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About this manual 

Its purpose 
The purpose of this manual is to help you 

get the best value from your vehicle. It can do 

so in several ways. It can help you decide 

what work must be done, even if you choose 
to have it done by a dealer service depart- 
ment or a repair shop; it provides information 

and procedures for routine maintenance and 

servicing; and it offers diagnostic and repair 

procedures to follow when trouble occurs. 

We hope you use the manual to tackle 

the work yourself. For many simpler jobs, 
doing it yourself may be quicker than arrang- 

ing an appointment to get the vehicle into a 
shop and making the trips to leave it and pick 

it up. More importantly, a lot of money can be 
saved by avoiding the expense the shop must 

pass on to you to cover its labor and overhead 

NOTE 

costs. An added benefit is the sense of satis- 
faction and accomplishment that you feel after 
doing the job yourself. 

Using the manual 

The manual is divided into Chapters. 

Each Chapter is divided into numbered Sec- 

tions, which are headed in bold type between 

horizontal lines. Each Section consists of con- 
secutively numbered paragraphs. 

At the beginning of each numbered Sec- 

tion you will be referred to any illustrations 

which apply to the procedures in that Section. 

The reference numbers used in illustration 

captions pinpoint the pertinent Section and 

the Step within that Section. That is, illustra- 
tion 3.2 means the illustration refers to Sec- 

tion 3 and Step (or paragraph) 2 within that 
Section. 

Procedures, once described in the text, 

are not normally repeated. When it’s neces- 

sary to refer to another Chapter, the reference 

will be given as Chapter and Section number. 

Cross references given without use of the 

word “Chapter” apply to Sections and/or para- 

graphs in the same Chapter. For example, 

“see Section 8” means in the same Chapter. 

References to the left or right side of the 

vehicle assume you are sitting in the driver's 

seat, facing forward. 

Even though we have prepared this 

manual with extreme care, neither the pub- 

lisher nor the author can accept responsibility 

for any errors in, or omissions from, the infor- 

mation given. 

A Note provides information necessary to properly complete a procedure or information which will 

make the procedure easier to understand. 

CAUTION 
A Caution provides a special procedure or special steps which must be taken while completing the 

procedure where the Caution is found. Not heeding a Caution can result in damage to the assembly 

being worked on. 

WARNING 
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 

This manual covers the Cadillac CTS 

coupe, sedan and sport wagon. Available with 
either 2.8L, 3.0L, 3.2L and 3.6L V6 engines or 
5.7L, 6.0L and 6.2L V8 engines. 

The engine drives the rear wheels 
through either a five- or six-speed manual or 

automatic transmission via a driveshaft and 

rear independent driveaxles. 

Suspension is independent at all four 

wheels; coil spring/shock absorber assemblies 
are used at the front with paralle! upper and 

lower control arms, and coil springs and tele- 

scopic shock absorbers are used at the rear, 

with upper and lower control arms and trail- 

ing arms. The rack-and-pinion steering unit is 

mounted on the suspension crossmember. 

The brakes are disc at the front and rear, 

with power assist standard. An Anti-lock Brake 

System (ABS) is standard on all models. 
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Vehicle identification numbers 

Modifications are a continuing and 

unpublicized process in vehicle manufactur- 

ing. Since spare parts manuals and lists are 

compiled on a numerical basis, the individual 

vehicle numbers are essential to correctly 

identify the component required. 

Vehicle Identification Number 

(VIN) 
This very important identification number 

is stamped on a plate attached to the dash- 

board inside the windshield on the driver’s 

side of the vehicle (see. illustration). The VIN 
also appears on the Vehicle Certificate of Title 

and Registration. It contains information such 
as where and when the vehicle was manufac- 

tured, the model year and the body style. 

The Vehicle Identification Number (VIN) 
is visible through the driver’s side of 

the windshield 

Location of the engine identification number - V6 engine 

Manufacturer’s Certification 

Regulation label 
The Manufacturer’s Certification Regula- 

tion label is attached to the driver’s side door 

opening (see illustration). The label contains 
the name of the manufacturer, the month and 
year of production, the Gross Vehicle Weight 
Rating (GVWR), the Gross Axle Weight Rat- 

ing (GAWR) and the certification statement. 

VIN engine code 
Counting from the left, the engine code 

letter designation is the 8th character. On all 

models covered by this manual the engine 
codes are: 

Verdict 2.8L V6 engine (2005 through 
2009 models) 

Ge. 3.0L V6 engine (2010 models) 

The Manufacturer’s Certification 
Regulation label is located on the driver’s 

door opening 

tn ee 1 

Nee cs erred 3.0L V6 engine (2011 models) 

Seta terete 3.0L V6 engine (2012 and 
later models) 

Neate ee 3.2L V6 engine (2003 and 

2004 models) 

Tce nee 3.6L V6 engine (2004 through 
2009 models) 

Mi iat 3.6L V6 engine (2008 through 
2010 models) 

Die 3.6L V6 engine (2011 models) 

Oona 3.6L V6 engine (2012 and 
later models) 

Pepe 5.7L V8 engine (2004 models) 

Ree cerctere Tt 5.7L V8 engine (2005 models) 

US 6.0L V8 engine (2006 and 
2007 models) 

Witte oecertcs 6.2L V8 engine (2009 and 

later models) 

Pitce. hata 6.2L V8 engine (2010 and 
and later models) 

VIN model year code 
Counting from the left, the model year 

code letter designation is the 10th character. 

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

Doiiedtagecatt eee aee ee 2003 

Be sstastecensdeuessuenettes 2004 

Doha ivoveanqensnregeseueeets 2005 

GO. .adeeeteromenascts 2006 

Tek seDh Dicehaes geteate vate 2007 

B icvas avec Reteatae eee 2008 

Qi scais sreaanioanaccsears 2009 

Airascvissecteint toot 2010 

Bcnaiiec. da teceatenseie 2011 

Ghiksaintitnsccakos 2012 

Di skeet paces 2013 

Bisgctieniickan 2014 

Typical location of the engine identification number - V8 engine 
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Engine number 
On V6 models, the engine identification 

number is stamped into a machined pad on 

the lower left rear (driver’s side) of the engine 
block (see illustration). 

On V8 models, the engine identification 

number is stamped into a machined pad on 

the left rear (driver’s side) of the engine block, 

behind the cylinder head (see illustration). 

Transmission identification 
The transmission identification is listed 

on a Manufacturer’s RPO code list or on a 

sticker attached to the transmission. The 

codes are as follows: 

MSS ia ee cs tnctves cast Getrag (76 mm), 

5-speed manual 
transmission 

MV1, MV7......... Aisin AY6 (85 mm), 

6-speed manual 

transmission 

M12, MG9......... Tremec (85 mm), 
6-speed manual 

transmission 

Recall information 

Vehicle recalls are carried out by the 

manufacturer in the rare event of a possible 

safety-related defect. The vehicle’s registered 
owner is contacted at the address on file at 
the Department of Motor Vehicles and given 

the details of the recall. Remedial work is 
carried out free of charge at a dealer service 

department. 

If you are the new owner of a used vehi- 

cle which was subject to a recall and you want 

to be sure that the work has been carried out, 

it’s best to contact a dealer service depart- 

ment and ask about your individual vehicle - 

you'll need to furnish them your Vehicle Iden- 

tification Number (VIN). 

The table below is based on informa- 

tion provided by the National Highway Traf- 

fic Safety Administration (NHTSA), the body 

M82. crctas eet 5L40-E, 5-speed 

automatic transmission 

MV3, M22........ 5L50-E, 5-speed 

automatic transmission 

MY Aceeeteegicrcenee 6L45, 6-speed automatic 

transmission 

MY'B te eee 6L50, 6-speed automatic 

transmission 

MY Die eee eee 6L90, 6-speed automatic 

transmission 

which oversees vehicle recalls in the United 

States. The recall database is updated con- 

stantly. Note: This a partial list containing 

only the General Motors Corporation dealer 

recalls. There are additional aftermarket 

recalls available. For the latest information on 

vehicle recalls, check the NHTSA website at 

www.nhtsa.gov, www.safercar.gov, or call the 

NHTSA hotline at 1-888-327-4236. 

Recall date Recall campaign number Model(s) affected 

Some models have a condition in which the 

intermediate steering shaft bolt may be loose. 

An improperly tightened bolt could loosen, 
resulting in separation of the upper and lower 

steering shafts, causing a loss of vehicle 

control. If this happens while the vehicle is 
moving, a crash could result. 

March 24, 2003 03V115000 2003 CTS 

Some models fail to comply with the require- 

ments of Federal Motor Vehicle Safety Stan- 

dard No. 225, “child restraint anchorage sys- 

tem.” The owner’s manual does not explain the 

meaning of the location symbols for the child 

restraint lower universal anchorage system. 

This does not meet the requirements of 
the standard. . 

July 15, 2003 03V250000 2003 CTS 

Some models fail to comply with the require- 

ments of Federal Motor Vehicle Safety Stan- 

dard No. 207, “seating systems.” One or both 

front anchor tabs for the front bucket seats 

are not engaged in the floor pan reinforce- 

ment slots. A seat with only one tab engaged 

or neither engaged would not meet the static 

rearward loading test requirements of the stan- 

dard. In some crash conditions, the seat could 

pivot rearward and its occupant or a rear seat 

occupant could be injured. 

September 16, 03V346000 2004 CTS 

2003 
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- Recall date Recall campaign number Model(s) affected 

On some models, the lower control arm ballstud 

June 03, 2004 04V273000 2004 CTS nut/washer assemblies with washers were 

made of the wrong material. The washers may 
fracture and become loose or fall away from the 
vehicle, reducing clamp load. Separation of the 

control arm ballstud and steering knuckle, due 
to disengagement of the tapered attachment 

and retaining nut, is possible. If the control 

arm separates from the knuckle, the affected 

; corner of the vehicle will drop and the control 
arm would be forced downward, contacting the 
wheel. The affected wheel could tilt outward 

and create a dragging action that would tend to 

slow the vehicle and create a tendency for the 

vehicle to turn in the direction of the affected 

wheel. In extreme situations, the affected wheel 

assembly could separate from the vehicle. Sep- 

aration of the wheel assembly would also sever 

that wheel’s hydraulic brake hose and result in 
diminished braking performance of the vehicle, 

; F which could result in a crash. 

On some models, an interaction between the 

January 20, 2005 05V024000 2004 CTS sensing and diagnostic module and vehicle’s 
electrical system may cause the driver’s frontal 

airbag and/or roof-mounted side impact airbag 

to deploy when the ignition key is turned to the 

“ON” position. A person positioned for driving 

may receive minor injuries, such as abrasions, 

from contact with a deploying airbag. 

Some models equipped with V6 engines may 

January 20, 2006 06V020000 2005, 2006 CTS have a condition where fuel is no longer sup- 
plied to the engine. This condition occurs with- 

out the illumination of the fuel level low indica- 

tor light or the warning chime. If the engine 

stops running, the operator will not be able to 

restart the vehicle which could increase the risk 
of a crash. 

Some models fail to comply with the require- 
October 03, 2007 07V468000 2007 CTS ments of Federal Motor Vehicle Safety Stan- 

dard No. 118, “power operated window, parti- 

tion, and roof panel systems.” Under the stan- 
dard, the sunroof may only be closed when the 

ignition is on, or after the ignition is turned off, 
but before either of the front doors are opened. 

The affected vehicles may exhibit a condition 
where the sunroof can be closed after the igni- 

tion is turned off and the doors are opened. 

This standard specifies requirements for power 
operated window, partition, and roof panel 

systems to minimize the likelihood of death or 

injury from their accidental operation. 

On some models, the rear axle pinion seal does 
December 19, 07V589000 2005, 2006, 2007 CTS not meet all of the specifications and may expe- 

2007 rience a fluid leak. A rear differential failure may 
cause loss of motive power and possibly loss of 

control, increasing the risk of a crash. 
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- Recall campaign number Model(s) affected 

Some models fail to conform to the require- 
08V582000 2009 CTS ments of Federal Motor Vehicle Safety Stan- 

dard No. 208, “Occupant Crash Protection.” 

10105000 2004, 2005, 2006, 2007 
CTS 

June 04, 2010 10V240000 2008, 2009 CTS 

Under certain conditions, a software condition 
within the passenger sensing system may 

2009, 2010 
CTS and CTS-V 

Recall date 

November 05, 

2008 

disable the front passenger airbag when it 

should be enabled or enable it when it should 

be disabled. In a vehicle crash, if the front pas- 

senger airbag does not operate as designed, 

increased personal injury could occur. 

Some models currently registered in or originally 

sold in Connecticut, Delaware, Illinois, Indiana, 
lowa, Maine, Maryland, Massachusetts, Michi- 

gan, Minnesota, Missouri, New Hampshire, New 

Jersey, New York, Ohio, Pennsylvania, Rhode 

Island, Vermont, Washington D.C., West Vir- 
ginia and Wisconsin have a condition in which 

the front brake hose fitting at the caliper may 

corrode due to snow or water, containing road 

salt or other contaminants entering and being 

retained in the routing sleeve. If the fitting cor- 

rodes significantly, the brake hose-tube interface 

may develop a leak. The brake hose-tube inter- 

face may rupture suddenly without prior warning 
and increase vehicle stopping distance may 

occur, increasing the risk of a crash. 

March 15, 2010 

On some models equipped with a heated 

washer fluid system (HWFS), a recall was 

implemented in 2008 to add a fuse to the con- 

trol circuit harness to address the potential 

consequences of a printed circuit board (PCB) 

electrical short. However, there have been new 

reports of thermal incidents on HWFS modules 
after this improvement was installed. These 

incidents resulted from a new failure mode attrib- 

uted to the device’s thermal protection feature. 

The significance varies from minor distortion to 
considerable melting of the plastic around the 

HWES fluid chamber. It is possible for the heated 
washer module to ignite and a fire may occur. 

Some models fail to comply with the require- 

ments of Federal Motor Vehicle Safety Stan- 

dard No. 208, “Occupant Crash Protection.” 

Dealers will replace the glove compartment 

assembly and, in some vehicles, modify the 
instrument panel structure. This service will be 

performed free of charge. 

September 13, 10V414000 

2010 

On some models the top tether anchor for the 

front center seat is not accessible and the own- 

er’s manual does not include instructions regard- 
ing how to use the top tether. Lack of access to 

the top tether anchor and a lack of instructions 

as to how to use it, may result in improper instal- 

lation of a child restraint. Improper installation of 

a child restraint can result in a reduction in the 

restraint’s performance in the event of a crash 

and an increased risk of injury or death to the 

child seated in the restraint. 

10V575000 2004 through 2011 Chevy 

Colorado/GMC Canyon 
November 18, 

2010 
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Recall date Recall campaign number Model(s) affected | 

10644000 2005, 2006, 2007 CTS 

January 6, 2011 11007000 d 

Some models have a condition in which a wax 

11V089000 2009, 2010 CTS coating on the rear suspension toe link jam nuts 

may allow the nut(s) to loosen. If a nut suffi- 

ciently loosens, the toe link could separate and 

the rear wheel would be able to turn inboard or 
outboard. Owners may hear a metallic clanking 

noise coming from the rear of the vehicle that 

may warn of a loosening nut. The driver may 

experience sudden changes with vehicle han- 

dling and may not be able to control the vehicle, 

increasing the risk of a crash. 

May 6, 2011 11V276000 2011 Chevy Colorado/ On some models the windshield wiper motor 
GMC Canyon crank arm nut may not be tightened to speci- 

fication. When the wipers are operated with 

a build-up of snow or ice, or if the wipers are 

operated on a dry windshield, the nut could 

loosen. If there is sufficient loosening of the 

nut, the wipers could become inoperative. 

Driver visibility could be reduced increasing the 

risk of a crash. 

June 28, 2011 11V337000 

Concern 

Some models have a condition in which repeated 
flexing of the passenger sensing system mat in 

the front passenger seat may cause the mat to 

kink, bend, or fold. This flexing can break the 

connections in the mat. If this occurs, the sensor 

may not detect the presence of a front seat pas- 

senger and will disable the airbag. Non-deploy- 

ment of the front passenger airbag in the event 

of a crash necessitating that airbag’s deployment 

may reduce protection of the passenger and 

increase the risk or severity of injury to them. 

December 17, 

2010 

On some models the rear axle cross pins were not 

properly heat treated and could fracture and become! 

displaced within the rear axle. Should the pin shift 
out of position, it could create an interference condi- 

tion and cause the rear axle to lock. The driver may 
not be able to maintain directional control of the 

vehicle and a crash could occur without warning. 

2011 Chevy Colorado/ 

GMC Canyon 

February 11, 2011 

2011 Chevy Colorado/ 
GMC Canyon 

Some models equipped with a 2.9 or 3.7 liter 

engine and a four-speed automatic transmis- 

sion may have been built with an automatic 

transmission adjustment clip that may not 

retain the shift cable in the correct position. 

if the shift cable is not in the correct position, 

the PRNDL shift lever may not accurately 

reflect the position of the transmission gear. 

The driver could move the shifter to “Park” and 

remove the ignition key, but the transmission 

gear may not be in “Park.” The driver may not 
be able to restart the vehicle, and the vehicle 

could roll away as the driver or other occupants 

exit the vehicle or have exited, resulting in the 
possibility of the vehicle striking them or some- 

one around the vehicle, or could result ina 

. crash without warning. 
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Recall date Recall campaign number Model(s) affected 

November 02, 11V536000 2012 CTS 
2011 

November 17, 11V552000 

2011 

December 19, 12594000 

2012 

June 19, 2014 14V338000 2014 CTS manufactured Some models may have a defective transmis- 

between June 10, 2013 to sion shift cable that may disconnect from either 

March 20, 2014 the bracket on the transmission shift lever or 

the bracket on the transmission. This could 

cause the vehicle to roll away when the occu- 

pants are exiting the vehicle 

July 2, 2014 14V394000 2003 through 2014 CTS On some models, the weight of the key ring, 

manufactured between road conditions or some other jarring event may 

August 16, 2001 through cause the ignition switch to move out of the RUN 

April 28, 2014 position, turning off the engine. With the ignition 
key out of the RUN position, the vehicle’s airbag 

system may not deploy if the vehicle is involved 

in a crash, increasing the risk of an injury. 

July 23, 2014 14V446000 2014 CTS Some models may have an incomplete weld 

on the seat hook bracket assembly. The 

front seats on the may not stay secured in 

place during a collision, causing occupants to 

become injured during a crash. 

October 01, 2014 14V614000 2013, 2014 CTS module that is contaminated, which could 

i cause it to fail. The vehicle could stall and 
the driver may experience a loss of handling, 

increasing the risk of a crash. 

Some models may have a condition in which 

the power vacuum brake boost pushrod reten- 

tion nut may not be torqued to the proper 

specification. If the nut is not torqued to the 

proper specification, the nut could loosen and 

allow the pushrod to separate from the brake 

pedal. This could result in a loss of ability to 

brake and a vehicle crash. 

2012 Chevy Colorado/ Some models may have been produced with 

GMC Canyon driver safety belt buckle electrical connector 

terminals that do not fit snugly with the connec- 

tor pins, causing the connection to be intermit- 

tent. The loose connections may cause the 

driver to not receive a visual or audible warning 

that the driver seat belt is not fastened, thereby 

increasing the risk of personal injury in the 
event of a crash. 

2010 through 2012 Chevy 

Colorado/GMC Canyon 

On some models the hood may be missing the 

secondary hood latch. If the primary hood latch 

is not engaged, the hood could open unex- 

pectedly. During vehicle operation, this could 

obstruct the view of the driver and increase the 

risk of a crash. 

2014 CTS manufactured 

between June 10, 2013 to 

February 26, 2014 

On some models, if the wiper system is left on 

after the key is removed and the windshield 

becomes covered with ice and snow (causing 

the wipers’ movement to be restricted) and the 

vehicle’s battery goes dead and needs a jump 

start, the wiper module may fail and the wipers 

become inoperative. This could cause restricted 

visibility, increasing the risk of a crash. 
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Buying parts 
Replacement parts are available from 

many sources, which generally fall into one 

of two categories - authorized dealer parts 
departments and independent retail auto parts 

stores. Our advice concerning these parts is 

as follows: 
Retail auto parts stores: Good auto 

parts stores will stock frequently needed com- 

ponents which wear out relatively fast, such 

as clutch components, exhaust systems, 

brake parts, tune-up parts, etc. These stores 

often supply new or reconditioned parts on 

an exchange basis, which can save a con- 

siderable amount of money. Discount auto 
parts stores are often very good places to 

buy materials and parts needed for generai 

vehicle maintenance such as oil, grease, fil- 

ters, spark plugs, belts, touch-up paint, bulbs, 

etc. They also usually sell tools and general 
accessories, have convenient hours, charge 

lower prices and can often be found not far 

from home. 

Authorized dealer parts department: 
This is the best source for parts which are 

Maintenance techniques, 
tools and working facilities 

unique to the vehicle and not generally avail- 

able elsewhere (such as major engine parts, 

transmission parts, trim pieces, etc.). 

Warranty information: |f the vehicle 
is still covered under warranty, be sure 

that any replacement parts purchased - 

regardless of the source - do not invalidate 

the warranty! 

To be sure of obtaining the correct parts, 

have engine and chassis numbers available 
and, if possible, take the old parts along for 

positive identification. 

Maintenance techniques 
There are a number of techniques 

involved in maintenance and repair that will 

be referred to throughout this manual. Appli- 

cation of these techniques will enable the 

home mechanic to be more efficient, better 
organized and capable of performing the vari- 

ous tasks properly, which will ensure that the 

repair job is thorough and complete. 

Fasteners 
Fasteners are nuts, bolts, studs and 

screws used to hold two or more parts 

together. There are a few things to keep in 
mind when working with fasteners. Almost all 

of them use a locking device of some type, 

either a lockwasher, locknut, locking tab 

or thread adhesive. All threaded fasteners 

should be clean and straight, with undam- 

aged threads and undamaged corners on the 

hex head where the wrench fits. Develop the 
habit of replacing all damaged nuts and bolts 
with new ones. Special locknuts with nylon or 

fiber inserts can only be used once. If they are 
removed, they lose their locking ability and 

must be replaced with new ones. 

Rusted nuts and bolts should be treated 
with a penetrating fluid to ease removal and 

prevent breakage. Some mechanics use tur- 

pentine in a spout-type oil can, which works 

quite well. After applying the rust penetrant, 

let it work for a few minutes before trying to 
loosen the nut or bolt. Badly rusted fasten- 

ers may have to be chiseled or sawed off or 

removed with a special nut breaker, available 

at tool stores. 

If a bolt or stud breaks off in an assem- 

bly, it can be drilled and removed with a spe- 

cial tool commonly available for this purpose. 

Most automotive machine shops can perform 
this task, as well as other repair procedures, 

such as the repair of threaded holes that have 

been stripped out. 

Flat washers and lockwashers, when 

removed from an assembly, should always 

be replaced exactly as removed. Replace 

any damaged washers with new ones. Never 
use a lockwasher on any soft metal surface 

(such as aluminum), thin sheet metal or 
plastic. 

Fastener sizes 
For a number of reasons, automobile 

manufacturers are making wider and wider 

use of metric fasteners. Therefore, it is impor- 
tant to be able to tell the difference between 

standard (sometimes called U.S. or SAE) and 

metric hardware, since they cannot be inter- 

changed. 

All bolts, whether standard or metric, are 

sized according to diameter, thread pitch and 
length. For example, a standard 1/2 - 13 x 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 bolt 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 interchangeable. 

In addition to the differences in diameter, 
thread pitch and length, metric and standard 
bolts can also be distinguished by examining 
the bolt heads. To begin with, the distance 

across the flats on a standard bolt head is 
measured in inches, while the same dimen- 

sion ona metric bolt is sized in millimeters 
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(the same is true for nuts). As a result, a stan- 
dard wrench should not be used on a metric 

bolt and a metric wrench should not be 

used on a standard bolt. Also, most standard 

bolts have slashes radiating out from the cen- 

ter of the head to denote the grade or strength 
of the bolt, which is an indication of the 

amount of torque that can be applied to it. The 

greater the number of slashes, the greater the 

strength of the bolt. Grades 0 through 5 are 

commonly used on automobiles. Metric bolts 

have a property class (grade) number, rather 

than a slash, molded into their heads to indi- 

cate bolt strength. In this case, the higher the 
number, the stronger the bolt. Property class 
numbers 8.8, 9.8 and 10.9 are commonly 

used on automobiles. 

Strength markings can also be used to 

distinguish standard hex nuts from metric hex 
nuts. Many standard nuts have dots stamped 

into one side, while metric nuts are marked 

with a number. The greater the number of 

Grade 1 or 2 

Bolt strength marking (standard/SAE/USS; bottom - metric) 

dots, or the higher the number, the greater the 

strength of the nut. 

Metric studs are also marked on their 
ends according to property class (grade). 
Larger studs are numbered (the same as met- 

ric bolts), while smaller studs carry a geomet- 
ric code to denote grade. 

It should be noted that many fasteners, 

especially Grades 0 through 2, have no dis- 

tinguishing marks on them. When such is the 

case, the only way to determine whether it is 

standard or metric is to measure the thread 
pitch or compare it to a known fastener of the 

same size. 

Standard fasteners are often referred 

to as SAE, as opposed to metric. However, it 

should be noted that SAE technically refers to 

a non-metric fine thread fastener only. Coarse 

thread non-metric fasteners are referred to as 

USS sizes. 

Since fasteners of the same size (both 

standard and metric) may have different 

Grade 5 

strength ratings, be sure to reinstall-any bolts, 

studs or nuts removed from your vehicle in 
their original locations. Also, when replacing 

a fastener with a new one, make sure that 

the new one has a strength rating equal to or 

greater than the original. 

Tightening sequences and 
procedures 

Most threaded fasteners should be tight- 

ened to a specific torque value (torque is the 

twisting force applied to a threaded compo- 

nent such as a nut or bolt). Overtightening the 

fastener can weaken it and cause it to break, 

while undertightening can cause it to even- 

tually come loose. Bolts, screws and studs, 

depending on the material they are made 

of and their thread diameters, have specific 

torque values, many of which are noted in the 

Specifications at the beginning of each Chap- 

ter. Be sure to follow the torque recommen- 

dations closely. For fasteners not assigned a 

Grade Identification 

ry 7, 

Hex Nut 
Grade 5 ( i 

3 Dots 

Hex Nut 
Grade 8 

6 Dots 

Standard hex nut 
strength markings 

Grade _ Identification 

Hex Nut 
Property 
Class 9 

Hex Nut 
Property 
Class 10 

Arabic 10 

Metric hex nut 
strength markings 

; i Class 
‘eel 10.9 

Class Class 
9.8 8.8 

Metric stud strength markings 
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specific torque, a general torque value chart 

is presented here as a guide. These torque 

values are for dry (unlubricated) fasteners 

threaded into steel or cast iron (not alumi- 
num). As was previously mentioned, the size 
and grade of a fastener determine the amount 
of torque that can safely be applied to it. The 

figures listed here are approximate for Grade 
2 and Grade 3 fasteners. Higher grades can 
tolerate higher torque values. 

Fasteners laid out in a pattern, such as 

cylinder head bolts, oil pan bolts, differential 

cover bolts, etc., must be loosened or tight- 

ened in sequence to avoid warping the com- 

ponent. This sequence will normally be shown 

in the appropriate Chapter. If a specific pat- 
tern is not given, the following procedures can 

be used to prevent warping. 

Initially, the bolts or nuts should be 

assembled finger-tight only. Next, they should 
be tightened one full turn each, in a criss- 
cross or diagonal pattern. After each one has 

been tightened one full turn, return to the first 

one and tighten them all one-half turn, follow- 
ing the same pattern. Finally, tighten each of 

them one-quarter turn at a time until each fas- 
tener has been tightened to the proper torque. 

To loosen and remove the fasteners, the pro- 

cedure would be reversed. 

Component disassembly 
Component disassembly should be done 

with care and purpose to help ensure that 

Metric thread sizes Ft-Ibs 
Nice ere 850 oo) Net ee ad oe Lee 6 to9 
shies eta ill ae ie crrntl eaati Ne 77 ay 14 to 21 
RAE TOR tia oot ee ee a, See ne an eet en 28 to 40 
VE beled he A ea DE tee ROR. Ss Ge 6 SE ee tp 50 to 71 
VE Vo Ness ON bled Sh gee. tepuret PR Asha: HEB oss hs 80 to 140 

Pipe thread sizes 
US Ree, eed De a ne ara 5to8 
sf, oe nt eS ae Bee ey Mee cS ate 7 12 to 18 
BiB A nF) Mien ae eh ok nae 22 to 33 
Fah cada GS ae ON Ce Me MRR ae ae 25 to 35 

U.S. thread sizes 
A Ave 20 Pte elec ia 5 ont 7 Meee ee Je 6 to9 
BIG SAGs os eee def eee 12 to 18 
BIG SIAR ee tee sib 5 ee 14 to 20 
B/Bis 16 Seek eee to hee + eae 22 to 32 
BIB AO ei On eee Mh 2 iio is Dh Lela, lee 27 to 38 
Fitts Pee eno Make i aa ees coe Id neem | pot 40 to 55 
TUG SOU i te Peers ee oes ke) ace 40 to 60 
AEDES ee ret lene nee vale dee, Mate 55 to 80 

} 

is 
| ae 

Ge 

Standard (SAE and USS) bolt dimensions/grade marks 

Grade marks (bolt strength) 

Length (in inches) 
Thread pitch (number of threads per inch) 

Nominal diameter (in inches) Oar ® OCOyxryU Diameter 

Nm 

9 to 12 

19 to 28 

38 to 54 

68 to 96 

109 to 154 

7 to 10 
17 to 24 
30 to 44 
34 to 47 

9 to 12 

17 to 24 
19 to 27 
30 to 43 
37 to 51 

55 to 74 
55 to 81 
75 to 108 
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Metric bolt dimensions/grade marks 

Property class (bolt strength) 
Length (in millimeters) 

Thread pitch (distance between threads in millimeters) 
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Micrometer set 

the parts go back together properly. Always 
keep track of the sequence in which parts 
are removed. Make note of special character- 

istics or marks on parts that can be installed 
more than one way, such as a grooved thrust 

washer on a shaft. It is a good idea to lay the 
disassembled parts out on a clean surface in 

the order that they were removed. It may also 

be helpful to make sketches or take instant 

photos of components before removal. 

When removing fasteners from a compo- 

nent, keep track of their locations. Sometimes 

threading a bolt back in a part, or putting the 

washers and nut back on a stud, can prevent 

mix-ups later. If nuts and bolts cannot be 

returned to their original locations, they should 

be kept in a compartmented box or a series of 

small boxes. A cupcake or muffin tin is ideal 

for this purpose, since each cavity can hold 

the bolts and nuts from a pasticular area (i.e. 
oil pan bolts, valve cover bolts, engine mount 
bolts, etc.). A pan of this type is especially 
helpful when working on assemblies with very 

small parts, such as the carburetor, alternator, 

valve train or interior dash and trim pieces. 

The cavities can be marked with paint or tape 

to identify the contents. 
Whenever wiring looms, harnesses or 

connectors are separated, it is a good idea to 
identify the two halves with numbered pieces 
of masking tape so they can be easily recon- 

nected. 

Gasket sealing surfaces 
Throughout any vehicle, gaskets are 

used to seal the mating surfaces between two 

parts and keep lubricants, fluids, vacuum or 

pressure contained in an assembly. 

Many times these gaskets are coated 

with a liquid or paste-type gasket sealing 

compound before assembly. Age, heat and 

pressure can sometimes cause the two parts 

to stick together so tightly that they are very 

difficult to separate. Often, the assembly can 

be-loosened by striking it with a soft-face 

hammer near the mating surfaces. A regular 

hammer can be used if a block of wood is 

placed between the hammer and the part. Do 

not hammer on cast parts or parts that could 

be easily damaged. With any particularly stub- 

born part, always recheck to make sure that 

every fastener has been removed. 

Avoid using a screwdriver or bar to pry 

apart an assembly, as they can easily mar the 

gasket sealing surfaces of the parts, which 
must remain smooth. If prying is absolutely 

necessary, use an old broom handle, but keep 

in mind that extra clean up will be necessary if 

the wood splinters. 
After the parts are separated, the old 

gasket must be carefully scraped off and the 

gasket surfaces cleaned. Stubborn gasket 
material can be soaked with rust penetrant 

or treated. with a special chemical to soften 

it so it can be easily scraped off. Caution: 

Never use gasket removal solutions or caus- 

tic chemicals on plastic or other composite 

components. A scraper can be fashioned from 

a piece of copper tubing by flattening and 

sharpening one end. Copper is recommended 

because it is usually softer than the surfaces 

to be scraped, which reduces the chance 

of gouging the part. Some gaskets can be 

removed with a wire brush, but regardless of 

the method used, the mating surfaces must 

be left clean and smooth. If for some reason 

the gasket surface is gouged, then a gasket 

sealer thick enough to fill scratches will have 

to be used during reassembly of the compo- 

nents. For most applications, a non-drying (or 
semi-drying) gasket sealer should be used. 

Hose removal tips 

Warning: /f the vehicle is equipped with air 

conditioning, do not disconnect any of the A/C 

hoses without first having the system depres- 

surized by a dealer service department or a 

service station. 

Hose removal precautions closely par- 

allel gasket removal precautions. Avoid 

scratching or gouging the surface that the 

hose mates against or the connection may 

leak. This is especially true for radiator hoses. 

Because of various chemical reactions, the 

rubber in hoses can bond itself to the metal 

spigot that the hose fits over. To remove 
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Dial indicator set 

a hose, first loosen the hose clamps that 

secure it to the spigot. Then, with slip-joint pli- 

ers, grab the hose at the clamp and rotate it 

around the spigot. Work it back and forth until 
it is completely free, then pull it off. Silicone 

or other lubricants will ease removal if they 

can be applied between the hose and the out- 
side of the spigot. Apply the same lubricant to 

the inside of the hose and the outside of the 
spigot to simplify installation. 

As a last resort (and if the hose is to be 

replaced with a new one anyway), the rubber 

can be slit with a knife and the hose peeled 

from the spigot. If this must be done, be care- 

ful that the metal connection is not damaged. 

lf ahose clamp is broken or damaged, do 

not reuse it. Wire-type clamps usually weaken 

with age, so it is a good idea to replace them 

with screw-type clamps whenever a hose is 

removed. 

Tools 
A selection of good tools is a basic 

requirement for anyone who plans to main- 

tain and repair his or her own vehicle. For the 

owner who has few tools, the initial invest- 

ment might seem high, but when compared to 

the spiraling costs of professional auto main- 

tenance and repair, it is a wise one. 

To help the owner decide which tools are 

needed to perform the tasks detailed in this 

manual, the following tool lists are offered: 

Maintenance and minor repair, Repair/over- 

haul and Special. 

The newcomer to practical mechanics 

should start off with the maintenance and 

minor repair tool kit, which is adequate for the 

simpler jobs performed on a vehicle. Then, as 

confidence and experience grow, the owner 

can tackle more difficult tasks, buying addi- 

tional tools as they are needed. Eventually the 

basic kit will be expanded into the repair and 

overhaul tool set. Over a period of time, the 

experienced do-it-yourselfer will assemble a 

tool set complete enough for most repair and 

overhaul procedures and will add tools from 

the special category when it is felt that the 

expense is justified by the frequency of use. 
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Compression gauge with spark plug 
hole adapter 

Ridge reamer Piston ring groove cleaning tool Ring removal/installation tool 
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Torque angle gauge 

Maintenance and minor repair 

tool kit 
The tools in this list should be consid- 

ered the minimum required for performance 
of routine maintenance, servicing and minor 

repair work. We recommend the purchase of 
combination wrenches (box-end and open- 

end combined in one wrench). While more 
expensive than open end wrenches, they offer 

the advantages of both types of wrench. 

Combination wrench set (1/4-inch to 

1 inch or 6 mm to 19 mm) 

Adjustable wrench, 8 inch 
Spark plug wrench with rubber insert 

Spark plug gap adjusting tool 

Feeler gauge set 
Brake bleeder wrench 
Standard screwdriver (5/16-inch x 

6 inch) 
Phillips screwdriver (No. 2 x 6 inch) 

Combination pliers - 6 inch 

Hacksaw and assortment of blades 

Tire pressure gauge 

Grease gun 

Oil can 
Fine emery cloth 

Wire brush 

Battery post and cable cleaning tool 

Oil filter wrench 
Funnel (medium size) 

Safety goggles 

Jackstands (2) 
Drain pan 

Cylinder hone 

Clutch plate alignment tool 

Note: /f basic tune-ups are going to be part 

of routine maintenance, it will be necessary 

to purchase a good quality stroboscopic tim- 

ing light and combination tachometer/dwell 
meter. Although they are included in the list 
of special tools, it is mentioned here because 
they are absolutely necessary for tuning most 

vehicles properly. 

Repair and overhaul tool set 
These tools are essential for anyone who 

plans to perform major repairs and are in addi- 

tion to those in the maintenance and minor 

repair tool kit. Included is a comprehensive 

set of sockets which, though expensive, are 

invaluable because of their versatility, espe- 

cially when various extensions and drives are 

available. We recommend the 1/2-inch drive 

over the 3/8-inch drive. Although the larger 

drive is bulky and more expensive, it has the 

capacity of accepting a very wide range of 

large sockets. Ideally, however, the mechanic 

should have a 3/8-inch drive set and a 1/2- 

inch drive set. 

Socket set(s) 
Reversible ratchet 
Extension - 10 inch 
Universal joint 

Torque wrench (same size drive as 

sockets) 
Ball peen hammer - 8 ounce 

Soft-face hammer (plastic/rubber) 

Standard screwdriver (1/4-inch x 6 inch) 
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Brake hold-down spring tool 

Tap and die set 

Standard screwdriver (stubby - 

5/16-inch) 
Phillips screwdriver (No. 3 x 8 inch) 
Phillips screwdriver (stubby - No. 2) 

Pliers - vise grip 

Pliers - lineman’s 
Pliers - needle nose 
Pliers - snap-ring (internal and external) 

Cold chisel - 1/2-inch 

Scribe 
Scraper (made from flattened copper 

tubing) 

Centerpunch 
Pin punches (1/16, 1/8, 3/16-inch) 

‘Steel rule/straightedge - 12 inch 
Allen wrench set (1/8 to 3/8-inch or 

4mm to 10 mm) 

A selection of files 
Wire brush (large) 
Jackstands (second set) 
Jack (scissor or hydraulic type) 

Note: Another tool which is often useful is an 

electric drill with a chuck capacity of 3/8-inch 

and a set of good quality drill bits. 

Special tools 
The tools in this list include those which 

are not used regularly, are expensive to buy, or 

which need to be used in accordance with their 

manufacturer’s instructions: Unless these tools 

will be used frequently, it is not very economi- 

cal to purchase many of them. A consideration 

would be to split the’ cost and use between 
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yourself and a friend or friends. In addition, 

most of these tools can be obtained from a tool 
rental shop on a temporary basis. 

This list primarily contains only those 
tools and instruments widely available to the 
public, and not those special tools produced 
by the vehicle manufacturer for distribution 
to dealer service departments. Occasionally, 
references to the manufacturer’s special tools 

are included in the text of this manual. Gen- 
erally, an alternative method of doing the job 
without the special tool is offered. However, 

sometimes there is no alternative to their use. 

Where this is the case, and the tool cannot be 
purchased or borrowed, the work should be 

turned over to the dealer service department 

or an automotive repair shop. 

Valve spring compressor 

Piston ring groove cleaning tool 
Piston ring compressor 
Piston ring installation tool 

Cylinder compression gauge 
Cylinder ridge reamer 
Cylinder surfacing hone 
Cylinder bore gauge 
Micrometers and/or dial calipers 

Hydraulic lifter removal tool 
Balljoint separator 
Universal-type puller 

Impact screwdriver 
Dial indicator set 

Stroboscopic timing light (inductive 
pick-up) 

Hand operated vacuum/pressure pump 
Tachometer/dwell meter 
Universal electrical multimeter 
Cable hoist 

Brake spring removal and installation 
tools 

Floor jack 

Buying tools 
For the do-it-yourselfer who is just start- 

ing to get involved in vehicle maintenance and 
repair, there are a number of options available 

when purchasing tools. If maintenance and 
minor repair is the extent of the work to be 

done, the purchase of individual tools is satis- 

factory. If, on the other hand, extensive work is 
planned, it would be a good idea to purchase 

a modest tool set from one of the large retail 
chain stores. A set can usually be bought at 

a substantial savings over the individual tool 

prices, and they often come with a tool box. 

As additional tools are needed, add-on sets, 
individual tools and a larger tool box can be 

purchased to expand the tool selection. Build- 
ing a tool set gradually allows the cost of the 

tools to be spread over a longer period of 
time and gives the mechanic the freedom to 

choose only those tools that will actually be 
used. 

Tool stores will often be the only source 
of some of the special tools that are needed, 

but regardless of where tools are bought, try 
to avoid cheap ones, especially when buying 

screwdrivers and sockets, because they won't 

last very long. The expense involved in replac- 
ing cheap tools will eventually be greater than 

the initial cost of quality tools. 

Care and maintenance of tools 
Good tools are expensive, so it makes 

sense to treat them with respect. Keep them 
clean and in usable condition and store them 

properly when not in use. Always wipe off any 
dirt, grease or metal chips before putting them 
away. Never leave tools lying around in the 

work area. Upon completion of a job, always 

check closely under the hood for tools that 

may have been left there so they won't get 
lost during a test drive. 

Some tools, such as screwdrivers, pli- 

ers, wrenches and sockets, can be hung on 

a panel mounted on the garage or workshop 

wall, while others should be kept in a tool 

box or tray. Measuring instruments, gauges, 

meters, etc. must be carefully stored where 

they cannot be damaged by weather or impact 

from other tools. 

When tools are used with care and 

stored properly, they will last a very long time. 
Even with the best of care, though, tools will 

wear out if used frequently. When a tool is 
damaged or worn out, replace it. Subsequent 

jobs will be safer and more enjoyable if you 
do. 

How to repair damaged 

threads 
Sometimes, the internal threads of a nut 

or bolt hole can become stripped, usually from 

overtightening. Stripping threads is an all-too- 
common occurrence, especially when work- 

ing with aluminum parts, because aluminum 
is so soft that it easily strips out. 

Usually, external or internal threads are 

only partially stripped. After they’ve been 

cleaned up with a tap or die, they'll still work. 
Sometimes, however, threads are badly dam- 

aged. When this happens, you've got three 
choices: 

1) Drill and tap the hole to the next suitable 

oversize and install a larger diameter 
bolt, screw or stud. 

2) Drill and tap the hole to accept a 
threaded plug, then drill and tap the plug 

to the original screw size. You can also 

buy a plug already threaded to the origi- 
nal size. Then you simply drill a hole to 

the specified size, then run the threaded 

plug into the hole with a bolt and jam nut. 

Once the plug is fully seated, remove the 
jam nut and bolt. 

3) The third method usés a patented thread 

repair kit like Heli-Coil or Slimsert. These 

easy-to-use kits are designed to repair 

damaged threads in straight-through 

holes and blind holes. Both are avail- 

able as kits which can handle a variety of 
sizes and thread patterns. Drill the hole, 

then tap it with the special included tap. 

Install the Heli-Coil and the hole is back 

to its original diameter and thread pitch. 

Regardless of which method you use, 
be sure to proceed calmly and carefully. A 

little impatience or carelessness during one 

of these relatively simple procedures can ruin 

your whole day’s work and cost you a bundle 

if you wreck an expensive part. 

Working facilities 
Not to be overlooked when discussing 

tools is the workshop. If anything more than 

routine maintenance is to be carried out, 

some sort of suitable work area is essential. 

It is understood, and appreciated, that 

many home mechanics do not have a good 
workshop or garage available, and end up 

removing an engine or doing major repairs 

outside. It is recommended, however, that the 

overhaul or repair be completed under the 

cover of a roof. 

A clean, flat workbench or table of com- 
fortable working height is an absolute neces- 

sity. The workbench should be equipped with 

a vise that has a jaw opening of at least four 
inches. 

As mentioned previously, some clean, 

dry storage space is also required for tools, 

as well as the lubricants, fluids, cleaning sol- 

vents, etc. which soon become necessary. 

Sometimes waste oil and fluids, drained 
from the engine or cooling system during 

normal maintenance or repairs, present a 

disposal problem. To avoid pouring them on 

the ground or into a sewage system, pour the 

used fluids into large containers, seal them 

with caps and take them to an authorized 

disposal site or recycling center. Plastic jugs, 

such as old antifreeze containers, are ideal 
for this purpose. 

Always keep a supply of old newspa- 

pers and clean rags available. Old towels 

are excellent for mopping up spills. Many 

mechanics use rolls of paper towels for most 
work because they are readily available and 
disposable. To help keep the area under the 

vehicle clean, a large cardboard box can be 

cut open and flattened to protect the garage 
or shop floor. 

Whenever working over a painted sur- 

face, such as when leaning over a fender to 

service something under the hood, always 

cover it with an old blanket or bedspread to 

protect the finish. Vinyl covered pads, made 
especially for this purpose, are available at 
auto parts stores. 
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Jacking 
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 level ground. 

Place the shift lever in Park, if you have an 

automatic, or Reverse if you have a manual 
transmission. Block the wheel diagonally 

opposite the wheel being changed. Set the 

parking brake. 

Remove the spare tire and jack from stow- 

age. Remove the wheel cover and trim ring (if 

so equipped) with the tapered end of the lug 

nut wrench by inserting and twisting the handle 

and then prying against the back of the wheel 

cover. Loosen, but do not remove, the lug nuts 

(one-half turn is sufficient). 

Place the scissors-type jack under the 

vehicle and adjust the jack height until it 

engages with the proper jacking point. There 

is a front and rear jacking point on each side 

of the vehicle (see illustration). 

Turn the jack handle clockwise until the 

tire clears the ground. Remove the lug nuts 

and pull the wheel off, then install the spare. 

__ Install the lug nuts with the beveled edges 

facing in. Tighten them snugly. Don't attempt 

to tighten them. completely until the vehicle is 

lowered or it could slip off the jack. Turn the 

jack handle counterclockwise to lower the 

vehicle. Remove the jack and tighten the lug 

nuts in a diagonal pattern. 
Stow the tire, jack and wrench. Unblock 

the wheels. 

Towing 
Two-wheel drive models can be towed 

from the rear with the rear wheels off the 

ground, using a wheel lift type tow truck. If 
towed from the front, the rear wheels must be 

placed on a dolly. All-wheel drive models must 

Place the jack 
between the raised 

welts on the rocker 

panel flange 

be towed with all four wheels off the ground. A 

sling-type tow truck cannot be used, as body 

damage will result. The best way to tow the 

vehicle is with a flat-bed car carrier. 
In an emergency the vehicle can be 

towed a short distance with a cable or chain 

attached to one of the towing eyelets located 

under the front or rear bumpers. The driver 

must remain in the vehicle to operate the 

steering and brakes (remember that power 

steering and power brakes will not work with 

the engine off). 
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Booster battery (jump) starting 

Observe these precaufions when using a 

booster battery to start a vehicle: 

a) Before connecting the booster battery, 
make sure the ignition switch is in the Off 

position. 

b) Turn off the lights, heater and other elec- 

trical loads. 

c) Your eyes should be shielded. Safety 
goggles are a good idea. 

d) Make sure the booster battery is the 

same voltage as the dead one in the 

vehicle. 

e) The two vehicles MUST NOT TOUCH 
each other! 

f) Make sure the transmission is in Neutral 
(manual) or Park (automatic). 

g) If the booster battery is not a mainte- 

nance-free type, remove the vent caps 

and lay a cloth over the vent holes. 

Connect the red jumper cable to the pos- 

itive (+) terminals of each battery (see illus- 
tration). Note: On 2008 and later models the 
battery is mounted in the trunk or rear cargo 

area next to the spare tire. These models 

Remote positive 

Vehicle with 
dead battery 

Make the 

booster battery 

connections in the 

numerical order 

shown - 2008 and 

later models 

are equipped with a remote positive terminal, 

located in the engine compartment to make 

jumper cable connection easier (see illustra- 

tion). 
Connect one end of the black jumper 

cable to the negative (-) terminal of the 
booster battery. The other end of this cable 

should be connected to a good ground on the 

vehicle to be started, such as a bolt or bracket 
on the body. 

Start the engine using the booster bat- 

tery, then, with the engine running at idle 

speed, disconnect the jumper cables in the 

reverse order of connection. 

Connect one end of the black jumper 
cable to the negative (-) terminal of the 
booster battery. The other end of this cable 

should be connected to a good ground on the 

vehicle to be started, such as a bolt or bracket 

on the body. 

Start the engine using the booster bat- 

tery, then, with the engine running at idle 

speed, disconnect the jumper cables in the 

reverse order of connection. 

Booster battery 
1 

O 
O 
O 
o 
O 
O 
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Locations of the remote positive terminal (A) and the remote 
ground terminal (B) - 2008 and later models 

Dead battery Booster battery 

O 
O 
Oo 
QO 
oO 
O 

Make the booster battery connections 

in the numerical order shown (note the 
negative cable of the booster battery is 

not attached to the negative terminal of 
the dead battery) - 2007 and earlier models 

be Nk 
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Automotive chemicals and lubricants 

A number of automotive chemicals and 

lubricants are available for use during vehicle 
maintenance and repair. They include a wide 

variety of products ranging from cleaning sol- 

vents and degreasers to lubricants and pro- 

tective sprays for rubber, plastic and vinyl. 

Cleaners 
Carburetor cleaner and choke cleaner 

is a strong solvent for gum, varnish and car- 

bon. Most carburetor cleaners leave a dry-type 

lubricant film which will not harden or gum up. 
Because of this film it is not recommended for 

use on electrical components. 

Brake system cleaner is used to 

remove brake dust, grease and brake fluid 

from the brake system, where clean surfaces 

are absolutely necessary. It leaves no residue 

and often eliminates brake squeal caused by 

contaminants. 
Electrical cleaner removes oxidation, 

corrosion and carbon deposits from electrical 

contacts, restoring full current flow. It can also 

be used to clean spark plugs, carburetor jets, 

voltage regulators and other parts where an 

oil-free surface is desired. 
Demoisturants remove water and mois- 

ture from electrical components such as alter- 

nators, voltage regulators, electrical connec- 

tors and fuse blocks. They are non-conductive 

and non-corrosive. 
Degreasers are heavy-duty solvents 

used to remove grease from the outside of the 

engine and from chassis components. They 

can be sprayed or brushed on and, depending 

on the type, are rinsed off either with water or 

solvent. 

Lubricants 
Motor oil is the lubricant formulated for 

use in engines. It normally contains a wide 

variety of additives to prevent corrosion and 

reduce foaming and wear. Motor oil comes in 

various weights (viscosity ratings) from 0 to 50. 
The recommended weight of the oil depends 

on the season, temperature and the demands 

on the engine. Light oil is used in cold climates 
and under light load conditions. Heavy oil is 
used in hot climates and where high loads are 

encountered. Multi-viscosity oils are designed 

to have characteristics of both light and heavy 

oils and are available in a number of weights 

from OW-20 to 20W-50. 

Gear oil is designed to be used in dif- 

ferentials, manual transmissions and other 

areas where high-temperature lubrication is 

required. 

Chassis and wheel bearing grease is 

a heavy grease used where increased loads 

and friction are encountered, such as for 

wheel bearings, balljoints, tie-rod ends and 

universal joints. 

High-temperature wheel bearing grease 

is designed to withstand the extreme temper- 

atures encountered by wheel bearings in disc 

brake equipped vehicles. It usually contains 

molybdenum disulfide (moly), which is a dry- 

type lubricant. 

White grease is a heavy grease for 
metal-to-metal applications where water is a 

problem. White grease stays soft under both 

low and high temperatures (usually from -100 

to +190-degrees F), and will not wash off or 

dilute in the presence of water. 

Assembly lube is a special extreme 

pressure lubricant, usually containing moly, 

used to lubricate high-load parts (such as 

main and rod bearings and cam lobes) for 

initial start-up of a new engine. The assem- 

bly lube lubricates the parts without being 
squeezed out or washed away until the engine 
oiling system begins to function. 

Silicone lubricants are used to protect 

rubber, plastic, vinyl and nylon parts. 

Graphite lubricants are used where oils 

cannot be used due to contamination prob- 

lems, such as in locks. The dry graphite will 

lubricate metal parts while remaining uncon- 

taminated by dirt, water, oil or acids. It is elec- 

trically conductive and will not foul electrical 

contacts in locks such as the ignition switch. 

Moly penetrants loosen and lubricate 

frozen, rusted and corroded fasteners and 

prevent future rusting or freezing. 

Heat-sink grease is a special electri- 

cally non-conductive grease that is used for 
mounting electronic ignition modules where it 

is essential that heat is transferred away from 

the module. 

Sealants 
RTV sealant is one of the most widely 

used gasket compounds. Made from silicone, 
RTV is air curing, it seals, bonds, waterproofs, 

fills surface irregularities, remains flexible, 

doesn’t shrink, is relatively easy to remove, 

and is used as a supplementary sealer with 

almost all low and medium temperature gas- 

kets. 

Anaerobic sealant is much like RTV in 

that it can be used either to seal gaskets or 

to form gaskets by itself. It remains flexible, 

is solvent resistant and fills surface imperfec- 

tions. The difference between an anaerobic 

sealant and an RTV-type sealant is in the cur- 

ing. RTV cures when exposed to air, while an 

anaerobic sealant cures only in the absence 

of air. This means that an anaerobic sealant 

cures only after the assembly of parts, sealing 

them together. 

Thread and pipe sealant is used for 

sealing hydraulic and pneumatic fittings and 

vacuum lines. It is usually made from a Teflon 

compound, and comes in a spray, a paint-on 

liquid and as a wrap-around tape. 

Chemicals 
Anti-seize compound prevents seiz- 

ing, galling, cold welding, rust and corrosion 

in fasteners. High-temperature ant-seize, usu- 

ally made with copper and graphite lubricants, 

is used for exhaust system and exhaust mani- 

fold bolts. 
Anaerobic locking compounds are 

used to keep fasteners from vibrating or work- 

ing loose and cure only after installation, in 
the absence of air. Medium strength locking 

compound is used for small nuts, bolts and 

screws that may be removed later. High- 

strength locking compound is for large nuts, 

bolts and studs which aren’t removed on a 

regular basis. 
Oil additives range from viscosity index 

improvers to chemical treatments that claim 

to reduce internal engine friction. It should 

be noted that most oil manufacturers caution 

against using additives with their oils. 
Gas additives perform several func- 

tions, depending on their chemical makeup. 

They usually contain solvents that help dis- 

solve gum and varnish that build up on car- 

buretor, fuel injection and intake parts. They 

also serve to break down carbon deposits that 

form on the inside surfaces of the combus- 

tion chambers. Some additives contain upper 

cylinder lubricants for valves and piston rings, 

and others contain chemicals to remove con- 

densation from the gas tank. 

Miscellaneous 
Brake fluid is specially formulated 

hydraulic fluid that can withstand the heat and 

pressure encountered in brake systems. Care 
must be taken so this fluid does not come in 

contact with painted surfaces or plastics. An 

opened container should always be resealed 

to prevent contamination by water or dirt. 

Weatherstrip adhesive is used to bond 

weatherstripping around doors, windows and 

trunk lids. It is sometimes used to attach trim 

pieces. 

Undercoating is a petroleum-based, 

tar-like substance that is designed to protect 

metal surfaces on the underside of the vehicle 

from corrosion. It also acts as a sound-dead- 

ening agent by insulating the bottom of the 

vehicle. 
Waxes and polishes are used to help 

protect, painted and plated surfaces from the 
weather. Different types of paint may require 

the use of different types of wax and polish. 

Some polishes utilize a chemical or abrasive 

cleaner to help remove the top layer of oxi- 

dized (dull) paint on older vehicles. In recent 

years many non-wax polishes that contain a 

wide variety of chemicals such as polymers 

and silicones have been introduced. These 

non-wax polishes are usually easier to apply 

and last longer than conventional waxes and 

polishes. 
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Conversion factors 

Length (distance) 
Inches (in) X 25.4 =Millimeters (mm) 

Feet (ft) X 0.305 = Meters (m) 
Miles X 1.609 =Kilometers (km) 

Volume (capacity) 
Cubic inches (cu in; in’) X 16.387 = Cubic centimeters (cc; cm’) 
Imperial pints (Imp pt) X 0.568 = Liters (I) 
Imperial quarts (Imp qt) X 1.137 =Liters (I) 
Imperial quarts (Imp qt) X 1.201 =US quarts (US qt) 
US quarts (US qt) X 0.946 = Liters (I) 
Imperial gallons (Imp gal) X 4.546 = Liters (I) 
Imperial gallons (Imp gal) X 1.201 =US gallons (US gal) 
US gallons (US gal) X 3.785 = Liters (|) 

Mass (weight) 
Ounces (oz) X 28.35 =Grams (g) 
Pounds (Ib) X 0.454 = Kilograms (kg) 

Force 
Ounces-force (ozf; oz) X 0.278 =Newtons (N) 
Pounds-force (Ibf; !b) X 4.448 = Newtons (N) 
Newtons (N) X 0.1. =Kilograms-force (kgf; kg) 

Pressure 
Pounds-force per square inch xX 0.070 = Kilograms-force per square 
(psi; Ibf/in?; Ib/in?) centimeter (kgf/cm?; kg/cm?) 
Pounds-force per square inch X 0.068 = Atmospheres (atm) 
(psi; Ibf/in?; Ib/in?) 
Pounds-force per square inch X 0.069 = Bars 

(psi; Ibf/in?; Ib/in?) 
Pounds-force per square inch X 6.895 =Kilopascals (kPa) 

(psi; Ibf/in?; Ib/in?) 
Kilopascals (kPa) X 0.01 = Kilograms-force per square 

centimeter (kgf/cm?; kg/cm?) 

Torque (moment of force) : 
Pounds-force inches X 1.152 = Kilograms-force centimeter 
(Ibf in; Ib in) (kgf cm; kg cm) 
Pounds-force inches xX 0.113 =Newton meters (Nm) 
(Ibf in; Ib in) 
Pounds-force inches X 0.083 = Pounds-force feet (Ibf ft; Ib ft) 
(Ibf in; Ib in) 
Pounds-force feet (Ibf ft; Ib ft) X 0.138 = Kilograms-force meters 

(kgf m; kg m) 
Pounds-force feet (Ibf ft; Ib ft) X 1.356 =Newton meters (Nm) 
Newton meters (Nm) X 0.102 = Kilograms-force meters 

(kgf m; kg m) 
Vacuum 
Inches mercury (in. Hg) X 3.377 =Kilopascals (kPa) 
Inches mercury (in. Hg) X 25.4 =Millimeters mercury (mm Hg) 

Power 
Horsepower (hp) X 745.7 =Watts (W) 

Velocity (speed) 
Miles per hour (miles/hr; mph) X 1.609 = Kilometers per hour (km/hr; kph) 

Fuel consumption* 
Miles per gallon, Imperial (mpg) X 0.354 = Kilometers per liter (km/I) 
Miles per gallon, US (mpg) X 0.425 =Kilometers per liter (km/I) 

Temperature 
Degrees Fahrenheit = (°C x 1.8) + 32 

x KKK KK KK x XK X< 

x xX 

xx xX 

ea RES SS 

<x X< 

x< 

x x 

Sg ct Ee ee 1 eS 

0.0394 
3.281 
0.621 

0.061 
1.76 
0.88 
0.833 
1.057 
0.22 
0.833 
0.264 

0.035 
2.205 

3.6 
0.225 
9.81 

14.223 

14.696 

14.5 

0.145 

98.1 

0.868 

8.85 

12 

7.233 

0.738 
9.804 

0.2961 

0.0394 

0.0013 

0.621 

2.825 
2.352 

= Inches (in) 
= Feet (ft) 
= Miles 

= Cubic inches (cu in; in*) 

= Imperial quarts (Imp qt) 
= Imperial quarts (Imp qt) 
= US quarts (US qt) 

Imperial gallons (Imp gal) 
Imperial gallons (Imp gal) 

= US gallons (US gal) 

= Ounces (oz) 
= Pounds (Ib) 

= Ounces-force (ozf; 02) 
= Pounds-force (Ibf; Ib) 
= Newtons (N) 

= Pounds-force per square inch 
(psi; Ibf/in?; Ib/in?) 

= Pounds-force per square inch 
(psi; Ibf/in?; |b/in?) 

= Pounds-force per square inch 
(psi; Ibf/in?; Ib/in?) 

= Pounds-force per square inch 
(psi; Ibf/in?; Ib/in?) 

= Kilopascals (kPa) 

= Pounds-force inches 

(Ibf in; Ib in) 
= Pounds-force inches 

(Ibf in; Ib in) 
= Pounds-force inches 

(Ibf in; Ib in) 
= Pounds-force feet (Ibf ft; Ib ft) 

= Pounds-force feet (Ibf ft; Ib ft) 
= Newton meters (Nm) 

= Inches mercury 

= Inches mercury 

= Horsepower (hp) 

= Miles per hour (miles/hr; mph) 

= Miles per gallon, Imperial (mpg) 
= Miles per gallon, US (mpg) 

Degrees Celsius (Degrees Centigrade; °C) = (°F - 32) x 0.56 

*/t is common practice to convert from miles per gallon (mpg) to liters/100 kilometers (i/100km), 
where mpg (Imperial) x I/100 km = 282 and mpg (US) x i/100 km = 235 



DECIMALS to MILLIMETERS 

Decimal 

0.0254 
0.0508 
0.0762 
0.1016 
0.1270 
0.1524 
0.1778 
0.2032 
0.2286 

0.2540 
0.5080 
0.7620 
1.0160 
1.2700 
1.5240 
1.7780 
2.0320 
2.2860 

2.5400 
2.7940 
3.0480 
3.3020 
3.5560 
3.8100 
4.0640 
4.3180 
4.5720 
4.8260 

5.0800 
5.3340 
5.5880 
5.8420 
6.0960 
6.3500 
6.6040 
6.8580 
7.1120 
7.3660 

7.6200 
7.8740 
8.1280 
8.3820 
8.6360 
8.8900 
9.1440 
9.3980 
9.6520 
9.9060 

10.1600 
10.4140 
10.6680 
10.9220 
11.1760 
11.4300 
11.6840 
11.9380 
12.1920 
12.4460 

Decimal 

12.7000 
12.9540 
13.2080 
13.4620 
13.7160 
13.9700 
14.2240 
14.4780 
14.7320 
14.9860 

15.2400 
15.4940 
15.7480 
16.0020 
16.2560 
16.5100 
16.7640 
17.0180 
17.2720 
17.5260 

17.7800 
18.0340 
18.2880 
18.5420 
18.7960 
19.0500 
19.3040 
19.5580 
19.8120 
20.0660 

20.3200 
20.5740 
21.8280 
21.0820 
21.3360 
21.5900 
21.8440 
22.0980 
22.3520 
22.6060 

22.8600 
23.1140 
23.3680 
23.6220 
23.8760 
24.1300 
24.3840 
24.6380 
24.8920 
25.1460 
25.4000 
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FRACTIONS to DECIMALS to MILLIMETERS 

Fraction 

1/64 
1/32 
3/64 

1/16 

5/64 
3/32 
7/64 

1/8 

Decimal 

0.0156 

0.0312 
0.0469 

0.0625 

0.0781 
0.0938 
0.1094 

0.1250 

0.1406 
0.1562 
0.1719 

MOLSTS 

0.2031 
0.2188 
0.2344 

0.2500 

0.2656 
0.2812 
0.2969 

0.3125 

0.3281 
0.3438 
0.3594 

0.3750 

0.3906 
0.4062 
0.4219 

0.4375 

0.4531 
0.4688 
0.4844 

0.5000 

mm 

0.3969 
0.7938 
1.1906 

1.5875 

1.9844 
2.3812 
2.7781 

3.1750 

Bro) 19 
3.9688 
4.3656 

4.7625 

5.1594 
5.5562 
5.9531 

6.3500 

6.7469 
7.1438 
7.5406 

22375 

8.3344 
8.7312 
9.1281 

9.5250 

9.9219 
10.3188 
10.7156 

11.1125 

11.5094 
11.9062 
12.3031 

12.7000 

Fraction 

33/64 
17/32 
35/64 

9/16 

37/64 
19/32 
39/64 

5/8 

41/64 
21/32 
43/64 

11/16 

45/64 
23/32 
47/64 

3/4 

49/64 
25/32 
51/64 

13/16 

53/64 
27/32 
55/64 

7/8 

57/64 
29/32 
59/64 

15/16 

61/64 
31/32 
63/64 

1 

Decimal 

0.5156 

0.5312 

0.5469 

0.5625 

0.5781 
0.5938 
0.6094 

0.6250 

0.6406 
0.6562 
0.6719 

0.6875 

0.7031 
0.7188 
0.7344 

0.7500 

0.7656 
0.7812 
0.7969 

0.8125 

0.8281 
0.8438 
0.8594 

0.8750 

0.8906 
0.9062 
0.9219 

0.9375 

0.9531 
0.9688 
0.9844 

1.0000 

mm 

13.0969 

13.4938 
13.8906 

14.2875 

14.6844 
15.0812 
15.4781 

15.8750 

16.2719 
16.6688 
17.0656 

17.4625 

17.8594 
18.2562 
18.6531 

19.0500 

19.4469 
19.8438 
20.2406 

20.6375 

21.0344 
21.4312 
21.8281 

22.2250 

22.6219 
23.0188 
23.4156 

23.8125 

24.2094 
24.6062 
25.0031 

25.4000 
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Safety first! 
Regardless of how enthusiastic you 

may be about getting on with the job at hand, 

take the time to ensure that your safety is not 

jeopardized. A moment's lack of attention can 

result in an accident, as can failure to observe 

certain simple safety precautions. The possi- 

bility of an accident will always exist, and the 

following points should not be considered a 

comprehensive list of all dangers. Rather, they 

are intended to make you aware of the risks 

and to encourage a safety conscious approach 

to all work you carry out on your vehicle. 

Essential DOs and DON’Ts 
DON'T rely on a jack when working under the 

vehicle. Always use approved jackstands to 

support the weight of the vehicle and place 

them under the recommended lift or support 

points. i 

DON’T attempt to loosen extremely tight fas- 

teners (i.e. wheel lug nuts) while the vehicle is 

on a jack - it may fall. 

DON’T start the engine without first making 

sure that the transmission is in Neutral (or Park 

where applicable) and the parking brake is set. 

DON’T remove the radiator cap from a 

hot cooling system - let it cool or cover it 

with a cloth and release the pressure gradually. 

DON’T attempt to drain the engine oil until 
you are sure it has cooled to the point that it 

will not burn you. 

DON’T touch any part of the engine or ex- 

’ haust system until it has cooled sufficiently to 

avoid burns. 

DON’T siphon toxic liquids such as gasoline, 

antifreeze and brake fluid by mouth, or allow 

them to remain on your skin. 

DON’T inhale brake lining dust - it is poten- 

tially hazardous (see Asbestos below). 

DON’T allow spilled oil or grease to remain on 

the floor - wipe it up before someone slips on it. 

DON’T use loose fitting wrenches or other 

tools which may slip and cause injury. 

DON’T push on wrenches when loosening or 
tightening nuts or bolts. Always try to pull the 

wrench toward you. If the situation calls for 

pushing the wrench away, push with an open 

hand to avoid scraped knuckles if the wrench 

should slip. 

DON’T attempt to lift a heavy component 

alone - get someone to help you. 

DON’T rush or take unsafe shortcuts to finish 

a job. 

DON’T allow children or animals in or around 

the vehicle while you are working on it. 

DO wear eye protection when using power 

tools such as a drill, sander, bench grinder, 

etc. and when working under a vehicle. 

DO keep loose clothing and long hair well out 

of the way of moving parts. 

DO make sure that any hoist used has a safe 

working load rating adequate for the job. 

DO get someone to check on you periodically 

when working alone on a vehicle. 

DO carry out work in a logical sequence and 

make sure that everything is correctly assem- 

bled and tightened. 

DO keep chemicals and fluids tightly capped 

and out of the reach of children and pets. 

DO remember that your vehicle’s safety 

affects that of yourself and others. If in doubt 
on any point, get professional advice. 

Steering, suspension and brakes 
These systems are essential to driv- 

ing safety, so make sure you have a quali- 

fied shop or individual check your work. Also, 

compressed suspension springs can cause 
injury if released suddenly - be sure to use a 

spring compressor. 

Airbags 
Airbags are explosive devices that can 

CAUSE injury if they deploy while you’re work- 
ing on the vehicle. Follow the manufacturer’s 
instructions to disable the airbag whenever 

you're working in the vicinity of airbag compo- 

nents. 

Asbestos 
Certain friction, insulating, sealing, and 

other products - such as brake linings, brake 
bands, clutch linings, torque converters, gas- 

kets, etc. - may contain asbestos or other haz- 
ardous friction material. Extreme care must 

be taken to avoid inhalation of dust from such 

products, since it is hazardous to health. If in 

doubt, assume that they do contain asbestos. 

Fire 
Remember at all times that gasoline is 

highly flammable. Never smoke or have any . 

kind of open flame around when working on 

a vehicle. But the risk does not end there. A 

spark caused by an electrical short circuit, by 

two metal surfaces contacting each other, or 

even by static electricity built up in your body 

under certain conditions, can ignite gasoline 

vapors, which in a confined space are highly 

explosive. Do not, under any circumstances, 

use gasoline for cleaning parts. Use an 

approved safety solvent. 

Always disconnect the battery ground (-) 

cable at the battery before working on any part 

of the fuel system or electrical system. Never 

risk spilling fuel on a hot engine or exhaust 

component. It is strongly recommended that 

a fire extinguisher suitable for use on fuel and 

electrical fires be kept handy in the garage or 

workshop at all times. Never try to extinguish 

a fuel or electrical fire with water. 

Fumes 
Certain fumes are highly toxic and can 

quickly cause unconsciousness and even 
death if inhaled to any extent. Gasoline vapor 

falls into this category, as do the vapors from 

some cleaning solvents. Any draining or pour- 

ing of such volatile fluids should be done in a 
well ventilated area. 

When using cleaning fluids and solvents, 

read the instructions on the container carefully. 

Never use materials from unmarked containers. 

Never run the engine in an enclosed 

space, such as a garage. Exhaust fumes con- 

tain carbon monoxide, which is extremely poi- 

sonous. If you need to run the engine, always 

do so in the open air, or at least have the rear 

of the vehicle outside the work area. 

The battery 
Never create a spark or allow a bare 

light bulb near a battery. They normally give 

off a certain amount of hydrogen gas, which is 

highly explosive. 

Always disconnect the battery ground (-) 

cable at the battery before working on the fuel 
or electrical systems. 

If possible, loosen the filler caps or cover 

when charging the battery from an external 
source (this does not apply to sealed or main- 

tenance-free batteries). Do not charge at an 

excessive rate or the battery may burst. 
Take care when adding water to a non 

maintenance-free battery and when carrying 

a battery. The electrolyte, even when diluted, 

is very corrosive and should not be allowed to 

contact clothing or skin. 

Always wear eye protection when clean- 

ing the battery to prevent the caustic deposits 

from entering your eyes. 

Household current 
When using an electric power tool, 

inspection light, etc., which operates on 

household current, always make sure that the 

tool is correctly connected to its plug and that, 

where necessary, it is properly grounded. Do 

not use such items in damp conditions and, 

again, do not create a spark or apply exces- 

sive heat in the vicinity of fuel or fuel vapor. 

Secondary ignition system 
voltage 

A severe electric shock can result from 

touching certain parts of the ignition system 

(such as the spark plug wires) when the 

engine is running or being cranked, particu- 

larly if components are damp or the insulation 
is defective. In the case of an electronic igni- 
tion system, the secondary system voltage is 

much higher and could prove fatal. 

Hydrofluoric acid 
This extremely corrosive acid is formed 

when certain types of synthetic rubber, found 
in some O-rings, oil seals, fuel hoses, etc. are 

exposed to temperatures above 750-degrees 

F (400-degrees C). The rubber changes into 

a charred or sticky substance containing the 
acid. Once formed, the acid remains danger- 

ous for years. If it gets onto the skin, it may be 

necessary to amputate the limb concerned. 

When dealing with a vehicle which has 
suffered a fire, or with components salvaged 

from such a vehicle, wear protective gloves 

and discard them after use. 
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This section provides an easy reference — 
guide to the more common problems which 

may occur during the operation of your vehicle. 

These problems and their possible causes are 
grouped under headings denoting various com- 

ponents or systems, such as Engine, Cooling 

system, etc. They also refer you to the chapter 

and/or section which deals with the problem. 

Remember that successful troubleshooting 

is not a mysterious black art practiced only by 

professional mechanics. It is simply the result 

of the right knowledge combined with an intel- 

ligent, systematic approach, to the problem. 

Always work by a process of elimination, 

starting with the simplest solution and work- 

ing through to the most complex - and never 

overlook the obvious. Anyone can run the gas 

tank dry or leave the lights on overnight, so 

don’t assume that you are exempt from such 

oversights. 
Finally, always establish a clear idea of 

why a problem has occurred and take steps 

to ensure that it doesn’t happen again. If the 

electrical system fails because of a poor con- 

nection, check the other connections in the 

system to make sure that they don’t fail as 

well. If a particular fuse continues to blow, 

find out why - don’t just replace one fuse after 

another. Remember, railure of a small compo- 

nent can often be indicative of potential failure 

or incorrect functioning of a more important 

component or system. 

Engine 

1 Engine will not rotate when 

attempting to start 

1 Battery terminal connections loose or 

corroded (Chapter 1). 
2 Battery discharged or faulty (Chapters 1 

and 5). 
3 Automatic transmission not completely 
engaged in Park (Chapter 7) or clutch pedal 

not completely depressed (Chapter 6). 

4 Broken, loose or disconnected wiring in 

the starting circuit (Chapters 5 and 12). 

5 Starter motor pinion jammed in flywheel/ 
driveplate ring gear (Chapter 5). 

6 Starter solenoid faulty (Chapter 5). 

7 Starter motor faulty (Chapter 5). 

8 Ignition switch faulty (Chapter 12). 
9 Starter pinion or flywheel/driveplate teeth 
worn or broken (Chapter 5). 

2 Engine rotates but will not start 

Fuel tank empty. 

Battery discharged (engine rotates 

lowly) (Chapter 5). 
3 Battery terminal connections loose or 

corroded (Chapter 1). 

4 Leaking fuel injector(s), faulty fuel pump, 

pressure regulator, etc. (Chapter 4). 
5 _ Broken timing belt or chain (Chapter 2A, 
2B or 2C). 

Qn- 

6 Ignition system problem (Chapter 5). 

7 Worn, faulty or incorrectly-gapped spark 

plugs (Chapter 1). 
8 Defective crankshaft or camshaft sensor 

(Chapter 6). 

3 Engine hard to start when cold 

1. Battery discharged or low (Chapter 1). 
2. Malfunctioning fuel system (Chapter 4). 
3. Faulty coolant temperature sensor or 

intake air temperature sensor (Chapter 6). 

4 Faulty ignition system (Chapter 5). 

4 Engine hard to start when hot 

1__ Air filter clogged (Chapter 1). 
2  Malfunctioning fuel system (Chapter 4). 

3. Corroded battery connections (Chap- 

ter 1). 

4 Faulty coolant temperature sensor or 

intake air temperature sensor (Chapter 6). 

5 Starter motor noisy or 

excessively rough in engagement 

1 Pinion or flywheel/driveplate gear teeth 

worn or broken (Chapter 5). 
2 Starter motor mounting bolts loose or 

missing (Chapter 5). 

6 Engine starts but stops 
immediately 

1 Insufficient fuel reaching the fuel 

injector(s) (Chapters 1 and 4). 

2 Vacuum leak at the gasket between 

the intake manifold/plenum and throttle body 

(Chapter 4). 

7 Oil puddle under engine 

1. Oil pan gasket and/or oil pan drain bolt 

washer leaking (Chapter 2). 
2 Oil pressure sending unit leaking (Chap- 

ter 2). 

3. Valve cover leaking (Chapter 2). 

4 Engine oil seals leaking (Chapter 2). 

5 Oil pump housing leaking (Chapter 2). 

8 Engine lopes while idling or idles 

erratically 

1 Vacuum leakage (Chapters 2 and 4). 

2 Leaking EGR valve (Chapter 6). 
3 Air filter clogged (Chapter 1). 

4 Malfunction in the fuel injection or engine 

control system (Chapters 4 and 6). 

5 Leaking head gasket (Chapter 2). 

6 Timing chain and/or sprockets worn 
(Chapter 2). 

7 Camshaft lobes worn (Chapter 2). 

9 Engine misses at idle speed 

1. Spark plugs worn or not gapped properly 

(Chapter 1). 
2 Faulty coil(s) (Chapter 1). 
3 Vacuum leaks (Chapter 1). 
4 Uneven or low compression (Chapter 2). 

5 Problem with the fuel injection system 

(Chapter 4). 

10 Engine misses throughout 

driving speed range 

1 Fuel filter clogged and/or impurities in 

the fuel system (Chapter 4). 

2 Low fuel pressure (Chapter 4). 

3 Faulty or incorrectly gapped spark plugs 

(Chapter 1). 
4 Faulty emission system components 

(Chapter 6). 

5 Low or uneven cylinder compression 

pressures (Chapter 2). 

6 Weak or faulty ignition system (Chap- 

ter 5). 

7 Vacuum leak in fuel injection system, 

intake manifold, air control valve or vacuum 

hoses (Chapters 4 and 6). 

11 Engine stumbles on acceleration 

1 Spark plugs fouled (Chapter 1). 

2 Problem with fuel injection or engine 

control system (Chapters 4 and 6). 

3 Fuel filter clogged (Chapters 1 and 4). 

4 Intake manifold air leak (Chapters 2 

and 4). 

5 Problem with the emissions control sys- 

tem (Chapter 6). 

12 Engine surges while holding 

accelerator steady 

1 Intake air leak (Chapter 4). 

2 Fuel pump or fuel pressure regulator 
faulty (Chapter 4). 

3 Problem with the fuel injection system 
(Chapter 4). 

4 Problem with the emissions control sys- 
tem (Chapter 6). 

13 Engine stalls 

1 Fuel filter clogged and/or water and 

impurities in the fuel system (Chapter 4). 

2 Faulty emissions system components 

(Chapter 6). 

3 Faulty or incorrectly-gapped spark plugs 
(Chapter 1). 

4 Vacuum leak at fuel injector(s), intake 

manifold or vacuum hoses (Chapters 2 
and 4). 
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14 Engine lacks power 

1 Obstructed exhaust system (Chapter 4). 

2 Faulty or incorrectly-gapped spark plugs 
(Chapter 1). 

3 Problem with the fuel injection system 
(Chapter 4). 
4 _ Dirty air filter (Chapter 1). 

5 _ Brakes binding (Chapter 9). 
6 Automatic transmission fluid level incor- 
rect (Chapter 1). 
7 — Clutch slipping (Chapter 8). 
8 Fuel filter clogged and/or impurities in 

the fuel system (Chapters 1 and 4). 
9 Emission control system not functioning 

properly (Chapter 6). 
10 Low or uneven cylinder compression 

pressures (Chapter 2). 

15 Engine backfires 

1 Emission control system not functioning 

properly (Chapter 6). 
2 Problem with the fuel injection system 

(Chapter 4). 
3 Vacuum leak at fuel injector(s), intake 

manifold. or vacuum hoses (Chapters 2 

and 4). 
4 Valve sticking (Chapter 2). 

16 Pinging or knocking engine 

sounds during acceleration or 

uphill 

Incorrect grade of fuel. 
Fuel injection system faulty (Chapter 4). 
Improper or damaged spark plugs or 

ires (Chapter 1). 
Knock sensor defective (Chapter 6). 
EGR valve not functioning (Chapter 6). 

Vacuum leak (Chapters 2 and 4). OnhRS WN= 
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17 Engine runs with oil pressure 

light on 

4 Low oil level (Chapter 1). 
2 Idle rpm below specification (Chapter 1). 

3. Short in wiring circuit (Chapter 12). 

4 Faulty oil pressure sender (Chapter 2). 
5 Worn engine bearings and/or oil pump 

(Chapter 2). 

48 Engine continues to run after 

switching off 

1 Defective ignition switch (Chapter 12). 

2 Faulty Powertrain Control Module (Chap- 

ter 6). 
3 Faulty Body Control Module. 
4 Leaking fuel.injector (Chapter 4). 

Engine electrical systems 

19 Battery will not hold a charge 

1 Drivebelt or tensioner defective (Chap- 

ter 1). 
2 Battery electrolyte level low (Chapter 1). 

3 Battery terminals loose or corroded 

(Chapter 1). 
4 Alternator not charging properly (Chap- 

ter 5). 

5 Loose, broken or faulty wiring in the 
charging circuit (Chapter 5). 

6 Internally defective battery (Chapters 1 

and 5). 

20 Alternator light fails to go out 

1 Faulty alternator or charging circuit 

(Chapter 5). 
2 _Drivebelt or tensioner defective (Chap- 

ter 1). 

21 Alternator light fails to come on 

when key is turned on 

1 Instrument cluster defective (Chapter 12). 

2 Fault in the wiring harness (Chapter 12). 

Fuel system 

22 Excessive fuel consumption 

1 Dirty air filter element (Chapter 1). 

2 Emissions system not functioning prop- 

erly (Chapter 6). 
3 Fuel injection system not functioning 

properly (Chapter 4). 
Low tire pressure or incorrect tire size 

(Chapter 1). 

23 Fuel leakage and/or fuel odor 

1 Leaking fuel line (Chapters 1 and 4). 

2 Tank overfilled. 
3 Evaporative emissions control system 

problem (Chapters 1 and 6). 
4 Problem with the fuel injection system 

(Chapter 4). 

Cooling system 

24 Overheating 

1 Insufficient coolant in system (Chap- 

ter 1). 

2 Water pump drivebelt defective or out of 

adjustment (Chapter 1). 

wo Radiator core blocked or grille restricted 

Chapter 3). 

Thermostat faulty (Chapter 3). 
Electric coolant fan inoperative or blades 

broken (Chapter 3). 
Expansion tank cap not maintaining 

proper pressure (Chapter 3). 
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25 Overcooling 

Faulty thermostat (Chapter 3). 
Inaccurate temperature gauge sending 

unit (Chapter 3). 
ny — 

26 External coolant leakage 

ne Deteriorated/damaged hoses; loose 

clamps (Chapters 1 and 3). 
Water pump defective (Chapter 3). 

Leakage from radiator core or coolant 

reservoir (Chapter 3). 
Engine drain or water jacket core plugs 

leaking (Chapter 2). 

won 
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27 Internal coolant leakage 

— Leaking cylinder head gasket (Chap- 

ter 2). 
Cracked cylinder bore or cylinder head 

(Chapter 2). 

NO 

28 Coolant loss 

— Too much coolant in reservoir (Chap- 

ter 1). 
Coolant boiling away because of over- 

heating (Chapter 3). . 

3 Internal or external leakage (Chapter 3). 

4 Faulty radiator cap (Chapter 3). 

NO 

29 Poor coolant circulation 

1 Inoperative water pump (Chapter 3). 

2 Restriction in cooling system (Chapters 1 

and 3). 
3  Drivebelt or tensioner defective (Chap- 

ter 1). 
4 Thermostat sticking (Chapter 3). 

Clutch 

30 Pedal travels to floor - no 

pressure or very little resistance 

1 Master or release cylinder faulty (Chap- 

ter 8). 
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2 _Hose/pipe burst or leaking (Chapter 8). 

3 Connections leaking (Chapter 8). 
4 No fluid in reservoir (Chapter 8). 

5 If fluid level in reservoir rises as pedal is 

depressed, master cylinder center valve seal 

is faulty (Chapter 8). 

