,

18 Wailt-a few minutes to allow the ol ta trickle down inte the pan,
then recheck the fevel on the dipstick and, If necessary, add enough ol
fo bring it o the correcl level

18 Duering the first few tripg atter &n oil change, make 1 & point to
check frequently for leaks and proper all level

20 The old oll drained fram the angine cannat be reused In its
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present slal and shau'o be dispesad of, Check with your local aule
paits store, disposal faciity or amvironmental agency to see i they will
accept the ofl lor recyeling After the il has coolad, it can be draingd
ha a conlainar {capped plastic wos, lopped botlies, milk carlans, ele.)
fr tansport to one of these disposal sites. Don't dispose of he il by
aouring it on the graund or down & érain}

SERVICE INDICATOR RESETTING

¥ Reter to illustration 6.21

= MNate: Atter changing the engine oil, it's Important to reset the
service indicator so il can keep an accurate record of engine
operating ime/vehicle mileage.

21 Bpveral huttons on the steering whaet and instrument panal, as
well as thie display on the instrument cluster, are used to reset the ser
vice indicator (a2 illustration),

22 Beain the process by turring the Ignition key to the ne, 1 (0n)
nositian

23 Push the system selection buttens until "Kilomeler reading”
spogars on fne multi-lunction display

20 Push e dimmer knab (A" outten) tres Hmes; you should then
hzard been and voltage should read oul on the multi-function display

25 Turn the fgnition ey Lo the ne. 2 (Run) position

26 Push the forward/back scroll butions untll “Serwce display”
appears an the muli-finction display.

27 Push the dimmer knob ('R button) cnee; "0l type" should
appaar an the multi-function display. Use the 4~ buttons 1o setect tha
ail bype thar was aadsd to the engine

28 Push ke forward/back scroll buttons until "Canfirm ail reset,

6.21 Buttons and instrument cluster display used for
reseiting Lhe service indicatar

A Multi=function display 0 ForedroBacy serolf butfons
B System selechion Ditfons E - butfons {for selsching

G- Dimmer knal (o7 bitfon) ol grad)
nress R obotton for 357 appears on the mulli-function disglay.

20 Pysh the dimmer knob ("R button) in and held it for thiee sec
ands: “Service confirmed” should appear on the multi-function display

30 Push the Torward/back scroll buttons untit “Service oisplay”
appears on the multi-function display,

31 Push the system selection buttons until "Kilometer reading
appears on the multi-lunction display, then fuen the ignition key to the
01 pasition

7  Air filter check and replacement (every 3000 miles or 3 months)

W6 MODELS

Vehicles with a remofe air filter housing

#=Note: On some 20071 through 2005 models, the air filter hous-
ing is located in the right front corner of the engine comparl-
ment.

| Loosen the connecting duct hose clamp.

7 HAelerse the tabs o remaove 1he fasteners that secure the two
hakves of the air cleaner housing logether, then separate the cover
balves and remove (e air filter element

3 Installation is the reverse of removal,

Vehicles with an integral engine cover/air filter housing
¢ Reler to illustrations 7.4, 7.5, 7.6, 7.7a and 7.7h

4 Remoye the front engloe cover (see illustration),

7.4 Pullup the front edge of the cover to disengage the front
retaining ¢lips and locator pin, then pull the sover forward 1o
disengage the two rear retaining clips at the back of

the cover
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8. Hemove the fresh air intake ducts {see lllustration],

6 Remove the air filter housing (see illustration].

7 R the fastenees that secure the two filker elament covars on the
air cleanar housing and ramowve the air filter elemeant (see llustrations),

7.5 Puil off the fresh air intake ducts from the air
filter housing

FOUR-CYLINDER MODELS

2002 models

==HNote: The air filter housing on 2002 models is located al the
front of the engine compariment, and is long and narrow 5o it
can 1il transversely, directly In front of the engine.

8 Loosen the alr intake duct hose clamg and disconnect the duct.

9 Release fhe tabs or remove the fasteners that secure the two
halves of e air cleangr housing logather, then separale the cover
halves and remcyve the alr filter etemen!

10 Installation is the reverse of removal,

2003 through 2005 maodels
* Reter o (llustration 7.11

11 Remove the fasteners that sacure the top of the air cleaner haus-
ing, then separate the cover and remeve the air flter elemernt (see ilus
[ration),

12 Instaifalion Is the reverse of removal,

7 sk

7.6 Lift the engine caver/air filter housing up 1o disengage it
from the mounting grommaets

1.7a Remaove the fasteners thal secure the two filter
element covers . . .

7.7h ... then remove the air ler elements

7.11 Remove the 1asteners securing the air filter
alement cover
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B Windshield wiper blade inspection and replacement (every 6000 miles or 6 months)

¥ Refer to illustration 8.5

I The windshield wiper and blade assembly should ba inspecied
perindically for damage, loose companants and cracked or worn blade
alements,

2 Hoad fitm can build up onthe wiper tlades and affect their effi-
ciency, 50 they-should be washed regularly with a mild detergent salu
fian,

3 The acticn of e wiping mechanism can laasen balts, nuts and
lastenars, so they should be checked and tightened, as necessary, at the
same time the wiper blades are checked,

4 I the wiper blade elements are cracked, worn o warped, o o
longer clesn adequately, they should be replaced with new anes

5 Lift the arm assembly away from the glass for clearance, pull the
refease lever, then slide the wiper blade assembly out of the hook &l the
end of the arm (see Nustration),

B Attach the new wiper Lo the arm, Connaction can be confirmed by
an audible click.

FENalils,

8.5 To release the blade holder, pull the release lalch and
slide the wiper blade oul of the hook at the end of the arm

9 Battery check, maintenance and charging (every 6000 miles or 6 months)

¥ Refer to iNlustrations 9.1, 9.6a, 9.6b, 9.7a and 9.7h

Gartain precautions must be followed when checking and sarvic-
ing the baltery. Hydrogen gas, which is highly llammahle, is
always presenl in the batlary cells, so keep lighted tobacco and
all other open flames and sparks away from the batfery. The
elacirolyte inside the baltery Is actually difuted sulluric acid,

which will cause injury If splashed on your skin or in your eyes.
It will also ruin clothes and painted surlaces. When removing
the battery cables, always detach the negafive cable first and
hook it up last!

1 A routine preventive maintenance program for the battery In your
vehicle |s the only way to ensure quick and reliable starts. But before
performing any battery maintenance, make-sure that you Have the proper
equipment necessary to work safely around the battery (ses illustration)

9.1 Tools and materials required for batlery maintenance

1 Face shield/salely goggles - When ramoving corrosin with
& bruigh, the acidic particies can gasily fy up info pour eyes

2 Baking soda - A solufion of baking 5008 and waler can be
usad fo NeLaae porasion

3 Pelroteum fefly - A layer of this on 1he baliery posts wil help
et Carros o

4 Ballery posi/cable cleaner - This wire brush cleaning foo!
will ramove all traces of corrasion from the batfery posts and
calie elames

5 Treated fell washers - Placing ong of hese on eaoh pos!,
directly wnder the cable camps, will fiele prévent corosion

& Puller - Somslimes ihe cable clamps are very dificai! io

gl off the posts, gvan affer the mutybolt has been compislely

inosanad. This foc! pulls the clamp straight up and off fhe posé

Wilfout damaoe

Batlery poslicable clearer - Hera is another cleaning foo!

which /s a shightly oifferant verstan of number 4 abave, buf if

does the same fhing

8 Rubber gloves - Anotfer safely ftem to consider when

servicing the battery; remember (hats acid Inside the battery!

o
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¢ There are also several precautions that should be taken whenever
battery maintenance is performed. Befora servicing the battery, always
turn the engine and all accessories off and disconnect the cable from
IHe negative tarminal of e battery'(see Chapter 5, Section 1),

3 The batiery produces hydragen gas, which is both flammable and
axplosive. Never create a spark, smoke or light & match around the bat-
fery, Always charge the battery In'a venlilated area,

4 Elgctrolyte contains poisonous and cortosive sulfuric acld. Do
niot allow il 1o gel in your eyes, on your skin or an your clothes. Nevar
ingest it Wear protective safely glasses when working néar the battery,

* Keep childran away from the battery,

5 Note the external condition of the battery, If the pesitiva terminal
and cable clamp on your vehicles battery |s equipped with a rubber
profectar, make sure that its not torn or damagad. It should completely
cover the terminal. Loak for any corroded or loose connections, cracks
In the case or cover of loose hald-dawn clamps. Also chieck the antire
length of ezch cable for cracks and frayed conducters.

G Il corrasion, which looks [Tke white, Hlufty deposits [see illustra-
lian) is evident, particutarly around the terminals, the battery should
be remaved for cleaning, Loosen the cable clamp bolts with 2 wranch,
baing carelul to remove the ground cable fiest, and slide them off the
terminals (see llustration). Then disconnect the hald-dawn clamp bolt
and nut, remave the clamp and lift the battery from e engine compart-
mant,

{  Clean the cable clamps tharoughly with a battery brush or a
terminal cleaner and & solution of warm waler and baking soda (see
iHustration), Wash the terminals and the lap ol the battery case with the
same solution but make sure that the salution doesn't get into the bat-
tery, Wnen cleaning the cables, terminals and baftery top, wear safely
gonoles and rubiber gloves to prevent any salution from coming in con-
tact with your eyes or hands. Wear old clothes too - even diluted, sullu-
ric acid splashed onto clothes will burn hales in them. If the terminals
have been extensively corrcded, clean them up with 2 terminal cleaner
(5ae illustration), Thoroughly wash all cleaned areas with plain water,

8 Make sure that the batary tray Is in good condition and the hald-
down clamp fasteners are Hoht, If the battery is ramoved Iram the tray,
miake Stire no parts remain (n the bottom af the tray when the battery is
rinstalled, When reinstalling fhe hold-down clamp bolts, do not over-

tighten them,

B Information an removing and installing the battery can b found
in Chapter 5. If you disconnected the cablals) from the negative ancy
or positive battery terminals, see Chapter 5, Section 1. Infarmation on
jump starting can be found at the front of this manual,

CLEANING

10 Corrasion on the hold-down companents, batlery case and sur-
rounting areas can be removed with a selution of water and baking
soda. Thoroughly rinse all cleaned areas with plain water

11 Any mefal garts of the vehicle damaged by coresion should he
cavered with & zinc-based primer, then paintad

CHARGING

sk WARNING:

When batteries are being charged, hydrogen gas, which s very
axplosive and flammable, is produced. Do not smoke or allow
open flames near a charging or a recently charged battery. Waar
aye protection when near the batlery during charging. Alsa,
make sure the charger is unplugged before connecting or dis-
connecting the hattery from the charger.

12 Slow-rate charging is the best way to restore a battery that's dis-
charged Lo the paint where it will nat start the engine, Ifs alsa a good
way to maintain the battery charge in a vehicle thats only driven a few
miles between starts. Mainlaining the battery charge is paricularly
important in the winter wien the battery must work harder to star the
enging and electrical accessories thal drain the batery are In greater use

13 1t's best to use & ong or two-amp battery charger (sometimes
called & "trickle” charger), They are the safest and put the least strain
on the batlery. They ar also the least expensive, For a faster charge,
YU Can Use a higher amperage charger, bul don't use ane rated mare
than 1/10th the amp/aour rating of the battery, Rapid boost charges that

9.6a Battery lerminal corrosion usually appears as light,
lully pawder

9.6b Removing a cable from the battery post with a wrench
- sometimes a pair ol special baitery pliers are required for
this procedure if corrosion has caused deterioration of the
nut hex {always remove the ground (-) cable first and hook il
up last!)



TUNE-UP AND ROUTINE MAINTENANCE 1-21

claim 1o restors the power of the battery in one to two hours are hardest
an the battery and can damage batteries nat in good condition. This
type of charging should only be used In emargancy slituations.

14 The average lime necessary to charge a battery should be listed
in the instructions that come with the charger, As a general rule, 8

frickle charger will charge a battery in 12 to 16 hours

ko

9.7a When cleaning the cable clamps, all corrosion must
be removed

9.7h Regardless of the type of tool used to clean the batiery
posts, a clean, shiny surface should be the result

10 Tire rotation (every 6000 miles or 6 manths)

¥ Reter fo illustrations 10.2a and 10.2b

1 The tires should be rofated &t the specified intervals and when-
EYEF LNEVEN wear i3 naticed

2 Reler to the accompanying illustrations for the preterred tire ota
fign patterr,

3 Relar to the information in Jacking and fowing al the front ol this
manual for the proper procedures to follow when raising the vehicle and
enanging a tire, I the brakes are to be checked, don't apply the parking

brake as stated, Make sure the tires are blocked to prevent the vehicle
trom rolling as it's ralsed.

4 Praterably, the entire vehicle should be raised at the same Hime
This can be done on a hoist or by jacking up each comer, then lowering
the vehicte onto jackstands placed under the frame rails. Always use
four jackstands and make sure the vehicle Is safely supportad,

5 After otation, check and adjust the lire pressures as necessary,
Tighten the lug nuts fo the torque listed In this Chapter’s Specilications,

LF

@
R

L

a:ﬂ e T

10.2a The recommended four-tire rotation patiern for
directional tires

10.2b The recommended four-tire rotation patiern for non-
direclional tires




1-22 TUNE-UP AND ROUTINE MAINTENANCE

1 Chneck seal belts, buckles, latch plates and guide loops Tor obwi-
0us damags and signs of wear,
2 Where the seat belt receptacle bolts to the floor of the vehicle;

12 Underhood hose check and replacement (every 6000 miles or 6 months)

GENERAL

et CAUTION:

Aeplacement of air conditioning hoses must be lefl fo a dealer
service depariment or air conditioning shop that has the equip-
ment to depressurize the system safely and recover the refriger-
ant. Never remove air conditioning components or hoses until
the system has been depressurized.

1 High temperaturas in the engine compartment can causa the dete-
riration of the rubtber and plastic hoses used far engine, acoessary and
amission systems operalion, Perlodic inspection should be made for
cracks, loose clamps, material hardening and leaks, Information specific
ta the cooling system hoses can be found in Section 13.

¢ Some, but not all. hoses are secured to their fittingz with clamps.
Where clarmps are used, check W be sure they haven't lost thelr fensian,
allawing the hose fo leak, If clamps aren'l used, make sure the hose has
nol expanded and/or hardened whers IL slips aver the fitting, allowing it
10 Jeak,

VACUUM HOSES

check that the bolls are secure,
3 See il the seat bell reminder light comes on when the key i
turmed to the Run or Start position

Used a5 a stethoscope to detect vacuum leaks. Hold cne-end of the hose
[0 your gar and probe around vacuum hoses and fittings. hstening tor
the "hissing" sound characteristic of a vacuum leak.

When probing with the vacuum hose stethoscope, be very care-
ful not 1o came info contact with moving engine components
such as the drivebell, cooling fan, elc.

FUEL HOSE

3 s quite comman for vacuum hoses, especially those in the
Bmissions system, 1o be color-coded ar identified by colored siripes
molded inta them. Varlous systerns requirg koses with difterent wall
thickness, collapse reslistance and temperature resistance. When replac-
ing hoses, be sure the new onas are made of the same materlal

4 Often the only effective way lo check a hose is to remove it com-
[letely from the vehicle. IF more than one hosa 1§ remaved, ba sure 1o
[abel the hoses and Tittings to ensure carest ingtallation

5 When checking vacuum huses, be sure to include any plastic
T-fittings in the check. Inspect the fitlings for cracks and the hose where
ILfits cyer the fitting far distortion, which could cause leskage

6 Asmall niece of vacuumn hose (1/4-inch inside diameter) can be

8 WARNING:

There are cerfain precautions that must be taken when inspect-
ing or servicing fuel syslem components. Work in a well-venil-
lated area and do not allow open flames (cigareties, appliances,
etc.) or bare light bulbs near the work area. Mop up any spills
immediately and do nol store fuel soaked rags where they could
ignite. The fuel system is under high pressure, so if any fual
lines are to be disconnected, the pressure In the system musi be
relieved first (see Chapler 4 lor more information).

' Check all rubber fusl lines for deterioration and chating, Check
especially for cracks I areas where the hose bends and just befora fif
tings, such as where a hose attaches to the fuel filter.

B High quality fuel line, made specifically for high-pressure fuel
injection systems, must be used lor fuel ling replacement, Mever, under
any circumstances, use unreinforced vacuum fing, clear plastic tubing
or water hose for fuel lines,

clamps often lose thelr tension over a perdod of time, and can be
“sprung” during removal. Replace all spring-type clamps with screw
clamps wheneyer 2 hose 15 repiaced
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METAL LINES

10 Sections of metal ling are routed along the frame, between fhe
{uel tank 2nd the engine. Check carefully 1o be sure the ling has not
baen bent o crimped and fhat cracks have not started in the ling,

11 If & section of metal fuel ling must be replaced, only seamless

steel lubing should be used, since copparand aluminum lubing don't
have the strangth necessary o withstand normal enaine vibraticn,

12 Check the metal brake lines where they enter the master cylinder
and brake propartioning unit for cracks in the lings or loose fitings
iy sign of brake fluld [eakage calls for an immediate and thorough
inspection of the brake syslem,

13 Cooling system check (every 6000 miles or 6 months)

% Refer to illustration 13.4

I Many major angine fallures can be attributed ta a faulty cooling
system, If the vehicle s equipped with an automatic transmissian, the
conling system also cocls the transmission fluid and thus plays an
impartant ol in prolenging transmission e,

2 The cooling system should be checked with the engine cold. Do
this before the vehicle is driven for the day or aftar it has been shut off
lor at least three hours

3 Remowe the cooling svslem pressuee cap and thoroughly clean
thie cap, inside and oul, with clean water, Also clean the filler neck on
thie radiator, All traces of corrosion should be removed, The coolan

Inside fhe radiator should be relatively transparent. |f it Is rust-colored,

thie system should be drained, Tushed and rafilled (see Section 26). I
the coolant level is not up to the top, add additional antifreeze/Coalant
mixture {see Section 4)

4 Carefully check the large upper and lower radiator hoses along

with (he smaller diameter haaler hoses that run from the enging to

the firawall, Inzpect sach hose along its entire length, replacing any
hose that is cracked, swollen or shows signs of deterioration. Cracks
mdy become mors apparent it the hose s squeezad (see illustration),
Regardiess of condition. s a good idea 1o replace hoses with new ones
BVRrY WO yEals

5 Make sure all hose connections are tight, & |eak 0 the coaling
system will usually show up as white or rust-colored deposits on the
areas adjoining the leak, I wire-type clamps are used at the ends of the
hoses, it may be a good (dea to repiace them with more Secure orew-
type clamps.

6 Use compressed air or 8 aoft Drush to remove bugs, leaves, elc.
from the Tront of the radiator or air conditioning concenser, Be careful
not to damage he delicate cooling fing ar cul yourself on them.

T Every other inspection, ar at the first indication of cooling system
problems, have the cap and sysiem pressuse tested, If you don't have a
pressure tester. most repair shops will o this for a minimal charge.

Check for a chafed area that
could fail prematurely.

Check for a soft area Indicatin
the hose has deteriorated in ’

Overtightening the clamp on a
hardened hose will damage the
hose and cause & leak.

Check each hose for swelling and
oll-soaked ends. Cracks and breaks
can be located by squeezing the hosa.

13.4 Hoses, like drivebelts, have a habit of failing at the worst possible lime - to prevenl the inconvenience of a blown radiator or

heater hose, inspect them carefully as shown here
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14 Exhaust system check (every 6000 miles or 6 months)

# Reter 1o illustration 14.2

1 Witk the engine cold (at 1east three hours after the vehicle has
been drivan), check the complete exhaust system fram the manifold to
the end of the tailpipe, Be careful around the catalvtic converter, which
may he hot even after threa hours, The Inspection should be done with
the vehicle on & holst Lo permit unsestricted access. If a halst isn't avall-
able, raise tha vehicle and support it securely on jackstands,

2 Gheck the exnaust pipes and conneclicns (or signs of leakage
and/ar carrosion indicating a potential fRilure, Make sure that all brack-
Bls and hangers are in good condition and tight {see illustration).

2. Inspect (he underside of the body for holes, corrasian, open
seams, eto, which may aliow exhaus! gasses Lo enler the passenger
comparmant, Sedl all body operings with silicone sealaot or body
puty.

4 Rattles and other noises can often be fraced fo the exhavst sys
tem, especially the hangers, mounds and heal shiglds. Try to move the
pipes, mufflers and calalytle converter. I the components can come in
contact with the Body or suspension parts, sacure the exhaust syslem
with new bracksts and hangers

INTERIOR VENTILATION FILTER

15 Interior ventilation filter and charcoal filter replacement {(every 15,000 miles or 12 months)

14.2 Inspect the mutler (A), and all hangers (B) for signs of
deterioration

CHARCOAL FILTER

¥ Reter 1o illustrations 15.1a and 15.1b

1 The interior ventilation filter is located inside a housing at the
right (passenaer’s) side of the engine compartment. Ta remie the ven-
Ulation filte:, release the clips thal secura the cover, then lift the cover
off and remaove the ventilation [ilter element (see lugtrations),

2 Installation is the reverse of e removal procadures,

3 Some models are equipped with charcoal air filiedrg slements in
the air conditioning system, located in a housing under the right side ol
the instrument panel,

4 Remove the lower dash frim Below the glove compartmen| (see
(he glove compartment removal procedure in Chaptar 11,

5 On the bottom of the heater box, apen the Bilter daar by sliding it
[oward e seal;

6 Hemove both charcoal fillers,

T Installation is the reverse of the removal procedure,

15.1a Release the clips to open the air inlet griflle

15.1b Remove the filter element
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16 Brake system check (every 15,000 miles or 12 months)

The dusl created by the hrake system is harmful o your health.

Mever blow [ out with compressed air and don’t inhale any of it
An approved liltering mask should be worn when working on the
brakes. Do nol, under any circumstances, use petroleum-based

solvents to clean brake parts. Use hrake system cleanar only!

= Noie: For detalied photographs of the brake system, refer to
Chapter 9.

1 In addition o the spaciiied intervals, the brakes should be
inzpacied evary time the wheals are removed or whenaver a deect s
suspected

2 Any of the tollowlng symptoms could indicate a potertial brake
system defect; The wehicle pulls 1o one slde when the brake pedal |s
depressed, the brakes make squealing or dragaing nolses whan applisd;
brake pedal travel (5 excessive; the pedal pulsates; or brake (luid leaks,
ustally onio tha inside of the lire o whesl, A brake pedal that sinks
slowly to the floar, with nic apparant external fluld leakages, indicates a
fauity master cylinde
= Nate; A faulty master cylinder can leak fluld into the power
brake boosler.

3 Loosen the whesl Tug nuts

4 Ralsa the vehlcle and place it securely on jackstands,

5 Hemove tne wheals (88 Jacking and towing at the frant af this
Book, ar your cwners manual, if necessary)

DISC BRAKES

¥ Refer to illustrafions 16.7 and 16.9

i There are two pads (an outer and an inner) in gach calipar. The
oacs are visible with the wheels removed,

7 Check the pad thicknass oy Inoking at sach and of the callper and
through the inspection window in the caliper body (see lllustrations),
If the lining materlal is less than the thickness listed in his Chapters
Specifications, replace (ne pads,
= Note: Keep in mind that the lining material is riveted or

bonded to a metal backing plate and the metal porlion is no
included in this measurement.

8 I is difficult lo determine thie exact Ihickress of the remaining
pad material by the above method, or if you are at all concerned aboul
he condition of the pads, remove he caliper(s), then remave the pads
fram the calipers for further Inspaction (see Chapler 9).

9 Once the pads are removed from the calipers, clean tham wilh
brake cleaner and re-measure them with a raler or a varniar caliper (see
illuztration).

10 Measurs the dise thickness with a misrometer 10 mase sure that
it still has service lite remaining. IFany disc s thinner than ha speci-
fied minimum thickness, replace |t {see Chapter 9), Ever of the disc has
service life remaining, check its condition, Leck lor-seoring, gouging
and burned spots, IF these conditions exist, remaove the disc and have il
resuriaced (ses Chapter 9)

11 Befare installing the wheels, check all brake lines and hoses
for damage, wear, defarmation, cracks, corcosion, leakage, hends and
twists, particularly In the vicinity of the rubber hosas al (ne calipers
Check the clamps for fightress and the connactions for leakage. Make
sure that all hoses and lines are clear of shatp edges, moving parts and
the exhaust system, It any of the above conditions are noted, repar,
reroute or replacs the lines and/or fittings as necessary (see Chapler §)

BRAKE BOOSTER CHECK

12 Sitin the driver's seal and perlarm the following sequence of
lgsls
13 With the brake fully depressed, start the engine - the pedal shoulo

FRICTION
MATERIAL

BACKING
PLATE

16.7 With the wheel off, check the thickness of the brake
pads through the inspection hole (front disc shown, rear disc
caliper similar)

16.9 If a more precise measurement of pad thickness is
necessary, remove the pads and measure the remaining
friction material
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move down & little when the engine starts

14 With the engine running, depress the brake pedal several times -
fhe ravel distance should not change.

15 Depress the brake, stop the engine and hotd Lke pedal in for
about 30 seconds - the pedal should neither sink nor rise,

16 Hestart the-engine, run it for about a minute and turn it off.
Then firmly deprass the brake several times - the pedal fravel should
decreass with each application.

17 IFyour brakes da not operate as described, the brake booster has

failed. Refer to Chapter & for the replacement procedurs

PARKING BRAKE

18 One methiod of checking the parking brake is to park the vehicle
on & steep fill with the parking brake setand the transmission in Ney-
tral {be sure fo sty in the vehicle for this check!). If the parking brake
cannat prevent the vehicle from rolling, Its in need of adjustment (28
Chapter 9).

17 Suspension, steering and driveaxie boot check (every 15.000 miles or 12 months)

= Note: The steering linkage and suspension componenis
should be checked periodically. Worn or damaged suspension
and steering linkage components can resull in excessive and
abnormal fire wear, poor ride quality and vehicle handiing and
reduced fuel economy. For detalled illustrations of the steering
and suspansion components, refer to Chapter 10.

SHOCK ABSORBER CHECK

# Refar to (llustration 17.6

1 Park the vehicle on tevel ground, turn (he engine off and set the
parking brake. Check the lire prassuras

2 Push down at ane carmer of the vehicle, then rélease It while not-
ing the movement of the body. It shauld stap moving and came to rest
in & ievel posltlon within ane ar iwo bounces.,

3 I'tha vehicle centinues to move up-and-down or f it fails to
return to its orlginal positlon, a worn or weak shock absorber |s prab-
ably the reasan,

4 FRepeat the above check at each of the (hrse remaining comers of

the venicle,

5 Halse the vehicle and support it securely on jackstands

6 Check the shock absarbers Tor evidence of fluld leakage (see
illustration). A light film of fluid is no cause for concern, Make sure that
any fluid noted is from the shocks and not from some other source |f
l=akage is nofed, replace the shocks as & set.

§ Check the shocks to be sure that they are securely mounted and
undamaged. Check the upper mounts for damage and wear. If damage
or wear is noted, replace the shocks as a set (front or fear)

B Ifthe shocks must be replaced, refer to Chapter 10 far the proce-
dure,

STEERING AND SUSPENSION CHECK

¢ Refer to illustrations 17.9 and 17.11

9 Visually inspect tha slesring and suspansion companenls (fron
and rear) for damage and distartion, Look for damaged seals, boots and
bushings and leaks af any kind, Examine the bushings where the con-
tral arms meet the chassis (see illustration)

17.6 Check the shocks for leakage at the Indicated area

17.9 Examine the mounting points for the lower control
arm on the frond suspension (A), the tie-rod ends (B), he
balljoints {C), and the sleering gear boots (D)
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17.11 With the steering wheel in he locked posilion and the
vehicle raised, grasp the front lire as shown and try 10 move
it back-and-larth - if any play is noted, check the steering
gear mounts and tie-rod ends for looseness

{0 Clean the lawer end of the stgering knuckle, Have an assistant
grasp the fower edge of the tie and move the wheel in-and-out while
wou ook for mavernent al the steering knuckie-to-control anm baltoint
If thara is any mavement the suspension ball|aint(s) must ba replaced.

11 Grasp each front lire al the frant and rear edges, push inat the
front, pull out at the rear and feel for play in the steering system compo-
nents. If any freeplay is nated, check the idler am and the tie-rod ands
for lonseness (see liustration)

12 Additinnal steering and suspensicn system information and ilus-
tratleng can be found in Chapter 10

17.14 Inspect the inner and outer driveaxie boots for loose
clamps, cracks or signs of leaking lubrican

DRIVEAXLE BOOT CHECK

¢ Refer 1o illustration 17.14

13 The driveaxle boots are very important because they pravent dint,
water and foreign material from entering and damaging the constanl
velocily (CVY joints, Bacause it constantly pivots back and torh tollow-
ing the steering action af the front hub, the auter CY boot wears out
sooner and should be inspectad regulady

14 Inspect the boots for tears and cracks as well as loose clamps
{see illustration), If there s any evidence of cracks of teaking lubricant,
they must be raplaced as described in Chapter &

18 Fuel system check (every 15,000 miles or 12 months)

et WARNING:

Gasoline is flammable, so take extra pracantions when you
work on any part of the fuel system. Don't smoke or allow open
llames or bare light bulbs near the work area, and don’t work

in a garage where a gas-type appliance (such as a water heater
or clothes dryer) is present. Since fuel is carcinogenic, wear
fuel-rasistant gioves when lhere's a possibility of being exposed
to fuel, and, if you spill any fuel on your skin, rinse it ofl imme-
digtely with soap and water. Mop up any spills immedialely and
do not store fuel-soaked rags where they could ignite. When
you perform any kind of work on the fuel syslem, wear safely
glasses and have a Class B lype lire extinguisher an hand. The
fuel system is under constant pressure, o, before any lines are
disconnected, the fuel system pressure must be relieved (see
Chapter 4).

1 Ifyou smell fuel while driving or after the veticle has been sliting
in the sun, inspect the fuel system Immediately.

2 Remove the fuel filler cap and inspact it for damage and corro-
sion: The gasket shotld have an unbroken sealing impelnt; IT the gaske!
Iz damaged or corroded, (nstall & new cao,

3 Inspest the fuel teed line for cracks. Make sure that the connec-
tions betwaen the fuel lines and the fuel injection system and betwean
the fuel lines and the In-line fual filter are tight

sk WARNING:

Your vehicle is fuel injected, 5o you must relleve the fuel system
pressure before servicing fuel system components. The fuel sys-
fem pressure relief procedure is outlined in Chapler 4.
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4 Singe some cempanents of the fuel system - the fuel tank and
part of the fuel feed and return lings, for example - are underneath
tha vehicle, they can be inspected more easily with the vehicle raised
an & holst; If thats not possible, raise the vehicle and support it on
[ackstands.

5 With the vehicle raised and safely supported, inspect the fuel tank
and filler neck for punctures, cracks and other damage. The connection
betwesn the filler neck and the tank Is particularly critical, Sometimes a
rubiber filler neck will leak because of foose clamps or deteriorated rub-
ber, Inspect all fusl tank mounting brackels and siraps fo be sure that
the tank is securely attached to the vehicle,

st WARNING:

Do not, under any circumsiances, try to repair a fuel tank
(except rubber componenis). A welding torch or any apen flame
can gasily cause fuel vapors inside the tank to explode.

6 Carefully check all rubber hoses and metal lines leading away
froem $he fuel tank, Check for loose connections, deteriorated hoses,
crimped lines and other damage. Repalr or replace damaged sections as
necessary (sea Chapter 4),

19 Drivebelt check and replacement (every 15,000 miles or 12 months)

1 The drivebelt is located at the front of the engine and plays an
importart role in the overall operation of the vehicle and its compo-
nents, Due 1o its function and material make-up, the drivebelt is prone
lo failure after a period of time and should be inspected and adjusted
periodically to prevent major engine damage,

2 Thevehicles coverad by this manual are equipped with a single
self-adjusting serpentine drivebelt, which is used to drive all of the
accessory components such as the alternator, power steesing pump,
water pump and air conditioning compresser,

INSPECTION

# Refer to Illusiration 19.4

3 With the engine off, opan the hoad and locate the drivebelt at the
frant of the engine. Using your fingers {and a flashlight, If necessary),

move along the belts checking for cracks and separation of the bell
plies. Also check far fraying and glazing, which gives the belt a shiny
appearance. Both sides of each bell should be inspected, which means
yol will have to twist the belt to check the undersida,

4 Check the riks on the underside of the bell. They should all ba
the same depih, with none of the surface unevan (see [llugtation),

5 The tension of the bell is automatically adjusted by the bell
tensicner and does not require any adjustments.

REPLACEMENT

¥ Refer to illustrations 19.6a and 19.6b

6 Toraplace the belt, rotale the tensioner counterciockwise 1o
relleve the tensian on fhe belt (ses |llustratlon), Some modals have a
cast-in-hex o the tensiones arm thal will accapt & weench or sockat

ACCEPTABLE

Cracks Running Across
"V" Portions of Belt

] ~ Missi
Ribs 1/2" or longer

UNACCEPTABLE

Two or More Adjacent

Cracks Running Parallel
to "V" Portions of Belt

19.4 Here are some of the more comman
problems associated with drivebeils (check
the bells very carefully to prevent an
untimely breakdown)




TUNE-UP AND ROUTINE MAINTENANCE 1-29

19.6a Rotaie the tensloner arm to relieve bell tension

(see iliustration). On other models, place a Tore-bit onlo [he tasiener in
tne canter of the pulley
7 Hemaowe the belt from e auxiliary companents and carefully
felease \he tensiones

B FAoute the new balt over the various pulleys, again rotating the
fensionar fo allow the bell o be installed, then ralaase e bell tensiong
Maka sure the belt fits properly into the pulley grooves = IF must be
completely engaged.
=Note: Most models have a drivebelt routing decal on the upper
radialor panal to help during drivebelt installation.

19.6b Some models have a casi-in-hex on the tensioner arm

4 Beconnect the batery.

TENSIONER REPLACEMENT

I Rermove the drivebelt

11 Remove {he fasteners that secure the tensioner to the engine, then
remove the tenslone

12 Installation Is the reverse of rermoval, Tighten the mounting
bidttis) to the torque listed In this Chapter's Specifications,

20 Brake fluid change (every 30,000 miles or 24 months)

Brake fluld can harm your eyes and damage painted surfaces,
50 use extreme caulion when handling or pouring it. Do not use
brake Muld that has been standing open ar is more than one year
old. Brake luid absorbs moisture from the air. Excess maoisture
can cause a dangerous loss of braking efectiveness.

=Note: Used brake fluid is considered a hazardous wasle and it
mus! be disposed of In accordance with federal, state and local
laws. DO NOT pour It down the sink, into seplic fanks or storm
drains, or on the ground.

i Al lhe specified intervals, the brake fluld shoukd be replaced
Sinca the brake [luid may drip or splash when pouring i, place plenty
of rags arund the master cylinder to protect any surrounding paintad
surfaces,

2 Belore beginning werk, purchase the specified brake fluid {see
Recommanded fubricants and s at the end of this Chaptar)

3 Remove the cap from the master cylinder reservalr

4 Using a hand suction pump ar similar device, withdraw the luid
from the master cylinder resanoir,

5 Add new fluid to the master eylinder antil the leval of the Huld
rises o the base of the filler neck

6 Bleed the brake system as described in Chapter 9 at all four
brakes until new and uncontaminated Huid is expalied from the blesder
serew: Be sure fo maintain the fuid fevel in the master cylindsr as you
perfom the bleeding process, 1 you allow the master cylinder to run
dry, air will enter tha system,

7 Refill the master cylinder with fluid and check the opatation of the
brakes. Tha pedal should feel solid when depressed, with ne spengl-
Mess,

e WARNING:

Do not operate the vehicle it you are in doubl abouf the effec-
fiveness of the brake system.
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21 Spark plug check and replacement (every 30,000 miles or 24 months)

¢ Refer to Mustrations 21.2, 21.5, 21.7, 21.10, 21.11, 21.12
and 21.13

1 The spark plugs are located in the cylinder head(s),

2 Inmost cases [he tools necessary for spark plug raplacement
include a spark plugsocket which fits onto-a ratchet [this special socket
i padded inside to protect the porcelain insulators on the new plugs
and hold them In place), varlous extensions and a feeler gauge fo check
and adjust the spark plug gap {see lllustration), Since these englres are
equippad with an aluminum cylinder head, a torgue wianch shauld be
usad when ightening the spark plugs

3 The best approach when replacing the spark plugs is to purchase
the new spark plugs beforehand, adjust them to the proper gap and then
replace each plug one at a time, When buying the new spark plugs, be
qure b0 obtain the carract plug fer your specific engine. This infermation
can e found In this Chapler’s Specifications, or on the Vehicle Emis-
sinng Control nformation (VECH) 1abel located undear the hood, [Fdifter-
ances exist betwsen (he sources, purchase the spark plug type specified
on the VECI label as it was printed for vour specific engine, '

4 Allow the engine 1o cool completely before attempting to remove
any of the plugs. During this coaling off time, each of the new spark
plugs can be inspected for defects and the gaps can be checked

5 The gap |5 checked by inserting the proper Ihickness gauge
batween the electrodes at the Lip of the plug (see fllustration). The gap
hetwaen the electrades shauld be as listed in this Chaplers Specifica-
tions ar in your owner's manual, The wire should louch each af the
alectrades, Also, al this time check for cracks in the spark plug body (if
any are found, the plug mus! nol be used),

G Cover the fendar to pravent darmage 1o the paint. Fender covers
are available from auto parts stores but an old blanket will work: just
fine,

T On 2001 through 2006 V& engines, there are lwa spark plugs pei
cytindar, The coil packs arg mounted on top of the valve covars with
shiort spark plug leads connecting them to the plugs. With the engine
cool, ramove (he spark plug wire from one spark plug. Pull on the boat
at the end of the spark plug wire - do nol pull on the wire [see illustra-
finn)

8 Op 2006 and later V6 engines, and on all lour-cylinder engines,
thers is one centrally mounted spark plug per cylinder, The ignition
colls are mounted directly over the plugs. Remaove each ignition coil
from the spark plug (ses Chapter 5)

B I compressed alr 15 available, usa i 1o blow any dirl or foreign
material away from the spark plug area.

N
-\‘ -

O

®

21.2 Tools reguired for changing spark plugs

1 Spark plug sockel - This will have special pacding insias o
profect e Spank piug poreetan nsuator

2 Torgue wreneh - Although mot mandaiory wse of this loof s fhe
hast way fo ansurm hal the plugs ane Hahiensd propeny

3 Ralghel - Sfandard fiand too! bo fit tha plug sogks!

¢  Extension - Depepnding on model and aooessonas, pou may neag
smacidl sxfensions and universal (oinfs fo reach ane ar mare of (e
aligs

5 Spark plug gap gauge - TS 0aune for checking e Jap comes
in & vaniety of shles, &aka sure ihe gap for yowr angine (s included

21.5 Spark plug manufaciurers
recommend using a wire-type gauge
when checking the gap - the wire
should glide between the electrodes
with a slight drag

21.7 When removing the spark plug
wires, pull only on the boot

21.10 Use a socket and exlension lo
unscrew the spark plugs
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#at: WARNING:

Wear eye protection! The idea here is to eliminate the possibil-
fy of material falling Inlo the cylinder through the spark plug
hole as the spark plug is removed.

10 Plage the spark plug socke: aver the plug and rameove it iom the
anging by turning It In @ counterciockwise dimction (see Hustration].

11 Compare fhe apark plug with e charl (see illustration) to get an
indication of the overall running cendibon-al the endgine.

12 Ii's a good icea to lightly coat the threads of the spark plugs with
an anti-selze compound (see (Hustration) to insure that the spark plugs

do rol seiz in the alumirum cylinder head.

13 It's often difficulf to insert spark plugs into thisir holes withoot
pross-threading them, To avoid this passibitity, filt a piece of rubbar
hiose aver the and of the spark glug (see llostration), The Nexible
hose acts a5 2 uriversal joint to felp alion the plug with the plug hale.
Should the plug begin to cross-thread, the hose will slip on the spark
plug, preverting thread damane. Install the spark plug and tghtan it to
the-tarque isted In this Chapters Specitications.

|4 Betore pushing the spark plug wire onto the end of the plug,
inspect the wires followlng the procedures autiined in Section 22,

15 Repeal the procedure Tor the remaining soark plugs,

& pormally wern
spatk plug should
Wawr leght v b
aray foposits pn tha
fivimpg tip

This sperk plug Mas
Wigai bale im iha
#nglne ton iang, as
gvidanced by The
aElTEra qep- Fluge
whth sunh am exire me
qap qan chuse mig.
firing and stumdbling
dpcampan dd By o
naticaplle lech ol
dawnk

Am all Touled spark
plug (ndicelas an
naging wiith warn
piatan cings andior
lbad valye sehln
AllEwing bacassive
(R R ]
chambur,

K oarhon lowl|od
dig, FERAEITEd by
sl sooty DUACK
depuuits. may Indi
cale Wi improparly
lunall veplcin hegh
the ave cleanur, |gn
Linf components ang
pnglaos control dya

1em

A bridged ar almasl
bhridges dpark diug
ldgniifled hy o Bulld

A physieally dam
aged spErk Alug may
e gwldence of

Sgvars deltanabien |n
thal cylindar ¥Walch
that eylinder At
Tully betwoen sej

up belween Lhe s8leg-
trofden caudnd by
pacossivn carhan af
wll Wwltd. wp an tha

vlcos, a% & cantln
wed dntafatian Wikl
mar anly damaga tha
plig, But ceuld nlso
damagn the pagine

e lig

21.11 Inspeci the spark plug to determine engine running conditions

21.12 Apply a thin lilm of anti-seize compound o the spark
plug threads lo prevent damage to the cylinder head

21.13 A lengih of snug-fitting rubber hose will save lime and
prevend damaged threads when installing the spark plugs
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=Note: This procedurs applies fo 2005 and earlier V6 modeals
only.

| The spask plug wires should be checked at the recommended
Intervals ar whenever new spack plugs are installed

2 Begin this procedure by making a visual check of the spark plug
wires while the engine is running. In a darkened garans (make sure
[hare |5 adeguate ventitation) or at night, start the engine and observe
gach plug wire, Ba careful not to come Into contact with any maoving

23 Differential lubricant change (every 60,000 miles or 48 months)

| This procedure should be performed aftar the vehlcle has been
drivan 5o the ubricant will be warm and therefore will flow aut of the
ditfsrential more easily. Raise the vehicle and support it securely on
ackstands

2 Remove the check/fill plug, then remove the drain plug and drain
the fubricant {see illustration 4.32).

22 Spark plug wires - check (every 30,000 miles or 24 months)

engine parts, It possible, use an insulated or non-conductive object fo
wiggle each wire. If thera is a break i the wire, you will see arcing o/
a small blue spark coming lram the damagen arsa. Secandary igni
ton voilage increases with enging speed and sometimes a damanged
wita will not produce an arc at idle speed, Have an assistant press fhe
accalarator padal 1o raise [he angine spesd Lo approkimataly 2000 om
Check the spark plug wires-for arcing as stated previcusly, Il arcing fs
noticed, replace all spark plug wires

3 Reinstall the drain plug and bghtan it securaly

4 Usaa hand pump, syringe or funngl to fill differential housing
with the specitied |ubricant until 1he lubricant level s up Lo the bottom
af the fiole

5 Install the fillar plug and tighten it securely

24 Automatic transmission fluid and filter change (every 30,000 miles or 24 months)

» Retar to illusirations 24.5, 24.6, 24.8 and 24.9

e Nole: To perform this procedure you'll have to obtain a dip-
slick {part number 140 588 15 21 00) from a dealer parts depari-
ment or an attermarket lool supplier (unlike most vehicles, a
dipslick is not presenl in the transmission filler tube). A scan
lool capable of reading the temperature of the automalic trans-
mission fluld will also be required.

1 Abthe specified time intervals, the transmission fiuld should be
drained and replaced, Since the Huid will remain hol long after driving,
perform L% procedure only after everytiing has cooled down com-
plately,

2 Before beginning work, purchase the specified transmigsion (luld
15ee Aacommended iudrcants and fufds al the end of thes Chaptar) and
a new filtar,

3 Other tools necessary for this job includs jackstands to suppor
(e vehicle in & ralsed position, 2 drain pan capabile ol holding several
guarls, newspapars and clean rags.

4 Raise and support the vehicle on jackstanns,

& Place the drair pan underneath the transmission pan, Remave the
drain plug and allow the fuid to-drain, then reinsert (he plug and tahten
[Fsacuely (see (lustation). Meastre the amount of {luid drained (the
same amount will be added 10 the fransmissian later)

6 Hemove Lhe transmission pan bols (see (lasiration), then remove
tha pan, prying genlly il necessary.

There will still be some transmission fluid in the pan.

7 Carpfully clean the pasket surface of the transmission and pan fo
remove all traces of (he old gaskel and sealanl,

B Clean the pan with solvert and dry I,
=Note: Some models are equipped with magnels In the trans-
mission pan to catch metal debris (see illusiration),

Ciean the magned tharcughly, A small amaunt of metal maleral is
normal &l the magnet, If there is considerabla cebris, consull 2 cealar or
fransmission specialist

G Remove the Tilter from the valve body Inside the transmission
isep lustraticn)

10 Install 2 new O-ring and flted

11 Make sure the gaske! surface on hie transmission pan s clear,
ther install a new caskel on the pan. Pul the pan in place againat the
transmission and instll the bolls, Tighten each bolt & iftls at & tme Lo
the torgue listed In this Chapter's Specifications,
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24.8 Clean the transmission pan magnet thoroughly

12 Lower the vehicle and add the specified type of automatic trans-
mission fluid (the same amourt that was drained In Step &), through the
filler tube {see Secticn 4)

13 Witn [he Iransmission in Park and the parking brake s2l, run fhe
engire at a fast idle, bul don'l race 15

14 Move tne gear selector through each range and back to Park, hen

24.9 Remove fhe filter from the valve body

let the engine idie for 3 few minutes, Check the Huio level [see Sectian
49, 1t may be low, Add enough fuid to bring the level 1 the proper mark
on the dipstick. Be caretiul nol 1o overfill

15 Check under the vehlcle for leaks during the lirst few trips, Check
thee fluld level again when (ha transmission i hol (see Saction 4},

25 Manual transmission lubricant change (every 60,000 miles or 48 months)

I This procecurs should ba perfarmed aiter Ihe vehicle has baen
drivan 5o the lubricant will be warm and Whaerefore will flow out of the
lransmission more easily. FRaise the vehicle and support it secursly on
jakatands,

¢ Mavea drair pan, rags, newspapers and weenches under the
trarsmisslan

3 Remove the fill plug from the sice of the transmission case, fhen
ramave the transmission degin plug at the botlom of the case and allow
the lubricanl Lo drain inte the pan,

A After the lubricant has drained completely, rainstall the drain plig
and tghtan it securaty,

5 Using a hand pump, syringe ar squeeze botlle, fill the transmis-
sion with the spacified lubricant untd it just reaches the bottom edge ot
the hole, Reinstall the G plug and Hghten 1| securely

6 Lower the vehlcla,

7 Drive ihe vehicle for a short distance, then chack the drain and fill
plugs for leakage,



1-34 TUNE-UP AND ROUTINE MAINTENANCE

i WARNING:

Do not allow entifreeze to come in contact with your skin or
painted surlaces of the vehicle. Rinse off spills immediately
with plenty of water. Antifreeze is highly toxic If ingested. Never
leave anfifreeze lying around in an open container or in puddies
an the floor; children and pets are atiracted by it's sweet smell
and may drink it. Check with local authorities about disposing
of used anfifreeze. Many communities have collection centers
which will see that antifreaze is disposed of salely.

26 Cooling system servicing (draining, llushing and refilling) (every 60 months)

1 Periodically, the cooling system should be drained, flushed and
refillad to replenish the antifreese mikture and prevant formation of rusl
and eorrosion, which can impair the periormance of Ihe &oaling svstem
and cause engine damaga. When the cooling system 15 serviced, all
hoges and (he expansian ok cap should be checked and replaced i
NECESSArY,

DRAINING

# Rafer fo illustration 26.4

2 Apply the parking brake and block the wheals, If the vehicls nas
just bean drivan, walt several hours to allow the enging to cool down
before beginning this procedure

3 Once the engine is completely cool, remeve the expansicn tank
cap

4 Move a large contalner under the radiator drain to catch the
coalant. Attach a length al hase Lo the drain fitting to direct the coclant
into the contatner, then cpen the draln fitting (a pair of pliers may be
required {o turn it) (see lustration)

§ After the coolant stops Howing out of the radiator, move the
cortainer under the engine block drain plug &nd allow the coolant in
thie block to drain. The hlack drain plug is generally located aboutl ong
o o Inches above the oll pan - there is one on the side of the engine
block

B While the conlant is draining, check the condition of the radia-
tor hoses, heater hoses and clamps (refer o Section 13 if necessary).
Replace any damaged clamps or hoses,

26.4 The radiator drain fitting is located ai the lower comer
of the radiator

7 Apply thread sealant o the block drain plug. Reinstall the drain
plug and tighten i securaly.

FLUSHING

# Refer to illusiration 26.10

8 Once the system has complately drained, remove the thermostat
hausing from the engine (3ee Chapter 3), then reinstall the housing
witheut the thermastal. This will allow the system to be thoroughly
flushed,

9 Discannect the upper hose from he radiator,

10 Place a garden hose in the upper radiator inlet and flusn the
sysiem until the water runs clear at the upper radiater hose {see lustra-
tion].

11 Severe cases of radialor contamination or clogging will require
removing the radiator (see Chapter 3) and severse Hushing 1, This
involves inserting the hose In the bottom radiator outlet Lo allow the
clean water to run against the normal llow, draining out through the top.
# radiator repair shop should be conslted If further cleaning or repair
IS NecAsSary.

12 When the coolant fs regularly drained and the system rafilled with
the correct coalant mixture, thers should be no nesd to employ chami
cal oleaners or descalers,

REFILLING

14 Close and tighten the radiator drain,

14 Place the heatar temperature contrel in the maximum heal pos:-
fiam

15 Make sure to use the proper coolant listed In this Chaplers

Upper hoso
hose _ expels water

Radiator

26.10 With the thermostat removed, diseonnect the upper
radiator hose and flush the radiator and engine block with a
garden hose
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Specifications: Stowly il the coeling systam at the expansion tank with
[he recarmmended mixliie of antilreeze and wate!

16 Continue adding cookant 1o the expansion lank until the level (s
up 1o the black top part of the resenvair on the expansion tank, Wail five
minutes and recheck the colant level, adding It necassary,

17 Install the expansion lank cap and fun the engine in a well-vanti-
[ated area until the tharmostat opens (coolant will begin flewing through

bring it up o the proper level on the expansion tank,

15 Squeeze the upper radiator hose to expel ai, then add mare cool
ant mixture if necessary. Install the expansion fank cap.

20 Start the engine, allow il to reach normal operating temperaturs
and check for leaks, Also, sat the heater and blawer controls to the
maximurm setting and check to sea that the heater output from the air
ducts is warm. This is 2 good Indication that all ar has been purgec

the radiator and the upper radiaior hese will become hat)
18 Turn the engine off and it it cool. Aod more coolant mixture to

friarm the coaling sysbem,

27 Transfer case lubricant change (every 60,000 miles [96,000 km] or 48 months)

1 Changing the transfer caze lubricant is anly slightly more
rvnlved than checking the lubricant level Refer fo Section 4 and follow
the procedure for checking the lubrisand leval, but alsa ramove the drain
plug and allow the lubricant to draln into a pan

& Adter the lubricant has finished draining, nstall the draln plug {be
sure o use a new sealing ringh and tghten I 1o the Lorgue lsted in this
Ghaplers Specilications,

3 Add the proper lubricant theough the filler plug hole until it flows
aut the check plug hole. Once the lubricant no longer drips from the
check plug hole, install the check plug and filler plug {be sure to use
new sealing rings) and fighten them (o the torque listed in this Chapter’s
Speciications.

Recommended lubricants and fluids

=Note: Lisled here are manufaciurer recommendalions af the time this manual was written. Manulacturers occasionally upgrade their
fluld and lubricant specifications, so check with your local auto parts store for current recommendations.
Engine oll
Typa &P grade "certified for gasoling engines,” lutly synthetic
il viscosihy®
Recommended [for most any operating
temperature range)
Acceptable aliermative
Ternperatures always above
~4-deqgrees F {-20-degrees C}
lemparatures alwiys above
b-oegress F (-15-degrees )
lemperatures always above
23-tegrees F (-5-degrees )
Automatic fransmigsion Huid [ype
Manual transmission fluld fype
Caalanl

SAE OW-30, DW-40, S\W-30, 5W-40, 5W-50

SAE 10W=-30, 10W-40, 10W-50, 10W-60
SAE 15W-40, 15W-50

SAE 20W-40, 2OW-50
Marcedas-Banz automatic transmission fuld ar equivalent
Mercedes-Benz manual transmisston fluld or equivalent
A0¢50 mixture of Mercedes-Benz 325.0 Anticarrosionantilresze
{or equivalert) and walel
Ditterential lubricant type

Frant difterential (AWD models)

Asar difierertial
fransler case lubricant type (AWD madels)
Brake fluid type
Fowar staaring [uid

SAE B5W-80 hypoid pear oll

SAE BSW-A0 hypoid gear ol

Mercedes-Benz automalic transmission Nuld or equivalent

DOT 4 brake fluid

Memedes-Beanz power stearing fluid (Pentesin CHE 115) or equivalenl

‘Chalce of viscosily may e determinedyiimitas by brand of oif
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Capacities*

Coaling system
Four-cylinder models
2004 and earfier models
2005 models
VE models
2005 and earlier models
2006 and later models
Enging oil (with fiter change)
Faur-cylinder madels
2002
2003 and later
V& models
2002
2003 through 2005
2006 and later
Automatic ransmission
Manig! transmission (drain and refilly
Rear axle
Front axle (AWD modals)
Transfer case (AWD models)

Up lo 15.3 quarts (14.5 liters)
Up to & quarts (5.7 liters)

Up to 6.8 quarts (6.4 liters)
Up to 7.5 quarts (7.1 litars)

7.4 quarts (7 liters)
5.8 quarts [5.5 fiters)

B.5 guarts (8 |lters)

Up to 7.9 quarts (7.5 liters)
8.5 quarls (8 |iters)

Up to % quarts (8.5 liters)**
Up ta 1.6 quarts {1.5 liters)**
Up to 1.7 quarts {1.6 liters)
(.48 quarts (046 liters)

0.56 quarts (0.59 liters)

*All capacittes approximate. Add as necessary to bring the agproprate lavels,

**Naote: This is a dry-lill capacity. The best way lo determine the amount of fluid to add during a roufine fluid change is to measure the
amounl drained, When refilling, add only 5.3 quarts (5 IHers) Initially, then check the fluid level and add a little at a lime, as neces-

sary. It Is imporiani not to avertill the transmission.

Ignition system
Spark plug type
Four-cylinder enging
2002 models
2003 and later models
VB engina
2002 and garlisr models
2003 through 2005 models
2006 and later models
Spark plug gap
Four-cylinder englne
20002
2003 and later models
V& engine
2005 and earller models
2006 and later modsls
Firing order
Four-cylinder engines
Vi englnes

NGE [FRE0TD or eguivalent
Bosch FGMPP332 or egquivalent

Bosch FEDPER ar equivalant
Bosch FADPP33E or equivalent
Boseh Platinuem YYMPR33

0.035 inch (1 mm)
1,031 inch (0.8 mm)

0.039 inch {1 mm)
0.031 inch (0.8 mm)

1-3-4-2
1-4-3-6-2-5

FRONT
OF
VEHICLE

eRe®

[T TSP HAVHEE|

Cylinder locations - 4-cylinder enging

QO®
EeE

EE g-uE'n HA‘!HE

Cylinder locations - V6 engines
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Brakes
Disc brake pad lining thickness (minimum) 148 inch (3.2 mm)
Parking braks shos lining thickness (minimum) 116 inch (1.6 mm)

Torque specifications Fi-lbs (uniess otherwise indicated)

~=MNote: One foot-pound (f-1b) of torque is equivalent to 12 inch-pounds (in-ibs) of torque. Torque values below approximately 15 fi-lbs
are expressed In inch-pounds, since most fool-pound torque wrenches are nolt accurate al these smaller values.

Engine oll drain plug 22 al
Automatic transmission pan bolts
Type T22.6 tfransmission 71 in-lbs f
Type 722.9 transmission
Step 1 35.4 in-lbs 4
Step 2 Tighten an additional 180-degrees
Aulomalic transmission draln plug
Type 7226 lransmission I77 In-1bs 20
Type 722.9 ransmisslon 16.2 2
Manual transmission
Drgin plug 22 a0
Fill plug 28 35
Difteremial drain and fill plugs
Front (AWD models) 22 a0
Rear 37 4l
Transfer case drain and fill plugs 22 a0

Driveball tensinnar
Tensloner mounting bolts

Threads pre-lapped 8.5 25
Threads not pre-lapped
(riew timing chain cass) 258 35
Tensicner shock absorber
[0 t2nzioner 18.5 25
To water pump 258 35

Spark plugs
Whesl bolts




1-38 TUNE-UP AND ROUTINE MAINTENANCE

Notes




Section

General information

Repair operations possible with the engine in the vehicle
Top Dead Center (TDC) for number one piston - locating
Valve cover - removal and installation

Cam followers/rocker arms and hydraulic lash

adjusters - remaval, Inspection and installation

Timing chain - replacement
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Intake manifold - remaoval and installation

9 Exhaust manifold - removal and installation

10 Cylinder head - removal and installation

11 Crankshaft pulley - removal and installation

12 Crankshaft front oil seal - replacement

13 Oil pan - removal and installation

14 0il pump - remaoval, inspection and installation
15 Flywheel/driveplate - removal and installation
16  Rear main oll seal - replacement

17 Engine mounts - check and replacement

Reference to other Chapters

GHECK ENGINE light an - See Chapter 6
Cylinder compression check - See Chapter 2C
Drivebelt check, adjustment and replacement - See Ghapter 1
Engine - removal and installation - See Chapter 2C

Engine oil and filter change - See Chapter 1

Engine overhaul - general information - See Chapter 2C
Spark plug replacement - See Chapter 1

Supercharger - See Chapter 6

Water pump - removal and installation - See Chapler 3

Camshafts and sprockets - removal, inspection and instaliation

FOUR-GYLINDER
ENGINES




2A-2 FOUR-CYLINDER ENGINES

1. General information

This Part of Chapter 2 |5 devoted 1o In-vehicle repair procedures
for the 1.6L and 2 3L fourcylinder angines. These engines utllize two
overhead-camshafts on an aluminum Gylinder head, These engines are
anulppad with a belt-driven supercharger o provide mora power, The
2002 2.3 engine is referred 1o &5 the "typs 1171," while the later 1.8L
engine (2003 to 2005) is referred to a5 the "type 271" engine.

Information concerning engine removal and installation and engine
averhau! can be found in Part C of this Chapier,

The folicwing repalr procedures are based on the assumption thal
the angine is Installed in the vehicle. If the engine has been remaved
frim the vahicle and mounted on a stand, many of the steps outlined in
this Parl of Chaptar 2 will not apply

2 Repair operalions possible with the engine in the vehicle

Mary major repalr aperations can be accomplished without remaoy-
ing the engine trom the vahicle,

Clean the engine compariment and the extericr of the engine with
some type of degreaser betore any wark is done, It will make the job
easler and help keep diel out of the internal areas af the enging,

Depending on the componants invalved, It may ba Belpful Lo raise
the hood o its full-open pasition a3 repalrs are performed; (o do this
apen the haod, then push the button on (ke left support strut and raise
fhe hood until It ks vertical, Cover the fenders 1o prevent damage to the
paint. Special pads are available, bul an old bedspread or blanket will
also work

If vacuum, exhaust, il or codkant legks develop, indicating a nesd
far gasket or seal replacement, the repairs can generally be made with
the engine in the vehicle The intake and exhaust manifold gaskats, oil

pan gasket, crankshalt oil seals and cylinder head gasket are all acoes-
sible with the engine in place.

Exterior engine companents, such as the infaks ard exhaust mani-
folds, the oil pan, the pil pump, the water pump (see Ghapter 3), the
starter motor, the alternator and the fuel system components (see Chap-
ter 4) can be removed [or repair with the engine in place

Sinte the oylinder head can be removed without pulling the engine,
walve component sefvicing can also be accomplished with the engine in
the vehicle. Replacement of the camshafis, liming chains and sprocksts
ara also possinle with the engine in the vehicle.

In extreme cases caused by a lack of necassary aquipment, repair or
replacement of piston rings, pistons, connecting rads and rod bearings
i5 possible with the engine in the vehicle. However, this practics is not
recommended because of the cleaning and preparation work that must
be done to the components involved,

3 Top Dead Center (TDC) for number one piston - locating

¥ Refer Lo illustration 3.8

1 Top Dead Center (TOC) Is the highest paint In the eylinder that
each piston reaches as il ravels up the cylinder bore, Each piston
reaches TOC on the comprassion stroke and again on the axhausl
stroke, but TOG generally refers to pistan pasition on the compression
slroke.

2 Positioning the piston(s) at TOG Is an essential part of certain
procedures such as valve timing, camshaft and timing chain/sprocke!
removal,

3 Bafore beginning this procedure, be sure to place the transmis-
glan in Park ar Neutral and apply the parking brake or block (he rear
wheels, Also, disconnect the cable rom the negative tierminal of the bat

tery, then remove the ignition coils {see Chapler 5) and the spark plugs
isee Chapter 1).

4 The preferred method is o tum the crankshalt with a sockel and
ratchet or breaker bar attached to the bolt threaded into the front of the
crankshalt. When looking al the front of the enging, normal crankshaft
rotation s clockwise. Turr the boll ina clockwise direction anly,

5 Insiall a compression pressure gauge in the number one spark
plug hole (see Chapter 26, 1f shauld be a gauge with & screw-in fitting
and a hose al leas! sk inches lang.

6§ Rotate the crankshaft while observing for pressure on the com-
pression gauge. The moment the gauge shows pressure indicates that
the number ene cylinder is on (he compression stroke,
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7 [Once the compressicn stroke has begun, TOC for the compras-
sion stroke af the number nne cylinder 1s reached by bringing tha pis-
ton to the top of the cylinder,

B These engines are equippad with a vibration damper that has
markings to identify the position of the crankshalt for fiming purposes,
When the comprassion gauge is showing pressurs in cylinder number 1,
furm the crankshatt front bolt urtil the “zera” or "0T" mark on the pulley
aligns with the stationary pairter on the liming cover (see [lustration),

o After the number one plston has been positioned at TOC on the
compression stroke, TDC for any of the remaining cylinders can be
[ncated by tuming the crankshaft 180-degrees and following the firing
oroer {refer o the Specifications). For example, rotating the enging
| B0-degrees past TOC #1 will pul the engine al TRC compression for
cylinder #3.

» wwn'olr

ria 7

3.8 Align the mark on the damper with the “0T" mark on the
liming chain covar

4 Valve cover - removal and installation :

REMOVAL

INSTALLATION

1 Disconnect the cable from the negative ferminal of the battery
{see Chapter 5, Section 1)

2 Remove the enging cover, On the tvoe 111 engines (2002 mod-
gls). it is secured by bolts, and the cover is clipped to studs on the
gnging. Simply pull the cover up (o remove (see Chapter 1)

4 " Hemove the ignition coils and spark plugs (ses Chapter 5)

4 Remove the PCV hose fram the grommet on the valve cover (See
Chapter &)

5 Disconnect the electrical connector-at the camshalt posftion sen-
sor (see Chapter 6)

6 Loosen thevalve cover mounting bolls a little at a time, then
rermive [Ner,

T Detach the vaive cover.
= MNote: If the cover sticks to the cylinder head, use a block of
wood and a hammer to dislodge it

# Refer o illustration 4.10

B The mating surfaces of each cylinder head and yvalve cover mus!
be perlectly clean when the covers are installed. Inspect the rubiber oas-
kets: if they're in goad condition and there wers no ol feaks, thay can
be re-used

9 Clean the mounting balt threads with a die {if necessary) o
remove any corosion and restors damaged threads. Use a ap to clean
the threaded holes in-fhe heads,

10 Place the valve cover In positicn, then install 1he bolls. Tighten
Ihe boits in the recommended sequence (see illustration), In several
staps, to thetorque listad in this Chapters Specifications.

11 Complete the installation by reversing the remaval procedure
Start the engine and check carefully far oll leaks.

13
19

4.10 Valve cover bolt
TIGHTENING sequence - type
271 (2003 and later) shown,
type 111 (2002) similar

16

14 [69a40-3A4.10 HATHES
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1 Befare beglnning this procedure, be sure to place the transmis-
sian in Park or Neutral, apply the parking brake and block the rear
wneels, Disconnect the cable from the negative terminal of the battery
(sag Chaptes 5, Saclion 1),

2 Remave the camshalls {see Section T

2002 MODELS (TYPE 111 ENGINE)

o Cam followers/rocker arms and hydraulic lash adjusters - removal, inspection and installation

# Reter to illustrations 5.4a and 5.4b

== Note: The type 111 engine uses buckel-type hydraulic cam fol-
lowers, actuated directly by the cam lohes.

3 Before removing the cam followers, use a woodan dowel 1o push
down on each follower and note its action. Each follower should feel
solid; it any follower compresses more easily than the others, replace
all of the followers as a st

= Note: When pushing down on a follower, don't use foo much
force, or you'll wind up pushing the valve off its seal.

4 Using a suction cup toal, remove the cam followers from the cyl-
inder head (see (Hustrations), Siore 1he cam followers in order, upright,
in a container partially filled with clean engine il {this will prevent them
from bleading down).

5 Inspect the sufaces of each cam follower for scaring or other
signs of wear. Again, If cne is bad, it's a good ides fo replace &l of them
as & gal

B Installation is the reverse of removal, Be sure to lubricate the fol-
lowers with clean enging ol bafore installing them.
= Note: After the engine is started, there may be some tempo-
rary noise from the valvetrain unil engine oil pressure fills the
cam followers.

2003 THROUGH 2005 MODELS (TYPE 271 ENGINE)

= Note: The valves on the type 271 engine are actuated by
the camshafts via rocker arms, and hydraulic lash adjusters
mounted in the valve-end of each rocker arm.

7 Belore the rocker ams and lash adjusters are removed, arrange
t label and store them, so they can be kept separate and relnstalled on
the same valve they were remaved from,

B Using moderate lorce, push an the lash adjuster end of each
rocker arm. The lash adjuster should feel fairy solid; if any lash adjust:
ers plunger compresses more easily than the others, replace all of the
lash adiusters as a set
=Nate: When pushing down on a lash adjuster, don’t use loo
much force, or you'll wind up pushing the valve off ils seal.

9 HRemove each rocker arm by lifting straight up, The hydraulic lash
adjuster will come out of its bore along with the rocker amm,

10 Push the retaining clip off by hand. then ramaove the lash adjuster
fram the rocker arm, Store the lash adjusters, in arder, in a container
partially filled with clean engine il (this will prevent them from blead-
Ing dawn).

11 Toseparate the lash adjuster from the rocker am, remave the
retaining clip by hand.

12 Check the ends and the side friction surfaces of the [ash adjusters
for wear, Make sure the lash adjusters move up and down freely in their
bores in the cylinder head without excessive side to side play. If one
lash adjuster is worn, it's a good Idea to replace all of them as a sel,

13 Inspect each rocker amm for wear, cracks and other damage. Make
sure the rollers turn fregly and show no signs of wear, Also check the
plvot area for wear, cracks and galling

14 Installation is the reverse of removal, Be sure to lubricate the lash
adjusters and rocker arm roller and pivot surfaces with clean engline oll
hefore installing them

15 Installation |s the raverse of removal,

5.4a Use a suction cup tool 1o pull the cam followerup . . .

5.4b ... then remove it from its bore. Check the riction
surfaces for signs ol wear
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6 Timing chain - replacement

This repalr procedure requires several expensive special tools
Bacause of (ke difficulty of this repalr procedure and the necessary

spacial lools, Il s recommended fo have the timing chain replaced by
dealer service department or other qualified autometive repair facility.

7 Camshafts and sprockels - removal, inspection and installation

REMOVAL

1 Disconnect the cabla from the negative terminal of the batiery
(sea Chapter 5, Section 1),

¢ Remave the valve cover (sea Section 4). Also remov the upper
timing cover from the front aof the cylinder head,

2002 models (type 111 engine)
¢ Reler to illustrations 7.6 and 7.8

4 Rotate the engine to TOC for cylinder number 1 (3ea Section 3),
then rotate further clockwise (seen from the front of the enging) until the
*30% mark lines up with e pointer on the timing cover, This represents
a0-denmees After TOC, which puts the camshaits ina position whers
there will be no Interference between valves and pistons during the pro-
cedure,

4 Make maiching paln marks an the sprockeis and the chain links
foaidin [BASSempey,

5 Remove the alternator (see Chapter 5)

b Loosen the end piece of the tming chain lensiongr one tum, then
unseeew the Liming chain tensicner {see fllustration).

7 Remove the sprocket from the exhaust camshaft,
= Note: Hold the camshall from turning using a wrench on the
hex pariion of the camshafi (between the first two lobes), while
using a sockel and ratchet to loosen and remove the sprocket
center boll.
Wit the exhaust camshatt sprocket remaved, lift the timing chain off
the intake camshaft sprocket. Support the timing chain with'a length of
wire to pravent it from dropping down Into the timing chaln case

8 Tum the camshafts so that as many of the cam lobes as possibla
are positioned so that their base circles {low points) are facing the cam
[ollowers (this will relieve tensicn on the camshatts), Verify the mark-
ings on the camshaft bearing caps, The caps should be marked from 1
le 5, and with-an “I" or an "E," to indicate intake or exhaust, Also verify
that there ase arrow marks on the caps indicating the front of the engire.
Loosen the camshalt bearing caps in iwo ar three sleps, then detach the
bearing caps (see illustration), Remove [he camshafts

w5 CAUTION:

Keep the caps in order. They musi go back in the same location
thay were remaved from.

7.6 Timing chain tensioner removal - be sure Lo replace the
sealing ring during installation

7.8 Remave the camshati bearing caps and store them in
order far reazsembly
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2003 through 2005 models (type 271 engina)

9 Rotate the enging to TOC for cylinder number 1 {see Section 3),

10 Make matching paint marks on the sprockets and the chain links
to ald in reassembly.

11 Push on the tensioning rll to permit enough chain slack Lo slip
the chain from the intake camshaft spracket, This can be dane wilh a
large scrawdriver or a prybar, or you can fabricate 2 wedge out of wood
to insert between the two runs of the iming chain to push the tensioner
rail back

12 Lopsen the bearing cap bridge bols a litde a1 & time, warking in
an order opposile that of the tightening sequence (sse lustration 7.20),
Detach the upper portion of the bearing cap bridge, then lift up the tim-
ing chain and remove the camshatts, Support the timing chaln with a
tenoth of wire to prevent it from dropping down into the iming chain
case,
= Note: Il a wedge is being used to refract Lhe fensioner, the
chain will already be supporied.

13 If the sprockets are to be removed from the camshafts, hold the
camshaft with a wrench on he hex partion of the camsnatt {between the
first two lobes), while using a socket and ralchel o loosen and remove
the sprocket canter bol,

INSPECTION

¥ Refer to (llustrations 7.15 and 7.16

14 Inspect the camshaft secondary sprockets for wear on the teeth,
Inspect the chains lor cracks or excessive wear of the rollers, Inspect
the facing of the chain tensioner for excessive wear, |f any of the com-
parents show signs of axcessive wear, thay must be replaced.

15 After the camshaft has been removed from the enging, cleaned
with sclvent and dried, inspect the bearing joumals for uneven wear,

pilling and evidence of selzure (e [l|lustration), [ the camshatl joumals
are damaged, inspect the cylinder head and the camshaft bearing caps!
bearing cap bridge.

16 Measure the lobe helght of gach cam labe an the inlake camshat;
and record your measuraments (see [lustration). Compare the meastre-
ments for excessive variations. I the Iebe heights vary more than 0010
inch (0,254 mm), replacs the camshall. Compare the lobe heighl mez
surements on the exhausi camshaf and follow the same procedure. Do
not compare intake camshalt lobe heights with exhaust camshaft nbe
heights, as they are different. Only compare intake lobes with infake
Inbes and exhaust Iopes with other exhaust |obes,

17 Check the camshaft lobes for heal discoloration score marks.
chipped areas, pitting and uneven wear. If the lobes are in good condi-
tion and if the lobe lift variation measurements recorded earlier are
within the limits, the camshatt can be reused,

INSTALLATION

¥ Refer to ilusirafion 7.20

18 0l the camshaft [obes and bearing [ournals and reinstail the
camshaits in the bearing saddies of the head. If the sprockets were nol
remaved from [he camshafts before, you can angle the sprocket down
under the timing chain as you install the camshaft, making sure the
paint marks you made align, On fype 271 engines, when you instal|
the secand camshalt, you will have to pull back on the camshaft guide
[against the preasure of the tensioner) 1o allow the chain to it over the
second camshalt (unless a wedge was used to push the fensioner back)
= Nate: On type 111 engines, il the sprockets were removed,
new bolts should be used on reassembly.

If the sprockets were removed, install them. lining up the paint marks
made belore remaval,

7.15 Check the diameter ol each camshait bearing joumnal to
pinpoint excessive wear and oul-of-round conditions

7.16 Measure the camshafl lobe height (greatest dimension)
with a micrometer
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7

19
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7.20 Camshafl bearing cap
TIGHTENING sequence - type
271 bridge shown, type 111
caps similar

13 1

14 2
©
4

16 8 12

B3040-2A-7.19 HAYNES

O@OO

20

19 Install the bearing caps (type 111 engines} or bearing cap bridge
(type 271 engines) and tighten fhe balls hand tght,

20 On type 271 engines, tighten the bearing cap bridge bolls in
several staps, to the torque listed in this Chapter's Specifications, using
the: praper tightening sequence (see lllustration]. On type 1171 engines
tighten the bearing cap bolts, a lite at a time to the torque listed (n this
Chapter's Specifications.

8 Intake manifold - removal and installation

21 On type 117 engines, install the tensiongr body, using & new
sealing ring. Tighten the tensioner body to the torgue flsted in this
Chapter's Specifications. Next, install the fensioner end piece, using
anew sealing ring, and tighten it to the torque listed in this Chapler's
Specifications

22 The remaining Installation steps are the reverse of removal

REMOVAL

1 Relieve the fuel system pressure (see Chapter 4)

2 Disconnact the cable from the negative terminal of the battery
{see Chapter 5, Section 1), Remova the engine cover, on models so
anuipped

3 Remove the air infake duct and the air lilter housing (on models
with an engine-mounted air filter housing) (see Chaptar 4)

4 Label and disconnect the PCY hose, vacuurm hoses and electrical
connactors attached o the intake manitold and thrattie body, Disconnec)
the alectronic throttle control (ETC) system connector from the throttle
body {see Chapter 4)

5 Remove [he two bolts securing the fuel rail to the intake manitold
than carefully pry the Injectors up and oot of the manifeld,

6 Remove tha intake manifald bolts, Remove the intake mamifold
and lhe paskel.

= Note: You may have to remove some clamps on the enging
wiring harness to provide enough room for the manilold to be
removed.

INSTALLATION

i Clean and inspec! (he Infake manifold to cylinder head sealing
surfaces. Inspect the gasket for tears or cracks, replacing the gasket if
necessary, The gasket can be reused il isn't damaged.

B Position the intake manifald ont [he enging, making sure the
gasket and manifold are aligned correctly over the cylinder head dawels
Tighten the manifald bolls to the torque listed in this Chapters Specifi-
cations,

9 Install the fuel rall and injectors onto the manifold (see Chapter 4).

10 The remaining Installation steps are the reverse of remaval, Run
the englne and check for fuel, vacuum and coolan| leaks,
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9 Exhaust manifold - removal and installation

The engine musl be completely cool before beginning this pro-
cedure,

REMOVAL

¢ Reler to illusiration 9.7

1 Disconnect the cable from the negative terminal of the baltery
(se= Chapter 5, Section 1),

2 Block the rear wheels, set fhe parking brake, raise the front of the
yahicle and support [t securely on jackstands. Disconnect the down-
shream ciygern sensos connecions (see Chapter B).

3 Remove lha engine lower splash shield,

4 Unbolt the exhaust pipes at the exnaust manifolds (see Chapter 4).
5 Lower the vehicle. Warking in the engine compartment, discon-
nect the oxygen sensor's electrical connector

6 It equipped, remove the exhaust manitald heat shigld mounting
Lol and remove the heat shield

7 Remave the mounting balts and detach the manifold from e oyl-
indder head (see ilustration), Be sure 10 spray penetrating lubricant onto
the belts and (hreads befors attempting 1o remove them

INSTALLATION

8 Clean the mating surfaces to remove all fraces of old gasket
material, then inspact the manifold for distortion and cracks, Warpage
can be checked wiin a precision stralghtedge held against the mating
Hanpe, It a feeler gauge thicker than 0.030-inch can be Insared between
the straightedge and flange surface, take the maniiold Lo an automotive

maching shop for resuracing

B Place ine exhaust manitold in positicn with 2 new gasket and
iristall the maounting bolts tinger Hght,
= Nole: Be sure to identify the exhausi manifold gaskels by the
correct cylinder designation and the position of the exhaust
ports on the gaske!,

10 Starting In the middie and working oul loward 1he ends, lighten
the mounting bolts in several increments, 1o the forque lised in this
Chapters Specifications

11 Install the rernairing companents In the evarse order of removal.

12 Slart the engine and check for exhaust leaks between the manifold
and cylinder head and betwaen the manitold and exhaust pipe,

9.7 Exhaust manifold bolts {nol all are visible here) - upper
arrow indicales heal shield

10 Cylinder head - removal and installation :

5t WARNING:

The engine must be completely cool betore beginning this pro-
cedure,

REMOVAL

1 Disconnect the cable from the negative terminal of the battery
(see Chapter 5, Section 1),

¢ Hemove the enging cover|s), on models so aquipped

3 Drain the cooling system and remove the water inlel at the cylin
der head front cover (see Chapter 3)

4 Disconnect the electrical connector(s) at the camshaft solencid{s)
o e front cover, then remove the front covar bolts and the caver,

5 Tag and disconnect the engine hamess glectrical connectors and
clamps securing the harmess,

B Remove the valve cover (see Section 4),

T Remove the intake manilold (see Section ),

& Remove the exbaust manifeld (ses Section 9)

9 Remoye the camshafts and sprockels (see Section 7)

10 Ontype 271 engines (2003 and latar models), remove the rocker
arms-and hydraulic lash adjusters from the cylinder head {see Section
5). Before the rocker arms and lash adjusters are removed, arrange to
label ard store them, so they can be kept separate and reinstalled on
fhe same valve fram which ey warg removed,

11 Labal and ramove any remaining items attached to e cylinder
hiead, such as coolant fittings, ground straps, cables, hoses, wires o
brackets

12 Using a breaker bar and the aporopriate sized sockel, loosen the
cylinder head Balis in 14-tarn increments antil they can be removed by
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10.23a Cylinder head bolt TIGHTENING sequence - 2002
models (type 111)

fand. Loosen the holls in the reverse order of the lighiening sequence
[sag illusrations 10.23a and 10.23b) to avoid warping or cracking the
head,

14 Litt the cylinder head off the engine block with the extaust mani-
fold attached. If oS stock, very carefully pry up at the fransmission end,
bevand 1he pasket surtace, at & casting protrusion, Aller removal, set the
head an wood Blocks,

14 Remave all external componants from the cylinder head 1o allow
ior therough cleaning and inspestion belora having the eylinder head
serviced at & gualified automotive machine shop.

INSTALLATION

¥ Refer to llustrations 10.23a, 10.23b and 10.23¢

15 The mating surfaces of the cylinder head and block must be per-
fectly clean when the head is installed

16 Use a plastic abrasive pad to remove all traces of carben and old
gasket material from the cylinder head and engine block being careful
not fo geuge the aluminum, then clean the mating surfaces with brake
system cleanar If thare's oil on the mating surfaces when the head 15
nstalled, Ihe gasket may nol seal carrectly and leaks could develop.
When working an the block, stuff the eylinders with clean shop rags to
kenp out debris. Use & vacuum cleaner to remove matarial that falls into
the cylinders

17 Use a fap of the correct size 1o chase the threads in the kead boll
noles, then clean the holes with compressed air - make sure that noth-
ing remairs in the holas

s WARNING:

Wear eye proteclion when using compressed airl

18 Check sach cylinder head bt for stretching by measuring (he
tengih of the bolt from below the head to the tip, comparing your mes-
suremerts with the values listed in this Chapter's Specitications. Bolts
that exceed the maximum lergth must be replaced.
= hote: Due 1o the work involved, it's a good idea to replace the
head holls with new ones regardiess of the measurements.

19 Install the components that were remaved fram the Read

10.23b Cylinder head boll TIGHTENING sequence - 2003
through 2005 models (type 271)

10.23c Use an angle pauge to tighten the bolls the specified
number of degrees

20 Positicn the new cylindar head gasket aver the dowel pins on the
biock, noting which direction cn the gasket taces up.

21 Carstully set the nead over the dowels an the block without dis-
turbing the gasket

2?2 Betore installing (he head hoits, apply & smalt amaount ¢f clean
enging oll to the thieads and under the bolt heads,

23 |nstall the belts in their criginal locations and fignten them finger
tighl. Then tightan all the bolts In several steps, following the proper
seruence (see fllustrations), to the lorque lisked in this Chapter's Speci-
fications,

24 Tighten the cylinder head-to-timing chain cover bolts to the
tergue listed in this Chapter's Specifications.

25 Install the cam followers (type 111) or lash adjusters and rocker
arms (type 271) in the cylinder head (see Section 5), then install the
camshatts as described in Section 7

26 The tamalning Installation steps are the reverse of removal, When
reinstalling the water autlet to the cylinder head front cover, install a
riesw D-ring.

27 Refill the cooling system and change the engine ail and filler (see
Chapter 1)

28 Start the engine and cheack for ofl and coolant leaks,




2A-10 FOUR-CYLINDER ENGINES

¢ Refer to llustration 11.5

1+ Disconnect the cabilg from the negative terminal of the battery
[52a Chapiar 5, Section 1)

2 Hemave the enging lower splash shield (see Chapler 1),

3 Remove the drivebell {ses Chapter 1) and position the bell
tensioner away frem the crankshalt pulley,

4 Remava the air Infake duct from the supercharger (see Chapter 4),

& Remove the crankshai pulley cantar boll. The crankshal canter
boit Is tightened o a high forgue, so a secure means of holding the
crankshaft from turning is requirec. The best method is to remove the
starter and position & tool against the ring gear teeth, while an assistant
ramives the pulley bolt. Note that there are several dished washers
wehind the center bolt, keep track of their order and position (sea illus-
tration)

B Pull the damper off the crankshaft with 2 two-jaw puller. The faws
should face autward and clamp inside the holes in the damper. not on
e ouler edge of the puliey,

T Check the surface on the pullsy hub that the ol seal rides on, If
the-surface has been grooved (rom Jong-time contact wilth the seal, a
new pulley will be reguired.

B Make sure the Woodruft key is in position in its groove on the
nose ol the crankshalt, Lubricate the pulley hub with clean englne ol
and reinstall the crankshaft pullay,

11 Crankshaft pulley - removal and installation

8 Apgplya film of clzan engine oll to the thieads ol the crankshaf
pulley Bolt, and to the washers. Install Ihe crankshalt pulley retaining
bolt and tighten it o the lorgus listeo in his Chaplers Specifications,
As with remaval, an assistant 18 helplul during Instaliation and tighten-
g ol the center bolt

10 The remalnder of instalfation is the reverse of the removal

11.5 Keep track of the order and position of the dished
washers when remaving the crankshalt pulley center holl

12 Crankshatt fronl oil seal - replacement

¢ Refer to illustrations 12.2 and 12.4

| Remove the cranksnatt pulley/damper fram the engine (328 Sec-
tion 11)

2 Carefully pry the seal aut of the cover with a seal retmoval tool or
d large scrawdriver {see [lustration),

2 CAUTION:

Be carelul not to scraich, gouge or distorl the area that the seal
fits into ar an oil leak will develop.

3 Clean the bora to remaove any old seal material and corrosion,

Position the new seal in the bore with the seal lip (usually the side with
the spring) facing IN {loward ha enging). A small amaount of oll applied
10 the odter edoe of the new seal will make instaltation easier

4 Drive the seal Into the bara with a seat driver or a large socksl
and hammer until it's completely seated (s28 illustration), Select @
sacket that's tne same oulside diameter 45 the seal and make sure the
new seal Is pressad into place sguarely untll it bottoms against the
cower flanga

5 Lubricate the seal lips with engine oll and reinstall the crankshaf
pulley {see Section 11,

G The remainder of installalion is the reverss of removal Aun the
enging and check tor oil leaks,

12.2 The seal can be removed carefully with a seal tool or
large screwdriver - don't nick the cover

12.4 A seal driver or an appropriate-size socket can be used
when tapping in the new seal
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13 0il pan - removal and installation

REMOVAL

{  Disconnest the cable from the negative terminal of the battery
isee Chapie: b, Sectlon 1), Remove the engine oif dipstick

2 Apply the parking brake and block the rear wheels. Raise e front
of (he vahicle and place It securely an jackstands. Remave the engine
cwer splash shietds (see Ghapter 1),

3 Draln the enaing oil and remove the oil filtar (see Chapter 1),

4 Suppart the engine fram above with an engine suppart cracle.
Remave (he enging mount-io-subirama bolts and [ower the subframs
with a lransmission jack.

Chain the subirame lo the transmission jack o prevent il Irom
falling olf.

5 Detach any clips securing tha transmissian ail coaler lings 1nat
wiould irteriess with remaval of the oll pan (ses Chapter 3)
& [iecannect the oil sersor connectos at the-oll pan
Remove the ol pan maounting bolts, then carefully separate the oil
pan fram the block. Don't pry betwean the block and the pan or damags
to b sealing surfaces could coeur and ol leaks may develop, Instead,
pry at the casting profrusion at the front of the pan,

= Note: There are various sizes of bolts securing the oil pan.
Draw a skeich of their original locations for later identification,

INSTALLATION

8 Clean the pan with solvent and remove all old sealant and gaskel
material from the Block and pan mating surfaces. Clean the mating
surfaces with brake systern cleanar and make sure fhe bolt holes In
the block are clear, Check the ofl pan flange lor distortion, particularly
around the ball hales,

9 Apply 8 bead of ATV sealant to the oil pan rall parting lines-at the
ront cover and at the rear main ofl seal retainer, Instatl the gasket on
the block,

10 Place the ofl pan in position on the Block and install the nuts/
bilis.

11 Afer the fasterers are Installed, tighten them fo he forogue
listed in this Chapter's Specifications. Starting at the center, follow a
criss-cross pattarn and work up o the final torqua in thres steps

12 Raise the subframe and attach the enging maunl bolts, steering
qear and subframe-to-body bolts (e Ghapter 10}

|4 The remaining steps are the reverse of the remaval procedurs

14 Refill the engine with oif (ses Chapter 1), replace the filter, run it
urtil narmal operating temperature |5 reached and check for lsaks.

14 0il pump - removal and installation

REMOVAL

| Remove the il pan (see Seclion 13).

2002 models (type 111 engines)
¥ Reder o illustration 14.3

2 Rotate the enging to TDC for number 1 piston(see Sactien 3),
bake matching paint marks on the chain and he ol pump Gear,

3 Reach up on the lefl sice of the chain and push on the all pump
chair's tensioner, until you can release fhe chain from the ot pump
sprockst (see (llustration).

4 Remave the all pump pick-up tube from the pump an the one
bolt at the maln bearing cap

5 Femove the halts securieg the ofl pumg housing to the bottem of
the engine block,

14.3 Push agains! the ol pump chain tensioner and slip the
chain fram the pump sprocke!
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2003 and later models (lype 271 engines)

6 Ontype 271 engines, the oil pump 15 bolted to the rear of the
balance-shalt assembly. The balance shall assembly does nol have 1o
be removed, and the drive chain does nol have o be dislurbed. Simply
remove the cover and access [he oil pump gears

7 To remave the drive gear, look under the rignt side of the balance
shaft assembly and yau will see a hex section an the balance shaft
Hold this with a wrench while unbolting the oll pump drive gear.

& Remove the balts securing the pumgp housing to the balance shaft
assembly. One of the bolls Is only accessible after removing the ofl
pum drive gear.

& Gantly pry the ail pump housing outward encugh to clear the
dowel pins on the engine block and remove it from the engine,

15 Flywheel/driveplate - removal and installation

INSTALLATION

10 Pack the pump with petroleum jelly to prime |1, Assemble the
oil pump and tighten all fasteners to the torque listed in this Chapter’s
Specifications

11 On type 117 engines, push back the chaln tensiarer and slip the
chain back an the all pump drive sprockel, making sure the paint merks
match up

12 The remaining steps are the reverse of the removal procedure,

13 Refill the engine with oil (see Chapter 1), replace the filter, rwn
the engine until normal operating temperature s eached and check for
|eaks

# Refer Lo lllugiration 15.3
1 Remaove the transmission (see Chapter 7)

et WARNING:

The engine mus! be supported from above with an engine hoist
or an engine support fixture before working undemeath the
vehicle with the trangmission removed.

¢ Now would bea good time to check ard replace fhe transmission
front pump seal on modals with automatic trangmissions. On manual-
shift models. this is-a good time to inspect and/or replace the clulch
components (see Chaptar 8),

3 Use paint or a center-punch fo make allgnment marks on the
driveplate and crankshafi tn ensure correct alignment during reinstalla-
tion (see ilustration).

4  Remove ihe balts that secure the driveplate to the crankshatt,
| ihe crankshaft tums, [am a large screwdriver o prybar through the
driveplate to kesp the crankshalt from turming, then ramove the maount-
Ing bolls and boll plate.

5 Pull straight back on the driveplate ta detach il from the crank-
shaft.

sk CAUTION:

It removing a Nlywhes! on @ manual transmission-equipped
vehicle, wear gloves, as the flywheel is heavy and the teeth ol
the ring gear can be sharp.

B When instatling, be sure Lo align the marks made pelor o
removal, Usza thread-locking compound on the bolt threads and fighten
them to the specified torque In a criss-cross patkemn

7 The remaining steps are the revierse of the removal pracedure,

15.3 Before removing the flywheel bolts, make marks on the
flywhee! and crank flange for alignment
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¥ Reder 1o lllusiration 16.4

1 A madels use 2 cne-piece rear main oll seal which is instalted in
aboft-on housing. Replacing this seal reguires removal of the transmis-
sion and driveplae. The rear main szal and housing are serviced as one
compiete assembly. This procedure will requine several special tools

¢ Hamaove the transmission (see Chapter 7) and the oil pan (see
Saction 13

4 Remave the driveplate (see Section 15)

4 Femove the rear maln il seal housing Bolts and the housing (ses
[ustratinn}

5 Install the rew ofl seal housing onto the crankshaft using a spe-
Gial guide 1aal,

§  Orce the oil seal housing is atached and bolts slightly tight,
install & special alignment tool that centers the seal over the crankshaft,
T While pressing the oil seal housing evenly, tighten the oil seal
housing retainar bolts to the terque listed in this Chapter's Specifica-
tinns. The housing must be Hush with the plane of the ofl pan mating

surface of the block to prevent oll leaks

& The remrainder of installation is the reverse of the removal procedure, 16.4 The rear oil seal and retainer are replaced as a unit

17 Engine mounts - check and replacement

1 Thare are three powertrain mounts, [sft and rignt enging mounts cradie that raises the enging from above. These can ba rented at most
attached to the engine Diock and fo the sublrame and a rear mount taol rental shops
attached to the transmission and the sublrame. Reler o Chapler 7 far
check and rmplacement procedures for the transmission mounl, s WARNING:
CHECK DO NOT place any part of your body under the engine when it's

i supported only by a jack!

2 During the check, the engine must be raised stighlly o remove _ . _
the wiright fram he maunts, 4 Check the mounts 1o see if the rubber is cracked, hardened or

4 Rajse the vehicle and support it securely on jackstands. Remove separated from the metal plates, Sometimes the rutiber will split right
the frent wheels and tires. Position two jacks, one under the crankshat down he center,
puliey and the other under the transmission bellhousing. Place a black 5 Check for relative movement between the maunt brackets and
of woad between the fack nead and the crankshaft pulley or bellhousing,  the enqine of sublrame (use a large screwdriver or prybar o atimpt 1o
then caretully ralse the engineftransmission just E-ﬂﬂ[jgh toy take the move the maunts), It movernent i3 noted, lower the ANging and tighten
weinht off the mounts. The salest method is o use ar enging suppart fhe: mount Iﬂﬂler_mrs_

REPLACEMENT

# Reler to illustration 17.9

i Disconnect the cable from the negative terminal of the battery
isee Chapter 5, Section 1) then ralse the vehicle and suppart It securely
on jackstamds,

7 Remove the enging splash shield {see Chapter 1),

B Remove the bolts holding the enging mount 10 the sublrame.

5 Raise the engine until the engine mount bracket clears (he sub
frame, then remave the bracket-to-maunt bolt from above (see [llustra-
tiom,

10 Remave one engine mount and replace it with-a new one, then
replace the other frant mount. Install the bolts, then lowsr the engine.
Tighten the balis 1o the torque listed In this Chapter's Specifications.

17.9 Engine brackel-to-mount boll
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Specificalions

General

2002 (type 111)
Displacemeant
Barg
Siroke
Cylinder compresslon pressure
Minimum
Maximum variation between cylinders
2003 and later (type 271)
Displacement
Bore
Shrake
Cylinder compression pressure
Minimum
Meximum variation between cylinders
il pressure (minimum, wam engine)
Idle
2000 pm
Firing order
Cylinder head bolt langth (masimum)
2002 (type 111)
2003 and later {type 271)

140 cubic inches (2.3 liters)
3.58 Inches (90,9 mm)
3.48 inches (B8.4 mm)

17410 217 psi
22 psi

110 cubic inches (1.8 liers)
3.23 Inches (820 mm)
3.35 Inches (85.0 mm)

142 psi
15 psi

8 psl
25 psi
1-3-4-2

413 inches (108 mm)
6.6 inches (1675 mm)

FRONT
OF
VEHICLE

eRes®

Cylinder identification diagram

Torque specifications

Ft-lbs (unless otherwise indicated)

=HNate: One foot-pound (ft-Ih) of torque is equivalent to 12 inch-pounds (in-1bs) of torque. Torque values below approximately 15 H-lbs
are expressed in inch-pounds, since most foal-pound torque wrenches are not accurale at these smaller values,

Camshat sprocket balts
Step 1
Step 2
Camshaft adiuster-to-camshaft center balt
Step 1
Step 2
GCamshaft bearing cap bolts
Crankshaft pulley/damper boll
2002 (type 111
2003 and fater (lype 271)
Stap 1
Stap 2
Cylinder head bolts
Step 1
2002 (type 111)
2003 and later (type 271)
Step 2
Siep 3

177 in-lbs
Tighten an additional B0-tegrees

44 in-log
Tighten an additional 90-degrees
16

2e1

144
Tighter an additional 90-degreas

1
33
Tighten an addilional S0-degrees
Tighten an additional 90-tegrees

il

tn

45
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Torgue specifications (continued)

Fl-lbs (unless otherwise indicated)

=Note: One fool-pound (H-1b) of forque is equivalent to 12 Inch-pounds (in-1bs) of torque. Torgue values below approximately 15 fi-lbs
are expressed in inch-pounds, since most fool-pound torque wrenches are not accurate at these smaller values.

Cylinder heac-to-timing chain cover bolts
2002 (bype 111)

Step 1 154 in-Ibs 18
Step 2 Tighten an additional 90-degrees
2003 and later (type 271} 177 in-ibs 20
Drivebelt tznsioner 22 an
Driveplate bolis
atep 1 LR 45
Step 2 Tighten an additional 50-degress
Exhaust manifold bolts 15 20
Enging front mount-fo-crossmember bolts 26 a5
Engine front mount bracket-to-enging bolts ) 50
Intake manifold balts 15 2
0il pan balts
G-rim bolls 71 in-Ibs B
B-mm biolts 15 20
Oil pan drain plug See Chapler 1
Oil pump maunting bolts 15 il
Ol pump tube o main cap bolt 35 In-Ibs 4
Hear main oil seal refainer bolts a6 in-Ins 10
Timing chain cover bolts 18 25
Timing chain tensioner
2002 (lype 111)
Tensloner body 54 a0
Tersioner end plece 26 40
2003 and Jater (ype 271) 26 i
Yalve caver bolts BS in-lbs 10
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Notes



Section

10
i
12
13
14
15
16

General information

Repair operations possible with the engine in the vehicle
Top Dead Center (TDC) for number one piston - locating
Valve cover(s) - removal and installation

Timing chain - replacement

Camshafts - removal, inspection and installation

Intake manifold - removal and installation

Exhaust manifold(s) - removal and installation

Cylinder heads - removal and installation

Crankshaft pulley - removal and installation

Crankshaft front oil seal - replacement

Qil pan - removal and installation

0il pump - removal, inspection and installation
Driveplate/flywheel - removal and installation

Rear main oll seal - replacement

Engine mounts - check and replacement

Reference to other Chapters

CHECK ENGINE light on - See Chapter 6

Cylinder compression check - See Chapter 20

Drivebelt check, adjustment and replacement - See Chapter 1
Engine - removal and installation - See Chapter 20

Engine oil and filter change - See Chapter 1

Engine overhaul - general information - See Chapter 2C
Spark plug replacement - See Chapter 1

Water pump - replacement - See Chapter 3

28

V6 ENGINES




2B-2 V6 ENGINES

1 General information

This Part of Chapter 2 is devoted to In-vehicle repair procedures for
the 2460, 0L, 3.2L and 3.50 V6 engines. These enainas utilize an alu-
minurm block with slx cylindars arranged ina Y. The overhead camshall
aluminum cylinder heads are equipped with replaceable valve gulides
and seats, On 2005 and earlier madels itype 112 engines) the design
i5 & single overhead camshiaft (SOHC) on each cylinder head. Aoller
recker arms mounted on two shafls in each cylindsr head are actuated
by the camshaft and in Lim operate fe valves. These engines have
three valves per cylinder, ong exkaust and two Intakes

2006 and later models (lype 272 engines) have dual overhead cam-
shafts (DOHC) on each head, which directly operate the valves without
rocker arms. These engines have four valves per cylinder, two intake
and two exhaust,

Information concerning engine removal and installation and engire
overhaul can be found in Part C of this Chapter. The following regair
precedures are based on the assumption the engine Is installed in the
vefiicle. Ifthe engine has been removed from the vehicle and maurnted
on & stand, many of the steps oullined in this Part of Chapter 2 will nat
apply.

vehicle

2 Repair operations possible with the engine in the

Many major repair operalions can be accomplished withoul ramay-
ing the engine from (he vehicle,

Clean the engine comparimeant and the extericr af the enging with
same type of degreaser Lefore any work is done. IV make the job easier
and help keep dirt out of the Inferral areas of the enging.

Depending on 1he companants invelved, il may be helpful to remove
the hood te improve 2ccess to the engine as repairs are parformed (see
Chaptar 11 if necessary). Cover the fenders ta prevent damage to the
paint: Speclal pads are available, but an old bedspread or blankel will
also wark

Il vacieum, exhaust, ofl or coolant leaks develop, indizating 2 need
for gaskel or seal mplacement, the repairs can generally be done with
the enging in the vehicle, The intake and exhaust manifold gaskets, tim-
ing bit cover gasket. oll pan gaskel, crankshall oil seals and cylinder
head paskets are all accessible with (e engine in place,

Exterior engine companents, such as the intake and exhaust mani-
folds, the oil pan (and the oil pump), the water pump, the starter motar,
the alternatar and the fuel system companents can be removed far
repalr with the engine in place,

Since the eylinder heads can be remaved withaul pulling the engine,
valve component servicing can also be accomplished with the engine in
the vehicla, Replacement of the camshafts, iming belt and sprackets is
dlso possible with the engine in the vehicle, although the cylinder head
must be removed from the engine to remove the camshalts

In extreme cases caused by & lack of necessary squipment, repair o
replacement of piston rings, pistons, connecting rods and rod bearings
is possible with the engine in Iha venicle. However, this practice is nof
recommended because of the cleaning and preparation work that must
bie done to the campaonents involved,

3 Top Dead Center (TDG) for number one piston - locating

1 Top Dead Center (TDC) is the highest point in the cylinder that
each piston reaches as |t travels up the cylinder biore, Each piston
reaches TOC on the compression stroke and again on the exhaus!
stroke, bul TOC generally refers fa piston posltion on the compression
strake,

2 Positioning the piston(s) at TOC 15 an essential parl of certain
procedures, such as camshatt and fiming chaindsprocket remaoval,

4 Belore beginning this procedue, be sure to place the fransmis-
slen In Park (autcmatic) or Meulral (mancgal) and apoly the parking
brake or block the réar wheels. Disable (he ignition system by discon-
necting ihe primary electrical copnectors al the ianition coil packs, then
remove the cail packs and spark plugs (see-Chapter 1), Alsc disable the
gl system (see Chapter 4, Section 2):

4 An order te bring-any piston to TOG, the crankshaft must be

turned using one of the metheds cutlined below, When looking at the

front of the enging, normal crankshaft rotation is clockwise.
al The preferred method (5 fo o he grankshalt with 2 socks! and

raichel attached 1o the bolt Mreadad o e frond of the erank-
shatt, Turn the bolt in @ clockwise diractian.

A remota starter switch, which may save same fime, san afso be

uzad Follow the tnstrockions includead with the switah, Onca the

piston Is close to TOE, use a socket and ratche! a5 describad in
tha previous paragranf,

) Ifan assistant (s avaiable o turn the fgnition switeh o e Start
position in short Bursts, you can get the piston clase fo TOO
withaoin 4 remole starter swifch), Make sure vour assisiant 5 ool of
the vahicle, away from fie ignition switah, (hen use & socke! and
rafchet a5 described i Paragraph al io complele the privedre,

1

—_—



5 Install @ compression prassure gauge in the number one spark
plup hole (se2 Chapter 200, I should be a gauge with a screw-in fitting
and a hose al least six inches long.

f Rotate the crankshaft using one of the methoss described above
while observing for pressure on (e compression gauge: The moment
the gauge shows pressure indicates thal the number one cylinder has
begun the compression siroke.

7 Onca the compresslon stroke has begun, TOG for the compres-
slon stroke (s reached by bringing the piston to the top of the cylinder.

& Continug wurning the crankshaf until the TOG notch n the crank-

shalt damper I aligned with the pointer an the front cover (mark "C" In

V6 ENGINES 2B-3

ilustration 6.2). Al this paint, the number one cylindar is at TOC on the
compression stroka, 1T the marks ase aligned but Nefe Was no compras-
sion, the piston was on the exnaust stroke. Continue rafating e Crank-
shafl 360-degraes (1-turn)

9 After the number one pistan has been posilionac at TOG on the
compression stroke, TOO for any of the remaining cylinders can be
Ipcated by turning the crankshaft 120-degreas at a time and following
the firing order (refer to the Specificalions), Rotating the engine 120-
degraes past TDC na, 1 will put 1he engine al TDC compression lor
oylinder no, 2,

4 \Valve cover(s) - removal and installation

REMOVAL

# Refer to illustrations 4.5, 4.7a, 4.7h, 4.7c, 4.8a and 4.8b

| Disconnect the cable from the negative ferminal of the batlery
(see Chapter 5, Section 1).

2 Rater o Chapter 4 and remaove he engine cover/air filter assem-
bly,

.-

3 Remaove e lanition coils {see Chapter 5)
= Note; Tag all the connectors and spark plug wires to simplity
reassambly.

4 0 the right bank, unbelt the cll dipstick tube from the bracket at
the rear of the cylinder head,

5 Disconnect the PCV hoses from each valve cover (see illustra-
tian)

6 On modets with a dgid fuel line attached to the fuel rail, the line
must b2 disconnectad, Refer o Chaoter 4 and note the Cautions and
fuel pressure rellef procedure,

7 On 272 model engines (2006 and fater), remove the connectors
and fasterers securing the engine hamess assembly fo the right valve
cover {see illustration), and also remove the camshalt cover from the
frant of each cylinder head/valve cover (see illustration). Remove the

miaunting biolts for the round centrifuge cover at the rear of the right
valve cover, then remaove the center balt and the centrifuge (sea ustra-
tien), Have rags handy to catch all that will drip cut when the cover Is
removea,

4.5 PCV hoses at the valve covers (2005 model shown,
others similar)

4.7a Engine harness at right valve
cover on type 272

4.7b Tag and disconneci the hoses
and connectors at the camshafi front
cover, then unbolt the camshail cover
{2006 and later models)

4.7c Al the rear of the righl valve
cover an 2006 and later engines,
disconnect the air hose (A}, and
remove {he cenirifupe mounting bolis
(B, all bolts not visible here}
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=Nole: The cenfriluge-lo-camshaft bolt is a leH-hand thread.