6 If there is fluid on dust seal at master 

cylinder, piston primary seal is leaking (Chap- 
ter 8). 

7 Broken release bearing or fork (Chap- 
ter 8). 
8 Faulty pressure plate diaphragm spring 
(Chapter 8). 

31 Fluid in area of master cylinder 

dust cover and on pedal 

Rear seal failure in master cylinder 

(Chapter 8). 

32 Fluid dripping from transmission 

bellhousing 

Release cylinder seal faulty (Chapter 8). 

33 Pedal feels spongy when 

depressed 

Air in system (Chapter 8). 

34 Unable to select gears 

1 Faulty transmission (Chapter 7A). 

2 Faulty clutch disc or pressure plate 

(Chapter 8). 
3 Faulty release lever or release bearing 

(Chapter 8). : 

4 Faulty shift lever assembly or linkage 

(Chapter 8). 

35 Clutch slips (engine speed 

increases with no increase in 

vehicle speed) 

Clutch plate worn (Chapter 8). 

2 Clutch plate is oil soaked by leaking rear 

main seal (Chapters 2 and 8). 
3 Clutch plate not seated (Chapter 8). 

4 Warped pressure plate or flywheel 

(Chapter 8). 

5 Weak diaphragm springs (Chapter 8). 

6 Clutch plate overheated. Allow to cool. 

36 Grabbing (chattering) as clutch is 

engaged 

1 Oil on clutch plate lining, burned or 

glazed facings (Chapter 8). 

2 Worn or loose engine or transmission 

mounts (Chapter 2). 
3. Worn splines on clutch plate hub (Chap- 

ter 8). 
4 Warped pressure plate or flywheel 

(Chapter 8). 
5 Burned or smeared resin on flywheel or 
pressure plate (Chapter 8). 

37 Transmission rattling (clicking) 

1 Release lever loose (Chapter 8). 

2 Clutch plate damper spring failure (Chap- 

ter 8). 

38 Noise in clutch area 

1 Fork shaft improperly installed (Chap- 

ter 8). 
2 Faulty bearing (Chapter 8). 

39 Clutch pedal stays on floor 

1 Clutch master cylinder faulty (Chap- 

ter 8). 
2 Broken release bearing or fork (Chap- 
ter 8). 

40 High pedal effort 

1 Clutch master cylinder faulty (Chapter 8). 
2 Pressure plate faulty (Chapter 8). 

Manual transmission 

41 Knocking noise at low speeds 

Worn input shaft bearing (Chapter 7A).* 

42 Noise most pronounced when 

turning 

Rear differential gear noise (Chap- 
ter 10).* 

43 Clunk on acceleration or 

deceleration 

1 Loose engine or transmission mounts 

(Chapter 2). 

2 Worn differential pinion shaft in case.* 

3. Worn side gear shaft counterbore in rear 

differential case (Chapter 10).* 

44 Clicking noise in turns 

Worn or damaged outboard CV joint 

(Chapter 8). 

45 Vibration 

Rough wheel bearing (Chapter 10). 
Damaged drive shaft (Chapter 8). 
Out-of-round tires (Chapter 1). 
Tire out of balance (Chapters 1 and 10). 

Worn driveshaft joints (Chapter 8). akhwnd — 

46 Noisy in neutral with engine 

running 

1 Damaged input gear bearing (Chap- 
ter 7A).* 

2 Damaged clutch release bearing (Chap- 

ter 8). 

47 Noisy in one particular gear 

1 Damaged or worn constant mesh gears 

(Chapter 7A).* 
2 Damaged or worn synchronizers (Chap- 

ter 7A).* 

3. Bent reverse fork (Chapter 7A).* 
4 Damaged fourth/fifth speed gear or out- 
put gear (Chapter 7A).* 
5 Worn or damaged reverse idler gear or 
_idler bushing (Chapter 7A).* 

48 Noisy in all gears 

1 Insufficient lubricant (Chapter 7A). 
2 Damaged or worn bearings (Chap- 

ter 7A).* 

3 Worn or damaged input gear shaft and/ 

or output gear shaft (Chapter 7A).* 

49 Slips out of gear 

1 Worn or improperly adjusted linkage 
(Chapter 7A). 

2 _ Shift linkage does not work freely, binds 
(Chapter 7A). 

3 Input gear bearing retainer broken or 
loose (Chapter 7A).* 

4 Worn or bent shift fork (Chapter 7A).* 

50 Leaks lubricant 

1. Excessive amount of lubricant in trans- 

mission (Chapters 1 and 7A). 
2 Loose or broken input gear shaft bearing 
retainer (Chapter 7A).* 

3 Input gear bearing retainer O-ring and/or 
lip seal damaged (Chapter 7A).* 

4 Output shaft seal worn (Chapter 7A). 

51 Locked in gear 

Lock pin or interlock pin missing (Chap- 
ter 7A).* 

* Although the corrective action necessary to 

remedy the symptoms described is beyond 
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the scope of this manual, the above informa- 
tion should be helpful in isolating the cause of 

the condition so that the owner can communi- 
cate clearly with a professional mechanic. 

Automatic transmission 
Note: Due to the complexity of the auto- 

matic transmission, it is difficult for the home 
mechanic to properly diagnose and service 

this component. For problems other than the 

following, the vehicle should be taken to a 
dealer or transmission shop. 

52 Fluid leakage 

1. Automatic transmission fluid is a deep 

red color. Fluid leaks should not be confused 
with engine oil, which can easily be blown 
onto the transmission by air flow. 

2 To pinpoint a leak, first remove all 
built-up dirt and grime from the transmis- 

sion housing with degreasing agents and/or 

steam cleaning. Then drive the vehicle at low 

speeds so air flow will not blow the leak far 
from its source. Raise the vehicle and deter- 

mine where the leak is coming from. Common 

areas of leakage are: 

a) Transmission oil lines (Chapter 7). 
b) Speed sensor (Chapter 6). 
c) Driveshaft rear oil seal (Chapter 7). 

. 53 Transmission fluid brown or has 

a burned smell 

Transmission fluid overheated (Chap- 

ter 1). 
« 

54 General shift mechanism 

problems 

1 Chapter 7, Part B, deals with checking 

and adjusting the shift linkage on automatic 

transmissions. Common problems which may 

be attributed to poorly adjusted linkage are: 

a) Engine starting in gears other than Park 

or Neutral. 
b) Indicator on shifter pointing to a gear 

other than the one actually being used. 

c) Vehicle moves when in Park. 

2 Refer to Chapter 7B for the shift linkage 

adjustment procedure. 

55 Transmission slips, shifts 

roughly, is noisy or has no drive 

in forward or reverse gears 

There are.many probable causes for 

the above problems, but the home mechanic 

should be concerned with only one possibil- 

ity - fluid level. Before taking the vehicle to a 

repair shop, check the level and condition of 

the fluid as described in Chapter 1. Correct 

the fluid level as necessary or change the fluid 

and filter if needed. If the problem persists, 

have a professional diagnose the cause. 

Rear driveaxles 

56 Clicking noise in turns 

Worn or damaged outboard CV joint 
‘(Chapter 8). 

57 Shudder or vibration during 
acceleration 

1 Excessive toe-in (Chapter 10). 

2 Worn or damaged inboard or outboard 

CV joints (Chapter 8). 

3. Sticking inboard CV joint assembly 
(Chapter 8). 

58 Vibration at highway speeds 

1 Out-of-balance front wheels and/or tires 

(Chapters 1 and 10). 
2  Out-of-round front tires (Chapters 1 

and 10). 
3 Worn CV joint(s) (Chapter 8). 

Brakes 

Note: Before assuming that a brake problem 

exists, make sure that: 

a) The tires are in good condition and prop- 

erly inflated (Chapter 1). 

b) The front end alignment is correct. 
c) The vehicle is not loaded with weight in 

an unequal manner. 

59 Vehicle pulls to one side during 

braking 

1 Incorrect tire pressures (Chapter 1). 

2 Front end out of alignment (have the 

front end aligned). 
3 Front, or rear, tire sizes not matched to 

one another. 
4 Restricted brake lines or hoses (Chap- 

ter 9). 
5 Malfunctioning caliper assembly (Chap- 

ter 9). 
6 Loose suspension parts (Chapter 10). 

7 Excessive wear of pad material or disc 

‘on one side (Chapter 9). 
8 Contamination (grease or brake fluid) of 

brake pad material or disc on one side (Chap- 

ter 9). 

60 Noise (high-pitched squeal or 

grinding when the brakes are 

applied) 

Brake pads worn out. Replace pads with 

new ones immediately (Chapter 9). 

oO 1 Brake roughness or chatter 

(pedal pulsates) 

1 Excessive lateral runout (Chapter 9). 

2 Uneven pad wear (Chapter 9). 

3 Defective disc (Chapter 9). 

62 Excessive brake pedal effort 

required to stop vehicle 

= Malfunctioning power brake booster 

(Chapter 9). 
2 Partial system failure (Chapter 9). 

3 Excessively worn pads (Chapter 9). 
4 Piston in caliper stuck or sluggish (Chap- 

ter 9). 
5 Brake pads contaminated with oil or 

grease (Chapter 9). 
Brake disc grooved and/or glazed (Chap- 

ter 9). 

oO 

63 Excessive brake pedal travel 

Partial brake system failure (Chapter 9). 

Insufficient fluid in master cylinder (Chap- 

ters 1 and 9). 
Air trapped in system (Chapter 9). 

np — 
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64 Dragging brakes 

Incorrect adjustment of brake light switch 

(Chapter 9). 
Master cylinder pistons not returning cor- 

rectly (Chapter 9). 
Caliper piston stuck (Chapter 9). 
Restricted brakes lines or hoses (Chap- 

ter 9). 
Incorrect parking brake adjustment 

(Chapter 9). 
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65 Grabbing or uneven braking 

action 

—* Malfunction of proportioning valve (Chap- 

ter 9). 
Contaminated brake linings (Chapter 9). Nh 

66 Brake pedal feels spongy when 

depressed 

1 Air in hydraulic lines (Chapter 9). 

2 Master cylinder mounting bolts loose 

(Chapter 9). 
3 Master cylinder defective (Chapter 9). 

67 Brake pedal travels to the floor 

with little resistance 

1 Little or no fluid in the master cylinder 

reservoir caused by leaking caliper piston(s) 

(Chapter 9). 
2 Loose, damaged or disconnected brake 

lines (Chapter 9). 
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68 Parking brake does not hold 

Parking brake improperly adjusted 

(Chapter 9). 

Suspension and steering systems 

Note: Before attempting to diagnose the sus- 

pension and steering systems, perform the 

following preliminary checks: 

a) Tires for wrong pressure and uneven 

wear. 

b). Steering universal joints from the column 

to the rack and pinion for loose connec- 

tors or wear. 

c) Front and rear suspension and the rack- 

’ and-pinion assembly for loose or dam- 
aged parts. 

d) Out-of-round or out-of-balance tires, bent 

rims and loose and/or rough wheel bear- 

ings. 

69 Vehicle pulls to one side 

1 Mismatched or uneven tires (Chap- 

ter 10). 

2 Broken or sagging springs (Chapter 10). 
3 Wheel alignment incorrect. Have the 

wheels professionally aligned. 

4 Front brake dragging (Chapter 9). 

70 Abnormal or excessive tire wear 

1 Wheel alignment out-of-specification. 

Have the wheels aligned. 

2 Sagging or broken springs (Chapter 10). 
3 Tire out-of-balance (Chapter 10). 

4 Worn shock absorber (Chapter 10). 

5 Overloaded vehicle. 
6 Tires not rotated regularly. 

71 Wheel makes a thumping noise 

1 Blister or bump on tire (Chapter 10). 
2 Improper shock absorber action (Chap- 

ter 10). 

72 Shimmy, shake or vibration 

1 ‘Tire or wheel out-of-balance or out-of- 

round (Chapter 10). 

2 Loose or worn wheel bearings (Chap- 

ter 10). 
3 Worn tie-rod ends (Chapter 10). 

4 Worn balljoints (Chapters 1 and 10). 
5 Excessive wheel runout (Chapter 10). 

6 _ Blister or bump on tire (Chapter 10). 

73 Hard steering 

41 Worn balljoints and/or tie-rod ends 

(Chapter 10). 

2 Wheel alignment out-of-specifications. 

Have the wheels professionally aligned. 
3 Low tire pressure(s) (Chapter 1). 
4 Worn steering gear (Chapter 10). 

74 Poor returnability of steering to 

center 

1 Worn balljoints or tie-rod ends (Chap- 

ter 10). 
2 Worn steering gear assembly (Chap- 
ter 10). 

3 Wheel alignment out-of-specifications. 
Have the wheels professionally aligned. 

75 Abnormal noise at the front end 

1 Worn balljoints or tie-rod ends (Chap- 

ter 10). 
2 Damaged shock absorber mounting 

(Chapter 10). 

3 Worn control arm bushings or tie-rod 
ends (Chapter 10). 
4 Loose stabilizer bar (Chapter 10). 

5 _ Loose wheel nuts (Chapter 1). 
6 _ Loose suspension bolts (Chapter 10). 

76 Wander or poor steering stability 

1 Mismatched or uneven tires (Chap- 
ter 10). 

2 Lack of lubrication at balljoints and tie- 
rod ends (Chapters 1 and 10). 
3. Worn shock absorber assemblies (Chap- 

ter 10). 

4 — Broken or sagging springs (Chapter 10). 
5 Wheels out of alignment. Have the 
wheels professionally aligned. 

77 Erratic steering when braking 

1. Wheel bearings worn (Chapter 10). 

2 Broken or sagging springs (Chapter 10). 
3. Leaking wheel cylinder or caliper (Chap- 
ter 10). 
4 Excessive brake disc runout (Chap- 
ter 9). 

78 Excessive pitching and/or rolling 

around corners or during braking 

1 _ Loose stabilizer bar (Chapter 10). 
2 Worn shock absorbers or mountings 
(Chapter 10). 

3 Broken or sagging springs (Chapter 10). 
4 Overloaded vehicle. 

79 Suspension bottoms 

1 Overloaded vehicle. 
2 Sagging springs (Chapter 10). 

80 Cupped tires 

1 Front wheel or rear wheel alignment out- 
of-specifications. Have the wheels profession- 

ally aligned. 
2 Worn shock absorbers (Chapter 10). 
3. Wheel bearings worn (Chapter 10). 

4 Excessive tire or wheel runout (Chap- 

ter 10). 
5 Worn balljoints (Chapter 10). 

81 Excessive tire wear on outside 

edge 

1 Inflation pressures incorrect (Chapter 1). 

2 Excessive speed in turns. 

3 Wheel alignment incorrect (excessive 

toe-in). Have professionally aligned. 
4 Suspension arm bent (Chapter 10). 

82 Excessive tire wear on inside 

edge 

1 Inflation pressures incorrect (Chapter 1). 
2 Wheel alignment incorrect (toe-out). 

Have professionally aligned. 
3 Loose or damaged steering components 

(Chapter 10). 

83 Tire tread worn in one place 

1 Tires out-of-balance. 
2 Damaged wheel. Inspect and replace if 

necessary. 
3 Defective tire (Chapter 1). 

84 Excessive play or looseness in 

steering system 

1 Wheel bearing(s) worn (Chapter 10). 
2. Tie-rod end loose (Chapter 10). 
3 Steering gear loose (Chapter 10). 
4 Worn or loose steering intermediate 

shaft U-joint (Chapter 10). 

85 Rattling or clicking noise in 
steering gear 

Steering gear loose (Chapter 10). 
Steering gear defective. nN — 



Chapter 1 
Tune-up and routine maintenance 
Contents 

Section Section 

Air filter check and replacement .........-...::ceecseeresesceesseterseeesseseanenes 19 [fa iscere Oot (lo) sees eecreetere en nere errno dece Sannin here creer Sasa EDO Pooutscpns 2 

Automatic transmission fluid and filter Change .............:::ccscceeenreees 25 Maintenance SCNEGUIC ta .-:.cccscceversvecsaptec onsntaruesurstve»-Saapeuaretanraderen 1 

Automatic transmission fluid level CheCK..............:::cecsccecsereeeeseeers 7 Manual transmission lubricant Change .............::::csessseseeseresseseres 26 

Battery check, maintenance and CharQing ..........:.seceeeeeeeeeeeeeees 9 Manual transmission lubricant level CheCK ............:::cesseesessseeenereees 17 

EieAC NCEE Kreme ct ee is treet fein cercsexe aie = san sp ots sbcnare tinvsbivensnadcanid 14 Rear differential lubricant CHANGE...............:ccceeseessesseeeeesnteeeeeennee 27 

Baca TRUE CII AIIGG reste wet ope ciaeartscneaneees soars steers eaeatanumesecsatactepecs 23 Rear differential lubricant level ChECK...........:.::cscscessecesreeesseeesnes 18 

Gab inaliltenneplaGeMmente-scnt. crc: taceeca sates sever poncanerevas\eeacesacaenees 20 Seatibeltichecke se cecct crest ch rteeat een cots comet cmnerNeainr emacs 12 

GOOIINGSVSLSTN CHO CK. ccclecc<-c:.-cacreccsnseseesanserasesudeceancesarernorsuereeconi 10 Spark plug check and replaceMent .............ccccescceeeeneeseneetrereneeeees 28 

Cooling system servicing (draining, flushing and refilling)............. 22 Steering, suspension and driveaxle boot CHECK... 15 

Drivebelt check and replacement .............::ccccstecensecesesteeessrreresnee 24 Tire and tire preSSure CHECKS ...............0:csesneesssecsssneenneseneeeeseeeetes 5 

Engine oil and filter CHANGE ...........:cecceceesceseeeeeseeeeeeettereeerssneeseenenes 6 Tl Cevrot taille qVincgen enters nchece ero ce ciccae ean tem rere ee bree bon DeLee NehccRsinag Gedne 11 

Exhaust system Check............::ssccsscsssessssrssesscsestserseessensesesenerenes 21 Tune-up general information ...........cceccecesseeeeenteeteeeteeeereeteeeeneeens 3 

PNGHIGVEIGMOCKSe settee cecrtscerccecceren staan irces<each angosucasunsenmatesexs fesierses 4 Underhood hose check and replacement. ...........::ccccdeeseessrneereeees 13 

Fuel SyStem CHOCK.........ceccesccccessessectesseesecneeescneteecssessseasenseneeaeeneens 16 Windshield wiper blade inspection and replacement.............-..+.+- 8 

Specifications : 

Recommended lubricants and fluids 

Note: Listed here are manufacturer recommendations at the time this manual was written. Manufacturers occasionally upgrade their fluid and lubri- 

cant specifications, so check with your local auto parts store for current recommendations. 

Engine oil* 

TYPO ccecccctcssceceresveenetiancosssnsestiossscesscucnesesvsvsenenssssbsssetenseisuenesearenenestontses 

VISCOSItY ........cscceceescvesctssrssnsenessesneenscsennesenenarsncessneenssuagunneinnnesasnsaesusrse® 

Automatic transmission flUid.............c::ccceesececesseeesnteeesenreeseneeeeeneeesenneeenes 

Manual transmission lubricant 

Getrag 5-SPe@d «0.0... ccccescsesescseseseeeeeeeesetsnsesserensneneaensnensacaneracneesesnenens 

TrEMe@C 6-SPCE ........cecesssessseseeseseeeeetesseeetersseeeeseceesseenecsenecesnesesnenans 

Aisin AY6 6-SP@@d .............:csseccssseeseseceeteeersanesesseseeansecsensareasaenerensnseees 

Rear differential lubricant 

2006 and earlier MOCEIS............c:cccccceesnecseseeeeeeeeeteeteeeeersaeeseseseeeetaners 

2007 and later MOCEIS ...........:ccceeeceeeeescessneeeeeeseersnseeeesenseesseneeerenenees 

Limited slip rear differential AdditIVE .............:cceserenereteestte tenets te teestens 

Brake fis sc.scccccvgcsccnceocscosssccdoscctvevsteeeccasvavsauvasenareesseecerasssuccessesstinnteesrenss 

Clutch fluid 

2004 and earlier MOCEIS...........:cceccereseeerceeseesstteeesersrenecaeeneeeersreesnees 

2005 and later MOCEIS...........c.ecceeteesscsecneeeneeterenseesseesseeseeeneereeeearenses® 

EMGIMG COOIANE........<.ccaceesecsercnsnecsecsnnecsesentoncneetesenverenssersocssnassuenensracancaseses 

Power steering system......... MR eee cay caer Sr sazaneeaeseoadasacrnrasee 

Synthetic Mobil 1, API “certified for gasoline engines” 

SAE 5W-30 
DEXRON-VI 

DEXRON-III or equivalent 
DEXRON-III or equivalent 

GL-5, SAE 75W-90 rear oil 

GM part no. 12378261 rear axle (synthetic) lubricant, or equivalent 

GM part no. 89021677 rear axle (synthetic) lubricant, or equivalent 

GM part# 1052358 

DOT 3 brake fluid 

DOT 3 brake fluid 

DOT 4 brake fluid 

50/50 mixture of DEX-COOL coolant and water 

GM power steering fluid part# 89021184 

*Caution: Use only oil that has the standard designation “GM 4718M” or possible engine damage can occur and void the vehicle warranty. 
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Capacities* 
Engine oil (including filter) 

V6 engines 

Coolant 
V6 engines 

3.6L (LLT, LFX) 
ZOO Re Ser hast stew, Vottccr ts cev ay neat sae Mnpt cine ad oeSbasg sas eae oeer abe 
ZO TO MHrOwUGMT ZOA2 eeere conecceteee cease fea tasee ccna treed cass gaccadiee eteere 

QOMS ANG lALS ese Peer rat ne tiecec eee Seceteee ee ee ete eure 
V8 engines 

LST ALS Ee a Ne ae ae Te ee ae ie Be aati Be eee 

6.2L charger air (intercooler) SYStOM ..........::ccsscecestercesseseeeseeesenees 
Automatic transmission 

2003 models 

2013 and later models 
Dry fill 

GE46i(RPOI Code! MYA) cise ecterttarssstbautethecscsssesicteraredeuae oscars 
GESOM( REO GodeiMYB) ei cctersenacsasscnestancapstatevanass teacuted weap ie 
GUOO (RP OLCodeiMY.D) kixctesrce.teecass soveasevtavsctys sdvanstran cxvatvershes 

PanremOved and Letls.sicc.cac. tease: czeceeveseeeevenshte«anoeup peed tawapgnensceeute 

Manual transmission 
GEMRAGIS-SDeOU tirtereeerriscc: acpeeteercreccucsriseoctsstuctemiapmtercareserestasesanerss 

AISI AV 6 1G-S DOCU ir. weisctesaccderesdetee be cneeancs otlsecersete oct stveciversabecaceavsetcte 
Tremec 6-speed 

ZOOBIANG: CAMliGl=. Acrsc.asn-cvessesscasetecbvedicoees nes scace iuseustaey Deesesupccereatt ts 

DOOD ANGI ALGH s wessccctersc evoke cx tae ch a vaevessecusantacs dfaunassyoesnceesscnvexstegs 

Rear differential 

With limited slip differential 

Draining; With COVER TCMOVEC tics. nccsccesxsesevest-ssencsate cakacesuscyesceeae-cs 
US Finite pelt= tno) We het econsne eter Apres tener uber repeat 

Without limited slip differential 

~ Draining With COVELr FEMOVED .5.,21ces-vicelevtsnecoctvtoansvsarepedadiecthntense 
US iticy A Fatimn) PUG seccese sees ste ess ccctutecessanepus.tereseaes fivepseveaeeres center iaess 

Limited slip differential additive 

Draining with COVEr FEMOVEG,,.....csecscanescannsisndsanctidadssove saatvalealonst vex 

Draining through drain plug......... asia datdedac hbaas Bate deat omc tpuver Oeuets serrate 

5.0 quarts (4.8 liters) 

6.0 quarts (5.7 liters) 

6.5 quarts (6.151 liters) 
5.5 quarts (5.2 liters) 
6.0 quarts (5.7 liters) 

Ooo OO re) 
Up to 10.6 quarts (10.0 liters) 
Up to 11.3 quarts (10.7 liters) 
Up to 11.3 quarts (10.7 liters) 

Cylinder locations - V6 engines 

Up to 12.0 quarts (11.3 liters) 

Up to 9.7 quarts (10.3 liters) 

Up to 10.6 quarts (10.0 liters) 

Up to 11.2 quarts (10.6 liters) 
Up to 12.3 quarts (11.6 liters) 

Up to 13.4 quarts (12.7 liters) 
Up to 13.4 quarts (12.7 liters) 
Up to 12.5 quarts (11.8 liters) 
2.4 quarts (2.3 liters) 

Up to 9.0 quarts (8.5 liters) 
Up to 5.0 quarts (4.7 liters) 

Up to 9.4 quarts (8.9 liters) 

Up to 7.4 quarts (7.0 liters) 
41743-1-A HAYNE 

Up to 11.4 quarts (10.8 liters) 
Up to 6.7 quarts (6.3 liters) Cylinder locations - V8 engines 

Up to 10.3 quarts (9.7 liters) 
Up to 9.8 quarts (9.3 liters) 
Up to 13.2 quarts (12.5 liters) 
Up to 6.7 quarts (6.3 liters) 

1.32 quarts (1 25 liters) 

1.9 quarts (1.8 liters) 

3.7 quarts (3.5 liters) 
4.0 quarts (3.8 liters) 

1.27 quarts (1.2 liters) 
1.06 quarts (1.0 liters) 

1.3 quarts (1.3 liters) 
1.16 quarts (1.1 liters) 

3.38 ounces (100 ml) 
2.37 ounces (70 ml) 

*All capacities approximate. Add as necessary to bring up to appropriate level. 
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Ignition system 
Spark plug type and gap 

Type 

V6 engines 

Bee anya ea he cea ccaapare ha cdoienduotiishiastigbsverscviees Bosch FGR8KQEO or equivalent 
A AEN Cele ee yentdetinics rods gins iocaipebleradaciotasgnieseriisosnsBes AC 41-988 or equivalent 

AAMAS NODS OP dee de gesecte certs ces c ke onvemrcdcestegddowesbyieeesvedveesss AC 41-988 or equivalent 
PE Oe ey Sy oh te, Ror POE Ot ae TOE kee ee a oe AC 41-990 or equivalent 

PESTS VG TELA G |) Be eh ae A ieee a eR a AC 41-990 or equivalent 

2010 and later (all) .......... MeN capt steve snd eskissi season Dcsveesnda incites AC-41-988 or equivalent 
V8 engines 

AAMAS ag fray cot 7 sre7 bad: Cases nodaen toh Fives aie ove vebwetpgacteaeiveb> AC 41-985 or equivalent 

ANT MN MN eps Seo Sete Seniseddeas de visvdbsticcgeutapsuveter sohvoovsees) «toe AC 41-104 or equivalent 
Gap (non adjustable) 

V6 engines 

ZOGA UA OAT IMEN Oiiites sec ad cate Popiaedeisiaus stdsbse cobasteh btext cveccvlaspvens 0.053 inch (1.35 mm) 

AMO EM EIT OOOO oz 36s esozssratia cn bint horesiniou dle cdcnotsacssuenesth veer 0.044 inch (1.10 mm) 
BLING AAA WEN 2 8 oe RS Re Ot OO 0.043 inch (1.1 mm) 
BES PATE CGN EE Dy RS Ds Ae 0.040 inch (1.02 mm) 

RMA Ne Hex ccs odedyaseseconodecencdte cahepasti ideas vensbeovietiieljeteeaee shes 0.040 inch (1.02 mm) 

Engine firing order 
OS SONS 2 sek ere 0c 0s avon Ln ee cide cdcasapoSeasesra iin <atqagen éetsedienesaessease 1-2-3-4-5-6 
RIM ea eda 0s A pea car vce ohiov ni itenponeoentae cup cedepatonrtsburi dhe dodceote? 1-8-7-2-6-5-4-3 

Brakes 
_ Disc brake pad lining thickness (MINIMUM) ............---:ececeesesresceeereceerersere 1/8 inch (3 mm) 

Drum brake shoe lining thickness (MINIMUM).............:::ccceecccceereeceerssssens 1/16 inch (1.5 mm) 
SRM MMATM CMS CHATSORSTVONN oe 23) oe oo rvs ov cBentensi trapped etodgessacdincortviveciogepssscbesee 3 to 5 clicks 

Torque specifications Ft-Ibs (unless otherwise indicated) Nm 

Note: One foot-pound (ft-lb) of torque is equivalent to 12 inch-pounds (in-Ibs) of torque. Torque values below approximately 15 foot-pounds are 

expressed in inch-pounds, because most foot-pound torque wrenches are not accurate at these smaller values. 

Automatic transmission check/fil) plug* (6L45/6L50/6L80/6L90)............. 18 Ds 

_ Automatic transmission drain plug* (5L40-E/5L50-E)..........::ceesceerseeerere 15 20 

Automatic transmission pan bolts* 

ZOO AA SAGES, AAR OR) oe poe doce cavacrorsnvonevasransunrpahdundroncessetes 97 in-lbs 11 

2008 and later (6L45/GL50/6L8O/6L90)........cccceceeccecesceesercersessensenees 80 in-lbs 9 

Drivebelt tensioner bolts 
OOM ZOOS, SIL VO CIVINOS secs czege cep cocsb ites teh penecardeetarcerensindesrecars 26 35 

2005 through 2012 7 
NANG VB CIID recs cerita cs oeecoresecusenstogeersecersodscdessinseaseyouvatsneersees 37 50 

2013 and later 
VG ONGC coon occa ctocerecesececrorsacsvevarecsocraevecartensosuassvssesosvesoocescness ie 18 25 

VB CNGINGS 2.0... eeecsercressereresesserscrssenersesncsassensssssrssnssnscaseacensensens 43 58 

Engine Of) Drain Plug... .-ccceccccecesesenerensesrsessssecnerererasasisnsssnsnsnasssasasasasiens 18 25 

- Manual transmission drain and fill plugs 

Getrag S-SPCOd 0... ee eeceecenenseserensesensrsensnssrerscessanesnanscnssasssnsstecisnanens 26 35 

Aisin AY6 B-SPCOCd 00:0... eeeecceccececsecreessesscsseecssrsenscssessesssssscasesesenasanes 27 37 

Tremec 6-speed 

DOOS ING CONS --2-0ncec-ssarecessocspsveopocecsaapnsseaasscstzesesrstpneteuranadssvencsses 159 in-lbs 18 

DIG NID VMN cose re ee ocoPeede cere cnn croscezconceredesrevossanecosceoessnssddssnsarsearese 20 27 

Oil filter housing cap (V6 CNGINES)........-..cereeererrsrerertenseeteerstsnnersrecesnes 18 25 

Rear differential COVer DONS ...........-:cceccceenresceesssceereseeersrsscerersssersnsssenaees 21 29 

Rear differential check/fill plug 

2003 through 2012......ceccceccercecersessescerensrsesesrsrsrsnsnessnsnsnensanaressnensesetens 29 39 

POAS ANG NALCL coo cccercecoensescocscvesernscceresrecovcsccceossapnsesesnnessvazeatsnessnanaenere® 17 23 

Spark plugs 
2003 through 2012 

VE CNGINCS....-:cscesecccncnerecerersenserersesesesssssensncarsnserarenensacescasasneninasees 15 ; 20 

VE CNGINCS...-.0.-c-rcererscsecsneresesrercncsssnessnsssnsensnsscarsnsenanensnsecensnsasaseaes 132 in-lbs 15 

2013 and later 
‘ 

VE CNGINES......-.-ccecerecesrenceersrresenessossnsasnensssenscsessncnransarasnsaceneasnsrnes 156 in-Ibs 18 

VE CNGINGS.....-..cccccreceecenercessnerensreecssensnsrencensncncarensesissscnensasenensessse® 
15 20 

Supercharger belt idler pulley bracket Tra Ee ese ae ee 37 50 

Supercharger idler pulley DOMtS........-.--eseerereersecceseneersrennsenrnnncenssenrseses 37 50 

Supercharger belt tensioner DOItS.......+-.---+-eeeeceeccrersserneenrenneetseenscessenesets 37 50 

Wheel lug nuts 
2007 yea PEA ioe paco tacts tere pteoeonccaccviburanessenvinosuceneseeszaseaseneas® 100 440 

2008 through 2012 .....sccececcerserseecerssssessersensncensscessasensasensnannennensantets 
140 190 

foes ie ose iva sanonainn ens a oe SE See an 
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Engine compartment components (3.0L V6 engine shown, other models similar) 

Coolant expansion tank 6 
Brake fluid reservoir Ti 

Engine oil dipstick 8 
Engine oil filler cap 9 

0 Oil filter housing 1 

Power steering fluid reservoir 

Air filter housing 
Windshield washer fluid reservoir 
Fuse/relay block 

Remote battery positive terminal 



Chapter 1 Tune-up and routine maintenance 

Typical engine compartment underside components (3.0L V6 engine shown, other models similar) 

1. Engine oil drain plug 4 Front disc brake caliper 

2 ~ Automatic transmission fluid level check plug 5 Exhaust system 

3 Radiator hose 6 Radiator drain fitting 
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eS 

Typical rear underside components 

1 Differential drain plug 4 Stabilizer bar 7 Outer CV boot 

2 Mufflers 5 Exhaust system hanger 8 Fuel tank 
3 Shock absorbers : 6 Inner CV boot 



1 Maintenance schedule 

The maintenance intervals in this manual are provided with the 

assumption that you, not the dealer, will be doing the work. These are 

the minimum maintenance intervals recommended by the factory for 
vehicles that are driven daily. If you wish to keep your vehicle in peak 

condition at all times, you may wish to perform some of these proce- 
dures even more often. Because frequent 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 for extended periods or drive for short distances (less than four 

miles) in below freezing temperatures, shorter intervals are also recom- 
mended. 

When your vehicle is new, it should be serviced by a factory autho- 
rized dealer service department to protect the factory warranty. In many 
cases, the initial maintenance check is done at no cost to the owner. 

Every 250 miles or weekly, 
whichever comes first 

Check the engine oil level (Section 4) 
Check the engine coolant level (Section 4) 

Check the brake and clutch fluid level (Section 4) 
Check the windshield washer fluid level (Section 4) 

Check the power steering fluid level (Section 4) 
Check the tires and tire pressures (Section 5) 

Every 3000 miles or 3 months, 
whichever comes first 

All items listed above plus: “ 

Change the engine oil and oil filter (Section 6) 

Every 7500 miles or 6 months, 
whichever comes first 

All items listed above plus: 

Inspect (and replace, if necessary) the windshield wiper 

blades (Section 8) 
Check and service the battery (Section 9) 

Check the cooling system (Section 10) 

-Rotate the tires (Section 11) 
Check the seat belts (Section 12) 

Every 15,000 miles or 12 months, 

whichever comes first 

All items listed above plus: - 

Check all underhood hoses (Section 13) 

Inspect the brake system (Section 14)* 

Inspect the suspension, steering and driveaxle boots 

(Section 15)* 
Check the fuel system (Section 16) 

Check the manual transmission lubricant level (Section 17) 

Check the rear differential lubricant level (Section 18) 
Check (and replace, if necessary) the air filter (Section 19)* 

Replace the cabin air filter (Section 20) 

Every 30,000 miles or 24 months, 

whichever comes first 

All items listed above plus: 

Check the automatic transmission fluid level (Section 7) 
Check the exhaust system (Section 21) 

Change the brake fluid (Section 23) 

Check/adjust the engine drivebelts (Section 24) 

Every 60,000 miles or 48 months, 

whichever comes first 

Replace the automatic transmission fluid and filter 

(Section 25)** 
Replace the manual transmission lubricant (Section 26)** 

Replace the rear differential lubricant (Section 27)** 

Check (and replace, if necessary) the spark plugs (conven- 

tional, non-platinum or iridium type) (Section 28) 

Every 100,000 miles 

Service the cooling system (drain, flush and refill) 

(Section 22) 
Replace the spark plugs (platinum or iridium type) 

(Section 28) 
*This item is affected by “severe” operating conditions 

as described below. If your vehicle is operated under 

“severe” conditions, perform all maintenance indicated 

with an asterisk (*) at 3000 mile/3 month intervals. 
Severe conditions are indicated if you mainly operate 

your vehicle under one or more of the following condi- 

tions: 

Operating in dusty areas 

Towing a trailer 

Idling for extended periods and/or low speed operation 

Operating when outside temperatures remain below freez- 
ing and when most trips are less than 4 miles 

** If operated under one or more of the following conditions, 

change the manual or automatic transmission fluid and 
differential lubricant every 30,000 miles: 

Operating in dusty areas 
In heavy city traffic where the outside temperature regularly 

reaches 90-degrees F (32-degrees C) or higher 

In hilly or mountainous terrain 

On flex-fuel models, using E85 fuel more than 50% of 

the time 
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2 ~=Introduction 

This Chapter is designed to help the 

home mechanic maintain the Cadillac CTS 

with the goals of maximum performance, 
economy, safety and reliability in mind. 

Included is a master maintenance sched- 

ule, followed by procedures dealing specifi- 
cally with each item on the schedule. Visual 

checks, adjustments, component replacement 

and other helpful items are included. Refer to 

the accompanying illustrations of the engine 

compartment and the underside of the vehicle 

for the locations of various components. 

Servicing the vehicle, in accordance with 

the mileage/time maintenance schedule and 
the step-by-step procedures will result in a 

planned maintenance program that should pro- 

duce a long and reliable service life. Keep in 
mind that it is a comprehensive plan, so main- 

taining some items but not others at the speci- 

fied intervals will not produce the same results. 

As you service the vehicle, you will discover 

that many of the procedures can - and should - 

be grouped together because of the nature of 

the particular procedure you're performing or 
because of the close proximity of two otherwise 

unrelated components to one another. 

For example, if the vehicle is raised for 

chassis lubrication, you should inspect the 

exhaust, suspension, steering and fuel sys- 
tems while you’re under the vehicle. When 

you're rotating the tires, it makes good sense 
to check the brakes since the wheels are 
already removed. Finally, let’s suppose you 

have to borrow or rent a torque wrench. Even 

if you only need it to tighten the spark plugs, 

you might as well check the torque of as many 

critical fasteners as time allows. 

The first step in this maintenance pro- 

gram is to prepare yourself before the actual 

work begins. Read through all the procedures 

you’re planning to do, then gather up all the 

parts and tools needed. If it looks like you 
might run into problems during a particular 

job, seek advice from a mechanic or an expe- 
rienced do-it-yourselfer. 

Owner’s Manual and VECI 

label information 
Your vehicle owner’s manual was writ- 

ten for your year and model and contains very 

specific information on component locations, 

specifications, fuse ratings, part numbers, etc. 

The Owner’s Manual is an important resource 

for the do-it-yourselfer to have; if one was not 

supplied with your vehicle, it can generally be 

ordered from a dealer parts department. 

Among other important information, the 

Vehicle Emissions Control Information (VECI) 

label contains specifications and procedures 

for applicable tune-up adjustments and, in 

some instances, spark plugs (see Chapter 6 

for more information on the VECI label). The 
information on this label is the exact mainte- 

nance data recommended by the manufac- 

turer. This data often varies by intended oper- 

4.2 Engine oil dipstick (A) and oil filler 
cap (B) locations (3.0L V6 engine shown, 

other models similar) 

ating altitude, local emissions regulations, 
month of manufacture, etc. 

This Chapter contains procedural details, 

safety information and more ambitious main- 

tenance intervals than you might find in 
manufacturer’s literature. However, you may 

also find procedures or specifications in your 
Owner’s Manual or VECI label that differ with 
what's printed here. In these cases, the Own- 

er’s Manual or VECI label can be considered 

correct, since it is specific to your particular 

vehicle. 

3. Tune-up general information 

The term tune-up is used in this manual 

to represent a combination of individual oper- 

ations rather than one specific procedure. 

lf, from the time the vehicle is new, the 

routine maintenance schedule is followed 

closely and frequent checks are made of fluid 
levels and high wear items, as suggested 

throughout this manual, the engine will be kept 
in relatively good running condition and the 

need for additional work will be minimized. 

More likely than not, however, there will 
be times when the engine is running poorly 

due to lack of regular maintenance. This is 

even more likely if a used vehicle, which has 

not received regular and frequent mainte- 

nance checks, is purchased. In such cases, 
an engine tune-up will be needed outside of 

the regular routine maintenance intervals. 

The first step in any tune-up or diagnos- 

tic procedure to help correct a poor running 

engine is a cylinder compression check. A 

compression check (see Chapter 2D) will 

help determine the condition of internal 

engine components and should be used as 

a guide for tune-up and repair procedures. If, 

for instance, a compression check indicates 

serious internal engine wear, a conventional 

tune-up will not improve the performance of 

the engine and would be a waste of time and 
money. Because of its importance, the com- 

pression check should be done by someone 

with the proper equipment and the knowledge 

to use it properly. 
The following procedures. are those most 

often needed to bring a generally poor run- 

ning engine back into a proper state of tune. 

Minor tune-up 
Check all engine related fluids (Section 4) 

Clean, inspect and test the battery 

(Section 9) 
Check the cooling system (Section 10) 

Check all underhood hoses (Section 13) 

Check the fuel system (Section 16) 
Check the air filter (Section 19) 

Check the drivebelt (Section 24) 

Major tune-up 
All items listed under Minor tune-up, plus. . . 

Replace the air filter (Section 19) 

Replace the spark plugs (Section 28) 

4 Fluid level checks (every 250 

miles or weekly) 

1 Fluids are an essential part of the lubri- 

cation, cooling, brake and windshield washer 

systems. Because the fluids gradually 

become depleted and/or contaminated during 

normal operation of the vehicle, they must be 

periodically replenished. See Recommended 
lubricants and fluids in this Chapter’s Speci- 

fications before adding fluid to any of the fol- 

lowing components. Note: The vehicle must 

be on level ground when fluid levels are 
checked. 

Engine oil 
Refer to illustrations 4.2 and 4.4 

2 The oil level is checked with a dipstick, 

which is attached to the engine block (see 

illustrations). The dipstick extends through a 
metal tube down into the oil pan. 
3 The oil level should be checked before 

the vehicle has been driven, or about 5 min- 
utes after the engine has been shut off. If 
the oil is checked immediately after driving 

the vehicle, some of the oil will remain in the 
upper part of the engine, resulting in an inac- 
curate reading on the dipstick. 

4 Pull the dipstick out of the tube and wipe 
all the oil from the end with a clean rag or 

paper towel. Insert the clean dipstick all the 

way back into the tube and pull it out again. 
Note the oil at the end of the dipstick. At its 

highest point, the level should be between 
the MIN and MAX marks on the dipstick (see 
illustration). 

5 It takes one quart of oil to raise the level 
from the MIN mark to the MAX mark on the 

dipstick. Do not allow the level to drop below 
the MIN mark or oil starvation may cause 

engine damage. Conversely, overfilling the 

engine (adding oil above the MAX mark) may 
cause oil fouled spark plugs, oil leaks or oil 

seal failures. Maintaining the oil level above 
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4.4 The oil level should be in the safe 

range - if it’s below the MIN or ADD mark 

(A), add enough oil to bring it up to or 
near the MAX or FULL mark (B) 

the MAX mark can cause excessive oil con- 

sumption. 
6 To add oil, remove the filler cap from the 
valve cover (see illustration 4.2). After add- 
ing oil, wait a few minutes to allow the level to - 
stabilize, then pull out the dipstick and check 

the level again. Add more oil if required. Install 

the filler cap and tighten it by hand only. 
7 Checking the oil level is an important pre- 

ventive maintenance step. A consistently low 

oil level indicates oil leakage through dam- 
aged seals, defective gaskets or 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 blown or the head(s) 
or block may be cracked. The engine should 
be checked immediately. The condition of the 
oil should also be checked. Whenever you 

check the oil level, slide your thumb and index 
finger up the dipstick before wiping off the oil. 

If you see small dirt or metal particles clinging 

to the dipstick, the oil should be changed (see 

Section 6). 

Engine coolant 
Refer to illustration 4.8 

Warning: Do not allow antifreeze to come in 

contact with your skin or painted surfaces of 

the vehicle. Flush contaminated areas imme- 

diately with plenty of water. Don’t store new 

coolant or leave old coolant lying around 

where it’s accessible to children or pets - 

they’re attracted by its sweet smell. Inges- 

tion of even a small amount of coolant can 

be fatal! Wipe up garage floor and drip pan 

spills immediately. Keep antifreeze containers 

covered and repair cooling system leaks as 

soon as they’re noticed. Note: To check the 

coolant level in the charge air cooling system 

on CTS-V models, refer to Chapter 2C, Sec- 

tion’21. 

8 All vehicles covered by this manual are 

equipped with a pressurized coolant recovery 

system. A plastic expansion tank located at 

4.8 The cooling system expansion tank is 

located at the left side of the 
engine compartment 

the left rear corner of the engine compartment 

is connected by hoses to the cooling system 

(see illustration). As the engine heats up 

during operation, the expanding coolant fills 

the tank. 
9 The coolant level in the tank should be 

checked regularly. Warning: Do not remove 

the expansion tank cap to check the coolant 

level when the engine is warm! The level in 

the tank varies with the temperature of the 

engine. When the engine is cold, the coolant 

level should be at the FULL COLD mark on 

the reservoir. If it isn’t, remove the cap from 

the tank and add a 50/50 mixture of DEX- 

COOL antifreeze and water. 
10 Drive the vehicle, let the engine cool 

completely then recheck the coolant level. 

Don’t use rust inhibitors or additives. If only a 

small amount of coolant is required to bring 

the system up to the proper level, water can 

be used. However, repeated additions of water 

will dilute the antifreeze and water solution. In 

order to maintain the proper ratio of antifreeze 
and water, always top up the coolant level with 

the correct mixture. An empty plastic milk jug 

or bleach bottle makes an excellent container 

for mixing coolant. 
41 If the coolant level drops consistently, 

there may be a leak in the system. Inspect 

the radiator, hoses, filler cap, drain plugs and 

water pump (see Section 10 and Chapter 3). 
If no leaks are noted, have the expansion tank 

cap pressure tested by a service station. 

12 If you have to remove the expansion 

tank cap wait until the engine has cooled com- 

pletely, then wrap a thick cloth around the cap 

and unscrew it slowly, stopping if you hear a 

hissing noise. If coolant or steam escapes, let 

the engine cool down longer, then remove the 

cap. 
43 Check the condition of the coolant as 

_ well. If it’s brown or rust colored, the system 

should be drained, flushed and refilled. Even 

if the coolant appears to be normal, the corro- 

sion inhibitors wear out, so it must be replaced 

at the specified intervals. 

_ 
4.15 The brake fluid level should be kept 

between the MIN and MAX marks on the 

translucent plastic reservoir 

Brake and clutch fluid 

Refer to illustration 4.15 

14 The brake master cylinder is mounted 

on the front of the power booster unit in the 

engine compartment. The hydraulic clutch 

master cylinder reservoir used on manual 

transmission vehicles is also in the engine 

compartment. The clutch master cylinder res- 

ervoir is mounted to the driver’s side fender 

on 2007 and earlier models and the firewall, 

next to the brake booster on 2008 and later 

models. 

15 The brake master cylinder and the clutch 

master cylinder have their own reservoirs. To 

check the fluid level of either system, simply 

look at the MAX and MIN marks on the reser- 

voir (see illustration). 
16 If the level is low, wipe the top of the res- 

ervoir cover with a clean rag to prevent con- 

tamination of the brake system before lifting 

the cover. 

17 Add only the specified brake fluid to the 
reservoir (refer to Recommended lubricants 

and fluids in this Chapter’s Specifications or to 

your owner’s manual). Mixing different types 

of brake fluid can damage the system. Fill the 

reservoir only to the MAX line. Warning: Use 

caution when filling the reservoir - brake fluid 

can harm your eyes and damage painted sur- 

faces. Do not use brake fluid that is more than 

one year old or has been left open. Brake fluid 
absorbs moisture from the air. Excess mois- 

ture can cause a dangerous loss of braking. 

18 While the reservoir cap is removed, 

inspect the master cylinder reservoir for con- 

tamination. If deposits, dirt particles or water 

droplets are present, the system should be 

drained and refilled. 
19 After filling the reservoir to the proper 

level, make sure the lid is properly seated to 

prevent fluid leakage. 
20. The fluid in the brake master cylinder will 

drop slightly as the brake pads at each wheel 

wear down during normal operation. If the 
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4.22 The windshield/rear window washer fluid reservoir is located 
in the right front corner of the engine compartment 

5.2 Atire tread depth indicator should 

be used to monitor tire wear - they are 

available at auto parts stores and service 

stations and cost very little 

master cylinder requires repeated replenishing 

to keep it at the proper level, this is an indica- 

tion of leakage in the brake or clutch system, 

which should be corrected immediately. If the 

brake system shows an indication of leakage 

check all brake lines and connections, along 

with the calipers and booster (see Section 14 
for more information). If the hydraulic clutch 

system shows an indication of leakage check 
all clutch lines and connections, along with 

the clutch release cylinder (see Chapter 8 for 

more information). 

21 If, upon checking the brake or clutch 

master cylinder fluid level, you discover the 

reservoir empty or nearly empty, the systems 

should be bled (see Chapters 8 and 9). 

Windshield washer fluid 

Refer to illustration 4.22 

22 Fluid for the windshield washer system is 

stored in a plastic reservoir located at the right 

front of the engine compartment (see illustra- 

tion). 

23 In milder climates, plain water can be 

used in the reservoir, but it should be kept no 
more than 2/3 full to allow for expansion if the 
water freezes. In colder climates, use wind- 

shield washer system antifreeze, available 

at any auto parts store, to lower the freezing 

point of the fluid. Mix the antifreeze with water 
in accordance with the manufacturer’s direc- 

tions on the container. Caution: Do not use 

cooling system antifreeze - it will damage the 

vehicle’s paint. 

Power steering fluid 
Refer to illustration 4.25 

24 Check the power steering fluid level peri- 

odically to avoid steering system problems, 

such as damage to the pump. Caution: DO 

NOT hold the steering wheel against either 

stop (extreme left or right turn) for more than 
five seconds. If you do, the power steering 

pump could be damaged. 

25 The power steering reservoir, located 

at the left side of the engine compartment 

(see illustration), is checked with a dipstick 
located in the cap. For the check, the front 

wheels should be pointed straight ahead and 
the engine should be off. 

26 Use aclean rag to wipe off the reservoir 

cap and the area around the cap. This will 

help prevent any foreign matter from entering 
the reservoir during the check. 

27 Twist off the cap and check the tempera- 

ture of the fluid at the end of the dipstick with 

your finger. 

28 Wipe off the fluid with a clean rag, rein- 

sert it, then withdraw it and read the fluid level. 

The level should be at the HOT mark if the 

fluid was hot to the touch. It should be at the 

COLD mark if the fluid was cool to the touch. 

29 Add small amounts of fluid until the level 

is correct. Caution: Do not overfill the reser- 

voir. If too much fluid is added, remove the 

excess with a clean syringe or suction pump. 

30 Check the power steering hoses and 
connections for leaks and wear. 

4.25 The power steering fluid reservoir is located at the left 
front corner of the engine compartment 

5 Tire and tire pressure checks 

(every 250 miles or weekly) 

Refer to illustrations 5.2, 5.3, 5.4a, 5.4b 
and 5.8 

1 Periodic inspection of the tires may spare 

you the inconvenience of being stranded with 
a flat tire. It can also provide you with vital 
information regarding possible problems in 

the steering and suspension systems before 

major damage occurs. 

2 _ The original tires on this vehicle are 

equipped with 1/2-inch wide bands that will 
appear when tread depth reaches 1/16-inch, 

at which point they can be considered worn 
out. Tread wear can be monitored with a 

simple, inexpensive device known as a tread 
depth indicator (see illustration). 

3 Note any abnormal tread wear (see 

illustration). Tread pattern irregularities such 
as cupping, flat spots and more wear on one 

side than the other are indications of front end 
alignment and/or balance problems. If any of 
these conditions are noted, take the vehicle 

to a tire shop or service station to correct the 
problem. 

4 Look closely for cuts, punctures and 
embedded nails or tacks. Sometimes a tire 
will hold air pressure for a short time or leak 
down very slowly after a nail has embed- 

ded itself in the tread. If a slow leak persists, 
check the valve stem core to make sure it is 
tight (see illustration). Examine the tread for 

an object that may have embedded itself in 
the tire or for a plug that may have begun to 
leak (radial tire punctures are repaired with a 

plug that is installed in a puncture). If a punc- 
ture is suspected, it can be easily verified by 

spraying a solution of soapy water onto the 
puncture area (see illustration). The soapy 
solution will bubble if there is a leak. Unless 

the puncture is unusually large, a tire shop or 

service station can usually repair the tire. 
5 Carefully inspect the inner sidewall of 

each tire for evidence of brake fluid leakage. If 
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INCORRECT TOE-IN 
OR EXTREME CAMBER 

5.3 This chart will help you determine the condition o 

you see any, inspect the brakes immediately. 
6 Correct air pressure adds miles to the 
life span of the tires, improves mileage and 
enhances overall ride quality. Tire pressure 

cannot be accurately estimated by looking at 

a tire, especially if it's a radial. A tire pressure 

gauge is essential. Keep an accurate gauge in 

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 

commonly available at auto parts stores) 

CUPPING 

Cupping may be caused by: 

¢ Underinflation and/or mechanical 
irregularities such as out-of-balance 
condition of wheel and/or tire, 
and bent or damaged wheel. 

© Loose or worn steering tie-rod 
or steering idler arm. 

© Loose, damaged or worn front 
suspension parts. 

action necessary 

the glove compartment. The pressure gauges 

attached to the nozzles of air hoses at gas 

stations are often inaccurate. 

7 Always check tire pressure when the 

tires are cold. Cold, in this case, means the 

vehicle has not been driven over a mile in the 

three hours preceding a tire pressure check. 

SAG 
5.4b If the valve core is tight, raise the 

corner of the vehicle with the low tire and 

spray a soapy water solution onto the 

tread as the tire is turned slowly - slow 

leaks will cause small bubbles to appear 

1-11 

FEATHERING DUE 
TO MISALIGNMENT 

f your tires, the probable cause(s) of abnormal wear and the corrective 

A pressure rise of four to eight pounds is not 

uncommon once the tires are warm. 

8 Unscrew the valve cap protruding from 

the wheel or hubcap and push the gauge 

firmly onto the valve stem (see illustration). 

Note the reading on the gauge and compare 

the figure to the recommended tire pressure 

5.8 To extend the life of your tires, check 

the air pressure at least once a week with 

an accurate gauge (don’t forget 

the spare!) 
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6.2 These tools are required when 

changing the engine oil and filter 

1 Drain pan - It should be fairly shallow 

in depth, but wide in order to prevent 

spills 

2 Rubber gloves - When removing the 

drainplugandfilter, itisinevitablethatyou 
will get oil on your hands (the gloves will 

prevent burns) 
3 Breaker bar - Sometimes the oil drain 

plug is pretty tight and a long breaker 

bar is needed to loosen it 

4 Socket - To be used with the breaker 
bar or a ratchet (must be the correct 
size to fit the drain plug) 

5 ‘Filter wrench - This is a metal band- 

type wrench, which requires clearance 

around the filter to be effective 

6 Filter wrench - This type fits on the 

bottom of the filter and can be turned 

with a ratchet or breaker bar (different 
size wrenches are available for 

different types of filters) 

shown on the tire placard on the driver’s side 

door. Be sure to reinstall the valve cap to 

keep dirt and moisture out of the valve stem 

mechanism. Check all four tires and, if neces- 

sary, add enough air to bring them up to the 

recommended pressure. 

9 Don't forget to keep the spare tire inflated 

to the specified pressure (refer to the pressure 

molded into the tire sidewall). 

6 Engine oil and filter change 

(every 3000 miles or 3 months) 

Refer to illustrations 6.2 and 6.7 

Note: These models are equipped with an oil 

life indicator system that illuminates a light or 

message on the instrument panel when the 

system deems it necessary to change the oil. 

A number of factors are taken into consid- 
eration to determine when the oil should be 

considered worn out. Generally, this system 

will allow the vehicle to accumulate more 

miles between oil changes than the traditional 

3000-mile interval, but we believe that fre- 

quent oil changes are cheap insurance and 

6.7 Oil drain plug location (3.0L V6 engine 
shown, other models similar) 

will prolong engine life. If you do decide not 

to change your oil every 3000 miles and rely 

on the oil life indicator instead, make sure you 

don't exceed 71 year or 7,500 miles before the 

oil is changed, regardless of what the oil life 

indicator shows. 

‘| Frequent oil changes are the most impor- 

tant preventive maintenance procedures that 

can be done by the home mechanic. As engine 

oil ages, it becomes diluted and contaminated, 
which leads to premature engine wear. 

2 Make sure that you have all the neces- 

sary tools before you begin this procedure 

(see illustration). You should also have 

plenty of rags or newspapers handy for mop- 

ping up oil spills. 

3. Access to the oil drain plug and filter will 

be improved if the vehicle can be lifted on 

a hoist, driven onto ramps or supported by 

jackstands. Warning: Do not work under a 

vehicle supported only by a jack - always use 

jackstands! 

4 If you haven’t changed the oil on this 

vehicle before, get under it and locate the oil 

drain plug and the oil filter. The exhaust com- 

ponents will be warm as you work, so note 

how they are routed to avoid touching them 

when you are under the vehicle. 

5 Start the engine and allow it to reach nor- 

mal operating temperature - oil and sludge will 

flow out more easily when warm. If new oil, a 

filter or tools are needed, use the vehicle to 

go get them and warm up the engine/oil at the 
same time. Park on a level surface and shut 

off the engine when it’s warmed up. Remove 

the oil filler cap from the valve cover. 

6 Raise the vehicle and support it on 

jackstands. Make sure it is safely supported! 

7 Being careful not to touch the hot exhaust 
components, position a drain pan under the 

plug in the bottom of the engine, then remove 

the plug (see illustration). It’s a good idea 
to wear a rubber glove while unscrewing the 

plug the final few turns to avoid being scalded 
by hot oil. 

8 It may be necessary to move the drain 

hh Ee? Si G 

6.11 Starting from the front, lift the engine 
cover up and out to release the cover 

(3.0L V6 engine shown, other 
models similar) 

a aS Re 

6.13 Remove the oil filter cap and 

filter cartridge 

pan slightly as oil flow slows to a trickle. 
Inspect the old oil for the presence of metal 
particles. 

9 ~ After all the oil has drained, wipe off the 
drain plug with a clean rag. Any small metal 

particles clinging to the plug would immedi- 

ately contaminate the new oil. 

10 Clean the area around the drain plug 
opening, reinstall the plug and tighten it to the 

torque listed in this Chapter’s Specifications. 

V6 engines 

Refer to illustrations 6.11, 6.13 and 6.14 

Note: On 2004 and earlier models, the oil fil- 

ter housing and cartridge are mounted at the 
bottom of the engine. 

11. Remove the upper engine cover from the 
vehicle (see illustration). 

12 Using a socket attached to the oil filter 
housing cap, unscrew the cap by rotating it 
counterclockwise. 

13. Remove the oil filter cartridge and O-ring 
(see illustration). 

14 Clean the threads of the filter cap and 
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the oil filter housing. Replace the O rings sup- 
plied with the new oil filter and apply a small 
amount of clean engine oil on the threads of 
the filter cap (see illustration). 

15 Install the filter cap and tighten it to the 

torque listed in this Chapter’s Specifications. 

V8 engines 
Refer to illustration 6.20 

16 Move the drain pan into position under 
the oil filter. 
17 Loosen the oil filter by turning it counter- 
clockwise with a filter wrench. Any standard 

filter wrench will work. 
18 Once the filter is loose, use your hands 
to unscrew it from the block. Just as the fil- 
ter is detached from the block, immediately tilt 

the open end up to prevent the oil inside the 

filter from spilling out. 
19 Using a clean rag, wipe off the mount- 

ing surface on the block. Also, make sure that 

none of the old gasket remains stuck to the 

mounting surface. It can be removed with a 

scraper if necessary. 
20 Compare the old filter with the new one 
to make sure they are the same type. Smear 

some engine oil on the rubber gasket of the 

new filter and screw it into place (see illus- 

tration). Overtightening the filter will damage 
the gasket, so don’t use a filter wrench. Most 

filter manufacturers recommend tightening 
the filter by hand only. Normally they should 

be tightened 3/4-turn after the gasket contacts 
the block, but be sure to follow the directions 

on the filter or container. 

All models 
21 Remove all tools and materials from 
under the vehicle, being careful not to spill the 

oil in the drain pan, then lower the vehicle. 

22 Add new oil to the engine through the 
oil filler cap. Use a funnel to prevent oil from 

spilling onto the top of the engine. Pour four 

quarts of fresh oil into the engine. Wait a few 
minutes to allow the oil to drain into the pan, 

then check the level on the dipstick (see Sec- 
tion 4 if necessary). If the oil level is in the OK 

range, install the filler cap. 
23 Start the engine and run it for about a 

minute. While the engine is running, look 

under the vehicle and check for leaks at the 

oil pan drain plug and around the oil filter. 

If either one is leaking, stop the engine and 

tighten the plug or filter slightly. 

24 Wait a few minutes, then recheck the 

level on the dipstick. Add oil as necessary to 

bring the level into the OK range. 

25 During the first few trips after an oil 

change, make it a point to check frequently for 

leaks and proper oil level. 

26 The old oil drained from the engine can- 

not be reused in its present state and should 

be disposed of. Check with your local auto 

parts store, disposal facility or environmental 

agency to see if they will accept the oil for 

recycling. After the oil has cooled it can be 

drained into a container (capped plastic jugs, 

topped bottles, milk cartons, etc.) for transport 

to one of these disposal sites. Don’t dispose 

6.14 Always replace the O-ring on the 

filter cap 

of the oil by pouring it on the ground or down 

a drain! 

Oil life monitor resetting 
Note: /t is possible that driving under the 

best possible conditions the oil life monitoring 

system may not indicate the oil needs to be 

changed. The manufacturer states that the oil 

and filter must be changed at least once every 

year and the oil life monitor reset. 
Note: /f the CHANGE ENGINE OIJL message 

comes on when the vehicle is immediately 

restarted, the oil life monitor was not reset 

and the reset procedure must be done again. 

With Driver’s Information Center 

(DIC) or base audio systems - 2003 

through 2008 models . 
27 Turn the ignition key to the ON posi- 

tion and press the up and down arrow on the 

INFO button to display the “XXX% ENGINE 

OIL LIFE” menu on the driver information cen- 

ter. 

28 With ENGINE OIL LIFE highlighted, 
press and hold the CLR button until the indi- 
cator reads “OIL LIFE SET TO 100%,” which 

is approximately a 7,500-mile interval. 
29 Turn the ignition key to the OFF posi- 

tion. 

Without Driver’s Information Center 

(DIC) - 2005 through 2008 models 

30 Turn the ignition key to the RUN posi- 

tion without starting the engine and press the 

accelerator pedal all the way to the floor and 

release the pedal, three times within 5 sec- 

onds. 

31 Turn the ignition key to the OFF position, 

then start the vehicle. 

With Navigation system - 2003 

through 2008 models 

32 Turn the ignition key to the ON position 

and turn the navigation system on. Press the 

information button to access the “information 

menu,” then turn the TUNE/SELECT knob 

until the engine oil life display is highlighted 

and press the knob to display the "XXX% 

6.20 Lubricate the oil filter gasket with 

clean engine oil before installing the filter 

on the engine (V8 models). 

ENGINE OIL LIFE” menu. 
33 With ENGINE OIL LIFE displayed, press 

and hold the multi-function button in the upper 

right corner (next to the RESET button) until 

the indicator reads “OIL LIFE SET TO 100%.” 

34 Turn the ignition key to the OFF posi- 

tion. 

All 2009 models 
35 Turn the ignition key to the ON position 

and press the SETUP button to display “OIL 

LIFE XXX%.” 
36 Press and hold the SET/RESET button 

for five seconds, then release it. The indicator 

should now read “OIL LIFE SET TO 100%.” 

37 Turn the ignition key to the OFF posi- 

tion. 

All 2010 and later models 
38 Turn the ignition key to the ON/RUN 

position without starting the engine. Press the 

accelerator pedal all the way to the floor and 

release the pedal three times within 5 sec- 

onds. The “Change Oil Soon” light will go out 

if the system is reset. 

39 Turn the ignition key to the OFF position, 

then start the vehicle. 

7 Automatic transmission fluid 

level check (every 30,000 miles or 

24 months) 

Warning: Never get underneath the vehicle 

when it is supported only by a jack. The jack 

provided with your vehicle is designed solely 

for raising the vehicle to remove and install a 

wheel. Always use jackstands to support the 

vehicle when it becomes necessary to place 

your body underneath the vehicle. 

Note: The vehicle must be level to accurately 
check the automatic transmission fluid, so it 

will be necessary to raise both the front and 

rear of the vehicle. 
1 The automatic transmission fluid level 

should be carefully maintained. Low fluid level 

can lead to slipping or loss of drive, while 
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7.4 Location of the five-speed automatic transmission fluid check 

plug (1) and the drain plug (2) (2007 and earlier models) 

overfilling can cause foaming, leaking and 

loss of fluid. Warning: These transmissions 

do not have a dipstick to check fluid level. 

Depending on the transmission, the fluid level 

is checked at a filler plug on the driver’s side 

of the transmission housing, just above the 
front or rear corner of the transmission pan, 

or the transmission check plug at the bottom 

of the transmission pan. To accurately check 

the fluid level, the engine must be running 

in Park and the vehicle has to be raised off 

the ground. There is a risk of personal injury 

from hot transmission fluid and also from the 
nearby exhaust system. Therefore if attempt- 
ing this procedure, wear heat proof gloves 

and position yourself beneath the vehicle so 

you are not at risk of being splashed by any 

transmission fluid. Do not remove the filler 
plug or check plug unless the engine is run- 

ning at idle and in Park, as the transmission . 

fluid drains from the torque converter once the 

engine is switched off and flows back to the 

transmission pan. If removed with the engine 

Off, a large amount of transmission fluid will 

be expelled from the plug hole. 
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7.12 The nozzle of the tool being used to 
add fluid to the transmission must pass 

through the check/fill plug opening 

2 With the parking brake set, start the 
engine, then move the shift lever through all 

the gear ranges, ending in Park. The fluid 

level must be checked with the vehicle level 

and the engine running at idle. The automatic 

transmission must be at operating tempera- 

ture to obtain an accurate fluid level reading. 

Note: /ncorrect fluid level readings will result 

if the vehicle has just been driven at high 

speeds for an extended period, in hot weather 

in city traffic, or if it has been pulling a trailer. 

If any of these conditions apply, wait until the 

fluid has cooled (about 30 minutes). 
3 Raise the vehicle and support it securely 

’ on jackstands. Warning: Position your body 

far enough away from the filler plug hole or 

oil level check plug hole as hot transmission 

fluid can cause burns. Also take care as the 

exhaust is positioned close to the filler plug. 

Fluid level check 

2007 and earlier models with 

5L40-E or 5L50-E transmissions 

Refer to illustration 7.4 

4 Make sure the engine is idling in Park, 
then place a drain pan underneath the filler 
plug to catch any fluid that may come from the 

plug, and remove the plug from the driver’s 
side of the transmission (see illustration). 
5 Use asmall screwdriver as a dipstick to 

check the level of the fluid. The level is correct 

if the fluid is level with the bottom of the filler 

plug hole. If fluid is needed, add it through the 

filler hole until the level is correct. 

2008 and later models with 6L45, 

6L50, 6L80 or 6L90 transmissions 

Refer to illustration 7.6 

6 Make sure the engine is idling in Park 

and place a drain pan under the transmission 

oil level check plug to catch any fluid that may 

come out, then remove the check plug from 
the transmission pan (see illustration). 

7 _ Allow the fluid to drain until it starts to just 
drip from the hole. If no fluid comes out when 

7.6 Location of the six-speed automatic transmission fluid check/ 
fill plug (2008 and later models) 

the oil level check plug is removed, fluid will 

have to be added until it begins to drip from 
the pan. 

Adding fluid 

Models with a fill tube 
8 Clean the area off around the fill plug, 

then use a pair of needle-nose pliers to liftthe ~ 

plug cover and remove the filler plug from the 

passenger's side of the transmission. 

9 Slightly over fill the transmission through 

the filler plug hole, allowing the excess to 
drain until fluid only drips out of the oil level 
check plug hole. 

10 Install the oil level check plug into the 

transmission pan and tighten it to the torque 

listed in this Chapter’s Specifications. 

11 Install the filler plug into the transmission 
and make sure the plug is completely seated 
into the hole. 

Models without a fill tube 

Refer to illustration 7.12 

12 Using special tools DT 47784 and J 
45096-30, fill the transmission through the oil 

level check plug, then remove the tools and 

allow the excess to drain until fluid only drips 
out of the oil level check plug hole. Note: /f 
the special tools are not available, a small 
fluid pump with a curved hose can be used to 

fill the transmission through the oil level hole 
(see illustration). 

13 Install the oil level check plug into the 

transmission pan and tighten it to the torque 
listed in this Chapter’s Specifications. 

All models 
14 The condition of the fluid should also be 

checked along with the level. If the fluid is a 
dark reddish-brown color, or if the fluid has a 

burned smell, the fluid should be changed. If 
you're in doubt about the condition of the fluid, 

purchase some new fluid and compare the 
two for color and smell. 
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Bees : fo Bee 

8.4a To release the blade holder, pull the plastic trim cover up... 

8 Windshield wiper blade 
inspection and replacement 

(every 7500 miles or 6 months) 

Refer to illustrations 8.4a and 8.4b 

1 The windshield wiper and blade assem- 

bly should be inspected periodically for dam- 

age, loose components and cracked or worn 

blade elements. 
2 Road film can build up on the wiper 

blades and affect their efficiency, so they 
should be washed regularly with a mild deter- 

gent solution. 
3 If the wiper blade elements are cracked, 

worn or warped, or no longer clean ade- 

quately, they should be replaced with new 

ones. 
4 Lift the arm assembly away from the 

glass for clearance, pull the trim cover up, 

then slide the wiper blade assembly out of 

the hook in the end of the arm (see illustra- 

tions). 
5 Attach the new wiper to the arm. Con- 

nection can be confirmed by an audible click. 

EEE 

9 Battery check, maintenance and 

charging (every 7500 miles or 6 

months) 

Refer to illustrations 9.1, 9.6a, 9.6b, 9.7a, 

9.7b and 9.8 

Warning: Certain precautions must be fol- 

lowed when checking and servicing the bat- 

tery. Hydrogen gas, which is highly flammable, 

is always present in the battery cells, so keep 

lighted tobacco and all other open flames and 

sparks away from the battery. The electro- 

lyte inside the battery is actually diluted sul- 

furic acid, which will cause injury if splashed 

on your skin or in your eyes. It will also ruin 

clothes and painted surfaces. When removing 

the battery cables, always detach the nega- 

tive cable first and hook it up last! 

Note: On 2007 and earlier models, the bat- 

tery is located under the hood. On 2008 and 

later models, the battery is located in the trunk 

or rear storage compartment. 

1 A routine preventive maintenance pro- 

gram for the battery in your vehicle is the only 

9.1 Tools and materials required for battery maintenance 

Face shield/safety goggles - When removing corrosion with a 

brush, the acidic particles can easily fly up into your eyes 

Baking soda - A solution of baking soda and water can be used to 

neutralize corrosion 

Petroleum jelly - A layer of this on the battery posts will help prevent 

corrosion 

Battery post/cable cleaner - This wire brush cleaning tool will remove 

all traces of corrosion from the battery posts and cable clamps 

Treated felt washers - Placing one of these on each post, directly 

under the cable clamps, will help prevent corrosion 

Puller - Sometimes the cable clamps are very difficult to pull off the 

posts, even after the nut/bolt has been completely loosened. This 

tool pulls the clamp straight up and off the post without damage 
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8.4b ...and pull the wiper blade in the direction of the arrow to 
separate it from the arm 

way to ensure quick and reliable starts. But 

before performiiig any battery maintenance, 

make sure that you have the proper equip- 

ment necessary to work safely around the 

battery (see illustration). 
2. There are also several precautions that 

should be taken whenever battery mainte- 

nance is performed. Before servicing the 

battery, always turn the engine and all acces- 

sories off and disconnect the cables from the 
negative terminal of the battery (see Chap- 

ter 5). 
3 The battery produces hydrogen gas, 

which is both flammable and explosive. Never 

create a spark, smoke or light a match around 

the battery. Always charge the battery in a 

ventilated area. 
4 _ Electrolyte contains poisonous and cor- 

rosive sulfuric acid. Do not allow it to get in 

your eyes, on your skin on your clothes. Never 

ingest it. Wear protective safety glasses when 

working near the battery. Keep children away 

from the battery. 
5 Note the external condition of the bat- 

tery. If the positive terminal and cable clamp 

on your vehicle’s battery is equipped with a 

Battery post/cable cleaner - Here is another cleaning tool which is a 

slightly different version of number 4 above, but it does the same thing 

Rubber gloves - Another safety item to consider when servicing the 

battery; remember that's acid inside the battery 
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9.6a Battery terminal corrosion usually 

appears as light, fluffy powder 

rubber protector, make sure that it’s not torn 

or damaged. It should completely cover the 

terminal. Look for any corroded or loose con- 

nections, cracks in the case or cover or loose 
hold-down clamps. Also check the entire 

length of each cable for cracks and frayed 
conductors. . 

6 — If corrosion, which looks like white, fluffy 

deposits (see illustration) is evident, particu- 
larly around the terminals, the battery should 

be removed for cleaning. Loosen the cable 

clamp bolts with a wrench, being careful to 

remove the ground cable first, and slide them 
off the terminals (see illustration). Then dis- 
connect the hold-down clamp bolt and nut, 

remove the clamp and lift the battery from the 

engine compartment. 

7 Clean the cable clamps thoroughly with 

a battery brush or a terminal cleaner and a 

solution of warm water and baking soda (see 
illustration). Wash the terminals and the top 

of the battery case with the same solution but 
make sure that the solution doesn’t get into 

the battery. When cleaning the cables, termi- 

nals and battery top, wear safety goggles and 
rubber gloves to prevent any solution from 

coming in contact with your eyes or hands. 

Wear old clothes too - even diluted, sulfuric 

acid splashed onto clothes will burn holes in 

them. If the terminals have been extensively 

corroded, clean them up with a terminal 

cleaner (see illustration). Thoroughly wash 

all cleaned areas with plain water. 

8 Make sure that the battery tray is in good 

condition and the hold-down clamp fasten- 
ers are tight (see illustration). If the battery 

is removed from the tray, make sure no parts 

remain in the bottom of the tray when the bat- 

tery is reinstalled. When reinstalling the hold- 

down clamp bolts, do not overtighten them. 

9 Information on removing and installing 

the battery can be found in Chapter 5. If you 

disconnected the cable(s) from the negative 

and/or positive battery terminals, the power- 
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9.6b Removing a cable from the battery 

post with a wrench - sometimes a pair 

of special battery pliers are required for 

this procedure if corrosion has caused 

deterioration of the nut hex. Always 
remove the negative (-) cable first and 

hook it up last! 

train control module (PCM) must relearn its 
idle and fuel trim strategy for optimum driv- 

ability and performance (see Chapter 5 for this 

procedure). Information on jump starting can 

be found at the front of this manual. For more 
detailed battery checking procedures, refer to 

the Haynes Automotive Electrical Manual. 

Cleaning 
10 Corrosion on the hold-down components, 

battery case and surrounding areas can be 

removed with a solution of water and baking 

soda. Thoroughly rinse all cleaned areas with 

plain water. 

11. Any metal parts of the vehicle damaged 

by corrosion should be covered with a zinc- 

based primer, then painted. 

Charging 
Warning: When batteries are being charged, 

hydrogen gas, which is very explosive and 

flammable, is produced. Do not smoke or 

[tt 

© see. 
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9.7b Regardless of the type of tool used 

to clean the battery posts, a clean, shiny 

surface should be the result 

9.7a When cleaning the cable clamps, all 

corrosion must be removed (the inside of 
the clamp is tapered to match the taper on 

the post, so don’t remove too 

much material) 

allow open flames near a charging or a 

recently charged battery. Wear eye protection 

when near the battery during charging. Also, 

make sure the charger is unplugged before 

connecting or disconnecting the battery from 

the charger. 

12 Slow-rate charging is the best way to 

restore a battery that’s discharged to the point 

where it will not start the engine. It's also a 

good. way to maintain the battery charge in a 

vehicle that’s only driven a few miles between 

starts. Maintaining the battery charge is par- 

ticularly important in the winter when the bat- 

tery must work harder to start the engine and 

electrical accessories that drain the battery 

are in greater use. 

13 It's best to use a one or two-amp battery 
charger (sometimes called a “trickle” char- 

ger). They are the safest and put the least 

strain on the battery. They are also the least 

expensive. For a faster charge, you can use 

a higher amperage charger, but don’t use one 

3 rd SE 

9.8 Make sure the battery hold-down 
fastener(s) are tight (2008 and later 

model shown) 
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Check for a chafed area that 
could fail prematurely. 

Check for a soft area indicating 
the hose has deteriorated inside. 

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

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

10.4 Hoses, like drivebelts, have a habit 

of failing at the worst possible time - to 
prevent the inconvenience of a blown 

radiator or heater hose, inspect them 

carefully as shown here 

rated more than 1/10th the amp/hour rating of 

the battery. Rapid boost charges that claim 

to restore the power of the battery in one to 

two hours are hardest on the battery and can 

damage batteries not in good condition. This 

type of charging should only be used in emer- 

gency situations. 

14 The average time necessary to charge a 

battery should be listed in the instructions that 

come with the charger. As a general rule, a 

trickle charger will charge a battery in 12 to 16 

hours. 

patti aaa Ta aa 

10 Cooling system check (every 

7,500 miles or 6 months) 
EEE EEE 

Refer to illustration 10.4 

Warning: Wait until the engine is completely 

coal before beginning this procedure. 

4 Many major engine failures can be 

caused by a faulty cooling system. 

2 The engine must be cold for the cooling 
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11.2a The recommended tire rotation 

pattern for non-directional tires 

system check, so perform the following pro- 

cedure before the vehicle is driven for the day 

or after it has been shut off for at least three 

hours. 
3 Remove the pressure-relief cap from the 

expansion tank at the right side of the engine 

compartment. Clean the cap thoroughly, inside 

and out, with clean water. The presence of 

rust or corrosion in the expansion tank means 

the coolant should be changed (see Sec- 
tion 22). The coolant inside the expansion 

tank should be relatively clean and transpar- 

ent. If it’s rust colored, drain the system and 

refill it with new coolant. 
4 Carefully check the radiator hoses 

and the smaller diameter heater hoses (see 

Chapter 3). Inspect each coolant hose along 

its entire length, replacing any hose which is 

cracked, swollen or deteriorated (see illustra- 
tion). Cracks will show up better if the hose is 
squeezed. Pay close attention to hose clamps 

that secure the hoses to cooling system com- 

ponents. Hose clamps can pinch and punc- 

ture hoses, resulting in coolant leaks. 

5 Make sure that all hose connections are 

tight. A leak in the cooling system will usually 

show up as white or rust colored deposits on 

the area adjoining the leak. If wire-type clamps 

are used on the hoses, it may be a good idea 

to replace them with screw-type clamps. 

6 Clean the front of the radiator and air 

conditioning condenser with compressed air, 

if available, or a soft brush. Remove all bugs, 

leaves, etc. embedded in the radiator fins. Be 

extremely careful not to damage the cooling 

fins or cut your fingers on them. 
7 ‘lf the coolant level has been dropping 

consistently and no leaks are detectable, 

have the expansion tank cap and cooling sys- 

tem pressure checked at a service station. 

EE REE OLR eR ac eee 

41 Tire rotation (every 7,500 miles or 

6 months) 
Leanne eee ee ee tEE EEE 

Refer to illustrations 11.2a and 11.2b 

4. The tires should be rotated at the speci- 

fied intervals and whenever uneven wear is 
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11.2b The recommended tire rotation 

pattern for directional tires 

noticed. Since the vehicle will be raised and 

the tires removed anyway, check the brakes 

also (see Sectioin 14). 
2 Radial tires must be rotated in a specific 

pattern (see illustration). Don’t include the 

spare tire in the rotation pattern. 

3 Refer to the information in Jacking and 

towing at the front of this manual for the proper 

procedure to follow when raising the vehicle and 

changing a tire. If the brakes must be checked, 

don’t apply the parking brake as stated. 

4 The vehicle must be raised on a hoist or 

supported on jackstands to get all four wheels 

off the ground. Make sure the vehicle is safely 

supported! 
5 After the rotation procedure is finished, 

check and adjust the tire pressures as neces- 

sary and be sure to check the lug nut tightness. 

12 Seat belt check (every 7,500 

miles or 6 months) 

1 Check seat belts, buckles, latch plates 

and guide loops for obvious damage and 

signs of wear. 
2 See if the seat belt reminder light comes 

on when the key is turned to the Run or Start 

position. Achime should also sound. 
3 +The seat belts are designed to lock up 

during a sudden stop or impact, yet allow 

free movement during normal driving. Make 

sure the retractors return the belt against your 

chest while driving and rewind the belt fully 

when the buckle is unlatched. 

4 If any of the above checks reveal prob- 

lems with the seat belt system, replace parts 

as necessary. 

13 Underhood hose check and 

replacement (every 15,000 miles 

or 12 months) 

Warning: Replacement of air conditioning 

hoses must be left to a dealer service depart- 

ment or air conditioning shop that has the equip- 
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14.5a You will find an inspection hole like 

this in each caliper through which you can 

view the thickness of remaining friction 

material for the inner pad 

ment to depressurize the system safely. Never 
remove air conditioning components or hoses 

until the system has been depressurized. 

General 
1 High temperatures under the hood can 

cause deterioration of the rubber and plastic 

hoses used for engine, accessory and emis- 

sion systems operation. Periodic inspection 

should be made for cracks, loose clamps, 

material hardening and leaks. 

2 Information specific to the cooling sys- 

tem hoses can be found in Section 10. 

3 Most (but not all) hoses are secured to 

the fittings with clamps. Where clamps are 
used, check to be sure they haven't lost their 

tension, allowing the hose to leak. If clamps 

aren't used, make sure the hose has not 

expanded and/or hardened where it slips over 

the fitting, allowing it to leak. 

PCV system hose 
4 Toreduce hydrocarbon emissions, crank- 

case blow-by gas are vented through the PCV 

hoses from the valve cover the intake mani- 

fold on most models. The blow-by gases mix 

with incoming air in the intake manifold before 

being burned in the combustion chambers. 

5 Check the PCV hose(s) for cracks, leaks 
and other damage. Disconnect it from the 

valve cover and the intake manifold and check 

the inside for obstructions. If it’s clogged, 

clean it out with solvent. 

Vacuum hoses 
6 It’s quite common for vacuum hoses, 

especially those in the emissions system, to 

be color coded or identified by colored stripes 

molded into them. Various systems require 

hoses with different wall thickness, collapse 

resistance and temperature resistance. When 

replacing hoses, be sure the new ones are 

made of the same material. 
7 Often the only effective way to check 

a hose is to remove it completely from the 

vehicle. If more than one hose is removed, be 

14.5b Be sure to check the thickness of 

the outer pad material, too 

sure to label the hoses and fittings to ensure 

correct installation. 

8 — When checking vacuum hoses, be sure 

to include any plastic T-fittings in the check. 

Inspect the fittings for cracks and the hose 

where it fits over each fitting for distortion, 

which could cause leakage. 

9  Asmall piece of vacuum hose (1/4-inch 

inside diameter) can be used as a stetho- 

scope to detect vacuum leaks. Hold one end 

of the hose to your ear and probe around 

vacuum hoses and fittings, listening for the 

hissing sound characteristic of a vacuum leak. 

Warning: When probing with the vacuum 

hose stethoscope, be careful not to come into 

contact with moving engine components such 

as drivebelts, the cooling fan, etc. 

Fuel hose 
Warning: Gasoline is flammable, so take 

extra precautions when you work on any part 

of the fuel system. Don’t smoke or allow open 

flames 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-resistant gloves when there’s a pos- 

sibility of being exposed to fuel, and, if you 

spill any fuel on your skin, rinse it off immedi- 

ately with soap and water. Mop up any spills 

immediately and do not store fuel-soaked 

rags where they could ignite. The fuel sys- 

tem is under constant pressure, so, if any fuel 

lines are to be disconnected, the fuel pres- 
sure in the system must be relieved first (see 
Chapter 4 for more information). When you 

perform any kind of work on the fuel system, 

wear safety glasses and have a Class B type 

fire extinguisher on hand. 

10 _ The fuel lines are usually under pressure, 

so if any fuel lines are to be disconnected be 
prepared to catch spilled fuel. Warning: Your 

vehicle is equipped with fuel injection and you 

must relieve the fuel system pressure before 

servicing the fuel lines. Refer to Chapter 4 for 

the fuel system pressure relief procedure. 

11. Check all flexible fuel lines for deteriora- 
tion and chafing. Check especially for cracks. 

in areas where the hose bends and just before 

fittings, such as where the fuel line attaches to 

the fuel rail. 
12 When replacing a hose, use only hose 
that is specifically designed for your fuel injec- 

tion system. 
13 Some fuel lines use quick-connect fit- 

tings, which require a special tool to discon- 

nect. See Chapter 4 for more information on 

these types of fittings. 

Metal lines 
14 Sections of metal line are often used 
for fuel line that runs underneath the vehicle. 
Check carefully to make sure the line isn't 

bent, crimped or cracked. 

15 “If a section of metal fuel line must be 
replaced, use seamless steel tubing only, 

since copper and aluminum tubing do not 

have the strength necessary to withstand 

vibration caused by the engine. 
16 Check the metal brake lines where they 

enter the master cylinder and brake propor- 

tioning unit (if used) for cracks in the lines and 

loose fittings. Any sign of brake fluid leakage 

calls for an immediate thorough inspection of 

the brake system. 

14 Brake check (every 15,000 miles 

or 12 months) 

Warning: Dust created by the brake system is 

harmful to your health. Never blow it out with 

compressed air and don’t inhale any of it. An 

approved filtering mask should be worn when 

working on brakes. Do not, under any circum- 

stances, use petroleum-based solvents to clean 

brake parts, Use brake system cleaner only! 

1 The brakes should be inspected every time 

the wheels are removed or whenever a defect 

is suspected. Indications of a potential brake 

system problem include the vehicle pulling to 

one side when the brake pedal is depressed, 

noises coming from the brakes when they are 
applied, excessive brake pedal travel, a pulsat- 

ing pedal and leakage of fluid, usually seen on 

the inside of the tire or wheel. Note: /f is normal 
for a vehicle equipped with an Anti-lock Brake 
System (ABS) to exhibit brake pedal pulsations 

during severe braking conditions. 

Disc brakes 

Refer to illustrations 14.5a and 14.5b 

2 Disc brakes can be visually checked 

without removing any parts except the wheels. 
Remove the hub caps (if applicable) and loosen 

the wheel lug nuts a quarter turn each. 

3 Raise the vehicle and place it securely 

on jackstands. Warning: Never work under a 
vehicle that is supported only by a jack! 

4 Remove the wheels. Now visible is the 
disc brake caliper which contains the pads. 

There is an outer brake pad and an inner pad. 

Both must be checked for wear. Note: Usually 

the inner pad wears faster than the outer pad. 

5 Measure the thickness of the outer pad 

at each end of the caliper and the inner pad 

through the inspection hole in the caliper body 
(see illustrations). Compare the measure- 
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15.6 Check the shocks for leakage at the indicated area 

ment with the limit given in this Chapter’s 
Specifications; if any brake pad thickness is 
less than specified, then all brake pads must 

be replaced (see Chapter 9). 
6 __ If you're in doubt as to the exact pad thick- 
ness or quality, remove them for measurement 

and further inspection (see Chapter 9). 
7 Check the disc for score marks, wear 
and burned spots. If any of these conditions 
exist, the disc should be removed for servic- 

ing or replacement (see Chapter 9). 
8 Before installing the wheels, check all 
the brake lines and hoses for damage, wear, 

deformation, cracks, corrosion, leakage, 

bends and twists, particularly in the vicinity of 

the rubber hoses and calipers. 
9 _ Install the wheels, lower the vehicle and 

tighten the wheel lug nuts to the bees given 

in this Chapter’s Specifi ications. 

Parking brake 
10 Slowly pull up on the parking brake and 

count the number of clicks you hear until the 

handle is up as far as it will go. The adjustment 

is correct if you hear the specified number of 

clicks (see this Chapter’s Specifications). If you 

hear more or fewer clicks, it’s time to adjust the 

parking brake (see Chapter 9). 

41 An alternative method of checking the 

parking brake is to park the vehicle on a steep 

hill with the engine running (so you can apply 

the brakes if necessary) with the parking brake 

set and the transmission in Neutral. If the park- — 

ing brake cannot prevent the vehicle from roll- 

ing, it needs adjustment (see Chapter 9). 

LS 

15 Steering, suspension and 

driveaxle boot check (every 

15,000 miles or 12 months) 
en 

Note: For detailed illustrations of the steering 

and suspension components, refer to Chap- 

ter 10. 

45.11 To check a balljoint for wear, try to pry the control arm up 

and down to make sure there is no play in the balljoint (if there is, 

Shock absorber check 

Refer to illustration 15.6 

1 Park the vehicle on level ground, turn the 

engine off and set the parking brake. Check 

the tire pressures. 
2 Push down at one corner of the vehicle, 

then release it while noting the movement of the 

body. It should stop moving and come to rest in 

a level position within one or two bounces. 

3. If the vehicle continues to move up-and- 

down or if it fails to return to its original posi- 

tion, a worn or weak shock absorber is prob- 

ably the reason. 
4 Repeat the above check at each of the 

three remaining corners of the vehicle. 
5 Raise the vehicle and support it securely 

on jackstands. 
6 Check the shock absorbers for evidence 

of fluid 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. If leakage is noted, 

replace the shocks as a set. 
7 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 rear). 

8 If the shocks must be replaced, refer to’ 

Chapter 10 for the procedure. 

Steering and suspension 

check 

Refer to illustrations 15.11 and 15.12 

9 Check the tires for irregular wear pat- 

terns and proper inflation. See Section 5 in 

this Chapter for information regarding tire 

wear and Chapter 10 for information on wheel 

bearing replacement. 

10 Inspect the universal joint between the 

steering shaft and the steering gear housing. 

Check the steering gear housing for lubricant 

leakage. Make sure that the dust boots are 

not damaged and that the boot clamps are not 

loose. Check the tie-rod ends for excessive 

play. Look for loose bolts, broken or discon- 

replace it) 

15.12 Check the balljoint boots 
for damage 

nected parts and deteriorated rubber bush- 

ings on all suspension and steering compo- 

nents. While an assistant turns the steering 

wheel from side to side, check the steering 

components for free movement, chafing and 
binding. If the steering components do not 

seem to be reacting with the movement of 

the steering wheel, try to determine where the 

slack is located. 
141. Check the balljoints for wear by trying 

to move each control arm up and down with 

a prybar (see illustration) to ensure that its 

balljoint has no play. If any balljoint does have 

play, it’s worn out. See Chapter 10 for the con- 
trol arm replacement procedure (the balljoints 

aren’t replaceable separately). 
12 Inspect the balljoint boots for damage 
and leaking grease (see illustration). 
13 At the rear of the vehicle, inspect the 

suspension arm bushings for deterioration. 

Additional information on suspension compo- 

nents can be found in Chapter 10. 

Driveaxle boot check 

Refer to illustration 15.15 

14 The rear driveaxle boots are very impor- 

tant because they prevent dirt, water and for- 
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leaking grease 

eign material from entering and damaging the 
constant velocity (CV) joints. Oil and grease 
can cause the boot material to deteriorate 

prematurely, so it's a good idea to wash the 

boots with soap and water. 

15 Inspect the boots for tears and cracks 

as well as loose clamps (see illustration). 

If there is any evidence of cracks or leaking 

lubricant, they must be replaced (see Chap- 
ter 8). 

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

Warning: Gasoline is flammable, so take 

extra precautions when you work on any part 

of the fuel system. Don’t smoke or allow open 
flames 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-resistant gloves when there’s a pos- 
sibility of being exposed to fuel, and, if you 
spill any fuel on your skin, rinse it off immedi- 
ately with soap and water. Mop up any spills 

immediately and do not store fuel-soaked 

rags where they could ignite. When you per- 

form any kind of work on the fuel system, 

’ wear safety glasses and have a Class B type 

fire extinguisher on hand. The fuel system is 

under constant pressure, so, before any lines 

are disconnected, the fuel system pressure 
must be relieved (see Chapter 4). 
1 If you smell gasoline while driving or after 

the vehicle has been sitting in the sun, inspect 

the fuel system immediately. 

2 Remove the fuel filler cap and inspect if 

for damage and corrosion. The gasket should 

have an unbroken sealing imprint. If the gas- 

ket is damaged or corroded, install a new cap. 

3. Inspect the fuel feed line for cracks. 

Make sure that the connections between 
the fuel lines and the fuel injection system 

and between the fuel lines and the fuel tank 

(inspect from below) are tight and dry. Warn- 

15.15 Flex the driveaxle boots by hand to check for cracks and/or 

AE 

ing: Your vehicle is fuel injected, so you must 

relieve the fuel system pressure before servic- 
ing fuel system components. The fuel system 
pressure relief procedure is outlined in Chap- 

ter 4. 

4 Since some components of the fuel sys- 

tem - the fuel tank and part of the fuel feed line, 

for example - are underneath the vehicle, they 

can be inspected more easily with the vehicle 

raised on a hoist. If that’s not possible, raise 

the vehicle and support it on jackstands. 

5 With the vehicle raised and safely sup- 

ported, inspect the gas tank and filler neck 

for punctures, cracks and other damage. 

The connection between the filler neck and 

the tank is particularly critical. Sometimes a 

rubber filler neck will leak because of loose 
clamps or deteriorated rubber. Inspect all 

fuel tank mounting brackets and straps to be 

sure that the tank is securely attached to the 

vehicle. Warning: Do not, under any circum- 

stances, try to repair a fuel tank (except rub- 

ber components). A welding torch or any open 

flame can easily cause fuel vapors inside the 

tank to explode. 

6 Carefully check all rubber hoses and 

metal lines leading away from the fuel tank. 
Check for loose connections, deteriorated 
hoses, crimped lines and other damage. 
Repair or replace damaged sections as nec- 

essary (see Chapter 4). 

17 Manual transmission lubricant 

level check (every 15,000 miles or 

12 months) 

1 The manual transmission does not have 

a dipstick. To check the fluid level, raise the 

vehicle and support it securely on jackstands. 

On the side of the transmission hous- 

ing towards the back you will see a fill plug 

about half-way up on the transmission case. 

Remove the plug; if the lubricant level is cor- 

rect, it should be up to the lower edge of the 
hole. 

18.2 Rear differential fill/check plug (A) and drain plug (B) 

2 _ If the transmission needs more lubricant 
(if the level is not up to the hole), use a syringe 

or a gear oil pump to add more. Stop filling the 

transmission when the lubricant begins to run 

out of the hole. 

3 Install the plug and tighten it to the 

torque listed in this Chapter’s Specifications. 

Drive the vehicle a short distance, then check 
for leaks. 

18 Rear differential lubricant level 

check (every 15,000 miles or 12 

months) 

Refer to illustration 18.2 

1. The differential has a filler plug which 

must be removed to check the lubricant level. 

If the vehicle is raised to gain access to the 

plug, be sure to support it safely on jackstands 

- DO NOT crawl under the vehicle when it’s 
supported only by the jack. 

12. Remove the filler plug from the side of 

the differential (see illustration). 

3. The lubricant level should be at the bot- 

tom of the plug opening. If not, use a syringe 
to add the recommended lubricant until it just 
starts to run out of the opening. 

4 Inspect the differential breather hose 
to make sure it isn’t kinked and is securely 
mounted. 

5 Install the plug and tighten it to the torque 

listed in this Chapter’s Specifications. 

19 Air filter check and replacement 

(every 15,000 miles or 12 months) 

Refer to illustrations 19.1a and 19.1b 

1 ‘The air filter is located inside a housing 
at the left (driver's) side of the engine com- 

partment. To remove the air filter, remove the 

fasteners that secure the two halves of the 

air filter housing together, then separate the 



Chapter 1 Tune-up and routine maintenance 

19.1a Remove the air filter 

cover fasteners... 

cover halves and remove the air filter element 

(see illustrations). Note: Some models are 
equipped with side engine covers that must 
be unclipped and removed to access the air 

cleaner housing. 
2 Inspect the outer surface of the filter ele- 
ment. If it is dirty, replace it. If it is only mod- 
erately dusty, it can be reused by blowing it 

clean from the back to the front surface with 
compressed air. Because it is a pleated paper 

type filter, it cannot be washed or oiled. If it 

cannot be cleaned satisfactorily with com- 

pressed air, discard and replace it. While the 
cover is off, be careful not to drop anything 

down into the housing. Caution: Never drive 
the vehicle with the air filter removed. Exces- 
sive engine wear could result and backfiring 

could even cause a fire under the hood. 
3. Wipe out the inside of the air cleaner 

housing. * 

4 Place the new filter into the air cleaner 

housing, making sure it seats properly. 

5 Make sure the top half of the housing 

is seated properly, then secure it with the 

clamps. 

a 

20.4 Pull the filter from the housing 

J 
oc 

... pull the cover out of the way 

and lift the element out 
19.1b 

20 Cabin air filter replacement 
(every 15,000 miles or 12 months) 

Refer to illustrations 20.3 and 20.4 

1 Operate the windshield wipers to posi- 

tion them up on the windshield, then turn the 

ignition key off. 
2 Remove the passenger’s side cowl panel 

grille (see Chapter 11). 
3 Pull the tabs on each side of the filter 

housing access cover outwards and lift off the 

cover (see illustration). 
4 Remove the filter from the housing (see 

illustration). 
5 Installation is the reverse of removal. 

21 Exhaust system check (every 

30,000 miles or 24 months) 

Refer to illustration 21.2 

1. With the engine cold (at least three hours 

after the vehicle has been driven), check the 

20.3 Pull the tabs on the filter cover 

outwards to remove the filter cover 

complete exhaust system from the engine to 

the end of the tailpipe. Ideally, the inspection 

should be done with the vehicle on a hoist 

to permit unrestricted access. If a hoist isn’t 

available, raise the vehicle and support it 

securely on jackstands. 
2 Check the exhaust pipes and connec- 

tions for evidence of leaks, severe corrosion 

and damage. Make sure that all brackets and 

hangers are in good condition and tight (see 

illustration). 
3 At the same time, inspect the underside 

of the body for holes, corrosion, open seams, 

etc. which may allow exhaust gases to enter 

the passenger compartment. Seal all body 

openings with silicone or body putty. 

4 Rattles and other noises can often be 

traced to the exhaust system, especially the 

mounts and hangers. Try to move the pipes, 

muffler and catalytic converter. If the compo- 

nents can come in contact with the body or 

suspension parts, secure the exhaust system 

with new mounts. 
5 Check the running condition of the 

engine by inspecting inside the end of the tail- 

pipe. The exhaust deposits here are an indi- 

21.2 Be sure to check each exhaust system rubber hanger 

for damage 



Chapter 1 Tune-up and routine maintenance 

22.4 Splash shield fasteners 

cation of engine state-of-tune. If the pipe is 

black and sooty or coated with white deposits, 

the engine may need a tune-up, including a 

thorough fuel system inspection and adjust- 

ment. 

22 Cooling system servicing 

(draining, flushing and refilling) 

(every 100,000 miles or 70 months) 

Warning: Do not 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 antifreeze lying around 

in an open container or in puddles on the 

floor; children and pets are attracted by its 

sweet smell and may drink it. Check with local 

authorities about disposing of used antifreeze. 

Many communities have collection centers 

which will see that antifreeze is disposed of 

safely. Never dump used antifreeze on the 

ground or pour it into drains. 

Warning: Wait until the engine is completely 

cool before beginning this procedure. 

Note: Non-toxic antifreeze is now manufac- 

tured and available at local auto parts stores, 

but even this type must be disposed of prop- 

erly. 

Note: Jo drain the coolant in the charge air 

cooling system on CTS-V models, refer to 

Chapter 2C, Section 16. To refill the charge air 

cooling system, see Chapter 2C, Section 21. 

1 Periodically, the cooling system should 

be drained, flushed and refilled to replenish 

the antifreeze mixture and prevent formation 

of rust and corrosion, which can impair the 
performance of the cooling system and cause 

engine damage. When the cooling system is 

serviced, all hoSes and the expansion tank cap 

should be checked and replaced if necessary. 

Draining 
Refer to illustrations 22.4 and 22.5 

2 Apply the parking brake and block the 

wheels. If the vehicle has just been driven, 

22.5 The radiator drain fitting is located at the lower right corner 

of the radiator - before opening the valve, push a short length of 

rubber hose onto the plastic fitting to prevent the coolant 

wait several hours to allow the engine to cool 

down before beginning this procedure. 

3 Once the engine is completely cool, 

remove the expansion tank cap, then raise the 

vehicle and support it securely on jackstands. 

4 Remove the engine splash shield (see 

illustration) and move a large container 

under the radiator to catch the coolant. 

5 On models with a drain fitting, insert 

a length of hose through the subframe and 

attach the hose to the drain fitting to direct the 

coolant into the container, then open the drain 

fitting (a pair of pliers may be required to turn 

it) (see illustration). 

6 On models without a drain fitting, loosen 
the lower radiator hose clamp and slide the 

clamp back. Slowly remove the lower radiator 

hose and allow the coolant to drain into the 

container. 

7 While the coolant is draining, check the 

condition of the radiator hoses, heater hoses 

and clamps (see Section 10, if necessary). 

Replace any damaged clamps or hoses. 

Flushing 
8 Fill the cooling system with clean water, 

following the Refilling procedure (see Step 14). 

9 Start the engine and allow it to reach 

normal operating temperature, then rev up the 

engine a few times. 

10 Turn the engine off and allow it to 

cool completely, then drain the system as 

described earlier. 

11. Repeat Steps 8 through 10 until the 
water being drained is free of contaminants. 

12  Insevere cases of contamination or clog- 

ging of the radiator, remove the radiator (see 
Chapter 3) and have a radiator repair facility 

clean and repair it if necessary. 

13 Many deposits can be removed by the 
chemical action of a cleaner available at auto 

parts stores. Follow the procedure outlined in 

the manufacturer’s instructions. Note: When 

the coolant is regularly drained and the sys- 

tem refilled with the correct antifreeze/water 

mixture, there should be no need to use 

chemical cleaners or descalers. 

from splashing 

Refilling 
14 Close and tighten the radiator drain or 

reattach the radiator hose. 

15 Place the heater temperature control in 

the maximum heat position. 

16 Slowly add new coolant (a 50/50 mixture 
of water and DEX-COOL antifreeze) to the 
expansion tank until the level is at the MAX fill 

mark on the expansion tank. 

17 Install the expansion tank cap and run 

the engine at idle for two minutes, periodically 

raising the engine rpm to 2500 to 3000 rpm. 
Caution: /f at any time the engine begins to 
overheat, or the coolant level falls below the 

MIN fill line on the expansion tank, turn off the 

engine, allow it to cool completely, then add 
coolant to the expansion tank to the MAX fill 

line. 

18 Turn the engine off and let it cool. Add 

more coolant mixture to bring the level to the 

MAX fill mark on the expansion tank. 

19 Repeat Steps 16 through 18 as neces- 
sary. 
20 Start the engine, allow it to reach normal 

operating temperature and check for leaks. 

Also, set the heater and blower controls to 

the maximum setting and check to see that 

the heater output from the air ducts is warm. 

This is a good indication that all air has been 
purged from the cooling system. 

21 The remainder of installation is the 
reverse of removal. 

23 Brake fluid change (every 30,000 

miles or 24 months) 

Warning: Brake fluid can harm your eyes and 
damage painted surfaces, so use extreme 

caution when handling or pouring it. Do not 
use brake fluid that has been standing open 
or is more than one year old. Brake fluid 

absorbs moisture from the air. Excess mois- 

ture can cause a dangerous loss of braking 
effectiveness. 

1 At the specified intervals, the brake fluid 

should be drained and replaced. Since the 
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ACCEPTABLE 

— 

cra 
UNACCEPTABLE 

Cracks Running Across 
"V" Portions of Belt 

Missing Two or More Adjacent 
Ribs 1/2" or longer 

Cracks Running Parallel 
to "V" Portions of Belt 

24.4 Small cracks in the underside of a V-ribbed belt are acceptable - lengthwise cracks, 

or missing pieces that cause the belt to make noise, are cause for replacement 

brake fluid may drip or splash when pouring 

it, place plenty of rags around the master cyl- 

inder to protect any surrounding painted sur- 

faces. 
2 Before beginning work, purchase the 

specified brake fluid (see Recommended 
lubricants and fluids in this Chapter’s Specifi- 

cations). 
3 Remove the cap from the master cylin- 

der reservoir. Sanh 
4 Using a hand suction pump or similar 
device, withdraw the fluid from the master cyl- 

inder reservoir. 
5 Add new fluid to the master cylinder until 

it rises to the base of the filler neck. 

6 Bleed the brake system as described 

in Chapter 9 at all four brakes until new and 

uncontaminated fluid is expelled from the 

bleeder screw. Be sure to maintain the fluid 

level in the master cylinder as you perform the 

bleeding process. If you allow the master cyl- 

inder to run dry, air will enter the system. 

7 Refill the master cylinder with fluid and 

check the operation of the brakes. The pedal 

should feel solid when depressed, with no 

sponginess. Warning: Do not operate the 

vehicle if you are in doubt about the effective- 

ness of the brake system. 

Pay ns 2 oe 

24 Drivebelt check and replacement 

(every 30,000 miles or 24 months) 
ona Ae 

1 _ The serpentine drivebelt(s) are located 

at the front of the engine and play an impor- 

tant role in the overall operation of the engine 

and its components. Depending on the year 

and engine used several configurations are 
available ranging from a single belt to mul- 

tiple belts. Due to its function and material 

make up, the belts are prone to wear and 

should be periodically inspected. The serpen- 

tine belt or belts drive the alternator, power 

steering pump, water pump, air condition- 

ing compressor and super charger on later 

model V8 engines. Although the belts should 

be inspected at the recommended intervals, 

replacement may not be necessary for more 

than 100,000 miles. 

Check 

Refer to illustrations 24.4 

2 The tension of the belt is automatically 

adjusted by the belt tensioner and does not 

require any adjustments. Drivebelt wear can 

be checked visually by inspecting the wear 

indicator marks located on the front of the 

tensioner body. Locate the belt tensioner(s) at 

the front of the engine. If the indicator mark is 

outside the operating range, the belt should 

be replaced. Since the drivebelt(s) are located 

at the front of the engine compartment, it will 

be necessary to remove the engine cover and 

air cleaner inlet or outlet duct on V8 models. 

3 With the engine stopped, inspect the full 

length of the drivebelt(s) for cracks and sep- 

aration of the belt plies. It will be necessary 

to turn the engine (using a wrench or socket 

and bar on the crankshaft pulley bolt, working 

clockwise only) in order to move the belt from 

the pulleys so that the belt can be inspected 

thoroughly. Twist the belt between the pulleys 

so that both sides can be viewed. Also check 

for fraying, and glazing which gives the belt 

& $ aah. aE 

24.5 To remove the drivebelt, insert a 1/2- 

inch drive ratchet or breaker bar into the 

square hole and rotate the tensioner arm 

to relieve belt tension - V6 model shown, 

other models similar 

a shiny appearance. Check the pulleys for 

nicks, cracks, distortion and corrosion. 

4 Note that it is not unusual for a ribbed 

belt to exhibit small cracks in the edges of the 

belt ribs, and unless these are extensive or 

very deep, belt replacement is not essential 

(see illustration). 

Replacement 

V6 engines 

Refer to illustration 24.5 

Note: Before removing the drivebelts, take a 

good look and note how the belt is routed on 

all the pulleys. 
5 On models equipped with a single drive- 

belt, insert a 1/2-inch drive ratchet or breaker 

bar into the tensioner hole and rotate the han- 

dle clockwise to release the drivebelt tension 

(see illustration). Once tension has been 
released, remove the belt from the pulleys. 

Note: /t may be easier to work from under the 

vehicle to remove the belt. 
6 __ Install the new drivebelt onto the crank- 

shaft, alternator, power steering pump, and 

air conditioning compressor pulleys, as appli- 

cable, then turn the tensioner back and locate 

the drivebelt on the pulley. Make sure that the 

drivebelt is correctly seated in all of the pulley 

grooves, then release the tensioner. 

7  Onmodels equipped with multiple drive 

belts, start with the outer (water pump/alter- 

nator) drivebelt. Insert a 1/2-inch drive ratchet 

or breaker bar into the tensioner square hole 

and rotate the handle clockwise to release 

the drivebelt tension. Once tension has been 

released, remove the belt from the pulleys. 

8 With the outer drivebelt removed, insert 

a 1/2-inch drive ratchet or breaker bar into the 

inner (power steering/air conditioning com- 
pressor) belt tensioner square hole and rotate 
the handle clockwise to release the drivebelt 

tension. Once tension has been released, 

remove the belt from the pulleys. 

9 Starting with the inside belt, install the 
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Bre 

24.11 To remove the drivebelt, rotate the tensioner bolt (1) 

j 

clockwise (2) to relieve belt tension (2007) 

new drivebelt onto the crankshaft, power 

steering pump, and air conditioning com- 

pressor pulley, then turn the tensioner back 

and locate the drivebelt on the pulley. Make 

sure that the drivebelt is correctly seated in 

all of the pulley grooves, then release the 

tensioner. Repeat the same procedure for the 
outer drivebelt. 

V8 engines 
10 Remove the air filter housing outlet duct 

(see Chapter 4). 

2007 and earlier models 

Refer to illustration 24.11 

11 Place a socket on to the accessory drive- 

belt tensioner pulley center bolt and rotate the 

tensioner clockwise to release the drivebelt ten- 

sion (see illustration). Once tension has been 
released, remove the belt from the pulleys. 

12 With the outer accessory drivebelt 

removed, place a socket on the air condi- 

tioning compressor drivebelt tensioner pulley 

center bolt and rotate the tensioner clockwise 

to release the drivebelt tension. Once tension 

has been released, remove the belt from the 

pulleys. 
13 Starting with the inside belt, install the 

new drivebelt onto the crankshaft and air 

conditioning compressor pulley, then turn the 

tensioner back and locate the drivebelt on the 
pulley. Make sure that the drivebelt is cor- 

rectly seated in all of the pulley grooves, then 

release the tensioner. Repeat the same pro- 

cedure for the outer accessory drivebelt and 
reinstall the air filter duct. 

2009 and later model supercharger and 

accessory drivebelts 

14 Start with the outer (supercharger) drive- 
belt. Insert a 1/2-inch drive ratchet or breaker 

bar into the tensioner square hole and rotate 

the handle clockwise to release the drivebelt 
tension. Once tension has been released, 

remove the belt from the pulleys. 

15 With the outer supercharger drivebelt 

removed, insert a 1/2-inch drive ratchet or 

breaker bar into the accessory tensioner 

square hole and rotate the handle clockwise 

to release the drivebelt tension. Once tension 

has been released, remove the belt from the 

pulleys. : 
16 Starting with the accessory belt, install 
the new drivebelt onto the crankshaft and - 

various pulleys, then turn the tensioner back 

and locate the drivebelt on the pulley. Make 

sure that the drivebelt is correctly seated in 

all of the pulley grooves, then release the 
tensioner. Repeat the same procedure for the 
outer supercharger drivebelt and reinstall the 

air filter duct. 

2009 and later model air conditioning 
compressor drivebelt 

Note: The air conditioning compressor belt 

doesn’t use a tensioner and must be cut to 

be removed. Make sure you have a new belt 

before cutting the old belt off. 
17 Remove the supercharger and acces- 

sory belts (see Steps 14 and 15). 
18 Remove the splash shield (see illustra- 

tion 22.4). 

19 Disconnect the electrical connector to the 
charge air cooler pump, then remove the pump 

mounting nuts and the pump (see Chapter 3). 

20 Using a pair of diagonal cutters, cut the 

air conditioning belt to remove it. 

21 Place the new belt to the rear of the 

crankshaft pulley, making sure the belt is fully 

seated in the pulley grooves. 

22 Install the special belt installation tool on 

to the air conditioning compressor and place 

the belt over the tool. 

23 Rotate the crankshaft pulley and allow 

the tool to turn and seat the belt on the com- 
pressor pulley. 

24 The remainder of installation is the 
reverse of removal. 

Drivebelt tensioner 

Refer to illustration 24.25 

25 On V6 models, remove the bolts secur- 

24.25 Typical V6 tensioner mounting fastener locations 

i 

ing the tensioner to the engine, then detach 

the tensioner from the engine (see illustra- 
tion). 
26 On V8 models, remove two bolts secur- 

ing accessory tensioner to the engine, then 

detach the tensioner. 

27 On V8 models with superchargers, 

remove the supercharger tensioner center 

bolt, then detach the tensioner. 

28 Installation is the reverse of removal. 

Tighten the tensioners bolt(s) to the torque 
listed in this Chapter’s Specifications. 

25 Automatic transmission fluid and 

filter change (every 60,000 miles 
or 48 months) 

Refer to illustrations 25.5, 25.8 and 25.9 

1 Before beginning work, purchase the 
specified transmission fluid (see Recom- 

mended lubricants and fluids in this Chapter’s 

Specifications) and a new filter. 

2 Other tools necessary for this job include 

a floor jack, jackstands to support the vehicle 
in a raised position, a drain pan capable of 

holding at least 5 quarts, newspapers and 
clean rags. 

3. Raise the vehicle and support it securely 

on jackstands. Note: The vehicle must be 
level. 

4 Place the drain pan underneath the 

transmission pan. Remove the front and side 

pan mounting bolts, but only laosen the rear 

pan bolts approximately four turns. Note: 
Some early models are equipped with a drain 

plug in the bottom of the transmission pan. 
If equipped with a drain plug, drain the fluid 

from the drain plug before loosening any pan 
bolts. 

5 Carefully pry the transmission pan loose 

with a screwdriver, allowing the fluid to drain 
(see illustration). 

6 Remove the remaining bolts, pan ‘and 
gasket. Carefully clean the gasket surface of 

a 
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25.5 With the rear bolts in place but loose, pull the front of the 

-pan down to drain the transmission fluid 

the transmission to remove all traces of the 

old gasket and sealant. 

7 Drain the fluid from the transmission pan, 

clean it with solvent and dry it. 
8 Pull the filter straight down from the 
transmission (see illustration) do not bend or 

twist the filter tube neck. 
9 If the seal(s) did not come out with the 

filter, carefully remove it from the transmis- 

sion (see illustration). Instal! a new filter and 

seal(s). 
40 Make sure the gasket surface on the 

transmission pan is clean, then fit a new gas- 
ket on the pan. Put the pan in place against 

the transmission and, working around the 

pan, tighten each bolt a little at a time until 

the final torque is reached (see this Chapter’s 
Specifications). Keep in mind that the correct 

torque to avoid leaks is quite low. 
11 Add new fluid to the trdnsmission (see 
Section 7). Check the specifications in this 

Chapter for the proper quantity. Note: Using 

a syringe or hand pump, fill the transmission 

until it is level with the bottom of the filler plug 

hole before starting the engine. 

sete Ee 

25.9 If necessary, use a screwdriver to 

remove the seal from the transmission 

- be careful not to gouge or scratch the 

aluminum housing 

12 With the transmission in Park and the 

parking brake set, run the engine at a fast 

idle, but don’t race it. 
13 Move the gear selector through each 

range and back to Park. Check the fluid level 

(see Section 7); it will probably be low. 
44 Check under the vehicle for leaks during 

the first few trips. 
15 The old fluid drained from the transmis- 
sion cannot be reused in its present state and 

should be disposed of. Check with your local 
auto parts store, disposal facility or environ- 

mental agency to see if they will accept the 

fluid for recycling. After the fluid has cooled it 

can be drained into a container (capped plas- 

tic jugs, topped bottles, milk cartons, etc.) for 

transport to one of these disposal sites. Don’t 

dispose of the fluid by pouring it on the ground 

or down a drain! 

26 Manual transmission lubricant 

change (every 60,000 miles or 48 

months) 

1 This procedure should be performed 

after the vehicle has been driven so the lubri- 

cant will be warm and therefore flow out of the 

transmission more easily. 

2 Raise the vehicle and support it securely 

on jackstands. Position a drain pan under the 

transmission. Remove the transmission fill 

plug on the front of the case; it's about half- 

way up on the transmission case. 

3 On Getrag and Aisin AY6 models, 

remove the drain plug at the bottom of the 

case and allow the lubricant to drain into the 

pan. 

4 On Tremec 6-speed models, disconnect 

the transmission fluid temperature sensor, 

then remove the sensor/drain plug and allow 

the fluid to drain. 

5 After the lubricant has drained com- 

pletely, reinstall the drain or sensor plug and 

tighten it securely. 

6 Using ahand pump, syringe or funnel, fill 

the transmission with the specified lubricant 

25.8 Rotate the filter out of the retaining clip, then lower it from 

a 

the transmission 

until it is level with the lower edge of the filler 

hole. Using a new sealing washer, reinstall 

the fill plug and tighten it to the torque listed in 

this Chapter’s Specifications. 

7 Lower the vehicle. 
8 Drive the vehicle for a short distance, then 

check the drain and fill plugs for leakage. 

9 The old lubricant drained from the trans- 

mission cannot be reused in its present state 

and should be disposed of. Check with your 

local auto parts store, disposal facility or envi- 

ronmental agency to see if they will accept 

the lubricant for recycling. After the lubricant 

has cooled it can be drained into a container — 

(capped plastic jugs, topped bottles, milk car- 

tons, etc.) for transport to one of these dis- 
posal sites. Don’t dispose of the lubricant by 

pouring it on the ground or down a drain! 

27 Rear differential lubricant change . 

(every 60,000 miles or 48 months) 

1 This procedure should be performed 

after the vehicle has been driven so the lubri- 

cant will be warm and therefore flow out of the 

differential more easily. 
2 Raise the vehicle and support it securely 

on jackstands. Position a drain pan under the 

differential. 
3 Remove the check/fill plug, then remove 

the drain plug from the differential and allow 
the lubricant to drain into the pan (see Sec- 

tion 18). 
4 After the lubricant has drained com- 

pletely, install the drain plug and tighten it to 

the torque listed in this Chapter’s Specifica- 

tions. 

5 Using ahand pump, syringe or funnel, fill 

the differential with the specified lubricant until 

it begins to leak out through the hole. Install 

the fill plug and tighten it to the torque listed in 

this Chapter’s Specifications. 

6 __ Lower the vehicle. 
7 - Drive the vehicle for a short distance, 

then check the drain and fill plugs for leak- 

age. 
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28 Spark plug check and 

replacement (see Maintenance 
schedule for service intervals) 

Refer to illustrations 28.2, 28.5, 28.6, 28. 6: 

28.8, 28.10, 28.12a and 28.12b 

1 On V6 models, the spark plugs are 

located in the center of the valve covers. On 
V8 models, the spark plugs are located at the 

sides of the engine. 
2 In most cases, the tools necessary for 

spark plug replacement include a spark plug 
socket which fits onto a ratchet (spark plug 
sockets are padded inside to prevent damage 

to the porcelain insulators. on the new plugs), 

various extensions and a gap gauge to check 

the gaps on the new plugs (see illustration). 
A torque wrench should be used to tighten the 

new plugs. 
3. The best approach when replacing the 
spark plugs is to purchase the new ones in 

advance, adjust them to the proper gap and 
replace the plugs one at a time. When buy- 
ing the new spark plugs, be sure to obtain the 

correct plug type for your particular engine. 

This information can be found in this Chap- 
ter’s Specifications or in the owner’s manual. 
4 Allow the engine to cool completely 
before attempting to remove any of the plugs. 

These engines are equipped with aluminum 
cylinder heads, which can be damaged if the 
spark plugs are removed when the engine is 

hot. While you are waiting for the engine to 
cool, check the new plugs for defects and 

adjust the gaps. 
5 The gap is checked by inserting the prop- 
er-thickness gauge between the electrodes at 

the tip of the plug (see illustration). The gap 

between the electrodes should be the same 

as the one specified in this Chapter’s Specifi- 

cations. The gauge should just slide between 
the electrodes with a slight amount of drag. 
6  OnV6 engines, remove the upper intake 

manifold (see Chapter 2A or 2B) to gain 

28.6 All V6 engine models are equipped with individual coils 

which must be removed to access the spark plugs 

1 Ignition coils 2 

28.2 Tools required for changing 
spark plugs 

1. Spark plug socket - This will have 
special padding inside to protect the 

spark plug porcelain insulator 
2 Torque wrench - Although not 

mandatory, use of this tool is the 

best way to ensure that the plugs are 

tightened properly 
3 Ratchet - Standard hand too! to fit the 

plug socket 

4 Extension - Depending on model and 

accessories, you may need special 

extensions and universal joints to 

reach one or more of the plugs 

5 Spark plug gap gauge - This gauge 
for checking the gap comes ina 
variety of styles. Make sure the gap for 
your engine is included 

access to all of the ignition coils (see illustra- 
tion). ; 
7 On V6 engines, disconnect the wiring 
from each ignition coil and, after loosening 
the retaining bolts, pull the coil from the valve 
cover (see illustration). Note: On some 
models the coil bolts are captive bolts. They 

will remain in-the coil housing. 
8 On V8 engines, with the engine cool, 

remove the spark plug wire from one spark 

plug. Pull only on the boot at the end of the 

28.5 When checking the spark plug 

gap, the wire should slide between the 

electrodes with a slight drag 

wire - do not pull on the wire. A plug wire 

removal tool should be used if available (see 

illustration). 

9 If compressed air is available, use it to 

blow any dirt or foreign material away from the 

spark plug hole. The idea here is to eliminate 

the possibility of debris falling into the cylinder 

as the spark plug is removed. 

10 Place the spark plug socket over the 

plug and remove it from the engine by turning 

it in a counterclockwise direction (see illus- 

tration). 
11 Compare the spark plug to those shown 

in the photos located on the inside back cover 

of this book to get an indication of the general 

running condition of the engine. 
12 Apply a small amount of anti-seize com- 

pound to the spark plug threads (see illus- 

tration). Install one of the new plugs into the 
hole until you can no longer turn it with your 

fingers, then tighten it with a torque wrench (if 
available) or the ratchet. It is a good idea to 
slip a short length of rubber hose over the end 

of the plug to use as a tool to thread it into 

28.7 To remove the coils, depress the tab (A) and disconnect the 
electrical connector, remove the coil retaining bolt (B), then eet 

the coil straight up to remove it 
Ignition coil mounting bolts 
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28.8 On V8 models, when removing the spark plug wires, pull 
only on the boot and use a twisting, pulling motion 

place (see illustration). The hose will grip the 
plug well enough to turn it, but will start to slip 

if the plug begins to cross-thread in the hole 

- this will prevent damaged threads and the 

accompanying repair costs. 

13 Repeat the procedure for the remaining 

spark plugs. 
14 On V6 engine models, install the ignition 
coil into position, tighten the retaining bolts 

and connect the wiring connector. 

15 Repeat this procedure for the remain- 

ing spark plugs, then install the upper intake 

manifold (see Chapter 2A or 2B). 
16 On V8 engine models, before pushing 

the spark plug wire onto the end of the plug, 
check the boot and wire for damage. Attach 

the plug wire to the new spark plug, again 
using a twisting motion on the boot until it's 
seated on the spark plug. Repeat this proce- 

dure for the remaining spark plugs 

28.12a Apply a thin coat of anti-seize 

compound to the spark plug threads (be 

careful not to get any near the electrodes) 

1-27 

28.10 Use a ratchet and extension to remove the spark plugs 

(V6 models shown) 

28.12b A length of snug-fitting rubber 

hose will save time and prevent damaged 

threads when installing the spark plugs 
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Notes 



Chapter 2 PartA 
3.2L V6 engine 

2A-1 

Rotor Sid CICAFANCE.......0cecceeeeeseesesseenesneeeeeeerersssseseeeeneetseraneeesareeearente
ns 

Contents 

Section Section 

Camshafts and lifters - removal, inspection and installation.......... 11 Intake manifolds - removal and installation .............cc.cscccseeeeeeereeee 6 

Crankshaft front oil seal - replaceMent..............:ccesseeeesteeeeeneeeeeees 10 Intake plenum - removal and installation .............:cectrereeeeees 5) 

Crankshaft pulley - removal and installation...........:..:ccceseeeeen 8 Oil pan - removal and installation ............:cccccseeneteteeeneeeeeee eee 13 

Cylinder heads - removal and installation............ccccceseeeeseeeeeeeneeees 12 Oil pump - removal, inspection and installation.............-1eee eee 14 

- Drivebelt check and replaceMent ..............cc:scceeeessssereeees See Chapter 1 Rear main oil seal - replace Ment...........ccccceeceseseeeesseeeenteeeetrererees 16 

Engine oil and filter CHANGE ............c.:..seteerscecseuensereredeneees See Chapter 1 Repair operations possible with the engine in the vehicle............. Z 

Engine mounts - check and replaceMent ............cccseeceeeereeeeeees 17 Timing belt cover, timing belt and sprockets - removal, 

Engine/transmission - removal and installation ............ See Chapter 2D Inspection, installation and adjUStMent...........: cece eee reese 9 

Exhaust manifold - removal and installation ..............::ceceeeeees I Top Dead Center (TDC) for number 1 piston - locating................. 3 

Flywheel/driveplate - removal, inspection and installation............. 15 Valve covers - removal and installation ..............cscceseeeesreesteeeees 4 

(SYSiR ETE Tay fetan (Eel ay) ghee cheeee coe ees paseoes ease err nade neciapdece becesceae oo eh 1 

Specifications 

General 
ENgine tyP@.........scecccsscesseseseesesseeseeneceescessessssecsceneesaeuecnensarsecienenennasecetens V6 

DisplaCeMent..........ccsscsseeecsceeecesessctseersenetssesesasseceesenenerseensensseeseanseentasens 195 cubic inches (3.2 liters) 

Engine VIN COGC..........:cccccseeeeseeesseneeecneeeesesetscasesssnenessesenecasaenecansaseceninens N 

BPO) COS meres ers eeece ees aacetiand otro tactrc censnunssnccusecoxsutvaUisrsanenvanchocnssee=-texsines LA3 

Firing OFde? ...........cssssssceseseesecsscseeeeneressesssssaenecseseassensseseseeranscasensnsenesenens 1-2-3-4-5-6 

SO en es oes ane ey ucnesiid tari aetases var -intananaracsanedee dese 3.45 inches (87.5 mm) 

Le FN eee eT ge ae ee crac cehitse Ge ene ne enaessaderausqugnanndéeseptaranah 3.47 inches (88 mm) 

Compression ratio .........csscscsecseeeeeeeeeeensenssssenrensencenescenentnaranenacenseesenes OKOR 4 

COmMpresSiON PFESSUFE ..........cecceceseneteteessseseeeesceeesnenentneeteseserestenenseenents See Chapter 2D 

Oil PTOSSUFE .....:-.cerncsouepesnesecesscscssucsenssesesssvissonsesnsserereteentetsconsesunsnenensnaetans See Chapter 2D 

Camshafts 
pare es 

Lobe height Cylinder locations 

Uae Bee eet cee a eee hel ate cdots soe nviey seater ese rciehesearssunucszeasterncni nea sitan 0.394 inch (10.0 mm) 

Px Hea eee caer eee s ety sete ceeaenuiesectascsosucanmuxeiaiecrauanessshercroenensins 0.394 inch (10.0 mm) 

Bearing journal diameter ............ccseeceseesescseeseesesterenencareseecasseeeneeezenecans 1.1000 to 1.1008 inches (27.939 to 27.960 mm) 

ESAGIAY, Aacasvevins sbesessasoqsocohsenstssaecexcstetsedeactnrqpoeneconsedoebendeatenecenessneriesonstes 0.001 to 0.002 inch (0.025 to 0.051 mm) 

Warpage limits 
Cylinder head gasket surfaces (head ANC OIOCK \irreneee eteesttauntscs tacreexe-== 0.0010 inch (0.025 mm) 

Exhaust MANifOld .........cccsceccecceeccscersssesnessssenececeneressssesaseneesressacaeesacanenesas 0.0010 inch (0.025 mm) 

Oil pump 
Driven rotor-to-pump body Clearance ...........ecsereceterete reste teteeeeneneneties 0.0039 inch (0.10 mm) 

Rotor tip CIEATANCE .........c.recccsenerseeeesecsssenessansenernsesesesesesenesearatnanensasenemeets 0.00026 inch (0.07 mm) 

0.0039 inch (0.10 mm) 
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Torque specifications Ft-Ibs (unless otherwise indicated) Nm 
Note: One foot-pound (ft-lb) of torque is equivalent to 12 inch-pounds (in-lbs) of torque. Torque values below approximately 15 foot-pounds are 

expressed in inch-pounds, because most foot-pound torque wrenches are not accurate at these smaller values. 

Camshaft bearing cap bolts* (in sequence - see illustrations 11.27a and 11.27b) 

SLED) Lee iactran Seabees courrier eaten emer ea tans EU eek sca dase auute acetone Hand tighten all bolts 
SLO FAs IG Aes aU ae Meee Ngee ROR og Oee ck Neate de veciue orc eaadheaburs ta 71 in-lbs 8 

Camshaft sprocket bolts* 
SLO DE Meee ss eCards ce teyt ns Pee iy One re aun ee Sh gt Oe AY Reais 37 50 

SUG poZataeewen cesar eaverraaaetnes FS ncRS EE ROS EnIGE che REPT RCE ECroR PUR PEE Sc CABO Tighten an additional 60-degrees 

SSG Peo rctense are memes et nee cant Femme Renee DS Ug ones techy ai ca iazoisaakecs teeteenszetaadas Tighten an additional 15-degrees 

Crankshaft balancer/pulley bolts .............ccccccecseeeeees RS mC eet 15 20 
Crankshaft drive gear bolt (timing belt) 

SLOP il ee cstteceetremi tiers instal Wencraneeteve Megan ases eco elas NES. tv asoel veda ee eat 184 250 
SQ ise ricecee rete nt ceteratettne: Garett tne terete ius suksshaeac ee Nee Tighten an additional 45-degrees 
SUG Deve ee cer ae ce ee can Pt rsd OER NLC, cacs Butecadree Reneceo Sy Tighten an additional 15-degrees 

Cylinder head bolts* (in sequence - see illustration 12.28a) 
SOLES reeset OPEL Mn re nrc eee eee rsa E etm aston ican sea tna bad taccewaetecaete 18 25 

Gy STOP): ce Seven erate eat aS OA Repeal a apc MIE © 0 Pe DE ee en PD Tighten an additional 90-degrees 

SEGA een ee cedar estes ee RU eee IE PATA Sa se Mas ee cate ch auledtaceeatvosbpeens Tighten an additional 90-degrees 

SUG A eter cro patente fe escnesd eats sanpadl weennuse canee ec tecvenilen ches tle resteesciuasesbegees Tighten an additional 90-degrees 
SUSY OF ES ees Rech CE ROS ATE OEE ARE LE icon Ein CE DESO ea oe Ra a Tighten an additional 15-degrees 

DrivebelGtansiOmerinoOnsy cccisaeccccce ec aeee nese ck cescccactves.7.dazscsndeeues caoees 26 35 
Engine mount bracket-to-cylinder DIOCK DOIts............:ccccsscseesssecerseseeseevens 44 60 
EMGUNG MOU IMU LSS waar ce cee cars cor otea ccc cceas aeceb tees ds occa aualecaadeelsvees sd 59 80 
Exhaust manifolds 

INGIES ypc soe See a eT et et Sst eens Ms Stag gta suaanl fabectgate saraeas oO 20 

SSIS igs Sets cea scees race sanbe casenstccet baaitteti vette daca tanya antuevteaes SaasbeecveseedeNaseds 22 30 
Flywheel/driveplate bolts 

SES Pliage eee tern corel Met SLUR, MUN Me LT ved wauicw ra Th Dall sl le oc 48 65 

SOD) Zee ineassea tease: ara bis tasacepeen me ae eats Sack cite Saye cee el Tighten an additional 30-degrees 

SRG Sees ee mi sere satan tease te ode cekins Bans vemcsiceing septa pe nial Se ueaae eeeeate Techie ones Tighten an additional 15-degrees 

Intake plenum tuning 

SOLEMOING: DOM ese ee devs asd Scares se nantes Se ean ese St 8 cic hea eeereiesa ses 71 in-lbs 8 
Mal Weslo litre escetitpt es cstii snus tateasilt oped nich ang canines ttcee tesw stuplabthene cues asettes 71 in-lbs 8 

totake! plemUmli Dols: sjas5.-cerdsns cts) sopchie ceshneasa qaistcechameleepretstacs seve Merupioass Secacase 15 20 

Lower intake manifold-to-cylinder head DOIts ...........:::cesccseeseeeesereeeeeneees 15 20 

Upper intake manifold-to-lower intake manifold bolts.............:::cccesseeees 15 20 
OINIGOOIEHICOVER DONS ha Scan terse, cowedacses oats oossces res veo: Semenserece oni scteezaces tsi 15 20 

Oil cooler supply and return line banjo bolts-to-cylinder block ................ 22 30 

GillcoolemSUpPLYy arial MELUMMA MUS eaiic.cuesee cov soccys sctvescssenevecPeenscthearouevsse.caze : 22 30 

Oilicooleripipenfitting-to=Oil COON eccevccesaecaesses00 ss 26 ~.cs 0b ereccen cables aebaveeedenmstves 22 30 

Milita maGapten: DOM teres peeaecrsSonecom cucrroce Wen od-o oe iths snd reegsdvtewesvengtaverenn Tees 15 20 
OllipanibaMmle bolts eskivx.-vecuash aeoaceveseeasees ves> cal oces.cs juve Cast hee selenadoas amen 71 in-lbs 8 

Oilipan-tozcylindSh: DIOCKIDONS aii seeaesdce! sass cusee cts sundaes spurte vans turat onset cspets 133 in-Ibs 15 

OIpPICKsUN Pie: DOL kevee-recanewctderorcesanteeeansspeceseee es uacateee a taaNiocs cenpeeeceeaes 71 in-lbs 8 

Oil; pick-up, pipe bracketibo lien Avira. sncccearcesssoc tet onc esasoapseteevaaeesteacetenalseeante 71 in-lbs 8 

Oiljpump=td-cVlinder DIOCK DONS: ess fuck cerwasscvcthscntelsde-uwteoponaaing Miewncraees 15 20 
iming| belt cover. (front.and:rear) DONS .p.sc..5..c:ccesr.csetecocabascaneantsvevacstooene 71 in-lbs 8 

Timing belt rear cover threaded Pi........:..::sccesnceseeneseeserssecsreserssenseneerees 89 in-lbs 10 

aI Delt GISK PUN Vitecpose -ssccess nee ea cect esac cecxsaeduckoc cere¥ sarees ceetevecen} cis oveeral 30 40 

ming belt tehsiomen Dracket DOlts 52H ec senescsevesatnasacsoadastaucuel vesseestarseousee 30 40 

siming belt tensioner pulley: MUtiresiicselt.<:ccccosassca-anccorssudeewontscevetcpetnceces toed 15 20 
MOLGWOLCOMVENSTH DONS ree eee testis xs sexes tas inves ance adius ceesuaceacvoivaniere crew ecr ane aes 46 63 

Transmission-to-engine bolts 

MIO SIZOTDOMS cca stress oe teere autor teetainees asuhe teakra sanact Caerenacaacereastaes ies Sm 50 

MMT Z SIZE DOltS aerate acters oc ctesdes eo esctatacce Sanaa staecucs Sadeel ececeaesnstenteraen cat 55 75 

WValVe:covernbolisrs ci) inteecnssseeqrsscewateey hovedtasciaresenarvepustienynva iota Mcbrareesratens 71 in-lbs 8 
*Always replace with new bolts 
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1 General information 

How to use this Chapter 
This Part of Chapter 2 is devoted to 

repair procedures possible while the engine 

is still installed in the vehicle. Since these pro- 

cedures are based on the assumption that the 

engine is installed in the vehicle, if the engine 

has been removed from the vehicle and 

mounted on a stand, some of the preliminary 

removal steps outlined will not apply. 

Information concerning engine/transmis- 

sion removal and replacement and engine 

overhaul, can be found in Part D of this Chap- 

ter. 

Engine description 
These engines are twenty-four valve, 

double overhead camshaft (DOHC), V6 type. 
They incorporate aluminum cylinder heads 

and a cast iron (one-piece casting) cylinder 

block. 
The four camshafts are driven by a sin- 

gle timing belt, each operating six valves via 

direct acting hydraulic (non-adjustable) lifters. 

Each camshaft rotates in four bearings that 

are line-bored directly in the cylinder head 

and the (bolted-on) bearing caps. This means 
that the bearing caps are not available sepa- 

rately from the cylinder head, and must not be 

interchanged with caps from another engine. 

These engines incorporate a stamped 

steel front and rear timing belt cover. The oil 

pump housing and oil pan are aluminum, and 

the crankshaft is supported by four main caps 

retained by a crankshaft bearing bridge to 

strengthen the cylinder block. All main bear- 

ing caps are replaceable and the number four 

main bearing is a thrust bearing. 
The piston pins are full floating, held in 

place by locking clips in the piston pin bore. 

The camshaft bearing cap, cylinder head and 
connecting rod bolts are non-reusable torque- 

to-yield bolts. 
When working on these engines, note 

that Torx-type (both male and female heads) 

and hexagon socket (Allen head) fasteners 

are widely used. A good selection of sockets, 

with the necessary adapters, will be required, 

so that these can be unscrewed without dam- 

age and, on reassembly, tightened to the 

torque wrench settings specified. 

Lubrication system 
The oil pump is driven from the front of 

the crankshaft. The pump forces oil through 

an externally mounted full-flow cartridge-type 

filter. From the filter, the oil is pumped into a 

main gallery in the cylinder block/crankcase, 

from where it is distributed to the crankshaft 

(main bearings) and cylinder head. 

The connecting rod bearings are sup- 

plied with oil via internal drillings in the crank- 

shaft. Each piston crown and connecting rod 

is cooled by a spray of oil. 

2 Repair operations possible with 

the engine in the vehicle 

Many major repair operations can be 

accomplished without removing the engine 

from the vehicle. 

Clean the engine compartment and 

the exterior of the engine with some type of 
degreaser before any work is done. It will 
make the job easier and help keep dirt out of 

the internal areas of the engine. 

Depending on the components involved, 

it may be helpful to remove the hood to 

improve access to the engine as repairs are 

performed (refer to Chapter 11 if necessary). 

Cover the fenders to prevent damage to the 

paint. Special pads are available, but an old 

bedspread or blanket will also work. 

If vacuum, exhaust, oil or coolant leaks 

develop, indicating a need for gasket or seal 

replacement, the repairs can generally be 

made with the engine in the vehicle. The 

intake and exhaust manifold gaskets, oil pan 

gasket, crankshaft oil seals and cylinder head 

gasket are all accessible with the engine in 

place. 
Exterior engine components, such as the 

intake and exhaust manifolds, the oil pan, the 

oil pump, the water pump, the starter motor, 

the alternator and the fuel system components 
can be removed for repair with the engine in 

place. 
Since the camshaft(s) and cylinder head 

can be removed without pulling the engine, 

valve component servicing can also be accom- 

plished with the engine in the vehicle. Replace- 

ment of the timing chain and sprockets is also 

possible with the engine in the vehicle. 
In extreme cases caused by a lack of 

necessary équipment, repair or replacement 

of piston rings, pistons, connecting rods and 

rod bearings is possible with the engine in the 

vehicle. However, this practice is not recom- 

mended because of the cleaning and prepa- 

ration work that must be done to the compo- 

nents involved. 

eS 

3 Top Dead Center (TDC) for 

number 1 piston - locating 
eS 

1 Top Dead Center (TDC) is the highest 

point in the cylinder that each piston reaches 

as it travels up the cylinder bore. Each piston 

reaches TDC on the compression stroke and 

again on the exhaust stroke, but TDC gener- 

ally refers to piston position on the compres- 

sion stroke. 

2 Positioning the piston(s) at TDC is an 

essential part of many procedures such as 

timing chain/sprocket removal: 

3 Before beginning this procedure, be sure 

to place the transmission in Neutral and apply 

the parking brake or block the rear wheels. 

Also, disable the ignition system by discon- 

necting the primary electrical connectors at 

the ignition coil packs, then remove the spark 

plugs (see Chapter 1). 
4 In order to bring any piston to TDC, the 
crankshaft must be turned using one of the 

methods outlined below. When looking at the 

front of the engine, normal crankshaft rotation 

is clockwise. 

a) The preferred method is to turn the crank- 

shaft with a socket and ratchet attached 

to the bolt threaded into the front of the 

crankshaft. Apply pressure on the bolt in 

a clockwise direction only. Never turn the 

bolt counterclockwise. 
b) Aremote starter switch, which may save 

some time, can also be used. Follow the 

instructions included with the switch. 

Once the piston is close to TDC, use a 
socket and ratchet as described in the 

previous paragraph. 

c) If an assistant is available to turn the 
ignition switch to the Start position in 

short bursts, you can get the piston 

close to TDC without a remote starter 

switch. Make sure your assistant is out 

of the vehicle, away from the ignition 

switch, then use a socket and ratchet as 

described in Paragraph (a) to complete 

the procedure. 

5 Place your finger partially over the num- 

ber one spark plug hole and rotate the crank- 

shaft using one of the methods described 
above until air pressure is felt at the No 1 

cylinder spark plug hole. Air pressure at the 

spark plug hole indicates that the cylinder 

has started the compression stroke. Once 

the compression stroke has begun, TDC for 

the number one cylinder is obtained when the 

piston reaches the top of the cylinder on the 

compression stroke. 

6 To bring the piston to the top of the cylin- 

der, insert a long screwdriver into the number 

one spark plug hole until it touches the top of 

the piston. Note: Make sure to wrap the tip of 

the screwdriver with tape to avoid scratching 

the top of the piston and the cylinder walls. 

Use the screwdriver (as a feeler gauge) to 

tell where the top of the piston is located in 

the cylinder while slowly rotating the crank- 

shaft. As the piston rises the screwdriver will 

be pushed out. The point at which the screw- 

driver stops moving outward is TDC. Note: 

Always hold the screwdriver upright while 

the engine is being rotated so that the screw- 

driver will not get wedged as the piston travels 

upward. 
7 If you go past TDC, rotate the crankshaft 

counterclockwise until the piston is approxi- 

mately 2 inches below TDC, then slowly rotate 

the crankshaft clockwise again until TDC Is 

reached. 
8 After the number one piston has been 

positioned at TDC on the compression stroke, 

TDC for any of the remaining pistons can be 

located by repeating the procedure described 

above and following the firing order. 
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4 Valve covers - removal and 

installation 

Removal 
1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

2 Remove the intake manifold covers, if 
equipped (see Section 6). 

3 Remove the individual ignition coil assem- 

blies from the spark plugs (see Chapter 5). 

4 Remove the upper intake manifold (see 
Section 6). 

5 On the left side valve cover, disconnect 

the electrical connectors to the Camshaft 
Position (CMP) sensor, O2 sensor and knock 
sensor, then disconnect the vacuum lines 

from the rear of the cylinder head. Remove 

the throttle body heater hose retaining fas- 

tener from the rear engine lifting bracket and 

move the hose out of the way. 

6 Working progressively, unscrew the 

valve cover retaining fasteners and withdraw 

the cover. 

7 Discard the cover gasket and O-rings. 

They must be replaced whenever there dis- 

turbed. Note: There are eight O-ring seals 

located where each retaining fasteners goes 

through the valve cover. Make sure you locate 

each of the O-rings; they can stick to the cam- 

shaft bearing caps or valve cover, or fall off 

when the valve cover is removed. 

Installation 
8 Clean the cover and cylinder head gas- 

ket faces carefully, then install a new gasket 
onto the valve cover, ensuring that it is located 

correctly in the valve cover. 

9 Lightly coat the new O-rings with clean 

engine oil and install the O-ring onto the valve 

cover. 
10 Apply a thin bead of RTV sealant to the 

corners at the front and rear of the gasket and 

the valve cover. 

11. Apply a 1/8-inch (3.0 mm) bead of RTV 
sealer to the front and rear on the flat sections 
of the valve cover(s). 
12 Install the cover to the cylinder head, 

ensuring as the cover is tightened that the 

gasket and O-rings remains seated. 

13 Working in a diagonal sequence from the 

center outwards, first tighten the cover bolts by 

hand only. Once all the bolts are hand-tight, go 

around once more in sequence, and tighten 

the bolts to the torque listed in this Chapter 

Specifications. 

14 Reconnect the battery. 

15 Run the engine and check for signs of oil 
leakage. 

5 Intake plenum - removal and 

installation 

Removal 
1 Disconnect the air inlet hoses from the 

throttle body (see Chapter 4). 
2 Disconnect the vent tube from the bot- 

tom of the throttle body. 
3 Remove the throttle body and O-rings 

from the intake plenum (see Chapter 4). 

4 Remove the crankcase vent adapter to 

the intake plenum mounting fasteners and lift 

the vent adapter up and off of the plenum. Set 

the vent adapter to the side. 

5 Unclip the PCV hose retaining clip from 
the fuel line. 
6 Remove the power steering fluid reser- 
voir mounting bracket fasteners then set the 
reservoir and bracket out of the way. 
7 Disconnect the electrical connector and 
the vacuum hose from the switching valve at 

the rear of the plenum. 
‘8 Remove the throttle body heater inlet 

hose-to-plenum mounting fastener. 

9 Disconnect the brake booster vacuum 
hose from the fitting. 

10 Remove the Engine Control Module 

(ECM) bracket-to-plenum mounting fasteners 

and pull the bracket back. 

11 Remove the intake plenum mounting 

fastener cover caps, then remove the intake 

plenum mounting fasteners. 

12 Lift the intake plenum from the upper 
intake manifold and remove the plenum gas- 

kets. 

Installation 
13 There are individual gaskets for each 

of the six ports of the intake plenum. Using 

new plenum gaskets, install the intake ple- 

num. Tighten the mounting fasteners, working 

from the center out, to the torque listed in this 

Chapter’s Specifications. 

14 Installation is otherwise the reverse of 

removal. 

6 Intake manifolds - removal and 

installation 

Intake manifold covers 
Note: Not all engines are equipped with intake 
manifold covers. 

Left side 
1 Using a small screwdriver, disengage the 

locking tab on the oil filler spout, then rotate 

the spout counterclockwise to remove it. 

2 Disconnect the brake booster vacuum 

hose and the vacuum lines from the fittings. 

3. Disconnect the electrical connectors for 

the Camshaft Position (CMP) sensor and the 
left knock sensor (see Chapter 6). 

4 Remove the power steering fluid reser- 

voir mounting bracket fasteners, then set the 

reservoir and bracket out of the way. 

5 Disconnect the electrical connector and 

the vacuum hose from the switching valve at 

the rear of the plenum. 

6 _Lift up and remove the intake manifold 
cover. 

7 _ Installation is the reverse of removal. 

Right side 
8 Relieve the fuel system pressure (see 
Chapter 4) 

9 Disconnect and remove the fuel lines to 

the fuel rail (see Chapter 4). 
10 Disconnect the quick-disconnect fitting 
to the EVAP hose (see Chapter 6). ‘ 

11 Disconnect the wiring harness fasteners 

mounting the harness to the Engine Conirol 

Module (ECM) bracket. 
12 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

13 Remove the after run coolant pump-to- 

ECM mounting bracket fasteners and set the 

pump out of the way. 
14 Disconnect and remove the ECM (see 

Chapter 6). 
15 Remove the ECM bracket mounting fas- 

teners from the intake plenum and cylinder 

head, then remove the bracket. 

16 Lift up and remove the intake manifold 

cover. 
17 Installation is the reverse of removal. 

Upper intake manifold 

Removal 
18 Remove the intake manifold covers, if 

equipped (see Steps 1 through 17). 
19 Relieve the fuel system pressure (see 

Chapter 4) 

20 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

21 Remove the intake plenum (see Sec- 

tion 5). 

22 Disconnect and remove the fuel lines to 

the fuel rail (see Chapter 4). 

23 Disconnect the quick-disconnect fitting 

to the EVAP hose (see Chapter 6). 

24 Disconnect the fuel injector’s electrical 
connectors from the main engine harness. 

25 Disconnect the vent tube from the fuel 

pressure regulator. Note: /f the upper intake 

manifold is being replaced, the fuel rail must 

be removed from the manifold (see Chap- 
ter 4). 

26 The intake manifold is secured along the 

base of the manifold with 6 bolts. Remove the 
bolts and puil the intake manifold and fuel rail 

away from the engine. 

Installation 
27 There are individual gaskets for each of 

the six ports of the intake manifold. Using new 
manifold gaskets, install the intake manifold. 
Tighten the bolts in several stages, working 
from the center out, to the torque listed in this 
Chapter’s Specifications. 

28 Installation is otherwise the reverse of 
removal. 

Lower intake manifold 

Removal 
29 Remove the upper intake manifold (see 
Steps 18 through 26). 

30 Remove the lower intake manifold-to- 
cylinder head bolts and remove the manifold 
from the cylinder heads. 

Installation 
31 Using new manifold gaskets, install the 

intake manifold. Tighten the bolts in several 
stages, working from the center out, to the 
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torque listed in this Chapter’s Specifications. 

32 Installation is otherwise the reverse of 

removal. 

7 Exhaust manifold - removal and 

installation 

Warning: Allow the engine to cool completely 

before beginning this procedure. 

Removal 

Left side 

1 Remove the air cleaner housing (see 

Chapter 4). 
2 Remove the drivebelt (see Chapter 1). 

3 Raise the vehicle and place it securely 

on jackstands. 

4 When the engine has cooled, it will be 

helpful to soak the manifold retaining nuts 

with penetrating oil to loosen any rust. 

5 Disconnect the air inlet hoses from the 

throttle body and remove the intake air reso- 

nator (see Chapter 4). 
6 Disconnect the retainers attaching the 

engine wiring harness to the A/C pressure 

hose and the accessory mounting bracket. 
-7 Remove nuts attaching the power steer- 

ing hoses to the A/C compressor stud. 

8 Remove the power steering pump from 

the accessory mounting bracket, and tie the 

pump out of the way (see Chapter 10). 

9 Disconnect the vacuum brake booster 

hose and wiring harness from the side of the 

power steering reservotr. 

10 Remove the power steering fluid reser- 
voir mounting fasteners and set the reservoir 

to the side. 
41 Disconnect the electrical connector from 

the A/C compressor, then remove the A/C 

compressor mounting bolts, but do not dis- 

connect the A/C lines (see Chapter 3). Tie the 

compressor out of the way using a suitable 

piece of wire; do not allow it to hang unsup- 

ported from the flexible hoses. Warning: The 

air conditioning system is under high pres- 

sure. DO NOT loosen any fittings or remove 

any components until after the system has 

been discharged. Air conditioning refrigerant 

should be properly discharged into an EPA- 

approved container at a dealership service 

department or an automotive air conditioning 

facility, Always wear eye protection when dis- 

connecting air conditioning system fittings. 

42 Remove the mounting fasteners attach- 

ing the accessory mounting bracket to the 

engine and remove the bracket from the 

engine. 

13 Unplug the heated oxygen sensor elec- 

trical connector and harness connector. 

14 Remove the catalytic converter-to-ex- 

haust manifold mounting fasteners and lower 

the converter from the manifold (see Chap- 

ter 4). 

145 Remove the exhaust manifold retaining 

nuts, then remove the exhaust manifold and 

the old manifold gasket. Note: /t may be nec- 

essary to remove the oxygen sensor from the 

manifold for easier access and removal (see 
Chapter 6). 

16 Use a stud removal tool or two nuts tight- 
ened against each other to remove the old studs 

from the cylinder head if they are damaged. 

Right side 
17 Remove the drivebelt and drivebelt 

tensioner (see Chapter 1). 

18 Disconnect the harness clips attaching 

the engine wiring harness to the Engine Con- 

trol Module (ECM) bracket and set the har- 
ness out of the way. 
19 Remove the after run coolant pump-to- 

ECM mounting bracket fasteners and set the 

pump out of the way. 

20 Remove the starter motor (see Chap- 
ter 5). 
21 Unplug the heated oxygen sensor elec- 

trical connector and harness connector. 

22 Remove the catalytic converter-to-ex- 

haust manifold mounting fasteners and lower 

the converter from the manifold (see Chap- 

ter 4). 
23 Remove the exhaust manifold retaining 

nuts, then remove the exhaust manifold and 

the old manifold gasket. Note: /t may be nec- 
essary to remove the oxygen sensor from the 

manifold for easier access and removal (see 

Chapter 6). 
24 Use a stud removal tool or two nuts tight- 

ened against each other to remove the old 

studs from the cylinder head if they are dam- 

aged. 

Inspection 
25 Inspect the exhaust manifolds for cracks 

and any other obvious damage. If a manifold 

is cracked or damaged in any way, replace it. 
26 Using a scraper, remove all traces of 

gasket material from the mating surfaces and 

inspect them for wear and cracks. Caution: 

When removing gasket material from any sur- 

face, especially aluminum, be very careful not 

to scratch or gouge the gasket surface. Any 

damage to the surface may cause an exhaust 

leak. Gasket removal solvents are available 

from auto parts stores and may prove helpful. 

27 Using a straightedge and feeler gauge, 

inspect the exhaust manifold mating surface 

for warpage. Also check the exhaust manifold 
surface on the cylinder head. If the warpage 

on any surface exceeds the limits listed in this 

Chapter’s Specifications, the exhaust mani- 

fold and/or cylinder head must be replaced or 

resurfaced at an automotive machine shop. 

Installation 
28 If any of the studs are damaged, install 

new exhaust studs in the cylinder head and 

install the manifold with a new gasket and 

new self-locking nuts. Note: Coat the threads 

of the exhaust manifold studs with an anti- 

seize compound. Tighten the nuts in several 

stages, working from the center out, to the 

torque listed in this Chapter’s Specifications. 

29 The remainder of installation is the 

reverse of removal. Run the engine and check 

for exhaust leaks. 

8 Crankshaft pulley - removal and 

installation 

1 Disconnect the air inlet hoses to the throt- 

tle body, then the inlet hose to the air filter hous- 

ing and lift out the air inlet resonator (see Chap- 

ter 4). Note: Set the resonator to the side, if the 

resonator must be completely removed all the 
electrical connectors must be disconnected. 

2 Remove the drivebelt (see Chapter 1). 
3 Remove the crankshaft pulley bolts and 

remove the pulley. 
4 Install the crankshaft pulley and mount- 

ing bolts, then tighten the bolts to the torque 

listed in this Chapter’s Specifications. 

5 _ Reinstall all components removed previ- 

ously. 

9 Timing belt cover, timing belt and 

sprockets - removal, inspection, 

installation and adjustment 

Timing belt cover 
1 Disconnect the negative battery cable 

(see Chapter 5). 
2. Remove the intake air resonator (see 

Chapter 4). 
3. Remove the intake plenum (see Sec- 

tion 5). 
4 Remove the drivebelt and drivebelt 

tensioner (see Chapter 1). 

5 Remove the water pump pulley mount- 
ing fasteners and pulley (see Chapter 3). 

6 Remove the power steering pump 

mounting fasteners, then remove the power 

steering pump from the bracket, and place the 

pump out of the way. 
7 Remove the timing belt cover mount- 

ing fasteners and remove the cover from the 

engine. 
8 Installation is the reverse of removal. 

Timing belt and sprockets 
Warning: Wait until the engine is completely 

cool before beginning this procedure. 

Caution: Do not rotate the crankshaft or cam- 

shafts separately during this procedure with 

the timing belt removed as damage to the 

valves may occur. 

Note: Several special tools are required to 

complete these procedures, so read through 

the entire Section and obtain the special tools 

before beginning work. 

Removal 

Refer to illustration 9.12 

Caution: The timing system is complex, and 

severe engine damage will occur if you make 

any mistakes. Do not attempt this procedure 

unless you are highly experienced with this 

type of repair. If you are at all unsure of your 

abilities, be sure to consult an expert. Double- 

check all your work and be sure everything is 

correct before you attempt to start the engine. 

9 Remove the timing belt cover (see Steps 

1 through 7). 
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9.12 Timing belt details 

1 Exhaust camshaft pin-and sprocket 

numbered mark 

2 Intake camshaft pin and sprocket 

numbered mark 

3. Intake camshaft pin and sprocket 

numbered mark 

Exhaust camshaft pin and sprocket 

numbered mark 

Crankshaft timing mark 

Camshaft sprocket reference marks 

Rear timing belt cover notches 

Crankshaft sprocket 

a 

ONDA 

10 Remove the crankshaft pulley (see Sec- 

tion 8). 

11. Rotate the crankshaft clockwise until the 

#1 cylinder is at Top Dead Center (TDC) on 
the compression stroke (see Section 3). 

12 The timing marks on the camshaft gears 

should line up with the notches on the rear 

timing belt cover, and the mark on the crank- 

shaft sprocket should line up with the mark on 

the oil pump housing (see illustration). Note: 

If all marks are aligned, this is TDC for cylin- 

der number one; if the marks are not aligned, 

rotate the engine 180-degrees. 

13 Install special tool J 42069-10 to prevent 

the crankshaft from being turned once the 

engine is at TDC. To install the special tool, 

rotate the crankshaft counterclockwise 60-de- 

grees and align the mark on the crankshaft 

sprocket with the index mark on the oil pump 

cover. Install tool J 42069-10 to the crankshaft 

sprocket and tighten the mounting fastener to 

the sprocket. Rotate the crankshaft clockwise 

until the lever of the special tool contacts the 

9 Timing belt tensioner 

10 Exhaust camshaft sprocket (right 
cylinder bank) 

11. ‘Intake camshaft sprocket (right 

cylinder bank) 
12 Upper idler pulley (with eccentric) 
13. Intake camshaft sprocket 

(left cylinder bank) 

14. Exhaust camshaft sprocket (left 
cylinder bank) 

15 Lower idler pulley 

water pump pulley flange, and lock the tool to 

the water pump flange. 

14 Insert special tool J 42069-1 and J 42069-2 

between the camshaft gears on each cylinder 

head. Note: /f either special too! does not fit 

into the teeth of the camshaft gears, it may 

be necessary to loosen the upper idler pulley 

mounting fastener and turn the eccentric or 

rotate the camshaft gears slightly until the tool 

can be inserted. 

15 Loosen the nut on the timing belt 

tensioner, then the upper idler pulley mount- 

ing fastener. 

16 Remove the lower idler pulley mounting 

fastener, then remove the pulley and spacer. 

17 Remove special tool J 42069-10 from 

the water pump pulley flange and the crank- 

shaft sprocket (see Step 13, if necessary). 

18 Remove the timing belt from the engine, 

taking care to avoid twisting or kinking it 

excessively. Caution: Do not rotate the crank- 

shaft or camshafts separately or remove spe- 

cial tools J 42069-1 and J 42069-2 with the 

timing belt removed, as damage to the valves 

may occur. 
19 To remove the camshaft sprocket, rotate 
the crankshaft 60-degrees counterclockwise 

(to prevent the valves from possibly hitting the 
pistons), then remove the camshaft sprocket 
bolts. Remove the special tool in between the 

sprockets that you’re removing, then remove 

the sprockets from the end of the camshafts. 
Note: When the engine is rotated 60-degrees 

BTDC, the mark on the crankshaft sprocket 
will line up with the index mark on the oil pump 

cover. Always replace the camshaft sprocket 

bolts with new ones. 

Inspection 

Refer to illustration 9.21 

Caution: Do not bend, twist or turn the timing 
belt inside out. Do not allow it to come in con- 

tact with oil, coolant or fuel. 
20 Spin the timing belt tensioner pulley and 

the upper and lower idler pulleys, and check 

the bearings for smooth operation and exces- 
sive play. Also inspect the timing belt sprock- 

ets for any obvious damage. Replace all worn 

parts as necessary. Note: The tensioner 

cannot be separated from the bracket and is 

replaced as an assembly. 

21 Examine the belt for evidence of con- 

tamination by coolant or lubricant. If this is 

the case, find the source of the contamina- 

tion before progressing any further. Check the 

belt for signs of wear or damage, particularly 
around the leading edges of the belt teeth 

(see illustration). The timing belt has index 

marks and directional arrows printed on the 

belt to help in installation. If these marks are 

worn, replace the belt. Caution: /f the belt 

appears to be in good condition and can be 

re-used, it is essential that it is reinstalled 

the same way around, otherwise accelerated 

wear will result, leading to premature failure. 

22 Replace the belt if its condition is in 
doubt; the cost of belt replacement is negligi- 

ble compared with potential cost of the engine 

repairs, should the belt fail in service. Simi- 

larly, if the belt is known to have covered more 

than 60,000 miles, it is prudent to replace it 
regardless of condition, as a precautionary 
measure. 

Installation 

Refer to illustrations 9.31 and 9.32 

Caution: Before starting the engine, carefully 
rotate the crankshaft by hand through at least 
two full revolutions (use a socket and breaker 
bar on the crankshaft pulley center bolt). If 

you feel any resistance, STOP! There is some- 

thing wrong - most likely, valves are contacting 

the pistons. You must find the problem before 

proceeding. Check your work and see if any 
updated repair information is available. 

23 Install the camshaft sprockets to the cor- 
rect camshafts (see illustration 9.12), mak- 

ing sure the camshaft pins are in the same 

numbered slot on the sprocket as they were 
removed from. 
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= B_- Separation 

Tooth missing 

Fiber worn 

9.21 Check the timing belt for cracked and missing teeth - wear on one side of the belt 

indicates sprocket misalignment problems 

24 Install new camshaft sprocket bolts and 

- tighten the bolts to the torque listed in this 

Chapter’s Specifications. 
25 Install the tensioner and bracket assem- 

bly and upper idler pulley and tighten the fas- 

teners to the torque listed in this Chapter’s 

Specifications, if removed. 
26 Make sure the camshaft sprockets marks 

are still in alignment with the marks on the 

rear timing belt cover (see illustration 9.12). 
27 Loop the timing belt under the crank- 

shaft sprocket and align the parallel marks on 

the timing belt with the oil pump housing and 

crankshaft sprocket marks. Caution: Observe 

the direction of rotation markings on the belt. 

28 Route the belt clockwiseewhile aligning 

the marks on the belt with the marks on the 

rear timing belt cover and the sprockets, in this 

order: around the tensioner pulley, the right 

side camshaft sprockets, the upper idler pul- 

ley, the left side camshaft sprockets. Ensure 
the belt teeth seat correctly on the sprockets, 

9.31 Using a large wrench on the hex portion of the upper idler 

pulley eccentric, rotate the eccentric to the 

9 o’clock position 
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especially at the crankshaft sprocket. Note: 

Slight adjustments to the position of the cam- 

shaft sprocket may be necessary to achieve 

this. 

29 Carefully rotate the crankshaft counter- 

clockwise 3-degrees BTDC, then install the 

lower idler pulley with spacer and tighten the 

fastener to the torque listed in this Chapter’s 

Specifications. 

30 Rotate the engine back to TDC and ver- 

ify the marks on the crankshaft sprocket and 

oil pump housing are in between the parallel 

marks on the timing belt. 

31 Using a wrench on the upper idler pul- 

ley eccentric, apply tension to the timing belt 

using the pulley, by rotating the eccentric 

until the high point of the eccentric is at the 

9 o'clock position (see illustration). Hold the 

eccentric bolt in this position and temporarily 

tighten the tensioner pulley fastener securely. 

32 Set the timing belt tension, using a Allen 

wrench to turn the timing belt tensioner eccen- 

tric counterclockwise to a full stop, then turn 

the eccentric back until the reference mark 
(A) is 0.03 inches (1 mm) over the face (see 

illustration). Temporarily tighten the timing 

belt tensioner locking nut securely. 

33 Check to make sure all the marks on 
the belt, sprockets and rear timing cover are 

aligned, then remove special tools J 42069-1 

and J 42069-2 from the camshaft gears. 

34 Rotate the crankshaft two complete 
revolutions, bringing it back to TDC on the 
compression stroke. Rotate the crankshaft 

counterclockwise 60-degrees and align the 

mark on the crankshaft sprocket with the index 

mark on the oil pump cover. Install special tool 

J 42069-10 to the crankshaft sprocket and 

tighten the mounting fastener to the sprocket. 

Rotate the crankshaft clockwise until the lever 

of the special tool contacts the water pump 

pulley flange, and lock the tool to the water 

pump flange. 

35 Install special tool J 42069-20 to the No.3 

(left side intake) and No.4 (left side exhaust) 
camshaft sprockets, then install another spe- 

cial tool J 42069-20 to the No.1 (right side 
exhaust) and No.2 (right side intake) camshaft 

sprockets. Note: The special tool kit J 42069 

comes with two J 42069-20 special tools. 

36 Check that the marks on the crankshaft 

sprocket and oil pump housing are aligned, 

then check that the marks on the camshaft 

sprockets are aligned with the notches on 

the rear timing belt cover and the J 42069-20 

tools; they must match exactly. Note: The 

index marks on the timing belt will no longer 

be aligned with the marks on the camshaft 

sprockets. 

37 If the marks on all the sprockets are 

aligned and do not need any adjustment, 

loosen the timing belt tensioner eccentric lock 

nut. If the any of the marks are not matched 

exactly, the belt must be adjusted (see 
Steps 42 through 51). 

38 If the marks are aligned, use an Allan 

wrench to turn the eccentric counterclock- 

wise to a full stop, then back until the refer- 

ence mark (A) is 0.118 to 0.157-inches (3 to 

4 mm) above the datum line (on a new belt), 

1mm 

(0.03”) 
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9.32 Using an Allen wrench, turn the timing belt tensioner 

eccentric counterclockwise to a full stop, then turn the eccentric 

back until the reference mark (A) is 0.03 inches (1 mm) over 
the face 
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11.7a Left side cylinder head, camshaft and bearing cap 

loosening sequence - loosen each pair of bolts on the designated 

bearing cap in sequence 

or aligned with the datum line (on a used belt) 
(see illustration 9.32). Tighten the tensioner - 
locking nut to the torque listed in this Chap- 

ter’s Specifications. 

39 Using a wrench on the upper idler pulley 

eccentric, hold the eccentric bolt in position and 

tighten the upper idler pulley fastener to the 

torque listed in this Chapter’s Specifications. 

40 Install the timing belt cover. 
41 The remainder of installation is the 
reverse of removal. 

Adjustment 
Caution: The following steps are meant to 

be used in conjunction with the timing be!t 

removal and installation procedure (Steps 

9 through 41), and should not be used as a 

separate repair procedure. 

Note: /t is normal for this procedure to take 

several tries before the timing belt is installed 
and adjusted correctly. 

42 Install the two J 42069-20 special tools 

to the camshaft sprockets (see Step 35). 
43 Check the marks on the camshaft 
sprockets align with the marks on the tools. 
44 lf the marks on the camshaft sprockets 

are misaligned to the left of the special tool, 
loosen the upper idler pulley bolt, then turn 

the eccentric on the upper idler pulley coun- 

terclockwise until the marks on the camshaft 
sprockets and the tools are aligned. The high 

point of the idler pulley eccentric should be at 

the 9 o'clock position. 

45 _ If the marks on camshaft sprockets are 

misaligned to the right of the special tool, 

loosen the upper idler pulley bolt, then turn 

the eccentric on the upper idler pulley clock- 

wise until the marks on the camshaft sprock- 
ets and the tools are aligned. The high point 

of the idler pulley eccentric should be at the 9 

o'clock position. 