B Remove the valve cover bolts (see [llustrations), Nate the loca-
tians of any stud bolts so they can be reinstalled in their proper loca-
tions

9 Delach the valve cover,
==Note: If the cover sticks to the cylinder head, use a block of

wood and a hammer 1o dislodge . I the cover still won't come
loose, pry on il carefully, but donl distort the sealing flange.

INSTALLATION

¥ Refer to illustrations 4.10a and 4.10b

10 The maling surfaces of each cylinder head and valve cover must
be perlectly clean when the covers are Installed, Inspect the rubber gas-
kets, If they're In good condition and Lhare wire no ail leaks; they can
he re-usec (5ee (llustration). On 272 type engines (2006 and later), ATV
sealant must be used in several locations under the valve cover (5ee
(Mustration). Install the valve covers within 10 minutes of applying the
sealant,

11 Clean the mounting bolt theeads with a die {if nacessary) to
remoye any corosion and restore damaged Lhreads, Use a tap fo clean
the threaded holes in the heads

e ———————————— ]

12 On 2005 and earlier models, place the valve cover and new gas-
ket in position, then install the bolts. Tighten the bolls & little at 2 time
to the torgue listed in this Chapter's Specifications.

13 On 2006 and later models, place the valve cover and new gasket
in position, then install the bolts. Tighten the balts, In two stages and
In the correct sequence (see Illustration 4.8b), to the torque listed in
this Chapter's Specifications. Reinstall the centriluge o the camshatt on
the right valve cover, aligning the dowel pin to the hole, and Highten the
Bolt to the torque listed in this Chapter's Specifications. Inspect the seal
In the center-of the centrifuge cover befare installation and replace it if
Necassary.

14 The remaining installation steps are the reverse of removal. Starl
the engine and check carefully for il leaks.

17
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4.8b Valve cover bolt locations and tighlening sequence
{2006 and later models)

4.10a Clean and inspect the rubber valve cover paskels -
they can be reused if nol cracked or damaged

4.10b Areas of ATV sealant application - 2006 and
later models
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5 Timing chain - replacement

[his repair procedure requires several expensive special tools.
Because of (he difficulty of this repalr procedure and the necessary

snecial tools, it s recommended to have the timing chain replagad by a
dealer zarvice department or other qualified automative repair facility,

6 Camshafts - removal, inspection and installation

REMOVAL

2001 through 2005 (112 model engines)
¥ Refer 1o illustrations 6.2, 6.4, 6.6a, 6.6h, 6.6¢, 6.6d and 6.8

Femove the spark plugs (see Chapter 1) and (he valve covers
(5ee Section 4)

= Nole: On dual-plug engines, only one spark plug per cylinder
nead he removed,

2 Selthe engine ta TDE compression tor cylinder number ane (ses

Section 3), Using a sockat and breaker bar on the crankshat pulley bolt,
continue to rotate the engine until the 40-degrees after TDC mark (on
the crankshaft pulley) for eylinder number ona lines up with the pointes
an e enging (ses illustration),

3 Remove the atternator {ses Chaptar &),

4 Remove the timing chain tensioner fram the right side of the
block [zee ilustration)

& Disconnect and remove the camshalt position sensaor (see Chap-
ter &)

6 Secure the timing chain to the camshatt sprocket with plastic
cahle-ties (ses lustrations)

G.2 Setihe lype 112 engine 1o 40-degrees atlar TDC - here the
40-degree mark (A) is lined up with the pointer on the engine
(B). Note thal the TOC mark (G} is well past the poinfer

.4 Remaove the timing chain tensioner from the right side of
the timing chain case

ii.6a Timing chain and camshatt iming mark details - right
camshalt sprockel. Note thal the sprockel timing mark (A) is
aligned with the cenier of the copper-colored link (B), C is
the master link thal will be removed with the chain tool

6.6b Lefl camshaf sprocket timing mark and copper-
colored link
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6.6c Type 112 timing marks:
The colored links of tha chain
align with marks on the cam
sprockets (A) as well as at the
bottom of the balance shafi
sprocket and crankshaft sprocket
{C). (B) are the notzhes in the
camshafis which must align with
the cylinder head surface (and
point inward)

6.6d Secure the fiming chain to the camshafi sprocket with
cable-ties

7 Hold the camshatt with an open-end wrench on the hex partion
and remave the sprocket bolt, Remove the sprocket from the camshaft,

8 Loosen the camshaft bearing cap-bridge/rocker assembly mount-

ing boits in the reverse of the tightening sequence (see [Hustration),
Remove the balts and the bridgefrocker assembly,

9 Caralully remove the camshaft from the eylinder head, pulling it
straight up out of the bearing saddies

2006 and later (272 model engines)
# Refer to illustrations 6.16a, 6.16b and 6.17

10 Remove the spark plugs (see Chapter 1) and the valve covers
[see Section 4).

=Note: On dual-plug engines, only one spark plug per cylinder
need be removed.

11 Set the engine to TDG compression Tor cylinder number one {see
Section 3}, Using a socket and breaker bar on the crankshalt pulley bolt,
cantinue to rotate the engine until the 40-degrees after TODC mark (on
the crankshaft pultey) for cylinder number one lines up with the painter
an the engine.

12 Unboltand set aside the air pump shutoff valves at gach camshaft
front cover, but do not disconnect the air hose attached to the aif pump
switchever valve at the right camshaft front cover,

13 Remove the vacuum pump at the rear of the enging, If equipped,
14 Mark and disconnect the electrical connectors at the camshaft
position sensors and camshaft solencids, then remave the two camshat

position sensors from the front cover (see Chapter §),

15 Through the hales wherg the CMPs were located, you shauld
be able fo see the marks on the pulse wheels of the sprockets (circular
markings) line up directly in the center of the CMP holes,

16 Aemove the front cover,



sz CAUTION:

When prying off the camshatt front covers, use a square tool
only, and only in the area with two opposing llanges &t the top.
The three sets of marks on the camshait adjusters/sprockets
should align (see ilustrations). Also note the marks on the
backside of the camshait adjuster/sprockets that align with the
colored link an the timing chain (zee illustration).

17 Instail 2 3 mm punch i the alignment hole of the exhaust cam-
shaft adjuster/sprocket (see illustration).
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18 At the front of each camshaft to be removed, Ioosen the nut for
the center valve in the middie of the adjuster/sprockel.

=HNole: The exhaus! cam center valve nuis have left-hand
threads (turn them clockwise to loosen).

Use & Torx tool &t the rear of the camshafl to hold it while the center
valve nut is lopsened,

»=HNote: The alignment pin on the exhaust puise wheel is under
considerable pressure during tightening of the center valve, so
the manufaciurer recommends that when the exhaust camshaft
adjuster/sprocket is removed for service, a new pulse whaeal
should be used on reassembly.

19 After the exhaust camshaft is removed, secure the ming chain
1o keep It from falling once the intake camshafl is removed, The intake
camshaft sprocket can be left on the enging secured o the timing chain.

6.8 Camshafi cap/bridgefrocker assembly bolt
TIGHTENING sequence

6.16a Aligpnment of the camshafi sprockets

(8]
[ B30:40-24s- 5 280 HAYNES|

[63020-28-5.26 HAYNES |

B.16b The colored link on the chain aligns with the marks on
the backside of the infake cam sprocket

6.17 Belora removing the timing chain, inser! a punch in the
exhaust cam adjuster/sprocket




2B-8 V6 ENGINES

INSPECTION

b Refer to illustration 6.21

20 After the camshaft has been removed from the engine, cleaned
with sulvent and dried, inspect the bearing journals for uneven wear,
pitling and evidence ol seizure, If the camshaft journals are damaged,
Inspect the cylinder head also,

21 Measure the lobe height of each cam lobe on the intake camshalt
and record your maasurements {see fllustration), Compare the mea-
surements for excessive varlations, Standard measuremeants should be
within 0.007 ingh (0,025 mm). If the lobe heights vary more than 0.010
inch (0.254 mm), replace the camshalt. Gompare the lobe height mea-
surements on the exhaust camshatt and follow the same procedure. Do
not compare intake camshatt lobe heights with exhaust camshaft lobe
heinhts, as they are different. Only compare intake lobes with Intaks
lahes and exhaust lobes with other exhawst lobes,

22 Check the camshafl lobes for heat discoloralion, score marks,
chippad areas, pitting and uneven wear, If the lobes are in good condi-
tior and It the lobe il variation measurements recorded earlier ara
within the limits, the camshaft can be reused,

INSTALLATION

23 Lubricate the camshaft bearing journals and cam lobes with cam-
shatl Installation lube
74 On 2006 and later models (type 272 engines), install new pulse

7 Intake manifald - removal and installation

2001 THROUGH 2005 (112 MODEL ENGINES)

# Refer to illustrations 7.3 and 7.7

1 Relieve the fuel system pressure (see Chapler 4), then disconnect
the cable from the negative terminal of the battery (see Chapler 5, Sec-
tian 1),

£ Ramove the air filter housingfengine cover, then ramove the MAF,
|AT sensor with the infake air fubie (see Chapter &),

3 Remove the fuel ril and Injectors (see Chapter 4), On engines so
equipped, remove the electric alr pump In front of the intake manifold
{see illustration).

4 Label and disconnect the hoses and stectrical connectors
attached to the intake manifold and throttle body,

5 Disconnect the EGR hose at the rear of the intake manifold (sea
Chaptar ),

6 Disconnect the hoses and electrical connectors from the thrattle
body (see Chapter 4)

5.21 Measure the camshal lobe height (greatest dimension)
with a micrometer

wheels on the sprockets, and use a small amaount of engine oll where
the center valves confact the pulse wheel, Tighten the canter valve nuts
ta the Specification In this Chapter, using a Torx tool to hola the rear of
the camshaft whila fightening the center valves.

= Note: Remember that the exhaust center valve nuis have lefl-
hand threads (turn them counlerclockwise 1o lighten).

25 The remaining instaitation sleps are the reverse of removal

1.3 On models so equipped, disconnect the air pump hose
(A}, and unbaolt the electric air pump (B)
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7 Remove the infake manifold bolts and the manitold (see illustra-
fion).

sk CAUTION:

Remove the infake manilold as an assambly, do nol separate
lhe upper hall of the manifold from the lower half.

& Clean the mounting surfaces of the intake-manitald and cylinder
heads,

9 s alignment dowsls (you can make thess by cutling heads from
biolts of the intake maniaid-mounting siz8) 1o align the intake maniold
1o the gaskets and the cylinder heads. Install the manifold gaskets and
mianifold, then Install the balts hand tight. Remove the alignment dow-
els and install the remainder of the bolls. Tighten the boltz & little af a
{ime, starting with the center bolts-and working Lo the outer bolts Using
a clicular pattern, to the torque listed in this Chapter's Specifications.

10 The remaining instaliation sleps are the reverse of removal. Run
the angine and check for fuel or vacuum leaks.

2006 AND LATER (272 MODEL ENGINES)

11 Relleve the lugl syslem pressure [ses Chapter 4), then disconngct
the cable from the negative terminal of the battery {see Chapler 5, Sec-
lign 1)

12 Remaove the air filter housing/enging cover, then remove tha MARS
IAT sansar with the intake air fube (3es Chapter 6),

13 Remove the fuel rall and Injactors isee Chapter 4)

14 Label and disconnect the hosas and electrical connectors
attached to-the intake manitold and throttle body

15 Disconnect the large connector Trom the right slde of the PCM
(see Chapter 6. Do not disconnact the lefl-sida connectar

16 Feleass the PCM from its two holders and set the PCM aside,
with the lefl connectar still conngected,

17 Remove fha enging lifting bracke! at the left rear of the engine.

|8 Remove the ntake manifeld mounting bols and remove the
niake manifold.

8 Exhaust manifold(s) - removal and installation

i WARNING:

The engine must be complelely cool betore beginning this pro-
cedure.

REMOVAL

¥ Reter to (Nustrations 8.3 and 8.5

1 Disconnect the cable from the nagativa terminal of the Datery
[sae Chapter 5, Section 1).

2 Haise the fronl of the vehicle and suppor It securely on
{ackstands. Remave the engine splash shield.

3 Defach ine exhaust pipes from the axhaust mamiolds (see 1lus-
fraticn)

7.7 Location of intake manifold mounting bolts - 2005 and
earlier {lype 112 engines)

s CAUTION:

Remove Lhe intake manifold as an assembly; do not separate
the upper half of the maniiold from the lower haif.

19 Clean the mounting surfaces of the intake manifold and Gylinder
heads,

20 Use alignment dawels {you can make lhese by cutting heads from
biolts of the intake maniicld-mounting size) o align the infake manitold
ter the gaskets and the cylinder heads, Install the manifold gaskets and
manifold, then install the bolts hand Hght. Remave the alignment diw-
els and install the remainder of fhe balfs. Tighten the bolis a little ata
time; starting with the center bolts and working to the ouler bolts using
a circular pattern, to the torque listed in this Chapter’s Spesifications

21 The ramaining Installation steps are the reverse of remaval, Run
lhe enging and check for fuel or vacuum leaks.

8.3 Soak the flange bolis with penetrant, then disconnect the
exhaust pipe-to-manifold bolls (shown with pipe removed
for clarity)
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4 Lower the vehicle,
5 Remove the mounting nuls and detach the manifold from the cyl-
inder head (see lllustration),

= Note: Be sure to spray penelrating oll an the bolls hefore
atiempting lo remove them.

INSTALLATION

B Clean the mating surfaces to remove all lraces al old gaskel
maleral, then inspect the manifold for distortion and cracks, Warpage
can be checked with & pracision straightsdge held against the mating

flange. |1-a feeler gaupe thicke: than 0.030-inch can be insertad between

ihe slraighledae and flange surface, take the manifold (o an automotive
miaching shop lor resurfacing.

T Plage the exhaust manifold in position with @ new gasket (o gas-
kets, on 2005 and earlier modeis) and install the mounting bolts finger
tight.
= Note: Be sure 1o identify the exhaust manifold gaskets by the
correct cylinder designation and the position of the exhaust
porls on the paskel.

8 Starting In the middle and working oul loward the ends, tighten
the mounting boits in saveral increments, to the tarque listed in this

8.5 Location of the exhaust manifold mounting nuts (not all
nuls are visible hare)

Chapters Specifications,

8 The remaining instaliation sleps aie the reverse of remova

10 Start the engine and check for exhaust leaks betwean the manifold
and eylindar head and between the manifold and exhaust pipg,

9 Cylinder heads - removal and installation

;e WARNING:

The engine mus! be completely cool before beginning this pro-
cadure.

= MNole: Special tools are necessary to camplete this procedura.
Read through the enfire procedure and obiain the special tools
before beginning work.

2001 THROUGH 2005 (112 MODEL ENGINES)

Removal

1 Refleve the fuel system pressure {see Chapter 4), Disconnect the
cable from the negative terminal af the battery (see Chapter 5, Section 1),

2 Drain the cooling system {see Chapter 1),

4 Ramove the drivabelt (see Chagpter 1),

4 Remove the Infake manifold {sse Section 7).

5 Remove the valve cavers (see Section 4),

6 Detach the exhaust pipe from the exhaust manifold (see Saction B)

¥ Remove the cooling fan and shroud (see Chapter 3), It s sup-
gasted that 1he radiator be protected with a piece of wood pareling or
heayy cardboard while the fan/shroud assembly is oul of the vehicle.

B Lett cylinder head: On models equipped with an ofl cooler,
remaove the oil fiter/oil coaler assembly fram In front of the Infake
manitold.

9 Remove the camshaft from the cylinder head being removed (ses
Section B).

10 Remove the bolts sacuring the cylinder head to the liming case
cover, then loosen each of the cylinder head mounting bails 14-tarn
at a time until they can be removed by hand - waork from Bol=ta-boll in
a patten that's the reverse of the fightening sequence (see illustration
9.16). Store the bolts in the cardboard holder as they're remaved

11 Lift the head(s) off the engine. [ resislance is 121, don't pry
between the head and block az damage lo the mating surlaces wil
resull. Recheck lar head bolls that may have been overlooked, than use
a harmmer and block of wood 1o fap up on the head fo break the gazket
seal, Be careful because there ae locating dowets In the block which
position each head, AHer remaval, place the hiead on blocks of woord 1o
prevent damage o the gasks! surfaces,

Installation
# Refer lo illustrations 9.13 and 9.16

12 The mating surfaces of each cylinder head and dlock must be
parfectly clean when the head is installed. Clean the mating surlaces
with dish soap and water. If theres oll on the mating surfaces when
the head Is inslalled, the gaskel may not seal comectly and [eaks may
develop. When working on the block, its 8 good (dea to cover fhe val-
ley with =hop rags o keep debris oul of the angine. Use a shop rag o
vacuum cleanar to remove any debeds that talls nto the cylindars
=Note: The cylinder heads and block surface may have a
factory-applied silicone coating. |1 so, do not remove it, bul
inspect the surfaces for any fears or low spols. Apply new coat-
ing (available at a dealership) to any low spots.
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9.13 Check the length of the head bolts, from the underside
of the head to the end. Replace any holt that exceeds the
lenglh lisled in this Chapter's Specificalions

13 Us2 4 tap of the corract skes 1o chase the threads In the head bolt
fioles. Dirt, corrosion, sealant and damaged threacs-will ffect torgue
feadings, Check the cleaned head bolts for strefch by measuring the
distance from the underside of the bolt hiead to the end of the threads

(=2 |llustration). Aeplace any higad bolls wilh new ones If the measure-

ment is over the value |isted in this Chaplars Specificalions,

14 Position the new gasket over the dowsl ping in the block. Check
fthe front edge of the old head gaskets. There are two types, depending
on the engina’s displacement:

260, 28L and 320 enginas use Type A gaskels,

241 angires use Typa B gaskels,
Type A gaskets have one semi-circular notch at the frond, while Type B
gaskets have two notches

#at: CAUTION:

Use of the Hrﬁnp head gasket can cause engine problems (the
pistons can come in contacl with the gaskets).

15 Carafully position the head on the bleck without disturbing fhe
gasket, and making sure the head fits down over the dowel ping,

16 Tighten the bolts in the recommended sequence (se2 illustration)
to the torque listed In this Chapter's Specilications.

17 The remaining installation steps are the reverse of removal

18 Change the oil and filter, refill the cooling system {see Chapter 1),
rur the engine and check for leaks.

2006 AND LATER (272 MODEL ENGINES)

Removal

19 Relieve the fuel system pressure (see Chapter 4), Disconnect the
cahle fram the nepative terminal of the batlery (see Ghapier 5, Section 1),

20 Drain the cooling system isee Chapter 1), '

&1 Ramove the drivebell (see Chapter 1)

&2 Remove the intake manifald {see Section 71,

23 Detach the catalytic converter fram the exhaust manifold (seq
Section &),

24 Remove the fonl cover from the cylindar head

#5 Ramove the valve cover (see Section 4)

26 If you're remaving the left cylinder head, remave the oil separator
isee Chapter B, Section 18)

27 Remave the aspirator shutofl valve [ses Chapter 6, Section 19),

28 Remmowe the oil filter/oil coaler assembly from in frant of the
intake manifald

28 Remove the alternator (ses Chapler 5)

30 Remove the camshalts (see Section 6),

3 Remiove the slide rail pins (feft cylinder head) ar slide rail pins
and tensioning ratl bolls {right cylindar head) from ne front of the
eylinder head, This will require a treaded adapter that fits inta the pins/
bolts and a puller to pull them out,

32 I you're remaving the right eylinder head, remove the alr pump
and bracket, Alsa unboll the dipstick Wbe from the head.

é?D

® 80 o
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To Timing
Cover
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Engine

9.16 Cylinder head holt
tightening sequence - 2005 and
earlier models (type 112)

80 40 10

T 70 30 20

60
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34 Remove the bolis securing the cylindar head to the timing case
cover, then loosen each of the cylinder head maunting bolts 1/4-lm
al & time until they can ba removed by hand - work from Eali-to-bolt in
a patlern that's the reverse of the tightening sequance (see fllustration
§.39). Store the balts In the cardboard nolder as they're removed,

34 Lift the head(s) off the engine, If resistance Is fell, don't pry
between the head and block as damage to the mating surfaces will
result, Recheck for head bolts thal may hayve been averlooked, then use
A harmmer and block of wood to tap up on the kead to break the gaskel
seal, Be careful because there ara locating dowels in the block which
position aach head. After ramoval, place the head on blocks of wood to
prevent damage fo the gasket surfaces.

Installation
# Refer to /llusiration 9.39

35 The mating surfaces of each cylinder head and block must be
perfectly clean when the head is Installed. Glean the mating surfaces
wilh dish soap and water, It there’s ail on the mating surfaces when
the head Is installed, fhe gasket may not seal correctly and leaks may
develop, When working an the Black, Its a geod Idea to cover the val-
ley witn shop rags to keep debris out of the engine. Use a shop rag of

wacuum cleanee bo removs any debris that falls inlo the eylinders.
=Note: The cylinder heads and block surface may have a
factory-applied silicane coating. If so, do not remove it, bul
inspect the surlaces for any tears or low spols. Apply new coat-
ing (available ai a dealership) 1o any low spols.

36 Usea tap of the correct size to chage the hreads in the head boll
haoles, Dirt, carrosion, saalant and dzmaged threads will atfect orgue
readings. Check the cleaned head bolls for stretch by measuring the
distance from the underside of the bell head to the end of the threads
{see ilustration 8.13). Replace any head bolls with new ones I the mea-
surernent is over (he valug listed In this Chapters Specificatians

37 Position the new gasket aver the dowel ping in the block:

38 Carefully position the head on the block witheut disturbing the
gasket, and making sure the head fits down over the dowel pins.

39 Tighten the bolls in the recommended sequence (ses llustration)
o the torque listed In this Chapter's Specifications,

40 The remaining Installation steps are the reverse of ramoval,
mNate: When installing the siide rail pinsfensioning rail bolls,
coat them with sealant (such as Locfile 5970},

41 Change the ofl and filter, refill the coaling system (sse Chapter 1],
run the engine and check for leaks
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¥ Refer Lo illusiration 10.3

1 Disconnect the cable from the negative terminal of the battary
(588 Chapter 5, Section 1), Remove the accessory drivebelt (see Chap-
fer 1

2 [Due o the large ameunt of targue required Lo removefinstall the
pulley center boli, the enging must be held fram furning by & substantial
tool. It would be best to utllize & tool that locks inle the leeth af the fly
whee! ring-gear. Remove the access cover In the Dellhousing fer install
ing such & ool on e hwhesl,

3 Iyaur model has a crankshatt puitey with large 2nough holes
throtgh i, an alternative 15 to position a large screwdriver or other
tonl through the crankshalt pulley anc against the block 1o keep the
crankshait from turning and remove the pulley-lo-crarkshafl boll {see
(ustration). It may require 2 helper to perorm this procedure

4 Install the crankshatt pulley retaining boll and: tighten it to the
torque listed In this Chapters Specifications, 10.3 Use a chain wrench or insert a prybar theough the

5 The remaining installation steps are the reverse of ramoval, pulley 1o hold it while you loosen the crankshait pulley bolt

11 Crankshaft front oil seal - replacement

1 Remave ihe crankshafl pulley (see Section 10). he same way

2 Pry the old seal out with a hook-type seal toal, being very careful 3 Lubricate theinner lip of the new seal with enging oll and drive it
nat fo serateh the seal surface of the crankshaft, Mate how the seal s in with & seal driver or large desp socket 2nd a hammer,
retalled - e new one must be Installed to the same depth-and facing & The remaining installation steps are the reverse of removal

12 0il pan - removal and installation .

REMOVAL

Lower pan
¥ Reler 1o illusiration 12.10

1 Disconnect the cable fram the negative terminal of the battery
see Chaptar 5, Section 1),

2 Remove the engine cover (ses Chapter 1),

3 Remove the MAFJAT sensorand ifs Intake tuba (see Chapter &)

4 Remove the enging il dipstick,

5 Remove the balt securing the oil dipstick tube at the lop/rear of
(g enging, then pull the tube upward slightly,

i Reise the front of the vahicle and support it securaly on
jackstands. Apply the pasking brake and block the rear wheels to keep
the wehlcle from rolling off the stands

7 I you're working on a 2005 of earlier model, remove thea frant
suspension sublrame ises Chapter 10).

& Drain the engine gl and remeve the oil filter (528 Chapter 1),

9 [n 2006 and |ater models, ramaove the belt securing the power
sigering hosa to the afl pan, and the boll securing the alectrical harness 12.10 Localion of the lower oil pan bolts - type 272 shown
{0 the pan.

10 Rernos the il pan mounting boits (sea ilustration),
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11 Remove the Tront enging mount balt (see Section 16),

12 Remove the ail pan balts, then carefully separate [he oil pan from
the block, Don't pry between the block and the pan or damage 1o the
sealing surfaces could ocour and oil leaks may develop, Instead, tap
the pan with a soft-face hammer to break the gasket seal. Tap a plastic
wedpe tool betwean the upper and lower pans (o [ree the lower pan

13 Raise the engine with the hoist just enough to allow ol pan
removal, (hen guide the pan out rearward.
= Note: On 112 engines, you may have to pull the dipstick tube
up a little and pull the fransmission fluid lines away from the
pan rail for clearance,

Upper pan
# Refer Lo illustrations 12.15, 12,16, 12.17 and 12.18

14 Follow the Steps above and remove the:lower oil pan.,

15 Disconnect and remove the oil sensor atthe rear of the upper pan
{58 [lustration).

16 If equipped with an automatic transmission, unbolt the transmis-
sion fluid banjo bolls at the transmission and e fluid lines from the
bracked al the oll pan mounting Nlange (see Hlustration).

17 Pry the oll dipstick tube fram the upper oil pan (see illustration).

18 With the vehicle on a litt, support the enging rom above with an
engine support fixture (sae ilustratian),

19 Fefer o Chaper 10 and lowar the front suspension subframs with
a transmission jack. This allows reom o femove the upper ail pan.

20 Remove the Torx bolts securing the upper ofl pan to the engine,
=Nola: There are a number of dilferent bolts lengihs and sizes.

Use a piece of cardboard with holes punched in [t to store the
bolts with reference marks to where they were used.

INSTALLATION

21 Clean the pan with solvant and remave &l old sedlan! and gaskel
material from the block and pan maling surfaces, Clean tha mating
surtaces with brake system cleaner and make sure the bolt holes in
the block are ciear Check the ofl pan llange for distartion, particularly
around the boll koles,

22 Apply a 2 mim bead of ATV seafant around the pan rail, just inside
the balt hales.

23 Install the oil pan mounting bolts, tightening them 1 the torque
listad inf this Crapter's Specifications. Starling at the center, follow a
criss-cross pattern and work up to the final torque in thres sleps.

24 Tighten the ol pan-to-engine bohs ta the torque lsted in this
Chaplers Specifications

25 Tha remaining installation steps are the reverse of removal

26 Rafill the engine with ail (see Chapfer 1), replace the filter, rur il
until normal operating femperature is reached and check for leaks,

12.15 Disconnec! the oil sensor

12.16 Unbolt the transmission fluid lines and brackets
attached to the upper oil pan {automatic
transmission models)

12.17 Pry the engine oil dipstick lube from the flange on the
upper oil pan

12.18 The engine must be secured with an engine suppart
fixture to allow removal of the upper oil pan
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13 Qil pump - removal, inspection and installation

s CAUTION: 4 Remove the il purmp-to-block bolls and pull the oil pump frem
the block

5 During instaliation of the pump, prime it by filling the housing
with engine oil

6 Toinstall the pump, slip the sprocket of the ofl pump into the
chan while supparting the pump to the block for installation of the

Do not remove the oll pressure reliel valve, spring and plunger
irom the oil pump. Replace the oll pump as one complete
aszembly il the oil pressure reliel valve is damaged.

1 Remove the lower and upper oll pans (see Section 12), meunting bolts
& Rermows the oll pump plek-up lube T When the bolls are Tinger-tighl, torgue the pump mounting bolts
3 Push back the tensionar for the ofl pump chain, and slip the [ the torque listed in this Chapler's Specifications,

chain from the oil pump sprocked 8 The remaining instaliation steps are the reversa of removal.

14 Driveplate/flywheel - removal and installation

This procedure is pssentially the same as for the four-cylinder the bolt torgue listed in this Chapters Specifications.
engine. Refer to Part A and fallow the procedure oullined there, bul use

15 Rear main oil seal - replacement

= MNote: The rear main seal and housing are serviced as one ATV sealant al the cover-sealing arga of the black, Inside the balt holes
complete assembly. and around the balt holes for the twe bolts coming up from the upper

1 This procedure is essentially the same as for the four-cylinder oil pan. Reter to Part A and follow the procedure outlined there, but use
engine - refer 1o Chapler 24, lhie Dol torgue value listed in this Chapler's Specifications

2 On 2006 and later models (272 engines), apply 8 2 mm bead of

16 Engine mounts - check and replacement

¥ Reter to ilustrations 16.1a and 16.1h to the illustzations Rere and use the Wroue values listed in this Chap-
ter's Specifications, The frant maunts have an upper mounting boll thal
secures them to the enging bracket and a lower bolt that fastens il to the
subframe

This procedure is essentially the same as for the four-cylindar
anpire. Refer lo Part A-and follow the procedure oullined there, bu refer

16.12 Location of the right engine mauni-fo-subframe 16.1b Locafion of the leff engine mowni-to-engine brackel
mounting baoll (seen from below) mounting ball
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General
Engine desigration
C2001 through 2006 micdals 118 @ @
2006 and later mooels ere
G240 modeis, 2001 b 2005
Displacement 158 cubic inches (2.6 Hiers) @ @
Bore 3.54 inches (89,9 mmj}
Stroke 2.68 inches (68,2 mm) o
C320 models, 20071 1o 2005
Cisplacement 195 cubic inches (3.2 fiters)
Bora 3.54 inchis {89.9 mm) V6 engine
Stroke 3.30 inches (84.0 mm) 1-4-3-6-2-5
G230 models, 2006 and |atar ol
[Displacement 162 cubic Inches (2.5 liers) Cylinder identification diagram
Hare 346 inches (88.0 mm)
Stroke .69 Inches (684 mm)
C280 models, 2006 and later
Displacement |83 cubic inches (3.0 liters)
Bara 3.46 inches (88,0 mm)
Strake 3.23 Inches (B2.1 mm)
(350 models, 2006 and later
Displacemant : 213 cubig inches {3.5 liters)
Bore 3.65 inches (02,8 mm)
Stroke 3.38 Inches (B6.0 mm)
Cylinder compression pressure
Winimum 174 to 208 psl
Maximum variation between cylindars £2 pal
Qil pressure (minimum, warm enging|
700 pm 10 psi
3000 rpm 43 psi
Firing crde 1-4-3-6-2-B

Cylinder head bolt length (maximum) (see illustration 9.13)
2005 and earlier modeals (type 112) 570 Inches (144.5 mm)
2006 and later models (ype 272) 6.7 inches (172 mm)

Torque specifications Fi-Ibs {unless olherwise indicaled)

= Note: One fooi-pound (ft-lb) of torque is equivalent fo 12 inch-pounds {in-1bs) of forque. Torque values below approximately 15 ft-lbs
are expressed in inch-pounds, singe most fool-pound torque wrenches are not accurate 21 these smaller values, '

Camshalt sprocket bolts

Step 1 37 al
ofep 2 Tightan an additional 90-degrees
Camshatt cap/bridge bolls
Short bolts 133 in-lbs . 15
Long bolts
Step 1 849 in-1os 10

| Step 2 Tighten an additional %0-degreas
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Torque specifications

Fi-lbs (unless otherwise indicaled)

==Nole: One foot-pound (fi-1b) of forgue is equivalent to 12 innﬁ-puunds {in-ibs) of lorque. Torque values below approximately 15 ft-lbs
are expressed in inch-pounds, since most fool-pound torque wrenches are not accurate al these smaller values,

Cantrifuge cover balts and cemriluge-ta-camshaft bolt (2006 and later models)

Step 1 53 in-lbs 6
Step 2 Tighten an additional 90-degress
Crankshaft pullsy bol
Step 1 148 200
Slep @ Tighten an additional 35-degraes
Cylindar hiead bolts
2005 and 2arlier models
Step 1 89 in-lbs 10
Step ¢ 22 a0
otep d Tighten an additional 0-degrees
Step 4 Tighten an additional 90-deqrees
2006 and later models
Step 1 177 in-Ihs 20
Step 2 an 40
Step 3 Tighten an additional 90-degrees
Step 4 Tighten an additional 90-degrees
Diivebelt tensioner halt 18 28
Orveplate-to-crankshaft botks
Step 1 33 45
Slep 2 Tighten an additional $0-degrees
Engine mount bolts, front 26 35
Exhaust manifold-to-cylinder head bolts 177 in-lbsg 2
Exhaust pipe bolls 177 in-lbs 20
Infake maniiold bolts 177 in-los 20
il par grain plug 22 30
il pan bells
Upper pan-to-enging
ME bilts 80 in-lbs 8
M bolts 177 In-lbs 20
Lower pan-to-upper pan bolis 80 in-lbs |
O purmp cover with pipe, mounting boll B9 In-lbs 10
Ol purmp to engine bolks 177 in-Ibs 20
Valve cover bolts
2005 and sarlier models ype 112) 70 in-1bs g
2006 and later models {lype 272) - in sequence (see lllugiration 4.80)
First pass 106 in-Ibs iZ

Second pass

Tighten an additianal 90-degrees
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2C-2 GENERAL ENGINE OVERHAUL PROCEDURES

¢ Retfer o illustrations 1.1, 1.2, 1.3, 1.4, 1.5 and 1.6

Included In this portion of Chapter 2 are general Informaticn and
diagnostic testing procedures for determining the owerall mechanical
condition of your engine.

The information ranges from-advlce concerning preparation for an
overhaul and the purchase of replacement parts and/or components fa
detalled, step-by-step procedures covering remaoval and installation,

Thie fallowing Sections have been written te help you determine
whether your angine negds to be overhauled and how lo remove and
install it once you've determined it needs to be rebuill, For information
congerning in-vehicle anging repair, see Chapter 24 or 28,

The Specifications included in this Part are general in nature and
Include anly those necessary for testing (he oil pressure and enging
compression, and bottom-end torque specifications. Refer to Chapter
2 (four-cylinder engines) or 28 (V6 engines) for additional engine
Specilications.

It's not always easy to determine whaen, o if, an engine should be
completely overhaulad, because a number of factors must be consid-
ard,

High mileage |5 nol necessarily an indication that an overhaul is
needed, while low mileage doasn't preciude the need for an overhaul.
Fraquency of senvicing 15 probably the most impertant consideration

An engine that's had requiar and frequent oil and filter changes, as well
ds other required maintenance, will most likely give many thousands of
miles of refiable service, Conversaly, 4 neglected engine may fequire an
avertaul very early in its service life.

Excessive oll consumption is an indication that piston rings, valve
seals and/or valve guides ars in need of attentlon. Make sara that oil
leaks aren't responsible before deciding that the rings and/or quides
arg bad, Perfarm a cylinder compression check o determine the extent
of the work required (see Section 3), Also, check the vacuum readings
under various conditions (see Section 4],

Check the oil pressue with & gauge installed in place of the oil
pressure sending unit and compare it o this Chapter's Specifications
(see Section 2), It it's extremely low, the bearings and/or oll pump g
pre:bably worn oul

Loss of powes, reugn running, knocking or melallic engine noisss,
excassive valve train noise and high fuel consumption rates may also
point te the need for an overhaul, especially if they're all present at the
same time. If-2 complete tuna-up doesn't remedy the situation, major
michanical work [s the only solution,

An engine overhaul involves restading the infernal paris to the
specifications of a new engine. During an overhaul, e piston rings
are replaced and the cylinder walls are reconditioned (rebored and/
or honed) {see lllustrations 1.1 and 1.2 If a rebore bs dons by an

1.1 An engine hlock being bored. An engine rebuilder will
use special machinery to recondition the cylinder bores

1.2 It the cylinders are hored, the machine shop will
normally hone the engine on a machine like this
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automative maching shop, new oversize plstons will also be installed,
The maln bearings, connecting rod bearings and camshatt bearings are
generally replaced with new ones and, If necessary, the crankshatt may
b reground to resiors (he joumals {ses lllustration 1.3). Genarally, the
valves ara servicad s wall since they're ustally In less-than-perfect
condition at fhis point, While the engine is being overhaulad, other
companenis, such as the disiributar, starter and alternator, can be
rebuilt aswall. The end resuli should be simitar to-a new enging that
will give many troubla free miles

= Note: Crilical cooling system componenis such as the hoses,
drivebelts, thermostat and water pump should e replaced with
new parts when an engine |5 overhauled. The radiator should be
checked carefully fo ensure that it isn't clopged or [eaking (ses
Chapter 3). Il you purchase a rebuill engine or short block, some
rebuilders will not warranty their engines unlass the radiator
has been professionally fushed. Also, we don't recommend

overhauling the afl pump - always install a new one when an
enging is rebuill.

Overhauling the Intermal companents on loday's engines |s & dil-
ficult and time-consuming task which requires 2 significant amaunt
af specialty lools and is best left to a professional engine rebuilder
{see lllustrations 1.4, 1.5 and 1.6). A cormpetent engine reouiider will
handle the inspection of your old parts and offer advice concerning the
reconditioning or replacement of the orfginal enging, never purchase
parts or have maching work done on other components until the block
has been thoroughly inspected by & professional maching shap, As &,
general rule, time is the primary cost of an overnaul, especially since
the withicle may be tied up for & minimum of two wesks or mare, Ba
aware thal some enging buildees anly have the capability to rebulld the
anging you hring therm while cther rebulidars fave a lge inventory of
rebuilt exchange engines in stock, Alsa-be aware thal many machine
shops could fake a5 much-as two weeks time fo completely rebuild your
engine depending on shop workload. Sometimes it makes mare sanse
10 simply exchange your engine for anather enging that's already rebull
to save time.

1.4 A machinist checks for a bent connecting rod, using
specialized equipment

iy

i, L e rai.
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1.5 A bore gauge being used 1o check the main bearing bore

1.6 Uneven piston wear like this indicates a benl
conngcting rod
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# Retar to illustration 2.2

1 Low engine oll pressure can be a sign of an engine in need of
rebuilding. & low oil pressure indicator (often called an “idiot light") is
not a test of the oiling system. Such Indlcators only come on when the
oil pressure |s dangerously low, Even a factory oll pressure gaugs In the
instrument panel is enly a ralative indication, althaugh much better Tor
driver infarmation than a waming ight. A better test is with a mechani-
cal (not electrical} oil pressure gauge,

2 Locate the ail pressure test port. On V6 engines, a plug with a
sealing ring Is located on the front of the iming cover (see illustration),
Remove the plug. On lour-cylinder engines, the cover of the oil filter
housing has a threaded plug that can be remaoved for pressure testing

3 Unscrew the plug and then screw in the hose for your oil pres-
sure gauge. I necessary, install an adapter fitting. Use Teflon tape of
thread sealant on the threads of the adapter and/or the fitting on the end
of your gauge's hose,

4 Connzcl an accurate tachometer to the enging, according to the
tachometer manufaciurers Instructions,

5 Check the oll pressure with the enging running (normal operat-
ing {emperature) at the specified engine speed, and compare it to this
Chapters Specifications, Il it's extremely low, the bearings and/or oil
pump are probably worn oul,

B Installation is the reverse of removal. Clean the threads on the
sensar and use new sealant on the threads befare installation,

2.2 0il pressure test location (2005 and earliar V6 engine
shown, 2006 and laler V6 similar) - remove this plug and
inserl your fest pressure fitling

3 Cylinder compression check i

¢ Reter to (llustration 3.6

1 A compression check will tell you whal mechanical condition the
upper end of your enging (plstans, rings, valves, head gaskets) is in
Specifically, it can tell you if the compressian i5 down due o leakage
caused by worn piston rings, defective valves and seats or a blown head
gasket,
=MNaote: The engine must be al normal operating lemperature
and the hattery musi be fully charged for this check.

2 Begin by cleaning fhe ares around the spark plugs belare you
remavie them (compressed air should be used, if available). The idea is
to prevent dirt from getting into the cylinders as the compression check
is being done.

3 Remowe the ignition cofl assemblies (see Chapter 5). Also disable
the fuel pump by remaving the fuel pump fuse {see Chapler 4, Saction 2)

4 Remove the spark plugs {ses Chapter 1),
== HNote: On V6 engines with dual spark plugs, only remove one
plug from each cylinder to perform the compression test,

5 Gain access (o the throtlle body (see Chapter 4), then block the
throtile wide open,

G Install & compression gauge in the spark plug hote (see llustra-
fiar),

3.6 Use a compression gauge with a threaded litting for the
spark plug hote, not the type that requires hand pressure 1o
maintain the seal
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f Crank the engime over al least Seven compression strokes and
waitch the gauge, The compression should build up quickly in a healthy
engine. Low compression on the first stroke, followed by gradually
increasing pressure on successive strokas, indicates warn piston rings.
& low comprassion eading on the Tirst stroke, which doesn't bulld up
during sutcessive strokes, indicates leaking valves or 2 blown head
gasket (@ cracked head could also be the causa). Deposits on the under-
sides of the valve heads can also cause low compression. Recerd the
highest gauae reading abtained.

B Fepaat the procedure for the remaining cylinders and compare
the zesults to this Chapter's Speciflcations.

8  Add some engine oil {(about three squirts from & plungér-type ail
can) lo each cylinder, thraugh the spark plug hole, and repeat the test

10 IFthe compression Increases after the oil is added, the piston
rings are definitely wom. i the compression doesn’l increase sianili-
cantly, the leakage is oceurring at the valves or head gasket, Leakage

pasl lhe valves may be caused by burned valve seats andfor faces or
warped, cracked or benl valves,

11 It two adjacent cylinders have equally low compression, there’s
a strong possibility that the head gaskel between them Is blown, The
appearance of coolant in the combustion chambers or the crankcase
woauld verify this conditicn,

12 If ane cylinder is slightly lower than the cthers, and the enging
has a slightly rough idle, a worn lobe on the camshatt could be the
CALSE,

13 1 the compression Is unusually high, the combustion chambers
are probably coated with carbon deposits. |1 that’s the case, the cylinder
head(s) should be removed and decarbonized,

14 If compression Is way down or varles greatly between cylinders,
it would be a good idea Lo have a leak-down test parfarmed by an auto-
mctive repair shop. This lest will pinpaint exactly whers the ieakage 15
oeeurring and how severa it |s.

4 Vacuum pauge diagnostic checks

# Refer to illustrations 4.4 and 4.6

1 A vacuum gauge provides inexpensive but valuable information
ahout whal 15 going on in the engine. You can check for worn rings of
cylinder walls, leaking head or intake manifold gaskets, incarrest carbu-
retor adjustments, restricted exhaust, stuck or bumed valves, weak valve
spnings, improper igniticn or valve timing and ignilien prablems,

2 Unforunately, vacuum gauge readings are easy to misinterpret,
50 they should be used In conjunction with-cthier tests to confirm the
diagnosis,

3 Both the absolute readings and the rate of neadle movement ars
imporant for accurate interpretation. Mosi gauges measure vacuum in
inches of marcury (in-Ha). The fallowing references to vaclum assume
the diagrosie s being performed a: sea tevel, As elevation increases (or
atmospheric pressure decreasas), the reading will decraase. For every
1,000 foot Increase In alevation above approximately 2,000 fesd, the
gauge readings will decrease about one inch of memury

4 Conmect the vacuum gauge directly 1o the intake manifold
vaguum, niot to ported (throtlle body) vacuum {see [llustration). Some
models are equipped with & vacuum fitting bullt inte the brake booster
vacuum hose grommet at the brake booster. Other models are equipped
with a vacuum hose fitting on the intake manifcld.

5 Before you benin the st allow the engine (o warm up com:-
plately. Block the wheels and sel the parking brake. With the transmis-
ghon in Park, start the engine and allow if to run at normal idie speed.

e WARNING:

Keep your hands and the vacuum gauge clear of the fans.

4.4 Asimple vacuum gauge can be handy in diagnosing
enging condition and performance. Connect it fo @ manitold
vacuum source (not ported, or in front of the throftle plate,
vacuum source)
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6 Fead the vacuum gauge; an average, healthy engine shauld
nomally preduce about 17 to 22 in-Hg with a fairly sieady needle (see
illustration), Reler ta the fallowing vacuum gauge readings and what
they Indicate about the engine's condition:

T A low, steady reading usually indicates a leaking gaskel betwean
{he intake manifold and cylinder head(s) or throtile body, 8 lesky vac-
Lurm hose, ke fgnition timing or incorect camshalt tming. Check igni-
tion timing with & timing lakt and eliminate all ather possible causes:
utilizing the tests provided in this Chapter befors you remove the timing
chain cover 1o check the liming marks,

B I the reading is threa to eight inches below normal and it fluctu-
ates at that low reading, suspect an intake manifald gasket leak at an
intake port or a faulty fuel injector,

& |f the needle has regular drops of about two-to-four Inches at a
sheady rate, [he valves are probably leaking. Perform a compression
check or leak-dawn test to canfirm this,

10 An irregular drop or down-ilick of the needle can be caused by &
sticking valve or an ignition misfire, Perform a compression check o)
leak-cown test and read the spark plugs:

11 A rapld vibralion of aboul fewr in-Hyg vibraticn at idie cormbined
with exhaust smoke indicates warn valve guides, Perform a leak-down

test to confirm this. Il the rapid vibration ocours with an increase in
engine speed, check for a lzaking intake manifald gasket or head gas-
ket, weak valve springs, burned valves or ignition misfire,

12 A slight fluctuation, say one inch up and dawn, may mean lgni-
tion problems. Check all the usugl tune-up items and, If necessany, run
the engine on an ignition analyzer,

13 If there is a large fluctuation, perform a comprassian or leak-
down tast 1 ook for 2 weak or dead cylinder or a blown head gaskel,

14 If the needle moves slowly through a wide range, check for 2
cloged PLY system, incorrect idie fuel mixture, theottle body or Intake
manifold gasket leaks,

15 Check fora slow return after revwing the engine by quickly snap-
ping the throttle open until the engine reaches about 2,500 rpm and
let it shut. Mormally the seading sheuld drop Lo near zera, rise above
normal idie raading (abeut 5 in-Hg over) and then return to the preyvi-
pus idle reading. If the vacuum retums slowly and doesn't peak when
the throfile |s snapped shut, the rings may be worn, I there is & long
detay, look far a restricted exhaust system (ofien ihe muffler or catalytic
converler). An easy way to check this is to lemporarily disconnect the
exhaust ahear of the suspected part and redo the test,

Low, fluctuating needle

Large fluctuation

Slow fluctuation
[ET0-0-08R HAVHES]

4.6 Typical vacuum gauge readings
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5 Engine rebuilding alternatives

The do-it-yourseler is faced with a number of aptiors when pur-
chasing 4 rebulll englne. The major considerations are cost, warranty,
partz avallability and the time required for the rebulider to complete the
project. The desision fo replace the enging biock, pistonfeannacting rod
assemblies and crankshalt depends on the final Inspection results of
wour enging, Only then can you make a cost effective decision whather
lo have your enging cverhalled or simply purchase an exchange engine
for your vehicls,

Some of the rebuilding alternatives include;

Individual parts - If the inspection procedures rgveal thal the
enaing block and mast engine components are in reusable candition,
purchasing individual pars and having & rebuflder rebuild your engine
may be the mest ecenomical alternative. The block, crankshatt and
piston/connecting rod assemblies should all be inspected carefully by a
machine shop first

Short block - & shorl bleck consists of an engine block with 7
crankshaft ard piston/connecting rod assemblies alreacy instalisd. All
new bearings are incorperated and all clearances will be correct. The
existing carmshafts, valve train components, cylinder head and extarnal
paris can e bolled Lo the short block with httle or noe maching shop
WOrk NEcessary.

Lang block - & long block consists of a shor block plus an oil
pump, ail pan, cylinder head, valve cover, camshaft and walve train
companents, timing sorockets and chain or gears and iming cover, Al
componants are installes with new bearings, seals and gaskets incorpo-
rated throughout. The installalicn of manifolds and extarnal parts is all
that's necassary.

Low mileage used engines - Some companies naw offer low
mileage used englnes which is a very cost effective way to get your
vehicle up and running again, These engines often come from vehicles
which have:been in totaled in accidents or come lrom othar coun-

Iries which have a figher vehicle lurm over afe. A low milzage used
enaging also usually has a warranty similar to the newly remanufactured
Engires

Give carsful Ihought to which alternalive is best for you and discuss
thie situation with 1acal automative maching shops, aulo parts dealers
and experienced rebuilders befare ordering or purchasing replacement
pars

6 Engine removal - methods and precautions

# Refer to INlustrations 6.1, 6.2, and 6.3

IF you've decided that an engine must be removad for overhaul or
major repair werk, several preliminary steps should be taken. Read all
removal and Installation procedures carafully prior to committing to
this job. These engires are removed by lowering the engine Lo the floor,
along with the transmission, and then raising the vahicle sufficiently
to slide the assembly oot this will require 8 vehicle hoist 2s well as an
enpirie hinoist,

Lacating a suitable place to work is extremely important. Adequate
work space, alcng with storage space for the vehicle, will be needed. If
a shop or garage isnt avallable, at the very leasta fiat, level, clean wark
surface made of concrase or asphall 15 reguired,

Cleaning the engine compartmeant and engine before beginning e
ramoval procedure will help keep tools claan and organized (sed. illus-
frations 6.1 and £.2)

An engine holst will also ba necessary and a transmission jack

6.1 Afler tighily wrapping waler-vulnerable components, use
a spray cleaner on everything, with parficular concentration
on the greasiest areas, usually around the valve cover and
lower edges of the block. If one section dries oul, apply more
claanar

6.2 Depending on how dirty the engine is, lel the cleanar
soak in according {o the directions and then hose off the
grime and cleaner. Get the rinse water down info avery area
you can get at; then dry important componants with a hair
dryer or paper towals
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5 also very helpful. Make sure the holst s rated in excess af the
combined welght of the engine ard transmission, Satety s of primary
Importance, considering the potential hazards involved In semoving the
engine from the vahicle,

If you're @ naovice at enging remioval, get al least one helper, One
persan cannol easily do all the things you need to da to remove a big
heawy engine and ransmission assembly from the engine campartment.
Also helplul s o seek advice and assistance from someone who's expe-
rienced in engine removal,

Plan the aperation ahaad of Ume, Arrange for or obtain all of the
tools and equipment you'll need prior fo beginning the job (see (llustra-
tion 6.3). Some of the equipment necessary to perform enging remoyval
and installation safely and with relative ease are {in addition to a venicle
haist and an enging hoist) & heawy duty floor jack (preferably fitied
with a fransmission jack head adapter), complete sets of wrenches and
sockets as described in the front of this manual, wooden blecks, plenty
0l rags and cleaning solvent for mopoing up spiled oll, coalant and
gasaling

Plan for he vehlcle to be out of use for quite a while. & machine
shap can da the work that is beyond the scope of the home mechanic,
Machina shops often have & busy schedule, so before removing the
engire, consull the shop for an estimate of how long it will take o
rebuild or repair the compenants that may nesd work,

6.3 Getan engine stand sturdy enough lo firmly suppaort the
engine while you're working on il. Stay away Irom three-
wheeled models; they have a lendency 1o tip over more
gasily, so get a four-wheeled unil

7 Engine - removal and installation

s WARNING 1;

Gasoline is extremely flammable, o take exira precautions
when you work on any part of the fuel system. Don't smoke ar
allow apen llames or bare light bulbs near the work area, and
don’t work in a parape where a gas-fype appliance (such as

a water heater or clothes dryer) is preseni. Since gasaline s
carcinogenic, wear fuel-resistant gloves when there's a possibil-
ity of being exposed lo fuel, and, if you spill any fuel on your
skin, rinse Il off iImmediately with soap and water. Mop up any
spills immediately and do not store fuel-soaked rags where they
could ignite. The luel system is under constan! pressure, so, il
any fuel lines are 1o be disconnected, the luel pressure in the
system musi be relieved lirst (see Chapter 4 for more informa-
tion). When you perlarm any kind of work on the fuel system,
wear salety glasses and have a Class B type fire extinguisher on
hand.

i WARNING 2:

The alr conditioning system is under high pressure. Do not
Inosen any hose filtings or remove any components until atter
the system has been discharged. Air conditioning relriperant
musi be properly discharged inlo an EPA-approved recovery/
recycling unil al a dealer service department or an automolive
air conditioning repair facilily. Always wear eye proteclion when
disconnecting air conditioning system fitiings.

34 WARNING 3:

The engine musi be completely cool belore baginning this pro-
cedure.

=MNote: The transmission musl be removed from below using a
transmission jack, then the engine is removed from above with
an engine hoist. A lift or other sate method of ralsing/support-
ing the vehicle must be used fo raise the vehicle enough for the
transmission o be rolled oul from under the vehicle.

REMOVAL

¥ Refer to illustrations 7.19, 7.26a and 7.26h

1 Have the air conditioning system discharged by an automative air
condtioning technician

2 Relieve the fuel system pressure (ses Chapter 4)

3 Discannect the cables frem the negative and positive battery ter-
minals (see Chapter 5. Section 1).

4 Dpen the hood, ther press the button on the left support st and
place the hood in the full-open pesition,

5 Remove the ergine cover/air fiter heusing and this intake &ir
ducts (see Chapter 4)

£ Loosen the front wheel balts. With the vehicle raised and safely
supported, remave the front wheels and the engine undercoven|s).
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7.19 Label both ends of sach wire or vacuum conneclion
before disconnecling them

7 Drain the cooling system and enging oll {see Chapter 1)

8 On modeis with automatic transmissian, partially drain the auto
miatic transmission fuid (ses Chapter 1),

9 I youare working on 2 model with an automalic transmissian,
tetach Ihe transmissicn cooler lines from the engine brackets and the
fransmisaion (zae Chapter 7B). I you are working on a modsl wilh a
manual transmission, disconnect the cluteh fuid ling at the bellhousing
and plug the line to prevent Huid loss.

{0 Disconnect the oaygen sensors, then disconnect exhausl pipes
from the sxhaust manifolds and remove the plpes. From the exhaus!
mianiiold connections Lo the Y-pioe after the secondary convertars, tha
while exhaust system comes out as one unit, Refer to Chapter 4 and
rebease the rubber hanger cuskions, unball the pipes at the exhaust
maritolds and at the rear Y, then ramove e bolts Securing the exhausl
suppert crogsmember (niar the Sransmissicn rossmemioer) and remaove
[he exhaust system.

11 Remove ine starter (ses Chapter 5).

12 (n awomatic transmission models, remave the torgue
converter-to-driveplata bolts (see Chapter 7B),

13 Remove the rear driveshalt (see Chapter 8) On AND madels,
detach the graund cable from the transler case, remove the fron
driveales, and detach the front drivesnalt from the transter case flange
(see Chaoter B). Loosan the sleeves of the front driveshalt and push the
driveshall back

14 Remove the drivebel (s=8 Chapter 1),

15 Remove the slectric engine cooling fan (see Chapter 3). Also
remive the heater hoses and the coolant reservail
= Note: The manufacturer suggests making a radiator protec-
tor from a section of sheetmetal, plastic or wood paneling hig
gnough 1o cover the entire engine side of the radiator. As the
gngine Is removed, work slowly and carefully to avold engine
components damaging the radiator,

16 Remove the altermator (see Chapter &)

17 Drain the power steering reservair and power sieering pump,
disconnect the hoses and ramave the pump/reservolr (s2e Chapter 10)
Plug or seal off the hose connections

18 Remove the PCY hose (sea Chapter B).

|§ Label and disconnect all wires from the engire (see (llustzation)
Masking tape and/or 2 toucn-up paint applicator work well for marking
iterns, Disconriect the main engine harmess connectors at the POM, and
with the passenges-side kick panel and lower insirment panel cover

7.26a AHach the chains af your engine hoist 1o fhe liRting
brackels at the rear of the engine {right side shown, left
side similar) . . .

7.26h . . . and al the front (V6 engine shown)

removed, disconnect the engine hamess connectors there, Remove the
sealing materfal at the firewall and pull the Inferior ends of the amess
thraugh the firewall 1o the engine side,

m Nofe: Take instani photos or skeich the localions of compo-
nents and brackels to help with reassembly.

20 Label and.remove all vacuum lines between the engine and e
lirewall (ar other componants in the engine compartment).

21 Remaove the engine il dipstick tube

22 Diseonnect the englng block heater, If equipped,

25 Disconnect the crankshaft position sensor cannector (See Chapter B)

24 Remove the automatic transmission dipstick, then pull the dip-
stick tube from fhe fransmission

25 On V6 engines, disconnect the coalant hoses frem (he ol conler
maunted at the lop front of the engine (see Chapter 3),

26 Support the engine from above with a hoist, Attach Ihe hoisl
chain o the gnaine liting brackets (ses Hlustrations). IF no Drackets arg
present, you'll have to fasten the chalns to some substantial part of the
gngina - one that Is strong enough o take the weight, but in a location
that will provide good balance. If you'rs attaching the chain 1o & stud
on the engine, or are using a bolt passing through the chain and into
a threaded hale, placs a washer batween the nul or bolt head and the
chain, and tightan the nul o balt securely
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27 Support the transmission from below with a fransmission jack,
Securely chain the transmisslon to the plattorm on the jack.

26 Remmove the transmisslon crossmember, and lawer the transmis=
slon enough Lo access the fastenars to disconnect the shifter linkage
(see Chapter 7A ar 7B). Remove the transmission-to-gnaing bills.

25 With the weight of the angine supported by the engine hoist and
slightly raised, remove the engine maunt bolts and the maunts.

30 Check to make sure everything Is disconnected, then lift the
engine up out of the enging compartment. The engine will need ta be
lilted oowmward at the rear as il's raised, 0 have an assistant help you

ot WARNING:

Do not place any part of your body under the engine when it is
supported only by a hoist or other lifling device,

31 St the engine on the floer and suppart it 0 it doesn't tip over
Remove the Tlywheel/driveplate and mount the engine on ar engina
stand for disassembly, or on & wooden skid for franspart o & rebullding
shop.

INSTALLATION

32 Check the anging mounts. If they're worn o damaged, replace
them (see Chapter 24),
33 On manual transmission models, Inspect the clutch components

($2e Chapier 8), On automatic transmission models, inspect the front
transmission fluid seal and bearing.

34 On manual fransmission models, apply a dab of grease to the
pilat bearing,

35 Miach the hoist to the engine, mmove the enging from the enging
stand and install the flywheel ar driveplats (see Chapter 24 or 28).

36 Lse the holst lo lower the engina back into the engine compart-
ment, with an assistant 10 help you ling up the enging maurts,

a7 With the front engine mounts bolted hand-tight, use a fioor jack
under the oil pan (use a piece of wood between the anging and the jack
to spread the load) and suppert the rear of the engina,

38 With the rear of the engine lew enough fo allow full access to the
fransmission-to-engine bolls, raise the transmission Into positicn and
bolt it to the engine, following the Steps outlingd in Chapter 74 or 78.

349 Reinstall the shift linkage to the transmission {and clutch fluid
hosa if working on a manual transmission madel) then raise it into
position and align it with the transmission crossmember and transmis-
slon mount

40 Tighten all the kolts on the front engine mounts and transmission
crossmember, then remove the holst and jack

41 Reinstall the - aining components in the reverse order of
removal,

42 Add coolanl, ofl, pewer steesing and transmission fluid as needed
{see Chapter 1),

43 Run the engine and check for proper oparation and leaks, Shut off
the engine and recheck the fluid lavels.

8§ Engine overhaul - disassembly sequence

1 I¥'s much easier o remove the external components if it's
mounted on a portable engine stand, A stand can aften be ented quite
cheaply fram an eguipment rental vard, Befare (he engine is mounted
on a stand, the flywhesl/driveplate should be remaved fram the engine

2 I1astand {50t available, it's possible to remove he external
engine componants with it blocked up on the Hloor. Be exira carelul nol
to tip or drop the engine when working without 2 stand,

3 IFyou're gaing to obtain a rebuilt engine, all external components
must coma olf first, to be transferred o the repfacemeant enging, Thess
compongnts includs;

Flywheeldriveplata

fgnition system eomponents
Emissions-ralated componants
Engine mourts and moun! brackels
Intanerexhaust manifolds
Supercharger (feur-oylindar models)

Fuel fnfection compaoneris

O filter and ol cooler

Spark plug wires and Spark piugs

Tharmasial and housing assambly

Waler pump
=MNote: When removing the exiernal components from the
enpine, pay close altention to deails that may be helpiul or
important during installation, Note the inslalled position of pas-
kels, seals, spacers, pins, brackets, washers, bolls and other
small items,

4 I you're going to ciain a shor block (assembled enging block,
crankshaft, pistons and connecling rods), then remave the timing chain,
cylinder head(s), aif pan, oil pump pick-up ke, ofl pump and water
pump from your englne so thal you can furn inyour old short block to
the rebiullder as a core, See Engine rebuilding allernatives for additional
[nfarmation regarding the different possibilities to be considered
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9 Pistons and connecting rods - removal and installation

REMOVAL

¢ Refer o illustrations 9.1, 9.3 and 9.4

= Note: Prior to remaving the piston/connecting rod assemblies,
remave the cylinder head{s) and oil pan (see Chapler 2A). On
four-cylinder engines, the balance shaft assembly must be
removed for access lo the rod and main bearing caps (see Sec-
fion 12},

1 Usa yaur fingernail 1o feel iF a ridge has formed at the upper Hmil
of ring travel (abaul 1/4-inch down from the Lep of each cylinder), If
carbon deposits or cylinder wear have produced ridges, they must be
completely removed with a special fool (see illustration). Foltow the
manufacturer’s instructions provided with the tool, Failure to remcve the
ridges before aitempting to remove the piston/connecting rod assem-
olies may resull in piston breakage. After the cylinder ridges have been
removed, tum the ergine 5o tha crankshatt |s facing up,

2 Iyou're working an a four-sylinder engine, ramove the balance
shafl assermbly (see Section 12)

3 Befara the main bearing cap assermbly and connecting rods are
rermoved, check the cannecting rod endplay with fesler gauges. Slide
theen between the first connecting rod and the cranksnaft trow until the
play is removed [see-l|ustration). Aepeat this procedure for sach con-
recting rod. The endplay is-equal ta the thickness of e feeler gaugeds)
Check with an automative maching shop far the endplay senvice limil
{1 typlcal endplay should meastre frarm 0.006 te 0015 inch (00127 to
{1,396 mm]). 1 the play exceeds the service [imit, new connecting rods
will be required. 1l new rods (or 4 new crankshatt) are instalied, the
endplay may fall undar the minimum allowable, 1F dees, the rods will
have 10 be machined to restore it [ necessary, consult an automative
maching shop lor advice

4 Check the conneclting rods and caps tor identification marks
It they aren't plainly marked, use paint or marker (see illustration) to
cloarly identily each rod and cap (1, 2, 3, etc., depending on the cylin-
der fhey're associated with), Do nat interchange the rod caps. Install the
exact same rod cap anto he same connecting rod

st CAUTION:

Do not use a punch and hammer 1o mark the connecting rods or
they may be damaged.

5 Loosen each of the connecting rod cap bolts or nuts 1/2-turm at a
time until they can be removed by hano,

G Remove the number cne connecting rod cap and bearing inser
Don't drop the bearing insert out of the cap.

7 Hemove the bearing insert and push the connecting rod/piston
assemnly out through the top of the engine, Use a waoden or plastic
hammer handle to push on the upper bearing surface In the connecting
ried, |1 resistance is telt, double-check 1o make sure that all of the ridos
was removed from the oylinder,

8 FRepeat the procedure for the remaining cylinders,

O Alter removal, measure the length of the roo bolts, fram the
underside of the boll head o the end, and compare your measuremants

LT
W

=t iy e
s S,

0.1 Before you Iry o remove the pistons, use a ridge reamer
io remave the raised material (ridge) from the lop of the
cylinders

9.3 Checking the connecting rod endplay (side tlearance)

9.4 |f the connecting rods or caps are not marked, use
permanen ink or pain to mark the caps to the rods by
cylinder number (for example, this would be number 4
eylinder connecting rod)
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with the values Histed In this Chapter's Specilications. Replace any holts
that have stretched excessively, Reassemble the connecting rod caps
and bearing Inserts (n thelr respective connecting rods and install the
cap bolts finger tight, Leaving the old bearing inserts in place urtil
reassembly will help prevent the connecting rod bearing surfaces from
being accidentally nicked or gouged,

10 Tha pistons and connecting rods are now ready for Inspection
and pverhaul at an aulomotive machine shop,

PISTON RING INSTALLATION

# Refer to illustrations 9.13, 9.14, 9.15, 9.19a, 9.19b and 9.22

11 Before installing the new pistan rings, the ring end gaps musl
be checked, s assumed thal the piston ring stde clearance has been
checked and verified comect

12 Lay out the pistan/connecting rod assemblies and the new ring
5885 50 1ha ring sats will be matched with the same piston and cylinder
during the end gap measurement and angine assambly,

13 Insert the top (number one) ring (nta the first cylinder and square

9.13 Install the pistan ring into the cylinder then push il
down info position using a piston so the ring will be sguare in
the cylinder

It up with the cylinder walls by pushing It in with the top of the plstan
isee illustration). The ring should be near the hattem af the l:}flir-[ler at
the lower limit of ring trawvel,

14 To measura the end gap. slip feeler gauges between the Hndt
of the ring until 4 gauge equal to the gap width is found (see illustra-
fien). The feeler gauge should slide between the ring ends with a slight
ameun? of drag. A lypical ring gap should fall petween 0.014 and 0.020
inch (0.25 to 0.50 mm) for compression nngs and up 1o 0.030 inch
(00,76 mm) far the ail ring steel rails. I the gap is larger or smaller than
spacitied, double-check 1o make sure you have the corect rings before
proceeding. i

15 1 the gap is too small, it must be enfarged of the ring ends may
came in contact with each other durlng angine operation, which can
cause serious damage to the engine. If necessary, increase the end gaps
by filing the ring ends vary carsfully with a fine file. Mount the file in
a vise equipped with soft jaws, slip the ring over tha file with he ends
cantacting the ile face and siowly mave the ring Lo remove material
Irom the ends. When perfarming this operation, file only by pushing the
fing fram the aulside end of the file towards the visa (se2 lllustration)

16 Extess end gap isa't critical unless (s greater than 0,040 inch
{101 mm}, Again, double-check to make sure you have the correct ring
type:

17 Repeat the procedure for each ring that will be instalted in the
first cylinder and for each ring in the remaining cylinders. Remembar o
keen rings, pistons and cylinders malched up,

18 Onee the ring end gaps have been chacked/corrected, the rings
can be nstalled an the plstons,

19 The il contral ring (lowest one on the piston) is usually installed
first, It's composed of three separate components. Slip the spacer
Expander into the groove (see illustration], If an anti-rotation fang is
used, make sure 15 insertad info the drilled hiole in the ring groove,
Mext, Insiall the lower side rall In the same manrer (see 1llustration),
Don't use'a piston ring instatiation Lool an the oil ring side rails, as
they may be damaged. Instead, place one end of the side rail inlo the
groove between the spacer/expander and the ring land, hold it firmly n
place and slide a finger around the plstan while pushing the rail into the
groove. Finaily, Install the upper side rail

20. After the three all ing companents have been Installed, chack
to make sure that both the upper and lower side ralls can be rotated
smuoathly inside e ring grogves,

9.14 With the ring sguare in fhe cylinder, measure the ring
end gap with a feeler gauge

9.15 It the ring end gap Is too small, elamp a file in a vise
as shown and file the pisten ring ends - be sure to remove all
raised malerial
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21 The number two (middle) ring Is instalied next. IS usuatly
stamped with & riark which must face up, toward the top of the plsten,
Do not mix up the tap and middle rings, as they have dilferent cross-
sections.
= Note: Always follow the instructions printed on the ring pack-
age or box - ditferenl manufacturers may require different
approaches.

22 Use a-piston ring installation 1ol and make sure the idantification
miark 15 facing the top of the piston, then slip the ring into the middle
groove gn the piston {see Hlustration). Don't expand the ring any mare
than necessary to silde it over the pistan,
=Note: Be careful not 1o confuse the pumber one and numhber
two rings.

23 Install the number one (fop) ring in the same manner.
24 Repeal the procedure for the remaining pistons and rings

INSTALLATION

25 Before installing the piston/connecting rod assemblies, tha cyl-
inder walls must be perfectly clean, the fop edge of each cylinder bore

must be chamiered, and the crankshaft must be in place.

26 Remove the cap from the end of the number ore cannecting rod
(refer to the marks made during removal), Remave the original bearing
inserts and wipe the bearing surfaces of the connecting rod and cap
with & clean, lint=free cloth. They musl be kept spotiessly clean.

Connecting rod bearing oil clearance check
# Refer 1o illustrations 9.30, 9.35, 9.37 and 9.41

27 Clean the back side of the new upper bearing Insert, then lay it in
place in the connecting rod.

28 Make sure the tab on the bearing fits Into the recess in the rod,
D't hammer the bearing Insert into place and be viry careful not (o
nick or gouge the bearing face, Don't lubricate the bearing at this time.

29 Clean the back side of the other bearing inser and install It in the
rodd cap. Again, make sure the tab on the bearing fits into the recess in
the cap, and don't apply any lubricant. Its critically important that the
mating surfaces of the bearing and connecting rod are perectly clean
and oil free when they're assembled.

30 Position the piston ring gaps at the intervals around the piston as
shiown (5ee [llustration).

9.19a Installing the spacer/expander in the oil ring groove

9.19h DO NOT use a piston ring installation tool when
installing the oll conirol side rails

Fll:nnaup BIEI&UF?«
( Ennlm )
“I cer
:ll'H:rl Expander Gap

9.22 Use a piston ring Installation tool to install the
compression rings - on some engines the number two
compression ring has a directional mark thal must face
foward the top of the piston

9.30 Position the piston ring end gaps as shown




Babhift bearing
embedded with
dobris fram
machinings

Microseoplc detail
of debrig

Microscople detall

Overplated copper alloy
bearing govged by
ecasl [ron debris

of gouges

Damaged lining caused
by dirt left on the
bearing back

Aluminum bearing
embedded with glass beads

Reszull of a lower hall assembled
as an upper - blocking the oll llow

Excessive oil
clearance is indicated
hy a short contact arc

Polished and oil-stained backs
are o result of a poor fit in the
housing bore

Result of a wrong,
reversed, or
shifted cap

Damage Irom excessive
idling which resulied in
an oll fllm unable 1o
support the load imposead

Damaged upper connecting rod
bearings causad by angine
lugging; the lower main
bearings {nol shown) were
similarly aftecled

raled spoed under load

The damage shown In these apper and lower connecting rod
bearings was cavsed by engine oparation at & higher-than-




Tiisig 12

i |
A poordy finished crankshaft caused
the equally spaced scoring shawn

A laperad houging

3 bore caused the

damage along one
edge ol this pair

A warped crankshaft caused this pattern of severs wear In the A hent connecting rod led Lo the
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oll pump, show mare damage
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pressura changes in the oil Mm

Damage from excessive Bearing affected by oll dilution
Result of a low oll supply of Severe wear as a result of thrust or insufficient caused by exeessive blow-by or a
oil starvatinn Inadequala ol| clearance axlal ¢learance rich mixture

1988 Faderné-Mogul Comporation
Copy ond pholographs courteny of Federal Mogul Corporstion
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31 Lubricate the pistan and rings with clean engine ol and attach &
piston ring compresser 1o the piston. Leave the skint protruding aboul
1/d-inch lo guide the pision into the cylindsr. The rings mius! be com-
pressed until they're flush with the piston,

32 Rotate the crankshatt until the number ane connecting rod journal
is al BDC (botlom dead center) and apply a lineral coat of engine il to
the cylinder walls. Fefer to the TDOC locating procedurs in Chapler 24
for additional Information,

33 With the "front” mark (letter F or arrow) an the piston facing the
front (timing chain end) of the engine, gently insert the piston/cannect-
ing rod assembly into the number one cylinder bore and rest the bottam
edge of the ring compressor an the engine block,

34 Tap Ihe top edae of the ring cormprassor Lo make sure Ifs cantact-
ing the block around s entire circumierence,

35 Gently tap an the top of the piston with the end ol 2 wooden or
plastic hammer handle (322 llustration) while guiding the end of the
connecting fod inlo place on the crankshatt journal, The pistan rings
may lry to pop cul of the ring compressar just before enfering the
cylinder bore, 5o keep Soma downward pressure on the ring compras-
sar. Wark slowly, and it any resistanice is fell as the piston enters the
tylinder, stop immediately. Find aul what's hanging up and fix it befare

9.35 Use a plastic or wooden hammer handle to push the
piston into the cylinder

proceeding. Do not, far any reasan, force the piston into the cylindar -
you might break a ring and/or the piston

36 Once the piston/connacting rod assembly 1s installed, the con-
necting rod bearing ol clearance must be checked before the rod cap s
perrmanently installed.

37 Cul a piece of the appropriate size Plastigage slightly shorter
than the width of the connecting rod bearing and lay it in place on the
number ane connacting rad journal, parallel with the jourmal axis (see
(Hustration).

38 Clean the connecting rod c2p bearing face and install the rod cap.
Make sura the mating mark on the cap is on the same side as the mark
on 1he conneciing rod (see (llustration 9.4),

39 Install the rod bolls and tighten them 1o the tarque listed in this
Chaptar's Specifications,
m=Nofe: Use a thin-wall socket to avoid erroneous forque read-
ings that can result if the socket Is wedged between the rod cap
and the bolt or nul. If the sockel lends 1o wedge itself between
Ihe fastener and the cap, litt up on it slightly until it no longer
contacts the cap. DO HOT rofate the crankshafl al any time dur-
ing this aperation.

40 Remove the fasteners and detach the rod cap, baing very carehul
not to disturb the Plastigage,

41 Compare the width of the crushed Plastigage 1o the scale printed
on the Plastigage envelope to chtain the oil clearance {see illustra-
lion). The connecting rod bearing ol clearance is usually about 0.001
ta 0.002 inch, Consult an autometive machine shop for the clearance
specified for the rod bearings on your enging.

42 |1 the clearance Is not as specified, the bearing inserts may be
the wrong slze (which means different cnes will be required), Before
deciding that different Insarts are needed, make sure that no dirt o7 ol
was between the bearing Inserts and the connecting rad or cap when
Ihe clearance was measured. Also, recheck fhe journal diameter. I the
Plastinane was wider at one end than the other, the journal may be
taperad. If he clearance slill axceeds the limit specitied, the beating will
hava fo be replaced with an undersize bearing.

When installing a new crankshaft always use a standard size
bearing.

9.37 Place Plastipage on each connecting rod bearing
journal paraliel 1o the crankshaft centerling

9.41 Use the scale on the Plastipage packape to determing
the bearing oil clearance - be sure lo measure the widest
part of the Plastigage and use the correct scale; i comes
with both standard and metric scales



GENERAL ENGINE OVERHAUL PROCEDURES 2C-17

Final installation

43 Carefully scrape all races afl the Plastigage material aff the rod
journal andyor bearing face. Ba vary careful not to scratch the bearing -
use your fingernail or the edge of a plastic card,

44 Make sure the bearing faces are perfectly clean, then apply 2 uni-
formm lawer of clean moly-base grease or engine assembly |ubg to both
af them, You'll have Lo push the piston into the cylinder lo expase the
face of the bearing insert in the connecting rod.

45 Slide the connecting rod back inte place on the journal, install
the tod cap, install the bolts and fighten them Lo the torgue listed in this
Chapter's Specilications.

45 Hepeat the entire procedure for the remaining pistonsfconnecting
rods;

47 The Important polnts to remember are:

al Keep the back slides of the bearing Inserts and fhe Insides of the
connesting rods and caps perfeclly cldan whan assambiing them.

10 Crankshalit - removal and installation

) Make sur you have the corect pistondrod assambly for sach eyl
e,

i) The mark on the piston imus! face ife frond (iming chain ang) of
the anging,

) Lubiricate the cyllnder walls iiberally with clagn oif.

g) Lubricats the bearing faces whon fnsialling the rod caps affer the
il glearance has been checked.

48 After all the piston/connecting rod assemblies have been correctly
Instafled, rotate the crankshafl & number of Hmes by hand fa check for
any obvious binding.

49 s a final step, check the connecting rod endplay again. I 1L was
correct before disassembly and the original crankshatt and rods were
reinstalled, it should still be conect, 1 new rods or a new crankshaft
were installed, the andplay may be inadacquate. T s, the rods will have
to be removad and taken to an automotive maching shop for restzing,

REMOVAL

¥ Refer to illusirations 10.1 and 10.3

=Nate: The crankshaft can be removed only after the engine has
been removed from the vehicle. I's assumed that the flywheel
or driveplate, crankshal pulley, timing chain, ofl pan, oll pump,
oil filter, balance shalt assembly (four-cylinder models) and pis-
lon/connecting rod assemblies have already been removed. The
rear main ol seal retainer must be unbolied and separated from
the block before proceeding with crankshafl removal.

1 Before the crankshali is removed, measure the endpiay, Mount 8
dial Indicator with the indicatar in Hine with the crankshaft and touching

thie and of the crankshalt (see illustration)

2 Pry the crankshatt all the way to 1he rear and zero the dial indica-

tor. Nexl. pry the crankshaft Lo the front as far as possible and check
the reading on the dial indicator, The distance traveled |s the endplay,
A typical crankshaft endplay will be from 0.003 to 0.010 inch (0.076 lo
0.254 mm), Il il is greater than that, check the crapkshafl thrusl washer/
bearing assembly susfaces for wear after if's removed. If no wear |5 ayi-
dent, new maln bearlngs should coreact the endplay,

3 Itadial indicator isn't available, fesler gauges can be used, Gan-
ty pry the crankshaft all the way fo the front of the englne, Slip leeler
galiges batwesn the crankshaft and the front face of the thrusl bearing or
washer fo determing the clearance (see illustration),

4 Loosen the main bearing cap/badplate bolts 1/4-tumat a time

10.1 Checking crankshaft endplay with a dial indicator

10.3 Checking crankshafi endplay with feeler gauges athe
thrust bearing journal
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gach, until they can be removed by hand

5 Gently lap the main bearing caps assembly with a soft-face ham-
mer fo-lpasen them, Pull the main bearing caps straight up-and off the
eylinder block, Try not [o drop the bearing inserts if they come out with
the assermbly,
= Note: V6 engines have side bolts 1hal go through the side ol

the block inlo the caps. Do nol try to remove the caps until all
cap and side holts are removed.

B Garsfully lift the crankshalt out of 1he engine, It may be a good
ided 1o have an assistant available, since the crankshaft is quite heavy
and awkward to handle. With the tearing inserts in place inside the
engine block and main bearing caps, reinstall the main bearing caps
ont tha enging block and tohlen the bolts finger tighl, Make sure you
install the main bearing caps with the arrows facing the front of the
Brgine,

INSTALLATION

7

7 Crankshaft installation is the first step in engine reassembly, Its
assumed al this point (hat the engine Block and crankshaft nave been
clened, inspacted and sepaired or reconditioned

B Position the engine block with the bottom facing up.

5 Ramove the mounting bolts and 11 off $he main bearing cap

1011 they're shll in place, remove the origingl bearing insers from
the tilock and from the main bearing caps. Wipa the bearing surfaces
of the block and main bearing caps with a clean, linl-free cloth. They
must be kept spotlessly clean, This is critical for determining the comect
bearing oll clearance,

MAIN BEARING OIL CLEARANCE CHECK

# Refer to illustrations 10.14, 10.17, 10.19a, 10.19h and 10.21

11 Without mixing them up, chean the back sides of the rnew upper
main hearing inserts {with grocves and oil holes) and lay ong In each
mairl bearing saddle in he block. Each upper bearing has an ofl groove
and oil hole in 11,

The oil holes in the block must line up with the oil holes in the
upper bearing insers.

Chean the back sides ol the lower main bearing inseris and lay them In
the corrasponding location in the main bearing caps. Make sure fhe tab
on the bearing insert fits inta the recess n the block or main bearing
tap. The upper bearings with the ofl holes are installed into tha engine
block while the lower bearings withoul the oil holes 2 Installed in the
caps,

st CAUTION:

Da not hammer the bearing insert into place and don'{ nick or
gouge the bearing faces. DO NOT apply any lubrication at this
time.

12 Clean the faces of the bearing Inserts In the biock and the crank-
snalt main bearing journals with a clean, lint-free cloth,

13 Check or ciean the oil holes in the crankshatl, as any dirf here
can go only one way - straight thiough the new bearings.

14 Onea you're certain the crankshaft is clean, carsfully lay it in
position In the Block, Lube and insert the thrust washars on elther side
of journal no. 3. The thrust washers must be instalied in the correct
[oumal
= Note: Install the thrust washers with the groove in the thrust
washer lacing Ihe crankshalt and the smooth sides facing the
main bearing saddle.

15 Betore tne crankshaft can be permanantly instalied, (he main
bearing all clearance must be checked

16 Cut several strips of the appropriate size of Plastigage. They musl
be slightly shorter than the width of the main bearing journal

17 Place one piece on each crankshaft main bearing journal, parallel
wilh the jourmal axis as zhown [se2 illustiation),

18 Clean the faces of the bearing insers In the main bearing caps.
Hold the bearing inserts in place and install the caps onto the crank-

10.14 Insert the thrust washer into the machined surlace
betwean the crankshall and the upper bearing saddle, then
rotate it down into the block uatil it's flush with the parting
line on the main bearing saddle - make sure the oll grooves
on the thrust washer face the crankshaft

10.17 Place the Plastipage onto the crankshalt bearing
journal as shown
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shatt and cylinder block. DO NGT sisturb the Piastigage. Make sure you
irstall the main bearing caps with the arrows facing the front {iming
ghiain end) of the engine,

15 Apply clean engine oil ta all bolt threads prior o ingtallation
then install all bolts finger-tignt, Tighten main bearing cap bolis in the
sequance shown (see (llustrations) pregressing in steps, Lo the lorque
ligted in this Chapter's Specilications. DO NOT rotate the crankshaft at
any time duting this oparation

20 Remove the bolts in the reverse orders of the tghtening secuence
and carefully it the maln bearing caps straight up and off the Slock, Do
not disturk the Plastigane or rotate the crankshatt. 11 the main begring
caps are difficult o remove, usa (he bolts, partially inserfed info tne
Gaps, &3 2 handie

21 Compare the width of ke crushed Plastigage on each journal
i the scale printed on the Plastipage snvelope to determine the main
bedring oil clearance (see illustration), A typical main Bearing il clear-
ance should fall between 00015 and 0.0023-inch, Check with an auto-
mutive machine shop for the clesrance. specified for your englne,

22 It the clearanss is not as specified, the bearing inserts may be
the wrong size (which means different ones will b2 required), Before
naciding if difterent Insets are needed, make sure thal no dirt or ofl was
befween the bearing inserts and thi caps or block when [he clearance
was measured. I the Plastigage was wider al one end than the other, the
crarkzhalt jourral may be tapered. | the ciearance still exceeds the limid
spacified, the bearing Insarlis) will have Lo be replaced with an undar-
size baaring Insert(s),

it CAUTION:

When installing 2 new crankshalt, always install a standard
hearing insert set,

23 Carefully scrape all fraces of the Plastigage material ofl {he main
bearing jourmals andfor the bearing Inser faces. Be sure to remoye all
régidye from the oil holes. Use your fingernail or the soge of a plastic
ard - dor't nick or seratch the bearing faces.

FINAL INSTALLATION

24 Caredully litt the crankshatt out of the cylinder black.

25 Clean the bearing inser faces In the cylinder block, then apply
a thin, uniform layer of moly-base greass or enging assembly lubs to
gach ol the bearing suraces. Be sure 1o coat the thrust faces as well as
the journal face al the thius! washers.
= Nole: Install the thrust washers alter the crankshali has been
installed.

26 Make sure the crankshal journals are clean, then lay the crank-
shalt back in place in the cylinder block

27 Clean the bearing inseit faces and then apply the same lubrcant
to them Clean (he engine block thoroughly, The suriaces must be free
af il residue. Insiall the thrust wasners

2B Install each main bearing cap onto the crankshalt and cylindar
hlock,

BI040 FC- 10 1UA AT NES]

10.19a Main bearing cap boll tightening sequence - four-
cylinder models

6
3 16
1 13
2 14
4 16
5

10.19b6 Main bearing cap and side bolt Lightening sequence
- V& models

10.21 Use the scale on the Plastigage packape to determine
the bearing oil clearance - he sure to measurs the widast
pari of the Plastigage and use the correct scale; it comes
with both standard and melric scales
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29 Prior to installation, apply clean engine oil fo all bolt threads and
undar the bolt heads, wiping off any excess, then install all bolks finger-
tight,
= Naote: The manufacturer recommends using only NEW bolis for
the main caps (and side bolts on V6 enpines).

30 Tighten fhe main bearing cap bolis to the torque listed In this
Chapter's Specifications {in \he proper sequence) (see illustrations
10.19a and 10.18b).

31 Recheck crankshaft endplay with a tester gauge or a dial indlcator,
The endplay should be correct if the crankshaft thrust faces aren't wom
or damaged and if new bearings have been installed

32 Hofate the crankshatt 8 number of times by hand 1o check lor z2ny
obwious binding, It should rotate with a running torque of 50 in-Ibs or
less. Il the running torque is too high, identify and comect the problam
at this tma,

33 Inskall the new rear maln oil seal (see Chapter 24),

11 Engine overhaul - reassembly sequence

1 Belore beaginning engine reassembly, make sure you have all the
necessary new parts, gaskets and seals as well as the following items
on hand:

Cammin haed loos

A 12-ineh drive torgue wrench
New engine olf ‘
Gaskel sealan!

Thread tocking compotnd

2 Il you obtained a short block, it will be necessary ta install the
cylinder heads, the oil pump and pick-up tube, the oil pans, (he watsr
pumg; the timing chain and timing cover, and the valve covers (see

Chapter 24). In order to save time and avold problems, the external
companents must be installed in the following general order;

Thermastal and housing cover

Watar pump

fntake and exhaust manalds

Fugl injection companents

Emission contral components

Spark plugs

lgnition cods

O fifter and off cooler

Enging mounts and mount brackels

Flywheal/drivepiate

12 Balance shaft assembly :

1 All covered engines have A balance shall assembly designed Lo
reduce engine vibrations. On V6 engines, the balance shaft assembly
consists of a stralght shaft passing through the block from front to rear,
to which is fited an offsel balance weight at each end. In most cases
this balance shaft assembly need not be removed to perform an over-
haul, On four cylinder engines, the balance shaft assembly is Inside a
case bolted to the lower block, and It must be removed whenever aCCess
is needed to replace pistons, rods or crankshat,

V6 ENGINES

2 Assuming that the engine has been stripped down Lo the block
and e timing chain has been removed, insert a suitable-siza pin
through the hale in the rear counterweight, It should fit into & corre-

spunding hole in the back of the block,

3 Remowve the boll securing the rear countarweight to the balance
shaft, and remave the rear counterasight,
=Note: The balance shaft can only be removed from the front of
ihe block.

4 Remave the bolt securing the balance shafl retainar plate Lo the
frant of the Block and withdraw the balance shalt from the enging,

5 Installation is the reverse of removal, Inspect the condition of the
shaft bearing surfaces for uneven wear and replace the shafl if wear is
indicated, Lubricate the shaft bearing susfaces during instaliation lo the
black.
= Note: When installing the timing chain during final engine
assembly, check that the balance shali front counterweight gear

has its mark aligned with the copper-colored link in the chain
{see Chapter 2B).
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FOUR-CYLINDER ENGINES

¥ Refer Lo illustration 12.12
B Ontour-cylinder engines, the balance shalt assembly also incor- [[[ }J

porates the engine’s oil pump. Refer to Chapter 24 i1 the ail pump is 10
Bie: saparated from (e balance shaft assembly,

T To remove the balance shaft assembly, the all pan must be off,
and the enging turmed to TDC for number 1 cylinder. The procedure 1s C
best perlormed with the block on an engine stand with the bottom-side
Up

B Mark the timing chain links and balancer drive gesrs with match-
Ing patint marks (see Ghapler 24),

9 Al the right-front of the balance shaft case, thera {5 access 1o ﬁ

5
Sl »
Ol
5]

nsert an open-end wrench to secure fhe square lobe on the balance
shaft
|01 With the shaft held securely by the wrench, remove the sprocket E
biolt from the middie sprocket of the assembily,
11 Use a pry tool to force the chain tensioner toward the inside, and 7
slip the timing chain from the sprackets,
12 Hernove the 10 bolls securing the balance shalt assembly to the
blpck, using the reverse al the tightening sequence (ses liustration) 12.12 Balance shaft assembly mounting bolt TIGHTENING
13 LIft the assembly from the block, You may have to rock the sequence (four-cylinder engine)
assembly somewhat 1o loosen the oil pump's tube trom the block,
|4 Installation Is the reverse of the removal procedure. Make sure
the el pump's tube seats firmly into the block, Fellow the iming chain
procedure in Chapter 24 and align the mating marks on the balance -
shalt assembly sprockets

13 Initial start-up and break-in after overhaul

M operating temperature. While the engine is warming up, make a thor-

_ ough check for fuel, oil and coolant leaks
H:;';I‘l'“*;':“ extinguisher handy when starting the engine for the 6 Shut the engine off and recheck the engine oil and coolant levels.

¢ Drive the vehicle ta an area with minimum traffic, accelerate from
30 10 50 mph, then allow the vehicle (o slow to 30 mph wilh the throtile

1 Onea the enging has been installed In the vehlcle, double-check closed. Repeat the procedure 10 or 12 times. This will load the piston
ihe engine oll and coolant fevels rings and cause them to seat properly against the cylinder walls, Check
2 With the spark plugs out of the engine and the Ignition system again for il and coolant leaks.
and fuel pump disabled, crank the engine until oil pressure registers on 8 Drive the vehicle gently for the first 500 miles (no sustained high
the: gauge er the light goes out. speeds) and keep a constant check on the oil level, It is not unusual for
3 Install the spark plugs and ignition coils, and reinstall the fus! an engine to use oil during the break-in period
pump relay. 9 At approximately 500 to 6800 miles, change the oil and filter
4 Slart the engine. It may take a few moments for the fuel system 10 For the naxd few hundred miles, drive the vehicle nosmally. Do
10 bulld up pressure, bul the engine should start without a greal deal of not pamper it or abuse it
sfort, ; 11 Adter 2000 miles, change the oil and filter again and consider (he

5 Alter the engine starts, It should be allowed o warm up o normal engine broken in.




GLOSSARY

Backiash - The amaunt of play beswesn v parts, Uscally rafess 1 how mush ong
e can fe moved back and forth withaut movieg the paas with which its meshed,

Bearing Caps - The caps teld in place by nuls or bolts which, 0 . aid the
haaring surlace. This spaca is for lubricating oil to erder,

Bearing clearance - The amount o scace (el bebeasn shalt and beanng surface.
[hig space is for lubricating oil toenler,

Bearlng crugh - The addiflonal feight whizh & porposaly manifachies into each
paaring halt ke enswre complets contact of the: bearing back with the hausing bose
whan the sngina is assemblad

Bearing knock - The nolse coeatad by maovament of a part ina laosa oewom bagr-
g,

Blueprinting - Dismantling an enging &na reassamiing it 1o EXACT specilications,
Bore - &n angine cylindar or any cylindrical hole; also ssed to desoribe e process

ol erlasging or acouratdly ralinishing 4 hotg with & cuiting foo!, as o bore ar anging
cylinder. The bore size s the diametar of e ho'a

Boring - Renewing the cylinders by cutting them aut to 2 specified size, & boring bar
i& usad 1o maka fhe ca, :

Bottom end - A fem which safers collectiely Lo the engine block, cranksbalt, meain
bearings and 1he big ends of the canassting rods,

Break-in - The paricd of aperation between iastallaton of rew ar rbuill gns and
fime In which parts are warn b2 the coreed AL Orvieg at reduced and varying spagd
lor a specified mileage b permit parts 1o wear 1o the comact §i2

Bushing - A one-plece slezve placed in 4 bare b Serve 85 8 bearing suriaca for saall,
siston pin, ete, Usvally replaceabls,

Camshal - The shatt In the angine, an whick & series of lobes am tocatad for opesal-
i tha vitve rechanisms, The camsaalt i5 driven By gears or sprockats and a timing
chain. Usuntly refesrad 1o simply-as the cam,

Carbon - Hard, orsofl. black deposits faund in combuston chamber, on plugs, uraoa
nings, on and undar vaive heads,

Cast iron - An alloy of Ironeand more than two percent garban, uses lor enging blocks
it hesds bacauss U relathvaly inexpangive and easy b maeld int complex shapes,

Chamfer- To beve! across [ora kel on) the sherp edsga of an object
Chase - To repair darragaed threads with 2 tap ar dis,

Combustion chamber - The spaoe betwean the pistan and the cylingar head, with
e piston 8 fop dead center, [n which ir-fuel mixture is bumes,

Comprassion ratio - The selalionship belwaen oyl ndar valume (Cearance volume)
when 1he giston isat lop deasd cankan and aylindes valiume whan tha pistan is at botam
degd canter,

Connecting rod - The rod thas conracts he crank on the srankshalt with e piston,
Sorratimes called & con rad.

Connecting rod cap - The part af the connecting rod assembly (het aftachis the rod
I the crankpin,

Core plug - Sodt matal plug used 1o plug the casting holes lor e coolgnt cassages
I fhe Block.

Crankcase - The [owar part ol tha enging in which tha cranksbatt rotates; includes
{he lowar section of the cylindar Block ant the off gan

Crank kil - A regrouna o recondifloned crankshatt and new maimn and conracting sod
baarrgs

Crankpin - Tha part of & crankshar b which 4 sonnecting rod |s attached,
Crankshatt - The man ratating meamber, of saaft, renning tha ennt of the arank

g proeating mation ol the-peskans inks mtating motion,

Cylinder sleeve - 4 raplaceable slepva, ar lne, prassad i9to e ayinder block 1o
lorm the Sylinder bore

Deburring - Remeving he burrs (rough adges or areas) Fam e bearing

Deglazer - A ool ratatad by ar alealric mesor usod o ramove glaze lrem oyl inge
walls 50 a new st of rings will ezl

Endplay - The amount of tsngthwise movement babwaen two parts. As applied 12 &
crankshalt, the distenca that tha crankshal can move Torward 2d back in e clinder
bieck

I

Face - A machinist's tarm thal refars to removing mesa from the and of 2 shaf o the
lace of & farger pat, sach & 4 llvwhesl

Fatigue - # breasdown of matarial through a arge number of loading and unloadng
yales. The first signs am aracks filawes shanly oy breaks.

Fagler gauge - & thin sirip of hardened stee, ground B an exact thicknass, used fo
check claarancas hetween parts

Free helght - The unloaded length or nelght of & speing.

Freeplay - The lonseness ina linkage, or an assembly o parts, tetween the intial
application of force and actual meverrsanl Lsually percalvad as slap or slight delay

Freeze plug - Sea Core plig

Gallery - A largs passage in the Biock thal forms a saennlr foe englne ol pres-
S

Glaze - Tho very smoalh, glassy Foish that devalops on cylindsr walls whila an
engine |s in servics, )

Heli-Goil - A rathreading dewce asad when threads ar wom ar damaged. The device
s installe in @ refagped hoke o reduce th thread size 1 e original s,

Installed helght - The spring's measard enpih o hepht, 25 instabled an the oylin-
et head, Instaled Falght s messured fram the speng saat b the arderside of tha
soring rafaines,

I

Journal - The surfee of 4 rokabng stal which b ina bearing

Keaper - The solit ook al holds Fesive spring resaner in posfion an ine val
stam

Key - A sl piece of metal insadad inlo metchieg grooves rmachines ko e pars
filted trapater - suck a5 a gear pressed onto @ shalt - which prevants slipgage batassn
Ihe: ben parts,

Knoek - The neavy matalic engine spuad. produces (1 he comeustian chamber as a
result of- abingrma’ combustion - usually datonation. £nock b5 asually caused by o
Innsa ar worn tearing. Also relesrad to & detoration, pinging ard spark knock
Connaciing rad or main bearing Snoaks are craatad by oo meeh ol clearanea or
insuificiant [ubeication.

I

Lands - The portions of meta! batwean he pistan ring orosves
Lapping Ihe valves - Grinding o viove fRce and its sez! iopether wih lipplag com-
frand

Lagh - Tha amount of eg matian in & gear Isin, betwean gaars, o 3 mechesal
assambdy, that nocurs befora movermant can bepin. Lsuzlly reters o the lash i a valve
frain,



Liftar - The part that ridas &gainat the cam to ansfer malion to the rest of the vl
frain;

Machining - Tne process ol using & mazhine to samave metal from a matal part.
Maln bearings - The plain, or babbitt, tearings shat suppart the cranksnalt,

Maln bearing caps - Tha sast iran cans, bolted 1o fhe botlom af the block, (kal
support b main baariegs,

0.D. - Outslde dignatar.

011 gallery - & pipe or driliad pasaagesay in the engine used 10 carry enging ol from
nre arsd o another

Ol rimg - Tha [ower ring. or rings, ol & plston; designed lo pfvent acessive amaunts
af 201 rom working up the gy indes walls and i the combustion chambes, Also callad
a1 pll-cank ring,

Oil seal - A seal which saens ol from feasing 2ut of 2 cormparment. Usually refars 40
& dynarmic seal around o rotaling snaft ar other moyisg part,

O-ring - & bypa of saaling ring made af 8 spacal ibber ke matecal, in use_ e D-ring
5 compressad o A graova to geovide e sealing action

Overhaul - To completely disassemee a unil, ciean and inspect al| parts, eassemble
{F waith the origiral or new pers and mike all adjustiments nacoessary for proper opers

llzn

Pilot bearing - A small tearing installed in the centar o the liywheel (o the rear and
of the crankshalty to seaport the front end of ta Input shatt of the irensmission,

Plp mark - 4 litha oot or indentation which indicates e 1op sda of a compression
ring

Piston - The sytindrical part, eltached fo the connacting g, that meives Up and down
ptha cylinder &5 the crankshalt rotces, When (he fuel charge i fred, tha piston
franafera the force of the axplosion so the conngcting rad, than 1o the cranksaall.

Piston pin (or wrist pin) - The cylindrical 8d uguaily ha'low siesl pin that passes
thrpugh U piston. Tha pistan pin fastens the pistor o the uppesand of the connacting
red

Plston ring - The spld sing fittad b e grooes in g plston, The ring contacts the sidas
ol e ringgroove and alss rubs agains! Be cylindsr wall, this sealing space Deteaen
stz and wall, Taers ase bwe bypes of rings; Compressian rings seal the compressian
prassure In ihe combustion chamser; oil rings scrape estassie oll olf tha gylindes
witll,

Piston ring groove - The &lols or grooves sul noplston raads o hald pision rings
i position
Piston gkirt - Tne portion of the plstor below the rirgs and the piston pin hole

Plastigage - A thin strip of plastic thread, avatlable in d lfarent sizes, usad for meastr-
N caarances, For asamp'a, a siop of plastigage is ld across a bezting journal and
mazstiedd g pars are assembled. Then pans are disassembled and tha width of the strip
{5 miasured te eterming clearence hetween ouenal and baaring. Commonly ased fo
measUa crankshar main-baanng and conneching rog bearing clearances

Pregs-fif - A fight 1t between wo garks. Inal requires prassura i fares thy pads

fngether Mss retered 1o as drive, or farca, it

Prussian blue - & blus pigment; (n solution, Lseiul o detarrrining the area of contact

between Iwo surlaces, Prossian Bleo s commonly used ko detarming the widh and

ezation af the contact 2raa batwaen thi valva faca and fhe valve st

Ring Job - The process of reepnditioning the cylinders and installing new rings.
Runout - Woblble, The amaunt 3 shaft rotaes out-ol-ine,

Saddle - The upper main bearing seat

Scored - Scralched of groavard, a2 a cyfinder watl miy be scorsd by Sbrasive particles
movied up and down By the plstan rings.

Seuffing - A lypa of waar in which thare's a transfer of matarial babwaen parts moving
anainst gach olher; shows ug &5 2ils o groovas in the mating suriaces.

Seal - Tha surface upon which ansther part rests or Seats. Foe exampte, (e valva Saat
i fhe malched sarlaca upon which the valve face rsts. Also sed 1o 1efer b wearing
into a goad Tt Tor exampée, foslen rnos seal afer & few milas of driving

Short bloek - An angine block compiela with crankshzt and plsion and, usialy,
camsalt assemblies,

Stalic balance - The helanca of an object while ts statipnary,

Step - The wear o e ower portion f a ring land ceused by axcassie side and
bach-c aamance, The neight of tha slep indicales the rings axim side clearance and the
ignitn of the skep projecting from the back wall of the groove rapresants tha rings back
clearancs,

Stroke - The distance the pision movas when saling from fop deag center fo botom
daad ceater, of from batom dead center o top dead center

Stud - 4 rnetal rad with threads on Behands

Tang - A lip on e eng of a plain searng usad to align he bearing during assembly,
Tap - To cul theads ina nole Also ralers ot fluted toot used (o ool thieads,
Taper - A gadual reduction inthe width of ¢ shedl or hats; in an engine oylinder, aper
usuly tkes thie farm of unevan weas, more pronounged at the top than &l the bot-
L

Throws - The olfset portlons of-the grankshatl to which the conneeling s an
aifined

Thrust bearing - Th main baarng it has Froust icas (o prevent aacassie endplay,
ar farward and backwasg mevernant af the crankshatt

Thrust washer - & bronzs of harderad slagl washar placed etwesn twa maving
parls, The washer prevants longituding] movement and provites 2 bearing saraca for
fhrust surlaces of garls,

Tolerance - The amount of variation permitied Irom an exact siza of maasurament,
Aciuat amaunl from smallest acceptable dimensicn 2 arges! acoeptabla dimension,

Umbralla - An ol deflector placed nesr the vl tp -t heow ol from tha valve stem
draed.

Underout - & machined groove Below e narmi surface

Undersize bearings - Smalar diameter bearings usad with ra-prowng crankshalt
|oamals,

Valve grinding - Ratacing 2 valve in @ valva-ratacing maching,
Valva train - The valva-pparating mechansm of a0 enging; includes all compangnts
from e camshall 1 fe valve

Vinration damper - & cylidrical weight atiachad 1o the frant of the crankshalt to
minimize torsioaal vibration (e wist-untwis: actlons of the crankshatt caused by Hhe
eylindar firlng Impulsas), Aso salled & harmanic balances,

Aace (bearing) - The iInne or ouler ring that provides & eorfact surface for balls or _
1 o) : bl o Watler Jacket - The spaces around (he cylindars, bebwasn the nner and auter shells

ollers In bearing. . :
e | ) ' of tha cyfinder blzck or e, thiough which coatant circlaras
Jeam - To slze, enlarge arsmaoth a hole by dsing & rourd culfing tool with Hules

e

Web - & supparting strictuss across a sty
Woodrufl key - & kay with 2 radiused backsids (viawed {om te side},
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2C-24 GENERAL ENGINE OVERHAUL PROCEDURES

FOUR-CYLINDER ENGINES

General
2002 (Typa 111)
Displacement
Bore
Strake
Cylindar comprassion pressure
Minimum
Maximum variation betwesn cylinders
2003 through 2005 [Type 271)
Displacemant
Bore
Stroke
Cylinder compression pressure
Minimum
Maximum variation between cylindars
Ol pressure (minimum, wam enging)
Idle
20N pm
Connecting rod halt length {masimum)
2002 (Type 111)
2003 through 2005 {Type 271}

Torque specifications®

140 cubic Inches (2.3 |w@rs)
3.58 Inches (90.9 mm)
3.48 Inches (884 mm)

17410 217 psi
22 psi

110 cubic inches (1.8 liters)
4.23 inches (82.0 mm)
3.35 Inches (85.0 mm)

142 psl
15 psi

8 psi

25 psl

Mi&

1.51 inches (38.4 mm)

Fi-lbs (unless otherwise indicated)

= Nate: One foot-pound (f-1b) of torque is equivalent 1o 12 inch-pounds (in-1bs) of torque. Torque values below approximately 15 ft-lbs
are expressed in inch-pounds, since most foot-pound forgue wrenches are nof accurate at these smaller values,

2002 (Typa 111}

Connecting rod cap bolts
Slep
Step 2
Step 2

Main bearing cap bolts
Step 1
Step 2

2003 through 2005 (Type 271)

Connecting rod cap bolts
atep
Step ¢
Step 3

Main bearing cap bolis
Step 1
Slen 2

Balance shaft assembfy
Aasembly-to-block bolts
il pump Cove:s scraw
Screw al balance shafl housing
Oil pump drive screw at shafl

* Note: Refer to Part A for additional orgue specifications.