46 Hold the upper idler pulley eccentric in 

place with a wrench, to prevent it from mov- 

ing, tighten the upper idler pulley fastener to 

the torque listed in this Chapter’s Specifica- 

tions, then remove the tool. 

47 Rotate the crankshaft clockwise two 

21015-2A-11.7a HAYNES 

complete revolutions, stopping at the 60-de- 

grees BTDC index mark on the oil pump 

housing, and install special tool J 42069-10 

(see Step 13). 

48 The marks on the camshaft sprockets 

should be aligned with the notches on the rear 

timing belt cover. If they’re not aligned, rotate 

the engine 180-degrees and check again. 

49 Install the J 42069-20 tools to the cam- 

shaft sprockets and verify that the marks 

on the camshaft sprockets are aligned with 

the marks on the tools. If the marks are not 

aligned, repeat Step 44 or 45. 

50 If the camshaft sprockets are properly 

aligned, adjust the timing belt tensioner as 

described in Step 38. ; 

51 The remainder of installation is the 

reverse of removal. 

10 Crankshaft front oil seal - 

replacement 

1 Remove the timing belt and crankshaft 

drive gear (see Section 9). 
2 Use a screwdriver or hook tool to care- 

fully pry out the seal. Note: Be careful not to 
damage the oil pump cover bore where the 

seal is seated or the nose and sealing surface 

of the crankshaft. 
3 Another procedure for removing the seal 

is to drill a small hole on each side of the seal 

and place a self-tapping screw in each hole. 

Use these screws as a means of pulling the 

seal out without having to pry on it. 
4 Wipe the sealing surfaces in the oil pump 

cover and on the crankshaft. Clean and coat 

them with clean engine oil. 

5 Coat the lip of the seal (where it contacts 

the crankshaft) with clean engine oil. 

6 Start installing the new seal by pressing it 

into the oil pump cover. 

7 Once started, use a seal driver or a suit- 
able socket of the correct size to carefully drive 

the seal squarely into place. 

8 The seal should be flush with the engine 

cover and remain square when installed. 
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11.7b Right side cylinder head, camshaft and bearing cap 

loosening sequence - loosen each pair of bolts on the designated 

bearing cap in sequence 

9 Install the crankshaft drive gear and tim- 
ing belt (see Section 9). 

11 Camshafts and lifters - removal, 

inspection and installation 

Removal 

Refer to illustrations 11.7a and 11.7b 

1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

2 ~ Rotate the engine until the #1 cylinder is 
at Top Dead Center (TDC) on the compres- 

sion stroke (see Section 3). 

3 Remove the valve cover(s) (see Sec- 

tion 4). 

4 Remove the timing belt (see Section 9). 

5 Rotate the crankshaft 60-degrees coun- 

terclockwise, to prevent the valves from pos- 

sibly hitting the pistons, then remove the 

camshaft sprocket bolts and sprockets. Note: 

When the engine is rotated 60-degrees BTDC, 
the mark on the crankshaft sprocket will line 
up with the index mark.on the oil pump cover. 

6 All the camshaft bearing caps have a 

double-digit identifying number etched on 
them. The camshaft bearing caps are num- 

bered from the front of the engine (timing belt) 
to the rear. On the left cylinder head side, the 
exhaust camshaft’s bearing caps are num- 

bered in sequence from R1 (bottom) front to 
R4 (bottom) rear; the intake’s are numbered 
from R5 (top) front to R8 (top) rear cap. On 

the right cylinder head side, the exhaust cam- 
shaft's bearing caps are numbered in sequence 
from L1 (bottom) front to L4 (bottom) rear; the 

intake’s are numbered from L5 (top) front to L8 

(top) rear cap. Each cap is to be installed so 

that its numbered side faces the same direc- 

tion. If no marks are present, or they are hard 
to see, make your own - the bearing caps must 

be reinstalled in their original positions. 

7 Working in the sequence shown, loosen 

the camshaft bearing cap bolts progres- 

sively by half a turn at a time (see illustra- 
tions). Work only as described, to gradually 
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11.11 Measure the lifter outside diameter at several points 

and evenly release the pressure of the valve 

springs on the caps. 

8 Withdraw the caps, noting their markings 

and the presence of the locating dowels, then 

remove the camshafts and front oil seals. The 

intake camshafts are stamped with the letter 

“G” and the exhaust camshafts are stamped 
with the letter “J.” All stampings are next to 

the first bearing journal. 

9 Obtain twelve small, clean containers 

(for each cylinder head), and number them 1 
to 12. Using a rubber suction tool (such as 
a valve-lapping tool), withdraw each lifter in 

turn and place them in the containers. Do not 

interchange the lifters. 

Inspection * 
Refer to illustrations 11.11 and 11.14 

10 With the camshafts and lifters removed, 

check each for signs of obvious wear (scoring, 

pitting, etc) and for roundness and replace if 

necessary. 
141 Measure the outside diameter of each 

lifter - take measurements at the top and bot- 
tom of each lifter, then a second set at right- 

angles to the first; if any measurement is sig- 

nificantly different from the others, the lifter is 

tapered or oval (as applicable) and must be 
replaced (see illustration). If the necessary 

equipment is available, measure the inside 

diameter of the corresponding cylinder head 

bore. No manufacturer’s specifications were 
available at the time of writing; if the lifters or 

the cylinder head bores are excessively worn, 
new lifters and/or a new cylinder head may be 

required. : 

12 If the engine’s valve components have 

sounded noisy, the camshaft lobes or valve 

lifters may be worn and need to be replaced. 

13 Visually examine the camshaft lobes for 

score marks, pitting, galling (wear due to rub- 

bing) and evidence of overheating (blue, dis- 

colored areas). Look for flaking away of the 

hardened surface layer of each lobe. If any 

such signs are evident, replace the compo- 

nent concerned. 

14 Examine the camshaft bearing journals 

and the cylinder head bearing surfaces for 

signs of obvious wear or pitting. If any such 

signs are evident, consult an automotive 

machine shop for advice. Also check that the 

bearing oilways in the cylinder head are clear 

(see illustration). 

15 Using a micrometer, measure the diam- 

eter of each journal at several points. If the 
diameter of any one journal is less than the 

specified value, replace the camshaft. 

16 To check the bearing journal running 

clearance, remove the lifters, use a suitable 

solvent and a clean lint-free rag to carefully 

clean all bearing surfaces, then install the 

camshafts and bearing caps with a strand of 
Plastigage across each journal. Tighten the 

bearing cap bolts in the proper sequence (see 

illustrations 11.27a or 11.27b) to the speci- 
fied torque setting (do not rotate the cam- 

shafts), then remove the bearing caps and 
use the scale provided to measure the width 

of the compressed strands. Scrape off the 

Plastigage with your fingernail or the edge of 

a credit card - don’t scratch or nick the jour- 

nals or bearing caps. 
17 If the running clearance of any bearing is 
found to be worn to beyond the specified ser- 

vice limits, install a new camshaft and repeat 

the check; if the clearance is still excessive, 

the cylinder head must be replaced. 

18 To check camshaft endplay, remove the 

lifters, clean the bearing surfaces carefully 

and install the camshafts and bearing caps. 

Tighten the bearing cap bolts to the speci- 

fied torque wrench setting, then measure the 

endplay using a dial indicator mounted on the 

cylinder head so that its tip bears on the cam- 

shaft right-hand end. 
19 Tap the camshaft fully towards the 

gauge, zero the gauge, then tap the camshaft 

fully away from the gauge and note the gauge 

reading. If the endplay measured is found to 

be at or beyond the specified service limit, 

11.14 Check that the camshaft bearing oilways are not blocked 

with debris 

install a new camshaft and repeat the check; 

_ if the clearance is still excessive, the cylinder 

head must be replaced. 

Installation 
Refer to illustrations 11.27a and 11.27b 

Note: The intake camshaft is stamped with 

the letter “G” and the exhaust camshaft is 

stamped with the letter “J.” All stampings are 

next to the first bearing journal. 
20 Confirm that the crankshaft is still posi- 

tioned at 60-degrees BTDC. 

21 Liberally oil the cylinder head lifter bores 

and the lifters. Carefully install the lifters to 

the cylinder head, ensuring that each lifter is 
replaced to its original bore. 

22 Liberally oil the camshaft bearing sur- 

faces in the cylinder head, taking care not to 

get any on the camshaft cap mating surface. 

23 Ensuring that each camshaft is in its 

original location, install the camshafts. On 
the left side cylinder head place the pin on 

the exhaust camshaft at the 1 o’clock posi- 

tion and the pin on the intake camshaft at the 

8 o'clock position. On the right side cylinder 

head place the pin on the exhaust camshaft 

at the 11 o'clock position and the pin on the 

intake camshaft at the 12 o’clock position. 

Note: When the camshafts are in these posi- 

tions the spring pressure against the cam- 
shafts are at the lowest point. 

24 Apply silicone sealer or equivalent to the 

forward edge of the front bearing caps (clos- 

est to the camshaft seals) and the cylinder 
head. Caution: Make sure no sealer gets into 

the oil journals. 

25 Check that all mating surfaces are com- 

pletely clean, unmarked and free from oil. 

26 Apply a little oil to the camshaft journals 
and lobes, then install each of the camshaft 

bearing caps to its previously-noted position, 

so that its numbered side faces outwards (see 

illustrations 11.7a or 11.7b). 

27 Ensure that each cap is kept square 

to the cylinder head as it is tightened down. 
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11.27a Left side cylinder head, camshafts and bearing caps 

tightening sequence - tighten each pair of bolts on the designated 

bearing cap in sequence 

Working in the sequence shown (see illustra- 

tions), tighten the camshaft bearing cap bolts 
slowly and by one turn at a time, until each 

cap touches the cylinder head. This is the 
Step 1 torque. 
28 Using the same sequence (see illustra- 

tions 11.27a and 11.27b), tighten the bear- 
ing cap bolts to the Step 2 torque listed in this 

Chapter’s Specifications. 

29 Coat the lip of the camshaft seal (where it 

contacts the camshaft) with clean engine oil. 
30 Start installing the new seal by pressing it 

into the end of the bearing cap. 

31 Once started, use a seal driver or a suit- 
able socket of the correct size to carefully drive 
the seal squarely into place. 

32 The seal should be flush with the bearing 

cap and remain square when installed. 

33 Install the camshaft sprockets to the cor- 

rect camshafts (see illustration 9.12), making 

sure the camshaft pin is in the same numbered 
slot on the sprocket it was removed from. 

_ 34 Install a new camshaft sprocket bolt 
and tighten the bolt to the torque listed in this 

Chapter’s Specifications. 
35 The remainder of the reassembly proce- 

dure, including replacement of the timing belt, 

is as described in Section 9. 

12 Cylinder heads - removal and 

installation 

Warning: Wait until the engine is completely 

cool before beginning this procedure. 

Removal 

Refer to illustration 12.14 

1 Relieve the fuel pressure (see Chap- 

ter 4). 

2 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

3 Drain the cooling system (see Chap- 

ter 1). 

4 Remove the valve cover(s) (see Sec- 

tion 4). 

5 Remove the intake plenum (see. Section 5) 

and the intake manifolds (see Section 6). 
6 Disconnect the electrical connector to the 
Engine Coolant Temperature (ECT) sensor. 

7 Remove the hose clamps for the throttle 

body heater and bypass hoses, then discon- 

nect the hoses from the engine crossover 

pipe. 
8 Remove the coolant crossover pipe 

banjo bolts and upper seals, then remove the 

crossover pipe and lower seals from the cylin- 

der heads. 

9 Disconnect the engine wiring harness from 

the bracket at the rear of the cylinder head. 

10 Remove the timing belt cover and timing 

belt (see Section 9). Remove the upper two 

mounting bolts that attach the rear half of the 
timing belt to the cylinder head. 

11 Remove the exhaust camshaft only, 

unless the cylinder head is going to be 

replaced (see Section 11). 

12 Remove the exhaust manifold (see Sec- 
tion 7). 

13 Remove the radiator hose clamp and 

hose from the coolant outlet pipe, then remove 

the outlet pipe-to-front engine lift bracket fas- 

tener, and remove the outlet pipe (see Chap- 

ter 3, if necessary). Note: A/ways replace the 

12.14 Cylinder 

head bolt loosening 

sequence (left side 
cylinder head shown, 

right side is the same) 

11.27b Right side cylinder head, camshafts and bearing caps 

tightening sequence - tighten each pair of bolts on the designated 

bearing cap in sequence 

O-ring at the end of the coolant outlet pipe. 

14 Loosen the eight cylinder head bolts in 

sequence (see illustration), progressively 

and by half a turn at a time. Caution: The 

head bolts are torque-to-yield bolts that must 

be replaced with new ones on installation. 

15 Lift the cylinder head from the engine 

compartment. 

16 If the head is stuck, be careful how you 
choose to free it. Remember that the cylin- 

der head is made of aluminum alloy, which is 
easily damaged. Striking the head with tools 

carries the risk of damage, and the head is 

located on two dowels, so its movement will 
be limited. Do not, under any circumstances, 

pry the head between the mating surfaces, as 
this will certainly damage the sealing surfaces 
for the gasket, leading to leaks. Try rocking 

the head free to break the seal, taking care 
not to damage any of the surrounding compo- 

nents. 

17 Once the head has been removed, 

remove and discard the gasket. Check for 
the presence of locating dowels in the cyl- 

inder block and cylinder head. If dowels are © 
present, make sure they are returned to their — 

original locations after cleaning the compo- 
nents. 
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12.28a Cylinder head bolt tightening sequence (left side cylinder 
head shown, right side is the same) 

Inspection 
18 The mating faces of the cylinder head 
and cylinder block must be perfectly clean 

before replacing the head. Use spray-on 

gasket remover and a hard plastic or wood 

scraper to remove all traces of gasket and 

carbon. 
19 Take particular care during the cleaning 
operations, as aluminum alloy is easily dam- 

aged. Also, make sure that the carbon is not 

allowed to enter the oil and water passages - 

this is particularly important for the lubrication 
system, as carbon could block the oil supply 

to the engine’s components. 
20 To prevent carbon entering the gap 

between the pistons and bores, smear a little 

grease in the gap. After cleaning each pis- 

ton, use a small brush to remeve all traces of 
grease and carbon from the gap, then wipe 

away the remainder with a clean rag. 

21 Check the mating surfaces of the cylinder 

block and the cylinder head for nicks, deep 

scratches and other damage. Also check the 

cylinder head gasket surface and the cylinder 
block gasket surface with a precision straight- 

edge and feeler gauges. If either surface 

exceeds the warpage limit listed in this Chap- 
ter’s Specifications, the manufacturer states 
that the component out of specification must 

be replaced. If the gasket mating surface of 

your cylinder head or block is out of specifi- 
cation or is severely nicked or scratched, 

you may want to consult with an automotive 

machine shop for advice. 

Installation 
Refer to illustrations 12.28a and 12.28b 

22 Wipe clean the mating surfaces of the 

cylinder head and cylinder block. If equipped, 

install the alignment dowels into their original 

locations. 
23 . The cylinder head bolt holes. must be 

free from oil or water. This is most important, 

because a hydraulic lock in a cylinder head 

bolt hole can cause a fracture of the block 

casting when the bolt is tightened. Note the 
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location of the cylinder head alignment dow- 

els in the block. 

24 Position a new gasket on the cylinder 

block surface, so that the “TOP” mark is fac- 

ing up. 
25 The cylinder head is a heavy and awk- 

ward assembly to install. It is helpful to make 

up a pair of guide studs; you can use two of 

the old cylinder head bolts with their heads 

cut off, and a screwdriver slot cut in one end. 

Screw these guide studs, screwdriver slot 

upwards to permit removal, into the bolt holes 

at diagonally-opposite corners of the cylinder 

block surface; ensure that approximately 2-1/2 

inches of stud protrudes above the gasket. 

26 Install the cylinder head, sliding it down 

the guide studs (if used) and locating it on 

the dowels. Unscrew the guide studs (if used) 

when the head is in place. 
27 Do not coat the threads with engine oil 

unless the new bolt manufacturer requires it. 

Install the new cylinder head bolts and screw 

them in by hand only until finger-tight. Note: 

New cylinder head bolts must be used. 

28 Working progressively and in the 

sequence shown (see illustration), first 

tighten all the bolts to the specified Step 1 

torque setting listed in this Chapter’s Speci- 

fications. There are five tightening stages; the 

final four use the angle torque method (see 

illustration). 
29 Replacement of the other components 

removed is a reversal of removal. 

30 Change the engine oil and filter and refill 

the cooling system (see Chapter 1). 

13 Oil pan - removal and installation 

Removal 
1 Raise the vehicle and support it securely 

on jackstands. 
2 Drain the engine oil (see Chapter 1), 

then clean and install the engine oil drain 
plug, tightening it to the torque listed in the 

12.28b You can use a torque angle gauge, or you can carefully 

note the starting and stopping points of the wrench handle 
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Chapter 1 Specifications. Remove and dis- 

card the oil filter, so that it can be replaced 

with the oil. : 
3. Remove the engine lower splash shield. 

4 Support the engine and transmission 

from above with an engine support fixture 

(see Chapter 2D). 

5 With the engine and transmission sup- 
ported, remove the front subframe (see Chap- 

ter 10). 
6 Remove the transmission cooler line 

bracket fastener and remove the bracket from 

the cylinder block. 
7 Remove the three lower transmission-to- 

engine mounting bolts. 
8 Progressively unscrew the oil pan 

retaining bolts in the reverse of the tighten- 

ing sequence (see illustration 13.12). Use a 

rubber mallet to loosen the oil pan seal, then 

lower the oil pan. Unfortunately, the use of 

sealant can make removal of the oil pan more 

difficult. Be careful when prying between the 

mating surfaces, otherwise they will be dam- 
aged, resulting in leaks when finished. With 

care, a putty knife can be used to cut through 

the sealant. 

Installation 

Refer to illustration 13.12 

9 Thoroughly clean and degrease the mat- 

ing surfaces of the lower engine block/crank- 

case and oil pan, removing all traces of seal- 

ant, then use a clean rag to wipe out the oil 

pan. . 
10 Apply a 1/8-inch wide bead of sealant to 

the oil pan flange so that the bead is approxi- 
mately 3/16-inch from the outside edge of 

the flange. Make sure the bead is around the 

inside edge of the bolt holes. Also apply seal- 

ant to the front flange of the oil pan. Note: 

The oil pan must be installed within 4 minutes 

ofiapplying the sealant. 

11. Install the oil pan and press the pan 

towards the rear, then install the oil pan bolts, 

only tightening them finger tight at this time. 



2A-12 Chapter 2 PartA 3.2L V6 engine 

13.12 Oil pan 

mounting bolts 
tightening sequence 

12 Tighten the oil pan-to-engine block bolts, 

a little at a time, working from the center out- 
wards in a criss-cross pattern (see illustra- 

tion), to the torque listed in this Chapter’s 

Specifications. 

13 Install the three transmission-to-engine 

fasteners and tighten them to the torque listed 
in this Chapter’s Specifications. 
14 Install the subframe (see Chapter 10). 

15 Lower the vehicle to the ground. Before 

refilling the engine with oil, wait at least 1 hour 

for the sealant to cure, or whatever time is 
indicated by the sealant manufacturer. Trim off 

the excess sealant with a sharp knife. Install a 

new oil filter (see Chapter 1). 

14 Oil pump - removal, inspection 

and installation 

1 Drain the engine oil and remove the oil 

filter (see Chapter 1). 

2 Remove the timing belt and the crank- 
shaft drive gear (see Section 9). 
3 Remove the oil pan (see Section 13). 

4 Unscrew and remove the oil pressure 

sending unit (see Chapter 2D). 

5 Remove the oil pick-up tube mounting 

fasteners and the pick-up tube. Remove and 

replace the O-ring from the groove in the oil 
pick-up tube. 

6 Remove the alternator lower mount- 
ing bolt, loosen the upper mounting bolt and 

pivot the alternator out of the way. Tighten the 
upper mounting bolt to hold the alternator out 

of the way. Note: /f more space is needed, 

remove the alternator (see Chapter 5). 

7 Remove the oil pump-to-engine mount- 

ing bolts and detach the oil pump from the 

engine. You may have to pry carefully between 

the front main bearing cap and the pump body 

with a screwdriver. 
8 | Remove the relief valve plug, then slide 

out the spring, O-ring and the relief valve. 

9 Remove the oil pump cover bolts and 

remove the oil] pump cover. Remove the oil 

pump drive rotor and driven rotor. 
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Inspection 
10 Clean all components with solvent, then 

inspect them for wear and damage. Check 

that the oiled relief valve falls easily through 

its bore without sticking. 

‘11. Check the oil pressure relief valve sliding 

surface and valve spring. If either the spring or 

the valve is damaged, they must be replaced 

as a set. 

12 Check the clearance of the following 

components with a feeler gauge and compare 

the measurements to this Chapter’s Specifi- 

cations: 

a) Driven rotor-to-oil pump body 
b) Rotor side clearance 

c) Rotor tip clearance 

13 Replace any worn parts or replace the 

entire oil pump assembly. 

Installation 
14 Pry the old crankshaft seal out of the tim- 

ing chain cover with a screwdriver. 

15 Apply multi-purpose grease or engine oil 

to the outer edge of the new crank seal and 

carefully drive it into place with a deep socket 

and a hammer. Apply multi-purpose grease or 

engine oil to the seal lip. 

16 Apply a coat of petroleum jelly to the 

pump drive and driven rotors, then place the 
two rotors into position in the timing chain 
cover. Make sure that the pump marks (dim- 

ples) are facing out, toward the pump cover 

and away from the timing chain cover. 
17 Pack the pump cavity with petroleum 

jelly (this will help to prime the pump) and 

install the cover. Tighten the cover bolts to the 

torque listed in this Chapter’s Specifications. 

18 Lubricate the oil pressure relief valve 

with clean engine oil and insert the valve, then 

the spring, into the pump cover and install the 

plug. 

19 Installation is the reverse of removal, 

noting the following points: 

a) Replace all gaskets with new ones. 

b) Tighten the oil pump mounting bolts to 

the torque listed in this Chapter’s Speci- 
fications in a criss-cross pattern. 

c) After installing the oil pan, install a new 
oil filter and refill the crankcase with oil 
(see Chapter 1). 

d) Check for any oil warning lights in the 
instrument panel after the vehicle has 

been started and idling. 

15 Flywheel/driveplate - removal, 

inspection and installation 

Removal 
1) Remove the transmission as described 

in Chapter 7A or 7B. Now is a good time to 
check components such as oil seals and 

replace them if necessary. 

2 Onmanual transmission models, remove 

the clutch as described in Chapter 8. Now is a 

good time to check or replace the clutch com- 

ponents and release bearing. 

3 Use a center-punch or paint to make 

alignment marks on the flywheel and crank- 

shaft to make replacement easier - the bolt 

holes are slightly offset, and will only line up 

one way, but making a mark eliminates the 
guesswork (and the flywheel is heavy). 

4 Hold the flywheel/driveplate stationary 

and unscrew the bolts. To prevent the fly- 

wheel/driveplate from turning, insert one of 

the transmission mounting bolts into the cyl- 

inder block and have an assistant engage a 

wide-bladed screwdriver with the starter ring 

gear teeth while the flywheel or driveplate 

bolts are loosened. 

5 Loosen and remove each bolt in turn and 

ensure that new replacements are obtained 

for reassembly. These bolts are subjected 

to severe stresses and must be replaced, 

regardless of their apparent condition, when- 

ever they are removed. 

6 Remove the retainer and flywheel, 

remembering that it is very heavy - do not 

drop it. The driveplate used with automatic 

transmissions is much lighter. 

Inspection 
7 Clean the flywheel to remove grease 
and oil. Inspect the surface for cracks, rivet 
grooves, burned areas and score marks. Light 

scoring can be removed with emery cloth. 

Check for cracked and broken ring gear teeth. 

Lay the flywheel on a flat surface and use a 
straight-edge to check for warpage. 

8 Clean and inspect the mating surfaces of 
the flywheel and the crankshaft. If the oil seal 
is leaking, replace it (see Section 16) before 

replacing the flywheel. If the engine has high 

mileage, it may be worth installing a new seal 

as a matter of course, given the amount of 
work needed to access it. 

9 While the flywheel is removed, care- 
fully clean its inboard face, particularly the 

recesses that serve as the reference points 

for the crankshaft speed/position sensor. 

Clean the sensor’s tip and check that the sen- 

sor is securely fastened. 
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Installation 
10 Install the flywheel/driveplate on the 
crankshaft so that all bolt holes align - it will 

-fit only one way - check this using the marks 
made on removal. Install the retainer and new 
bolts, tightening them by hand. 

11 Lock the flywheel by the method used on 
disassembly. Working in a diagonal sequence 
to tighten them evenly and increasing to the 

final amount in two or three stages, tighten 
the new bolts to the torque listed in this Chap- 

ter’s Specifications. 
12 The remainder of installation is the 
reverse of the removal procedure 

16 Rear main oil seal - replacement 

1 The one-piece rear main oil seal is pressed 

into the rear of the cylinder block. Remove the 

transmission (see Chapter 7A or 7B) and the 
flywheel/driveplate (see Section 15). 
2 Use a screwdriver or hook tool to care- 

fully pry out the seal. Note: Be careful not to 

damage the cylinder block and main bearing 

_ bore where the seal is seated or the nose and 
sealing surface of the crankshaft. 
3 Another procedure for removing the seal 

is to drill a small hole on each side of the seal 

and place a self-tapping screw in each hole. 
Use these screws as a means of pulling the 

seal out without having to pry on it. 

4 Wipe the sealing surfaces in the engine 

block and main bearing and on the crankshaft. 

Clean and coat them with clean engine oil. 

5 Coat the lip of the seal (where it contacts 
the crankshaft) with clean engine oil. 
6 _ Start installing the new seal by pressing it 
into the cylinder block. 

7 Once started, use a seal driver or a suit- 

able socket of the correct size to carefully drive 

the seal squarely into place. 

8 The seal should be flush with the cylin 
der block and remain square when installed. 

9 Install the flywheel/driveplate (see Sec- 

tion 15). 

10 The remainder of installation is the 

reverse of removal. 

17 Engine mounts - check and 

replacement 

1 Engine mounts seldom require attention, 

but broken or deteriorated mounts should 

be replaced immediately or the added strain 

placed on the driveline components may 

cause damage or wear. 

Check 
2 During the check, the engine must be 

raised slightly to remove the weight from the 

mounts. 

3 Raise the vehicle and support it securely 

on jackstands, then position a jack under 

the engine oil pan. Place a large wood block 

between the jack head and the oil pan to pre- 

vent oil pan damage, then carefully raise the 

engine just enough to take the weight off the 

mounts. Warning: DO NOT place any part 

of your body under the engine when it’s sup- 

ported only by a jack! 
4 Check the mounts to see if the rubber is 

cracked, hardened, separated from the bush- 
ing in the center of the mount or leaking anti- 

freeze fluid. 
5 Check for relative movement between 

the mount and the engine or chassis. Use a 

large screwdriver or prybar to attempt to move 

the mounts. If movement is noted, lower the 

engine and tighten the mount fasteners. 

Replacement 
Note: Refer to Chapter 7 for information on 

the transmission mount. 
6 Disconnect the cable from the negative 

terminal of the battery (see Chapter 5), then 

raise the vehicle and support it securely on 

jackstands (if not already done). 
7 Place a floor jack under the engine with 

a wood block between the jack head and oil 

pan and raise the engine slightly to relieve the 

weight from the mounts. 
8 Remove the fasteners and detach the 

mount from the frame and engine bracket. 

Caution: Do not disconnect more than 

one mount at a time, except during engine 

removal. Note: It may be necessary to lower . 

the exhaust system to gain access to the right 

side engine mount nut. 

9 Installation is the reverse of removal. 

Use thread-locking compound on the mount 

nuts and be sure to tighten them securely. 
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GSSNET Al WMOMMALON Gisz,.tevectecceesccessovessoasddchsnsncevenssets ones s¥znchesunaeseens 1 Valve springs, retainers and seals - replacement............-.:::sss00+ 6 

Oil pan - removal and installation ..........-::.ccccecceseesereresseesrsstsceeees 15 Water pump - removal and installation ..........-..:eseeeeseee See Chapter 3 

Oil pump - removal, inspection and installation ............::eccrssesee 16 
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Specifications 
er 

General 
2.8L engine 

ATCC CHa PETE aE RISO RIS TRIES eon acca nes i evesodernsrasszncer*icanaradesudesepwovisstceea 

Compression rAatiO.........cecececscseseresesesesesesesesrsnsesensnensssesenseanensnensaearenes 

COMPFeSSION PFOSSULE ........cccccceseeeeeeetersesesenessseerecenerecsenenenenenenseeseres 

(0) 8) (=1-5-10 fp 

3.0L engine 

Engine type ........scsscsescssseseesesssssssssensesessscssssssnsnencnsentesesscasesscacanetensasts 

DisplaCeMent ..........ccecsesssseeescnsteneserseerssserssssenesenersesenenensnneratasansnsgees 

Engine VIN code/RPO code 

BHLOKC cc..sleccccenvcveescssosssoenccseaccrentucensenevscasencsarccssageasesecsancenasssscensnrensetes 

Compression rAatio.......sccecscsecesssncnssestensessesrsnsnesranenentssncaressnsnsnsnnenents 

COMPFeSSION PFOSSULE .......ecesscsererecrereersececssseenenenestesncensenensnecenseeagins 

Oil PFESSULC.....csscecssecsesneseccssecseesenesnsscensnescsasnsenenscseenserenenecsessqaageneenens 

V6 
171 cubic inches (2.8 liters) 
T 

LP1 
3.5039 inches (89 mm) 
2.9449 inches (74.8 mm) 

10.0: 1 
See Chapter 2D 
See Chapter 2D 

V6 
183 cubic inches (3.0 liters) 

G/LF1 
Y/LF1 
5/LFW 
3.5039 inches (89 mm) 

3.1614 inches (80.3 mm) : 

dideveal 
See Chapter 2D 
See Chapter 2D 
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General (continued) 
3.6L engines 

Engine ity pe cae. ss eee ee aren ie tate nk seen eee en V6 
DISPIAGEINeR berate reete ee neta eee ete en ho, ee noe) hace eae 217 cubic inches (3.6 liters) 
Engine VIN code/RPO code 

2004 through. 2009... cecsccseeustsassiecrasciocnstacsvc Mien” wi 7ILY7 G) () 
ZOOS: Hoth 2010 seeks oe soe iced, 2535 cb cas odadebencends teases noes Readies V/LLT fee 
PAU kek Pa Seno fete Ry ee ene Ie ak OS ee Ege OME Tal D/LLT = 
Uy ES Sgt nt Soe Si ger NE ioe aN Mee mR ED 3/LFX ® = ® 

BOG Fae teed sa esl em er ee fe cnse it ey chic icl aoe oa E es A et ae 3.7008 inches (94 mm) +5 
POULOIC ie setae ts terra rca eM Mle ie eet bee L2G tee et) ae alee 3.3701 inches (85.6 mm) 
Compression ratio 

PUOA TOUR OOS (LNG Wes ecitee sot Me Re sh a2 AeA Loi Ledtecancdevoneets 10.2: 1 C4) (2) 
ZOCBrandilaten (ME ee ences recite essed Shes ee te ee tae 

Compression pressure...............- See nea EAN ee uca lone aie mre ne aa See Chapter 2D 

OW DRE SSUG memeeet ees eterna mere re ee hence ee eas Mel ee See Chapter 2D 
Cylinder numbers (front-to-rear) ; f 
Je AIC EDR a nae ov ag ee 2-4-6 Cylinder locations - V6 engines 
ERIQIMUSICG co. eae ee yee ces n ote tare esc eases esc hee arate teens tea 1-3-5 

Lalilile Meine] gheneine tenet het ee ee a 1-2-3-4-5-6 

Camshafts 
2.8L engine 

Lobe height : 
AL es Reorder oe ORCS eee MPSA Scorer ear Ri i 1.6687 to 1.6805 inches (42.385 to 42.685 mm) 
XM AU Stree ce et eee Oe Meare ere ROR VALOR Ze ltnglt 1.6715 to 1.6833 inches (42.456 to 42.756 mm) 

Bearing journal diameter 
ESONRCVIMGORSix: zn ero es Soeeneaee aes eh ce seccierccatecte testantceeae 1.3754 to 1.3764 inches (34.936 to 34.960 mm) 
MiddletandTeameyindGSsx:ecrtcsca ctiacrecescteesvscstesceotckese ecto 1.0605 to 1.0614 inches (26.936 to 26.960 mm) 

3.0L engine 

Lobe height 

Jn Be Sane bt cece Demi ne ei A RN a MRE ie es yl ART a eer Och ei 1.6687 to 1.6805 inches (42.385 to 42.685 mm) 
XWe Stee terceence cs cteesrar remaster ie aectee ence peat ctcuen re comet seh : 1.6715 to 1.6833 inches (42.456 to 42.756 mm) 

Bearing journal diameter : 
2005 through 2011 

FMOMMCVINGOlSmertate wer atc enc: eiee Sentry ny eotte et eer er 1.3779 to 1.3787 inches (35.000 to 35.020 mm) 
Middlefantdl reatecyiiGers ster. cence tr terete etic een oe esc es 1.0630 to 1.0638 inches (27.000 to 27.020 mm) 

2012 and later 
ENOMUCVIDC Sima Stee casc eueeceteaa-seecrotcractet teens ores earner er 1.3754 to 1.3764 inches (34.936 to 34.960 mm) 
Middlovandire ar CYIINGONS iss, «2 <ssctcecsasccses sulvdac cateoexeeseasssgesetedesce 1.0605 to 1.0614 inches (26.936 to 26.960 mm) 

3.6L engine 

Lobe height 

LAK teteeorcctasinaronticnntivdion: he rrsein dagannntaniined tasvnteccereareertot 1.6687 to 1.6805 inches (42.385 to 42.685 mm) 
HEN AUS tee rap tere: eos arenes ence wean en ee a chan ee Nan ee 1.6703 to 1.6821 inches (42.425 to 42.725 mm) 

Bearing journal diameter 
FFONLICVINNAGIS  ssrcrtcvasset rete oun onk va reaur setae somal ancavscastentacaeeebapyieseete 1.3754 to 1.3764 inches (34.936 to 34.960 mm) 
NUGAIE yard ear CVlINGONS <u... cs, se: ecetdacstavecasestastresereieinee ee 1.0605 to 1.0614 inches (26.936 to 26.960 mm) 

Endplay (abiimOdels) sccch cate eter nacs.tetssadreusctes tants accicansmt rere irene 0.0018 to 0.0085 inch (0.045 to 0.215 mm) 

Warpage limits 
' Cylinder head gasket surfaces (head and DbIOCK) .......:.ccsssssesseeesseseeseeees 0.0010 inch (0.025 mm) 
EEXITGUISE I ANMOIG ss rarese.te terest ete eacs sn secksh aaeetieray alee eae 0.0010 inch (0.025 mm) 

Oil pump 
Rotor-to-pump body (Side) Clearance ...........:ccccscssetsssesestessenecsssussscevessnees 0.0039 to 0.0091 inch (0.100 to 0.230 mm) 
ROL 'ClOATANCO ae ioy i cau tea: avant ass ceeeauvic as fers Abas ts Aen Reet aaa 0.0030 to 0.0071 inch (0.075 to 0.180 mm) 
Rotormto-puimp cover Clear ale zzs:..:ducscuecss:teuve: seas foctecetasuite loaeswetecuceas 0.0012 to 0.0033 inch (0.030 to 0.085 mm) 

Torque specifications Ft-Ibs (unless otherwise indicated) Nm 
Note: One foot-pound (ft-lb) of torque is equivalent to 12 inch-pounds (in-lbs) of torque. Torque values below approximately 15 foot-pounds are 
expressed in inch-pounds, because most foot-pound torque wrenches are not accurate at these smaller values. 
Camsnatt bearing Capibolisams.cr-..s-c3e astern ee a ator 89 in-lbs 10 
Canmishattactiaton. sprocket DONS. a trcactstee tessa ees eet eee 43 58 
Camshaft actuator oil control valve Dolts.........ccccccccccssesecssssssseseeacseecneeans 89 in-lbs 10 
Camshaft intermediate drive sprocket bolts ...........c.ccccccescessesseeceeeseeeenes 43 58 
Crankshaft balancer bolt 

SLOP TR sy ases Meee ig xs ian sey .aiveie heveoc an Ree oe ee 74 100 
SG 2T faa save coc cts och soavices’ sat tah Cooeenes cams ena ant dale GA Tighten an additional 150 degrees 

*Use new fastener(s) 
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Torque specifications (continued) 
Cylinder head bolts (in 

M8 bolts 
ESE Breen eee cee ears aerate eee Octane SE Ls Sune de sacke eatery stirace 

Step 2 

M11 bolts 

RSSEES POM races eas poe a ru esc a dys scx buaaE eens sthcoos Peveanabess 
BS LCSD core een ney eee st eee nas we ean evag Pai ees es. nah cdst Some talNasatawanen poets 

Dipstick tube bolt 
Engine mount 

sequence) 

Bracket-to-engine block bolts (M8) 

2008 and earlier models 

2009 and later models 

Bracket-to-engine block bolts (M10) 
Bracket-to-mount nuts 

Exhaust manifold bolts 

Exhaust manifold heat Sintelal Wolter ee oi ws ah cae ede enede eps vise rans 

Flywheel/driveplate bolts 
2.8L and 3.6L engines 

SOM bebe te coe cr PES ee eee 2 oC re ea 

SEG [pe eee ee Mier gets e acon: ee etna sseutnansostsessnseene tay eWNessanesosehs 

3.0L engines 

Driveplate bolts 
SLED esa ec ey ava cs ress teea toa see. ot nas tov eviatares vac cades7uehers cee 

STS Dye eta ec sh coca eaicns cssavenanaesanzecerr= <idenxea¥a eacaer 

Flywheel bolts (manual transmission) 

(UTS PET WL oY lk i Ae Anco ee er ee ee Ee tee 

Intake manifold bolts 

2005 throught 2011 

(automatic transmission) 

models 

2.8L and 3.6L engines 
Manifold-to-cylinder head bolts 

2009 and earlier models 

2010 and later models 
Plenum-to-manifold bolts 

3.0L engines 
Lower manifold-to-cylinder head bolts, in sequence 

Upper manifold-to-lower manifold fasteners 

2012 and later models (see illustration 7.34) 

SHS pipe raepe tes eae ee sce ce neswevasatyspucretsnexberacesrsvtsronesaeexcezsoushtaanevahsacentats 

SEC Qi ciocccecceteracencaceecssssearecsnepenstenchensncvnsnescsousssovesteusscesseatvestactens 

Oil filter housing-to-cylinder héad bolts (M10) 

Oil filter housing-to-cylinder block bolts (M8) 

Oil pan baffle DOItS ............ccececseceseeseeenteestscseetsnsesearenenenenenencanenereseseneneys 

Oil Pan Arain PUG .......ccecceeeecseseseseeeeeseecsesesesrecsereenenenensasisasanerereeeeesnacecees 

Oil pan bolts (M8) 
2009 and earlier models 

2010 and later models 

Oil pickup Pipe DOItS ........... eee tees eseseseseseeeenseetenenetinnencneeceseceseeanenenenty 

Oil PUMP COVER DOS .........eeceseceereretersteeseesesenenesesenentenersesteneanennanenenenntes 

Oil pump mounting bolts 

2009 and earlier models 

2010 and later MOCEIS............::ccceeeeseccensrceseesseeeeeeeceeerseesersaceeeeenatensaaes 

Rear main oil seal NOUSING DOItS.............:ccceceeseeeseeereeseeseeeeenteeseneecnnerens 

Timing chain cover bolts 

2005 through 2011 models 

Cover studs (3.0L Engines).......-..c:cscceterereesereneesesetseenseneenterces 

MG bolts (3.0L CNgGiNeS)........cccecceeeeeeesessteeersensesenenetneeearacenees 

M8 bolts 

2.8L engines 

Step 1........ 

INCIES=EO TR CLETIC teen eee cee ae eee esas enc eaueee. cst atns couvedoee ees Rsweays 

Ft-lbs (unless otherwise indicated) 

132 in-lbs 
Tighten an additional 75 degrees 

22 
Tighten an additional 150 degrees 

89 in-lbs 

89 in-lbs 

168 in-Ibs 
Tighten an additional 60 degrees 

22 
Tighten an additional 45 degrees 

49 
89 in-lbs 

17 

18 

89 in-lbs 

17 

89 in-lbs 

115 in-lbs 

“lif 

18 

89 in-lbs 

132 in-lbs 

132 in-lbs 

168 in-lbs 
Tighten an additional 60 degrees 

168 in-lbs 

168 in-lbs 
Tighten an additional 60 degrees 

ANA 

Nm 

15 

30 

30 

67 
10 
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Torque specifications (continued) 

Timing chain cover bolts (continued) 

2005 through 2011 models (continued) 
M12 bolts 

2.8L engines 

RSL] Oil eae tert HELP veneer ei eee 

SOMENGiINeS :usiase ae me eee esos 
2012 and later models 

Primary timing chain 

Left guide bolt 

2009 and earlier models ...........0.....cce0eees 

2010 and later models ...0........ceeeeseceeseeereee 

Upper guide bolt 

2009 and earlier models ............::.cccccceeeee 

2010 and later models ............cccceceeeeeeeeeeee 

Tensioner bolt 

2009 and earlier models ...................c00000- 

2010 and later models ..................cceeeeeeeees 

Secondary timing chain 
Guide bolt 

2009 and earlier models ............00ceceeeeee 

2010 and later models ..............cceeeceeeeeeeees 

Shoe bolt 

2009 and earlier models ...............:ccce0ceee 

2010 and later models ...........cccceceeeeeeeeees 

Tensioner bolt 

2009 and earlier models ...........0...c:ccceeeee 

2010 and later models ..............:ccccccceeseeees 

jlorque:converten Dolts frsss..c.hcctsrtsscsossoacseesszeses. 

WalVEICOVERDOIS Sr areceeticecctceihsesccrtsecsenscocemere ke 

1 General information 

Warning: The models covered by this manual 

are equipped with airbags. Always disable the 

airbag system before working in the vicinity of 

the impact sensors, steering column or instru- 

ment panel to avoid the possibility of acciden- 

tal deployment of the airbag(s), which could 
cause personal injury (see Chapter 12). 

How to use this Chapter 
This Part of Chapter 2 is devoted to 

repair procedures possible while the engine 

is still installed in the vehicle. Since these pro- 

cedures are based on the assumption that the 

engine is installed in the vehicle, if the engine 
has been removed from the vehicle and 
mounted on a stand, some of the preliminary 
removal steps outlined will not apply. 

Ft-lbs (unless otherwise indicated) Nm 
Note: One foot-pound (ft-lb) of torque is equivalent to 12 inch-pounds (in-lbs) of torque. Torque values below approximately 15 foot-pounds are 
expressed in inch-pounds, because most foot-pound torque wrenches are not accurate at these smaller values. 

Information concerning engine/transmis- 
sion removal and installation and engine over- 

haul, can be found in Part D of this Chapter. 

Engine description 
The engine utilizes an aluminum block 

with cast-iron sleeves. The six cylinders are 

arranged in a “V” shape at a 60-degree angle 

between the two banks. The cylinder heads 

utilize a twin overhead camshaft arrangement 
with four valves per cylinder. Variable cam 

timing is used on all models via an adjust- 
able camshaft drive sprocket controlled by 
the engine control system. The engine uses 

aluminum cylinder heads with powdered 
metal guides and valve seats. Hydraulic lift- 

ers negate the need for valve adjustments 

and roller rocker arms actuate the valves. The 

oil pump is mounted at the front of the engine 

behind the timing chain cover and is driven 

POR Sreheatiael ig dene, 48 65 
usesteives <i ich cus buy eet nee Tighten an additional 60 degrees 
Lit ia ce dh as bs od duaecaetoe rete ences 48 65 

ugh Cees teanisiineheoeenecammntiees 132 in-lbs 15 

Peseta aac eee 168 in-lbs 20 
SEER ee rcre re RS Tighten an additional 60 degrees 

Sr en dttasnesbetecsery teat tae 48 65 

BU tbacnehes nse scsetoetecteattees 115 in-Ibs 13 

i oan ies ie eee eae ilt/ 23 
EAE ern carts Peeer ene 18 25 

BAIS een ee eae mies 17 23 
Pee Ont Sear pate meee 18 25 

Boece eee cee POE 17 23 
er eee ene, 18 25 

atena eats oN: vote ee ae 17 23 
REBAR oy Pane ssee devetoessuseie 18 25 

ss cada eat rata vane eases ae 17 23 
abc aescasien an oN a ateeraesveevas 18 25 
PE ee re ee 44 60 
Ati aca tba athe cutes ses eos toy 89 in-lbs 10 

by the crankshaft. The 3.0L and 3.6L (VIN V) 
engines also incorporate direct fuel injection, 

where fuel is delivered into the combustion 
chamber. 

2 Repair operations possible with 

the engine in the vehicle 

Many major repair operations can be 

accomplished without removing the engine 
from the vehicle. 

Clean the engine compartment and 
the exterior of the engine with some type of 

degreaser before any work is done. It will 

make the job easier and help keep dirt out of 
the internal areas of the engine. 

Depending on the components involved, 
it may be helpful to remove the hood to 

improve access to the engine as repairs are 
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4.4 Disconnect the 

canister purge solenoid 

(1) wiring and hoses, 
the wiring from the 

ignition coils (2) and 

the PCV hose (3) 

performed (refer to Chapter 11 if necessary). 
Cover the fenders to prevent damage to the 
paint. Special pads are available, but an old 

bedspread or blanket will also work. 

If vacuum, exhaust, oil or coolant leaks 

develop, indicating a need for gasket or seal 

replacement, the repairs can generally be 
made with the engine in the vehicle. The 

intake and exhaust manifold gaskets, oil pan 
gasket, crankshaft oil seals and cylinder head 

gasket are all accessible with the engine in 

place. 
Exterior engine components, such as the 

intake and exhaust manifolds, the oil pan, the 
oil pump, the water pump, the starter motor, 
the alternator and the fuel system components 

can be removed for repair with the engine in 

place. 
Since the camshaft(s) and cylinder head 

can be removed without pulling the engine, 

valve component servicing can also be accom- 

plished with the engine in the vehicle. Replace- 

ment of the timing chain and sprockets Is also 

possible with the engine in the vehicle. 

In extreme cases caused by a lack of 

necessary equipment, repair or replacement 

of piston rings, pistons, connecting rods and 

rod bearings is possible with the engine in the 

vehicle. However, this practice is not recom- 

mended because of the cleaning and prepa- 

ration work that must be done to the compo- 

nents involved. 

ee EEE EEE 

3. Top Dead Center (TDC) for 
number one piston - locating 

er 

1 Top Dead Center (TDC) is the highest 

point in the cylinder that each piston reaches 

as it travels up the cylinder bore. Each piston 

reaches TDC on the compression stroke and 

again on the exhaust stroke, but TDC gener- 

ally refers to piston position on the compres- 

sion stroke. 

2 Positioning the piston(s) at TDC is an 

essential part of many procedures such as 

timing chain/sprocket removal. 

3. Before beginning this procedure, be sure 

to place the transmission in Neutral and apply 

the parking brake or block the rear wheels. 

Also, disable the ignition system by discon- 

necting the primary electrical connectors at 

the ignition coil packs, then remove the spark 

plugs (see Chapter 1). 
4 In order to bring any piston to TDC, the 

crankshaft must be turned using one of the 

methods outlined below. When looking at the 
front of the engine, normal crankshaft rotation 

is clockwise. 

a) The preferred method is to turn the crank- 

shaft with a socket and ratchet attached 

to the bolt threaded into the front of the 

crankshaft. Apply pressure on the bolt in 

a clockwise direction only. Never turn the 

bolt counter clockwise. 
b) Aremote starter switch, which may save 

some time, can also be used. Follow the 

instructions included with the switch. 

Once the piston is close to TDC, use a 

socket and ratchet as described in the 

previous paragraph. 

c) If an assistant is available to turn the 

ignition switch to the Start position in 

short bursts, you can get the piston 

close to TDC without a remote starter 

switch. Make sure your assistant is out 

of the vehicle, away from the ignition 
switch, then use a socket and ratchet as 

described in Paragraph (a) to complete 

the procedure. 

5 Place your finger partially over the num- 

ber one spark plug hole and rotate the crank- 

shaft using one of the methods described 

above until air pressure is felt at the No 1 

cylinder spark plug hole. Air pressure at the 

spark plug hole indicates that the cylinder 

has started the compression stroke. Once 

the compression stroke has begun, TDC for 

the number one cylinder is obtained when the 

piston reaches the top of the cylinder on the 

compression stroke. 

6 To bring the piston to the top of the cylin- 

der, insert a long screwdriver into the number 

one spark plug hole until it touches the top of 

the piston. Note: Make sure to wrap the tip of 

the screwdriver with tape to avoid scratching 

the top of the piston and the cylinder walls. 

Use the screwdriver as a feeler gauge to tell 

where the top of the piston is located in the cyl- 

inder while slowly rotating the crankshaft. As 
the piston rises the screwdriver will be pushed 

out. The point at which the screwdriver stops 

moving outward is TDC. Note: Always hold the 

screwdriver upright while the engine is being 

rotated so that the screwdriver will not get 

wedged as the piston travels upward. 

7 If you go past TDC, rotate the crankshaft 

counter clockwise until the piston is approxi- 

mately 20 mm below TDG, then slowly rotate 

the crankshaft clockwise again until TDC is 

reached. 
8 After the number one piston has been 

positioned at TDC on the compression stroke, 
TDC for any of the remaining pistons can be 

located by repeating the procedure described 

above and following the firing order. 

4 Valve covers - removal and 

installation 

Removal 

Refer to illustration 4.4 

1 Disconnect the negative lead from the 

battery (see Chapter 5). 
2 Remove the front suspension crossbrace 

from the vehicle (see Chapter 10). 
3. Remove the engine covers (see Chap- 

ter 1) and the plenum (see Section 7). 

4 Disconnect the crankcase ventilation 

pipe (PCV) hose. Also disconnect the cam- 

shaft position sensor electrical connectors, 

the camshaft actuator valve electrical con- 

nectors and the necessary wiring to allow 

the wiring harnesses connected to the valve 

covers to be positioned clear of the work area 

(see illustration). Release the wiring harness 

plastic sleeves from alongside the valve cov- 

ers and in front of the engine and position the 

wiring clear of the work area. 

5 Remove the intake manifold (see Sec- 

tion 7). 
6 Remove the ignition coils from the valve 

cover (see Chapter 5). 
7 For the right valve cover, disconnect 

the wiring harness clips from the front of the 

cover. 
8 _ For the left valve cover, depress the lock- 

ing tabs and remove the wiring harness from 

the valve cover. 
9 Remove the valve cover bolts, then 

detach the cover from the cylinder head. 

Note: /f the cover is stuck to the cylinder 

head, tap one end with a block of wood and a 

hammer to jar it loose. If that doesn’t work, try 

to slip a flexible putty knife between the cylin- 

der head and cover to break the gasket seal. 

Don't pry at the cover-to-head joint or damage 

to the sealing surfaces may occur (leading to 

oil leaks in the future). 

Installation 

Refer to illustrations 4.13 and 4.14 

10 The mating surfaces of each cylinder 

head and valve cover must be perfectly clean 

when the covers are installed. Use a gasket 
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scraper to remove all traces of sealant and 

old gasket material, then clean the mating 

surfaces with lacquer thinner or acetone. If 

there’s sealant or oil on the mating surfaces 

when the cover is installed, oil leaks may 
develop. 

11. Clean the mounting bolt threads with a 
die to remove any corrosion and restore dam- 
aged threads. Make sure the threaded holes 

in the cylinder head are clean - run a tap into 

them to remove corrosion and restore dam- 
aged threads. 

12 The manufacturer recommends install- 

ing tool EN-46101 to the spark plug tube 
holes to allow the spark plug tube seals to 

slide over the tubes without tearing. However, 

after applying a small amount of engine oil to 

the spark plug tube seal inner faces and with 

care, the valve cover with the seals attached 
can slide over the spark plug tubes without 
the special tools. 

13 The gaskets should be mated to the cov- 
ers before the covers are installed. Position 

the gasket inside the cover lip (see illustra- 
tion). If the gasket will not stay in place in the 
cover lip, apply a thin coat of RTV sealant to 

the cover flange, and allow the sealant to cure 

slightly, so the gasket adheres to the cover. 

5.2 Camshafts (1), 
rockers (2) and lifter 

sockets (3) 

4.13 Position the new gasket in the valve cover lip 

14 Apply a 0.157-inch (4 mm) bead of RTV 

sealant to the joints between the timing cover 

and cylinder head mating faces where the 

valve cover will sit (see illustration). 
15 Inspect the valve cover bolt grommets 

for damage. If the grommets aren’t damaged 

they can be reused. Carefully position the 

valve cover(s) on the cylinder head and install 
the bolts and grommets. 

16 Tighten the bolts in three or four steps to 

the torque listed in this Chapter’s Specifica- 
tions. 

17 The remainder of installation is the 
reverse of removal. 

18 Start the engine and check carefully for 

oil leaks as the engine warms up. 

5. Rocker arms and hydraulic 

lifters - removal, inspection and 

installation 

Removal 

Refer to illustration 5.2 

1 Detach the valve covers from the cylin- 

der heads (see Section 4). 

4.14 Place some RTV sealant between the timing cover and 
cylinder head mating face 

2 Remove the camshafts (see illustration 

and Section 14). 

3° Place markings on each rocker arm to 

ensure they are returned to the same posi- 

tion, then lift each one from the engine. Once 

the rocker arms are removed, the hydraulic 
lifters can be lifted from the cylinder head. 

Note: /t is important that any rocker arms or 

lifters being used again must be returned to 

their original position on the engine. 

Inspection 
Refer to illustration 5.4 

4 Check each rocker arm for wear, cracks 

and other damage, especially where the valve 

stems contact the rocker arm (see illustra- 
tion). 

5 Check the rollers for binding and rough- 
* ness. If the bearings are worn or damaged, 

replacement of the entire rocker arm will be 

5.4 Rocker arm (1) and hydraulic lifter (2) 

wear points 

Lifter socket 
Roller 

Valve stem contact point 

Lifter to rocker contact point 
Lifter base 

Lifter oil passage mmMOoODsS 
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6.4 Thread the air hose adapter into the 
spark plug hole - adapters are commonly 

available at auto parts stores 

necessary. Note: Keep in mind that there is 
no valve adjustment on these engines, so 

excessive wear or damage in the valve train 

can easily result in excessive valve clearance, 

which in turn will cause valve noise when the 
engine is running. Also check the rocker arm 

pivot support pedestal for cracks and other 

obvious damage. 
6 Make sure the oil passage hole in each 

hydraulic lifter is not blocked, and there are 

no burrs on the base of the lifter (see illustra- 

tion 5.4). 

Installation 
7 Apply some camshaft/lifter pre-lube to the 
pivot pockets, roller and the slot that contacts 

the valve on each rocker arm. Apply clean 

engine oil into the bores for the hydraulic lifters 
and then install them into the cylinder head. 

Position the rocker arms onto the lifters. 
8 The remainder of installation is the 

reverse of removal. 

9 Before starting and running the engine, 

change the oil and install a new oil filter (see 

Chapter 1). 
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6 Valve springs, retainers and 

seals - replacement 
ES 

Refer to illustrations 6.4, 6.5, 6.7a, 6.7b 

and 6.16 

Note: Broken valve springs and defective 

valve stem seals can be replaced without 

removing the cylinder head. Two special tools 

and a compressed air source are normally 

required to perform this operation, so read 

through this Section carefully and rent or buy 

the tools before beginning the job. 

4 Remove the spark plugs (see Chap- 

ter 1). 

2 Remove the plenum and intake manifold 

(see Section 7), valve covers (see Section 4), 

timing chains (see Section 13), camshafts 

(see Section 14) and rocker arms (see Sec- 

tion 5). 
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6.5 After compressing the valve spring, 

remove the keepers with a magnet or 

needle-nose pliers 

3 Thread an adapter into the spark plug 

hole and connect an air hose from a com- 

pressed air source to it. Most auto parts 

stores can supply the air hose adapter. Note: 

Many cylinder compression gauges utilize a 

screw-in fitting that may work with your air 

hose quick-disconnect fitting. If a cylinder 

compression gauge fitting is used, it will be 

necessary to remove the Schrader valve from 

the end of the fitting before using it in this pro- 

cedure. 
4 Apply compressed air to the cylinder. 

The valves should be held in place by the air 

pressure (see illustration). 
5 Using a socket and a hammer, gently 

tap on the top of each valve spring retainer 

several times (this will break the seal between 

the valve keeper and the spring retainer and 

allow the keeper to separate from the valve 

spring retainer as the valve spring is com- 

pressed), then use a valve-spring compressor 

to compress the spring. Remove the keepers 

with small needle-nose pliers or a magnet 

(see illustration). Note: Several different 
types of tools are available for compressing 

the valve springs with the head in place. One 

type grips the lower spring coils and presses 

on the retainer as the knob is turned, while the 

lever-type shown here utilizes the rocker arm 

bolt for leverage. Both types work very well, 

although the lever type is usually less expen- 

sive. 

6 Remove the valve spring and retainer. 

Note: /f air pressure fails to retain the valve 

in the closed position during this operation, 

the valve face or seat may be damaged. If so, 

the cylinder head will have to be removed for 

repair. 

7 Remove the old valve stem seals, noting 

differences between the intake and exhaust 

seals (see illustrations). 

8 Wrap a rubber band or tape around the 

top of the valve stem so the valve won't fall 

into the combustion chamber, then release 

the air pressure. 

9 Inspect the valve stem for damage. 

Rotate the valve in the guide and check the 
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6.7a A screwdriver can be used to pry off 
the valve seals 

6.7b. There is a difference between the 

intake (1) and exhaust (2) valve seals 

end for eccentric movement, which would 

indicate that the valve is bent. 

10 Move the valve up-and-down in the 

guide and make sure it does not bind. If the 

valve stem binds, either the valve is bent or 

the guide is damaged. In either case, the 

head will have to be removed for repair. 

11. Reapply air pressure to the cylinder to 

retain the valve in the closed position, then 

remove the tape or rubber band from the 

valve stem. 
12 If you’re working on an exhaust valve, 

install the new exhaust valve seal on the valve 

stem and press it down over the valve guide 

to the specified depth. Don’t force the seal 

against the top of the guide. Note: Take this 

measurement from the steel spring seat to the 

top edge of the intake and exhaust valve seals, 

not from the aluminum seat on the head! 

13 If you’re working on an intake valve, 
install a new intake valve stem seal over the 

valve stem and press it down over the valve 

guide to the specified depth. Don’t force the _ 

intake valve seal against the top of the guide. 

Caution: Do not install an exhaust valve seal 

on an intake valve. 
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6.16 Apply a small dab of grease to each 
keeper as shown here before installation 

- it'll hold them in place on the valve stem 
as the spring is released 

14 Install the spring and retainer in position 
over the valve. 

15 Compress the valve spring assembly 
only enough to reinstall the keepers in the 
valve stem. 

16 Position the keepers in the valve stem 

groove. Apply a small dab of grease to the 

inside of each keeper to hold it in place if nec- 
essary (see illustration). Remove the pres- 
sure from the spring tool and make sure the 
keepers are seated. 

17 Disconnect the air hose and remove the 

adapter from the spark plug hole. 

18 Repeat the above procedure on the 
remaining cylinders. 

19 Reinstall the rocker arm assemblies, 
camshafts, timing chains and the valve covers 

(see appropriate Sections). 

20 Start the engine, then check for oil leaks 

and unusual sounds coming from the valve 
cover area. Allow the engine to idle for at least 

five minutes before revving the engine. 

7 Plenum and intake manifold - 

removal and installation 

Warning: Wait until the engine is completely 

cool before beginning this procedure. 

Removal 
1 Relieve the fuel system pressure (see 
Chapter 4). 

2 Disconnect the cable from the negative 
battery terminal (see Chapter 5). 

3 Remove the suspension crossbrace from 

on top of the front struts (see Chapter 10). 

4 Remove the engine covers (see Chap- 
ter 1). 

2005 through 2011 models 

2.8L and 3.6L engines 

Refer to illustrations 7.6, 7.9 and 7.12 

5 Disconnect the wiring from the MAF 

sensor and remove the air intake duct from 

between the throttle body and the air filter 

a ti é : “amis 

7.6 Throttle control motor connector (1), 

PCV hose (2), and canister purge solenoid 
(3) locations 

(see Chapter 4). 

6 Disconnect the wiring from the throttle 
control motor, then disconnect the throttle 

control motor wiring harness from the intake 

manifold. Disconnect the PCV pipe from the 

hoses on each side of the plenum and discon- 

nect the air pipe from the rear of the left side 
valve cover (see illustration). 
7 Working at the rear of the engine, dis- 
connect the wiring from the barometric pres- 

sure (BARO) sensor, the fuel injector harness, 
EVAP purge solenoid and the variable intake 

manifold control valve motor. Disconnect the 
PCV hose from the retaining bracket near the 

barometric pressure sensor, the purge solenoid 

line and the vacuum line to the brake booster. 

8 Remove the manifold brace bolts and 

7.12 Intake manifold 

components - 2.8L and 
3.6L engines 

Plenum 

Gasket 

Gasket installation 
tabs 

Intake manifold 

Gasket 

Gasket installation 

tabs 

Plenum to cylinder 
head bolts 

Plenum to intake 

manifold bolts 

Intake manifold to 

cylinder head bolts 
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7.9 To remove the plenum from the intake 
manifold, remove bolts A and B. To remove 

the plenum chamber and intake manifold 

as an assembly, remove bolts A and C 

brace just behind the throttle body. 
9 Remove the plenum bolts (see illustra- 
tion). 

10 Lift the plenum from the intake manifold, 

disconnecting anything still attached to the 
manifold. 

11 Disconnect the fuel line from the rear of 
the fuel rail (see Chapter 4). 

12 Remove the remaining bolts holding the 

intake manifold to the cylinder heads (see 

illustration). Lift the intake manifold from 

the engine with the fuel rail and injectors 
attached. 

13 Remove the bolts holding the fuel rail to 

the intake manifold. Lift the fuel rail and injec- 

tors as an assembly from the manifold. 
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7.14 Disconnect the brake booster vacuum hose (A), then the 

*) 

PCV valve (B) (3.0L engines) 

3.0L engines 

Refer to illustrations 7.14, 7.17a, 7.17b, 7.18 

and 7.19 

14 Disconnect the brake booster vacuum 

hose and the PCV valve from the intake mani- 

fold (see illustration). 
15 Disconnect the EVAP hose from the 

EVAP solenoid (see Chapter 6). 
16 Disconnect all the electrical connectors 

to the intake manifold. 
17 Remove the intake manifold bolts (see 

illustrations). 
418 Remove the intake manifold assembly 

from the vehicle (see illustration). _ 
19 Place the intake manifold upside down 

“on a bench, then remove the gasket and the 

lower intake manifold-to-upper intake mani- 

fold mounting fasteners (see illustration). 

2012 and later models “ 

20 Disconnect the PCV tube from the intake 

manifold and the right-side valve cover. 

21. Disconnect the EVAP hose from the 

EVAP solenoid (see Chapter 6). 
22 Working on the rear side of the intake 

manifold, remove the fuel rail shield and the 

rear noise shield. 

23 Disconnect and mark any electrical con- 

nectors from the intake manifold. 

7.18 Remove the intake manifold assembly from the engine 

24 Remove the bolts and lift off the intake 

manifold. 
25 Remove the intake manifold gasket. 

Installation 

Refer to illustration 7.31 

Note: The mating surfaces of the cylinder 

heads and manifold must be perfectly clean 

when the manifold is installed. 
26 Carefully remove all traces of old gasket 

material. Note that the intake manifold is made 

of a composite material and the cylinder heads 
are made of aluminum, therefore aggressive 
scraping is not suggested and will damage the 

sealing surfaces. After the gasket surfaces are 
cleaned and free of any gasket material, wipe 

the mating surfaces with a cloth saturated with 

solvent. If there is old sealant or oil on the mat- 

ing surfaces when the manifold is installed, oil 

or vacuum leaks may develop. Use a vacuum 

cleaner to remove any gasket material that 

falls into the intake ports in the heads. 

2005 through 2011 models 

27 On 3.0L engines, install new gaskets 
to the lower intake manifold. Place the lower 

intake on the upper intake and tighten the 

manifold fasteners to the torque listed in this 

Chapter’s Specifications. 

7.17a On 3.0L engines, loosen the intake manifold bolts... 

7.19 Remove the lower intake manifold-to-upper intake fasteners 

Eeeh me eo YY wi 

Na) 
7.17b ...and the rear support bolt 

28 Position the new gaskets on the intake 

manifold. Note that the gaskets are equipped 
with installation tabs that must snap into place 

on the intake manifold (see illustration 7.12). 
The words “Manifold Side” may appear on the 

gasket, If so, this will ensure proper installa- 
tion. Make sure the gaskets snap into place 

and all intake port openings align. 

29 Carefully set the manifold in place. 

30 Apply medium-strength thread locking 

compound to the threads of the bolts. On 2.8L 

and 3.6L engines, install the bolts and tighten 
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them, starting with the four long bolts and 
working toward each end of the manifold, to 

the torque listed in this Chapter’s Specifica- 
tions. Do not overtighten the bolts or gasket 
leaks may develop. 

31 On 3.0L engines, install the bolts and 
tighten in sequence (see illustration) to the 

torque listed in this Chapter’s Specifications. 

2012 and later models 

Refer to illustration 7.34 

32 Install the new gaskets onto the engine. 

Note the location of the installation tabs and 
make sure they snap into place. 

33 Carefully set the manifold into place, 
then install the bolts. 

34 Tighten the intake manifold bolts, follow- 

ing the proper sequence (see illustration), to 
the torque listed in this Chapter’s Specifica- 
tions. 

All models 

35 The remainder of installation is the 

reverse of removal. Check the coolant level, 

adding as necessary (see Chapter 1). Start 

the engine and check carefully for vacuum 
leaks at the intake manifold joints. 
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7.34 Intake manifold bolt tightening sequence 

8.4 Exhaust manifold 
components 

Oxygen sensor 
Catalytic 
converter 

Nuts 

Exhaust 

manifold 

8 Exhaust manifolds - removal and 

installation 

Removal 

Refer to illustration 8.4 

Warning: Wait until the engine is completely 

cool before beginning this procedure. 

Warning: Use caution when working around 

the exhaust manifolds - the sheetmetal heat 
shields can be sharp on the edges. 

1 Disconnect the cable from the negative 
battery terminal (see Chapter 5). 
2 _ Raise the vehicle and support it securely 
on jackstands. 

3 Working under the vehicle, apply pen- 
etrating oil to the catalytic converter-to-mani- 

fold studs and nuts (they’re usually rusty). 

4 Remove the nuts retaining the catalytic 
converter to the manifold (see illustration). 
5 Disconnect the electrical connectors for 
the oxygen sensors and unclip the wiring har- 

ness from the engine. Move the harness clear 
of the work area. 

(2012 and later models) 

8.8 Remove the nut holding the bottom of 

the coolant pipe and push the pipe down 

to gain access to the lower manifold bolts 

Right side manifold 

Refer to illustration 8.8 

6 Remove the engine covers. 

7 Remove the retaining bolts and remove 
the outer heat shield. Remove the ground 
wire from the coolant pipe mounting bracket 
beneath the manifold. 

8 Push the coolant pipe down to access 
the lower manifold bolts (see illustration). 

Remove the mounting bolts (see illustration 
8.9), starting with the outside bolts and work- 
ing toward the center of the manifold. Separate 

the exhaust manifold from the cylinder head. 
Remove the inner heat shields from the mani- 
fold after the manifold has been removed. 

Left side manifold 

Refer to illustration 8.9 

9 Remove the mounting bolts (see illus- 

tration), starting with the outside bolts and 
working toward the center of the manifold. 
Separate the exhaust manifold from the cyl- 

inder head. Remove the inner heat shields 

from the manifold after the manifold has been 
removed. 
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Installation 
10 Check the manifold for cracks and make 

sure the bolt threads are clean and undam- 

aged. The manifold and cylinder head mating 
surfaces must be clean before the manifolds 
are installed - use a gasket scraper to remove 

all carbon deposits and gasket material. Note: 
The cylinder heads are made of aluminum, 

therefore aggressive scraping is not sug- 

gested and will damage the sealing surfaces. 

Also, if any of the manifold bolts are broken, it 
_ indicates a warped manifold. Have the mani- 

fold machined at a machine workshop prior 
to installing the manifold to the vehicle. If this 

is not done, the manifold may not seal prop- 
erly and the new manifold bolts will probably 

break. “ 
11 Apply an anti-seize compound to the 
threads of the inner heat shield bolts. Install 

the inner heat shields, then the bolts and gas- 
kets onto the manifold. Retaining tabs sur- 
rounding the gasket bolt holes should hold 

the assembly together as the manifold is 

installed. 
12 Apply a 1/4-inch (6 mm) wide bead of 

medium-strength thread locking compound to 

the threads of the bolts. 

13 Place the manifold on the cylinder head 

and install the mounting bolts finger tight. 

14 When tightening the manifold bolts, 

work from the center to the ends and be sure 

to use a torque wrench. Tighten the bolts to 

the torque listed in this Chapter’s Specifica- 

tions. If required, bend the exposed end of the 

exhaust manifold gasket back against the cyl- 

inder head. 

15 Apply an anti-seize compound to the 

threads of the outer heat shield and install the 

heat shield bolts. 

46 The remainder of installation is the 

reverse of removal. : 

17 Start the engine and check for exhaust 

leaks. 

8.9 Exhaust manifold fastener locations (left side shown, right 

9 Cylinder heads - removal and 

- installation 

Note: /t will be necessary to purchase a new 

set of M8 (8 mm) and M11 (11 mm) head bolts 
to perform this procedure. 

Removal 
1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 
2 Remove the plenum and intake manifold 

(see Section 7), valve covers (see Section 4), 
timing cover (see Section 12) and timing 

chains (see Section 13). Noting its installed 

position, remove the timing chain sprocket 

from the crankshaft. 

2.8L and 3.6L engines 

Refer to illustration 9.7 

3. Remove the oil dipstick tube mounting 

bolt and tube. 
4 _ Disconnect all the electrical connectors 

and ground straps from the cylinder heads. 

5 Disconnect the exhaust pipes from 

the exhaust manifolds (see Chapter 4); the 

exhaust manifolds will be removed with the 

cylinder heads. 

6 If removing the left side cylinder head, 

remove the power steering pump (see Chap- 

ter 10). 

7 Remove the upper bolt from the oil filter 

adapter (see illustration). 

3.0L engines 

8 Remove the fuel pump (see Chapter 4). 

9 Remove the oil filter adapter bolts and 

the adapter. 

10 If removing the left side cylinder head, 

remove the power steering pump and bracket 

(see Chapter 10). 

41. Remove the coolant pipe mounting fas- 

teners and set the pipe out of the way. 

12 Detach both exhaust manifolds from the 

9.7 Remove the oil filter housing bolt from the left side cylinder 

head. There is no need to remove any other oil filter housing bolts 

(2.8L and 3.6L engines) 

cylinder heads (see Section 8). 
13 Disconnect all the electrical connectors 

and ground straps from the cylinder heads. 

All models 
14 Loosen the head bolts, in 1/4-turn incre- 

ments, in the reverse order of the tighten- 

ing sequence (see illustrations 9.22a and 

9.22b) until they can be removed by hand. 

Note: There will be different length and size 

head bolts for different locations. Make a note 

of the different sizes and lengths and where 

they go when removing the bolts to ensure 

correct installation of the new bolts. 
15 Lift the heads off the engine. If resistance 

is felt, do not pry between the head and block, 

as damage to the mating surfaces will result. 

To dislodge the head, place a pry bar or long 

screwdriver into the intake port and carefully 

pry the head off the engine. Store the heads 

on blocks of wood to prevent damage to the 

gasket sealing surfaces. 

Installation 

Refer to illustrations 9.22a and 9.22b 

16 The mating surfaces of the cylinder 

heads and block must be perfectly clean 

when the heads are installed. Gasket removal 

solvents are available at auto parts stores and 

may prove helpful. 
17 Useagasket scraper to remove all traces 

of carbon and old gasket material, then wipe 

the mating surfaces with a cloth saturated 

with lacquer thinner or acetone. Note: The 

cylinder heads are made of aluminum, there- 
fore aggressive scraping is not suggested and 

will damage the sealing surfaces. If there is oil 

on the mating surfaces when the heads are 

installed, the gaskets may not seal correctly 

and leaks may develop. When working on the 

block, use a vacuum cleaner to remove any 

debris that falls into the cylinders. 

18 Check the block and head mating sur- 
faces for nicks, deep scratches and other 
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9.22a Right side cylinder head tightening sequence - bolts 1 to 8 
are M11 bolts, bolt 9 is an M8 bolt 

damage. If damage is slight, it can be removed 

with emery cloth. If it is excessive, machining 

may be the only alternative. 

19 Position the new gaskets over the dow- 
els in the block. 

20 Carefully position the heads on the block 

without disturbing the gaskets. 
21 Coat the threads of the new 8 mm head 
bolts with a medium-strength thread locking 

compound, then install them, (bolt 9 on the right 
side bolts 9 and 10 on left side cylinder head) 
finger tight (see illustration 9.22a and 9.22b). 
22 Install new 11 mm head bolts (bolts 1 
through 8) and tighten them finger tight. Fol- 

lowing the recommended sequence (see illus- 
trations), tighten the bolts in four steps to the 
torque and angle of rotation listed in this Chap- 

ter’s Specifications. Warning: DO NOT reuse 
the head bolts - always replace them. 
23 The remainder of installation is the 
reverse of removal. 

24 Add coolant and change the oil and filter 

(see Chapter 1). Start the engine and check 
for proper operation and coolant or oil leaks. 

10.5 Place a prybar between the ring gear 

teeth and the cylinder block to hold the 

crankshaft while removing the center bolt 

i 
lua 

10 Crankshaft balancer - removal 

and installation 

Refer to illustrations 10.5, 10.6, 10.9a 

and 10.9b 

Note: This procedure requires a new crank- 

shaft balancer bolt and a special balancer 

installation tool that is only available through 

specialized tool manufacturers. Read through 

the entire procedure and obtain all tools and 

materials before proceeding. 

1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

2 Raise the front of the vehicle and sup- 
port it securely on jackstands. 

3 Remove the drivebelts (see Chapter 1). 
4 Remove the splash shield (see Chap- 
ter 1). 

5 Remove the starter motor (see Chap- 
ter 5). Use a prybar through the rear of the 
engine block to hold the ring gear teeth on the 
flywheel/driveplate and loosen the crankshaft 
pulley center bolt (see illustration). 
6 Pull the balancer off the crankshaft with 
a puller (see illustration). Caution: The jaws 

10.6 The use of a three jaw puller will 

be necessary to remove the crankshaft 

balancer - always place the puller jaws 

around the hub, not the outer ring 
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9.22b Left side cylinder head bolt tightening sequence - bolts 1 to 
8 are M11 bolts, bolts 9 and 10 are M8 bolts 

of the puller must only contact the hub of the 
balancer - not the outer ring. Note: A long 

Allen-head bolt should be inserted into the 
crankshaft nose for the puller’s tapered tip to 

push against to prevent damage to the crank- 
shaft threads. 

7 Lubricate the end of the crankshaft and 
oil seal with clean engine oil. Position the 
crankshaft pulley/balancer on the crankshaft 
and slide it on as far as it will go. Note that the 

slot (keyway) in the hub must be aligned with 

the Woodruff key in the end of the crankshaft. 
8 — Hold the crankshaft steady and use the 
old crankshaft balancer bolt to press the bal- 
ancer onto the crankshaft. 

9 Install a new crankshaft balancer bolt 

and tighten it in two steps to the torque and 

angle of rotation listed in this Chapter’s Speci- 
fications (see illustrations). - 

10 The remainder of installation is the 
reverse of removal. 

11 Crankshaft front oil seal - 

removal and installation 

Refer to illustrations 11.2 and 11.5 

1 Remove the crankshaft balancer (see 
Section 10). 

2 Note how the seal is installed - the new 
one must be installed to the same depth and 

facing the same way. Carefully pry the oil seal 

out of the cover with a seal puller (see illus- 
tration). 

3 If the seal is being replaced when the 
timing chain cover is removed, support the 

cover on top of two blocks of wood and drive 
the seal out from the backside with a ham- 
mer and punch. Caution: Be careful not to 

scratch, gouge or distort the area that the seal 
fits into, or a leak will develop. 

4 Apply clean engine oil or multi-purpose 

grease to the outer edge of the new seal, then 
install it in the cover with the lip (spring side) 

facing IN. Drive the seal into place with a 
large socket and a hammer (if a large socket 
isn't available, a piece of pipe will also work). 
Make sure the seal enters the bore squarely 
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10.9a Tightening the new crankshaft 

balancer bolt to the specified torque 

and stop when the front face is at the proper 

depth. 
5 Check the surface on the balancer hub 

that the oil seal rides on. If the surface has 

been grooved from long-time contact with 
_ the seal, a press-on sleeve may be available 

to replace the sealing surface (see illustra- 
tion). This sleeve is pressed into place with 
a hammer and a block of wood and is com- 

monly available at auto parts stores for vari- 

ous applications. 
6 Lubricate the balancer hub with clean 

engine oil and install the crankshaft balancer 

(see Section 10). 
7 The remainder of installation is the 

reverse of the removal. 

12 Timing chain cover - removal 

and installation 

Removal 

Refer to illustrations 12.13a and 12.13b 

il Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

11.5 If the sealing surface of the pulley hub has a wear groove 

from contact with the seal, repair sleeves are available at most 

auto parts stores 

Bay 

10.9b Use a torque angle gauge to finish 

the tightening sequence 

2 Remove the suspension crossbrace from 

on top of the front struts (see Chapter 10). 
3 Remove the engine covers (see Chap- 

ter 1). 
4 Remove the intake manifold (see Sec- 

tion 7). 
5 Remove the drivebelts and tensioners, 

and drain the cooling system (see Chapter 1). 

6 Remove the alternator and alternator 

bracket (See Chapter 5). 
7 Remove the valve covers (see Sec- 

tion 4). 
8 Remove the air filter and the air intake 

duct from the engine compartment (see 

Chapter 4), then remove the upper and lower 

radiator hoses, coolant recovery hose, cool- 

ing fans, drivebelt and coolant outlet pipe (see 

Chapter 3). 
_9 Remove the crankshaft balancer (see 
Section 10). 
10 Remove the bolts retaining the power 

steering pump reservoir and associated 

brackets. Do not open any of the power steer- 

ing lines. Position the reservoir and bracket as 

an assembly clear of the work area. Remove 

the power steering pump and pump bracket 

12.13a Use a screwdriver to pry the cover from the engine at the 

‘G ‘ 

11.2 Another way of removing an old 

oil seal is to screw a self-tapping screw 

partially into the seal, then use pliers as a 

lever to pull it from the engine 

(see Chapter 10). 
11. Remove the bolts retaining the A/C com- 

pressor and associated brackets. Do not open 

any A/C refrigerant lines. Position the com- 

pressor and brackets as an assembly clear of 

the work area. 
12 Disconnect the wiring connectors and 

remove each Camshaft Position (CMP) sen- 

sor. Also disconnect the wiring and remove 

the variable cam timing solenoids from the 

front of the engine. 
13. Remove the timing chain cover mounting 

bolts, in sequence (see illustration 12.16), 

with the water pump attached, then separate 

the timing chain cover from the block (see 

illustrations). The cover may be stuck; if 

so, lever only at the points illustrated with a 

screwdriver. Since the cover is made of alu- 

minum, it can easily be damaged, so DO NOT 

attempt to pry it off. 

Installation 

Refer to illustrations 12.14, 12.15 and 12.16 

14 Install a new seal to the inside of the tim- 

ing cover and apply a bead of RTV sealant 

illustrated points 
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to the faces of the cover that will mate with 
the engine (see illustration). Slide the timing 

chain cover over the crankshaft and the two 
studs, then install the bolts hand tight into the 
cover. 

15 Install two 8 mm studs into the engine 

block to guide the timing chain cover into the 
correct position (see illustration). 

16 Remove the two 8 mm studs, then tighten 
the timing chain cover bolts, in sequence (see 

illustration), to the torque listed in this Chap- 
ter’s Specifications. 

17 The remainder of installation is the 
reverse of removal. 

13 Timing chain and camshaft 

sprockets - removal, inspection 
and installation 

Removal 
Caution: The timing system is complex, and 

severe engine damage will occur if you make 

any mistakes. Do not attempt this procedure 

unless you are highly experienced with this 
type of repair. If you are at all unsure of your 

abilities, be sure to consult an expert. Double- 
check all your work and be sure everything is 

correct before you attempt to start the engine. 

Note: This procedure requires special tools 

to lock the camshafts on each cylinder head 

into position. There are two different designs 

for the sprockets and chains. Early models 

(2005 through mid-2007) use Design 1 which 
requires special camshaft locking tools (part 

numbers EN-46105-1 and EN-46105-2, avail- 

able through SPX tools). Later models (mid- 

2007 through 2014) are equipped with Design 

2 which also requires special camshaft locking 

tools (part numbers EN-48383-1, EN-48383-2 

and EN-48383-3). Design 2 systems incorpo- 

12.15 Fabricate two timing cover aligning studs from M8 x 1.25 

mm bolts with the heads removed and use the plastic sleeves that 

were between the original timing cover bolts and the timing cover 
to ensure the cover is in the correct position. 

12.13b A 10x 1.5 mm bolt can be used at 
the illustrated point, near the water pump 

to press the center portion of the cover 

away from the engine. 

rate ‘inverted tooth’ chains for quieter opera- 
tion, new camshaft position actuators for each 

bank and a new crankshaft sprocket with 

‘reverse chain pitch’ also for quiet operation. 

Read through the entire procedure and obtain 

the tools before proceeding. 

1 Remove the timing chain cover (see 
Section 12). 

2005 through mid-2007 models 
(Design 1) 

Refer to illustrations 13.2, 13.3a, 13.3b 

and 13.5 

2 Rotate the crankshaft clockwise until 

the timing mark on the timing chain sprocket 
aligns with the mark on the oil pump housing 

in the 9 o’clock position (see illustration). 
3 In this position, the flat segment on the 

rear of each camshaft on the right-side cylin- 

der head should be facing up and parallel with 

12.14 Install a new seal (1) and apply RTV 

sealant (2) 

the valve cover mating face. If this is not the 

case, rotate the crankshaft clockwise one full 

turn and re-align the crankshaft timing marks. 
Install the special tools to the camshafts of 

each cylinder head (see illustrations). Note: 
Tool EN-46105-1 mounts to the right-side cyl- 

inder head for disassembly. Tool EN-46105-2 
mounts to the left-side cylinder head. 

4 Remove the timing chain tensioner bolts 

for the right-side cylinder head, then remove 

the tensioner and discard the gasket. Note: 

The tensioner is under spring pressure. Use 

care, as the tensioner can fly apart once the 

bolts are removed. 

5 — Remove the right-side cylinder head tim- 
ing chain guides and remove the chain (see 
illustration). Remove the special holding 
tools from the rear of the camshafts. 

6 Repeat the process to remove the lower, 

or primary timing chain and the timing chain 
for the left-side cylinder head. Note: The 

12.16 Timing cover bolt tightening sequence (typical) 
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nd 
13.2 Crankshaft sprocket with timing 

marks aligned 

camshaft locking tools can remain off while 

removing the lower and left-side cylinder head 

timing chains. Use care, as the tensioners are 

under spring pressure. 

7 ~~ =(If necessary, after noting their installed 

position, remove the center bolt retaining the 

idler sprockets and remove the sprockets. 

8 If necessary, mark the relationship 

between the camshaft sprockets and their 

respective camshaft. Hold the camshaft 

steady with an open ended wrench placed on 

the hexagonal in the camshaft and remove the 
camshaft sprocket bolt. Remove the sprocket 

from the camshaft. 

Mid-2007 and iater models (Design 2) 
9 Rotate the crankshaft clockwise until 

the timing mark on the timing chain sprocket 

aligns with the mark on the oil pump hous- 

ing in the 9 o'clock (or Stage 2) position (see 

illustration 13.41). 
10 In this position, the camshaft lock- 

ing tool EN-48383-3 will lock the rear of the 

camshafts on the right cylinder bank and tool 

EN-48383-2 will lock the camshafts on the left 
cylinder bank. If this is not the case, rotate the 

crankshaft clockwise one full turn and re-align 

the crankshaft timing marks. Install the special 

tools to the camshafts of each cylinder head. 

13.3a Right side cylinder head with 

camshaft locking tool EN-46105-1 installed 

11. Remove the timing chain tensioner bolts 

for the right-side cylinder head, then remove 

the tensioner and discard the gasket. Note: 

The tensioner is under spring pressure. Use 

care, as the tensioner can fly apart once the 

bolts are removed. 

12 Remove the right-side timing chain guide 
and the right-side pivot arm chain guide bolts 

and the timing chain guides. 
13 Remove the right-side cylinder head tim- 

ing chain. Remove the special holding tools 

from the rear of the camshafts. : 

14 Repeat the process to remove the lower, 

or primary timing chain and the timing chain 

for the left-side cylinder head. Note: The 

camshaft locking tools can remain off while 

removing the lower and left-side cylinder head 

timing chains. Use care, as the tensioners are 

under spring pressure. 

15 If necessary, after noting their installed 

position, remove the center bolt retaining the 

idler sprockets and remove the sprockets. 

16 If they are to be removed, mark the rela- 

tionship between the camshaft sprockets and 

their respective camshaft. Hold the camshaft 

steady with an open ended wrench placed on 

the hexagonal in the camshaft and remove the 

camshaft sprocket bolt. Remove the sprocket 

from the camshaft. 

13.5 Right side 

cylinder head timing 

chain tensioner (1), 
outer guide pivot bolt 

(2) and inner guide 
bolts (3) 

camshaft locking tool EN-46105-2 installed 

Inspection 
Refer to illustrations 13.20a and 13.20b 

17 Inspect the timing chain cover for dam- 

age. Remove all old sealant from the cover 

and the engine block. Remove and discard 

the seal for the coolant passage from the rear 

of the housing. 

18 Clean all components with solvent and 

inspect the guides and timing chain sprockets 

for wear or damage. Any gouges or deformi- 

ties on the guides or tensioners will require 

replacement parts to be installed. Ensure the 

rear face of the tensioner is clean and there 

are no marks that would affect the sealing 

quality once reassembled. Remove any old 

gasket material from the tensioner mating 

faces with the engine. 

19 Inspect the timing chains for wear, stiff or 

loose rollers and binding. 

20 Inspect the tensioners for damage or 
wear. Reset the tensioner by removing the 

plunger the rear of the plunger into the plunger 

shaft using a flat-bladed screwdriver. Install 

the plunger to the body of the tensioner and, 

while maintaining pressure on the plunger, 

insert a paper clip into the hole in the tensioner 

body to maintain the tensioner in the retracted 

position (see illustrations). Repeat this on 

13.20a Remove the plunger from the 

tensioner and reset it by screwing the 

bottom of the plunger shaft into the top 

half of the plunger shaft with 

a screwdriver 
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13.20b Slowly push the plunger back into the tensioner body and 

secure it in place with a paper clip 

the other two timing chain tensioners. Note: 
The wire must be inserted into the tensioner 
to maintain it in the compressed position. If 

this is not done, the spring pressure will not 

tension the chain once it is installed to the 

engine. 

Installation 
Caution: Before starting the engine, carefully 

rotate the crankshaft by hand through at least 

two full revolutions (use a socket and breaker 
bar on the crankshaft pulley center bolt). If 
you feel any resistance, STOP! There is some- 

thing wrong - most likely, valves are contacting 
the pistons. You must find the problem before 
proceeding. 

Note: Timing chains must be replaced as a 

set with the camshaft and crankshaft sprock- 

ets. Never put a new chain on old sprockets. 

2005 through mid-2007 models 

(Design 1) 

Refer to illustrations 13.23a, 13.23b, 13.24, 

13.28, 13.30, and 13.32 

21 Align the crankshaft sprocket with the 

13.23b Right side cylinder head with camshaft locking 

tool EN-46105-2 installed 

Woodruff key and slide the sprocket onto the 

crankshaft. Ensure the timing mark on the 
sprocket is visible and the timing marks are 
aligned. If necessary, rotate the crankshaft 
clockwise and align the crankshaft sprocket 

mark with the mark on the oil pump housing 

that is in the 5 o’clock position. Caution: /f 

* resistance is encountered, do not force the 

sprocket onto the crankshaft. It may eventu- 

ally move onto the shaft, but it may be cracked 
in the process and fail later, causing extensive 

engine damage. : 

22 Rotate the camshafts for the left-side 

cylinder head counterclockwise using an 

open ended wrench on the hexagonal portion 

of the camshafts until the flats on the rear of 

the camshaft are parallel to the valve cover 

gasket face on the rear of the cylinder head. 

23 Install the special locking tool 

EN-46105-1 onto the left-side cylinder head 

camshafts. Ensure the tool is correctly seated 

against the camshafts. Rotate the camshafts 

for the right-side cylinder head in the same 

way and install tool EN-46105-2 to the right- 

side cylinder head (see illustrations). 
24 Install the left-side cylinder head tim- 

Pag Pr 

13.23a Left side cylinder head with camshaft locking 
tool EN-46105-1 installed 

ing chain first, aligning the bright chain links 

with the letter L stamped on the camshaft 
sprocket (see illustration). Then install the 

left-side lower idler sprocket onto the chain, 

ensuring the large sprocket and the markings 

“LB Front” are facing outward. The bright link 
on the chain must align with the mark on the 

outer sprocket (see illustration 13.28). Slide 

the idler sprocket onto the engine and install 

the bolt. Tighten the idler sprocket bolt to the 
torque listed in this Chapter’s Specifications 

and check that all of the timing marks are still 
aligned correctly. 

25 Install the outer left-side timing chain 

guide that runs between the idler sprocket and 

the exhaust camshaft, then install the inner 

left-side timing chain guide to the engine. 

Tighten the bolts to the torque listed in this 

Chapter’s Specifications. Note: Ensure the 

inner timing chain guide is not placed on the 
mounting pad for the tensioner before tighten- 
ing the bolts. 

26 Using a new gasket, install the tensioner 

for the left-side timing chain. Ensure the 

tensioner is aligned with the inner guide and 
tighten the tensioner bolts to the torque listed 

Vie £ >S om, 
13.24 Left side cylinder head timing chain-to-camshaft sprocket 

aligning marks 
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13.28 Lower timing chain sprocket aligning marks (A), tensioner (1), 

upper timing chain guide (2) and lower timing chain guide (3) 

in this Chapter’s Specifications. Release the 

pin from the tensioner. Grasp the inner guide 

and force it into the tensioner. This will allow 

the tensioner to tension the chain. Check that 

the timing chain alignment marks are all cor- 
rect. 
27 Install the right-side timing chain idler 

sprocket to the engine, ensuring that the 

small sprocket is facing outward along with 

the markings “RB Front.” Tighten the idler 
sprocket bolt to the torque listed in this Chap- 

ter’s Specifications. 
28 Ensure the crankshaft sprocket is still 

aligned with the timing mark on the oil pump 

housing that is in the 5 o'clock position and 

install the lower, or primary, timing chain. 

Ensure the shiny chain links align with the 

arrows on both large idler sprockets and 

also with the timing mark on the crankshaft 

sprocket. Install the timing chain guide to the 

lower chain running between the two idler 

sprockets, tightening the bolts to the torque 

listed in this Chapter’s Specifications. Using 

a new gasket, install the tensioner and tighten 

the tensioner bolts. Remove the pin from the 

tensioner; force the tensioner guide and push- 

rod into the tensioner body to unlock it. Allow 
the tensioner to tension the timing chain. 

Check that the timing chain alignment marks 

are all correct. Remove the camshaft special 

locking tools from the camshafts on both cyl- 

_ inder heads (see illustration). 

29 Rotate the crankshaft until the timing 

mark on the crankshaft sprocket is aligned 

with the mark on the oil pump housing that is 

in the 9 o’clock position. Install special lock- 

ing tool EN-46105-2 onto the left-side cylinder 

head camshafts. Rotate the camshafts for 

the right-side cylinder head and install spe- 

cial locking tool EN-46105-1 to the right-side 

cylinder head. Ensure the tools are correctly 

seated against the camshafts (see illustra- 

tions 13.3a and 13.3b). Note: The camshaft 

flats for the right-side cylinder head must be 

parallel to the valve cover gasket face on the 

rear of the cylinder head. 
30 Install the right-side cylinder head tim- 

ing chain, aligning the bright chain links with 
the letter R stamped on the camshaft sprock- 

ets. The lower bright link on the chain must 

align with the hole in the face of the inner idler 

sprocket. Check that all of the timing marks 

are still aligned correctly (see illustration). 

31 Install the inner right-side timing chain 

guide that runs between the idler sprocket 

and the intake camshaft, then install the outer 
right-side timing chain guide to the engine. 

Tighten the bolts to the torque listed in this 

Chapter’s Specifications. 
32 Using a new gasket, install the tensioner 

for the right-side timing chain. Ensure the 
tensioner is aligned with the outer guide, and 

tighten the tensioner bolts to the torque listed 

in this Chapter’s Specifications. Remove the 

pin from the tensioner, force the tensioner 

guide and pushrod into the tensioner body 

13.30 Right side cylinder head timing chain alignment marks: 

exhaust camshaft (1), intake camshaft (2), and idler sprocket (3) 

to unlock it (see illustration). Allow the 

tensioner to tension the timing chain. Check 

that the timing chain alignment marks are all 

correct, then rotate the engine slowly by hand 
until oil is forced into the three timing chain 

tensioners. Note: While doing this, ensure 

that the timing chains donit jump teeth on any 

of the timing gears. 
33 Remove the special locking tools from 

the camshafts. The remainder of installation is 

the reverse of removal. 

Mid-2007 and later models — 

Design 2 

Refer to illustrations 13.34, and 13.41 

34 Align the crankshaft sprocket with the 

Woodruff key and slide the sprocket onto the 

crankshaft. Ensure the timing mark on the 

sprocket is visible and the timing marks are 

aligned. If necessary, rotate the crankshaft 
clockwise and align the crankshaft sprocket 

mark with the mark on the oil pump housing 

13.32 Force the 

tensioner guide 

and chain into the 

tensioner body 
to unlock 

the tensioner 
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13.34 Stage one position for timing chain installation on 
the Design 2 system 

Left intake camshaft sprocket timing mark (L) 
Left intake camshaft sprocket secondary timing chain 
colored link 

Left exhaust camshaft sprocket secondary timing chain 
colored link . 

Left exhaust camshaft sprocket timing mark (L) 

Primary chain colored link for left (lower) idler sprocket 

Left idler sprocket timing mark for primary chain 

Left secondary chain colored link and timing mark on 
left (lower) Idler sprocket 
Left primary camshaft intermediate drive chain 
timing window 

Primary chain colored link on crankshaft sprocket 
Crankshaft sprocket timing mark for primary chain 

Primary chain colored link for right (lower) idler sprocket 
Right Idler sprocket timing mark for primary chain 

that is in the 5 o’clock position. This will be 

the Stage 1 position (see illustration). Cau- 
tion: /f resistance is encountered, do not 
force the sprocket onto the crankshaft. It may 

eventually move onto the shaft, but it may be 
cracked in the process and fail later, causing 

extensive engine damage. 
35 Rotate the camshafts slightly (not more 
than 10 degrees) for the left-side cylinder 

head using an open ended wrench on the 

hexagonal portion of the camshafts and install 
camshaft locking tool EN-48383-1 onto the 
rear of the left bank cylinder head. Ensure the 
tool is correctly seated against the camshafts. 
36 Install the left-side cylinder head tim- 

ing chain first, aligning the bright chain links 

with the letter L stamped on the camshaft 

sprockets (see illustration 13.34). Then 

install the left-side lower idler sprocket, ensur- 
ing the large sprocket and the markings are 
facing outward. The lower bright link on the 

chain must align with the hole in the face of 
the idler sprocket (7 o’clock position). Slide 
the idler sprocket onto the engine and install 
the bolt. Tighten the idler sprocket bolt to the 
torque listed in this Chapter’s Specifications 

and check that all of the timing marks are 

still aligned correctly. Note: Make sure there 
are 10 links between the colored links on the 
camshaft sprockets. Do not count the colored 

links. 
37 Install the outer left-side timing chain 
guide that runs between the idler sprocket and 

the exhaust camshaft, then install the inner 
left-side timing chain guide to the engine. 
Tighten the bolts to the torque listed in this 

Chapter’s Specifications. Note: Ensure the 

inner timing chain guide is not placed on the 
mounting pad for the tensioner before tighten- 

ing the bolts. 

38 Using a new gasket, install the tensioner 
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for the left-side timing chain. Ensure the 

tensioner is aligned with the inner guide and 

tighten the tensioner bolts to the torque listed 

in this Chapter’s Specifications. Release the 

pin from the tensioner. Grasp the inner guide 

and force it into the tensioner. This will allow 

the tensioner to tension the chain. Check that 
the timing chain alignment marks are all cor- 
rect. 

39 Install the right-side timing chain idler 
sprocket to the engine, ensuring that the 

small sprocket is facing outward along with 

the markings. Tighten the idler sprocket bolt 
to the torque listed in this Chapter’s Specifica- 
tions. 

40 Ensure the crankshaft sprocket is still 

‘aligned with the timing mark on the oil pump 

housing that is in the 5 o'clock position and 

install the lower, or primary, timing chain. 

Ensure the shiny chain links align with the 

arrows on both large idler sprockets and 

also with the timing mark on the crankshaft 

sprocket (see illustration 13.34). First, install 

the upper and lower timing chain guides 
between the two idler sprockets, tightening 

the bolts to the torque listed in this Chapter’s 

Specifications. Using a new gasket, install 

the tensioner and tighten the tensioner bolts. 

Remove the pin from the tensioner; force the 
tensioner guide and pushrod into the tensioner 
body to unlock it. Allow the tensioner to ten- 

sion the timing chain. Check that the timing 
chain alignment marks are all correct (see 
illustration 13.34). Remove the camshaft 
special locking tool from the camshafts on the 
left bank cylinder head. 

41 Rotate the crankshaft clockwise until 
the timing mark on the crankshaft sprocket 

is aligned with the mark on the oil pump 

housing that is in the 9 o’clock position (115 
degrees clockwise). Install special locking tool 

EN-48383-2 onto the left-side cylinder head 

camshafts. Rotate the camshafts for the right- 

side cylinder head and install special locking 

tool EN-48383-3 to the right-side cylinder 

head. Ensure the tools are correctly seated 

against the camshafts. This will be referred to 

as Stage 2 position (see illustration). 

42 Install the right-side cylinder head tim- 
ing chain, aligning the bright chain links with 

the letter R stamped on the camshaft sprock- 

ets. The lower bright link on the chain must 

align with the hole in the face of the inner 

idler sprocket. Check that all of the timing 

marks are still aligned correctly (see illustra- 
tion 3.41). 

43 Install the inner right-side timing chain 
guide that runs between the idler sprocket 

and the intake camshaft, then install the outer 

right-side timing chain guide to the engine. 

Tighten the bolts to the torque listed in this 
Chapter’s Specifications. Note: Make sure 

there are 10 links between the colored links 

on the camshaft sprockets. Do not count the 
colored links. 

44 Using a new gasket, install the tensioner 
for the right-side timing chain. Ensure the 
tensioner is aligned with the outer guide, and 

tighten the tensioner bolts to the torque listed 

in this Chapter’s Specifications. Remove the 

pin from the tensioner, force the tensioner 

guide and pushrod into the tensioner body 

to unlock it. Allow the tensioner to tension 

the timing chain. Check that the timing chain 
alignment marks are all correct, then rotate 

the engine slowly by hand until oil is forced 

into the three timing chain tensioners. Note: 

While doing this, ensure that the timing chains 
donit jump teeth on any of the timing gears. 
45 Remove the special locking tools from 
the camshafts. The remainder of installation is 
the reverse of removal. : 
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13.41 Stage two position for timing chain installation on 

the Design 2 system 

Left intake camshaft sprocket timing mark (L) 

2 Left intake camshaft sprocket secondary timing chain 

colored link 

Left exhaust camshaft sprocket secondary timing chain 

colored link 

Left exhaust camshaft sprocket timing mark (L) 

Primary chain colored link for left (lower) idler sprocket 

Left idler sprocket timing mark for primary chain 

Left primary chain sprocket timing window 

Left secondary chain colored link and timing mark on 

left (lower) Idler sprocket 
Primary chain colored link on crankshaft sprocket 

Crankshaft sprocket timing mark for primary chain 

Primary chain colored link for right (lower) idler sprocket 

Right Idler sprocket timing mark for primary chain 

Right secondary chain colored link for right (lower) 

idler sprocket 

Right secondary chain timing mark on right (lower) 

idler sprocket 

Right exhaust sprocket secondary timing chain 

14 Camshafts - removal and 

installation 

Note: The camshaft should always be thor- 
oughly inspected before installation and cam- 

shaft endplay should always bé checked prior 

to camshaft removal. 
Note: /f the camshaft is being replaced, 

always install new rocker arms and hydraulic 

lifters as well. Do not use old rockers and lift- 

ers on a new camshaft. 
Note: The camshaft bearing caps are marked 

with a number and letter and a raised arrow. 

The number signifies the bearing journal 

(cylinder number) position from the front of 

the engine. The letter indicates whether it 
originates from the intake camshaft (I), or the 

exhaust (E) camshaft, and the arrow should 
always point toward the front of the engine. 

Removal 
| Remove the plenum and intake manifold 

(see Section 7), valve covers (see Section 4), 

CMP sensors and camshaft actuators (see 

Chapter 6), timing cover (see Section 12), 

timing chains and camshaft sprockets (see 

Section 13). 

2 Check the camshaft endplay by mount- 

ing a dial indicator to the front of the engine 

with the plunger bearing against the end of 

the camshaft. Using a prybar wrapped in a 

rag, pry the camshaft toward the rear of the 

colored link 

Right exhaust camshaft sprocket timing mark (R) 

Right intake camshaft sprocket timing mark (R) 

Right intake secondary timing chain colored link 

engine and zero the dial gauge. Then pry the 

camshaft toward the front of the engine and 

note the dial gauge. This is the camshaft end- 

play. Compare with Specifications and repeat 

the test on the remaining camshafts. Any 

camshaft with excessive endplay will have to 

be replaced. Note: Use care not to damage 

the lobes on the camshaft when prying it. The 

camshaft can easily be damaged. 
3 Before removing the bearing caps and 

lifters, arrange to store them in a clearly 

labeled box to ensure that they’re installed in 

their original locations. 
4 Remove the camshaft bearing cap bolts 

and bearing caps and lift the camshafts from 

the cylinder head. 
5 After the camshaft has been removed 

from the engine, cleaned with solvent and 

dried, inspect the bearing journals for uneven 

wear, pitting and evidence of seizure; if you 
suspect a problem, take the camshafts to a 

machine shop and have it inspected. Note: /f 

the journals are damaged, the bearing inserts 
in the block are probably damaged as well. 

Both the camshaft and bearings will have to 

be replaced by an automotive machine shop. 

Installation 
Refer to illustration 14.6, 14.8, 14.9 and 14.10 

6 Ensure the sealing rings on the front of 

the camshafts are in place and lubricate the 

camshaft bearing journals and cam lobes with 

camshaft assembly lube (see illustration). 

7 Working on the right side cylinder head, 

lubricate the bearing journals and place the 

camshafts onto the bearing journals. Position 

the camshafts so the flat portions on the rear 

of the camshaft are parallel to the valve cover 

gasket face on the top of the cylinder head. 

Note: /t should be possible to install camshaft 
lock tool EN-48383-1 (used when removing the 

timing chains and sprockets). 

8 Apply engine oil to the inside of the 

bearing caps, then install the front bearing 

14.6 Be sure to apply camshaft assembly 

lube to the cam lobes and bearing 

journals before installing the camshaft 
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14.8 The camshafts are in the correct 

position if special tool EN-46105-1 (1) can 

be installed to the rear of the camshafts. 
The camshaft bearing journals should 

have the tang (2) facing toward the center 
of the cylinder head and the number (3) 
signifies the cylinder No for that mating 

journal and the letter next to the number 

indicates whether it is for the intake 
camshaft (I) or exhaust 

' camshaft (E) 

cap first, ensuring the thrust face is correctly 

positioned. Install the remaining bearing caps 

and hand tighten the bolts (see illustration). 
Note: Ensure the bearing caps are returned 

to their original position and the arrows face 

the center of the cylinder head. 

9 Tighten the bearing cap bolts for both 
camshafts in sequence (see illustration) to 

the torque listed in this Chapter’s Specifica- 

tions. Once the torque procedure is complete, 

loosen the bolts labeled 1, 2, 3 and 4 and re- 

torque them. 

10 Repeat Steps 7 through 9 to install the 

left side cylinder head camshafts (see illus- 
tration). 

14.9 Right side 
camshaft bearing cap 
tightening sequence 

11 The remainder of installation is the 

reverse of removal. 

12 Change the oil and install a new oil filter 
(see Chapter 1). Run the engine and check 
for leaks. 

15 Oil pan - removal and installation 

Removal 

Refer to illustration 15.4 

1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 
2 Remove the plenum and intake manifold 
(see Section 7), valve covers (see Section 4) 
and timing chain cover (see Section 12). 
3. With the engine supported on a suitable 

engine stand, remove the long bolts retaining 

the oil pan to the rear main oil seal housing. 
4 Remove the remaining bolts holding the 

oil pan to the timing cover and engine block. 
Pry the oil pan from the engine block at the 
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illustrated points (see illustration). As the 

seal to the block is broken, the oil pickup pipe 

will disconnect from the oil pump. 

5 If necessary, the oil level sensor can be 

removed by unscrewing it from the oil pan. 

The baffle inside the oil pan can be removed 

after removing the retaining bolts. The oil 
pickup can be removed once the bolts in the 

bottom of the oil pan are removed. Discard 
the oil pickup oil seal. 

Installation 

Refer to illustration 15.11 

6 Thoroughly clean the mounting surfaces 
of the oil pan and engine block of old gasket 

material and sealer. Wipe the gasket surfaces 

clean with a rag soaked in lacquer thinner, 
acetone or brake system cleaner. 

7 Check the oil pump pickup for cracks or 
signs of leakage. Ensure the screen in the 

bottom of the pickup is not blocked or dam- 
aged. 

8 Install a new oil seal to the oil pump 

14.10 Left side Stder | head naeana cap tightening sequence 15.4 Arrow indicates a prying point to break the seal between the 

oil pan and cylinder block. There is another one at the front on the 
opposite side of the engine 
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15.11 Oil pan bolt tightening sequence 

pickup. Install the oil pickup and tighten the 

bolts in the bottom of the oil pan. Install the 

baffle to the inside of the oil pan, tightening 

the retaining bolts. 

9  Fabricate two aligning studs from M8 

x 1.25 mm bolts with the heads removed 
and screw them into the oil pan bolt holes 

labeled 1 and 2 to allow for correct oil pan 

alignment (see illustration 15.11). 
10 Apply a 1/8-inch (3 mm) wide bead of 
oxygen sensor safe RTV sealant to the oil 

pan mating surface with the engine block. 

Also apply some sealant to the corners of the 

“block where the front cover and the rear cover 

meet the engine block. Install the oil pan and 

tighten the bolts finger-tight. 
11 Remove the threaded dowel pins before 
tightening the oil pan bolts in the order shown 

to the torque listed in this Chapter’s Speci- 

fications (see illustration). Note: Check 

Specifications for the correct torque. The two 
bolts holding the oil pan to the rear main oil 

seal housing are a different torque than the 

remaining bolts. 
12 The remainder of installation is the 

reverse of removal. 
13 Add the proper type and quantity of oil 

(see Chapter 1), start the engine and check 
for leaks before placing the vehicle back in 

service. 

16 Oil pump - removal, inspection 

and installation 

Removal 
Refer to illustration 16.2 

1 Remove the plenum and intake mani- 

fold (see Section 7), valve covers (see Sec- 

tion 4), timing cover (see Section 12) and tim- 

ing chains (see Section 13). After noting the 

installed position, remove the timing chain 

sprocket from the crankshaft. 

2 Remove the oil pump retaining bolts and 

slide the pump off the end of the crankshaft 

(see illustration). 

Inspection 
3 Remove the timing chain guide from the 

oil pump housing, remove the oil pump cover 

and withdraw the rotors from the pump body. 

Remove the snap-ring from the side of the 
pump housing and withdraw the cap, spring 

and plunger from the oil pump housing. These 

components are the oil pressure relief valve 

assembly. Clean the components with sol- 

vent, dry them thoroughly and inspect for any 

obvious damage. Also check the bolt holes for 

damaged threads and the splined surfaces 

on the crankshaft sprocket for any apparent 

damage. If any of the components are scored, 
scratched or worn, replace the entire oil pump 

assembly. There are no serviceable parts cur- 

rently available. 

Installation 
4 If re-using the oil pump, assemble the 

pressure relief valve components and the 

rotors to the oil pump housing. Prior to install- 

ing the cover, prime the pump by pouring 

16.2 Oil pump retaining bolts 

re 

clean engine oil between the rotors. Install the 

cover and tighten the retaining bolts. 

5 Position the oil pump over the end of the 

crankshaft and align the teeth on the crank- 

shaft sprocket with the teeth on the oil pump 

drive gear. Make sure the pump is fully seated 

against the block. 
6 Install the oil pump mounting bolts and 

tighten them to the torque listed in this Chap- 

ter’s Specifications. 

7 The remainder of installation is the 

reverse of removal. 

8 Add oil and coolant as necessary. Run 

the engine and check for oil and coolant leaks; 

also check the oil pressure (see Chapter 2D). 

17 Flywheel/driveplate - removal and 

installation 

The flywheel/driveplate removal for the 
2.8L, 3.0L and 3.6L V6 engine is identical to 

the flywheel/driveplate removal procedure for 

the 3.2L V6 engine. Refer to Chapter 2A for 

the procedure and use the torque figures in 

this Chapter’s Specifications. Note: New bolts 

must be used when re-installing the flywheel/ 

driveplate assembly. j 

18 Rear main oil seal - replacement 

Refer to illustrations 18.4 and 18.7 

1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

2 Remove the transmission (see Chapter 7A 

or 7B). 
3 Remove the flywheel/driveplate (see 

Section 17) and the oil pan (see Section 15). 

4 Remove the retaining bolts and remove 

the seal housing from the engine (see illus- 

tration). Caution: Use care not to scratch 

the machined faces of the cylinder block, rear 

main seal housing or oil pan when scraping 

old gasket material from components. 
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18.7 Alignment dowels installed to the 
rear main oil seal housing bolt holes 

5 Thoroughly clean the mounting surfaces 

of the oil pan, rear main oil seal housing 

and engine block of old gasket material and 
sealer. Wipe the gasket surfaces clean with 

a rag soaked in lacquer thinner, acetone or 
brake cleaner. 
6 If the seal is supplied separately from 
the seal housing, note the installed position 

of the old seal before tapping it out using a 

small punch or a seal removal tool. Lubricate 

the outside diameter of the seal and install the 

seal over the seal housing. Make sure the lip 

of the seal points toward the engine. Prefer- 

ably, a seal installation tool (available at most 

auto parts stores) should be used to press the 

new seal back into place. If a seal installation 

tool is unavailable, use a large socket, section 

of pipe or a blunt tool and carefully drive the 

new seal squarely into the seal bore to the 

same position that the original seal held. 

7 Install two threaded dowel pins to the 

cylinder block to allow for correct rear main oil - 

seal housing alignment (see illustration). 

8 Apply a 1/8-inch (3mm) wide bead of 

RTV sealant around the mating face of the 

rear main oil seal housing, without going into 

the bolt holes. Slide the seal over the crank- 
shaft and the dowel pins and tighten the upper 
bolts finger-tight. Note: Most new rear main oil 

seals and housing assembly are supplied with 

a seal protector on the inside running face of 
the oil seal. Leave this in place until the hous- 

ing is in position. 

9 Remove the dowel pins and install the 
remaining rear main oil seal housing bolts. 
Tighten the bolts to the torque listed in this 

Chapter’s Specifications, then remove the 
seal protector. 

10 Install the oil pan (see Section 15) and 
flywheel/driveplate (see Section 17). 
11. The remainder of installation is the 
reverse of removal. 

12 Add oil, run the engine and check for oil 
leaks. 

19 Engine mounts - check and 

replacement 

1 Engine mounts seldom require attention, 

but broken or deteriorated mounts should 

be replaced immediately or the added strain 
~placed on the driveline components may 

cause damage. 

Check 
2 During the check, the engine must be 

raised slightly to remove the weight from the 

mounts. 

3 Raise the vehicle and support it securely 

on jackstands, then position the jack under the 

engine oil pan. Place a large block of wood 

between the jack head and the oil pan, then 

carefully raise the engine just enough to take 

the weight off the mounts. Do not use the jack 
to support the entire weight of the engine. 
4 Check the mounts to see if the rubber 

is cracked, hardened or separated from the 

metal plates. Sometimes the rubber will split 
right down the center. 

5 Check for relative movement between 

the mount plates and the engine or subframe 

(use a large screwdriver or pry bar to attempt 

to move the mounts). If movement is noted, 
check the tightness of the mount fasteners 

first before condemning the mounts. Usually 

when engine mounts are broken, they are 
very obvious as the engine will easily move 

away from the mount when pried or under 

load. 

Replacement 
Warning: The air conditioning system is under 
high pressure. DO NOT loosen any fittings or 
remove any components until after the system 

has been discharged. Air conditioning refrig- 
erant must be properly discharged into an 

EPA-approved container at a dealer service 

department or an automotive air condition- 

ing repair facility. Always wear eye protection 

when disconnecting air conditioning system 

fittings. 

6 Have the air conditioning refrigerant dis- 

charged at a dealer service department or air 

conditioning shop. 
7 Disconnect the cable from the negative 
battery terminal (see Chapter 5). 

8 Remove the shock tower crossbrace 

(see Chapter 10). 
9 Remove the air conditioning lines to the 

compressor to access the mount top nut. 

10. Working below the vehicle, remove the 
engine mount to front suspension subframe 
nut and then the engine mount to engine 

bracket nut. 

11. Attach an engine holding fixture or 
engine hoist to the top of the engine for lifting; 
do not use a jack under the oil pan to support 

the entire weight of the engine or the oil pump 
pick-up could be damaged. 

12 Raise the engine slightly until the engine 

mount can be moved by hand. Unbolt the 
engine bracket from the engine block and 
remove it and the engine mount from the 

vehicle. Separate the mount from the engine 

bracket. 

13 Installation is the reverse of removal. 

Tighten all fasteners to the torque listed in this 
Chapter’s Specifications. 
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Intake manifold (5.7L and 6.0L engines) - removal 
ANIGUUISTALL ARI OMe. vce l: ae ower tease cosets capebtnaescanatvivateaceneeduedeavssaaddes 7 

Specifications 

General 
5.7L engine 

Berea ING EI Net Nk rtd cece ea Savin cvneda faucbnwsvggnsnenivats v8 
DAS Je ETC MEM so ceeosnes oonceciechace con. bay scope peer ecee nar ar cose rece ceeeooL Fe 346 cubic inches (5.7 liters) 

Engine VIN code................5. cyposeevnensecnnsecnsenanscnnvccanecnnactanenenecanctnatenyes tS) 

FRO COC eet eee ren ee ee acne se eee rk ns Seed a tvSuT aso ap amass ostaa waa, LS6 

IBYOUTE) pede ae uasutache Gi tno u dee pega sen cece Scebe ee PCr her MRE eenp occasion Cou oN reaper 3.897 inches (99 mm) 

LSE ea eens or rea Samet Feta sane oan gaem TEN ruDh ston casual Jeet zicestients taateaa 3.622 inches (92.0 mm) 

OM PNESSION: CANON ee tececcee ces ecco css, .ereucs na osatvannuctare-taaerersncresearedevorrecrbnens (OBSE 

6.0L engine 

EERIE YO ec ccececercececssenccconecziresoarnzcurcusansadevtuasudessnacssvoduecseavarecsnrannsse V8 

DDISPIAGEMACINE eer ecnweneececcaes see savacschncontnesuteernseescebacanesvonndsararaissvecase>s 364 cubic inches (6.0 liters) 

Engine VIN Code .........c:ccccccesceseseesesccsenetecssrsteeesstensenssenenscassseaseaeaeeges U 

FRE GOC sree terre aed iceaty en fase ac teen as auccntetc a sanwnasteotunasnexesetisntacsn ines LS2 

Oe re a eae aera seh oe vie crc aebtae ctve tad tratiareasretenenedatteas 4.0007 inches (101.618 mm) 

SOK Te Re ee etwas Medico asaya ockauneeeseaatrendnses aobawersssoe prime) 3.622 inches (92.0 mm) 

Compression ratio.........c.ccccsssseseeceseeseeseneseeserereesenecetsassasenanecseaeaesens 10.9: 1 

6.2L engines 

EMGine tyPe .......sesessesssceeeeseeecseesensenscaesecseenesasserssensesenseaeesenecasnensentars V8 

Displacement ..........:::scssssssceseseeseseeeeasseneeneneeassetansnanseeseneseesenenensnentes 376 cubic inches (6.2 liters) 

Engine VIN Code .........cccccccccssesseseeseeecneeneseenersesessecssseesecssesenesaeensenaeet® P 

BO CO CG errr rete ese esce a eters hese dra ret or ohirawatessuscpverantinr aaenandeershswnni LSA 

ST ee NN Nn pe cle roe cs poghecrhe dail Choad cdulen seebeawenaevouy 4.0065 inches (103.241 mm) 

SEO ete eta rane ree se Pe chides er oo Meu Su apesenert ah caydad-kuexaeteh ans 3.622 inches (92.0 mm) 

Compression ratio.......c.cccccccceccceseesereeneseseteessseseneeseseenesaanseeseneneenetsees 9.1:1 

Supercharger boost COMpressiON ratio ..........sscsereereteeeeeteeteenenes 10121 

COMPreSSiON PFESSULE .........cccsceeeeeceerseteretseetsesesenenetenneenetetneaenenenstenscatess See Chapter 2D 

Oil PreSSUPE ........:..sseetssenssseetseeesenencnenenesssensisacecasssnenensatienensnsneneasecerestinss Bare ed Bs 

[SHA AIE) CLICLELR & ocauo-ne-cosencacee neve ero pancho nbanobesocosBe oe ce rie ey seca CreCeao Ue Eck ocr ie a a eh ada 

Eylinder numbers (drivebelt end-to-transmission end) 

[Gf aie Heese tacstncsnars cseansarey eer eee nah cc ssn uyiscetags days nriiveed 2-4-6-8 4 ; 

4-3-5-7 Cylinder numbering 
Right DANK.....5....sccscscseeseesenessseeseneesssrsnevesesseneesasnenensanscseansesentenennes 
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Camshafts 
' 5.7L engine 

Lobe height 

AEE Slee cece PROM Ay etter, Oe ne Cremer cures fa, cra 0.324 inch (8.24 mm) 
ED (REE WES) RE ee ees este a ane Aeon ea he Nee, A a Ee en hip ee 0.322 inch (8.19 mm) 

BSS AMIGOUIMali HaMetelinspeerts rece ass 2 aces cc. Sac door nus ass vgevectasccavecteemes 2.1678 to 2.1688 inches (55.063 to 55.088 mm) 

6.0L engine : 

Lobe height 

HIGIEAIC Getto e ey Sines eee een re eects ssc ee ova en sv ae vasvacisasaesgetyeseraeteears 0.306 inch (7.78 mm) 
EX IRAUS ica care scree nc ee soe Tata PLS oat wc an setnech ceaseatatiiee wresapete 0.305 inch (7.77 mm) 

Bearing WOUmmall GatMete terrence wire sscavestes=+csucudcattiontesssuccateseee Pareto des 2.164 to 2.166 inches (54.99 to 55.04 mm) 

6.2L engine 

Lobe height 

AES SHER Sai cas Ree Oi cciot ee ee ae ne ee Ra or Ree Epa ae ee ema 0.283 inch (7.2 mm) 
Ex IneiShe ieee onc cemeemencentes eet arches) cada cpusieeanvaagi axl tases eeelawn he 0.283 inch (7.2 mm) 

Beaningyoummalidiameten ee tec a.acoass cee acececas eanvesnavlVencdegbenestis geen 2.164 to 2.166 inches (54.99 to 55.04 mm) 

BPG lay (atl eG) tetera erecta taco cake vi eased cal Penh gna: 225 penny stad deh ae 0.001 to 0.012 inch (0.025 to 0.305 mm) 

Warpage limits . 
Cylinder head gasket surfaces (head and DIOCK) ..........:cccscsecsccesseeeteeseee 0.003 inch (0.08 mm) 
Intake manifoldi(head) asic es A ae es eae deans! 0.003 inch (0.08 mm) 

Exhaustmanitold (head). ies wtas. chess 5 exerci. on lends aassecthactentedeeserevamens 0.004 inch (0.08 mm) 
bnytea ke irteai tito lela aes asec evade, nts tases Ay iu neaiose Sp sve Saabeoticmtantnaenos teatees ee 0.02 inch (0.10 mm) 

Torque specifications Ft-Ibs (unless otherwise indicated) Nm 
Note: One foot-pound (ft-lb) of torque is equivalent to 12 inch-pounds (in-lbs) of torque. Torque values below approximately 15 foot-pounds are 

expressed in inch-pounds, because most foot-pound torque wrenches are not accurate at these smaller values. 
Camshaft retainer bolts 

US SR CES Se tee SER ESN fr he eae ts PR A 18 25 
6.0L engines 

FROXCMEAG DOU we-treen ee emt teey rrt ee eminn cose ee stnrs ected te canes meteaucens 18 25 

HlOMmhe ad (DOltst eer weet cart ase ese, cc ccdes sultceaece gue vidstewvers 132 in-lbs 15 

OMIFSNGINES (TOM ME AC DOS) enc.scc.s cake csesseoveseccectearccterseesscneeevese 132 in-lbs 1 
Camshaft sprocket bolts 

SDT IMNGTICHINGG Senet vette vette: reoeaeeccbaaecr anue sonkuseten cast ov ant temtivatensopategieareens ass 26 35 

6.0L engines 

SES Peleg Aa iicaccan Aeawsmcesc Pus aa Give svi etand Gala hanen grmmenneratads 66 90 
SSAC O22) eee crea on AL ACRES By PEE MOREE CPE ere ee cone Ee Tighten an additional 40 degrees 

6.2L engines 

RSLOD elintet ape tee csaehs Potato See ce asc Sate es ous cee tagns tv dece eesvaucee actos wot5) w5 

SSG) 2s ss Se casas actiesae abe eb thc aaa bhi s sas saeiha dean Sieepsboa fet Mates aaoe sg Tighten an additional 50 degrees 
Coclantial bleedspipeDoltSata. bates sae eats dhesen aod eaerntvemasee septa arenas abe 106 in-lbs 12 

Crankshaft balancer-to-crankshaft bolt 

5.7L and 6.0L engines 

Step 1-(useold bolt to fully Seat) <.....:.5...ccesecccasncorssaessnssenzees pi ties 240 330 

Step 2 (replace old bolt and install new bolt)... seeeseeeseeeees 37 ‘ 50 
SL reer ee ores | staat aaah aietans Gee, caaa sh czdadsaenaneacrchevagerivasses Tighten an additional 140 degrees 

6.2L engines 

SLO De dra vecctier catenins at hciwva laine cnscaberiviss ai makecteustaerbanedsiereiesnededyioerase 111 150 
SGD cen cnigattte see liar unre teseadarny viteseraumcicns brtucds acenden Guecensteernd Loosen 360 degrees 
Step 3 

ZOOS MNOUGH ZO Torres. eee tact scxcesctereavineteestees dee cape ocnaten rarer ee 37 50 

LO VON G Neate lencrsateev sas cvech vandrda evevPeeaeieiavd vara dee tacs bg araniven 59 80 
Step 4 

ZOOAMMFOUGMAZO TZ. Mavis tes vise cercsteceivateasspaskecaarscuntestteeavertaiae Tighten an additional 230 degrees 

OH S rela | AtC hess te ven scenes Suceucrcoeatenals seetevaveseeetentarede:! teucesmen cnet ex Tighten an additional 200 degrees 

Crankshaft rear oil seal HOUSING DOIts 00.1... cescecesseeesesseeeesseeeeseeeesanees 22 30 
Cylinder head bolts, in sequence (see illustration 9.16) 

5.7L engines with first design bolts 

SteouialliM WEDONS wat c. cos daandhs ncasanestatecaa teenie cartere sys vette 22 30 
Stop ZralMAMMBOUS ewe resse-t/0-a0teeusvseguny doers Meyacsatncvnevedcseawezheeeracees Tighten an additional 90 degrees 
SLEPi SAV HON GROOMS ercszeta fecal eens acs. os ves le tached tree aeepapaeterrecne teams Tighten an additional 90 degrees 

Step 3 M11 short bolts (front/rear cylinder head)...............::0c000 Tighten an additional 50 degrees 
5.7L engines with second design bolts, and all 6.0L engines 

SLO patel NAMM DOLLS ceyas, See. saesssyancevureodeeaswubin teat sseoress cage castes ante 22 30 
Ste peeralAad 1s OltS.cy ts cape core cess eaan pk eee acme eshte ths Paoeeeac hates Tighten an additional 90 degrees 
Step’3.alliM17 DoltS ..00...2...-teeeeeseeces olsen tpact vonh tnt arteniee oe seesemetay Tighten an additional 70 degrees 

Step MB IDO Gy eacertsvshos est. cer sesteets. cast cain as wees eet tose samen Oot 22 30 
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Torque specifications Ft-Ibs (unless otherwise indicated) Nm 
Cylinder head bolts, in sequence (see illustration 9.16) (continued) 

6.2L engines 
Step. 1 all M11 bolts .......... Fevaehg cue ee sR aveN aoe ss coctaw ae oe cata s Meck oats 37 50 
TU EN lL 9 Tighten an additional 80 degrees 
SiGHro aN MANDO Sieceeteet cet eet, en ate 8S, of 2 Tighten an additional 55 degrees 
SLC DEVI tDOlLa eerie Genes cn Ter seer oo eR BAGS © oo ee 22 30 

Exhaust manifold-to-cylinder head bolts/studs 
ISS 01) RRS ES BEL eet MERE ER Ren EN | Se a 132 in-lbs 116) 
Step 2 

ZOORMMTOUGMA CA ertks.. Wace te ts sack csc tae hehe ee 18 25 
BA LAT Cli AER co on.2.0 ed: yh Nuys phecjtcra tayo reesntit Rte athe hes 15 20 

Exhaust manifold heat shield bolts 
PAOLO Tne META eT ea tote (= yee ee eRe ere ee ete ee te 80 in-lbs 
ZU crane) lAtehMmOG elstmey ets: erattcdenca,c.Becexdsseverevaee tac tears 106 in-lbs 12 

Flywheel bolts* 

SHE ERE RT es RES RS Ot ce RE ToS AREA 37 50 
‘SGT O22 aati as te Toe oe heck et tea Mh a ace Ne SO mee Bs ae Tighten an additional 45 degrees 

Driveplate-to-crankshaft bolts * 

NSLIETO) | cataract eae om Nt mah i irae Ee fia Pia te A a 20 
SUC Rae eaters eet emda tab BAA AON oR) eer Rr Ak Baan or, 37 50 
SSGTON Gh eee a sien 5 A ae RNG loa WRI 2 Wc ee 74 100 

Front cover bolts 

AR ARS OL CTI GUN se calt tens ake ecwin vias daatioussoeedaxticccvons maeseceea veers 18 25 
GAR engine sr hacer ate trie atk: een he ORY OO te tae 22 30 

Intake manifold-to-cylinder head bolts, in sequence (5.7L and 6.0L engines) 

Rok Ueensa MeN hee, A ie a as, oct nd es st eae osea sh 44 in-lbs 5 

SEC APM enter Wi MEN NIN nts GANT em 85 baal thinssay'se nde eas oe ees 89 in-lbs 10 

ENGINE MOUNT Pracket-to-blOGk DONS 23.5 .sicc..s.ceaceceas uae sas stesadendleceonsasanel tele 44 60 
Engine mount bracket-to-frame bolts/nuts (5.7L engines)............000008 Si) 80 

Engine mount bracket-to-frame stud (5.7L Engines) ..........c:cccsceeescceeeeees oS) 80 

Engine mount-to-mount bracket nuts 

(STALK Gate TVSS\ sleet quiche eehPree ee goer es. toe eee emer etree eae eee etn ; 59 80 

ROL ariel GuZle Spigimesc.ca, esse Mabe wese eleeac cyan cavevasapeee! Soerieaeenoud cert oon 74 100 

Engine mount-to-frame nut 

SEN GUNOSE Menta seein MOR, SRMUEA vince ePaval a cvcsahdeasBioduskecedassaceaseend 59 80 

Ge Ol and: ZASnGiness steer Ale. Wisse .nastesdancducntesss boc, Re 74 100 

Oil pan-to-block and front cover bolts (M8) ...........::cccssccecsenesesseeeeeseeeennes 18 | 25 

Ojl)pan-to-rear- cover! boltss(MG), tik cic 5. itive ceccesnnevecavnatentectowsesecsertesbeoescse 106 in-lbs 12 
(OP wove Yall ofe hidfeMlovesh ape ga eae i sasann 7B ce accioc Peep eee eee ee NS gene 106 in-lbs 12 

OM UIT NSH VaIMG LUG camcccs siset sconstem ieee -cisnsteconvate vasled deewitevavenssssteseeadss 106 in-lbs 12 

ON Alter adapter-to-Oil, PUMP DONSis.desesccsccoss eiasis-cscactecassabicddnceaaeraceu Siena 17 to 22 24 to 30 
Oi PUM P=fO-CN GING: DIOGKID ONS eis ca carats gn casnacecceesseavecesorenctevenettievepanines (cee 25 

MMU ICOVEITS Cl OWS, teasvaaenvtvs tea ceeatees snaastidies sev isteanediacvoraideedivty.svomeucss 106 in-lbs WP? 

Oil pump pick-up tube 
ECM Seen ones Mote Aire ra Se ie ts peak Meow sane ii vse cs pater uraee AT ene one 106 in-lbs 12 

: PSI facta sence tee hs ae ecg oe cea rn tan Ni santec a ante nck Debenasnavanrhust tele Pete 18 25 
FROGKEMNIMIDIVOLUNDONS sus: ets PVE fel iyaavaa deca te avercacecexousteteeagsueiescassatens 22 Fea) 

Supercharger (6.2L engines) 

Idler pulley bolt 
ZOO SM PFOUG MZ Ol eens wet ve ravine caln. zeavsdyecn va scevesadaousahe andl az icfevaneyane 37 50 

PA) ES REAIICM ALG eeu rater aga Beaa eh ts igh rcs. fa wed cc na siidden uke custo mpm a sales 43 58 

Drivebelt tensioner bolt 
OOS tAnOUC AO ees yean teeter wetetsee ea E IRs soci .oapanantvopereminasaansteet ve 37 50 
PAO SP Tele MET Ele tren ert nce eee eee rete ree eee ee ee eee eee a 43 58 

Front cover assembly* 

SEG Pe lites ote aes oe os cna Aes Stee a acne ea eae espe aetnanrace aia ertags Leas. 20 PR 

Step BONS mela) 2 ght ran tatsacnates xenewscptervetaney ¢senviicsancaldvesesantearaes 20 20 

Supercharger-to-cylinder head bolts, in sequence (see illustrations 16.22) 

SUT 07 Ps caponset cn cee ee Pes og ck oy BSR PENS arte ne eee ber por cena errr 44 in-lbs 

SH eye dace indo oe Remeneoc ay Bc Coes cere ace nc pEnCoener Retr iees act arretcrrce 89 in-lbs 10 

Charge air cooler cover bolts, in sequence (see illustrations 16.25) 

SEC Dil eeureeah eenate tee ram amAPecntiaeduers (ery srcatinyetdenacsadenastaeesssea nities 44 in-lbs 5 

SHC Ep crnee oct ean ceeeb areca peace ate Ra Ni roo Dr Eber Ucaor acer Pre cee reer pas 89 in-lbs 10 

Timing chain guide bolts (5.7L CNGin€S) ..........ceeceseeceten rene eteeseneeeteees 26 sls) 

Timing chain tensioner bolt (6.0L ENGiN€S).......... essere eseser tenes 18 25 

Timing chain tensioner bolts (6.2L ENGINES)... tees re teen eees 22 30 

Valve cover DOIts .........:eeeeeeeneeeees sth Memes Uce ee aeuuvtwe rearanace stints sanees rik 106 in-lbs 12 

Valley COVERDOIS s2.sic-cctestscnusescsncsvnches-ctesouuc¥eleaessassnsconast@eavesesoeeusespesaeesee 18 25 

*Use new bolts 
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1. General information 

Warning: The models covered by this manual 

are equipped with airbags. Always disable the 
airbag system before working in the vicinity of 

the impact sensors, steering column or instru- 

ment panel to avoid the possibility of acciden- 

tal deployment of the airbag(s), which could 

cause personal injury (see Chapter 72). 

How to use this Chapter 
This Part of Chapter 2 is devoted to 

repair procedures possible while the engine 

is still installed in the vehicle. Since these pro- 

cedures are based on the assumption that the 

engine is installed in the vehicle, if the engine 

has been removed from the vehicle and 

mounted on a stand, some of the preliminary 

removal steps outlined will not apply. 

Information concerning engine/transmis- 

sion removal and installation and engine over- 

haul can be found in Part D of this Chapter. 

Engine description 
This Part of Chapter 2 is devoted to in- 

vehicle repair procedures for the 5.7L, 6.0L 

and 6.2L supercharged V8 engines. The main 

difference between the three types of engines 

covered is bore size and the supercharger 

used on 6.2L engines. All information con- 

cerning engine removal and installation and 

engine block and cylinder head overhaul on 

these engines can be found in Part D of this 

Chapter. 
Since the repair procedures included in 

this Part are based on the assumption the 

engine is still in the vehicle, if they are being 

used during a complete engine overhaul (with 

the engine already out of the vehicle and on 

a stand) many of the Steps included here will 

not apply. 
The Specifications included in this Part 

of Chapter 2 apply only to the procedures 

found here. The specifications necessary for 

rebuilding the block and cylinder heads are 

included in Part D. 
- The engine utilizes an aluminum block 

with cast-iron sleeves. The eight cylinders 

are arranged in a “V” shape at a 90-degree 

angle between the two banks. The cylinder 
heads utilize an overhead valve arrangement. 
The engine uses aluminum cylinder heads 
with powdered metal guides and valve seats. 

Hydraulic roller lifters actuate the valves 

through tubular pushrods and rocker arms. 
The oil pump is mounted at the front of the 

engine behind the timing chain cover and is 

driven by the crankshaft. 

2 Repair operations possible with 

the engine in the vehicle 

Many major repair operations can be 

accomplished without removing the engine 

from the vehicle. 

Clean the engine compartment and 

the exterior of the engine with some type of 

degreaser before any work is done. It will 
make the job easier and help keep dirt out of 

the internal areas of the engine. 
. Depending on the components involved, 

it may be helpful to remove the hood to 

improve access to the engine as repairs are 

performed (refer to Chapter 11 if necessary). 
Cover the fenders to prevent damage to the 
paint. Special pads are available, but an old 

bedspread or blanket will also work. 
If vacuum, exhaust, oil or coolant leaks 

develop, indicating a need for gasket or seal 

replacement, the repairs can generally be 

made with the engine in the vehicle. The intake 

and exhaust manifold gaskets, oil pan gasket, 

crankshaft oil seals and cylinder head gasket 
are all accessible with the engine in place. 

Exterior engine components, such as the 

intake and exhaust manifolds, the oil pan, the 

oil pump, the water pump, the starter motor, the 

alternator and the fuel system components can 

be removed for repair with the engine in place. 

Since the camshaft(s) and cylinder head 
can be removed without pulling the engine, 

valve component servicing can also be accom- 

plished with the engine in the vehicle. Replace- 

ment of the timing chain and sprockets is also 

possible with the engine in the vehicle. 
In extreme cases caused by a lack of 

necessary equipment, repair or replacement of 

piston rings, pistons, connecting rods and rod 

bearings is possible with the engine in the vehi- 

cle. However, this practice 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 to illustration 3.6 

1 Top Dead Center (TDC) is the highest 
point in the cylinder that each piston reaches 

as it travels up the cylinder bore. Each piston 

reaches TDC on the compression stroke and 

again on the exhaust stroke, but TDC gener- 
ally refers to piston position on the compres- 

sion stroke. 

2 Positioning the piston(s) at TDC is an 
essential part of many procedures such as 

distributor and timing chain/sprocket removal. 

3 Before beginning this procedure, be sure 

to place the transmission in Neutral and apply 
the parking brake or block the rear wheels. 
Also, disable the ignition system by discon- 

necting the primary electrical connectors at 

the ignition coil packs, then remove the spark 

plugs (see Chapter 1). 
4 In order to bring any piston to TDC, the 

crankshaft must be turned using one of the 

methods outlined below. When looking at the 
front of the engine, normal crankshaft rotation 

is clockwise. 

a) The preferred method is to turn the crank- 

shaft with a socket and ratchet attached 
to the bolt threaded into the front of the 

crankshaft. Apply pressure on the bolt in 

a clockwise direction only. Never turn the 

bolt counter clockwise. 
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3.6 Along screwdriver inserted in the 
number one spark plug hole can be used 

to determine the highest point reached 
by that piston - make sure to wrap the 

tip of the screwdriver with tape to avoid 
scratching the top of the piston or the 

cylinder walls 

b) A remote starter switch, which may save 
some time, can also be used. Follow the 

instructions included with the switch. 
Once the piston is close to TDC, use a 

socket and ratchet as described in the 

previous paragraph. 
c) If an assistant is available to turn the 

ignition switch to the Start position in 

short bursts, you can get the piston 

close to TDC without a remote starter 

switch. Make sure your assistant is out 
of the vehicle, away from the ignition 
switch, then use a socket and ratchet as 

described in Paragraph (a) to complete 

the procedure. 

‘5 Place your finger partially over the num- 
ber one spark plug hole and rotate the crank- 
shaft using one of the methods described 
above until air pressure is felt at the spark plug 
hole. Air pressure at the spark plug hole indi- 

cates that the cylinder has started the com- 

pression stroke. Once the compression stroke 
has begun, TDC for the number one cylinder 
is obtained when the piston reaches the top of 
the cylinder on the compression stroke. 

6 To bring the piston to the top of the cylin- 
der, insert a long screwdriver into the number 

one spark plug hole until it touches the top of 

the piston. Note: Make sure to wrap the tip of 

the screwdriver with tape to avoid scratching 

the top of the piston and the cylinder walls. 
Use the screwdriver (as a feeler gauge) to tell 

where the top of the piston is located in the 
cylinder while slowly rotating the crankshaft 

(see illustration). As the piston rises the 
screwdriver will be pushed out. The point at 

which the screwdriver stops moving outward 
is TDC. Note: Always hold the screwdriver 

upright while the engine is being rotated so 

that the screwdriver will not get wedged as 
the piston travels upward. 

7 _ \f you go past TDC, rotate the crankshaft 
counter clockwise until the piston is approxi- 

mately 1/2-inch below TDC, then slowly rotate 
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hod All 

4.4 Disconnect the coil main wiring harness connector (1), the 
PCV hose (2) and the fresh air hose (3) from the valve cover (right 

side shown) 

the crankshaft clockwise again until TDC is 
reached. - 

8 After the number one piston has been 

positioned at TDC on the compression stroke, 

TDC for any of the remaining pistons can be 
located by repeating the procedure described 

above and following the firing order. 

4 Valve covers - removal and 

installation 

Removal 

Refer to illustrations 4.4, 4.7 and 4.9 

1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 
2 Remove the engine top front cover fas- 

teners, then remove the cover, Remove the 
rear cover fasteners, lift the rear cover up and 

remove it from the vehicle. 
3 Remove the air filter and resonator 

assembly to allow access to the front of the 

engine (see Chapter 4). 

Right side 
4 _Unclip the wiring harness from the igni- 
tion coil bracket and lay it aside. Remove the 
fresh air hose and PCV hose from the valve 

cover (see illustration). 
5 Remove the ignition coils from the valve 

4.9 Valve cover 

mounting bolts - 

arrow to the far right 
indicates location of 

the PCV valve (left 
valve cover shown) 

cover (see Chapter 5). Be sure each plug wire 

is labeled before removal to ensure correct 

installation. 

6 Remove the valve cover bolts (see illus- 

tration 4.9), then remove the cover from the 

cylinder head. Note: /f the cover is stuck to 

the cylinder head, bump one end with a block 

of wood and a hammer to jar it loose. If that 

doesn't work, try to slip a flexible putty knife 

between the cylinder head and cover to break 

the gasket seal. Don’t pry at the cover-to-head 

joint or damage to the sealing surfaces may 

occur (leading to oil leaks in the future). 

Left side 
7 Relieve the fuel system pressure. 

Remove the fuel feed and return lines from 

the fuel rail and the vapor purge valve (see 

illustration) (see Chapter 4). Unclip the wir- 
ing harness from the ignition coil bracket and 

lay it aside. 

8 Remove the ignition coil assembly from 

the valve cover (see Chapter 5). Be sure each 
plug wire is labeled before removal to ensure 

correct installation. 5 

9 Remove the valve cover bolts (see 

illustration), then remove the cover from the 

cylinder head. Note: /f the cover is stuck to 
the cylinder head, bump one end with a block 

of wood and a hammer to jar it loose. If that 

doesn't work, try to slip a flexible putty knife 

4.7 Using the quick release tool, remove the fuel line (1), then 
disconnect the EVAP purge valve and line (2) and coil main wiring 

harness (3) (left side shown) 

between the cylinder head and cover to break 

the gasket seal. Don’t pry at the cover-to-head 

joint or damage to the sealing surfaces may 
occur (leading to oil leaks in the future). 

Installation 

Refer to illustration 4.12 

10 The mating surfaces of each cylinder 

head and valve cover must be perfectly clean 
when the covers are installed. Use a gasket 

scraper to remove all traces of sealant and old 

gasket material, then clean the mating sur- 

faces with lacquer thinner or acetone. If there’s 

sealant or oil on the mating surfaces when the 

cover is installed, oil leaks may develop. 
11. Clean the mounting bolt threads with a 

die to remove any corrosion and restore dam- 

aged threads. Make sure the threaded holes 

in the cylinder head are clean - run a tap into 

them to remove corrosion and restore dam- 

aged threads. 

12 The gaskets should be mated to the cov- 

ers before the covers are installed. Position 

the gasket inside the cover lip (see illustra- 

tion). If the gasket will not stay in place in the 

cover lip, apply a thin coat of RTV sealant to 

the cover flange, and allow the sealant to set 

up so the gasket adheres to the cover. 

4.12 Position the new gasket in the valve 

cover lip 
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5.2 Remove the mounting bolts (A) and rocker arms, then remove 

the pivot support pedestal (B) 

13 Inspect the valve cover bolt grommets 

for damage. If the grommets aren’t damaged 

they can be reused. Carefully position the 
valve cover(s) on the cylinder head and install 
the bolts and grommets. 

14 Tighten the bolts in three or four steps to 

the torque listed in this Chapter’s Specifica- 

tions. 

15 The remainder of installation is the 
reverse of removal. 
16 Start the engine and check carefully for 
oil leaks. 

5 Rocker arms and pushrods 

- removal, inspection and 

installation 

Removal 
Refer to illustrations 5.2 and 5.3 

1 Remove the valve covers from the cylin- 

der heads (see Section 4). 

2 Loosen the rocker arm pivot bolts one at 

a time and remove the rocker arms and bolts, 

5.4 Rocker arm wear points 

Pushrod socket 

Pivot bearings 
Valve stem contact point oOubhb 

oY 

then remove the pivot support pedestal (see 
illustration). Keep track of the rocker arm 

positions, since they must be returned to the 

same locations. Store each set of rocker com- 

ponents separately in a marked plastic bag to 

ensure that they’re installed in their original 

locations. 

3 Remove the pushrods and store them 
separately to make sure they don’t get mixed 

up during installation (see illustration). 

Inspection 
Refer to illustration 5.4 

4 Check each rocker arm for wear, cracks 

and other damage, especially where the 

pushrods and valve stems contact the rocker 

arm (see illustration). 
5 Check the pivot bearings for binding and 
roughness. If the bearings are worn or dam- 
aged, replacement of the entire rocker arm will 
be necessary. Note: Keep in mind that there 
is no valve adjustment on these engines, so 

excessive wear or damage in the valve train 

can easily result in excessive valve clearance, 
which in turn will cause valve noise when the 

5.9 Lubricate the pushrod ends and the 

valve stems with engine assembly lube 

before installing the rocker arms 

are installed in their original locations - note the arrow indicating 
the front of the engine 

engine is running. Also check the rocker arm 

pivot support pedestal for cracks and other 

obvious damage. 
6 Make sure the hole at the pushrod end of 
each rocker arm is open. 

7 Inspect the pushrods for cracks and 

excessive wear at the ends, also check that 

the oil hole running through each pushrod is 

not clogged. Roll each pushrod across a piece 

of plate glass to see if it's bent (if it wobbles, 

it's bent). 

Installation 

Refer to illustration 5.9 

8  .Lubricate the lower end of each pushrod 

with clean engine oil or engine assembly lube 
and install them in their original locations. 
Make sure each pushrod seats completely in 

the lifter socket. 
9 Apply engine assembly lube to the ends 

of the valve stems and to the upper ends of 

the pushrods to prevent damage to the mating 

surfaces on initial start-up (see illustration). 

Also apply clean engine oil to the pivot shaft 

and bearing of each rocker arm and install the 

rocker arms loosely in their original locations. 

DO NOT tighten the bolts at this time! 

10 Rotate the crankshaft until the number 
one piston is at TDC (see Section 3). With the 

number one piston is at TDC, tighten the intake 
valve rocker arms for the Number 1, 3, 4 and 5 

cylinders and the exhaust rocker arms for the 
Number 1, 2, 7 and 8 cylinders. Tighten each 

of the specified rocker arm bolts to the torque 
listed in this Chapter’s Specifications. 

11. Rotate the crankshaft 360 degrees. 
Tighten the intake valve rocker arms for 
the Number 2, 6, 7 and 8 cylinders and the 

exhaust rocker arms for the Number 3, 4, 5 
and 6 cylinders. Tighten each of the rocker 
arm bolts to the torque listed in this Chapter’s 

Specifications. 

12 Install the valve covers (see Section 4). 
Start the engine, listen for unusual valve train 

noises and check for oil leaks at the valve 

cover gaskets. 
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6.5 Thread the air hose adapter into the 
spark plug hole - adapters are commonly 

available from auto parts stores 

6 Valve springs, retainers and 

seals - replacement 

Refer to illustrations 6.5, 6.8, 6.10 and 6.18 

Note: Broken valve springs and defective 

valve stem seals can be replaced without 

removing the cylinder head. Two special tools 

and a compressed air source are normally 

required to perform this operation, so read 
through this Section carefully and rent or buy 

the tools before beginning the job. 
1 Remove the spark plugs (see Chapter 1). 

2 Remove the valve covers (see Section 4). 
3 Rotate the crankshaft until the number 
one piston is at Top Dead Center on the com- 

pression stroke (see Section 3). 
4 Remove the rocker arms for the num- 

ber 1 piston (see Section 5). 
5 Thread an adapter into the spark plug 
hole and connect an air hose from a com- 
pressed air source to it (see illustration). 
Most auto parts stores can supply the air hose 

adapter. Note: Many cylinder compression 

gauges utilize a screw-in fitting that may work 
with your air hose quick-disconnect fitting. If 

a cylinder compression gauge fitting is used, 
it will be necessary to remove the Schrader 
valve from the end of the fitting before using it 
in this procedure. 

6 Apply compressed air to the cylinder. The 

valves should be heid in place by the air pres- 
sure. Warning: /f the cylinder isn’t exactly at 

TDC, air pressure may force the piston down, 
causing the engine to quickly rotate. DO NOT 

leave a wrench on the crankshaft balancer 

bolt or you may be injured by the tool. 
7 Stuff shop rags into the cylinder head 
holes around the valves to prevent parts and 

tools from falling into the engine. 
8 ~ Using a socket and a hammer gently tap 

on the top of each valve spring retainer sev- 

eral times (this will break the seal between the 

_ valve keeper and the spring retainer and allow 

6.8 Once the spring is depressed, the 

keepers can be removed with a small 

magnet or needle-nose pliers (a magnet is 
preferred to prevent dropping the keepers) 

the keeper to separate from the valve spring 

retainer as the valve spring is compressed), 

then use a valve-spring compressor to com- 

press the spring. Remove the keepers with 

small needle-nose pliers or a magnet (see 

illustration). Note: Several different types of 
tools are available for compressing the valve 

springs with the head in place. One type grips 

the lower spring coils and presses on the 

retainer as the knob is turned, while the lever- 

type shown here utilizes the rocker arm bolt for 

leverage. Both types work very well, although 

the lever type is usually less expensive. 

9 Remove the valve spring and retainer. 

Note: /f air pressure fails to retain the valve 
in the closed position during this operation, 

the valve face or seat may be damaged. If so, 

the cylinder head will have to be removed for 

repair. 

10 Remove the old valve stem seals, noting 

differences between the intake and exhaust 

seals (see illustration). 
11. Wrap a rubber band or tape around the 

top of the valve stem so the valve won't fall 

into the combustion chamber, then release 

the air pressure. 

12 Inspect the valve stem for damage. 

Rotate the valve in the guide and check the 

end for eccentric movement, which would 

indicate that the valve is bent. 
13. Move the valve up-and-down in the 

guide and make sure it does not bind. If the 

valve stem binds, either the valve is bent or 

the guide is damaged. In either case, the 

head will have to be removed for repair. 
14 Reapply air pressure to the cylinder to 

retain the valve in the closed position, then 

remove the tape or rubber band from the 
valve stem. ; 
15. Install the new valve stem seals, care- 

fully pressing them over the ends of the intake 

and exhaust valve guides. 

16 Install the spring and retainer in position 

over the valve. 

6.10 Use a pair of needle-nose pliers to 

remove the valve seals 

6.18 Apply small dab of grease to each 

keeper as shown here before installation 

- it'll hold them in place on the valve stem 

as the spring is released 

17 Compress the valve spring assembly only 

enough to install the keepers in the valve stem. 

18 Position the keepers in the valve stem 

groove. Apply a small dab of grease to the 

inside of each keeper to hold it in place if nec- 

essary (see illustration). Remove the pres- 

sure from the spring tool and make sure the 
keepers are seated. 

19 Disconnect the air hose and remove the 

adapter from the spark plug hole. 

20 Repeat the above procedure on the 

remaining cylinders, following the firing order 

sequence (see this Chapter’s Specifications). 

Bring each piston to TDC on the compression 

stroke before applying air pressure (see Sec- 

tion 3). 

21 Install the rocker arm assemblies and 

the valve covers (see Sections 4 and 5). 
22 Start the engine, then check for oil leaks 

and unusual sounds coming from the valve 

cover area. Allow the engine to idle for at least 

five minutes before accelerating the engine. 
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7.7 Locations of the fresh air hose (A), power brake booster 

vacuum hose (B) and the TPS connector (C) to the throttle body 

7 Intake manifold (5.7L and 6.0L 

engines) - removal and installation 

Warning: Wait until the engine is completely 

cool before starting this procedure. 

Removal 

Refer to illustration 7.7 

1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 
2 Remove the engine top front cover fas- 

teners, then remove the cover. Remove the 

rear cover fasteners, lift the rear cover up and 

remove it from the vehicle. Disconnect the 

electrical connector to the throttle body. 

3. Remove the air filter and the air intake 

assembly, then relieve the fuel system pres- 

sure (see Chapter 4). 
4 Disconnect the electrical connectors 

from the fuel injectors. 

5 Disconnect the electrical connectors 

7.15 Intake manifold bolt tightening 

sequence - (A) is the fuel stop bracket 

from the EVAP solenoid, the MAP sensor and 
the sensors on the throttle body. Label each 

connector clearly. to aid in the reassembly 

process. Disconnect the knock sensor electri- 

cal connectors and remove the ground straps ~ 
at the rear of the left cylinder head. Remove 
any remaining wiring harness brackets from 

the top of the intake manifold and lay the har- 

ness aside. 

6 Remove the fuel rails and injectors as an 
assembly (see Chapter 4). The two fuel rails 

can be pulled straight up with the injectors 

still attached, but it will take some force to dis- 
lodge the injectors from the intake manifold. 

Note: This Step is not absolutely necessary, 

‘but it will help prevent subsequent damage 

to the fuel injectors as the intake manifold is 

removed. 

7 Disconnect the coolant hoses from the 

throttle body. Disconnect any vacuum hoses 
attached to the intake manifold or throttle 
body, such as the power brake booster, the 
PCV and the EVAP purge control valve (see 

illustration). 
8 Disconnect any remaining electrical con- 

nectors or vacuum hoses connected to the 

intake manifold or throttle body. 

9 Loosen the intake manifold mounting 
bolts in 1/4-turn increments in the reverse 

order of the tightening sequence (see illus- 
tration 7.15) until they can be removed by 

hand. The manifold will probably be stuck to 

the cylinder heads and force may be required 
to break the gasket seal. A prybar can be 

positioned between the front of the manifold 

and the valley tray to break the bond made by 
the gasket. Caution: Do not pry between the 

manifold and the heads or damage to the gas- 
ket sealing surfaces may result and vacuum 

leaks could develop. Also, don’t use too much 

force - the manifold is made of a plastic com- 

posite and could crack. 
10 Remove the intake manifold. As the 

manifold is lifted from the engine, check for 

and disconnect anything still attached to the 
manifold. 

- manifold and snap the gasket into place 

Installation 

Refer to illustrations 7.13 and 7.15 

Note: The mating surfaces of the cylinder 
heads, block and manifold must be perfectly 
clean when the manifold is installed. 
11. Carefully remove all traces of old gas- 
ket material. Note that the intake manifold is 
made of a composite material and the cylin- 

der heads are made of aluminum, therefore 

aggressive scraping is not suggested and will 
damage the sealing surfaces. After the gasket 
surfaces are cleaned and free of any gasket 
material wipe the mating surfaces with a cloth 

saturated with safety solvent. If there is old 

sealant or oil on the mating surfaces when the 

manifold is installed, oil or vacuum leaks may 

develop. Use a vacuum cleaner to remove 

any gasket material that falls into the intake 

ports in the heads. 

12 Use a tap of the correct size to chase 

the threads in the bolt holes, then use com- 

pressed air (if available) to remove the debris 

from the holes. Warning: Wear safety glasses 
or a face shield to protect your eyes when 

using compressed air. 

13 Position the new gaskets on the intake 
manifold (see illustration). Note that the gas- 
kets are equipped with installation tabs that 
must snap into place on the intake manifold. 
The words “Manifold Side” may appear on the 

gasket, If so, this will ensure proper installa- 

tion. Make sure the gaskets snap into place 
and all intake port openings align. 

14 Carefully set the manifold in place. 
15 Apply medium-strength thread locking 

compound to the threads of the bolts. Install 
the bolts and tighten them following the rec- 

ommended sequence (see illustration) to 
the torque listed in this Chapter’s Specifica- 

tions. Do not overtighten the bolts or gasket 
leaks may develop. 

16 The remainder of installation is the 

reverse of removal. Check the coolant level, 

adding as necessary (see Chapter 1). Start 

the engine and check carefully for vacuum 
leaks at the intake manifold joints. 
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8 Exhaust manifolds - removal and 

installation 

Removal 

Refer to illustrations 8.4, 8.7 and 8.9 

Warning: Use caution when working around 
the exhaust manifolds - the sheetmetal heat 
shields can be sharp on the edges. Also, the 
engine should be cold when this procedure is 
followed. 

1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 
2 Raise the vehicle and support it securely 
on jackstands. 
3 Working under the vehicle, apply pene- 

trating oil to the exhaust pipe-to-manifold studs 
and nuts (they’re usually rusty). Disconnect the 

electrical connector for the oxygen sensor. 
4 Remove the nuts retaining the exhaust 

pipe(s) to the manifold(s) (see illustration). 
5 Remove the engine top front cover fas- 

teners, then remove the cover. Remove the 

rear cover fasteners, lift the rear cover up and 

remove it from the vehicle. 
6 Remove the spark plug wires and 

remove the spark plugs from the side being 

worked on (see Chapter 1). If both manifolds 

are being removed, remove all the spark plug 

wires and remove all the spark plugs. 

7 For the right side manifold, remove the oil 

dipstick, unbolt the dipstick tube bracket and 
remove the dipstick tube (see illustration). 
8 For the left side manifold, disconnect 
the steering shaft from the steering gear (see 

Chapter 10) and set the shaft to the side. 
9 Remove the mounting bolts and separate 

the exhaust manifold from the cylinder head 
(see illustration). Remove the heat shields 
from the manifold after the manifold has been 

removed. 

Installation 
10 Check the manifold for cracks and make 

sure the bolt threads are clean and undam- 

ies, 

8.7 Remove the oil dipstick tube mounting bolt (A) and tube - 

aged. The manifold and cylinder head mating 
surfaces must be clean before the manifolds 
are installed - use a gasket scraper to remove 

all carbon deposits and gasket material. Note: 

The cylinder heads are made of aluminum, 

therefore aggressive scraping is not sug- 
gested and will damage the sealing surfaces. 

11 Install the heat shields, then the bolts 
and gaskets onto the manifold. Retaining 

tabs surrounding the gasket bolt holes should 

hold the assembly together as the manifold is 
installed. 

12 Starting at the fourth thread, apply a 

small amount of medium-strength thread 
locking compound to the threads of the bolts. 

Note: The manufacturer recommends not 
applying thread locking compound on the first 
three threads. 

13 Place the manifold on the cylinder head 

and install the mounting bolts finger tight. 
14. When tightening the mounting bolts, 

work from the center to the ends and be sure 

to use a torque wrench. Tighten the bolts in 

two steps to the torque listed in this Chapter’s 

Specifications. If required, bend the exposed 
end of the exhaust manifold gasket back 
against the cylinder head. 

15 The remainder of installation is the 

reverse of removal. 

16 Start the engine and check for exhaust 
leaks. 

9 Cylinder heads - removal and 

installation 

Note: /t will be necessary to purchase a new 

set of head bolts to perform this procedure. 

Removal 

Refer to illustration 9.8 

1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 
2 On 5.7L and 6.0L engines, remove the 

intake manifold (see Section 7) and the cool- 

(B) indicates the secondary air injection check valve and pipe 

assembly on the right manifold 

8.4 Remove the exhaust 

pipe-to-manifold nuts 

ant bleed pipe mounting bolts and pipe. On 

6.2L engines, remove the supercharger (see 

Section 16). 

3 Remove the valve covers (see Sec- 

tion 4). 

4 Remove both exhaust manifolds from 

the cylinder heads (see Section 8) and the oil 

dipstick tube from the right side. 

5 Remove the rocker arms and pushrods 

(see Section 5). Caution: Keep all the parts in 

order so they are reinstalled in the same loca- 

tion. 

6 Disconnect the wiring from the back 

of the alternator. Remove the power steer- 

ing pump and the power steering pump rear 

mounting bracket from the left cylinder head. 

Lay the pump and brackets aside without dis- 

connecting the lines from the steering pump 

(see Chapter 10). 
7 Loosen the head bolts in 1/4-turn incre- 

ments in the reverse order of the tightening 

sequence (see illustration 9.16) until they 

can be removed by hand. Note: There will 

be different length and size head bolts for dif- 

ferent locations. Make a note of the different 

8.9 Exhaust manifold fastener locations (right side shown, left 

side similar) 
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sizes and lengths and where they go when 

removing the bolts to ensure correct installa- 

tion of the new bolts. 

8 Lift the heads off the engine. If resistance 

is felt, do not pry between the head and block 
* as damage to the mating surfaces will result. 

To dislodge the head, place a prybar or long 

screwdriver into the intake port and carefully 

pry the head off the engine (see illustration). 

Store the heads on blocks of wood to prevent 

damage to the gasket sealing surfaces. 

Installation 

Refer to illustrations 9.13 and 9.16 

9 The mating surfaces of the cylinder 

head and the block must be perfectly clean 

before installing the cylinder head. Clean the 
surfaces with a scraper, but be careful not to 

gouge the aluminum. Caution: Be very care- 

ful when scraping on aluminum engine parts. 

Aluminum is soft and gouges easily. Severely 

gouged parts may require replacement. 

10 Check the mating surfaces of the 

block and the cylinder head for nicks, deep 

scratches, and other damage. If slight, they 

can be removed carefully with a file; if exces- 

9.16 Cylinder head 

bolt tightening 

sequence 

9.8 Using a prybar inserted into an intake port to break the head 

loose - do not use excessive force or damage to the head 

sive, machining may be the only alternative to 

replacement. 

11. If you suspect warpage of the cylin- 

der head gasket surface, use a straightedge 

to check it for distortion. If the gasket mat- 

ing surface of your cylinder head or block is 

out of specification or is severely nicked or 

scratched, consult an automotive machine 

shop for advice. 

12 Clean the mating surfaces of the cylin- 
der head and block with a clean shop towel 

and brake system cleaner. Use a wire brush 

to remove the thread locking compound from 

the 8 mm head bolts. Corrosion, sealant and 

damaged threads will affect torque readings, 

so be sure the threads are clean. 

13 Position the new gaskets over the dow- 

els in the block (see illustration). 
14 Carefully position the heads on the block 

without disturbing the gaskets. 

15 Before installing the 8 mm head bolts 

(bolts 11 through 15), coat the threads with a 

medium-strength thread locking compound, 

then install them finger tight. 

16 Install new 11 mm head bolts (bolts 1 

through 10) and tighten them finger tight. 
Following the recommended sequence (see 

9.13 Position the head gasket over the dowels at each end of the 
cylinder head with the mark facing the front of the vehicle 

illustration), tighten the bolts in four steps to 

the torque and angle of rotation listed in this 
Chapter’s Specifications. Warning: DO NOT 

reuse 11 mm head bolts - always replace 

them with new ones. 

17 Install the coolant bleed pipe, using new 
O-rings, onto the cylinder heads. Tighten the 

bolts to the torque listed in this Chapter’s 

Specifications. 

18 The remainder of installation is the 
reverse of removal. 

19 Add coolant and change the oil and filter 
‘(see Chapter 1). Start the engine and check 
for proper operation and coolant or oil leaks. 

10 Crankshaft balancer - removal 

and installation 

Refer to illustrations 10.5a, 10.5b and 10.6 

Note: This procedure requires a new crank- 
shaft balancer bolt and special balancer instal- 
lation tools J 41665 and EN-47812 (available 
through specialized tool manufacturers only). 

Read through the entire procedure and obtain — 
all tools and materials before proceeding. 

1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 
2 Raise the front of the vehicle and sup- 

port it securely on jackstands, then apply the 
parking brake. 

3 Remove the splash shield and the drive- 
belt (see Chapter 1). 

4 Working under the vehicle, remove the 

transmission oil cooler lines and the power 
steering cooler lines from the radiator (if 
equipped). 

5 Use a strap wrench around the crank- 

shaft pulley to hold it while using a breaker 

bar and socket to remove the crankshaft pul- 
ley center bolt (see illustration). Measure the 

distance from the balancer to the end of the 
crankshaft snout for installation (see illustra- 
tion). 
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6 Pull the balancer off the crankshaft 
with a puller (see illustration) and remove 

the washer from the end of the balancer, if 

equipped Caution: The jaws of the puller 

must only contact the hub of the balancer - not 

the outer ring. Note: A long Allen-head bolt 

should be inserted into the crankshaft nose 
for the puller’s tapered tip to push against to 

prevent damage to the crankshaft threads. 

7 Install the balancer washer to the end 
of the balancer, position the crankshaft pul- 

ley/balancer on the crankshaft and slide it on 
as far as it will go. Note that the slot (keyway) 

in the hub must be aligned with the Woodruff 
key in the end of the crankshaft. 

8 Using the specialized crankshaft bal- 

ancer installation tool, press the crankshaft 

 pulley/balancer onto the crankshaft. 

9 Install the old crankshaft balancer bolt 
and tighten the crankshaft bélt to Step 1 of 

the torque listed in this Chapter’s Specifica- 
tions. Remove the old bolt and make sure 
the distance from the end of the crankshaft 
snout and the balancer is the same as mea- 

10.6 The use of a three jaw puller will 

be-necessary to remove the crankshaft 

balancer - always place the puller jaws 

around the hub, not the outer ring 

10.5a Use a strap wrench to hold the crankshaft balancer while 
removing the center bolt (a chain-type wrench may be used if you 
wrap a section of old drivebelt or rag around the balancer first) 

sured in Step 5 (see illustration 10.5b). If the 

measurement is incorrect, install the balancer 

installation tool and press the balancer on the 

crankshaft until the measurement is correct. 

10 Install a new crankshaft balancer bolt 

and tighten it in two steps to the torque and 

angle of rotation listed in this Chapter’s Speci- 

fications. Note: Some models are equipped 

with balance weights that need to transferred 

from the old balancer to the replacement unit. 

11. The remainder of installation is the 

reverse of removal. 

11 Crankshaft front oil seal - 

removal and installation 

Refer to illustrations 11.2 and 11.4 

1 Remove the crankshaft balancer (see 
Section 10). 

2 Note how the seal is installed - the new 

one must be installed to the same depth and 

facing the same way. Carefully pry the oil seal 

out of the cover with a seal puller or a large 

41.2 Carefully pry the old seal out of the 
timing chain cover - don’t damage the 

crankshaft in the process 

10.5b Before the new crankshaft bolt is installed and tightened, 

the balancer must be measured for proper depth - it should match 

the original measurement taken before removal 

screwdriver (see illustration). Be very careful 
not to distort the cover or scratch the crank- 

shaft! Wrap electrical tape around the tip of the 

screwdriver to avoid damage to the crankshaft. 

3 If the seal is being replaced with the tim- 

ing chain cover removed, support the cover 

on top of two blocks of wood and drive the 

seal out from the backside with a hammer and 

punch. Caution: Be careful not to scratch, 

gouge or distort the area that the seal fits into, 

or a leak will develop. ; 

4 Apply clean engine oil or multi-purpose 

grease to the outer edge of the new seal, then 

install it in the cover with the lip (spring side) 

facing IN. Drive the seal into place (see illus- 

tration) with a large socket and a hammer (if 

a large socket isn’t available, a piece of pipe 

will also work). Make sure the seal enters the 

bore squarely and stop when the front face is 
at the proper depth. 

5 Check the surface on the balancer hub 

that the oil seal rides on. If the surface has 

been grooved from long-time contact with the 

seal the balancer will need to be replaced. 

11.4 Drive the new seal into place with a 

large socket and hammer 
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12.8 Timing chain cover mounting bolts 

6 Lubricate the balancer hub with clean 

engine oil and install the crankshaft balancer 

(see Section 10). 
7 The remainder of installation is the 

reverse of the removal. 