44 in-1bs 5]
168 25
Tighten an additional 90 degrees

ol 55
Tignten an additional 95-degrees

44 in-1bs 5
133 in-Ibs 15
Tighten an additional 90-degrees

22 3
Tighten an additional 90-degress

1 in-lbs B
A in-1bs q
A0 in-Ibs q
ib 20
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V6 ENGIMES
G240 mocels, 2007 to 2005 (Type 112)
Displacement 158 cublg Inchas (2.6 litars)
Bore 3.54 Inches (89.9 mm)
Stroka 2,68 Inches (8.2 mm}
C320 models, 2007 1o 2005 {Type 112)
Displacament 185 cubic inches (3.2 liters)
Biora 3.54 Inches (899 mem)
Slroke 3.30 inches (B4.0 mm)
G230 models, 2004 and later (Type £72)
Jsplactmen 152 cuble inches (2.5 liters)
Bore 3.46 Inches (B8.0 mm)
Stroke 2.68 Inches (684 mm)
G5l modeis, 2006 and |ater (Type 272)
Displacemant 213 cuble inches (3.5 liters)
Bore 3.65 Inches (929 mm)
Stroke 3.38 Inches (B6.0 mm)
Cylinder compression pressunm
Minimum {74 1ty 203 psi
Maxirmwm variation between cylinders 22 ps
Dl pressure (minlmarm, warm enging)
700 rpm {0 psi
3000 rpm 43 ps
Cornecting rod boll length (maximum)
2007 162005 [Type 112) 187 Inches (47,6 mm)
2006 and later (Type 272) 1.59 inches (40,5 mm)

Torque specifications” FI-Ibs (unless otherwise indicated)

=Hote: One foot-pound (ft-1b) of torque is equivalent to 12 inch-pounds (in-1bs) of tlorque. Torque values below approximately 15 f-lbs
are expressed In inch-pounds, since most foot-pound lorgue wrenches are not accurate al these smaller values.

2007 1o 2005 (Type 112)
Gonnecting od cap bolts

Step 1 44 in-los
Step 2 18 ]
Step ¢ Tighten an additional 90 degrees

Main bearing cap bolls
WE bolts (new)

Step 1 16 20
Slep 2 Tlghten an additional 80-deqrees

M0 balis (new)
Step 1 44 in-lbs &
Slep 2 22 30
Slep 3 Tighen 4n additional 90-degrees
Siia bils 27 an

* Mole: Refer fo Part A for additional lorgue specifications.
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Torque specifications*(continued) Ft-1bs (unless otherwise indicated)
2006 and |ater (Typa 272
Connecting rod cap bolts
Step 1 44 in-Ibs
Step 2 15
Sfep 3 Tighten an additional 90-degress

Main bearing cap bolis
M& bolts {new)

Sfep 1 15
Step 2 Tighten an additional 90-degrees
W10 bolts (new) g
Stap 1 44 in-lhs
Step 2 2
Step 3 lighten an additional 90-degrees
Side bolts s
Balanca shaft boltz
Front retainer balt 15
Rear counterwelght biofl
Step 1 15
Step 2 Tignten an additional 90-degrees

* Note: Reler to Part B lor additional torque specifications.

20

20

[ PLEN ]
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{zeneral information

Antifreeze - general information

Thermostat - check and replacement

Engine cooling fan - check and replacement

Radiator and coolant reservoir/expansion tank - remaval
and installation

Water pump - check and replacement

Coolant temperature gauge sending unit - check

and replacement

Blower motor - removal and installation

Healer and air conditioning control assembly -

removal and installation

Heater core - replacement

Air canditioning and heating system - check and maintenance
Air candilioning receiver/drier - removal and installation
Air conditioning compressor - removal and installation
Alr conditioning condenser - removal and installation

Reference to other Chapters

Cabin air filter - See Chapter 1

CHECK ENGINE light on - See Chapter 6
Coolant level check - See Chapter 1

Cooling system servicing (draining, flushing and refilling) - See Chapter 1

Drivebelt check, adjustment and replacement - See Chapter 1

Underhood hose check and replacement - See Chapter 1

COOLING,
HEATING

AND AIR
CONDITIONING
SYSTEMS



3-2 COOLING, HEATING AND AIR CONDITIONING SYSTEMS

1 General information :

ENGINE COOLING SYSTEM

Al vehicles covered by this manual employ a pressurized enging
cooling system with thermpstatically controlled coolant circulation,

An impeller-typs water pump mountad on the engine pumps coolant
thratigh the engine. The coolart flows around each cylindsr and toward
the rear of the engine; Cast-in coolant passages direct coolant around
the Infake and exhausl porls, near the spark plug areas and in close
prowimity o the axhaus! valve guides,

A wak-pelliet type thermostat controls enging cootant temperature,
During warm up, the closed thermostat prevents coolant from circulal-
Ing throwgh the radiator. As the engine nears normal aperating tempera-
fure, thi thermostal opens and allows hol coolant e travet through the
radiator, where it's cooled before retuning to the engine

The cooling system is sealed by a pressure-type cap on the coolanl
reservoit/ekpansion tank, which raises the boiling point of the coolant
and incraases the cooling efficiency af the radiator.

i WARNING:

Do not remove this cap unless the engine is completely cool.

cooling system and the heaterfair conditioning control panel an the
dashboard, Hot engine coolant is circulated through the heater core.
When the heater mode |5 activated, a flap daor opens to expose the
heater unit to the passenger compartment. & fan switch on the control
hiead activates [ke biower motor, which forces alr through the core, heat-
ing the air,

AIR CONDITIONING SYSTEM

HEATING SYSTEM

The: heating system consists of & blower fan and heater core |ocated
In the heater unit, the hoses connecting the haater cors to the engine

The air conditioning system consists of 3 conderser maunted in
frant of the radiator, an evaporater mounted agjacent to the heaier core
a compressor mounted on the enging, a recelver-drier which confains a
high prassure relief valve and the plumbing connecting all of the above
Lomponents

A blower fan lorces the warmer air of the passenger compartmen!
through the evaporatar care (sort of a radiator-in-reverse), transtering
the heat from the alr to the refrigerant, The liquid refrigerant balls off
inta law pressure vapor, faking e heat with it when il leaves the evapo-
rator,

#: WARNING:

The models covered by this manual are equipped with Supple-
menial Resiraint Systems (SRS), more commonly known as
airbags. Always disable the airbag system before warking in the
vicinity of any airbag syslem components 1o avoid the possihility
of accidental deployment of the airbag(s), which could cause
personal injury (see Chapter 12).

2 Antifreeze - general information '

¥ Refer to illustration 2.4

1ex: WARNING:

Do not allow antifreeze 1o come in confact with your skin or
painted surfaces of the vehicle. Rinsa off spills immediately
with plenty of waler. Anfifreeze is highly toxic if ingesled. Never
Ieave antifreeze lying around in an open container or in puddies
on the {loor; children and pets are atiracted by its sweet smell
and may drink it. Check with local autharities about disposing
of used antilreeze. Many communities have collection centers,
which will see thal anlilreeze Is disposed of salely. Never dump
used antifreeze on the ground or into drains.

The cooling system should be filled with 2 water/ethylene glycol
based antifreaze solution, which will prevent freezing down to al leasl
-20-dlegrees F, or lower i local climate requires it 11 also provides pro-
lection against corrosion and Increases the coolant boiling point,

The codling svstem should be drained, flushed and refilled at the
specified intervals (see Chapter 1), 01d or contaminated antifreeze solu-
tions are [Ikely to cause damage and encourage the farmation of rust
and scale in the system, Use distilled water with the antifresze

Belore adding antifreeze, check all hose connections, because
antifreeze lends to leak through very minuts cpenings. Engines don't
narmally consume coalant, so i the level goes down, find the cause
and coreect it
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The exact mixture of antilresze-to-water that you should Lse
depands on the relative weather conditions. The mixture should con-
fain al least S0-parcent antifreeze, but should never contain maose than
Th-percent antifreeze. Consull the mixture ratio chart on the antifreeze
container befare adding coolant, Hytrometers are available at mast auto
parts slores to test the ratio of antifreaze o waler (see illustration), Anti-
[reeze test strips are available a1 some aute pars stores instead of the
hydrometer gauge. Use antifresze that meets the vehicle manufacturer's
specifications,

2.4 The condition of your coolant can easily be checked with
this type of hydrometer, availahie al auto parts stores

3 Thermostat - check and replacement

s WARNING:

Do not altempt to remove the radiator cap, reservoir/expansion
lank pressure cap, coolant or thermostat until the engine has
cooled completely.

CHECK

¥ Refer to illustraiion 3.6

1 Before assuming the thermostat is responsible for a cooling Sys-
tem problem, check 1he cootant level (see Chapter 1), drivebell tension
{see Chapter 1) and lemperature gauge {or light) operallen

2 Ilthe engine lakes & long time to wanm up (25 indicated by the
temperature oauge or heater operation), the thermastat |s probably stuck
open. Replace the thermostal with & new ang

3 I'the angine runs hot or overheats, a tharough test of the thermo
slat should be perormed

4 Testing of the thermosiat can only be done when it is removed
fram the vehicle (see Aaplacamand. If the thermostat is stuck in the
open position at reom temperature, it 1s faolty-and must be replaced.

21 CAUTION:

Do not drive the vehicle without a thermostal. The computer may
slay in open loop and emissions and fuel aconomy will suffer,

4 Toproperly test a thermostal, suspend the (closed) thermostat on
a length of string or wire in a container of cold water, with a thermom-
atar (cooking tvpe tat reads beyond 212-degrees F [100-degrees C1).

e N ik o s || Hozans

' '
e - —_— — —_— —
T ——— — ——

3.6 Athermostat can be accurately checked by heating it in
a container of water with a thermometer and abserving the
opening and fully open femperature

6 Heat the water on a stove while obsarving the temperature and
the thermostal, Neither should contact fhe sides of the container (sen
ilustration).

i Mota the termperature when the thermostal begins to open and
when it is fully open. Compare the femperalures Lo the Specifications in
this Chapter,

B If the thermostat doesn'l open and close as specified, or sticks in
any position, replace 1.
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3.112 Unbolt and remove the thermostal housing cover from
the housing (2002 four-cylinder engine)

REPLACEMENT

8 Drain the engine coolant (see Chapter 1)

2002 four-cylinder and 2001 through 2005 V6 engines
¥ Refer to illustrations 3.11a and 3.11h

10 Remove the trim panel from the front ol the engine and remove
the forward section of the left engine trim panel,

11 Disconnact the coolant hosa(s) from the thermestat housing
cover, Remove the thermostat housing cover maunting bolts and sepa-
rate the housing cover from the housing (fourcylinder enging) or the
front of the timing case cover (V6 engine) (see Illustrations).
= Note: The manufacturer considers the thermostat as part of
the thermostat housing on these engines, and the replacement
is available only as a thermostathousing unit,

12 Scrape off any old O-ring on the thermastat housing cover and
enging, then clean them with braks system cleaner,

13 Irstall a new O-ring and bolt the housing cover in place;

14 Installation is the reverse of remaval, Tighten the thermostat
housing cover fasteners to the torque listed In this Chapter's Specifica-
lions, then reinstall the hoses,

15 Refill and bleed the cocling systern (see Chapter 1), Run the
engine-and check for leaks and proper operation,

2003 and later four-cylinder engine
# Reter to illusiration 3.16

16 It the radiator hose is to be replaced, disconnact the hose fram
the thermostat housiog; atherwise the thermostal housing can be
remaved from the engine with the hese attached. Remave the Ihermosial
housing cover mounting bolts and separate the cover from the sngine
(se2 lllustration), Remave the tharmastat from the cylindsr head.

17 Scrapa off any old gasket ar sealant on the thermostal housing

3.11b Unbolt and remove the thermostat housing cover from
the timing case cover (2005 and earlier VG engines)

3.16 On 2003 and |ater four-cylinder engines, pry back the
hose clip (right arrow) 1o loosen the hose, then remove the
lwo thermosiat housing cover bolls (lef arrows; one

bolt hidden)

and the thermastat cover, then clean them with brake system tleaner,

18 Serape off any old D-ring on the thermastat housing and enging,
then clean them with brake systam cleaner,

18 Install a new O-ring in the groove of the themostat housing
cover, then balt the cover in place,

20 Installation is the reverse of removal, Tightsn the thermostal
housing cover fastanes (o the torque listed in this Chapler's Specifica-
fions, then reinstall the hose,

21 Refill and bleed the cooling system (see Chapter 1), Run the
engine and check for leaks and proper operation
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2006 and later V6 engine
¥ Refer to illustration 3.23

22 Rarmove the alr cleanar duct and filler housing (see Chapter 4),

24 Disconnect the radiator hose from the thermaostal housing (see
Ilustration}

24 Remove the serpenting beit and its idler pulley (see Chapler 1),

25 Disconneat the electrical canmector fram the thermostat housing
cover. Remove the thermestat housing coviar mounting balks and-sepa-
rate the cover from the engine.
= Nate: The manufacturer considers the thermostat as part o
{ha thermostal housing on these engines, and the replacement
is avallable only as a thermostai/housing unit.

26 Serape off any old pasket or seatant on the thermostal housing
and the thermastal cover, than clean them with lacquer thinner.

27 Install a new O-ring and gasket (both are used on thesg engines)

28 Installation is the reverse of removal. Tighten the thermostat cover
fastenars to the torque [isted in this Chapter's Speciflcations, then rein-
stall the nose,

2% Refill and bleed the cooling system (see Chapter 1), Run the
grgine and check lor leaks and propes operation,

3.23 Pry back the hose clip and delach the hose fram the
thermostat housing cover {2006 and laler V6 engines)

4 Engine cooling fan - check and replacement

st WARNING:

To avoid possibla injury or damage, DO NOT operate the engine
with a damaged fan. Do not attempi 1o repair fan blades. Always
replace a damaged fan with a new one.

CHECK

7 Remove the horn [see Chapter 12).

& Detach the power sieering ol cooler from the frant of the radalor
crossmember (sea Chapter 10,

9 Free the coolant line from the clip at the lop rear of the radiator
crossmember (588 lllustration). |

10 1f the hood latch cable will block removal of the crossmember,
disconnect it at the connector on the teft side of the englne comparl
ment (see Chapter 11

1 Disconnect the cable from the negative terminal of the battery
{5ee Chapter 5, Saction 1), Rock the fan back and forth by hand to
enck for excessive bearing play,

2 With the engine cold (and not running), Wm the fan blades by
hand, The far should furn freely.

REPLACEMENT

¢ Reler lo Hliustralion 4.9, 4.11a, 4.11b, 4.13, 4.14a, 4.14h,
4.14¢, 4.15 and 4.16

3 Disconnect the cable from the negative terminal of the battery
{see Chapter &, Section 1),

4 Removs (he air clezner hausing (four-cylindar engines) and alir
Irlet duct{s) (all engines) {see Chapter 4).

5 On WD models, disconnect the power steering line bracket from
the top.rear of the radiator crossmember,

B Follow the fan wiring hamess to the cennector and unplug It

4.9 Frea the coolant line from the clip on the
radialor crossmember




4.11a Pryout. ..

4.13 Unscrew the radiator crossmember bolis and retaining
pin from each end of the crossmamber

4.11b ... and remove the air guide clips

11 Detach the air guide clips and wiring harness fies from the
crossmamber at the upper front of the engine compartment {see iliustia-
ficns).

12 Unboit the brackat that secures the crossmember (o the grille,

13 Remove the retaining pin and mourting holts from aach and of
the crossmember (see illustration)

14 Sqieeze the radiator retaining clins where they protrude bpward
[hrough [he crossmember to dissngage them, then il the crossmermber
off the vehicle {see Hlustration). Remove the clips that secure the g
puide (located beneath the radiatar crossmember) and remave It from
the vehicle {see illustrations),

15 Follow the fan wiring harness to the connector and unplug it
(see lustratian),

16 Fraa the clips fhat secure-the fzn shroud (o the radiator and [iff
the shroud off the radiator (see Jilustration), legether with the fan moter
On vehicles with the fan motor sontroller mounted on the fan shroud,

4.14a With the refaining pin out of the way, squeeze the
clips that secure the radialor 1o the crossmember and lift the
crossmember off

4.14b The air ducl beneath the crassmember is secured by
plaslic clips (arrow) . . .
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4.14c . . . push them to one side lo 4.15 Unplug the radiator fan 4.16 Unclip the fan shroud from
release them slactrical conneclar (this view is from the radiator
below the vehicle)
[ift It out as well. Ti the radiator forward for clearance as you lilt the 18 At this paint, the fan may be unbcltad from the mator, i neces-
fan aut, sary, and the mator (and contraller, if mounted on the shroud) unbiolted
A7 Carefully inspect the fan blades for any damage. Aeplace if neces- fram the fan shroud,
sary. Inspact the fan mator and electronic controller for signs of damage 19 Installation is the reverse of removal. Be sure to tighten the fan
{burned ar melted wiring or tennectar terminals) ar roughness wihen and molar maounting bolis avenly and sacursly
rofating the assambly,

5 Radiator and coolant reservoir/expansion tank - removal and installation

gk WARNING:

Wait uniil the sngine is completely conl belare heginning this
procedure.

COOLANT RESERVOIR/EXPANSION TANK

¥ Refer to Illustration 5.2

1 The coolart reservedr is mounted on the right side of the engine
compartmant,

2 Disengage the auxiliary conlant pump and wiring from ihe front of
the teservoir, then detach the electrical connactor from the sensor at the
battam of the reservein. Detach tha hoses from the resenvolr, remove the
resarvair retaining nut, pull the resenvolr dp to disengage the gromims!
at the baottom, then Hift the resarvolr out (see illustraticn),

3 Be cargful nat to spill coolant en painted surfaces. If it spills,
clean the surface immediately with soapy water and ringe. 5.2 Coolant reservair details

4 Pour the caolant into a containes

ST : fting Grarmmea!

5 After washing the ceservoir inside and out (use 2 housshold bottle ) Eff By g :ﬁffr s
brush 1o clean Inside), inspect the reservolr for cracks and chating. If 3 ,: 1::'-”- finse (ta lower 7 L'I'ﬁ;;;"rﬁ':;}:f'f:: ::Jl'fu
1 e f f ] : o i I JIETT NOSE 1D (OWEN SONANT 0S8 (10 LiDEer
its damaged or o obscured by age as to make feading the water level s e cartlator hose)

difficull, replace i 4 s onrarior
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Hat: WARNING:

If you use a brush 1o clean the coolant reservair, never again
use i for cleaning drinking glasses or bottles.

6 Installation is Lhe reverse of removal

RADIATOR

# Refer 1o (llustrations 5.10a, 5.10b, 5.11a, 5.11h, 5.11¢, 5.12
and 5.16

{ Discannect the cable-from the negative terminal of the battary,

8 Remave the fan and shroud (see Section 4. I you're working on
a supercharged model, remove the air-to-air intercooter (see Chapter 4)

9 Drain the cooling system (see Chapter 1), If the coolant is rela-
tivaly new or In good condition, save It and reuse i, Read the Warning
In Saction 2

10 Disconnec! the automatic ransmission cooler lineg from the
radiator if equipped (see [lustrations). Uge & drip pan to catch spilled
Nutd and plug the lines and fittings,

11 These vehicles use non-standard cooling hose attachments in
some localions. To detach the hoses, pry the hose clip oul of its groove
witha serewdriver until it locks, then work the metal-tipped end of the
hose free of the fitting on the-radiator (see (Hustralions). Remove the
O-ring from the metal end of the hose

12 Release the clips that attach the radiator 1o e wvehicle and 1o the
air conditioning condenser (see ilustration), Carefully [ift the radiator
up and slightly rearward to separate it from the alr canditioning con-
genser. Do nol put stress on the connections at the condenser, Once hi
radiator is removed, the condenser will havs to be tied up In place i
the care supper to prevent strain on the refrigerant connections. Take
care nol to spill cootant on Lhe vehicle, as it can damapa
painted surfaces.

13 Inspect the radiator for leaks and damage. If it reeds repalr, have
a radiator shop or dealer sarvice department perform the watk, as spe-
pial tools and \echniques are requirad,

G.10a If the vehicle is aquipped with an aulomatic
transmission, pull up the clips 1o detach the cooler lines . . .

5.10b . .. then pull them out of the radiator - use new
O-rings on installation

5.11a Pull back the clip to loosen the
hose at the lop of the radiator . . .

5.11b . .. and at the bottom {upper
arrow) - the radiator is supported

5.11¢ . .. then disconnect the hoses
and remove the 0-rings

al the bottom by insulators (lower

arow) . . .
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14 Bugs and dirt can be removed Trom the radiator by spraying i
with 2 garden hose nozzle from the back side. The radiator should be
[lushed out with 4 parden hose before rainstallation

15 Check the radiator maunts for detarioration and replace
il necessary.

16 Instaliation is the reverse of the remaval procedure, Lse new
D-rinigs en the radiator hoses, Make suse the transmission fluid cocler
hase clips a2 securely engaged (see Hustration). Guids the radiatar

inte the mounts untll it seats properly.

17 Fefill and bleed the cooling system (see Chapter 1),

18 Start the engine and check for leaks, Allow the engine to reach
narmal operating temparature, indicated by the upper radiator hose
hecaning hot. Allow ke enging to conl completely, then recheck the
conlant level and add more If required.

19 Check and add automatic transmission fluld if needed (see Chap-
ber 1.,

5.12 Squeeze the clips and separate the condenser from
the radiator

5.16 After installation, make sure the clip Is
securely engaged

6 Waler pump - check and replacement

Wail unil the engine is completely cool before beginning this
procedure.

CHECK

[ Afailure in the water pump can cause Sarious éngine damage dua
fo overhieating

2 There are two ways to check the operation af the water pump
while i's installed on the engine. If the pump is found to be detective, it
should e replaced with & new or rebuilt unil

3 Water pumps are equipned with weep (or vent) holes; IT & failure
necurs in the pump seal, coolant will l2ak feam the hole,

4 It the water purnp shaft bearings fail, there may be a howling
sound &l the pump while it's running. Shatt wear can be felt by relieving
he ssrpenting bell tension (see Chapter 1) and rocking the water pumg
pulley up and down to detect shall wear, Don't mistake drivebelt slip-
page, which causes a squealing sound, for water pumy hearing fallure,

& Even a pump that exhibits no outward signs of a problem, such
as nnlse or leakage, can still be due far replacement. Removat lor close
examination Is the only sure way Lo tell. Scmetimes the fins on the back
of the impeller can corrode o the point that cooling efficiency is ham-
pered,

REPLACEMENT

Four-cylinder and 2001 through 2005 V6 engines
# Refer o illustrations 6.10, 6.13, 6.14a and 6.14b

B Disconnect the cable fram the negative termingl of the battary.

7 Remaove the air cleaner housing (see Chapter 4}, On supercharged
madels, remove the air infake sllencer

8 Ifyou're working on a V6, remove the coaling fan (see Section 4}
and engine shock absarber, If 50 equipped,

8 Drain the engine coolant from the block 2nd the radiator (see
Chapter 1), If the coolant is relatively new ar in good condition, save il
and reuse 1L
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A\

6.10 Loosen the waler pump pulley bolts belore removing
Ihe drivebelt (late lour-cylinder shown)

6.13 Water pump coolant hoses (2001 through 2005
Vi engine)

6.14a Water pump bolt locations - right side (2001 through
2005 V6 enging)

10 Loosen the water pump pulley bolts while the drivebelt is stil
tight, Don't remove the Balis yet (see iHustration),

11 Remove the drivebell (see Chapler 1),

12 Remove the pulley mounting bolts and fake the pulley aff the
pump,

13 Disconnect the coolant hoseds) (Il equipped) from the water pump
{see llustration),

14 Ramove tha bolis.and detach the water pump from the engine
{5ee |llustrations), Gheck the impeller on the backside for evidence of
corroslon or missing fing

2006 and later V6 engines
# Reler to illusirations 6.18 and 6.21

15 Insert the key in the igrition and turn it tothe O positicn

16 Drain the englne coolant from the block and the radiator [5es
Chapter 1), If the coalant is relatively new or In good condition, save i1
and reuse i

|7 Remove the drivabelt {see Chapter 1),

18 Carefully pry the trim covers off the timing belt idier pulleys

6.14b Water pump holt locations - lefi side (2001 through
2005 V6 engine)

(see llustration). Aemove the pullgy bolts and take the pulleys off their
shafls

19 Pry the wiring harness retainer off the pump and pull the harmess
out of the pump groove,

20 Disconnact the coolant hose from the water pump,

21 Loosen the pump bolts evenly, in the opposite of the lightening
sequence (see illustration), Onge all the boits are loose, remove them
and take fhe pump off the engine,

All models

22 Clean the bolt threads and the threaded holes in the engine to
remave corrsion and sealant,

23 Compars the new pump to the oid one to make sure they're den-
fical, .

24 Remave all lraces of ald gasket sealant or O-ring material from
the engine.

25 Clean the engine and naw water pump mating surfaces with iac
quer thinner or acetons,

26 Watar pumps on 2003 through 2005 four-cylinder models are
sealed with D-rings, Glean the D-ring grooves before replacing the
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(-rings, and lubricate the groove with a litle liquid soap to ease inslal-
lation of the O-ring. On all other engines, fhe water pump i sealad with
a gaskel,

27 Carefully attach the pump to fne engine and thread the bolts into
the holes finger tight, Llse a small amount ol BTV sealant on tha boll
threads, and make sure thal the dowsl pins, I used, are In their original
[ocationg

28 Tighten the bolts to the torque listed in this Chapters Specifica-
tlons in 1/4-turn increments. Don't avertighten the bolts or the pump
may be distorted. On 2006 and later V6 engines, tighten the bolts in the
spaciied sequence (sea [llustration 6.21),

29 Reinstall all parts removed o access fo the pump,

30 Wait at least ane hour for the sealant ta cure, Relill and blead the
coaling system (see Chapter 1), Rur the engine and check for lesks and
[aper operation

6.18 Pry the trim cover from each of the idler pulleys (upper

idler pulley shown)
6.21 Water pump balt TIGHTENING
sequence - 2006 and later

3 VE engine

1 ihraugh & M7 sel-taoping bolts

&) {ighten fo numercal arder)
3 Thres ME balls - Hghien avenly
10 M bl - Highten ias!
8
[Esaes < pavnEs]

7 Coolant temperature gauge sending unit - check and replacement

At WARNING:

Wail until the engine is compleiely cool before baginning this
procedure.,

CHECK

# Reler to illustration 7.1

| Onall models covered by this manual, the Enging Coalant
Tamperature (ECT) sensor, which Is an information sensor for the
Pawartrain Control Module (PCMY), also functions 4s the coolant lem-
perature sending unlt {see Chapier &), On all four-cylinder and 2001
through 2005 V6 engines, it's mounted on the thermaostat housing {see
Iustration), On 2006 and fater V6 engines, Its mounted an the back of
the left cylinder head

7.1 Dn 2005 and earlier V6 engines, the coolant temperatura
sensar is mounted on the thermostat housing or the coolan
passage at the front of the engine
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2 It an ovarheating Indication coours, check the coolant level in
the system and then make sure all connectors in the wiring harness
batween the sanding unil and the indicator bght or gauge are light,

3 When the lgnition switch |5 turned to START and the starker motor
is turning, the Indicator light (if equipped) should come on. This dossn’t
mean the engine is overheated; it Just means that the bulb is good,

4 If the light doesn't come an when the lgnition key Is turned to
START, Ihe bulb might be burned out, the fgrition switch might be faulty
or the chicult might be open,

5 As soon as the engine sfars, the indicatos light should go oul

and remain off, unless the éngine overheats, I the light doesn't go
out, refer to Chapter 6 and check for any stored frouble codes in the
Powertrain Contral Module (PCM).

£ Ifthe engine tends to overheal easily, check the coolant o make
sure it's of the proper concentration (see Chapter 1),

REPLACEMENT

7 5ee Chapter 6 for the ECT sensor replacement procedurs

8 Blower motor and electranic control unil - removal and installation

# Aefer to illustraiion 8.3, 8.4, 8.5a and 8.5b

i WARNING:

The models covered by this manual are equipped with Supple-
mental Restraint Systems (SAS), more commonly known as
airbags. Always disable the airbag syslem hefore working in the
vicinity af any alrbag system components to avold the possitility
of accidental deployment of the airbag(s), which could cause
parsanal injury (see Chapter 12).

1 Disconnect the cabia from the negative terminal of the battery
(see Chapter 5, Section 1),

2 Remove the lower dash trim telow the glove compartment [ses
{he glove compartment remaval procedure in Ghapter 11) to gain access
I the heater case and blower matar,

3 Remowve the wiring hamess cover. Disconnect the electrical con-

nactor from the blower motor (see lustration)

4 Remowe the blower motor maunting screws, and pull the blowesr
moter carafully cut of the housing, together with the electronic control
uritt (see Mustration)

i CAUTION:

When you set the blower motor down, do not allow the weight of
the moior fo rest on the fan.

§ To separata the electronic conirol unit from the matar, caralully
pry off the rubber cover and remove the soreéw beneath il (see illustra-
tion). Turn (he housing over and 1 the fan and motor oot for access to
the control unit. Remove the Tors screws that secure the control unill,
disconnect its electrical cennector and take IF out {see [lustration)

B Installation is the reverse of removal, Run the blower and check
far proper operaticn.

8.3 Remaove the wiring hamess cover from the hlower molor
and unplug the connecior

8.4 Remaove the motor-to-housing holls and lower the mator
out of the housing, tooether with the fan
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8.5a Pry the rubber plug off ihe molor and remove the screw
beneath it . . .

B.5b . .. lift the fan up for access, remove the control unit's
Tarx screws and take the unit oul

9 Heater and air conditioning control assemhbly - removal and installation

¥ Reter io (llustrations 9.3a, 9.3b and 9.3c

The models covered by this manual are equipped with Supple-
mental Resirainl Systems (SRS), more commonly known as
airbags. Always disable the airbag system before warking in the
viginity of any airbag system componenis to avoid the possibility
of accidental deployment of the airbag(s), which could cause
personal injury {see Chapter 12).

1 Disconnect the negative cable from the battery (see Chapier 5.
Section 1)

2 Rafer to Chapter 11 lor remaoval of the ashiray and upper console
rirm panels.

3 Hemove the screws from the underside of the control assembly
(see-fllustration), Garefully pry the heating/air conditioning entral
uril cut of the center console cover with & trdm stick and pull it out-for
access 1o the electrical connectors (see lustralions).

4 Disconnee! the electrical connectors from the rear side of the
control assembly and remove it from the vehicla,

& Installation |5 the raverse of the removal procedurs. Be sure the
canirol unit clicks Into position whan you push it in.

o3

9.3a Remove the air conditioning 9.3b . .. carefully pry the contral 9.3¢ ., .. disenpage the clips and
control unit mounting screws . . . unit out with a trim slick . . . unplug the electrical connectors
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10 Heater core - replacement

Ha:t: WARNING:

¥ Refer to llusirations 10.7, 10.9 and 10.10

#::t: WARNING 1;

The models covered by this manual are equipped with Supple-
mental Restrainl Syslems (3RS}, more commonly known as
alrbags. Always disable the airbag system belore working in the
vicinity of any airbag system components to avoid the possibility
of accidental deployment of the airbag(s), which could cause
personal injury {see Chapter 12),

St WARNING 2:

Wait until the engine is complelely cool belore beginning this
procedure.

Do nol allow antifreeze to come in contact with your skin or
painted surfaces of the vehicle. Rinse off spills immediately
with plenty of water. Antifreeze is highly toxic if ingested. Never
leave anlifraeze lying around in an open container or in puddies
on the floor; children and pets are atiracted by its swesl smell
and may drink i1. Check with local authorities about disposing
of used antifreeze. Many communities have collection centers
which will see thal antifresze is disposed of salely. Never dump
used anlifreaze on the ground or into drains,

=MNote: Aeplacement of the heater core is a difficult procedure
far the home mechanic. If you attempt this procedure at home,
keap track of the assemblies by laking notes and keeping screws
and other hardware in small, marked plastic bags lor reassem-
bly.

1 Tumn the heatar centrol setting to HOT. Draip the coaling system
isee Chagter 1), If the coolant is relatively naw, or tests in good condi-
tion (e Section 2), save it and re-use Il

2 Disconnect the cable from the negative terminal of the battery

3 Adjust the steering Golumn as far back and dawn as it will go.
Remove the steering wheel (see Chapter 10,

4 Remaove the lower trim panel from the ieft e of the instrmeant
panel (see Chapler 11)

5 Remove the instrument clusier (see Chapter 12)

i Remove the accelerator pedal (see Chapier 4),

T Peal back the carpel In the drivers footwell far enough fo expose
the air duct that runs to the back seal (se [||lustration)

8 Detach the steesing column from the instrument panel and lowey
it into the drivers foctwell (see Chapter 10, I isn't nacessary lo sepa-
rate the steering shafl from the coupling

9 Unhook the three springs that secure the upper end of the rear air
duct, then remove the fitting at the upper end of the air duct (see jlus-
tration).

10.7 Pull back the driver's side carpet 1o expose the top end
of the rear air duct

10.9 Unhook the three clips (one clip shown) and detach
the duct
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100 Place some plastic shesting on the faotwell flaor, then pull the
clips out of the heater hose fitings (see ilustration).
=Note: Replace the clips with new ones an Installation.

11 Carsfully pull the coclant tubes out of 1he heater core

|2 Remove the brackel boelts and take the Gracket aff fhe heater core
{sae lllustration 10.10). Separate the heater care frem the evaporalor
niciiging and ake it oul

13 Wipe any spilled coalant from the inside of the housing.

14 Installation is the reverse order of ramoval, When ataching the
sleering column t ihe support bracket, tighten the nits or bolts to the
tnrgue lished in the Chapter 10 Specifications,

{5 Refill the cooling system (see Chapter 1), reconnect the battery
arid run the enging. Check for leaks and proper cperation of the system

AlR CONDITIONING SYSTEM

The air condHioning system Is under high pressure. Do nol
loosen any hose fittings or remove any components until after
the system has been discharged. Air conditioning refrigerant
should be properly discharged into an EPA-approved recovery/
recycling unil al a dealer service depariment or an automotive
alr conditioning repair facility. Always wear eye protection when
disconnecting air conditioning system fittings.

ok CAUTION 1:

fll models covered by this manual use environmentally friendly
R-1345. This refrigerant (and its appropriate relrigerant oils) are
not compatible with R-12 refrigerant system components and
must never be mixed or the componenis will be damaged.

=% CAUTION 2:

When replacing entire components, additional refrigerant oil
should be added equal to the amount thal is removed with the
component being replaced. Be sure lo read the can before add-
ing any oil fo the system, to make sure it is compalible with the
R-134a system.

11 Air conditioning and heating system - check and maintenance

10.10 Pull out the clips (A) to free the heaier hoses, unbolt
the brackel (B) and remove the heater core

1 The following maintenance checks should be perlormed on &
regular basis 1o ensure that the air conditioning continues to operate al
peak efficiency

a) inspect the condition of ihe compressor driveDait i i is weorn or
dietariorated, rapiace it (see Chapler 1)

i) Check the drivetialf tansion (see Chagter 1)

gl Inspact the system hoses. Look for cracks, Dubbies, fardening
and detarioration. fnspect the hases and all fittings for on Dublies
or seepage. (f there is any evidence of weal, damage of leakage,
iepiace fhe hosafs).

d) Inspect ihe condenser fins for Jeaves, bugs and any ofher arelgn
matarial that may have embedded fisalf in the fins. Use a fin comd
ar compressad air fo emove debels from e condenser

al Make sure tfie system has e corect refigerant charge

2 It'sageod idea to operats the system for about len minutes al
mast once 2 month, This Is particularly impartant during the winte
mionths because lang term non-use can cause hardening, and subse-
quent failure, of the seals. Note fhat using the Defrost functicn operdies
he CoOMpressarn,

3 |f the air conditioning system is nat working properly, procesd to
Sten & and perform (he geneeal checks oullined below

4 Because of the complexity of the air conditioning system and Ihe
special equipment necessary to sarvice it in-depth troubleshooting
and repairs beyand checking the refrigerant charge and ihe compres-
sar cluten operation are nol inciuded in this manual. However, simple
checks and component replacement procedures are provided in this
Chapter,

5 The most common cause of poor coaling 15 simply A low system
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11.8 Refrigerant suction line (A) and discharge line (B)

(e
A 134A
RECHARGE KIT

11.12 A basic charging kit for 134a systems is available ai
most aulo parts stores - il must say 134a (not R-12) and so
musi the can of refrigerant '

refrigerant charge. If @ noticeable drop in system cooling ability ooours,
one of the following quick chacks will halo you determine whether the
refrigerant level is low, Should the system Inse its coaling ability, the
following procedure will help you pinpaint [he causs,

Checking the refrigerant charge
# Refer to illustrations 11.8 and 11.10

6 Warm the engine up Lo romal aperating temperature,

7 Place the alir conditioning lemperature selecior at the coldest set-
ting and put the blower at the highest setting, Opan the daors (o make
sure the air conditioning system dossn't cyele off as scon 4s it cdals the
PRSSBN0Er compartment),

8 Afer the system reaches cperating femperature, feel the suction
line on the left side of the engine compartment {see |l ustration),

9 The suction ling should be cold {the tubing that leads back Lo
the comprassor) and the discharge line should be warm or hot. If the

11.10 Inseri a thermometer in the center duct while
operaling the air conditioning system - the outpud air should
be 35 to 40 degrees F Iess than the ambient temperaiure,
depending on hu idity

evaporatar oullet is waim, ke System probably needs a chargs

10 Insert a thermometar in the center alr distibution duct see
Ilustration) while aperating the air conditianing system 2t ils maxi-
mum sefting - the temparature-of the output alr should ba 35 to 40
degreas F below the ambient air temperature (down to approximately
40 degrees F). 11 the amblent (outside) air temperature Is very high, say
110 degrees F, the duct alr lemperature may be as high &5 60 degrees F,
but generally the air conditioning Is 35 o A0 degrees F caoler than the
amblent air

11 Further inspecticn or festing o the system requires spesial tools
and lechnigues and Is beyond the scope of the home mechario

Adding refrigerant
¥ Refer to illusirafions 11.12, 11.15 and 11.16

Make sure any refrigeran, refrigerant oll or replacement com-
ponent your purchase is designaled as compatible with enviran-
mentally friendly R-134a sysiems.

12 Purchase an R-134a automotive charging kit at an auto parts
store (see-illustration). A charging kit ingludes & can of tefrigerant, a lap
valve and a short section of hose thal can be atlached between the tap
valv and the system low side service valve,

13 Hoak up the charging kit by lallowing the mantzcturers instruc
fions.

ot WARNING:

DO NOT hook the charging kil hose to the system high side! The
filtings on the charging kil are designed 1o il only an the low
side of the system.

14 Back off the valve handle on the charging kil and screw the kit
anto the refrigerant can, making sure first that the O-ring or rubber seal
inside the threadad portion af the kit is in place
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11,15 Attach ihe refrigerant kit to the low-side charging port

Wear protective eyewear when dealing with pressurized refriger-
anl cans.

15 Remove the dust cap from the |ow-side charging port and atiach
Ihe quick-cannect fitting on the kit hose (see illustration)

{6 Warm up the engine and turn on the air conditioning, Keep the
charging kit hose away from the fan and other moving parts
=MNots 1; The charging process requires the comprassor to be
runming. If the clutch cycles ofl, you can put the air conditioning
switch on High and leave the car doors open fo keep the cluteh
on and compressor working.

= Hole 2; The compressor can be kept on during the charging

by removing the conngctor from the dual-pressure switch and
bridging it with a paper clip or jumper wire during the procedure
{see illustration).

17 Turn the valve handle on the kit until the stem pierces the can,
inen back the handle oul to release the refrigerant, You should be able
o hiar the rush of gas. Add refrigerant to the low side of the system,
keeping the can upright at all times, but shaking it occasionally. Allow
stabilization time betwsen sach addition
= Note: The charging process will go faster if you wrap the can
wih a hot-water-snaked shop rag to keep the can from freezing
up.

iz CAUTION:

Don't add more than one can of refrigerant to the system. II
more refrigerant than that is required, the system should he
avacuated and [eak lested.

18 11 you have an accurate thermometer, you can place It In 1ng cen-
fer air cenditioning duct inside the vehicle and keep track of the cutpul

11.16 The air conditioning pressure switch is located
beneath the radiator - if the compressar will not stay
engaged, disconnect the connector and bridge it with a
jumper wire during the charging procedure

air temperature, A charged system (hal is working properly should cool
diwn 10 approximately 40 degrees F. Il the ambient {outside] air tam-
perature 5 very high, say 110 degraes F, the duct air temperature may
be a5 high as 60 degrees F, but aanerally the air conditioning |5 35-40
degrees Fcooler than the ambient air,

19 When the can is empty, turn the valve handle to the closed posi
tion and release the connection Tram the low-side port. Reinstall the
dust Gag

2 Remove the charging kit from the can and store the kit for future
use with the piercing valve In the UP position, 1o prevent Inadveriently
piercing e can on the nexl use,

HEATING S5YSTEMS

29 |f the carpet under the heater core |5 damp, or if antifresze vapar
or steam is coming through the vents, the neater core s leaking.
Remove it (see Section 10) and install & new unit (most rdiatar shops
will not repair a leaking heater corel,

22 If the air coming out of the heater vents isnt hot, the problem
could stem from any of the following causes:

al The thermasial is stuck open, praventing the enging coolant fram
wErming i araual to carry heat to the heater core. Replacs the
tharmostal (see Sechion 3).
Thare ls 2 blackage in the system, praventing ihe flow af coolant
fhravigh the feater core. Fegl both Keater hosas at the firewall
They showid Bie hat. If ane of tham is eold, there is an abstruchion
in ang of tha hoses or in the healer core, or the healer coniral
valve fs shut Datach the hoses and back flush the heatar core
with 2 water hose I the heater core 1s clear but alroulation 15
impadie, remove the two fosas and fush tham out with & water
hiosa,
i I flushing fails to remove the blackage from the heater oore, the

care must be raplaced (see Sechion 1),

b)
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11.26 With the cabin air filter removed and the blower set to
its highesl salting, spray the disinfectant into the opening

ELIMINATING AIR CONDITIONING ODORS

¥ Rafer to illustration 11.26

23 Unpleasant odors that often develop In air conditioning systems
are caused by the growth of a fungus, usually on tne surface of the
evaparalor core, The wam, humid environment thers is a perfect breed-
g around for mildew Lo develop.

24 The evaparator core on most vehicles is difficult 1o acoess, and
lactory dealerships have'a lengthy, expensive process for efiminating
the fungus by opening up the evaporator case and ushng a powerful dis-

Infectant and rinse on the core unlil the lungus 1s gore, You can service
your own system at home, bt it kes something much stronger than
basic household germ-killers or deoderlzers,

25 Aerosol disintectants far aulemative alr canditloning systems are
available In most aulo pasls stores, bul remember when shopping for
them that the most effective treatments are-also the mos! expensive, The
basic procedure for Lsing these sprays 15 1o star by running the system
In the RECIRG. made for ten minutes with the blower on il highest
spead. Use the highest heat mode to dry oul the system and keep the
compressar from engaging by disconnecting the wiring connector at the
compressor (seg Section 13).

26 The disinfectant can usually comes with a lang spray hose.
Remaove the cabin alr filter (see Chapter 1), turn the biower to the high-
est speed setting, point the nozzle Inside the opening and spray accord-
ing to the manufacturers recommendations (see (lustration). Follow
the: mantfacturers recommendations for the length of spray and waiting
lime between applications

AUTOMATIC HEATING AND AIR CONDITIONING
SYSTEMS

27 Some models are equipped with an optional automatic olimate
control system. This system has ils own computer that receives inputs
from varicus sensors in the heating and alr cenditioning system: This
computer, like lhe PCM, has seli-diagnostic capabilities to help pinpoint
problems or faults within the systermn. Vehicles aquipped with autarmatic
heating and ain conditioning systems are very complex and considenad
beyond the scope of the home mechanic, Vehicles equlpped with auto-
matic heating and air conditioning systems should be taken to deals
service depariment or othar gualified facility for repair

12 Air conditioning receiver/drier - removal and installation

Hai WARNING:

The air canditioning system Is under high pressure. D0 NOT
loosen any NHings or remove any components until afier the
syslem has heen discharged. Air conditioning refrigerant should
be properly discharged into an EPA-approved container al a
ealer service depariment or an aulomotive air conditioning
repair facility. Always wear eye protection when disconngcting
air condilioning system fittings.

REMOVAL

| The recelver/drier stores refrigerant and removes molsture from
the system, When any major air conditioning companent {compres
sor, condenser, evaporatar) 1S replaced, or the system has been apart
and expased 1o alr for any length of time, the receiver/drier must be
replaced, On vehicles bullt up to April 23, 2004, the receiver/drier is
built Inta the right-hand side of the condenser. On later models, It's

2 Take the vehicle to a dealer service depariment or automotive ai

canditioning shop and have the air condltioning system olscharged
and the refrigeran! recovered (see the Warning at the bealnning of this
Section),

Early models (up to April 23, 2004)
¥ Reler to illusiration 12.3

3 Open the hood. Pull up the plastic cover to expose the receiver/
drier plug (see lustration)

4 Unscraw the plug, then 111 the recever/driar cartridae aut of
the condenser.

Later models
¥ Refer 1o illustrations 12.6, 12.7 and 12.8

5 5Set the parking brake, block 1he mar wheels and raise the front of
e vehicle, supporting it securely on jackstands and remove the splash
cover fram below the engine

§ Remove the clips that relain the cover lo the receiver/drier
(seg |llustration)

7 Unbolt the retaining plate tfrom the end of 1he receives/drier
(see lustraticn)
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12.3 On early models, remove the plastic cover and unscrew
the plug 1o remove the recelver/drier

12.6 On laler modals, {ree the clips and remove the cover
irom the receiver/drier . . .

12.7 ... unbolt the retaining plate . . .

& Remaove the mounting bolts, then separate the recelver/driar from
the refrigerant lines (see illustration). Cap or plug the apen lines imme-
dllately,

O Take the recejvar/drier oul of the vehicle

INSTALLATION

All models

10 1l you are replacing the receiver/drier, add 20 co of clean refriger-
ant ol 1o the new recelver/drier. This will maintain the correct oil level
in the system afer the rapairs are completzd.

Early models

11 Don't open e new receivendriers packaging until you're ready
to install the unit in the condenser. Oncs you do open the packaging,
insiall the recalver/drier within 20 minutes.

12.8 . .. remove the mounting bolts, then detach the
receiver/drier fram the lines

12 Insert the new receive/drigr into the condensar, cyllinder and
down {shaft end uph, Install the threaded plug and tightan it to the
torque |isted in this Chapiers Specifications.

13 Install the plastic cover over fhe plug

Later models

14 Place the new recalver/drisr into position, tighten the mounting
bracket balt lightly, still allowing the receiver/drier to be tumed to align
the line connections.

15 Lubricate the O-rings using clean refrigerant oll and reconnect
the lines, Mow tighten the mounting bracket bolt securely,

16 Install the receiver/drier cover and splash cover

All models

17 Have the system avacuated, recharged and leak tested by a dealer
service department or an alr conditioning repair facility,
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h
13 Air conditioning compressor - removal and installation

Hei: WARNING: B Add the proper amount of refrigerant oil to the new compressor
tzing the fallowing calculations

al Lrain the refrigerant oif from the old compressar through 1he st

The air conditioning system is under high pressure. Do not
lnasen any hose fitlings or remove any components until after

the system has been discharged. Air conditioning refrigarant tion fitting and measure it in cubic centimeters

should be properly discharged into an EPA-approved recovery/ Bl Drainany new pil from fhe new comprasser,

recycling unit at a dealer service department or an aslomolive &) Add an amaunt of elsan, new o, equal fo the drained amawnt fo
air conditioning repair facility. Always wear eye protection when the few comprassor Add an additional 20 g

disconnecting air condifioning system fittings. A .
’ . 2 ' 9 Instaliation is the reverse of removal, using new O-rings where

the tines attach to the compressor,
= Mate: The receiver/drier should be replaced whenever the 10 Have the system evacuated, recharged and leak tested by an air
compressor is replaced (see Section 12). cenditioning techician,

REMOVAL

¥ Refer to illusiration 13.5

1 Have the air conditiening system refrigerant discharned and
recycled by an air conditioning lechnician (see Waming above),

2 Disconnect the cable from the negative terminal of the battery
(see Chapter 8, Section 1),

3 Remowe the drivebell (see Cnapter 1),

4 Remove the air cleaner intzke fube mounted above the compres-
s0r (see Chapter 4),

5 Disconnect the compressor clulch wirlng harness (see iHostra-
tian), Disconnect the reirgerant lnes fram the compressar. Plug the
open fittings to prevent entry of ¢irt and moisturs

f  Unboll ke comprassar from the maunting bracket and remove it
framm the vehicle,

INSTALLATION
7 The cluteh may have to be transterred from the old compressor to 13.5 Disconnactihe wiring and refrigerant lines from the
thee new unit compressor

14 Air conditioning condenser - removal and installation

#:: WARNING 1: s#ek WARNING 2:
The air conditioning system is under high pressure. Do not Wait unfil the engine is completely cool belore beginning this
loosen any hose liltings or remove any components until afer procedure.

the system has been discharged. Air conditioning refrigerant
should be properly discharged inlo an EPA-approved recovery/
recycling unil al a dealer service depariment ar an ailomative
air conditioning repair facility. Always wear eye protection when REMOVAL
disconnecting air conditioning syslem filtings.

I Have the refrigerant discharged and recycled by ar air condition
ing technician (s2= Warning 1 above)
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2 Disconnect the cable from the negative terminal of the battery and
drain the cooling system (ses Chapter 1)

3 On early models with the recelver/drier maunted inside the con-
tenser, remove the recelver/drigr from the condenser (see Seclion 12],

4 Disconnect the condenser line and discharge line from the
condenser, On early models. unplug the electrical sonnectar from the
pressure switeh and remove the nut that secures the refrigerant ling
\unction block to the condenser, On later models (with the recelverfdrier
mourted beneath the condenser), remove the receiver/drier, referring o
Saction 12. Cap the fitfings on the condenser and lines to pravent entry
af dirt ar moisture.

5 Release the clips thal secure ihe condensar to the radiator {ses
Ilustration 5.12).
& Lift the condensar out of the vehicle,

INSTALLATION

7 Installation is the reverse of removal.
B Have the system evacuated, charged and leak tested by an air
conditioning technician,
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Specifications

General
Coalant capacity
Drivebelt fension
Radiator cap pressure rating
Thermaostat rating
Four-cylinde engines
Valve opans
Fully apen
2001 through 2005 V6 engines
Valve opens
Fully open
2006 and |ztzr V& engines
Main valve opens
Shutoff valve opens
Fully open
Amount of opening
Refrigerant

Torque specifications

In-lhs* Nm

See Chapter 1
See Chapter 1
1980 22 psi

185 to 192 degrees F (85 to 89 degrees C)
226 degreas F (102 degrees C)

190 to 197 degrees F (B8 to 92 degrees C)
215 degrees F (105 degress C)

149 degrees F (55 degrees C)
130 degrees F (40 degrees C)
212 degrees F (100 degrees C}
5/16 inch (8 mm)

R-134a

*=Nole: One fool-pound (#t-Ib) of torque is equivalent lo 12 inch-pounds (in-1bs) of torque. Torque values below approximately 15 ft-Ibs
are exprassed in inch-pounds, since most foot-pound forgue wrenches are nol accuraie at these smaller values,

Thermostat housing cover bolts
2002 four-cylinder enging
ME bolts
MB bells
2003 through 2005 four-cylinder engine
2007 through 2005 Y& engine
2006 and laker V& engine
Waler pump refalning boits
2002 four-cylinder engine
ME bolts
MB bl

| D6 10
265 25
85 8

148 14
265 25
106 10
265 il
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General information

Fuel pressure relief procedure

Fuel pump/fuel pressure - check

Fuel lines and fittings - repair and replacement

Fuel pump/fuel level sensor and fuel level sensor modules -
removal and Installation

Fuel filter/fuel pressure regulator - removal and installation
Fuel tank - removal and installation

Fuel tank cleaning and repair - general information

Air filter hausing and air intake duct - removal and installation
Fuel injection system - general information

Fuel injection system - check

Throttle body - removal and installation

Fuel rail and injectors - removal and installation

Supercharger system (2002 four-cylinder models) - description
and component replacement

Supercharger system (2003 through 2005 four-cylinder
models) - description and component replacement

Exhaust system servicing - general information

Reference to other Chapters

Air filter replacement - See Chapter 1
CHECK ENGINE light on - See Chapter 6
Exhaust system check - See Chapter 1
Fuel system check - See Chapter 1

FUEL AND
EXHAUOT

SYSTEMS
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1 General information

Ha:ic WARNING:

Gasoline is exiremely llammable, so take axtra precautions
when you work on any part of the fuel system. Don't smoke or
allow apen flames or bare ligh! bulbs near the work area, and
don’t work in a parage where a gas-type appliance (such as a
water healer or clothes dryer) Is preseni. Since gasoline is car-
cinogenic, wear fuel-resistant gloves when there's a possibility
of being exposed 1o fuel, and, Il you spill any fuel on your skin,
rinse it aff immediately with soap and water. Mop up any spills
immediately and do not store fusl-soaked rags where hey could
ignite. The fuel system is under constant pressure, so, If any
fuel lines are to be disconnecied, the fuel pressure in the sys-
fem must be relieved firsl. When you perform any kind of work
on the Tuel system, wear safely glasses and have a Class B type
fire extinguishar on hand.

All modals covered by this manual are equipped with a sequential
multi=port fuel Infection systam; This lype af fuel injection system uses
limed impulses to saquentially inject the fuel directly Info the intake
ports of each cylinder in [he same sequence as the firing arder, The
Powertrain Control Maodule (PCM) cantrols the injectors, The PCM
maonitors varions engine parameters and dalivers the exact amount of
fusl, in firing order sequence, into the intake parls. For more informa-
tlon about the fuel Injection system;, see Section 10.

2 Fuel pressure relief procedure

¢ Refer to Mustration 2.1

#ei: WARNING:

See the Waming in Seclion 1.

1 The tuel pump luse and fuel pump relay (see illustration) are both
located on the fuse and relay box in Ihe trunk,

2 Opan the trunk and remaove the fuse and relay box cover, which is
[ncated on the left side of the trink,

3 Remave the fuel pump fuse,

4 Tutn the Tgnition key to START and crank over the engine lor sev-
eral seconds. I will either slart mamentarily and immediately stall, or i
won'l starl at all.

5 Tum the lgnition key to the OFF position,

i Disconnect fhe cable from the negative battery terminal befare
beginning work on the fuel system (see Chapter 5, Section 1).

T Inslall the luel pump fuse and the fuse and relay box cover,

8 Alter all work on the fuel systam has been completed, reconnect
the battery (see Chapter 5, Section 1)

9 When the engine is started; the CHECK ENGINE light or Mal-
function Indicator Light (MIL) might come on because the enging was
cranked while the fuel pump fuse was pulled. The light should go out
aller & period of normal eperation. I it does netgao out, refer to Chapter 6,

The fusl pumpiTuel level sensar mocule consists of the fuel inlsl
strainer, the pump and the fuel level sensor for the right part of the tank
and can be accessed by removing the rear seal cushion, an access
cover in the Noor and a retaingr on top of the fuel tank. A second fuel
level sensor, which |s located in the Jelt parl of the fusl tank, has its own
access cover and retainer, and is accessed in the samea manner as the
gl pump module. Meither of these modules is serviceable, If anything
malfunctions on either module, you must replace the entire unit

The Tuel filter is located at the rear of the left half of the fuel tank
The fuel pressure regulator is an integral companent of the fugl fiter, 11
the fuel filter or the fugl pressuse requlator fails, you must replace the
entire unit.

Tha exhaust system consists of the two exhaust maniiolds, the tront
part of the exhaust system {which Includes a pair of catalytic converters,
the pipes connecting the exhaust manifolds fo the converters and the
converiers 1o the rear parl of the exhaust system), and the rear part of
the exhaust system (which includes a resonator [or pra-mutiier] and the
mufflertailpipe assembly). Each of the catalysts and thair inlet and out
Iet pipes can be replaced separalely from the othar exhaust pipe/catalys!
assembly, The rear part of the exhaust system 158 one-piece assembly
For Information regarding ramoval of the various parts of the exhaus!
system, see Section 16, For information regarding removal/replacement
of the catalytic converlers, tefer to Chapter B.

2.1 The fuel pump fuse (A) and the fuel pump relay (B) ara
bath |ocaled in the luse and relay box inslde the left side of
the trunk
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3 Fuel pump/fuel pressure - check

See the Waming in Section 1.

PRELIMINARY CHECK

1 The fuel pump Is located inside the fuel fank. Turn the lgnition
ke to ON-triot START) and (isten carafully for the sofl whirring sound
made by the fuel pump as its briefly turned on by the PCM Lo pressur-
ize [he fuel system prior to starting the enoing. You will anly hear & sofl
whirring sound for & second or twe, but that seund tells you that the
pump iz working, 1 yew san't haar the pump from inside the vehicle,
removs the fuel filler cap and have an assistanl turn the ignition switch
lo OM while you lsten for the sound of the pump. It e pump doss not
come-ar whar the ignition key 18 tumed to ON, check the fuel pump
fuge and relay, both of which are located in the luse and telay box In
the left slde of the trunk area (ses illustration & 17, If the fuss and relay
are okay, check the wirlng back o the fuel pump, See Section & for
the tocation of the fuel purnp electrical connecler. || the fuse, relay and
wiring are okay, e fuel pump is probably defective, I the pump uns
cortinuously with the ignition key in the ON positian, the Powertrain
Contral Boduls (PO is probably defective. Have the PCM checked by
a tealer service depariment or olher qualified repalr shog,

PRESSURE CHECK

¥ Refer fo illustrations 3.3, 3.4a, 3.4b and 3.4c

=HNote: In order to perform the fuel pressure tesl, you will need
a fuel pressure gauge capable ol measuring high fuel pressure.
You'll also need an adapler 1o connect your fuel pressure testing
rig to the Schrader service valve on the fuel rail.

2 FBelieve the fugl system pressure (see Section 2)

3 Forthis check, you'll need o ontain a fuel pressure gauage (See
(llustration) with a hose and ar adapter sultabls for cennecting it 1o the
Schrader valee on |he fuel rail

4 Remnove the Schrader valve cap and connect your fuel pressura
gauge o the fuel rail (see illustrations).

5 Starl the engine and check the prassure on (he gauge, comparing
your reading with the pressurs listed in this Chapter's Specifications.
6 Ifthe tual pressure is not within specifications, check the follow-
Ing.

) if the pressire i fowar than spagified, chack far 2 restriclion in
the fugl system, One fikely cause (s & cloggad foel infel strainer
at the hase of the fuel pumpdfue! level sansar madile i e fghl
fial fank chambar,

= Note: The strainer cannot be replaced separately from the fuel
pump. i you're unahle to clean the strainer, replace the fuel
pump,/fuel level sensor module (see Seciion 5).

Bl Jf tha fus! pressure is higher than specified. repliace the fngl pras-
sura ragulator (see Saction 6] wihich fs an inlegral compaonent of
fhe fual filter, which /s focated behind the feff chambar af tha fusl
fank

3.3 Alypical fuel pressure gauge set up
I Screw-onh adaotar for e 3 Blander valve [aotiongl)
Sohrader valve on the gl ral 4 Blesder hose faphiona)
2 Hose wih g lo conrac
fir e adaptar

3.4a The fuel rails on all models
are eguipped with a Schrader valve
test porl like this one. To access the
valve, simply unscrew the cap (2005
and earlier V6 engine shown)

3.4h Schrader valve tast port
location on a four-cylinder engine

3.4c To connect your fuel pressure
gauge to the Schrader valve test porl,
simply screw it on
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4 Fuel lines and fittings - repair and replacement

st WARNING:

Gasoling is extremely lammable, so take extra precautions
r'hgn ','1uu v;uri on any parl of the luel system. See the Waming
n Section 2.

1 Always relieve the fuel pressure before servicing fuel lines or fit-
tings on fuel-injected veficles (328 Saction 2),

2 The fuel supply line connects the fusl tank o the fugl rail an the
engine, Be sure to inspect the fuel and the Evaporative Emission Con-
trol (EVAP) system lines for leaks, kinks and dents whenever you're ser-
vicing something underneath the vehicle, All of these lines are secured
to the vehicle underbody by plastic clips. To disengage fusl and EVAP
Iines from these clips, simply pry the clip down and pull out the lines
friam above.

3 Whenever yau're working under the vehicle, be sure to Inspect all
fuel and EVAF lines for leaks, kinks, dents and ather damage. Always
reptace a damaged fuel line or EVAP ling immediately. Leaking fuel and
EVAP [ines will result in loss of fusl and excessive alr pallution {leaking
raw fuel emits unburmed hydrocarbon vapors into the atmosphere),

4 [tyou find signs of dirt In the lines during disassembly, discon-
nect all lines and blow them out with compressed air, [Fthe fuel lines
are particularly dirty, you might also have ta replace the fuel pump
module and the fuel filter module (see Sections 5 and &), (Neither the
intet strainer al the inlet end of the pump nor the main fuel filker can be
inspected for contamination.)

STEEL TUBING

5 Because fuel lines used on fuel-injected vehicles are under falry
high preasure, It is critical thal they be replaced with lines of equivalen!
specification, If you have to replace a stegl line, make sure that you use
steel fubing that meets the manufacturer's specifications. Don't use cop-
per or aluminum tebing to replace steel ubing. These materials cannol
withstand normal vehicle vibration,

6 Some steel fuel lines have threaded fittings, When loosening
thiese fittings to service or replace components:

) Lise a hackup wranch on the siationary portion of the fitting wiile
Iasening and Hghtening the fitfing nuts.

b} i pouve gaing 1o replace ana of these fittings. use criging! equip-
et parts of paits that meat origingl equipment standards.

PLASTIC TUBING

T [Tyou ever have to replace a plastic line, use only the original
equipmant plastic ubing,

s CAUTION:

When remaving or installing plastic fuel line tubing, be careful
nol 1o bend or twist it too much, which can damage it. Damaged
fuel lines MUST be replaced! Also, be aware thal the plastic
fuel tubing is MOT heal resistanl, so keep il away from exces-
sive haat. Nor is il acid-proof, so don’t wipe it off with a shop
rag that has been used to wipe off batlery slectrolyie. If you
accidentally spill or wipe electrolyie on plastic fuel or emissions
tubing, replace the lubing.

4.10 The fuel supply hose (A) uses threadad fitlings (B) a1
both ends

FLEXIBLE HOSES

st WARNING:

Use anly ariginal equipment replacement hoses or their equiva-
lent. Unapproved hoses might fail when subjected to the high
operating pressures of the fuel syslem.

8 Dont route fuel hoses within four inches of exhaust system com-
ponents or within ten inches of a catalytic converter. Make sure that no
flexible hoses are installed directly against the vehicle, particularly in
places whers thers is any vibration, If aliowed to touch some vibrating
parl of Ihe vehicle, & hose can asily become chafed and it might star
Ieaking. & oood rulg of thumb is fa maintain & minimum ot 14-inch
clearance around a hose (or metal ling) to prevent cantacl with the
vehicle underbody,

FUEL LINE FITTINGS

9 The vehlcles coverad inthis manual usg two kinds of fittings for
fuel lines: threaded (ittings and a special iypa of hose-clamp, which
renuires a special crimpling tool ta install,

Threaded fittings
# Refer 1o illustration 4.10

2ok WARNING:

ALWAYS relieve the fuel system pressure (zee Section 2) before
disconnecting a fuel line fitling.

10 Thieaded fittings (sea illustration) are used at both ends of 1he
braided-steal-covered supply hose, in the engine compartment, hal
connects the fusl supply ling to the fuel rail
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4.12 To remove a fuel hose clamp, simply cut it off with a
pair of diagonal cutlers

Hose clamps
»=Reler to illusirations 4.12 and 4.13

ALWAYS religve the fugl :Tstam pressure (see Section 2) betore
disconnecting a fuel line fitling.

4.13 Here's a typical crimping tool for these types of clamps.
This fool, and similar fools, are available al mosl auto
paris stores

11 Special hose clamps are used at the fual purnp, at the fuel filter
and at other lncations in the fuel system where fuel hoses are connectad
to plastic or metal fuel lines or plpes

12 To remove one of these clamps, simply cul it off with a pair of
diaganal cutters (see (llustration).

13 Install the new hose clamp and crimp it tightly with the spacial
tool (see illustration),

5 Fuel pump/fuel level sensor and fuel level sensor modules - removal and installation

See the Warning in Seclion 1.

1 Raligve the luel system pressure (see Sgclion 2), then disconnect
the cabile from the negative battery terminal (see Chapter 5, Section 1).

2 The fuel tank doesn't have fo-be emply far eifher of the following
peocedures, but itshouldn't be full. Il the fuel level is too high, you will
hiave 1o disconnect fuel hoses that will ba submerged In gasoline. Il you
dan't want Lo immerse your hands in gasaline, drain fuel out of the tank
with a hose routed Srocugh the fued filler neck. Ussa hard nylon tube

5.4 To detach the metal access cover, remove these bolis
{left access cover shown, right similar)

with & 30-degree cut on the end to push open the check valve in the fuel
filler neck. If you're unable to extract any fuel from fhe tank because you
can't work he siphon hose through the filler neck into the tank, then
siphon fuel from the tank after you remave the retainer ring for the (uel
pumpduel lavel sensor module or fuel level sensor module

i WARNING:

Do NOT starl the siphoning action by mouth! Use a siphoning kit
{available at most auto parts stores).

3 Remove the rear seat cushion (see Chapter 11},

FUEL LEVEL SENSOR MODULE

# Refer to illustrations 5.4, 5.5, 5.6, 5.7, 5.8a, 5.8h, 5.8¢
and 5.9

sk WARNING:

See the Warning In Section 1.

= Note: The fuel level sensor module is located in the left
compartment of the fuel tank. This Section covers the removal
and installation of the complele module, which is replaced as a
single assemhly.

4 Remove the metal access cover (sea (llustration).
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5.5 Before removing the fuel level sensor, disconnect
the following:

Fuoad feved sensanfuel pump connector (denress Me G and ol off)
Fugl pressure sensor connactar (depress the tah and puil i aff)
Hoza glamp - fusl supply hose

Hosa clamy - fugd rafum hose

B Ga By -

5 Disconnect the slectrical connectors from the fuel level sensor
miodule {see illustration), Cut off and discard the special hose clamps
that secure the fugl supply and return hoses to the fuel leval sansor
locating cover, then disconngct the fuel supply and returr hoses from
the module (these hoses go to the el filterfuel pressure regulator on
the back of the fuel tank),

;i WARNING:

Do NOT atempt to re-use the special hose clamps used fo
secure the fuel supply and return hoges to the fuel level sensor
locating cover. These clamps mus! be replaced! Failure to do so
could allow fuel to leak oul and could cause a fire.

B To prevent dirt from entering the Tual lank, clean the area sie-
rounding the retainer ihat secures the maunting flange for the fusl level
sensor maodule. Then, using a special fusl pump retainer toal {available
at most auto parts stores), unscrew the retainer (see (llustration)
== MNola: if you don'l have a special fuel pump retainer tool, use
very large water pump pliers. Use some clean shop rags to pro-
tect the nylan refainer from damage from the teeth on the pliers.
These rings can be so tight thal you might nol be able to loosen
the ring on your vehicle with pliers. Il so, we recommend buying
or horrowing the correct tool.

7 Before remaving the fuel level sensor madule from the fugl tank,
be suze 1o mark fhe orientation of the module to the dank (3es illusta-
lion). Theee's a raised arrow an the locating sover, nest to the Tuel
prassure regulator, bul its difficult to see. You can fix that by caloring
it black with a permanent marker. There iz also a ralssd alignment
mark on top of the fuel tank, but if's also difficult to ses, because its
Incaled oo far from the arrow on the locating cover to be of much uss,
in fact, it's Incated beyond the circumierence of the fuel level sensar
access hole in the fioor, S0, make your own mark next to the arrow on
the locating cover, This siep |5 critical, because (fthe fuel level sensor
module Is incorrectly aligned when you install it the Nloat arm sould be
restricted nr damaged

5.6 Use a fuel pump relainer fool to loosen and unscrew

the fuel level sensor. [ you don'l have this tool, iry using
large water pump pliers instead (use shop rags to protect the
retainer from the teeth an the pliers)

5.7 Belore remaving the fuel level sensor module, be sure 1o
mark the orientaiion of the localing cover, There is an arrow
(A} on the locating cover nexd to the fuel pressure sensor -
make a caorresponding alignment mark on the tank

B Lift the fuel tevel sansor modile up oul of the fuel tank far
enough 1o disconnect 1he-electrical connector uncerneath (sea filis-
tration}, Then disconnect the fuel supply hose (the upper hose) and
th fugl returm hose (lowar hose) from the module (seq ilustations),
Remave the fuel lavel sénsar module from the fuel tank. Tilt the sen-
sormodule 85 necessary 1o protect the fuel lavel sensor float arm from
damage, Remave and diszard the old sealing ring.

8 When Installing the fuel level serser madule, be sure o Install 8
new sealing ring (see iMustration) and a new O-ring (ar the fuel supply
fose ko,

|0 Belore securing the tue! level sepsor with the iaining ring, make
sure that the arrow on the locating cover is aligned with the mark Lhat
you made before removing the fuel level sensor module. Installation is
otherwise the reverse of removal,
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5.8a Lift up the fuel level sensar module far enough lo
disconnect the electrical conneclor (1), then release the tabs
and disconnect the fuel supply hose (2) and return hose (3)
from the module

5.8b To disconnect the fuel return hose, spread these two
tangs apart and pull the hose out of the fitling {this hose is
rouled through the fuel tank back to the fuel pump/ivel level
sansor module in the right hall of the 1ank)

5.8c To disconnect the fuel supply hose, release the tab from
the hose elbow. Be sure lo replace the O-ring on the
hose albow

FUEL PUMP/FUEL LEVEL SENSOR MODULE

¢ Refer to illostrations 5.14 and 5.16

»= Note: The fuel pump/fuel level sensor module is located in
the right compartmeni of the fuel lank, This module includes
the fusl pump inlet sirainer, the fuel pump and the fuel level
sensor for the right fuel tank compariment. This Section covers
fhe removal and installation of the complete module, which is
removed as a single assembly. None of the compaonents on the
fuel pump module can be replaced individually. If ong of these
components is defective, you must raplace 1he fuel pump/Tuel
level sensor module,

11 Remaove the matal access cover (see lustration 5.4),

12 To prevent dirt from entering the fuel tank, clean the area sur-
rounding the retaings thal secures the mounting flange for the gl
pumpuel level sensor moduie. Then using 4 special fuel pump retainer
‘ool (avaitable-al most auto parts stores), unscrew the relaingr (see
fllustration 5.6),

5.9 Be sure to install a new sealing ring before installing the
fuel level sensor module

mNote: If you don'l have a special fuel pump retainer tool, use
very large water pump pliers.

Use some clean shop rags to protect the nylon retainer from damage
from Ihe leeth on the pliers, These rings can be so tight that you might
not bie able lo loosen the ring on your vehicle with pliers. f so, we rec-
ommend buying or barewing the correct tool,

13 Belore removing the fugl pump/uel level sensar modulg from the
fuel tank, be suse 1o mark the origntation of the madule o the fank (see
illustration 5.7). There's a ralsed armow on the locating cover, next to the
fuel pressure regulatar, but it's difficult 1o see. You can fix that by color-
ing It black with a permanant marker, There is-also a raised alignment
mark on Lop of the fuel tank, but its also difficull o ses, because IEs
Incated too far from the arraw on the locating cover (o be of much use;
i fact, Its located beyand the slrcumierenca of the fuel level sensor
accass hote in the floor. So, make your cwn mark next to the arrow on
the |ocating cover, This step is critical, because if the fugl level sensor
module is incarrectly aligred when vou Install it, the foat arm could ba
resiricted or damaged,
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5.14 Remove the locating cover from the fuel pump/Tuel
level sensor modula, then remove and discard the old

saaling ring

14 Remove the fue! pump/fuel lavel senaor locating caver {see illus-
ration}

15 Ramove and discard the old fuel pump/fuel level sensor sealing
ring

16 Disconnect the electrical connector from the fusl pump/fuel level
sensor module (ses illustration), then place the harness sajely out of
e way.

5.16 Disconnect the electrical connector (1) from the fuel
pump/fuel level sensar, then disconnect the fuel supply line
fitting (2)

17 Disconnect the fue! supply hose then BN eg the tual purmpTuel
level sensor module far enaugh Lo disconnest the fugl return hose
Lnderneath,

18 Remove the fuel pumpdfuel level sensor module from the tank.
Tilt the pump/sensar module as necessary (e protect the fuel level sen-
sar Mot am from damage.

19 Installation 45 the reverss of ramoval,

6 Fuel filter/fuel pressure regulator - replacement :

# Refer o illustrations 6.3a, 6.3b and 6.4

1 Relieve the fual system pressure (see Sectlon 2), then disconnect
the cable from the negative battery terminal (see Chapter 5, Section 1),

¢ Raisa the vehicle and suppert it securely on jackstands,

3 Remove the left Under-cover [3ee llustrations),

4 Diseonnect the fuel hoses from both ends of the fugl filter (see
lustration). 1 vou're unfamiliar with the special hose clamps tsed fo
secure the fuel hoses to the due! filler, rafer to Sectian 4.

5 Remove the fuel filkes clamp bolt (see ustration B.4) and remove
[y filtae

B Installation is the reverse of remaval

6.3a To detach the leit under-cover from the vehicle, remove
these nuts from the front . . .

6.3b ... and these nuls from the raar, then pull the cover
siraight down
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6.4 Fuel filter/ffuel pressure
regulator details:

I Flsl stionly foss (from Juat pume)

g Fuelretuen fose fhaek o fusl fank)

a Vant fioge (far fugl pressiire
regulatr diaphragm,)

4 Fuel stpoly hose (fo fugd rail)

b5 Maunting clamp bod

7 Fuel tank - removal and installation

¢ Refer to llustrations 7.11, 7.14, 7.19 and 7.21

Ses the Warning in Section 1.

=2 WARNING:

Removing and (nstalling the fuel tank on these vehicles is dil-
ficult - and could be dangerous - because you must lower the
entire rear suspension assembly before you can remove the
tank. To lower the suspension assembly, you musl devise a way
to firmly support the entire rear suspension assembly, and you
mus! lower it far enough 1o allow sufficiem clearance to lower
Iie luel tank. If you're working al home, you're probably going
to be working under the vehicle while it's on jackstands, which
means that you won't have a lot of room 1o work. We therefore
don'l recommend tackling this job at home. I1I's much easier io
o when the vehicle is raised on a vehicle hoist, which allows
you enough room 1o gel a transmission jack under the rear sus-
pansion assembly,

1 Ralieve Ihe fusl system pressure [ses Saction 2)

2 Disconnect the cabla from the negative battery lerminal [sas
Chapter 5, Section 1),

3 Remove the rear seal cushion (see Chapter 11)

4 Remove [he acoess panels for the fuel level sensor and for fhe
el pumpyfuel level sensor madule, then remove the retaining rings for
bioth modules (see Section 5. Working through the access hele for the
fugl level senzor, disconnest the slectrical connector from the sensor
dssembly,

5 LU up the Tuel level sensor from the faft side of the fuel t2nk and
siphor out @3 much fuel as possinle. Then lift up the fuel pump/Auel
pyel sensor from the right side of the tank and siphon out as much fuel
Ul az passible.

dei: WARNING:
Never start the siphoning aclion by mouth|

B Loosen the redr wheel bolts. Raise the vehicle and place )
securaly on jackstands. Remove the rear whaels,

7 Remove fne two undar covers (see |llusirations 6.32 and 6.3b),

B Remove the entire rear exhaust system from the Sange In front of
the pre-muffler to the mutflertallpipe (see Section 16,

B FRemove fne refaining nuts that secure the exhaus! pipe heal
shields and remove the heat shields

[0 Detach the diiveshaft from the rear differential flange (see Chap-
tar 8)

11 Remove fhe parking brake cable cover {see [|lustration 11.9 in
Chapter 9), then disconnect the parking brake cables from the equalizer
(see lustation) and pull the cables out ol the cable brackel

1.11 To disconneci the parking brake cables from the
equalizer, remove the plugs (1), then remove each parking
brake cable (2) end plug through the hole and detach

the cahle
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7.14 These two wheel speed sensor electrical connectors
are plugped into a terminal located directly aliove the right
inner CV joint. Clearly label both connectors, then
disconnect tham

12 If the rear brake calipers are equipped with rear brake pad wear
sensars, discannect the sensars from the calipers, then trace the sen-
sor lsads and disengage them from any cHips on 1he rear suspension
assembly and carefully set asice the leads, Unbolt and remove the rear
brake callpers and support hem with lengths of wire (see Chapter &)
=HNote: II's nol necessary lo disconnect the brake hoses from
the calipers.

13 Remove the rear stabilizer bar (2ee Chapter 10)

14 Locate the electrical tlerminal for the rear wheel speed sensor
lgads In the underside of the venicle body, directly above the right inner
GV joint (see ustration), and disconneat the two wheel speed sensor
leads from the terminal,

15 Remove the coll springs {see Chapter 10).

16 Stpporl the rear suspensian assembly, preferably with an adjust-
able-head transmission jack, The crossmember must be securely sup-
ported on each side, front and rear, It might be necessary to fabricate a
lature to supplemant the-fack in crder to accomplisn this,

17 Remiove the faur largs bolts that attach the rear suspension
crossmembers and carefully lower the rear suspension assembly,

18 Remove the splash shield from the right rear whesl well [see
Chapter 11},

19 Loosen the hose clamps for the fuel filier neck hose, (el overflow
shuloff hose and fuel tank vent hoses and disconnect all three hoses
(5ee lustration).

20 Support the fuel tank,

21 Remove the fuel fank strap nuts (see Husiation) and remowe the
fuel tank straps,

22 Lower the tank shighily and disconnect any remaining electrical
harnesses and EVAPR hoses,

23 Once everything I8 disconnecten, lower and remove the fuel tank

8 Fuel tank cleaning and repair - general information

| The fugl tank installed in the vehicles coverad by (his manual 13
nat repalrable. I it becomes damaged, it must be replaced.

2 Cleaning the fuel tank (due to fuel contamination) shauld be per-
lormed by a professional with the proper training (o cary out this critl-
cal and paotentially dangerous work, Even after cleaning and flushing,

7.19 Disconnect all four of these fuel and EVAP hosas!

A Fulel fiifer nack hose clamp

B On-Board Refualing Vapor Recovery (DRVAR] hase claimp
G Fugl stutofl hose clamp

0 Fuel tank vent hose clamp

7.21 To detach the fuel tank straps, remave the strap nuls

24 Installation is the reverse of removal, noting fhe following points

al I you're replacing ihe fuel ok, remove all eompanants fram fhe
ot fued tans and install them an the new fank, If you nead halg
wiithh thhe fus! pumpfue! leved sensor midlie (fn the right fuel lank
chamber) ancldar the fue! lovel sensor falt fusl ank chamber),
refer fo Section 5. '

b)) Tightan the fuel ank steap nuls securely

¢ Ba sure lo acfus! tha parking Drake caliies wihen kouTe done (see
Chaptar &),

gxplogive fumes may ramiain inside the fuel tank,

3 Ifthe fuel tank 15 removed Irom the vehicle, It should not be
placed in an area where sparks or open flames could ignite the fumes
caming oul of the tank, Be especially careful inside a garage whera a
gas-type appliance is [ocated.
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9 Air filler housing and air intake duct - removal and installation

V6 MODELS

Vehicles with a remote air filter housing

= MNole; On some 2001 through 2005 models, the air filler hous-
Ing is located in the right front comer of the engine compart-
menl and is connected to the throitle body by an air intake duct
equipped with a resonator that is bolled to the engine.

Air intake duct

Disconnect the FCY fresh ali indel hose from the air intake duct
2 Unholt the resanator fram the engine
3 Looser he hose clamps al both ends of the air infake ducl and
remaye the guet

Air filler housing
& Remove the &l intake duci

5 Disconnact the electrical connector from the Mass Alr Flow/Intaks
Alr Temperature (MAF/IAT) sensol

B Remove the air filter housing.

T Installation is the reverse of removal

Vehicles with an integral engine cover/air filler housing
» Refer to illustrations 9.8, 9.9, 9.10a and 9.10b

==MNole: On most 2001 and later V6 models, the lwo air filter
housings (one above each valve cover) are integrated into the
main engine cover. On 2006 and fater VY6 models, the housing
has a large opening in the center for the Powertrain Conlrol
Module (PCM), which Is mounted on lop of the infake manifold.

B Rernove the front engine cover [sea illustration).

9 Remaove the fresh air infake ducts {see i|lustration),
|0 Remaye the air filter housing {see illustrations),

11 Installation is the reverse of removal

9.8 Pull up the frant edge of the cover 1o disengage the front
retaining clips and locator pin, then pull the cover forward
to disengage the two rear retaining clips af the back of the
cover (2001 through 2005 V6 models)

9.9 Pull off the fresh air inlake ducts from the air
filter housing

.
spent i v

b

0we

8.10: To remove the engine coverfair filter housing on 2001
through 2006 V6 models, disengage the iwo front retaining
clips (A) from thelr mounting grommets (B) . . .

9.10b ... then lift up the fronl of the cover/dilter housing and
disengage the two rear retaining clips from their mounting
grommets and remove 1he cover/filler housing as a single
asseambly (see Chaplar 1 for filler replacement)
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FOUR-CYLINDER MODELS

2002 models

»Nole: There are two different air filter housings vsed on the
2002 models. They're both located at the front of the engine
compartmant, and are lang and narrow so lhey can fit trans-
versely, direcily in fronl of the engine. The two filter housings
look similar, but they're not.

Early air filter housing (engine fype 111.951)

12 Rofate the air infet pipe lock counterclockwise and disconnect the
air inlet pipe from the air filker housing

13 Disconnect the elactrical connector from the MAF/IAT sensar,

14 Loosen the alr intake duct hose clamp and discanneck the duct,

15 Push aside the nlet pipe and lift the air filter housing up and oft
Instatlation |5 the reverse of remaval

Later air filter housing (engine type 111.955)

16 Remove the air filter housing retaining screw.

17 Hotate the alr inlet pipe lock counterclockwise (and disconnact
the air inlet pipe from the air filter housing).

18 Loosen the cannecting duct hose clamp and disconnect the con-
riecting duct from the air filter housing. {The connecting duct connects

the air filter housing ta the recircutating air llap actuatar,)
19 Lifl the alr Tilter housing up and off
20 Installation s the raverse of removal.

2003 through 2005 four-cylinder models
# Reler to [llustrations 9.22, 9.24a, 9.24b, 9.24c, 9.27 and 9.28

21 Disconnect the cable from the negative terminal of the batiary
(see Chapter 5; Section 1),

22 Disconnect the air ducl from the alr Giter housing (see (ustra-
ticn)

23 Disconnect the hese from the bagk of the air filier housing.

24 Disconnect the electrical connectors from tha Pawertrain Contral
Madule, the Mass Alr Flow (MAF) sensor and the altiiude sensor (seg
{Hustrations),

25 Disconnect the PCY crankease ventilation hose from the back of
the alr filler housing,

26 Loosen the hose clamp that secures he air intake duct Lo the
back of the air filker housing.

27 Remove the two alr filter housing bolis (see illustration)

28 To remave the air filter housing, pull the rear part of the housing
up and toward the Tirewall, then [ the air filter housing oot of its rub
ber mounis (see Mlustration),

29 Installation is the reverse of removal

9.24a Flip up the lock and disconnect the elecirical
connectors from the PCM

9.24bh Disconnect the elecirical connectar from the Mass
Airllow (MAF) sensor

9.24c¢ Disconnect the electrical cannector from the
altitude sensor
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9.27 Air filter housing mounting balt locations - 2003 and
later four cylinder engine (housing removed for clarity)

8.28 Pull the filter housing up ai the rear and move if toward
the firewall, then lift it from its rubber mounis

10 Fuel injection syslem - general information

The Injectors are small computer-controlied solencids thal injact
fued into the air intake passages, |n a sequential mulliport fugl injection
(ME-SF|) system, the injectors squirt el in the cylinder firing order,
The Powertrain Control Module (PCM) turns the injectors on and off,
When the engine is running, the PCM constantly monitors engine
operating conditions with an array of information sensors, calculates the
comrect amaunt of fugl, then varies the pulse width (the inferval of time
during which the injectars are apen). Sequential MF| systems provide
nand power, decent mileage and |ower emissions.

The ME-5F| system uses the PCM and information sansors (o deter-
mine and deliver the correct airfusl ratio under all aperating conditions.
The ME-SF| system consists of thiee sub-systems: air inducticn, alec-
tronic controd and fusl delivery. The ME-5F| system s integrated with
many PCM-controlled emission control systems, (For infomation about
the PCM, information sensars and emission control systems, refer to
Chapter 6.)

AIR INDUCTION SYSTEM

The: alr induction system consisis of the air filler housing, the Mass
Alr FlowIntaks Alr Temperature (MA&FAAT) senscr, the air intake duct,
the intake resonatar (on models with a remote alr filter housing), the
throttle body and the intake manifold, On VB models, there are two air
filter elements housed In 2n integral angine cover/air filter housing
mouniad on top of the engine. On four-cylinder models, only one filler
alement 15 used, The throttle bady containg a throttle plate that reguiates
the amount of airentering the intake manilold. There is no accelerator
cable. The throttle plate is opaned and closed in response to input from
the Accelerator Pedal Posttion (APP) sensor. When you depress the
aceelerator pedal, the APP sensor measures the angle of the pedal and
sends a vollage signal to the Powertrain Contral Module (PCM) that's
proportional e the pedal angle, The PCM processes this inpul, then
commands a solenioid motor inside the throttle body to open or close
the thrattle plate accordingly.

The Mass Air Flow/Intake Air Temperature (MAF/IAT) sensor s
located between the air filler housing and the air infake duct. The MAF

sensar measures the mass of air enfering the engine. The Intake Alr
Temperature (IAT) sensar, which is an integral companent of the MAF
sensar, relays a voltage signal to the PCM that varies in accordance
with the temperature of the incoming air. The PCM uses this dala from
the: MAF and AT sensors to calculate how rich or lean the air/fual mix-
ture should be,

Al of the alr Induction components are covered in this Chapter,
except for the infake manifeld, which is covered in Chapter 2, and the .
information sensors, which are covered in Chapler &

There is no [dle Air Control {IAC) valve on these ennines. When the
enigine is Idling, the PCM maintaing the correct idle speed by regulat
ing the angle of the throttle plate. The idle spesd is controllesd by the
PCM in respansa Lo the running conditions of the engine (cold or
WAIm running, power skeering prassude high or low, air conditioning
systern on or off, etc.). As the PCM receives data from the information
sensors (vehicle speed, coolant lemperatuse, alr conditicning and/or
power steering Ioad, ele.) it adjusts the (dle according fo the demands
af the engine and driver, The Idle contral system caonsists af tha PCM,
the throltle plate salenoid mator Inside the throttle bady, and several
information sensors, including the Enging Coolant Temperature (ECT)
sensor, the Intake Ar Temperature (IAT) sensar and fhe Mass Air Flow
(MAF) sensor

ELECTRONIC CONTROL SYSTEM

For mare information about the electronic control system, including
the PCM, its information sensars and outpul actuators, refer 1o Chapter
B,

FUEL DELIVERY SYSTEM

The fuel delivery system consists of the fuel pump/fuel level sensar
module, the Tusl rail and fuel injectors, and the hoses, |ines and pipes
that carry fual between ail of these components. This |5 a returnless
systerm; these is no fuel return line from the fuel rail back 1o the fuel
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tank. For more information aboul the fuel lines and filtings, refer to Sec-
tion 4,

Because af the funnel in the fuel tank for the driveshaft and the
exhaust system, the tank is essentially divided (nto two tanks; alihough
s & one-piace assembly, The two haives of the lusl tank are connected
by & Grossaver fube which ulilizes a siphon effect producad by the fus!
pump to ensure that the lwo sides of the fuel tank confain-an equal
amount of fuel,

Thigse are two fusl leve| sensors, one for each side of the tank, The
gl leval sensar for the el hall of the lank is a stand-alone unit. The
fuel level sensar for the right hall of the tank is-an integral componant
of the fuel pump/fuel level sensor module. The fuel pumpdiuel level
sensor module cannot be disassembled. If sither component Is detec-
tlve, you must replace the entire assembly,

The fugl filterfual pressuse regulator is Iocated dirsctly behind the
left halt of the fuel fank, The fuel pressure regulator maintaing the fuel
pressure within the specified operating range. When the fusl pressure
Irside the el filter housing exceeds the design threshold, the fuel
pressure reguiator opens and dumps the excass fuel back inte the el
tank (there 18 no fuel returm ling from the fuel rail back to the tank),
Excess fuel is sent back to the left fuel level sensor, and from there if's

11 Fuel injection system - check

¢ Reter fo illustration 11.7

=Note: The following procedure is based on the assumption
that the fuel pressure Is adequate (see Section 3).

1 Inspect all electrical connectors thal are related to the system,
Check the ground wire connections on the intake manifold for tightness.
Loose connectars and paor grounds can cause many problems that
resemble mare serious malfunctions,

2 Merity thal the battery s fully charged, as the control unit and
sensors depend on an courate supply of valtage In order to properly
mater the fual,

3 |nspect the air filter element (see Chapler 1), & dirty or partially
blocked fiter will seversly impede performance and Bconomy,

4 Check the refated fuses. 1T a blown fuse |s found, replace il and
see (101 blows again. I it does, search for a grounded wire in the har-
ness.

5 Inspect the condition of all vacuum hosas connected to the intaks
manifald,

& Remave the air intake duct and alr resonatar box (if equipped)
and Inspect the moeuth of the throitle body tor dirt, carbon or other resi-
due build-up. If it's dirly, wipe It clean with & shop towal.

7 With the engine running, place an automotive stethoscope against
gach injector, ane at a time, and listen for a clicking souno, Indicating
aperation (ses iHustration),

8 an injector doesnt make a elicking sound, disconnect the
glechrical connector and measure the resistance of fhat injectar, then
measure the resistance of the other Injestors and compare the resistance
of all six injectors

& I the resistance of the siland infector is well oulside the range of
indicated rasistance for the olfier infactors, the infectar is defac-
fig,

routed through a hose over to the fuel pumpifuel level sensar in the
right hall of the fuel tank wiere it's dumped back into the tank. The fuel
pump provides the siphoning action that pulls the excess fual back Into
the tank,

The fuel rail, which is bolled to the Intake manifeld, functions as a
reservolr for pressurized fuel so that there's always encugh fusl avall-
dble for acceleration and high speed operation, The upper end of each
injector |s inserted into the fuel rall and the lower end of gach Injector
i5 insarted into the intake manifold, The upper and lower ends ol each
injector are sealed by D-rings.

Each fuel Injattar is a solenoid-actuated, pintle-type design consist-
Inq ot & solencid, plunger, valve, and housing, When [he engine is run-
ning, there is always vollage on the hot side of sach injector lerminal
[njector drivers inside the PCM tum the injactors en and off by switch-
ing their ground paths on and ofl. When the ground path for an Injector
|5 closed by the PCM, current flows through the solenoid coll, a valve
Inside tha Injector opens and pressurized fuel squirs oul the nozle
Inte the intake porl above the intake valves. The quantity of fued injected
each time an injestor opens is determined by Its pulse width, which Is
the interval of fime during which the valve is npen

b i the indicated resistance of all the injectors /s within the same
range, the Powerlrain Control Modwe (PCM) or the injactor wir-
ing Karmass could be the caise of he fnjactar mol operating

9 Any further testing of the fuel Injection system should be pes-
lormed al & dealer service department or other qualified repair shep.

10 For more information about the engine control system, retar to
Chapter 6.

11.7 Use an automotive siethoscope Lo listen to each fuel
Injector, which should make a clicking sound thal rises and
falls with engine speed changes
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V6 MODELS

# Refer to illustrations 12.3, 12.4a, 12.4h, 12.4c, 12.6 and 12.6

=HWpie: The throtile body is located below the back of the engine
cover/air filter housing, on the back end of the intake mani-

fold, hetween the Mass Air Flow/Intake Air Temperaiure (MAF/
IAT) sensor and the intake manilold. The accompanying pholos
depict a typical throttle body on a 2001 through 2005 VB model,
but the throtlle body used on later models is virlually identical.

1 Remove the engine cover/air filter housing (see Section ).

2 Remove the Mass Alr Flow/Intake Air Temperature (MAF/IAT)
sensor (see Chapler &),

3 Disconnect the PCY hosa/EVAP purge hosa canngction from the
thriattle body {see 1llustration),

4 Aemove the slbow-shaped alr intake duct (seg illustrations)

5 Aemova the four thrattle body mounting belts (see (llustration)
and remove the throttle bedy from the intake marifold,

f  Disconnect the electrical connector from the throftle body (368
([ustration).

12.3 To disconnect the connection for the EVAP purge line
and the PCV hoses fram the throttle hody, simply pull it
straighl up

A EVAP punge ling & POV hose fram oghl
B PCV hose fram el ¥l covey
Walve cover

12.4a To remove the elbow-shaped air intake duct fram the
Ihrotile bady, lift up and disengage the upper tab from
its lug .. .

12.4h . .. push down and disengage Lhe lower tab from
itslug ...

12.4c . . . and remove the air imake duct (Intake manifold
removed for clarity)
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12.5 To detach the throttle body from the infake-manifold,
ramaove these four bolls (Intake manifold remaved lor clarity)

7 Remove the throttie body gasket and discard il Always use a new
gasket when insialling the throttle body

8 Wipe olf the gaskel mating surfzces ol fe throttle body and the
infake manifold.

#et CAUTION:

Mever soak the throitle body in solvent ar in any lype of carbure-
for cleaner. Do nof even use spray carburetor cleaners or sili-
cane lubricants on any parl of the throitle body.

9 Instaliation is the reverse of removal. Be sure o tighten the
throttle body mounting bolls fa the tarque listed in this Chapter's Speci-
fications,

FOUR-CYLINDER MODELS

2002 models

10 Remave the enging frim pansals,

11 Loosen the hose clamg thal connects the air scoop (the short
harm-shaped air infake duct batwesn the MAFAAT sensor and the throt
e body to the MAFAAT sensor, unbalt the alr scoop from the thialtle
Bady and remave the scoop,

12 Disconnect the electrical connector from the throttle body,

13 Remove the throttle body mounting bolts and remove the throttles

12.18 Depress the tabs and detach the electrical connector
from the throttle body (2003 and later four-cylinder engines)

12.6 To disconnect the elecirical connector from the throitle
body, depress thesa releasa fabs and pull off the conneclor

bady,

14 Remove and discard the throthe body gasket, Always use a new
gasket when installing the throttle body,

16 Wipe off the gasket maling surfaces of the throttle body and the
intake manifold,

st CAUTION:

Never soak the throitle body in solvent or in any type of carbure-
lor cleaner. Do nol even use spray carburelor cleaners or sili-
cone lubricants on any parl ol the throtlie body.

16 Instaliation (s the reverse of removal. Be sure fo use a new
throttle body gasket and lighten the throttle body mounling balts Lo the
torque lizta in this Chapters Specifications,

2003 through 2005 four-cylinder models

# Refer lo illustrations 12.18, 12.18a, 12.19b, 12.21a, 12.21b
and 12.22

17 Remove the air filter housing (see Section 9),

18 Disconnest the electrica’ connector from the thrattie bedy (see
(llustration).

19 Disconnect the pressure connectian {the pressurized air intake
duct comirg up from the autiet side of the intercooler) (sea illusta-
tions),

2 Disgonnact the purge valve vacuum ling frem the (hrotile body,

21 Remove the theotile body mounting bolts and remove the thiotile
nody (see llustations),

&2 Rernova the throttle body gasket and discard it Always use a new
gasket when installing the throftle body,

&3 Wipa off the gaskst mating surfaces of the throttle body and the
Inftake manifald

Mever soak the throttie body in solvent or In any type of carbure-
tor cleaner. Do not even use spray carburetor cleaners ar sili-
cone lubricants on any part of the throtile body.

24 Installation is the raverse of removal. Be sure fo tiahten the
throttle body meunting bolts to the targue listed In this Chapter's Speci-
ficalions,
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12.19b .. . and remove the sealing collar

=

12.21a Unscrew the throftie body
mouniing bolls . . .
engines)

12.21b . . . and remove the throtlle
body {2003 and later four-cylinder

12.22 Remaove the old throtlle body
gasket and install a new one

13 Fuel rail and injectors - removal and installation

V6 MODELS

# Refer to illustrations 13.6, 13.8, 13.9, 13.10, 13.11, 13.12,
13.13 and 13.14

WARNING 1:
See the Warning in Section 1.

s WARNING 2:

The engine must be completely cool before beginning this pro-
cedure.

= Note: The photos accompanying this Section depict the luel
rail and injector assembly used on 2001 through 2005 models.
2006 and later models usd a slightly different fuel rall assambly,
bt it's similar enough that you will have no pratilem using this
procedure to remove, disassemble, reassemble and install it.

| Rernove the engine cover/air filker housing (see Section 9).

? PRelieva the fuel system pressure (322 Saction 2), then discannect
the cable from the negative tarmingl of the battery (ses Chapter &, Sec-
tian 1}

3 On mocels with 2 remote gir filter housing. remove the-alr intake
duct and resonator (see Sectian 9)

4 Disconnect the Exhaust Gas Recirculation (EGH) purge ling from
the thrattie body (see (llusliation 12.3).

5 Detach the plastic covers fram the fuel injectar/ignition coil har-
NESS
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B On 2001 through 2005 models, discannect the enging harness 7 DOn 2006 and later modets, disconnect the right alactrical connec-
from the fellawing companents, then set the harnass aside: torfram the Powertrain Contral Module (PCM) (ses Chapter 6), bul do

Fuel infectors (see Musiration) NOT disconnect the tefl electrical connector from the PCK. Then detach

lgrition cois (see Chapier 5) the PCM from its left and right mounting brackets (see Chapter 6) and
Alrijection pump (see Chaplar §) carefully lay the PCM and harness aside, Also disconnect the twa large
Exhaust Gas Recirculation (EGR) purge valve (see Chapter 6) etectrical connectors and cetach the larger of these two conneciors fiom
Camshalt Fosition (CAMP) sensar (s8e Chapter 6) the: fusl rail,

Manifold Absalute Pressure (MAP) sensor (see Chapter 6) 8 Disconnect the fuel supply hose fitting from the fuel rail (see
Engine Coolani Temperature (ECT) sensor (see Chapter &) ustration), On 2006 and later models, alsa disconnect the PCV hoses.

Air injection switchover valve and shutolf valves (see Chapter 6) 9 Remove the fuel rail mounting bolts (see ustration).
Alternator (see Chapter 5) 10 Remawve the fuel rail and injectors as a single assembly (see filus-

Startar (see Chapter 5) fration)
(il sansor (see Chapler 2)

e e =

13.6 To disconnect the elecirical connector from each fuel 13.8 Fuel supply hose fifting a1 the fuel rail (2006 and laler
injecior, sgueeze the wire retainers and pull off the connector VG madels shown, earlier V6 models similar)

{2001 through 2005 V6 model shown, 2006 and iater V6

models similar}

13.9 Fuel rail mounfing bolts (2001 through 2005 V6 model 13.10 Remove the fuel rail and injectors as a
shown, 2006 and later Y6 models similar) gingle assembly
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#

11 Remove rach injector retainer clip (see (Hustration) and remove
the injector from the fuel rail,

12 Remove and discard the old injector O-rings (see [llustration).

13 Irstall the retaingr clip on each injector, then &lign the sfots on
the retainer with the flared edges of the injector mounting hole (ses
illustration) and insert the injecter into the fuel rail until the retairer
sraps Into place,

14 Push each injector down into its mounting hole untl the slots
an each retainer are flly engaged with the Hared adges of the injector
meusting hole (see ilustration),

15 Inslallation is the reverse of remawil,

4

FOUR-CYLINDER MODELS

2002 models

16 Remove the engine trim panels,
17 Ralieve the fugl system pressure (see Section 2), then distonnect
the cable from the negative battery terminal {see Chapter 5, Ssction 1).

Pulsation damper

18 Remove the locking clamp (and pull oul the pulsation damper)

19 Remove the pulsation damper O-ring.

20 Installation is the reverse of ramoval. Be sure Lo Use & new
0-ring

13.11 Mole how the retainers are installed, then remove
each retainer with needle nose pliers

13.12 Remove and discard the ald injecior D-rings. Use new
O-rings even if you're planning to install the old injectors

13.13 Toinstall each injecior, install the retainer an the
injector, then align 1he slols in the retainer with the fared
sdges of the injector mounting hole and insert the injector
info the tuel rail

13.14 Push the injector down into iis mounting hole until the
slofs on each refainer are fully engaged with the Nared edges
of the injector mounting hole
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“

Fuel rail and injectors

21 Disconnect the fuel supply line fram the fuel rall,

22 Disconnect the electrical connectors from the fuel Injectors.

23 Remove the two fuel rail mounting boits.

24 Remova the fuel rail and Injectors as a single assembly,

25 Remeve the Injector retainer clip (and remove the injector fram
the fual raif),

26 Remove each injector retainer clip (see illustration 13.11) and
remave the injector fram the fuel rail

27 Remove and discard the old injector O-rings {see illustration
13.12),

2B Install the retainer clip on each Injector, then align the slots on
the retalner with the flared edges of the Injector mounting hole {see
lustration 13.13) and insert the injector into the fusl rail until the
retainer snaps into place.

29 Push each Injector down into its mounting hole untl the stots
on each retalner are fully engaged with the flared edges of the injectar
mounting hole (see illustration 13.14).

30 Instatlation |s the reverse of remaval,

2003 through 2005 models

31 Remove the air filter housing (see Section 93,
32 Relieve fuel system pressure (see Section 2), then disconnect the
cable from the negative battery terminal (see Chapter 5, Section 1),

DESCRIPTION

14 Supercharger system (2002 four-cylindermodels) -

1 Onearly 2002 models with the 2.3L four-cylinder engine
(111.951), the belt-driven supercharger Is mounted on the right sida
of the engine biock. An electromagnetic clutch (like he cluteh used on
an air conditioning comprassor) disengages the supercharger when no
boost Is needed, and engages it when boosl is needed. The system is
intereocled; the intercoaler is located acrass the lower fronl part of the
engine compartment. Outside air is rauted from the air filter housing
into the supercharger, where Its pressurized before raveling through the
intercocler, From the Intercooler, the compressed alr is routed through
the Mass Air Flow/Intake Air Temperature (MAF/IAT) sensor, then
through the throttle body and into the.intake manifald.

2 On later 2002 models with the same 2 3L lour-cylinder engine
(111.955), the supercharger is stll mounted on the right side of the
engine block, but the plumbing Is different. This system Includes the air
filter housing, the resonance bady, the electronic air Nap actuator, the
Intetand pressure connection (manifold), the supercharger, the Inter-
cnolerand the alr ducts connecting these components.

3 The Important differance between the two systems Is the means
by which boosl is controlled. The sarly 2002 system uses a clutch-

Ing device to disengans the supercharger when It's not needed. On

the later 2002 system, the stpercharger runs all the time and boost is
cortrolled by the PCM-controlled air flap actuator, When the air flap
dciutor {5 closed, all boosted air goes through the Intercoalar to the
intake manifold. When the flap is open, boosted alr coming out of the
blower is recirculatad back into the resonance body, which is sort of like
d resonator on an air intake duct on a nommally aspirated system, When
the fhap is anywhere between fully closad and fully open, the amounl

Pulsation damper

33 This procedure is virtually identical to the procedure for remaoy-
Ing and Insfalling the pulsation damper on 2002 madels (see Steps 18
through 20),

Fuel rail and Injectors

34 Disconnect the fusl supply line from the fuel rail,

35 Detach the fuel injector hamess clip,

36 Disconnect the alectrical connectars tom the fuel njectors,

37 Remave the two fuel rail mounting bolts,

38 Hemave the fuel rall and Injectors as a single assembly,

39 Remove each injector retainer clip (see [llustration 13.11) and
remove the injectar from the fusl rail,

40 Remove and discard the old injector O-rings (588 il|ustration
13.12).

41 Insfall the retainer clip on each Injector, then align the slots on
the retainer with the flared edges at the injectar mounting hale {see
Iustration 13.13) and insert the injector nte the fuel rall until the
retaingr snaps into place,

42 Push each Injecior down inlo s mounting hole until the slots
on each retainer are Jully engaged with the flared edges of the Injectar
mounting kole (see Mustration 13.14),

43 Installation is the reverse of removal,

description and component replacement

of boost Is proporticnal to the angle of the flap, which means that the
manitold pressure can he anywhere between almost full boost and
intake manifold vacuum. The PCM determines the position of the flap In
relation to engine load, engine speed, etc.

COMPONENT REPLACEMENT

Resonance body and recirculated air flap actuator
assembly

= Note: The recirculated air flap actualor is located on the
underside of the forward end of the resonance body, which
functions as an accumulator or reservoir for redirecled hoosted
intake air when the air flap is open.

4 Remove the engine cover,

5 Remova the two bolts thal secure the resonance body to the inlet
and pressure connection, F

B Disconnect the two vant lines from the resonance body, (One ol
these vent lines connects the resonance bady to the valve cover: the
other line connects the resonance body 1o the enging block.)

7 Loosen the hose clamp that secures the recirculated air flap actu-
ator to.the nlet and pressure connection. (You might have fo remove
he air filter housing to access the screw for this clamp.)

8 Pull up on the recirculated air flap actuator untll vou can discon-
nect the electsical connectar from the air flap actuator (then remove the
iesanance body and air flap actualtor as & single assembly).

8 Remove and inspect the O-ring that seals the connection betwaen
the air flap actuator and the inlet and pressure connection.

10 Installation is the reversa of remaoval,
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Recirculated air flap actuator

11 Remove the resonance body and recirculated air flap actuator
assembly (ses Steps 4 through &),

12 Separate the air flap actuator from the resonance body:

13 Installation is the reverss of removal,

Inlet and pressure connection

14 Remave the resonance body and reciroulated Tap actuator assam-
bly (see Steps 4 through 9),

15 Remove the bolt that secures (he coolant lina (o the inlet and
pressure connection.

[B Disconnect the alr duct that connects the cutput end of the Inlet
ard pressure connection ta the inlef pipe of the Infercooler,

17 Disconnect the vent fing from the inlet and pressure connection,

18 Remove the four inlet and pressure cannection meunting bolts,
then ramaove the Inlet and pressure connection,

19 Remove and replace the gasket between the inlet and pressure
connection and the suparcharger

20 Instaliation is the reverse of removal.

Supercharger

21 Hemove the air filter housing (see Section 9),

22 Remove the rescnance body and reclroutated alr flap actuator
assembly. and remove the inlel and pressure connection {see Staps 4
through @ and 14 through 19)

23 Remove the supercharger drivebell (see Chapter 1),

29 Remave the supercharger mounting bolls, then remove 1he super-
changer,

25 Installation is the reverse of removal,

Intercooler

26 Ralse the vehicle and remove the enging under-cover

27 Loasen the hese clamp and disconnect the inlel air duct from the
intercacker,

28 Loosen the hose clamgp and disconnect the outlet air duct fram
the intercoaler

29 Remove the intercooler mounting belts, then remove the inter-
cooler.

30 Instaliation is the reverse of remaval,

Charge air duct

» Note: The charge air duct is the long L-shaped air duct thal
connects the outlet pipe of the intercooler to the Mass Air Flow/
Intake Air Temperature {MAF/IAT) sensor.

41 Rernove the air filer housing {see Section 9),

2 Disconnact the electrical connector from the MAFAAT sensar,

33 Loosen the hose clamp that secures the short connection hose on
the downstream side of the MAFAAT sensor to the air scoop.

34 Disangage the spring clip ar clamp from the lower {infet) end
of the charge air duct {dawn at the outiet pipe of the intercooter) and
rermave the chargs air duct,

35 Remave the MARIAT sensor mounting bolts {and remove he
MAF/IAT sensor from the charge alr duct),

36 Remove and inspect the D-ring at the inletend of the air chargs
duet.

37 Aemove and inspect the O-ring at the outlet end of the air charga
duct

38 Installation is the reverse of remival,

15 Supercharger system (2003 through 2005 four-cylinder models) - description and

companent replacement

DESCRIPTION

| The supercharging system used on 2003 through 2005 four-
cylinder modals uses a recirculated alr flap llke later 2002 modsls, ut
is oiherwise completely different, The intake manifold, 1ecirculated air
Ilap achator, intet and pressure connection and superchargar are all
maunted an the (et side of the engine. The plumbing on this system is
sonsiderably more complex thian either of the 2002 systems.

2 The supercharging system cansists of the suction damper, the
reciioulated air fiap, the supercharger, the widstiand noiss damper, the
Intarconler and the various ducts connecting these compaonents,

COMPONENT REPLACEMENT

Supercharger

3 Relieve the system fual pressure and disconnest the cable from
hve negative terminal of the batiery,

4 Remove the engine cover and the intake manifold,

5 Hemove the supercharger drivebell {see Chapter 1)

B Hemove the uppér suparchargér mounting holls

7 Discannect the ground cable from the inliet and pressure connettion,

B Disconnect the elactrical connector from the recirculated air flap
acluator,

9 Raige the front of the vehicle and place it securely on jackstands.

10 Remove the enging undsr-cover

11 Remave the two Intake muffler bolts, pry the intake muttler oft the
supercharges inlet fitting and It the mutfler up and out,

12 Hemove the lower supercharger mounting bolt,

13 Detach the supercharger, rotate it 180 degrees and remaove the
chuteh,

14 Remove the supercharger, Intake and pressure connection and air
flap acluatar as & single assembly.

Intake and pressure connection

15 Remove the supercharger/intake and pressure connection/alr flap
actuator assembly (see Steps 4 through 14).

16 Loosen the hosa clamp screw and pull off the rubbes boot that
connects the intake and pressure connection fo the suparcharger,

17 Remave the (four) intake and pressure connection mounting balts
(and ramove the infake and pressure connection),

18 Remove and replace the gasket between the intake and pressurs
connection and the supercharger

19 Installation is the reverse of removal,
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Air recirculation flap actualor

20 Remove the superchargar/intake and prassurs connection/air flap
actuater assembly (ses Steps 4 through 14),

21 Remove the pressure mufller

22 Remove the four Tore mounting balts {and remove the recircu-
atad air flap actuator)

23 Remove and discard the old actuator gasket.

24 Installation is the reverse of removal,

Wide band silencer

=Note: The wide band silencer is a noise damper installed
inline in the charge air duct (the pressurized duct that takes
boosled air from the supercharper's pressure damper 1o the
intercooler). The charge air ducl/wide band silencer assembly Is
located in froni of the engine. The upper end, on the lefl side of
the engine compartment, is connecled to the supercharger. The
right end, in the lower right part of the engine compartment, is
connecled to the inlet end of the inlercooler.

&5 Rermove the frash air inlet duct,

26 Laosen the hose ciamp and discaonnect te hase from the pipe
al the lower right end of the wide band silencer (naxt 1o the mounting
it}

27 Loosen the hose clamp that secures the lower charge air duct to

the wide band silencer, then disconnect the lower charge air duct,

28 Loosen the hose clamp that secures the upper charge air nose Lo
the wids band silencer, then disconnect the upper charge air duct,

2% Remove the two wide band silencer retzining bolts (and remove
the wide band silencer),

30 Installation is the revarse of removal

Intercooler

=Nole: The intercooler is localed at the lower Ironl end of the
vehicle, directly behind the bumper cover,

31 Raise the vehicle and remove the engine under-cover,

32 Remnove the front bumper caver {see Chapler 1)

33 Loosen the spring type clamp and disconnect the inlet chargs air
duc from the intercooler.

34 Remive the O-1ing,

35 Loosen the spring type clamp and disconnect the utlet charge
alr duet from the intercooler.

36 Remowe the O-ring,

37 Unclip the intercooler from the underside of the radiator

38 Disengaage the two intercooter lugs rom the radiator sleeves

39 Remowve the Intercooter and air scoop as a single assambly

40 Remave the air scoep from the intercoales

41 Installation is the reverse of remaval

16 Exhaust system servicing - general information

# Reder to illustrations 16.1a, 16.1b, 16.1c, 16.4a and 16.4b

st WARNING:

The vehicle's exhaust system generates very high temperatures
and must be allowed 1o cool down completaly before louch-
ing any o! the componends. Be especially careful around the
catalylic converler, which stays hot longer than other exhaust
componenis,

1 The exhaust system congists of tha exhaust manitalds, the
exhaust pipes, the catalytic converlgris), the resonalar (ar pre-mulfler),
the mufiler/tailpipe assembly, various exhaust heat shields and the
exhavst pipes and flanges fhal connect these components together.

The exhaust system (s isolated from the vehicle body and from chassis
components by a series of rubber hangers (see [llustrations), Inspect
thiese hangers perlodically for cracks or other sions of deferioration, and
replace tham as necessary, Some exhaust campenents are also sup-
ported by brackets bolted o the underside of the vehicle (see Husira-
fian), Make sure (hat fhese bracksts are tightly fastenad 1o (he exhasl

16.1a A typical rubber exhaust hanger for suspending the
exhausi system

16.1h Somelimes two rubber exhaust hangers are used lo
immaobilize some pari of the system, such as the mufiler
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16.1¢c Some parts of the exhaust system are suspended by
brackets bolted to the underside of the vehicle

16.4b . . . and on the fasteners used 1o secure flanges
fariher downsiream

systam and o the vehicle and that they're neither cracked nor cormoded,

2 Conduct reguiar inspections ol the exhaust system 10 keep it sale
and quiet. Look o ary damaged or bent parts, open seams, holes,
loose connections, excessive corrosion or other defects which could
aliow axhaust fumes foenter the vehicle. Do nol repair deteriorated
exhaust system cemponents; raplace them with new parts

3 Ifthe exhaust system componerts are extramely corroded, of
rusted togather, you'll need welding equipment and a cutting tarch fo
remoye tham. The convenient strategy at this point is 1o have a muffier
repair shop remove the corroded sections with a cutting lorch, 1T you
warit to save maney by doing It yoursell, but you dor't have  weld-
ing outfit and cutting torch, simply cut off the old components with a
hacksaw. I you have compressed air, there are special pneumatic cut-

16.4a Use penetrating ofl to loosen up holis and nuis thal
secure the flanges hetween exhaust manifolds and exhaust
pipes . . .

ting chisels (avallable from specialty tool manufaciurers) that can also
be used, If you decide to lackle the job at hame, be sure to wear sataty
gongies to protect your eyes fram metal chips and wear work gloves to
protect your hands.

4 Replacement of exfaust systern compongnts is basically a matter
of remaving the heat shields, disconnecting the component and install-
ing & new cne, The heat shields and exhaust system hangars must be
reinstalled in the original locations or damage could result, Due to the
high temperatures and exposed locations of the exhaust system compo-
nents, st and corrosion can selza parts together, Penatrating ofls are
available to help loosen frozen fasteners, However, In some cases [t may
he necassary 10 cut the pleces apart with a hacksaw or cufting torch -
anly persons experiencer in this wark should employ this latter method.
Hers are some simple quidelines to Tallow when repairing the exhaust
systerm;

al Wark from the back fo the frant whart remawing exhalst system

EI?.".ﬁpﬂrr{.'."E.S.

b Aoply penetrating off to the exhaus! sysiem companent lasaners
{sae (Nustrations) to make fhem eastr fo remove

o) While you'te waiting for ihe penetrant to foasen wp the axhiaust
system fastaners, always disconnact the alacirical connectons for
the dewnsiream oxygen sensors and remove the sansars befarg
remaving the extiaust pive secion ihal includes the calalylic con-
vertor (see Catalytic converter - description, check and replace-
ment i Chaplar G

o) Use new gaskels, fastaners and ubber fangers whan fnstalling
axfaust Spsiems companants,

dl Agply anfi-selz compound fo the treads of all axhaust system

lasianers during reassembly,

Be sure bo altow sufficient claarance befwean nealy installad parte

and alf points on ihe underbody fo svaid overfieating fhe fioor pan

and passibly damaging the inleriar carpel and nswialion, Fay par-

Neiarly close atention to the talalylic converar and heat shigld.

)
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Specifications

General
Fusl pressure 54 1p 59.5 psl 3.7 10 4.1 bay
Fusl injector reslstance 14 1o 17 ohms™

“Approximale-values, depending on fempsratirs

Torque specifications FI-Ibs (unless otherwise indicated)

**Mote: One fool-pound (f1-1b) of lorque is equivalent 1o 12 inch-pounds (in-1bs) of torque. Torque values below approximately 15 ft-lbs
are expressed in inch-pounds, since most foot-pound forque wrenches are not accurate al these smaller values,

Throttle body mounting bolts {all engines,
all models) : 80 in-1os g



Section

General information

Battery - emergency jump starting

Battery - check, removal and installation

Battery cables - check, general information and replacement
lgnition system - general information

Ignition system - check

Ignition coil - check and replacement

8  Charging system - general information and precautions

9  Charging system - check

10  Alternator - removal and installation ENG |NE

11 Voltage regulator/brushes - replacement

12 Starting system - general description and precautions ELECTR | CAI_
13

Starter motor and circuit - check

14 Starter motor - remaval and installation SYSTE M S

Reference to other Chapters

Battery check, maintenance and charging - See Ghapter 1
CHECK ENGINE light on - See Chapter 6

Drivebelt check, adjustment and replacement - See Chapter 1
Spark plug replacement - See Chaptar 1

Spark plug wire - check and replacement - See Chapter 1

~f




9-2 ENGINE ELECTRICAL SYSTEMS

st CAUTION:

You'll need a memary saver for battery disconnection, Before
you disconnect the batlery cables, always hook up the memory
gaver In accordance with the manulacturer's instructions

1 The enging elactrical systems Includs all fgnition, charging and
starting components, Because of thelr engine-related functicns, these
components are discussed separately from chassis electical devices such
a5 the lights, the instruments, e, (which are Included in Chapter 123,

2 Always observe the following precautions when warking on the
electrical systems:

a) Be exiramely carefl when sarvicing engine eleafrical compo-
nents. They are sasily damaged If ehecked, conrecied or handied
imaraperly

b} Mever feave the fgrition swiltch o for long periods of tme with
tha angine oft

¢ Dont disconnect the battery cablas while the englag is ruaning.

d} Mainiain correct polarily when connegting & battery cabia from
another vehicle during jump-staning.

gl Always disconnect the negative cable firs! and hook i up last or
fhe battery may be shartad by the fool baing used o loosen the
cabile alamps

3 Ifs alsoa good Ided to review the safaly-related intormation
regarding the enaine electrical systems located in the Safely First!
Section near the front of this manual before beginning any operation
included in this Chapter

4 Before you disconnect the battery, be sure to connect a memory
savar in accordance with the manufacturer’s instructions. You must also
carny out certain procedures after recannecting the battery (see Steps 8
through 20),

BATTERY DISCONNECTION

§ The battery is Incated in the engine compariment on all vehicles
covered by this manual. To disconnect the battery for service proce-
dures that require battery disconnection, simply disconnect the cable
froim the negative battery rminal, Make sure that vou isolate the cable
o prevent it from coming into contact with the battery negative terminal

G Some vehicle systems (alarm syslem, power seats, power door
locks, etc.) require battery power all fhe time, either 1o enable (heir
operation or to maintain cortrol unit memory (Powertrain Control Mod-
ule, automatic transmission contrel module, ete.), which would be lost
If the battery wese fo be disconnected. 5o betore you disconnect the
battery, note the followlng points;

d) Bafors connecting or disconneating the cabie from ie negative
battery termingl, make sure thal you i the fgnition key and the
fighting swilah fo thelr OFF positions, Failure fo do so could cam-
a0 samiconductor componants,

b} On a vehicle with power door locks, It s 2 wise precaution fo
remove the kel fram the fgnition and fo keep it with you, so that
does not gel fockad insida If fhe power dodr locks should engage
aecidentally when the balfery s reconnecied!

¢ The engine management system’s POM fias some learning capa-
bilities thai alfow it lo adap! or make correclions in response o
fminor wariations in the fuel syster in order o oplimize driveabil-
ily and idle charactarisiics, Howswer, $he POM might lose some or

all af this fnfarmalion whan the battary (s disconnectad, The FOM
must oo Mrough a relearning process before if can regain s for-
mer driveability and performance characteristics. Until if relears
ihis fost data, you might nolice & difference i driveability, igle
andyar (if pou have an automatic) shitt fes! fn carfain casas, the
aparating paramaters migh havis to be reprogrammed using a
praprigiary scan (oo at a dealer service department or alher sar-
vice Baciiity aguinoed with the proper foo!

MEMORY SAVERS

7 Devices known as "memory savers” (typically, small, low current
8- or 12-voll batterles) can be used fo avoid some of the above prob-
lems. A memary saver |5 usually plugged into the clgaratte lighter, and
allows you lo disconnect the vehicle bathery trom the electrical system
Thee memory saver will defiver sufficient current to maintain sacurity
alarm codes and {maybe, but don't count on it) PCM memary. It will
dlsa mwn “unswitcher' (always on) circuits such as the clock and radio
memcry, while isofating the car battery in the svent that a short clroult
aeours while te vehicle is being serviced,

A WARMNING:

If you're going to work around any airbag system compenents,
disconnect the battery and do not use a memary saver. If you
Enj. the airbag could accidentally deploy and cause personal
njury.

s CAUTION:

Because meémory savers deliver current 1o operale unswitched
circuits when the battary is disconnected, make sure that the
circult that you're going to service is actually open bafore wark-
ing on itl

AFTER RECONNECTING THE BATTERY, PERFORM THE
FOLLOWING RELEARNING PROCEDURES:

Re-synchronizing the power windows

= Note: Aller voltage 1o the power window modules has been
interrupted, 1he modules ¢an no longer determine the position of
the windows, so re-synchronize each power window after recon-
necling the batlery. This procedure applies to all four windows.

8 Push the button to raise the window (even if i1's already raised)
and keep it depressed for al least half 2 second alter the window is
fuily closed, When the contrel module for the power window assembly
detects a motor lock-up for at least 0.3 sacond, it sets the position rec-
ognitian counter 10 zero. The power windaw 15 now synchronized

9 Repeat this procedure for gach power window,

Reactivating the steering angle sensor

=Nate: The sleering angle sensor is a component of the Elec-
fronic Stabilily Program (ESP). You must reaclivale ihe steering
angle sensor atler reconnecling the battery.
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10 Whan the voltage supply to the steering angla sersor has begn
irtarrupted, the Electronic Stability Program (ESP) control unit switches
o 1ts maltunction mode, and the message “EL. STAB. PROGRAM GO
T0 GARAGE" appears on the multi-function display.

11 Start the engine and allow it to idla.

12 Tum the steering whesl lock-to-lock (etreme left to exireme right).
The message “EL. STAE. PROGRAM GO TO GARAGE” disappears from
the multi=funciion display,

13 Turn oft the enging,

Re-synchronizing the pop-up roof

~Note: You must synchronize the pop-up rool after reconnecting
ihe battery. When the voliage supply to the pop-up roof motor
and the overhead control panel module has been interrupted,
the overhead contrel panel module cannol determine the posi-
tion of the pop-up roof.

14 Opan the pop-up rood with the ool system switch until the root
reaches its mechanical stop and continue activating tha roof system
switch (and therefors the rool motor) Tor about & secend, When the
nverhesd control macule recogriees that the roof system motor has

been locked up for at least 0.5 second, [t sets tha position countes 1o
zero. The pop-up raal is now re-synchronized.

Recalibraling the power seals

m Note: You must recalibraie the power seats aller raconnecting
the baltery. When the voltage supply to the power seal molors s
imerrupted, the power seat motors are “denormalized,” mean-
ing the memory inside each power seat adjusimeni conirol unit
doesn’t know the seat positions. This procedure applies to both
front seals.

15 Adjust the langitudinal seal adjustment switch all the way lorward
to Its front stop pasition and hold for at least a second.

16 Adjust the seat angle adjustment switch lo its lower stop position
and hold for at least a secand,

17 Adjust the seat hisight adjustment switch to its lower stop position
and hold for al least 2 second.

1A Adjust the seat backrest adjustment switch to its front stop posl-
tion and hold for al least a second,

19 Adjust the seat head restrainl adjustment switch to its upper stop
position and hold for at least a second.

20 The seat Is now recallbrated,

2 Battery - emergency jump starting

Reter to the Boaster battery (jump) starting procedure at the front of this manual

3 Battery - check, removal and installation

i WARNING:

Hydrogen pas is produced by fhe battery, so keep open flames
and lighted cigaretles away from it ai all times. Always wear
eye protection when working around a battery. Rinse off spilled
glectrolyle immediately with large amounts of waler.

=i CAUTION:

Always disconnect the negative cable first and hook it up lasl or
you might aceidentally shorl the battery with the tool that you're
using lo loosen 1he cable clamps.

CHECK

i A battery cannot be accurately tested until it 15 at ar near a fully
charged sate, Disconnect the neaative battery cable from the battery
and perorm e following tests:

Open circuil voltage test
# Reder 1o illustration 3.2

2 Using a digital voltmeler, pecform an open cirouit vollags test (s
Musteation). Connect the negative prabe of the valimeter [o the negative

battery post and the pasitive probe to the positive battery post. The bat-
lery voltage should be greater than 12.5 volis,

3 |f the battery is Jess than the specified voltage, charge the battery
before proceeding to the next test. Do not proceed with the batiery load
test until the battery 15 fully charged.

3.2 To test the open circuit voltage of the battery, connact
ihe positive (red) probe to the positive terminal and the
negative {black) probe of the voltmeter 1o the nagative
battery terminal. A fully charged batlery should have ai least
12.6 volis
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3.4 Some baitery load testers are equipped with an
ammelar, which enahles the battery load to be precisely
ialed in. Less expensive festers like this one only have a
load swilch and a volimeter

3.8 When disconnecting the battery cables, always
disconnect the cable from the negative terminal (1) first, then
remave the red plastic ferminal cover (2) and disconnect the
cable from the positive terminal (3)

Battery load test
¥ Reler to illustration 3.4

4 An aceusate check of the battery condition can only be performed
with a Inad tester [available at most auto paris stores), This test evalu-
ates the ability of tha battery to operate the starter and other actessories
during periods of heavy amperage draw (load). Connect & battery load-
testing tool to the battery ferminals (see illustration), This tool increases
the load demand (amperage draw) on the battery. Maintain the load an
the battery lor 15 seconds and abserve thal thi battery voltage does nol
drap below 9.6 volts. If the battery condition is waak or defective, the
tool will indicata this condition immediately
= Note: Cold temperatures will cause the minimum vollage
reading to drop slighily. Follow the charl given in the tool
manufacturer’s instructions to compensate for cold climates.
Minimum load voltage for freezing temperatures (32-degrees
F/D-degrees C) should be approximately 9.1 volts.

4.6 To remave the baltery cover, [lip open these three
retainar clips, then carefully pull off the cover

Battery drain test

5 This fest will indicate whether there's a constant drain en the
vehicle's elecirical systam that can cause the battery to discharge. Make
sureall accessories ane lurned off, If the vehicle has an underhood light,
wirily that it's warking properly. then discannect it, Connect one lead of
a digital ammeter to Ihe disconnected negative battery cabie clamp and
(he ather lead to the negative batlery post. A drain of approximately 100
milliamps or less is considered normal (due o the engine contral com-
puters, clocks. digital radios and other components that normally cause
g key-off battery drain). An excessive drain (approximately 500 mil-
liamps or mare) will causs the battery to discharge. The problem circuit
of componant can be located by removing the fuses, one al a time, until
the excessive drain stops and normal drain is indicated on the meter,

REPLACEMENT

# Refer 1o illustrations 3.6, 3.0, 3.9 and 3.11

You'll need a memory saver for this procedure, Before you dis-
connec the battery cables, be sure 1o hook up the memory saver
in accordance with the manutacturer’s instructions

F

6 Remove the batlery cover (see ilustration),

T Connect a memory saver In ascordance with the manufacturer's
instructions,

B Disconnect the cable from (ke negalive battery terminal, then dis-
connect the cable from the positive terminal (see illustration).

5 Remove the twe nuts thal retsin the battery hold-down bracket
5o ilustration) and remove the hald-down bracks

10 Litt out the battery. Be caraful - it's heawy
= Nole: Baitery siraps and handies are available at most auto

parls stores for a reasonable price. They make it easier to
ramove and carry the batery.

11 Whila the battery Is out, Inspect the battery tray lor corrosion
deposits, Clean the battery tray, then use 2 baking soda/water solu-
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L

3.9 To remove the battery hold-down bracket, remove these
two nuts

tion to neutralize any deposits (o prevent lurher ownidation, If the melal
around the tray is also corroded, clean | as well and spray the area with
a rust-inhibiting paint, 11 any corroslon has leaked down past the baltery
fray, remove [he tray (see illustralion) and use baking soda and water to
newtralize the deposits on the components located under the tray

3.11 To remoye the baitery tray, remove these three bolts

12 Il vou're replacing the batlery, make sure you get an identical unil,
with the same dimensions, amperage rating, cold cranking rating, etc.

13 Insiallation is the reverse of removal. After reconnecting e bat-
tery, be sure to parform the releaming procedures outlined in Section 1

4 Battery cahles - check, general information and replacement

CHECK

1 Periodically inzpect the entire length of each battery cable for
tamags, cracked or bumed Insulation and corrosion, Poor battery cabla
conrections can cause starting problems and decreased engine perlor-
TIANGE,

¢ Check Ihe cable-fo-tlerminal connections at the ends of the cables
lor cracks, [nose wire strands and cormosion, The presance of while,
Muffy deposits under the insulaticn at the cable terminal connaction is
2 sign that the cable is corroded and should be replaced. Check the
terminals for distortion, missing mounting bolis and corrosion,

GENERAL INFORMATION

3 When removing the cables, always disconnect the cable from the
negative battery lerminal first and hook & up fast o prevent the batiary
from being accidantaily shorted by the toal you'ie using o logsen the
cable clamps, Even It you're only replacing the cable for the positive ter-
minal, be sure to disconnect Ihe cable from the negative battery ferminal
first

4 When buying new batery cables, take the old cables with you.

It i5 Gritical that you replace the ald cables with Identical replacement
cables. Battery cables have characteristics that make them easy (o iden-
tity: positiva cables are usually red and larger in cross-section; ground
cables are usually black and smaller in cross-section.

5 Clean the threads of the solenold terminals zndfor ground termi-
nals with & wire brush to removeé rost and corosion, Apply 2 lght coal
of battery terminal gorrosion inhibitor or petroleum jelly to the threads
to prevent future carrosion,

6 Aftach the cable to the solenold or ground connection and tighten
the mounting nul/ball secuely,

7 Before connecting a new cable to the battery, make sure that I
reaches the battery post without having to b2 stretched

B Connect the positive cable firet, followed by the negative cable.

REPLACEMENT

Ground cable
¥ Refer to llustrations 4.10

9 Remove the battery cover {see illustration 3.6)
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4.10 To remaove the batlery ground cable, disconnect it from
the negative battery terminal (1), then disconnect it from the
vehicle body (2)

10 Disconnect the-ground cable from the negative battery terminal
and from the right strut lower (see illustration),
11 Installation is the reverse of removal,

Positive cable and alternator/starter cable
¢ Refer to illustration 4.13

= Note: Before removing the aliernator/starter cable, make a
sketch or lake a few digital photos of the routing of the cable.
12 Disconnect the cable from the negative battery terminal, then
disconnest the battery cable from the positive terminal (se illustration
3.8).
13 Disengage the cable grommet from the shestmetal between the

4.13 Disconngec! the battery negative cable, then loosen
the clamp nut (A), remove nut (B} at the junction block and
detach the positive cable, then remove the trim (C) and the
cable grommel {D), raise the front of the vehicle, trace the
cable to the starter and alternator and disconnact it from
both components

battery and tha engine compariment (see llustration), then disengage
the cable from the hamess clip that secures it to the rignt side of the
engine compartment. (You might find i easier to disengage the hamess
[rm this chip from anderneath, alter you've rafsed the vehicle In the
next step.)

14 Raise the tranl of the vehicle and place it securely on jackstands
15 Trace the path of the cable forward, along the rght side of the
gnging, o the altemator, Remave the rbber cover and discorinect the

baltery cable fram the B+ terminal on the alternator (se2 Section 10},
16 Trace the cable harness back to the starter motor, remove fhe
rubber caver and disconnect the cable fromathe terminal on the stark
mioter solenold {see Section 14),
17 Installation is the reverse of removal

5 lgnition system - general information

All ergines are equipped with a distributorlass Motor Electronics

(ME) Ignition contral system, which includes the fellowing companents:

Acceteratir Padal Pasition (APF) senscr
Atitude sensar (supercharged engines)
Gatlary

Camshaft Pasition (CMP) sensor
Crankshaft Position (CKFP) sensor
Elegironic throtila body

Enging Cootant Temperatire (ECT) sensor
Intake Alr Temperature (1AT) sansar
gnitian coils

Aghitian suitch

Kook sensar(s)

Manlfold Absoiule Pressure (IMAR] sensor
Mazz Air Flow (MAF) sansor
Park/MNautral Posifion (PNP) swiloh
Powertrain Confro! Maduta (PCM)

Soark pligs

Thrattle Pogitlan (TP sensor

Wies) speed sansors

The PCM uses input vollage slgnals from the information sensors
listed ahove 1o caloulate and control ignition timing under all operating
copditions. The PCM calculates the optimum tming in response fo
enging speed, caolant temperature, theatile positian and other param-
elers, gach of which varies in accordance with the operating conditions
such as cranking, warm-up, idle, acceleration, deceleration, ete. The
PCM and the CKP sersor are the key compongnts of the El systam, If
the PCM or the CKF senscr Is defective, the ME system will not operate
and the engine will nat start, For mae information about the informa-
linn sensors, refer to Chapter 6,

2001 through 2005 V6 engines are eaulpped with six individual
colls, each of which is meunted on fop of the vale cover and connecied
Lo twin spark plugs by shorl Righ-tensicn plag wires. All other engines
use g coil-over-plug system, which consists of an individual coll above,
and connected directly to, each spark plug, The PCM fires the coils
In firing order sequance by turning fhe ground paths for thelr primary
circuits on and off
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6 Ignition system - check

& Refer to llustration 6.5

#at: WARMING 1:

Because of ihe high voltage generated by the ignilion system,
gxtreme care should be taken whenever an operation is per-
{ormed invalving Ignition componenis. This noi only includes the
ignition coil, but also related components and test eguipment.

The following procedure requires the engine 1o be cranked dur-
ing tesling. When cranking the engine, make sure that no meter
lead, loose clothing, long hair, etc. come in contact with any
moving parts (drivebelt, cooling 1an, etc.).

1 Belore proceeding with the ignition system, check the following
tRms:

al Make sure the baliery cabile clamps, wherd fhay cornect (o the
haltery, are claan and Lgiht

b} Test the condition of the hatfery (see Section 31 it does nol pass
all fthe fests, replace it with A naw batiery.

gl Check the ignitton systam wiring and connections for fightness,
damage, corrosian or any ather sighs of 8 bad connection,

i) Chack ihe relafed fuses insida the angine compartment fuse and
relay box (se Chapter T2), 1F thay e burmed, determing iNe cause
and repair the aircuil

o

2 |1'the engine tumns over but won't start or has a severs misfire,
perfarm the following sieps using a calibrated ignition tester to make
sure there |5 sufficient sacondary Tgniticn voltage to fire the spark
nlugs,

3 Make sure the ignition is turned to the O position, and the key is
rermaoved, then remove the aRging coveris).

4 [Disabla the fuel system by remaving the fuel pump fuse, which
5 located in the tuse and relay box in the trunk (sea [lusteation 2.1 In
Chagpter 4)

5 On 2001 through 2005 V6 enalnes, thers are (wo spark plugs per
cylinder, Tre coil packs are mounted on fap of the valve covers with
shorl spark plug leads connecting them ta the plugs, Disconnec! ang of
the spark plug leads from the cylinder heing tested (see Chapter 1) and
connect the tester inline between the betwean the plug wire boot and the
spark plug (see illustration).

6 On 2006 and later V& engines and on all four-cylinder engings,
there is ane centrally mountad spark plug per cylindar. The ignition

7 lgnition coil - check and replacement

CHECK

1 Il cofl seems to be misfining or not firing at all, or is causing
the Powertrain Control Module (PCM) to set a Diagnestlc Trouble Code
(OTC) that indicates a mistire. try swapping it with an adjacent coil. It
the suspect coil was causing a OTC for one cylindar, it will likely set the

coils are mounted directly over the plugs. Remave each ignition coil
from the spark plug (see Section 7}, then connect the spark tester (nling
between the high-tensiaon terminal underneath tha coil and the spark
plug.

7 Crank the englne and sae if the tester body flashes

8 Itthe tester flashes during cranking, sufficient valtage Is reaching
the plug to fire it. Repeat this test for sach spark plug to verify that all
the coils are GK,

9 If no flashes occlr dufing cranking at any one cylinder, [nspecl
the primary wire connection at e coil that se' functioning, Make sure
that it's clean and tight,

10 1f the coll 15 operating but & cylinder still has a misfire condition,
aspark plug might be fouled. So ramove and inspect the suspect plug
(sea Chapter 1), then retest,

11 If no sparks or intermittent sparks occur during cranking at all
cylinders, the Powertrain Control Madule (PCIM) might be defective.
Have the POM checked out by a dealér service depariment or other
qualified repair shop (testing the PGM is beyond the scope of the do-it-
yourselfer bacause il requires expensive special lools). Any additional
testing of the ignition system must be done by a dealer service depart-
ment or ather quatified repalr shiop with the proper tools,

6.5 To use a calibrated Ignition tester on a 2001 through
2005 V6 engine, trace each spark plug wire (A) down to iis
corresponding spark plug and disconnect plug wire boot (B)
from the plug. Connect the fester (C) to the plug wire bool
and connact the tester lead (D) 1o the spark plug (E, not
visible in this pholo)

same OTC-when (s Installed above another cylinder. 1f this 13 the case,
the coll s probably defective, becase its unlikely that the ha:resses for
two adjacent ignition colls would bath be defective, At any rate, no fur-
har testing |s possible at home. I you're nat sure whether you should
replace the cail at this point, consult @ dealer service department or
othar qualified repair shop.
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REPLACEMENT

V6 engines
» Refer to illustrations 7.4a, 7.4b and 7.5

¢ Disconnect the cable from the negative battery terminal (see Sec-
tiom 11,

3 On models with an integral engine cover/air filker housing,
remove the engine cover/air filter housing (see Air filter housing -
ramoval and installation in Chapter 43, On 2001 through 2005 models
with 4 remate air filler housing, remaove the sngine cover and, If you're
removing a coll from the right valve cover, remove the alr intake duct
(ser Al filfer fousing - removal and fnstatiation in Chapter 4,

7.4a To disconnec! the electrical connector from an ignition
coil an a 2001 through 2005 V6 model, depress the release
tab and pull off the connector

4 Distonnect the electrical connector from the ianition coil (see
illustrations)

5 Dn 2001 through 2005 mocels, disconnect the spark plug wires
[ram the ignitlon caoil {see illustration),

B DOn 2007 through 2005 models, remave the igniticn coll meunt-
ing bolt (see ustration 75} and remove the coil. On 2006 and (st
miodets, remove the coll mounting bolls (see illustration 7.4b) and
remeve the coil by pulling it up and off the spark plug

T DOn 2006 and latar models, Inspect fhe condition of the rubber
boot that seals the connection betweer the coll high fension tower and
the spark plug. I Its cracked, lom or deteriorated, replace if,

B Ins@llation is the reverse ol remaval

5 ‘When you're done, be sure lo perarm the releam procadures
oullined in Sectlon 1,

Four-cylinder engines
¥ Reler to illustrations 7.14a and 7.14b

10 Disconnect the cable from the negative battery terminal (see Sec-
tion 11.

11 On 2002 modets, remove [Re gnition coil cover screws and
remove the cover from the valve cowver

12 Qn 2003 througn 2008 medels, remove the enging cover,

13 Disconnect the etectrical connecter from the igniticn coil,

14 Hemove the ignition coil maunting bolts and remave the coil (sse
iHustrations).

15 Inspect the candition of the rubber boot thal saals the connection
between the coll high tensian fower and the spark plug, 1 1S cracked,
(e or detericraled, replace it

16 Installation is the reverse of removal

17 When you're dane, be sure to perlorm the releam procedures
cutlined in Section 1,

7.4b To disconnect the electrical connector from an ignition
coil on a 2006 and later model, depress the release tab (1)
and pull aff the conneclor, To detach the coll fram the valve
cover, remove the two bolis (2)

1.5 Before disconnecting the spark plug wires from the
ignition coil an a 2001 through 2005 model, label the
upper boot A and the lower boot B 1o ensure thal they're
reconnecled correcily. A" corresponds with the forward
spark plug and "B" with the rear spark plug. To remove an
ignition coil, remove the coll mounting bolt (C)
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7.14a Remove the mounting bolts . . .

7.14b . . . then twist and remove the coll from the
valve cover

8 Charging system - general information and precautions

The charging system supplies electrical power for the ignition sys-
lem, all lignting and audio-visual components, ele. The chasging 5ys-
lem cansists of the allernator and an Inegral G veltags regulator, the
[gnition switch, the battery, (ke charge waming light, the voltage gauge
and 1he wiring between all the companents. The alternator 1s driven by &
serpenting drivebelt at the frant of the engine

The charging system doesn't ordinarily require perlodic mainte
nance, However, you should inspect the drivebelt, the battery, the charg-
Ing system wiring harmess and all connections at the intereals outlined
I Chapter 1. Be very careful when making electrical circull connections
for the alternator o the charging system circuit-and note the fallowing

al Never dlsconnest e battary while (he enging IS frunning,

i When racannacting wires fo the altecnalor from ihe battery, be

sure i note e polarity:

g} Before wsing arc-welding equipment te rapalr any part of the
wahiele aispomnest the wirgs fram the atternalor and e battery
farminals.

) Mever start e angine will & batfery chargar conmeched.

@l Always disconnect hath baltary catves before wsing 4 baltary char
gar

fI - The alternator fs furmed by'an engine drivaball, which cowld cause
serious fojuey (f your hasds, hale o clothes became anlangied in
i with tha enging rurning

g} Botause the alfernator is connactad diractly to the battery, & coutd

drc or causa a fire I averloaded ar shorled oul |

Before steam-cleaning ihe Brging, wiae 3 plashic bag ovar (g

aliernator ano secure | wilh rubber bands.

}
i

9 Charging system - check

# Refer to illustration 9.3

=MNpie: These vehicles are equipped with an On-Board Diag-
nostic-1l {OBO-1} system that is useful for detecting charging
system problems because it can provide you with the Diagnostic
Troutile Code (DTC) that will indicate the general nature of the
problem, Refer to Chapter 6 for a list of the DTCs used by the
Powertrain Conirol Module (PCM) on these vehicles and for the
procedure you'll need to use 1o obtain DTCs.

1 Ila mallunction occurs in the charging cirouit, do net immedi-

ataly assume that the alternatar is causing the problem. First check the
fallowing itams;
a) The battery cablas whare they connact fo e batlary, Make sure
it connactions are claan and Haht,
bl The baitery electro!vie specific gravily (by oliserving ife ofiarge
indicator on the battery), If it is fow, charge the baltery,
6l Inspect the exiarnal alternator wiring and conmachions
dl Check ihe drivedelt condifion and lension (see Chapter 1),
gl Check fhe altemator mounting bolis for Nghtness
) Run ihe enping and check the altermalor e abnarmal noise.
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~

2 Using a voltmeler, chack the battery voltage with the engine off
isee [llustration 3.2). IFshould be at least 12.6 valts with a fully charged
Dattary,

3 Start the engine and chack the batlery voliage again (Ses (lustra-
tion), 1t should now be at least 13 volts, but should not read mare than
15 violls

4 | ihe indicated voltage reading Is fess or mors than the specified
charging vollage, have the charging system checked al a dealer servica
department or othae properly equipped repair facllity. The voltage regu-
lator on these models is confained within the atternator and cannot be
adiusted.

9.3 To tesi the charging voltage, connect a voltmeter to the
batiery ferminals. A heallhy charging system should pul oul
at least 13 volis, bul not more than 15 volts

10 Alternator - remaval and installation

= Note 1: If you are replacing the altermalor, take the old one
with you when purchasing a replacement unit. Make sure the
new/rebuill unil looks identical to the old alternalor. Look at the
ferminals - they should be the same in numbar, size and loca-
lion as the terminals on the old alternator. Finally, look at the
identilication numbers - they will be stamped into the housing or
printed on a tag attached to the housing. Make sure the numbers

" are the same on both allernators.

==Note 2: Many new and remanufaclured altermators do not have
a pulley Installed, so you may have 1o switch the pulley from the
old unit 1o the new/rebuill ona. When buying an alternatar, find
out the shop's policy regarding pulleys; some shops will perform
this service free of charge.

2001 THROUGH 2005 V6 MODELS

¥ Refer to illusirations 10.4 and 10.5

1 Disconnact the cable from the negative terminal of the battery

(see Section 1),
2 Remove the engine cover/alr filter housing (see Afr filter fousing
rarmoval and instalialion in Chapler 4),

3 Remove the accessory drivebelt (see Chapter 1)

4 Remove the upper and lower alternator mounting bolts (see Hlus
tration),

5 Pull the alternator forward and disconnect the electrical connesiar
frarm the alflemator (sse illystration), Also remove the nul that secures
the battery cable to the B+ terminal and disconnect the cable.

6 Installation is the reverse of removal,

2006 AND LATER V6 MODELS

¢ Reler to illustrations 10.14

7 Disconrect tha cable from the negative terminal of the battery
[sea Section 1),

& Remove the right air intake duct (see Air filfer housing - remeal
and instattation In Chapler ),

10.4 Alternator upper and lower mounting bolls (2001
through 2005 V6 models)

10.5 Depress the release tab (A) and pull off the electrical
connector, then remove the cover from the B+ ferminal,
remave the nut (B) and detach the cable from the B+ terminal
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9 Hemove the accessory driveball (see Chaptar 1)

101 Ralse the vehlclz and place it sacurely on jackstands,

11 Aemove the enging unde-cover

12 Aamove the battery (B+) terminal nut and disconnect the batkary
cable from the B+ terminal,

13 Disconnact the electrical connectar from the alternator

14 Remove e lower aliemator mourding balts (see illustration),

15 Lower the vehicle,

16 Remove the engine cover bracket and sel the air pump switchover
valve to one side

17 Remove the electric air pump (32 Sacandary air infeciion -
descriation and compongnt replacement in Chapter 6),

16 Ramove the shutolf valve from tha right sylinder head (ssa Sec-
ondary air injection - descriotion and component teplacement In Ghap-
1er B).

19 Femove the upper alternater mounting balts and rmova the
aliernatar,

20 Installation Is the reverse of ramaoval,

2002 FOUR-CYLINDER MODELS

=Note: The alternator is located on the lower right side of the
engine block.

1 Disgannect the cable from the negative terminal of the battery
(see Section 1)

22 Raise the vehicle and remove (he enging under-cower,

23 Ramove [he allernator drivebeli,

24 Rarmeve the battery (B4 terminal nut (2nd disconnect the battery
cabla),

25 Disconnect the electrical connector from the alteratar,

26 Remove the alternatar mounting bolls and ramoyve the altemator,

27 Installation is the reverse of removal,

2003 THROUGH 2005 FOUR-CYLINDER MODELS

= Nole: The alternator is located on the lower right side af the

10.14 Alternator lower mounfing bolts (2006 and later
V6 modals)

engine block.

28 Disconnect the cable from the negative terminal of the battery
[see Section 1),

29 Remave the fresh air intake duct (see A filler housing - remaoval
and Insfaiation in Chapter 4),

30 Raize the vehicle and remove the enging under cover,

31 Remove Lhe altesnator drivebelt,

32 Remove the battery (B+) terminal nut {and disconnecl the battery
cabla),

34 Remove he upper altarnator mounting bolts,

34 Disconnect the electrical connector from the aiternator.

35 Remcve the lower alternator mounting balts and remove the aller-
ratr,

36 Installation is the reverse of removal.

11 Voltage regulator/brushes - replacement

# Refer to illustrations 11.2, 11.3, 11.5a and 11.5b

1 Remowe the alternator (see Section 10}

¢ Remove the voltage regulator cover bolls (see llustration) and
ramove e covel

3 Remove the regulator meunting belts (see ilustration) and
remove the regulator

4 Measure the length of the alternator brushes and compare your
measurement to the specified minimurm lergth listed in this Chapters
Specifications. I the brushes are too short, replace [he voltage regula-
H] .

5 Tohold the brushes in the retracted position for installation, push
them in all the way and pull back on the plastic cover fa keep them
there {see illustration), Install the voltage reaulator/brush holder assem-
bly and tighten the bolts securely, then push down on he plastic cover
10 release the brushes (see iHustration)

f Install the cover over tha end frame and tighten the balts sacurely,

11.2 To remove ihe voltage regulator cover, remove these
two bolis (on some covers, you must remove a collar nul, a
nut and a retaining bolt to detach the cover)
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11.3 To detach the voltage regulator/
brush holder from the allernator,
remove these bolls

~11.5a Push the brushes in all the
way, then slide the plastic cover hack
1o hold them in the retracied position

11.5b After installing the voliage
regulator/brush holder, push down on
ihe plastic caver to release

fhe brushes

12 Starling system - general description and precautions

GENERAL DESCRIPTION

All'starer motors are focated on the lower part of the enging, near
the transmission ballhousing, where they can engage the ring gear on
the driveplale

The starting system consists af the following components:

lgnitidn switch

Battary and hatfery cahles

Starter ralay (inside the angine compartment fuse and relay box)

Starter fuse (fnside the engine compdriment luss and refay box)

Starter solanola/slanar molor assemibiy

Cluteh intarfack switch (manual transmission models)

Park-Newtral Posifion (PMP) swilch function, fnside the Transmissian

Control Madule (TEM) (aufomatic fransmission modeis)

The wirlng harnesses conneching (hese companan's

The starting system has two separate circults: A low-amperage con-
frol clrcult and a high-amparage supply circuil between the battery and
the starter motor, The low-amp control ciouit includes 1he:

larition switch

Starter relay {inaide the enging comparimant fuse and relay box)

Ciutel interiock swifch (manua! transmission models)

Transmission Control Modie (TCM) (automalic transmission models)

Coil winding finside the starfer solamoid)

Wire harngsses conmeching these companents

The high-amperage supply circult consists of the:

Battary starter calile

Contact dise (inside the starler solenoid)

Starder molor

{In models with an automatic transmission, the Park/Mautral Posi-
lion (PNP) switch (Mercedes calls |t the starter lockout contact), which
Is nol an exiemal componert bul rather an Integral component af the
glectrical control unlt, energizes the starter relay anly when (he shift
lever i5 in PARK or NEUTRAL. The PNP switch is normally cpen to
prevent the starier relay from baing energized unless e shifft lever is

i the PARK ar NEUTHAL positicn, When the ignition switch is tumed
lo START, ballery voltags is supplied thiough the low-amperage control

cirouit to the starter refay coil if the shift lever is In the PARK or NEL-
TRAL position. If it isn't, the starter circuit remains open and the engine
won't start,

On madels with & manual transmission, the clutch pedal switch at
the clutch pedal energlzes the starter relay only when the clutch pedal
i5 depressed. The clutch pedal switch is normally open o prevent the
starter relay from being erergized. When the lgoition switeh is jurned
[ START, ballery valtage s supplied through the low-amperage contral
circult to the starter relay coll 1T the clulch pedal s depressed. IF it isn't,
the starter circuit remains open and the engine won't starl.

When the starter relay coil is energized, the normally-open relay
cuntacts close, which energiza the windings of the starer solenoid
pull-in goil, which pulls in the solenoid plunger, which pulls the shift
lever in he starter motor, which engages the starfer's overrunning clutch
and pinion gear with the starter's ring gear. As the soencid plunger
reaches the-end of its travel, the solencid contact disc completes the
high-clirrent Starter supply circlit and energizes the solenaid plunger
finld-in coil, Currént flaws fram the solenaid battery terminal [o the
starter motor and energizes the starter,

The starler motors used on the vehicles covered in this manual are
not rebuildable. They're available only as new or remanufaciured units,
It any part of the starter motor falls, Including the starter saleroid,
replace fne entire starer assembly.

PRECAUTIONS

L

Always observe the following pracautlons when working on the

starting system:

) Excassive cranking of the starer motor can overhieal it and cause
serials damage. Mever aperale tha starter malar for more Han 15
seconds at & time withou! pausing fo allow i o coal for at lsast
o minutes

L) The starter i connacted diceclly fo the battary amd could arc o
calse g fire Jf mishandied, overlaaded or shorad

of Always getach the cablefs) irom the nagativa terminal of the 0ai-
fery before werking on the siarfing syshem,
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13 Siarter motor and circuit - check

¥ Reler 1o ilustrations 13.3 and 13.4

1 Il a maltunction oceurs in the starting circult, do nol Immediately
assume that he starler Is causing the prablem. First, check the follow-
ing Iems:

a) Make sur the baftary cabie clamps, where they connect o ihe
baltery. are clean and Hof!
ek the conattion of the haltery cabies (see Section 4). Heplaca
any defactive hattery cabies with new pars,

gl Test the condition of the batfery (see Sectian 3L I it doas nof pass

all the tests, replace (f wiih a new battery,

d) Chack the siarter molor wiring and connaciions.

g Chack the startar motor mounting balts for ghiness.

fI Chack the starfar fuse in the engine compeartmant fuse box (see
Chagter 121, 11 ihe fuss (s biown, detarmine e cause and repair
fha ciroi,

g} Check to sea if the 5 farminal on ihe starler motor receives volt-
g wher fhe fgrition key 15 fuimed fo the Start pasition,

hy Check the starter refay (ses Chapier 12),

2 It the starer does not activate when the lgnition switch is turmed
o the start position, check for battery voltage to the starter solennid.
This will determing if the solenaid is receiving the correct voltage from
the lgnition switch. Connect a 12-vol! test light ar a voltmeter to the
startar solenaid positive lermingl, While an assistant turng the ignition
switch to 1he start position, observe the test light ar valtmeter. The test
light should shire brightly or battery valtage should be indicated on
the voltmeter, IF voliage 1s nat available to the starter sclenald, refer Lo
the wiring diagrams in Chapter 12 and check 1he fuses and starter relay
ir series with the starting system. I voltage is available but there is no
mowerment from the starter mator, remaove the starter from the enging
(see Section 14) and bench test the starter (5ea Step 4.

i}

3 Ifthe starter turns over slowly, check the starter cranking voltage
and the current draw from the battery, This test must be performed with
the starfer assembly on the enging. Crank the enging over (for 10 56
ancs or less) and chsarve the hattery voltage. It should net drop below
0.6 volts. Also, observe the currant draw with an inductive type ammeter
(see llustration). Typlcally a starter should not excesd 160 amps. If the
startar mofor amperage draw Is excessive, have [ tesled by a dealer
service departmant ar other qualified repalr shop. There are several
conditions that may affect the starter cranking potential, The batiery
must be in good condition and the battery cald-cranking rating must
rot b under-rated for the particular application. Be sure to check the
battery specifications carefully. The batiery terminals and cabies mus!
be clean and not corradad. Also, In cases of extreme cold temperatures,
maka sure the battery and/or engine block is warmed before perlarming
1 lests,

4 If the starter is recelving voltage but does nol activale, remove
and check the starter mator assembly on the bench (see (Mustration).
Mast likely tha solenold is defective, In some rare casas, (he enging
miay be selzed 50 be sure to fry and rotate the crankshalt pulley (s
Chapter 2) before proceeding. With the starter assembly mounted in a
vise an the bench, Install one jumper cable from the positive terminal
of a fest battary to the By terminal on the starter. Install ancthar Jumpe:
cable from the negative farminal of the battery Lo the body of the starter,
Install a starter swilch and apply batiery vollage to the solenoid S ter-
rmireal (Ter 10 seconds or less) and observe the solenoid plunger, shift
lewier and owverrunring slutch extend and rotate the pinion drive, If the
pinion drive exiends but does nat rotate; the selenaid is operating but
the starter motor s defective. If there s no movernent bul the salenoid
clicks, the solenoid andfor the starler motor 1s defective, IF the salencld
plunger extends and rotates the pinion drive, the starter assembly is
operating properly,

13.3 Use an Inductive ammeter to measure starler
curren! draw

'

Battery

13.4 Slarter motor hench-testing detalls
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14 Starter motor - removal and installation

V6 MODELS

FOUR-CYLINDER MODELS

# Refer 1o illustrations 14.5 and 14.7

= Note: The starter motor is located on the righ! lower side of
the hlock.

1 Disconnect the cabla from the negative terminal of the battery
[see Saction 1),

¢ Raise the veficle and support it securely on jackstands.

3 Remove the englne undercover,

4 Remove the exhaust system (sse Chapter 4),

5 Remove the nut that secures the starter wire to the starter tarminal
an the starier motor solanoid (see illustration), _

B Remove the rubber cap that protects the batery starter cable to
the B+ terminal stud (see lustration 14.5) and disconnect ihe hattery
cable from the B+ terminal,

7 Remove the two starter motor mounting balts (see [llustration),

B Notethat the lower starier mounting balt alsn secures a hose
brackel, Remove the bracket, push the hose aside and remave the
starter motar.

§  Installation is the reverse of removal. Be sure to tiphten the starter
metor maurding Bolts to the terque listed in this Chapter's Specifica-
fions

= Wote: The starler motor is located on the left side of the
engine block,

10 Disconnect the cable from the negative:terminal of the battery
(s5e Section 1),

11 Raise the vahicle and supporl It securely on jackstands.

12 Remove the erglne undercover,

12 0n 2003 through 2005 models, remiove e two bolts that securs
the air cenditioning hose bracket 1o the transmission bellhousing and
push the hose aside

14 On 2003 through 20405 models, disconnzct the steering shafl
coupler from the steering gear (see Steering gear - ramoval and instal
fafion In Chapter 10},

19 On 2003 throvgh 2005 models, remove the Intake muiller {see
Supgrchargar syslem (four-cylinder models] — dascription and compa-
nant remaval and mstallation in Chapter 4),

16 [isconnect the electrical connections fram the startar motor sole-
noid,

|7 Remove the starter motor mounting hoits and remove 1he starer

18 Installation i5 the reverse of removal

14.5 Remove the nut (1) that secures the starler wire (2)
to the starier terminal, then remove the rubber cap (3} thai
prolects the battery cable nul to the B+ lerminal. Remove the

* nut and disconnect the batiery cable (4) from the B+ terminal

14.7 To remove the starter motor, remove these fwo bplts
{A). Note that the lower mounting bolt also secures a hose
clip (B); don't forget to install this clip when installing the
lower starter balt
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General

Battery vollage
Ergine aff Al least 1:2.66 volts
Erigine running 13.5 10 14.5 volis

Firing arder
Four-cylinder models 1-3-4-2
VB models 1-4-3-6-2-5

+ Voltage regulator minimum brush length 13/64-inch 15 mm)
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Section

10
1
12
13
14
15

16

21

General Information

On-Board Diagnostic (OBD) system and Diagnostic
Trouble Codes (DTCs)

Accelerator Pedal Position Sensor (APPS) - replacement
Altitude sensor - réplacement

Camshaft Position (CMP) sensor - replacement
Crankshaft Position (CKP) sensor - replacement

Engine Coolant Temperature (ECT) sensor - replacement
Fuel tank pressure sensor - replacement

Irilet Air Temperature (IAT) sensor - replacement

Knock sensor - replacement

Manifold Absolute Pressure (MAP) sensor - replacement
Mass Air Flow/Intake Air Temperature (MAF/IAT)

sensor - replacement

Oxygen sensors - general information and replacement
Powertrain Control Module (PCM) - removal and installation
Catalytic converter - description, check and replacement
Evaporative emissions control (EVAP) system - description
and compaonent replacement

Exhaust Gas Recirculation (EGR) system - description
and component replacement

Positive Grankcase Ventilation (PCV) system -
description and check

Secondary air injection system - description and
component replacement

Electronic throttle control and idle speed control system -
description and component replacement

Variable intake manifold - description and

component replacement

Reference to other Chaplers
CHECK ENGINE light on - See Section 2

EMISSIONS
AND ENGINE

CONTROL
SYSTEMS
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1 General information

# Refer to illusiraiion 1.7

To pravenl pollution of the atmosphere from Incompletely burned
and evaporating gases, and to maintain good driveabllity and fuel econ-
omy, a number of emigsion conlrol systams are incorperated on the
vehicles coverad by this manual, These emission control systems and
thedr components are-an iniegral part of the engine management sys-
lem. The engine management system also Includes all the govermment
mandated diagnostic features of the secand generation of on-boar
diagnostics, which is known as On-Board Diagnostics Il (OBD-11)

At the center of the engine management and OBD-I| systems is the
nn-board computer, which Is known as the Powsrtrain Centrol Medule
(PCM). Using a variety of information sensars, the PCM monitors all
of the important engine operaling parameters (lemperaiure, speed,
load, etc.), It also uses an array of output actuators - such as the igni-
lion colls, the fuel injectars, the electronic throttle control system, the
Torque Converter Cluteh (TGC) and various solenoids and relays - 1o
respand to and alter these parameters as necessary to maintain optimal
performance, economy and emlssions, The principal emission control
systerms used an the vehicies covared in this manual include the

Calalitic convartdrs

Evaporative Emission Caniral (EVAF) system

Exhaust Gas Recirculation (EGR) systam

Fositive Orankease Yentitation (PCV) sistem

Secondany air infection system

Torgue Converlar Clutial (TOG) system

The Sections in this Chapter include general descriptions and com-
ponant replacement pracedures far most of the information sensors and
output actuators, as well as the important companents thal are part of
the systems listed above. Beler to Chaptar 4 for more intormatlon an the
alr induction, fual delivery and Injection systems and exhaust systams,
and to Chapter 5 far informatian on the fgnition systam, Refer to Chap-
ter 1 tor any scheduled maimenance for emissicn-related systems ano
COmpenEnts,

The pracedures in this Chapter are intended to be practical, afford-
able and within the capablilies of the home mechanic. The diagnosis of
most enging and emission control functions and driveability proklems
requires specialized tools, sguipmentand trining. When servicing
Bmission devices or systerns becomes too difficult or requires special
test equipment, consult @ dealer service department ar olher qualifisd
repalr shop,

Although engine and emission conirol systems are very sophisti-
cated on late-model vehicles, you can do most of the regular mainte-
nance nd some servicing at home with commen tung-up and hand
tnols and relatively ingxpensive digital multimeters. Because of the

SCAN TOOL INFORMATION

2 0On-Board Diagnostic (OBD) system and Diagnostic Trouble Codes (DTCs)

# Refer 1o illustrations 2.1 and 2.2

1 Hand-held scanners are handy for analyzing the engine manage-
ment systems usad on late-model vehicles, Because axtracting the
Diagnastic Trouble Codes (DTES) from an engine management system
is now the first step in treubleshooting many computer-contralied sys-

Federally mandated extended warranty that covers the emizsion control
systerm, check with a dealer about warranty coverage before working
on any emission-related systems. After the warranty has expired, vou
might want to perform some of the compoenent replacement procecures
in this Chapter o save money, Hamember that the most fraquent cause
of amission and driveability problems is a loose slectrical connector or
a hroken wire ar vacuum hose, 0 befare jumping o conclusions, the
first thing you should always do is to inspect all electrical connections,
electrical wiring and vacuum hoses related fo a system, You'll find a
vaeuum hose routing diagram label under the hood

Pay ciose attention Lo any special precautions given in this Chapter
Remember that llustrations of various system companents might nol
exactly match the component installed on the vehicle on which you'n
warking because of changes made by the manufacturer during procuc-
tion or fram year to year,

& Venicle Emission Contrel Information (VECH label (see (lustra
tion) is located under the hood. This label containg emission-control
and engine tune-up specifications 2nd adjustment information. It 85
inciudes a vacuum hese reuting diagram for emission-contiol compo-
nents. When servicing the engine or emission systems, always check
the VEC! lakel in your vahicle, If any information in this manual contra-
dicts what you read on the VECI label on vour vehicle, always defer 1
i information on the VEC| label,

1 ']
A ] e
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1.7 The Vehicle Emission Control Intormation (VECI) label,
which is located on the underside of the hood, includes

a vacuum hose rouling diagram for your engine and
information aboult the emission devices installed on

your vehicle

terms and companents, even the most basic gereric code readers are
capable of accessing a computer's DTCs (see lllustration), Mors power-
ful scan tools can also pedorm many of the diagnostics once sssociated
wilh expensive factary scan tools, If you'ra planning to cbtain a ganeric
scan Loel for your venicle, make sure thet it's compatible with GBD-I|
systerms. I yau don'l plan to purchass a code reader or scan fool and
dan't have access Lo ong, you can have the codes exiracted by a dealer
service department of by an independen! repair shop.
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2.1 Simple code readers are an economical way to exiract
frouble codes when the CHECK ENGINE light comes on

= Note: Belore purchasing an aflermarket generic scan tool,
verify that it will work properly with the 0BD-11 system you want
{0 scan. If necessary, of course, you can always have the codes
gxtracted by a dealer service department or an independent
repair shop with a professional scan 1ool. Some auto parls
stores even provide this service for Iree.

2 With the advent of the Federally mandated emission contral
system known as On-Board Diagnostics=1| (0BO-11), specially designed
scanners were developed. Several ool manufacturers have raleased
OBD-1 scan tonls for the home mechanic (see illustration)

OBD-II SYSTEM

3 Al vehicles covered by this manual are equipped with the OBD-I
system, This syslem consists of the on-board computer, known as the
Powertrain Control Madule (PCM) and information sensors thal monitor
varlous functions of the enging and gend & constanl straam of data 1o
the PCM during endine aperation. Unlike sarlier an-board disgriostics
systemns, the OBD-1 systerm deesn't just monitor everything, store Diag-
nostic Trouble Codes (DTCs) and [luminate & Check Engine light or
Wallunction Indicatar Light (MIL) when there's a problem. (This waming
light was referred to as the “Check Enging” light prior te OBD-I, and
may da-N-yourselfers snd professional technicians still use this term.
Hawever, its nama was changed to “Mallunction Indicator Light,” or
simply "MIL" as part of the Society of Autamotive Enginears standard
ferminotogy that was introdugad In 1996 to encaurage all manutaciurers
tn use the same lerms when reterring 1o the same componeants.)

4 The PCM ts the brain of the electronically centrolied OBD-(|
systam. |t receives data from a number of information sensors and
switches, Basad on Lhe data that it receives from the sensars, the PCM
constantly alters engine aperating conditions to optimize driveability,
performance, emissions and fuel esenomy, It does so by turning an and
off and by contralling varlous output actuztors such as retays, sole-
nolds, valves and ather devices. The POM can only be accessed with an
{BD-Il scan tool plugged into the 16-pin Data Link Connector (DLE),
which 1s focated underneath the driver's end of the dashboard, near the
steering column

5 yeur vehiche is still under warranty, virtually every fuel, ignition
and emission contral companent in the BN system |s covered by a

2.2 Scanners like fhese from Actron and AuloXray are
powerlul diagnostic aids - they can tell you just about
anything that you want to know about your engine
management system

Federally mancated emissions warranty that (s longer than the warranty
covering the rest of the vehicle, Vehicles sold in Califamia and in some
other states have even longer emisstons warranties than other stales.
Read your owner's manual for the terms of the warranty protecting the
emissian-control Systems on your vehicle. I isn't a good idea to do-it-
yoursel at hame whils the vehicle emission systems are still under war-
ranty because owner-induced damage to the PCM, the sensirs and/or
te contral devices might VOID this wartanty, So as long as thi emis-
sion systems are still under warranty, take the vehicle [o a dealer service
department Il there's 4 problem,

INFORMATION SENSORS

f Accelerator Pedal Position (APP) sensor - The APF sensnr
(or “padal value sensor” as Mercedes Benz calls It) Is located at the
upper end of (and |s an integral compenent of) the accelerator pedal
assembly, The APP sensor provides the PCM with a variable voltage
signal that's proportional o the position (angle) of the acceleralor pedal.
The PCM uses this data to control the position of the thrattie plale
inside the electronic thrattle body.

7 Altitude sensor - The altitude sensar, which 1s used on 2003
through 2005 faur-cylinder madels, is located on the front (eft part of
the air filter housing. The altitude sensor moniters the atmospheric
pressure of amblent (outside} air and sends a voltage signal to the
POM, which uses this information to help it caiculate the comect ali-lugl
mixture ratla,

8 Camshalt Position (CMP) sensor - The CIMP sensor pro-
duces a signal which the PCM uses Lo monitor the position of the
carnshaft, which in tum enables the Powerlrain Centrol Moduls (PCM)
to determing the identification and position af each piston, This data
enanlas the PCM fo time the firing sequence of the fuel injectors, The
PCM also uses the signal from the CMP sansor and the signal from the
Crankshaft Pasition (CKP) sensar t distinguish between fuel injection
and spark timing. In the event that the CKP sensor fails, the PCM uses
the CRP senser to provice the cylinder identification necessary for con-
trolling spark timing as well,

On 2001 through 2005 V& models, the CMP sensor is located an
the front end af the right cylinder head. On 2006 and later V& modgls,
there are four CMP sensars, all of which are locafed on the fronl ends
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of the eylinder heads. On these models, there is ane CMP sensar for
each intake camshaft and one sensor for sach exhaust camshaft, On
2002 lour-cylinder engines, the CMP sensor is located on the left side
of the valve cover. On 2003 through 2005 four-cylinder engines, (hera
are two CMP sensors, one for each camshaft. The CMP sansor for the
intake camshalt Is located on the inner faft raar side of the valve cover,
ta the left of the ignition coll for cylinder Mo, 3. The CMP sensar for the
exhaust camshatt is located on the right front side of the valve cover,
near the timing cover,

B Crankshalt Position {CKP) sensor - The PCM uses data
from the CKP sensor to calculate engine speed and cranksnaft position,
which enables il to synchronize (gnition ming with fuel injector tming,
to contral spark knock and fo detect misfires.

On V& madels, the CKP sensor is located al the back of the engine,
behind and below the left valve cover, at the rear edge of the block, just
ahead of the transmission bellhousing. On four-cylinder models, the
CKP sensor Is located on the left rear side of the engine block, at the
end of the bleck naxt ta the transmission bellhousing, above the slarter
mator,

10 Engine Coolant Temperature (ECT) sensor - The ECT
sensor 1s a Negative Temperature Coefficient (NTC) thermistor (lempear-
ature-sensitive variable resistor). In an NTC-type thermistor, the resis-
tance of the thermistar decreases as the coolan! tamperature increases,
50 the voltage output of the ECT sensor increases, Conversely, the
resistance of the thermistar increases as the coolant temperaiure
decreases, so the valtage of the ECT sensor decreases. The PCM uses
this variabig valtage signal to calculate the temperature af the enging
coolant, The ECT sensor fells tha PCM when the engine s sufficiently
warmed up 1o o into closed-loop oparation and helps the PCM cantrol
the air/fugl mixture ratio and igniticn timing.

Cn 2007 through 2005 V6 models, the ECT sensor s located at the
frant of the engine block, ahead of the intake manifold, near the righl
cylinder head, On 2006 and fater V& models, the ECT senser is located
on the back end af the left cylindar head, directly above the CKP sansor
On 2002 four-cylinder models, the ECT sensor is located on the ther-
mostat housing at the front of the engine, raht in front of the forward
end ol the valve cover. On 2003 through 2005 four-cylinder modals, the
ECT sensor is located on the right front side of the cylinder head.

11 Fuel fank pressure sensor - The fuel tank prassure sensar,
which Is part of the Evaporative Emissions Cantrol (EVAP) system,
monitars the pressure of evaporative pases inslde tha fuel tank, The
prassure sensor sends a voltage signal to the PCM that Increases as
(he pressure increases. When the signal reaches a specified threshald,
the PCM energizes the EVAP canister purge solenoid, which allows the
evaporative emissions o be drawn into the intake manifold, The EVAP
system pressure sensor is located on tha underside of the mounting
flange for the fuel lavel sensor, which itself is located in the left side of
the fuel tank. (The fuel tark Is essentially two tanks, lelt and right. The
fuel level sensor i located in the left hall and the fuel pumpyfuet pres-
sure regulator is located in the right half.}

12 Inlet Air Temperature (IAT) sensor - The IAT sensor isa
Negative Temperature Cosfficient (NTG) thermistor (temperature-sensi-
tive variable resistar that monitors the temperature of the air entering
the engine and sends a variable voltage signal to the PCM, (See the
explanation for how an NTC-type thermistor works in the ECT sensar
description above.) The voltage signal from the IAT sensor is ang al
(he parameters used by the POM to determing Injectar pulse-width (the
duration of each injecter's on-time) and Lo adjust spark timing (to pre-
vent spark knock). On V& modals and 2002 four-cylindar models, the
IAT sensor s an intearal component of the Mass Air Flow (MA&F) sen-
sor, oee Mass Alr Flow/intare Al Temperature (MAFAAT) sersor below,

On 2003 through 2005 four-cylindar madals, the IAT sensor Is located
o the left side of the engine, directly behind the thiotte bady.

13 Knock sensor - The knock sensor 154 piezoelechic crystal that
nsclllates in proportion to engine vibration, (The term plaoslectric
refers fo the property of cedain crystals that produce a voltage when
subjected fo a mechanical stress.) The oscillation of the plezoelectric
crystal produces 2 voltage output that is monitored by the PCM, which
retards the ignition timing when the osciltation exceeds a cerain
thrashald, When the engine 15 operaling normally, the knock sensor
pscillales consistently and its voltage signal s steady. When detona-
tian accurs, engine vibration Incredses, and the oscillation of the knock
gensor exceads 3 design threshold. {Delonalion is an uncontrolied
explosion, after the spark occurs at the spark plug, which spontane-
ausly combusts the remaining airfuel mixture, resulting in a pinging or
slapping sound.) IF allowed o continue, the engine could be damaged,
On V6 moadeis, there are two knock sensors-and they're located an lop
of thi block, in the valley betwean the cylinder heads, under the intake
manifeld. On four-cylindar modals, the knock sensor is located on the
Ieft side of the block, above and ahead of the starter motor,

14 Manitold Absolute Pressure (MAP) sensor - The MAP
sensor monitors the pressure or vacuum cownstream from the throitle
plata, insida the intake manifold, The MAP sensor mieasures intake
manifold pressure and vacuum on the absalule scale - fram zem
instead of from ses-level atmozpheric pressure (14.7 pai), The MAP
sefsor converts the absolule pressure Inta a variahle valtage sianal that
changes with the pressure. The PCM usesthis data to determing anging
load =0 that it can alier the igrition advance and fuel enrichment, On
2001 through 2005 Y6 madels, the MAP senaar is located at the righl
[ront corner af the intake manifald, near the rght valve cover, On 2006
and later VB modals, the MAP sensor is located on top of the left valve
cover, On 2003 thicugh 2005 four-cylinder models, the MAP sensor is
incated at the |eft rear cormer of the intake manifald,

15 Mass Air Flow/Intake Air Temperature (MAF/IAT) sen-
sor - The MAF/IAT sensor is used by the PCM to measure the amount
of intake air drawn into the engine. It uses a hot-wire sensing element
o measure the amount of air entering the engine. The wirg is constantiy
maintained at a specified lemparalure above the amblent temperature
of the incoming air by elsctrical current. As infake air passes thraugh
the MAF sensor and over the hot wire, it cools the wire, and the control
syslem immediately corrects the temperature back o its constan! value.,
The current required to malntain the congtant valug is used by the PCM
to determine the amount of air flowing through the MAF sensor The
MAF sensor also includes an integral Intake Al Temperature (IAT) sen-
501 The two components cannot be serviced separately; If sither sensor
is defective, replace the MARAAT sensar,

On 20071 through 2006 V8 madels with a remate air filter housing.
(he MAFAAT sensor is located between the air ilter housing and the air
intake duct, On 261 theough 2005 V& models with an integeal angine
coversair filter housing, the MAF/IAT sensor is located below the air
filter housing and above the thrattle body. On thess models., the filler
housing §s connected directly to the MAF/IAT sensor which in tum
|5 cornectad to the throttle body by a shorl elbow-shaped duct that
Mercedes Benz calis the “air intake connection,” On 2006 and later V&
madels, the MAF/IAT sensar is lacated below the air filler housing and
abave he thratthe bady, The air filter housing |s connected directly to
the MAFAAT sensor, which in tusn is connected to the thrattie body by
a short, elbow-shaped ducl, which Mercedes Benz refers to as the “air
duct housing.” On 2002 four-gylinder models, the MAF/IAT sensor s
located an Ihe |eft side of the engine, betwizen the lefl charge ling (e
air duct that routes pressurized Intake air from the intercooler to the
MAF/IAT sensor) and the air sceop (the sharl horm-shaped air infake



EMISSIONS AND ENGINE CONTROL SYSTEMS  6-5

dust between the MAFAAT senscr and the throttle body), On 2003
thraugh 2005 four-cylinder models, the MAF/IAT sensor is located
betweer: the air filker housing and the air intake doct that connects the
alr filter housing to the intake muffler,

16 Oxygen sensors - An axygen sensor 1S a galvanic battery that
penerates & small variable voltage slgnal in prapertion to the differ-
ence between the oxygen cantent in the exhaust stream and the oxygen
content (n the amblent air, The PCM uses the vollage signal from the
upstream axyaen sensor Lo maintain a stolchiometric air/fuel ratio of
14.7:1 by constantly adjusting the an-time of the [uel injectors.

On 2001 through 2005 V& models, the upstréam sensors arg located
directly below the exhaust manitold flanges, on the short sections of
exhaust pipes (hat connect the flanges to the catalytic converters. The
downstream sensors are located on the pipes directly behind the cata-
lysts. On 2006 and later VB models, the upstream sensors are located In
the same place as on-garller models - on the shor saclions of exhaust
pipes that connect the flanges to the converters. The downstream sen-
sors are located on the catalylic converlers themselves (not behind the
catalysts as on earlisr madets), On 2002 feur-cylinder models, there
are bwio oxyaen sensars: ong upstream and one downstream, You have
1o raige the vehicle to access either of them, The upstream sensar is
located (n-the fronl exhaus! pipe below the Narge and ahead of the
catalytic nonverter, The downstream sensor is located just behind the
cafalyst On 2009 through 2005 four-cylinder models, there are two
DxyIN SENSCIS: one upstream and one downstream, On these models,
the catalvtic corverter |s an imegral componeant of the exhaust manifold,
The upstream sensor 15 located on the upper end af the catalyst and
the downstream sensor is located on the lower end of the catalys!. You
might be able t accass the upstream sensor from above, but yau'll
need to raise (e vehicle 1o access the downstresm sensor,

POWERTRAIN CONTROL MODULE (PCM)

17 Tne PCM s a computer. Think of it a5 the brain of the enging
managerment system. Like all computers, the PCM receives data inputs,
processes the data and outputs commands. The PCM receives data
from all of the Intormation sensors described above {input), compares
fhe data te Its program and calculates the appropriate responses (pro-
cessing), then (urns the outpul actuators on o ofl, or changes their
pulse width or duty cycle (output) o keep everything running smoathly,
cleanly and efficiently. On 2007 through 2005 W6 models and on 2002
four-cylinder models, the PCM is located in the left rear comer al fhe
engine compartment. On 2006 and later V& madals, the POM Is located
on fop of the intake manifcld, in the cantar of the engine coverfair filler
housing. On 2003 through 2008 four-cylinder modals, the PCI s
incated on the eft side of the air filer nousing,

OUTPUT ACTUATORS

18 Electronic accelerator/cruise conirol/idie speed control
actuator - In this manual we reter 1o This device as the "thrattle body"
hacause its function is:similar (e that of a conventional mechanically
operated fnrotile body except that I1's electronically contiolled by the
FCM, The throitle body consists of a throttle valve motor, the thiotlle
walve, @ throtle ebum spring, 2 cair of potentiomaters and the cast alu-
minum throthle body housing. The Powertrain Contral Module (POM)
operates the throtile valve motor to open and close the trotte valve
in accordance with the position of the accelerator pedal and driving
-condittons. The two potentiometers monitor the pesitian of the throttia
valve, The PCM compares their signals for rationality. In the evant of

a potentiometer failure, @ Diagnostic Trouble Code is set, but the other
potentiometer allows you ko drive the vehicle to a dealership for repairs,
The throttle body cannot be disassembled, so none of its components
are separately replaceable.

19 EVAP canister purge solenoid - The EVAP canisler purge
solencid is a FOM-contralled salenald that controls the purglng of
evaporative emissions from the EVAP canister to the intake manifold,
The EVAP purge solenaid is never lurned on during cold starf warm-ips
ar during hat start time delays. But once the engine reaches a specified
temperature and enters closed-loop operation the POM energizes the
canister purge solenaid under cerain open-hrottle operating conditions
{acceleration, high speed cruising, etc.). When the solenald is energized
by the PCM, It allows fuel vapors stored in the EVAF canister o be
drawn inta the intake manifold, where they're mixed with intake air, then
burned along with the normak aliffusl mixture, The PCM requlates the
flow rate of the vapors by contralling the pulsa-width of the solenoid
(the length of time during which the selenoid Is lurned on) in accor-
dance with operating canditions, The EVAP canister purge salenaid is
located in the left rear comer of the engine compartment, near the ABS
hydraulic control unil,

20 EVAP canister shutolf valve - The EVAP canister shutof!
valve, which Is used only for diagnosis of the EVAP system, Is normally
open, allowing ventilation of the EVAP system. When the solenaid
inside the shuioff valve is energized by the PCM, it closes the shutoft
valve, which depressurizes the EVAP system and enables the PCIM 1o
conduct a leak test of the EVAP system components. The canister shut-
off valve Is located an top of the EVAP canister, so you'll have fo remove
the EVAP canister lo replace it

#1 Exhaust Gas Recirculation (EGR} valve - When the enging
is put under a load (hard acceleration, passing, going up a stesp hill,
pulling a traller, gte.), combustion chamber temperalure increases,
When combustion chamber tmperature exceeds 2500 degrees, exces-
sive amounts of oxides of nitrogen (NOx) are produced. Nx s a
precursor of photochemical smog. When combined with nydrocarbaons
(HC), other reactive organic compounds (ROCs) and sunlight, it forms
ozong, nitrogen dioxide and nifrogen nitrate and other nasty sl The
PCM-controlled EGR valve allows exhaust gases to be recirculated back
tn the intake manifold where they dilute the incoming air/fuel mixture,
which lowers the combustion chamber temperature and decreases the
amount ot NOx produced during high-load conditions,

On 2001 through 2005 V& madels, the EGH valve is located at the.
right rear comer of the engine, on the back end of the right cylindar
head. On four-cylinger models, the EGR valve is located at the right
front cormer of the cylinder head. 2003 through 2005 four-cylinder
models use an air injection/exnaust gas recirculation valve instead ol
a conventional EGR valve. Depending an what it's ordered to do by the
PCM, this valve either redirects spent gases o the Intake manifold or
injects pressurized alr Inta the exhaust stream. For more Informaticn
abaut the Exhaust Gas Recliculation (EGR) valve, refer to Exhaust Gas
Recircuation (FGR) system - description and componant raplacement
in this Chapter.

22 Fuel injectors - The fuel injectors spray fuel infto the intake
ports, where it mixes with air being drawn inta the combustion cham-
bers, in the same firing order as the spark plugs. The injector valves are
opened and closed by PCM-controllad inductive coils in the injector
Bodies: The injectors are insialied between tha tuel rail and the intake
manitold. For mare information about the injectors, see Chapter 4.

23 Ignition eoils - The ignition colls are controlled by the
Pawerirain Gontrol Module (PCM). There is no separate ignition cantrel
muodule, This function is handled inside the PCM, which controls the
graund path for the primary side of each ceil, On 2001 through 2005




2.26a The Data Link Connector (DLG), or diagnostic
cannector, is located in the lelt underside of the
instrument panel

Y& models, the ignition coils are located on top of the valve covers

and are conngcted to the spark plugs by short spark plug wires (on
thase modals there are wo Spark plugs per cylinder, 50 each coil has
twa short plug wires), On 2006 and later V& models, the ignition coils
are mounted an fop of the valve covers; aach cail Is mounted directly
on top ol a centrally-located spark plug. Bn four-cylinder models. the
ignition coils are also mounted on fop ol the valve cover, with each coll
mounted directly on top of a centrally-mounted spark plug. Far more
information abaut the Ignition coils refer to Chapler 5.

24 Secondary air injection system - All modals are equipped
with & PCM-contralled secondary air injection system that is turned on
for the first 90 seconds (VE) or up to 150 seconds (four-cylinder) dur-
ing a cold-start warm-up Lo quickly bring the catalylic converterls) up
lo operaling temperature, which reduces emissions during the eatalyst
warm-up phase, The secondary alr injection system consists of an air
injection ralay, a check valve, a switchover valve, cne (four) or two (VE)
shuteff valves and arair pump. If the enging temperature is batwean
o0 and 140 cegress F (10 1o 60 degrees ©) when the engine is started,
the PCM erergizes the air injection relay and the-switchovar vaive,

The switchower valve admits Intake manifold vacuum to the twa shutoff
valves (V6 modals) or single shutofl valve (four-cylinder madels), The
shutofl valvels) opan and (he alr pump pumps air into (he exhaust
stream through drilled passages in the cylinder head. Once mixed

with (he exhaust stream, this extra aif reacts with hot exhaust gases,
oxidizing them and reducing carban moncxide (CO) and hydrocarbons
(HC} And it also increases the axhaust gas temperature, which haats
Lp the catalystis) more guickly to operating temparature. The check
valve, which is located upstream in the vacuum line betwesn the intake
manifold and switchover valve admiis intake manifold vacuum to the
swilchover vahe bul pravents pressurized intake air from escaping when
the manifald if pressurized under boost conditions,

On W6 models, the check valve, switchaver valve, twa shulaff valves
and air purnp ase all located on top and at the front of the engine,
directly below the frant engine cover, On 2002 four-cylinder madels, the
air purmp s located at the fower right front comer of the engine black,
directly below the alternator, and the check valve, switchover valve any
shutolfl valve are |ocated at the back of the intake manifold,

O 2002 through 2005 four-cylindar modeis there is no air pump
Instead, an air injection/exhaust gas recirculation valve does doubie

2.26h To access the diagnostic connector, flip open this
small hinged door, then plug in the scan tool

duty, redirecting some of the pressurized air fram the duct betwesn
the supercharger and the intercealer Into the exhaust stream, The air
injection/exhaust gas racirculation valve, as its name indicates, also
redirects spent exhaust gases into the intake maniteld when the EGR
system Is energlzed by the PEM (see Exhaus! Gas Recirculation [EGR]
valv above). On these models, the check valve, switchover valve and
air injection/exhaust gas recirculation valve are lozated at the right franl
corner of the valva cover,

For more information on the various secondary air injection sys-
tems used on these vehicles, efer lo Secondary alr infection sysfem
- desoription and companent repfacement in this Chapter.

OBTAINING AND CLEARING DIAGNOSTIC TROUBLE
CODES (DTCS)

26 Al modals covered by this manual are eaulpped with on-board
diagnastics. When the PCM recognizes a malfunction In a manitored
emission control system, companent o cireull, i urns on the Mafunc-
tiae Indicator Light (MIL) on the dash, The PCM will continue to dis-
play the BMIL until the problem s fiked and the Diagnostic Traubla Code
[DTC) is cleated from the PO memory. You'll need 2 scan toal to
access any OTCs stored In the PGM. Before cutputting any DTCs stored
in the PCM, thoroughly inspect ALL electrical connectors and hoses,
Make sure that all alectrical connections are tight, clean and free of cor-
rosion, And make sure that all hoses are corectly connested, it tightly
and ara in good condition (no cracks of tears).

Accessing the DTCs
# Reder to illustrations 2.26a and 2.26h

¥

26 On the vehicles covergd in this manual, all of which are equipped
with On-Board Dizgnostic I (OBO-1) systems. the Diagnostic Trouble
Codes (DTCs) can only be accessed with 2 scan ool or code reader,
Simply plug the connector of the scan tool into the Data Link Connector
(DLE) or diagnostic connectar, which is lecated in the left underside of
the instrument panel (se2 illustration). To access the diagnostic connes-
ter, flip apen the small hinged door (see illustration). Then connect the
sean ool connector and fellow the instructions included with the scan
tool to sxtract the DTCS,
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27 Once you have autputied all of the stored DTCS, look them up on DIAGNOSTIC TROUBLE CODES
the accompanying OTC chart,

2B After troubleshooting the sourca of each DTG, make any neces- 30 The accompanying tablss are a list of the Diagnastic Trauble
sary repalrs of replace the defective companan(s). Codes (DTCs) that can be accessed by a do-it-yourselier working at
Clearing the DTCs home {there are many more OTCs available to professional service

lechnicians with proprietary scan tools and software, but those codes

cannol be accessed by a generic scan tool), If, after you have checked
and repaired the connectors, wire harness and vacuum hoses (if appli-
cabile) lor an emission-retated system, companent or clroult, the prob-
lem persists, have he vehicle checked by 2 dealer servics department,

29 Clezr the DTCs with the scan toal In accordance with the instruc-
tions provided by the scan tool's manufacturer,

0BD-I| DIAGNOSTIC TROUBLE CODES (DTCS)

»=Note: Not all trouble codes apply 1o all models. Also, some codes have multiple definitions. Your generic scan tool will tell you
which definition applies to the engine management syslem that you are scanning.

Code Probahle cause

PO100 Mass Ajr Flow (MAF) sensor

PO105 Manifold Absolute Pressure (MAP) sensar

PO110 Intake Air Temperature {|AT) sensor

PO115 Erigine Coolant Temperature (ECT) sensor

PO115 Coolant thermostal

PO120 Throttle valve actuator ad|ustment

PO120 Throttle valve actuator, actual value potentiometer

P20 Accelerator Pedal Position (APP) sensor, voltage difference between signals 1 and 2
PO120 Accalarator Pedal Position (APP) sensor, interruption at signal path 1

P10 Accelerator Pedal Position (APP) sensar, short circult at signal path 1

FO120 fecelerator Pedal Position (APP) sensor, Interrugtion at signal path 2

P20 feeelerator Pedal Position (APP) sensor, shard clrcuil signal path 2

PO120 ferelerator Pedal Position (APP) sensor, voltage supply for APP sensor

Po130 Owygen sensor signal, right upstream oiygen sensor, elecirical faull

P13 Aging dawnstream axygen ensor, right upstream oxygen sensor, period duration
PO135 Oxygen sensor heater, left o right upstream oxygen sensr, internal resistor
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0BD-II DIAGNOSTIC TROUBLE CODES (DTCS) (CONTINUED)

= Note; Not all frouble codes apply to all models. Also, some codes have mulliple definitions. Your generic scan tool will tefl you
which definition applies to the engine managemeni system that you are scanning.

Code Probable cause
PO135 Oxygen sensar healer, left or right upstream axygen sensor, voltage supply
PO136 Oxygen sensor signal, left or right downstream oxygen sensor, electrical ault
P4 {heygen sensor heater, left or right downstream oixygen sensar, internal resistor
PO141 (heyaen sensar heater, left of right downstream oxygen sensor, voltage supply
PO150 Dheynen sensor signal, left or right upstream oxyosn sensor, electrical fault
P53 Aging downstream oxygen sensor, lelt upstream oxygen sensor, period duration
PO155 (yoen sensor heater, [eft upstream axygen sersor, intemal resisior
PO156 Diygen sensor signal, left downstream oxyaen sensor, electrical fault

‘ PO161 Dueygen sensor heater, left downslream eeygen sensor, internal resistor
POTTD Adaptation of air/fuel ratio at imit, at idle or at partial load, right cylinder bark
PO1TO Adaptation of air/fuel ratio at limit, between idle and partial load, right cylinder bank
POTTD Coolant anti-boll protection
POITS Adaptation of air/uel ratio at limit, at idle or partal load, feft cylinder bank
PO173 Adaptation of air/fuel ratio at limit, between idle and partial load, left cylinder bank
POZ0N Fuel injector, cylinder 1
PO202 Fuel Injector, cylinder 2
PO203 Fuel injector, cylinder 3
FO204 Fuel injector, cylinder 4
POZ0% Fuel injector, cylinder 5 f
PO206 Fuel injector, cylinder 6
pa221 Pawsrtrain Control Module (PCM), faultin function monitoring
o300 Misfire
POAM Misfire, cylinder 1

PO302 Mistire, cylinder 2
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#

Code Probable cause

P33 Misfire, cylinder 3

P304 Misfire, cylinder 4

PO305 Misfire, cylinder 5

P306 Mistire, cylinder &

PRa35 Crankshalt Position (CKP) sensor .
P03 Camshaft Position (CMP) sensor

PO3T0 Deviation of camshalt position relative to crankshialt position
PO40D Exhaust Gas Recircutation (EGR) maliuncticn

PO403 Exhaust Gas Recirculation (EGR) pressure transducer

PO410 Air injection maltunction

PO410 Air Injection relay

FO412 Air injection pump switchover valve

P22 Catalytlc converter efficiency too low, right catalytic converter
Pog2z EVAF system, micro leak or minar leak

PO432 Catalytic converter efficiency too low, left catalylic converter
P44 EVAP system, laak

PO442 EVAP system, micro leak of minor leak

P43 EVAP system, purge control valve

PO446 EVAP canister shut-off valve, voltage supply

PO446 EVAP canister shut-off valve, plausibility

PO450 Fuel tank pressure sensor, plausibility

PO455 EVAF system, majar laak

PO4G0 Fuel tank fill level

P& Controller Area Network (CAN) fault detection, left front ar rear wheel speed signal
POSOT |dle speed contral

PO5ED Cantral unil voltage supply
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OBD-/I DIAGNOSTIC TROUBLE CODES (DTCS) (CONTINUED)

=Nate: Not all trouble codes apply fo all models. Also, some codes have multiple definitions. Your generic scan tool will tell you
which definition applies to the engine management system that you are scanning.

Code Probabie cause

POGOO Gontroller Area Network (CAN) fault detection, CAN message from ABC contral unit

POGOO Contraller Area Network (GAN) fault detection, CAN message from electronic selectar levar module control unil
POBOD Controfier Area Network (CAN) fault detection, CAN message from ESP cantrol unit

POBOG Controfler Area Network (CAN) faull detection, CAN message from ETC control unit

POEOD Controller Area Natwark (CAN) fault defection, CAN message from instrument cluster

PG00 Controller Area Netwark (CAN) fault detection, CAN message frem steering column module

POTO0 Gear Implausible or leak in transmission

PO7O0 Command valve jams in pressure position

POTOZ Electranic Transmission Control (ETC) control unit, internal fransmission fault

POTO2 Electronic Transmission Contral (ETC) control unit, implausible torque request from ETC control unit

PO702 Electronic Transmission Contral (ETC) control unit, CAN transmissien error for targue request from ETC contral unit
Pa702 Supply voltags lo valves

PO70S Electronic Transmissian Gontrol (ETC) control unit, selectar lever madute incorrectly coded

POT1S Supply voltage and speed sensars function

PO720 Electronic Transmission Control (ETC) unit

POT20 Electronic Transmission Contrel (ETC) unit, CAN message from rear wheels from ESP control unit missing or incorrect
POT0 Gear comparison negative oo many Hmes

PO740 Torque converter lock-up clutch

Pi743 Torque converter lock-up solenoid valve r
PO748 Modulating pressure contral solenold valve

PO748 shift pressure control solenoid valve

PO753 1-2/4-5 shift solencid valve

PO7RY 2-3 shift solenoid valve

PO7E3 3-4 shilt solencid valve
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3 Accelerator Pedal Position (APP) sensor - replacement

¥ Refer to (lustration 3.2a, 3.2b, 3.2¢ and 3.3

= Note: The Accelerator Pedal Position (APP) sensor is located
af the upper end of the accelerator pedal assembly. The APP
sensor is an integral companent of the accelerator pedal assem-
bly: to replace the APP sensor, you must replace the pedal
assembly.

| Remave the knee bolsier trim panel (228 Chapier 11),
2 Remaove the APF sensor assembly maurting nut (see |llustra-

tions), lift the sensorpedal assembly off its mourting stud and pull the
assembly down to disangage the mounting fab af the fop (see [1lusi-
fien) from its mounting slot,

3 Disconnect the electrical connectar from the APP sensar {ses
illustratian) and remave the APP sensor assembly,

4 Installation is the reverse of removal. Make sure that the mount-
iriy kb at the top of the sensor/pedal assembly I correctly aligned with
its mounting shot.

3.2a To delach the lower end of the APP sensor/accelerator
pedal assembly, remove this irim cover . . .

3.2b . . . and remove the mounting nul. To access the APP
sensor electrical conneclor, lift the APP sensorfaccelerator
pedal assembly ofl its mounting stud . . .

3.2¢ ... then pull down the sensorfpedal assembly to
disengage the mounting tab at the top from its mounting siot.
When installing the sensor/pedal assembly, make sure that
this tah is correctly aligned with its slot ;

3.3 To disconnect the electrical connector from the APP
sensor, depress these iwo release tahs
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4 Altitude sensor - replacement

¢ Reter to illustration 4.1

= Note: The altitude sensar, which is used an 2003 through
2005 models, s located on the |efl side of the air filter housing,
above the throtiie body.

1 Disconnect the elactrical conneclor fram the altilude sensor {see
illustration),

2 Remove the sensor mounting screws and detach the sensor,

3 Installation is the reverse of removal,

4.1 To remove the altlude sensor from the air filler housing,
depress the release lab (1) and disconnect the slectrical
connector, then remove the two sensor mounting screws (2)
(2003 through 2005 four-cylinder modals)

5 Camshaft Position (CMP) sensor - replacement

2001 THROUGH 2005 V6 MODELS

2006 AND LATER V6 MODELS

¢ Refer to illustrations 5.2 and 5.4

e Note: The CMP sensor is located on the front end of the right
cylinder head.

1 Ramove the engine cover,

2 Disconnect the electrical connectar from the CMP sensor (seq
illustration),

3 Hemove the sensor mounting bolt and remove the CMP sansor,

4 Remove and replace the old CMP sensor O-ring (see ilfustration),

Whether you're installing the old CMP sensor or a new unlt, be sure to
Use a new O-ring,
& Installation is the reverse al remaval,

¥ Refer to illustrations 5.7a and 5.70

=Note: The CMP sensors are localed at the front end of the
cylinder heads. There are faur CMP sensors, one for each intake
camshaf and one for sach exhaust camshatl,

B Remove the front engine cover, then remove the left or right fresh
air Intake duct (see Air fiter housing - removal and installation in Chap-
ter 4),

7 [Disconneet the electrical connectar from the CMP sensar (see
iustrations)

8 Remove the CMP sansor meunting boll and remove fhe ©MP
SENSar,

5.2 To remove the CMP sensor from a 2001 through 2008
V6 model, depress the release tab (1) and disconnect the
elecirical connector, then remove the mounting bolt (2)

5.4 Even if you plan to reuse the old CMP sensor, be sure to
remave and replace the O-ring
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5.7a The intake CMP sensor (A) and the exhaus! CMP sensor
{B) far the left cylinder head are located on the front of the
head (2006 and later V6 models)

9 Remove and raptace the old CMP sensor O-ring. Whether you're
rstalling the old CMP sensor or 8 new unif, be sura to Lse 8 naw
d-ririg,

10 Installation 1s the reverse ol removal,

2002 FOUR-CYLINDER MODELS

§.7b The infake CMP sensor [A) and the exhaust CMP sensor
(B) for the righ cylinder head are located on the frant of

the head. To remove any of the four CMP sensors, simply
depress the release tab (C) and pull off the connector, then
remaove the sensor mounting bolt (D) (2006 and later

V6 models)

2003 THROUGH 2005 FOUR-CYLINDER MODELS

eNofe; The CMP sensor is located on the top of the valve cover,
on the left side of the cover.

11 Remove the enging cover

12 Disconnect the aleckical connector from the CMP sensor,

13 Remoye the CMP sensor mounting belt and remaove the sensar,

14 Remove and replace the old CMP sengor O-ring. Whether you're
installing the old CMP sansor o 8 new unit, be sure to USE 2 new
(-ring,

15 Installation is the reverse of ramoval,

¢ Refer fo [llustrations 5.17a and 5.17h

16 There are wo CMP sensors on these modets, The Intake CMP
sensor is located on top of the vaive cover, to the left of the lgnition coil
for cylinder Mo, 3. The exhapst CMP sensor is located on the right side
of the cylinder nead, in the middle of the head, just below the right side
of the valve cover.

17 Disconnact the electrical connactor from the CMP sensar (see
illustrations).

18 Resmove the CMP sensor mounting bolt and remove the sensor

19 Remave and réplace the ald CMP sensar O-ring. Whether you're
installing the old CRP sensor of @ new unil, be Sure 1 use & new
[C=ting,

20 Instaliation is thi reverse of remaval,

5.17a Intake CMP sensar, located on the top of the valve
cover on the left side (2003 through 2005 four-cylinder
engines)

5.17b Exhaust CMP sensor, located on the right side of the
cylinder head, just below the valve cover (2003 through 2005
four-cylinder engines)
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6 Crankshaft Position (CKP) sensor - replacement

V6 MODELS

¥ Reter 1o illustrations 6.3 and 6.4

#ek CAUTION:

According to Mercedes Benz, if you're replacing the old CKP

sensor with a new sensor, the new unit must be re-initialized

by a STAR DIAGNOSIS unil {a faclory scan tool). Sa, rnu can

remave and install the old CKP sensor, but if you replace this

:rnl:nr{ at home, the engine might not run correctly when you
art I up.

=Note: The CKP sensor is located on the upper left rear edge of
the engine block, behind and below the back end of the left cyl-
inder head. It is extremely dilficult 1o access because of the light
clearance belween the engine block and the cowl, and extensive
componeni remaoval is required to reach it.

1 On 2001 through 2005 madels with an integral engine cover/air
filter housing, and on all 2006 and later medels, remave the front cover,
then remove the engine cover/air filter housing (see Air fiftsr housing -
ramoval and instaliation In Chapter 4),

2 You should be able fo access the CKP senscr from the left side
of the angine, betwaen the back end of the (eft cylinder head and the
firewall. But If you're unable to do so, remove the Mass Air Flow/

Infake Air Temperature (MAF/IAT) sensor (See Section 12) and, if that
still daesn't give you enaugh roeam, the elbow-shaped zir infake duct
between (e MAFAAT Sensor and the throtile body (see Thvoilie body -

remaval and instaliation in Chapler 4).

3 Disconnect the electrical connector from the CKP sensor {see
Il ustratiar),

4 Remave the CKP sensor mounting bolt {see illustration) and
ramavi the sansor fram the engine.

5 Installaticn 1s the reverse of remioval,

FOUR-CYLINDER MODELS

#ui: CAUTION:

According to Mercedes Benz, if you're replacing the ald CKP

sensor with a new sensor, the new unil must be re-initialized
by a STAR DIAGNOSIS unit {a factory scan tool). So, you can

remove and install the old CKP sensor, but it you replace this
sfns:llr al home, the engine might not run correcily when you
start it up.

=Note: The CKP sensor is Incalad on the upper lefl rear edge
ol the engine black, slightly to the lefl of the back end of the
cylinder head.

B Raise the vehicle and place 1t securely on jackstands,

i Remove e lowsr engine cover,

B Dsconnect Ihe electrical connector from the CKP sensor

4 Remowe the CKP sensor mounting bolt and remove the sensor
from the engine.

10 Instaltation s the reverse of removal

6.3 To disconnect the electrical connector from the CKP
sensor, depress this release tab and pull off the connector
(2001 fhrough 2005 V6 model shown; 2006 and later models
similar) .

6.4 To detach the CKP sensor from the engine block, remove
the sensor mounting boli
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7 Engine Coolant Temperature (ECT) sensor - replacement

ek WARNING: 8 Remove the front cover and the air filier nousing/engine cover
(see Air fiffer housing - ramoval and instaliation in Ghapter 4),
Wail until the engine is completely cool before beginning this 9 Remove the Mass Alr Flow/intake Air Temperature (MAF/IAT)
prosedurs. sensar (see Section 12} and (he elbow-sHaped air intake duct between
the MAF/AAT sensar and the throtile body
10 Drain the coolant below the level of the cylinder heads (ses Chap-
ter 1),
2001 THROUGH 2005 V6 MODELS 11 Disconnect the ECT sensor slectrical connactar,
i 12 Rernove the ECT sensar mounting balt and remave the sensar,
¥ Refer fo illusirations 7.3, 7.4 and 7.5 13 Remove and replace the ald ECT sensor O-ring. Even Il you're
planning to ingtall the ald senser, make sure that you replace the
O-ring.

=MNote: The ECT sensor is located at the frond of the engine, on
top of the liming chain cover, just 1o the right of the thermosiat
housing.

1 Remove the frant engine cover,

2 Drain the engine coclant fa & level below that of the ECT sensor
[see Chapter 1).

3 Disconnect the electrical connectar from the ECT sensor {see
illustration)

4 sing a small screwdriver, carefully pry up the wire retainer clip
that secures the ECT sensor (see lllustration),

5 Hemaove and replace (he old ECT sensor O-ring {see illustration),
Even if you're planning to install the old senser, make sure that you
replace the O-ring

fi Installation is otharwise the reverse of removal,

7 Refill the coaling systern (see Chapter 1),

P AT e

2006 AND LATER V6 MODELS

=Naote: The ECT sensor Is located on the back end of the lefi 7.3 To disconnect the electrical connector from the ECT
Ffli“dﬂr head. It is B:"ﬂm"l"' difficull to access hecause of the SEnsor, duprnss this release tab and Fu“ ofl the connactor
fight clearance between the head and the cowl. (2001 i'h:l'l]llﬂl'l 2005 V6 models)

7.4 Carefully pry up on this wire retainer with a small 1.5 Be sure fo replace the ald ECT sensor O-ring whether
screwdriver, then pull out the ECT sensor (2001 through 2005 you're installing the old sensor or a new unit (2001 through
6 models) 2005 V& models)
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14 Installation is otherwise the revarse of remoyal,
15 Refill the ceoling system (ses Chapter 1)

2002 FOUR-CYLINDER MODELS

e Nole: The ECT sensor is located on the thermostal housing al
the frant of Ihe engine, directly in front of the forward end of the
valve cover.

16 Remove the engine cover

17 Diain the caalant below the fevel of the tharmastal housing (see
Chapter 1),

18 Disconnect the electrical connector from the ECT sansor,

19 Unscrew and remave the ECT sensor,

20 Wrap the Theeads ol the new ECT sensor with Tetlon tape 1o pre-
vernl leaks. Even if you'ra planning to reuse the old ECT sensor, wrap the
threads with Teflon t2pe, '

21 Installation is the reverse of removal,

22 Refill the cooling systam.

2003 THROUGH 2005 FOUR-CYLINDER MODELS

¢ Reler to illustration 7.24

== Note: The ECT sensor is located on the right side of the cylin-
der head, behind the secondary air injection/exhaust gas recircu-
lation combination valve.

23 Drain Ihe coolant below the level of the sensor (see Chapeer 1)
24 Disconnect the ECT sensor slectrical connector (see llustation).
25 Remove the ECT sensar from the eylinder head,

26 Installatlon is the reverse of remaval.

27 Refill the cooling svstem

7.24 On 2003 through 2005 four-cylinder models, the ECT
sensor is located on the right side of the cylinder head

8 Fuel Tank Temperature (FTT) sensor - replacement

The FIT sanser s an Integral compenent of the fuel pump/fugl
leveel sensor module. To replace It you have to replaca the fuel pumpy

fusl level sensor moduls (see Chapter 4)

9 Intake Air Temperature (IAT) sensor - replacement

The IAT sensar is an Infegral component of the Mass Alr Fiow
(MAF) sensor {see Seclion 12),

10 Knock sensor - replacement

V6 MODELS

¢ Refer lo illustration 10.4

= Nate: There are lwo knock sensors on these models and
they're located on lop of the block, in the valley between the
cylinder heads, underneath the intake manifold.