12 Timing chain - removal, 

inspection and installation 

Removal and inspection 
Refer to illustrations 12.8, 12.11 and 12.14 

1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

2 Remove the front engine cover fasten- 

ers, then remove the cover. Remove the rear 

cover fasteners, lift the rear cover up and 

remove it from the vehicle. 

3 Drain the cooling system and engine oil, 

and remove the drivebelt (see Chapter 1). 
4 Remove the air filter and the air intake 

resonator from the engine compartment (see 

12.14 The sprocket on the crankshaft can 

be removed with a two or three-jaw puller 

Chapter 4), then remove the upper and lower 

radiator hoses, the cooling fans, and the water 
pump (see Chapter 3). 
5 Remove the crankshaft balancer (see 

Section 10) and, on 6.0L and 6.2L engines, 

the Camshaft Position (CMP) sensor (see 

Chapter 6). 
6 Remove the oil pan (see Section 14). 

7 Remove the alternator, the alterna- 

tor bracket mounting bolts and bracket (see 
Chapter 5). 
8 Remove the timing chain cover mount- 

ing bolts and separate the timing chain cover 

from the block (see illustration). The cover 
may be stuck; if so, use a putty knife to break 

the gasket seal. Since the cover is made of 

aluminum it can easily be damaged, so DO 

NOT attempt to pry it off. 

9 Remove the oil pick-up tube and the oil 

pump (see Section 15). 
10 Inspect the gears, chain and dampener 

for wear, cracks or deep grooves; replace if 
any of these are found. 

11 Loosen the camshaft sprocket bolts one 

12.17 Slip the chain and camshaft 

sprocket in place over the crankshaft 

sprocket with the camshaft sprocket 

timing mark at the bottom 

5 7 

12.11 Timing chain alignment marks - when properly aligned, the 
crankshaft gear should be in the 12 o’clock position, the camshaft 

gear should be in the 6 o’clock position and the number one 

piston should be at TDC 

turn, then screw the crankshaft balancer bolt 

into the end of the crankshaft. Rotate the 

crankshaft in the normal direction of rotation 

(clockwise) until the timing marks align (see. 

illustration). Verify that the number one pis- 
ton is at TDC. 
12 Remove the bolts from the end of the 

camshaft, then remove the camshaft sprocket 

and chain as an assembly. 

13 Inspect the camshaft and crankshaft 
sprockets for damage or wear. 

14 If replacement of the timing chain is nec- 

essary, remove the sprocket on the crankshaft 

with a two-or three-jaw puller, but be careful 

not to damage the threads in the end of the 

crankshaft (see illustration). 

Installation 

Refer to illustrations 12.17, 12.21 and 12.22 

Note: Timing chains must be replaced as a 

set with the camshaft and crankshaft sprock- 
ets. Never put a new chain on old sprockets. 

15 Use a gasket scraper to remove all 

traces of old gasket material and sealant from 

the cover and engine block. 

16 Align the crankshaft sprocket with the — 
Woodruff. key and press the sprocket onto the 
crankshaft (if removed) with the crankshaft bal- 
ancer bolt, a large socket and some washers, 

or tap it gently into place, until it is completely 
seated. Caution: /f resistance is encountered, 

do not hammer the sprocket onto the crank- 

shaft. It may eventually move onto the shaft, 
but it may be cracked in the process and fail 
later, causing extensive engine damage. 

17 Loop the new chain over the camshaft 

sprocket, then turn the sprocket until the tim- 
ing mark is at the bottom (see illustration). 
Mesh the chain with the crankshaft sprocket 

and position the camshaft sprocket on the end 

of the camshaft. If necessary, turn the cam- 

shaft so the dowel in the camshaft fits into the 

hole in the sprocket with the timing mark in 
the 6 o’clock position (see illustration 12.11). 
When the chain is installed, the timing marks 
MUST align as shown. 
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12.21 LOOSELY install the front cover 
with a new gasket onto the engine block - 

the cover must be aligned properly before 

final installation 

18 Apply a thread locking compound to the 

camshaft sprocket bolt threads and tighten 

the bolts to the torque listed in this Chapter’s 
Specifications. 

19 Lubricate the chain with clean engine oil. 

20 Install the oil pump and the oil pick-up 

tube onto the engine (see Section 15). Now 

would be a good time to replace the crank- 

shaft front oil seal (see Section 11). 

21 Loosely install the timing chain cover on 

the engine, using a new gasket (see illustra- 
tion). 

22 The manufacturer states that a front 

cover alignment tool must be used when 

installing the front cover; however, this tool is 
very difficult to find, even from tool rental com- 
panies. If the tool is not available, follow the 

alternate procedure outlined below: 

a) Install the crankshaft balancer on the 
engine (see Section 10)* This Step will 

align the front oil seal with the balancer 

hub. 
b) Place a straightedge on the engine block 

oil pan rail. Measure the distance on 

13.2a The roller lifters are held in place by retainers - remove 

the retainer bolts, then remove the retainers and the lifters as an 

: , wri, Ye 

12.22 With the crankshaft balancer in 

place and the front cover bolts installed 

LOOSELY, measure the distance between 

the oil pan rail and the front cover sealing 

surface on each side - then adjust the 

cover so the measurements are even on 

both sides before tightening the 

cover bolts 

each side of the block from the oil pan 

rail to the timing chain cover with a feeler 

gauge (see illustration). This Step mea- 

sures the difference between the sealing 

surface of the oil pan and the sealing 

surface of the timing chain cover in rela- 

tionship to each other. 

c) Tilt the front timing cover as necessary 

to achieve an even measurement on 

each side. This Step properly aligns the 

front timing cover to oil pan sealing sur- 
faces. Typically, 0 to 0.0098 inch (0.25 

mm) is an acceptable tolerance. Note: 

Ideally the timing chain cover should be 

flush with the oil pan rail, but because 

of the differences in seal thickness, this 

may not always be obtainable. That is 

why there is a tolerance 0 to 0.0098 inch 

(0.25 mm). Always let the front seal cen- 
ter itself around the crankshaft balancer 

assembly. Note that each retainer houses four individual lifters 

and they must be reinstalled back in their original locations if 
they’re going to be reused 

13.2b Once the lifters and retainers are removed from the block 

they can be marked (for location and installation purposes) 
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hub and tilt the cover from side to side 
to even up the measurement at both oil 
pan rails. Never push downward on the 

front timing cover in-an attempt to make 

the oil pan sealing surface flush, as this 

will distort the front oil seal and eventu- 
ally lead to an oil leak! 

d) With the timing chain cover properly 

aligned, tighten the cover bolts to the 

torque listed in this Chapter’s Specifica- 
tions. 

23 Apply a thin layer of RTV sealant to the 

areas where the timing chain cover and cyl- 

inder block meet, then install the oil pan as 

described in Section 14. 

24 The remainder of installation is the 

reverse of removal. Add coolant and oil to the 

engine (see Chapter 1): Run the engine and 

check for oil and coolant leaks. 

13 Camshaft and lifters - removal 

and installation 

Note: /f the camshaft is being replaced, 

always install new lifters as well. Do not use 

old lifters on a new camshaft. 

Removal 

Refer to illustrations 13.2a, 13.2b and 13.4 

1 Refer to the appropriate Sections and 

remove the intake manifold or supercharger, 

valve covers, rocker arms, pushrods, timing 

chain and cylinder heads. Also remove the 

radiator and air conditioning condenser (see 

Chapter 3) and, on 6.0L and 6.2L engines, the 

Camshaft Position (CMP) sensor (see Chap- 

ter 6). 

2 Before removing the lifters, arrange to 

store them in a clearly labeled box to ensure 

that they’re installed in their original locations. 

Remove the lifter retainers and lifters and 

store them where they won't get dirty (see 

illustrations). DO NOT attempt to withdraw 

the camshaft with the lifters in place. 

and inspected 
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13.4 Remove the bolts and remove the 

camshaft retainer plate, noting which side 

faces the block 

3 Ifthe lifters are built up with gum and var- 
nish they may not come out with the retainer. If 

so, there are several ways to extract the lifters 

from the bores. A special tool designed to grip 

and remove lifters is manufactured by many 
tool companies and is widely available, but it 
may not be required in every case. On newer 

engines without a lot of varnish buildup, the 

lifters can often be removed with a small mag- 
net or even with your fingers. Caution: Don’t 

use pliers to remove the lifters unless you 

intend to replace them. The pliers will damage 
the precision machined and hardened lifters, 

rendering them useless. 

4 Remove the bolts and the camshaft 

retainer plate, noting which direction faces the 
block (see illustration). 
5 Thread three long bolts into the camshaft 

sprocket bolt holes to use as a handle when 
removing the camshaft from the block. 

6 Carefully pull the camshaft out. Support 

the cam near the block so the lobes don’t nick 
or gouge the bearings as it’s withdrawn. 

Installation 

Refer to illustration 13.7 

7 Lubricate the camshaft bearing jour- 
nals and cam lobes with camshaft and lifter 

assembly lube (see illustration). 
8 Slide the camshaft into the engine. Sup- 

port the cam near the block and be careful not 

to scrape or nick the bearings. 

9 Turn the camshaft until the dowel pin is 

in the 3 o'clock position, and install the cam- 

shaft retainer plate, tighten the bolts to the 

torque listed in this Chapter’s Specifications. 
Make sure the gasket surface on the cam- 
shaft retainer plate and the engine block are 

free from oil and dirt. 
10 Install the timing chain and sprockets 

(see Section 12). On 6.0L and 6.2L engines, 
install the CMP sensor (see Chapter 6). 

11 Lubricate the lifters with clean engine oil 

and install them in the lifter retainers. Be sure 

to align the flats on the lifters with the flats in 

the lifter retainers. Install the retainer and lift- 

ers into the engine block as an assembly. If 

13.7 Be sure to apply camshaft assembly 

lube to the cam lobes and bearing 

journals before installing the camshaft 

the original lifters are being installed, be sure 
to return them to their original locations. If a 

new camshaft is being installed, install new 

lifters as well. Tighten the lifter retainer bolts 

to the torque listed in this Chapter’s Specifica- 

tions. 

12 The remainder of installation is the 

reverse of removal. Before starting and run- 

ning the engine, change the oil and install a 
new oil filter (see Chapter 1). 

14 Oil pan - removal and installation 

Removal 

Refer to illustration 14.5 

1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 
2 Raise the vehicle and support it securely 

on jackstands. Drain the engine oil and 

remove the oil filter (see Chapter 1), then 

remove the air filter housing and the air intake 

resonator (see Chapter 4). 

3 Disconnect the front exhaust Y pipe 
from the engine and the exhaust system and 

remove it from the vehicle. This step is not 
absolutely necessary, but it will help facilitate 

removal of the oil pan. 
4 Remove the starter motor (see Chap- 

ter 5) and the plastic covers on each side of 
the bellhousing. 

5 Remove any wiring harness brackets 
connected to the oil pan and the brackets on 
the passenger side of the oil pan securing 
the transmission oil cooler lines (if equipped). 
Also disconnect the electrical connector from 

the oil level sensor (see illustration). 

6 Attach a support fixture to the engine 

from above and raise the engine slightly to 

allow removal of the engine mount through- 
bolts or the engine mount-to-subframe bolts 
(see Section 20). 

7 Raise the engine approximately 1/2-inch. 

Caution: When lifting the engine, check that 
no upper engine components or wiring har- 

nesses are hitting the edge of the cowl. 

14.5 The oil level sensor is located on the 

right side of the oil pan 

8 Unbolt the shock absorbers from the 
lower control arms, then loosen the steer- 

ing shaft coupler from the steering gear 

(see Chapter 10). Loosen the front suspen- 
sion subframe bolts four to five turns. This 
will lower the front suspension subframe 
away from the body and will allow clearance 

for removal of the oil pan. Caution: Do not 
loosen the front suspension subframe bolts 

more than five turns without the use of floor 
jack or jackstands to support the subframe, or 

injury may occur. 

9 Remove the transmission-to-oil pan 

bolts. 

10 If the vehicle is equipped with an engine 

oil cooler, remove the engine oil cooler lines and 

adapter from the driver's side of the oil pan. 

11 Remove the access plugs covering the 

nuts at the rear of the oil pan (if equipped). 

12 Remove all the oil pan bolts, then lower 

the oil pan from the engine. The oil pan will 

probably stick to the engine, so strike the oil 

pan with a rubber mallet until it breaks the 
gasket seal. Caution: Before using force on 
the oil pan, be sure all the bolts have been 

removed. Carefully slide the oil pan down and 
out, to the rear. 

Installation 

Refer to illustration 14.16 

13. Remove the old gasket. Wash out the oil 
pan with solvent. 

14 Thoroughly clean the mounting surfaces 

of the oil pan and engine block of old gasket 

material and sealer. Wipe the gasket surfaces 
clean with a rag soaked in lacquer thinner, 

acetone or brake system cleaner. 

15 Apply a 0.2 inch (5 mm) wide bead of 

RTV sealant to the corners of the block where 

the front cover and the rear cover meet the 
engine block. Then attach the new gasket 
to the oil pan, install the oil pan and tighten 

the bolts finger-tight. Be sure the oil gallery 

passages in the oil pan and the gasket are 
aligned properly. 

16 The alignment of the rear face of the 
aluminum oil pan to the rear of the block is 
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important. Measure between the rear face of 

the oil pan and the front face of the transmis- 

sion bellhousing with feeler gauges. Clear- 

ance should be flush, never past. If the clear- 

ance is OK, tighten the oil pan bolts/studs 

in sequence (see illustration) to the torque 

listed in this Chapter’s Specifications. If the 

clearance is not acceptable, install the two 

lower oil pan-to-bellhousing bolts and tighten 

them finger tight. This should draw the oil pan 

flush with the bellhousing. 

17 The remainder of installation is the 

reverse of removal. Refill the engine oil (see 

Chapter 1), start the engine and check for 
leaks before driving the vehicle. 

15 Oil pump - removal, inspection 

and installation 

Removal 

Refer to illustrations 15.2a, 15.2b and 15.4 

1 Remove the timing chain cover (see 

Section 12). 

15.4 Oil pump mounting bolts 

a 

14.16 Oil pan bolt tightening sequence 15.2a Remove the oil pick-up tube-to-main stud retaining nuts 

(A), then remove the remaining oil deflector nuts (B). 

2 Remove the oil pump pick-up tube 

mounting nuts and bolts and lower the pick-up 

tube and screen assembly from the vehicle 
(see illustrations). 

3 On 6.0L and 6.2L engines, remove the 

remaining crankshaft oil deflector nuts and 

remove the deflector. 

4 Remove the oil pump retaining bolts and 

slide the pump off the end of the crankshaft 

(see illustration). 

Inspection . 
Refer to illustration 15.5 

5 Remove the oil pump cover and with- 

draw the rotors from the pump body (see 

illustration). Clean the components with sol- 

vent, dry them thoroughly and inspect for any 

obvious damage. Also check the bolt holes for 

damaged threads and the splined surfaces 

on the crankshaft sprocket for any apparent 

damage. If any of the components are scored, 

scratched or worn, replace the entire oil pump 

assembly. There are no serviceable parts cur- 
rently available. 

15.2b Remove the bolt securing the oil 
pick-up tube to the oil pump and remove it 

from the engine 

15.5 Oil pump cover-to-oil pump housing mounting bolts 
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15.9 Always install a new O-ring on the oil 
pump pick-up tube 

Installation 

Refer to illustration 15.9 

6 Prime the pump by pouring clean engine 

oil into the pick-up tube hole, while turning the 

pump by hand. 

7 Position the oil pump over the end of the 

crankshaft and align the teeth on the crank- 

shaft sprocket with the teeth on the oil pump 

drive gear. Make sure the pump is fully seated 

against the block. 
8 Install the oil pump mounting bolts and 

tighten them to the torque listed in this Chap- 

ter’s Specifications. 
9 Install a new O-ring on the oil pump 

pick-up tube, then fasten it to the oil pump 

and the engine block main studs (see illus- 

tration). Caution: Be absolutely certain that 

the pick-up tube-to-oil pump bolts are properly 

tightened so that no air can be sucked into the 

oiling system at this connection. 
10 Install the timing chain cover (see Sec- 
tion 12), then the oil pan (see Section 14). 

11. The remainder of installation is the 

reverse of removal. Add gil and coolant as 

necessary. Run the engine and check for oil 

and coolant leaks, then check the oil pressure 

(see Chapter 2D). 
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16.22 Supercharger bolt tightening sequence 

ore 

16 Supercharger (6.2L engine) - 

removal and installation 

Warning: Wait until the engine is completely 

- cool before beginning this procedure. 

Removal 
1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

2 Remove the front engine cover fasten- 
ers, then remove the cover. Remove the rear 
cover fasteners, lift the rear cover up and 

remove it from the vehicle. 
3 Raise the vehicle and support it securely 
on jackstands and remove the splash shield. 
4 Remove the charge air cooler reservoir 

cap. Place a drain pan under the charge air 

cooler radiator, then loosen the drain plug and 
drain the system. Note: The charge air cooler 

(intercooler) drain plug is located on the pas- 

senger’s side lower corner of the cooler, in 

front of the radiator. 
5 Disconnect the PCV vent tube from the 

air filter outlet duct. 
6 Disconnect the air filter outlet duct 

clamps and remove the duct from the air filter 

housing and the throttle body. 

7 Remove the supercharger drivebelt (see 
Chapter 1). 

8 Remove the barometric pressure (BARO) 

sensor (see Chapter 6). 

9 Remove the throttle body, fuel rail and 

injectors as an assembly (see Chapter 4). Note: 

This Step is not absolutely necessary unless 

you are servicing one of the individual compo- 
nents; if not, leave them installed and remove 

them as an assembly with the supercharger. 

10 Disconnect the charge air cooler cool- 

ant inlet and outlet line clamps and remove 

the hoses from the rear of the cooler and the 

cooler pipe. 

11 Disconnect the electrical connectors to 
the charge air cooler cover. 

12 Remove the charge air cooler cover bolts 

in the reverse order of the tightening sequence 

(see illustration 16.25) and remove the cover 
and gasket. Note: Do not reuse the charge air 
cooler cover gasket. 

13 Remove the charge air cooler insulator 

© 

from the supercharger and cover the opening 

to prevent dirt from getting on the rotors. 

14. Remove the supercharger-to-cylinder 
head bolts in the reverse order of the tighten- 

ing sequence (see illustration 16.22). Install 

special tool EN-48898 to the supercharger, 
then attach an engine hoist to the special 
tool and remove the supercharger. Note: The 
special tool is used to keep even pressure on 
the supercharger when removing it from the 

engine. 
15 Remove the supercharger gasket and 

rivet from the cylinder heads. 

Installation 

Refer to illustrations 16.22 and 16.25 

16 ‘The mating surfaces of the supercharger 
and the block must be perfectly clean before 
installing the supercharger. Clean the sur- 

faces with a scraper, but be careful not to 

gouge the aluminum. Caution: Be very care- 

ful when scraping on aluminum engine parts. 

Aluminum is soft and gouges easily. Severely 
gouged parts may require replacement. 

17 If you suspect warpage of the super- 

charger gasket surface, consult an automo- 

tive machine shop for advice. 

18 Clean the mating surfaces of the super- 

charger and block with a clean shop towel and 

brake system cleaner. 

19 Place the supercharger gasket on the 

cylinder head and install the gasket rivets to 
hold it in place 

20 Install special tool EN-48898 to the 

supercharger, then attach an engine hoist to 

the special tool. Lower the supercharger to 

the engine, aligning the dowel at the passen- 

ger’s side front corner with the supercharger. 

21 Apply a 0.2 inch (5 mm) bead of GM 
thread locker or equivalent to the super- 

charger bolts and install the bolts finger tight. 
22 Tighten the supercharger bolts in 

sequence (see illustration) to the torque 

listed in this Chapter’s Specifications. 
23 Remove the rag used to cover the insu- 
lator opening and install the insulator. 

24 Install a new charge air cooler cover 

gasket to the supercharger. 

25 Install the charge air cooler cover and 

cover bolts, then tighten the bolts in sequence 

21015-2C-16.25 HAYNES 

16.25 Charge air cooler cover bolt tightening sequence 
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(see illustration) to the torque listed in this 
Chapter’s Specifications. 

26 Refill and bleed the charge air cooler 
system (see Section 21). 
27 The remainder of installation is the 
reverse of removal, noting the following 

points: 

a) Clean the engine of any excess coolant. 

b) Start the engine and check for proper 
operation and coolant leaks. 

c) Install the engine covers. 

17 Flywheel/driveplate - removal and 

installation 

The flywheel/driveplate removal for all 
V8 engines is identical to the flywheel/drive- 
plate removal and installation procedure 

for V6 engines. Refer to Chapter 2A for the 
procedure, but use the torque figures in this 

Chapter’s Specifications. 

19.3 Valley cover mounting bolt locations 

18.3 Carefully pry the old seal out with a screwdriver at the 

notches provided in the rear cover 

ES 

18 Rear main oil seal - replacement 

Refer to illustrations 18.3 and 18.4 

Note: /f you're installing a new rear seal dur- 

ing a complete engine overhaul, refer to the 

procedure in Chapter 2D. 

1 Remove the transmission (see Chap- 

ter 7). 
2 Remove the flywheel/driveplate (see 

Section 17). 
3 Pry the oil seal from the rear cover with a 

screwdriver (see illustration). Be careful not 

to nick or scratch the crankshaft or the seal 

bore. Note how far it’s recessed into the hous- 

ing bore before removal so the new seal can 

be installed to the same depth. Thoroughly 

clean the seal bore in the block with a shop 

towel. Remove all traces of oil and dirt. 

4 Lubricate the outside diameter of the 

seal and install the seal over the end of the 
crankshaft. Make sure the lip of the seal 

points toward the engine. Preferably, a seal 

installation tool (available at most auto parts 
store) should be used to press the new seal 

back into place. If the proper seal installation 

tool is unavailable, use a large socket, section 

19.4 Install a new 

valley cover gasket 

and, on 5.7L engines, 

install new knock 

sensor oil seals to the 

valley cover 

18.4 The rear oil seal can be pressed into place with a seal 

installation tool, a section of pipe or a blunt object (shown here) 

- in any case be sure the seal is installed squarely into the seal 

bore and flush with the rear cover 

of pipe or a blunt tool and carefully drive the 

new seal squarely into the seal bore and flush 
with the rear cover (see illustration). 

5 Install the flywheel/driveplate (see Sec- 
tion 17). 

6 Install the transmission (see Chapter 7). 

19 Valley cover - removal and 

installation 

Refer to illustrations 19.3 and 19.4 

1 Remove the intake manifold (see Sec- 

tion 7) or the supercharger (see Section 16). 

2 On 5.7L engires, pry up the rubber 

grommet to expose the knock sensor electri- 

cal connectors and unscrew the sensors (see 
Chapter 6). 

3 Remove the valley cover bolts, valley 
cover and gasket (see illustration). 

4 On 5.7L engines, install new knock sen- 

sor oil seals on the bottom of the valley cover 

(see illustration). 

5 Carefully remove all traces of old gasket 

material. 

6 Position the new gaskets on the cylin- 
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der block and carefully set the valley cover in 
place. 

7 Install the bolts and tighten them to the 

torque listed in this Chapter’s Specifications. 

Do not over-tighten the bolts, or gasket leaks 
may develop. 

8 The remainder of installation is the 
reverse of removal. 

20 Engine mounts - check and 

replacement 

1 Engine mounts seldom require attention, 

but broken or deteriorated mounts should 

be replaced immediately or the added strain 

placed on the driveline components may 

cause damage. 

Check 
2 During the check, the engine must be 

raised slightly to remove the weight from the 
mounts. 

3 Raise the vehicle and support it securely 

on jackstands, then position the jack under the 

engine oil pan. Place a large block of wood 
between the jack head and the oil pan, then 

carefully raise the engine just enough to take 

the weight off the mounts. Do not use the jack 

to support the entire weight of the engine. 

4 Check the mounts to see if the rubber 

is cracked, hardened or separated from the 

metal plates. Sometimes the rubber will split 

right down the center. Rubber preservative or 

WD-40 can be applied to the mounts to slow 

deterioration. 

5 Check for relative movement between 
the mount plates and the engine or frame 

(use a large screwdriver or prybar to attempt 

to move the mounts). If movement is noted, 
check the tightness of the mount fasteners 
first before condemning the mounts. Usually 
when engine mounts are broken, they are 

very obvious as the engine will easily move 

away from the mount when pried or under 

load. 

Replacement 
6 Disconnect the cable from the negative 
battery terminal (see Chapter 5). 

5.7L and 6.0L engines 
7 Remove the air filter housing and the air 
intake resonator from the engine compart- 

ment (see Chapter 4). 
8 lf you’re removing the driver’s side 
mount, remove the engine mount heat shield 
from the engine compartment. If you’re remov- 

ing the passenger’s side mount, disconnect 
the oil level sensor electrical connector from 
the oil pan, remove the starter and disconnect 

the negative battery cable from the engine 

block (see Chapter 5). 
9 Attach an engine hoist to the top of the 
engine for lifting; do not use a jack under the 

oil pan to support the entire weight of the 

engine or the oil pump pick-up could be dam- 

aged. 

10 From below the engine, remove the 

engine mount bracket-to-engine block bolts. 

11 From above the engine, remove the 

engine mount bracket-to-subframe bolts. 

12 From below the engine, remove the 

engine mount bracket-to-subframe nuts and 

unscrew the studs from the bracket. 
13 Raise the engine slightly until the engine 

mount can be removed. 
14 Installation is the reverse of removal. 

Use non-hardening thread-locking compound 

on the mount bolts and tighten them to the 

torque listed in this Chapter’s Specifications. 

6.2L engines 
15 Have the air conditioning refrigerant dis- 

charged at a dealer service department or air 

conditioning shop. 

16 Remove the shock tower crossbrace 
(see Chapter 10). 
17 Remove the air conditioning lines to the 

compressor to access the mount top nut. 

18 Working below the vehicle, remove the 

engine mount-to-front suspension subframe 
nut, then the engine mount-to-engine bracket 

nut. 

19 Attach an engine holding fixture or 
engine hoist to the top of the engine for lifting; 

do not use a jack under the oil pan to support 

the entire weight of the engine or the oil pump 

pick-up could be damaged. 

20 Raise the engine slightly until the engine 

mount can be moved by hand. Unbolt the 

engine bracket from the engine block and 
remove it and the engine mount from the vehi- 
cle (see illustration). Separate the mount 

from the engine bracket. 
21 Installation is the reverse of removal. 

Tighten all bolts and nuts to the torque listed 

in this Chapter’s Specifications. 
22 Have the air conditioning system evacu- 
ated, recharged and leak tested by the shop 

that discharged it. 

21 Charge air cooler refilling/ 

bleeding 

1 Refill and bleed the charge air cooler by 

loosening the bleed screw at the top driver’s 

side corner of the charge air cooler radiator. 

Add a 50/50 coolant and water mixture to the 

charge air cooler reservoir until coolant flows 

out of the bleeder, then tighten the bleeder 

screw. 
2 Add more 50/50 coolant mixture until the 

coolant reaches the reservoir full mark. 

3 Install the reservoir cap and turn the igni- 

tion key to the “RUN” position, then let the 

coolant pump run for a few seconds. Turn the 

key to the “OFF” position, then to the “RUN” 

position for a few seconds, and turn it off 

again. 

4 Remove the reservoir cap and check for 

bubbles. Wait fifteen minutes and refill as nec- 

essary, then install the reservoir cap. 

5 Repeat this procedure until the reservoir 

is full and no more bubbles are present. 



Chapter 2 Part D 

2D-1 

General engine overhaul procedures 
Contents 

Section Section 

CHEGKIENGINEVNgit Onis tee. cccsctueesntasnvdvence. coiSacssece See Chapter 6 Engine removal - methods and precautions............ccccesecceseeenees 6 
Crankshaft - removal and installation ..............ccccccccccscessseeseeeeseees 10 General information - engine Overhaul .............c::cccceeseeeecseteeeeeesene 1 

CHINCSr COMPTESSION CMECK: axcscacuceecdcnatevonpistactaréscrsssthnieseesteah =| Initial start-up and break-in after Overhaul ...............cccccesseecesneeeeees 12 

Engine = removal and installation ..<.......0..c.ccccccccsccssscessanseasnareeens if Oilboressure CHECK Sse secsiectrsssetees sree nc stes serra ae emote : 2 
Engine overhaul - disassembly SEQUENCE .............:ccscccceseseeseeeeees 8 Pistons and connecting rods - removal and installation ................ 9 

Engine overhaul - reassembly SEQUENCE ...........eccssceesseeteeneeeseeeeees 11 Vacuum gauge diagnostic CheCKS .........-:cscccescesencecvacreeeereesenerenses 4 

Enginesrebuildinig: altemiatives sisccctssccs. sec covetsccassecesegdencoascceavesveess 5 

Specifications 

General 
GS WIIGEMCOMPRESSIOM ay accs ert ceenccacesvdphoraasteessncacaseceseaveceeedudecensthcbyancer Lowest cylinder must be within 70% of the highest cylinder 

Minimum 
WAG EING UP LEE SO aasesnee ceotn ahcasce ent or ae RSE ca eee eer 140 psi (965 kPa) 

NM OLETIGIMES Morne att eatn eer a Acta tena b era w os eked Sontag: nquate toma herneventewesate 100 psi (690 kPa) 

Oil pressure (minimum) i 
BAIN OsMOIMESH WANIN, ALC 5 ienves cde giere Peco nessestverssanensedecenetecsnsnasaen 21.7 psi (150 kPa) 

2.8L, 3.0L and 3.6L engines, warm 
CAE Cl | one Renate ree ite eae PERE, one ipan d= sede scretlavarasanedcawadceswahevess 10 psi (69 kPa) 

At 2,000 rpm 
PHIRI LON etre sel atte ee tparep scars crapsin cache amnanerretereurtrie 20 psi (138 kPa) 
AS VaGl LET; seeeeeegtts eaeh Bette tess ap ercivaseyancivacdienbexcsumana Gates 30 psi (207 kPa) 

5.7L, 6.0L and 6.2L V8 engines 

2005 through 2012 
Ate O Win Meco eatte acter we tenda ten ete cores aonkesmscctoauaqtesnszes tseeaeacs 

AL Z OOO DIM mreetaltesrent sects ME RATE 2 th udennataaae piexcestaesasnis tone 

2013 and later 
ESCO OOM OI eh wes cewensrort cate naa ttaecy ssc ones canpamesseminae cocaranuaceuurerse 

IN POLO) eli al Gaaccacesycblinceatoar Arc ec ake epee co mocece Ap. cuopcoaeRnarrocee sad 

Rta O OO MISIN IRN Beemer recenect or crhaerttey a cous nade sendeetreatanseemreenst tates 

Torque specifications 

6 psi (41 kPa) 
18 psi (124 kPa) 

24 psi (165 kPa) 
35 psi (241 kPa) 
38 psi (262 kPa) 

Ft-Ibs (unless otherwise indicated) Nm 

Note: One foot-pound (ft-lb) of torque is equivalent to 12 inch-pounds (in-lbs) of torque. Torque values below approximately 15 foot-pounds are 

expressed in inch-pounds, because most foot-pound torque wrenches are not accurate at these smaller values. 

Connecting rod bolts 
3.2L V6 engines 

GES Oise severe anes Vou c fare ttsds scar cian skerea easions at cvassecees¥astepaariznrntee 

StS serrate teats coscesttcasdnedarchenreye vats acuneaconsscscussyrearnternessnesse- 

26 35 
Tighten an additional 45 degrees 

Tighten an additional 15 degrees 

22 30 
Loosen bolts completely 

18 25 
Tighten an additional 110 degrees 

15 20 
Tighten an additional 85 degrees 
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Torque specifications Ft-Ibs (unless otherwise indicated) Nm 
Note: One foot-pound (ft-lb) of torque is equivalent to 12 inch-pounds (in-lbs) of torque. Torque values below approximately 15 foot-pounds are 

expressed in inch-pounds, because most foot-pound torque wrenches are not accurate at these smaller values. 

Crankshaft bearing bridge (3.2L V6 engines) 
Bolts beaver ce ee ees ee ere ae coals Se) ald sae a 15 20 
PACIUSUING:SIGOVE fers hs css tite castes seater tLe ea, Ace ee ou Ae 15 20 

Main bearing bolts (in sequence, see illustration 10.19a) 
3.2L V6 engines 

SOD tate ceeedeette eee eet ge it ed or, oa, oan ea aL 37 50 

SLOP 2irctarerpenh oermeer diye ley Ate 0 ls 2 ce lak Cael alee Tighten an additional 60 degrees 

SES P Silty te Re ee es eee cass eons ccd ena ce Remade cide tes aie pe ota eee Tighten an additional 15 degrees 

2.8L, 3.0L and 3.6L V6 engines (in sequence, see illustration 10.19b) 
Inner bolt (1 through 8) 

SESD las, peacd pete Mena Soe Ste (a, Seams Pitan ee cote, eee ee 15 20 

SUT 0 Bs 1d: ae 8 EEN Rae hae ns a PTO De 3 fit cs Tighten an additional 80 degrees 
Outer bolt (9 through 16) 

CSCS) an | 3s ae eae os ant ote Be hd tal hod Rea Ros a ces EE (2 120 to 132 in-lbs 15 

ESE) Oye re ten see cae ao tte AEM SA gars ren ARE SE OR ote 71 Tighten an additional 110 degrees 
Side bolt (18 through 24) 

SLC Pl ies ncacte ey ceseece eae IR Recta cn gh eee ee 22 30 
RS 1(SY 6} ASE Se ee re ne Ny RE Ct rot > Ra Sede PRETO Tighten an additional 60 degrees 

5.7L, 6.0L and 6.2L V8 engines (in sequence, see illustration 10.19c) 
Inner M10 bolts (bolts 1 through 10) 

OSG] oka MRR eine hee Reg gees Nii, Steen, s OWN D ae ere Rais ee Pe 15 20 
SSG) OUI ei ae es Sel Deep et oe SO OOS tee eae ee aE» Tighten an additional 80 degrees 

Outer M10 studs (bolts 11 through 20) 

SS ROD ence recente cease cae teem ee Senseo racemes Meee tak cnsanitecoees 15 20 
Step 2 

200Sandreanlianmodelsssxtserae tri ett eae Tighten an additional 53 degrees 
ZOUG ANG iateriMOCelS\s.ccckevvs cer atte wco denne euertosas sos sagen beteaent tee Tighten an additional 51 degrees 

Side M8 bolts (bolts 21 through 30)..........:csecsesssessseesssseecnecseess 18 25 
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1.1 An engine block being bored. An engine rebuilder will use 

special machinery to recondition the cylinder bores 

1. General information - engine 

overhaul 

Refer to illustrations 1.1, 1.2, 1.3, 1.4, 1.5 

and 1.6 

Included in this portion of Chapter 2 

are general information and diagnostic test- 

ing procedures for determining the overall 

mechanical condition of your engine. 
The information ranges from advice con- 

cerning preparation for an overhaul and the 

purchase of replacement parts and/or com- 

ponents to detailed, step-by-step procedures 

covering removal and installation. — 

The following Sections have been writ- 

ten to help you determine whether your engine 

needs to be overhauled and how to remove 

and install it once you’ve determined it needs 

to be rebuilt. For information concerning in-ve- 

hicle engine repair, see Chaptér 2A, 2B or 2C. 

The Specifications included in this Part 

are general in nature and include only those 

necessary for testing the oil pressure and 

checking the engine compression. Refer to 

Chapter 2A, 2B or 2C for additional engine 

. Specifications. 
It’s not always easy to determine when, 

or if, an engine should be completely over- 
hauled, because a number of factors must be 

considered. 
High mileage is not necessarily an indi- 

cation that an overhaul is needed, while low 

mileage doesn’t preclude the need for an 
overhaul. Frequency of servicing is probably 

the most important consideration. An engine 

that’s had regular and frequent oil and filter 
changes, as well as other required mainte- 

nance, will most likely give many thousands 

of miles of reliable service. Conversely, a 

neglected engine may require an overhaul 

very early in its service life. 
Excessive oil consumption is an indica- 

tion that piston rings, valve seals and/or valve 
guides are in need of attention. Make sure 
that oil leaks aren’t responsible before decid- 

ing that the rings and/or guides are bad. Per- 

form a cylinder compression check to deter- 

mine the extent of the work required (see 

Section 3). Also check the vacuum readings 

under various conditions (see Section 4). 

Check the oil pressure with a gauge 

installed in place of the oil pressure sending unit 

and compare it to this Chapter’s Specifications 

(see Section 2). If it’s extremely low, the bear- 

ings and/or oil pump are probably worn out. 

Loss of power, rough running, knocking 

or metallic engine noises, excessive valve train 

noise and high fuel consumption rates may 

also point to the need for an overhaul, espe- 

cially if they're all present at the same time. Ifa 

complete tune-up doesn’t remedy the situation, 

major mechanical work is the only solution. 

An engine overhaul involves restor- 

ing the internal parts to the specifications of 

a new engine. During an overhaul, the pis- 

ton rings are replaced and the cylinder walls 

are reconditioned (rebored and/or honed) 

(see illustrations 1.1 and 1.2). If a rebore is 
done by an automotive machine shop, new 
oversize pistons will also be installed. The 

main bearings, connecting rod bearings and 

camshaft bearings are generally replaced 

1.3 Acrankshaft having a main bearing 

journal ground 

1.2 If the cylinders are bored, the machine shop will normally 

hone the engine on a machine like this 

with new ones and, if necessary, the crank- 

shaft may be reground to restore the journals 

(see illustration 1.3). Generally, the valves 

are serviced as well, since they’re usually in 

less-than-perfect condition at this point. While 

the engine is being overhauled, other compo- 

nents, such as the starter and alternator, can 

be rebuilt or replaced as well. The end result 

should be similar to a new engine that will give 

many trouble free miles. Note: Critical cool- 

ing system components such as the hoses, 

drivebelts, thermostat and water pump should 

be replaced with new parts when an engine is 

overhauled. The radiator should be checked 

carefully to ensure that it isn’t clogged or leak- 

ing (see Chapter 3). If you purchase a rebuilt 

engine or short block, some rebuilders will not 

warranty their engines unless the radiator has 

been professionally flushed. Also, we don’t 
recommend overhauling the oil pump - always 

install a new one when an engine is rebuilt. 

Overhauling the internal components on 

today’s engines is a difficult and time-consum- 

ing task which requires a significant amount 

of specialty tools and is best left to a profes- 

sional engine rebuilder (see illustrations 1.4, 

1.4 Amachinist checks for a bent 

connecting rod, using specialized 

equipment 
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1.5 A bore gauge being used to check the 
main bearing bore 

1.5 and 1.6). A competent engine rebuilder 
will handle the inspection of your old parts 

and offer advice concerning the recondition- 

ing or replacement of the original engine, 

never purchase parts or have machine work 

done on other components until the block 

has been thoroughly inspected by a profes- 

sional machine shop. As a general rule, time 

is the primary cost of an overhaul, especially 

since the vehicle may be tied up for a mini- 
mum of two weeks or more. Be aware that 

some engine builders only have the capabil- 

» ity to rebuild the engine you bring them while 

other rebuilders have a large inventory of 

rebuilt exchange engines in stock. Also be 
aware that many machine shops could take 
as much as two weeks time to completely 
rebuild your engine depending on shop work- 

load. Sometimes it makes more sense to sim- 

ply exchange your engine for another engine 

that’s already rebuilt to save time. 

2.2b V8 engine oil pressure sending unit location (5.7L shown, 

other engines similar) 

1.6 Uneven piston wear like this indicates 
a bent connecting rod 

2 Oil pressure check 

Refer to illustrations 2.2a, 2.2b and 2.3 

1 Low engine oil pressure can be a sign 

of an engine in need of rebuilding. A low oil 
pressure indicator (often called an “idiot light”) 
is not a test of the oiling system. Such indi- 
cators only come on when the oil pressure is 
dangerously low. Even a factory oil pressure 

gauge in the instrument panel is only a rela- 

tive indication, although much better for driver 

information than a warning light. A better test 

is with a mechanical (not electrical) oil pres- 
sure gauge. 
2 Locate the oil pressure sending unit on 

the engine: 

a) 3.2L V6 engines, the sending unit is 
located at the front of the engine, on the 

oil pump cover, near the crankshaft pul- 
ley. 

2.2a On 2005 and later V6 engines, the oil 

pressure sending unit is located on the 
front of the engine block behind the air 

conditioning compressor (3.0L V6 shown) 

b) On 2.8L, 3.0L and 3.6L V6 engines, the 
sending unit is located on the oil filter 

housing (see illustration). 
c) On V8 engines, the sending unit is 

located at the top rear of the engine, on 

the left side (see illustration). 

3 Unscrew the oil pressure sending unit 

and screw in the hose for your oil pressure 

gauge (see illustration). If necessary, install 
an adapter fitting. Use Teflon tape or thread 

‘sealant on the threads of the adapter and/or 

the fitting on the end of your gauge’s hose. 

Note: On V8 models, the manufacturer rec- 

ommends removing the oil filter and installing 

special adapter tool J 21867 (5.7L models) 

or EN 4791 (6.0L and 6.2L models) in place 

of the oil filter, before attaching the oil pres- 
sure gauge to the adapter for a more accurate 
pressure reading. 

4 Connect an accurate tachometer to the 
engine, according to the tachometer manu- 

facturer’s instructions. 

bs ey 
Aro ey 

2.3 The oil pressure can be checked by removing the sending 

unit and installing a pressure gauge in its place 
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3.6 Use a compression gauge with a threaded fitting for the spark 

plug hole, not the type that requires hand pressure to 

maintain the seal 

5 Check the oil pressure with the engine 
running (normal operating temperature) at the 

_ specified engine speed, and compare it to this 
Chapter’s Specifications. If it’s extremely low, 
the bearings and/or oil pump are probably 

worn out. 

3 Cylinder compression check 

Refer to illustration 3.6 

1 Acompression check will tell you what 
mechanical condition the upper end of your 

engine (pistons, rings, valves, head gaskets) 
is in. Specifically, it can tell you if the com- 
pression is down due to leakage caused by 
worn piston rings, defective valves and seats 
or a blown head gasket. Note: The engine 
must be at normal operating temperature and 

the battery must be fully charged for this 

check. 
2 Begin by cleaning the area around the 

ignition coils before you remove them (com- 

pressed 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. Remove the ignition coil packs or Coil 
assemblies (see Chapter 5). Remove all of 

the spark plugs from the engine (see Chapter 

1). 
4. Remove the air intake duct from the 
throttle body, then block the throttle wide 

open. 
5 Remove the fuse for the ignition system 

(see Chapter 12) and fuel pump relay (see 
Chapter 4, Section 2). 
6 _ Install a compression gauge in the spark 

plug hole (see illustration). 
7 Crank the engine over at least seven 

compression strokes and watch the gauge. 
The compression should build up quickly in a 

healthy engine. Low compression on the first 

stroke, followed by gradually increasing pres- 

sure on successive strokes, indicates worn 

piston rings. A low compression reading on 

the first stroke, which doesn’t build up during 

successive strokes, indicates leaking valves 

or a blown head gasket (a cracked head could 

also be the cause). Deposits on the under- 

sides of the valve heads can also cause low 

compression. Record the highest gauge read- 

ing obtained. 

8 Repeat the procedure for the remain- 

ing cylinders and compare the results to this 

Chapter’s Specifications. 

9 Add some engine oil (about three squirts 

from a plunger-type oil can) to each cylinder, 

through the spark plug hole, and repeat the 

test. 
10 If the compression increases after the oil 

is added, the piston rings are definitely worn. 

If the compression doesn’t increase signifi- 

cantly, the leakage is occurring at the valves 

or head gasket. Leakage past the valves may 

be caused by burned valve seats and/or faces 

or warped, cracked or bent valves. 

11 If two adjacent cylinders have equally 

low compression, there’s a strong possibility 

that the head gasket between them is blown. 

The appearance of coolant in the combustion 
chambers or the crankcase would verify this 

condition. 
12 If one cylinder is slightly lower than the 

others, and the engine has a slightly rough 

idle, a worn lobe on the camshaft could be the 

cause. 
13 If the compression is unusually high, the 
combustion chambers are probably coated 

with carbon deposits. If that’s the case, the 

cylinder head(s) should be removed and 

decarbonized. 
14 If compression is way down or varies 

greatly between cylinders, it would be a good 

idea to have a leak-down test performed by 

an automotive repair shop. This test will pin- 

point exactly where the leakage is occurring 

A. ilies. 

4.4 Asimple vacuum gauge can be handy in diagnosing engine 

condition and performance 

and how severe it is. 

15 After performing the test, don’t forget to 

unblock the throttle plate. 

4 Vacuum gauge diagnostic checks 

Refer to illustrations 4.4 and 4.6 

1 A vacuum gauge provides inexpensive 

but valuable information about what is going 

on in the engine. You can check for worn 

rings or cylinder walls, leaking head or intake 

manifold gaskets, incorrect carburetor adjust- 

ments, restricted exhaust, stuck or burned 

valves, weak valve springs, improper ignition 

or valve timing and ignition problems. 

2 Unfortunately, vacuum gauge readings 

are easy to misinterpret, so they should be 

used in conjunction with other tests to confirm 

the diagnosis. 

3 Both the absolute readings and the rate 

of needle movement are important for accu- 

rate interpretation. Most gauges measure 

vacuum in inches of mercury (in-Hg). The 

following references to vacuum assume the 

diagnosis is being performed at sea level. As 

elevation increases (or atmospheric pressure 

decreases), the reading will decrease. For 

every 1,000 foot increase in elevation above 

approximately 2,000 feet, the gauge readings 

will decrease about one inch of mercury. 

4 Connect the vacuum gauge directly to 

the intake manifold vacuum, not to ported 

(throttle body) vacuum (see illustration). Be 
sure no hoses are left disconnected during 

the test or false readings. will result. 

5 Before you begin the test, allow the 

engine to warm up completely. Block the 

wheels and set the parking brake. With the 

transmission in Park, start the engine and 

allow it to run at normal idle speed. Warning: 

Keep your hands and the vacuum gauge clear 

of the fans. 
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Irregular drops 

Large fluctuation 

Low, fluctuating needle Regular drops 

Rapid vibration 
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4.6 Typical vacuum gauge readings 

‘6 Read the vacuum gauge; an average, 

healthy engine should normally produce about 

17 to 22 in-Hg with a fairly steady needle (see 

illustration). Refer to the following vacuum 

gauge readings and what they indicate about 

the engine’s condition: 

7 A low steady reading usually indicates a 

leaking gasket between the intake manifold 

and cylinder head(s) or throttle body, a leaky 

vacuum hose, late ignition timing or incorrect 

camshaft timing. Check ignition timing with a 

timing light and eliminate all other possible 

causes, utilizing the tests provided in this 

Chapter before you remove the timing chain 

cover to check the timing marks. 

8 If the reading is three to eight inches 

below normal and it fluctuates at that low 

reading, suspect an intake manifold gasket 

leak at an intake port or a faulty fuel injector. 

9 If the needle has regular drops of about 

two-to-four inches at a steady rate, the valves 

are probably leaking. Perform a compression 

check or leak-down test to confirm this. 

10 An irregular drop or down-flick of the 

needle can be caused by a sticking valve or 

an ignition misfire. Perform a compression 

check or leak-down test and read the spark 
plugs. 

11. A rapid vibration of about four in-Hg 

vibration at idle combined with exhaust smoke 

indicates worn valve guides. Perform a leak- 

down test to confirm this. If the rapid vibra- 

tion occurs with an increase in engine speed, 

check for a leaking intake manifold gasket 

or head gasket, weak valve springs, burned 

valves or ignition misfire. 

12 A slight fluctuation, say one inch up and 

down, may mean ignition problems. Check all 

the usual tune-up items and, if necessary, run 

the engine on an ignition analyzer. 

13 If there is a large fluctuation, perform a 

compression or leak-down test to look for a 

weak or dead cylinder or a blown head gas- 
ket. 

14 If the needle moves slowly through a 

wide range, check for a clogged PCV system, 

incorrect idle fuel mixture, throttle body or 

intake manifold gasket leaks. 

15 Check for a slow return after revving the 

engine by quickly snapping the throttle open 

until the engine reaches about 2,500 rpm and 

let it shut. Normally the reading should drop 

to near zero, rise above normal idle reading 

(about 5 in-Hg over) and then return to the 

previous idle reading. If the vacuum returns 

slowly and doesn’t peak when the throttle is 

snapped shut, the rings may be worn. If there 

is a long delay, look for a restricted exhaust 

system (often the muffler or catalytic con- 
verter). An easy way to check this is to tem- 

porarily disconnect the exhaust ahead of the 
suspected part and redo the test. 

5 Engine rebuilding alternatives 

The do-it-yourselfer is faced with a 

number of options when purchasing a rebuilt 
engine. The major considerations are cost, 
warranty, parts availability and the time 

required for the rebuilder to complete the proj- 
ect. The decision to replace the engine block, 
piston/connecting rod assemblies and crank- 
shaft depends on the final inspection results 
of your engine. Only then can you make a 

cost effective decision whether to have your 
engine overhauled or simply purchase an 

exchange engine for your vehicle. 

Some of the rebuilding alternatives 

include: 

Individual parts - If the inspection pro- 
cedures reveal that the engine block and most 

engine components are in reusable condi- 

tion, purchasing individual parts and having a 

rebuilder rebuild your engine may be the most 

economical alternative. The block, crankshaft 

and piston/connecting rod assemblies should 

all be inspected carefully by a machine shop 

first. 

Short block - A short block consists of 
an engine block with a crankshaft and piston/ 

connecting rod assemblies already installed. 

All new bearings are incorporated and all 
clearances will be correct. The existing cam- 

shafts, valve train components, cylinder head 

and external parts can be bolted to the short 

block with little or no machine shop work nec- 
essary. 

Long block - A long block consists of a 

short block plus an oil pump, oil pan, cylinder 
head, valve cover, camshaft and valve train 

components, timing sprockets and chain or 

gears and timing cover. All components are 

installed with new bearings, seals and gas- 

kets incorporated throughout. The installation 
of manifolds and external parts is all that’s 

necessary. 

Low mileage used engines - Some 

companies now offer low mileage used 

engines which are a very cost effective way to 
get your vehicle up and running again. These 

engines often come from vehicles which have 

been totaled in accidents or come from other 
countries which have a higher vehicle turn 

over rate. A low mileage used engine also 
usually has a similar warranty like the newly 
remanufactured engines. 

Give careful thought to which alternative 

is best for you and discuss the situation with 

local automotive machine shops, auto parts 
dealers and experienced rebuilders before 
ordering or purchasing replacement parts. 

6 Engine removal -methods and 
precautions 

Refer to illustrations 6.1, 6.2, 6.3 and 6.4 

If you've decided that an engine must be 
removed for overhaul or major repair work, 

several preliminary steps should be taken. 
Read all removal and installation procedures 
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Spray cleaner on everything, with particular concentration on the 

greasiest areas, usually around the valve cover and lower edges 

of the block. If one section dries out, apply more cleaner 

carefully prior to committing to this job. These 

engines are removed by lowering the engine 

to the floor, along with the transmission, and 

then raising the vehicle sufficiently to slide 

the assembly out; this will require a vehicle 

hoist as well as an engine hoist. Make sure 
the engine hoist is rated in excess of the 

combined weight of the engine and transmis- 

sion. A transmission jack is also very helpful. 

Safety is of primary importance, considering 

the potential hazards involved in removing the 
engine from the vehicle. 

Locating a suitable place to work is 

extremely important. Adequate work space, 

along with storage space for the vehicle, will 

be needed. If a shop or garage isn’t available, 

at the very least a flat, level, clean work sur- 

face made of concrete or asphalt is required. 

Cleaning the engine compartment and 

engine before beginning the removal proce- 

dure will help keep tools clean and organized 

(see illustrations 6.1 and 6.2). 
If you’re a novice at engine removal, get 

at least one helper. One person cannot easily 

do all the things you need to do to remove a 
big heavy engine and transmission assembly 

from the engine compartment. Also helpful is 
to seek advice and assistance from someone 

who's experienced in engine removal. 
Plan the operation ahead of time. 

Arrange for or obtain all of the tools and 
equipment you'll need prior to beginning the 

job (see illustrations 6.3 and 6.4). Some of 
the equipment necessary to perform engine 

removal and installation safely and with rela- 

tive ease are (in addition to a vehicle hoist 

and an engine hoist) a heavy duty floor jack 

(preferably fitted with a transmission jack 
head adapter), complete sets of wrenches 

and sockets as described in the front of this 
manual, wooden blocks, plenty of rags and 
cleaning solvent for mopping up spilled oil, 

coolant and gasoline. 
Plan for the vehicle to be out of use for 

quite a while. A machine shop can do the 

6.3 Get an engine stand sturdy enough 

to firmly support the engine while | 

you’re working on it. Stay away from 

three-wheeled models: they have a 

tendency to tip over more easily, so get 

a four-wheeled unit 

work that is beyond the scope of the home 

mechanic. Machine shops often have a busy 

schedule, so before removing the engine, 

consult the shop for an estimate of how long 

it will take to rebuild or repair the components 

that may need work. 

7 Engine - removal and installation 

Warning: The models covered by this manual 

are equipped with Supplemental Restraint 

systems (SRS), more commonly known as 

airbags. Always disable the airbag system 
before working in the vicinity of airbag system 
components to avoid the possibility of acci- 

dental deployment of the airbag, which could 

cause personal injury (see Chapter 12). 

Warning: Gasoline is extremely flammable, 

so take extra precautions when you work on 

6.2 Depending on how dirty the engine is, let the cleaner soak 

in according to the directions and then hose off the grime and 

cleaner. Get the rinse water down into every area you can get at; 

then dry important components with a hair dryer or paper towels 

Risen” 

6.4 Aclutch alignment tool is 

necessary if you plan to install a rebuilt 

engine mated to a manual transmission 

any part of the fuel system. Don’t smoke or 

allow open flames 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 gasoline is 
carcinogenic, wear fuel-resistant gloves when 

there’s a possibility of being exposed to fuel, 

and, if you spill any fuel on your skin, rinse 

it off immediately with soap and water. Mop 

up any spills immediately and do not store 

fuel-soaked rags where they could ignite. The 

fuel system is under constant pressure, so, if 

any fuel lines are to be disconnected, the fuel 

pressure in the system must be relieved first 
(see Chapter 4 for more information). When 
you perform any kind of work on the fuel sys- 

tem, wear safety glasses and have a Class B 

type fire extinguisher on hand. 

Warning: The engine must be completely 

coo! before beginning this procedure. 

Note: Engine removal on these models is a 
difficult job, especially for the do-it-yourself 
mechanic working at home. Because of the 
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vehicle’s design, the manufacturer states that 

the front suspension, engine and transmission 

have to be removed as a unit from the bottom 
of the vehicle, not the top. With a floor jack 

and jackstands the vehicle can’t be raised 
high enough and supported safely enough for 

the suspension, engine/transmission assem- 

bly to slide out from underneath. The manu- 

facturer recommends that removal of the sus- 

pension, engine/transmission assembly only 

be performed on a vehicle hoist. 

Removal 
1 Have the air conditioning system dis- 
charged by an automotive air conditioning 
technician. 

2 Park the vehicle on a frame-contact type 

vehicle hoist. The pads of the hoist arms must 

contact the body welt along each side of the 
vehicle. 

3 Relieve the fuel system pressure (see 

Chapter 4), then disconnect the negative 
cable from the battery (see Chapter 5). 

4 Place protective covers on the fenders and 

cowl and remove the hood (see Chapter 11). 

5 Turn the steering wheel so that the front 

wheels are facing straight and lock the steer- 

ing wheel. Caution: Damage to the clock-. 
spring may occur if the steering wheel is 

turned when the intermediate shaft is discon- 

nected from the steering gear. 

6 Remove the shift. lever assembly (see 
Chapter 7A or 7B). 
7 Remove the crossbrace (see Chapter 10). 

8 Remove the engine top front cover fas- 

teners, then remove the cover. Remove the 

top rear cover fasteners, lift the rear cover up 

and remove it from the vehicle. 
9 Remove the air cleaner and resonator 

assembly to allow access to the front of the 

engine (see Chapter 4). 

10 Drain the cooling system (see Chap- 

ter 1) and disconnect the heater hoses from 

the engine. On 6.2L engines, drain the charge 
air cooler and remove the supercharger (see 

Chapter 2C). 
11 Disconnect the coolant line to the throttle 

body (if equipped). 

12 Using a quick disconnect tool, disconnect 

the air conditioning lines to the evaporator at the 

firewall and the shock tower (see Chapter 3). 

13 Remove the master cylinder nuts from 

the brake booster (see Chapter 10) and sepa- 

rate the master cylinder from the booster, but 
do not disconnect the brake lines. Secure the 

brake master cylinder to the engine with a 

length of wire. Caution: Do not bend or kink 
the brake lines to the master cylinder. 

14 Detach all wiring harnesses and hoses 

from between the engine/transmission and 

the chassis. Mark all connectors to facilitate 

reassembly. 

15 Disconnect the fuel lines from the rear of 

the engine (see Chapter 4). 
16 Disconnect the EVAP hoses from the 

rear of the engine. 

17 On 2007 and earlier models, remove the 
battery from the engine compartment (see 

Chapter 5). 

18 Loosen the front wheel lug nuts then 

raise the vehicle on the hoist. Drain the cool- 
ing system and engine oil, and remove the 

drivebelts (see Chapter 1). 

19 Clearly label, then disconnect all vacuum 
lines, coolant and emissions hoses, wiring 

harness connectors, ground straps and fuel 
lines. Masking tape and/or a touch up paint 

applicator work well for marking items (see 
illustration). Take instant photos or sketch 

the locations of components and brackets. 

20 Remove the power steering oil cooler 

mounting fasteners and remove the cooler. 

Note: Do not disconnect the oil cooler lines. 
21 Remove the engine cooling fan, radiator 

and air conditioning condenser (see Chap- 
ter 3). 

22 Remove the inner fender liners (see 

Chapter 11). 
23 Using wire, secure the air condition- 

ing hoses and power steering hoses to the 

engine. 

24 Remove the windshield washer reservoir 
brace fasteners from the subframe. 
25 Detach the steering column shaft from 

the steering gear (see Chapter 10). 

26 Disconnect and plug the two rear brake 

lines from the Brake Pressure Modulator Valve 

(BPMV) and secure the lines to the body. 

27 Remove the PCM (see Chapter 6) and 

secure the harness to the engine. 

28 Detach the exhaust pipe(s) from the 

exhaust manifold(s) (see Chapter 4). 

29 Remove the driveshaft (see Chapter 8). 
30 On V8 models, remove the transmission 

(see Chapter 7A or 7B). 
31 Detach all wiring harnesses and hoses 

from between the engine/transmission and 

the chassis. Mark all connectors to facilitate 

reassembly. 
32 On V6 models, remove the shock mod- 

ules from both sides (see Chapter 10). 

33 On 2008 and earlier V8 models, remove 

the shock and upper control arm assembly 

bolts from both sides (see Chapter 10); secure 

the assemblies away from the body. 

34 On 2009 and later V8 models, discon- 

nect the lower balljoint from the steering 

knuckle and remove the shock absorber lower 

mounting bolt from the lower control arm (see 

Chapter 10). Remove the stabilizer links from 
the control arm (see Chapter 10). Remove the 

steering gear mounting bolts and the tie-rod 

ends (see Chapter 10). Secure the steering 

gear to the engine using wire. 

35 Attach a lifting sling or chain to the 

engine. Position an engine hoist and connect 

the sling to it. If no lifting hooks or brackets 

are present, fasten the chains or slings to 

some substantial part of the engine - ones 

that are strong enough to take the weight, but 

in locations that will provide good balance. 

Take up the slack until there is slight tension 

on the sling or chain. Position the chain on the 

hoist so it balances the engine or engine and 

transmission level with the vehicle. 

36 Mark the position of each corner of the 

subframe to the chassis. Support the sub- 

frame with two floor jacks, then remove the 

fasteners. On 2009 and later V8 models, 

remove the subframe (see Chapter 10). 

37 Recheck to be sure nothing except the 
mounts are still connecting the engine to the 

vehicle. Disconnect and label anything still 

remaining. 
38 On 2008 and earlier V8 models, slowly 
lower the engine and subframe as a unit from 
the vehicle. Note: Placing a sheet of hard- 
board or paneling between the subframe and 

the floor makes moving the powertrain easier. 
39 On V6 models, slowly lower the engine/ 

transmission and subframe as a unit from the 

vehicle. Note: Placing a sheet of hardboard or 

paneling between the subframe and the floor 

makes moving the powertrain easier. 

40 Once the engine is on the floor, discon- 

nect the engine lifting hoist and raise the 
vehicle hoist until the powertrain can be slid 

out from underneath. Note: A helper will be 

needed to move the powertrain. 

41 Remove the transmission on V6 models 
(see Chapter 7A or 7B). Connect the engine 

lifting hoist to the engine and raise the engine 

slightly. Disconnect the engine mounts from 

the subframe and mount the engine on a 
stand. 

Installation 
Note: The manufacturer recommends replac- 

ing all subframe and suspension fasteners 

with new ones whenever they are loosened or 

removed. 

42 Installation is the reverse of removal, 

‘noting the following points: 

a) Check the engine/transmission mounts. 

If they’re worn or damaged, replace 

them. 

b) Attach the transmission to the engine fol- 

lowing the procedure described in Chap- 
ter 7. 

c) Add coolant, oil, power steering and 

transmission fluids as needed (see 
Chapter 1). 

d) Align the subframe reference marks 
before tightening the bolts. 

e) Tighten the subframe mounting fasten- 

ers to the torque listed in the Chapter 10 
Specifications. 

f) Reconnect the negative battery cable 
(see Chapter 5). 

g) Run the engine and check for proper 

operation and leaks. Shut off the engine 
and recheck fluid levels. 

h) Have the air conditioning system re- 

charged and leak tested by the shop that 
discharged it. 

8 Engine overhaul - disassembly 
sequence 

1 It’s much easier to remove the exter- 

nal components if it's mounted on a portable 

engine stand. A stand can often be rented 
quite cheaply from an equipment rental yard. 

Before the engine is mounted on a stand, the 

flywheel/driveplate should be removed from 
the engine. 
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2 If a stand isn’t available, it’s possible to 

remove the external engine components with 

it blocked up on the floor. Be extra careful not 
to tip or drop the engine when working without 
a stand. 

3 If you’re going to obtain a rebuilt engine, 

all external components must come off first, 
to be transferred to the replacement engine. 
These components include: 

Clutch and flywheel (models with manual 
transmission) 

Driveplate (models with automatic 
transmission) 

Emissions-related components 

Engine mounts and mount brackets 

Intake/exhaust manifolds 
_ Fuel injection components 

Oil filter 

Ignition coils and spark plugs 

Thermostat and housing assembly 
Water pump 

Note: When removing the external compo- 

nents from the engine, pay close attention to 

details that may be helpful or important during 

installation. Note the installed position of gas- 

kets, seals, spacers, pins, brackets, washers, 

bolts and other small items. 

'4 If you’re going to obtain a short block 

(assembled engine block, crankshaft, pistons 

and connecting rods), remove the timing belt, 

cylinder head, oil pan, oil pump pick-up tube, 

oil pump and water pump from your engine 
so that you can turn in your old short block to 

the rebuilder as a core. See Engine rebuilding 
alternatives for additional. information regard- 

ing the different possibilities to be considered. 

9 Pistons and connecting rods - 

removal and installation 

Removal 
Refer to illustrations 9.1, 9.3 and 9.4 

Note: Prior to removing the piston/connecting 

rod assemblies, remove the cylinder head and 

oil pan (see Chapter 2A, 2B or 2C). 
1 Use your fingernail to feel if a ridge has 

formed at the upper limit of ring travel (about 

1/4-inch down from the top of each cylinder). 

9.4 If the connecting 

rods and caps are not 
marked, use permanent 

ink or paint to mark 
the caps to the rods by 
cylinder number (for 

example, this would be 

the No. 4 connecting 
rod) and an arrow on 

the piston top pointing 

toward the timing chain 
_ end of the engine 

9.1 Before you try to remove the pistons, 

use a ridge reamer to remove the raised 

material (ridge) from the top of 

the cylinders 

If carbon deposits or cylinder wear have 

produced ridges, they must be completely 

removed with a special tool (see illustra- 

tion). Follow the manufacturer’s instructions 
provided with the tool. Failure to remove the 

ridges before attempting to remove the pis- 

ton/connecting rod assemblies may result in 

piston breakage. Using a permanent marker 

or paint, mark each piston with a number and 

an arrow pointing to the front of the engine. 
Caution: Do not stamp or center punch the 

pistons or damage may occur to the connect- 

ing rod. ; 

2 After the cylinder ridges have been 
removed, turn the engine so the crankshaft is 

facing up. 

3 Before the main bearing caps and con- 

necting rods are removed, check the con- 

necting rod endplay with feeler gauges. Slide 
them between the first connecting rod and the 

crankshaft throw until the play is removed (see 

illustration). Repeat this procedure for each 

connecting rod. The endplay is equal to the 

thickness of the feeler gauge(s). Check with 

an automotive machine shop for the endplay 

service limit (a typical end play limit should 

measure between 0.005 to 0.015 inch [0.127 
to 0.381 mm)). If the play exceeds the service 
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limit, new connecting rods will be required. If 

new rods (or a new crankshaft) are installed, 
the endplay may fall under the minimum 

allowable. If it does, the rods will have to be 

machined to restore it. If necessary, consult 

an automotive machine shop for advice. 
4 Check the connecting rods and caps 

for identification marks. If they aren’t plainly 

marked, use a permanent marker or paint to 

clearly identify each rod and cap (1, 2, 3, etc., 

depending on the cylinder they're associated 

with) and make an arrow pointing to the front 

of the engine (see illustration). Caution: Do 

not stamp or center punch the pistons or dam- 

age may occur to the connecting rod. 

5. Loosen each of the connecting rod 

cap bolts 1/2-turn at a time until they can be 

removed by hand. Note: New connecting rod 

cap bolts and bearings must be used when 

reassembling the engine, but save the old 

bolts for use when checking the connecting 

rod bearing oil clearance. 

6 Remove the number one connecting rod 

cap and bearing insert. Don’t drop the bearing 

insert out of the cap. 

7 Remove the bearing insert and push the 

connecting rod/piston assembly out through 

the top of the engine. Use a wooden or plastic 

hammer handle to push on the upper bearing 

surface in the connecting rod. If resistance is 

felt, double-check to make sure that all of the 

ridge was removed from the cylinder. 

8 Repeat the procedure for the remaining 

cylinders. 
9 After removal, reassemble the con- 

necting rod caps and bearing inserts in their 
respective connecting rods and install the 

cap bolts finger tight. Leaving the old bearing 
inserts in place until reassembly will help pre- 

vent the connecting rod bearing surfaces from 

being accidentally nicked or gouged. Note: 

On V6 engines, once the connecting rod has 

been removed, new bearing inserts must be 

installed. 

10 The pistons and connecting rods are 

now ready for inspection and overhaul at an 

automotive machine shop. 
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9.13 Install the piston ring into the 
cylinder then push it down into position 

using a piston so the ring will be square in 
the cylinder 

Piston ring installation 
Refer to illustrations 9.13, 9.14, 9.15, 9.19a, 

9.19b and 9.22 

11 Before installing the new piston rings, the 
ring end gaps must be checked. It’s assumed 
that the piston ring side clearance has been 
checked and verified correct. 
12 - Lay out the piston/connecting rod assem- 
blies and the new ring sets so the ring sets will 

be matched with the same piston and cylinder 
during the end gap measurement and engine 
assembly. 

13 Insert the top (number one) ring into the 

first cylinder and square it up with the cylinder 
walls by pushing it in with the top of the piston 
(see illustration). The ring should be near 

the bottom of the cylinder, at the lower limit of 

ring travel. 

14 To measure the end gap, slip feeler 
gauges between the ends of the ring until a 
gauge equal to the gap width is found (see 

- illustration). The feeler gauge should slide 
between the ring ends with a slight amount 

9.19a Installing the spacer/expander in 

the oil ring groove 

9.14 With the ring square in the cylinder, 

measure the ring end gap with a 
feeler gauge 

of drag. A typical ring gap should fall between 

0.010 and 0.020 inch (0.25 to 0.50 mm) for 

compression rings and up to 0.030 inch (0.76 

mm) for the oil ring steel rails. If the gap is 
larger or smaller than specified, double-check 

to make sure you have the correct rings 

before proceeding. 

15 Ifthe gap is too small, it must be enlarged 
or the ring ends may come in contact with 

each other during engine operation, which 

can cause serious damage to the engine. If 

necessary, increase the end gaps by filing the 
ring ends very carefully with a fine file. Mount 
the file in a vise equipped with soft jaws, slip 

the ring over the file with the ends contact- 

ing the file face and slowly move the ring to 

remove material from the ends. When per- 
forming this operation, file only by pushing the 
ring from the outside end of the file towards 
the vise (see illustration). 

16 Excess end gap isn’t critical unless it’s 

greater than 0.040 inch (1.01 mm). Again, 
double-check to make sure you have the cor- 

rect ring type. 

pase ee ES 

9.19b DO NOT use a piston ring 

installation tool when installing the oil 
control side rails 

9.15 If the ring end gap is too small, 

clamp a file in a vise as shown and file the 

piston ring ends - be sure to remove all 

raised material 

17 Repeat the procedure for each ring that 

will be installed in the first cylinder and for each 

ring in the remaining cylinders. Remember to 

keep rings, pistons and cylinders matched up. 

18 Once the ring end gaps have been 

checked/corrected, the rings can be installed 
on the pistons. 

19 The oil control ring (lowest one on the pis- 

ton) is usually installed first. It's composed of. 

three separate components. Slip the spacer/ 

expander into the groove (see illustration). 

If an anti-rotation tang is used, make sure it’s 

inserted into the drilled hole in the ring groove. 

Next, install the upper side rail in the same 

manner (see illustration). Don’t use a piston 
ring installation tool on the oil ring side rails, 

as they may be damaged. Instead, place one 

end of the side rail into the groove between 

the spacer/expander and the ring land, hold 

it firmly in place and slide a finger around the 

piston while pushing the rail into the groove. 

Finally, install the lower side rail. 

20 After the three oil ring components have 
been installed, check to make sure that both 

the upper and lower side rails can be rotated 
smoothly inside the ring grooves. 

21. The number two (middle) ring is installed 

next. It’s usually stamped with a mark which 
must face up, toward the top of the piston. Do 

not mix up the top and middle rings, as they 

have different cross-sections. Note: Always 
follow the instructions printed on the ring 

package or box - different manufacturers may 
require different approaches. 

22 Use a piston ring installation tool and 
make sure the identification mark is facing 
the top of the piston, then slip the ring into 

the middle groove on the piston (see illustra- 
tion). Don’t expand the ring any more than 
necessary to slide it over the piston. 

23 Install the number one (top) ring in the 

same manner. Make sure the mark is facing 
up. Be careful not to confuse the number one 
and number two rings. 

24 Repeat the procedure for the remaining 
pistons and rings. : 
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9.22 Use a piston ring installation tool to install the number 2 

ee 

and the number 1 (top) rings - be sure the directional mark on the 
piston ring(s) is facing toward the top of the piston 

Installation 
25 Before installing the piston/connecting 

rod assemblies, the cylinder walls must be 
perfectly clean, the top edge of each cylinder 

' bore must be chamfered, and the crankshaft 
must be in place. 

26 Remove the cap from the end of the 
number one connecting rod (refer to the 

marks made during removal). Remove the 
original bearing inserts and wipe the bearing 

_ surfaces of the connecting rod and cap with a 
clean, lint-free cloth. They must be kept spot- 

lessly clean. 

Connecting rod bearing oil 
clearance check 

Refer to 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 con- 
necting rod. 

28 Make sure the tab on the bearing fits into 

the recess in the rod. Don’t hammer the bear- 

ing insert into place and be very careful not to 
_ nick or gouge the bearing face. Don’t lubricate 

the bearing at this time. 
29 Clean the back side of the other bearing 
insert and install it in the rod cap. Again, make 
sure the tab on the bearing fits into the recess 

in the cap, and don’t apply any lubricant. It’s 
critically important that the mating surfaces of 

the bearing and connecting rod are perfectly 

clean and oil free when they're assembled. 
30 Position the piston ring gaps at 90-de- 

‘gree intervals around the piston as shown 

(see illustration). 
31 Lubricate the piston and rings with clean 
engine oil and attach a piston ring compressor 
to the piston. Leave the skirt protruding about 

1/4-inch to guide the piston into the cylinder. 

The rings must be compressed until they’re 

flush with the piston. 
32 Rotate the crankshaft until the number 

one connecting rod journal is at BDC (bot- 

tom dead center) and apply a liberal coat of 

engine oil to the cylinder walls. 

33 With the mark on top of the piston fac- 

ing the front (timing belt or chain end) of the 

engine, gently insert the piston/connecting rod 

assembly into the number one cylinder bore 
and rest the bottom edge of the ring compres- 

sor on the engine block. 
34 Tap the top edge of the ring compressor 

to make sure it’s contacting the block around 

its entire circumference. 

35 Gently tap on the top of the piston with 

the end of a wooden or plastic hammer handle 

(see illustration) while guiding the end of the 

connecting rod into place on the crankshaft 

journal: The piston rings may try to pop out of 

the ring compressor just before entering the 

cylinder bore, so keep some downward pres- 

sure on the ring compressor. Work slowly, and 

if any resistance is felt as the piston enters 

the cylinder, stop immediately. Find out what’s 

hanging up and fix it before proceeding. Do 

not, for any reason, force the piston into the 

cylinder - you might break a ring and/or the 

piston. 
36 Once the piston/connecting rod assem- 
bly is installed, the connecting rod bearing oil 

9.35 Use a plastic or wooden hammer 

handle to push the piston into the cylinder 
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9.30 Position the piston ring end gaps as shown 

clearance must be checked before the rod 

cap is permanently installed. 

37 Cuta piece of the appropriate size Plasti- 

gage slightly shorter than the width of the con- 

necting rod bearing and lay it in place on the 

number one connecting rod journal, parallel 

with the journal axis (see illustration). 

38 Clean the connecting rod cap bearing 

face and install the rod cap. Make sure the 

mating mark on the cap is on the same side 

as the mark on the connecting rod (see illus- 

tration 9.4). 
39 Install the old rod bolts, at this time, 

and tighten them to the torque listed in this 

Chapter’s Specifications. Note: Use a thin- 

wall socket to avoid erroneous torque read- 

ings that can result if the socket is wedged 
between the rod cap and the bolt head. If the 

socket tends to wedge itself between the fas- 

tener and the cap, lift up on it slightly until it no 
longer contacts the cap. DO NOT rotate the 
crankshaft at any time during this operation. 

40 Remove the fasteners and detach the 

rod cap, being very careful not to disturb the 

Plastigage. 

9.37 Place Plastigage on each connecting 

rod bearing journal parallel to the 

crankshaft centerline 
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9.41 Use the scale on the Plastigage package to determine the 

bearing oil clearance - be sure to measure the widest part of the 

uf 

Plastigage and use the correct scale; it comes with both standard 

and metric scales 

41 Compare the width of the crushed Plasti- 
gage to the scale printed on the Plastigage 

envelope to obtain the oil clearance (see 

illustration). The connecting rod oil clear- 

ance is usually about 0.001 to 0.002 inch 

(0.025 to 0.05 mm). Consult an automotive 

machine shop for the clearance specified for 

the rod bearings on your engine. On the cov- 

ered vehicles, code numbers on the block and 
crankshaft are used to select the proper bear- 

ings, using a chart at a dealership service/ 

parts department. 

42 If the clearance is not as specified, the 

bearing inserts may be the wrong size (which 

means different ones will be required). Before 

deciding that different inserts are needed, 

make sure that no dirt or oil was between 

the bearing inserts and the connecting rod or 

cap when the clearance was measured. Also, 

recheck the journal diameter. If the Plasti- 

gage was wider at one end than the other, the 

journal may be tapered. If the clearance still 

exceeds the limit specified, the bearing will 

have to be replaced with an undersize bear- - 

ing. Caution: When installing a new crank- 

shaft always use a standard size bearing. 

Final installation 
43 Carefully scrape all traces of the Plasti- 

gage material off the rod journal and/or bear- 
ing face. Be very careful not to scratch the 
bearing - use your fingernail or the edge of a 

plastic card. 

44 Make sure the bearing faces are per- 

fectly clean, then apply a uniform layer of 

clean moly-base grease or engine assembly 

lube to both of them. You'll have to push the 

piston into the cylinder to expose the face of 

the bearing insert in the connecting rod. 

45 Slide the connecting rod back into place 

on the journal, install the rod cap, install the 

new bolts and tighten them to the torque listed 

in this Chapter’s Specifications. Caution: 
Install new connecting rod cap bolts. Do NOT 

reuse old bolts - they have stretched and can- 

not be reused. Again, work up to the torque in 

three steps. 

46 Repeat the entire procedure for the 
remaining pistons/connecting rods. 

47 The important points to remember are: 

a) Keep the back sides of the bearing 

inserts and the insides of the connect- 

ing rods and caps perfectly clean when 
assembling them. 

b) Make sure you have the correct piston/ 

rod assembly for each cylinder. 
c) Align the marks that were made in Step 

4 towards the front of the engine. 

d) Lubricate the cylinder walls liberally with 

clean oil. 

e) Lubricate the bearing faces when install- 

ing the rod caps after the oil clearance 

has been checked. ' 

48 After all the piston/connecting rod 

assemblies have been correctly installed, 
rotate the crankshaft a number of times by 
hand to check for any obvious binding. 
49 As afinal step, check the connecting rod 

endplay, as described in Step 3. If it was cor- 
rect before disassembly and the original crank- 

shaft and rods were reinstalled, it should still be 

correct. If new rods or a new crankshaft were 
installed, the endplay may be inadequate. If so, 

the rods will have to be removed and taken to 
an automotive machine shop for resizing. 

10 Crankshaft - removal and 

installation 

Removal 

Refer to illustrations 10.1 and 10.3 

Note: The crankshaft can be removed only 

after the engine has been removed from the 

vehicle. It’s assumed that the flywheel or 

driveplate, crankshaft pulley, timing chain, oil 
pan, oil pump body, oil filter and piston/con- 

necting rod assemblies have already been 
removed. The rear main oil seal retainer must 

be unbolted and separated from the block 

before proceeding with crankshaft removal. 

fe] 
10.1 Checking crankshaft endplay with a dial indicator 

1 Before the crankshaft is removed, mea- 
sure the endplay. Mount a dial indicator with 

the indicator in line with the crankshaft and 
just touching the end of the crankshaft as 

shown (see illustration). 
2 _ Pry the crankshaft all the way to the rear 
and zero the dial indicator. Next, pry the crank- 

shaft to the front as far as possible and check 
the reading on the dial indicator. The distance 
traveled is the endplay. A typical crankshaft 
endplay will fall between 0.003 to 0.010 inch 
(0.076 to 0.254 mm). If it is greater than that, 
check the crankshaft thrust surfaces for wear 

after it’s removed. If no wear is evident, new 

main bearings should correct the endplay. 
3 If a dial indicator isn’t available, feeler 
gauges can be used. Gently pry the crank- 
shaft all the way to the front of the engine. Slip 

feeler gauges between the crankshaft and the 
front face of the thrust bearing or washer to 

determine the clearance (see illustration). 
4 Remove the main bearing bridge (outer) 

bolts and loosen the main bearing cap (inner) 
bolts (2.6L and 3.2L engines) or main bearing 
cap bolts (all others) 1/4-turn at a time each, 

10.3 Checking the crankshaft endplay 
with feeler gauges at the thrust 

bearing journal 



Chapter 2 PartD General engine overhaul procedures 2D-13 

iat 

10.17 Place the Plastigage onto the 
crankshaft bearing journal as shown 

until they can be removed by hand. Loosen 

the bolts in the reverse of the tightening 
sequence (see illustration 10.19a, 10.19b or 

10.19c). Note: On 3.2L engines, use a screw- 
driver to back out the adjuster sleeve on the 

main bearing bridge. 

5 Remove the main bearing caps and try 

not to drop the bearing inserts if they come 

out with the assembly. 

6 Carefully lift the crankshaft out of the 

engine. It may be a good idea to have an 

assistant available, since the crankshaft is 
quite heavy and awkward to handle. With 

the bearing inserts in place inside the engine 

block and main bearing caps or lower cylin- 

der block, reinstall the main bearing caps or 

lower cylinder block onto the engine block 

and tighten the bolts finger tight. 

Installation 
7 — Crankshaft installation is the first step 
in engine reassembly. It’s assumed at this 

point that the engine block and crankshaft 

have been cleaned, inspected and repaired or 

reconditioned. 

8 _ Position the engine block with the bottom 
facing up. 
9 Remove the bolts and lift off the support 

10.19a Main bearing 
cap with beam bolts 

tightening sequence - 

3.2L engines 

beam, main bearing caps or lower cylinder 
block, as applicable. 

10 If they’re still in place, remove the origi- 

nal bearing inserts. Wipe the bearing surfaces 
of the block and main bearing cap. assembly 
with a clean, lint-free cloth. They must be kept 
spotlessly clean; this is critical for determining 

the correct bearing oil clearance. 

Main bearing oil clearance check 

Refer to illustrations 10.17, 10.19a, 10.19b, 

10.91c and 10.21 

Note: New main bearing cap bolts must be 

used when reassembling the engine, but save 

the old bolts for use when checking the main 

bearing oil clearance. 
11 Without mixing them up, clean the back 

sides of the new upper main bearing inserts 

(with grooves and oil holes) and lay one in 

each main bearing saddle in the engine block. 

Each upper bearing (engine block) has an oil 

groove and oil hole in it. Caution: The oil holes 

in the block must line up with the oil holes in the 

upper bearing inserts. Clean the back sides of 

the lower main bearing inserts and lay them in 

the corresponding location in the main bearing 

caps. Make sure the tab on the bearing insert 

fits into its corresponding recess. Caution: Do 

not hammer the bearing insert into place and 

don’t nick or gouge the bearing faces. DO NOT 

36045-2C-10.19c HAYNES 

40.19b Main bearing cap bolt tightening sequence - 2.8L, 3.0L and 

3.6L V6 engines 

36022-2 -10.19a HAYNES 

apply any lubrication at this time. 

12 Clean the faces of the bearing inserts 

in the block and the crankshaft main bearing 

journals with a clean, lint-free cloth. 

13 Check or clean the oil holes in the crank- 

shaft, as any dirt here can go only one way 

- Straight through the new bearings. 

14 Once you're certain the crankshaft is 

clean, carefully lay it in position in the cylinder 

block. 

15 Before the crankshaft can be perma- 

nently installed, the main bearing oil clear- 

ance must be checked. 

16 Cut several strips of the appropriate size 

of Plastigage. They must be slightly shorter 

than the width of the main bearing journal. 

17 Place one piece on each crankshaft 

main bearing journal, parallel with the journal 

axis as shown (see illustration). 
18 Clean the faces of the bearing inserts in 

the main bearing caps or the lower cylinder 

block. Hold the bearing inserts in place and 

install the caps or the lower cylinder block 

onto the crankshaft and cylinder block. DO 
NOT disturb the Plastigage. 