1 Remove the engine cover/alr filter housing (see A fiter housing
- remival and instaliafion in Chapler 4),

2 Remaowe tha fuel rail and fuel injector assembly (see Chapler 4),

3 Remove the intake manifold (se2 Chapter 24),

4 Disconnect the elsctrical connectar from the knock sensar (see
Hugtration),

b Remave the kneck sensor meunting belt and emove the knock
SENS0L
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FOUR-CYLINDER MODELS

= Nole: The knock sensor is located on the lelt side of the
engine block, slightly above and near the fronl of the starter
solenaid.

7 Raise the vehicle and place | sacurely on jackstands.

8 Remove the supercharger [see Chapter 4),

9 Diseannect the glectrical connector from (he knock sensor

10 Aemave the knock sanser maunting bolt and remove the knock
SEMSO,

11 Installation is the reverse of removal, Be sure to lighten the krock
sensor meunting bolt lo the forque listed In this Chaptar's Spaclfica-
fizns,

10.4 To remove either knock sensor, squesze the wire
retainers (A) and pull olf the electrical conneclor, then
remove the sensor refaining balt (B)

Over- or under-lightening the knock sensor mounting bolt{s) will
alfect knock sensor performance, which might affect the PCM's
spark condrol ahility,

B Installation is the reverse of removal. Be sure o tiohten the knock
senser maunting kol 1o the wrue listed in this Chapter's Specifica-
fions,

set: CAUTION:

Dver- or under-tightening the knock sensar mounting bolt(s) will
alfecl knock sensar performance, which might affect the PCM's
spark conlrol ability,

11 Manifold Absolute Pressure (MAP) sensor - replacement

2001 THROUGH 2006 Y& MODELS 1 Ramave lhe front angine cover,
2 Disconnect the electical connector from the MAP sensor (588
illustration),
¥ Pater o iiustration 11 €l 174 3 Remove the MAP sensor refaining bolt,
=Nofe: The MAP sensor is located at the front of the engine, 4 Pull the MAF sensar forward, off its mounting brackst, diszon-
on a bracket holled to the upper right corner of the timing chain rect the vacuum hose (see llustration) and remove the sensor
cover. & Installation s the reverse of removal

11.2 Ta defach the MAP sensar from iHs mounting brackel, 11.4 Pull the MAP sensor lorward, off its mounting bracket,
depress the release fab (1) and disconnect the elecirical and disconnect the vacuum hose (2001 through 2006 V6
connector, then remove the MAP sensor retaining bolt (2) models)

{2001 through 2005 V6 models)
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2006 AND LATER V6 MODELS

¢ Refer 1o illustration 11.7

= Note: The MAP sensor is located at the fronl of the engine, at
the right front corner of the left valve cover,

6 Remove the front engine cover

T Disconnect the electrical connector from the MAR sensor (seg
illigstration),

B Spread the retaining tangs apart and detach the MAP sensar (rom
its bracket,

8 Discannect the vacuum hose from the pipe on the underside of
the sensor and remaove the sensor

10 Installation is the reverse of removal

FOUR-CYLINDER MODELS

=Note: The MAP sensor is located af the lett rear corner of the
intake manifold.

11 Disconnect the electrical connecter from the MAP sensor

12 Remove the MAP sansor mounting bolts and remove the MAP
SENs0r,

13 Installation is the reverse of remaval,

11.7 MAP sensor details (2006 and |ater V& models):

A Depress e rsase fab and disconnast the aiecirical coqnector
8 Spread ha lngs fo deigch the sensor from the bracke!. than dafach
e fiose from the tndarsite

12 Mass Air Flow/Intake Air Temperature (MAF/IAT) sensor - replacement

Y6 MODELS

# Reler to [llustrations 12.2a, 12.2b, 12.3, 12.4a, 12.4b
and 12.5

= Note: The MAF/IAT sensor is located al the rear of the engine,
underneaih the back end of the engine coverfair filter housing
and above the elbow-shaped air infake duct thal connects it to
the throttle body below. The photos accompanying this Section
depici a typical MAFAAT sensor used on 2001 through 2005
models, but the MAF/AAT sensor used on 2006 and later models
is virtually idenficai to the ane shawn here.

1 Remaye the srging cover/alr filler houging (see Alr filter housing
- removal and installation In Chaoter 4). Disconnect the air intake duct
fram the MAF/AT sensor anid from the air intaka resonator, then remave
It {gee Al filfer housing - ramoval and fnstaliation In Chapler 4)

& Disconnect the electrical connector from the MAFIAT sensor (ses
illustrations).

3 Disengage the PCY hose fram the hose clipon thi right side o
the: IMAF/IAT sensor (see illustration),

4 Detach the MAF/IAT sensor from the Intake manifold (see illustra-
tiona),

5 Using a flashlighl, locate the metal spring clamp on the lower end
of tha MAF/IAT sensor (it's in the back, an fre firawall sida), This clamp
secures the lower end af the MAF/IAT sensar 1o the elbow-shaped air
intake duct that connects the sansor o the thraltie body, Using & screw-
driver, pry tha clamp o the rear {see (lustration) to disengage it from
the MAF/IAT sensor

6 Grasp the MAFAT sensor firmiy and pull it straight up fo disen-
gage it from the elbow-shapad air intake duct,

7 The sensar and the duct are sealed by alarge rubber seal located

ingide the inlet meuth af the duct, Remove this seal and inspect il
for cracks, tears and deterioration. I the seal is damaged in any way,
replace it,

B Installatian is the reverse of remaval, When installing the farge
clamp for the MAFAAT sensor, make sure that the two support brackets
ol the clamp are fully engagad with the lugs on the back of the infake
manifold (see Hustration 12.48),

FOUR-CYLINDER MODELS

2002 models

= Note: The MAF/AT sensor is located on the lelt side of the
engine, helwaen the left charge air line (carries pressurized
intake air from the Intercoolar to the MAFAAT sensor) and the
rubber duet that connects the sensor 1o the alr scoop (the short
hom-shaped piece belween the rubber alr duct and the thrattle
body). -

5 Remove ihe engine cover,

10 Disconnect the alectical connector fram the MAF/AT sensor,

11 Loosen the hose clamp that secures the air scoop (the short
hom-shaped air intake duct betwean the MAF/IAT sensor and the
thraftle body) to the snort connaction hose between the MAFAAT sensor
and the alr scoop, then unboll the air scoop from the throttle body and
remive the air Scoop.

12 Ramove the hose clamp that secures the shorl connestion hose to
the MAF/AT sensorand ramove (he hose,

13 Remove the lwo Dolts that secure the MAFAAT sensor io tha air
imaks duct and remove the MAF/IAT sensor,

14 Installation is the raverse of removal,
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12.2a To disconnect the electrical connector from the MAF/
IAT sensor . . .

12.2b . .. grasp the conneclor firmly, depress the two
release 1abs and pull off the connector (2001 through 2005
V6 models)

12.3 Disengage lhe PCV hose (A) from the hose clip (B) on
the ripht side af the MAF/AT sensor

12.4a To detach the MAF/IAT sensar from the intake
manifold, uniock this clamp with a screwdriver . . .

L

12.4b . . . then disengage the clamp supporl brackels from
ihese two lugs on the back of the intake manifold. When
installing the MAFAAT sensor, make sure that the clamp
brackets are correctly engaged with these two lugs (intake
manifold and MAF/IAT sensor removed for clarity)

12.5 To disengage the MAF/AT sensor irom the elbow-
shaped air intake duct below the sensor, pry this metal
spring clamp (on the sensor's lower end, near the firewall)
Irom ihe sensor with a large screwdriver
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2003 through 2005 models
¥ Refer to illustration 12.16

=Note: The MAF/IAT sensor Is located on the le sida of the
engine, al the back {inlel) end of the air filter housing.

15 Remove the enging cower,

16 Disconnect the electrical connector from the MAF sensor ses
(Hustration).

17 Remove the air filler housing (ses Chapter 4).

18 Remove the bolts that secure the MAF/IAT sensor to the air intake
duct and remaove trie sensor,

19 Instaliation is the reverse of removal,

DESCRIPTION

13 Oxygen sensors - description and replacement

1 An oxygen sensor s a galvanic battery, Unburned oxygen in
the exhaust reacts with alements inside the oxyoen sensar fo producs
a voltage output that varies from 0.1 volt (high oxyaen, lean mixture)

1o 0.3 volt {low cxygen, rich mixture), The upstream OXYOen sensars,
which are located on the exhaust manifolds, ahead of the catalylic con-
verters, provide feedback signals to the PCM that indicate the amount of
leftover oxygen In the exhaust, The PCM monitars this variable voltage
o determine the correct fuel injector pulse width (the duration of the
time interval during which each injector sprays fusf) required fo supporl
complete combustion, A mixiure ratio of 14.7 parts air to 1 part fugl is
the Ideal ratio for complete combustion and minimum exhaust emis-
sions, as well as the best combination for fuel Beonamy and engine per-
tormance. Using the input signals from the Oxyaen sansors, the PCM
tries to maintain this airfuel ratio of 14.7:1 at all times,

2 The downstream sensors, which are mounted on tha catalytic
converters, are identical to the upstream sensors and operate in the
same way. But the downstream oxygen sensors Nave no effect on PCM
conlrol of the air/fuel ratio. Instead, the PCM uses the downstream
Oxygen sensor signals to monitar the efficiency of the catalytic convert-
ers. Downslream axygen sensors produce an output valtage signal that
luctuates more slowly, which reflects the lower oxygen content of the
cafalyzed exhaust yases. As a catalyst afes, Ils alficlency diminishes
and the signal produced by a downstream Oxyuen sensor starts to fall
outside the expecled range. The PCM uses this degraded signal 1o cal-
culate and predict failure of the catalylic converter

4 On V6 models, there are four oxygen sensors. The two Upstream
sensors (1/1 and 211) are located below the exhaust manifolds, on
the exhaust pipes that connect the exhaust manifolds 1o the calalytic
converters, The two downstream sensors (172 and 2021 ae located on

12,16 (On 2003 through 2005 four-cylinder models the MAF/
IAT sensor (A) is located al the back of the air filter housing.
To disconnect the electrical connector (B), depress these wo
release tabs (C)

the exhaust plpes right betind the catalytic converters. On four-cylinder
models, there are fwo oxygen sensors. On 2002 four-cylinder madals,
the upstream sensar is |ocated in the exhaust pipe that connects the
exhaus! manifold to the catalytic converier: the downstream SEnsor s
located in the pipe just behind the catalyst. On 2003 through 2005 four-
cylinder models, the catalytic converter is an Integral component of he
exhaust manifold, The upstream sensor is located on the upper end of
the catalyst, the downstream sensor is ocated on the lawer end of the
catalyst,

4 An oxygen sensar produces no vollage when it is below its nor-
mal operating femparature of about 600-degrees F. During this warm-up
peniod, the PCM cperates in an open-loop fuel contrel mode. It does
not use the oxygen sensor signal as a feedback indication of residual
oxygen in the exhaust. Instead, the PCM controls fuel metering based
an the Inputs af other sensors and its own programs

3| An oryaen sensor depends on three conditions in order 1o 0per-
ate carrectly;

a) Electrical - The low voltage generated by the sensor reguires
good, clean coanechions. Always chack the eonnectors whenaver
an oxygen sensor problem is suspested or indicated

b} Cerrect operating temperature - The POM will not react fo
the sensar signal unlil the sansor manhes aporoximalelpeaii-
degrees £ This factor must be considerad whan avaluating the
perarmancs of the sensor

¢} Unleaded firel - Linieadsed fue! is essential for coreet sensor
aperalion,

G The PCM can detect several differerit oxy0En sensor problams
and s&t Diagnestic Trouble Codes (DTCs) lo indicate the spacific faul
(see Section 2). When an oxygen sensor DTC occurs, the POM disra-
gards the oxygen sensor signal voltage and reveris 1o open-laop fuel
conlrol &5 described previously
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REPLACEMENT

# Refer o illustrations 13.8, 13.9a, 13.9h and 13.9¢

st WARNING:
Be careful not 1o burn yoursell during 1he following procedure.

= Note 1: Since the exhaust pipe contracts when cool, the oxy-
gen sansor may be difficull to unscrew. To make sensor removal
gasier, slart the engine and let it run for a minute or two, then
furn it off.

=Note 2: On V6 models, the two upstream sensors (11 and 2/1)
are located below the exhaust manifolds, on the exhaus! pipes
that connect the exhaust manilolds to the catalytic converters.
The connectors for the upsiream sensors are localed below the
transmission bellhousing and both the upsiream and down-
stream sensars are accessed from underneath the vehicle.

= Note 3: On 2002 four-cylinder models, the upstream sensor Is
located in the exhaust pipe that connecis the exhaust manitold
to the catalytic converter; the downstream sensor Is located in
the pipe just bahind the catalysi. On 2003 through 2005 lour-cyl-
inder models, the catalytic converier is an integral component
of the exhaust manifold, The upstream sensor is located on the
upper end ol the calalyst; the downsiream sensor is localed an
the lower end of the catalyst.

7 Raise the front of the vehicle and place i sscurely on jackstands

B Locate the elactrical connector for the oxygen sensor that you
warlt to replace (see llustratian), (hen disconnect it.

9 Locate the oxygen sensor that you want to replace (V6 upstream
sensors, see illustration; VB downstream sensors, see illustration 13.8;
tour-cylinder sensars, see illustration) and unscrew It with @n-oxygen
sensar socket (see ilestration) or an open wiench, If thare's enaugh
room, you should use an oxygen sensol socket (o remove an axyien
sensor. On some models there isn't enaugh room to use a sockat-style
axygen sensor sccket, though you might be able to use the type that
employs a shallower sackel. The larger style axygen sensor scokets are
available at most auto parts stores) oeygen sensor sockets with a shal-

13.8 Typical oxygen sensor and connector locations
{2001 through 2005 V6 model shown, 2006 and later
V6 models similar)

Electrical connector for feft downsieam oxygen Sensor
LEf downshreaim axpgen sensor

Elactrical connactor for ol downsieEam oxyoen sensor
Right downstream oxygon sensol

Electrival connectar for faff upsIveam oxpgan sensor
Eiectrical cornector for dight tostreanm oxygen sensor
Laft catalytie converli

Hight catalytic converiar

On B OH b, Gy Ry

13.9a The right upstream oxygen sensor (shown) and the
lefl upstream oxygen sensor (nol shown) are localed on the
exhaust pipe right below the exhaust manifold lange and
righl above the upper end of the calalytic converter

(V6 models) r

13.9b On a four-cylinder model, the upstream oxygen sensor
(A} is located right above the catalytic converter (B) and the
downstream sensor (C) is locatled on the calalyst. You can
access the upsiream sensor from the engine compartment,
but you might find i easier to access the downstream sensor
from underneath ihe vehicle
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13.9¢ To protect an oxygen sensor from damage during
removal and installation, use an oxygen sensor socket

i) sockel are gererally available only from specialty tool suppliers,

10 Glaan the threads Inside e sensor mounting hale in the exbaos)
manifeld with a tap

11 I you're installing the old sensor, clear off the threads, then apply
a coat of anti-saize compound (such as Loctite® 771-64 or a suitable
equivatent] o the threads before installing the seasor. If you're install-
ing a new sensor, 0o notapply ami-seize compound; new sansars are
already coated with anti-seize.

12 Instaliation is otherwise the reverse of removal, Be sure fo tighten
(he oxygen sensor to the foriue listed in this Chaptar's Speciiications

14 Powertrain Control Module {PCM) - removal and installation

#$ei CAUTION:

You can remove the PCM Lo access some other component(s),
but do MOT replace the PCM at home. If you ever see a
Diagnoslic Trouble Code (DTC) that Indicates a problem with
the PGM, have it replaced by a dealer. A new PCM must be
reprogrammed with a factory scan tool by a dealership service
departmenl, so i you wera to replace the old PCM with a new
unit, it wouldn work until the vehicle was towed to a dealer
for programming.

2001 THROUGH 2005 V6 MODELS AND 2002 FOUR-
CYLINDER MODELS

# Refer to illustrations 14.2, 14.3, 14.4a, 14.4b and 14.4¢

=Nole 1: The PCM is Iocated in a watertight plastic hox in the
lef rear corner of the engine compartment, just to the lelt of the
power brake booster/brake master cylinder assembly.

=HNote 2: The following procedure depicts complate removal of
the PCM. If you're simply removing the PCM 1o access the brake
master cylinder and/or power brake booster assembly, il's nol
necessary to actually disconnect the electrical connectors from
the PCM. Simply dislodge the larpe grommets for the PCM har-
nesses, |ifl out the PCM and sel it aside.

1 Disconnect the cable from the negative battery tarminal (see
Chapter &, Section 1),

¢ Remove the cover [see illustration)

3 Disenpage the two windshield wiper arm links {see [lustration),

4 LIt up the PCM and discannect he alectrical connectors (ses
lustrations)

5 Installation is e reverse of removal,

2006 AND LATER V& MODELS

# Aefer to illustrations 14.8 and 14.9

~Note: The PCM is located an top of the intake manifold, In the
center of the engine cover/air filter housing.

B Disconngct the cable from 1he negative battery terminal {see
Chaper 5, Saction 1),

T Remowe the engine cover/air filter housing assembly (ses Alr
filtar howsing - ramoval and installation in Chapter 4)

B Disconnect the electrical connectors from the PCM (see [llustra-
fion)

B Toremove the POM, simply disengage-its four batl-type locator
ping from its feftand right mounting brackets (sea ilustrasion), Whils the
PCM Is out, Inspact the conditlan of the Insulator gromimeds for the loca-
tor pins: I they're coacked, tom o ofherwise deteriarated, replace them,

10 Instaltation is fhe reverse ot remaval

14.2 Unsnap the two wire retainers and remaove the cover
{2001 through 2005 V6 and 2002 four-cylinder models)
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14.3 Use a pair of needle nose pliers or a irim removal tool
to separaie the two windshield wiper links, thén push the
links out of the way (2001 through 2005 VG and 2002 four-
cylinder modals)

14.4h . .. Nlip the lever forward to unlock each of the three
large elecirical conneclors, disconnecd all three of them . . .

14.8 To unlock the PCM connectors fram the PCM, pull oul
{he sliding catches (2006 and later V6 models)

14.4a Lift up the PCM to provide better access to the
electrical connectors . . .

14.4¢ . .. depress this release tab and disconnect the
smaller, lorward elecirical connector, then remove the PCM
{2001 through 2005 V6 and 2002 lour-cylinder modals)

A e

N aa
"’?ﬂ'ﬂwdp;}

14.9 Grasp the PCM firmly and pull straight up to disengage
the PCM locator pins (2006 and later V6 models)
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2003 THROUGH 2005 FOUR-CYLINDER MODELS

¢ Aefer to illustration 14.12

==Nole: The PCM iz located on the lalt side of the air filter hous-
ing.

11 Disconnect the cabla from the negative battery terminal (see
Ghapter &, Secticn 1),

12 Disconnect the electrical connectors from the PCM (ses illustra-
tion)

13 Remowe the air filter housing and PCM as a single assembly (see
Alr filter howsing - remaoval and instaifation in Chapter 4)

14 Remiove the four POM maunting bolis to detzch the PCM from
the air filter housing

15 Installation is the reverse of removal.

15 Catalytic converter - description, check and replacement

=Naote: Because of a Federally-mandaled extended warranty
which covers emission-related components such as the catalytic
converier, check with a dealer service deparimen! before replac-
ing the convarler at your own expense.

GENERAL DESCRIPTION

1 Acatalytic converter (or catalyst) 1s an emission control device
in the exhausl system thal reduces certain pollutants in the exhaust gas
straam. There are two types of converters. An oxidaticn catalys! reduces
hydrecarhons (HG) and carbion monoxide [G0), A reduction catalyst
reduces axides of nitrogen (MOx), A catalyst that can reduce all threa
pollutants s known as a Three-Way Catalyst® (TWC)

2 AllVE models coversd by this manuai are equipped with two cat-
alysts (see illustration 13.8), cne below sach exhaust manitold flange,
[he upper end of sach catalyst has a short inlel pipe with 3 mounting
llange that bolts to [he axhaust manifold flange, The lower end of each
cataiyst has & short outlet pipe with a flange that bolls to [he Y-pipe that
connects the two catalysts ta the remainder of the exhaust system. All
four-cylinder models use a single catalyst, On 2002 madals, its located
near the rear end, and |5 an integral component, of the front exhaust
pipe, On 2004 through 2005 madels, ifs directly belaw the exhaust
manitold (see ustration 13.98). On some of 1he later four-cylinder
maodels. the catalyst is an integral cemponent of the exbaust manifold
and cannot be replaced separately fram the exhaust manifald

CHECK

3 The test eoulpment far a calalytic converier (a loaded-mode
dynamometer and a 5-gas analyzar) is expensive. If you suspect that the
converter on your vehicle is mafunctioning, take It to a cealer or autho
rized amission inspection facility lor diagnosis and repair

4 Whenever you raise the vehicle 1o servica underbody compo-
nents, inspect the convertar for leaks, corrosion, dents and other dam-

14.12 To disconnect the electrical connectors from the PCM,
pull out the sliding calches (2003 through 2005 lour-cylinder
models)

age. Garatully inspect the welds and/or flange balts and nuts that attach
the front and rear ends of the converter to the exhaust system, If you
note any damage, replace the converter

5 Although cataltic converlers don't break too often, they can
become clogged or even plugged up. The easiest way to check for 2
restricted comverter is to use a vacuum gauge Lo diagnase the effect of &
Blocked exhaust on intake vacuum,

a) Gonnsct a vacuum gauge o an infake manifold vacuim souree
(5ee Chaptor 28) '

i) Warm the anging fo operating femperatine, place ihe fansaxis in
PAGK (automatic ransmission) or NEUTRAL (manus! fransimis-
sion and apoly e parking brake

gl Nole the vacuum reading at ol ang writa it down,

dl Quickly apan the fhraille to rear it wide-oper position, then
quickiy get aff tha Mrotie and affow it s alosa, Note i vapuum
reanimg and weile It dowrr

| Do this tast three more Himas, recordling your measuremeant aftar
£ach tast
1) W wour fourll reading is more than one (n-Hg fower than the read-
ing that you noled al fdls, the axhavst sysiem might be restrictad

(the catalytic comverter could be pluged, OR an exhaus! pipe or

muffiar could be resiriztad) ’

o

REPLACEMENT

¥ Refer to illustrations 15.7a and 15.7h

sk WARNING:

Make sure that the exhaus! system is completely cooled down
before proceeding. If the vehicle has jusi been driven, the cata-
Iytic converter can be hot enough to cause serious burns,
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15.7a To disconnect the upper end of each front exhaust pipe
from the exhaus! manifold flange, remove the flange bolls
{other balt nol visible)

6 Raise the vehicle and place it securely on jackstands

7 Spraya liberal amount of penetrating oil onlo the threads of the
fasteners at the exhaust manifold flange and al the Banges behind (he
catalysts (sen illustiations), Wait awhile for the penetrant to loosen
things up.

8 While you're waiting for the peretrant to do its work, disconngct
the electrical connectors for the upstream and downsiresm oxygen sen-
sors and remove all four axygen sensors (see Section 13),

GENERAL DESCRIPTION

16 Evaporative Emissions Control (EVAP) system - description and component replacement

1 The Evaporative Emissions Coniral (EVAP) system pravents fusel
system vapors (which contain unburnad hydrocarbions) from escaping
into the atmosphare. On warm days, vapors trapped inside the fuel tank
expand, Wher: the pressure reaches a cerlain thieshold, these vapors
are routed from the fuel tank through the fual vapor vent valve and
the fuel vapor cantral valve to the EVAF canister, where they're slored
temgararily, urtil they can be consumed by the engine during nommal
operalion, Under cerlain conditions (engine warmed up, vehicle up to
speed, moderae or heavy loads, etc.) the Powertrain Contral Module
{PCM) apens the canistar purpe solenoid, which allows intake vacuwm
1o pull fuel vapors Trom the EVAP carister into the intake manifold,
whese they micwith the airffuel mixture before being consumed in the
combusticn chambers, This system |5 complax and vary difficult to
froubleshoat without the right toolg and training, However, the felowing
description should glve you a good Idea of how the systam works and
where the components are [osated,

2 The EVAP canister, which contains activated charcoal, & the
repasitory for storing fuel vapars produced by gasoline as It heats up
insice the fuel tank, Yau'll have 1o raise the vehicle to inspect or replace
the canisier, but the canisier is designed to ba maintenance-free and
should last the lite of the vehicle. The EVAP canister is located In (he

15.7h Todisconnect the back end of the froni exhaust pipe/
calalylic converter assembly from the rear exhaust pipes,
remove these fasteners from these two flanges

9 Dnce the penetrant has done Its work, loosen and remove all
fasteners and ramove Ihe catalytic converter/front exfaus! pipe assem-
bly, Remove and discard the old flange gaskets. Replace any damapged
fasteners. (Its a good idea to replace all of the fasteners.)

10 Installation Is the reverse of removal. Be sure to use new llange
naskets. Coal the threads of the balts with anti-seize compeund and
tighten all fasteners securely.

right rear corner of the vehicle, behind the right rear wheel, You'll have
to raise the vehicle and remove the small splash shield behind the righl
rear wheel to access the EVAP canister

3 Fuel tank pressure sensor - The prassure sensor monitars
the: pressure of evaporative gases insice the fuel tank. The pressurs
sensor sends a voltage signal to the PCM that increases as tha pres-
sure increases, When the signal reaches a specilied threshald, the PCMW
erergizes the EVAP canisier purge solenoid, which allows the evapora-
tive emisslons to be drawn inte tha intake manitold by Intake manifald
vacuumm. The pressure sensar |s located inside tha lefi half of the fugl
tarik, an 1he underside of tha fuel level sensar mounting flange. This
sensar is an inlegral component of the fuel level sensor and cannat be
replaced separately, If it's bad, replace the fuel level sensor assembly
{5ee Chapter 4,

4 EVAP canister shulofi valve - The canister shutoff valve,
which Is used only for diagnosis of the EMAP system, 1S open under
narmal conditions, which means that ambient air pressure [14.7 psi) s
allowed to enter (but ot exit) the space above the fuel lzvel insida the
fuel fank and througheut the rest of the EVAP systemn, When energized by
the PGM, tha shulaff valve closes, which creates a closed system and a
relative vacuum inside the fuel nk and EVAP systam, 3o that the PCI
can diagnase the EVAP system for leaks. The shutoff valve solenaid is
Incated on top of the EVAP canistar and is not separately replaceabile I
the shutoif valve is bad you have to replace the EVAP canistar
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16.9 To remove the EVAP canister purge solenoid, depress
the wire retainer (1) and disconnaci the electrical connector,
disconnect the rubber inlat (2) and oullet (3) elbows from
the solencid, then pull the solenoid mounting insulatar (4)
straight up and off the mounting bracket (5)

5 EVAP canister purge solenoid - The EVAF canister purge
splencid is a POM-contrelled soleneid that controls the purging of
evaporative emissions from the EVAF canister to the intake manifold.
The EVAF purge solenoid Is never turned on during cold start warm-ups
or during hot start lims delays, Bul once the enging reaches a specilied
temperature and anters closed-loop operation, the PCM energlzas the
canister purge solenold under certain opan-throttla operating conditions
(acceleration, high spead cruising, &tc.). When the solenpid Is energized
by the PCM, it allows fuel vapors stored in the EVAP canister to be
drawn into the intake manifold, where they're mixed with intake air, then
bumed alang with the normal airfuel mixture, The PCM requiates the
ltow rate of the vapars by controlling the pulse-width of the sofenoid
(the length of time during which the salenold Is umed on) Tn accar-
dance with operating conditians. The EVAP canister purge salenoid b5
[ocated in the right front corner of the engine compartment,

GENERAL SYSTEM CHECKS

6 The most common symptam of a faully EVAP system is & strong
fuel odar (particularly during hot weather}. I you smell fuel while driv-
ing or {mere likely) right after vou park the vehicle and turn off the
engine, check the fugl filler cap firsl, Make sure thal it's screwed onto
{he fuel filler neck all the way,

T I the odor persists, inspact all EVAP hose connections, both in
the engine compariment and under the vehicle, You'll have fo raise the
vehicle and place it secursly on jackstands to inspect most af the EVAP
system, since its located under the vehlcle, Be sura to inspect each
hase attached to the canister for damage and leakage along its entire
length. Repaer or replace as necessary. Inspect the canistar for damage
and look for fuel leaking fram fhe botiam. I uel is leaking or the canis-
ler Is otherwise damaged, replace 11,

& Poor icle, stalling, and poor driveability can be causad by a
defective fugd vapar vend valve or canister purge solenoid, a damaged
canister, cracked hoses, Of hosas connected Lo the wrong ubes. Fuel
loss or tuel ador can be caused by fugl feaking from fuel lines or hoses,
a crackec or damaged canister, or a defective vapor valve,

16.15 The EVAP canister/shutof valve assembly |s mounted
behind the right rear wheel (splash shield removed)

Shutelf valve sfecirical connacior

Shutell valve (ot separately replaceabis)

EVAR canisler

EVAP purge hose (o purge sofemoid fn enging compariment]
EVAP vent hase (frorm fuel tank)

e (-

COMPONENT REPLACEMENT

EVAP canister purge solenoid
¥ Refer to illusiration 16.9

mNola: The EVAP canistar purge solenaid is located in the leit
front comer of the engine compartment, on 2 small bracket
attached to the right sirut tower.

9 Disconnect [he alectrical connector fram the EVAP canister purge
soienoid (see lustration),

10 Clearly label the EVAF inlet and autiel hoses (see (llustration
16.9), then disconnect them from tha EVAP canister purge salenald.

11 To detach the EVAF canister purge selenaid from its mounting
bracket, pull it straight up,

12 Installatlon is the reverse of remaoval,

EVAP canister/shuloff valve
¢ Refer to illustration 16.15

L

= HNole: The EVAP canister/shutoll valve assembly is located
hehind the right rear wheel well, above a small splash shield.

13 Loosen the right rear wheel lug nuts, raise (he vebicle and place 1l
seciuiely an jackstands, Remove the righl rear whea!.

14 Remove the splash shield from® the wheel well (ze2 Chapter 11)

15 Disconnect the electrical connector fram the EVAP canister shul-
olf valve (e illustration),

16 Disconnect the hoses from the EVAP canister,

17 Firmly grasp the EVAP canister and push up 1o disengages i from
its mounting bracket

18 Installation is the reverse of remicval
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DESCRIPTION

1 Duwides of nitrogan (or simply NOx) is 4 compeund hat is fermed
in the combustion chambers when the axgen and nitrogen in the
incaming atr mix together, NOx is a nalural byproduct of high combus-
lion chamoer lemperatures, When NOx 1s emitted from the tailpips, il
mixes with reactive organic compounds (ROCS), hydrocarbons (HE)
and sunlight to form ozone and phctochamical smeg, The EGR system
reduces ayides of niiregen by reciculating exhaust gases from the
exhaust manifold, through the EGH valve and infaka manifold, then back
ity the combustion chambers, whare it mixes with fhe Incaming air/fuel
mixture betore being censumed. These recicutated exhaust gases diluts
the Incoming alrfuel mixturs, which cools the comblstion chambers,
thereby reducing NCx emissions.

2 The EGR system consists of the Powerrain Contral Module
(ECM), the EGR valve, the EGR vacuum fransducer and various infor-
mation sensars that the PCM uses to determine when to cpen the
EGR valve. When enging conlant temperature is between 140 and 230
degrees F (60 and 110 degrees C), enpine speed is less.than 3500 rpm
and the engine is under & pastial load, the PG switches on the trang
aucer, allowing vacuum to draw exnaust gasas through the EGR valve.

17 Exhaust Gas Recirculation (EGR) system - description and component replacement

The PCM-controlted vacuum tansducer siabilizes intake manifold
vacuurm by means of a pulse widtn-modulated signal from the PCM

COMPONENT REPLACEMENT

» Refer to illustrations 17.4 and 17.6

4 Bemove the air filter housingengine cover (see Chaptar 4)

4 Using a small screwdriver, disengags the clip for the batiery cable
from the dipstick Wbe suppart bracket (see illustration].

5 Remave the bolt that secures the dipstick lube to the bracke! and
pull the dinstick tube back, foward the firewall, 50 there's enough raom
to remave the EGR valvadransducer assembly,

B Remova the EGR tube {5ee [llustration),

7 Discennect the electrical connactar rom the EGH valve,

B Remove the EGR valve mounting balis and remaove the EGH valve,

9 Hemoveand discard the old EGR valve gasket

10 When irstalling the EGR valve, be sure o use a new gasket and
Highten the EGR valve meunting boits, the EGR tube-le-intake manitold
polts and the EGH valve tube nut 1o the torqua listed in this Chapters
Specifications, Installation is otherwise the severse af removal,

17.4 Use a small serewdriver lo disengage the clip securing
the batlery cable. Also ramove the boll securing the dipstick
tube to the bracket

DESCRIPTION

18 Positive Crankcase Ventilation (PCV) system - description and check

1 The Positive Crankcase Yentilation (PCV) sysiam reduces hydio-
carban emissions by soavenging crankeasa vapors, which are rich in
unburned hydrocarbons, & PCY valve regulates the flow of oases inio

17.6 EGA valve and tube details

T Fitting 4 Vacuum trarsdces

2 Tube siecincal cornectal

3 EGR lube-fo-intake & EGR valve mouniing bolts
magifaig ruts

e Intake manifold in proportion to the amount of intake vacuum avail-
aile. Al idie, when intake vacuurm is very high, the PGV valve restricts
the flow of vapors so the engine doasn'l run poorly, &5 the throfle plate
opens and infake vacuum beging ta diminish, the PCY vaive opens
mare o allow vapers o flow more fresly




6-28 EMISSIONS AND ENGINE CONTROL SYSTEMS

18.2a Dn V6 engines, the PCY fresh air inlet hose (1) begins
at the air intake conneclion (2) between the Mass Alr Flow/
Intake Air Temperature (MAF/IAT) sensor (remaved for
clarity) and the throttle body. Filtered air from the air filter
housing enlers the fresh air inlet hose here . . .

18.2c . . . this connection (7) right in Iront of the throltle
body {where intake vacuum is high). The right valve cover
also has a breather box (8) fram which crankcase vapars are
drawn through another fixed orifice and pipe (9) and then
through another crankcase venlilation hose (10] 1o the same
conneciion al the throitle body

2001 through 2005 V6 models
# Refer 1o llustrations 16.2a, 18.2b and 18.2¢

2 The PCY system consists of the fresh air inlet hiose, wo-PCY
fixed orifices [ong In aach vale cover breather bex) and a palr of crank-
case ventilation hoses (or PGY hoses). The fresh alr inlel hose connecls
he elbow-shaped air intake duct (between tha MAF/IAT sensor and the
trottle body) to a plpe on the back end of the ledl valve cover breather

18.2b . . . and is routed thraugh the fresh air hose (3) to

a pipe on the back end of the breather hox (4) on the lefl
valve cover. Crankcase vapors are drawn by intake manifold
vacuum through a fixed orifice in the wall of the breather
box, through another pipe (5) into the left cylinder head
crankcase ventilation hose (6), which is routed to . . .

box {see (lustrations). Each crankcase ventilation hose (ar POV hose)
connects a PCY fixed erifice In the cylinder head breathar box o a con-
nection plumbed Info the rear of the intake manifold, just downstream
from the throttle plate Inside the theottle bedy (ses (lustration), Thera
is no actual PCY valve, A fixed orlfice In each valve cover braather box
contrals the flow of crankcase vapors fo the intake manifold.

2006 and later V6 models
¢ Reter 1o Illustrations 18.3a and 18.3b

3 These modets use @ conventional breaifer box or oll separatos for
pari-throttle ventilation, and & centrifugal il separatar for ventilation a
higher load levels, The breather box or oil separalor (see [ustration) is
located en top and at the front end of the laft valve covar The crankease
venilation hose (PCV hose) is routed from a plpe on the uppar back
end of the [ntake manifold to & pipe on the separator. The centrifugal oil
separatar {see lllustration) Is Iocated on the back end of the right cyl-
Inder head. The hose far the centrifugal oll separator is routed from the
separator to the underside of the air gulde housing (he elbow-shaped
aif intake duct between fhe MAFIAT sensor and the throttle body)

2003 through 2005 four-cylinder models r

4 The PCV crankcase ventilation system is integrated nto the
underside of the valve cover. Blow-by gases from the crankcass enter
the right center part of the valve cover, travel forward slightly, make a
U-turn, travel through the volume separator to the back of the valve
covar, travel from (he right 1o left side of the valve covar through the
deme (aper), head forward through a labyrinth separator and enter e
Gytlone ar spiral separator before exiting fnrouah a pipe. from which
[hey're drawn into the intake manifold. Replacing the PCY systam
means replacing the valve cover,
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18.3a To remove the breather box (or all separator) on 2006
and later V6 engines:

1 Detach ihis fubing . .
Z . from Ihis chip
3 Disconnect the POV hiese from ihe breather box
4 Femove the thrse mouriing balts ang rarmove he box frar he sl
il v
INSPECTION

5 Anengine thal is operated without a properly functioning Grank-
case ventilation system can be damaged. Anytime you're servicing the
anging; be sure to inspect the POV systam hose(s) for cracks, tears,
dateriaration and other damage. Disconnect the hosels) and inspect i/
triem for damage and obstructions, I a hose is clogged, clean |t oul. I
you're unable to clean it satisfaclorily, replace il

B A plugged POV hose might cause any or all of the following con-
diticns: A rough (dle, stalling or a slow idle speed, oil leaks or $ludge
in the engine. So if the engine is running roughly, stalling and idling
al & lower than normal spead, or 5 losing oil, or has oll in the thraitie
biady ar &l Intake manifold plenum, or has a build-up of sludae, a PCY
system hose might be clogaed. Repair or replace the hosels) as neces-
sary.

7 A leaking PCV hose might cause any or all of the following can-
dilions: a rough idle, stalling ar a high idle speed. So it the enging 5
rwnning raughly, stalling andfor idling at a higher-than-normal speed,
a POV system hase might be leaking, Repair or replace the hose(s) as
NAcESSary.

B Herg's an easy functional check of the POV system on a vehicle
with a fresh air inle! hose and crankcase ventilation hoses (2001
through 2005 V& models):

al [hszonnect 3 crankcass ventifation hose (PCV hose) from the
Oreathar hox
&) Sfart the engine and faf /f warm up fo its normal dle.

18.3b To remove the centrifugal oil separator on 2006 and
later VG engines:

Canirifugal ol Separaior cover

Full-traftle POV ventitalion hosa

The verttiation hose 5 donmected fo the elbow-shaped air iake duct .
.. between the Mass Alr Flow/nigke Air Temperaturs (MAFAAT)
sensor above A he Mrottle hody below (ol wisitife)

5 Canirifuge! off sepanator cover boits i boilt not wisitrle in this phola)

B Lo M —

gt Cover the end of the PCV fose with your thumb and verily that
there is vacuum, If there is na wacuum, fook for & plugged hose
ar & clogged port ar pige on the (nfake manifold, Alsa laok-for
tiase that collapses wihan its blocked (that fs, wien vacuum s
applied). Replace clogaed or deferiorated hoses
dl Remove the anging ofl dipstick (ar plug, If there 15 na dipstick)
and install a vacuum gauge on the upper and of the dipshicy fibe.
&) Pinch off or plug the PEV systam’ fresh air inlal hoss,
11 Run the enging al 1500 rpm far 30 seconds, then read the vacuum
gatige while the enging is running at 1500 rom,
gl if there's vactium presant, the crankcase viniilatfon systerm is
aperaling correctly
b i thares WO vacoum prasent, ihe anging might be drawing in
Dutside air. The POV system wan't funchion corraetly unless te
angine {5 4 sealed system. Inspect the valve cover(s), ol pan gas-
ket or olfer sealing areas for feaks,
§) I the vacuum gauge indicates pasitive pressure, look for 8
plugged hose or anging Dlaw-by
{1 Repeat this procedure for fhe athar POV hosa.
g9 If the PCY system is functioning corractly, but there's eviderice of
gngine ol In the throttle body or air filter hiousing, it could be caused by
Bxtessive crankeasa pressure, Have the crankcase pressure tested by a
dealer service department.
10 Inthe PCY system, excessive blow-by (caused by worn rings,
pistons and/or eylinders, or by constant heavy loads) is discharged
into the intake manifald and consumed. Il you discover heavy sludge
deposits or a dilution of the engine oil, even though the PCY system Is
functioning correctly, look for other causes (see Troutieshooling and
Chapter 2B) and correct them as soon as possible.
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19 Secondary air injection system - description and component replacement

DESCRIPTION

# Refer o illustration 19.2

T Al models are eguipped with a PCM-controlled secondary air
injection system that is turned on for the first 50 seconds (VE) or up
to 150 seconds (four-cylinder) during 2 cold-start warm-up to quickly
bring the catalytic converter{s) up to operating temperatuee; which
reduces amissions during the catalyst warn-up piiase, The sacandary
alr Infection system consists ot an alr injection relay, a check valve, 2
switchover valve, one (Tour) ar two (V6) shutoff valves and an air pumg
If the engine temperature 15 between 50 and 140 degrees F (10 o 60
degrees C) when the engine is started, the PCM energlzes the air injec-
tion relay and the switchover valve, The switchover valve admits Intake
manitold vacuum to the two shutatt valves (VE models) or single shutoff
yalve (four-cylinder models), The shutofl valvels) cpen and the alr
purmp pumps air into the exhaust stream through drilled passages in the
eylinder head. Onee mixed with the exhaust stream, this extra air reaots
with hot exhavst gases, oxidizing them and reducing carbon monoxide
(CO) and hydrocarbons (HC). And 1t alss Increases the exhaust gas
temperature, which heats up the catalyst{s) more quickly to operaling
ternperature. All systems use @ check valve, which is located upstream
in the vacuum ling between the infake manifeld and switchaver valve,
The check valve admits intake manifold vacuum to the switchover valve
bt prevents pressurized Intake alr from escaping when the manifold Is
prassurized under boost conditions,

2 {In V& modele, the check valva, switch-over vaive, two shutaf
valves and air pump are ail located on fop and at the front ol the engine,
right bestow the front engine cover (see |lustration)

3 On 2002 four-cylinder models, the air pump is located af the
fowes right front corner of the engine block, fight below the alternator,
The check valve, switchover valve and shotofi valve are located on the
right side of the engine, just below the rear maunting bracket lor (he
fusl rall,

4 (In 2003 through 2005 four-cylinder modets, there is no alr
pump. Instead, an air injsction/exhaust gas recirculation valve - which
i5 located an the right side af the engine, at the front of the exhaust
manifold - redirects pressurized air from the duct between the super-
charger and the intercoaler into the exhaust stream. As its name indi-
cates, e alr injaction/exhaust gas recirculation valve alsa redirects

sperd exhavst gases into the intake manifold when the EGR systemiis
grigrpized by the FCM, On these models, the chack valve and switcho-
ver valve are located on the intake:manifold, near the throitia bedy, and
the air injection/exnaust gas recimuiation vaive is located at fhe right
frant carner of the valve cover,

COMPONENT REPLACEMENT

V6 models

Air pump swilchover valve
¥ Refer to illusirations 19.5a and 19.5b

=Note: On 2001 through 2005 models, the switchover valve

is located at the front of the engine on a small bracket that's
bolted to the water pump housing. On 2006 and later models,
the switchover valve is also mounted al the fronl of lhe enging
on a similar small brackef, which is located right in front of the
intake camshalt

& Disconnect the glectrical conneciar fram the swilchover yalve (e
illustraticns).

B Clearly tabel the vacuum hoses connected 1o the switchover
valve, then disconnact them fram the valve.

¢ Toremove the switchover valve from its mounting bracke:, simply
oull it off the bracket. '

B Installation Is the revarse of remaoval,

Shutoff valves
# Refer to lllustrations 19.10a, 19.10b, 19.10c and 19.13

=MNote: On 2001 through 2005 models, the shulolf vaives are
localed at the Ironl of the engine, on either side ol the air injec-
tion pump. The photo of a 2001 through 2005 model accompany-
ing this Seclion depicts the right shutoff valve, but the removal
procedure is the same for either shuloff valve. On 2006 and later
maodels, the shutolf valves are also located al the frond of the
engine, bul in slightly differeni locations: The lefl shutoff valve
is located directly hehind the oil filter, and the right shutolf
valve is located below the Camshatl Position (CMP) sensors on
the fronl of the right cylinder head.

19.2 Secondary air injection system (2001 through
2005 V6 mode| shown, 2006 and later V& models
similar):

Secondary afr injaction pump

Swifchavar valve

Vacuam hose fo shitai valves

dunehian far wdnuum foss o daht and el shufoll valves
Rl shotalf vajie

WVactimhose b faft shifolf vale

Lait shutoll valve

Air prrmp-fo-dir ijection hose canngchion

Airinieaiion hose fo faht shutel! vl

Al Tnfection hose fo el sl valve

Wy Doy e T Uy ey Paoo=d

=
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19.5a Switchover valve assembly (2001 through 2005
V6 models):

Elenirical ponnectar

Lacuum hose ta the twa shulall valves
Wacum supply hose trom e infake maniiold
Swilehover e

Switehover valve mounting Drackit

E AR e

8 HRemove the fronl engine cover, On 2006 and later modals, you'll
atso meed fo remove the air filker housing to remave the left shutolf
valve (see Alr filter housing - ramoval and insialiatios in Chapter 4},

10 Disconnect the vacuum hose from the shuloff valve (see illostra-
fions)

11 Rernove the alr injection hose from the shutof valve

12 0n 2001 through 2005 models, ramove the shutofl valve mounl-
ing bolt and ramave the shutoff valve. Dn 2006 and later models,
rameve the shutofl valve mounting bolts; the left shutolf valve has two
matnting balts and the sight shutoff valve has three mounting bolts

19.5b Switchover valve assembly (2006 and later
V6 modeis):

I Elepirical connacior

2 Vasbm hose fo the fwo stutel valves

3 Vacuum supaly hose fram the intke manioid
{ Swilohover valve

19.10a To remove a shutofl valve (1) from a 2001 through
2005 V6 mode!, disconnect tha vacoum hose (2), datach the
air hose (3) and remove the mounting bolt (4} (right shufofl
valve shown, left shulolf valve identical}

19.10b To remave the right shutofl valve (1) from a 2006 or
later V6 model, disconnect ihe vacuum hose (2] and the air
hose (3), then remove the three mounting bolts undemeath
gl the mounting flange (not visible in this photo)

19.10c To remove the left shutolf valve (1) from a 2006 or
later model, disconnect the vacuum hose (2) and the air hose
(3), then remove the fwo mounting bolts {4) (other boll not
visible in this photo)




6-32 EMISSIONS AND ENGINE CONTROL SYSTEMS

19.13 Be sure to remove and discard the old shuioff valve
pasked (2001 through 2005 V6 model shown). Always use a
new gaskel when installing the shutof valve

13 Remove and discard the old shutolf valve gasket (see illustration),
14 Installation is the reversa of removal, Be surs Lo Use a new gasket
and tighten the shutoff valve mounting boltis) sscurely,

Alr injection pump (2001 through 2005 modals)
# Refer 1o illustration 19.16

= Noie: The air injeciion pump is Iocated al the front of the
intake manifold, on top of the liming chain cover.

15 Remave the front cover,

16 Disconnect the electrical connectar from the air injecticn pump
(see lustration),

17 Hemave the injection pump clamp belt, Mote that ihe pump har-
ness s grounded at this boll.

19.22 Alr injection pump and mounting bracket assembly
(2006 and later V6 models);

1 Elacirfeal conmecior 4 Al supply hase - right
2 Afrintake hose shitalf valea
3 Airsupply hose - jef &5 Alrinfection pump
shittaif valve & Bracket hoifs.
7 Mounfing bracke!

19.16 Secondary air injection pump details (2001 through
2005 V6 models)

1 Eleeincal connector 4 Air hose
£ Ciamg boll 5  Clamp

g Geound wie

18 Disconnect the air nose from (he pipe on the back of the pump.

18 Tilk the tront part of the clamp terward and remove the air injec-
tian pumi,

20 Installation is the reversa of remmal, Don'tforget [o attach (he
famess ground to the clamp boll

Air injection pump (2006 and later models)
* Reler to [llustrations 19.22 and 19.25

21 Remove the fonl cover,

22 Disconnact the electrical connectar fram the air injection purmp
15ee lusteation)

23 Disconnact the air intake hose {see (lusiration 19.22) lram the air
njection pump,

24 Disconnect the air supply hoses Irem the pamp (see ilustration
19.22)

25 Unball the air injection pump maunting bracket from the cylinds
higad and from the timing chain cover (322 |lustration)

26 Aemove the alr injection pumg and maunting bracket as a single
assamily,

27 Unbail the mounting bracket from the air injection pump (see
illustration 15.22) and separate the bracket from the pump.

28 Installation is the reverse of remoyal

Four-cylinder models

¢ Air injection pump (2002 models) .

= Note: The electric air injection pump is located on the right
side of the engine, below Ihe allernator. (There is no air injec-
tion pump on 2003 through 2005 models, which use pressurized
alr from the supercharger Instead.)

29 Ralse the vehicle and place it securely on jackstands.

30 Remowe the engine undercover

31 Disconnect the alr hose from the air injection pump,

32 Disconnect the electrical connector fram the pump.

33 Remov the three pump mounting balts and ramave (he gumg

34 While the pump 15 remoued, inspect the condition of the mount
ing bolt slesves and rubber insulaors. I he (rsullons are cracked, tarn
ar atherwise deterioraled, replace them

a5 Installation 1§ the reverse of remaval

s
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19.25 To detach the air injection pump and mounting brackel
from the cylinder head, remove these iwo upper bolts; to
detach it from the timing chain cover, remove this lower bholt
(bolt not visible in this photo) (2006 and laler V6 models)

Check valve (2002 models)

= HNote: The check valve is localed at the back of the intake
manifold. (The check valve used on 2003 through 2005 models
is simply installed in line with the vacuum source line 1o the
switchover valve, and is located on top of the valve cover, a few
inches away from the swilchover valve.)

36 Hzmove the engine cover,

A7 Lonsen and remove the hose clamp that secures the hose to the
check valve and discannect the hose fom [he check valve.

28 Unscraw and remove the check wvalve,

3% Remove and discard the O-ring.

A0 Installztion is the reverse of removal. Be surs to use a new O-ring
and tighten the check valve to the tarque listad in this Chapter's Specifi-
catiens

Switchover valve

= Note: On 2002 models the swilchover valve is located on tha
left side of the engine, right below the rear mounting bracket for
the fuel rail. On 2003 through 2005 models the swilchover valve
is locatled on top ol the valve cover.

41 Remove the engine cover.
42 Discornect the electrical connectos from the switchover valve,

19.46 Air injection/exhausi gas recirculalion combination
valve delails (2003 throogh 2005 four-cylinder models)

I Alr injection/exiaust gas 3 Pressurized air hose
fecimitation combination 4 Amiien air hase
WAl 5 Vg hose

2 Hose clame

43 Discannect the vaouum hoses from (ke switchover valve

44 To ramaove the switchover valve from s mounting bracket, simply
pull it off,

45 Installation is the reverse of remaval.

Air Injection/exhaust gas recirculation combination valve
(2003 through 2005 models)

¢ Refer to illustration 19.46

= Nole: The air injection/exhaust gas recirculation combina-
tion valve is localed at the ripht front comer of the engine, just
ahead of the exhaust manifold.

46 Loosen the hosa clamp and disconnect the pressurized r hose
from the air injection/exhaust gas recirculation combination walve (see
illustration)

47 Clearly label the two smaller hoses and disconnect them from the
air Injection/pxhaust gas reclculation combination valve,

48 Remaove the two air injection/exkawst gas recirculation combing-
tion valve mounting balts an the valve mounting flange at the lower end
ol the unit and remaove the combination valve

49 Aemove and discard the oid combinaticn valve gasket,

A0 Instailation is the reverse of remaoval,

20 Electric throttle control and idle speed control systems - description

%

Thie glactris throtlle cartral and idie speed control System con-
sists of the Powertrain Contrel Maduls (PCM), the &ccelerator Pedal
Position (APP) z2nsor ke electronic throttle body, the Throtile Position
(TP} sensofs and a number of other engine sensors, The PCM cantrols
e electric theettle control actuatar

2 The PCM controls the glectric throttia contrel actuator (the throt-
tle pody). & solenald motor in the aciuaior controls the theaollle plate in
raspense 1o commands from the PLM

3 The POM aisi contrals the |die Speed Control (ISC) system,
which dispenses with the conventional idle speed conlrol valve or idla

speed control motor. Instead, the PCM controls the elactric thiottle
ontrol actuator to malntain the lowest possible idle speed at which the
engine can operate smoothly and steadily. This spesd varies somewnat
in accordance with engine operating conditions such 25 wamm-up
decaleration-and engine load, which varies with air condifioning, powsr
stepring; coaling fan operation, ele.

4 The electric throttle contral actuator (hmothe Sody) |5 covarad
in Chapler 4. The PCM |5 covered in Section 14 of this Chapter. The
Thrattle Position (TF) sensors are imegrated (nfo the thottle body and
cannet b replaced separataly,
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21 Variable intake manifold - description and component replacement

DESCRIPTION

2001 through 2005 V6 models

1 The PGM-controlled variable inlake manifold optimizes enging
torgue by switching back and forth betwean two different intake mani-
fold lengths: Each cylindar has its own dedicated variable intake runnér,
the langth of which is contralled by 2 Nap that's opened and closed by
tne variable intake manifold switchover diaphragm unit, which rofates
4 shalt that opens or closes three spring-loaded flaps for ane cylinder
hiead, The shaft for the three spring-loaded flaps for the other cylinder
fizad Is linked to the primary shall by & connecting link, so when the
diaphragm unit opens tha flaps for one head It does the same far the
otfer head. Vacuum to the diaphragm unit Is PCM-centrolled by the
varlable Intake manifold switchover valve (a vacuumn salenoid). Here's
how it wirks;

2 M lower engine speeds and loads, the springs keep the flaps
open, sending intake alr through [he shorer intake runners, which
decreases frictional Iosses (nslde the Intake manifold and improves cyl-
inder filing and therafore togue,

3 When the engine load exceeds 50 parcant (hetwean about 1750
and 3800 rpm) the PCW-contralled switchover valve Is energized by the
POM, sending Intake vacum Lo the diaphragm unii, which opens the
flaps, sending infake air through the longer intake runners. Now intake
air flows through the langer intake runners; 5o that the pressure waves
praduced by the pistans arrive at the open intake valves at just the right
moment for the next induction stroke, which improves cylindsr charg-
ing (filling) and theretore Increases torque, (The intake vacuum that
actuates the diaphragm is delivered from a vacuum reservoir through a
one-way check valva, Thare's enolgh vacuum for about five oparations
withaut renewing the vacuum ingide the reservoir, which can anly be re-
evacuated with high Intzke manifold vacuum,)

4 When engine rpm exceads 3900 rpm, the PCM de-energizes the
switchover valve, which cuts vacuum to the diaghragm unit and allows
thie sgring-loaded flaps to open under spring pressure, which again
sends intake alr through the sharter intake runnars, which allows the
pressure waves to arrive in Hime even at higher engine speads betore the
intake vahies close, again promoting better cylinder filling and improv-
ing horsepower and torgue,

2006 and later V6 models

5 The variahle infake mantfold on these models s similar in cen-
cepl 1o earlier models with a couple of refinements

6 Like the easlier Intake manifold, the newer manifald uses vari-
ahle flaps to contral the path of the incoming air through the maniteld, .
excepl that there are two diaphragm units (Mercedes Benz calls them
“anerold capsules”), one for each flap shaft, Both variable Hap dia-
phragm units are controlled by a single switchover valve,

7 The other addition 15 & serigs of six tumble fl2ps or turbulence
laps, each of which is situated in the end af an Intake runner, dirsctly
abaye the fuel Injector nozzle. At low speeds, the tumble flaps are
deplayed (sticking aut into the Intake air), which speeds up the incom-
ing air, which produces lurbulence as the air tumbles past the flap, The
result is a more even distribution of the airfuel mixtuee and therefore
better and faster combustion,

B A part-thiottie, when the mixture is leaner because of EGR
pparation, the increased combustion spead helps produce lower fuel
consumption. At higher engine speeds, the flaps are retracted, and

flush with the infake runngr walls, because the spaed of incoming air

is sufficient to produce good turbulence and mixing on its own, The
turnble Maps are actuated by the intake manitold tumble flap switchaver
valve, another anernld capsule (diaphragm unit), which uses a bell
orank assermbly o rotale the wmble fap shatts to epen and close the
tumble Hlaps. The tumble flap diaphragm unit is contralled by the PCM-
controlled tumble flap switchover valve.

COMPONENT REPLACEMENT

2001 through 2005 V6 models

Switchover valve
¢ Refer fo illustrations 21.10 and 21.11

=Note: The switchover valve is located at the left front corner of
the intake manifold, directly above the diaphragm unit.

9 Remove the front engine cover,

10 Disconnect the electrical connactor from the switchover valve {ses
illustration),

11 Dissonnect the two vacuum hoses from the swilchover valve [seg
llustration),

12 Remove the tetainer and ramove the switchover valve.

13 Inspect the condition of the retainer IF its too distorted to rewse,
replace it,

14 Installation s the reverse of remaval,

Diaphragm unit
# Refer to illustration 21.16

== Hote: The diaphragm wnit is localed at the lefi front corner of
the infake manifold, directly below the switchover valve.

15 Remave the front engire covar.

16 Disconnect the vacuum signal hose from the diapnragm unit {see
illustzation),

17 Using a small screwdriver, carstully pry loose the ball sockel on
the-end of the vacuum unit's actuatar arm from the spherical hearing an
the end of the crank aim fer the variable Hap shatt,

18 Remaovea the lwo disphragm unit mounting bols,

19 Remaove the dizphragm unit,

20 Installalion is the reverse of removal,

2006 and laler V6 models

Diaphragm units f
# Refer 1o illustration 21.21

= Note: This procedure applies lo any of the three diaphragm
units.

21 Remove the front engine cover. The two variable flap diaphragm
units and the wmble fap diaphragm unil are focated on the front end
ol the intake manifold (see (lusieaticn), The two swilchover valves ara
located below the diaphragm units. To access any of thess components,
wou must remove the intake manilold (see Chapter 24).

22 Disconnacl the vacuurn signal hose from the diaphragm unit {see
ilustration 21.21),

23 Using a small screwdriver, carzfully pry the biall socket on the end
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il the actuator arm loose from the spherical bearing on the end of the [ocatad on the frant end of the intake manifeld, below the thiee dia-

crank anm for the vartable fap shall or Wwmiie Hap shah phragm units, To access gither of (nese components you mus! ramave
24 Pry off the retainer and remave the diaphraam unil, the intake manifold (see Chapter 24).

25 Instaliation is the reverse of removal 27 Disconnect the electrical connecter from the switchaver valve

; 28 Clearly label the vacuum hoses connecied to the switchover

Switchover valves valve, then disconnect them lrom the valve,

= Note: This procedure applies to either swilchover valve. 29 Remove the switchover valve relainer and remove the valve,
26 Remowe the front enging cover, The two awitchover valves are 30 Installation is the reverse ol remaoval,

21.10 To disconnect the elecirical connector from the 21.11 To remove the switchover valve, disconnect the

swilchover valve, depress these Iwo wire retainers and pull vacuum supply hose (1) and the vacuum signal hose (2),

off the connector (2001 through 2005 V& models) fhen pry off the retainer (3) (2001 through 2005 V6 models)
(intake manifold removed lor clarity)

21.16 To remove the diaphragm unit, disconnact the vacuum 21.21 The three diaphragm acluator units for the variable

signal hosa (1), caredully pry off the ball socket on the end intake manifold, and the iwo switchover valves (nol shown)
of the arm |2) from 1he spherical bearing on the end of the below them, are all located on the froni of the manifold,
crank arm for the variable 1lap shafl, then remove the two

which must be removed to access any of these five
maounting bolts {3) and remove the unii (2001 through 2005 components

6 madels) (intake manifold removed lor clarity)

[aphragm actiator unit for lalf wariatbie fap

Vaoum signal hase for feft variable flap diaofiragm wni
Diaphragm actuator unit far right varialite lap

Vacuim signal hose far right warabie fap diaphragm it
Digohragm aciuator uit for fumbie fian

Vacwum slgnal hase for lumbis fap diaphagm wt

e -
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Torque specifications Ft-Ibs funless olherwise indicated)

= Note: One foot-pound (fi-1b) of torque Is equivalent fo 12 inch-pounds {in-1bs) of torque. Torque values below approximately 15 fi-lbs
are expressed In inch-pounds, since most foot-pound lorgue wrenches are not accurate ai these smaller values.

Secondary air injection system check valve

{2002 four-cylinder models) 25 34
Exhaust Valva Recirculation (EGR} valve
EGH valve mounting bolts 180 In-lbs 20
EGR valve tube nul a0 40
EGA tube-fo-infake manifold flange bolts B4 in-Ibs g
Knock sensor mounting bolt 180 in-lbs 20
Oxygen sensors
W& models
2001 through 2005 . 33 45
2006 and later 37 50

Four-cylinder modals 37 a0
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7TA-2 MANUAL TRANSMISSION

1 General information

The Type 716 transmission is a fully-synchronized, six-speed
manual lransmission with an overdrive shdh gear,

All madel years have an optlonat Sequentronic six-speed manual
transmission that has an electrohydraullc-operated clutch and shifting
gystem, The resultis 8 transmission that is conventional in its pears
and intermal compenents, but which s operated without a clutch pecal,
the cluteh 18 operated instead in response to commands from the shifter
through the TCU, g0 In-shifting 11 operates more like an automatic
fransmission, The manulacturer calls it an “aulomated manual ransmis-
slon." Some maodels with Seguentranic transmission have a floor shi,
while ancther oplion is shift bultors on the steering wheet that allow
the driver w upshift or gownshift withoul laking his/her hands from fhe

stearing whesl,

Infermation on (ke manual transmission is included in this Part of
Chaptar 7. Infarmalion on the autormatic ransmissions can be found in
Part B of this Chapter, You'll alse lind cerfain procedures comman o
hath fransmissions - such as ol seal replacemeant - In Part B,

Depending on the expenss involved [n having a fransmission over-
hauled, It might be a better idea Lo consider eplacing it with either 3
used or ol unil, Your local dealer ar ransmission shop should be
able o supply information corcerning cost, availability and exchange
polizy. Regardless of how you decide fo remedy a fransmission prob
lerm, you can still save a lot of money by removing and installing the
unit yourself.

2 Shift lever - removal and installation

1 Position the shift levar into Meutral, Refer to Chapter 11 for
removal of the trim panel surraunding the shifter upper hoot. The boot
around thie shitfer will rémain attached (o the shifier and the (rim cover
Helzase the two clips undernezth the console rim panel (o separate the
boat fram the caver,

2 Toremove the shilt knot, twen the boot Irside-aul and pull i
Lipward over the shift knob, Berieath the baot, twist the clamp on the

3 Manual transmission - removal and installation

REMOVAL

1 Disconrect the cable from the nagative battery terminal (see

Chapter 5, Section 1),

Place the transmission in NEUTRAL,

Raiza [ha vehlcle and support f seourely on jackstands.
Remave the shifter (see Section 2,

Remavi the driveshalt (see Chapter B),

Diseonnect the clutch hydraulic line (see Chapter 8, Section &)
Ramave the air intake/engine cover {see Chapter 4}, and (he
erpging underside splash panels (see Chapter 1),

8 Fsmove the exhaust system (see Chapter 4),

9 Remaove the siarter motor (gee Chapter 5),

10 On models through 2005, disconnect the electrical connactor at
the backup-light switch,

11 On models with Sequentronic fransmission, remove the iwo bolis
securing the connector cover; then discannect the two large electical
connectors of the right side of the ransmission.

12 In the englne compartment, remove the balls scuring e refrig-
erant ine o the top of the fansmissian,

e B0 =R B O

shifter counterclockwise to loosen i, then remave the knob and boat.

3 Push down an the spring-loaced washar on the shift lever anc
extract the refaining pin

4 Pull up the rubber cup and the shifl lever together and remove
{harm 1rom the vehicle

5 Installation is the reversa of Ihe removal procedun,

et WARNING:

Do nof disconnect the refrigerant ling.

13 Suppart the engine frem below with a lloor jack, Put a block of
wood between the jack head and the angine cil pan fo protect the pan

14 Support the transmission with a fransmission jack (available al
most auto parls stores and at equipment rental yards) or with a large,
hieavy duty floor jack, Safety chains should be used fo secure e frans-
misaion to the jack,

|5 Raise the transmission slightly to take the weight olf the
Clossmernber, f

16 Remnove the transmisslon crossmember-to-body bolis (see Cnap-
ter 7B, Section ),

I7 Remave the transmission mount-te-transmission bolls and the
pround strap, then remaove the crossmember

18 Remave the ergine-to-lransmissicn and transmission-1o-enging
balts, Lowsring fhe jack will make access 1o the upper lransmission
bolts easier

19 Makea a final check [kal all wires have been disconneched from



the transmission, then move the transmission and fack toward the rear
of the vehicla untl! the transmission Tnpul shatlt Is clear of the clutch or
clutch housing. If the transmission Inpul shaft i= difficult to disengags
fram the clutch hub, use 2 prebar to separate the transmission from Lhe
engine. Keap the iransmission level as you pull it to the rear.

20 Once the input shalt is clear, lower the transmission and remove
it from under the vehizle,

= o EﬂUTIﬂN:

Do not depress the clulch pedal while the fransmission is out of
the vehicle.

MANUAL TRANSMISSION  7A-3

thie transmission - if the input shaft won't slide into place, readjust the
angie of the transmission ar turn the input shaft so the splines engage
proparly with the elutch

#4 Onee the transmission (s flush with the engine, install the trans-
mission-to-engine bolts. Tighten the bolks to the torque Nisted In this
Chapter's Specilications.

ek CAUTION:

Don't use the bolts to force the fransmission and engine
together. If the iransmission doesn'l slide up to the engine eas-
Ily, find oul what's wrong before proceeding.

21 Inspect tha clutch EanpuneMs. Generally speaking, new clutch
companents should always be instalted whenewver the transmission is
removed {sea Chapter 8],

INSTALLATION

22 |nstall the clutch components, if they were remaoved (see Chapter
&), Apply a thin film of high-temperalure grease 1o the splings of the
lransmission Input shaft and ta the inner surface of the pilot bearing.

23 With the transmission secured to the jack, raise It inta position
behind the englne and caretully slide It forward, engaging the input
shatt with the cluich plate hub. Do not use excessive force to install

25 Install the transmission mount and crossmamber, Tighten all nuks
and bolts to the torque listed In this Chapter's Specifications,

26 Remove the [acks supporting the transmission and the engine,

27 Install the various components removed previously. Te connect
the clutch hydraulic line and bleed the cluteh hydraulic system, refer o
Chapter B,

28 Make a final check to verify all wires and hoses have been recon-
nected and the ransmission has been filled with luGricant to the propér
level (see Chapter 1), Lower the vehiche.

29 Reconnect the shifl linkage.

40 Connect the negative battery cable, Road test the vehicle and
check for leaks, Make sure the shifter operates smaoothly in all gears

4 Manual transmission overhaul - general information

Overnauling a manual transmission s a difficull jeb for the do-
it-yoursalier It involves the disassembly and reassembly of many
sriall parts. Numerous clearances must be precisely measured and, il
necessary, changed with select [t spacers and snap-rings. As a result,
if ransmission problems arise, it can be removed and installed by a
competent do-it-yourselfer, bit overhaul should be left to @ transmis-
slon repalr shop, Rebulll transmissions may be avallable - check with
your dealer parts depariment and auto parts stores. Al any rate, the time
and money Invalved In an overhaul |5 almost sure to excesd the cost of
a rebill unit

Mevertheless, (1% nol impossible far an ingxperienced mechanic 10
rebuild & transmissicn if the special lools are available and the job is
done in a deliberate step-by-step manner so nothing is overlooked,

The taols necessary for an averfiaul include Internal and external
snap-ring pliers, a bearing puller, & slide hammer, & set af pin punches,
a dial indicator and possibly a hydraulic press. In addition, a largs
sturdy workbench and a vise or transmission stand will be required.

During disassembly of the transmission, make careful notes af how
gach piece comes off, where It fits in relaticn to other pieces and wha
holds it in place,

Before taking the transmission apart for repar, if will help if you
hiave some |dea what area of the fransmission 1s mallunctioning. Cer-
tain problems can be closely tied to specific areas in the fransmission,
which can make component examination and replacement easier. Refer
to the Troublesfooting Section at the frant of this manual for informa-
tion regarding possible sources of trouble.
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Torque specilications

Ft-Ibs [unless otherwise (ndicated)

= HNote: One foot-pound (ft-1b) of torque is equivalent to 12 inch-pounds (in-ibs) of torque. Torque values below approximaiely 15 f-lbs
are expressed in inch-pounds, since most lool-pound torque wrenches are not accurate at these smaller valuas.

Hackup light switch (modsls through 2008) B4 in-lbs 10
Drain piug 22 0
Driveshatt joint flange nut

Step 1 148 200

Step 2 Loasen

Step 3 118 160
Filler plug 26 35
Shifi housing cross-brace-to-floor bolts 17 P
Shifi cable housing-lo-floor balts 53 in-Ibs 6
Shift unit-to-transmission . 1 In-lbs B
Transmission crossmemberto-chassis bolts 32 to 40 43 to 55
Iransmission-te-enging bolts 30 i
Transmissicn mount-to-crossmember balts &2 an
fransmissicn mount-to-transmission balts a7 &0
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1 General information

The vehicltes covered in this manual are equippad with a five-speed
(Mode! 722) or sever-speed (Model 722.9, 2006 and later madels only)
automatic transmisslon. All iransmissions are equipped with a Torque
Converter Clulch system that increases fuel economy, The TGO engages
in Drive and Cverdrive modas. The TGO system consists of a solenoid,
controlled by the Powertrain Control Madule {PCM), which locks the
torgue comverter when the vehicle 15 crulsing on level ground and the
gnging s ully warmed up.

All automatic transmissions covered in this Chapter are equipped
with transmission oll coolers which are part of the radiator,

All vehicles with an automalic fransmission are equipped with &
Brake Transmission Shift Interlock (BTSI) system that locks the shif
lear in the PARK position and prevants the driver from shifting out of
PARK unless the brake pedal is depressed. The BTSI system also pre-

venks the ignition key from being twmed to the LOCK or ACCESSDRY
posilion unless the shill lever is in the PARK position.

Due o the complexity of the autormatic transmissions covered in this
manual and the need for speciallzed squipment to perform most service
operations, this Chapter Is limited to general diagresis, routine mainte-
narice, adjustrments and removal and installation procedures,

If the transmissian requires major repair work, leave It o a dealer
service department or a ransmission repalr shop, However, aven if
a transmission shop does the repairs, you can sava some money by
remaving and installing the fransmission yoursel!. Keep in mind that a
faulty tran=mission should nol be removed before the vahicle has been
fiagnosed by a knowledgeable echnician equipped with the proper
tools, as troubleshooting mus! be performed with the transmission
installed in the vehicle

2 Diagnosis - general

»=Note; Automatic transmission malfunctions may be caused

by five general condifions: poor engine performance, incorrec
adjustments, hydraulic malfunctions, mechanical malfunctions
or maltunclions in the computer or is signal network, Diagnosis
of these problems should always begin with a check of the eas-
ily repaired items: fluid level and condition (see Chapter 1) and
shift cable adjustment. Next, perform a road test to determine il
{he problem has been corrected or if more diagnosis is neces-
sary. Il the problem persists afer the preliminary tests and cor-
reclions are completed, additional diagnosis should be done by
a dealer service department or fransmission repair shop. Refer
to the Troubleshooting section at the front of this manual for
information on symptoms of transmission problems.

PRELIMINARY CHECKS

1 Drive the vehicle to warm up the transmission to its normal oper-
afing temperature,
2 Check the fluid level as described in Chapter 1.

al M tha fuid fevel s unusaanly fow, add emough fuid to bring the
fevel fo the corect mark (See Chapter 1, then check for axternal
feaks - see below), The manufaclurer stales that routing chacks of
Ihe dutcnalic iransimission Muid ara not necessary, he procedire
in Chaptar 1 should only. be usad when refifling the fransmission
after e Huid has bean drafned, unless an obiious feak has been
detected. Low fuid level can dead fo slipping or foss of drive,
whila overfiiling can cause foaming and lass of fuid,
= Nate: To chack the Huid level you'll have to obtain a dipstick
(parl number 9336}, through a dealer parts depariment {unlike
most vehicles, a dipstick is not present in the fransmission filler
tube). A scan tool capable of reading the temperature of the
automatic transmission Nluld will also be required.
by 1 e fiuld laval is abnarmally Bigh, if might have been averfilled,
Drain off the excess,
) I ife fufd (s foaming, drain ff and refill fhe fransmission, then
elwek for coolant in the uid that was drained, If coolant /s prag-
et -the fransmission tuid cogler in the radiator is Gty

3 Check the engine idle speed.

== Note: If the engine is malfunciioning, do nol proceed with the
preliminary checks uniil it has been repaired and runs normally.

4 Inspact the shift rod {see Sectlon 3). Make sure ifs properly
adjusted and that if operates smaathly.

FLUID LEAK DIAGNOSIS

5 Mostfluid leaks are usually easy to locate because they leave a
visible stain and/or wet spot. Most repalirs are simply @ matter of reptac-
Ing & seal or gasket. |1 A leak 15 more difficult to find, the fallowing
procedure will help.

6 Identify the fluld, Make sure that it's transmission fluid, not
enging oll or brake Nold. One way 1o positively identity Automatio Trans-
mission Fluid (ATF) Is by its red color,

7 Try topinpoint the source of the laak. Drive the vehicls several
miles, then park it over a large sheet of cardboard, After & minute or
two, you should be able to locate the leak by damrmining the source of
the Muld dripping onto the cardboard

8 Make a careful visual inspection of the suspected componant and
the area immediately azound 11, Pay particular attention 10 gasket mating
suirfaces, A flashlight and mirrar are ofien helptul for finding leaks in
areas that are hard to gee,

9 [t you still can't find the leak, thoroughly clean the suspected area
with a degreaser or solvenl, then dry it off. P

10 Drive the vehicle for several miles at normal operating fempera-
ture and varying speeds. After driving the vehicle, visually Inspect the
suspectad componen! again

11 Dnce yvou have (ocated the leak, you must determing the sourcs
before vou can repair it properly, For example, if yvou replace a pan 0as-
kit but the sealing fiange is warped or benl, the new gaskel won'l slop
Ihe leak, The llange must first be straightened,

|2 Betora attempling to repalr a leak, verify that the (ellowing condi-
tions are comrected or they might cause anather leak
e=Nole: Some of the following conditions canno be fixed with-
oul highly specialized tools and experlise. Such problems must
be refarred 1o a transmission repair shop or a dealer service
department.



Gasket leaks

13 Inspect the pan pericdically, Make sure that the bolts are tight,
bt e Bglts are missing, hat the gasket is in good condition and that
the par is flal (dents In the pan might Indicate damage to the valve body
insice).

|4 1f the pan gasket is leaking, the Tuid fevel or the fluld pressure
might b toa figh, the vent might be plugged, the pan bolts might ba
tog tight, the pan sealing flange might be warped, the sealing surface of
the transmission housing might be damaged, the gasket might be dam-
aged or the transmission casting might be cracked or porous, If sealan
instead of gaske! material has been used to form 4 sasl between the pan
and tha transmission housing, it may be the wrang type sealant,

Seal leaks

15 |i a ransmission seal is leaking, the fluid level or pressure might
be too High, the vent might be plugged, the seal bore might be dam-
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aged. the seal itsell might be damaged or incorrectly installed, the
surface of the shaft pratruding through the seal might be damaged or a
luose bearing might be causing excessive shaft movernenl,

16 Make sure that the dipstick tube seal is in good condition and
that the fube is correctly seated,

Case leaks

17 If the case itselt appears to be leaking, the casting 15 poraus. A
pofous casting must be repalred or replaced,

18 Make sure fnat the ol cooler hose littings are tight and in good
conditian,

Fluid comes out vent pipe or fill tube

19 11 this condition occurs, the transmission Is overilled, there |s
coalant in the luid, the case is parous, the dipstick is incorrect, the vent
is plugged ar the drain-back holes are plugoed

3 Shift rod - check, adjustment and replacement

The models coverad by this manual are equipped wilh a Supple-
mental Restraint Sysiem (SAS), mara commonly known as
airbags. Always disable the airbag system before working in the
vicinily of any airbag system component 1o avoid the possibility
ol accidental deployment of the airbag(s), which could cause
parsanal injury (see Chapler 12). Do not use a memory saving
device to preserve the PCM or radio memory when warking on
or near airbag system components.

CHECK

| Firmly apply the parking brake and try to mamentarily operate the
starter in each shift lever pasition. The starler should anly operale when
thiee shifl lever is in the PARK or NEUTRAL positions. If the startar oper
ates in any position other than PARK or NEUTRAL, adjust the shitt rod
{see below). Il after adjustment, the starter still operates in positions
alher than PARK nr MEUTRAL, the Transmission Range (TH) sensor may
be defactive (== Chapter &)

ADJUSTMENT

¢ Reter to illustration 3.4

2 Raise the vehicle and support it securely on jackstanis,
= MNote: The vehicle must remain level during the shilt rod
adjustment.

9 Mave an assistant in the vehicle hold the shift lever in Drive dur-
ing the adjustment procadurs

4 From below, loosen the balt at the shifter-end of the shift rod (see
[ istration).

5 While pushing up against the bell, tighten it, Do not twist the rod
ar 1he rod halder

6 Lower the vehicle

7 It the linkage appears 1o be adjusted corractly, but the starfer
still operates in-any other position(s) besides PARK and NEUTRAL. the
Teanismission Range (TR) sensor might be faulty (see Chapter &)

3.4 Shifl rod-to-shitter details: (A) is the retaining clip, (B) is
the adjustment lock bolt
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REPLACEMENT

¥ Aefer to Illustration 3.10

8 Place the shilt lever in the PARK position,

9 Haise the vehicle and support it securely on jackstands,

10 Working under the vehicle, use nesdle-nose pliers fo remove the
clip securing the shift rod to the arm on the transmission (see illustra-
tion)

11 At the fioor shift end of the rod, loosen the adjustment balt {see
[ustration 3.4) and slide the shilt rod out of its bracket at the bottom ol
{he shift arm.

12 Installation is the reverse of removal, When you're done, adjusl
the rod {=ee Steps 2 through 6).

3.10 Lift this 1ab 1o release the clip and separaie the shilt
rod from the arm on the transmission

4 Brake Transmission Shift Interlock (BTSI) system

The models covered by this manual are equipped with a Supple-
mental Restraint System (SRS), more commonly known as
airbags. Always disable the airbag system before working in the
vicinity of any airbag system component to avold the possibility
of accidental deploymaent of the alrbag(s), which could cause
personal injury {see Chapter 12). Do not use a memory saving
device to preserve the PCM or radioc memory whan working on
or near airbag system componenis.

=~ MNaote: The shifl lever and BTS! solenold is one complete
assemhbly. In the event of failure, replace the shift lever assem-
bly as a complefe unit. Check with a dealer parls depariment or
other qualified automotive parts distributor,

DESCRIPTION

1 The Brake Transmission Shift Interlock (BTSI) system is designed
ta prevent the vehicle frem being started unless the fransmission is in
Park and the brake pedal s depressed. When the system is functioning
correctly, the only way to unlock the shift lever and move it out of PARK
is to depress the brake pedal. The BTSI system also prevents the igni-
tion key from being twrned to the LOCK or ACCESSORY position unless
thie shift lever Is fully locked into the PARK position,

CHECK

2 Verify that the ignition key can be removed only in the PARK
pagitian.

3 When the shift lever 15 in the PARK position, you should be abla
Loy rotate the ignition key from OFF to LOCK. Bul when the shift lever is
in-any gear position other than PARK (including NEUTRAL), you should
not be able to rotate the ignition key to the LOCK position

4 You should not be able o move the shill lever oot of the PARK
position when the ignition key is turned to the OFF position,

5 You should nof be able to move the shifl lever out of the PARK
position when the ignition key is turned to the RUM or START position
until you depress the brake pedal,

6 You should not be able to move the shift lever out of the PARK
position whan the ignition key is fwrned to the ACC or LOCK position
(brake pedal NOT depressad)

7 Once in gear, with the ignition key in the RUN position, you
should be able to move the shift lever between gears, or put it into
MEUTRAL or PARK, without depressing the brake pedal,

8 Ifthe BTSI system doasn'l operate as described, try adjusting it
(see Steps 9 lhrough 17),

BTSI SYSTEM ADJUSTMENT

# Refer to illusiration 4.15

9 On most models, there are wo cables attached [o a bracket on
the brake pedal. One cable connects to the ignition/steering column
lock, and the other cable 15 routed to the transmission, When they are
adjusted proparly, the cables prevent thi key from tuming unless the
brake pedal Is depressed,

10 Move the shift lever to the Park position

11 A spring 5 connected to either side of the bracket on the brake
pedal, and Bach cable end is equipped with a pushbution ock, Adjust
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4.15 To disconnecl the BTS| cable at the shifter, depress the
tab {A) then twist the cable {B) counterclockwise

the cable to the steerng column by applying some prelead pressure by
hand an the spring, then with the key in the Cff position, push In and
release the button on the adjuster located af the cable housing end near
the pedal bracket

12 Parform he same procedure on the spring and adjuster on the
cable that |eads (o the transmission, The adjuster button is close to the
ase of the transmissian

13 On some modals with ESM (Elecironic Shift Module), there i
only ong BTS| cable, connecied at the shiffer housing and the ignition
switch,

14 {In ESM models, there is no mechanical adjustment of the cable,
but its performance can be checked with a scan toal if you suspect a
problem.

15 To replace the cable on ESM models, disconnect the cabie at the
shifter by depressing the tab and twisting the cable end & quarter-iuen
counterclockwise (see llustration),

16 The other end of the catle s secured (o the back of the ignition
switich (see Chapler 12). Unscrew the retaining ring and pull the cable aff,

4.19 To override the BTSI system, puil the cupholder out and
depress the bution with a screwdriver

17 Installation is the revarse of the remaval procedure. Check with a
soan tool to ensure that no trouble codss exist.

SHIFT LOCK OVERRIDE FEATURE

Refer to illusiration 4.19

18 Inthe event the Brake Transmissicn Shilt Interlock (BTSI) system
fails and the shift lever cannol be moved aut of gear, the systam |5
equipped with an override fealure

19 Pull up the cupholder al the center of the consale, Just rearward
of fhe shifter. Depress the brake pedal (and keep it depressed) and start
the engina (or, if you just want to shift out of PARK without starting the
enging, turn the ignition key 1 the ACC position). Locate the bulton at
the front of the cupholder cavity and depress il with a screwdrivir, fhen
mave the shifter out of tha PARK position (see illustration).

20 Repair the BTSI system {or have it repaired) as soon as possible,

5 Extension housing oil seal - replacement

¥ Refer o illustrations 5.4a and 5.4b

| 0l leaks frequently oocur due to wear of the axlension housing
oil seal. Replacement of this seal is relatively easy, since the repair can
be performied without removing the transmission fram the wehicle,

2 | you suspect & leak af the extension housing seal, ralse the

vehicle and support It securely on jackstands. The exlension housing
seal |5 located at the rear end of the transmission, whera the drivashall
is attached. If the exdension housing seal is l2aking, tranamission lubri-
canl will be svident on the frant of the driveshaft and may be dripping
fram the rear af ine transmissicn,

3 Remove the driveshaft (see Chapter B),
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§.4a Relieve the iwo siaked areas (A) of the driveshaft
flange retaining nut before altempting o remove the nut - (B)
Iz the oil seal in the housing

4 Position the shift lever inta PARK, 1f nat already done. Befase
attempting (o remove the large nul securing the driveshalt flange fo the
fransmission shall, use a small drift and hammer to undo fhe twe staked
areas of the nut Inthe depressions (see lllusirations),
~Note: If you can't da this with a punch, use a small die
grinder. Use a two-jaw puller o remove the driveshalt flange
from the output shafl.

5 Using a screwdriver, prybar or seal removal tool, carefully pry oul
the extension housing seal, Do not damage the splines on the ransmis-

6 Transmission mount - check and replacement

CHECK

¥ Refer to illustration 6.2

1 Haise the vehicle and support it securely on jackstands,

2 Inserta large screwdriver o prybar inte the space batween the
transmission extension housing and the crossmember and try to pry the
transmission up slightly {see illustration),

3 The transmission should nat move much &l all and the rubber
in the.center of the mount sheuld Tully insulats the centar of the maunt
from the mount bracket around it,

REPLACEMENT

¢ Refer to illustrations 6.4a and 6.4b

4 Support the transmissian with a Jack, remove the bolts attaching
the mount to the crossmember and the bolts attaching the maunt o the
fransmission (see |lustrations).

& Raise the lransmission slightly with the jack and remove the
MLt

B Installation is the reverse of the removal procedure, Be sure to
tHghtan all fasteness to the Specifications listed in this Chapter,

5.4b Use a long prybar for leverage when removing the
retaining nut; it's on very tight

slon putput shaf

B Llsing a seal driver or a large deep scckel with an outside diam-
etar the same as thal of the seal, install the new extension housing seal
Ciriver it into the bore squaraely 2nd make-sure it's completely seated

T Ingtall the cutput shaft flange and nut and tighten it 10 the torgue
listed in this Chapter's Specifications,

B Lsea punch to stake the flange nut to the output shaft te preven
rotation.

G Install the drivashaft (see Chapter 8)

6.2 To check the transmission mounl, insert a large
screwdriver between the extension housing and the
crossmember and Iry to lever the transmission up
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6.4a Transmission mount-to-transmission bolts

The models covered by this manual are aquipped with a Supple-
mental Restraint Syslem (SRS), more commonly known as
airbags. Always disable the airhag system before warking In the
vicinity of any airbag system componeni fo avoid the possibility
of accidental deployment of the airbag(s), which could cause
personal injury {see Chapter 12). Do nol use a memory saving
device to preserve the PCM or radio memory when working on
or near airbag system components.

#et: CAUTION:

The TCM Is an Electro-Stalic Discharge (ESD) sensitive elec-
tronic device, meaning a stalic electricity discharge from your
body could possibly damage electrical components. Be sure to
praperly ground yourself and the TCM belore handling i1, Avold
louching the electrical lerminals of the TCM.

B8 Automatic transmission - removal and installation

7 Transmission Control Module (TCM) - general information

6.4b Location of the crossmember-to-mount bolts (A) and
the crossmember-to-frame mounting bolis (B)

=Note: Do not interchange TCMs from different year vehicles.
Whenever the TCM is replaced with a new unit, it must be pro-
grammed with a scan fool by a dealership service department or
other qualitied repair shop. This may require having the vehicle
towed to the lacility thal will perform this procedure.

The transmission control module on hese madels is ingorporated in
the valve body of the transmission. Due 1o the complicated and fabar-
intensive work requlred to service the module, it Is sugoestad that the
procedure be done at a dealership service depariment, If you are having
trouble with the automatic transmission and yau know the Huld level is
corect, have a dealership or other epair shop check your vehichs with a
sean tool fer Diagnestle Troudle Codes retating to the transmisslon

# Refer to illustrations 8.3, 8.8, 8.9, 8.13, 8.17, 8.21a
and 8.21h

#ei: CAUTION:

The transmission and lorque converter must be removed as

a single assembly. 1l you iry to leave the torque converter
attached to the driveplate, the converter driveplate, pump bush-
ing and oil ssal will be damaged. The driveplate is not designed
to support the load, so none of the weight of the transmission
should be allowed fo rest on the driveplate during removal,

1 Digconnact the cable from the negative tarminal of the battery
(382 Chapter 5, Section 1).

2 Faise the vehicle and support it securely on jackstands,

3 Aemovathe rearmost engine splash shield (see illustration).

4 RAemove the driveshai {see Chapter 8),

5 Remove the starter (see Chapter &),

6 Disconnect the cxygen senstr connactars, unbolt the exhaus!
system fasteners and the exhaust brace at the transmission, then
remove the exhaust sysiem (see Chapler 4),

7 Drain the transmission fluld, then reinstall the Tluid pan {ses
Chapter 1)
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8.3 Front (A) and rear {B) engine
splash shields

I_].E Aemove the torque converlar
cover from the transmission

8.9 Turn the lock ring and disconnect
the electrical connector from the
Iransmission

8.13 Remove the driveplate-to-torque convertar bolts

8 Remove the torque converter access cover (see llustration).

8 Diseonnect the electrizal harnass plug on the transmission (see
illustration).

10 Remove the air filter/fair intake and the MAFJAT sensor housing
{5ee Chapler 4),

11 Remove the transmission heat shigld, Ifequipped,

12 Mark the refationship of the torgue converter to the driveplate Lo
ansure that thelr dyramic balance 15 maintained when the convarter |s
reattached to the driveplate

13 Remove the driveplate-to-tarque canverter bolts (see lllusiration),
Tum the crankshaft clockwise for actess to each bolt, using a socksl
and breaker ber placed on the crankshatt pulley bolt,

14 Disconnect the shift rod from the transmission (see Section 3),

1% Support the transmission with & transmission jack (availabls al
most equipment rental facilities) and secura the fransmiszion to the jack
wilh safety chains,

16 Unkolt and remove the transmission crossmember {sae illustra-
tiar 6,48

8.17 Remove the banjo bolls (A) and separate the
transmission fluid cooler lines frem the transmission. Also
ramove the mounting clamp (B)

17 Clean the area around the transmission fuld line banjo bolis,
then disconnect the transmission cooler lines from the transmission
(see Wlustration). Plug the ends of the lines to prevant fluid fram leaking
cut after you disconnect them,

18 Unbolt the transmission fuid fill pipa rrn'rl the-engine ol par and
pull the pipe trom the trarsmission,

19 Lower the fack supporting the transmission and &llow it gnd the
engine o angle dnwn a5 far as possible (1 you're using a trar smission
Jack, you'll have fo readjust fhe anale of the fack haad)

20 Support he engine with & fack. Use a block ol woad under the oil
pan to spread the load.

21 Remiove the biolts securing Lhe transmission 1o the engine (sea
ustratians), A long extension and a U-joint socket will greatly simplity
this step

22 Move the trznsmission to the rear fo disengage 1t fram the ergine
Black dowel pins. Make sure the forque converter is detached from the
driveplate and stays with the transmisslon, Lower the transmissicn with
the jack,
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8.21a Transmission-to-engine holts seen from the
right side . . .

INSTALLATION

23 Instaliation is the reverse of the removal procedurs, neting the
foliewing poinis:

al Pricr lo insialiation, make sure the lorgue converter s sacurely
angaged in the pump, If you've removed the converter, spréad
fransmission fiwid an the torque convertar ar fub, where (g
frarsimission frond seal rides. With the frant of the lansmission
facing up, rotate the converler back and forth, It showld drop dows
intn the transmisston front pumg in stages. To make sura the con
vartar s fully engaged, fay & siaiphtedge across ihe tansmission-
to-griging mating surface and make sure ihe comarter lugs are al
Jgast A-tnch belaw e shaghiecde.

bl Whan mating ihe fansmission to e ancine, B e fngus con-
verter lo ling Yo the marks on the torque converter and driveplate
mads during removal

gl Move the transmission forward carefully urfil e dowel ping and
the Iransmission ars angaged. Make sura iha lransmission males
witly fhi gnging with no gag. I iheres 2 gap. make Sure there are

8.21b . .. and the left side

no wires or other abiects pinched between (he eaging and Hans-
mission and alse make sure e forgue convenar js aomplataly
gngaged I the transmussion frant pump, Try to rotate the con-
vartar - If if dossnt rotate gasily, 15 probably not fully engagad
it tfie g, If necesaary, fower the transmission and install the
covarar iy
fnstall the transeission-fa-gngine bolls and tightan them lo the
forgue fisted in fhis Chapters Specificalions. As you e ightan-
ing the baits, mare sure thal the englne and fransmission male
complataly at all points. If nat, find cut why. Never by fo force ihe
angine and transmissian together with the balts or you'l break fhe
fransmission case!

gl install the driveplate-to-largue converdar bolts, Tiofiten (ham o

the tarque listed in this Chaptars Specifications

m=Note: Install all of the bolts before tighlening any of them.

fi - The remainder of instaliation js the reverse of removal,
al Whan vou're done, refil the fransimission with the specified fuid
{sae Chapter 1), run the anging and check for fiuid feaks.

d}

9 Aulomatic transmission overhaul - general information

In the evert of & tault cocurring, (wil be necessary (o establish
whether the faull is electrical, mechanical or fnedraulic in nature, betarg
repair work can be contemplated. Diagnosis requires detailed knowl-
adge of the transmission's operation and construction, as well as access
{0 specializad test equipment, and 5o Is deemed to be beyond the scape
of this manual, I is therefore essential that problems with the automatic

transmission ace referred 1o A dealar service department of ptner quail-
fied repair facility for assessment

Wote that a faulty fransmission should nol be removed belore the
vehicie nas heen assessed by a knowledneable technician egulpped
with the proper tools, as iroubleshoating must be performed with the
transmission installed in the vahicle,
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General
Transmission fluid type Sae Chapter 1

Torgue specifications Fi-Ibs (unless otherwise indicated)

= Note: One fooi-pound (H-1b) of torque is equivalent 1o 12 inch-pounds {in-lbs) of torque. Torgue values below approximately 15 fi-1bs
are expressed in Inch-pounds, since most foot-pound forque wrenches are not accurate ai these smaller values.

Gutput shatt Hlange nul 148 200
Driveplate-to-torque converter bolts 3 42
Shift rod adjuster boll 106 in-Iks 12
Transmission Muld cocler lines-to-transmission banjo bolts
Slep 1 44 in-Ibs ]
Step 2 Tightern an additional 90-degrees
Transmission mount-to-transmission balls
2005 and earlier models 22 30
2006 and laler modals a0 40
Transmission crossmember-to-mount bolts
2005 and earlter models 17 23
2006 and latar models 21 28
Transmission-to-engine block bolts 2 ad
Transmission-to-engine oil pan bolts
VB models 28 K]
Faur-cylinder models
ME bofts 80 in-Ibs g
ME bolts 177 in-Ibs 20
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8-2 CLUTCH AND DRIVELINE

1 Clutch - description and check

I Al vehicles with a manual transmisslon use a single dry plate,
diaphragm spring tvpe clutch, The clutch disc has a splined hub which
allows it to slide alang the splines of the transmission input shatt, The
clutch and pressure plate are held In contact by spring pressure exerted
by the diaphragm in the pressure plate.

2 The clutch release system is operated by hydraulic pressure, The
hydraulic release system consists of the clulch pedal, & master oylinder
and fluld reservoir, the hydradlic line, a release (or slave) cylinder which
actuates the clutch release {or throwout) bearing,

3 When pressure Is applied to the ciuteh pedal to release the clutch,
a pushrod pushes against brake fluld inside the master cylinder, apply-
Ing hydrautic pressure to the ralease cylinder, which pushes the release
bisaring against the diaphragm fingers of the clutch pfF'S".IJrE plate
which in turn releases the clufch plata,

4 Termirclogy can ba a prablem when discussing the clutch com-
PORENTS DECALUSE COMMON names are in some cases different from those
used by the manufacturer. For axample, the delven plale s also called
the cluteh piate or disc, the cluleh release bearing is sometimes called a
thrawout bearing, the release cylinder is sometimes called the operating

2  Clutch hydraulic system - bleeding

1 Bleed the hydiaulic system whenever any part of (he syslem
has bean remaved or the fluid level has fallen so low that air has been
drawn into the master cylinder. The bleeding procedurs |5 very similar
1o bleeding a brake systam,

2 Fill the brake master cylinder reservolr with new trake fluid of the
praper type {see Chapter 1),

t:t CAUTION:

Do not re-use any of the fluid coming from the system during the
bleeding operation or use Nuid which has been inside an open
container lor an extended period of fime.

3 Working af the transimissian, remave the cap from the bleeder
valvi and attach a langth of clear hose ta the valve. Place the other end

o slave cylinder,
5 Other than to replace companents wilh obvious damage, some
prefiminary checks should be pedormed fo diagnesa clutch problems
al The first check should be of the Muid level in the brake fuid res-
arvair if the flule level is axcessively fow, add uid as necassary
and inspect ihe tydraillc system for feaks {fuid vl wil actuslly
risa as the cluich wears),
B To check elufch sofn-dawn Wime, fun ihe engine at narmal
ifhe spegd with the transmission in Neuial (chleh pedal up
- engaged), Disengage e cluloh (padal down), wait several sac-
ods and shilf ihe transmission into Reverse, No grinding noise
shauld be fieard. A grinding nolsa would most iikely indicals 2
probiem i the pressure plale or e chitah diso
¢! Tocheck for complete clulch release, run iha gnging (with the
parking brane apolied to prevent movement) and hold the eluteh
penal apgromimalely 142-inch from the foor Shift the fransmis-
sion between First gear and Reverse several fimes. i the stilt is
hard ar tha fransmission grinds, companant failure 8 indicated

of the hoss inte a container partially filled with clean prake fluid

4 Have an assistant depress the cluteh pedal and hold It Open the
bleeder valve o the hydraulic ling, allewing fluid and any air to sscape.
Closs the bleeder valve when the flow of fluld (and bubbles) ceasas,
Once closed, have your assistant release the pedal

5 Continue this process untll all air is evacuated from the system,
Indicated by a solid stream of fluld being ejected from the bleader valve
gach tima with no air bubbles. Keep a close watch an thie fuid level
irtsitie the brake master cylindar reservair - If the level diops teo far air
will et into the system and you'll have to start all over again,
= Note: Wash the area with water to remove any spilled
hrake fuid.

6 Chick the brake fluld level again, and add some, if necessary, to
biring it to the apgropriate level, Check caretully for proper operaticn
betore placing the wehlzle into nommal service,

3 Clutch master cylinder - removal and installation

REMOVAL

1 Disconriect the cable from the negative terminal of the battery
(sea Chapter 5, Section 1),

¢ Remowe the driver's side knee bolster (ses Chapter 1)

3 Unplug the electrical connector from the brake lighl switch

4 Remove the clip that attaches the clutch fiuld hydraulic line to the
eluleh master eylinder. Have rags handy, as some fluid will be lost as
the ling s removed. Also have a plug ready and immediately plug the
ling: to pravent leakage.

9 Remecve (he nuts attaching the pedal assembly to the firewail,
then remave the pedal assembly. Pull cut the hydraulic line from the

sluteh mastar cylinder, then plug the line to prevent leakage.

6 HAemove the clip securing the clutch pedal pivol pin, Pull aut the
pin,

7 Remeve the ping securing the clutch master cylinder 1o the pedal
assembly, Remave the master cylinder lrom the peral assembly.

INSTALLATION

8 Installation |= the reverse of removal, Il the fluld level is sxtramely
law, ill the brake master cylinder raservalr with the fluid recommende
In the Chapter 1 Specifications Section. Don't add too much, though,
because the Nuid level actually rises as the clutch components wear,
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4 Clutch components - removal, inspection and installation

st WARNING:

Dust produced by clutch wear and deposited on clutch com-
ponents is hazardous 1o your health. DO NOT blow it out with
compressed air and DD NOT inhale it, DO NOT use gasoline or
petroleum-based solvenis to remove he dust. Brake system
cleaner should be used 1o fiush the dusi into a drain pan. Afler
the clulch components are wiped clean with a rag, dispose ol
the confaminaled rags and cleaner in a covered, marked con-
tainer.

r]

REMOVAL

¢ Refer to illustration 4.4

1 Access o the clutch componants is normally accomplished by
remaving the transmission, leaving the engine in the vehicle, If, of
colrse, the engine Is belng removed for majar averhaul, then check the
cluteh for wear and replace worn components a5 necessary, However,
the relatively low cost of the clutch companents compared to the ime
and trauble spent gaining access to them warranis thelr replacement
anytima the engine or transmission is removed, unless they are new or
in near perect condition. The following procedures are basad on the
assumplion the engine will stay in place.

2 Referring lo Chapter 7 Part &, remove fhe transmission from the
vehicle: Support the engine while the transmission is out. Preferably, an
engine hoist or support fixture should be used o support it from above.
Howaver il & Jack is used undermeath the enging, make sure a piecs of
woad |5 positioned between the fack and oil pan ta spread the load,

stz CAUTION:

The pickup for the oil pump is very close to the battom of the oil
pan. If the pan Is bent or distorted in any way, engine oil starva-
tion could oceur.

3 Tosupport the clutch disc during removal, install & cluteh align-
ment toal through the clulch disc hub,

4 Carelilly Inspect the flywheel and pressure plate for indexing
marks. The marks are usually an X, an O or a white letier, If they cannot
be found, seribe marks yourself 5o the pressure plate and the flywheel
will e (n the same alignment during installation {see illustration),

5 Turning each bolt only 1/4-lum at a time. loosen he pressure
plate-to-Hywheel bolis. Work in a criss-cross pattern untll all spring
pressure s relieved. Then hold the pressure plate securely and com-
nletely remove tha bolts, followed by fhe pressure plate and clutch disc.

INSPECTION

# Refer to illusirations 4.9, 4.11a and 4.11b

6 Ordinarily, when a problem accurs In the cluleh, it can be attrib-
uted lo wear of the clutch driven plate assembly (clutch disc). However,
all compenents should be inspected at this time,

7 Inspect the fywhesl for cracks, heat checking, grooves and cther
obvious defects. |I the imperfections are slight, a machine shop can
maching the surlace fiat and smaath, which is highly recommanded
regardiess of the surface appearance. Refer to Chapter 2 for the Hywheel
removal and installation procedurs,

4.4 Be sure to mark the pressure plate and flywheel in order
to insure proper alignment during Installation (this won'l be
nacessary If a new pressure plate is io be installed)

4.9 The cluich disc

i Lining - this will wear down Jn usa

2 Springs or dampers - check for cracking and defonmation

3 Splined hul - the spiines must nof be worn and showd shide
smoathly on the fransmission mout shaft splings

4 Rivels - these secure dhe fining and will damage iie fyehaal or
pressiie piate if allowed lo contact the surfaces
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NORMAL FINGER WEAR

EXCESSIVE FINGER WEAR BROKEN OR BENT FINGERS

4.11a Replace the pressure plate If excessive wear is noted

4.11b Examine the pressure plate Iriction surface for score
marks, cracks and evidence of overheating

B |nspect the pilot bearing (see Section f),

9 Ingpect the lining on the cluteh dise, Thers should be at least
1/16-inch of lining above (he rivet heads. Check for loose rivets,
distortion, cracks, broken springs and other abvious damage (see
illastration). As mentioned above, ordinarily the clutch dise is routinsly
replaced, 50 if in doubt about the condition, replace it with & new one.,

10 The releass bearing should alse be replaced alang with the clutch
dise {see Section 5).

11 Check the machined surtaces and the diaphragm spring fingers of
the pressura plate (see fllustrations), If the surface is grooved or ather-
wise damaged, replace the pressure plate. Also check for chvious
damage, distortion, cracking, ete. Light glazing can be removed with
sandpaper or emery cloth. If @ new pressure plate is required, new and
lactory-rebutll urits are avaitable,

4.13 Rotate the adjustment ring counterclockwise to
the marking

INSTALLATION

# Refer Lo illustration 4.13 and 4.14

12 Befare installation, clean the flywheel and prassure plate
machined surfaces with brake system clearer, 115 imporant that na ofl
af grease is on these surfaces or the lining of the clutch disc, Handle
the parts only with ciean hands

13 It you're reusing the pressure plate, rase! the adjustment Ting,
Position [he pressure plate in a hydraulic press, with & bioek of wood
or some offier suitable suppoert placed under the central porticn of the
nressure plate, dicectly below the diaphragm spring fingers (nel on the
friction face). Apply pressure to the diaphragm spring fingars until fhe
adjusting ring is foose; While still applying pressure, use a suitable tool
and rotate the adjustment ring counterclockwisa to the marking (see
(Hustration). Held the adjustment ring, than release the pressure on tha
diaphragm spring fingers,



14 Position the clutch disc and pressure plate against the flywhesl
with the clutch held in place with an alignment taol (see illustration).
Wake sure It's installed properly (most replacement clulch plates will be
markad “flywheel side” or samething similar - If not marked, install the
cluteh disc with the damper springs toward the transmission),

15 Tighten the pressure plate-to-flywheel balts only finger tight,
warking around the pressue plate.

16 Center the clulch disc by ensuring the allgnment fool extends
thraugh the splined hub and into the pilot bearing in the crankshaf,
Wigale the lool up, down or side-to-side as needed Lo bottomn the toal
in the pllat bearing. Tighten the pressure plate-to-fywheel bolts a [itle
at a time, warking in a criss-cross pattern to prevent distorting the
cover. Ater all of the bolts are snug, tighten them o the torque listed [n
this Chapler's Specifications: Hemove the alignment taol

17 Using high-temperature grease, lubricate the inner groove of the
release bearing,

18 |nstall the transmission (see Chapter TA).

et WARNING:

Dust produced by clutch wear and deposited on clulch com-
ponents is hazardous to your heatth. DO HOT blow it out with
compressed air and DO NOT inhale it. DO NOT use pasoline or
peiraleum-based solvents to remove the dust. Brake syslem
cleaner should be used to flush the dust info a drain pan. After
the cluleh companents are wiped clean with a rap, dispose of
lh? contaminated rags and cleaner in a covered, marked con-
lainer.

5 Clutch release cylinder and bearing - removal and installation

1 Disconnect the cable from the negativa battery terminal (sse
Chapter &, Section 1),
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4.14 Center the clutch disc using a cluich alignment tool

2 Using a small screwdriver, remove the chip that atiaches the
eluteh fluid hydraulic line to the clutch release cylinder on the side-of
the transmission. Have rags handy, a5 some fluid will be |ost as the line
is removed, Also have a plug ready and Immediately plug the ling to
prevent leakage.

3 Remove the transmission (see Chapler 7, Parl A)

4 On some models it may be necessary Lo remove a clip securing
the release cylinder hydralic line to the transmission bellhousing. Dis-
connect the release cylinder electrical connectar, If equipped,

5 Remove the fasteners securing the release cylinder to the trans
mission and slide the release cylinder assembly off the transmission
input shafl.

6 Installation Is the reverse of the removal procadure,

6 Pilot bearing - inspection and replacement

# Refer 1o illustrations 6.5 and 6.6

1 Tha clutch pilot bearing is pressed into the rear of the crankshat,
It 15 greased at the factary and does nat require additional lubricaticn.
Its primary purpose is to support the front of the transmission input
shatt The pliot bearing should be inspected whenever the cluteh com-
panents are removed from the engine. Due o Its Inaccessibility, if you
are in doutt as fo its condition, replace it with a new one.

=MNote: If the engine has been removed from the vehicle, disre-
gard the following steps which do not apply.

2 Remove the transmission {see Chapter 7 Part A).

3 Remove the clutch companents (58 Saction 4),

4 |nspect for any excassive wear, scoring, lack of grease, drymess
of abvious damage. If amy of these conditions are noted, the bearing
should be replaced. A flashlight will be helpful to direct light info
[ recess.
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6.5 A small slide-hammer puller is handy for removing the 6.6 If availahle, use a bearing driver 1o Install the
pilot bearing pilot hearing
5 HRemoval can be accomplished with a slide hammer fitted with Hoi: CAUTION:

a puller attachment (see lustration), which are available at most auto
parts slores or equipment rental yards

6 Toinstall the new bearing, lightly lubricate the outside surface
with multi-purpose grease, then drive it into the recess with a hammer 7 Install the clutch components, transmission and all other compo-
and bearing/bushing driver (see illustration), Make sure the bearing nents removed previously “Ehm”""éi al fasteners properly
seal faces toward the ransmission, If you don't have a bearing driver, L
carefully fap it into place with a hammer and a sacket.

Be careful not to lel the bearing become cocked In the baore.

7 Clutch pedal position switch - check and replacement

CHECK REPLACEMENT

1 Theclutch padal position switch, which is part of the starter relay 4 Remove the driver side knea balster {see Chapter 11),
circult, s mounted on the clutch pedal. The switch closes the starter 5 Unplug the electrical connectar from the clutch pedal position
relay circull enly when the clidch pedal s fally deprassed. switch, "

2 Tolest tha switch, verify that the engine will not crank over when 6 Helease the clip thal attaches the clutch pedal switch to the pedal,
the clutch pedal 15 in the releasad position, and that it dees crank aver then ratate the switch and remove It from the pedal,
with the padal depressed  Installation is tha reverse of remoyal

3 It the engine starts without depressing the clutch pedal, replace
the switch,

8 Driveshalt(s) - general information

The driveshaft is of Lbular construction and may be of a one o pinion flange are connected by bolted ffangs. The shafl is supported
twa-section type, The frant driveshaft on AWD models is bolted foa near its forward end on a ball bearing which is flexibly maurted ina
Hanpge at the front axkle pinton and the transfer case. The attachment of bracke!.

the rear driveshatt to the transmission or transfer case and the mwar axle
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9 Driveshatt(s) - removal and installation

=MNaote: The manulacturer recommends replacing driveshalt fas-

lenars with new ones when installing the driveshafi.

REAR DRIVESHAFT

Removal
# Refer 1o illustrations 9.3, 9.4, 9.5, 9.7 and 9.8

= Note: Where a two-piece driveshafi is invalved, the rear shafl
must be removed helore the front shafi.

1 Haise the vehicle and support it securely on jackstands,

2 Ramove ihe rear portion of the axhaust system (ses Chapter 4),

3 FRemove the exhaust heat shield (ses illustration).

4 Usechalk or 2 scribe to index the relationship of the driveshalt o
the differential axle-assembly mating llange. This ensures cormct align-
ment whan the driveshall is reinstalled {ses [llustration}

&  Remove the bolts securing the driveshatt fange lo the differential
pinion fange (e [llustration), Tuim the driveshaft (or wheels) as neces
sary 1o bring the belts Into the mipst accessible posilion, then separate
the: driveshaft from the differential pinion fanae

6 Ifequipped, ramave the rear englne crossmember,

7 Mark the relationship of the center support Bearing to the suppart
hracket. then loosen the balts securing the center support bearing, bl
don't remave them at this time [5es illustration),

9.4 Mark the relationship of the driveshafi to the
pinion flange

9.5 Remove the bolts securing the driveshalt flange 1o the
differential pinion lange

9.7 Loosen the wo fastenars securing the center
suppart bearing
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B Mark the relationship of the driveshatt to the transmission com-
panion flangs, then remove the balts (ses illustration).

9 Hemove the fasteners securing the center support bearing and
lower the driveshat.

Installation

10 Inspect the center suppart bearing, If equipped. If its rough or
nelsy, replace it (see Section 10),

11 Connect the frant end af the driveshaft assembly to the ransmis-
sion extenslon housing.

12 Raise the center support bearing and bolt it loosely Into place.
Raise the rear end of the rear shaft into position and make sure the
alignment marks are In allgnment. It not, turn the pinian flange until
they are aligned.

14 Tighten the fasteners and center support bearing bolts to the
lorque listed In this Chapters Specifications

14 The remainder of Installation is the reverse of the removal proce-
fure.

FRONT DRIVESHAFT (AWD MODELS)

15 ‘Rermove the right side Intake air duct (see Chapler 4).

16 Remova the fastener(s) sacuring the upper partion of the axhaust
shiglding plate

|7 Raise tha vehicle and support it securely on jacksiands

18 Remave the lower engine covir(s),

19 Remove the right side downstream oxygen sensor (see Chapter
B). Linelip the oxygen sensar wiring harmess from s retaining clips.

20 Ramave the lastener(s) secuting the lower portion of the exhaust
shiglding plata, Then remove the shield.

21 Use chalk ar a scribe to mark the relationship of the driveshalt to
the differential axle assembly mating lange. This ensures correct align-
ment when the driveshaft is reinstalied,

5.8 Remove the bolts securing the driveshait flange to the
transmission pinion flange

&3 Remove the balls that secure the front end of the driveshaft to the
differential mating flange, ]

24 Make alignment marks on e driveshalt and lranstar case
flanges, Unbolt the flange that secures he driveshaft universal jeint fo
the transfer, then remowe the driveshall

Installation

24 Installation is the reverse of removal, I tha shatt cannat be lired
up dug ta the components of the differential or transfer case having
been rotated, put the vehicle in Meutral or rotata one wheel Lo allow
the original alignment to be achieved. Make sure the universal ioint
caps are properly placed In the flange seal. Tighten the fasteners to the
toroue listed in this Chapter's Specifications

10 Driveshaft center suppor! bearing - removal and installation

1 Raise the yehicle and support It securely on fackstands,

2 Remove the driveshatt assembly (see Section 9), Mark the rela-
tionship of the front portion of the driveshalt to the rear portion of the
driveshaft,

3 Separate the tear driveshalt and the front driveshatt at the slide
connection

= Note: The manufacturer recommends replacing the coupling
refaining nuls with new ones when insfalling the rubber
coupling.

1 Remove the driveshaft as described In Section 9.

2 Make alignment marks between the coupling and driveshalt,

3 Unscrew the retaining nuts and washers, then withdraw the bolts
and remave the coupling from the driveshall

4 Check the centering sleeve in the center of the coupling for signs

11 Driveshaft rubber couplings - removal and installation

4 Take the driveshalt and center bearing to an automaotiva maching
shop and have the old bearing oressed off and a new bearing. pressed
an.

5 Installatlion is the reverse of removal. Be sure the match marks
line up so the driveshaft is proparly phased,

of wear or damage, If necessary, the centering sleeve can be pressed
aut of position and replaced,

5 Betore installing the rubber coupling to the shaft, 1ill the centering
sleave cavity with multi-purpase grease.

6 Place the new rubber coupling to the shafl, Insert the reaining
bolts then new retaining ruts and washers, and tighten them Lo the
specified torgue.

7 Install the driveshatt as described in Section 5.
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12 Driveaxles - removal and installation

Clean all mounting balts of old thread-locking compound as
necessary and apply thread-locking compound (blue/medium)
during installation. Clean threaded holes with a thread chasing
tool, or squivalent, before installing bols In them. Replace all
seli-locking fasteners as equipped.

FRONT {AWD MODELS)

Remaoval
¥ Rafar to illustralion 12.1

1 Hemaove the cover from the canter of the wheel {see [lustration),
then braak the driveaxle bolt loose with a socket and large breaker bar
= Note: 1 the wall of your socked is too thick to fit through the
hale, you'll have 1o loosen the bolt after removing the wheel.
To prevent the hub from tuming, you can inser a large punch
into the vanes of the brake disc and allow it to rest against the
caliper mounting bracket {{loating calipers) or the caliper Hsell
(fixed calipers).

2 Looser the wheal bolts, raise the vehicle and suppoft Il securely
an iackstands, then remove the wheel and the driveaxle boll,

1 Separate Ihe liesrod end from the stearing knuckie {see Chaptar
1},

4 Remaove the bottand nit securing the balljoint to the steering
knuekle, then pry the lower conirol arm down o separate the compe-
nents {see Chaptar 14)

5 Swirg the knucklehub assembly oul (away from the vehicle) until
the end af the driveaxle is free of the hub.
= Wata: IF{he driveaxie splines stick in the hub, tap on the end
of the driveaxie with a plastic hammer. Supporl the outer end of
the driveaxle with a piece of wire to aveid unnecessary strain on
the inner CV joint.

B I you're working on the lefi-side axle, caretully tap the inner end
of fe driveaxle off the Intermediate shaft using & hammer and fong drill
positioned against the CY jeint housing. If you're warking on the right-
side axle, caratully pry the inner end of the driveaxls out using 4 large
serawdriver or peybar positiones betwean (e difierential and the OV
[oint housing. Support the GV joints and cargfiully remcve the driveaxls
from the vehicle.

Installation

7 Pry the old spring clhip fram the Inner and of the driveaxle (dght-
side driveaxls) or intermediate shalt {left-side drivearle) and install a
new one, Lubricate the differential saal with mulli-purpose grease and
ralse fhe driveaxle info position while supporting tha CV joints,

& Insert the splined end of the innar CV joint into the differential
side gear (right-side driveaxla), or the OV joint onlo the intermediate
shafl [1eit-side driveaxls) and make sure the spring clip seats in its
Qraove.

9 Grasp the ianer CV oint housing (not the driveaxle) and pull ol
1o make sure the spring clip has sealed securely

10 Apply a light coat of multi-purpase grease to the outer GV joint
splings, pull aut on the stul/steering knuckle assemibly and install the
stufy axle intn the hub

|1 Rzconnect the balljeint o the lower conteol arm and tighten the

12.1 Remove the wheel center cap for access lo the hub bolt

nuis (see the torgue specifications In Chapter 10).

12 Install the driveaxie bolt. Tighten the bolt securely, but don't try
to tighten It to the achual torque specification untl] you've lowered the
vehicle to the ground,
m=Note: |1 the wall of your socket is 1oo thick to fit through the
hale in the center of the wheel, you'll have 1o fighten fhe holt
before installing the wheel. To prevent the hub from turning, you
can inserl a large punch into the vanes of the brake disc and
allow i 1o rest against the caliper mounting bracket (floating
calipers) or the caliper itself (lixed calipers),

13 Install the wheel and wheel balts, then lawer the vahicle.

14 Tighten the whasl bolts to the torque listed in the Chapter 1
Specifications. Tighten the hub bolt to the terque listed In this Chapter's
Specifications {see lllustration),

15 Chack the ditferential lubricant level and top it up, if necessary
(see Chapler 1),

INTERMEDIATE SHAFT (FRONT, AWD MODELS)

16 Remove the left-front driveaxle,

|7 Remove the snap-ring retaining the intarmediate shaft at the
enging oil pan, |

10 Slide the intermediate shafi out from the oil pan.

19 It necessary, the support bearing on fne end of the shalt can be
removed by remaoving ks snap-ring,

20 Installation is the reverse of removal
= Note: Check the condition of the spap-rings, replacing them as
Necessary.

REAR

Removal

&1 Remave the cover from the center of the whesl {ses illustration 1213,
then oreak the drivemxle nut looss with & socket and large breaker bar,

= Note: If the wall of your socket is too thick to 1it through the
hole, you'll have to loosen the bolt aller removing the wheel,
To prevent the hub from turning, you can install iwo wheel bolls
and brace a large prybar across tham.
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B Mark the relaticnship of the driveshatt to the transmissicn com-
panion flange, than remave the bolts (see lustration),

9 Hemovs the fasteners securing the center support bearing and
[ower the driveshat,

Installation

10 Inspect fhe center suppart beaning, If equipped. If its rough or
noisy, replace [t (see Saction 10)

11 Cannect the front end of the driveshall assembly Lo the transrmis-
sion exiension housing.,

12 Raise the center support bearing and bolt it loosely into place.
Haise the rear end of fhe rear shatt Into position and make sure the
alignment marks are in alignment. If not, turn the pinion fange until
they are aligned,

13 Tighten the fasteners and center suppart bearing bolts to the
torque listed in this Chapters Specifications,

14 The remainder of inslallation is the everse of the removal proce-
dure,

FRONT DRIVESHAFT (AWD MODELS)

15 ‘Remove the right side intake air duct (see Chapter 4)

16 Remove the fastener(s) securing the upper partion of the exhaus!
shielding plate

17 Ralse the vehicle and suppart it securely on [ackstands.

18 Remova the lower engine cover(s),

19 Remove the right side downstream oxygen sensor (see Ghapter
), Unclip the oxygen sensor wiring harness from Its retaining clips,

20 Remave the fastener(s) securing the lower poriion of the axhaust
shielding plate. Thea remove (e shield.

21 Use chalk or a scribe to mark the relationship of the driveshalt to
the differential axle assembly mating flange. This ensures correct allgn-
ment whan the driveshalt is reinstalied.

10 Driveshalt center support hearing - removal and installation

| Halse the vehicle and support It securely on jackstands,

2 Hemave the drivashalt asssmbly (s2e Section 9). Mark the rela-
tianship of the front portion of the driveghalt to the rear portion of the
driveshaf,

3 Separate the rear driveshaft and the front driveshaft at the slide
connection.

11 Driveshaft rubber couplings - removal and installation

»Note: The manufaciurer recommends replacing the coupling
relaining nuts with new ones when installing the rubber
coupling.

| Remove the driveshafi as described in Section 9,

2 Make alignment marks between the coupling and driveshatl

3 Unscrew the retaining nuts and washers, then withdraw the balts
and remove the coupling from the driveshall.

4 Check the centering s'eeve in the center of tha caupling for signs

9.8 Remove the holts securing the driveshafi flange lo the
transmission pinion flange

22 Remove the bolts that secure the front end of the driveshaft to the
differential mating flange.

23 Make alignment marks on the drivashall and transler case
flanges, Unbolt the flange that secures the driveshatt universal joint to
the transfer, then remowe fne driveshatt

Ingtaliation

24 Installation is the reverse of removal, I the shaft cannat be lined
up due to the componenis of the differential or transter case having
been rotated, put the vehicle in Neutral or rotate one whesl to allow
the original alignment to be achieved. Make sure the universal joint
caps are properly placed in the fange seat. Tighten the fasteners to the
terque listed in this Chapters Specifications,

4 Take the driveshatt and center bearing to an automative maching
shop and have the cld bearing pressed off and a new bearing pressed
ar;

5 Installation is the reverse of removal. Be sura the match marks
ling up so the driveshalt is properly phased,

of wear or damage. if necessary, the centering sleeve can be pressed
ouf of position and replaced.

&5 Before installing the rubber coupiing to the shafl, i1 the cantaring
sleeve cavity with mulli-purpose greass,

6 Place the new rubber coupling to the shatt, insert the retaining
balts then new retaining nuts and washers, and lohten them to the
spacified lorque

7 Install the driveshatt as described in Saction 9
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12 Driveaxles - removal and installation

Clean all mounting bolts of old thread-locking compound as
necessary and apply thread-locking compound (blue/medium)
during installation, Clean threaded holes with a thread chasing
tool, or equivalent, before installing bolts in them. Replace all
sell-locking fasteners as equipped.

FRONT {AWD MODELS)

Removal
¢ Reter to illustration 12.1

i Remove the cover from the center of the wheel {see illustration),
then break the driveaxle bolt loose with & socket and large Dreaker bar
== hate: If the wall of your sockel is too thick to fit through the
hole, you'll have to loosen the boli alter removing the wheel.

To prevent the hub from lurning, you can inserl a large punch
into the vanes of the brake disc and allow it to rest against the
caliper mounting brackel {lloating calipers) or the caliper itsell
{lixed calipers).

¢ Loosen the whesl bolts, raise 1he vehicle and SUpRo 1t sepurely
ol Jackstands, hen emove the wheel and he driveaxla bolt

3 Separate the tie-rad end from {he steering knuckle (ses Chapter
] I:I:I

4 Remove the bol and nut securing the balljoint to the stesring
wnucklz, then pry the lower cortrol amm down to separate the compao-
nents (se2 Chapter 10),

5 Swing the knuckiefhub assembly aut {away from the vehicle) until
the end of the driveaxle |5 free of the hub,
=MNote: If the driveaxle splines stick in the hub, tap on the end
of the driveaxle with a plastic hammer. Support the outer end of
the driveaxle with a piece of wire to avaid unnecessary sirain on
the inner CV joint.

B Iyou're warking on the left-side axle, carefully tap the inner end
ot the driveaxie off the intermediate shafl Using a hammer-and long drif
nositioned againgt the CY jaint housing. I you're working onthe rght-
sidd axla, carsfully pry the Inner end of the driveaxle aut using a large
screwdriver ar prybar positioned hetween the differential and the CY
oint housing. Suppart the CV [cints and carsfully remove the driveaxls
from the vehicle

Installation

7 Pry the old spring clip fram the inner end of the driveasts (righl-
side drivearle) or Infermediate shaft (lefi-side driveaxle) and install a
new one. Lubricats the differential seal with mulli-purpese arease and
raise the driveaxle inlo position while supporting the GY joints,

B Insart the splined end of the inner CY Joint into the differential
side gear (right-side driveaxle), or the CV joint cnta the intermediate
shali {left-side driveaxle) and make sure the spring clip seats In its
qrocve,

9 Grasp the inner GV joint brusing (rel the ariveaxle) and pull out
to make sure the spring clip has seated secursly

10 Apply 2 light coat of multi-purpose grease (o the outer GV jaint
gptines, pull out on the strut/searing knuckle assembly and install the
siub axle infa the hub,

11 Recanrect the balljaint to the ower control arm-and tighten the

12.1 Remaove the wheel center cap lor access fo the hub boll

nuts (see the torgue specifications in Chapter 10).

12 Install the driveasle bolt. Tighten the boit securaly, but don't by
e lighten it to the aciual torgue specification until you've lowered the
vihicle o the ground
»=HNote: IF the wall of your socket is too thick to 1it through the
hole in the cener of the wheel, you'll have 1o tighten the boll
before installing the wheel. To prevent the hub from turning, you
can inserl a large punch into the vanes of the brake disc and
allow it to rest against the caliper mounting brackat (floating
calipers) or the caliper itsell (fixed calipers).

13 Install the whesl and whael bolts, then lower the vehicle,

14 Tighten the wheel bolts to the torque listed in the Chapter 1
Specifications, Tighten the fub bolt to the torque Histed in this Chapter's
Specifications (se iustration)

15 Check the difterantial lubricant level and top 1t up, it necessary
{see Chapter 1),

INTERMEDIATE SHAFT (FRONT, AWD MODELS)

16 Remove the left-front driveaxte.

17 Remove the shap-ring retaining the Intermediate shaft at the
engine oil pan. .

18 Slide the intermediate shaft out from the oll pan.

19 It necessary, the suppart bearing on the end of the shalt can be
removed by removing its snap-ring.

20 Installation Is the reversa of removal,
»=Note: Check the condition of the snap-rings, replacing them as
NEcessary.

REAR

Remaoval

21 Remove the cover from the center of the wheel (see llustration 12.1),
then break the drivezxle nut loose with a socket and large breaker bar
e Node: [ the wall of your socket is too thick to fit through the
hole, you'll have to loosen the holt after removing the wheel.
To prevent the hob from furning, you can install bwo wheel bolis
and brace a large prybar across them.
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22 Loosen the whesl bolts, then ralse the vehicle and support it
securely on jackstands, Remove the wheel,

23 Remove the brake disc (see Chaptar 9).

24 Remove the whael speed sansor Irom the raar knuckle (see Chap-
fer 4),

25 Disconnect the stabilizer bar link, radius rod, camber stiut, lie-
rod and thrust arm from the rear knuckle (see Chapter 10),

26 Carefully fold back the knuckle and pull the driveaxle cut of the
rear knuckle, Make sure you don't damage the lip of the inner rear
knuckls seal. I the splines on the outer CY joint spindle hang up on the
splines in the hub, knock them loose with & hammer &nd punch,

sk CAUTION:

Don't let the driveaxie hang by the inner CV joint,

27 Caralully pry the inner end of the driveaxle fram the differential
using a large scrawdriver or prybar positioned between the differsntial
and the CV jeint housing. Support the CV [aints and carefully remave
the driveaxle from the vehlcle,

Installation

2B Pry the old spring clip fram the inner end of (he driveaxle and
Iristall a new ane. Lubricate the differential seal with mulli-purpose greass
and ralse the driveaxle Into position while supperting the C jaints,

13 Driveaxle boot - replacement -

==Note: If the GV joints axhibit wear, indicating the need for an
overhaul (usually due 1o lorn boots), explore all options before
hepinning the job. Complete rebuill driveaxies may he avallable
an an exchange basis, which eliminates a lot of ime and work.
Whatever is decided, check on the cost and avallability of parls
before disassembling the jaints.

1 Loosen the wheel bolts, Haise the vehicle and support it securely
on jackstands, then remave the wheel,
2 Remove the driveasle (see Section 12),

REAR DRIVEAXLES

Inner CV joint
Disassembly
¥ Refer to illustrations 13.6, 13.7, 13.12a and 13.12h

3 Mount the driveaxle ina banch vise with wood blocks to profect
L

29 Insert the splined end of the innar CY joint or the nfermediat
shaft info the differential and make sure the spring clip Iecks in ity
[rave,

30 Grasp e Inner GV joint housing (not the driveaxle) and pull out
to make sure fhe driveaxle has seated secirely in the tansaxle,

31 Apply & light coal of multi-purpose grease fa the outer GV joint
splings, pull cut on the rear knuckle assembly and install the stb axle
into the hub.

32 Rezennect the control arms fo the rear knuckle (see the torque
specifications in Ghapter 10),

33 Install the driveaxlashub nut Tighten the nut securely, but don't
try Lo tighter it to the actual torque specification until you've lowared the
vehicle to the araund,
= Note: If the wall of your socket is too thick 1o fil through the
hole in the center of the wheel, you'll have to tighten the nut
before Installing the wheel. To prevent the hub from turning,
you can install two wheel bolis and brace a large prybar across
them.

34 Install the wheel and wheel bolls, then lower the vehicle,

35 Tighten the wheel bolts to the torque listed in the Chapler 1
Specifications. Tighten the driveaxle/hub nut to the terque fisted in this
Chapter's Specifications.

36 Check the differential lubricant level and top it up, If necessary
(328 Chapter 1),

2k CAUTION:

Do not overlighten the vise,

4 Remave the boot retaining clamps and slide [he inner bool back
anta the shaft,

5 Wipe the excess grease from the joint.

B Mark the relative positlon of the bearing cace, inner race and
hausing (see. illustration). ;

f Mount the CV joinf in the vise with wood blocks to profegt the
stub shaft. Push dawn ane side of the cage and remove the ball bearing
from the opposite sida (see lustration). The balls may have o be pried
aut

& Repeal this procedure until all of the balls are remaved

B Remowe the inner race from the shatt by fapping on he inner race
{nol the cage) with & hammer and biass diit,

10 Rernove the Boat Trom the shafl,

11 Clean all of the parts with solvent and dry them with compressed
alr {if available)
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13.6 Mark the bearing cage, inner race and housing 13.7 With the cage and inner race filted, the balls can be
relationship atter removing the grease {driveaxle shail removed one at a time (driveaxie shaft removed for clarity)
remaoved for clarity)

13.12a Check the inner race lands and grooves for pitting 13.12b Check the cage for cracks, pitting and score marks
and score marks (shiny spots are normal and don't affect operation)
12 Inspect the housing, splines, batls and races tor damage, cor- 15 Rotate the inner race into pasition In the housing, The marks
roslon, wear and cracks, Check the Inner race for wiar and scoring. If made during disassembly should face out and be aligned.
any ol the components are not serviceable, the enfire GV |olnt assembly 16 Pack the lubricant fram the kit into the ball races and grooves
must be reptaced with a new one (see lllustrations). 17 Install the balls Into the holes, one at & time, untif they are all in
pasition. Fill the Joint with grease,
Assembhly

| Aoply the remainder of the grease into the boot, Position tha
# Refer to illustrations 13.13, 13.21 and 13.22 large-diameter and of the boot cver the edae of the housing and Seat the
lip of the boat Inta the: locating groove al the edoe of the housing.

18 Insert the lip of the small-diameter end of the boot into the locat-
ing groove on the shaft.

20 Adjust the length ol the joint by positioning it mid-way through
its travel.

13 Wrap the splines of the shafl wilh tape lo prevent damage (o the
boal, then install the small boot clamp and boot onto the shafl (see
illustration),

14 Install the inner race on the shaft by tapping on the inner race
(not the caga) withea hammer and brass drill.
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13.13 Wrap the driveghaft splines with electrical tape lo
prevent damaging the hoot as it's slid onto the shait

21 Insert @ small screwdriver between the baat and the housing o
equallzg the pressure inside the bool (ses illustration)
22 Tighten the boot clamps (see illustration).

Outer CV joint

Disassembly

23 Remove the inner GV joint (see Steps 3 through 103,
24 Mount the driveaxle In a bench vise with wood blocks to protect I

st CAUTION:

Do not overlighten the vise.

25 Remaove the boot retaining clamps and slide the outer boot back
off af the shafl.

26 Wipe the excess grease from the joint,

27 Mark the relative position of the bearing cage, inner race and
housing (see llustration 13.6),

28 Push down one side of the cage and remove the ball bearing from
the opposite side (see ustralion 13.7). The balls may have to be pried
out,

29 Repeat this procedure until all of the balls ane removad,

30 Clean all of Ihe parts with solvent and dry them with compressed
air (11 availatile),

31 Inspect the housing, splines, balls and races for damage, cor-
rosion, wear and cracks. Check the inner race for wear and searing, If
any of the componenls are not serviceable, the entlre CV joint assembly
must be replaced with & new ane (see iHustrations).

Assembly

32 Wrap the splines of the shaff with tape o prevent damage 1o the
boeat, then install the small boot clamp and boot onte (he shatt (ses
illustration 13.13),

33 Aotata the inner race Into position in the housing, The marks
mace during disassembly should face out and be aligned.

34 Pack the lubricant from the kit into thi ball races and grooves.

35 Install the balls into the heles, one ata time, unlil they are all in
position, Fill the joint with grease

36 Apply the remainder of the grease into the boot. Position the
large-ciameter end of the hoot aver the edge of the housing and seat fhe
lip of the boot inte the localing groove al the edge of the housing,

37 Insedt the lip of the small-diameter end of the boat into the locat-

13.21 Afler positioning the joint mid-way through its travel,
equalize the pressure inside the hoof by inserting a small,
dull screwdriver belween the boot and the GV joint housing

13.22 Depending on the type of clamps furnished with the
replacement bool, you'll most likely need a special pair of
clamp tighlening pliers (most avlo parts stores carry these)

ing groave on the shafl,

38 Adjust the lenath of the joint by positioning It mid-way through
its fravel, -

39 Insert & small screwdriver between the boot and the housing o
equalize the pressure inside the boot (see llustation 13.21).

40 Tighten the boot clamps (see lustration 13.22).

41 Install the inner GV joint and boot (526 Steps 13 frough 22)

FRONT DRIVEAXLES (AWD MODELS) v

Outer CV joint
¥ Reler Lo illustrations 13.43a through 13.43)

47 Mount the driveaxle in & bench vise with wond blocks to grotect it

st CAUTION:

Do not overlighten the vise,

43 Reter to the accompanying lustratians and perfarm e outer GV
joint baot replacement procedure (see illustrations 13 43a hroogh 13.43))
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13.43a Cul off the band retaining the bool to the shait, then
slide the bool toward the cenfer of the shalt

13.43b Clamp the driveaxie in a vise, pull back the boat,
then sirike the inner race of the GV joint with a hammer and
drift to dislodge it from the axle

13.43¢ Tilt one side of the inner race, then ramove the balls
one at a fime to disassemble the CV Joint and clean H. Be
sure to mark the relationship of the housing, cage and inner
race. Once everything is clean, reassemble the joint, lining
up the marks

13.43d Apply CV joint grease through the splined hole, then
Insert a wooden dowel |slightly smaller in diameter than the
hole) into the hole and push down - the dowel will force the
grease into the joini. Repeat this until the joint Is packed

13.43e Wrap the splined area of the axleshalt with tape lo
preven! damage 1o the boot when installing it

13.431 Install the small clamp and the boot on the driveaxie
and apply grease to the inside of the axle hoot until . . .
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13.43h Install a new circlip into the groove al the end of the
driveaxle. Position the CV joint assembly on the driveaxle,
aligning the splines . . .

13.431 . . . then use a hammer and brass punch to carefully
drive the joint onto the driveaxie disassembly

14 Differential pinion oil seal - replacement

13.43] Seal the inner end of the boot in the groove and
install the retaining clamp, then do the same an the oiher
end ol the bool - tighten the boot clamps with the special foa

# Refer 1o illustrations 14.4a and 14.4b

=Nole: This procedure applies fo the front and rear pinion oil
seals.

1 Locsen e wheel bolts, Ralse the front tfor front differsntial)
o rear (for rear diffarential) of fhe vehicle and support il secdrely on
jackstands, Block the opposite set of wheels 1o keep the vehicie from
rolling off the stands, Set the parking brake,

2 Drain the differeritial lubricant (see Chapter 1)

3 Disconnect the driveshaft from the differential pinjon fange and
support it aukof the way with & piece of wire or rope (Se= Saction B),

4 Before attempoting to remove the large nut sscuring the driveshaf
flange to the differential shatt, use a small drift and hammer to undo the
two staked areas of the nut in the depressions (ses illustrations)

= hote: If you can't do this with a punch, use a small die
grinder. Use a three-jaw puller to remove the flange from the
pinian shaff.

5 Using & screwdriver, prybar or seal removal tool, sarelully pry ool
the sgal. Da not damage the splingson Lhe shafl,

6 Using & seal driver ora large desp socket with an outside diam-
etar the same as that of the seal, install fhe new seal. Drive it into the
hore squarely and make sure Vs completaly seated,

T Install the flange and nut and tighten it to the forque lisied in this
Chapters Specifications,

B lUsea punch to stake the tlanae nul Lo (ke output skt to preven
rofation

9 Install the driveshalt (sée Section ), Tighten all fasteners 1o the
lorgue values listed In this Chapter's Specifications

10 Fill the differential with the preper lubrizznt (see Chapter 1)
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14.4a Relieve the two staked areas (A) of the driveshalt
flange retaining nut before atlempting to remove the nul - (B)
is the oil seal in the housing

15 Differential assembly - removal and installation

REAR DIFFERENTIAL ASSEMBLY

¢ Reder 1o illustrations 15.5a and 15.5b

Raise the rear of the vehicle and support i securely on

[ackstands, Place the transaxle in Meutral with the parking brake off
Black the front wheels to prevent the vehicle trom rolling.

|

£ L3

Drain the differential lubricant {see Chapter 1),
Ramaye the driveaxles (see Section 12),
Wark the relatiorship of the driveshaft to the ginion fange, then

14.4b Use a long prybar far leverage when ramoving the
retaining mut; it's on very tight

unboll the driveshatt from the Hange (see Section ). Suspend the
driveshatt with a piece of wire (don't let it hang by the center support
Dearing),

5 Suppor the differential with a floor jack, then remove the differan-
tial mounting bolts (see lliustraticns),

6 Slowly lower the jack and remove the differential oul fram under
the vehicle,

7 Installation (s the reverse al the removal procedure. Tighten all
fasteners to the torque values listad in this Chapter's Specitications. Hil
the differential with the propar lubrizant (see Chapter 1)

15.5a Remove the fastenar al the front of the differential . . .

15.5b ... then remove the anes al the rear




8-16 CLUTCH AND DRIVELINE

FRONT DIFFERENTIAL ASSEMBLY (AWD MODELS)

B Remove the right side intake air duct (see Chapter 4),

5 Remove the fastenar(s) securing [he upper portion af the exhaust
shielding plate.

10 Raise the front of the vehicle and suppar it with jackslands,
~Note: Supporl the vehicle by placing the jackstands under the

frame (unibady) and nol under the suspension components or
subirame.

11 Remove the front whesls,

12 Remave the driveaxies and intermadiate shatt (see Section 12).

13 Remove the front driveshaft [ses Section 9).

14 Disconnect the return ling for the steering gear from Ihe bottom of
the ditferential,

15 Distach the front stabilizer bar from the link rods {ses Chapter 10),

16 Remove the fasteners securing the heal shield above the steering
aears right boot,

17 At the battom of the differential, remove the engine maunt,

18 Remove the steering gear retaining plate and pull the stearing
qear slightly back,

19 Use a transmission jack (o support the rear pertion of (he sub-
frame. Secure the sublrame by afaching it to the jack with ratchet type
lia-down sfraps of equivalent. Use an additional floor jack under the
front center portion of the sulframe.

20 Lower the subframe (see Chapter 10),

21 Detach the difterentlal lower mount,

22 Hemove the fasteners sacuring the difterential fo the subframe
and remove it from the subframe,

23 Installation is the reverse of the remaval procadure. Tighten all
fastenars to the torque values listed In this Chapters Specifications. Fill
the ditterential with the proper lubricant (ses Chaptar 1),

16 Driveaxle oil seals - replacement

=Nole 1: This procedure applies 1o both the front and rear
driveaxie ol seals,

=Note 2: Replacement of the front lefi-side driveaxle oil seal
requires opening the differential housing and removing the
ditferential assembly lo pain access to the side seal. This is
deemed to be beyond the scope of this manual.

1 Ralse the vehicla and support 1L securely on [ackstands,

2 The driveaxle oil seals are located in Ihe sides of the differential,
where the driveaxles ara attached, If Ieakage at the seal s suspectad,
raise the vahicls and support It securely an Jackstands, If the seal 1s
Teaking, fuld will ke found an the sides of the differential,

3 Remove tne driveaxla(s) (see Section 12).

¢ |lse a screwdriver or prybar ta carstully pry the ol seal out of the

difterential bare.
5 It the oil seal cannot be removed with a screwdriver of prybar, a
special ofl seal removal lool (available at auto parts stores) is required
& Compare {he old g2zl to the new one to be sure it's the corect
ane

T Using & seal installer or a large deep sooket as a dift, Install the
new oil seal. Drive if into the bora squarely and make sure ts com-
pletely seated.

8 Lubricate the lp of the new seal with multi-purpose grease. than
inatall the driveaxle. Be careful not to damage the lip ol the new seal,

8 Check the differential lubricant leved and add some, if necessary,
to bring it to the appeopride level (see Chapter 1),

17 Transfer case (AWD models) - removal and installation

1 HRaise the front of the vehicla and suppert 1t securely on
jackstands,

2 Mark the relationship of the rear driveshaft to the ansier case
flange, then unbolt the driveshatl from the flanga (see Section 9) Sus-
pand the driveshatt wilth a piece of wirg (don't 1t it Rang by ihe center
support bearing),

3 [Drain the transaxle lubrican (see Ghapter 1).

4 Support the fransmission with a transmission jack,

5 Rermove the fasteners securing the crossmember at the rear of the
engine, then emove the crossmember.

B Mark the ralationship of the Tront driveshait to the transter casa
Ilange, then unbalt the driveshalt from the flange (se2 Section ). Sus-

pend the driveshatt with 2 piece of wire (don't let it hang by the center
suppart bearlng). r
T Lower lhe transmission sliphtly, then remaove the bolts securing
the transter case fo fhe transaxle, Carsfully remove the transfer case
from the lransaxe,
B Installation is the reverse ol removal, noting the following polnis:
gl Coatihe plug-type splings jn the transfar case willy grease,
i) Tighten the mounting fasteners to the forgue fsted in this Chap-
lers Speeifications.
¢l Rafill the fransaxle with the propsr fype and amount of lubncant
{aae Chapter 1)
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S =
Specifications
General
Clutch hydraulic fluid type See Chapter 1
Clutch disc lining thickness (minimum) 116 inch (1.5 mm) abaove rivel

Torque specifications Ft-Ibs {unless olherwise indicated)

= Naote: One foot-pound (H-1b) of torque is equivalent to 12 inch-pounds (in-Ibs) of forque. Torgue values below approximately 15 ft-lhs
are expressed in inch-pounds, since most fool-pound torque wrenches are not accurate al these smaller values.

Cluteh

Pressure plale-lo-flywheal boits 18 25
Clutch release cylinder mounting nuts B4 in-Ibs 10
Flawheal bols See Chapter 2
Difterantial
Frant differential (AWD)
Front axle-to-engine ofl pan coflar boll 48 ]
Citferential mount=to-cifferential
assambly collar bolts) 17 22
Rear differantial
Lippar mounting bolls Gl 10
Front certer section maunting bol 33 45
Finien nut 37 50
Driveshalt
Front driveshal-to-differential companion llangs 22 an
Front driveshalt-to-transler case companion flange 22 an
Rear driveshatl-1a-ditterential companian fange
w10 30 40
M2 44 Gl
Rear driveshall-to-transmission companion flange
M1T 30 4]
M1 LE fill
Center suppor bearing bolts 22 a0
Driveaxles
Frant driveaxizhub boll
Step 1 | 110
Step 2 Tighten an additional 60-degrees
Rear driveaxia’hub nut 162 220
fransfar case mouniing nufs/baits 23 an
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Notes
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General information

Anti-lock Brake System (ABS) and Electronic Stability
Program (ESP) - general informatian

Disc brake pads - replacement

Disc brake caliper - remaoval and installation

Brake disc - inspection, removal and installation
Master cylinder - remaval and installation

Brake hoses and lines - inspection and replacement
Brake hydraulic system - bleeding

Power brake booster - check, removal and installation
Parking brake shoes - replacement

Parking brake - check and adjustment

Brake light switch - removal and installation

Reference to other Chaplers
Brake check - See Chapter 1
Brake fluid level check - See Chapter 1

BRAKES
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9-2 BRAKES

1 General information

The vehicles eoverad by this manual are equippec with hydraulically
operated frant and rear disc brake systems, These disc type brakes ara
self-adjusting and automatically compensate for pad wear

HYDRAULIC SYSTEM

Tha hydraulic system consists of two saparate cirouits. In the svenl
of & leak or tailure In one hydraulic cireult, the other cifcuit will remain
operative,

POWER BRAKE BOOSTER

The power brake booster s mounted on the firewall in the anging
sompartment. It typically uses englne manitold vacuum and atmo-
sphieric pressure to provide assistance to the hydraulically operated
brakes.

PARKING BRAKE

The parking brake actuates a pair of parking brake shoes mounted
inside the drum (hub) portion bf each rear brake disc. The parking brake
cable tension is adjusted automatically and requires no service,

SERVICE

After completing any operation involving disassembly of any part
of the Drake system, always test-drive the vehicle to check for proper
braking pedformance before resuming nommal driving, When testing the
brakes, perform the tests on a clean, dry, flat surface. Conditions other
than these can (ead fo inaccurate test resulls.

Test the brakes at varicus speeds with both |ight and heavy pedal
pressure, The vehicle should siop evenly without pulling to one slde
o the other, Avald locking the brakes, because this slides te tires and
diminighes braking efficiancy and contral of the vehicle,

Tires, vehicle foad and wheel dlignment are olher factoes that affect
braking performance as wel|

PRECAUTIONS

There are some general cautions and warnings conceming brake
system components:

al Use only the propae tyoe of Drake Bufd {see Chapkar 1),

bl The brake pads and fnings contain fbers wivgh are hazardous o
your fealih o fnhaled. Whenswar you work on brake systam com-
panents, clean all parts with brake system cfaanar Oo qof allow
ihe fine dust-fo become aitbome. Alse, wear an aporoved filtening

Imask,

Safety should be paramount wharaver any sandaing of the brake

companents {s parformed. D ot use parts or fesieners which

arg not I periect conditlon, and be suve thal alf clearances ang
forque specificattons are adbierad fo. If you are &l ail unsure shou!

g carlalin procedire, seek professional advice, Upan complation

af any brzka systam work, test the brakas carafully in a confrodied

area hefore putting the valiele info normal service. (8 problem

I5 suspeclsd in ihe Drake systam dont deive the welhicte bl i1

fixed.

) Usad brake fuld is consiterad a hazardaus waste and it must be
disposed of in dccondance with laderal, state and fooal faws, 00
NOT pour i down tha sink, into seplic fanks or storm didins, ar
& the ground,

) Claan up any spiled brake Sud immediataly and wash e ama
wilh farge drmcunts of watern This @5 especially frug for any fin-
isted ar painted surfaces,

=

2 Anti-lock Brake System (ABS) and Electronic Stability Program (ESP) - general information

1 The Anti-lock Brake System (4BS) and Electronic Stability Pro-
gram (ESP) fs designad to help maintain vehicle steerability. directional
siabllity and optimum decelesation undar severe braking conditions and
on most road surfaces. The ABS system is primarily designed to pre-
vent wheel lockup during heavy or panic braking situations. It works by
monttoring the rotational speed of each wheel and contralling the brake
ling pressure to each wheel when engaged. Dala provided by the ABS
wheel spaed sensors (s Shared with the Electronic Stabifity Program,
This very sophisticaled system helps with traction control, overfunder-
stearing and acceleration control undar all driving conditions when the
system |s on. Overall, these systems aid in vehicle contral and han-
dling. Anather system added lo vehicles with ESP is the Brake Assist
Systerm (BAS). This systern works with the ABS system to maximiz
brake system application durlng panic braking situations.

COMPONENTS

Actualor assembly
# Refer to illustration 2.2

2 The actuator assembly Is mounted In the enging compartment
and consists of an electric hydraulic pump and solencld valves (ses
illustration),

al The eleciric purmp provides Hydraolic prassare & charge M
rasarvgirs i tha aotuator, wiviah supplies prassure fo the Lirak-
fng system, The pump.and resenvolrs are housed (n e achiator
assembly

i) The solanoid valvas madiiate brake line pressure during A8S and
ESF operalion
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Wheel speed sensors

3 There is a whesl speed sensor for each wheel, Each sensor
enerates a signal In the form of & low-vollage electrical curreni of &
requency when the wheel is tuming, A variable signal Is generated as
4 resull of a square-toathed ring (lone-ring, exciter-ring, relucter, etz
frial rofates very close to the sensor, The signal is dirsctly proportional
to the wheel speed-and is interpreted by an electrenic module {com-
puter)

4 The front sersors are mounted in the steering knuckles, The
lone-rings are located at the back of the whesl hubs (2WD) or on the
cutheard CV ioints ol the font driveaxles (AWE)

& THe rear sensors are mounted in the rear suspension knuckles
The tone-rings aré mounted onto the outboard CV [oints of the rear
driveaxles

ABS/ESP computer

6 The ARS/ESP computer 15 moumed with the actuator and |5 the
brain of these systerms. The function of (he computer is lo accept and
peocess (nformation regeived from e wheel speed sensors Lo contiol
trig hydraulic line pressure, avolding wheel lock up cr wheel spin. The
computer aiso constantly monitors the system, even under normal driv-
(ng conditions, to find faults within the systam,

DIAGNOSIS AND REPAIR

1 Ita dashboard warning light comes on and stays on while the
vehicle1s in operation, the ABS ar ESP system requires attention
Althowgh special elecironic diagnostic festing tools are necessary
to properly diagnose the System, you can perform & few preliminary
criecks before taking the vehicle to & dealer service depariment,

a) Check fha brake Kuid feval fn the reservair
b Varify that the compuier eleclrical connactors are securely con-
e,
o) Chack the efectrical conneclors &t e fpdrauic cofiral uail,
d) Check the fuses
gl Faliow e wiring harmess fo edch whee| and verily Wat all con-
. naciians are securd and that the wiring 1s undamaged,

8 It the above preliminary checks do not rectily the problem. the
vehicle should be dizgnosed by a dealer service depariment or other
qualified repalr shop. Due Lo the complexity of this system, all achal

repalr work must be done by a qualified automative technician,

i WARNING:

Do NOT fry to repair an ABS/ESP wiring harness. These sys-
tems are sensitive to even the smallest changes in resistance,
Repairing the haress could alter resistance values and cause
the sysiem to malfunction. If the wiring harness is damaged in
any way, it must be replaced.

Make sure the ignition is turned olf betore unplugging or reat-
taching any electrical connections.

WHEEL SPEED SENSOR - REMOVAL AND
INSTALLATION

# Refer 1o illustrations 2.11 and 2.12

sk CAUTION:

Clean all mounting bolis and use thread-locking compound
(blue/madium) during installation. Clean the holes with a thread
thasing tool or equivalent before Installing the mounting bolts.

9 |oosen the whael bolls, raise the vehicle and suppor It securely
on jackstands. Remaove the wheel

10 Make sure the Ignition key |5 turnad to the OF position,

11 Trace the wiring back from the sensor, detaching all brackels and
clips while noting its correct rauting, then discannect the elecirical can-
neclar (see llusiration),

12 Remove the mounting bolt and carefully pull the sensar out from
the knuckle (see [llustration),

13 Installation is the reverse of the remaval procedure. Tighten the
mauriting fastener securely.

14 Install the whesl and bolts, ightening therm securely. Lawer tha vehi
cla and tighten the botts to the torque listed in the Chapter 1 Specificatians.

2.2 The ABS/ESP actuator assembly
is mounted in the |efi-front area of
the engina compartmant

2.11 Press the spring (A) down to
release the wheel speed sensor
elecirical connector (B)

2.12 A front wheel speed sensor (A)
and wire harness (B) (rear is similar)




9-4 BRAKES

3 Disc brake pads - replacement

4 WARNING 1:

Disc brake pads musl be replaced on both froni or on both rear
wheels al the same time - never replace the pads for only one
wheel. Alsa, the dust crealed by the brake system is harmful
1o your health. Mever blow il out with compressed air and don*
inhale any of it. An approved filtering mask should be worn
when working on the brakes. Do not, under any circumstances,
use pefroleum-bhased solvents fo clean brake parls. Use brake
system cleaner only!

Clean all mounting bolts and use thread-locking compound
(blue/medium) during installation. Clean the holes with a thread
chasing tool or equivalent before installing the mounting bolts.

4 Inspect he brake disc carefully as outlined n Section 5. 1
machining is necessary, follow the information in that Section to remove
the disc, at which time the pads can be removed as well,

FLOATING CALIPERS (FRONT ONLY)

= Note 1: Most models have floating calipers on the frond and
fixed calipers on the rear. Some models may have fixed calipers
all around. Distinguighing the difference helween the two iypes
of calipers is based on ihe piston configuration and how the
calipers are mounled. Fixed-type calipers have one or two pis-
fons on each side of the disc and bolf up directly to the steering
knuckle. Floating-lype calipers have one or iwo pistans on one
side of the disc only and ball-up to a mounting bracket that is
bolted to the steering knuckle.

=Note 2: When approaching pad replacement, take a moment
to note how many brake pad wear sensors may exis! for each
caliper on your parlicular model before doing any disassembly.
This can be done by observing the number of small sensor
conneclors on the back of each callper (see illustration 3.6b).
Replacement brake paids musi be ahle to accommadale the
number ol sensors installed on your model.

| Rermiove the cap from the brake fuld reservolr and remove
enaual fluid e bring the level to the WM mark on the reseroir,

& Loasen the whael bolls, ralse the frant or reas of the vehicle and
supporl {1 securely on jackstands, Block ke whesls at fhe opposite end

3 Remove the wheels, Work on one brake assambly at a time, using
the assembled brake for referencs I necessary

¢ Refer to illustrations 3.5 and 3.6a through 3.6s

5 Push the piston back into its bore te provide room for the new
brake pads, & C-clamp can be usad o accomplish this (see usts:
tion). As the plstan Is deprassad o the battom of the caliper bore, thi
fuid In the master cylinder will rise. Make sure that it doesn' averflow
If necessary, siphon off some af the fuid,

£ Follow the accompanying photos (zee lustations 3.6a fhrough
3.68) Tor the aclual pad replacement procedura. Be sure o stay In arder
and read the caption under each lustration.

# When rainatalling the caliper, be sure fo tHghten the mounting
biolts to the torgue listed in this Chapter's Specifications. After the job
has been completed, deprass the brake pedal & few times to bring the
pads Into contact with the dise, Chack the level of the brake fluid, add-
ing some if necessary

3.5 Before removing Lthe caliper, slawly depress ihe piston
into the caliper bore by using a large C-clamp between the
outer brake pad and the back of the caliper

3.6a Always wash the brakes with brake cleaner belfore
disassembling anything

3.6b Disconnecl the pad wear sensor elecirical conneclor(s)
|as equipped, some calipers may have ane or two sensors,
while others may not have any)
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3.6c Remove the caliper
mounting bolts

3.6d Lift the caliper up and secure it
with a piece of wire; do not allow the
caliper 1o hang by The Hexible

- hrake hose

3.6e Remove the outer pad . . .

4.61 . .. and the inner pad

3.6p Remove the wear sensor(s)
from the padis) and inspect them (as
equipped). Il any are wom,

replace them

3.6h Remaove the upper and lower
anfi-ratile clips; make sure they fit
tightly and aren't worn. Aeplace them
if necessary

J.67 Instalf the clean or vew amli-
rattie clips

T8 Pull oul bhe spger aod lower
guide ping, Clean and ingpeci them for
wear. Be careful not 1o tear the bools
when ramaoving them; replace any
hoots thal are worn or damaged . . .

26k . . . apply 2 coal of high-
temperature grease to the pins and
reinstall tlhem. When installing
them, seat the hoots anto the caliper
mounting bracket
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3.61 Clean the threads of the guide 3.6m The inner pad has a shim 3.6n Install the pad wear sensor(s)
pins to remove any old locking attached that maiches with the inta the pad(s) (as equipped)
compound caliper piston {a circular patiern),

Lubricate the contacl areas with an
anti-seize compound approved for
disc brake use (Mercedes Benz brake
pad paste shown)

3.60 Install the inner pad, making 3.6p ... then install the outer pad 3.6q Apply thread-locking compound

sure Ihal the ends are seated {blue/medium) 1o the caliper
correctly inlo the anti-rattle clips . . . mounting balts

3.6r Place the caliper back imo position over the brake pads 3.65 Connect the brake pad wear sensor electrical
and match it to the caliper mounting bracket, install the conneclor(s)

caliper mounting bolts and fighten them to the torque listed

in this Chapler's Specifications. Note: Make sure the flais of

the guide pins engage the fiat porfions of the caliper |arrows)




FIXED CALIPERS (FRONT OR REAR)
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ALL CALIPERS

# Refar to Illustrations 3.8a through 3.8p

B Follow the accompanying photos (see Hustrations 3.8a through
3.8p) for the actual pad replacement procedure. Be sure to stay in order
and read the caption under sach llustration

9 After the job has been completed, depress the brake pedal a few
times 1o bring the pads into contact with the disc. Check the level of the
brake flufd, adding some If necessary,

10 Install the wheels, then lower the vehicle to the greund. Tighten
thi wheel bolts to the torque listed in the Chapter 1 Specifications.
Pump the brake pedal a few limes and check the fluld level again, mak-
Ing sure It is correct (see Chapter 1), Check the oparation of the brakes
carefully before placing the vehicle into normal service,

Senaor Hamess
Connector

Brake Pad
—_— Wear Sensor

L

[ Crmrern|

3.Ba Always wash the brakes with brake cleaner bafore
tisassembling anything

3.8t Disconnect the pad wear sensor electrical connector(s)
{as equipped, some calipers may have one or two sensors,
while others may not have any)

3.8¢c Use a punch Lo remove the brake pad retaining pin
(rear shown)

3.8d Front calipers have iwo brake pad retaining pins thal
are remaved in the same way
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J.8e Wote the direction of the spring on rear calipers. The
factory springs have an arrow showing the correct installed
direction. Dn frond calipers, just note which side of the spring
laces oul

3.8g Pry the outer pad from the caliper or pull it out using
needle-nose pliers while leaving the inner pad In place

3.8h Push the piston back into the caliper bore. On four-
piston fron calipers, (two on each side), push both pistons in
simultaneously so that one Is not forced ol while the other
is being pushed in. Check the brake fiuid level and remove
some if necessary

3.81 Remove the inner pad

3.8] Use a ool to hold the piston(s) on the outhoard side in
place while pushing the piston(s) on the inboard side back
into the caliper bore(s) (rear caliper shown - froni

caliper similar)
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3.8k With all of the pistons pressed back into their bores, 3.81 Remove all wear sensors from tha old pads and inspect
clean the surfaces thal contact the brake pad plates with a them (as egquipped). If any are worn, replace them. Install
wire brush, followed by brake system cleaner the sensars onto the new pads

3.8m On rear calipers only, lubricate each brake pad plaie 3.8n Install the new pads into the caliper
on both contacl edges with an anti-seize compound approved

for disc brakes (or Mercedes Benz brake pad paste), DD NOT

get any lubricant on the pad lining

3.80 Place the spring Into position and insert the 3.8p Use a punch fo seal the retaining pin{s) into position
retaining pin{s)
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4 Disc brake caliper - removal and installation

At WARNING:

Dust created by the brake system is harmiul to your healih.
Never biow it out with compressed air and don'l inhale any of it.
An approved filtering mask should be wom when working on the
brakes. Do not, under any circumstances, use pefroleum-based
salvents 1o clean brake parts. Use brake system cleaner only!

~Note: Always replace the calipers In pairs - naver replace just
one of them.

REMOVAL

# Refer 1o illustrations 4.3a and 4.3b

1 Loosen the whieel bolts, raise the vehicle and support it sacurely
on jackstands. Remave the whesls,

¢ Disconnect any electrical connectors and detach the wire har-
nesses for the brake pad wear sensors from the caliper as equipped (ses
lilustration 4.32).

3 [etach the brake hose from the brake lire and bracket (see Sec-
tion 7). Plug or cap the brake line (on the chassis side) and the brake
hose to prevent fluid leakage and to keep contaminants out of the brake
system. Using a flare-nut wrench, Ioosen the brake hose fitting fram the
callper (see |lustrations].

=Note: It you're just removing the caliper for access lo other
components, don’t detach the hose from the brake line or [oosen
ke hose fitting at the caliper.

4 Remove the catiper mounting bolts, then Lt the caliper from
the brackel or stearing knuckle, If you're just removing the caliper for
actess to ofner compongnts and the hose is still attached, suppart i
with & ferigth of wire.

INSTALLATION

s WARNING:

Clean all mounting bolls and use thread-locking compound
(blue/medium) during installation. Clean the holes with a thread
chasing lool or equivalent before installing the mounting bolts.

5 Install the caliper by reversing the removal procedure, Tighten the
caliper mounting bolts, the brake hosa fitting and brake line-lo-braks
hiose fitting (if removed), in thal order, to the torque values listed in this
Chapters Specifications. Tighten the brake pad wear sensor harness
connactor(sy securely, as equipped,

6 Blead he brake system if a hose was disconnecied (sea Section B),

T Install the whesls and bolts. Lower the vehicle and tighten the
bolts to the torque listed in the Chapter 1 Speciiications,

4.3a Floating-type brake caliper mounting details:

Calipar mounting doits

Cetfipar maunting bracke bolfs

Brake frose fiting

Harriess connector fastener for the brake pag wear sensor

Ty By =

4.3b Fixed-type brake caliper mounting details (rear ghown
- front similar):

1 Calfpar mouniing bolfs
2 Brake hosa fitfing
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5 Brake disc - inspection, removal and installation

INSPECTION

¢ Reter 1o ustrations 5.4, 5.5, 5.6a, 5.6b, 5.7a and 5.7h

det: WARNING:

Clean all mounting baoits and use thread-locking compound
{blue/medium) during installation. Clean the holes with a thread
chasing tool or equivatent before installing the mounting bolts.

= Note: Some models covered in this manual are equipped

with cross-drilled Ironl brake discs. These discs have a serles

of holes through them created to conl the discs during extreme
braking. Drilled discs cannot be resurfaced (machined) on typi-
cal brake lathes used by auiomotive brake repair shops. If a

dise is warped or defective, replacement may be the easiest and
most cogl elfective solution.

1 Loosen the whesl bolts, raise the vehicle and sopport 1L securely
o jackstands. Remave the whegl,

2 Remove the brake caliper as cullingd in Section 4. Its not neces-
sary 10 disconnect the brake hose for this procedure. After remaving
fne caliper bolts, suspend the caliper out of the way with a piece of
wire. Don't let the caliper hang by the hose and don't stretch or twist the
hise.

3 Reinstall a few wheel bolts to hold the diss securely against the
hub, if necessary. It may be necessary to Install washers between the
dise and the wheel bolts Lo lake up space,

4 Misually check the dise surface for store marks, cracks and ofher
damaae. Light scratches and shallow grooves are normal after use and
may nolb always be detrimental fo brake cparation. Hairline cracks that
are 25 mim (1 inch) or less in lengih can be considered acceptable, I
any cracks Infersact a hale on cross-drilled rotars, include the hole's
width whan measuring the crack. Deep score marks or wide cracks may
require cisg refinishing by an automotive maching shap or disc replace-
ment (see illustration), Ba sure o check both sides of the disc. If the
brake pedal pulsates during brake application, suspect disc runoul

== Note: The most common symploms of damaged or worn
brake discs are pulsation in the brake pedal when the brakes
are applied or loud grinding noises caused from severely worn
brake pads. Il these symptoms are extreme, it is very likely that
the disc(s) will need 1o be replaced.

5 Oncross-drilled discs, Inspect the holes, making sure they are
rol plugged with brake dust, Clear the hales with a small rod or & 4 mm
(5/32 Inch) drill bit and drill If necessary. Do not entarge the holes (sea
illustration)

B Tocheck dise runout, place a dial Indicator at a point abgut
1/2-inch from the outer edge of the disc (see [llustration). Set the indi-
eatar 1o zero and turn the dise. Although the manufacturer dossn't give
a runout specification, 2n indicator reading thal exceeds 0,003 of an
inch could cause pulsation upon brake application and will require disc
refirishing by an automotive maching shop or disc replacement.
=MNote: Il disc refinishing or replacement is nol necessary, you
can deglaze the brake pad surlace on the disc with emery cloth
or sandpaper (use a swirling motion to ensure a non-direclional
finish) (see Illustration).

5.4 The brake pads on this vehicle wera obviously
neglecled, as they wore down completely and cut deep
grooves into the disc - wear this severe maans the disc
must be replaced

5.5 Cross-drilled discs have holes
for added cooling thal can get
plugged with brake dust

or replaced

5.6a Use a dial indicator to check
disc runout; if the reading exceads
the maximum allowable runout limit,
the disc will have to be machined

5.6b Using a swirling mofion,
remove Ihe glaze from the disc
surface with sandpaper or
amery cloth
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T The disc must nol be machined to a thickness less than the = Note: On rear discs, make sure the parking brake is released.
specified minimum refinish thickness. The minimum wear {or discard) Adjust the parking brake shoes away from the drum section of
thickness 5 cast inta either the front or backside of the disc {see illus- the disc if the brake shoes will not allow the disc to come off
tration). The disc thickness can be checked with a micrometer (see (see Section 10).
ilustration), 10 Clean the hub flange and the inside of the brake disc toraughly:

remaving any st or corrosion {see (llustralions). Apply a thin layer of

REMOVAL AND INSTALLATION anti-sgize compound betwean the hub flange and Inside of the disc to

prevent rust and corrosion prior to the next brake service
11 Install the disc onto the fub and tighten e retaining screw 1o the
torque listed in this Chapters Specifications.

12 Install the brake caliper meunting bracket (oating-type calipers)
t bolts and -lock - h g TRy
;E::Ia!hﬁ::i?:l:yﬁ“n?r :E:I;IJI',] [I]nsi:fl‘aﬂl;? i’.‘“?aanuthl:inhiuniﬂ: E::Im i and tighten the bolts 1o the torque listed in this Chaplers Specifications,
thread chasing tool or equivalent before installing the mounting 13 Install the brake pads (floating-type callpers) and caliper, tightes-
bolis. ing the boits to the torgue listed in this Chapter's Specifications
: | 14 Install the whieel, then lower the vehicle to the-ground. Tighten the
& Remave tha brake callper and suspand it out of the way with a il kot
niece of wire (don' D.ismpn;:t e ,MSE]F'E REmiye the gl ﬂ_gry mounting wheal bolls o ||'|-E_tl‘.'rli'.|'lJH listed in the Chapter 1 Sne_mnualmns. Depress
hrac;et on floating type calipers ESEEI Saction 4) the brake pedal & few times to bring the brake pads inlo contact with
O Remove he disc retaining scraw and any wheal bolts installed the disc. Bleeding of the system wil not be necessary unless It biake
during inspection, then remave the disc {see illustration). If s stuck, Tl M (St MOt 10 RIINOR. SHeah bie U O 16
usa a.mallet)o loosen it frain the hiib. brakes carefully before placing the vehicle into normal service,

¥ Refer to flustrations 5.9, 5.10a and 5.10b

5.7a The minimum wear dimension is typically cast or 6.7b Use a micrometer to measure disc thickness
atched into the disc. Inspect all areas (fronl, back, edges,
etc.) of ihe disc closely to find this information

5.9 Adisc retaining screw holds the 6.10a Clean any rust and corrosian 5.10b Clean any rusl or corrosion

dist to the hub flange from the areas of the hub flange 1hal from the area inside the disc that
contact the disc. A wire brush or contacts the hub flange. Apain, power
sanding tool, designed to be used tools are very useful for this [ob

with @ power drill, can make the job
a lol easier
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6 Master cylinder - remaoval and installation

» Aeter to illustrations 6.3, 6.6 and 6.8

¢ CAUTION:

Brake fluid will damage paint or linighed surfaces. Cover all
body parts and be careful not to spill Auid during this procedure.
Clean up_any spilled brake fluid immedialely and wash the area
with large amounts of water,

1 Disconnect the cable fram the negative battery terminal {see
(haper B, Section 1)

2 Firmly dopress he brake pedal several times o remove all
vacuum from he power brake booste:

4 Hemove fhe cover over the master cylinder Ls..u ustration)

4 Plage some rags under the master cylindsr, then clean the area
arurd the tydraulic line Titings with brake syslam clearer.

i CAUTION:

Don't get brake cleaner on any palnted surfaces.

5 Remove as mich fluid a5 possible ram the reservals with a
sy1nge 0 equivalzm

i Unplug the elecirical connactorfor the brake (luid level warning
switih (see fllustration)

7 Onmanual transmissicn madels, detach the brake foid line
atfached (o the Huid reservoir for the clutch master cylinder (see (s
braticn 6.6). Place rags under the fifings and prepare caps of plastic
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biags 1o cover the ends of the lines once they are disconnected,

& Loagen the fitings al the ends of the brake lines whare they enter
the master sylindar, To prevent rounding off the corrers on the fittings,
usa a Mare-nut wrench (see illustration)

g Caretully move the braka lines away from the master cylinder and
plug the ends to prevent contamination.

10 Discannect the electrical connactor for the electranic slability
program (ESP) brake pressure sensor that's on the side of the master
cylinder (s2e lustration 6.8)
= HNote: Some models are equipped with two sensors; ong on
the side and one under the fronl. Disconnect the one on the front
afler the master cylinder is loosa, il equipped.

6.6 Master cylinder details (angled view):

! Fiid 'II, vl sl elecinicgl connecior

2 Pluteh master cplinder hose fifing (mantal frarsmission modals)
3 Moudling ol fane figden from view o this photo - locaisd on the
aifher sida of the III|':||J'|I.||I|..I||§ .Fllﬂﬂ_!'ﬂ'-‘.l

Hrake ling fitting {one hidden fram view in this phota)

Soring i

Th, &

6.8 Master cylinder delails (fop view):

{ Brake fine fithngs

2 Soing oo

1 Fron! bracket

4 F5P hrake pressure sensor
5 Elaeirical connector
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11 Remove the sensar on the side of the master cylinder. Be pre-
pared for brake fluld o lzak from the fitting when the sensor is ramoved.

12 Remove the speing nut on the end of the master cylinde, then
remave the front bracket by tHting it off the master eylinder and pulling
It up from the frame (see [llustiation 6.8),
=MNote: A replacement spring nul will be nesded for installation.

13 Remave (he master cylinder mounting nuts, Carefully remove the
master cylinder from the studs by pulling it directly out, then turming It
1o the side while keeping It level to free 1t Again, be careful nat to spill
flui or bend the brake lines as his is done.

etz CAUTION:

Tilting the master cylinder up could cause damage to the
pushrod in the power brake booster.

14 With the master cylinder separated from the power brake booster,
disconnect the electrical connecior for the electronic stability program
(ESP} brake pressurs sensar that is on tha bottom-front of the master
Gylinder, if equipped,

INSTALLATION

¢ Refer to llustrations 6.16, 6.17 and 6.22

15 Install the brake pressure sansor{s) onlo the new master cylinder,
16 Bench blead the new master cylinder before instatling i,
a) Mount the mastar cylinder i a wise with soff faws,
bl Alfach a pair of mastar ewlinder bisader tubes to the outlet ports of
the master eylinder (see Mustation)
g Filf the resarvair with brake Maid of the recommended lype (see
Chapter 1),

=MNote: If the replacemeni master cylinder is not equipped with
a reservoir, remove the reservoir from the old master cylinder
and place it on the new one using new seals.

d) Slawly push the pistons inti the master cylinder (a large Phillips
serewdriver can be used for iis) - air witl be expetied from the
[pressure chambers and info ffe resenvolr, Becauss e lubos ar
subwmerged fn fuid, air cart be dvawn back into 1he master cylin-
char witier) you refegse e pistons,

gl fepeat the procedire untll no mare alr bubbiles are presan!,

I femove the biged lubes, one at a time, and install plugs in the
apen ports 1o prevent N leakaga and air fram anfering

17 Instafl & new vacuum seal on the mastsr cylinder {see Illustration),

sk WARNING:

This mus! be done every time the master eylinder is removed.

18 Install the reservoir cover, connect fhe electrical connector(s),
(Pt install the master cylinder over the studs on the powsr brake
booster and tighten 1ne attaching nuts anly finger tight a this lime,

19 Thread the brake line fittings Into the master cylinder. Since the
master cylinder s still a bit loose, it can be moved slightly in order for
the fittings to thread in easily. Do not cross-thread or strip the threads
as the fittings are tightanad.

20 Tighten the molinting nuts fo the torque Hsted in this Chapter's
Specifications and tighten the brake ling fittings secursly,

21 Place the front bracket back into position and install & new
spring-nut on the end of the master cylinder, The spring-rut thiead
should be aboul 5 mim or 174 of an Inch from the end of the master
cylinder,

6.16 Place the master cylinder in a vise by ils mounting
flange, atiach the bleed tubes as shown and push the piston
with a blunt tool several times 1o bench bleed the master
cylinder (lypical shown)

6.17 Replace the vacuum seal on the master cylinder every
time the cylinder is removed (typical shown)
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22 Fill the master cylinder reservolr with the correct fluld {see Chap- pedal saveral times slowly, then hold the pedal to the Hoor, Loasen the
ter 1), then bleed the brake system as described in Section 8. Ta bieed ling fittings one at a time to allow air and fiuld to escape. Aepeat this
the master cylinder an the vehicle, have an assistant pump the brake procadurs on both fittings until the fluid s clear of air bubbles (see

illustration),

ot CAUTION:

Have plenty of rags on hand fo calch the fluid - brake fluid will
ruin painted surfaces.

73 The remainder of insiallation [s the reverse of removal, Tast (he
operation of the brake systern carefully before placing the vehicle Into
normal service,

sk WARNING:

Do nol operate the vehicle [ you are in doubt about the effec-

fiveness of the brake system. It Iz possible for air to become

frapped in the ABS hydraulic confrol unit, so, if the pedal con- [
tinues 1o leel spongy afer repeated bleedings or 1he BRAKE or

ABS light stays on, have the vehicle towed to a dealer service

department or a qualified repair shop to be bled with the aid of

a scan tool.

.22 With ihe brake pedal depressed, loosen a fifting on the
master cylinder to bleed i when il is installed on the vehicle,
Blaed the lines one at a time (typical shown)

3 s i ]
7 Brake hoses and lines - inspection and replacement

INSPECTION

1 About every six manths, with the vehicle raised and supportad
securely on jackstands, the rbber hoses which connect the steel brake
lines with the front and rear brake assemblies should be inspecied
for cracks, thafing of the ouler cover, leaks, blisters and other dam-
age, These are Impoertant and vulnerable parts of the brake system and
inspection should be complete. A light and mirrar will be helpful for a
therough check. It a hose exhibits any of the above conditions, replace
it with @ new one,

REPLACEMENT

Front brake hose

* Refer to illustrations 7.3 and 7.4 7.3 Front brake hose/line fitting details:
2 Loosen the wheel bolts, raise the vehicle and support It securely I Lina fitting fube nut {ramove with 2 Nars-nlt weanch) .
on fackstands. Hemaowe the whisel 2 Spring |
3 A the frame bracket, note how the small fabs of the hiose fitting 4 Hose fitting tabs and frame bracks! grooves

gt in the bracket and keep 11 from rofating (see (lustration) 4 Hose fitting (support with 2 wranch during remavall
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4 Support the hose Titting with an open-end wiench. then unscraw
the brake line fitting from the hose (ses ilustration 7.3 and the acoom-
panying Hlustration). Use a flare-nut wrench to prevent rounding off the
carners of the nut and be careful not ta lose the spring on the end of the
line fitting.

& Atthe caliper end of the hose, use a flare nut wrench to separale
the hasa fitting from the caliper,

B Remove the grommet from the bracket at the lower end of the
steut, then pull the hose through the bracket,

# Toinstall the hose, place the grommet on the hose, thread the
hase through the bracket on the strut, then connect the hose fitting fo
he caliper and tighten || with a flare-nut wrench. Seat the grommet back
into the bracket on the strut,

8 Place the brake hose [itting into the frame bracket while making
sure the hose isn't twisted between the caliper and the frame bracket,

9 Place the small spring on the line fitting and connect il to
the hase fitling, starting the threads by hand, ther tighten the fitting
SECLElY,

10 Bised the caliper (see Section B).

11 Install the wheel and halts, lower the vehicle and tighten the bolts
e the torque listed in the Chapter 1 Specifications,

Rear brake hose
¥ Refer to illustration 7.12

12 The raar brake hose has & fitting and a bracket that is fastaned o
the rear frame (see illustration), Otherwlse, refer to the previous steps
far front brake hose replacement,

Metal brake lines

13 When replacing brake lines, be sure to use the corect parts
Don't use copper tubing for any brake system components, Purchase
fgenuing stesl brake lines from a dealer or auto parts store,

14 Prefabricated brake fine, with the tube ends already flarec and fit-
tings Installed, is available at auto parts stores and dealer parts depart-
ments,

15 When installing the new fine, make sure it's securely supported in
the brackets and has plenty of clearance between moving or hot compe-
nents,

16 Afler installation, check the master eylinder fluid level and add
fluid as necessary, Bleed the brake system (see Section 8) and test the
brakes carefully befare driving the vehicle in lraffic,

7.4 Front brake hose frame bracket {A) and sirul bracket and
grommet (B)

7.12 Rear brake hose/line fitling at the frame bracket

8 Brake hydraulic system - bleeding

# Refer to lllusirafion 8.8

Wear eye protection when bieeding the brake system. H the fluid
comes [n cantact with your eyes, immediately rinse them with
water and seek medical altention.

= Note: Bleeding the hydraulic system Is necessary to remove
any air that manages fo find s way into the system when it's
been opened during removal and installation of a hose, line,
caliper or master cylinder. Il is also a parl of reqular mainte-
nance (see Chapler 1),

I You'll probably have to bleed the system at all four brakes if air
has entered It due o low fluid level, or if the brake lings have been dis-
connecied at the master cylinder,

2 Iia brake line was disconnected only at a wheel, then only that
caliper must be bled. If a brake line Is disconnectad at a fiting located
between the master cylinder and any of the brakes, that part of the sys-
tem served by the disconnected line must be blad,

3 Raige the vehicle about ong fool and suppart it secursly on
jackstands
= Note: H you can 2ccess the bieeder valves withoul raising the
vahicle, then you may skip 1his step.

4 - Remove any residual vacuum from tha brake power booster by
pressing the brake pedal several times with the engine off,
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5 Remaove the master cylindar reservalr cover and fill the regarvoir
with brake fluld. Reinstall the cover, .
=HNple: Continue to add fluid while bleeding the system to pre-

vant the fluld level from dropping too low; it this happens, air
will enler the master cylinder.

f  Have anassistant on hand, as well as a supply of new brake fluid,
a clear container partlally filled with clean brake Huld, a length of tubing
to fit over the bleeder valve and a wrench ta open and close the bleeder
walve

7 Beginning a the right rear whesl, loosen the bleeder valve
slightly, then tighten 11 o & point where its snug but can still be lops-
enad quickly and easily,
mNole: Use a six-point box-end wrench or sockel 1o loosen the
hieeder valve. For blesder valves that appear 1o be stuck, clean
the area where the valve serews into the caliper with a small
wire hrush. Tap on the valve with a hammer and attempl fo use
the wrench or socket again.

B Piage one end of the tubing over the bieeder valve and submarge
thie other end in brake fluid in the container (ses illustration),

9 Have the assistant deprass the brake pedal slowly, then hold the
pedal down firmly,

10 While the pedal 15 held down, open the bleeder valve just endough
to allow a flow of fuid to leave the valve, Watch for air bubbles to exil
he submerged end of the tube, When the fluld flow slows after a couple
ol seonnds; close the valve and have your azsistant release the pedal,

11 Repeat Steps 9 and 10 until no mare alr is seen leaving the iube,
then tighten the hieeder valve dnd proceed to the left rear wheal, the
right front whisel and the left front whesl, in that order, and perform the
same pracedure, Be sure to check ihe fluid in the master cylindear reser-
woir frequently.

12 Mever use old brake fluid. It conlains molsture that can boil, ren-
dering the brake system Inoperative,

13 Refill the master cylinder with fluid af the and of the operatian.

14 Check the operation of the brakes, The pedal should feel solld
when tepressed, with no sponginess, 1T necessary, rapeat the entire
ProcEss.

s WARNING:

Do noi operate the vehicle il you are in doubl about the elfec-
fiveness of the brake system. It's possible for air to become
trapped in the ABS hydraulic conirol unil, so, if the pedal con-
linues 1o feel spongy afer repeated bleedings or the BRAKE or
ABS light stays on, have the vehicle towed to a dealer service
department or other qualified repair shop to be bled with the aid
of a scan tool,

8.8 When hieeding the hrakes, a hose is conngcted to the
bleeder valve a1 the caliper and the other end is submerged
in brake fluid, Alr will be seen as bubbles in the lube and
container. All air must be expelled belore moving fo the nexi
whee| (typical shown)

9 Power brake booster - check, removal and installation

=Note: On some V6 engine models, a small vacuum pump may
have been added to the power brake booster system. The pump
is the vacuum source for the booster. It s mounted 1o a brackel
just behind the righl headlamp housing and has a large diam-
eler vacuum hose coming off the side thal is roufed to the brake
hooster. Vahicles equipped with a brake boosler vacuum pump
require diagnosis hy a dealer service department if the system
appears to be defective.

OPERATING CHECK

1 Depress the brake pedal several times with the enging off and
make sure there's no change in the pedal reserve distance.

2 Depress the pedal and start the engine. If the pedal goes down
slightly, operation is nommal,

AIRTIGHTNESS CHECK

3 Start the engine and Wwen it olf alter one or two minutes, Depress
the trake pedal slowly several fimes. 1 the pedal depresses less aach
time, the boaster is airtighl
4 Depress the brake padal while the enping s running, 1hen stop
the engine with the padal depressed. If therg's na change in the pedal
reserve travel after holding the pedal for 30 seconds, the Baosier is alr- |
tight.
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REMOVAL

¢ Refer to illusirations 9.9, 9.11, 9.12, 9.15, 9.16 and 9.17

= Note: The power brake booster is nol serviceable; replace it
with a new or rebuill unit If it's defective.

5 With the engine off, press the brake pedal several imes to remove
any storad vacuum in the power brake booster

6 Move the driver's seaf to the rearmost position, then disconnec]
the cable from the negative battery terminal {see Chaper 5, Saction 1),

T Remowve the windshield wiper moter and linkage (see Chaptar
12}

B Remove the brake master cylinder (see Section 6),

9 Pull the vacuum hose Hitting from the brake booster (see (llusfra-
tian).
== Nofe: Leave the vacuum hose atiached to the fitting.

10 Remove the electrical connestors from the sansore and swiiches

mounted to the power brake booster, | equipped (see illustration 9.9)
==Nole: Vehicle models equipped with ESP will have alectrical

components mounted 1o the power brake booster. These compo-
nents will need to be transferred to the replacement hooster,

11 Release any wire hamesses from the separator insida fhe engine
compartment and from the side of the fusé and relay box (see Hustra-
ticn),

12 On madels with the Powerlraln Control Modula (POM) insios the
enping compartmen? fuse and relay box (near the hooster), the PCW will
read to ba palled oul of the box 1o give its hamess enough slack for
the boaster to coms out, Do not disconnect the baress from the PCA,
simply move the POM up away from the box as necessary (see 1llustia-
ton)

13 Remove the fower Instrument panel ingulator below the drivers
side knee holsier lor access (see Chapler 110,

14 Insida the vehicle, ramove e brake light switch, i equipped {(sea
Section 12).

15 Remove the plastic cover over the brake pedal (see lllustration).

9.9 Power brake booster detalls (engine compartment):

1 Vacuum hose, fitting and gramimet
2 ESPBAS ralease swilch and elecivical connacior
3 ESPBAS dianhragm fravel sensor and elecirical cannectar (Riddan

froim v S iis it - it s fovaled dirsclly Delow Mo master geinder)
9.11 Detach the PCM wire hamess brackel from the
separator rall in the engine compariment

9.12 Create slack in the PCM wire hamess by pulling the
PCM oul of the fuse and relay box. Be careful not to disturh
any electrical connections to the PCM

9.15 Pull the cover direcily aul to release the cover
relainars, then guide it down and oul of the vehicle
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16 Cartully pry the etaining clip off of the brake pedal pin, pull
the pin from the brake pedal and pushrod clevis, then disconnect the
baoster pushrod (see (lustration],

|7 Remaoyve the booster mounting nuts (see illustration),

18 From the angine compartment, slide the bocster straight out from
the firewall until the studs clear the holes, then remave L,

INSTALLATION

19 Installation procedures are essentlally the revarse of removal, nat-
ing the foliowing paints:

4 Replaca the saal that poes Gelwaen the pawsr boastar and the
firewad! {over the boosters motnting studs)

bi B aspecially carelo! rol fo drop amdhing info the repiacament

power Booster when fansfaring sensars and switches on ESF

pquinped madels, This will fuin the replacement Boosiar

Tightan the boastar mounting nuts 1o the lorgue isted in this

Chanters Spaciications,

d) Insfall the retaining clip securing the Docsier pushrod fa ing Drakg
pagal pin,

g) Reinslall and biead the masler cylinger (see Saction &)

f) Blead the frake syster (see Sectian 8) and fest the operation of
tha hirakes befare putfing the vehilels lnla normal service

st

o

9,16 Use a small serewdriver 1o pry the retaining clip off the
brake pedal pin

9.17 Brake hooster mounting nuts

10 Parking brake shoes - replacement

¥ Refer to illustraiions 10.2, 10.3 and 10.4a through 10.4u

i WARNING 1:

Dust created by the brake system is hazardous 1o your health,
Hever blow it out with compressed air and don'l inhale any of it.
An approved filtering mask should be worn when working on the
brakes. Do not, under any circumstances, use pelroleum-hased
solvents to clean brake parts. Use brake system cleaner only!

s WARNING 2:

Parking brake shoes mus! be replaced on bolh wheeis al the
same time - never replace the shoes on only one wheel.

1 Remaove the brake disc {see Section &),

2 Wash the parking brake assembly (see [liustration), Check the
ining thickness of parking brake shoes and compare it to the values in
this Chaptar's Specifications,

10.2 Wash the parking brake assembly wilh brake cleaner.
Use a pan or rags undermneath to catch the runoff, DO NOT
USE COMPRESSED AIR TO BLOW BRAKE DUST OFF

THE PARTS!
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3 INitis necessary fo remove the backing plate from tha knuckle for
pther procedures on the vehicle, remove the brake cable bracket retain-
ing balt and pull the cabla out of the backing plate when the expanding
lock has been seperated from the cable (see iHustration 10.4j and the
accompanying ustration). When re-installing the bracket, tightan the
retaining bolt securaly,

4 Follow the accompanying llustrations for the brake shoe raplace-
ment procedure (sea lustrations 10.4a through 104u), Be sure to stay
n order and read the caption under each illustration.

5 Install the brake disc and caliper (see Sections 4 and 5), Procesd
{0 replace the shoes on the cpposite rear wheel,

B With both sides complete, instzll the whee's using only four
wheel bolts on ach wheel. It is necessary to leave ona wheel boll unin-
stallad to adjust the brake shoe clearance

i Perform a parking brake shoe adjustiment on each rzar wheel {see
Section 11).,

B Setihe parking brake and confirm proper operation. Ae-adjust the
parking brake again if nacessary.

§  Lower the vehicle and tighten the whiel bolls [e the tarque listed
inthe Chapter 1 Specifications.

10 Check the parking brake for proper operation, IF they are nat fully
operational, perfarm a break-in procedure,

10.3 The location of the parking
birake cable bracket and retaining boll
shortest setting

10.4a Turn ihe star-wheel on the
adjuster until it's at i1s

10.4b Pry the lower shoe and
adjuster aparl to remove the adjusier

10.4¢ Using brake spring pliers, remove the lower return
spring. Note the larger hook on one end of the spring alter
it's removed

10.4d Release the lower shoe hald-down spring by grasping
he centar of the spring firmly with needle-nose pliers while
pushing it in and turning il



BRAKES 9-21

10.4e Remove the lower shoe while unhooking the adjuster 10.4f Unhook the adjusier spring from the upper shoe and
spring fram it remove |t

10.4g Remove the upper shoe hold- 10.4h Remove the upper shoe 10.4i Clean the backing plate

down spring thoraughly, then lubricate the brake
shoe conlact areas on the plate with
high-temperature brake grease (nol
all contacl areas can be viewed in
this photo)

1 L ]
@ itk
10.4] Move the expanding lock and remove the pin that 10.4k Parking brake assembly details:
connecis it 1o the cable. Lubricate the moving parts of the 1 Brake shops 4 Hold-diwn sprngs
lock and pin with high-lemperature brake grease and place i 2 Expanding iock and pin 5 Adiuster spring
back into position (ahove) i Adjuster assambly

J Lower raluen spoing



9-22 BRAKES

10.41 Lubricate the screw threads
in the adjusier assembly with high-
temperature brake grease

10.4m Lubricate the outer wall of the

star-wheel adjuster in the adjuster
assambly with high-temperature
brake grease

10.4n Place lhe upper shoe into
position . . .

'5 10.40 . . . and install the upper shoe
| hold-down spring

10.4p Hook the adjuster spring Into
the upper shoe . . .

10.4q . . . and then inlo the lower
shoe and place the shoe into position

W 2325

\

10.4r Install the lower shoe hold-down spring

10.4s Mote the lenger hook on one end of the lower return
spring. This end Is itended 1o fit into the upper shoe
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10.41 Install the lower return spring

11 Break-in the new shoes by performing the following procedurs

d) Satand retease fhe parking brake a faw fimas,

bl Drive the vahicle b appraximately 30 miles (50 kilametars) per
hor

) Winle hoiding the parking brake redease handie, aeoly ihe parking
firaka fwo fo threa Himes, evantialy Grardng fo & shoo.

#ui WARNING:

Be aware thai your brake lights will nol go on and you will need
1o warn other drivers thal you are slowing down. Use extreme
caution while performing this procedure.

10.4u Install the adjuster assembly

il Alfow the parking brake shaes and disc/drm e caol foral feas!
10 mirutes, _

g/ Repeal the bragk-in steps again if necessary. Do ot shorden ihe
eoaling period betwaan driving cyelas.

12 Check the parking brake-adjustment and adjust it again if neces-
sary {see Section 11)

13 If the parking brake does not fully release or pulls 1o one side
after the break-in procedure, inspect the brake shoes and other com-
panents, Alsa, check the parking trake cables and replace any compo-
MEnts a5 necessary,

11 Parking brake - check and adjustment

== Nole: Il the parking brake shoe clearance or cahle adjusting
nut require a significant amount of adjusiment, it Is advisable to
inspect the hrake shoe lining thickness (see Section 10).

CHECK

ona steep hill with the parking brake set and the transmission in Net-
trill (b sure to sty In the vehicle for this check!), I the parking brake
cannol pravent the vehicte from rolling, it's in need of adjustment.

ADJUSTMENT

1 Pressing the parking brake pedal five clicks should engage
the parking brake Tully, 11 fhe number of clicks is much less, theres a
chance the parking brake might not ba releasing completely resulting in
brake drag. If tne number of clicks is miuch mare, the parking brake may
not hold the vehicle on an incling.

¢ One methed ol checking the parking brake is to park the vehicls

# Reler to illustrations 11.5a, 11.5b, 11.9 and 11.10

3 There are two areas of adjustment for the parking heake: the star-
whesl adjuster al the top of the shoes for-each whesl and the adjusting
nut an the front brake cable. Adjustmant al the shoes is pertermed first,

4 Block the front wheels, raiss the rear of Lhe vehicle and support it
securely on jackstands. Remove one wheel bolt from each rear wheel.
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5 Using a flashlight, turn the wheal and align the hole with the star-

whee! adjuster in the hrake assembly {see illustrations). This will allow
you to adjust the parking brake shoe-to-drum clearance,

B Tum the star-whesl adjuster until the wheel cannot be rofated,
then reverse (he adjuster eiaht notches. Adjust both whaels the same
amaunl.
=Note 1: Tum the adjuster wheel from the bottom 1o lop an the
right-rear wheel, and from the tap to bottom on the left-rear
wheel to spread the brake shoes and cause 1he wheel no lo
rotata.

=Note 2: Place duct tape around the wheel ball hole 1o protect
the wheel from scralches if necessary.

¢ Sat the parking brake fully and compars the number of clicks to

thisse specified in Step one. I more adjustment Is nacessary, move on
lo the next adjustment at the parking beake cable assembly.

8 Remowve the rear passenger seal cushion (see Chaptar 11).

§ Remaove the fastaners for the brake cable adjuster cover (see llus-
Iratlon).

10 Locate the adfusting nut on the assembly and elther tighten or
Ioosen it to achieve (he proper number of clicks when the parking
brake is sel (see lustration). Tightening the ot (furming it clockwise)
decreases the number af clicks, while the opposite is achieved by loos-
ening the nut tfurming It counterclockwise),

11 Contirm that the parking brake |s lully engaged within the numbser
of clicks stated in Step one,

12 Release the parking brake and confirm that the brakes don't drag
when the rear wheels are turnad,

11.5a The location of the star-wheel adjuster (left-rear
shown with the wheel and brake disc removed for clarity)

11.5b With the wheel boli hole aligned with the star-whes|
adjuster, you can reach through the wheel and brake disc
with a long serewdriver and adjust the parking brake shoe-lo-
drum clearance

11.9 Remave these fasleners to remaove the brake cable
adjuster cover

11.10 The brake cable assembly adjusting nut
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12 Brake light switch - removal and installation

¥ Refer to illustrations 12.4 and 12.6

=Note: 2002 and later model vehicles are nol equipped with
a brake light switch. ESP componenis are used for brake ligh
operation (see illusiration 9.9).

1 Remove the lower instrument panel Insclator below the drivers
side knee bolsler for access (see Chaptar 11).

2 Locate the brake light switch near the fop of the brake pedal arm
or on the outside cover aver the padal am,

3 Depress and hald the brake pedal

4 Press the small release b on the switch whera il meets the

micunting bracket, Rotate the switch and remove il from its bracket (see
Hlystration),

5 Disconnact the electrical conneclor,

6 Before Installing the switch, pull the plunger on the switch out
fully (see illustration).

7 Depress the brake pedal as far as it will go, then install the switch
in fts bracket in the opposite manner that it was removed.

8 Helease the brake pedal and gently pull up on it o make sure it is
fully released.

9 Connect the electrical connector, Confirm that the braks lights are

pperating properly,

12.4 Press the small refease tab and rotate the switch 1o
remove il

12.6 Pull the plunger on the switch oot fully to resel it
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e =T

General

Brake fluid typa 568 Chapter 1
Disc brakes

Minimum brake pad thickness Sea Chapter 1

Dise minimum thickness Cast into dise

Dise runout fimit Mot specilied {see Section 5 of this Chapter)

Parking brake shoe minimum thickness 0.040 inch {1 mrm)

Torque specifications Fi-1bs (unless otherwise indicated)

=Note: One fool-pound (fi-Ib) of torque is equivalent to 12 inch-pounds (in-1bs) of torque. Torque values below approximalely 15 fi-lbs
are expressed in inch-pounds, since most foot-pound lorque wrenches are not accurate at these smaller values.

Calipar mounting bolts

Floating (frant) 18 25
Fixed
Front A5 115
Hear 45 55
Caliper mounting brackst bolts
(tloating tront calipers anly) B5 115
Brake dist retaining screw BB in-lbs 10
Brake hose fitting-to-caliper |53 in-Ibs 18
Brake line-fo-brake hose fitting 1448 in-lhs 14
Master cylinder-to-brake booster nuis 177 in-lbs 20
Power brake booster mounting nuts 159 in-Ibs 18

Wheel bolts Sae Chapter 1
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1 General information
2 Strut assembly (front) - removal, inspection and installation
3 Stabilizer bar, bushings and links (front) - removal
and installation

4 Suspension links (frant) - removal and installation
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§  Subframe assembly (front) - removal and installation
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18 Tie-rod ends - removal and installation
19  Steering gear boots - replacement
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SYOTEMS
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1 General information

FRONT SUSPENSION

STEERING

# Refer 1o [llustration 1.1

Most models are equipped with an independent, multi-link, front
suspensian system with McPherson strut type assemblies. A siahilizer
bar controls body rall, The AMATIC models {AWD atilize 4 [ower con-
frel arm instead of individual links or suspension strds. MoPherson
sirits and lower suspension struts (or arms) with integral battjoints
position the steering knuckles (ses lustration)

REAR SUSPENSION

The stearing system consists of a rack-and-pinion steering gear and
[wio adjustable tie-rods. Power assist |s standard.

PRECAUTIONS

¥ Refer to illustration 1.2

All modeis are egulpped with an independent, multi-lirk rear sus-
pension consisting of shock absorbers and coll springs. Additionally,

all models incorporate 8 stabilizer bar to contiol body roll (see (Hustra-

tien)

Many of the balis and threaded holes used for suspenslan com
ponents will have to be cleaned of alé locking cempound In ordar o
be Used again. Mos! of the balts had threads that were prefreated with
lecking compaund befare they were installed, Bolts used with alf-
lecking nuts do nat require any cleaning, but the nuts must be replaced
anytima they are removed. Most of the nuts usad for the suspension ars
selfi-locking and designed 10 be used only once.

Fraquently, when working on the suspension or steering sysem
COMponents, you may come across fasienars which seem impossiote to
leosen, These fasteners an e underside of the vehicle are continually
subjected to water, road arime, mud, etz and can become susted or

1.1 Fronl suspension and steering components

I Stagring gear 4 Torque sirut
2 (ross st 5 Suspansion st

3 Re-rad end

a0 Subiram
7o Slabelizer ha
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rozen, making therm extremaly difficull to remove. In arder (o unscraw
these elunbom fasteners without damaging them (or afher components),
ne sure 0 use lots of penatrating oil and allow it to soak in for 2 while,
Using a wire brush to clean exposed threans will also aase removal

of the put o bolt and prevent damage to the threads. Scmetimes a

sharp Blow with & hammer ang punch 5 effective in breaking the bond
between 2 nut and bolt threads, but care must ne faken to prevent the
punch fram stipping off tha lzstener and rulning the threads, Heating the
sluck fastenar ang surrounding area with a torch sometimes helps too,
but isr't recommended because of the obvious dangers associated with
firg. Long oreaker bars and extenzlan, o cheater, pipes will increase
igverage. bul never Use an exlension pipe on & ralchet - the ratchating
mechanism could be damaged. Sametimes, trning the nut or bolt

in tne lightening [clockwise] direction first will hefp to bresk it loose
Fastaners that require drastic measures to unscrew should always be
replaced with new anes.

Since most of the procedures that are dealt with in this Chapter
inviolve [acking Up the vehicle and wiorking underneath 11, 2 good pair af
jackstancs will be needed. A hydraulic fleor jack is dhe preferred lype of
jack to (ifl the vehicle, and it can also be used to support certain com-
pangnts during varlous oparations.

Never, under any circumstances, rely on a jack to support the
vehicle while working on i1. Also, whenever any of the suspen-
sion or steering fastenars are loosenad or removed they must be
inspected and, it necessary, be replaced with new ones ol the
same pari number or of original equipment quality and design.
Torque speciications must be followed for proper reassembly
and companent retention. Never attempt to heat or straighten
any suspension or steering components. Instead, replace any
hent or damaged part with a new one.

1.2 Rear suspension components

I Siabiier ar 4 Throstarm
£ anving ek (boreath cover) b Shogk absorber

3 Trackrod

& Ceifspring
7 Subframa
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2 Strut assembly (front) - removal, inspection and installation

S WARNING:

Always replace the struts and/or coil springs in pairs - naver
replace just one sirul or one coll spring (this could cause dan-
gerous handling peculiarities).

REMOVAL

=MNofe; It is possible to replace the struts or coil springs indi-
vidually but the unit will have to be disassembled by a qualified
repair shop with the proper equipment. This will add consider-
able cost to the project. You can compare the cost of replacing
the complete assemblies yourseli to the cost of replacing indi-
vidual components (with the help of a shop).

# Reler to illustration 2.3

1 Laoosen the wheel bolts, raise the fron of the vishicle and suppart
it securely on |ackstands, Remove the front whesls,
= Note: Supporl the vehicle by placing the jackstands under s
frame and not any of the suspension components.

¢ Remove the whee! speed sensors fram the steering knuckle (ses
Chaptar )

3 Remove the brake hose and wire hamess bracket from ihe strut,
as pquipped (see (lustration),

4 [eiach the stabilizer bar lirk from e st (see Section 3)

Rear-wheel drive models
¢ Reler to illustrations 2.5 and 2.7

5 Hemove the strot-to-knuckle fasteners (see llustration)

6 Separate the stil from the steering knuckle, Be careful nof fo el
the steering knuckle fall cutward, 25 the brake hose and wire hamesses
could be damaged. If necessary, suppart the steering knuckie by placing
a jack under the cross strut balljeint at the steering knuckle
==Nole: If necessary, disconnect the wire hamesses or other
elecirical componenis belore separating the strut and steering
knuckle fo protect them from damage.

7 Py the small plastic cap off the piston rod nut (see lustration).

B Have arassistant hold the strut assembly from below. Hald the
piston rod with an Allen wrench and remaove the piston rod nut and
rebiound stop (see lllustration 2.7). Remove the assembly from the
fenderwell

2.5 Location of the lower strut mounting fasteners (some
hidden from view - vicinily given)

2.7 Mounting defails at the upper strut:
1 Piston rod mut 2 Reboung ston
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4MATIC models
¢ Refer to illustration 2.10

9 Remove the brake caliper and secura it aside (ses Chapter 9)

10 Mark the relalienship of the stul 1o the knuckle (these marks will
be used during installation 1o maintzin wheel alignment). Remave the
stiut-te-knuckle nuts and discard them, Knock the bolis cut with a ham-
mer and punch (see (llustration)

17 Separale the strut from the steering knuckle, Be careful nol Lo
ovarextend the inner CV Joint, Also, don't let the steering knuckle fall
outward, a5 the brake hose and wire harnesses could be damaged.
~Note: If necessary, disconnect the wire hamesses or other
electrical componenis bejore separating the strut and steering
knuckle 1o protect them from damage.

12 Have an assistant hold the strut assembly from below, then
remove the three upper mounting bolts &l the top of the strut in the
engine compartment. Remove the assembly from the fendarwel]. Make
cartain that tha struts are marked feft or right I bath are being removed.

INSPECTION

13 Check the stiut body for leaking Huld, dents, cracks and othes
chvious damage that would warrant repair or replacement.

14 Check the cail spring for chips or cracks in the spring coating
Ithis can causs pramature spring failure due (o corrosion)., Inspect the
spring seat and ather rubber parts for cuts, hardness and general dete-
rloration.

145 Itany undesirable conditions exist, replace the strut assembly
entirely ar any failed componerts with the help of a qualified repair
shap (see Note above)

INSTALLATION

Clean all mounting bols of old thread-locking compound as
necessary and apply thread-locking compound (blue/medium)
during Installation, Clean threaded holes with a thread chasing
tool, or equivalent, before Installing bolts in them. Replace all
self-locking nuis as equipped.

Rear-wheel drive models

16 With the heip of an assistant, gulde the strut assembly into posi-
thom, then Install the rebound stop and piston-rad nut until its finger
tight; final tightening will occur with the vehicle lowered.

J Stabilizer bar, bushings and links (front) - removal and installation

¢ Refer to illustrations 3.3 and 3.4

1 Haise the front of the vehicle and support it securely on
jackstands. Remove the front whesls

2.10 Mark the relalicnzhip of the strut 1o ihe steering
knuckle (typical shown)

17 Altach the strat 1o the steesing knuckle, then tighten the fastenars
to the torgue fisted in this Chapter's Specifications,

4MATIC models

18 Wilh the help of an assistant, guide the strut assembly Into posi-
licn and install the upper mounting bolts through the hales in the strul
tower; final tightening will occur with the vehicle |owered.

19 Garelully sllde the steering knuckla into the strut flange and
install the twa bolts using a soft-face hammer or mallet, Install new
self=locking nuts, align the marks made in Step 10, then tighten the
ruts to the lorque listed in this Chapters Specifications.

20 Install the brake caliper (see Chapter 9),

All madels

21 Install the brake hose and wire hamess bracket on the using a
new cable-tie it necessary,

22 Install the wheels, then lower the vehicle and tighten the wheel
bolts to e torque listed in the Chapter 1 Specitications.

23 On rear-wheel drive madels, hald the piston rod with an Allen
wrench and tighten the piston-red nut to the torque listed in this Chap-
ter's Spacifications,

24 On AMATIC models, tighten the strut's upper mounting halts fo
the torque fsted In this Chaptars Specifications

25 Hawve the fronl wheel alignment checked and, If necessary,
adjusted.

= Naote: Support the vehicle by placing the jackstands under iis
frame and not any of the suspension compaonents.

2 Remove tha enging splash shield fram under the vehicle (see
Chapter 2)
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3.3 Stabilizer bar link mounting detalls

Stabitizar bar link
Link nut flower)
Lk belistud ok with wreneh witile foosening or Nginening ik nuts)

Eay Po -~

3 Remove the lower nut from each stabilizer bar link, then remove
them from the bar (see lllustration), Inspect the small boots on the links
for damage or detericration. Replace the links if necessany.
= MNole: The stahilizer bar links can be remaved entirely by
separating them from the strut assemhblies,

4 Remove the stabilizar bar racket fasteners and remove the brack-
Bts (sea illustration).

st CAUTION:

Models equipped with bi-xenon headlamps, with range adjusi-
ment, are equipped with a sensor and linkage thal is mounted
to the stahilizer bar. Mark the position of the sensor linkage in
relation to the stabilizer bar, then carefully remove the linkage
from tha bar. Do this belore removing the stabilizer bar brack-
ets,

REAR-WHEEL DRIVE MODELS

5 Hemove the stabilizer bar, then remove the rubber bushings from
the stabilizer bar,

4MATIC MODELS

6 The stabllizer bar remoyval on 4MATIC models invalves [owering
the subframe from under the vehicle while supporting the enging from

3.4 Stabilizer bar bracket (A) and fastenars (B) (rear wheel
drive shown - 4MATIC similar)

gbove. This is an extensive procedurs and impartant safety precau-
livns must be observed. Reter to Section & of this Chapter regarding
subframe removal. It is impertant to note that the need Lo ramove the
stabilizer bar, from a vehicle of this design, is usually dug lo damage
fram an accidenl. If this is the case, it is highly likely that other major
companents (such as the sublrame itself) have also been damaged

We recommend having the vehicle inspected by a qualified body repair
shop before replacing the stabilizer bar

ALL MODELS

#: WARNING:

Clean all mounding bolis of oid thread-locking compound as
necessary and apply thread-locking compound (blue/medium)
during installation. Clean threaded holes with a thread chasing
1ool, or equivalent, before installing bolts in them. Replace all
sall-locking nuls as equipped.

7 Clean the stabilizes bar whare the bushings contact It Inspect &l
bushings for wear and damage, If any of the rubber parts are cracked,
tarn or generally deteriorated, eplace them '

& Check each stabilizer link for signs of excessive wear and replace
tham as necessary,

9 Installation is \he reverse of removal. Ba sure to tighten 2l the
fasteners to the torque listed in this Chapter's Specifications.
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4 Suspension links (front) - removal and installation

==MNote 1: The following procedure applies 1o rear-wheel drive
models anly.

=MNate 2: All of the tasteners and related hardware thal attach
the struts o the sublrame must be returmed to their original
positions in arder to preserve the front wheel alignment.

REMOVAL

1 Loasen the front wheel bolis. Raise the front of the wihicle and
support it securely on jackstands, Rermove the front whesl,
= Note: Support the vehicle by placing the jackstands under ils
frame and not any of the suspension components,

2 Remove the engine splash shigld from under the venicle (ses
Chaptar 2)

Torque strut
¥ Refer to illustrations 4.4a, 4.4b, 4.5 and 4.6

3 Remove the stabilizer bar from ife subtrame {3ee Section 3). The
stabilizer bar links may stay attached,

4 Separate the balljoint on the targue strut from the steering
kruckle {see illustrations).

stz CAUTION:

Be careful not to damage the balljoint seal during this Step.