19 Apply clean engine oil to all the old 

bolt threads prior to installation, then install 

all bolts finger-tight. Tighten the bolts in the 

sequence shown (see illustrations) pro- 

gressing in steps, to the torque listed in this 

Chapter’s Specifications. DO NOT rotate the 

36045-2C-10.19c HAYNES 

10.19c Main bearing cap bolt tightening sequence - V8 engines 



Babbitt bearing 
embedded with 

debris from 

machinings 

Microscopic detail 

of debris 

Damaged lining 
caused by dirt left on 

the bearing back 

Excessive oil 

clearance is 

indicated by a 
short contact arc 

Result of a lower half 
assembled as an upper - 

blocking the oil flow 

Polished and oil-stained 
backs are a result of a poor 

fit in the housing bore 
Result of a wrong, 

reversed, or 

shifted cap 

Aluminum bearing 
embedded with glass beads 

of gouges 

Overplated copper alloy 
bearing gouged by cast 

iron debris 

Microscopic detail of glass beads 

Damaged upper 

connecting rod bearings 
caused by engine lugging; 
the lower main bearings 

(not shown) were 
similarly affected 

Damage from 
excessive idling which 
resulted in an oil film 
unable to support the 

load imposed 

The damage shown in these upper and lower 
connecting rod bearings was caused by engine 

operation at a higher-than-rated speed under load 



Misalignment 

A warped crankshaft caused this pattern of severe wear in 
the center, diminishing toward the ends 

Result of dry start: The bearings on the left, farthest from 
the oil pump, show more damage 

Severe wear as a result of 

inadequate oil clearance 
Result of a low oil supply 

or oil starvation 

A poorly finished crankshaft caused 
the equally spaced scoring sh 

shaban Sal Oe ae ae A tapered housing 
bore caused the 

damage along one 
edge of this pair 

A bent connecting rod led to the 
damage in the “V” pattern 

Microscopic detail 
of corrosion 

* 

Corrosion is an acid attack on the bearing lining 
generally caused by inadequate maintenance, 

extremely hot or cold operation, or inferior oils or fuels 

Microscopic 

detail of 

cavitation 

Example of cavitation - a surface erosion caused 
by pressure changes in the oil film 

Bearing affected by oil dilution 
caused by excessive blow-by 

or a rich mixture 

Damage from excessive 
thrust or insufficient 

axial clearance 

© 1986 Federal-Mogul Corporation 
Copy and photographs courtesy of Federal Mogul Corporation 
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10.21 Use the scale on the Plastigage 
package to determine the bearing oil 

clearance - be sure to measure the widest 

part of the Plastigage and use the correct 

scale; it comes with both standard and 

metric scales 

crankshaft at any time during this operation. 

20 Remove the bolts in the reverse order 

of the tightening sequence and carefully lift 

the caps or the lower cylinder block straight 

up and off the block. Do not disturb the Plasti- 
gage or rotate the crankshaft. 
21 Compare the width of the crushed Plasti- 
gage on each journal to the scale printed on 

the Plastigage envelope to determine the 

main bearing oil clearance (see illustration). 

Check with an automotive machine shop for 

the oil clearance for your engine. 

22 If the clearance is not as specified, the 
bearing inserts may be the wrong size (which 

means different ones will be required). Before 
deciding if different inserts are needed, make 
sure that no dirt or oil was between the bear- 

ing inserts and the cap assembly or block 

when the clearance was measured. If the 
Plastigage was wider at one end than the 
other, the crankshaft journal may be tapered. 

If the clearance still exceeds the limit speci- 

fied, the bearing insert(s) will have to be 

replaced with an undersize bearing insert(s). _ 

Caution: When installing a new crankshaft 
always install a standard bearing insert set. 

23 Carefully scrape all traces of the Plasti- 
gage material off the main bearing journals 

and/or the bearing insert faces. Be sure to 
remove all residue from the oil holes. Use 
your fingernail or the edge of a plastic card - 
don’t nick or scratch the bearing faces. 

Final installation 
24 Carefully lift the crankshaft out of the cyl- 
inder block. 

25 Clean the bearing insert faces in the cyl- 

inder block, then apply a thin, uniform layer of 
moly-base grease or engine assembly lube to 

each of the bearing surfaces. Coat the thrust 

faces as well as the journal face of the thrust 

bearing. 
26 Make sure the crankshaft journals are 

clean, then lay the crankshaft back in place in 

the cylinder block. 
27 Clean the bearing insert faces and apply 

the same lubricant to them. Clean the engine 
block and the bearing caps/lower cylinder 

block thoroughly. The surfaces must be free 

of oil residue. 
28 Install the main bearing caps in their 

proper locations, with the arrows or marks on 
the caps facing the front of the engine. Note: 

On 3.2L engines, apply sealer to the grooves 
on the side of the rear (fourth) main bearing 

cap. 
29 Prior to installation, apply clean engine oil 
to all bolt threads wiping off any excess, then 
on all models except 3.2L engines, install all 
new bolts finger-tight. On 3.2L engines, install 

the crankshaft bearing bridge to the top of the 
main bearings caps and install the new main 

bearing bolts finger-tight. Note: Make sure all 

the crankshaft bridge adjusting sleeves are 

backed out and the sleeves do not contact the 
engine block. 

30 Tighten the caps, following the correct 
torque sequence (see illustration 10.19a, 
10.19b or 10.19c). Torque the bolts to the 
Specifications listed in this Chapter. 
31 On 3.2L engines, tighten the crankshaft 
bridge adjustment sleeves to the torque listed 

in this Chapters Specification’s. Install the 
crankshaft bridge bolts and tighten the bolts 
to the torque listed in this Chapters Specifica- 
tion’s. 

32 Recheck the crankshaft endplay with a 

feeler gauge or a dial indicator. The endplay 

should be correct if the crankshaft thrust faces 
aren't worn or damaged and if new bearings 

have been installed. 

33 Rotate the crankshaft a number of times 
by hand to check for any obvious binding. It 

should rotate with a running torque of 50 in- 

Ibs or less. If the running torque is too high, 

correct the problem at this time. 

34 Install a new rear main oil seal (see 

Chapter 2A, 2B or 2C). 

11. Engine overhaul - reassembly 

sequence 

1 Before beginning engine reassembly, 

make sure you have all the necessary new 

parts, gaskets and seals as well as the follow- 
ing items on hand: 

Common hand tools 
A 1/2-inch drive torque wrench 
New engine oil 

Gasket sealant 
Thread locking compound 

2 _ If you obtained a short block it will be 
necessary to install the cylinder head, the oil 

pump and pick-up tube, the oil pan, the water 

pump, the timing belt and timing cover, and 
the valve cover (see Chapter 2A, 2B or 2C). 
In order to save time and avoid problems, the 

external components must be installed in the 

following general order: 
Thermostat and housing cover 

Water pump 

Intake and exhaust manifolds 
Fuel injection components 
Emission control components 

Spark plugs 

Ignition coils 

Oil filter 
Engine mounts and mount brackets 

Clutch and flywheel (manual transmission) 

Driveplate (automatic transmission) 

12 Initial start-up and break-in after 

overhaul 

Warning: Have a fire extinguisher handy 

when starting the engine for the first time. 

1 Once the engine has been installed in 

the vehicle, double-check the engine oil and 

coolant levels. 
2 With the spark plugs out of the engine 
and the fuel pump disabled (see Chapter 4, 

Section 3), crank the engine until oil pressure 

registers on the gauge or the light goes out. 

3 Install the spark plugs, hook up the plug 

wires and restore the ignition system and fuel 

pump functions. 

4 Start the engine. It may take a few 

moments for the fuel system to build up pres- 

sure, but the engine should start without a 

great deal of effort. 
5 After the engine starts, it should be 
allowed to warm up to normal operating tem- 

perature. While the engine is warming up, 

make a thorough check for fuel, oil and cool- 

ant leaks. 

6 Shut the engine off and recheck the 
engine oil and coolant levels. 

7 _ Drive the vehicle to an area with mini- 

mum traffic, accelerate from 30 to 50 mph, 
then allow the vehicle to slow to 30 mph with 

the throttle closed. Repeat the procedure 10 

or 12 times. This will load the piston rings and 
cause them to seat properly against the cyl- 

inder walls. Check again for oil and coolant 
leaks. 

8 Drive the vehicle gently for the first 500 

miles (no sustained high speeds) and keep 
a constant check on the oil level. It is not 
unusual for an engine to use oil during the 
break-in period. 

9 At approximately 500 to 600 miles, 
change the oil and filter. 

10 For the next few hundred miles, drive the 
vehicle normally. Do not pamper it or abuse 
it. 

11. After 2,000 miles, change the oil and fil- 
ter again and consider the engine broken in. 



Backlash - The amount of play between two 
parts. Usually refers to how much one gear 
can be moved back and forth without moving 
the gear with which it’s meshed. 

Bearing Caps - The caps held in place by 
nuts or bolts which, in turn, hold the bearing 
surface. This space is for lubricating oil to 
enter. 

Bearing clearance - The amount of space 
left between shaft and bearing surface. This 
space is for lubricating oil to enter. 

Bearing crush - The additional height which 
is purposely manufactured into each bearing 
half to ensure complete contact of the bear- 
ing back with the housing bore when the 
‘engine is assembled. 

Bearing knock - The noise created by move- 
ment of a part in a loose or worn bearing. 

Blueprinting - Dismantling an engine and 

reassembling it to EXACT specifications. 

Bore - An engine cylinder, or any cylindrical 

hole; also used to describe the process of 
enlarging or accurately refinishing a hole with 

a cutting tool, as to bore an engine cylinder. 
The bore size is the diameter of the hole. 

Boring - Renewing the cylinders by cutting 
them out to a specified size. A boring bar is 

used to make the cut. 

Bottom end - Aterm which refers collectively 

to the engine block, crankshaft, main bear- 
ings and the big ends of the connecting rods. 

Break-in - The period of operation between 
installation of new or rebuilt parts and time in 
which parts are worn to the correct fit. Driving 
at reduced and varying speed for a specified 
mileage to permit parts to wear to the correct 

fit. 

Bushing - A one-piece sleeve placed in a 

bore to serve as a bearing surface for shaft, 
piston pin, etc. Usually replaceable. 

Cc 
Camshaft - The shaft in the engine, on which 

a series of lobes are located for operating the 
valve mechanisms. The camshaft is driven by 

- gears or sprockets and a timing chain. Usu- 

ally referred to simply as the cam. 

Carbon - Hard, or soft, black deposits found 
in combustion chamber, on plugs, under 

rings, on and under valve heads. 

Cast iron - An alloy of iron and more than two 
percent carbon, used for engine blocks and 
heads because it’s relatively inexpensive and 
easy to mold into complex shapes. 

Chamfer - To bevel across (or a bevel on) the 
sharp edge of an object. 

Chase - To repair damaged threads with a 

tap or die. 

Combustion chamber - The space between 
the piston and the cylinder head, with the pis- 
ton at top dead center, in which air-fuel mix- 
ture is burned. 

Compression ratio - The relationship 
between cylinder volume (clearance volume) 
when the piston is at top dead center and cyl- 

inder volume when the piston is at bottom 
dead center. 

Connecting rod - The rod that connects the 
crank on the crankshaft with the piston. 
Sometimes called a con rod, 

Connecting rod cap - The part of the con- 
necting rod assembly that attaches the rod to 
the crankpin. 

Core plug - Soft metal plug used to plug the 
casting holes for the coolant passages in the 

block. 

Crankcase - The lower part of the engine in 
which the crankshaft rotates; includes the 
lower section of the cylinder block and the oil 
pan. 

Crank kit - A reground or reconditioned 
crankshaft and new main and connecting rod 
bearings. 

Crankpin - The part of a crankshaft to which 
a connecting rod is attached. 

Crankshaft - The main rotating member, or 
shaft, running the length of the crankcase, 
with offset throws to which the connecting 
rods are attached; changes the reciprocating 
motion of the pistons into rotating motion. 

Cylinder sleeve - A replaceable sleeve, or 
liner, pressed into the cylinder block to form 
the cylinder bore. 

D 
Deburring - Removing the burrs (rough 
edges or areas) from a bearing. 

Deglazer - A tool, rotated by an electric motor, 
used to remove glaze from cylinder walls so a 

new set of rings will seat. 

E 
Endplay - The amount of lengthwise move- 
ment between two parts. As applied to a 
crankshaft, the distance that the crankshaft 
can move forward and back in the cylinder 

block. 

F 

Face -A machinist’s term that refers to remov- 
ing metal from the end of a shaft or the face 
of a larger part, such as a flywheel. 

Fatigue - A breakdown of material through a 
large number of loading and unloading cycles. 
The first signs are cracks followed shortly by 

breaks. 

Feeler gauge - A thin strip of hardened steel, 
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ground to an exact thickness, used to check 

clearances between parts. 

Free height - The unloaded length or height 

of a spring. 

Freeplay - The looseness in a linkage, or an 
assembly of parts, between the initial applica- 
tion of force and actual movement. Usually 

perceived as slop or slight delay. 

Freeze plug - See Core plug. 

G 
Gallery - A large passage in the block that 
forms a reservoir for engine oil pressure. 

Glaze - The very smooth, glassy finish that 
develops on cylinder walls while an engine is 
in service. oe 

H 
Heli-Coil - A rethreading device used when 
threads are worn or damaged. The device is 
installed in a retapped hole to reduce the 
thread size to the original size. 

Installed height - The spring’s measured 
length or height, as installed on the cylinder 
head. Installed height is measured from the 
spring seat to the underside of the spring 
retainer. — 

J 
Journal - The surface of a rotating shaft 
which turns in a bearing. 

K 
Keeper - The split lock that holds the valve 
spring retainer in position on the valve stem. 

Key - A small piece of metal inserted into 
matching grooves machined into two parts fit- 
ted together - such as a gear pressed onto a 
shaft - which prevents slippage between the 

two parts. 

Knock - The heavy metallic engine sound, 
produced in the combustion chamber as a 
result of abnormal combustion - usually deto- 

nation. Knock is usually caused by a loose or 
worn bearing. Also: referred to as detonation, 
pinging and spark knock. Connecting rod or 
main bearing knocks are created by too much 
oil clearance or insufficient lubrication. 

L 
Lands - The portions of metal between the 

piston ring grooves. 

Lapping the valves - Grinding a valve face 

and its seat together with lapping compound, 

Lash - The amount of free motion in a gear 
train, between gears, or in a mechanical 

assembly, that occurs before movement can 



begin. Usually refers to the lash in a valve 

train. 

Lifter - The part that rides against the cam to 

transfer motion to the rest of the valve train. 

Machining - The process of using a machine 
to remove metal from a metal part. 

Main bearings - The plain, or babbit, bear- 
ings that support the crankshaft. 

Main bearing caps - The cast iron caps, 
bolted to the bottom of the block, that support 
the main bearings. 

O 
O.D. - Outside diameter. 

Oil gallery - A pipe or drilled passageway in 
the engine used to carry engine oil from one 

area to another. 

Oil ring - The lower ring, or rings, of a piston; 
designed to prevent excessive amounts of oil 
from working up the cylinder walls and into 

. the combustion chamber. Also called an oil- 

control ring. 

Oil seal - A seal which keeps oil from leaking 
out of a compartment. Usually refers to a 
dynamic seal around a rotating shaft or other 

moving part. 

O-ring - A type of sealing ring made of a spe- 
cial rubberlike material; in use, the O-ring is 
compressed into a groove to provide the seal- 

ing action. 

Overhaul - To completely disassemble a unit, 
clean and inspect all parts, reassemble it with 

the original or new parts and make all adjust- 
ments necessary for proper operation. 

P 

Pilot bearing - A small bearing installed in 
the center of the flywheel (or the rear end of 
the crankshaft) to support the front end of the 
input shaft of the transmission. 

Pip mark - A little dot or indentation which 
indicates the top side of a compression ring: 

Piston - The cylindrical part, attached to the 
connecting rod, that moves up and down in 
the cylinder as the crankshaft rotates. When 
the fuel charge is fired, the piston transfers 
the force of the explosion to the connecting 
rod, then to the crankshaft. 

Piston pin (or wrist pin) - The cylindrical 

and usually hollow steel pin that passes 
through the piston. The piston pin fastens the 
piston to the upper end of the connecting 

rod. 

Piston ring - The split ring fitted to the groove 
in a piston. The ring contacts the sides of the 
ring groove and also rubs against the cylinder 

wall, thus sealing space between piston and 

wall. There are two types of rings: Compres- 

sion rings seal the compression pressure in 

the combustion chamber; oil rings scrape 
excessive oil off the cylinder wall. 

Piston ring groove - The slots or grooves 
cut in piston heads to hold piston rings in 
position. 

Piston skirt - The portion of the piston below 

the rings and the piston pin hole. 

Plastigage - A thin strip of plastic thread, 
available in different sizes, used for measur- 
ing clearances. For example, a strip of plasti- 
gage is laid across a bearing journal and 
mashed as parts are assembled. Then parts 
are disassembled and the width of the strip is 
measured to determine clearance between 
journal and bearing. Commonly used to mea- 
sure crankshaft main-bearing and connecting 

rod bearing clearances. 

Press-fit - A tight fit between two parts that 
requires pressure to force the parts together. 
Also referred to as drive, or force, fit. 

Prussian blue - A blue pigment; in solution, 
useful in determining the area of contact 
between two surfaces. Prussian blue is com- 
monly used to determine the width and loca- 
tion of the contact area between the valve 

face and the valve seat. 

R 
Race (bearing) - The inner or outer ring that 
provides a contact surface for balls or rollers 

in bearing. 

Ream - To size, enlarge or smooth a hole by 
using a round cutting tool with fluted edges. 

Ring job - The process of reconditioning the 

cylinders and installing new rings. 

Runout - Wobble. The amount a shaft rotates 

out-of-true. 

Ss 
Saddle - The upper main bearing seat. 

Scored - Scratched or grooved, as a cylinder 
wall may be scored by abrasive particles 
moved up and down by the piston rings. 

Scuffing - A type of wear in which there’s a 
transfer of material between parts moving 
against each other; shows up as pits or 

grooves in the mating surfaces. 

Seat - The surface upon which another part 
rests or seats. For example, the valve seat is 
the matched surface upon which the valve 
face rests. Also used to refer to wearing into a 
good fit; for example, piston rings seat after a 

few miles of driving. 

Short block - An engine block complete with 
crankshaft and piston and, usually, camshaft 

assemblies. 

Static balance - The balance of an object 

while it’s stationary. 

Step - The wear on the lower portion of a ring 
land caused by excessive side and back- 
clearance. The height of the step indicates 
the ring’s extra side clearance and the length 
of the step projecting from the back wall of 
the groove represents the ring’s back clear- 

ance, 

Stroke - The distance the piston moves when 
traveling from top dead center to bottom dead 
center, or from bottom dead center to top 

dead center. 

Stud - A metal rod with threads on both 

ends. 

~ 

Tang - A lip on the end of a plain bearing 
used to align the bearing during assembly. 

Tap - To cut threads in a hole. Also refers to 
the fluted tool used to cut threads. 

Taper - A gradual reduction in the width of a 
shaft or hole; in.an engine cylinder, taper usu- 
ally takes the form of uneven wear, more pro- 

nounced at the top than at the bottom. 

Throws - The offset portions of the crank- 
shaft to which the connecting rods are 

affixed. 

Thrust bearing - The main bearing that has 
thrust faces to prevent excessive endplay, or 
forward and backward movement of the 

. crankshaft. 

Thrust washer - A bronze or hardened steel 
washer placed between two moving parts. 

The washer prevents longitudinal movement 
and provides a bearing surface for thrust sur- 

faces of parts. 

Tolerance - The amount of variation permit- 
ted from an exact size of measurement. 
Actual amount from. smallest acceptable 

dimension to largest acceptable dimension. 

U 
Umbrella - An oil deflector placed near the 

valve tip to throw oil from the valve stem 

area. 

Undercut - A machined groove below the 

normal surface. 

Undersize bearings - Smaller diameter bear- 

ings used with re-ground crankshaft journals. 

V 
Valve grinding - Refacing a valve in a valve- 

refacing machine, 

Valve train - The valve-operating mechanism 

of an engine; includes all components from 

the camshaft to the valve. 

Vibration damper - A cylindrical weight 
attached to the front of the crankshaft to mini- 

mize torsional vibration (the twist-untwist 
actions of the crankshaft caused by the cylin- 

der firing impulses). Also called a harmonic 

balancer. 

W 
Water jacket - The spaces around the cylin- 

ders, between the inner and outer shells of 

the cylinder block or head, through which 

coolant circulates. 

Web - A supporting structure across a cavity. 

Woodruff key - A key with a radiused back- 
side (viewed from the side). 
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valve (TXV) - general information ...........:secseeeseeteteeeetetetees 16 ACH IMSteANeAtOM csscsesendve tec sosee ce see eee sacs wasn vers tenneveecdeeyereaarosmeemese 11 

Blower motor control module and blower motor - replacement..... 10 Radiator - removal and installation ............ccccsccccepesseeeeetsseeseneeeeees Tf 

Coolant expansion tank - removal and installation ...........-:0 6 Thermostat - replaCeMENt ...........ccceseesscseeereneeeeceseeeseteseneersenssenecens 4 
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Cooling system ChECK.........:cccupecererteeeeteseeesteesceneterseneens See Chapter 1 Water pump - replaceMent .........cceccceececseecnernsesseeesseneeneeerereereneenes 8 
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ANA refilling)..........-cesesecesceceesesecsenrcneeteessseseeerssscnseanes See Chapter 1 
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General 
Cooling SySteM CAaPACity.........sccececessreseetstseetersessssnsasesesennneneneneneasenes 

Refrigerant type ......:cssssscssssesesseessnesenseevsnrarenesesnsensnsensnnensesenensenensanan
nsanenees 

Refrigerant Capacity.........csscsssecssesseesseecsssensenencnreneesssssensanensenancasansesenses 

Torque specifications 

See Chapter 1 

R-134a 
Refer to HVAC specification tag 

Ft-Ibs (unless otherwise indicated) Nm 

Note: One foot-pound (ft-lb) of torque is equivalent to 12 inch-pounds (in-lbs) of torque. Torque values below approximately 15 foot-pounds are 

expressed in inch-pounds, because most foot-pound torque wrenches are not accurate at these smaller values. 

Condenser inlet and outlet NUtS..........cccccceereerteetsenetetteteseeterereesenees 

Engine coolant outlet pipe bolt (3.2L V6 ENGINES) ......eereeeecesseereeeeees 

Engine coolant pipe bolts 

2.8L and 3.6L V6 engines 

To thermostat NOUSING .....--..-ssssecsssessseessesesscesnneennatenanccnsssensssentnss 

To cylinder NEAd..........ccesseerensesessensnenesnecnsareretenssensnsnensenceneanensetess 

3.0L V6 engines 

To thermostat HOUSING .........ssseersrerseesnessneeesteeseeenseteneeteneeeenesttsts 

To cylinder head 

BC ea ete etic ar ec stesntaiceadesnmcaa>doaeasvevaryencsoncnarenanssscs 

Std DOME ccsccncencdscnseeroveecsesoeceaconvesonseasonsecsetenssadtcnsceseenrerentoneuscete 

71 in-lbs 8 

15 20 

89 in-lbs 10 

37 50 

16 22 

43 58 

16 22 
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Torque specifications 

Thermostat housing bolts 

S.ZIEVG! ONGINGS Ma ae ati ata inert hanes 

2.8L, 3.0L and 3.6L V6 engines 
Cover-to-housing Dbolts...........c:c:ccccesseeeeees 

Housing-to-block bolts ............::cceeeeeeeeeees 
5.7L, 6.0L and 6.2L V8 engines. ..............0..0 

Water pump fasteners 
SIZIEVG GNGINGS see. eae seer tecsereotts eee aeek 

2.8L, 3.0L and 3.6L V6 engines 

2005 through 2012 
SUG Bed depaehet ateecsteet eanteevantsewraves mouewees 

5.7L 6.0L and 6.2L V8 engines 

Stepney Sow eee ears 

SREP) 2 ead tare ee eet oy Seact Ss cateeacceevacccevsvncesess 

BiZIENGIENGINES cesses tone as tees Seeccaphvcvaxis seveeece 
Water pump pulley bolts 

SEALE GYONGINGS hers, pepe sett oade Sotreade Boe ch eauha we 
2:8l- and/S\6E, VG engines iv:..- en se.c.bs-ccrseaell.s 

1. General information 

Warning: Do not 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 antifreeze lying around 

in an open container or in puddles on the 
floor; children and pets are attracted by it’s 

sweet smell and may drink it. Check with local 
authorities about disposing of used antifreeze. 

Many communities have collection centers 
which will see that antifreeze is disposed of 

safely. Never dump used antifreeze on the 

ground or pour it into drains. 

Engine cooling system 
All modern vehicles employ a pressur- 

ized engine cooling system with thermostati- 

cally controlled coolant circulation. The cool- 

ing system consists of a radiator, an expan- 

sion tank or coolant reservoir, a pressure cap 

Ft-lbs (unless otherwise indicated) Nm 

Note: One foot-pound (ft-lb) of torque is equivalent to 12 inch-pounds (in-lbs) of torque. Torque values below approximately 15 foot-pounds are 

expressed in inch-pounds, because most foot-pound torque wrenches are not accurate at these smaller values. 

se acae casa Scent eee en 15 

epee eee eis 89 in-lbs 

oO Fa, bene Le eRe 15 

de dabatonltesstacde tie Tan Onan ee 132 in-lbs 

edo eet eB 0 Ee a ae 18 

TP PRT Ae RUA gee eRe 106 in-lbs 

ER Fo NA AM riage cs ty 106 in-lbs 

PRON See ate FES ee ees Po 89 in-lbs 

apenas le ne eee 89 in-lbs 

Fee ener reign we See reer 132 in-lbs 

ER NGLTAD A cine ea ae 22 

Se SERN aa en ee 22 

ee ia ee Bat She 71 in-lbs 

La eee se 106 in-lbs 

(located on the expansion tank or radiator), a 
thermostat, a cooling fan, and a water pump. 

The water pump circulates coolant 

through the engine. The coolant flows around 

each cylinder and around the intake and 
exhaust ports, near the spark plug areas 

and in close proximity to the exhaust valve 

guides. 

A thermostat controls*engine coolant 

temperature. During warm up, the closed 

thermostat prevents coolant from circulat- 

ing through the radiator. As the engine nears 

normal operating temperature, the thermostat 

opens and allows hot coolant to travel through 

the radiator, where it’s cooled before returning 

to the engine. 

Heating system 
The heating system consists of a blower 

fan and heater core located in a housing 

under the dash, the hoses connecting the 

heater core to the engine cooling system and 

the heater/air conditioning control head on the 

20 

25 

12 
12 

10 
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30 
30 

dashboard. Hot engine coolant is circulated 

through the heater core. When the heater 

mode is activated, a flap door in the hous- 

ing opens to expose the heater-core to the 

passenger compartment through air ducts. A 

fan switch on the control head activates the 

blower motor, which forces air through the 
core, heating the air. 

Air conditioning system 
The air conditioning system consists of 

a condenser mounted in front of the radiator, 

an evaporator mounted adjacent to the heater 
core, a compressor mounted on the engine, a 

receiver-drier or accumulator and the plumb- 

ing connecting all of the above components. 
A blower fan forces the warmer air of the 

passenger compartment through the evapora- 

tor core (sort of a radiator-in-reverse), trans- 

ferring the heat from the air to the refrigerant. 

The liquid refrigerant boils off into low pres- 
sure vapor, taking the heat with it when it 

leaves the evaporator. 
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2.2 The cooling system pressure tester is connected in place of 

the pressure cap, then pumped up to pressurize the system 

2 Troubleshooting 

Coolant leaks 

Refer to illustration 2.2 

1. Accoolant leak can develop anywhere 
in the cooling system, but the most common 

causes are: 

a) Aloose or weak hose clamp 

b) A defective hose 
c) A faulty pressure cap 

d) Adamaged radiator 
e) Abad heater core 

f) A faulty water pump 
g) Aleaking gasket at any joint that carries 

coolant 

2 Coolant leaks aren't always easy to find. 
Sometimes they can only be detected when 

the cooling system is under pressure. Here’s 
where a cooling system pressure tester 

comes in handy. After the engine has cooled 
completely, the tester is attached in place 

~ of the pressure cap, then pumped up to the 
pressure value equal to that of the pressure 
cap rating (see illustration). Now, leaks that 
only exist when the engine is fully warmed up 
will become apparent. The tester can be left 

’ connected to locate a nagging slow leak. 

Coolant level drops, but no 

external leaks 
Refer to illustrations 2.5a and 2.5b 

3 If you find it necessary to keep adding 
coolant, but there are no external leaks, the 

probable causes include: 

a) A blown head gasket 

b) Aleaking intake manifold gasket (only on 

engines that have coolant passages in 

the manifold) 

c) Acracked cylinder head or cylinder block 

4 Any of the above problems will also usu- 

ally result in contamination of the engine oil, 

which will cause it to take on a milkshake-like 

2.5b Place the tester over the cooling 

system filler neck and use the bulb to 

draw a sample into the tester 

appearance. A bad head gasket or cracked 

head or block can also result in engine oil 

contaminating the cooling system. 

5 Combustion leak detectors (also known 
as block testers) are available at most auto 

parts stores. These work by detecting exhaust 

gases in the cooling system, which indicates 

a compression leak from a cylinder into the 

coolant. The tester consists of a large bulb- 

type syringe and bottle of test fluid (see illus- 
tration). A measured amount of the fluid is 

added to the syringe. The syringe is placed 

over the cooling system filler neck and, with 

the engine running, the bulb is squeezed and 
a sample of the gases present in the cooling 

system are drawn up through the test fluid 

(see illustration). If any combustion gases 

are present in the sample taken, the test fluid 

will change color. 

6 If the test indicates combustion gas is 
present in the cooling system, you can be 

sure that the engine has a blown head gasket 

or a crack in the cylinder head or block, and 

will require disassembly to repair. 

2.5a The combustion leak detector consists of a bulb, syringe 

and test fluid 

2.8 Checking the cooling system pressure 

cap with a cooling system pressure tester 

Pressure cap 
Refer to illustration 2.8 

Warning: Wait until the engine is completely 

cool before beginning this check. 
7 The cooling system is sealed by a 

spring-loaded cap, which raises the boiling 

point of the coolant. If the cap’s seal or spring 

are worn out, the coolant can boil and escape 

past the cap. With the engine completely cool, 

remove the cap and check the seal; if it’s 

cracked, hardened or deteriorated in any way, 

replace it with a new one. 

8 Even if the seal is good, the spring might 

not be; this can be checked with a cooling 

system pressure tester (see illustration). If 

the cap can’t hold a pressure within approxi- 

mately 1-1/2 Ibs of its rated pressure (which 
is marked on the cap), replace it with a new 

one. 
9 The cap is also equipped with a vacuum 

relief spring. When the engine cools off, a 

vacuum is created in the cooling system. The 

vacuum relief spring allows air back into the 

system, which will equalize the pressure and 
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2.10 Typical thermostat: 

Flange 

Piston 
Jiggle valve 

Main coil spring 

Valve seat 

Valve 

Frame 

Secondary coil spring ° ANDAR WMH = 

prevent damage to the radiator (the radiator 

tanks could collapse if the vacuum is great 

enough). If, after turning the engine off and 
allowing it to cool down you notice any of the 

cooling system hoses collapsing, replace the 

pressure cap with a new one. 

Thermostat 

Refer to illustration 2.10 

10 Before assuming the thermostat (see 
illustration) is responsible for a cooling sys- 

tem problem, check the coolant level (see 

Chapter 1), drivebelt tension (see Chapter 1) 

and temperature gauge (or light) operation. 

11 ‘If the engine takes a long time to warm 

up (as indicated by the temperature gauge or 

heater operation), the thermostat is probably 

stuck open. Replace the thermostat with a 

new one. 
12 If the engine runs hot or overheats, a 

thorough test of the thermostat should be per- 

formed. 

13 Definitive testing of the thermostat can 
only be made when it is removed from the 
vehicle. If the thermostat is stuck in the open 

position at room temperature, it is faulty and 

must be replaced. Caution: Do not drive the 
vehicle without a thermostat. The computer 

may stay in open loop and emissions and fuel 

economy will suffer. 
14 To test a thermostat, suspend the 

(closed) thermostat on a length of string or 

wire in a pot of cold water. 

15 Heat the water on a stove while observ- 
ing thermostat. The thermostat should fully 

open before the water boils. 
16 If the thermostat doesn’t open and close 

as specified, or sticks in any position, replace 

it. 

2.28 The water pump weep hole is 
generally located on the underside 

of the pump 

Cooling fan 
Electric cooling fan 
17 |f the engine is overheating and the cool- 

ing fan is not coming on when the engine tem- 

perature rises to an excessive level, unplug 

the fan motor electrical connector(s) and 
connect the motor directly to the battery with 

fused jumper wires. If the fan motor doesn’t 
come on, replace the motor. 

18 If the radiator fan motor is okay, but it isn’t 
coming on when the engine gets hot, the fan 

relay might be defective. A relay is used to con- 

trol a circuit by turning it on and off in response 

to a control decision by the Powertrain Control 

Module (PCM). These control circuits are fairly 

complex, and checking them should be left to 

a qualified automotive technician. Sometimes, 

the control system can be fixed by simply iden- 

tifying and replacing a bad relay. 

19 Locate the fan relays in the engine com- 
partment fuse/relay box. 
20 Test the relay (see Chapter 12). 

21 If the relay is okay, check all wiring and 

connections to the fan motor. Refer to the 
wiring diagrams at the end of Chapter 12. If 
no obvious problems are found, the problem 
could be the Engine Coolant Temperature 

(ECT) sensor or the Powertrain Control Mod- 

ule (PCM). Have the cooling fan system and 
circuit diagnosed by a dealer service depart- 
ment or repair shop with the proper diagnostic 

equipment. 

Belt-driven cooling fan 
22 Disconnect the cable from the nega- 
tive terminal of the battery and rock the fan 

back and forth by hand to check for excessive 

bearing play. 

23 With the engine cold (and not running), 
turn the fan blades by hand. The fan should 
turn freely. 

24 Visually inspect for substantial fluid leak- 

age from the clutch assembly. If problems are 
noted, replace the clutch assembly. 
25 With the engine completely warmed up, 

turn off the ignition switch and disconnect the 
negative battery cable from the battery. Turn 

the fan by hand. Some drag should be evi- 
dent. If the fan turns easily, replace the fan 

clutch. 

Water pump 
26 A failure in the water pump can cause 

serious engine damage due to overheating. 

Drivebelt-driven water pump 

Refer to illustration 2.28 

27 There are two ways to check the opera- 

tion of the water pump while it’s installed on the 
engine. If the pump is found to be defective, it 
should be replaced with a new or rebuilt unit. 

28 Water pumps are equipped with weep 

(or vent) holes (see illustration). If a failure 
occurs in the pump seal, coolant will leak from 

the hole. 
29 If the water pump shaft bearings fail, 

there may be a howling sound at the pump 

while it’s running. Shaft wear can be felt with 
the drivebelt removed if the water pump pul- — 

ley is rocked up and down (with the engine 

off). Don’t mistake drivebelt slippage, which 
causes a squealing sound, for water pump 

bearing failure. 

Timing chain or timing belt-driven 

water pump 
30 Water pumps driven by the timing chain 

or timing belt are located underneath the tim- 
ing chain or timing belt cover. 

31 Checking the water pump is limited 

because of where it is located. However, some 

basic checks can be made before deciding to 

remove the water pump. If the pump is found 

to be defective, it should be replaced with a 
new or rebuilt unit. 

32 One sign that the water pump may be 

failing is that the heater (climate control) may 

not work well. Warm the engine to normal 

operating temperature, confirm that the cool- 
ant level is correct, then run the heater and 

check for hot air coming from the ducts. 

33 Check for noises coming from the water 
pump area. If the water pump impeller shaft 

or bearings are failing, there may be a howl- 

ing sound at the pump while the engine is run- 

ning. Note: Be careful not to mistake drivebelt — 
noise (squealing) for water pump bearing or 
shaft failure. 

34 It you suspect water pump failure due 

to noise, wear can be confirmed by feeling 

for play at the pump shaft. This can be done 
by rocking the drive sprocket on the pump 
shaft up and down. To do this you will need to 

remove the tension on the timing chain or belt 
as well as access the water pump. 

All water pumps 
35 In rare cases or on high-mileage vehi- 
cles, another sign of water pump failure may 
be the presence of coolant in the engine oil. 

This condition will adversely affect the engine 

in varying degrees. Note: Finding coolant in 
the engine oil could indicate other serious — 

issues besides a failed water pump, such as a 

blown head gasket or a cracked cylinder head 
or block. 
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36 Even a pump that exhibits no outward 
signs of a problem, such as noise or leakage, 

can still be due for replacement. Removal for 
close examination is the only sure way to tell. 

Sometimes the fins on the back of the impeller 
can corrode to the point that cooling efficiency 
is diminished significantly. 

Heater system 
37 Little can go wrong with a heater. If the 
fan motor will run at all speeds, the electrical 

part of the system is okay. The three basic 
heater problems fall into the following general 
categories: 

a) Not enough heat 
’ b) Heat all the time 

c) No heat 

38 If there’s not enough heat, the control 

valve or door is stuck in a partially open posi- 

tion, the coolant coming from the engine isn’t 
hot enough, or the heater core is restricted. 

If the coolant isn’t hot enough, the thermostat 

in the engine cooling system is stuck open, 
allowing coolant to pass through the engine so 
rapidly that it doesn’t heat up quickly enough. 
If the vehicle is equipped with a temperature 

gauge instead of a warning light, watch to see 
if the engine temperature rises to the normal 
operating range after driving for a reasonable 

. distance. 
39 If there’s heat all the time, the control 
valve or the door is stuck wide open. 
40 If there’s no heat, coolant is probably not 

reaching the heater core, or the heater core 
is plugged. The likely cause is a collapsed or 
plugged hose, core, or a frozen heater control 

valve. If the heater is the type that flows cool- 

ant all the time, the cause is a stuck door or a 

broken or kinked control cable. 

_ Air conditioning system 
41 if the cool air output is inadequate: 

a) Inspect the condenser coils and fins to 

make sure they're clear. 

b) Check the compressor clutch for slip- 

page. 
c) Check the blower motor for proper oper- 

ation. 
d) Inspect the blower discharge passage 

for obstructions. 

e) Check the system air intake filter for 

clogging. 

42 lf the system provides intermittent cool- 

ing air: 

a) Check the circuit breaker, blower switch 
and blower motor for a malfunction. 

b) Make sure the compressor clutch isn’t 

slipping. 

c) Inspect the plenum door to make sure 

it's operating properly. 

d) Inspect the evaporator to make sure it 

isn’t clogged. 

e) If the unit is icing up, it may be caused by 

excessive moisture in the system, incor- 

rect super heat switch adjustment or low 

thermostat adjustment. 

43 If the system provides no cooling air: 

a) Inspect the compressor drivebelt. Make 
sure it’s not loose or broken. 

b) Make sure the compressor clutch 

engages. If it doesn't, check for a blown 
fuse. 

c) Inspect the wire harness for broken or 

disconnected wires. 
d) Ifthe compressor clutch doesn’t engage, 

bridge the terminals of the A/C pres- 

sure switch(es) with a jumper wire; if the 
clutch now engages, and the system is 

properly charged, the pressure switch is 

bad. 

e) Make sure the blower motor is not dis- 
connected or burned out. 

f) Make sure the compressor isn’t partially 
or completely seized. 

g) Inspect the refrigerant lines for leaks. 

h) Check:the components for leaks. 

i) Inspect the receiver-drier/accumula- 

tor or expansion valve/tube for clogged 

screens. 

44 If the system is noisy: 

a) Look for loose panels in the passenger 

compartment. 
b) Inspect the compressor drivebelt. It may 

be loose or worn. 

c) Check the compressor mounting bolts. 
They should be tight. 

d) Listen carefully to the compressor. It may 

be worn out. 
e) Listen to the idler pulley and bearing and 

the clutch. Either may be defective. 

f) The winding in the compressor clutch 

coil or solenoid may be defective. 

g) The compressor oil level may be low. 

h) The blower motor fan bushing or the 
motor itself may be worn out. 

i) If there is an excessive charge in the 

system, you'll hear a rumbling noise in 

the high pressure line, a thumping noise 

in the compressor, or see bubbles or 

cloudiness in the sight glass. 
j) If there’s a low charge in the system, 

you might hear hissing in the evapora- 

tor case at the expansion valve, or see 

bubbles or cloudiness in the sight glass. 

3 Air conditioning and heating 
system - check and maintenance 

Air conditioning system 
- Warning: The air conditioning system is under 

high pressure. Do not loosen any hose fittings 

or remove any components until after the sys- 

tem has been discharged. Air conditioning 
refrigerant should be properly discharged into 

an EPA-approved recovery/recycling unit at a 

dealer service department or an automotive 

air conditioning repair facility. Always wear 

eye protection when disconnecting air condi- 

tioning system fittings. 
Caution: All models covered by this manual 

use environmentally friendly R-134a. This 

refrigerant (and its appropriate refrigerant 

oils) are not compatible with R-12 refrigerant 

system components and must never be mixed 

or the components will be damaged. 

Caution: When replacing entire components, 

additional refrigerant oil should-be added equal 
to the amount that is removed with the com- 
ponent being replaced. Read the can before 

adding any oil to the system, to make sure it is 

compatible with the R-134a system. 

1 The following maintenance checks 

should be performed on a regular basis to 

ensure that the air conditioning continues to 

operate at peak efficiency. 

a) Inspect the condition of the compressor 

drivebelt. If it is worn or deteriorated, 
replace it (see Chapter 1). 

b) Check the drivebelt tension (see Chapter 
1). 

c) Inspect the system hoses. Look for 
cracks, bubbles, hardening and deterio- 

ration. Inspect the hoses and all fittings 

for oil bubbles or seepage. If there is any 

evidence of wear, damage or leakage, 

replace the hose(s). 

d) Inspect the condenser fins for leaves, 

bugs and any other foreign material that 

may have embedded itself in the fins. 
Use a fin comb or compressed air to 

remove debris from the condenser. 
e) Make sure the system has the correct 

refrigerant charge. 

f) If you hear water sloshing around in the 

dash area or have water dripping on the 

carpet, check the evaporator housing 

drain tube and insert a piece of wire into 

the opening to check for blockage. 

2 It’s a good idea to operate the system 

for about ten minutes at least once a month. 

This is particularly important during the win- 

ter months because long term non-use can 

cause hardening, and subsequent failure, of 

the seals. Note that using the Defrost function 

operates the compressor. 

3 ‘If the air conditioning system is not work- 

ing properly, proceed to Step 6 and perform 

the general checks outlined below. 

4 Because of the complexity of the air con- 

_ ditioning system and the special equipment 

necessary to service it, in-depth troubleshoot- 

ing and repairs beyond checking the refriger- 

ant charge and the compressor clutch opera- 

tion are not included in this manual. However, 

simple checks and component replacement 

procedures are provided in this Chapter. For 

more complete information on the air condi- 

tioning system, refer to the Haynes Automo- 

tive Heating and Air Conditioning Manual. 

5 The most common cause of poor cool- 

ing is simply a low system refrigerant charge. 

If a noticeable drop in system cooling ability 

occurs, one of the following quick checks will 

help you determine if the refrigerant level is 

low. 

Checking the refrigerant charge 

Refer to illustration 3.9 

6 Warm the engine up to normal operating 

temperature. 

7 Place the air conditioning temperature 

selector at the coldest setting and put the 

blower at the highest setting. 
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3.9 Insert a thermometer in the center 

vent, turn on the air conditioning system 
and wait for it to cool down; depending on 

the humidity, the output air should be 35 
to 40 degrees cooler than the ambient 

air temperature 

8 After the system reaches operating tem- 

perature, feel the larger pipe exiting the evap- 

orator at the firewall. The outlet pipe should 

be cold (the tubing that leads back to the 

compressor). If the evaporator outlet pipe is 

warm, the system probably needs a charge. 

9 Insert a thermometer in the center air 

distribution duct (see illustration) while oper- 

ating the air conditioning system at its maxi- 

mum setting - the temperature of the output 

air should be 35 to 40 degrees F below the 

ambient air temperature (down to approxi- 

mately 40 degrees F). If the ambient (outside) 
air temperature is very high, say 110 degrees 

F, the duct air temperature may be as high 

as 60 degrees F, but generally the air condi- 

tioning is 35 to 40 degrees F cooler than the 

ambient air. 

10 Further inspection or testing of the sys- 

tem requires special tools and techniques and 

is beyond the scope of the home mechanic. 

Adding refrigerant 

Refer to illustrations 3.11 and 3.13 

Caution: Make sure any refrigerant, refrig- 

erant oil or replacement component you 

purchase is designated as compatible with 

R-134a systems. 

11. Purchase an R-134a automotive charg- 

ing kit at an auto parts store (see illustra- 

tion). A charging kit includes a can of refriger- 

ant, a tap valve and a short section of hose 
that can be attached between the tap valve 

and the system low side service valve. Cau- 

tion: Never add more than one can of refrig- 

erant to the system. If more refrigerant than 

that is required, the system should be evacu- 

ated and leak tested. 

12 Back off the valve handle on the charging 

kit and screw the kit onto the refrigerant can, 

making sure first that the. O-ring or rubber seal 

inside the threaded portion of the kit is in place. 

Warning: Wear protective eyewear when deal- 

ing with pressurized refrigerant cans. 

3.11 R-134a automotive air conditioning 
charging kit 

13 Remove the dust cap from the low-side 

charging port and attach the hose’s quick- 

connect fitting to the port (see illustration). 

Warning: DO NOT hook the charging kit hose 

to the system high side! The fittings on the 

charging kit are designed to fit only on the 

low side of the system. 

14 Warm up the engine and turn On the air 
conditioning. Keep the charging kit hose away 

from the fan and other moving parts. Note: 

The charging process requires the compres- 

sor to be running. If the clutch cycles off, you 

can put the air conditioning switch on High and 

leave the car doors open to keep the clutch 

on and compressor working. The compressor 

can be kept on during the charging by remov- 

ing the connector from the pressure switch 

and bridging it with a paper clip or jumper wire 

during the procedure. 

15 Turn the valve handle on the kit until the 
stem pierces the can, then back the handle 

out to release the refrigerant. You should be 

able to hear the rush of gas. Keep the can 

upright at all times, but shake it occasionally. 

Allow stabilization time between each addi- 
tion. Note: The charging process will go faster 

if you wrap the can with a hot-water-soaked 

rag to keep the can from freezing up. 

16 If you have an accurate thermometer, 

you can place it in the center air condition- 

ing duct inside the vehicle and keep track of 

the output air temperature. A charged system 

that is working properly should cool down to 

approximately 40 degrees F. If the ambient 

(outside) air temperature is very high, say 110 
degrees F, the duct air temperature may be 

as high as 60 degrees F, but generally the air 

conditioning is 35 to 40 degrees F cooler than 
the ambient air. 

17 When the can is empty, turn the valve 

handle to the closed position and release the 

connection from the low-side port. Reinstall 
the dust cap. 

18 Remove the charging kit from the can 

and store the kit for future use with the pierc- 

3.13 Location of the low-side 

charging port 

ing valve in the UP position, to prevent inad- 
vertently piercing the can on the next use. 

Heating systems 
19 If the carpet under the heater core is 

damp, or if antifreeze vapor or steam is com- 

ing through the vents, the heater core is leak- 

ing. Remove it (see Section 12) and install a 
new unit (most radiator shops will not repair a 

leaking heater core). 

20 If the air coming out of the heater vents 

isn’t hot, the problem could stem from any of 
the following causes: 

a) The thermostat is stuck open, prevent- 

ing the engine coolant from warming up 

enough to carry heat to the heater core. 

Replace the thermostat (see Section 4). 

b) There is a blockage in the system, pre- 
venting the flow of coolant through the 

heater core. Feel both heater hoses at 

the firewall. They should be hot. If one 

of them is cold, there is an obstruction in 

one of the hoses or in the heater core, or 

the heater control valve is shut. Detach 

the hoses and back flush the heater core ~ 

with a water hose. If the heater core is 

clear but circulation is impeded, remove 

the two hoses and flush them out with a 
water hose. 

c) If flushing fails to remove the blockage 

from the heater core, the core must be 

replaced (see Section 12). 

Eliminating air conditioning 
odors 
Refer to illustration 3.24 

21 Unpleasant odors that often develop in 

air conditioning systems are caused by the 

growth of a fungus, usually on the surface of 
the evaporator core. The warm, humid envi- 
ronment there is a perfect breeding ground for 
mildew to develop. 

22 The evaporator core on most vehicles 

is difficult to access, and factory dealerships 
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filter housing 

have a lengthy, expensive process for elimi- 

nating the fungus by opening up the evapora- 

tor case and using a powerful disinfectant and 

rinse on the core until the fungus is gone. You 

can service your own system at home, but it 

takes something much stronger than basic 

household germ-killers or deodorizers. 

23 Aerosol disinfectants for automotive air 

conditioning systems are available in most 

auto parts stores, but remember when shop- 

ping for them that the most effective treat- 
ments are also the most expensive. The basic 

procedure for using these sprays is to start 

by running the system in the RECIRC mode 

for ten minutes with the blower on its highest 

speed. Use the highest heat mode to dry out 

' the system and keep the compressor from 

engaging by disconnecting the wiring connec- 

tor at the compressor. s 

24 The disinfectant can usually comes 

with a long spray hose. Insert the nozzle into 

an intake port inside the cabin, and spray 

according to the manufacturer’s recommen- 

dations (see illustration). Try to cover the 

whole surface of the evaporator core, by aim- 

ing the spray up, down and sideways. Fol- 

low the manufacturer's recommendations for 

the length of spray and waiting time between 

applications. 

25 Once the evaporator has been cleaned, 

the best way to prevent the mildew from com- 

ing back again is to make sure your evapora- 

tor housing drain tube is clear. 

Automatic heating and air 

conditioning systems 
26 Some vehicles are equipped with an 

optional automatic climate control sys- 

tem. This system has its own computer that 

receives inputs from various sensors in the 

heating and air conditioning system. This 

computer, like the PCM, has self-diagnostic 

capabilities to help pinpoint problems or 

faults within the system. Vehicles equipped 

with automatic heating and air conditioning 

“Se > era reais 

3.24 Insert the nozzle of the disinfectant can into the cabin 

systems are very complex and considered 

beyond the scope of the home mechanic. 

Vehicles equipped with automatic heating and 

air conditioning systems should be taken to 

dealer service department or other qualified 

facility for repair. 

4 Thermostat - replacement 

Warning: Wait until the engine is completely 

cool before performing this procedure. 
1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 
2 Drain the cooling system (see Chap- 

ter 1). If the coolant is relatively new and still 

in good condition, save it and reuse it. 

Removal 

3.2L V6 engine models 
3 Loosen the radiator hose-to-thermostat 

outlet pipe hose clamp, then detach the hose 

from the outlet pipe. If it’s stuck, grasp it near 

the end with a pair of adjustable pliers and 

twist it to break the seal, then pull it off. If the 

hose is old or if it has deteriorated, cut it off 

and install a new one. 
4 Remove the bolt holding the outlet pipe, 

oil dipstick tube and engine lifting bracket then 

pull the outlet pipe and O-rings from the ther- 

mostat housing. Always replace the O-rings 

on the outlet pipe. 

5 Remove the intake manifold (see Chap- 

ter 2A). 

6 Remove the thermostat housing fasten- 

ers and detach the thermostat housing cover 

and thermostat. If the cover is stuck, tap it 

with a soft-face hammer to jar it loose. Be pre- 

pared for some coolant to spill as the gasket 

seal is broken. 

7 Press down on the thermostat and rotate 

the thermostat until the tabs clear the locking 

ears on the housing (see illustration 4.14). 

8 | Remove the thermostat from the hous- 

ing. 

Se 
4.12a Coolant pipe front mounting fastener 
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4.12b Thermostat housing details (3.0L V6 

engine shown, other models similar) 

1. Thermostat housing 

2 Coolant inlet pipe 
3 Coolant pipe-to-thermostat housing 

mounting fastener 

4 Thermostat housing bolts 

5 Coolant outlet pipe mounting fastener 

2.8L, 3.0L and 3.6L V6 engine models 

Refer to illustrations 4.12a, 4.12b and 4.14 

9 Remove the intake manifold (see Chap- 

ter 2B). 
140 Disconnect the coolant expansion tank 

hose from the thermostat housing. 

41. Remove the coolant pipe-to-thermostat 

housing fasteners (see illustration 4.12b). 

42 Remove the coolant pipe front and rear 

fasteners then remove the pipe to thermostat 

housing fasteners and remove the pipes from 

the thermostat housing (see illustrations). 

13. Remove the thermostat cover fasteners 

and detach the thermostat cover and thermo- 

stat. If the cover is stuck, tap it with a soft-face 

hammer to jar it loose. Be prepared for some 
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models similar) 

4.14 Thermostat details (3.0L V6 engine shown, other 
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4.18 Remove the lower radiator hose (A) and the thermostat 
housing bolts (B) (5.7L V8 engine shown, other V8 models similar) 

1 Thermostat 3. Thermostat housing ears 

2 Thermostat housing 4. Thermostat tabs 

coolant to spill as the O-ring seal is broken. Installation 
14 Press down on the thermostat and rotate 

the thermostat until the tabs clear the locking 
ears on the housing (see illustration). 
15 Remove the thermostat from the hous- 

ing. 

5.7L, 6.0L and 6.2L V8 engine 
models 

Refer to illustration 4.18 
Note: On 5.7L and 6.0L engines, the thermo- 
stat and O-ring seal are integral with the hous- 

ing and must be replaced as an assembly. 

16 Remove the cooling fan assembly (see 
Section 5). 
17 Disconnect the radiator hose clamp from 

the thermostat housing and remove the hose. 
18 Remove the bolts and lift the thermo- 
stat housing off (see illustration). It may be 
necessary to tap it with a soft-face hammer 

to break the gasket seal. On 6.2L engines, 
remove the thermostat from the housing. 

4.23 Install a new rubber seal around 

the perimeter of the thermostat (3.0L V6 
engine shown, other models similar) 

19 Clean the sealing surfaces. Inspect the 

hoses, replacing them as necessary. 

3.2L V6 engine models 
20 Insert the pin at the end of the thermostat 
into the center recess of the housing. Depress 

the tabs on the sides of the thermostat and 

turn the thermostat until the tabs are aligned 

with the ears on the housing. 

21 Install the thermostat housing using a 
new gasket, then install the housing. Tighten 
the bolts to the torque listed in this Chapter’s 

Specifications. 

22 Install new O-rings to the outlet pipe and 

install the pipe into the thermostat housing. 

2.8L, 3.0L and 3.6L V8 engine 
models 

Refer to illustration 4.23 

23 Depress the tabs on the sides of the ther- 

mostat and rotate the thermostat until the tabs 
are aligned with the ears on the housing. Install 
a new rubber gasket or O-ring on the thermo- 

stat (see illustration), then install the thermo- 
stat in the lower housing, spring-end first. 
24 Install the thermostat housing cover and 

bolts, then tighten the bolts to the torque listed 

in this Chapter’s Specifications. 
25 Install a new O-ring onto the coolant tube 

and insert the tube into the housing. Tighten 

the bolts to the torque listed in this Chapter’s 
Specifications. 

5.7L V8 engine models 
26 Carefully position the cover and install 
the bolts. Tighten the bolts to the torque 
listed in this Chapter’s Specifications - do not 

over-tighten them or the cover may crack or 
become distorted. 

All models 

27 Installation is the reverse of removal. 

28 Refill the cooling system (see Chapter 1). 

29 Start the engine and allow it to reach 
normal operating temperature, then check for 

leaks and proper thermostat operation. 

5 Engine cooling fans - check, 

removal and installation 

Warning: To avoid possible injury or damage, 

DO NOT operate the engine with a damaged 
fan. Do not attempt to repair fan blades - 

replace a damaged fan with a new one. 

Warning: The electric fans can start at any 
time; keep hands, clothes and tools away 

from the fan until the battery is disconnected 

to avoid possible injury or damage. 

Check 
1 If the engine is overheating and the cool- 
ing fan is not coming on when the engine tem- 

perature rises to an excessive level, see Sec- 

tion 2. Check the fan relays in the underhood 
fuse/relay box. 

2 If the relays are okay, check all wiring 
and connections to the fan motor. Refer to the 
wiring diagrams at the end of Chapter 12. If 
no obvious problems are found, the problem 

could be the Engine Coolant Temperature 

(ECT) sensor or the Powertrain Control Mod- 
ule (PCM). Have the cooling fan system and 

~~ 

circuit diagnosed by a dealer service depart- — 
ment or repair shop with the proper diagnostic 
equipment. 

Removal and installation 

Refer to illustrations 5.12, 5.14 and 5.15 

Warning: Wait until the engine is completely 
cool before performing this procedure. 
Warning: These models have an airbag 
sensor mounted near the radiator support 

bracket. It will be necessary to disarm the sys- 

tem prior to performing any work around the 
radiator, fans or other components in this area 
(see Chapter 12). 

pete 

ow 
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_ 5.12 Typical fan 

shroud-to-radiator 

’ mounting fastener 

locations 

3 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 
4 Raise the vehicle and support it securely 

on jackstands. Remove the splash shield and 

drain the cooling system (see Chapter 1). If the 
coolant is relatively new and still in good con- 
dition, save it and reuse it. Detach the upper 
radiator hose from the radiator and position it 

aside. 
5 Remove the air filter housing and inlet air 

resonator (see Chapter 4). 
6 _ Disconnect and plug the expansion tank 

hose from the top of the radiator. 
7 Remove the fastener for the air condition- 

ing line mounting clip that secures the A/C lines 
to the fan shroud, and move the clip away from 

the shroud. 
9 Remove the auxiliary water pump and 

any hoses, if equipped. 
10 Disconnect the fan motor electrical 

connector(s). 

11. Detach the wire harness clips from the 
fan shroud and move the harness away from 

the shroud. 

12 Remove the fan shroud-to-radiator 

mounting bolts (see illustration). 

13 Lift the fan/shroud assembly from the 

- vehicle. 

eat 

5.15 Disconnect the fan motor electrical connector (A) and 

14 To detach the fan blade from the motor, 
remove the nut from the motor shaft (see 

illustration). Remove the fan blade from the 

motor. 
15 To detach the motor from the shroud, 

remove the retaining bolts and disconnect the 

electrical connector (see illustration). 
16 Installation is the reverse of removal. 

Note: When reinstalling the fan assembly, 

make sure the rubber air shields around the 

shroud are still in place - without them, the 

cooling system may not work efficiently. 

17 Reconnect the battery. Refill the cooling 

system (see Chapter 1). 
18 Start the engine and allow it to reach 

normal operating temperature, then check for 

leaks and proper operation. 

6 Coolant expansion tank - removal 

and installation 

Warning: Wait until the engine is completely 

cool before beginning this procedure. 
1 Drain the cooling system (see Chap- 

ter 1). 

remove the fan motor mounting bolts 

5.14 Hold the fan blade and remove the 

mounting nut 

2007 and earlier models 
2 Remove the left side cowl panel (see 

Chapter 11). 
3 Disconnect the hoses. 
4 On models equipped with a manual 

transmission, unbolt the clutch master cylin- 

der reservoir and set it out of the way. 
5 Remove the master cylinder mounting 

nuts, slide the master cylinder forward without 

disconnecting the brake lines and carefully 

position it out of the way. 
6 Remove the surge tank mounting fasten- 

ers and remove the tank. 

2008 and later models 

Refer to illustration 6.8 

7 Remove the fasteners securing the 

expansion tank to the fender. 
8 Lift the tank up enough to disconnect the 

hoses (see illustration). Disconnect the fluid 

level sensor, if equipped. 

All models 
9 Clean out the tank with soapy water and 
a brush to remove any deposits inside. Inspect 

6.8 Disconnect the expansion tank hoses (A), then remove the 

mounting fasteners (B) 
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7.5 Remove the bolts to remove the upper 

radiator support (one per side) 

the reservoir carefully for cracks. If you find a 
crack, replace the reservoir. 

10 Installation is the reverse of removal. 

7 Radiator - removal and 

installation 

Warning: Wait until the engine is completely 

cool before beginning this procedure. 

Warning: These models have a an airbag 
sensor mounted near the radiator support. It 

will be necessary to disarm the airbag system 

prior to performing any work around the radia- 

tor, fans or other components in this area (see 
Chapter 12) 

Removal 

Refer to illustrations 7.5 and 7.6 

1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

2 Raise the vehicle and support it securely 

on jackstands. Remove the lower splash 

shield. 
3 Drain the cooling system (see Chap- 

ter 1). If the coolant is relatively new and in 
good condition, save it and reuse it. Detach 

the radiator hoses from the bottom and top of 

the radiator. 
4 Disconnect the expansion tank hose 

from the radiator. 

5 Remove the radiator support bracket 

mounting bolts and brackets from the top of 

the radiator (see illustration). 

6 Remove the condenser upper mounting 

bolts from the top of the radiator (see illus- 

tration). On 2008 models, the remove the 
condenser upper bolts and brackets from the 

radiator. 

7 Remove the cooling fans (see Sec- 

tion 6). 

8 Using a quick disconnect tool #J-44827 

or equivalent disconnect the transmission 

cooler lines from the bottom of the radiator. 

9 Remove the condenser lower mounting 

bolts (see illustration 7.6). 

10 Disconnect the push-pins from the sides 

7.6 Remove the bolts 
securing the condenser 
to the radiator - bumper 

cover removed to 

show upper and lower 
mounting bolt locations 

of the radiator and remove the side seal pan- 

els. hoo 
11. Carefully lift out the radiator. Don’t spill 

coolant on the vehicle or scratch the paint. 

Make sure the rubber radiator insulators that 

fit on the bottom of the radiator and into the 

sockets in the body remain in place in the 

body for proper reinstallation of the radiator. 

12 Remove bugs and dirt from the radiator 

with compressed air and a soft brush. Don’t 
bend the cooling fins. Inspect the radiator for 
leaks and damage. If it needs repair, have a 

radiator shop or a dealer service department 

do the work. 

Installation 
13 Inspect the rubber insulators in the lower 

crossmember for cracks and deterioration. 
Make sure that they’re free of dirt and gravel. 

When installing the radiator, make sure that 

it's correctly seated on the insulators before 
fastening the top brackets. 

14 Installation is otherwise the reverse of 
the removal procedure. After installation, fill 

the cooling system with the correct mixture of 

antifreeze and water (see Chapter 1). 

15 Start the engine and check for leaks. 

Allow the engine to reach normal operating 

temperature, indicated by the upper radiator 

hose becoming hot. Recheck the coolant level 

and add more if required. 

16 If you’re working on an automatic 

transaxle-equipped vehicle, check and add 
fluid as needed. 

Charge air cooler radiator (6.2L V8 
engine models) 
Note: The charge air cooler is mounted to the 

front of the condenser on all supercharged V8 
models and is a completely separate system 
from the engine cooling system. 

Removal 

17 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

18 Raise the vehicle and support it securely 

on jackstands. Remove the lower splash 
shield. 

19 Drain the charge air cooling system (see 
Chapter 2C, Section 16). If the coolant is rela- 

tively new and in good condition, save it and 

reuse it. 

20 Remove the front bumper cover (see 
Chapter 11). 

21 Disconnect the clamps and remove the 

charge air cooler pump to radiator hoses. 

22 Disconnect and plug the power steering 

cooler hoses. 

23 Remove the charge air cooler radiator- 

to-condenser mounting bolts and lower the 

radiator out of the vehicle. 

Installation 

24 Installation is the reverse of the removal 

procedure. After installation, fill the charge 

air cooling system with the correct mixture of 
antifreeze and water, then bleed the charge 

air cooling system (see Chapter 2C, Sec- 
tion 21). Top-up the power steering fluid (see 
Chapter 1). 

25 Start the engine and check for leaks. 
Allow the engine to reach normal operating 

temperature, indicated by the upper radiator 
hose becoming hot. Recheck the coolant level 
and add more if required. Check for power 

steering fluid leaks and add fluid as needed. 

8 Water pump - replacement 

Warning: Wait until the engine is completely 

cool before beginning this procedure. 

Removal 
1 Disconnect the cable from the negative 
battery. terminal (see Chapter 5). 

2 Raise the vehicle and support it securely 

on jackstands. Remove the lower splash 
shield. 

3 Drain the cooling system (see Chapter 1). 

If the coolant is relatively new and in good 
condition, save it and reuse it. 

4 Remove the water pump drivebelt (see 
Chapter 1). 

5 Remove the air filter housing and inlet air 
resonator (see Chapter 4). 



Chapter 3 Cooling, heating and air conditioning systems 

8.7 Typical water pump bolt locations (V6 engine models) 

V6 models 

Refer to illustration 8.7 
6 Use a pin spanner or strap wrench to 

hold the water pump pulley from turning, and 
__ remove the pulley mounting bolts and pulley 
7 Remove the bolts attaching: the water 
pump to the engine cover and remove the 

pump from the engine (see illustration). If 
the water pump is stuck, gently tap it with a 

soft-faced hammer to break the seal. 
8 Clean the bolt threads and the threaded 

holes in the engine and remove all corrosion 
and sealant. Remove all traces of old gasket 

material from the sealing surfaces. 

V8 models 
Note: On V8 engine models, the water pump 

pulley is not removable. 
9 Remove the engine covers. 
10 Disconnect all of the hoses from the 

water pump. Secure them out of the way. 
41. Remove the supercharger drivebelt, 

tensioner and bracket (see Chapter 1). 

12 Disconnect and remove the hoses to the 

water pump 

13. Unbolt and remove the water pump from 

the front of the engine. It may be necessary 

to tap the pump with a soft-face hammer to 

break the gasket seal. 

Installation 
14 Compare the new pump to the old one to 

make sure that they’re identical. 

15 Apply a thin film of RTV sealant to hold 

the new gasket in place during installation. 

O-rings should be coated with clean coolant. 

Caution: Make sure that the gasket is cor- 

rectly positioned on the water pump and the 

mating surfaces are clean and free of old gas- 

ket material. Carefully mate the pump to the 

water pump housing. 

46 Install the water pump bolts and tighten 

them-in a criss-cross pattern to the torque 

listed in this Chapter’s Specifications. 

17. The remainder of installation is the 

reverse of removal. Refill the cooling system 

(see Chapter 1). 
18 Operate the engine to check for leaks. 

9 Coolant temperature sending unit 

- check and replacement 

Warning: Wait until the engine is completely 

cool before beginning this procedure. 

The coolant temperature indicator sys- 

tem consists of a warning light or a tempera- 

ture gauge on the dash and a coolant tem- 

perature sending unit mounted on the engine. 

On the models covered by this manual, the 

Engine Coolant Temperature (ECT) sensor 

is an information sensor for the Powertrain 

Control Module (PCM) and also functions as 
the coolant temperature sending unit for the 

temperature gauge. Information on the ECT 

sensor can be found in Chapter 6. 

40 Blower motor control module and 

blower motor - replacement 
Neen EERIE 

Warning: The models covered by this manual 

are equipped with Supplemental Restraint 

10.6 Location of the 

blower motor electrical 

connector (A) and the 
blower motor mounting 

screws (B) 

10.2 Unplug the blower motor resistor connectors (A), then 

remove the mounting screws (B) 

Systems (SRS), more commonly known as 

airbags. Always disable the airbag system 

before working in the vicinity of any airbag 

system component to avoid the possibility of 

accidental deployment of the airbag, which 

could cause personal injury (see Chapter 12). 

Blower motor control module 

Refer to illustration 10.2 

1 Remove the lower trim panel and the 

glovebox (see Chapter 11). 
2 Disconnect the electrical connector from 

the blower motor control module (see illus- 

tration). 
3 Remove the blower motor control mod- 

ule mounting screws and remove the control 

module from the evaporator housing. 

4 Installation is the reverse of removal. 

Blower motor 

Refer to illustration 10.6 

5 Remove the lower trim panel and the 

glovebox (see Chapter 11). 
6 Disconnect the blower motor electrical 

connector (see illustration). 
7 Remove the blower motor mounting 

screws and remove the blower motor. 

8 _ Installation is the reverse of removal. 
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11.6 Pry out the center trim 

panel/control assembly 

11 Heater/air conditioner control 
assembly - removal and 
installation 

Refer to illustration 11.6 

Warning: The models covered by this manual 

are equipped with Supplemental Restraint 

Systems (SRS), more commonly known as 
airbags. Always disable the airbag system 

before working in the vicinity of any airbag 

system component to avoid the possibility of 

accidental deployment of the airbag, which 

could cause personal injury (see Chapter 12). 

1 Disconnect the cable from the negative 
battery terminal (see Chapter 5). 
2 Remove the center floor console shifter 

trim plate (see Chapter 11). 

3 Remove the center and right side trim 

applique panels (see Chapter 11). 

4 Remove the upper center trim cover 

panel (see Chapter 11). 
5 Remove the screws at the bottom of the 
center trim panel/air control panel (see Chap- 

ter 12). 

6 Use a plastic trim tool to pry the center 

trim panel/control assembly from its retaining 

clips (see illustration). 
7 Disconnect the electrical connectors at 

the module. 

8 Remove the heater/air conditioner con- 

trol assembly retaining screws on the back of 
the panel. 

9 Installation is the reverse of removal. 

12 Heater core - replacement 

Warning: The models covered by this manual 

are equipped with Supplemental Restraint 

Systems (SRS), more commonly known as 

airbags. Always disarm the airbag system 

before working in the vicinity of any airbag 

system component to avoid the possibility of 
accidental deployment of the airbag, which 

could cause personal injury (see Chapter 12). 
Warning: The air conditioning system is under 

high pressure - have a dealer service depart- 

13.7 Disconnect the electrical connector 

(A) and remove the bolt (B) securing the 
refrigerant pipes to the compressor (V6 

model shown, V8 similar) 

ment or service station evacuate the system 

and recover the refrigerant before disconnect- 

ing any of the hoses or fittings. 

Warning: Wait until the engine is completely 

cool before beginning this procedure. 

Note: This is a difficult procedure for the 

home mechanic, involving numerous hard-to- 

’ find fasteners, clips and electrical connectors. 

1 Have the air conditioning system dis- 

charged by an automotive air conditioning 

technician (see Warning above). 

2 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

3 Drain the cooling system (see Chapter 1). 

Disconnect the heater hoses from the heater 

core inlet and outlet pipes at the firewall, then 

disconnect the thermal expansion valve and 

the two refrigerant pipes. 

4 Remove the instrument panel (see 

Chapter 11). 
5 Tag and disconnect the cables (if 
equipped) and electrical connectors from the 

HVAC unit. Remove the mounting fasteners. 

6 ‘The heater core is in the right half of the 

HVAC unit, above the blower motor housing. 

Remove the heater core cover screws and 

pull the heater core out of the housing. 

7 Installation is the reverse of removal. 
Reconnect the heater core inlet and outlet 
hoses at the firewall. Use a new gasket where 

the two air conditioning pipes meet the expan- 

sion valve at the firewall. 

8 Refill the cooling system (see Chapter 1). 

Have the system evacuated, recharged and 

leak tested by the shop that discharged it. 

13 Air conditioning compressor - 

removal and installation 

Warning: The air conditioning system is under 

high pressure. DO NOT loosen any fittings or 

remove any components until after the system 

has been discharged. Air conditioning refriger- 
ant must be properly discharged into an EPA- 

approved container at a dealer service depart- 

ment or an automotive air conditioning repair 

; =f ; 
a i 

13.8 Compressor mounting bolts (rear 
two bolts not visible here; power steering 

pulley removed for clarity (V6 model 
shown, V8 similar) 

facility. Always wear eye protection when dis- 

connecting air conditioning system fittings. 

Caution: /f the compressor is being replaced 

due to failure, the rest of the system should 

be flushed by a technician to remove particles 

or contaminants. 

Removal 

Refer to illustrations 13.7 and 13.8 

1 Have the air conditioning system dis- 

charged by an automotive air conditioning 

technician (see Warning above). 

2 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

3. Raise the vehicle and support it securely 

on jackstands. Remove the lower splash 
shield and inner fender splash shield (see 
Chapter 11). 

4 Remove the drivebelt (see Chapter 1). 

5 Remove the air filter housing and inlet air 
resonator (see Chapter 4). 

6 Disconnect the electrical connector from 

the compressor clutch field coil. 

7 Remove the compressor inlet and out- 

let line mounting bolts (see illustration) 
and remove the lines from the compressor. 

Remove and discard the old O-rings. Note: 
On some models, the power steering line sup- 

port bracket must be removed and the lines 
moved out of the way to access the compres- 
sor line bolts. 

8 Remove the compressor mounting bolts 

(see illustration) and remove the compressor. 

Installation 
9 If a new compressor is being installed, 

follow the directions that came with the com- 
pressor regarding the draining of excess oil 
prior to installation. 

10 The clutch may have to be transferred 
from the original to the new compressor. 

11. Before reconnecting the inlet and outlet 

lines to the compressor, replace all O-rings 
and lubricate them with refrigerant oil. 

12 Installation is otherwise the reverse of 
removal. 
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14.2 Remove the plug, then remove the filter and desiccant bag 

from the condenser 

13 Have the system evacuated, recharged 
and leak tested by the shop that discharged it. 

14 Air conditioning condenser - 

removal and installation 

Refer to illustrations 14.2 and 14.4 

Warning: The air conditioning system is under 

high pressure. DO NOT loosen any fittings or 
remove any components until after the system 

has been discharged. Air conditioning refriger- 

ant must be properly discharged into an EPA- 

approved container at a dealer service depart- 

ment or an automotive air conditioning repair 

facility. Always wear eye protection when dis- 

connecting air conditioning system fittings. 

1 Have the air conditioning system dis- 

charged by an automotive air conditioning 

technician (see Warning above). 

2 At the bottom right of the condenser, 

there is a replaceable desiccant bag inside 

the condenser that is accessible by remov- 

ing a threaded plug on the bottom of the con- 

denser on the left end (see illustration). 

3 On supercharged 6.2L V8 models, 

remove the charge air cooler radiator (see 

Section 7). 

_ 4 Disconnect the pressure cycling switch 

and the refrigerant inlet and outlet pipes from 

the condenser (see illustration). Remove 

the bolt or nut securing the pipes to the block 

that is part of the condenser. Cap the lines to 

prevent contamination. 

5 Remove the fastener for the air condition- 

ing line mounting clip that secures the A/C lines 

to the fan shroud, and move the clip away from 

the shroud. 

6 Remove the condenser mounting bolts 

and remove the condenser (see illustration 

7.6). If you’re going to reinstall the same con- 

denser, store it with the line fittings facing up 

to prevent oil from draining out. 

7 If installing-a new condenser, pour one 

ROMs 

ounce of refrigerant oil of the correct type into 

it prior to installation. 

8 Before reconnecting the refrigerant lines 

to the condenser, coat a pair of new O-rings 

with refrigerant oil, install them in the refrig- 

erant line fittings and tighten the condenser 
inlet and outlet nuts to the torque listed in this 

Chapter’s Specifications. 
9 Installation is otherwise the reverse of 

removal. 
10 Have the system evacuated, recharged 
and leak tested by the shop that discharged it. 

15 Air conditioning pressure cycling 

switch - replacement 
ES 

Warning: The air conditioning system is under 

high pressure. DO NOT loosen any fittings or 
remove any components until after the system 

has been discharged. Air conditioning refrig- 

erant must be properly discharged into an 

EPA-approved container at a dealer service 

department or an automotive air condition- 

ing repair facility. Always wear eye protection 

when disconnecting air conditioning system 

fittings. 

1. The pressure cycling switch is located on 

top of the hard line from the condenser to the 

air conditioning thermostatic expansion valve 

(TXV). The pressure cycling switch detects 

low refrigerant line pressure, and switches the 

A/C system off, then back on again to provide 

higher pressure. If the pressure increases too 

high, the pressure cut-off switch, located in 

the high pressure side of the system, shuts 

the system off. 

2 Have the air conditioning system dis- 

charged by an automotive air conditioning 

technician (see Warning above). 

3. Unplug the electrical connector from the 

pressure cycling switch (see illustration 14.4). 

4 Unscrew the pressure cycling switch. 

5 Lubricate the switch O-ring with clean 

refrigerant oil of the correct type. 

14.4 Typical condenser details 

Pressure cycling switch electrical connector 

Inlet refrigerant pipe 

Outlet refrigerant pipe 

Power steering cooler lines 

6 Screw the new switch into place until 

hand tight, then tighten it securely. 

7 Reconnect the electrical connector. 

8 Have the system evacuated, recharged 

and leak tested by the shop that discharged it. 

16 Air conditioning thermostatic 
expansion valve (TXV) - general 

information 

Warning: The air conditioning system is under 

high pressure. DO NOT loosen any hose fit- 

tings or remove any components until the 

system has been discharged. Air conditioning 

refrigerant must be properly discharged into 

an EPA-approved recovery/recycling unit by 

a dealer service department or an automotive 

air conditioning repair facility. Always wear 

eye protection when disconnecting air condi- 

tioning system fittings. 
There are several ways that air condition- 

ing systems convert the high-pressure liquid 

refrigerant from the compressor to lower-pres- 

sure vapor. The conversion takes place at the 

air conditioning evaporator; the evaporator is 

chilled as the refrigerant passes through, cooling 

the airflow through the evaporator for delivery 

to the vents. The conversion is usually accom- 

plished by a sudden change in the tubing size. 

Many vehicles have a removable controlled ori- 

fice in one of the AC pipes at the firewall. 
The models covered by this manual use 

a thermostatic expansion valve (TXV) that 

accomplishes the same purpose as a con- 

trolled orifice. To remove the TXV, have the air 

conditioning system discharged by a licensed 

air conditioning technician, then remove the 

evaporator core and disconnect the refriger- 
ant lines from the TXV. Remove the two bolts 

securing the valve, then remove the valve. 

Installation is the reverse of removal. Have 

the system evacuated, recharged and leak 

tested by the shop that discharged it. 
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Fuel and exhaust systems 
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Fuel pressure - check PPO en sk cate dcss anh clea staal iaates sahgeasceasthgweridesges 4 High-pressure fuel pump - removal and installation ............1100+ 8 

Fuel pressure relief proCeCure............ccscsesecseeseeseeeseeneesneenaernneenes 3 Throttle body - removal and installation........ccccscsesseseeereeteneneeees 11 

Fuel pressure Sensor - replaCeMent............cccccccsccsssceteertteeerseeenes 12 Troubleshooting its. Ao setee nie cehessscrtvee ass. cnects#aettalenie sans revangaesenesrtas 2 
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Specifications 
i I eee

 ne SEEN EIESEEEEL aEEEEASEREESNEEs aT 

Fuel pressure (key on, engine off, except where indicated) 

V6 engines 
DOOR MMOGSIS. vane. ccocctessassntressanneseacuncoNsdspvaducdsanteabercsSeacsradercussapaacvosnrt 

2004 through 2008 Models ...........:ccsccsceeeeeeeseeseeneeseteeenseseeseeneeneenees 

2009 models 

V8 engines 

2004 through 2007 Models ...........c:cceeseeeeereesereeseesseseeseesesesenetsersetenes 

2009 and later MOEIS.......c:cc.cc-cecesccsensesseercenssensscsscnsenesareresoesceasecaenes 

Torque specifications 

49 to 55 psi (337 to 380 kPa) 

55 to 60 psi (380 to 414 kPa) 

50 to 60 psi (344 to 414 kPa) 

56 to 62 psi (386 to 427 kPa) 

50 to 100 psi (344 to 690 kPa) 
43 to 58 psi (296 to 400 kPa) 

55 to 62 psi (380 to 427 kPa) 

55 to 76 psi (380 to 524 kPa) 

Ft-Ibs (unless otherwise indicated) Nm 

Note: One foot-pound (ft-lb) of torque is equivalent to 12 inch-pounds (in-lbs) of torque. Torque values below approximately 15 foot-pounds are 

expressed in inch-pounds, because most foot-pound torque wrenches are not accurate at these smaller values. 

Fuel pressure sensor 

VG ONGINES .....i eee tesssssssseeesesseeceeteneeetecssvutteneerenenunetacneneassnsesdnneneneenenes 

VB CNGINES .........ccseseseessscnesseecscsetseeseersdenseeneeesesenecaensnqeasecsrscsnenteasanets 

High-pressure fuel PUMP fAaStENETS ...........ecceeeerereteseeteteteeeeettnenenentetens 

High pressure fuel line fittings (to high-pressure fuel pump and fuel rails) 

2003 through 2012 
SHOP 1 csececcsseeseseseccervsusrsenscessnsesceccenneepsrsnsnassesterheneecacscssnonenesesteanest 

SHOP 2 ncccsscsnsasurencrersenspussessoeseeneesssnnesesumncnrescnenertansegsaseguseeseccerenezens 

F013 AN lALEN ...c.ce0cccecscsevorsceenesceepuouanecrsesetccegesecrsesaosensecederanererrarerne 

Fuel rail mounting bolts 

D.BL V6 CNGINE........-.0.ssseseperesensneneserasseseneneesesensasseneneneetenacarennanennntats 
3.0L V6 engine, in sequence 

Se accede sere ccuhcwstotenvoeraPaanescwtsbatesteanssorscassiaesesatnencnsvasssedseczeancens 

SEG 2 teh Riecedtc tees tag rta va neosshavedctiwonerzensnevssentzertieraccessaransyrincnsusreates 

3.2L V6 CNGINE .........cessseesserseecsesesescncnenescsnenacsenseesentenesenensnsesseseceseanenty 

3.6L V6 engines : 

2004 through 2009............ececssssseseneesrsecsesseseecessnenenerseetenneneneneees 
2010 and later, in sequence 

Slop Tusickteeesecls Ai cecececnsenttesbidesscatearsonenennrssadieeseneinessersacetonseace 

Shep 2 ieee eciceee ost vic risen believe ccsnnssseapnensatvereenenentssneteessienes 

5.7L and 6.0L V8 SNGiNe .......cccececsseeseeeceeseesseeseeenetastecneseeesensenenes 

G.2L VB CNGINE ...ccsscsseeeseesssscseseneceneeeessrsescneesecennenesesesagenesseanenenensonncess 

Fuel tank strap DOItS ...........scscssscsnenenesesssssssenssenentereterensssscennenssenanensecenens 

Throttle body mounting fasteners 

PUIEMGIMNG iets eck cpissssccsesttetncctenaaisdasassstsaseternrsebanesnaegetaten ene dnturss 

2.8L, 3.0L, 3.6 and 6.2L CNGiNES..........eccereereereets rere tsereeneneneteneaeteacens 

5.7L And 6.0L! ENGINES ........ecececesesenceceeessaensseetenetseessenansecsensenenenenentas 

25 33 

89 in-lbs 10 

132 in-lbs 15 

144 in-lbs 16 

24 32 

20 28 

89 in-lbs 10 

106 in-lbs 12 

AWA 23 

71 in-lbs 8 

89 in-lbs 10 

106 in-lbs 12 

Ay. 23 

89 in-Ibs 10 

KYA 50 

71 in-lbs 8 

89 in-lbs 10 

106 in-lbs 12 
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Fuel system components (3.0L V6 engine shown, other V6 models similar) 

1 Engine compartment fuse and relay box 3. Air intake duct 6 Fuel injectors (under upper intake 
(fuel pump fuse and fuel pump relay) 4 Throttle body manifold) 

2 Air filter housing 5 Upper intake manifold 7 Fuel pressure test port 

PCat? 



Chapter 4 Fuel and exhaust systems 4-3 

2.2 On 2008 and later models, the fuel pump fuse is located in the 

luggage compartment fuse box (the location of the fuse may vary 
with model and year - refer to the guide on the underside of the 

fuse box cover and the guide in your owner’s manual) 

4 General information 

Fuel system warnings 
Gasoline is extremely flammable and 

repairing fuel system components can be 

dangerous. Consider your automotive repair 

knowledge and experience before attempting 

repairs which may be better suited for a pro- 

fessional mechanic. 