4.4a Torque strut mounling delails;

1 Ballfaint stud mut

2 Torque strut-lo-sulirame mounting Balt (hidden from view - wialnily

given) fhoid e bolt with 2 wiench and ramove the aut - 00 NOT
fury the ol
3 Mounting mut (repiace)

=Hole: Balljoint separating lools are available al most aulo
parls slores.

5 Inspect the lorque strut-to-subframe mounting bolt for grooves by
Iooking at the end where the threads can be seen (see illustration).
= Nole: Grooved mounting bolts may or may not be installed

an the vehicle you're working on. They are installed far wheel
alignment adjustment when necessary (see Section 24),

4.4b To separate the sirul mounted balljoint from the
steering knuckie, loosen the balljoint stud nut, then install
the tool as shown

4.5 The lorgue strut may have a
graoved mounding bolt like the

-O-g IO — e

[25027-10-04.04.HAYNES]
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6 Hold the torgue strut-le-subframe mounting bolt while loosening
the nut (see illustration 4 4a),

sk CAUTION:

DO NOT turn the torque strul mounting bolt, as this could dam-
?g:ithﬂ} small lugs in the cenfer of the strut’s bushing (see illus-
ration}.

7 Remove the nut and slowly withdraw the bolt while noting its
placement in the bushing (sea Ilusteation 4.6),

= Mote: |f the bolt has no grooves in it, then it Is installed
between the lugs in the cenfer of the bughing.

8 Remove the torque strut, then proceed 1o Step 14.

Crass strut
¢ Refer to illustrations 4.9a and 4.9b

9 Loosen the cross stul balljoint nul, then saparate the balljoint
rom the steering knuckle by using adrift and siriking the knuckle to
break |oose the taper of the ballstud (see illustration),

10 Inspect the cross strut-to-subframe mounting bolt for grooves by
looking &t the end where the ihreads can be seen (see llustration 4.5),
= Nole: Grooved mounting bolts may or may not be installed
on the vehicle you're working on. They are installed Tor wheel
alignment adjustmen! when necessary (see Seciion 24).

11 Hold the cross strul-to-subframe maounting bolt while loosening
the nut (see llusiration 4.9a),

3t CAUTION:

D0 NOT furn the cross strut mounting bolt, as this could damage
the small lugs in the center of the strut’s bushing (see illusira-
tion 4.6).

12 Remove the nut and slowly withdraw the bolt while noting its
placement inthe lugoed porticn of the bushing (see [ustration 4.8).
= MNote: If the balt has no grooves in it, then it is installed
between the lugs in the center of the bushing.

4.6 The torque strut and cross strut have lugs in the center
of the bushing thal engage grooved mounting bolts. Regular
(non-grooved) mounting bolls are placed in between the lugs
{direclly in the center). Grooved bolts are placed on one side
or the other {cross strul shown - torque strut is similar)

|3 Remove the cross strut.

INSTALLATION

14 Inspect the center bushing for wear or detericration, The bush-
ing can be replaced on all cross struts, but only on some arue siruts
For bushing replacement, vou'll nesd the assistance of a dealer service
department or other qualified repair shop due to the speclal tools and
knowledge required,

15 Installation is the reversa of removal, Use a new balljoint stud
nut. Tighten all fasteners to the forque listed In this Chapter's Specifica-
tions. Usa new self-locking nuts where sguipped. Hold the mounting
bolt while tghtening the torgue or cross stiul-to-frame nut,
mNole: Before tightening the lorque or Gross strut-lo-sublrame
nul, carefully raise the steering knuckie with a floor jack 1o
simulate normal ride height.

16 Ingtall the wheel, rermove e |ackstands and lower the vehicle.

17 Tighten the whesl bolts to the torque listed In the Chapter 1
Specifications,

18 Have the frant-end allgnment checked, and Il necessary, adjusied

4.9a Cross strut mounting details:
T Ballioint stud nut
2 Cross siri-fo-subirame maunting bolt (hald the boll with 8 weanch
and remiove e ot - D0 NOT tara e boi)
3 Muunting ot (rapiace) (hiddar farm wiew - wicinly given)

4.9b To separale fhe cross sirut-mounted balljoint from the
sleering knuckle, loosen the balljoint stud nul, then sirike the
knuckle using a large drifi or equivalent to break the

laper loosa
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=Note 1: The following procedure applies to AMATIC (AWD)
madels only.

=Nolg 2: All of the fasteners and related hardware that altach
the lower conirol arm fa the subframe must be returned 1o their
original positions in order 1o preserve the front wheel align-
memn.

REMOVAL

# Reler 1o illustrations 5.4 and 5.7

1 Lnosen the wheel bolts, ralse the front of the vehicle and support
it securely on jackstands, Remove the whesl,

= Note: Support the vehicle by placing the jackstands under s
frame and not any of the suspension components.

[

¢ Hemaove the engine splash shield from under the wahicls (sea
Chapter 2], _
3 On models equipped with range adjustable bi-xenon headlamps,

remove the sensor's |inkage from the Jowar control arm (right slde anly),

4 Mark the front and rear mounting {phvot) fasteners on the am
(a8 (Hustratian),

5 Disconnect the tie-rod end from the steering knuckle (see Section
18),

6 Disconnect ina lower control arm balljont from the steering
knickle using the same technigue as the tie-rod end.

= Hote: Balljoini separating fools are available at mos! auto
parls stores.

7 Inspect the lower control arm-to-subframe pival bolts for a

-
ﬂ 11080-14-5.4 HATHES

graove by looking at the end of each boll where Ifie threads can be seen
(see illustration).

= Nate: Grooved mouniing bolts may or may not be installed

on the vehicle you're working on. They are installed lor wheel
alignment adjusimani when necessary (see Section 24).

B Hold the lower control arm-to-sublframe mounting ball whila
loesening the nut (see illustrations 5.4 and 5.7),

st CAUTION:

DO NOT tumn the contral arm mounting bols, as this could dam-
age the small lugs in the center of the arm's bushing.

8 Remaove the nut and slowly withdraw the bolt while noting its
placement in the lugged portion of the bushing and the relaled washers
(shims} along with their exact position,
=Note 1: If the boll has no grooves in it, then i is installed
between the lugs in the center of the bushing. '

= Nate 2: When removing the rear pivot bolt {on either arm),
swivel the tle-rod upwards and have the steering wheel tumed
to the extreme opposite side thal you're working an. This will
provide the necessary clearance 1o remove the holt.

10 Remove the lower contral arm by sliding it out of the subframe
hracke!.

INSTALLATION

11 Installation is the reverse of removal. Use a new balljoint stud
rut, Be sure o tighten all fasteners to the torque values listed In this
Chapter's Specifications. Lse new seli-locking nuts where equipped

=Mate: Raige the lower control arm with a floor jack 1o simu-
late narmal ride height before tighlening the lower control arm
mounting nuts af the subframe.

12 Install the wheel. Lower the vehicle and tighten the wheel bolts to
the torque listed in the Chapter 1 Specifications.
13 Have the front end alignment checked and. il necessary, adjusted.

. Tl S
a00=—2=0

-:-.-_. 0-10-5.7 HAYNES]

5.4 Lower confrol arm and mounting fasteners

5.7 Grooved bolls may be installed for wheel alignmen,
Turning them with a wrench will cause damage 1o the conlral
arm bushing
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| Inspect the balljoint boots for signs of damage, wear, or |eaks.
The balljpints and boots are not serviceable: The components that they
are Integrated with must be replaced |f a boot or balljoint is defective
Check for iooseness anylime suspension components are separated
from the siaering knuckle, See il yau can tum ne ballstugd in s socke
with your fingess. If the balljoing is locse, or if Ihe ballsiud can be
turned easily, replace the component, One method of checking the
talljaints with the suspension assembled [s by carefully prying on fhe
suspensian components near the balljoinis,

&0 Loasen the frant whesl bofts, raise the frant of the vehicle and
support it securely on jackstands, then remove the whee

=HNote: Support the vehicle by placing the jackstands under its
frame and nof any of the suspension components.

3 Using a large prybar, attempt to pry the components dirsctly away
from the steering knuckla. Look for up-and-down movermen] between
the ballstud and the joint casing,

sk WARNING:

Do not damage any balljoint bools while checking them for
loeseness.

4 Replace components as necessan

7 Hub and wheel bearings (front) - removal, service, installation and adjustment

The dust ¢reated by the brake system is harmiul lo your health.
Never blow i out with compressed air and don't inhale any of it.
Do nol, under any clrcumstances, use petroleum-based solvents
lo ¢lean brake parts. Use hrake system cleaner only.

REAR WHEEL DRIVE MODELS

Remaoval
¥ Refer to illustrations 7.3 and 7.4

=Note: Because of the design of these hubs and bearings,
removal of the inner bearing causes damage to il. Therefore,

wheel bearing inspection ar repacking is not feasible. Il you are
going to remove the inner bearing, | must be replaced with a
new one along with a new grease seal.

1 Loosen the wheel balts, raise the fronl of the vehicle and suppart
it securely on jackstands, Remove the wheel
=Note: Support the vehicle by placing the jackstands under its
frame and not any of the suspension components.

2 Remove the braks disc {see Chapter 39

3 Remove the dust cap (see lllustration)

4 Loasen the locking boell on the clamping hub tul, fen unscrew
the nut {ses illustration),

& Pull the hub oul stightly, fien push it back into its original posi-
tion. The auter bearing will now be on the spindie and out of the hub,
Remiove e outer hearing.

B Pull the hub assembly off the spindle,

7.3 Carefully remove the dust cover using a sharp chisel or
suitable tool

7.4 Loosen the locking boll (A) and unscrew the clamping
hub nut {B)
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Service
# Refer to ilustrations 7.7, 7.8 and 7.9

T Using & sultable drift, gently tap aut the inner wheel bearing and
grease seal from the hub (sea ifustration).
== Note: The tone-ring for the ABS wheel speed sensor is inlegral
with the grease seal, so the seal should always be replaced
when removed. A replacement long-ring will come with the new
seal.

& Lse high-temperature front wheel bearing arease to pack the
bearings. Work the grease completely Info the bearings, forging It
between.the rallers, cone and caga from the back side {see Hlustration).

9 Coal the spindle and the bearing contact surfaces with grease
(56 illustration), .

10 Apply a thick layer of grease to the inside wall of the hub.

11 Place the inrer bearing inte the rear of the hub, than add a [t
more grease on top of the bearing,

12 Install & new grease seal Into the hub (and over the inner bearing)

by tapping it evenly into- place unbil it's flush with the fub

== Note: On vehicles equipped with wheel speed sensors (see
Chapter 9), the lone-ring on the grease seal can become dam-
aged when coming info contact with metal. Use a mallet or
equivalent 1o tap the =eal inlo the hab.

Installation
¥ Refer to illustration 7.14

13 Carefully place the hub assembly onto the sgpindle, push fhe
outer bezring inta position and install the clamping huk nut (finger tahl
only),

» Nole; Excess grease will be pushed out of the hub and bear-
ings while installing the hub onfo the spindie. Simply move your
finger around ihe edge of the hub and remove il.

14 Rotate the hub in & fsorward direction while tightening the spindle
nut using anly needle-nose pliess. Repeat this about three or lour times,
This will seat the bearings and remove excess grease (see lllustration),

7.7 Set the hub between iwo blocks of wood. Use a drilt to
remove the inner bearing and grease seal from the hub

7.8 Place a good amount of grease in your hand, work the
grease inla the bearing by repeatedly pressing a seclion
of the hearing against your hand. Grease will come out the
other end when done correctly

7.9 Coat the entire spindle with high-lemperature
brake prease

7.14 Rotale the hub forward whiie tightening the clamping
hub nut. Repeat this a few times
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Adjustment
# Refer to illustration 7.16

15 Loosen the locking balt an the clamping hub nut (if not done
previously) [see illustration 7.4). Il beasing raplacement was performed,
make sure that the hub and bearings are free of excess grease. Loosen
and lighten the clamping hub nut with needie-nase pliers a few times lo
feel for a point just before lorque resistance is felt on the nut, Attempt 1o
achieve almost no wheel beasing play by lightly tightening the clamping
hub rut. Hotate the hub and confirm that the moverment s smooth with
na resistance.

16 Mount a dial indicator to the hub and measure the play batween
the spindie and the hub (see illustratian). The amaunt of whesl bearing
play should be within the values llsted in this Chapter's Specificalions.

17 When the propar amount of play |5 achieved, tighten the lock-
ing bolt on the clamping hub nut to the torque listed in this Chapters
specifications, be careful not to move fhe hub nut In the process.

18 Hecheck the amount af whesl bearing play and re-adjust if naces-
sary, Rotate the hub 1o confiem that it turns freely with no noticeabla free
Dlay.

19 Install the dust cap, lightly fapping it into place with a hammar.

20 Install the brake disc and caliper in the reverse order of removal
{see Chapter 0),

21 Install the wheal on the hub and tighten the wheel bolts.

22 Lower 1he vehicle and tighten the wheel boits to the torgue listed
in this Chapter's Specifications,

4MATIC MODELS

23 The front wheel bearings and hubs on AMATIC models are non-
serviceable assemblies requiring no maintenance or adjustmant. An
assembly 1s replaced it found to be defective. Dus to the special lools

7.16 Mount a dial indicalor as shown and sel it to zero. Grip
the top and bottom of the hub and altempl to pivot {or rock)
it on the spindle. Nofe the movement of the pauge's needle
to measure the amount of wheel bearing play {similar hub
design shown)

and expertise required to press the hub and bearing from the steating
knuckle, the job requires a professional mechanic. However, the steer-
Ing knuckle may be removed and taken to an automative machine shop
or & gualified repair fcility to have the assembly replaced. Ses Section
8 for the stearing knuckle remaval procedures,

8 Steering knuckle - removal and installation

s WARNING 1:

The dust crealed by the brake system is harmful 1o your health.
Never blow Il out with compressed air and don'l Inhale any of it.
Do not, under any circumsiances, use petroleum-based solvents
to clean brake parts. Use brake system cleaner only.

34 WARNING 2:

Clean all mounting bolls of old thread-locking compound as
necessary and apply thread-locking compound (blue/medium)
during installation. Clean threaded holes with a thread chasing
tool, or equivalent, before installing bolts in them. Replace all
sell-locking nuls as equipped.

1 Loosen the wheel bolts, raise the front of the vehicle and support
It securely on jackstands. Remove the wheel,

=MNate: Supporl the vehicle by placing the jackstands under its
frame and nof any of the suspension components,

2 Remove the brake disc, the whesl speed sensor and brake wear
sensor(s), as equipped (see Chaptar 9).

3 On rear wheel drive models, remove tha-hub from the steering
knuckle (see Segtion 7).

4 (On 4MATIC (AWD) models, remave the driveaxiemub nut from
the axle shaft (see Chapter 8), Push tha axle shaft through the hub Just
encugh to make surs that it's loose. IT it is stuck, pul the hub nut or he
shatt until its flush with the end. Use a mallet and strike the end of the
shaft to break it loose from the hub, If this dossn't work, install a puller
on the hub and shaft (se= Chapter 8),

5 Disconnect the lie-rod end fram the steering knuckie (see Sechion
18).

6 Separate the strul assembly from the stearing knuckle (568 Sec-
tion 2).

7 Onrear wheal drive models, separate Ihe suspension stits from
the stearing knuckle {see Section 4),
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B On AMATIC (AWD) models, separata the lowet contrel arm fram
the sleering knuckle (see Saction &)

9. Carefully Inspect the steering knuckla for cracks, especially
around the sleering anm and spindle area, Alsa (nspect the balljeint
stud holes, If they're elongated, or If you find any cracks in the knuckle,
replaca the steering knuckle

10 Remave the brake dust shield(s) as necessary for replacement,

11 Installation is the reverse of removal. Be sure 10 tighten all sus-
pension fasteners fo the torque valugs listed In this Chaplers Specifica-
lions, Fater 1o the torgue values listed in the Chaptar 9 Specifications
lor brake related fastenars and Chapier 8 far the driveaxle hub nut.

12 Tighten the wheel bolts to the torque listed in the Chapter 1
Specifications.

13 Have the front end alignment checked and, it necessary, adjusted

9 Subframe assembly (front) - removal and installation

s WARNING 1:

Make sure the sleering wheel is nol furned or the angle of the
front wheels is changed while the steering shalt Is disconnected
ur you could damage the airbag system clockspring. To prevent
the shafi from turning, turn the ignition key to the lock position
before beginning work, and run the seat belt through the sleer-
ing wheel and clip it inlo its latch.

3 WARNING 2:

Clean all mounting balts of old thread-locking compound as
necessary and apply thread-locking compound (blue/medium)
during installation, Clean threaded holes wilh a thread chasing
tool, or equivaleni, before Inslalling bolts in them. Replace all
sell-locking nuts as equipped.

=Note: New sublrame mounting holts will be necessary.

1 Park the vehlcle with the wheels pointing straight ahead,

2 Move the steering colurmn (o s outermnst position. Deactivate
the sasy etry and exdl function, 1T equipped.
e Mote: The easy entry/exit funclion creates more room to enler
and exi the vehicle by moving the steering column and driver's
seal aulomatically. It is controlled by buttons on the steering
wheel and the mulli-lunction display

3 Drain the power steering fuld from the reservolr (see Section 21),

4 Raise the engine slightly and swepport it with an engine support
fixture or eauivalent (ses Chapter 2)

5 Loosen fhe front wheel bolts, raise the front of the vehicle, sup-
prart it segurely on jackstands and remove the Tront wheels.
=Nole: Support the vehicle by placing the jackstands under the
Irame {unibady) and not under any of the suspension compo-
nents or sublframe.

REAR WHEEL DRIVE MODELS

¥ Refer to Nusiration 9.8

f Detach the lower mourting fastenees for the strutfeoll spring
assemblies (see Section 2).

7 Remove the stabilizer bar and links (see Section 3).

B Femove the heat shields from the subtrame (sae ilustration),

AMATIC MODELS

4 Remove botn front driveaxles (see Chapler 8),

10 Reattach the lower contral am ta the steering knuckle {see Sec-
fion &),

11 Remave the heat shiglds from above the right boot and the stesr-
ing shaft coupler of the steering gedr

ALL MODELS

¥ Refer 1o Nllustrations 9.18, 9.20a and 9.20b

12 Remove the engine mount balls from the subframe {see Chaptar 2),

13 Separale the steering shatt coupler from the lower stesring shatt
{588 Section 20),

14 Disconnect the fluid lines from the stesring gear and plug or cap
all openings (ses Section 20)

145 Disconnect the brake lines from the brake hosss and plug or cap
all openings (2ee Chapler )

9.8 Remove the fasteners for the heat shields thal are
aftached to each side of the subframe
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16 Disconnect the wheel speed and brake pad wear sansors from the
steering knucklies and brake calipers, then remove them (see Chapter 9],
= Mote: The wire harnesses lor these sensors are vulnerable 1o
damage. Use care when removing them.

17 Inspact the sublframe for any attached wire harmess or hoses and
detach them and move them aside so \he sublrame can be lowared,

18 lse a transmission jack fo support the rear part of the subirame
and suspenslon components. Secure the sublrame by attaching it to the
Jack with ratchel type tie-down straps or equivalent. Use an additional
lloor jack under tha front center portion of the subframe. {see illustra-
ficn)

19 Place jackstands under [he subframea Inaddition to the transmis-
sion jack and floor jacks,

20 Remave the four mounting bolts for the subframe and discard
them {see the accompanying Nliustrations and illustration 9.18)

Do not waork below any part of the subframe unless it Is sup-
poried by jackstands.

21 With the help of an assistant, remove the jackslands and slowly
lower the transmission jack and floor jack, Place two-by-fours under-
neath the brake discs to protect them and the dust shields from damage
as the subframe is lowered completely.

Hai: WARNING:

The sublrame and suspension components are awkward, heavy
and easily unbalanced. Do not aitempt this procedure alone.

22 When relnstalling the subframe, siowly and carefully raise the
subframe with the jacks while guiding the steering shaft coupler towards
the steering shaft. It can be engaged atter the subtrame is mounted,
=Note: Inspect the stabilizer bar and sublrame bushings before
reinstalling the subframe.

23 Line up the sublrame using the mounting holes on the chassis
and use the jacks and jackstands to support il,

24 Use new bolts (purchased from a dealership service depart-

9.18 Subframe details (rear wheel drive model shown -
AMATIC models similar):

T Mounling bolt iocalions (wioinfly showr)
2 Localion for fransmission jack piacemen
3 Lowalion for foor jack placement

ment) for mounting the subframe. Install them with hand tools only and
lighten them to the terque listed in this Chapter's Specilications.

st CAUTION:

The bols are sell-tapping; be careful nol fo cut cross-threads
into the mounting hole during installation,

23 The remainder of (he installation is the reverse of remaval, Make
sure any wire harnesses ar brackets that were removed 1o lower the
sublrame are reattached

26 Install the wheels then lawer the vehicle. Tighten the whesl bolts
to the torque Nisted [n the Chapter 1 Specifications.

27 Hava the front end alignment checked and, i necessary, adjusted

9.20a Location of the lef-front mounting bolt {rear wheel
trive model shown - AMATIC models similar)

8.20b Localion oi the lefl-rear mounting bolt (rear wheel
drive model shown - AMATIC models similar)
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10 Shock ahsorher (rear) - removal and installation

# Refer to illustrations 10.1a, 10.1b, 10.2, 10.4 and 10.5

s WARNING:

Replace all self-locking nuts as equipped.

| Inthe trunk compariment, ramaove the rear trim panel and lining
fastenars and pull the carpeting aside for access to the shock ahsorber's
Upper maunting nut (ses lllustrations.

=Note 1: For round-headed fasteners with a circle in the center,
simply pry the cenler out then pull the enfire tastener out. i
there is no small circle in the center, pry the enlire fastener out.
For small flat rectangular fasteners, pry them up using the small
slols an the sides.

= Nate 2: For wagaon models, remove the rear-most storage
compariment cavers an each side of the cargo area.

2 Remove the upper maunting nut and hardware by holding the
damper rod and loosening the mounting nut (see Mlustration). Discard
the nu,

4. Raise the rear of the vehicle and support it securely an
ackstands
= Note: Support the vehicle by placing the [ackstands under its
frame and not any of the suspension componenis.

4 Remove the cover from the spring link {see illustration),

5 HRemove the fasteners that attach the lower end af the shock 1o thie
spring lirk [ses illustration). I the fasteners appear to be frozen, apply
some penetrating il and allow some lime for i to work,

6 Instaliation is the reverse aof remnoval. Use new self-locking
meunting nuts. Tighten the mourting nuts to the torgue listed In this
Chapter's Specifications,

10.12 Fastenar locations Tor the rear Irim panel (some
Iozations are oul of view in this pholo - sedan shown)

10.1b Fagleners for the carpet lining in the trunk on the right
side (sedan shown)

10.2 Location of the upper mounting
nul and hardware for the shock

absorber (sedan shown) spring link

10.4 Remove the two screws and
then unclip the cover from the

10.5 Location of the lower mounting
fasteners for the shock ahsorber
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11 Stabilizer bar, bushings and links (rear) - removal and installation

¢ Refer fo illustration 11.2

i WARNING:

Clean all mounting bolts of old thread-locking compound as
necessary and apply thread-locking compound (bloe/medium)
during installation. Clean threaded holes with a thread chasing
tool, or equivaient, belore installing bolts in them. Replace all
seli-locking nuls as equipped.

1 Raise the rear af the vehicle and supparl if securely cn
[ackstands.

= MNote: Support the vahicle by placing the |ackstands under its
frame and nof any of the suspension components.

& Remove the lower nut from each stabilizer bar link, then remove
the links fram the bar (see ilustration). Inspect the small boots an the
links for damage or deterioration, Replace the links i necessary,
e=Nole: The stabilizer bar links can be removed entirely by
separating them fram the rear knuckles.

3 Remove the stabilizer bar bracket fasteners and remove the bragk-
gis,

4 Remove the stabilizes bar, then remove the rubber bushings from
the stabilizer bar,

5 Clean the stabilizer bar whare the bushings contact it inspect all
bushings for wear and damage. If any of the nubber parts are cracked,
lorn or generally deterioratad, replace tham,

12 Suspension links (rear) - removal and installation

sk WARNING:

Clean all mounting bolis of old thread-locking compound as
necessary and apply thread-locking compound {blue/medium)
during Installation. Clean threaded holes with a thread chasing
toal, or equivaleni, before installing bolts in them. Replace all
sall-locking nuts as equipped.

=Note: The subframe must be lowered to remove the radius
rod; a good floor jack, jackstands and wood blocks will be nec-
BSSary.

I Loosan the wheel bolts, raise the rear of the vehicle and suppart
Il sacurely on jackstands, Remove the wheel,

~=Npte: Support the vehicle by placing the jackstands under its
frame and not any of the suspension components.

THRUST ARM

# Reder 1o llustration 12.2

2 Remove the thrust amm maunting fasieners from the knuckle (sea
llustrationn)

6 Check each stabilizer link for signs of excessive wear and replace

[hem a5 necessary.

T Installation is the reverse of removal, Be sure Lo tighten all the

fastenars 1o the tarque listed in this Chapier's Specificalions.

11.2 Stabilizer bar details (rear):

Stabilizar bar link

2 Etabilizar bar bracke! mounting bodt fone shown - fap ol hiddan
from g,

J  Stahilizer bar bracke!

4 Stabilizar bar bushing

12.2 Thrust arm mounting faslener locations
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12.8 Camber sirul mounting fasteners al the rear knuckle

12.15 Localion of the wheel speed sensor and brake pad
wear sensor electrical conneclors

& Remove the theust arm mounting fasteners from the subframe and
remave the arm,

4 Ingpect all rubber bushings tor wear 2nd damage. If any of the
ribiber parts are cracked, W or generally deteriorated, replace the arm,
The plastic cover can be unclipped from the arm and replaced if neces-
gary.

5 Installation is the reverse of removal. Tighten the maunting fas-
temirs to 1he torgue listed In this Chapter's Specifications.
= Note: Raise the spring link with a floor jack to simulate nor-
mal ride height before fightening the thrust arm mounting fas-
leners (see llustration 12.36).

CAMBER STRUT

# Reter o illustrations 12.8 and 12.9

G Mark the strut so you will know which side faces forward and
which end faces inward/oulward

T Remove the radius rod mounting fastenars from the knuckle {sea
iliustration 12.26)

B Remove the camber strut mounting fasteners at the knuckle (see
illustration). Mave the radius rod so that you can remaove the camber
st balt.

12.9 Camber strut mounting fasteners at the raar subframe

9 Remove the camber strul mourding lasteners at the subframe (see
illustration)

10 Inspect all rubber bushings for wear and damage. | any of the
rubber parts are cracked, lorn or generally deteriorated, replace the
shrut

11 Instaliation i the reverse of removal, Tighten the mounting fas-
teriers to the torgue listed in this Chapter's Specifications,
= MNate: Raisa the spring link with a floor jack to simulate nor-
mal ride height befare fightening 1he camber strut mounting
fasteners (see Illustration 12.36).

RADIUS ROD

# Refer to illusirations 12.15, 12.24, 12.26 and 12.27

The removal of the radius rod involves lowering the sublrame
and driveirain components. This job is very involved and can
be considered hazardous even with the proper equipment. Usea
qul‘lmma caution throughout the following procedures to avoid
njury.

= Nofe 1: A transmission jack or equivalent is necessary for the
following procedure.

e=Note 2: il is recommended that additional help from an assis-
tant be used during this procedure.

12 Disconnect the cable from the negative battery lerminal (see
Chapter 5, Section 1)

13 Loosen the wheel bolts, raise the rear of the vehicle and suppart
i1 spcurely on jackstands placed under the frame ralls, Remove the rear
wheels.
== Note: Support the vehicle by placing the |ackstands under ils
irame and not any of the suspension components.

14 Detach the parking brake cables from the equalizar and remiove
them from the brackal attached to the body (see Chapter 9) (see illustra-
tons 11,9 in Chapter 9 and 711 in Chaptar 4),

15 Disconnect the whesl speed and brake pad wear sensor elactrical
connectors Incated abave the rear differantial, a5 equipped (see illustra:
than),
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12.24 Location of the subframe mounting bolts on the
left side

16 Femova the twa under covers (see |llustrations 6.3a and .30 in
Chapter 4]

17 Remaove the rear portian of the exhaust system (ses Chaptar 4),

16 Remove the heat shield that |5 mourted above the rear muffles

19 Discannect the driveshafl from the raar differential (see Chapter
)

20 Remaove the stabilizer bar from the subirame brackets and stabi-
lizar bar links; leaving the links attachad fo the rear knuckies {see Sec-
tion 11)

21 Remave the brake calipers and secure therm sa that the brake
hoses will nol be affectad whan the subframe is ‘owered {see Chapler
g,

22 Remove e coil spring (see Stéps 36 thraugh 42)

23 Place & transmission [ack (or equivalenty under the differential
and attach it securaly,

24 Positicn jackstands under e subframe (alang with the trans-
mission jack) to secure the differential and subirame, then ramove the
subframe mounting bolts (see ilstration),

sk WARNING:

Do not work below any part of the sublrame unless il is sup-
ported by jackstands.

26 With the help ot an assistant, remaove the [ackstands, then slowly
lower the subframe white pulling il rearward

The subframe and suspension components are awkward, heavy
and easily unbalanced. Do not altempt this procedure alone,

26 Remove the radius rod mounting fasteners at the knuckle (see
lfustration)

27 Wofe the position of the radius rod, then rrmova the mounting
fastaners at the subframe and remove the rod (see illustration),

12.27 Radius rod mounting fasteners at the rear subframe

28 Inspact all rubber bushings Tor waar and damage. 1 any af the
rubber parls are cracked, tom or generally deteriarated, replace the rod,
29 Instailation 15 the reverse of remaval nating the following points:
4} The subiframe mounting ball holes must be re-lanped and oleanad
iharoughly of alf ofd adfasive before e bols are fnsfalied
Whar Installing Mie subframe, It mus! he guidee e whils
faiging it info position.
g/ Tighten the subframa mounting Boits fo e tergue fdsted in this
Chapiers Spacifications.
dl Mave sure fo retnstall the brars, driveline and exhaust systam
GOMPoNeNts
) Raisa the spring ek with a foar jack fo simutate nommal e
helaht Lefore tghtaring any suspension eompanant miunting
fastenavs (see fhustation 12.36),
f} Ba sure fa lighten alf suspansion fBstaners to the forgue valies
Hstad i ihis Chaptark Specifications

=it

)
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12.30 Mark the relationship of the ioe adjusting cam ball to
the subirame to preserve the rear wheel alignment when the
fasteners are reinstalled

12.32 To separate the link-mounted balljoint from the rear
knuckle, loosen the balljoint stud nut, then sirike the knuckle
using a large brass drifl or equivalent to break the

taper loose

TRACK ROD

» Refer to illustrations 12.30, 12.31 and 12.32

30 Mark the relationship of the toe-adjusting cam ball fo the sub-
frame {see Hlustaticn).

31 Loosen the ballstud nut on the track red balljoint at the rear
kruckle (see illustration),

32 Separate the balljoint on the track rod from the rear knuckle by
using a drift and striking the knuckie o break the taper of the ballstud
[see illystration)

23 Hoid the cam bolt while lnasening the track rod mounting nut
from the rear subframe. Mote the position of the Hink. then remcve

34 Inspect &l rubber bushings for wear and damage. If any of the
rubber parts are cracked, tom o generally deterinrated, replace the track
rod

12.36 Use a floor jack to raise, lower or supporl the
spring link

= Naote: The bushing on the inboard end of the track rod can

be replaced. Due lo the special tools and experise required,
the job requires a professional mechanic. Take the track rod to
dealer service department or a qualitied repair facility for ser-
vice.

a5 Installation is the reverse of remaval, Tighten the mounting fas-
leners to the lorgue listed in this Chapler's Specifications

mNote: Raise the spring link with a floor jack to simulate nor-
mal ride height before tighlening the link mounting lasleners
{see illustration 12.38).

SPRING LINK (AND COIL SPRING)

# Reler to illustrations 12.36, 12.38 and 12.40

36 Support the spring link and coil spring tension with a floor jack
(zee illustration)

1
|



10-20 SUSPENSION AND STEERING SYSTEMS

37 Remove the shock absorber lowar mounting fasteners (see Sec-
tian 10),

38 Remaove the link maunting fasteners from the rear knuckle and
Inosen the fastaners at the subframe (see (llustration)

39 Slowly lower the spring link with the loor Jack untll the spring
tensian is relieved,

40 Mote the pasition of the cail $pring in the spring link as well as
the position of any seats {or insulators), then remove them (see [lustra-
tion),

41 Remove the spring link mounting fasteners at the subframe, then
remove the link.

42 Inspact the coll spring seats {insulators) and the link bushing for
wear and damage, It any of the rubber parts are cracked, tom or genee
ally deterlorated, replace them,

= Note: For bushing replacement, you'll need the assistance of
a dealer service dapariment or a qualified repair shop due to the
special lools and expertise required,

43 Installation is the raversa of removil. Be sure to place the coll
spring and Seats in thelr ariginals positions. Tightan the mounting fas-
teners 1o the lofque fisted in this Chapter's Specifications,
e=Nole: Raise the spring link with a floor jack to gsimulate nor-

mal ride height before tightening 1he link mounting fasteners
(see (llustration 12.27).

ALL LINKS

44 Install the wheel(s) and lowes the vehicle, Tighten the wheel balts
to the torgue listed in the Chapter 1 Specifications,
45 Have Lhe wheel alignment checked and, if necessary, adjusted.

12.38 Spring link mounting fasteners

12.40 With the coil spring tension relieved, remave the
spring and seals

13 Coil spring (rear) - removal and installation

H=:: WARNING;

Always replace coil springs in pairs - never replace just one of
them.

14 Knuckle (rear) - removal and installation

1 WARNING 1:

The dusi crealed by the hrake system is harmful 1o your health,
Never blow il out with compressed air and don't inhale any of i
Do not, under any circomslances, use petroleum-based solvenls
to clean brake parts. Use brake sysiem cleaner only.

Reter to Section 12, Steps 36 through 43 for the coill Spring removal
and installation procedure,

stk WARNING 2:

Clean all mounting bolts of old thread-locking compound as
necessary and apply thread-locking compound (blue/medium)
during installation. Clean threaded holes with a thread chasing
tool, or equivalent, belore instailing bolis in them. Replace all
self-locking nuls as equipped.
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1 Remove the driveaxle hub nut (see Chapter 8),

2 Loosen the wheel bolts, ralse the rear of the vahiche and support
It securely on jackstands. Remove the whasl,
=Note: Support the vehicle by placing the jackstands under its
frame and not any of the suspension companents,

3 Rernove the brake disc, the wheel speed and brake wear sensor(s)
a3 equipped {see Chapter 9),

4 - Remove the rear parking brake shoes and disconnect the parking
brake cable from the knuckle (ses Chapler 9)

5 Remove the stabilizer Bar link Trom he knuckle {see Section 11),

& Remove the coll spring (see Section 12)

7 Detach the track rad, thrust am and radius rod links from the
knuckle (see Section 12).

8 Push the axle shaft throuah the hub, plvot the rear knuckle up
and remove the driveaxle fram the knockle (see Chaptar 8),
== MNote: Secure the driveaxie aside and be careful not to over
extend any of the CV joints.

ek CAUTION:

When withdrawing the driveaxle from the hub and bearing
assembly, be carelul not to damage the tone-ring for the wheel
spead sensar,

e S ————— e T

0 Defach the camber strut from the rear knuckle, then remove the
knuckle,

10 Carefully inspect the steering knuckle for cracks, especially
arcund the steering arm and spindle area. Also inspect the balljoint stud
hiole for the track rod. If it's elongated, or if you find any cracks in th
kruckle, replace the knucklz

11 Bemove brake dust shield as necessary for replacement

12 Installation is the reverse of removal. Be sure fo tighten all sus-
pension fastenars to the torque values listed in this Chapter’s Specilica-
tions. Refer ta the torque values listed in the Chapter 9 Specilications
for brake related lastenars.
= Note: Raise the spring link with & floor jack to simulate nor-
mal ride height, then tighten the suspension componen! mount-
ing tasteners to the torque listed in this Chapter's Specifications
(see illustration 12.26).

13 Tighten the wheel bolls to the tarque listed in the Chapter 1
Specifications,

15 Hub and wheel bearings (rear) - removal and installation

The redr hub and whee! bearings require no maintenance or adjist-
mment and are replacad if found 1o be defective. Due fo the spegial
tonls and expertiss required 1o press the hub and bearing from the
rear knuckle, the job requires a professional mechanic. Howaver, the

kruckie may be removed and taken to an automotive machine shop o
a qualified repair facility for service. See Section 14 for the rear knuckle
removal procedures.

16 Steering wheel - removal and installation

1= WARNING:

These models are equipped with airbags. Always disable the
airbap system whenaver working in the vicinity of any airbag
system component 1o avoid the possibility of accidental airbag
deployment, which could cause personal injury (see Chapter
12).

REMOVAL

¥ Refer to illustrations 16.4, 16.5a, 16.5b, 16.6, 16.7, 16.8a,
16.8b and 16.9

=MNote: A new stearing whael retaining ball is necessary for
installation.

| Park the vehicle with the frant wieels in the straight-ahead posilion

#:: WARNING:

Do NOT tum the sleering shaft during or after steering wheel
removal. i the shafl Is turned while the steering wheel is
removed, a mechanism known as the clockspring can be dam-
aged. The clockspring maintaing a continuous elecirical circuit
hatween the wiring hamess and the airbag module and consists
of a flat, ribbon-like electrically conductive tape which winds
and unwinds as the steering wheel iz turned,

2 Extend the steering wheel to its cutermost position towards you,
On vehicles with electrically adjusiable steering columns, leave-the fgni-
tion key in the ACC pasition,

3 Disconnect the cable from the negative terminal of the battery
{see Chapter 5, Section 1),
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4 Remove the two airbag module fasteners (see illustration) and
carefully fift the airbag module fram the steering whee,

8 Unplug the electrical connectars for thi airbag modile, horn and
other components as equipped, fen remove the module {see illustra-
Hiris)

#:: WARNING:

Carry the airbag module with the trim cover (upholstered side)
tacing away from you, and set the airbag module in a safe loca:
tian with the Irim cover facing up.

fi Remove the steering whesl retaining bolt and mark the relation-
ship of the steering wheel hub to the steefing shaft before removing the
steering wheel (see [llustration),
== Hote: The steering wheel hub Is keyed 1o the steering shaft in
two places. Slide the steering wheel ofl the shaft while guiding
the clockspring wire harness through the steering wheel hub.

7 Loosen one of the clockspring mounting screws o kegp the

clockspring from rotating and in the centered position {see lllustration).

It the clockspring Is rotated and the steering wheel Is installed,
the clockspring will be damaged and the airbag system will be
disahled.

B Ifits necessary to remove the clockspring, remova the steering
column module by loosening the mourting bolt and pulling the module
from the steering column (see ilustrations)

=MNote: On models manufactured prior to July 7, 2002, leave the
module on the steering column,

9 Remove the clockspring from the steering column module by
[oosening its mounting screws, removing all of the switches (see Chap-
ter 12 tor additional information) and the module cover. Start disas-
sembly by fully loosening the front clockspring mounting screws (see
(llustration 16.7). Then, remove the module cover [asteners from the
rear of the module {see illustration), Also, note the position of the mod-

16.5a Lift the airbag off the steering wheel and unplug the
electrical canneclors for the airbag, horn, efc.

1*'!’.‘"-? | -
J '....

¥

L}
»

L)

16.5b Release the locks on the connectors to unplug them
from the module

16.6 After removing the retaining boll, nole the keyed area
of the steering wheel hub and mark its relationship to the
steering shaft
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ule's mounting bolt in the back of the clockspring: except on models
prior o July 7, 2002,

=MNote: On models manufactured prior to July 7, 2002, loosen
fhe three clockspring mounting screws (on the front) fully, then

carefully pey it from the module around the edges. No other dis-
assembly is necessary.

INSTALLATION

10 Feassemble the steering column module a5 necessary and rein-
stall it to the steering column,

11 Befhre installing the stearing wheel, maki absolutely sure that the
airhag clockspring is cenfered and the front wheels are pointing straight
ahead (see llustration 16.7). This shouldn't be & problem as long as
you have not turned the steering shaft while the wheel was removed cr
rotated the clackspring, If necessary, center the clockspring as follows:

al Rotate the clockspring counterclockwise until it slops {dont apply

fon mch farca, thobah),

bl Rotate the clocksaring clockwise about 3o 3-1/2 fums uitt! the
miodnting screws and top rotating part of the clockspring fine-up
Lok for g sral! window dn ihe.clockspring with confrasting ool
ors, 45 equipped,

12 Instaliation is the reverse of removal, noting the fallowing points:

al Make sure the airbag clocksoring is centared befare nstalling the
steering wihee! [see Step 11),

i) When instafling the steering wheal carsfully foed the clockspring
wire harmess through the whee), engage the steering whee! Aub
with the rised partions (tabs) of the clockspring and plage it on
ihe steering shaft using the reference marks made earlier

g} install a NEW stegring whee! refaining bolt and Hafien it i the
torque lisfed in this Chapiars Specifications.

d) Install e aithag module an the steering whese! and lightan the
fastanars fo the forgue Nsted in this Chapler’s Specifications.

g) Enabie e airbag systam (see Chapler 125,

16.7 Centered clockspring details (2005 modal shown -
others are similar);

i Mounting screws (foosen one fo hield in centered position)
& Camtaring windew (canirashing colors visible wien cenferad)
3 Tgb that angages with steering whes! hub

16.82 Loosen the steering column module mounting bolt

16.80 Pull the module from the sleering column

16.9 Steering module cover fasteners (rear of module)
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i WARNING 1:

17 Steering column - removal and installation

i CAUTION: i

These models are equipped with airbags. Always disable the
airbag system whanever warking in the vicinity of any airbag
system component to avoid the possibility of accidental airbag
ggflwmant. which could cause persanal injury {see Chapter

s WARNING 2:

Clean all mounting bolts of old thread-locking compound as
necessary and apply thread-locking compound {blue/medium)
during installation. Clean threaded holes with a thread chasing
1oal, or equivalend, heiore insialling bolts in them. Replace all
sell-locking nuts as equipped.

REMOVAL

It it Is necessary to rolale the lower steering shail slightly to get
ta the retaining ball, be sure fo move the shalt and coupler back
lo the cenierad position to avoid damage to the clockspring.

= Hote 1: On 4MATIC models, the steering shait coupler resem-
bies a universal joinl and uses a pinch boli to hold it lo the
lower steering shaft; it doesn’t have a long shaft like the coupler
used on rear wheel drive models. The coupler on the 4MATIC |
maodels is removed similarly; mark s relationship to the lower
steering shaft {thal comes thraugh the firewall}, remove the
nli'ln:h bolt and separate the coupler from the lower steering
shaft.

=Mote 2: On rear wheel drive models, the manufacturer recom-
mends replacing the small plate between the lower slearing
shaft and steering shait coopler because il Incorporales the nut
far the retaining ball.

# Reter to Mlustrations 17.3a, 17.3b, 17.4, 17.6, and 17.10
through 17.15

1 Raige the front of the vehicle and support it sscurely,

= Note: Drive-on (ramp slyle) supports are ideal for this proce-
dure as they keep the wheels poinied forward while supporting
the vehicle.

2 Remowe the engine spiash shields fram under the vehicle (see
Chapter 2)

3 Remova the small exhaust shield located just above the sieering
shaft coupler {see llustrations).

4 Mark the lower steering shalt (that comes through the Hrewall)
in redation (o the steering shafl coupler, then remaove the retaining bolt.
Separate the lower steering shaft from the coupler by moving the shall
upwards (towards the inside of the vehicle) and remaving the small
plate between them {see (llustration),

17.3a The steering shafl coupler (rear wheel drive
model shown)

R r——

T R —

17.3h The small exhaust shield and mounting fastenars
(rear whee| drive mode| shown)

17.4 Mark the relationship of the lowar stesering shaft 1o the
shalt coupler (A) and remove the retaining bolt (B)
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5 Aemove the lower instrument cluster trim panel located just T Remave the steering wheel (see Sectlon 16).
ahave the brake and accelerator pedals (see Chaptar 11) & Remove the stearing column switches (see Chapter 12) and
6 On vehicles aquipped with an electric steering column |ook (an clockspring {see Section 16)
anti-theft mechanism), remove the maotor assembly from the column as =Note: On models manufactured after July 7, 2002, the steering
nliows; column switches and clockspring can be removed as an assem-
a) Place the fgnition key in the ACC position (the first pasition bly (referred to as the sieering column module). Refer to Siep 8
clockwise from OFF) in Section 16 1o remove the sleering calumn module,
B Diszonnect fhe cabia fram ihe negative batfery ferminal, (sae 9 Remove the instrument cluster (see Chapter 12),
Chapter 5, Saction 1), 10 Remove any insulation from arcund the stearing column (see
&) Remave the refaining bolf (recessed) that atfaches the motar lustration),
assambiy fa tha stearing cofumn (see Miusiration), 11 Move the small lock to release the levar used o adjus! the stear-
d) Mave the malor assembly towards fhe firewall fo remove i from ing column. Push down on the adjustment levarand disengage it from
ihe stearing column fmove A in the opposite diraction for instalia- the sleering column (ses illustration),
fan, ' 12 Release e clip on the top parl of the steering column cover, then
a) Defach the slectrical comnector for fhe motor assembly, ramove the cover (see illustration).

17.6 Electric steering lock motar datails: 17.10 Insulation on the left side of the steering column

1 Motar assémbly g Eectrical connector

£ Recessed refaiming bolf

17.11 Move the small lock to release the column 17.12 The retaining clip for the steering column cover
adjustment lever
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13 Detach the electrical wiring harness (see illustration).

14 Aemoye the lower-steering column mounting biolt (see ilustra-
fion).

15 Remaove the upper steering column maunting bolts, then pull
the column and lower steering shall upwards and out of the boot at the
firewall to remove it (see iustration),

Handle the steering column with care to avaid damaging it.

INSTALLATION

16 Guide the steering column into position with e lower steering
shait going through the baat at the firewall. Install the mounting fasten-
ers, but don't Hghten them yel
=Note: Lubricate the boot's shalt contac! areas with all-purpose
greasa.

|7 Confirm the alignment of the steering column, then tighten the
mournting fasteners lo the forque listed In this Chapters Specifications,

18 The remainder of installation Is the raverse of mmoval. Make sure
to- match the lower steering shaft with 1he steering shaft coupler using

17.13 Remaove the wiring hamess and connector from
he column

the Index marks made In Step 4. Alsn, secure the wire harness to the
steering column in the same manner as it was originally instatled,

17.14 The location of the lower steering column
maunting boil

18 Tie-rod ends - removal and installation

REMOVAL

# Reter to illustrations 18.2, 18.3, and 16.4

1 Loosen the wheel bolts, raise the frant of the vehicle and suppar
It securely on jackstands. Apply the parking brake. Remove the whegl
=Note: Support the vehicle by placing the jackstands under its
frame and nof any of the suspension companents.

17.15 The location of the upper steering column |
mounting balts

¢ Loosen the tie-rod end jam nul (see illustration).

3 Mark the relationship of the tie-rod end to the threaded portion
af the tie-rod (see (llustration). The referance mark will help restore the
front wheel alignment toe setting upon réassembly

4 Loosan {but den't remove) fhe nut onthe te-rod end ballsiud and
disconnect the tia-rad end from the steering kiuckle arm (see (lstra-
lion).
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== HNote: Il the ballstud lurns while loosening the nut, hold the
ballstud with a wrench while removing the nul,

5 I you're replacing the tie-rod end, unserew the tig-rod end [rom
the tie-rod, then thread the new tis-rod end onto the tie-red to the
marked position

INSTALLATION

fi Connect the fie-rod end o the steering knuckle arm. Install a new
rut en the ballstud and Highten il o ke torgue listed in this Chapier's
specifications, Install the wheal. Lower the vehicle and tighten the wheel
balts to the torque listad in the Chapler 1 Specifications.

T Have the front end alignment checked and, it necessary, adjusted.

18.2 Hold the tie-rod with a wrench while loosening the
jam nut

16:3 Mark the position of the tie-rod end in relation 1o 18.4 Loosen the ballstud nut a few lurns, Ihen separate

lhe threads the tie-rod end from the steering knuckle with a balljoint
separator fool or puller (leaving the nut on the ballstud will
prevent the tie-rod end from separating violently)

19 Steering gear hoots - replacement

# Refer to illustration 19.5

1 Locsen the wheel bolis, raise the frant of the vehicles and support
it securely on [ackstands. Hemove the wheel,

= Hole: Support ihe vehicle by placing the jackstands under its
frame and not any of he suspension components,

2 Remove the engine solash shields {see Chapter 2),
3 On AMATIC models, remove the heal shield aver e right boot as
NECESSArY.
4 Remove the te-rod end and jam nut {see Section 18),
5 Rernows the steering gear boot clamps and 5lide the bool off (see
iustraticn),
= Note: Check for the presence of power steering fHuid in the
boot. If thera is a substantial amoun, it means the sleering

gear seals are leaking and the power steering gear should be
replaced with a new or rebuill unil.

19.5 Remove both clamps to remove the steering gear boot
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6 Bafose installing the new boot, wrap the threads and serrations on

the end of the steering rod with a layer of tape so the small end of the
new boot isn't damaged.

7 Slida the new boot into pesition on the steering gear until it seats

in the grooves, then install new clamps.

=MNote: The inboard boot clamp Is a crimp-lype clamp, similar
fo those used on CV joint boots. Refer to Chapter B for informa-
fion on installing these types of clamps.

20 Steering gear - removal and installation

# Refer to illusirations 20.6, 20.8, 20.10 and 20.12

A0 WARNING 1:

Make sure the sieering wheel is nol turned while the steer-

ing gear is removed or you could damage the airbag system
glockspring. To Emum he stearing shaft from turming, turn the
ignition key to the lock position before beginning work, and run

the seat belt through the sleering wheel and clip il into its laich.

20.5 Steering shalt coupler details (rear wheel drive shown
= 4MATIC similar):

1 Intex mark for maiching steering gear inpul shaft position fo
steering shalf couplar position

2 Small plastic cap (also used for centering the steering geart

3 Slearing shalt coupler pinch Dol

8 Remove the tape and install the tle-rod end (see Section 18),

9 The remainder of installation is the reverse of remowal.

10 Install the engine splash shislds (ses Chapter 2)

11 Install the wheel. Lower the vehicle and fighten the wheet bolts 1o
the torgue listed in the Shapler 1 Specifications.

12 Have the front end alignment checked and, If necessary, adiusted

ik WARNING 2:

Ciean all mounting bolts of old thread-locking compound as
necessary and apply thread-locking compound (blue/medium)
during installation. Clean threaded holes with a thread chasing
{ool, or equivalent, before Installing bolts in them. Replace all
selfi-locking nuis as equipped.

1 Park the vehicle with the wheels painting stralght ahead and
apply the parking brake.

2 Move the steering column to ts outermost pesition. Deactivate
the “easy entry and exit” lunction, If equipped
=Note: The “easy entry/exit” function creales more room to
enter and sxit the vehicle by moving the steering column and
driver's seal automatically. I is controlied by buttons on the
steering wheel and the multifunction display.

3 Remove the power steering fluid from e reservelr {see Section 21)
4 Loosen the front wheal balts, raise the front of the vehicle, sup-
port it securely on jackstands and remove the front wheels

=Note: Support the vehicle by placing the jackstands under Hs
frame and not any of the suspension componenis.

5 Remove the enging splash shiglds from under the vehicla {see
Chapter 2),

6 Refer to Steps 3 and 4 In Section 17 to separate the steering shatt
caupler from the lower steering shatt,

=Nole: The steering shalt coupler can be removed from the
gleering gear alsa. The relationship of the coupler to the steer-
ing gear's inpuf shait needs to be marked before removing the
coupler (see illusiration). The small plastic cap that is seated
around the steering gear's input shaft is vulnerable to damage;
be careful when removing the coupler and do not pry against it.
if the steering gear is being replaced, i ghould come equipped
with a new cap. Install the steering coupler in the same position
as it was on the original sleering gear.

¢ Detach the tie-rod ands from the steering kriuckles (see Section 18),
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20.8 The retaining plate and steering gear
maunting lasleners

B Remove the retaining plate and the stearing geat mownting fas-
feners (S8 (llustration),
=Note: On rear wheel drive models, there s a small plate on
lop of the steering gear that the mounling belis thread into that
Ihe manutaciurer states 1o replace. On 4MATIC models, indi-
vidual nuts are used.

9 Move the steering gear lorward and down encugh to access the
ling fitting and retaining bo'l. Use rope ot equivalent 1o support th
stearing gear while removing the ling fitting,
= Nate: Some madels may have an electrical connector located
on the steering gear valve body housing. Disconnect the connec-
tor before moving the steering gear, if equipped.

10 Poslion a train pan under the steering gear. Disconnect the line
fitting retaining ot and pull the fiting from the steering gear [sea lllus-
tration). Cap the lines and openings to prevent leakags.

11 Inspect all rubber bushings for wear and damage, It any of the
rubber or plastic parts are cracked, torn or generally deterioraled,
replace mnerm.

12 Instaliation Is the everse of remaval, noting (he following points:
al When installing the steering gean mane sure fhat itis i its can-

tered position whan the stegring shalt coupler and e lowsr siser-
inig shafl are teconnecied (see Mustation)
bl Tighten the stearing gear mounting bolts and the coupder oll(s)
b fie torque valugs tated fn this Chaplers Specificalions.
Tighten the whea! bolis fo the larque lisled in the Chapler 7
Specilicalions,
a@l Add power stearing fuid fo dring it o the proper level (soe Chap-

fer 1), then blasd the system as desoribed In Sechion 22
g Ha-gheck the power sieering fluld fevel
1 Have the frant ead aifgnmant checked and, o necessary, adjuste

.

20.10 The line fitting is on the stearing gear valve body
housing (vicinity shown)

20.12 Anexample of a centerad steering gear using the
protrusions on the small plastic cap and the steering
gear housing
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¥ Refer to filustrations 21.3 and 21.5 1 Disconnect the cable from the nagative batiery terminal, (see
Chapter 5, Saction 1),
2 On V6 engine modals, remove the lelt alr intake duct {see Chapter
i WARNING: " ;

'3 Remove the drivebel (see Chapter 1), Rotate the auto-tensioner

Clean all fing bolts of old thread-locki A e ;
M“E“";[::’"WH !hri:d-?::“m|:=a:ur:;nu“nidl::mg?':1mmﬂ counterclockwise and lock it Into position (see |lustration),

during installation. Clean threaded hales with a thread chasin == HNote: It is not necessary lo lock the auto-lensioner on four-
fool, or equivalent, before installing bolis in them. Replace al cylinder engine models.

salf-lacking riuts as aquipped. 4 Using a large syringe or suction gun, suck as much fluid out of

the pawer stesring fluid reservolr as possible,

§ Position a drain pan under the power stearing pump, detach the
pressure fine fitting (banjo bolt) and the supply hose at the resenvoir
(carefully cut crimp-type hose clamps) (see lusteation), Plug the open-
ings 1o prevent excessive fluid loss and the entry of contaminants.

=Nole: On V6 engine models, perform Steps 6 and 7 first.

V6 ENGINE MODELS

2006 and later models
# Refer 1o illustrations 21.6 and 21.7

6 Using & leng hooked tool, pull the circlip from the fitting on the
rear of the reservoir (see {ifustration),
= Note: Before removing the circlip, attach a magnetic pick-up
tool fo it. The tool will help prevent losing fhe clip when pulling
it ofl.

7 Remove the three mounting balts for the reservolr and remaove it
fram the pump (see llustration). Discard the seal.

B Disconnect the electrical connector fram the pump that is next to
the pipe for the reservoir,

21.3 To lock the auto-tenzioner, rotate if counterciockwise
by using a tool on the lug (A). When the profrusion (B) is just
past the hole (C), Insert a small drifl or equivalent into the
hole and allow the pump fo seftle clockwize unfil the spring

tension is relieved
Circlip
—
21.5 Side view of power steering pump mounting details
{2005 model shown, others similar):

21.6 Reach In back of the reservair with a long hooked tool

1 Supply hose and clamp (crima fiee - replace with faditiong) and pull the circlip thal retains the reservoir fo the pump
hose clamp)

2 Pressea fine fitting (banfo type - replace sealing washars
aftar removal)

3 Ground cabig
4 Rear mounting bolts fone hladan fram view - wielndy gien)
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21.7 Resarvair mounting boll Incalions

§ Remove the air conditioning compressor (see Chapter 3)

10 Detach the ground cable from the back of the pump

11 Hemove the mounting bolt on the back of the pump that s near
the bottom,

12 Faemove the two front mounting bolis from the left side of the
pump (just teft of the pulley) and carefully remowe IL,

2005 and earlier models
Refer to illustration 21.13

14 Remaove the ball that secures the reservalr Lo the engine bracket
(seg |lustration),

14 Remove the ground wire from the rear of the pump and emove
the mounting bolts an the Tront and rear of the pump {see lllustrations
21.5and 21,13},
= Note: The rear mounting bolts are longer than the front bolls.

15 Slicte the pump and reservoir larard from the enaing, being
careful not to let-any power stearing lluid drip on the vehicie’s paint,

16 Remove the reservelr from the pump by removing the circlip from
the pipe fitting between the reservoir and the pump {see illustration
21.6). Diseard the seal,

21.13 Front view of power steering pump mouniing details
{2005 model shown, others similar):

T Resarvle-fo-ghging bracket bol!
2 Front meanting balts

FOUR-CYLINDER ENGINE MODELS

17 Remove the allernator wire harness from the pump's heat shield

18 Remove the sight screws securing the heat shieid Lo the pump,
then remave It

|8 Remave the mounting bals Jocated on the front and reas of the
pump, then carefully remaove the plmp.

ALL MODELS

20 The pulley can be removed lrom the pump if necessary. Special
toals for this are available at most auta parts stores,

21 Installation is the reverse of removal, Be sure Lo lighten the
miounting biolts and pressure line fitting (banjo-fype) Bolt o the lorque
values listed In this Chapler's Specifications. Use a new hose clamp
(i cuty on the supply hose at the reservair and use a new sedl when
installing the reservair onto the purp, Uss new sealing washers on the
banjo-type pressure line fitting. Fill the power sieering resarvoir with
the recommended fluid (see Chapler 1) and bleed the system following
the procedure described in Section 22, Re-check the power stegring
fiuid feval,

22 Power steering system - bleeding _

1 The power steering system must be bled whenever a ling is
disconnected, Bubbles can be seen in power steering fluid that has air
in it and the fuld will giten have a milky appearance, Low fluid level
can causa alr o mix with the fluid, resulting in 2 noisy pump as wall as
fvaming of the fluid

¢ Onen the hood and check e fluid level in the reservoir, add-
ing the specifled Tiuid necessary o bring it up to the proper tevel (see

Chapter 1),

3 Start the engine and slowly tum the steering wheel several limes
fram lefi-to-right and back again. Turn the wheel cormpletely from lock-
te-lock, but do not hold i in the extreme position on either side, Check
the fiuld level, lopping It up as necessary untll it remaing steady and no
more bubbies are visible
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23 Wheels and tires - general information

# Refer 1o illustration 23.1

Al madels covered by this manual are equipped with radial tires
(see illustraticn). Use of other size o type of tires may affect the ride
and handling of the venicle. Don't mix different types of tires, such as
radials and biag belted tires, on the same vehicle - handling may be
seriously affected. Its recommended thal tires be replaced in pairs on
[he sarme axle, but I only cne lire i5 being replaced, be sure its the
same size, structure and tread design as the other fire on fhe same axle.

Becaiise tire pressuie hias a substantial effect an handling and wear,
{ha prassure of all tires should be checked at least once a manth or
before any extended trips ara taken (see Chapter 1),

Wheels must be replaced if they are bent, dented, leak air, have
glangated bolt hioles, are heavily rusled, out of verical symmetey or if
the wheel bolts won't stay tight, Wheel repairs that use welding or peen-
Ing are riot recommended.

Tiee and wheel balance arg important to the overall handling, brak-
ing and performance of the vehicle, Unbalanced wheels can adversely
aifect handling and ride characleristics as well as tire |ie. Whenever a
lire is installed on 2 whesl, the tire and wheel should be balanced by a
shop with the proper equipment and expertise

24 Wheel alignment - general information

¢ Rafer fo illustration 24.1

=MNote: Since wheel alignment requires special equipment and
lechniques, il is beyond the scope of this manual. This Section
is intended only fo familiarize the reader with the basic terms
used and procedures lollowed during a typical wheel alignment.

The three basic checks made when aligning & vehlcle's front whesls
are camber, caster and toe-in (see llustration),

Gamber and caster are the angles at which e wheels and suspen-
sion are Inclined in relation to a vertical centerline. Camber Is tha
angle of 1he wheel in the lateral, or side-to-sida plana, while caster is
(he 1l Letween he steeding axls and the vertical plane, as viewed from
th side. Camber angle affects the amaount of tire tread which contacts
the road and compensates for changes in suspension geametry as the
vehicle travels around curves and over bumps. Caster angle affects the
self-centering action of the steering, which governs straight-line stabil-
Ity

Toe-in |5 the amount the frant wheels are angled in-relationship o
the center ling of the vehicle. For example, in a vehicle with zero toe-in,

METRIC T]FIE SIZES

TIRE TYPE / ¥ H!M CHAMETER

P-PASSENGER IN::H
oNconRy  /ASTRSTRATIO \ NGNS
C-COMMERGIAL W “
SECTION WIDTH ?5 CONSTRUCTION TYPE
{MILLIMETERS) A-AADIAL
188 B-BIAS - BELTED
198 D-DIAGOMAL (BIAS)
208
ETC

23.1 Melric fire size code

the distance measused between the front edaes at the wheels and the
distance measured between the rear edges of the wheels are the same.
In ather wards, the whesls are sunning parallel with the centarling of the
wehicle, Toa-In is adjusted by lengthening or sharening Lhe te-rods.
Incarrect loe-in will cause the tires to wear improperly by allowing them
to serub agains! the road surface,

Proper wheel alignment is essential for safe sieering and even fie
wear, Symptoms of alignment problems are pulling of the steering to
ane side or the other and uneven Lire wear, I thase symptoms are pres-
ent, check for the fellowing befare having the alignment adjusted;

&l Loase staering gear mounting boits

&) Damagad or worm slearing gear mounts

) Worm or damaged wheel bearings

d) Bent lg-rods

&l Worn ballfjoints

f) Impraper tire pressires

) Mixing tiees of different construclion

Front whegl alignment should be et to an aligment shap with the
praper equiprment and experienced perscnnel
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CAMBER ANGLE (FRONT VIEW) CASTER ANGLE (SIDE VIEW) TOE-IN (TOP VIEW)

24.1 Wheel alignmeni delails:
A it 8 = C (degrees cambir) 0 = tagrees caster E minus F = toe-in {measured in inches)

Specifications

Front wheel bearing
Wheal hearing play adjustment 0.0004 to 0.001 inch (0:07 to 002 mm)

Torque specifications Fi-1bs (unless otherwise indicated)

Clean all mounding bolts of old thread-locking compound as necessary and apply thread-locking compound {blue/medium) during
installation. Clean threaded holes with a thread chasing fool, or equivalent, betore installing bolts in them. Replace all seli-locking
nuts as equipped.

= Nate: One fool-pound (R-1b) of torque Is equivalent 1o 12 inch-pounds (in-Ibs) of torque. Torque values below approximately 15 R-lbs
are expressed In inch-pounds, since most foot-pound lorque wrenches are nol accurate al these smaller values.

Front suspension

Glamping hub nut fock bolt 86 In-lbe 11
Lross strut
Stiut-tn-subframs nut 10 150

Ball|nint-to-sleering knuckle nut 59 B0
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Torque specifications (conlinued) Fi-Ibs (unless otherwise indicated)

s+ WARNING:

Clean all mounting bolts of old thread-locking compound as necessary and aﬂphj thread-locking compound (blue/medium) during
installation. Clean threaded holes with a thread chasing fool, or equivalent, before installing bolts in them. Replace all self-locking
nuls as equipped.

#=Note: One foot-pound (f-1b) of forque is equivalent fo 12 inch-pounds (in-Ibs) of torque. Torque values below approximately 15 fi-lbs
are expressed in inch-pounds, since most fool-pound torque wrenches are not accurate al these smaller values.

Front suspension (continued)
Lower control arm

Arm-to-subframe nut 1 110
Balljnint-to-steering knuckle nut
Step 1 22 a0
Step 2 Tighten an additional 120-degrees
Stabilizer bar
Link nuts 44 kil
Bracke! boits a0 A0

Strut assembly
Rear whesl drive models

Upper mounting nul 44 B0
Lower mounting nut/balt (top of knugkle)
Step 1 84 120
Step 2 Tighiten an additional 90-degrees
Battom mounting bolis 81 110
4MATIC (all-wheel drive) mocels
Ugper maunting balis ar a0 :
Lower meunting nutbol
Step 1 4 100
Step 2 Tightan an additional 80-degrees
Subirarme mounting bolis 74 100
Torque st
Strut-to-sublrame nul 10 150
Ball|pint-lo-steering knuckle nut 54 : B
Rear suspension
Cambear struf
Strut-to-sublrame nut/bali 52 i}
Strut-lo-knuckle nutfHall 52 Fill|
Radius 1o
Rod-ta-subirame nut/bolt he 70
Rad-to-knuckie nut/bolt 5 70
Shock absorbe
Upper mounting nut s i
Lowar mobnting nuibol 4 55
Epring link
Link-to-subframe nutboll 52 |

Link-to-knuckle nut/bol a9 120
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Torque specifications Fl-1bs (unless oiherwise indicated)

Rear suspension (continued)
Stabilizer bar

Link nutfbali-to-stabilizer bar a0 40
Link bait-to-knuckle al 40
Brackal bolts 22 a0
aubiframe maurting balts
Step 1 a0 4
Step 2 Teghten an additional 90-deqrees
Thrustarm |
Arm-fo-subframe nuibolt 52 70
Arm-to-kruckle nut/balt h2 70
frack rod _
Roc-to-sublrame nut/boll : 52 70
Ron-lo-knuckle nut/boelt 22 a0
Steering
Alrbag module-fo-stearing whesi bolls 72 In-lbs 8
Lower steering snaft-to-coupler ball 22 al
Power steering pumg maurting bolis 180 in-Ibs 20
Fressure line fitting {barjc-type} bolt 3 45
Steering whee! cetaining ball 5 &0
ataering column maunting boits 180 in-Ibs 20
steeting shaff coupler-lo-stesring gear inpul shaft
Rear wheel driva
Nut/bol! 18 25
AMATIC
Finch bolt 18 25
Sleering gear mounting bolis
Rear wheel drive 63 85
AMATIC
Etep 1 ar 5
Step 2 lighten an additional Gi-degress
Tie=rod-to-steerng kruckle (ballstud) nut 52 7
Wheel bolts See Chapter 1



10-36 SUSPENSION AND STEERING SYSTEMS

Notes
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Section

1 General information

f Body - maintenance
Vinyl trim - maintenance '
Upholstery and carpets - maintenance

Body repalr - minor damage

Body repair - major damage

Hinges and locks - maintenance

Windshield and fixed glass - replacement

9 Hood - removal, installation and adjustment

10 Hood release latch and cable - remaval and installation

11 Bumper covers - removal and installation

12 Front fender - removal and installation

{3 Doar trim panels - removal and installation

14 Doar - removal and installation

15 Door handles, key lock cylinder and latch -
removal and installation

16 Door window glass - removal and installation

17 Door window glass regulator and motor - removal
and installation

18 Outside mirrors - removal and installation

19 Trunk lid - removal and installation

20 Trunk lid lateh - removal and installation

21 Cowl cover - removal and installation

22 Center console - removal and installation

23 Steering column covers - removal and installation

24 Dashboard trim panels - removal and installation

25 Seats - removal and installation

26 Rear shelf trim panel - removal and installation

g |
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11-2 BODY

1 General information

The Mercedes C-glass models coverad by this manual lealuse
unibody censtiuction, in which the major body components, floor pan
and frontand rear frame side rails are welded together to creats a ngid
structura which supports the remalning body components, drivetrain,
front and rear suspension and other components.

Cartain companents are particularly vulnerable o accident darmage
and can be unbolled and repaited or replaced, Amang thess pars ara

2 Body - mainienance

1 The condition of your vehicle's bady Is very important, because
the resale value depends & great deal an it IS much more difficull
to repair a neglected or damaged body than it Is to repair mechanical
components. The hidden areas of the body, such a5 the wheel wells, the
frame and the engine comparment, are equally important, alinough they
don't require a5 frequent attention as the rest of the body.

¢ Dngceayear, or every 12,000 miles, ifs a good Idea to have the
underside of the body steam cleaned. All traces of dirt and oil will be
removid and the area can then be inspected carefully for rust, damaged
brake lines, frayed electrical wires, damaged cables and other problems

3 Al the same time, clean the engine and fhe englne compartment
with & steam cleansr or water-soluble degreaser,

4 The wheel wells should be given closa atlention, since undercoat
ing can peel away and stones and dirtthrown up by the fires can causs

3 Vinyl trim - maintenance

Can't clean vinyl trim with detergents, caustic soap or patraledm-
based cleaners, Flain soap and water works just Hine, with a salt brush
Lo clean dirl thal may be ingrained, Wash the vinyl as frequently as the
rest of the vehicle, Afier cleaning, application of a high-quality nib-

4 Upholstery and carpets - maintenance

1 Evary three manths, remove the floomats and clean the interior
of the vehicle (more freguently If neceasary). Use a stifl whiskbroam to
Brush the carpeting and lnosen dirt and dust, then vacuum the uphal-
stery and carpets thoroughly, especially along seams and crevices,

2 Dirtand stains can be removed from carpeting with basic house-
hold or gutsmotive carpet shampoos available (0 spray cans. Follow the
directions and vacuim again, then use-a stiff brush (o bring back the
nap of tha carpet,

3 Mast Interiors have cloth or vinyl upholstery. elther of which can
be cleaned and maintained with a number of material-specific cleanars
or shampoos available in aulo supply stores, Follow the dirsctions on
the product for usage, and always spot-test any uphnlstery cleaner on

thee budy moldings, bumpers, lionl lenders, doors, the hood and frunk
liel. Cnly general body maintenance practices and body panef repalr
procedurss within the scope of the do=il-yourseller are Included in this
Chapter,

&lthough all models are very similar, some procedures may differ
somewhat from ane bady to anather,

the paint ta chip and flake, allowing rust to set in, |f rust is found, clean
dawn to the bare metal and apply an anti-rust painl,

5 The body should be washed about once a week, Wet the vehicle
thoroughly to soften the dirt, then wash it down with & soft sponge and
planty of clean soapy watar, If the surplus dirt is not washed off very
carafully, It can wear down the paint,

B Spots of tar or asphall theown up fram the road should be
removied wilh a cloth soakad in salvent:

7 Dnoe every six months, wax the body and chrome trim. If &
chrome cleaner is used to remaove rust from any of the vehlcles plated
parts, remember that the cleanes alsa removes part of the chrome, so
se it sparingly. Aler cleaning chrome trim, apply paste wax to presende
it

bier arid viny! protectant will help prevent oxidation and cracks. The
protectant can alsa be applied to weatherstripping, vacuum lings and
rubbar hoses, which often fail 35 4 rasult of chemical degradation, and
io Lhe tires

an incorspicLous area (bottarm edge ol 4 backseat cushion) 1o nsun
[hat il dieesn't cadse a calar shift in the material,

A After cleaning, vinyl upholsiery should be freated with a
pratectant,
=Naote: Make sure the protectant container indicates the product
can be used on seats - some products may make a seai too slip-
pery.

s CAUTION:

Do nol use prolectant on vinyl-covered steering wheels.




5 Leather uphalstery requires special care. It should be cleaned
feqularly with saddlesoap of leather cleangr. Never use aleahal, gasa-
ling, water, nail polish remaver or thinner 10 ¢lean lealher uphalstery.

6 Alter cleaning, reqularly treat leather upholstery with & leather
condltioner, ribbed in with a soit cotton cloth. Never use carwax on

BODY 11-3

leather upholstery,

7 Indreas where the interior of the vehicle is subject to bright sun-
light, cover leather seating areas of the seats with a sheet if the vehicle
15 o be left out for any fength of fime.

5 Body repair - minor damage

REFAIR OF SCRATCHES

I IHhe scratch is superficial and does net penetrats to the metal of
the bady, repair 1s-vary simple; Lightly rob the scratched area with a fing
rubbing compaund to remove loose paint and bulll-up wax, Rinse the
area with clean water '

2 Apply touch-up paint Lo the scratch, using a small brush, Con-
linue fo-apply thin layers of paint until the surface of the paint In the
scrafeh is level with the surounding paint. Allow the new painl at least
two weeks to harden, then blend il Into the surrounding paint by rub-
bing with a very fine rubbing compound, Finally, apply a coat of wax io
this scraieh area,

& |Ffhe soratch has penstrated the paint and exposed the metal
of the body, causing the metal to rust, a diffesent repair technigue is
reqjuired. Remave all loose (st from the botom of the scrafch with a
pocked knile, then apply st inhibiting paint to prevent the formation of
rust in the fumure, Using & rubbes or nylon applicator, coal the stratched
area with glaze-type filler If required, the {iler can be mised with thinner
(o provide a very thin paste, which is ioeal for filling narow scratches.
Batare tha glaze filler in the scratch hardens, wrap a plece of smooth
cotion clofh around the tip of a finger, Dip the clath In thinner and then
quickly wipe it along the surlace of the scrateh, This will ensure that the
surface of the filler is slightly hollow. The scratch can now be painted
ower a5 described earlier in this Section

REPAIR OF DENTS

¥ See pholo saquence

4 When repairing dents, the first jab is to pull the dent oul until the
attected area is as close as possible Lo s original shape. Thera is no
point in frying to restors the original shape completely as the metal in
the damaned area will have stretehed on impact and cannol be restoned
o Its originat contours. It |5 better to bring the level of the dent up to a
paint which Is about 1/8-inch below the level of the surrounding metal,
I cases whers the dent |s very shallow, it is not warth trying to pull i
outal all,

5 Ifhe back side of the dent is aceessible, it can be hammered oul
aently from behind using a sofi-face hammer, While daing this, hold a
block af wood Ny againsl the opposite side of the metal to absark
{he harmmer blows and prevent the metal from belng stretched.

B Il the dent is ina section of the bady which has double layers,
or some other factor makes il inaccassible from behind, & different
technique Is required. Drill several small holes through the melal inside
the damaged arsa, particularly in the deeper sections. Screw long, self
tapping screws into the holes just enough for them 1o get a good grip in
fhe metal, Now e denl can be pubfed oul by pulling an the protruding
figads af the screws with locking pliers,

7 The next stage of repair Is the removal of palnt from the damaged
area and from an inch or g0 of the surrounding metal. This is easily
done with a wire brush or sanding disk in a drill motor, although it can
be done just as effectively by hand with sandpaper. To complete the
preparation lor filling, scors the surface of the bare melal with a screw-
driver or the fang of a file or drll small hales in the aftected area, This
will provide a goad grip for the filler material, To complete the repair,
see the Section an Filling and painting.

REPAIR OF RUST HOLES OR GASHES

8 Hemaove all paint from the affected area and from an inch or so of
the strrounding metal using a sanding disk or wire brush mounted in a
drill motor, If these are not avallable, a few sheets of sandpaper will do
the job just as effectively.

8 With the paint removed, you will be able to determing the severity
of the corrosion and decide whether to replace the whole panel, If pos-
sihle, or repalr the affected area. New body panels are nat as expensive
as miost people think and it Is often quicker to Install & new panel than
10 repair lazge areas of rust,

10 Remaove all trim pieces from the affected area axcept those which
will act as-a guide to the original shape of the damaged body, such as
headlight shells, elc, bsing metal snips o a hacksaw blade, remove all
loose metal and any ather metal that is badly affected by rust, Hammer
the edges of the hole on the-insids to create a stight depression lor the
filler material,

11 Wire brush the affected area to remove the powdery rust from the
surface of the metal, If the back of the tusted area |s accessible, ireat it
with rust innibiting paint,

12 Bafore filling is done, biock e hole in some way. This can ba
done with sheet metal rivated or screwed Into place, or by stuffing the
hiole with wire mesh.

13 Onge the hole is blocked off, the aftected area can be filled and
painted. See the following subsection on Filling and painting,

FILLING AND PAINTING

14 Many types of body fillers are available, but generally speaking,
nody repair kits which contain filler paste and a tube of resin hardener
are best for fhis type of repair work. A wide, flexibile plastic or nylan
applicator will be necessary for Imparting & smoclh and contoured fin-
ish to the surface of the [ller materal. Mix up a small amount of Tk
on a clean piece of wood or cardboard {use the hardener sparingly)
Follow the manutacturer’s Instructions on the package, otherwise the
filler will set incorractly,

15 Using the applicator, apply the filler paste to the prepared area.
Draw the applicator across the surtace of the filler to achieve the
desired contour and to level the filler surface. As soon @3 & contour thal



These photos illustrate a method of repairing simple dents. They are intended fo supplemen! Body repair - minor damage In
this Chapter and should not be used as the sole insiructions for hody repair on these vehicles.

2 ... then screw the slide-hammer into the hole and operate

1 I you can't access the backside of the body panel 1o il. Tap with a hammer near the edge of the dent fo help 'pop’
hammer out the dent, pull it out with a slide-hammer-iype the metal back to ils original shape. When you're finished, the
dent puller. In the deapest portion of the dent or along the denl area should be close to its original contour and about 1/8-
craase line, drill or punch hole(s) at leasi ane Inch apart . . . inch below the surlace of the surrounding metal

J Using coarse-grit sandpaper, remove the paint down to the 4 When the paint is removed, louch will probably be more
bare metal. Hand sanding works fing, bul the disc sander helpful than sight for telling 1 the metal is straight. Hammer
shown here makes the job faster. Use liner {aboul 320-grit) down the high spols or raise the low spois as necessary.
sandpaper 1o feather-edge the paint at leasi one inch around Clean the repair area with wax/silicone remover

the dent area !

§ Following label instructions, mix up a balch of plastic filler 6 Working quickly so the filler doesn'l harden, use a plastic
and hardener. The ratic of filler to hardener is critical, and, il applicator 1o press the body filler firmly into the metal, assuring
you mix it incorrectly, it will either not cure properly or cure it bonds completely. Work the filler until it matches the ariginal

too guickly (you won't have time to file and sand it into shape) contour and |5 slightly above the surrounding mefal



7 Let the filler harden until you can just dent it with your
fingamail. Use a hody file or Surform tool (shown here) to
rough-shape the filler

8 Use coarse-gril sandpaper and a sanding board or block to
work the filler down until it's smooth and even. Work down o
finer grits of sandpaper - always using a board or block -
ending up with 360 or 400 grit

T T WS e o
- h‘

T,

9 You shouldn'l be able to feel any ridge at the transition
from the filler lo the bare meatal or from the bare metal to the
old paini. As soon as the repair is fiat and uniform, remove
the dust and mask off the adjacert panels or trim pleces

10 Apply several layers of primer to the area. Don't spray the
primer on foo heavy, so it sags or runs, and make sure each
coat is dry before you spray on the nexi one. A professional-
type spray gun Is being used here, but agrosol spray primer
is available inexpensively from aulo parts stores

11 The primer will halp reveal iImperfections or scraiches.
Fill these with glazing compound. Follow the label
instructions and sand It with 360 or 400-grit sandpaper until
it's smooth. Repeal the glazing, sanding and respraying until
the primer reveals a perfecily smooth surface

12 Finish sand the primer with very ine sandpaper (400 or GDD-
grit) to remove the primer overspray. Clean the area with water
and allow it to dry. Use a tack rag to remove any dusi, then apply
the finish coal. Don't attemnpt to rub out or wax the repair area
until the paint has dried completaly (al least iwo weeks)
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approximatas the criginal one is achieved, stop working the pasts. |f
you continug, the paste will begin to stick to the applicatar. Continue to
add thin layers of paste al 20-minube intarvals unth the level of the filler
I3 just above the surounding metal

|6 Once the filler has hardened, the excess tan be removed with a
hody file. From then on, progressively liner grades of sandpaper should
De used, starting with a 180-grit paper and finishing wilk B00-gril
wat-or-dry paper, Always wian the sancpaper around a flat rubber or
woodan block, afferwise the surface-of tha filler will not be completely
Hlat. During the sanding of the fillar sUtface, the wel-or-dry paper should
be pariodically rinsed in watsr, This will ensura that a very smaath fin-
sh is proguced in the final stags.

17 ALthis point, the repalr area should be surraunded by a ring of
Bara metal, which in twm shauld be enciicled by the finely feathered
ecge of good paint. Rinse tha repalr arss with clean water untll all of the
duzt produced by the sanding cperation & gone,

18 Spray the antire area with a light coat of primer This will reveal
any impearfections in the surtace of the filler. Repalr the Imperfections
with fresh filler paste or olaze filler and onee more smocth tha surface
with sandpaper. Repeal this spray-and-repair procedure until you ara
sallsfied (hat the surface of the lillar and the feathered edge of the painl
are pertect, Rinse the arza with clean water and allow it to dry tom-
nletely

19 The repair area js now ready for painting. Spray painting must ba
carried out In a warm, dry, windiess and dust free afmosphere. These

6 Body repair - major damage

I Major damage must be repained by anauta body shop specifi-
cally equipped lo perform body and frame rpalrs. These shops have
thee specialized aquiprment required to do the job propsrly.

2 IFthe damage is extensive, the bedy must be checked lor proper
dlignment or the vanicle’s handiing characternstics may be adversaly
alfected and other components may wear al an accelerated rate

7 Hinges and locks - maintenance

Once every 3000 miles. or every three months, the ingas and
taloh assemblies on the doors, hood and trunk should be glven a few
drogs of light oil ar lock lubricant. The doar latch strikers should also

congitions can be created If you have access 1o 2 large indoor work
ared, bt it vou ara forced to work in the apen, you will bave to pick the
day very carsfully. 1! you are werking indoors, dousing the flocr in the
wark area with wazer will help setlle the sl which would oiherwise be
in [he aie. If the tepair araa 15 canfined (o one bedy panel, mask aff the
surrounding panels. This will hefp minimiza the effects of a slight mis-
match in paint color, Trim pisces such as chrome strips, door handles,
ete., will alse need to be masked off ar removed. Use masking tape and
several thickness of newspaper for the masking opesaticns.

20 Betore spraying, shake tha paint can thoraughly, then spray a fest
area until the spray painling lechnique is mastered. Cover the repair
area with a thick coat of primer. The thickness should be Bullt up using
sevaral thin fayers of primer rather than ane thick ane, Using BO0-gril
wet-or-tiry sandpaper, rub dawn the surface of the pimer uatil it 1s very
smoath. While deing Ihis, the work area should be thoroughly rinsad
wilh water and the wat-or-dry sandpaper periodically rinsed as well
Alfow the primer to dry before spraying additional coats,

21 Spray on the top coat, again building up the thickness by using
several thin layers of paint. Bagin spraying in the center of the repair
ared and then, using a circular motion, wark out until the whole rapair
area and about two inches of the surrcunding eriginal paint is covered,
Remove all masking material 10 to 15 minutes afler spraying on the
tinal coat of paint, Allow the new paint al leas! twe weeks to harden,
then use & very fine rubbing compound to blend the edges of 1he new
paint inlo the existing paint. Fnpally, apply-a coat of wa

3 [Due o the fact that all af the major body companents (o,
fanders, &fc.) ars separate and teplaceable units, any seriously damaged
companents shauld be replaced rather than repaired. Sometimas Lhe
components can b found in 2 wrecking yard thal specializes n used
yehicla compenents, often 2l considerable savirgs over the cost of new
farts.

bt [ubricated with a thin cost of grease to reduce wear and ensure-free
mevement, Lubricate the door and trunk locks with spray-on graphite
lubricant,

8 Windshield and fixed glass - replacement

Replacement of the windshield and fixed glass requires the use of
special last-setling adhesive/caulk matarials and some pecialized tools

an techiniques. These opertions should baefl b a dealer serice
nepartment or @ shop specializing in Qs work
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9 Hood - removal, installation and adjustment

REMOVAL AND INSTALLATION

# Refer fo ilustrations 9.2 and 9.4

= Hote: The hood is somewhat awkward 1o remove and install;
at least two people should perform this procedure.

1 Open the hood, then place blankets ar pads over the fenders and
cowl area af the body, This will protest the body and paint as (he hood
i Niited off.

2 Make marks or scribe a ling arcund the hood ninge bo ensure
propar alignment during instzllatian (see illustation),

3 Disconnect any cables or wires that will interfare with removal

4 Suppert one side of the hood while an asstslanl supports fhe
ntner, Pry open the slip an one end af each heod support sirut and
remoyve the struts (see ilustiation). Remove the hinge-to-hood belis
and 1L il the hoao, :

5 Instatlation Is the reverse of removal. Allgn the Ringe bolis with
the marks made in Step 2

ADJUSTMENT

# Refer o illustration 9.9

f Fome-and-aft and side-to-side adjustmeant of the hood is dena by
moving the hoed after loosening the hinge Balis or nuts.

7 Scribe a ling arpund the entire hinge plate so you can detarming
the amiunt af mevement, :

8 Loosen the bolts or nuts and move the hood inta correct align-
ment. Mave It only a litle at a time. Tighten the hinge bolts and care-
fully lower the hood to check the pasition

8 Adjust the haad bumpers so the hood §s flush with the fenders
whien closed {see lllusiration,

10 The'hood latch hinges should be periodically lubricated with
white lithium-base grease (o pravent sticking and wear

42 WARNING:

Do not lubricate the hood latches or salely catches. If they stick,
replace lhem.

9.2 Belore removing the hood, draw a mark around
each hinge

9.4 Use a small screwdriver fo pry the clip out of its locking
groove, then detach the end of the strut

9.9 Adjust the hood closing height by turning the hood
bumpers in or oul
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LATCHES

¥ Refer to illustrations 10.2 and 10.4

1 Dpen the hood to the normal open position,

2 Drawa mark around both lower lalches Lo ald alignment when
installing, then detach the latch retaining bolts from the radiator sup-
part (se lustration) and temove the latches, If you're working on the
passenger-side latch, disconnect its electrical connector,

3 Disengage [he hood release cable from the latches,

4 To emove the safety catch, mark its position on the hood and
remove (he mounting bolis (see illustration),

5 Instaliation is the reverss of the removal procedure,

CABLE

¢ Relfer 1o illustrations 10.9 and 10.10

6 Disconnect the hood release cable from the fatch assembly as
described above.

7 Remaove the lower left cover from the Instrument panel {see Sec-
thon 24)

B Working in the leh rear carner of the engine compartment, datach
the Tuse and relay box fram Ihe vehicle and move It out of the way with-
out detaching any electrical connaclors

9 Aftach a piace of stilf wire to the end of the cable, race the cable
back o the firewall anc datach all cable retaining clips. Mote that the
cable is made in two sections with a connector betwsen them at the lelt
frant comer of the engine compartment (see illustraticn),

10 Warking in the passenger compariment, discannagt the cable
fram the hood release lever (see lustration),

11 Pull the old cable into the passender compartment until you can
see the stiff wire thal you attached to the cable, & grommet insulates the
cable hole in the firewall fram the elements. The new cable should have
4 new grommel, 5o vou can remove and discard the ald cable gramme)
Make sure the new grommest is already on the new cable (If nal, slip the
old grommet onto the new cable), then detach the ald cabie from the
wire and attach the new cable to the wire,

12 Working from the engine compartment side of the frewall, pull
the wire through the cable hole in the firewall

13 Installation Is otherwise the reverse of the removal, Working from
the passenper compartiment side, push the grommet info place with
your fingers, Make sure it's fully seated in the hote in the firewall,

10.2 Mark the latch position and remove the bolts

10.4 Mark the position of the salety catch and remove
its holts

10.9 Flip open the connector and separate the cables

10.10 Disconnect the cable from the slof in the hood
release lever
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11 Bumper covers - removal and installation

FRONT

¢ Reler 1o illustrations 11.2a, 11.2b, 11.3 and 11.5

| Hemove fhe screws from the farward section of the front fender
lingr (se2 Sectlon 12)

2 Working Inside the fender, unbalt the bumper cover mount 2nd
he connecting bracket that secures the bumper cover to the front fender
(sa# lllustration), Take the connecting brackel off (see lllustration),

3 Remove the sersor fer the cutside tamparature indicator (see
(lustraticn). Disconnect the fog lamp electrical connactors (see Chapler
12),

4 Remove the side marker lamp sockets from the lamps,

5 Remove the license plate mounting plate (see lllustration).
Remave the bumger cover- mounting bolts frem the front and top-and
remave [he bumper cover from fhe vehicle

i Installation is the reverse of the removal steps,

=

i
ey = 3 |

11.2a Unbolt the bumper bracket (upper arrow) and note
how the bumper lits on the adjuster (lower arrow) . . .

11.2b . . . pivot the bracket sideways, away from the bumper
and fender, and take i oul

11.3 Disconnect the oulside temperature sensor electrical
conneclor, then unclip the sensor and remave H

11.5 Remaove the license plale holder and bumper
cover bolts
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REAR

# Refer to illustrations 11.7a, 11.7h, 11.8, 11.12a, 11.12h
and 11.12c

7 Dpen the trunk, Remove the clips and screws that secure the side
and rear trim pangls and floor panel (see (llustrations),

B Outside the vehicle, remove the clips that secure the inner fender
panel i the bumper (see illustration)

9 Wine venicle is equipped with Parkironic, dlsconnect the systam
plecirical connectar from the rear bumpe

10 Hemaove the rear exhaust pipe mounting screw,

11 Remae the talllight housing (see Chapter 12),

12 Detach the clips on each =side of the bumper (se [llusirations),
Remave the mounting sceew from each side of the bumper {see illustia-
tion.

13 With the help ol an assistant, pull the bumper out and away from
the vehicle

14 Installation Is the reverse of removal, Be sure to allan the mount
ing hrackets on each end of the bumper with the gulde on the vehicla
body (see Illustration 11.12¢)

11.7a Inside the trunk, remove the rim cover fasteners al
the rear of the trunk . . .

11.7b ... inthe cornars and on the sides

11.8 Remove the clips that secure each inner rear fender
panel 1o the bumper

11.12a Detach the mounting clips and remove the screw
from each side of the bumper on the fop . . .
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11.12b . . . and along the bottom (right side shown) 11.12¢ Remove the screw (upper arrow) and when the
! bumper cover is completely defached, slide it off the guide
(lower arrow)

12 Front fender - removal and installation

# Refer to illestrations 12.3a, 12.3b, 12.5, 12.7, 12.8a 2 Loosen the fronl wheel lug nuts, raise the vehlcle and support it
and 12.8b securely on fackstands. Remove the wheal,
3 Hemove the inner fender splash shield from the wheel housing

1 Open the hood to the full-upright pesition. (see Mustrations).

12.3a Remaove the forward section of the inner fender 12.3b .. . and the main section (not all fasteners visihle in
splash shield . . . this phota)
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4 Remove the connacting bracket bolt (se2 illustrations 11.2a and
11.2b). Detach the bracket and lake [t out,

5 Remove the underbody paneling bolts (see liustration).

B Remove the trim molding from the door sill {see Section 14),

7 Disengage the clips and move the uncerbody panel encugh to
axpose the fender nuts (see illustration). Reimove the nuts.

B Remove ihe fender mourting bolts along the upper adge and al

the uppes rear corner (see [llustrations),

8 Detach the fender I's a'good idea to have an assistant supparl
the fender while it's being moved away from the vehicle to prevent dam-
age to the surraunding bady panels.

10 Installatian Is the reverse of removal, It you're Installing a new
fender, remove the plastic liner sa you can install & new gasket

12.5 Remove the panel bolts along the underbody (not all
bolts are visible in phota)

12.7 Remove the nuis at the fower rear of the fender

12.Ba Dpen the door and remove the fender bolt at the upper
rear corner. . .

12.8b . . . and along the upper edge nitthn fender




BODY 11-13

13 Door trim panels - removal and installation

¢ Refer fo illustrations 13.1, 13.2, 13.3, 13.4, 13.6, 13.7a,
13.7b and 13.11

sk WARNING:

Models covarad by this manual are equipped with a Supplemen-
tal Restraim System (SAS), more commonly known as airbags.
Always disable the airbap system before working in the vicinity
of any airbag system component to avold the possibility of acci-
dental deployment of the airbag, which could cause personal
injury [see Chapler 12).

5 Remova the radic speaker from the door forward of the window (11
eauippad) (see Ghapter 12}, _
6 Unscrew the door latch trim with a Tor bit (see lustration)

1 Pry the upper end of the grab handie trim, then the lower end,
away from the door using a door panel remaoval fool {see illustration),
2 Remove the SRS {airbag) emblem from the door (see illustration).

3 Remove the screws from the door panel (two securing the armrest
and one behind the SRS emblem) (5ee illustration),

4 Separate the toat lamp from the door and disconnect its electrical
connector (se2 [llustration)

13.1 Pry the grab handle frim away fram the door with a
Irim stick

13.2 Pry the SRS emblem out of the door panel

13.3 Remave the door panel screws from the armrest and
from behind the SRS emblem

13.4 Take out the fool lamp and unplug ils connector

13.6 Unscrew the door latch Irim
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T Remove the daar trim panal using a door panel removal tool (see
uistration), Lift the panel free of the doot {see illustration),

8 Unlateh the actuating cable from the door handle lever Discon-
nect the electrical connectors that attach the trim panel fo cempanents
Insida the door

9 Onee the panel i fully detached, carefully ramove it from the
foar

10 Cargfully pry the povwer window switeh trim piece out of the dacr
panel using a doer panel remaval tool, Remove the switch screws (1
equipped) and remove the switch from the trim panel. On models with
the seal adjustment switch mounted in the door panel, releass the
latches and fake the ssat adjustment switch oul of the panel,

11 I necessary for accass to other components, remove (ha
wittershiald from the door, This reguires drilling out the pop rivets 1o
remova the handle mourting bracket (see [||lustration),

12 Before installing the door frim panal, inspact the cordition of all
clips and reinatall any clips which may have fallen out,

13 Tha remainder of Installation is the revierse of the removal proce-
dure. I'you removed Lhe handle mounting brackel, secure It with new
pop rivets,

13.7a Slart from the boltom of fhe irim panel and work
around the perimeter unlil all the lasteners have been
releasad from the door . . .

13.7h . . . then lift the trim panel off

13.11 If the watershield is lo be remaoved, drill oul the pop
rivets 1o remove the handlie mounting bracket

14 Door - removal and installation

¥ Refer ta illustrations 14.8a and 14.8h

‘Models covered by this manual are equipped with a Supplemen-
1al Restraint System (SRS), more commonly known as alrbags.
Always disable the airbag syslem before warking in the vicinity
of any airbag system component to avoid the possibility ol acei-
dental deployment of the airbag, which could cause personal
injury (see Chapler 12).

=Nole: The door is heavy and somewhat awkward to remove
and install - al feast two people should perlorm 1his procedure.

T Dpen the window. (pen the doar all he way and suppart it on
|acks ar bloeks covered with rags to prevent damaging the paint

2 Remove the door trim panel ag describied ie Section 13,

3 Remowe the door sill malding,

4 Rernove he sdge trim from the A-plllar cover {front door or
B-piliar cover (rear door). Remave the screw, releass the clip at the
cover cap and take the cover out

5 Unplug all electrical connections al tha A-pillas
= MNole: i is a good idea to label all conneclions to aid the reas-
sembly process.

6 Freethe protective conduil from its clips usihg a door panal
remaval tool, then pull the door wiring harmess through e A-pillar

7 Mank around the door hinges with 8 pen or & scribe o laollite
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14.8a Remave the door stop bolts

realignment during reassembly,

& With an assistant hotting the daor, remove thie door stop balts
and the nud from the hinge pleat Doft and i off the door (se2 illustra-
lions),

9 |f necessary, unbolt the hinges from the door pillar and take
them aff,

10 Instatlation Is the reverse of ramoval

14.8h Remove the nuis (A) from the door hinge pivol bolls
and liff the door ofl - unbolt the hinge from the piliar i
necessary (B) (front door upper hinge shown, others similar)

15 Door handles, key lock cylinder and latch - removal and installation

st WARNING:

Madels covered by this manual are equipped wilh a Supplemen-
{al Resiraint System (SAS), more commonly known as airbags.
Always disable the airbag system before working in the vicinity
of any airbag system component to avoid the possibility ol acci-
dental deployment of the airbag, which could cause personal
injury (see Chapter 12).

DOOR LATCH

| Ralse the window, then remove the door trim panel and
watarshield (see Section 13}, Remove the radio speaker (Just the lef-
Fand speaker on modeis with dual door speakars (see Chapler 12),
¢ Remave the door airbag {see Chapter 12).

KEY LOCK CYLINDER

¥ Refer to illusiration 15.10

& Drill out the rivets that secure the rear power window |ift rail and

detach i1,

10 Disconnect the doar latch cable and lree it Trom it refainers,
Rermaye the thiee scraws securing the latch fo the door, then remove {he
latzh assembly from the door (see illustration),

11 Discannect the slectrical connectars from the laich mechanism.

12 Installation is the reverse of remaoval,

3 Fraefhe weatherstripodng from Bs clips in the area around tha
[ock mechanism,

4 Remove tha lock cylindsr refaining serew from the handle. Pull
[fet fock cylinder partway oul, disergans it fram e latch, then remove
{he lock eylinder from {he handle

5 Instaflation is the reverse of removal,

OUTSIDE HANDLE

6 Remove (he lock cylinder as described above
7 Slide the door handle rmarward to disengage 1t from the bearing
trackel, (hen pull it stralght out of the holes.

B Insfallation is the reverse of remaval

15.10 Remove the latch retaining screws from the end of the door
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16 Door window glass - removal and installation
t:i: WARNING: 2 Remove the window insice sealing strip.
3 Remove the daar trim panel (ses Saction 13),

tal Restrainl System (SRS), more commonly known as airbags.
Always disable the airbag system belore working in the vicinity

5 Carefully defach the lower edge al the watershield fram the door

of any alrbag system companent to avaid the possibility of acci- {see Section 13}, Fold it up and secure it out of the way,
dental deployment of the airbag, which could cause personal b Remove the windaw glass retainer bolis,
injury (see Chapter 12). T Remove the glass by carefully pulling it up and oul,

B Installation is the revarse of remaval, Raise the window all the
way and hold (he switch in the UP position for al least 142 sacond 1o

1 Lower the window glass about haltway into tha door, adjust the autormatic shut-off

17 Door window glass requlator and motor - removal and installation

He:i: WARNING: 1 Ramave the door frim pane! and the watershiald (see Sectlon 13)
2 Remave the docr window glass (see Section 16)
Models covered hf this manual are EEIII||.'IIIBH with a SI.IIIIHGI'I'IGI'I- 3 Detach the window g|ﬂs$ fram the :-'Egmalm

tal Restrain System (SRS), more commonly known as airbags.

Always disable the airbag system before working in the vicinity 4 Drill out the regulator rivats

of any airbag system component to avoid the possibility of acci- 5 Detach the regulator from the door and pull it through the service
dental deployment of the airhag, which could cause personal hole In the door frame fo remave L. Unplug the elecirical connector
injury (see Chapler 12). fram the window regulator motor

G Installation is the reverse of removal.

18 OQOutside mirrors - removal and installation

¢ Refer to Nusiration 18.2a and 18.2h 1 Remove the doar trim panel (sea Saction 13} I the walershigld
hias & removable section betind the mirmor, remove it Otharwise, work

M the upper front comer of the watershield free of the door for access fo
the mirrar retaining Fasteners

?‘lrlllaﬂlstmlﬂlﬂ‘sﬂ:s{lﬂ\f th{ignﬂéﬂlﬂ"ﬂl are Bﬂ"'ﬂﬂrdkwnh a Eupri;mnn- 2 Unplug the mitror electrical connectars from the cantrol unit,
8l hestrain m » More commanly known as airbags. [hen remove the mirrar retaining fasteners (see illustrations
Always disable the airhag system befare working in the vicinily K Dt fa e rrglm 1h|?a it e lisyations)

of any airbag sysiem component 1o avoid the possibilily of acci- q I " il i t‘ sy i) |

dental deployment of the airbag, which could cause personal nstatiation 5 the reverse of remaval.
injury (see Chapter 12).

18.2a Unplug the mirror electrical connectors from the 18.2b .. . then lald the mirrar back to expose the bolts and
contral unit in the door panel . . . remave them
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19 Trunk lid or tailgate - removal and installation

TRUNK LID (SEDAN)

¢ Reler to illustralions 19.1a, 19.1h, 19.1¢, 19.1d, 19.1e
and 19.2

w=Kote: The trunk lid is heavy and somewhat awkward to remaove
and insfall - at least two people should periorm this procedure.

1 Open the trunk |id and cover the edges of the trunk compart-
mmient with pads or cloths (o protect the painted suffaces when the [id 1§
removed, Remove e tim covers from the trank hinges. Also remave
frie tru Lied trim paried (see (lusteationg),

2 Disconnact any cables or wike harness conneciors atfached to the
trunk [d that wauld interiere with removal {see lllustation),

3 Make alignmenl marks arcund the hinge mounting fastensrs with
A Marking pen.

4 While an assistant supperts the trunk 1id, rermove the Hd-to-hinge
fasteners an both sides and Kift it off
& Instalfation is the reverse of mmoval

= Note: When rainstalling the trunk lid. align the lid-to-hinge
fasteners with the marks made during removal.

TAILGATE (STATION WAGON)

=Note: The tailgate Is heavy and somewhat awkward fo remove
and Install - af least two people should perform this procedure.
B Open the tailgate. Detach the headliner from the rear section of
the vahicle roof and remove the trim parel from the tailgate
T Follow the lalioate wring hamesses Lo the electrical connectorns

and unplug them

19.1a Release the clips that secure the retaining siraps lo
the trunk lid hinges . . .

19.1b . .. pull out the center posi on the pushpins and
remove the hinge trim pieces

19.1¢ Aemove the screws holding the latch trim and the
pushpins that secure the trim panel 1o the inside of the

trunk lid . . .

19.1d .. . release the clip inside the handhold and remove
the screws . . .
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18.1e . .. lower the frim away from the trunk lid and unplug 19.2 Move the wiring harness out of the way, mark around
the electrical conneclor from the emergency release buiton the hinge bolls on each side and remove the bolts
8 Open the retaining clip on the opper end of ane of the tallgate and the raol.
stuts, tnen pull the strut off the pivet ball, Disconnect fhe lower end of 11 While an assistant supparts the tailgate, detach the remalning
the strut In the same way, Detach the strut from one side of the doaor, strit, Remove the tallgate-o-hinge fasteners on both sides and it it off,
Leave: the ather strut attached for now, 12 Insfallation is the reverse of remaval,
8 Make alignment marks araund the hinge mounting fasteners with = Nofe: When reinstalling the tailgate, align the lid-lo-hinge
a marking pen, fasteners with the marks made during removal.

10 Place padding, such as a sheet of cardboard, between the tailgate

20 Trunk'lid lateh - removal and installation

# Rofer 1o illustrations 20.2, 20.3 and 20.4

1 Open the trunk. Remowve the road warning reflector triangle (it
gquipped) from the undarside of the trunk lid, then remove its storage
bragkal, Remove the trunk lid trim panel (see Section 19),

2 Disconnect the latch electrical connectar (ses illustration).

3 Hemove the trunk lid fatch retaining bolts, then remove the latch
(sea Wlustratian),

4 To ramove (ke pushbutton lock, remove its mounting bolts and
unplug its electrical connectors (see-illustration). Remove the lock
cover, disconnect the cable and remove the lock,

5 Installation is the reverse of removal,

20.2 Unplug the electrical conneclor from the trunk latch . . .
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20.3 . .. and remove the trunk latch retaining bolis 20.4 Unplug the electrical connector and disconnect the

latch cable from the lock solenoid

21 Cowl cover - removal and installation

¥ Refar to illustrations 21.3, 21.4a and 21.4b

1 Open the hood, then depress the bufion on the drivers side sup-
port sirul and ralse the hoed to the fully open positian,

¢ Remove the windshield wiper arms [see Chapler 12, Also peal
alf the weatherstripping fram the cow,

3 Remove the cowl screws (see illustration), Free any wiring har-
negses hat wauld interfers with removal.

4 Detach the wingshiald malding from each end of e cowl Gover
{see llustration), then remave the cowl cover from the vehicle {see
ilustration)

5 Installation Is the reverse of removal,

21.4a Pull back the molding from gach end of the 21.4b . . . then lift off the cowl cover
owl cover . . .
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22 Center console - removal and installation

¢ Refer to illusirations 22.1a, 22.1h, 22.1c, 22.5a, 22.5h, 22.6,
22.7,22.8, 229, 22.10 and 22.11

st WARNING:

Models covered by this manual are eguipped with a Supplemen-
tal Restraint System (SRS), more commonly known as airbags.
Always disable the airbag system before working in the vicinity
ol any airbag system component to avoid the possibility of acei-
denial deploymeni of the airbag, which could cause personal
injury (see Chapter 12).

1 Il the vehicle has a soft gearshift boot, caretully pry it up using 2
trim tool (see llustration). Pry the surrounding panel up with the same
foal, then 1t the panel, disconnesl s wiring connectors and take 11 off
[see [|lustralions),

2 IM'the vehicle has a manual fransmission, place the shift lever in

second gear

3 It the vehicle has an autematic transsission, lurn the ignition key
lo the On posilien, depress the brake pedal, then place the shifter in the
rearmost position

4 Disconnect the cable from the battery negative terminal {see
Chapter 5, Saction 1)

& Dpen the cup holder, remave the rubber liner from the bottom,
remove (e screw from the bottom (sea [lustrations).

B Pry the console frim pane! out with a trim stick, then 1 it aut and
it the shift lever, together with e cup halder (see llustration)

T Dpen the ashiray housing, disangage the refaining Bngs and lif
thie hausing oul (see lNustration). Disconnect its electical connectar
and remave it from the vehicle

B Remove the trim plece from each side of the ashiray cavity {ses
[lhstration)

9 Rolatethe wo cam-iock fastensrs counterclockwise at the Lpper
front of the console, one on each side (sea {llusiration)

22.1a Usinp a frim stick, carefully
pry up the shift lever boot

22.1h Release the clips and lift oH
the trim panel . . .

22.7¢ . . . then furn it over and
disconnect the wiring hamesses

22.5a Open the cup holder and remove the liner from
the boltom .

22.5b ... then remove the screw
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10 Opan the armrest, remove the carpet from the bottom of the stor-
age compartment and urscraw the'console bolts (see illustration),

11 Disengage the console rom the studs at the upper right and left
tsee lusration), Carefully it the console up and ovar the shifter, dis-
connect any electncal connectors, then remove I from the vehicle,

12 Installation is the reverse of removal.

18 Mave the shift lever back into the Park position {aulomatlc trans-
mission), twurn the Ignition key to Off, then reconnect the cable to 1he
nenative terminal of the bitlery

A e = |

22.6 Carelully pry the shift lever trim panel oul and remove
it logether with the cup holder

22.7 Release the ashiray housing tangs and remove
the housing

22.8 Remove the trim piece on each side . . .

22.9 ... and turn the cam-lock fasleners counterclockwise
1o unlock them

e A e e

| T--’_'

22.10 Dpen the lid ta the console hin, remove the mai, then
remove the bolls

22.11 Disengage the console fram the studs on elther side
{ihese are what the cam-lock fasteners engage) and [ifl 11 oul
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23 Steering column cover - removal and installation

¥ Refer fo illustration 23.3a and 23.3b

x4 WARNING:

Models covered by this manual are equipped with a Supplemen-
fal Restraint System (SRS), more commonly known as alrbags.
Always disable the airbag syslem before working in the vicinity
of any airbag system compenent to avoid the possibility of acei-
dental deployment of the airbag, which could cause persanal
injury (see Chapter 12).

1 Disconnact the cable from he negative terminal o the batery
{see Chapter 5, Section 1),

2 Rernove the steering whesl (see Chaptes 10),

3 Loosan the Tore screw and pull the cover off the stearing celumn
{5ea illustrations).

4 Installation is the revarss of remaval

Make sure the clockspring Is centered before Installing the
steering wheel (see Chapter 10, Section 16).

23.3a Loosen the Torx screw from the lower cover . . .

24 Dashboard Irim panels - removal and installation

Models covered by this manual are equipped with a Supplemen-
tal Restraind System (SAS), more commonly known as airbags.
Always disahle the alrbag system before working in the vieinity
of any airbag system component to avoid the possibility of acci-
dental deployment of the airhan, which could cause persanal
injury (see Chapter 12).

1 Disconnect the cabie from the negative battery terminal (see
Chapter 5. Sectien 1),

INSTRUMENT CLUSTER TRIM PANEL

» Refer o illustrations 24.4, 24.5, 24.8a and 24.68h

2 Remove the center consdl? (ses Section 22). Resnove the center
frim panel as described balow

3 Remowe the radio-and GRS disolay (see Chapter 12)

4 Freg the CAN connectar from the left side lower irim cover and
pass {1 through the cover (see [llustration)

23.3h .. .then slide the cover and switches all the
sleering column

24.4 Remove the CAN conneclor (upper arrow) from the trim
panel; unplug the diagnostic conneclor {lower arrow) afler
ihe panel is lowered
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5 Unboltthe hood latch lever from the cover and pass it through
the cover (=28 illustration)

B Hamove the screws from the left side lower trim cover and lower
it ey from the instrument panel. Disengage e data link coanector
fram the cover {see llusiration 24.4) and ramave the cover fram the
wehicle.

T Remove the headlight switen from the instrument cluster trim
panel (see Chapter 12),

& Remove the panel mourting balts (see illustrations),

9 Feee the lower edge of the panal with a trim stick, Pull the panel
aul far encugh o access the ignition switeh and parking brake pedal

10 Ramove the ignition switch from the panel (sae Chapler 12),

11 Disconnect the cable (rom the parking brake peddl, then tzke the
panel out ;

12 Installation |s the raverse af fhe removal procedure,

AIR VENTS

# Refer o illustrations 24.13a, 24.13b, 24.13c, 24.14a and
24.14h

13 On center air vents, disengage the lawer stops msida the alr vents
(see lustration), Pivet the venis upward lo #xposa the scraws and
remove the sceews (32 lustration). Disengage the upper stops and
pivit the vents downward (ses iilustration), press down on the retalning
L2ngs In the lop of the vents (see (lustration) and take the vents oul as
an assembly with their housing

24.5 Unbolt the hood release lever;
the bolt is hidden under the lever

24.8a Remove the screws on the left
and cenler of the panel . .

24.8b . .. and along the right side

24.13a Cenler air vent stops:

A Fry the fower stap foward the canmler
af the vand toallow the venl fo pivat
Lo

B Py the upper slog foward e centar of
e v o alow She vent 1o
Gt downwarnd

24.130 Once the vents have been
pivoted upward, remove the screws
{lefl center vent shawn)

24.13c Onca the venlis have bean
pivoted downward, pry the relaining
fangs down and remaove the vent
and housing assembly from the
instrument panel (ripht-side

{ang shown)
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14 On side alr vents, reach inside the vent and release the latch (ses
illustration), Pivol the vient dawnward, releasa the clips in the top of the
vent and take it aut (see illustration),

CENTER TRIM PANEL

One-piece center trim
# Refer to illustration 24.15

15 Some models have 8 one-plece center trim panel surraunding the
radio-and air conditioning confrols (see llustration). Remove the canter

air vents as described In Step 13, Remove the ashtray housing from the
center console (see Section 22). Release the center panel latches inside

the ashtray housing opaning. Pivat the panel away lrom the instrument
panal, unplug its wiring connectors and lake It oul as a unil, complet
wilh the vantitation and-air conditioning control assembliss, Installation
i the raverse af e removal procecurs

Two-piece center trim

Lower section
¥ Refer fo illustrations 24.16a and 24.16h

16 Hamove the console and ashiray housing (See Sechion 22)
Remaove the screws and carsfully pry the trim pane! out along with the
HVAC contrel panel (see ilustrations). Unplug the electrical connecioms
fram e back of the panel, Installation is the reverse of remaova

24.14a On side vents, pry lhe stop
toward the center of the venl . . .

24.14h .. . then pivot the vent down
and release the two retaining tangs
by prying them dewnward

24.15 On some models, a single trim
panel surrounds the canler swilches,
radio and air conditioning conirols

24.16a Remove the screws from the bottom of the lower
cenier frim panel . . .

24.16b . . . then carefully pry the panal out
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Upper section
# Refer to illustrations 24.17a and 24.17h

17 Aemave the center air vents as dascribed in Step 13 Remove the

sarews, then caretully pry the pansl cul (ses Hlustrations).

GLOVE BOX

¢ Reler lo lllusirations 24.20, 24.22, 24.24a, 24.24h, 24.24c,
24.25a and 24.25b

|8 Remowe the canter console {see Section 22),

1% Remove (he certer trim panel(s) as described abowve. Also remove
the radin (see Chapter 12),

20 Rermove Lhe screws that secure the cover under the right side of
ine instrurment pane? and lower the cover down (see lllustration).

21 Detach the side cover from the right side of the instrument panel
as descnbed in Step 27,

2¢ Unplug the electrical connector for the glove compartment ligat
(528 fHustration),

24 Remaove the radio and cenfer navigation panel (see Chapler 12)

24 Remaove the upper center console cover (sea IHustrations),

24.17a Remove the screws lrom the top of the upper center
trim panel . . .

24.17b ... then carefully pry the panel oul

24.20 Remove the panel fasteners and lower it away

24,22 Disconnect ihe wiring for the glove compariment light
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25 Remove the bolts that secure the glove compartment to tha SIDE COVERS
instrument pane| {see [llustrations)
26 Instaliation is the reverse of the removal procedire.

I
¥ Refer to illusiration 24 27 |
|

27 Carefully pry the side cover away from the instrument panel with
a trim stick (see Mustration),
28 Toinsfall, simply press the side cover back into place

24.242 Remove the screws at the center of the 24.24h . . . altthe botlom . . .
trim plece . . .

24.24c . . . and take the trim piece out 24.25a Remove Iﬁa iwo bolis at the side of the glove
compartment , . .

24.25b . . _ and three along the'top, then lower the 24.27 11 the end trim piace doesn’l have a finger pull slat,
glove compartment use a trim stick to pry i off
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25 Seals - removal and installation

#af: WARNING 1:

Models covered by this manual are equipped with a Supplemen-
tal Restrainl System (SRE), more commaonly known as airbags.
Always disahle the airhap system before working in the vicinity
of any airbag system component to avaid the possibility of acci-
dantal deployment of the airbag, which could cavse personal
injury {see Chapter 12).

4 WARNING 2:

The froni seat belts on some models are equipped with pre-
tensioners, which are pyrotechnic (explosive} devices designed
lo retract the seal bells in the evenl of a cellision. On models
aquipped with pre-tensioners, do not remaove the front seat belt
refractor assemblies, and do nol disconnect the electrical con-
nectors leading to the assemblies. Problems with the pre-len-
sioners will turn on the SRS (airbag) warning light on the dash.
I any pre-tensioner problems are suspected, fake the vehicle to
a dealer service depariment. Also on these models, be sure to
disable the airhag system (see Chapter 12).

FRONT SEAT

# Refer to illustrations 25.3 and 25.4

1 It you're working an the driver's seal, move the adjustable steer-
Irigy whesl 2l the way forward,

2 IFthe auter gnd of the seat bell is attached 1o the seal, ramove the
frim cover fram the side of the seat, then semove the seat belt anchor
bolt,

3 Position the seaf a1l the way lorward 1o access he ear retaining
bolts, Detach 2ny boll trim covars and remove the refaining bolts {see
illustraticn)

4 Position the seal 2l the way rearward to access the front retaining

bolts, Detach any bolt im covers and remave the retaining balts (see
illustration;.

5 Tilt the seat upward to aceess the under side, Disconnect any
electrical connectars and lift the seat from the vehicle,

6 Installation is the reverse ol remaoval.

REAR SEAT

¢ Refer to illustration 25.8

7 Lilt up on the rear of the seat cushion and pivet i forward,

8 Detach the refaining bolts at the lower edge of the seat back, and
if riecessary, ramove the seal bell anchor bolls (seg illusiration)

9 Lift up on the seat back and remove It from the vehicle,

10 Installation is the reverse of removal

25.3 With the seat positioned all the way back, remove the
franl retaining bols and unplug the electrical connector(s)

25.4 With the seat positioned all the way forward, remove
the rear retaining bolts

25.8 Detach the retaining bolts at the lower edge of the
seal back
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26 Rear shelf trim panel - removal and installation

¥ Reder to Illustration 26.2

.1 Iithe rear seal can be lowered to |oad cargo into the frunk
(through-loading featura), lower it and remove the seat back sida cush-
ion, Working in the trunk, detach the seat lock from the seat back rest
Iock and remove the shelf mounting nuts {see Il ustration),
2 i the seat can't be lowered to load carga into the runk, remove
the rear seal back (see Section 25),
3 Helease fhe talches on either side of the shelf ang remove the clips.
4 Deiach the saat lock knobs (seats with the through-loading feature).
& Remove the trim panel fastenars. Some models have nuts in the
trunk and balts beneath,
fi  Installation is the reverse of remaval,

26.2 Remaove the nuls (center and lelt side shown) and
release the seatback lalches
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12-2 CHASSIS ELECTRICAL SYSTEM

1 General information

The slecirical system is a 12-volt, negative ground typs. Power for
tha lights and all electrical accessories is suppled by a tead/acid-ypa
battery, which is charged by the alternator,

This Chapter covers repair and service procedures for tha various
electrical components nat asseciated with the engine, Information on

2 Electrical troubleshooting - general information

# Refer to illustrations 2.5a and 2.5b

1 Alypical electrical circult consists of an electrical companent,
any switches, relays, molors, luses, fusitile links or cirGult breakers
retatad to that compenant and the wiring and cannectors that link the
component to both the battery and the chassis. Ta help you pinpoint an
glactricat clroult problem, wiring diagrams are included &l the end of
this Chapiar.

2 Belore lackling any lroublesome electrical circuit, first stody the
approgriate wiring diagrams o get & complete uncerstanding of what
makes up that individual cireult, Meting whether other compongnts
ralated to the circult are operating carrectly, for Instance, can ofter nar-
row clown the location of potential trouble spots, I sevaral companents
or circuits fall at one time, chances are the prablam s In a fuse o
ground connection, because several circuits are often routad through

the battery, dlternator and starter mator can be faund in Chapler &.

It should be noted that when portions of the elecirical system arg
serviced, the negative battery cable should be disconnected from the
battery to prevent electrical shorls and/or fires.

the same fuse and ground connectinns,

3 Electrical pronlems usually stem fram simpls calses, sieh as
[oose or corroded connecticns, 2 blown fuse, & melied fusible |k or &
failad refay. Visually inspect the condition of all fuses, wires and con
nections in a problem circuil betore roubleshooting the clrouil,

4 Il test equipment and instruments are gaing to be utilizd, use the
thagrams to plan abead of fime wiete you will make the necassary con-
rections in order to acturately pinpaint the trouble spat.

5 For electrical froptleshooting, you'll nesd & circult festen voll-
meler or & 12-volt bulb with a st of lest lsads, 3 continuity tester and a
lumper wire, preferably with a circull Breaker Incorporated, which can be
used ta bypass electrical components (see lustralions). Before attempt-
ing |o locate & probiem with st instruments, use the wiring diagramis)
Lo decide where Lo make the connections

2.5a The mas! useful tool for electrical troubleshooting is
a digital multimeter that ean check volls, amps, and tes
continuity

2.5b A simple test light is a very handy tool for
testing voltage
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YOLTAGE CHECKS

# Reler to illustration 2.6

i Woltage checks should b perfarmed if & cireult is not lunction-
ing properly, Connect one lead of 2 clroull tester to aither the negative
battery terminal or 4 knowr geod ground, Connect (he other ead Lo &
connectar in the circult belng tested, preterably neasest 1o the battery or
tuse {see ustration). [f the bulb of the sester lights, valtage is present,
which means that tha part of the circuit between the connector and the
baitery is prablem fres, Conlinug chacking the rest of the circuit in the
same fashion, When you reach a painl al which na voliage s present,
the probilem lles between that poirt and the last lzsl point with voltage,
Most of the time the problem can be fraced to 8 loose cannection,
=Note: Keep in mind thal some circuits receive voltage only
when the ignition key is in the ACC or AUN position.

FINDING A SHORT

7 One method of finging sharls in a lve cirsull s Lo remove the
fuse and connact 4 test light In place of the luse ferminals (fabricats lwo
[urmper wires with amall spade Bminals, plug the Jumper wires into
{he Iuse box and connect the test lght). There should be no voltage
present in the circull, Move the suspectad wiring hamess from side-1c-
side while watching the test lght. I the bull goes on, thare is a short
ta ground somewhare in fhat area, probably where the insulation has
rubked throuah.

GROUND CHECK

B Perlorm a ground test o check whether a companent 15 properly
grounded. Disconnect the battery and cornect one lead of a continuity
Lestar ar multimater {set to the ahm scale), 10 a known geod ground,
Gonnedt the other lead to the wire or ground connection being ested. Il

the resistance is low (less than 5 ohms), the ground is gaad. I the bulb
on a-salf-powered fest light does not ge on, the ground 15 not good,

CONTINUITY CHECK

# Refer 1o illustration 2.9

8 Acontinuity check determines whather there are any breaks ina
elreult {whether It can ne lenger carry curent from the valtage saurce
to ground). With the clrcull off (no power [n the circuit), & seli-powersd
continuity tester or multimeter can be used 1o check the circult, Con-
nect the test leads [o both ends of the cicwit {or to the power and and
& good ground), and il the test light comes on the ciroult Is passing
surrent properly (see fllustration), I the resistance is low (less than
5 ohms), ere is sontinuity; If the reading is 10,000 ahms or higher,
here |5 @ break somewhere in the circuit, The same procedure can be
Lsad to test a swiich, by connecting the continuify tester fo the switch
tarminals, With the switch [urned to ON, the test light should come on
{ar low resistance shoule be indicated on a meter).

FINDING AN OPEN CIRCUIT

10 When diagnosieg lor rossible opan circults, it is aften difficull 1o
locate them by sight because (he conrectors hide oxidation or terminal
misalignment. Merely wiggling & cannectar an a sensor or in the wiring
farness may correct the open circult condition, Remember this when
an open sircuit is indicated when troubleshooting a circuit, Intermittent
problems may also be caused by oxldized or loose connectians

11 Electrical troubleshooting is simple it vou keep In mind that
all electrical circuits are basically electricity running from the battary,
through the wires, switches, relays, fuses and fusible links to each eleg-
trical companent {ight bulb, mator, ete.) and o ground, from which it s
passed back to the battery, Any elactrical problem (s an interraption o
thee Tlow of electricity to and fram the battery.

2.6 Inuse, a basic test light's lead is clipped to a known
gaod ground, Then the pointed probe can tes! connectors,
wires or electrical sockets - if the bulb lights, the circuit
belng tested has hatlery vollage

2.9 With a mulfimeler set to the ohm scale, resistance

can be checked across two terminals - when checking for
conlinuity, a low reading indicates continuity, a high reading
or infinity indicates high resistance or lack of continuity
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CONNECTORS

12 Most elactrical connections on these vehicles ane made with
mulii-wire plastic connectors. The mating halves of many conneclors
are secured with locking clips malded into the plastic connector shells.
The mating halves of large connectors, such as some of ihose under the
instrument parel, are held togethe: by a boll through the center of e
connectar

13 To separate a connectar with locking clips, use 4 small screw-
drivar to pry ine clips apart carefully, then separate the connecior

halves. Pull only on the shall: never pull on the wiring hamess a3 you
may damage the Individual wires and larminals inside [he connactors
Look at the connectar closely before trying fo separate the halves, Dfan
the locking clips are anganzd In & way that 15 not immediately clear,
Additionally, many connectors have more than one sat of clips.

14 Each pair of connector terminals has a male hall and a lamals
falf, When you ook al the end view of a eonnectar in & diagram, be
gure to understand whether the view shows the harmess side or the
component side of the connector. Connecter halves are mirrar images
of each other, and a terminal that 15 shown on the right side end-vigw of
ane falf will b on the left side end view of the ather half

3 Fuses and fusible links - general information

FUSES

# Reler fo illustrations 3.1a through 3.1g and 3.2

The electrical circuits of the vehiche are protected by a combination
ol fuses, circult breakers and fusible links, Fuse and relay boxes arg
lacated in the engine compartment, tunk and inslda tha left end of the
instrument panel (see [ustrations 3.1a through 3,11}, Spare fuses are
[ocated in the tool kit in the funk (see (llustration 3.15). Each of the
[Uses is designed to protect a specific circull, and the various cireuits
are identified on & chart located In the passenger compartment fuse box,
It the fuse chart is difficull b read, or missing, you can also refer o
yiour awner's manual, which includes a complete guide 1o all fuses and
retlays in all three fusedfrelay boxes.

Miniaturized luses are employed in the fuse blocks. If an electrical
companent falls, always check the fuse Birst, The best way to check a
fuse Is with a test light. Check for power af the exposed terminal lips
of gach fuse. If power |5 present on one side of the fuses but not the
sther, the fuse is blown, A blown tuse can atso be confirmed ty visually
inspacting it (see Mustration 3.2),

Be sure to replace: blown fuses with the correct type. Fuses of difter-
ent ratings are physically inferchangeable, but only fuses of the proper
rating should be used. Replacing a fuse with ane of a bigher or lower
value than specified is not recommended. Each electrical circult needs
a spenific amount of protection, The amperage valug of each fuse is
molded into the fuse body,

If the replacement fuse immediately [ails, don't replace it again untl]
the cause of the problem is isolated and corrected. In most cases, this
will be a-sharl circult in the witng caused by a broken or deferioratec
Wwire,

FUSIBLE LINKS

Some circuits are prolected by fusibla links. The links are used in
circults which carry high current,

Cartridge-type fusibile links are located i the engine compartmen|
fusefrelay box and are similar to a large fuse (see (lustration 3.1¢)
After disconnecting the negative battery cable, simply unplug the fusible
ik and replace it with & fusible lirk of the same amperage,

3.1a To detach the cover from ovar the engine compartment
fuse and relay box, rotate the two clips 1/4-turn (A) and slide
the cover oul of the siol (B)

3.1b RAelease the clips and lifi the lid . . .
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3.1d There's & fuse box on the left side of the trunk, under
3 COover

3.1e Itthere's a finger siol in the instrument panel cover, 3.11 .. . there's a fuse panel under the cover
pull it off; if nol, use & trim lool to pry i off . . .

BAD GOOD

3.1g Spare fuses are in the tool kit on the right side ol 3.2 When a fuse blows, the element between the
the frunk lerminals melts
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4 Circuit breakers - general information

Circuit breakers profect cerain circuits, such as the powar windows
or heated seats. Depending on the vehicle's accessaries, there may be
one of lwo clrouit beeakers, located in the fuse/relzy box in the engine
compartment,

Because the circult breakars reset automatically, an slectrical over-
|oad In & circull-breaker-protected system will cause the circuit 1o fail
marmentarily. ther carme back an, If the elreuit does not come back on,
check it immediataly,

For a basic check, pull the clroult breaker up out of ils socket on 1ha
fuse panal, but {Ust far enctah to probe with a volimeter, The breaker
should still confact the sockets,

With the voltmeter negative lead on a good chassis ground, touch
each end prong of the pircuit breaker with (ha positive meter prabe.

There shiould be battery voltage at each end, If there 18 Battery vollaga
only at-ane-end, the circull breaker must be replaced,
Soma cireuil breakers must be reset manually, |

5 . Relays - general informalion and testing _ |

GENERAL INFORMATION

TESTING

1 Several electrical accessories in the vehicle, such as the fugl
injection system, harns, starer, and fog lamps use relays 1o tansmil the
electrical signal to the component. Relays use a low-current circull (the
control circuit) to apen and ¢lose a high-current circuit (the power cir-
cult). If the relay Is defective, that component will not cparate properly
Most relays are mounted In the engline compartment fuse/Telay box. If a
faulty refay |5 suspected, It can be remaved and fested using the proce-
duse below or by & dealer service deparlment or repair shop, Defactive
relays must be replaced as a unit.

¥ Reler to iluglrations 5.2a and 5.20

2 Most of the relays used In these vehicles are ata type often called
‘150" ralays, which refers to the Intemational Standards Organiztion,
The tasminals of 120 relays ae numbered (o indicate their usual cicull
connectiors and functions, There are two basic layouts of ferminals on
the relays used in these vehicles (see (Hustrations),

3 Reler to the wiring diagram for the cireuil to determing the proper
cannections for the refay you're festing. I you can't determineg the cor-
rect connection from the winng diagrams, however, you may be able to
determing the test connections fram the infermation that fallows

B+ B+ B+
86 430 B6

B+

i

87A

5.2a Typical IS0 relay designs,
terminal numbering and
circuit connections

Relay with
internal resistor

Relay with
internal diode

ETESREERIE
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5.2b Most relays are marked on the outside 1o easily identify
the contral circuits and the power circults (four terminal
type shown)

4 Two of the terminals are the relay control circuit and connect o
the relay coil, The other refay terminals are the power circlit When the
relay |5 energlzed, Ihe coil creates @ magnetic field that closas the larger
coracts of the power circult to provide power Lo the clicuil ioads

5 Terminals 85 and 86 are nommally the control circull, IT the relay
containg a diode, termiral 86 must b connected (o battery positiva
{B+) voltage and lerminal 85 o ground, Il the relay contains a resistor,
termirals B5 and 86 can be connected in'either direction wilth respect 0

6 Turn signal/multi-function switch - replacement

¥ Reter to illustration 6.2, 6.3a and 6.3b

sk WARNING:

The models covered by this manual are equipped with a Supple-
mental Restrainl System (SRS), more commanly known as
alrbaps. AMlways disarm the airbag system befare working in the
vicinity of any airbag system component to avoid the possibility
of aceidental deployment of the airbag, which could cause per-
sonal Injury (see Seclion 24).

1 Remove Ihe steering wheal and steering column trim piece (5es
Chapters 10and 11),

2 Remove the switch maunting screws and take the alrbag
clockspring off the trim piece (see illustsation),

B+ and ground,

6 Terminal 30 is nommally connected Lo the battery vollage (B+)
spurce for the cirguit loads, Terminal 87 is connectad to the clcuit lead-
ing to he component being powerad, If the relay has several altermate
terminals for load or ground connections, they usually are numbered
B7A, 878, B7C. and s0 on,

7 Use an ohmmeter to check continuity through the relay control
coll,

g) Conmect the meter according te he polarily shown in Wlestration
523 tor one check; ther reverse the ofmmeter leads and check
confinutly in ife ather direction.

b if the ralay contains 2 resistor, resistance wilf be indicatad on the
meter and should be the same value with ihe ohmmeter in aifhar
direciion,

gl it Ehe ralay contains & diode, resislance should be higher with the
ahmmeter in the Tarward posarty direction than with ihe meter
Jeads reversad

dl I the ohmmeter shows infinie resistance in bath directions,
repiace the reay.

f Remove the relay from the vehicle and use the ohmmeter to check
tar conlinuity betwesn the relay power circult terminals, There should be
no continuity between terminal 30 and 87 with the relay de-energized.

9 Connect a fused jumper wire to terminal 86 and the posilive bal-
tery terminal, Connect anather jumper wire between terminal 85 and
ground. When the connections are made, the relay should click.

10 With the jumper wires connected, check for continuity between
the power clrcuil terminals. Now, there should be continuity between
terminals 30 and &7,

11 If the relay falls any of the above tests, replace i1,

6.2 Remove the screws and clockspring . . .
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6.3a . . . then separaie the switches Irom the clockspring. . . 6.3b . .. noling how they engage it
3 Remove the switches from the back of the clockspring (ses ilus. s WARNING:
trations) and remove 1ne switch - :
4 Installation 1s the reversa of ramoval. Befare installing the airbag clockspring, maka sure i1's centered

{see Chapler 10, “Sleering whee! - removal and inslallation”).

7 Steering lock and ignition switch - replacement

The models covered by this manual are equipped with a Supple-
mental Restraint System (SRS), more commanly known as |

airbags. Always disarm the airbag system before working in the
vicinity of any airbag system component to avoid the possibility
ol accidental deployment of the airbag, which could cavse per-

sonal injury (see Section 24).

STEERING LOCK

¥ Reler 1o iNustration 7.4

1 Insart the lgnition key in the key lock eylinder and tuam the key to
the 1 (unlocked) positicn,

2 Disconnect the cable from the nagativa terminal of the batiery
{see Chapter 5, Section 1),

3 Ramove the lower [eft instrument panel cover (s2e Chapter 11)

4 Turn the special bolt that secures the steering lock to align its tab
withi the slat, fhan emove 1 (sae ilustration). Slide the lock away from
the stearing columm, unplig its alectrical conrector and remove It fiom
tha venicia,

5 Instattation |s the reverse of ramoval,

7.4 Remove the special bolt and detach the steering lock
from the column
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IGNITION SWITCH 5 Unscrew the nut that secures the ignition switch, using a lour-
pronged toal or 4 palr of needle-nose plisrs (see ilustration)

10 Remove the screws that secure the underside af th trim panel in
which the switch 15 mounted, Pull downward on the panel, faking care

¢ Refer lo illustrations 7.9 and 7.11

fi Disconnect the cable fram the negative terminal af fhe battary nat to damage |f, and remaove the s,»:viluh_

{5ee Chapter 5, Section 1), 11 IT the vahicle has an autormatic transmission, detach the shift
7 Lower the steering column all the way interlock cable from the switch (see illustration). Disconnect the elect:
B Remove the trim panel from under the instrument panel {see cal connectors frem the switch and take it out,

Chapter 11) 12 Instalation is the reverse of removal,

1.9 Ifyou don't have a special socket, a pair of neadle-nose 7.11 Unplug the electrical conneclars from the ignition
pliers can be used to unscraw the ignition switch nut swilch, and if the vehicle has an automatic transmission,
squeeze the fangs and detach the shift interlock cahle

B8 Dashboard and overhead switches - replacement

et WARNING:

The models coverad by this manual are eguipped with a Supple-
mental Restraint System (SRS), more commonly known as
airbags. Always disarm the airbap system before working in the
wicinfty of any airbag system componeni fo avoid the possibifily
of accidental deployment of the airbag, which could cause per-
sonal injury (see Section 24).

1 Disoonnect the cable from the negative terminal of the battery
(see Chapter 5, Section 1),

HEADLIGHT SWITCH

¥ Refer to illustralions 8.3, 8.4 and 8.5

¢ Remove the left instrument panel side cover (see Section 3),
3 Pull out te parking brake releasa handle to expose the headlight 8.3 Pull out the parking brake handle and remove the screw

swilch screw behind it and remove the screw (ses illustration). fram the underside of the headlight switch . . .



12-10 CHASSIS ELECTRICAL SYSTEM

4 Using your fingers, release the clips-and pull cut the keadlight
switch (see illustraticn)

& Disconnect the elestrical connector from the headlight switch (see
illustraticn)

B Detach the headlignt range adjuster from the switch.

i Installation s the raverse of removal. When installing [he head-
light switch, make sure that it snaps back Inta placa

OVERHEAD SWITCH

* Refer o llustration 8.8, B.9a, 8.00 and 8.9¢

B Carefully pry the lens off the dome light (see lllustration),

O Lsing your fingers, ielease the latehes under the lens (sae illus-
tration], Lower the unit away from the headliner and unplug the elactri-
cal connectors (sea illustrations).
= Note: When releasing the latches, it s somelimes necessary
to carefully pry the rear of the housing down with a wide-bladed,
plastic trim toaol.

[0 Installation is the raverse of remaval. When installing the switch,
make sure thal the switch sraps into place.

8.4 . .. disengage the clips and pull the switch out of
the dash.. ..

\:".\.

8.5 ... then swing the lock up and

unplug the elecirical conneclor downward . . .

8.8 Carefully pry the lens

8.9a ... pull the latches back . . .

8.9 . . . lower the switeh unit out of the headliner .. .

8.9¢ ... and disconnect I1s electrical conneclors
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8 Instrument cluster - removal and installation

# Refer to Hlusirations 9.2a, 9.2b, 9.2¢ and 9.3

#et: WARNING:

The models covered by this manual are equipped with a Supple-
mental Resiraint System {SAS), more commanly known as
airhags. Always disarm the alrhag system belore working in the
vicinily of any airbag sysiem companent to avaid the possibilily
ol accidental deployment of the airbag, which could cause per-
sonal Injury (see Seclion 24),

1 Disconnect the cable fram the nagative fermiral of the Dattery
{see Chapter 5, Saetion 1),

? Insert 2 pair of ramoval hooks (you can use picks or small
screwdrivers with the ends bent al 90-degrees) into the =lots on each
side of the instrument panel until they reach the slops (about 3-5/32
inches) (sea illustration). Usa the hooks to disengage the clusisr hoot
release laiches and remove the nood (see [llustiation). Use the hooks Lo
disangaga the cluster latches and pull the hooks toward you to pull the
cluster out of the instrument panal (see iHustaton)

3 Disconnect the eiectical connecter (Sea (lustration) and remove
the clhister,

4 Installation is the reverse of removal,

9.2b ... push them back until they stop . . .

9.2¢ ... release the fatches and pull the cluster aul . . .

0.3 . ..1hen disconnect (s electrical connector
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11 Antenna - general informatian

WINDSHIELD AND REAR WINDOW ANTENNAS

Windshield antenna

1 Onsome modals fise antennas are mounted in the windshield ang
on the inside of the rear window The windshield antenna s an integral
tompenent of the windshield: it's Installed batween the innar and auter
layers of glass, To feplace & windshigld antenna You must replace the
windshield,

Rear window antenna
2 The rear window anferina I5@ grid baked onlo the alass surface,

12 Windshield Wiper motor - replacement

¥ Reler 1o illustrations 12.2a, 12.24, 12.3, 12.4a, 12.4b, 12.4¢,
12.6a, 12.6b, 12.7a, 12.7b, 12.8 and 12.10

et WAHN""IE

Remove the ignition key when working on Ihe wipers fo pravent
them from starting accidentally and causing injury.

1 Place the wipers i tha parked position, Open the haad, push
the buttan on the left sUpport strul and raise the hood to the fully apen
pasition

2 Remove the windshield WIpSr arm refaining nuts and washers
(see illustrations), Mark the position of each wipar arm in relation to jts

Just like the rear window dafroster heater grid. If the raar window
antenna is damaged, you might be able |q repalr {1 1he same way tha
you would repair the rear windgw heater grid {ses Seetinn 18).

ROOF-MOUNTED ANTENNA

3 On models with celiular navigation and/or digital sateilite radio
systems, the antenna is mounted on the roof. To replace I, you must
remave the headliner and, on vehicles Enuipped with side-curtain
airbags, the side-curtain dirbag madules as well, We theretare recom-
mend that you have this type of antenna replaced by & dealer service
depariment or other qualified repair shop.

shatt, then remove fhe WIpEr arms.

3 Remove the outer cover from thie engine compartmen fusg and
relay box (see Section 3} Unplug the slsctrical connector at the back of
tfe box and free the harness (s28 Mlustration),

4 Remove the gasket from the water collector and free the wiper
wiring hamessas from thir retainers (see fllustration), Remave the clips
it secure the water collector 1o the windshisid base and disconnac
the drain tubes (see illustrations).

3 On madels with convenlence aulomatic air conditioning, discon.
nect the electrical connector from the sensor mounted in the Center of
the water callactor

6 Remove the screws thal Secure the water collector near the Wiper

dim shafts and remove the end pigess from the water collector (sep

esstrations),

12.2a Remove the nut from the driver's side wiper arm .

==L

12.2b . .. and both nuts from fhe passenger side - nots the
L mark
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12.3 Unplug the wiper motor wiring cnnn&ttur an free its
grommet from the fuse box

12.4a Pull the gaskel off the water deflector and free lhe
wiring harness from the retainer

12.4b Free the water deflector from the clips and disconnect
tha drain hoses . . .

12.4c ... slip the drain hose retainer out . . .

12.6a . .. remove the bolts near the passenger side wiper
arm shalts . . .

12.6b . . . and remove the end pieces
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7 Pull the water collector upward to detach it from the molding an
the windshield frame, then remove [ from the vehicle {see lllusirations).

B Remove the wiper linkage bolts (see (llustration). Take the linkage
oul and remove the bracket,

9 Cut the tie wrapis) that secure the wiper motor wiring hamess to
the linkage {see illustration 12.8). Using a trim removal tool or a lasge
scrawdriver, carefully pry the linkage off the wiper molor crank arm,

10 Ramave the nut that attaches the actuator arm Lo the matar shat
(see-llustration),

11 Mark the relationship of the actuator arm to the mator shatt, then
remave the actuator arm from the shatt

12 Femove the mitar mounting balts and remowve the mator (see
(lustration 12.10).

13 Installaticn is the reverse of removal, Be sure Lo align the marks
you made on the acluator arm and the motor shafl, and on e wind-
shield wiper arms and the wiper arm shafls,

12.7a Detach the ends of the water callector from
the molding

12.7b . . . and lift the waler protecior oul

12.8 Remove the wiper linkage mounling bolts and cut the
tie wrap Ihal secures the wiring harness

12.10 Remaove the actuator arm nut and motor
mounting holts

I W T T

e s ). e o o e
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13 Headlight housing - replacement

# Reler to illustrations 13.2a and 13.2h

et WARNING:

Some models use High Intensity Discharge (HID) bulbs instead
ol conventional halogen bulbs. According to the manufacturer,
ihe high voltages produced by this system can be fatal in the
event ol a shock. Also, the voltage can remain in the cirouit
even after the headlight switch has been furned o OFF and the
ignition key has been removed. Therefore, for your safely, we
don't recommend that you iry to perform this procedure yoursell
it your vehicle is equipped with xenon headlight bulbs. Inslead,
have this service perlormed by a dealer service depariment or
other gualified repair shop.

| Cpen the hood d@nd prop It up all the way, | you're just remoyving
ane headlight housing, loosen e bumper an that side of the vehicle,
fen cover it with shop towels (o prevent scratches. I you're removing
bath headlight housings, remove the bumper cover (see Chapter 11,

¢ Remaove the headlight housing bolts {see illustiationss. Pull gut
the headtight housing and disconnect the electrical connector. If the
vehicla has xenon headiights, disconnect the vacuum ling from the bot-
term of the housing.

3 Installation is the reverse of removal,

4 Have the headlight adjustment checked when you're done {see

anlicn 14)

13.2a Remave the headlight housing upper
mounting bolts . . .

13.2b . .. and the lower mounting bolt and thumbwheel

14 Headlights - adjustment

The headlights must be aimed correctly, [Fadjusted Incorrectly they
could blind e driver of an oncoming vehicle and cause a serious
aceicent or serjously reduce vour ability o see the road. The headlights
should be checked for proper aim every 12 months and any time a new

headlight is installed or front end bodywork is perdemed. The head-
lights are adjusted by an automatic aiming system. | adjusiment is nat
correct, take the vehicle to a dealer service depariment ar othr qualifisd
shop
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15 Headlight bulb - replacement

d:k WARNING:

Halogen gas-filled bulbs are under pressure and can shatter if
the surface is scraiched or the bulb is dropped. Wear eye pro-
tection and handle the bulbs carefully, grasping only the base
whenever possible. Do not touch the surlace of the bulb with
your fingers because the oll from your skin could cause it to
averheat and fail prematurely. If you do tauch the bulb surface,
clean it with rubbing alcohal.

CONVENTIONAL (HALOGEN) HEADLIGHTS

| Make sure the headlight switch is in the OFF posilien and open
thi hood

Low beam
# Reter Lo [llustrations 15.2, 15.3a and 15.3b

¢ Dpen the bulb hotsing cover on the fack of the headliahl hous-
Ing (sea illustration).

3 Disconnect the low beam headlighl bulb elecirical connector (seg
ilstrationy. Twisl the bulls retaining ring counterciockwiza and remove
the hulb from the sacket (ses illustration). When installing the bull, ba
gure It aligns properly with the housing before twisting the retaining
ring clockwise fo lock it in place.

High beam
¥ Rafer to illustration 15.4

4 Open the bulb housing cover on the back of the haadlight hous
ing (sag ilustration),

5 Disconnact the high beam headiioht bullk electrical cannector,
Twist the bulb retaining ring counferclockwise and remave the bulb
from the socket (see illustration). When installing the bulb. be sure
It aligns praperty with the housing kefora twisting the retaining ring

clockwise to lock i1 In place (the al part of the bulb flange must ba
positionzd &t the top),

DUAL XENON (HID) HEADLIGHTS

Some madels use High Intensity Discharge (HID) bulbs instead
of conventional halogen bulbs. According 1o the manufacturer,
ihe high voltages produced by this system can he fatal In lhe
event of a shock. Also, the voltage can remain in the circuil
evan aiter the headligh! switch hag been turned to OFF and the
ignition key has been removed. Therefore, for your safety, we
don't recommend thal you try to replace one of these bulbs your-
sell. Instead, have this service performed by a dealer service
depariment or other qualified repair shop.

15.3a The headlighi bulb is on fop
and the parking light bulb is below it.
To disconnect the efectrical connector
from the headlight bulb, puil it
siraight off

remove lhe hulb

15.3b Turn the bulb retaining ring
counterciockwise until it stops. then

15.4 The conventional high beam
bulb is located behind the
larper cover
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16 Bulb replacement

EXTERIOR LIGHTS

Front side marker light bulbs
# Refer to llustrations 16.1 and 16.2

| Cargfully pry the bulb housing cut of the bumper cover with a
rim stick (se= illustration),

2 Twist the bulb socket and remaove it frem the housing, then

remove thi bulb from (he sccket (sea Hustration), Installation is he
reverse ol removal

Front parking light bulbs
3 Oper 1ha hood

4 Qpen the low beam bulb cover an the Back oi the headlight hous-

ing (32 ilustation 15,38} Pull the front parking light bull halder out
al the beadlignt housing

5 Toramove the old buth from its holdar, pull It straight cut,

B To Install & new bulb in the bulb holder, push itstiaight into the
socket until it slops.

7 Installation is otharwise the reverse of ramoval

Front turn signal lights
¥ Reder to Hiusirations 16.9 and 16.10

&  Open the hood.

9 Turn the lurn signal bulb socket counterciockwise and remeve |l
[raem fhe back of the headlight housing (see illustation},

10 Press (ke tulb Into its socket, turn countarclockwise and remove
Il (see ildsiration).,

11 Mign the nubs on the side of the bull with the slots In the sockel,
ther push the bulb in and tum I elockwise ta lock it in place. Note thal
the nubs are staggered; the one at the bottam of the bulb must ga in the

" deeper slot,

12 Installation is otherwise the reverse ol iemoval

16.1 Carefully pry the side marker light assembly out with a
trim stick . . .

16.2 . . . hen turn the bulb socket to remave i1 fram the
housing and pull the bulb oul of the sockel

16.9 Twist the turm signal bulb sockel and pull It out of the
haousing . . .

16.10 . . . then push in on the bulb, turn it about 1/8-furn
counterclockwise and remove it from the socket
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High beam Hasher bulb (xenon HID headlights)

#:: WARNING:

Some models use High Inlensity Discharge (HID) bulbs instead
of conventional halogen bulbs. According to the manufacturer,
Ihe high voltages produced by this system can be fatal in the
event of a shock. Also, the voltage can remain In the circuit
even aiter the headlight switch has been turned to OFF and the
ignition key has been removed. Therelore, for your salety, we
don't recommend thal you iry to replace one of these bulbs your-
gell. Instead, have this service perlormed by a dealer service
depariment or ather qualified repair shog.

Fog lights
¢ Refer 1o illustration 16.13

13 Werking Ingide the front burmper, remove the bulb holder fram e
housing (see ilustration)

14 Unplug the electrical connector from the bulb holder

15 The bulb and bulb holder are a single assembly, No lurther disas-
sambly s necessary. The new bulb includes its own new hiolder,

Center high-mounted brake light
¢ Refer fo illustration 16.17

16 Open the trunk and remave the triim from the underside af the
frunk Iid [see Chapter 11}

17 Remov the center high-maunted brake light housing mounting
bolls at the relaining clips (see llustration),

18 Disenpgage tha retaining clips, remove the center high-maunted
brake light assembly and disconnect (he electrical connector,

19 Tha center high-mounted brake lighl housing, lens and bulbis)
are @ one-plece assembly, Ma fusther disassembly is possible.

20 Installation is the reverse of removal,

License plate light bulbs
# Reler to llustration 16.21

21 Remove the licanse plate lamp screws and take the lamp out of
the vehicle body (see illusiration). The bulb will come out with the lens

2¢ Remove the old bulb from the lens and install (ke new one. Ling
up the tarminals of the bulb with the contacts, then push the lans into
place and tighten the screws,

Taillight bulbs
# Refer to illustrations 16.24, 16,25, 16.26 and 16.27

&3 Open the trunk and fold the trim panal gut af the way fo expose
ihe taillight housing.

24 To detach the taillight bulb carsier from the vehicle, twist the plas-
He lateh counterclockwise (see lllusteation)

25 Pull out the bulb carrier (see illustration),

26 Lay the bulb carrier on a clean surlace and rafer o the accompa-
riying tailight bult guide (see iHustration),

27 Toremove an old bulb from the carrier, press it into the socke!,
turn it counterclockwise and oull It oul of the housing {see Illustration).

28 Inatallation is the reverse of removal,
=MNole: On dual-filament bulbs the locating nubs on the bulb
are staggered; the one at the boltom of the bulb must go In the
deeper slot.

INTERIOR LIGHTS

Dome light bulbs
# Refer to illustrations 16.29a, 16.29hb, 16.30a and 16.30b

29 Pry off the dome light lens (sea illustration).

16.13 Remove the fog lipht bulb and holder from the housing
(the bulb can't be separated from its holder)

16.17 Remove the bolis and remove the high-mounted brake
light from the trunk lid
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16.21 The license plate light bulb 16.24 Twist the lakch . . . 16.25 . . . and fake the taillight bulb

will come oul with the lens

carrier out of the housing

16.26 Taillight unit bulbs

A Bake light 0 Tailiparking light, rear fog
& Tumn slgral lam {drivers side only)
L FParking/side marker light £ Back-up light

16.27 Remove the bulh from the sockel

- -

16.29a Pull the dome light down out of the headliner . . .

16.2890 . . . prying it carefully if necessary
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30 Remove th bad light bulb from the terminals In the lens (see
(llustration),

A WARNING:

] Ilt"s necessary 1o pry a bulb out, pry only on the metal terminal
ands.

3 To install a new bulb, push it up betwean (he conductors untll It
snaps Into place,
32 When installing the lens, make sure (hat it snaps into place.

Map light bulbs
# Refer to Illusiration 16.34

33 Remove the overhead switch assembly from the headliner {see
Section 8),

34 Twist the bulb counterclockwise to align the tahs with the slots,
then pull out the bulb (sea illustration),

35 Instaliation is the reverse af the removal steps,
Glove compartment light
# Refer to Mustration 16.36

36 Open the plove comparment and carefully pry the lens downward
(sa# illustration), Pull the bull out ol its clips and install 8 new ong
lluminaied door sills

37 Replacement of the iluminated door sills is 8 complicated proce
dure that-should be done by a deater service department ar other quali-
fied shop,

16.30a If there isn't enough room 1o grip the bulb with
fingers, be sure to pry only against the metal ends

16.30b Pivot the refiector (if equipped) out of the way lor
access to the bulb

16.34 The map light bulbs are mountad in the lorward edge
of the overhead swilch housing

16.36 Pull the glove compartment light lens down for access
1o the bulb
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17 Harn - replacement

# Reter 1o illustration 17.2

> Note: The horns are located in fronf of the radiator grille.

1 Open e hood.

2 Locate the homs {see [llustration)

3 Disconnect the elecirical connector from the harns.

4 Remave the horn mounting nut and remave the wo horns and the
maunting bracket as a single assembly.

§ Onee the horns and mounting bracket are removed, you can
detach aither or both homs as necessary from the mounting brackst by
unbelting them ,

B Installation Is the reverse af removal.

17.2 Remove the nut and unplug the electrical connectors Lo
remove the homs

18 Rear window defogoer - check and repair

1 The rear window defogger consists of a number of horizontal sle-
mients baked anto the glass surface.

¢ Small breaks in the element can be repaired withoul remaving the
rear window.

CHECK

# Reler to illustrations 18.4, 18.5 and 18.7

3 Turr the ignition switch and defogoer system switches to the ON
nosition. Using a voltmeter, place the positive probe against the defog-
ger grid positive terminal and the negative probe against the ground ter-
mingl, If battery voltage is nol indicated, check the fuse, delogger switch
and related wiring. Il voltage is indicated, but all or part of the defogger
doesn'l heal, proceed with the following lests

4 Whan measuring voltage during the next two tests, wiap a piece
of aluminum foil around the tip of the volimeter positive probe and
press the foll against the heating element with your finger (see illustra-
lion). Flace the negative prabe on the defogger arid ground terminal

18.4 When measuring the voltape i the rear window
defogoer grid, wrap a piece of aluminum 1oil around the
positive prabe of the volimeter and press the foil against the
wire with your finger
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5 [Check the voltage af the center of each heating element (s2e ilfus-
trtion), I the vollage is 5 or 6-volts, the element is okay {thera Is no
break), If the yoltage is zaro, the element is broken betwaen the center
of the element and the positive and, IF the voltage (5 10 to 12-volts the
element is broken between the center of the element and graund. Check

13 Apply the epoxy material to the slit In fhe masking tape, overlap-
ping the undamagad area aboul 34-Inch on eltfier end (see Hlustration)
14 Allew the rapair lo cure for 24 hoars before removing the faga

and using the system,

each heating element,

6 Connect the negative lead lo a gaod bady ground, The reading
should stay the same. If il doesn't, the ground connection is bad,

7 Tofind the break, place the voltmeter negative probe against 1he
defogger ground terminal. Place the voltmeter positie probe with the
foil shrip against the healing element al the positive terminal end and

slide it toward the negativa terminal end. The point at which the valime-

ter deflects from several volls to zero is the point at which the heating
element 2 broken (see iflustration),

REPAIR

# Refer 1o illustration 18.13

B Rapair the break in the elemeant using & repair kit specifically
recommendad for this purpose, available at most auto parts stores.,
Inciuded in this kil is plastic corductive epaxy,

9 Prior lo repairing a break, wrn off the system and allow it to cool
off for a few minutes,

10 Lightly buff the element area wilh fine sieel woal, then clean it
tharoughly with rubbing aleehal,

11 Use masking lape to mask off the area belng repaired.

12 Theroughly mix the epoxy, following the instructions provided
with the repair kit

18.5 To determine if a heating element has broken, ctheck
fhe voltage al the cenier of each element; if the vallage is 5
or G-valts, the element is unbroken, but if the valtage is 10
or 12-volls, the element is braken between the center and
the ground side. I there is no voltage, the element is broken
batween the center and the posilive side

18.7 To find the break, place the volimeter negative lead
against the delogger ground terminal, place the volimeter
positive lead with the foil sirip againsi the heating element
al the positive terminal end and slide it loward the negative
terminal end. The point at which the volimeter reading
changes abrupily is the point al which the element is broken

18.13 To use a defogger repair kit, apply masking tape to the
inside of the window at the damaged area, then brush on the
special conduclive coaling




CHASSIS ELECTRICAL SYSTEM  12-25

19 Electric side view mirrors - general information

1 Most electic rear view mirrors use lwo moters (o move the glass;
one for up and down adjustments and one for lefi-right adjustments.

¢ The contral switch has a selector portion hat sends voltags to
(Fve att ar right side mirror, With the lanition ON but the engine OFF,
roll down the windows and cperate the miror control switch through &l
functions (LEFT-RIGHT and UP-DOWN]) for hoth the left and right side
iTars.

3 Listen caretully for the sound of the electric motors running in ne
ITIITorS,

4 If the motors can be heard but the miror glass doesn'l move,
tnere's a problem with thi drive mechanism insice the mirrar,

5 If the mirrors do not operate and no sound comes fram the mir-

rars, check the fuse (see Section 3),

6 i the fuse Is 0K, remove the mirror contral switch, Have the
switch continuity checked by a dealership service department or other
qualified automobile repair facility

7 Make sure the mirror is properly grounded

B I the mirror still doesn't wark, remaove the mirmor and check the
wires at the mirrar for voltage.

9 |t there's not valtage In each switch position, check the circult
between the mirrar and control switch for opens and shors,

10 If there's voltage, remove the mirrar and test it off the vehicle with
jumper wires. Replace the mirrar if it fails this test,

20 Cruise control system - general information

There are na conventional cruise control system companents on
these vehicles. The cruise control system 1s an integral subsystam of
the electronic throttle body, which is confrolled by the Powertrain Con-

trol Module (PG, 1f the cruise contral systerm isn't functioning cor-
rectly, lake (e vehicle to a dealer service department or olher qualified
repalr shop for diagnosis,

21 Power window system - general information

1 The power window system operates electic motors, mountad in
the doors, which lower and raise the windows, The sysiem consists of
the control switches, the matars, regulators, glass mechanisms and
associated wiring.

2 The power windows can be lowered and raised from the master
control switch by the driver or by remote switches |ocated at the indi-
vidual windows. Each window has 2 separate moter, which is reversible,
The position of the control switch determines the polarity and therelore
ihe direction of opesaticn,

3 Thecircuil is profected by a fuse and a circuit breaker. Each
mator is also equipped with an intemal clrouit breaker, this prevents
one stuck window from disabling the whole system.

4 The power window systam will only operate whien the Igni-
tion switch is ON. n addition, many models have a window lockout
switch at the master control switch which, when activatad, disables (he
switches at the rear windows and, sometimes, the switch at the passen-
ger's window also. Always check these ftems before froubleshoating a
windaw problem

5 These procedures are ganeral in nature, so B you can't find the
prablam using them, fke the vehicle to a dealer service department or
other properly equipped repair facility,

6 I the power windows won't aperate, always check the fuse and
cirouit breaker first

T It only the rear windows are inoperative, or I the windows aniy
operate from the master contral switch, check the rear window leckoul

switch for continuity in the unlocked position, Raplace it if it doesn
have continuity.

8 Check the wiring betwean the switches and fuse panel [or conti-
nuity. Repair the wiring, if necessary.

9 Ifonly one window is inoperative from the master canirol switch,
try the other contral switch at the window,

= Note: This doesn't apply 1o the driver's door window.

10 1 the same window works from one switch, but nat the ather,
check the switch for continuily,

11 If the switch tests 0K, check for & short or open in the circuit
btwesn the alfected switch and the window motor,

12 Il one window is Inoperative from both switches, remaove the trim
panel from the alected door and check for voltage at the switch and at
the mator while the swilch Is operated,

13 IFvoltags is reaching fne motor, disconnect the glass from the
regulator (see Chapler 11), Move the window up and down by hand
while checking for binding and damage. Also check for binding and
damage to the regulator, If the regulatar is not damaged and the window
maves up and down smaathly, feplace the moter, f there's binding or
damage, lubricate, repalr or replace pars, as Necessary.

14 If voltage Isn't reaching the motor, check the wiring in the circuit
for continuity between the switches and motors, You'll need to consull
the wiring diagram for the vehicle, It the circuit 18 equippad with a relay,
chick that the relay Is grounded properly and recalving voltage.
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1 A power door lock systern operates the daor lock actuators
maunted in each door. The syskem consists of the switches, actuators, a
confrol unit and associated wiring. Diagnosis can usually be limited to
gimple checks of the wiring connections and actuaters for minar faulls
that can be easily repaired,

2 Power door lock systems are operated by bi-directional solenoids
located in the doors, The lock switches have two operaling positions;
Lock and Unlack, When activated, the switch sends a ground signal to
the door lock contral unil to lock or uniock the doors. Depending on
which way the switch is aclivated, the contral unit reverses polarity to
the solencids, allowing the two sides of the circuit to be used alternately
as the feed (positive) and ground side,

4 Some vahicles may have an anti-theft system incarporated into
the power [ocks. If you are unable to locate the trouble using the follow-
Ing general Steps, consult a deater service department or other qualified
repair shap

4 Always check the circuill protection first. Some vehicles use a
combination of circull breakers and luses.

5 Dperate the door Iock switches in both directions (Lock and

Unlock) with the englne off. Listen for the click of the solenoids operat-
ing.

6 Test the switches for continuity, Remove the switches and have
them checked by a dealar service depariment or other qualified automa-
bile repair facility

# Check the wiring between the switches, contral unil and sole-
naids far continuity, Repair the wiring if there's no continulty,

B Check for a bad ground at the switches or at the control unil,

9 (2l but one of the fock solenoids operate, remove e irim panel
from the door with the problem (see Chapter 11) and check for voli-
age at the salenoid while the lock switch is operated. One of the wires
should have voltage in the Lock position; the other should have valtage
i e Unlock position

10 If the Inoperative sclenoid is receiving voltage, replace the sole-
noid,

11 I the inoperative solenoid isn't recelving voliage, check the ralay
for an open or short in the wire betwesn the |ock solenoid and the con-
trol unit,

23 Daytime Running Lights (DRL) - general information

The Daytime Running Lights (DAL system illuminates the low beam
headlights whenever the engine is running, In low light, the fail, park-
i, side marker and license plate lights also tum on automatically. On

24 Airbag system - general information and precautions

GENERAL INFORMATION

1 All models are equipped with two front airbags and four side
girbans, formally known as the Supplemental Restraint System {SRS),
This syatem I3 desioned (o protact the driver and the front seat pas-
senger from serious Injury In the event of a frontal collision, It consists
of an array of extarnal and internal (inside the cortral unit) informa-
lion sensors (oecelerometers), the contral unit, the Inflatar modules {2
driver's airbag In the steering whee!, a passenger airbag in the dash and
side-impact airbags In each door) and the wiring and connectars tying
dll these components tegether,

AIRBAG/INFLATOR MODULES

Driver's airbag/inflator module
2 The airbag inflator module in he steering wheel consists of 2

U5 models, the system can be tumed on or off (the vehicle comes from
the manufacturer with the system set to Off). On Canadian models, if's
on at all times.

housing, the cushion (airbag), an iniliating device and a canister of
gas-generaling material. The initiator is part of the Inflasr module
deployment loop. When @ collision accurs, the contral unit sends
current through the deployment loop to the Initiator. Current passing
through the initiator ignites the material in the canister, producing a
rapidly expanding pas, which inflates the airbag almost instantaneausly
seconds atter the airtbag inflates, It deflates almost as quickly through
airbag vent holes and/or the airbag fabric,

3 When [he control unll sends current 1o the Initiator, i fray-
gls through the airbag circuit to the stearing column, From thare, a
clockspring on the sieering wheel delivers the current 1o the madula
initiator, This clockspring assembly, which is the final segment of
the alrbag ignitien circull, functions as the bridge between the end of
the airbag circuit on the (fixed) steering column and the beginning of
the circuit on the {rotating) steering wheel, If's designed fo maintain
a closed circult between 1he steering column and the steering wheel
regardless of the position of the steering wheel, For this mason, remoy-
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ing and installing the clockspring is critical to the performance af the
driver's slde alrbag, For information en how to remove and install the
drivar's side airbag, refer to Stearing whee! - rarmowal and instalation in
Chapter 10,

Passenger's airbag/inflator module

4 The passenger's altbag/infiator module 1s mounted abave the
glove compartment, It's similar in design to the driver’s aitbag except
that il doesn't use a clockspring. When deployed by the contral unit, the
passenger's airbag bursts through the dashboard abave the glove box.
Althiough this area looks like its simply part of the dashboard, s actu-
ally a trim cover with a perlorated seam that allows the cover to separate
from the dash when the passenger's aitbag Inflates

Side impact airbags

5 The side-impact alrbag/intlator modules 2re mounted in the front
and rear doors (one airbag for each door) behind the trim panels, The
letters SRS are molded inta the module cover portion of each door tim
pariel. Each madule consists of a housing, an inflatable airbag, an ini-
fiator and a canister of gas-generating material, Each module-employs
Its own side impagcl Sensor {SIS), which confaing a sensing device that
monitars changes in vehicle acceleration and welocity, This data is sent
to the control unit, which compares it with its program; When the data
exceeds a certain thresheld, the SOM determines that the vehicle has
been hit hard anough on one side or the ather to warrant deployment of
the side airbag on that side. The SOM doesn't deploy the side airbags
on both sides, just an the side being hit, Then the S0M sends currant
[0 1he Initiator 1o inflate the airbag, ripping open the trim as i deploys
tn protect the accupant(s) on the left or right side of the vehicle,

CONTROL UNIT

6 The contral unit, maunted on the transmission Wwonal under
the consate, 15 the compuier module that controls the airbag system,
Besides a microprocessor, the central unit aiso includes an array of
sensors. Some of tham are inside the unit itsell, Other extemal sen-
sors are located throughaut the vehicle. All of the sensors, Infemal and
external, send a continuaus voliage signal fo the control unit, which
compares this cata lo values storad In its memory, When these signals
meceed a theeshold value - when the control unlt determings that the
vericle is decelarating more guickly than the threshold value - the
cortral unit allaws surrent to flow through the circuit to the appropriate
alrbag moduleds), which initiates deployment of the aibagis).

7 For more information about the airbag system in your vehicle,
refer 1o your cwner's manual,

DISARMING THE SYSTEM AND OTHER PRECAUTIONS

Fallure to follow these precautions could result in accidental
deployment of the airbag and persanal injury.

& Whenever warking in the vicinity of the steering whee|, instru-

ment panel or any of the other SRS system companents, (e system
must be disarmed, To disarm (he system.
al Point the wheals straight ahead and ramove ihe fgnilion ray
) Disconnect the cabie from e negative batfery terminal. Relar ta
Chaptar 5 Section 1 for the disconmecting procedure.
ol Wit at least two minutes for the Dack-tp power supply fo be
dapiatag
) N youe working in ihe passenger compartment, discannact e
electrizal connector from e contrad unit on e fransmission
fuinng,

5 Whenever handling an airbag module, always keep the airbag
apening (the uphalsered side of front airbags) pointed away from your
biody, Never place the airbag moedule en a bench or other surface with
the-airbag opening facing the surface. Always place the aitbag module
In & safe location with the airbag opening (the uphalsiered side of front
airbags) facing up,

10 Mever measure the resistance of any SRS comparent ar use any
electrical test equipment on any of the wiring or compaonents. An chmme-
ter has & built-in battery supply that could accidentally deploy the airbag,

11 Mever dispose of a live airbag/inflator module. Refurn it to a
dealer service department or other gualilisd repair shep for safe deploy-
ment and disposal,

12 Never use elactrical welding equipment in the vicinity of any
alrbag components. The connectors for the system are easy o spol
becausa they'rs bright yellow. Do NOT disconnect or tamper with these
sonnectars, or you run the risk of setling a Diagnostic Trauble Code
(OTC) in the control unit, Like the PCK, the contrel unit has a mal-
function Indicator light, known as the AIRBAG indicator light, an the
instrument cluster. When you turn the-ignition key to ON, the control
unit checks out all of the SRS compenants and ciruits. If everything
5 okay, the AIRBAG indicator llght goes off, just like the PCM's Mal-
function Indicatar Light (MIL), But if there's @ problem somewhere, the
light stays an, and will remain on untl the prablem is repaired and the
DTCs) cleared from the control units memory.

13 It an airbag is dropped from & height greater than 18 inches, i
must be replaced with a new ong. Dropped airbags must be safely dis-
posed of and nol reused,

14 Da not allow oil, grease or cleaning materials (solvent, slc.) (o
louch airbags or seat bell retractars

IMPACT SEAT BELT RETRACTORS

15 All models are equipped with pyratechnic (explosive) unils in
the front and rear seat belt retracting mechaniams for bath the lap and
shioulder belts. During an impact that would frigger the aitbag systam,
(ha alrbag contrel unit also triggers the seat belt retractors. When the
pyrotechnic charpes go off, hey accelerate the retractors to nstantly
take up any slack in the seat belt system to mare fully prepare fhe diiver
and front seat passenger for impact,

16 The airbag system should be disabled any time work is done to
or around the seats.

#= WARNING:

Mever strike the pillars or floorpan with a hammer or use an
impaci-driver tool in these areas unless the system is disabled.
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25 Remote keyless enlry system - battery replacement

m

1 Here's how the transmitter inside the remote keyless entry fob

should work;

4l The vehicle comes fram the factary with (e key sl lo global
uniocking (all the doars open when you press the Unlack buttan
ance)

41 The sefting can be changed from global unlgcking (alf doors) to
seleciive uniocking (driver’s dogr and fuel filler cap) by folding
down tie Lock and Unlock buttons togather for five seconds or
mare, i tis cass, whan you press the UNLOCK button once: the
driver’s door and fuel filler cap unlack, If you press the UNLOCK
butlon & second fime, all the doors unlock,

&) When you prass the remale TRUNK RELEASE butlon on the
fransmitter for 1/2-second, I rafeases fhe ik ficd (The remale
TAUNK RELEASE button dossn't wark uniess the ansmission
shift faver is in PARK,)

al i door ar the frunk itd is apen, you cannat fock the doars and
frunk with fhe transmifher

BATTERY REPLACEMENT

¥ Reter 1o illustrations 25.3a, 25.3b and 25.4

2 The lransmitter batteries should last about Tour years, When
tha transmitter becomes weak, operation will become intermittant and
require you to be closer to the vehicle for it to work, Eventually It won't
work &t all.

3 To replace the transmitter batleries, carafully open the keylass
entry fob by removing the mechanical key that comas with the transmit-
ter and inserting it Into the notch near the end of the fab to disengage
the lock and remove the battery holder (se2 (llustration)

4 Remove the old batieries (see illustration),

§ Installation |s the reverse of removal, Use a clean, linl-lree cloth
to avaid touching the new batteries, Make sure that the new haitery /s a
CR2Z025 or equivalent,

25.3a Siide the lock (A} back and
remove the mechanical key from
thefob . ..

25.3b . . . 1hen insert the mechanical
key into the end of the fob and push
the lock to release the battery holder

25.4 Remove the old balteries from
fhe helder and install new ones (Ihe
positive side of the batteries must
face up)

26 Wiring diagrams - general information

Sinca it isn't possible to include all wiring diagrams for every year
covered by this manual, the fallowing diagrams are those that are typi-
cal and most commonly needed.

Prior to froubleshooting any circuits, check the fuse and cirouil
breakers (if equipped) 1o make sure they're In good condition. Maks

sure the battery Is properly charged and check the cable connactions
(see Chapter 1),

When checking a circult, make sure thal all connectars are clean,
with no Broken or loosa terminals, Whan unplugging a connector, do
not pull on the wires, Pull onfy on the connector housings themaelves
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Exterior lighting system, models with xenon headlights - 2001 through 2005 (2 of 2)
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Extarior lighting system, models without xenon headlighis - 2006 and later (1 of 2)
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Exterior lighfing system, models without xenon headlights - 2006 and lafer (2 of 2)
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Exterior lighting system, modeis with xenon headlights - 2006 and later {1 of 2)
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Exterior lighting system, models with xenon headlights - 2006 and later (2 of 2)
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Gauges and warning lights system - 2003 through 2005
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Gauges and warning lights system - 2006 and later.
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Air conditioning and engine cooling fan sysiem - 2001 and 2002
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Alr conditioning and engine cooling fan system - 2003 through 2005
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Air conditioning and engine cooling fan system - 2006 and later
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Rear window sunshade system - 2001 through 2005
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Rear window sunshade system - 2006 and later
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Power door lock system - 2001 through 2005 (1 of 2)
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Power door lock system - 2001 through 2005 (2 of 2}
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Power door lock system - 2006 and later |1 af 2)
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Power door lock system - 2006 and later (2 of 2)
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Wiper/washer system - sedan models (2001 and 2002)
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Wiper/washer system - wagon models (2001 and 2002)
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Notes



GLOSSARY GL-1

TR — e e ey e e S ——

AIR/FUEL RATID; The ratio of air-to-gasaline by weight in the
el mixture drawn Into the engine,

AIR INJECTION: One method of reducing harmiul exhaust emis-
sions by Injecting air into each of the exhaust ports af an enging.
The fresh air entering the hel exhaust manifald causes any remain-
ing fuel to be burned betare it can exit the tailpipe,

ALTERNATOR: A device used far converting mechanical energy
into electrical energy.

AMMETER: An instrument, calibrated in amperes, used 10 mea-
sure the flow of an electricat current in a cirouit, Ammeters are
always connected in series with the circuit being tested.

AMPERE; The rate of flow of electrical current present when one
wolt of elecirical pressure is applied against one ahm of electrical
resistance.

ANALOG COMPUTER: Any microprocessor that uses similar
{analogous) elestrizal signals lo make its calculations.

ARMATURE: A laminated, soft iron core wiapped by a wire that
converts electrical energy to mechanical energy as in a motor or
ielay. When rotated in @ magnetic field, it changes mechanical
energy Into electrical enargy as In a generator

ATMOSPHERIC PRESSURE: The pressure on the Earth's sur-

face caused by the weight of the air in the atmosphere. At sea level,

this pressure Is 14.7 psi at 32°F {101 kPa at 0°C).

ATOMIZATION: The braaking down of a llouid into a fing mist
that can be suspanded in air,

AXIAL PLAY: Movement parallel to a shaft or bearing bore,

BACKFIRE: The sudden combustion of gases in the intake or
exhaust system that results i a loud explosian,

BACKLASH: The clearance or play belwesn two pars, such as
meshed gears,

BACKPRESSURE: Restrictions in the exhaust system that slow
the exit of exhaust gazes from the combustion chamber,

BAKELITE; A heat resistant, plastic insulator material commonly
used in printed circuit boards and transistarized companents,

BALL BEARING: A bearing made up of hardened inner and auter
races between which hardened steel balls rall,

BALLAST RESISTOR: A resistor in the primary ignition circuit
that lowers valiage after the engine is started to reduce wear on
ignition components.

BEARING: # friction reducing, supportive device usually Iocated
between a stationary parl and a moving-part,

BIMETAL TEMPERATURE SENSOR: Any sensor or swilch
made of two dissimilar types of metal that bend when heated or

cooled due to the different expansion rates of the alloys. These
types of sensors usually function as an an/off switch.

BLOWBY: Combustion gases, composed of water vapor and
urtburned fuel, that leak past the piston rings into the crankcase dur-
ing normal enging operation, These gases are removed by the PCY
system to prevent the buildup of harmtul acids in the crankcase.

BRAKE PAD: A trake shoe and lining assembly used with disc
brakes,

BRAKE SHOE: The backing for the brake lining. The term Is,
hawever, usually applied to the assembly of the brake backing and
lining.

BUSHING: A liner, usually removable, for a bearing; an anti-fric-
tion liner used in place of a bearing,

CALIPER: A hydraulically activated device in a disc brake system,
which is mounted straddling the brake rotor (disc), The caliper con-
tains at least ane piston and two brake pads. Hydraulic pressure an
the piston(s) forces the pads against the rotor

CAMSHAFT: A shalt in the engine on which are the lobes (cams)
which operate the valves. The camshafl is driven by the crankshalt,
via a belt, chain or gears, al one half the crankshaft speed.

CAPACITOR: A device which stares an electrical charge.

CARBON MONOXIDE (CO): A colorless, odorless gas given off
as a normal byproduct of combustion. |t is poisonous and
axtremely dangerous in confined areas, building up slowly to toxic
levels without warning it adeguate ventilation is not available.

CARBURETOR: A device, usually mounted on (he intake mani-
fuid of an engine, which mixes the air and fuel in the proper pro-
partion to allaw evan combustion.

CATALYTIC CONVERTER; A device Installed in the exhaust sys-
tem, like @ muffler, that converts harmful byproducts of combustion
(fito carbon dioxide and water vapor by means of a heal-producing
chemical reactian,

CENTRIFUGAL ADVANCE: A mechanical method of advancing
the spark timing by using fyweights in the distributor that react to
centrifugal force generated by the distributor shaft rotation.

CHECK VALVE: Any one-way valve installed to parmit the flow of
air, fuel or vacuum In ane direction anly,

CHOKE: A device, usually a maveable valve, placed in the intake
path of a carburetar to restrict the flow of air,

CIRCUIT: Any unbroken path through which an electrical current
can flow, Also used {o describe fuel flow in some Instances.

CIRCUIT BREAKER: A swilch which protects an electrical circuil
from overload by opening the circuit when the current flow éxceeds
a predetermined level. Some circull breakers must be reset manu-
ally, while most reset automatically.
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GOIL (IGNITION): A transformer in the ignition circuit which
steps up the voltage provided to the spark plugs.

COMBINATION MANIFOLD: An assembly which includes bath
the intake and exhaust manifolds in cne casting.

COMBINATION VALVE: A device used in some fuel systems that
routes luel vapors Lo a charcoal storage canister instead of venting
thern into the atmosphere. The valve relieves fuel tank pressure and
allows fresh air into the tank as the fuel level drops to prevent a
vapar |ock situation.

COMPRESSION RATIO: The comparison of the total volumea af
the cylindar and combustion chamber with the piston at BDC and
the piston at TOC,

CONDENSER: 1. An electrical device which acts to store an elec-
trical charge, préventing vallage surges. 2, A radiatar-like device in
the air candilioning systern in which refrigerant gas condenses into
a liquid, giving off heat.

CONDUCTOR: Any material thraugh which an electrical current
can be transmitted easily.

CONTINUITY: Continuous or complebe cirouit. Can be checked
with an ohmmeter,

COUNTERSHAFT: An intermediate shaft which is rotated by a
mainshaft and transmits, in turn, that rotation to a working part.

CRANKCASE: The lower part of an engine in which the crankshaft
and related parts operate.

CRANKSHAFT: The main driving shaft of an engine which
recaives reciprocating motian fram the pistons and converts it to
rotary motion.

CYLINDER: In an enging, the round hole in the engine block in
which the pistan(s) ride.

CYLINDER BLOCK: The main structural member of an enging in
which is found the cylinders, crankshaft and other principal parts,

CYLINDER HEAD: The datachable portion of the engine, usually
fastened to the top of the cylinder block and containing all or most
of the combustion chambers. On overhead valve engines, it con-
tains the valves and their operating parts. On overhead.cam
engines, it contains the camshaft as well,

DEAD CENTER: The extreme top or bottom of the piston stroke.

DETONATION: An unwanted explosion af the airfus! mixdure in
the combustion chamber caused by excess heat and comprassion,
advanced timing, or an averly lean mixture, Also referred 10 as
“ning".

DIAPHRAGM: A thin, flexible wall separating two cavities, such
a5 In a vacuum advance unit,

DIESELING: A candllion in which hot spots in the combustion
chamber cause the enging to run on after the key is turned off,

DIFFERENTIAL: A geared assembly which allows the transmis-
slan of motion between drive axles, giving one axle the ability to
turn faster than the other,

DIODE: An electrical device that will allow current ta flow in ana
direction only,

DISC BRAKE: A hydraulic braking assembly consisting of a brake
dise, ar rotor, mounted on an axle, and a calipar assembly contain-
Ing, usually bwo brake pads which dre activated by hydraulic pres-
sure, Tha pads are forced agains! the sides of the dise, creating
frictian which slows the vehicle,

DISTRIBUTOR: A mechanically driven device an an enging
which is responsible for electrically firing the spark plug at a prede-
termined point of the piston strake.

DOWEL PIN: A pin, inserted in mating holes In two different parts
allowing those parts to maintain a fixed relationship.

DRUM BRAKE: A braking system which consists of two brake
shoes and one or two wheel cylinders, meunted on a fixed backing
plate, and a brake drum, mounted on an axle, which revolves
around the assembly,

DWELL: The rate, measured in degrees of shaft ratation, at which
an electrical circuit eycles on and off,

ELECTROMIC CONTROL UNIT (ECU): lgnition module, mod-
ule, amplifier or igniter. See Module for definition.

ELECTRONIC IGNITION: A system In which the timing and firing
of the spark plugs is contralled by an electronic control unit, usually
called a module. These systems have no points or candenser

END-PLAY: The measured amount of axial movement in a shafl.
ENGINE: A device thal converts heat into mechanical enargy.

EXHAUST MANIFOLD: A sef of cast passages or pipes which
conduct exhaust gases fram the enging.

FEELER GAUGE: A blade, usually metal, or precisely predeter-
mined thickness, used to measure the clearance between two parts,

FIRING ORDER: The order in which combustion oceurs in the
cylinders af an engine. Alsa the order in which spark is distributed
to the plugs by the distributor,

FLOODING: The presence of too much fugl in the intake manifold
and combustion chamber which prevents the aigfuel misture from
firing, theraby causing a no-start situation,

FLYWHEEL: A disc shaped part bolted to the rear end of the
crankshatt, Around the outer perimeter Is affixed the ring gear. The
starter drive engages the ring gear, turning the flywheel, which
rutaltes the crankshatt, imparting the initial starting mation to the
Bngine,

FOOT POUND {ft. Ibs. or sometimes, fi.Ib.}: The amount of
energy ar wark needed 1o raise an lterm welghing one pound, a dis-
fance of one foal.
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FUSE: /A protective device in a circuit which prevents clrcuit over-
load by breaking the circult when a specific amperage 1s prasent.
The davice Is constructed around a strip or wire ol a |ower amper-
ane rating than the circuit 1| is designad to protact, When an
amperage higher than that stampad on the fuse is present in the cir-
cuit, the strip or wire melts, opaning the clrcuit.

GEAR RATIO: The ratio batween the number of eeth on meshing
(Bars.

GEMERATODR: A device which canverts mechanical engrgy into
electrical enargy.

HEAT RANGE: The measure of a spark plug's ability fo dissipale
heat fram its firing end. The higher the heat range, the hotter the
nlug fires.

HUB: The center part ol a wheel or gear,

HYDROCARBON (HC): Any chemical uurnﬁ-uund made up al
hydrogen and carbon. A majar pollutant farmed by the enging as a
byproduct of combustion,

HYDROMETER: An instrument used to measure the specitic
gravity of a selution,

INCH PDUND (inch Ibs.; sometimes in.Ib. or in. lbs.): One
twelfth of a foot paund.

INDUCTION: A means of transterring elecirical energy in the form
of a magnetic field. Principle used In the lanition coil to increase
vollage,

INJECTOR: A device which recelves metered fuel undar relatively
low pressure and s activated to inject the fuel into the engine under
relativaly high pressure at a predetermined time.

INPUT SHAFT: Tha shaft 1o which torque is applied, usually car-
rying the driving gear or gears.

INTAKE MANIFOLD: A casting of passages or pipes used to con-
duct air or a fusl/air mixture to the cylinders.

JOURNAL: The bearing surlace within which a shaft operates.

KEY: A small block usually fitted in a notch between a shaft and a
hub to prevent slippage of the two parts.

MANIFOLD: A casting of passages or set of pipes which connect
the cylinders to an inlet or outlet source.

MANIFOLD VACUUM: Low pressure in an engine intake mani-
fold formed just below the throttle plates, Manifold vacuum is high-
est at idie and drops under acceleration,

MASTER CYLINDER: The primary fluid pressurizing device in a
hydraulic systerm, In automative use, It is found in brake and
hydraulic clutch systems and Is pedal activated, either directly or, in
a power brake systemn, through the power booster.

MODULE: Electranic control unit, amplifier or igniter of solid state
ar integrated dasign which controls the curent flow in the ignition

primary circuit based on input from the pick-up coil. When the
module opens the primary circuit, high secondary voltage is
inducad In the coil,

MEEDLE BEARING: A bearing which consists of a number (usu-
ally a large number) of long, thin rollers.,

OHM: (€2) The unit used to measure the resistance of conductor-
to-glectrical flow. One ohm is the amount of resistance that limits
current flow to one ampere in a circuit with ong volt of pressure,

OHMMETER: An instrument used for measuring the resistance, In
ohms, Inan electrical circuit,

QUTPUT SHAFT: The shaft which transmits torque from & device,
such as a transmission,

OVERDRIVE: A gear assembly which produces more shaft revolu-
tions than that transmitted to it.

OVERHEAD CAMSHAFT (OHC): An engine configuration in
which the camshaft Is mounted on top of the cylinder head and
operates the valve either directly or by means of rocker arms.

OVERHEAD VALVE (DHV): An engine configuration in which all
of the valves are located in the cylinder head and the camshaft is
ncated in the cylinder block. The camshaft operates the valves via
lifters and pushrods,

OXIDES DF NITROGEN (NDx): Chemical compounds of nitro-
gen produced as a byproduct of combustion. They combing with
hydrocarbans to produce smog.

OXYGEN SENSOR: Usa with the leedback system to sense the
presence of oxygen in the exhaust gas and signal the computer
which can reference the voltage signal to an air/fuel ratic.

PINION: The smaller of twa meshing gears.

PISTON RING: An open-ended ring with fils Into a groove an the
auter diameter of the piston. Its chief funclion 15 ta form a Seal
bietwaen the piston and cylinder wall, Most automotive pistons have
thiee rings: two for compression sealing; one for oil sealing,

PRELOAD:. A predetermined load placed ona bearing during
assembly or by adjustment,

PRIMARY CIRCUIT: the low voltage side o the ignition systam
which consists of the ignition switeh, ballast resistor of resistance
wire, bypass, coil, electronic control unit and pick-up coll as well as
the cannecting wires and harnesses.

PRESS FIT: The mating of two parts under pressure, due to the
inner diamater of one being smaller than the outer diameter of the
ather, or vice versa, an interference fit.

RACE: The surface on the inmer or outer ring of @ bearing on which
tha halls, needles or rollers move,

REGULATOR: A device which maintains the amperage and/or
voltage levels of 3 circuit at predetermined valugs,
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RELAY: A switch which automalically tpens and/or closes a cir-
cull.

RESISTANCE: The opposition to the flow of current through a
circult or electrical device, and is measured in ohms, Resistance is
equal to the voltage divided by the amperage.

RESISTOR: A device, usually made of wire, which offers a presel
amount of resistance in an electrical circuil.

RING GEAR: The name given to a ring-shaped gear atached to &
difterential case, or affixed to a fiywheal or as part of a planatary
pear set,

ROLLER BEARING: A bearing made up of hardened inner and
puter races beiween which hardened steel rollers move, _

ROTOR: 1. The disc-shaped part of a disc brake assembly, upon
which the brake pads bear; also calied, brake disc. 2. The device
mounted atop the distributor shaft, which passes curren! to the gis-
tributor cap lower contacts.

SECONDARY CIRCUIT: The high voltage side of the ignition
systemn, usually above 20,000 volts. The secondary includes the
ignition coil, coil wire, distributor cap and rotor, spark plug wires
and spark plugs.

SENDING UMIT: A mechanical, electrical, hydraulic or electro-
magnetic device which transmits information to a gauge.

SENSOR: Any device designed to measure engine operating con-
ditions or ambient pressures and temperatures. Usually electranic
in nature and designed to send a valtage signal to an on-board
computer, some Sensors may operate as a simole an/olf switch or
they may provide a varlable voliage signal (like a potentiometer) as
conditions or measured parameters change.

SHIM: Spacers of precise, predetermined thickness used betwean
parts {0 establish a proper working relationship,

SLAVE CYLINDER: [n automotive use, a device in the hydraulic
clutch systam which is activated by hydraulic force, disangaging
the clutch,

SOLENOID: A coil used |o produce a magnetic field, the effect of
which is to produce work.

SPARK PLUG: A device screwed into the combustion chamber of
a spark ignition engine. The basic canstruction s a conductive core
inside of a ceramic insulator, mounted in an outer conduclive base,
An electrical charge from the spark plug wire travels along. the con-
ductive core and jumips & presat air gap Lo a grounding paint or
points at the end of the cenductive base. The resultant spark Ignites
the fuel/air mixture in the combustion chamber,

SPLINES: Ridges machined or cast anto the culer diameter of a
shaft or inner diameter of a bore to enable parts to mata without
rotation.

TACHOMETER: & device used to measurs the rotary speed of an
angine. shatt, gear, etc., usually in rotations per minute,

THERMOSTAT: A valve, located in the cooling system of an
anging, which is closed when cold and opens gradually in response
to engine heating, cantrolling the tamperature of the coolant and
rate of coolant How,

TOP DEAD CENTER {TDC): Tha point 2t which the pistan
reachas (he 1op of s ravel on the compression stroke.

TORQUE: The twisting force applied fo an object,

TOROUE CONVERTER: A turbing used to ransmit power from a
driving member to a driven member via hydraulic action, providing
changes in drive ratio and tarque. In automative use, 1t links the
driveplate at the rear of the enging o the automatic ransmission,

TRANSDUCER: A device used to change a larce inte an electrical
signal,

TRANSISTOR: A semi-conductor component which can be aclu-
ated by a small voitage o perform an electrical switching function,

TUNE-UP: A reqular mainterance: function, usually associated
with the replacement and adjustment of parts and componants in
the electrical and fuel systems af a vehicle for the purpose of attain-
ing optimum perfarmance.

TURBOCHARGER: An exhaust driven pump which compresses
intake air and forces it into the combustion chambers at higher than
almospheric pressures, The increased alr pressurs allows mare fuel
to be bumead and rasults In increased horsepower being produced.

VACUUM ADVANCE: A device which advances the lgnition tim-
ing In response to increased enging vacuum,

VACUUM GAUGE: &n instrumenl used 1o measure the presence
of vacuum In a chamber,

VALVE: A device which control the pressure, direction of llow or
rale of Now of & liquid or gas,

VALVE CLEARANCE: The measiired gap between the end ofthe
valve sterm and the rocker am, cam lobe or fallower that activates
tha valve,

VISCOSITY: The rating of a liquid's internal resistance to flow

VOLTMETER: An instrument usad tor measuring electrical fore
in units called voils. Volimeters are always connacted parallel with
the circuit being tasted.

WHEEL CYLINDER: Found in the automotive drum brake assem-
hly, it is a devica, actuated by hydraulic pressure, which, through
internal pistons, pushes the irake shoes outward against the
drums.
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axhaust maniioids, removal and instaliation, 28-9
fiywheel/driveplate, rameval and installation, 2B-15
intake: manttold, removal and installation, 28-8
ofl pan, removal and insiallation, 28-13
oil pump, removal, inspection and Instaltation, 2B-15
rear main il segl, replacement, 2B-15
repair operations passible with the engine in the vehicle, 28-2
timing chaln, raplacement, £B-5
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Top Dead Centar (TOG) for number 1 piston, [ocating, 26-2
valve covers, remaoval and installation, 28-3

ENGINE, REMOVAL AND INSTALLATION, 2C-8

EVAPORATIVE EMISSIONS CONTROL (EVAP) SYSTEM,
DESCRIPTION AND COMPOMENT REPLACEMENT, 6-25

EXHAUST GAS RECIRCULATION (EGR) SYSTEM, DESCRIPTION
AND COMPOMENT REPLACEMENT, 6-27

EXHAUST MANIFOLD, REMOVAL AND INSTALLATION

laur-cylinder enging, 2A-8

VG engine, 28-9

EXHAUST SYSTEM

check, 1-24

servicing, general information, 4-22

EXPANSION TANK, REMOVAL AND INSTALLATION, 3-7

EXTENSION HOUSING OIL SEAL, REPLACEMENT, TB-5

F

FANS, ENGINE CODLING, CHECK AND REPLACEMENT, 3-5

FALLT FINDING, 0-23

FENDER, FRONT, REMOVAL AND INSTALLATION, 11-11

FILTER REPLACEMENT

engine air, 1-17

engine oil, 1-15

intericr ventilation, 1-24

FIRING ORDER, 1-2

FLUID LEVEL CHECKS, 1-B

autormatic transmission fluid, 1-12

brake fiuid, 1-10

ditterential lubricant, 1-11

engine coolant, 1-9

engine oil, 1-8

manual transmission lubricant, 1-12

power steering, 1-10

transfer casa |ubricant, 1-12

windshield washer, 1-11

FLUIDS AND LUBRICANTS

capacities, 1-36

recommended, 1-35

FLYWHEEL/DRIVEPLATE, REMOVAL AND INSTALLATION

four-cylinder angine, 24-12

V& engine, 2B-15

FOUR-CYLINDER ENGINES, 2A-1 : :

cam followers/rocker arms and hydraulic lash adjusters, rmmoval, inspecticn
and Installation, 2A-4

camshafts, removal, inspection and installation, 24-5

erankshatl pulley and front ofl seal, replacement, 24-10

crankshall pulley, replacement, 2A-10

cylinder head, removal and instailation, 2A-8

angine mounts, check and replacement, 24-13

axhaust manitold, removal and instaliation, 2A-8

fiywheel/driveplata, removal and installation, 24-12

intzke- manifold, removal and Installation, 24-7

ot pan, removal and installation, 281

oil pump, removal, inspection and installation, 24-11

rear main ofl seal, replacement, 24-13

repall operations possible with the engine in the vehicle, 24-2

timing chain, replacement, 24-5

Top Dead Genter (TOC) for number 1 piston, locating, 24-2

wvalve cover, remaval and installation, 24-3

FRACTION/DECIMAL/MILLIMETER EQUIVALENTS, 0-21

FROMT END ALIGNMENT, GENERAL INFORMATION, 10-32

FRONT HUB AND WHEEL BEARINGS, REMOVAL, SERVICE,
INSTALLATION AND ADJUSTMENT, 10-10

FUEL

filtar, replacement, 4-8
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Injection system
check, 4-14
general information, 4-13
evel sensor, removal and installation, 4-5
lines and fittings, repair and replacement, 4-4
[ressure regutaton replacement. 4-8
pressure ralief procedure, 4-2
pump, removal and Inskallation, 4-5
pumpytuel pressure, check, 4-3
rail and injectors, removal and (nstallation, 4-17
system check, 1-27
lank
claaning and repalr, general information, 4-10
remaval and ingtallation, 4-9
FUEL AND EXHAUST SYSTEMS, 4-1
FUEL TANK TEMPERATURE (FTT) SENSOR, REPLACEMENT, 6-16
FUSES AND FUSIBLE LINKS, GENERAL INFORMATION, 12-4

G

GEAR, STEERING, REMOVAL AND INSTALLATION, 10-28
GENERAL ENGINE OVERHAUL PROCEDURES, 2C-1
tialance shalt assembly, removal and installation, 2C-20
crankshall, remewval and installation, 2C-17
cylinder compression check, 2C-4
anging overhadl

disassembly sequence, 2C-10

reassembly sequence, 26-20
engire rebullding altermatives, 2C-7
enging removal, methods and precaitions, 20-7
engine, removal and installation, 2C-8
mitial start-up and break-in after overhaul, 20-21
oil preasure check, 26-4
pistons and connecting rods, ramaoval and installation, 2C-11
vacuum gauge diagnostic checks, 20-5

H

HEADLIGHTS

adjustment, 12-17

b, replacement, 12-18

hotesing, mplacement, 12-17

HEATER AND AIR CONDITIONING CONTROL ASSEMABLY,
REMOVAL AND INSTALLATION, 3-13

HEATER CORE, REPLAGEMENT, 3-14

HINGES AND LOCKS, MAINTENANCE, 11-6

HOOD RELEASE LATCHES, CABLE, AND SAFETY GATCH,
REMOVAL AND INSTALLATION, 11-8

HOOD, REMOVAL, INSTALLATION AND ADJUSTMENT, 11-7

HORN, REPLACEMENT, 12-23

HUB AND WHEEL BEARINGS, REMOVAL AND INSTALLATION

front, 10-10

rear, 10-21

HVAC FILTER REPLACEMENT, 1-24

IDLE SPEED CONTROL 3YSTEM, DESCRIPTION, 6-32
IGNITION SYSTEM

check, 5-7

coil, replacement, 57

genesal information, 5-6
switch, replacement, 12-6
INITIAL START-UP AND BREAK-IN AFTER OVERHALUL, 2C-21
INJECTORS, FUEL, REMOVAL AND INSTALLATION, 4-17
IMSTRUMENT CLUSTER, REMOVAL AND INSTALLATION, 12-11
INTAKE AIR TEMPERATURE (IAT) SENSOR,
REPLACEMENT, 6-16
INTAKE MANIFOLD, REMOVAL AND INSTALLATION
four-cylinder engine, 2A-7
V6 engine, 2B-8
INTERCOOLER, REMOVAL AND INSTALLATION
2002 four-cylinder modals, 4-20
2003 through 2005 four-cylinder models, 4-21
INTERIOR VENTILATION FILTER AND CHARCOAL FILTER
REPLACEMENT, 1-24
INTRODUCTION, 0-5

J

JACKING AND TOWING. 0-18
JUMP STARTING, 0-17

K

KEY LOCK CYLIMDER AND LATCH, DOOR, REMODVAL AND
INSTALLATION, 11-156

KNOCK SENSOR, REPLACEMENT, 6-16

KNUCKLE, REMOVAL AND INSTALLATION

front, 1012

rear, 10-20

L

LINKS, FUSIBLE, GENERAL INFORMATION, 12-4

LOWER CONTROL ARM, FRONT, REMOVAL AND
INSTALLATION, 10-9

LUBRICANTS AND CHEMICALS, 0-19

LUBRICANTS AND FLUIDS

capacities, 1-36

recommended, 1-35

MAINTENANCE SCHEDULE, 1-6

MAINTENAMCE TECHMIOUES, TOOLS AND WORKING
FACILITIES, 0-8

MANIFOLD ABSOLUTE PRESSURE (MAP) SENSOR,
REPLACEMENT, 6-17

MANUAL TRANSMISSION, TA-1

[ubicant
change, 1-33
|avel chack, 1-12
type, 1-35

overhaul, general information, TA-3

rermaval and Installation, TA-2

shifl lever, rermaoval and Instaliation, TA-2

MASS AIR FLOW/INTAKE AIR TEMPERATURE (MAF/IAT) SENSOR,
REPLACEMENT, 6-18
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MASTER CYLINDER, REMOVAL AND INSTALLATION

brike, 9-13

clutch, B2

MIRRORS, ELECTRIC SIDE VIEW, GENERAL INFORMATION, 12-25
MIARORS, REMOVAL AND INSTALLATION, 11-16
MULTI-FUMCTION SWITGH, REPLACEMENT, 12-7

0

OIL PAN, REMOVAL AND INSTALLATION

four-cylinder angirg, 24-11

W& engine, 2B-13

DIL PRESSURE CHECK, 2C-4

OIL PUMP, REMOVAL, INSPECTION AND INSTALLATION

four-cylinder englne, 24-11

Y6 engine, 2B-15

0IL, ENGINE

el check, 1-8

typie and viscosity, 1-35

DN-BOARD DIAGNOSTIC (DBO) SYSTEM AND DIAGNOSTIC
TROUBLE CODES (DTCS), 6-2

DUTSIDE MIRRORS, REMOVAL AND INSTALLATION, 11-16

OXYGEN SENSORS, DESCRIPTION AND REPLACEMENT, 6-20

P

PADS, DISC BRAKE, REPLACEMENT, 9-4

PARKING BRAKE

chieck and adjustmeant, 9-23

shoes, replacement, 9-19

PARTS, REPLACEMENT, BUYING, O-8

PILOT BEARING, INSPECTION AND REPLAGEMENT, 8-5

PISTONS AND CONNECTING RODS, REMOVAL AND
INSTALLATION, 2C-11

POSITIVE CRANKCASE VENTILATION (PCV) SYSTEM,
DESCRIPTIOM AND CHECK, 6-27

POWER BRAKE BOOSTER, CHECK, REMOVAL AND
INSTALLATION, 9-17

POWER DDOR LOCK SYSTEM, GENERAL INFORMATION, 12-26

POWER STEERING

fluid
level chack, 1-10
fype, 1-35

pump, removal and instaliation, 10-30

system, bleeding, 10431

POWER WINDOW SYSTEM, GENERAL INFORMATION, 12-25

POWERTRAIN CONTROL MODULE (PCM), REMOVAL AND
INSTALLATION, 6-22

R

RACK-AND-PINION, REMOVAL AND INSTALLATION, 10-28

RADIATOR AND CODLANT RESERVOIR/EXPANSION TANK,
AEMOVAL AND INSTALLATION, 3-7

RADIO AND SPEAKERS, REMOVAL AND INSTALLATION, 12-12

REAR MAIN OIL SEAL, REPLACEMENT

four-cylinder enging, 2413

i engine, 2B-15

REAR SHELF TRIM PANEL, REMOVAL AND INSTALLATION, 11-28

REAR WINDOW DEFOGGER, CHECK AND REPAIR, 12-23

RECALL INFORMATION, D-7
RECEIVER/DRIER, AIR CONDITIONING, REMOVAL AND
INSTALLATION, 3-18

~ RECOMMENDED LUBRICANTS AND FLUIDS, 1-35

REGULATOR, FUEL PRESSURE, REPLACEMENT, 4-38

RELAYS, GENERAL INFORMATION AND TESTING, 12-6

RELEASE CYLINDER AND BEARING, CLUTCH, REMOVAL AND
INSTALLATION, 8-5

REMOTE KEYLESS ENTRY SYSTEM, BATTERY
REPLACEMENT, 12-20

REPAIR OPERATIONS POSSIBLE WITH THE ENGINE IN THE
VEHICLE

iourcyiinder engine, 24-2

VA engine, 28-2

REPLACEMENT PARTS, BUYING, 0-8

ROTOR, BRAKE, INSPECTION, REMOVAL AND INSTALLATION, 8-11

ROUTINE MAINTEMANCE, 1-1

AOUTINE MAINTENANCE SCHEDULE, 1-8

AUBBER COUPLINGS, DRIVESHAFT, REMOVAL AND
INSTALLATION, B-8

S

SAFETY FIRSTI, 0-22

SAFETY RECALL INFORMATION, 0-7

SCHEDULED MAINTENANCE, 1-1

SEAT BELT CHECK, 1-22

SEATS, REMOVAL AND INSTALLATION, 11-27

SECONDARY AIR INJECTION SYSTEM, DESCRIPTION AND
COMPOMENT REPLACEMENT, 6-30

SHIFT LEVER, MANUAL TRANSMISSION, REMOVAL AND
INSTALLATION, 7A-2

SHIFT ROD, AUTOMATIC TRANSMISSION, CHECK, ADJUSTMENT
AND REPLACEMENT, 7B-3

SHOCK ABSORBER (REAR), REMOVAL AND INSTALLATIDN, 10-15

SHOES, PARKING BRAKE, REPLACEMENT, 9-19

SPARE TIRE, INSTALLING, 0-18

SPARK PLUG

check and replacement, 1-30

tarque, 1-37

Iype and gap, 1-36

Wires, check, 1-32

SPEAKERS, REMOVAL AND INSTALLATION, 12-12

STABILIZER BAR, BUSHINGS AND LINKS, REMOVAL
AND INSTALLATION

frznt, T0-5

rear, 10-16

STARTER MOTOR

and clroull, check, 5-13

removal and Installation, 5-14

STARTING SYSTEM, GENERAL DESCRIPTION AND
PRECAUTIONS, 5-12

STEERING

calumn cover, removat and installation, 11-22

column, removal and Installation, 10-24

ear boats, removal and installation, 10-27

fear, removal and installation, 10-28

knuckle, remaval and installation
front, 10-12
rear, 10-20

ock and lgnitinn switch, replacement, 12-8

purmp, removal and Installation, 10-30

system, blesding, 10-31

wheel, ramoval and installation, 10-21

STOP LIGHT SWITCH, REMOVAL AND INSTALLATION, 9-25
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STRUT ASSEMBLY (FRONT), REMOVAL, INSPECTION
AND INSTALLATION, 10-4

SUBFRAME ASSEMBLY (FRONT), REMOVAL AND
INSTALLATION, 10-13

SUPERCHARGER SYSTEM, DESCRIPTION AND
COMPONENT REPLACEMENT

2002 four-cylindar medels, 4-20

2003 through 2005 four-cylinder models, 4-21

SUSPENSION AND STEERING SYSTEMS, 10-1 _

SUSPENSION LINKS, REMOVAL AND INSTALLATION

front, 10-7

rear, 10-16

SUSPENSION, STEERING AND DRIVEAXLE BOOT CHECK, 1-26

T

TANK, FUEL
cleaning and repair, 4-10
removal and Installation, 4-9
TENSIOMER, DRIVEBELT, REPLACEMENT, 1-29
THERMOSTAT, CHECK AND REPLACEMENT, 3-3
THROTTLE BODY, REMOVAL AND INSTALLATION, 4-15
TIE-ROD ENDS, REMOVAL AND INSTALLATION, 10-26
TIMING CHAIN, REPLACEMENT
lour-cylinder enging, 24-5
VB enging, 28-5
TIRE AND TIRE PRESSURE CHECKS, 1-13
TIRE ROTATION, 1-21
TIRE, SPARE, INSTALLING, 0-18
TOOLS AND WORKING FACILITIES, D-8
TOP DEAD CENTER (TDC) FOR NUMBER 1 PISTON, LOCATING
four-cylinder enging, 28-2
V6 enging, 2B-2
TOROUE SPECIFICATIONS
caliper mounting bolts, 9-26
cylinder head bolts
faur-cylindar engine, 24-14
W& engine, 2B-17
spark plugs, 1-37
thermastal housing bolts, 3-22
water pump balts, 3-22
whesl bolts, 1-37
Other forquie specifications can be found in the Chapter that deals with iha
companent being serviced,
TOWING, D-18
TAANSFER CASE (AWD MODELS)
lubricant
change, 1-35
level check, 1-12
tyon, 1-35
ramoval and inatallation, B-16
TRANSMISSION, AUTOMATIC, 78-1
Brake Transmission Saift Interlock (BTSI) system, 7B-4
diagnosis, general, 7B-2
extensicn housing oil seal, replacement, 7B-5
fluicd
and filter change, 1-32
avel chack, 1-12
typa, 1-35
ganeral infarmation, ¥B-2
miurt check and replacement, 7B-6
overhaul, gerseral information, 7B-9
ramoval and installation, 78-7
shift rod, check, adjustment and replacement, 78-3
Transmission Control Madute {TGMY, replacemant, 78-7

TRIM PANELS, REMOVAL AND INSTALLATION
dashbeard, 11-22

door, 11-13

rear shelf, 11-28

TROUBLE CODES, ACCESSING, 6-2
TROUBLESHODOTING, 0-23

TRUNK LID OR TAILGATE

fateh, removal and Instaliation, 11-18

removal and instaliation, 11-17

TUNE-UP AND ROUTINE MAINTENANCE, 1-1
TUME-UP, GENERAL INFORMATION, 1-7
TURN SIGNALMULTI-FUNCTION SWITCH, REPLACEMENT, 12-7

U

UNDERHODOD HOSE CHECK AND REPLACEMENT, 1-22
UPHOLSTERY AND CARPETS, MAINTENANCE, 11-2

V

V6 ENGINES, 2B-1

camanafts, removal, inspecticn and installation, 2B-5

crankshaf front oil seal, replacement, 28-13

crankshaft pulley, ramoval and installation, 2B-13

cylinder heads, remaoval and installation. 2B-10

engine mounts, check and replacerment, 2B-15

exhaust manitolds, removal and instadlation, 268-9

flywheel/driveplate, removal and Instaliation, 28-15

intake manifoid, remaval and installation, 26-8

ol pan, remaval and installation, 2B8-13

ol pump, removal, inspection and installation, 2B-15

rear main il seal, replacemen:, 28-15

repalr operations possibla with the engine in the vehicls, 2B-2

liming ehain, replacemernt, 2B-5

Top Dead Center (TOC) for number 1 plston, locating, 28-2

valve covars, removal and installation, 28-3

VACUUM GAUGE DIAGNOSTIC CHECKS, 2C-5

VALVE COVER, REMDVAL AND INSTALLATION

louscylinder engine, 24-3

V& enging, 28-3

VARIABLE INTAKE MANIFOLD, DESCRIPTION AND
COMPONENT REPLACEMENT, 6-34

VEHICLE IDENTIFICATION NUMBERS, 0-6

VINYL TRIM, MAINTENANCE, 11-2

VOLTAGE REGULATOR/BRUSHES, REPLACEMENT, 5-11

W

WATER PUMP, CHECK AND REPLACEMENT, 3-9

WHEEL ALIGNMENT, GENERAL INFORMATION, 10-32

WHEELS AND TIRES, GENERAL INFORMATION, 10-32

WINDOW GLASS REGULATOR, REMOVAL AND INSTALLATION, 11-16
WINDOW GLASS, DODR, REMOVAL AND INSTALLATION. 11-16
WINDSHIELD AND FIXED GLASS, REPLACEMENT, 11-6
WINDSHIELD WASHER FLUID, LEVEL CHECK, 1-11

WINDSHIELD WIPER BLADE INSPECTION AND REPLACEMENT, 1-18
WINDSHIELD WIPER MOTOR, REPLACEMENT, 12-14

WIRING DIAGRAMS, GENERAL INFORMATION, 12-28

WORKING FACILITIES, 0-8
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