© Don’t smoke or allow open flames or 

bare light bulbs near the work area 

© Don’t work in a garage with a gas-type 

appliance (water heater, clothes dryer) 

e Use fuel-resistant gloves. If any fuel spills 

on your skin, wash it off immediately with 

soap and water 

© Clean up spills immediately 

* Do not store fuel-soaked rags where 

they could ignite 

e Prior to disconnecting any fuel line, you 

must relieve the fuel pressure (see Sec- 

tion 3) 

© Wear safety glasses 

° Have a proper fire extinguisher on hand 

Fuel system 
The fuel system consists of the fuel 

tank, electric fuel pump/fuel level sending 

unit (located in the fuel tank), fuel rail and 

fuel injectors. The fuel injection system is a 

multi-port system; multi-port fuel injection 

uses timed impulses to inject the fuel directly 

into the intake port of each cylinder. The Pow- 

_ertrain Control Module (PCM) controls the 

injectors. The PCM monitors various engine 

parameters and delivers the exact amount of 

fuel required into the intake ports. 

Fuel is circulated from the fuel pump to 

the fuel rail through fuel lines running along 

the underside of the vehicle. Various sections 

of the fuel line are either rigid metal or nylon, 

or flexible fuel hose. The various sections of 

the fuel hose are connected either by quick- 

connect fittings or threaded metal fittings. 

Exhaust system 
The exhaust system consists of the 

exhaust manifold(s), catalytic converter(s), 

muffler(s), tailpipe and all connecting pipes, 
flanges and clamps. The catalytic converters 

are an emission control device added to the 

exhaust system to reduce pollutants. 

2 Troubleshooting 

Fuel pump 
Refer to illustration 2.2 

1. The fuel pump is located inside the fuel 

tank. Sit inside the vehicle with the windows 

closed, turn the ignition key to ON (not START) 

and listen for the sound of the fuel pump as it's 
briefly activated. You will only hear the sound 

for a second or two, but that sound tells you 

that the pump is working. Alternatively, have an 

assistant listen at the fuel filler cap. 

2 _|f the fuel pump does not come on, check 

the fuel pump fuse and, on later V8 models, 

the FSCM fuse (refer to the legend on the 

underside of the fuse block cover for fuse and 

relay locations). 

a) On 2003 through 2007 models, the fuel 

pump fuse is located in the right rear 

fuse block, located under the right rear 

seat. 

b) On 2008 and later models, the fuel pump 

fuse is located in the right rear fuse 

block, located in the trunk/uggage com- 

partment (see illustration). 

if the fuse is good, the relay might be faulty. If 

the fuse and relay are both ok, check the wiring 

back to the fuel pump. If no problems are found, 

the fuel pump module is probably defective. 

Fuel injection system 

Refer to illustration 2.9 

Note: The following procedure is based on the 

2.9 An automotive stethoscope is used to listen to the fuel 

injectors in operation 

assumption that the fuel pump is working and 

the fuel pressure is adequate (see Section 4). 

3. Check all electrical connectors that are 

related to the system. Check the ground wire 

connections for tightness. 
4 Verify that the battery is fully charged 

(see Chapter 5). 
5 Inspect the air filter element (see Chap- 

ter 1). 
6 Check all fuses related to the fuel sys- 

tem (see Chapter 12). 
7 Check the air induction system between 

the throttle body and the intake manifold for 

air leaks. Also inspect the condition of all vac- 

uum hoses connected to the intake manifold 

and to the throttle body. 
8 Remove the air intake duct from the throttle 

body and look for dirt, carbon, varnish, or other 

residue in the throttle body, particularly around 

the throttle plate. If it’s dirty, clean it with carb 

cleaner, a toothbrush and a clean shop towel. 

9 With the engine running, place an auto- 

motive stethoscope against each injector, one 

at a time, and listen for a clicking sound that 

indicates operation (see illustration). Warn- 

ing: Stay clear of the drivebelt and any rotat- 

ing or hot components. 

10 If you can hear the injectors operating, 

but the engine is misfiring, the electrical cir- 

cuits are functioning correctly, but the injectors 

might be dirty or clogged. Try a commercial 

injector cleaning product (available at auto 

parts stores). If cleaning the injectors doesn't 

help, replace the injectors. 

11 If an injector is not operating (it makes 

no sound), disconnect the injector electrical 

connector and measure the resistance across 

the injector terminals with an ohmmeter. Com- 

pare this measurement to the other injectors. 

If the resistance of the non-operational injec- 

tor is quite different from the other injectors, 

replace it. 

12 If the injector is not operating, but the 

resistance reading is within the range of 

resistance of the other injectors, the PCM or 

the circuit between the PCM and the injector 

might be faulty. 
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3 Fuel pressure relief procedure 

Warning: Gasoline is extremely flammable. 

See Fuel system warnings in Section 1. 

Warning: The fuel delivery system on 2008 

and later 3.6L (except VIN 7) and all 3.0L V6 

models is made up of a low-pressure system 

and a high-pressure system. Once the pres- 

sure on the low-pressure side of the system 

has been relieved, wait at least two hours 

before loosening any fuel line fittings in the 
engine compartment. 

1 Remove the fuel filler cap to relieve any 

pressure built-up in the fuel tank. 

2 Remove the fuel pump fuse (see Section 
2, Step 2). 

3 Attempt to start the engine; it should 

immediately stall. Crank the engine several 

more times to ensure the fuel system has 

been completely relieved. Disconnect the 

cable from the negative terminal of the battery 

before working on the fuel system. 
4 It's a good idea to cover any fuel connec- 

tion to be disassembled with rags to absorb 

the residual fuel that may leak out. Properly 

dispose of the rags. 

4 Fuel pressure - check 

Refer to illustrations 4.1a and 4.1b 

Warning: Gasoline is extremely flammable. 

See Fuel system warnings in Section 1. 

Note: The following procedure assumes that 

the fuel pump is receiving voltage and runs. 

1 Locate the fuel pressure test port; on 

3.2L V6 and 5.7L and 6.0L V8 engines the test 

port is on the fuel rail. On 2.8L, 3.0L and 3.6L 

V6 engines and 6.2L V8 engines it is located 
on the fuel supply line. Unscrew the cap and 

connect a fuel pressure gauge (see illustra- 

tions). 

2. Turn the ignition key to the On position. 
Note the gauge reading as soon as the pres- 

sure stabilizes, and compare it with the pres- 

4.1a This fuel pressure testing kit contains all the necessary 

fittings and adapters, along with the fuel pressure gauge, to test 

most automotive systems 

sure listed in this Chapter’s Specifications. 

3 If the fuel pressure is not within specifi- 

cations, check the following: 

a) Check for a restriction in the fuel sys- 
tem (kinked fuel line, plugged fuel pump 

inlet strainer or clogged fuel filter). If no 

restrictions are found, replace the fuel 

pump module (see Section 7). 

b) If the fuel pressure is higher than speci- 
fied, replace the fuel pump module (see 

Section 7). 

4 Turn off the engine. Fuel pressure should 

not fall more than 5 psi in one minute. If it 

does, the problem could be a leaky fuel injec- 
tor, fuel line leak, or faulty fuel pump module. 

5 Relieve the fuel system pressure (see 

Section 3), then disconnect the fuel pressure 

gauge. Wipe up any spilled gasoline. 

5 Fuel lines and fittings - general 

information and disconnection 

Warning: Gasoline is extremely flammable. 
See Fuel system warnings in Section 1. 
1 Relieve the fuel pressure before servic- 

ing fuel lines or fittings (see Section 3), then 
disconnect the cable from the negative battery 

terminal (see Chapter 5) before proceeding. 

2 The fuel supply line connects the fuel 
pump in the fuel tank to the fuel rail on the 
engine. The Evaporative Emission (EVAP) 
system lines connect the fuel tank to the 

EVAP canister and connect the canister to the 
intake manifold. 

3 Whenever you’re working under the 

vehicle, be sure to inspect all fuel and evapo- 

rative emission lines for leaks, kinks, dents 
and other damage. Always replace a dam- 

aged fuel or EVAP line immediately. 

4 If you find signs of dirt in the lines dur- 

ing disassembly, disconnect all lines and blow 

them out with compressed air. Inspect the fuel 

strainer on the fuel pump pick-up unit for dam- 

age and deterioration. 
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to the fuel rail on 2.8L, 3.0L. 3.6L V6 and 6.2L V8 engines 
(3.0L model shown) 

Steel tubing 
5 It is critical that the fuel lines be replaced 
with lines of equivalent type and specification. 

6 Some steel fuel lines have threaded fit- 

tings. When loosening these fittings, hold the 

stationary fitting with a wrench while turning 

the tube nut. 

Plastic tubing 
7 When replacing fuel system plastic tub- 
ing, use only original equipment replacement 

plastic tubing. Caution: When removing or 

installing plastic fuel line tubing, be careful not 

to bend or twist it too much, which can damage 
it. Also, plastic fuel tubing is NOT heat resis- 
tant, so keep it away from excessive heat. 

Flexible hoses 
8 When replacing fuel system flexible hoses, 

use only original equipment replacements. 

9 Don't route fuel hoses (or metal lines) 
within four inches of the exhaust system or 

within ten inches of the catalytic converter. Make 
sure that no rubber hoses are installed directly 

against the vehicle, particularly in places where 

there is any vibration. If allowed to touch some 
vibrating part of the vehicle, a hose can eas- 

ily become chafed and it might start leaking. A 
good rule of thumb is to maintain a minimum of 

1/4-inch clearance around a hose (or metal line) 
to prevent contact with the vehicle underbody. 

6 Exhaust system servicing - 
general information 

Refer to illustration 6.1 

Warning: Allow exhaust system components 

to cool before inspection or repair. Also, when 
working under the vehicle, make sure it is 
securely supported on jackstands. 

1 The exhaust system consists of the 

exhaust manifolds, catalytic converter, muf- 

fler, tailpipe and all connecting pipes, flanges 
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Disconnecting Fuel Line Fittings 

On this type of fitting, depress 
the two buttons on opposite 
sides of the fitting, then pull it 

off the fuel line 

Two-tab type fitting; depress 
both tabs with your fingers, 
then pull the fuel line and 

the fitting apart 

... insert a fuel line separator 
tool into the female side of the 

fitting, push it into the fitting and 
pull the fuel line off the pipe 

Metal collar quick-connect fitting; 
pull the end of the retainer off 
the fuel line and disengage 

the other end from the female 
side of the fitting . . . 

sada me wen et -wieahactsaete 
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Spring-lock coupling; remove 
the safety cover, install a 

‘coupling release tool and 

close the tool around 

the coupling... 

... push the tool into the fitting, 
then pull the two lines apart 

Threaded fuel line fitting; hold 
the stationary portion of the line 

or component (A) while 
loosening the tube nut (B) 
with a flare-nut wrench 

Some fittings are secured by lock 
tabs. Release the lock tab (A) 

and rotate it to the fully-opened 
position, squeeze the two 

smaller lock tabs (B)... 

Plastic collar-type fitting; rotate 
the outer part of the fitting 

z 

... then push the retainer out and 
pull the fuel line off the pipe 

Hairpin clip type fitting: push 
the legs of the retainer clip 

together, then push the clip 
down all the way until it stops 

and pull the fuel line off 
the pipe 
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6.1 Typical exhaust system hangers. Inspect regularly and 

replace at the first sign of damage or deterioration 

4 

hdd deel tit tt) 

7.3b Fuel pump module electrical 

connector (A) and fuel supply line quick- 

connect fitting (B) 

and clamps. The exhaust system is isolated 
from the vehicle body and from chassis com- 

ponents by a series of rubber hangers (see 
illustration). Periodically inspect these hang- 
ers for cracks or other signs of deterioration, 

replacing them as necessary. 

2 Conduct regular inspections of the 

exhaust system to keep it safe and quiet. Look 

for any damaged or bent parts, open seams, 

holes, loose connections, excessive corrosion 

or other defects which could allow exhaust 
fumes to enter the vehicle. Do not repair dete- 

riorated exhaust system components; replace 

them with new parts. 

3 If the exhaust system components are 

extremely corroded, or rusted together, a 
cutting torch is the most convenient tool for 

removal. Consult a properly-equipped repair 

shop. If a cutting torch is not available, you can 

use a hacksaw, or if you have compressed air, 

there are special pneumatic cutting chisels 

that can also be used. Wear safety goggles to 

protect your eyes from metal chips and wear 

work gloves to protect your hands. 

4 Here are some simple guidelines to fol- 

low when repairing the exhaust system: 

ee? 

7.4 Using pliers, rotate the locking ring 

counterclockwise to remove it 

a) Work from the back to the front when 
removing exhaust system components. 

b) Apply penetrating oil to the exhaust sys- 

tem component fasteners to make them 
easier to remove. 

c) Use new gaskets, hangers and clamps. 

d) Apply anti-seize compound to the 

threads of all exhaust system fasteners 

during reassembly. 

e) Be sure to allow sufficient clearance 
between newly installed parts and all 

points on the underbody to avoid over- 

heating the floor pan and possibly dam-. 

aging the interior carpet and insulation. 
Pay particularly close attention to the 

catalytic converter and heat shield. 

7 Fuel pump module - removal and 
installation 

Fuel pump module 

Refer to illustrations 7.3a, 7.3b, 7.4 and 7.5 

Warning: Gasoline is extremely flammable. 
See Fuel system warnings in Section 1. 

Note: There are two fuel pump modules. 

7.3a Location of the primary fuel pump module (A) and the 
secondary fuel pump module (B) 

7.5 Lift the module out at an angle and 
disconnect the transfer tube 

The primary module includes the fuel pump, 

a fuel level sending unit, a fuel filter and, on 

mechanical returnless pumps, a fuel pressure 

regulator. The secondary module includes a 

fuel level sending unit and the fuel pick up. 
On electronic returniess pumps, there is no 

regulator; fuel pressure is regulated by a Fuel 

Pump Flow Control Module (FPFCM). None of 
these components are separately serviceable 

1 Disconnect the cable from the negative 
battery terminal (see Chapter 5). Relieve the 
fuel system pressure (see Section 3). 

2 Remove the fuel tank (see Section 9). 
3 Disconnect the electrical connector and 
the fuel supply line quick-connect fitting from 

the fuel pump module (see illustrations). 
4 Using pliers against the locking ring. and 

the module, rotate the lock ring counterclock- 
wise to remove it (see illustration). 
5 Carefully pull the fuel pump module out. 

of the tank and disconnect the transfer tube 

that connects the modules (see illustration). 

Angle it as necessary to protect the fuel level 

sensor float arm and remove it from the tank. 
6 Inspect the O-ring and replace it if it 
shows any sign of deterioration. 

7 Installation is the reverse of removal. 
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8.7 High-pressure fuel line connections 

Fuel Pump Flow Control 
Module (FPFCM) 
Note: On vehicles equipped with an electronic 

returnless fuel system, the fuel pump module 

speed, and therefore the output and pressure, 

js controlled by the FPFCM, which is located 
in the left rear part of the trunk/luggage com- 

partment. 
8 On sedan and coupé models, remove 

the carpet trim from the left rear part of the 

trunk. On wagon models, remove the rear 

floor storage compartment. 
9 Disconnect the electrical connector from 

the FPFCM. 
10 Remove the pin-type retainers and 

remove the FPFCM. 
41 Installation is the reverse of removal. 

8 High pressure fuel pump - 
removal and installation 
ee EEE EEE 

Refer to illustrations 8.7 and 8.9 

Note: This procedure applies to 2008 and later 

3.6L (except VIN 7) and all 3.0L V6 engines. 

Warning: Gasoline is extremely flammable. 

See Fuel system warnings in Section 1. 

Warning: The fuel delivery system on 2008 

and later 3.6L (except VIN 7) and all 3.0L V6 

models is made up of a low-pressure system 

and a high-pressure system. Once the pres- 

sure on the low-pressure side of the system 

has been relieved, wait at least two hours 

before loosening any fuel line fittings in the 

engine compartment. 

1 Remove the engine covers. Remove the 

suspension crossbrace (see Chapter 10). 

2 Relieve the fuel system pressure (see 

Section 3). 

3 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

4 Remove the cowl panel (see Chapter 11) 

and the wiper motor and linkage (see Chap- 

ter 12). 
5 Remove the high-pressure fuel pump 

line shield fasteners and shield. Note: /f nec- 

- 
8.9 Remove the high-pressure pump mounting bolts (one of two 

bolts shown) and discard the bolts 

essary for additional working space, remove 

the intake manifold (see Chapter 2B) and both 

fuel rails (see Section 13), 
6 _ Disconnect the low pressure feed line to 

the pump. 
7 Using a flare-nut wrench, unscrew the 

high-pressure line fittings (see illustration). 

Caution: The manufacturer states that the 

pipe must be replaced if it has been removed. 

8 Disconnect the electrical connector from 

the high-pressure fuel pump. 

9 Remove the high-pressure fuel pump 

bolts (see illustration) and remove the pump. 

Always replace the bolts and O-ring. 
10 With the pump removed, rotate the 

engine by hand and make sure the camshaft 

lobe is at its base circle before trying to install 

the pump. 
41 Lubricate the pump roller with engine oil 

and install the gasket and bolts. 

42 Set the pump in to the cylinder head and 

tighten the bolts evenly. Note: As the pump 

bolts are tightened, it will get harder to tighten 

the bolts until the spring in the pump is com- 

pressed. 
13 Tighten the bolts to the torque listed in 

this Chapter’s Specifications. 
14 The remainder of installation is the 

reverse of removal. Clean the high pressure 

fuel line fittings on the fuel rails, then apply 

a little clean engine oil to the threads. Install 

the new high-pressure fuel line, tightening the 

fittings to the torque listed in this Chapter’s 

Specifications. ; 

15 Reconnect the cable to the negative bat- 

tery terminal (see Chapter 5), then start the 

engine and check for fuel leaks. 

er 

9 Fuel tank - removal and 

installation 
nn EERE 

Warning: Gasoline is extremely flammable. 

See Fuel system warnings in Section 1. 

Warning: The following procedure is much 

easier to perform if the fuel tank is empty. 

1 Remove the fuel tank filler cap to relieve 

fuel tank pressure. 
2 Relieve the fuel system pressure (see 

Section 3). 
3 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 
4 Raise the rear of the vehicle and support 

it securely on jackstands. 
5 Remove the exhaust system (see Sec- 

tion 6). 
6 Remove the driveshaft (see Chapter 8). 

7. Drain the fuel tank. On 2007 and earlier 

models, disconnect the fuel line from the filter 
(see Section 14) and attach the siphon to the 
line. On 2008 and later models, insert a hose 

through the filler neck and into the bottom of 

the tank. Siphon or hand pump the fuel from 

the tank into an approved gasoline container. 

Warning: Do not start the siphoning action by 

mouth. Use a siphoning pump (available at 

most auto parts stores). 

2007 and earlier models 
Caution: /t is advisable to have an assistant 

to help with this procedure. 
8 Disconnect the electrical connector and 

fuel supply line quick-connect fitting from the 

fuel pump module (see Section 7). 
9 Loosen the hose clamps and disconnect 

the fuel filler neck hose and EVAP system 

breather hose from the tank. 
10 Using two floor jacks, raise the lower 
control arms enough to take the load from the 
shock absorbers. Remove the shock absorber 

lower mounting bolt from each side and slowly 

lower the jacks. 
11. Reposition the floor jacks under the front 
of the subframe on each side, then remove 

the bolts from the front of the subframe. 
142 Slowly lower the subframe assembly 

about two inches. Caution: Do not lower it 

any more than two inches or the brake lines 

may be damaged. 
13 Support the fuel tank securely, then 

remove the fuel tank retaining strap bolts and 

carefully bend the straps enough to allow the 

tank tobe removed. 
14 Carefully lower the fuel tank. Note: Make 

sure that none of the hoses or electrical con- 
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9.18a Disconnect the fuel filler hose 
clamps (A), and the filler tube quick 

disconnect line (B) 

9.19 Disconnect the fuel tank connector 

(A), then the EVAP canister electrical 
connector (B) 

9.20a Remove the fuel tank strap bolts, making sure all 

harnesses and fuel lines are out of the way... 

9.18b To disconnect the quick disconnect 

lines, pull out the lock... 

nectors are being caught when the tank is 

being lowered. 

15 Installation is the reverse of removal. Be 

sure to tighten the fuel tank strap bolts securely. 

16 Reconnect the cable to the negative bat- 

tery terminal (see Chapter 5), then start the 

engine and check for fuel leaks. 

2008 and later models 

Refer to illustrations 9.18a, 9.18b, 9.18c, 

9.19, 9.20a and 9.20b 

17 Remove the rear subframe and suspen- 
sion (see Chapter 10). 
18 Disconnect the filler hose clamp, then pull 

the plastic locks down on the vent tube and fuel 

lines. Insert the quick disconnect tool into the 

line and separate the lines and the vent tube 

quick disconnects (see illustrations). 

19 Disconnect the fuel tank and EVAP elec- 
trical connectors and (see illustration) and 
EVAP canister hoses (see Chapter 6). 
20 Support the fuel tank securely, then 

remove the fuel tank retaining strap bolts (see 

illustration). Remove the straps and carefully 

9.20b ... then carefully lower the tank from the vehicle 

. . and insert the release tool, then 

separate the lines ; 
9.18c . 

lower the fuel tank (see illustration). 
21 Installation is the reverse of removal. 
Tighten the fuel tank strap bolts securely. 
22 Reconnect the cable to the negative bat- 

tery terminal (see Chapter 5), then start the 

engine and check for fuel leaks. 

10 Air filter housing - removal and 

installation 

1. Remove the engine covers. 

Air intake duct 

3.2L V6 models 

2 Loosen the clamp at the Mass Air Flow 

(MAF) housing and remove the first end of the 
air intake duct. 

3 Remove the mounting fastener that 

secures the air duct/resonator to the fan 

shroud. 

4 Loosen the clamps at the air ducts and 

the throttle body and remove the air intake 

ducts from the throttle body. 

eee 
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10.8 Disconnect the PCV fresh air hose (A), then remove the 
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Pes 

intake duct clamps (B) (3.0L V6 shown, other models similar) 

5 Lift the air intake duct/resonator up out 
of its mount, disconnect the vacuum lines and 

harness fasteners, then remove the duct. 

6 Installation is the reverse of removal. 

- All except 3.2L models 
Refer to illustration 10.8 

7 Disconnect the PCV fresh air hose from 

the air intake duct. 
8 Loosen the clamps at the air filter hous- 

ing and the throttle body and remove the air 

intake duct (see illustration). 
9 On 5.7L and 6.0L engines, loosen the 

clamps at the air filter housing and the throttle 

body, then lift the duct up from the air filter 

housing side enough to disconnect the electri- 

cal connectors. Remove the duct. 
10 Installation is the reverse of removal. 

Air filter housing 
Refer to illustration 10.13 

41. Remove the air intake duct (see Steps 2 

through 5 or 7 through 9). 

42 Disconnect the electrical connector from 

the MAF sensor (see Chapter 6). 

43. Remove the air filter housing fastener(s) 

and maneuver the housing out from the body 

(see illustration). 

14 Inspect the condition of the filter housing 

mounting grommets. If they’re cracked, torn 

or deteriorated, replace them. 

45 Installation is the reverse of removal. 

a eer 

41. Throttle body - removal and 

installation 
i 

Warning: Wait until the engine is completely 

cool before beginning this procedure. 

4. Disconnect the cable from the negative 

battery terminal (see Chapter 5). Remove the 

engine covers. 

2 Remove the air intake ducts (see Sec- 

tion 10). 

3.2L V6 engine 
3. Clamp off the coolant hoses connected 

to the throttle body. 
4 Disconnect the vent tube from the throt- 

tle body. 
5 Disconnect the coolant lines from. the 

throttle body. 
6 Disconnect the electrical connector from 

the throttle body. 
7 Remove the throttle body mounting fas- 
teners and detach the throttle body from the 

intake manifold. 

2.8L, 3.0L and 3.6L V6 engines 

Refer to illustration 11.10 

8 Disconnect the throttle body electrical 

connector. 
9 If equipped, rotate the wiring harness 

holder down and off of the throttle body. 

10 Remove the throttle body mounting fas- 

teners (see illustration) and detach the throt- 

tle body from the intake manifold. 

5.7L V8 engine 
11. Clamp off the coolant hoses connected 

to the throttle body. 

42 Disconnect the throttle body and the air 

control valve electrical.connectors. 

143 Disconnect the crankcase vent hose. 

14 Disconnect the coolant lines from the 

throttle body. 

45 Remove the throttle body mounting fas- 

teners and detach the throttle body from the 

intake manifold. 

6.0L and 6.2L V8 engines 

16 Disconnect the throttle body electrical 

connector. 

17 If equipped, rotate the wiring harness 

holder down and off of the throttle body. 

148 Remove the throttle body mounting fas- 

teners and detach the throttle body from the 

intake manifold. 

10.13 Location of the air filter housing fastener (3.0L V6 shown, 
other models similar) 

41.10 Disconnect the throttle body 

electrical connector (A) and remove the 

mounting fasteners (B) 

All models 
49 Discard the gasket; it should be replaced 

with a new one. Cover the intake manifold 

opening with a clean shop towel. 
20 Installation is the reverse of removal. 

install a new gasket, tighten the throttle body 

fasteners to the torque listed in this Chapter’s 

Specifications and perform the idle relearn pro- 

cedure. On 3.2L V6 or 5.7L V8 engines, check 
the coolant level, adding as necessary (see 

Chapter 1). 

Idle relearn procedure 
21 Start the engine and allow it to idle for 

three minutes. Note: /f a scanner is available, 

connect the scanner and view or record the 

actual engine idle speeds. 
22 After the three minutes, the PCM will 

start to learn the new idle patterns and begin 

adjusting the idle speed. The engine idle 

should begin to slow to almost normal. 

23 When that happens, turn the engine off 

for one minute, then start the engine and allow 

it to idle again for three minutes. At the end of 

the second three minute cycle, the idle should 
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13.22 Remove the foam insulator covering the injector rails 12.6 Disconnect the electrical connector from the fuel pressure 

sensor - intake manifold removed for clarity 

(3.0L V6 engine shown) 

be normal. Note: /f the check engine light 
comes on during the cycles, clear the codes 
after the second three minute cycle ends. 
24 If the engine does not idle properly 
after the relearn procedure, drive the vehicle 
above 44 mph, then decelerate and acceler- 

ate several times, allowing it to idle in between. 

Stop the vehicle and turn the engine off for one 
minute; the engine should now idle normally. 
25 Clear any codes that are present. 

12 Fuel pressure sensor - replacement 
pose ES eh oe a aes 

Warning: Gasoline is extremely flammable. 
See Fuel system warnings in Section 1. 
1 Remove the fuel tank filler cap to relieve 

fuel tank pressure. 
2 Relieve the fuel system pressure (see 

Section 3). 
3 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

3.0L and 3.6L V6 engines 
Refer to illustration 12.6 

Warning: The manufacturer states that the 

fuel pressure sensor must be replaced with a 
new one whenever it is removed. 

4 Remove the engine covers. Remove the 

suspension crossbrace (see Chapter 10). 
5  On3.6L models, remove the intake man- 
ifold (see Chapter 2B) and remove the foam 

insulator. 
6 Disconnect the electrical connector from 

the sensor (see illustration). 
7 Unscrew the sensor from the fuel rail. 

Note: Have rags ready to catch any fuel that 

is remaining in the fuel rail. 
8 Installation is the reverse of removal. 

Tighten the sensor to the torque listed in this 

Chapter’s Specifications. 

6.2L V8 engines 
9 Raise the rear of the vehicle and sup- 

port it securely on jackstands. Block the front 

wheels to keep the vehicle from rolling. 

10 Locate the sensor in the fuel line to the 

right of the tank. Disconnect the electrical 

connector from the sensor. 
11 Wrap a rag around the sensor and 

unscrew the sensor from the fuel line. 

12 Apply a small amount of engine oil to the 

new O-ring, then install the O-ring and sensor. 

Tighten the sensor to the torque listed in this 

Chapter’s Specifications. 

13 Fuel rail and injectors - removal 

and installation 

Warning: Gasoline is extremely flammable. 

See Fuel system warnings in Section 1. 

Note: Even if you only removed the fuel rail 

assembly to replace a single injector or a 

leaking O-ring, it's a good idea to remove all 

of the injectors from the fuel rail and replace 

all of the O-rings at the same time. 
1 Relieve the fuel system pressure (see 

Section 3). 
2. Disconnect the cable from the negative 

battery terminal (see Chapter 5). 
3 Disconnect the fuel supply line at the fuel 

rail (see Disconnecting Fuel Line Fittings on 

page 4-5). 

3.2L V6 engine 
4 Remove the upper intake manifold (see 

Chapter 2A). 
5 Remove the fuel rail support bolt and dis- 

connect the electrical connectors from each 
fuel injector, then remove the harness from 

the fuel rail and set out it of the way. 
6 Disconnect the vent hose from the regu- 

lator. Remove the fuel rail-to-intake manifold 
mounting bolts, then remove the fuel rail and 
injectors as a single assembly. 

7 Release the fuel injector retaining clip 

and remove each injector from its bore in the 

fuel rail. 
8 Remove the upper and lower injector 

O-rings from each injector and discard them. 

9 Coat the new O-rings with clean engine 

oil and slide them into place on each of the . 

fuel injectors. Insert each injector into its bore 

in the fuel rail. Secure the injectors to the fuel 

rail with the injector retaining clips. 

10 Attach the fuel rail assembly to the intake 

manifold and carefully press the injectors into — 

the manifold. Tighten the bolts to the torque 
listed in this Chapter’s Specifications. 

11. The remainder of installation is the 

reverse of removal. 

2.8L and 2004 through 2009 
3.6L (VIN 7) V6 engines 
12 Remove the upper and lower intake 

manifolds (see Chapter 2B). 

13 Disconnect the electrical connector from 
each fuel injector. 

14 Remove the fuel rail mounting bolts, then 
remove the fuel rail and injectors as a single” 

assembly. 

15 Release the fuel injector retaining clips 

and remove each injector from its bore in the 
fuel rail. : 
16 Remove the upper and lower injector 

O-rings from each injector and discard them. 

17 Coat the new O-rings with clean engine 

oil and slide them into place on each of the 

fuel injectors. Insert each injector into its bore 
in the fuel rail. Secure the injectors to the fuel 
rail with the injector retaining clips. 
18 Remove the intake manifold gaskets and 
install new ones (see Chapter 2B). 

19 Attach the fuel rail assembly to the intake 
manifold, tightening the bolts to the torque 
listed in this Chapter’s Specifications. Install 
the fuel rail and intake manifold as a single 
assembly (see Chapter 2B). 
20 The remainder of installation is the 

reverse of removal. 

3.0L and 2008 and /ater 3.6L 

(VINS V, D and 3) V6 engines 
Refer to illustrations 13.22, 13.25a, 13.25b, 

13.27, 13:28; 13.29) 13:34, 13.35; 13.30a: 

13.36b, 13.37 and 13.41 

Caution: The manufacturer recommends 

having the injectors rebuilt every time they are 

removed from the cylinder head. 
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13.25a With the outer bolts removed and the inner bolts 

loosened, evenly pry the injectors out of the cylinder head... 

21 Remove the intake manifold (see Chap- 

ter 2B). 
22 Remove the foam insulator (see illustra- 

tion). 
23 Remove the fuel pressure sensor (see 
‘Section 12). Also remove the high-pressure 
fuel line from the pump and fuel rails (see 

illustration 8.7). 
24 Remove the mounting bolts from both 
fuel rails in reverse of the tightening sequence 

(see illustration 12.30). 
25 Install the center bolts, leaving several 
threads exposed, then evenly pry the Bank 2 

(driver’s side) fuel rail and injectors out of the 
cylinder head (see illustrations). Repeat the 

same procedure for the Bank 1 fuel rail. 
26 Disconnect the injector harness from the 

injectors. 
27 Using external snap-ring pliers, carefully 

spread the retaining clip open’then remove 

the clip (see illustration). 
28 Remove each injector from its bore in 

the fuel rail (see illustration). 
29 Remove the old combustion chamber Tef- 

_ lon sealing ring and the upper O-ring and sup- 
port ring from each injector (see illustration). 

| 

4 - 
43.28 Remove the injectors from the fuel rail 

Caution: Be extremely careful not to damage 

the groove for the seal or the rib in the floor of 

the groove. If you damage the groove or the 

rib, you must replace the injector. 

‘30 Before installing the new Teflon seal on 

each injector, thoroughly clean the groove for 

the seal and the injector shaft. Remove all 

combustion residue and varnish with a clean 

shop rag. 

Teflon seal installation using the 

special tools 

31 The manufacturer recommends that you 

use the tools included in the special injector 

tool set described above to install the Teflon 

lower seals on the injectors: Install the spe- 

cial seal assembly cone on the injector, install 

the special sleeve on the injector and use 

the sleeve to push on the assembly cone, 
which pushes the Teflon seal into place on its 

groove. Do NOT use any lubricants to do so. 
32 Pushing the Teflon seal into place in its 

groove expands it slightly. There are three 

sizing sleeves in the special tool set with pro- 

gressively smaller inside diameters. Using 

by 

43.29 To remove the Teflon sealing ring, cut it off with a hobby 

13.25b ...and remove the fuel rail and injectors as an assembly 

13.27 Use pliers to open up the retaining 

clip, then remove it 

a clockwise rotating motion of about 180 

degrees, install the slightly larger sleeve onto 

the injector and over the Teflon seal until the 

sleeve hits its stop, then carefully turn the 

sleeve counterclockwise as you pull it off the 

knife (be careful not to scratch the injector groove) 
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- 13.34 Slide the new Teflon seal onto the 

end of a socket that’s the same diameter 

as the end of the fuel injector... 

injector. Use the slightly smaller sizing sleeve 

the same way, followed by the smallest sizing 

ring. The seal is now sized. Repeat this step 

for each injector. 

13.36b ... then leave the plastic tubing in 

place for several hours to compress the 

new seal 

13.37 Note that the upper O-ring (1) is 
installed above the support ring (2) 

13.35 ... align the socket with the end 

of the injector and slide the seal onto the 
injector and into its mounting groove 

Teflon seal installation without 
special tools 

33 If you don’t have the special injector tool 
set, the Teflon seal can be installed using this 

method: First, find a socket that is equal or 
very close in diameter to the diameter of the 

end of the fuel injector. 

34 Work the new Teflon seal onto the end of 
the socket (see illustration). 
35 Place the socket against the end of the 

injector (see illustration) and slide the seal 

from the socket onto the injector. Do NOT 
use any lubricants to do so. Continue pushing 

the seal onto the injector until it seats into its 
mounting groove. 

36 Because the inside diameter of the seal 

has to be stretched open to fit over the bore of 

the socket and the injector, its outside diam- 

eter is now slightly too large - it is no longer 

flush with the surface of the injector. It must 
be shrunk it back to its original size. To do 
so, push a piece of plastic tubing with an 

interference fit onto the end of the socket; a 

plastic straw that fits tightly on the injector will 

work. After pushing the plastic tubing onto the 

13.41 Fuel rail tightening sequence 

13.36a Use the socket to push a short 

section of plastic tubing onto the end of 

the injector and over the new seal... 

socket about an inch, snip off the rest of the 

tubing, then use the socket to push the tubing 
onto the end of the injector (see illustration) 

and slide it onto the injector until it completely 
covers the new seal (see illustration). Leave 
the tubing on for a few hours, then remove it. 

The seal should now be shrunk back its origi- 

nal outside diameter, or close fo it. 

Injector and fuel rail installation 

37 Install the new support ring at the upper 

end of the injector. Lubricate the new upper 

O-ring with clean engine oil and install it on 
the injector. Do NOT oil the new Teflon seal. 
Note that the seal is installed above the 

spacer (see illustration). 
38 Thoroughly clean the injector bores with 

a small nylon brush. 
39 Install the new compensation element 

and retaining ring to the bottom of each injec- 

tor. 

40 Install the fuel injectors in the cylinder 
head (NOT in the fuel rail). You should be 
able to push each assembled injector into its 
bore in the cylinder head. The bore is slightly 

tapered, so you will encounter some resis- 

tance as the Teflon seal nears the bottom of 
the bore. Press the injector into its bore until it 
stops, making sure to properly align the injec- 

tor. 

41. Install a new spring steel retainer on 

each injector. Install the fuel rail, starting with 
the front injector and working toward the rear, 
then install the mounting bolts (outer bolts 
first, then the inner bolts). Tighten the bolts 
in sequence (see illustration) to the torque 

listed in this Chapter’s Specifications. 
42 The remainder of installation is the 
reverse of removal. Clean the high pressure 

fuel line fittings on the fuel rails, then apply 

a little clean engine oil to the threads. Install 
the new high-pressure fuel line, tightening the 

fittings to the torque listed in this Chapter’s 

Specifications. Install a new fuel pressure 

sensor (see Section 12). 
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13.45 On 5.7L V8 models, remove the fuel 

rail mounting stud bolts and remove 
the rail 

5.7L and 6.0L V8 engines 
Refer to illustration 13.45 

43 Clean debris and dirt from around the 
fuel injectors and the ports. Remove the 

engine trim covers. 

44 Disconnect the wiring from all of the fuel 
injectors. Disconnect the fuel feed line. 
45 Remove the plastic caps from the heads 
of the bolts which secure the fuel rail to the 
manifold (see illustration). Remove the bolts 

and the fuel rail with the fuel injectors. 
46 To remove the injectors from the fuel 
rail, slide the injector retaining clip and pull 
the injector from the fuel rail. Spread open the 

end of the injector clip slightly and remove it 

from the fuel rail, then extract the injector. 

47 Coat the new O-rings with clean engine 

oil and slide them into place on each of the 
fuel injectors then insert each injector into its 
bore in the fuel rail. Secure the injectors to the 

fuel rail with the injector retaining clips. 
48 !nstall the injectors on the fuel rail and 
secure the injectors with the retainer clips. 

49 The remainder of installation is the 
reverse of removal. 

6.2L V8 engine 
50 Disconnect the fuel supply line at the fuel 
rail (see “Disconnecting Fuel Line Fittings” on 
page 4-5). : 

51 Remove the front and rear intake manifold 
covers (see Chapter 2C). 
52 Disconnect the electrical connector from 

each fuel injector. 
53 Disconnect the BARO sensor, intake 
temperature sensor, outlet pressure sensor 

and MAF sensor connectors (see Chapter 6). 

54 Disconnect all the ignition coil electrical 

connectors (see Chapter 5). 

55 Remove the fuel rail fasteners which 

secure the fuel rail to the supercharger. Note: 

Remove the fuel injector harness with the fuel 

rail. 
56 To remove the fuel injectors, slide the 
injector retaining clip and pull the injector from 

the fuel rail. Spread open the end of the injec- 

tor clip slightly and remove it from the fuel rail, 

then extract the injector. 

57 Coat the new O-rings with clean engine 

oil and slide them into place on each of the 

fuel injectors. Insert each injector into its bore 
in the fuel rail. Secure the injectors to the fuel 

rail with the injector retaining clips. 

58 The remainder of installation is the 

reverse of removal. 
59 Reconnect the cable to the negative bat- 

tery terminal (see Chapter 5), then turn the 
ignition switch to ON (but don’t operate the 

starter). This activates the fuel pump for about 

two seconds, which builds up fuel pressure 

in the fuel lines and the fuel rail. Repeat this 
step two or three times, then check the fuel 

lines, fuel rails and injectors for fuel leaks. 

14 Fuel filter (2007 and earlier 

models) - replacement 

Warning: Gasoline is extremely flammable. 

See Fuel system warnings in Section 1. 

Note: On 2008 and later models, the fuel fil- 

ter is integral with fuel pump module and is 

designed to last the life of the vehicle; no ser- 

vice is required. 

1 Relieve the fuel system pressure (see 

Section 3). 
2 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

3 Raise the vehicle and support it securely 

on jackstands. 
4 The fuel filter is located below the driver’s 

side door. Using the quick-disconnect tools 

disconnect the fuel line from the fuel filter. 

5 — Using a wrench (and backup wrench to 
prevent the filter from turning), unscrew the 

threaded fuel line fitting. 

6 Slide the filter out of the mounting 

bracket and discard the O-ring. 
7 Installation is the reverse of removal. Be 

sure to replace the O-ring with a new one and 

tighten the fuel line fitting securely. 



4-14 Chapter 4 Fuel and exhaust systems 
Fee 

Notes 



Chapter 5 
Engine electrical systems 
Contents 

Alternator - removal and installation..................+. 
Battery - disconnection and reconnection ........... 

Battery - removal and installation .................0 

Battery cables - replacement............s:csseseeseeees 

1 General information and 

precautions 

General information 

Ignition system “ 
The electronic ignition system consists 

of the Crankshaft Position (CKP) sensor, the 
Camshaft Position (CMP) sensor, the Knock 

Sensor (KS), the Powertrain Control Module 
(PCM), the ignition switch, the battery, the 

individual ignition coils or a coil pack, and the 
spark plugs. For more information on the CKP, 

CMP and KS sensors, as well as the PCM, 

refer to Chapter 6. 

Charging system 
The charging system includes the alter- 

nator (with an integral voltage regulator), the 

Powertrain Control Module (PCM), the Body 

Control Module (BCM), a charge indicator 

light on the dash, the battery, a fuse or fus- 

ible link and the wiring connecting all of these 

components. The charging system supplies 

electrical power for the ignition system, the 

lights, the radio, etc. The alternator is driven 

by a drivebelt. 

Starting system 
The starting system consists of the bat- 

tery, the ignition switch, the starter relay, the 

_ Powertrain Control Module (PCM), the Body 

Control Module (BCM), the transmission Inter- 

nal Mode Switch (IMS) (automatic transmis- 

sion) or Clutch Pedal Position switch (manual 
transmission), the starter motor and solenoid 

assembly, and the wiring connecting all of the 

components. 

Precautions 
Always observe the following precau- 

tions when working on the electrical system: 

a) Be extremely careful when servicing 
engine electrical components. They are 

easily damaged if checked, connected or 

handled improperly. 
b) Never leave the ignition switched on for 

long periods of time when the engine is 

not running. 

c) Never disconnect the battery cables 

while the engine is running. 

d) Maintain correct polarity when connect- 

ing battery cables from another vehicle 

during jump starting - see the “Booster 

battery (jump) starting” Section at the 

front of this manual. 

e) Always disconnect the cable from the 

negative battery terminal before work- 

ing on the electrical system, but read 

the battery disconnection procedure first 

(see Section 3). 

It's also a good idea to review the safety- 

related information regarding the engine elec- 

trical systems located in the Safety first! Sec- 

tion at the front of this manual before begin- 

ning any operation included in this Chapter. 
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2 Troubleshooting 

Ignition system 
1 If a malfunction occurs in the ignition 

system, do not immediately assume that any 

particular part is causing the problem. First, 

check the following items: 

a) Make sure that the cable clamps at the 

battery terminals are clean and tight. 

b) Test the condition of the battery (see 
Steps 21 through 24). If it doesn’t pass 

all the tests, replace it. 
c) Check the ignition coil or coil pack con- 

nections. 
d) Check any relevant fuses in the engine 

compartment fuse and relay box (see 
Chapter 12). If they're burned, determine 

the cause and repair the circuit. 

Check 

Refer to illustration 2.3 

Warning: Because of the high voltage gener- 
ated by the ignition system, use extreme care 

when performing a procedure involving igni- 

tion components. 
Note: The ignition system components on 

these vehicles are difficult to diagnose. In the 

event of ignition system failure that you can’t 
diagnose, have the vehicle tested at a dealer 

service department or other qualified auto 

repair facility. 
Note: You'll need a spark tester for the follow- 
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2.3 Spark tester 

ing test. Spark testers are available at most 
auto supply stores. 

2 If the engine turns over but won’t start, 

verify that there is sufficient ignition voltage to 
fire the spark plugs as follows. . 

3 On models with a coil-over-plug type 

ignition system, remove a coil and install the 
tester between the boot at the lower end of 

the coil and the spark plug (see illustration). 

On models with spark plug wires, disconnect 

a spark plug wire from a spark plug and install 

the tester between the spark plug wire boot 

and the spark plug. 

4 Crank the engine and note whether or 

not the tester flashes. Caution: Do NOT crank 

the engine or allow it to run for more than five 
seconds; running the engine fcr more than 
five seconds may set a Diagnostic Trouble 

Code (DTC) for a cylinder misfire. 

Models with a coil-over-plug type 
ignition system 

5 If the tester flashes during cranking, the 
coil is delivering sufficient voltage to the spark 

plug to fire it. Repeat this test for each cylin- 

der to verify that the other coils are OK. 

6 If the tester doesn’t flash, remove a coil 
from another cylinder and swap it for the one 

being tested. If. the tester now flashes, you 

know that the original coil is bad. If the tester 

still doesn’t flash, the PCM or wiring harness 
is probably defective. Have the PCM checked 

out by a dealer service department or other 

qualified repair shop (testing the PCM is 
beyond the scope of the do-it-yourselfer 

because it requires expensive special tools). 

7 If the tester flashes during cranking but 
a misfire code (related to the cylinder being 
tested) has been stored, the spark plug could 

be fouled or defective. 

Models with spark plug wires 

8 If the tester flashes during cranking, suf- 
ficient voltage is reaching the spark plug to 
fire it. 

9 Repeat this test on the remaining cylin- 
ders. 

10 Proceed on this basis until you have 

verified that there’s a good spark from each 
spark plug wire. If there is, then you have veri- 

fied that the coils in the coil pack are function- 

ing correctly and that the spark plug wires are 
OK. 

11 If there is no spark from a spark plug 

wire, then either the coil is bad, the plug wire 

is bad or a connection at one end of the plug 

wire is loose. Assuming that you’re using new 

plug wires or known good wires, then the coil 

is probably defective. Also inspect the coil 

pack electrical connector. Make sure that it’s 

clean, tight and in good condition. 

12 If all the coils are firing correctly, but 
the engine misfires, then one or more of the 
plugs might be fouled. Remove and check the 
spark plugs or install new ones (see Chap- 
ter 1). 

13 No further testing of the ignition system 

is possible without special tools. If the prob- 

lem persists, have the ignition system tested 

by a dealer service department or other quali- 
fied repair shop. 

Charging system 
14 If a malfunction occurs in the charg- 

ing system, do not automatically assume the 

alternator is causing the problem. First check 
the following items: 

a) Check the drivebelt tension and condi- 
tion, as described in Chapter 1. Replace 
it if it’s worn or deteriorated. 

b) Make sure the alternator mounting bolts 
are tight. 

c) Inspect the alternator wiring harness 

and the connectors at the alternator 

and voltage regulator. They must be in 
good condition, tight and have no cor- 
rosion. 

d) Check the fusible link (if equipped) or 
main fuse in the underhood fuse/relay 

box. If it is burned, determine the cause, 
repair the circuit and replace the link or 

fuse (the vehicle will not start and/or the 
accessories will not work if the fusible 
link or main fuse is blown). 

e) Start the engine and check the alterna- 
tor for abnormal noises (a shrieking or 
squealing sound indicates a bad bear- 
ing). 

f) Check the battery. Make sure it’s fully 
charged and in good condition (one bad 
cell in a battery can cause overcharging 
by the alternator). 

g) Disconnect the battery cables (negative 
first, then positive). Inspect the battery 

posts and the cable clamps for corro- 

sion. Clean them thoroughly if necessary 
(see Chapter 1). Reconnect the cables 
(positive first, negative last). 

Alternator - check 
15 Use a voltmeter to check the battery volt- 

age with the engine off. It should be at least 
12.6 volts (see illustration 2.21). 
16 Start the engine and check the battery 
voltage again. It should now be approximately 
13.5 to 15 volts. 
17 If the voltage reading is more or less 

than the specified charging voltage, the volt- 
age regulator is probably defective, which will 
require replacement of the alternator (the volt- 

age regulator is not replaceable separately). 

Remove the alternator and have it bench 
tested (most auto parts stores will do this for 
you). 

18 The charging system (battery) light on 
the instrument cluster lights up when the igni- 

tion key is turned to ON, but it should go out 

when the engine starts. 

19 If the charging system light stays on after 
the engine has been started, there is a prob- 
lem with the charging system. Before replac- 
ing the alternator, check the battery condition, 
alternator belt tension and electrical cable 

connections. 

20. If replacing the alternator doesn’t restore 

voltage to the specified range, have the charg- 

ing system tested by a dealer service depart- 

ment or other qualified repair shop. 

Battery - check 

Refer to illustrations 2.21 and 2.23 

21 Check the battery state of charge. Visu- 
‘ally inspect the indicator eye on the top of the 

battery (if equipped with one); if the indicator 

eye is black in.color, charge the battery as 

described in Chapter 1. Next perform an open 

circuit voltage test using a digital voltmeter. 

Note: The battery’s surface charge must be 

removed before accurate voltage measure- 

ments can be made. Turn on the high beams 

for ten seconds, then turn them off and let the 
vehicle stand for two minutes. With the engine 
and all accessories Off, touch the negative 
probe of the voltmeter to the negative termi- 

nal of the battery and the positive probe to the 
positive terminal of the battery (see illustra- 

tion). The battery voltage should be 12.6 volts 
or slightly above. If the battery is less than the 
specified voltage, charge the battery before 
proceeding to the next test. Do not proceed 

with the battery load test unless the battery 
charge is correct. 

22 Disconnect the negative battery cable, 

then the positive cable from the battery. 

23 Perform a battery load test. An accurate 

check of the battery condition can only be per- 
formed with a load tester (see illustration). 
This test evaluates the ability of the battery to 

operate the starter and other accessories dur- 
ing periods of high current draw. Connect the 

load tester to the battery terminals. Load test 
the battery according to the tool manufactur- 
er’s instructions. This tool increases the load 
demand (current draw) on the battery. 

24 Maintain the load on the battery for 15 
seconds and observe that the battery voltage 

does not drop below 9.6 volts. If the battery 
condition is weak or defective, the tool will 
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2.21 To test the open circuit voltage of the battery, touch the 

black probe of the voltmeter to the negative terminal and the 
red probe to the positive terminal of the battery; a fully charged 

battery should be at least 12.6 volts 

indicate this condition immediately. Note: 
Cold temperatures will cause the minimum 
voltage reading to drop slightly. Follow the 

chart given in the manufacturer's instructions 

to compensate for cold climates. Minimum 

load voltage for freezing temperatures (32 
degrees F) should be approximately 9.1 volts. 

Starting system 
The starter rotates, but the engine 

doesn’t ‘ 
25 Remove the starter (see Section 8). 

Check the overrunning clutch and bench test 
the starter to make sure the drive mechanism 

extends fully for proper engagement with the 
flywheel ring gear. If it doesn’t, replace the 

starter. fe 
26 Check the flywheel ring gear for miss- 

ing teeth and other damage. With the igni- 
tion turned off, rotate the flywheel so you can 

check the entire ring gear. 

The starter is noisy 
27 lf the solenoid is making a chattering 

noise, first check the battery (see Steps 21 
through 24). If the battery is okay, check the 

cables and connections. 
28 If you hear a grinding, crashing metallic 
sound when you turn the key to Start, check 

for loose starter mounting bolts. If they're 

tight, remove the starter and inspect the teeth 

on the starter pinion gear and flywheel ring 

gear. Look for missing or damaged teeth. 

-29 If the starter sounds fine when you first 

turn the key to Start, but then stops rotating 

the engine and emits a zinging sound, the 

problem is probably a defective starter drive 

that’s not staying engaged with the ring gear. 

Replace the starter. 

The starter rotates slowly 

30 Check the battery (see Steps 21 

through 24). 

31 If the battery is okay, verify all connec- 

tions (at the battery, the starter solenoid and 

motor) are clean, corrosion-free and tight. 
Make sure the cables aren’t frayed or dam- 

aged. 

32 Check that the starter mounting bolts 

are tight so it grounds properly. Also check 

the pinion gear and flywheel ring gear for evi- 

dence of a mechanical bind (galling, deformed 

gear teeth or other damage). 

The starter does not rotate at all 
33 Check the battery (see Steps 21 

through 24). 
34 If the battery is okay, verify all connec- 

tions (at the battery, the starter solenoid and 

motor) are clean, corrosion-free and tight. 
Make sure the cables aren't frayed or dam- 

aged. 
35 Check all of the fuses in the underhood 

fuse/relay box. 
36 Check that the starter mounting bolts are 

tight so it grounds properly. 
37. Check for voltage at the starter solenoid 

“S” terminal when the ignition key is turned to 

the start position. If voltage is present, replace 

the starter/solenoid assembly. If no voltage 

is present, the problem could be the starter 

relay, the transmission Internal Mode Switch 

(automatic transmission) or clutch start switch 
(see Chapter 8), or with an electrical connec- 
tor somewhere in the circuit (see the wiring 

diagrams at the end of Chapter 12). Also, on 

many modern vehicles, the Powertrain Control 

Module (PCM) and the Body Control Module 
(BCM) control the voltage signal to the starter 
solenoid; on such vehicles a special scan tool 

is required for diagnosis. 

3 Battery - disconnection and 

reconnection 

Caution: Always disconnect the cable from 

the negative battery terminal FIRST and hook 

it up LAST or the battery may be shorted by the 

tool being used to loosen the cable clamps. 

2.23 Connect a battery load tester to the battery and check the 

battery condition under load following the tool 

manufacturer’s instructions 

Warning: On vehicles equipped with OnStar, 
make absolutely sure the ignition key is in the 

Off position and Retained Accessory Power 

(RAP) has been depleted before disconnect- 

ing the cable from the negative battery termi- 

nal. Also, never remove the OnStar fuse with 

the ignition key in any position other than Off. 

If these precautions are not taken, the OnStar 

system’s back-up battery will be activated, 

and remain activated, until it goes dead. If this 

happens, the OnStar system will not function 

as it should in the event that the main vehicle 

battery power is cut off (as might happen dur- 

ing a collision). 
Note: Jo disconnect the battery for service 

procedures requiring power to be cut from the 

vehicle, first open the driver's door to disable 

Retained Accessory Power (RAP), then loosen 

the cable end bolt and disconnect the cable 

from the negative battery terminal. Isolate the 

cable end to prevent it from coming into acci- 

dental contact with the battery terminal. 
Some vehicle systems (radio, alarm sys- 

tem, power door locks, power windows etc.) 

require battery power all the time, either to 
enable their operation or to maintain control 
unit memory (Powertrain Control Module, 
automatic transmission control module, etc.), 

which would be lost if the battery were to be 

disconnected. So before you disconnect the 

battery, note the following points: 

a) Before connecting or disconnecting the 

cable from the negative battery termi- 

nal, make sure that you turn the ignition 
key and the lighting switch to their OFF 

positions. Failure to do so could damage 

semiconductor components. 

b) On a vehicle with power door locks, it 

is a wise precaution to remove the key 
from the ignition and to keep it with you, 

so that it does not get locked inside if 

the power door locks should engage 

accidentally when the battery is recon- 

nected! 
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4.2a On 2008 and later models, open the 

rear side trim panel 

c) After the battery has been disconnected, 
then reconnected (or a new battery has 
been installed) on vehicles with an auto- 

matic transaxle, the Transaxle Control 

Module (TCM) will need some time to 

relearn its adaptive strategy. As a result, 
shifting might feel firmer than usual. 
This is a normal condition and will not 

adversely affect the operation or service 

life of the transaxle. Eventually, the TCM 

will complete its adaptive learning pro- 

cess and the shift feel of the transaxle 

will return to normal. 

d) The engine management system’s PCM 
has some learning capabilities that 

allow it to adapt or make corrections in 

response to minor variations in the fuel 

system in order to optimize drivability and 

idle characteristics. However, the PCM 

might lose some or all of this information 
when the battery is disconnected. The 

PCM must go through a relearning pro- 

cess before it can regain its former driv- 

ability and performance characteristics. 

Until it relearns this lost data, you might 

notice a difference in drivability, idle and/ 

or (if you have an automatic) shift feel. 

To facilitate this relearning process, refer 

to “Enabling the PCM to relearn” below. 
e) The power window system must be reca- 

librated before the windows will properly 

open and close To facilitate this calibra- 

tion process, refer to “Power window 

calibration” below. 

On 2007 and earlier models, the bat- 
tery is located in the engine compartment. To 

disconnect the battery for service procedures 

requiring power to be cut from the vehicle, 

loosen the cable end bolt and disconnect the 

cable from the negative battery terminal. |so- 

late the cable end to prevent it from coming 

into accidental contact with the battery termi- 

nal. 
On 2008 and later models, the battery is 

located in the trunk or rear hatch, behind the 

rear side trim panel. To disconnect the battery 

for service procedures that require battery 

disconnection, simply disconnect the cable 
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4.2b Depress the tab on the positive 

cable cover 

from the negative battery terminal. Make sure 

that you isolate the cable to prevent it from 

coming into contact with the battery negative 

terminal. 

Memory savers 
Devices known as memory savers (typi- 

cally, small 9-volt batteries) can be used to 

avoid some of the above problems. A mem- 

ory saver is usually plugged into the ciga- 

rette lighter, and then you can disconnect the 

vehicle battery from the electrical system. The 

memory saver will deliver sufficient current to 

maintain security alarm codes and - maybe, 
but don’t count on it! - PCM memory. It will also 

run unswitched (always on) circuits such as the 

clock and radio memory, while isolating the car 

battery in the event that a short circuit occurs 

while the vehicle is being serviced. Warning: /f 

you're going to work around any airbag system 

components, disconnect the battery and do 

not use a memory saver. If you do, the airbag 

could accidentally deploy and cause personal 

injury. Caution: Because memory savers 

deliver current to operate unswitched circuits 

when the battery is disconnected, make sure 

that the circuit that you're going to service is 

actually open before working on it! 

Enabling the PCM to relearn 
After the battery has been reconnected, 

perform the following procedure in order to 

facilitate PCM relearning: 

1 Start the engine and allow it to warm up 

to its normal operating temperature. 

2 _ Drive the vehicle at part-throttle, under 

moderate acceleration and idle conditions, 

until normal performance returns. 

3. Park the vehicle and apply the parking 

brake with the engine running. 
4 On vehicles equipped with a manual 

transaxle, put the shift lever in NEUTRAL. 

On vehicles equipped with an automatic 

transaxle, put the shift lever in DRIVE. 

5 Allow the engine to idle for about two 

minutes or until the idle stabilizes. Make sure 

that the engine is at its normal operating tem- 

perature. 

4.2c Rotate the cable handle clockwise to 

release the cable end 

Power window calibration 
After the battery has been reconnected, 

perform the following procedure on each win- 

dow in order to calibrate the power windows: 

1 Turn the ignition switch to the “RUN” 

position. 
2 Using the individual window switches, 

press the window switch down position until 

the window is completely down and hold the 

switch down for an additional three seconds. 

3. Using the same individual window switch, 
press the window switch up position until the 

window is completely up and hold the switch 

for an additional three seconds. 

4 Check to see that the window:goes all 

the way up and down, then repeat this proce- 

dure for the remaining windows. 

4 Battery - removal and installation 

Refer to illustrations 4.2a, 4.2b, 4.2c and 4.3 

Note: The battery on 2008 and later models is 

located in the trunk or rear hatch, behind the 

rear side trim panel. 

1 On 2007 and earlier models, loosen the 
cable end nut and disconnect the cable from 
the negative battery terminal first, then dis- ~ 
connect the cable from the positive battery 

terminal. 
2 On 2008 and later models, remove the 
rear side trim panel (see illustration), then 

rotate the negative battery cable handle clock- 
wise to release the cable end from the battery 
post. To access the positive battery cable end, 

depress the tab (see illustration) on the ter- | 

minal cover and remove the cover to access — 
the cable handle (see illustration). 
3 Remove the battery hold-down clamps 

(see illustration). 
4 _ Lift out the battery. Be careful - it’s heavy. 
Note: Battery straps and handlers are avail- 

able at most auto parts stores for reasonable 

prices. They make it easier to remove and 

carry the battery. 

5 If you are replacing the battery, make 

sure you get one that’s identical, with the 

same dimensions, amperage rating, cold 
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cranking rating, etc. Also, be sure to remove 
the heat shield from the old battery and install 
it on the new battery. 

6 Installation is the reverse of removal. 

Connect the positive cable first and the nega- 
tive cable last. 

5 Battery cables - replacement 

1° When removing the cables, always dis- 
connect the cable from the negative battery 
terminal first and hook it up last, or you might 
accidentally short out the battery with the tool 
you're using to loosen the cable clamps. Even 
if you’re only replacing the cable for the posi- 

tive terminal, disconnect the negative cable 
from the battery first. 

2 Disconnect the old cables from the bat- 
tery, then trace each of them to their opposite 

ends and disconnect them. Note the routing of 
each cable before disconnecting it to ensure 

correct installation. 

3 ‘If you are replacing any of the old cables, 

take them with you when buying new cables. It 

is vitally important that you replace the cables 

with identical parts. 
4 Clean the threads of the solenoid or 
ground connection with a wire brush to 

remove rust and corrosion. Apply a light coat 

of battery terminal corrosion inhibitor or petro- 
leum jelly to the threads to prevent future cor- 

rosion. 
5 Attach the cable to the solenoid or 

ground connection and tighten the mounting 

nut/bolt securely. 
-6 Before connecting a new cable to the 
battery, make sure that it reaches the battery 
post without having to be stretched. 
7 Connect the cable to the positive battery 
terminal first, and then connect the ground 
cable to the negative battery terminal. 

6 Ignition coils - replacement 

4 Disconnect the cable from the negative 

~ battery terminal (see Section 3). 

6.8 Remove the ignition coil bracket bolts (5.7L V8 engine shown, 

"other V8 engines similar) 

4.3 Battery positive cable (1, under cover) 

and hold-down bolts (2) (2008 and 

later models) 

V6 engines 
Refer to illustration 6.2 

Note: To access the ignition coils on the 

Bank 1 side, the intake manifold must be 

removed (see Chapter 2A or 2B). 
2 Remove the engine covers (see Chap- 
ter 1), then disconnect the electrical connector 

from the ignition coil (see illustration). Note: 

On 3.0L and 3.6L engines, the EVAP solenoid 
must be removed to access the rear two igni- 

tion coils on the Bank 2 side (see Chapter 6). 

3 Remove the mounting fastener from the 

ignition coil. 
4 Grasp the coil firmly and pull it off the 

spark plug. 

5 Installation is the reverse of removal. 

V8 engines 
Refer to illustrations 6.8 and 6.9 

Note: The ignition coils can be removed indi- 

vidually or as an assembly. 

6 Remove the engine covers from the front 

and rear of the engine. 
7 The ignition coils may be removed from 

each cylinder bank as a complete assembly 

6.9 Remove the individual ignition coil mounting screws (5.7L V8 

engine shown, other V8 engines similar) 

6.2 Ignition coil electrical connector (1) 
and mounting fastener (2) (3.0L V6 engine 

shown, other V6 engines similar) 

or removed from the mounting bracket indi- 

vidually. 
8 If removing the complete assembly, dis- 

connect the ignition coil main electrical con- 

nector. Disconnect the spark plug wires from 

the spark plugs. Remove the ignition coil 

bracket mounting nuts/bolts and remove the 

assembly from the engine (see illustration). 
9 If removing an individual coil, disconnect 

the spark plug wire from the coil. Remove the 

ignition coil mounting screws and remove the 

ignition coil from the bracket (see illustra- 

tion). 
10 Installation is the reverse of removal. 

7 Alternator - removal and 

installation 

1 Disconnect the cable from the negative 

battery terminal (see Section 3). 
2 Raise the vehicle and support it securely 

on jackstands. Remove the under-vehicle 

splash shield. 
3 Remove the drivebelt (see Chapter 1). 
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7.14 Alternator battery terminal (1) and 

electrical connector (2) (2010 3.0L V6 
shown, other engines similar) 

3.2L V6 engines 
4 Remove the intake air duct mounting 

fasteners (see Chapter 4). 
5 Remove the alternator mounting fasten- 

ers. 
6 Remove the alternator from the mount- 

ing bracket and disconnect the alternator B+ 

terminal nut and electrical connector. 

7 Remove the alternator. 

(2.8L, 3.0L and 3.6L V6 engines 

2007 and earlier models 
8 Install an engine support fixture or engine 

hoist (see Chapter 2D). 
9 Push back the protective cover from the 
alternator’s battery terminal, remove the nut 

and disconnect the battery cable from the 

alternator. Disconnect the electrical connector 

from the alternator. 
10 Disconnect the electrical connector to 

the Electronic Brake Control Module (EBCM) 
and place the connector out of the way. 

11 With the engine supported, remove the 

engine mount lower nuts (see Chapter 2B). 

12 Remove the alternator lower mounting 

bolts and raise the engine enough to access 

the upper mounting bolt. 

13 Remove the upper mounting bolt and 

remove the alternator. 

2008 and later models 

Refer to illustrations 7.14 and 7.15 

14 Push back the protective cover from the 

alternator’s battery terminal, remove the nut 

and disconnect the battery cable from the 

alternator (see illustration). Disconnect the 
electrical connector from the alternator. 

15 Remove the alternator mounting bolts 
(see illustration) and remove the alternator. 

V8 engines 
16 Remove the air filter housing (see Chap- 

ter 4). 
17 Remove the radiator cooling fan (see 

Chapter 3). 
18 Remove the power steering pressure 

7.15 Alternator mounting bolt locations 

(2010 3.0L V6 shown, other 

engines similar) 

hose bracket fastener, if equipped. 

19 Remove the alternator mounting fasten- 

ers. 
20 Push back the protective cover from the 

alternator’s battery terminal, remove the nut 

and disconnect the battery cable from the 

alternator. Disconnect the electrical connector 

from the alternator. 
21 Remove the alternator mounting bolts 

and remove the alternator. 

All models 
22 If you’re replacing the alternator, take the 

old one with you when purchasing the replace- 

ment unit. Make sure that the new/rebuilt unit 
looks identical to the old alternator. Look at 

the electrical terminals on the backside of the 

alternator. They should be the same in num- 

ber, size and location as the terminals on the 

old alternator. Finally, look at the identification 

numbers. They will be stamped into the hous- 

ing or printed on a tag attached to the hous- 

ing. Make sure that the ID numbers are the 

same on both alternators. 

23 Many new/rebuilt alternators DO NOT 

have a pulley installed, so you might have to 

swap the pulley from the old unit to the new/ 

rebuilt one. When buying an alternator, find out 

the store’s policy regarding pulley swaps. Some 
stores perform this service free of charge. If 
your local auto parts store doesn't offer this ser- 

vice, you'll have to purchase a puller for remov- 

ing the pulley and do it yourself. 
24 Installation is the reverse of removal. 
Tighten the alternator mounting bolts 

securely. 
25 Reconnect the cable to the negative ter- 

minal of the battery. Check the charging volt- 

age (see Section 2) to verify that the alterna- 
tor is operating correctly. 

8 Starter motor - removal and 

installation 

1 Detach the cable from the negative ter- 

minal of the battery (see Section 3). 

8.9 Starter motor mounting bolts (3.0L V6 
model shown, other models similar) 

2 Raise the vehicle and support it securely 
on jackstands. Remove the underbody cover. ~ 

3.2L V6 engines 
3 Remove the passenger’s side catalytic 
converter (see Chapter 4) then remove the 

heat shield fasteners and shield. 

4 Remove the heat shield mounting 

bracket fasteners and remove the bracket. 

5 Support the engine and remove the right 

side engine mount (see Chapter 2A). 

6 Disconnect the starter motor solenoid wire 

nut and the starter motor battery cable nut and 

disconnect both wires from the starter. 

7 ‘Installation is the reverse of removal. 

Tighten the starter mounting stud and bolt 

securely. 

2.8L, 3.0L and 3.6L V6 engines 

Refer to illustration 8.9 

8 Remove the starter motor solenoid wire 
nut and the starter motor battery cable nut, 

then disconnect both wires from the starter 
motor. Note: Some models are equipped with 

a starter heat shield; if the engine is equipped - 
with a heat shield, the passenger’s side cata- 

lytic converter must be disconnected and 
removed. 

9 Remove the starter motor mounting 

fasteners (see illustration) and remove the 

starter motor. 

10 Installation is the reverse of removal. 

V8 engines 
11. Remove the passenger’s side catalytic 

converter (see Chapter 4). 

12 Remove the starter motor solenoid wire 

nut and the starter motor battery cable nut, 
then disconnect both wires from the starter. 

13. Remove the starter motor mounting fas- 

teners and remove the starter motor. 

14 Installation is the reverse of removal. 
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Emissions and engine control systems 
Contents 

Section Section 

Accelerator Pedal Position (APP) sensor - replacement............... 4 Manifold Absolute Pressure (MAP) sensor - replacement............. 10 

Barometric pressure (BARO) sensor - replacement..............::.0 12 Mass Air Flow/Intake Air Temperature (MAF/IAT) 

Camshaft position actuator solenoid valve - replacement............. 7 SENSOM = FOPIACSIMEMNLE, esac cdecectsasaesscarapsosactsnoaturrstosatotereersa teeters 11 

Camshaft Position (CMP) sensor(s) - replacement.............::: 5 Obtaining and clearing Diagnostic Trouble Codes (DTCs)............ 3 

Catalytic converter - replaCeMent............ccsccsceeeeeereterensetsenaeees 17 On Board Diagnosis (OBD) SySteM...........:cccsecccseeseesseesteseseeesnees 2 

Crankshaft Position (CKP) sensor - replacement..............::seee 6 Oxygen SeENSOrs - reEPlACEMENL...........csccescseceseeesesseeeeeseeteeteeteseneeees 13 

Engine Coolant Temperature (ECT) sensor - replacement........... 8 Positive Crankcase Ventilation (PCV) hose - replacement............ 20 

Evaporative emissions control (EVAP) system - Powertrain Control Module (PCM) - removal and installation........ 16 

COMpONent replaCeEMENt...........cserceeeeceseeneceserseneetersesseeeeees 18 Supercharger air pressure sensors (6.2L V8 engine) - 

Semele MfOnirietlOliseceecceret2ezcteuscecusen-201 -tcadeateoacssasseascapescosventecennnr= 1 FEPIACOMMMCM El. ci.cceccees.scccace woe sesee wentesessdubeagsegvaeateuescotgeqettec reaet one 22 

Intake manifold runner control solenoid (2008 and Throttle Position (TP) sensor - replaceMent.............:ccceeeererreees 14 

earlier V6 engines) - replaCceMeNt...........csceecseereereereerseneens 19 Variable Valve Timing (VVT) system - deScription.............eseee 21 

Knock Sensor - replACEMENK.........cccccceersesscesteceteeetnecssssesseesaseees 9 Vehicle Speed Sensor (VSS) - replacement...........:ccceeceneeenees she) 

a 

. Specifications 
o_O 

Torque specifications Ft-Ibs (unless otherwise indicated) Nm 

Note: One foot-pound (ft-lb) of torque is equivalent to 12 inch-pounds (in-lbs) of torque. Torque values below approximately 15 foot-pounds are 

expressed in inch-pounds, because most foot-pound torque wrenches are not accurate at these smaller values. 

Engine Coolant Temperature (ECT) sensor 

B.OL V6 CNGING .........eeceesecesssseseeesreseeseteensenseesecseseneeseneeseeesenenneenensees 

B.ZL V6 ONGINE .........cesecsseceesseseeeeeesceetaceetsestescnenscsnseesessenneaeerenaaeeses 

2.8 ANd 3.6L V6 ENGINES ..........ccecceccseessceeereeerteneeneeseesenseeenerseeneeneens 

VB ONGINES .........cessssccsseseseseseneneseneacsescenstenseseeenenenensneassenestensnesensgss 
Knock sensor mounting bolt 

AIL V6 engines except 3.2L..........cciseseececessrereneeseeessetenetetetsessetesnsnenens 

3.2L V6 ENGINES ........scesescseeeeseseeeetetsenseeensecsssesesseeessaneetansesessssesecetes 

V8 ONGINES ....:-...ssssseecssessesesesestsssneeresssssacsnesanenennsnencnsenescaneeseerensensesey 

OXYGEN SENSOF .......ssssesceereceenecsesestsessesssseeneseeneatansasensncenensnessenscseanennensents 

15 20 
156 in-lbs 18 
16 22 
15 20 

15 20 
AK 23 
15 20 

35 47 
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1 General information 

To prevent pollution of the atmosphere 

from incompletely burned and evaporating 

gases, and to maintain good drivability and 

fuel economy, a number of emission control 

systems are incorporated. They include the: 

Catalytic converter 
A catalytic converter is an emission con- 

trol device in the exhaust system that reduces 

certain pollutants in the exhaust gas stream. 
There are two types of converters: oxidation 

converters and reduction converters. 
Oxidation converters contain a mono- 

lithic substrate (a ceramic honeycomb) coated 

with the semi-precious metals platinum and 

palladium. An oxidation catalytic converter 

reduces unburned hydrocarbons (HC) and 
carbon monoxide (CO) by adding oxygen to 

the exhaust stream as it passes through the 

substrate, which, in the presence of high tem- 

perature and the catalytic converter materials, 

converts the HC and CO to water vapor (H20) 
and carbon dioxide (CO2). 

Reduction converters contain a mono- 

lithic substrate coated with platinum and rho- 

dium. A reduction catalytic converter reduces 
oxides of nitrogen (NOx) by removing oxygen, 

which in the presence of high temperature 
and the catalytic converter material produces 

nitrogen (N) and carbon dioxide (COz). 
Catalytic converters that combine both 

types of catalytic converters in one assembly 

are known as “three-way catalytic converters” 
or TWCs. A TWC can reduce all three pollut- 

ants. 

Evaporative Emissions 

Control (EVAP) system 
The Evaporative Emissions Control 

(EVAP) system prevents fuel system vapors 

(which contain unburned hydrocarbons) from 

escaping into the atmosphere. On warm days, 

vapors trapped inside the fuel tank expand 

until the pressure reaches a certain threshold. 

Then the fuel vapors are routed from the fuel 

tank through the fuel vapor vent valve and the 

fuel vapor control valve to the EVAP canister, 

where they're stored temporarily until the next 

time the vehicle is operated. When the condi- 

tions are right (engine warmed up, vehicle up to 

speed, moderate or heavy load on the engine, 
etc.) the PCM opens the canister purge valve, 

which allows fuel vapors to be drawn from 

the canister into the intake manifold. Once in - 

the intake manifold, the fuel vapors mix with 

incoming air before being drawn through the 

intake ports into the combustion chambers 

where they’re burned up with the rest of the 

air/fuel mixture. The EVAP system is complex 
and virtually impossible to troubleshoot with- 

out the right tools and training. 

‘Powertrain Control Module 

(PCM) 
The Powertrain Control Module (PCM) is 

the brain of the engine management system. 

It also controls a wide variety of other vehicle 

systems. In order to program the new PCM, 
the dealer needs the vehicle as well as the 

new PCM. !f you’re planning to replace the 
PCM with a new one, there is no point in try- 
ing to do so at home because you won't be 

able to program it yourself. 

Positive Crankcase Ventilation 

(PCV) system 
The Positive Crankcase Ventilation 

(PCV) system reduces hydrocarbon emis- 
sions by scavenging crankcase vapors, which 

are rich in unburned hydrocarbons. A PCV 

valve or orifice regulates the flow of gases 
into the intake manifold in proportion to the 

amount of intake vacuum available. 
The PCV system generally consists of 

the fresh air inlet hose, the PCV valve or ori- 

fice and the crankcase ventilation hose (or 

PCV hose). The fresh air inlet hose connects 

- the air intake duct to a pipe on the valve cover. 

The crankcase ventilation hose (or PCV hose) 
connects the PCV valve or orifice in the valve 

cover to the intake manifold. 
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Emissions and engine control components (3.0L V6 engine shown): 

Accelerator Pedal Position (APP) 
sensor (at the top of accelerator pedal 

assembly) 
Exhaust Camshaft Position (CMP) 
sensor (front of cylinder head) 
Intake Camshaft Position (CMP) 

sensor (front of cylinder head) 
Positive Crankcase Ventilation (PCV) 
hose (on top of intake manifold) 
Engine Coolant Temperature (ECT) 

sensor (on coolant passage at left end 

of engine, behind water pump) 

Knock sensors (lower left rear sides of 2, 

engine block) 
Camshaft position actuator solenoid 

valve (exhaust) 13 

Camshaft position actuator solenoid 
valve (intake) 14 

Upstream oxygen sensor 
(in exhaust manifold) 15 

EVAP canister purge solenoid valve 

(right corner of the intake manifold) 
Barometric pressure (BARO) sensor 

(air filter housing) 

Mass Air Flow/Intake Air Temperature 

(MAF/IAT) sensor (air inlet duct, or air 

filter housing) 
Powertrain Control Module (PCM) 

(behind and below the battery box) 

Manifold Absolute Pressure (MAP) 

sensor 
Crankshaft Position (CKP) sensor 

(lower right rear corner of block, near 

crankshaft pulley) 



Accelerator Pedal Position (APP) 
sensor - as you press the accel- 

erator pedal, the APP sensor alters 

its voltage signal to the PCM in 

proportion to the angle of the pedal, 
and the PCM commands a motor 
inside the throttle body to open or 

close the throttle plate accordingly 
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Camshaft Position (CMP) sensor 
- produces a signal that the PCM 
uses to identify the number 1 cylin- 
der and to time the firing sequence | 

of the fuel injectors 

| Crankshaft Position (CKP) sen- 
sor - produces a signal that the 

PCM uses to calculate engine | 
speed and crankshaft position, 
which enables it to synchronize 
ignition timing with fuel injector 

‘| timing, and to detect misfires 

Fuel tank pressure sensor - 

measures the fuel tank pressure 

and controls fuel tank pressure 

by signaling the EVAP system to 
purge the fuel tank vapors when 

the pressure becomes excessive 

Intake Air Temperature (IAT) sen- 
sor - monitors the temperature of the 
air entering the engine and sends a 

signal to the PCM to determine injec- 

tor pulse-width (the duration of each 
injector’s on-time) and to adjust spark 
timing (to prevent spark knock) 

Mass Air Flow (MAF) sensor - 

Knock sensor - a piezoelectric 
crystal that oscillates in proportion 

to engine vibration which produces 
a voltage output that is monitored 
by the PCM. This retards the igni- 

tion timing when the oscillation 

exceeds a certain threshold 

Engine Coolant Temperature 
(ECT) sensor - a thermistor (tem- 

perature-sensitive variable resis- | 

tor) that sends a voltage signal to 

the PCM, which uses this data to 
determine the temperature of the 
engine coolant 

Manifold Absolute Pressure 

(MAP) sensor - monitors the pres- 

sure or vacuum inside the intake 

manifold. The PCM uses this data 

| to determine engine load so that it 

can alter the ignition advance and 
fuel enrichment 

Oxygen sensors - generates a small Throttle Position (TP) sensor - 

measures the amount of intake air 

drawn into the engine. It uses a 
hot-wire sensing element to mea- 

sure the amount of air entering 

variable voltage signal in proportion 
to the difference between the oxygen 

content in the exhaust stream and 

| a potentiometer that generates a 

voltage signal that varies in relation 

to the opening angle of the throttle 

the engine 

the oxygen content in the ambient 

air. The PCM uses this information 

to maintain the proper air/fuel ratio. A 
second oxygen sensor monitors the 

efficiency of the catalytic converter 

Photos courtesy of Wells Manufacturing, except APP and MAF sensors. 

plate inside the throttle body. Works 

with the PCM and other sensors to 
calculate injector pulse width (the 
duration of each injector’s on-time) 
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2 OnBoard Diagnosis (OBD) 
system 

General description © 
1 All models are equipped with the second 
generation OBD-II system. This system consists 

of an on-board computer known as the Power- 

train Control Module (PCM), and information 
sensors, which monitor various functions of the 

engine and send data to the PCM. This system 
incorporates a series of diagnostic monitors that 
detect and identify fuel injection and emissions 
control system faults and store the information 
in the computer memory. This system also tests 

sensors and output actuators, diagnoses drive 

cycles, freezes data and clears codes. 
2 The PCM is the brain of the electroni- 

cally controlled fuel and emissions system. It 

receives data from a number of sensors and 

other electronic components (switches, relays, 

etc.). Based on the information it receives, the 

PCM generates output signals to control vari- 

ous relays, solenoids (fuel injectors) and other 

actuators. The PCM is specifically calibrated 

to optimize the emissions, fuel economy and 

drivability of the vehicle. 

3 It isn’t a good idea to attempt diagnosis 

or replacement of the PCM or emission con- 

trol components at home while the vehicle 

is under warranty. Because of a federally- 

mandated warranty which covers the emis- 

sions system components and because any 

owner-induced damage to the PCM, the sen- 

sors and/or the control devices may void this 

warranty, take the vehicle to a dealer service 

department if the PCM or a system compo- 

nent malfunctions. 

Scan tool information 

Refer to illustrations 2.4a and 2.4b 

4 Because extracting the Diagnostic Trou- 

ble Codes (DTCs) from an engine manage- 

ment system is now the first step in trouble- 

shooting many computer-controlled systems 

and components, a code reader, at the very 

2.4a Simple code readers are an economical way to extract 
trouble codes when the CHECK ENGINE light comes on 

least, will be required (see illustration). More 
powerful scan tools can also perform many of 
the diagnostics once associated with expen- 

sive factory scan tools (see illustration). If 
you’re planning to obtain a generic scan tool 

for your vehicle, make sure that it's compat- 

ible with OBD-II systems. If you don’t plan to 

purchase a code reader or scan tool and don't 

have access to one, you can have the codes 

extracted by a dealer service department or 

an independent repair shop. Note: Some auto 

parts stores even provide this service. 

3 Obtaining and clearing 
Diagnostic Trouble Codes (DTCs) 

All models covered by this manual are 

equipped with on-board diagnostics. When 

the PCM recognizes a malfunction in a moni- 
tored emission or engine control system, com- 
ponent or circuit, it turns on the Malfunction 
Indicator Light (MIL) on the dash. The PCM 
will continue to display the MIL until the prob- 

lem is fixed and the Diagnostic Trouble Code 

(DTC) is cleared from the PCM’s memory. 

You'll need a scan tool to access any DTC 

stored in the PCM. ' 

Before outputting any DTCs stored in the 

PCM, thoroughly inspect ALL electrical con- 

nectors and hoses. Make sure that all electri- 

cal connections are tight, clean and free of 

corrosion. And make sure that all hoses are 

correctly connected, fit tightly and are in good 

condition (no cracks or tears). 

Accessing the DTCs 
Refer to illustration 3.1 

1 The Diagnostic Trouble Codes (DTCs) 

can only be accessed with a code reader or 

scan tool. Professional scan tools are expen- 

sive, but relatively inexpensive generic code 

readers or scan tools (see illustrations 2.4a 

and 2.4b) are available at most auto parts 

-stores. Plug the connector of the scan tool 

into the diagnostic connector (see illustra- 

tion), then follow the instructions included 

2.4b Hand-held scan tools like these can extract computer codes 
and also perform diagnostics 

with the scan tool to extract the DTCs. 

2 Once you have outputted all of the 

stored DTCs, look them up on the accompa- 

nying DTC chart. 
3. After troubleshooting the source of each 

DTC, make any necessary repairs or replace 

the defective component(s). 

-Clearing the DTCs 
4 Clear the DTCs with the code reader or 

scan tool in accordance with the instructions 

provided by the tool’s manufacturer. 

Diagnostic Trouble Codes 
5 The accompanying tables are a list of the 
Diagnostic Trouble Codes (DTCs) that can be 

accessed by a do-it-yourselfer working at home 

(there are many, many more DTCs available to 

professional mechanics with proprietary scan 

tools and software, but those codes cannot be 

accessed by a generic scan tool). If, after you 

have checked and repaired the connectors, 

wire harness and vacuum hoses (if applicable) 

for an emission-related system, component or 

circuit, the problem persists, have the vehicle 

checked by a dealer service department or 

other qualified repair shop. 

3.1 The Data Link Connector (DLC) is 

located at the lower edge of the dash, 

below the steering column 



6-6 Chapter 6 Emissions and engine control systems 

OBD-II trouble codes (continued) 
Note: Not all trouble codes apply to all models. 

Code Probable cause 

POOOA Intake camshaft position system slow response (Bank 1) 

POOOB Exhaust camshaft position system slow response (Bank 1) 

P0O00C Intake camshaft position system slow response (Bank 2) 

POOOD Exhaust camshaft position system slow response (Bank 2) 

P0008 Engine position system performance problem (Bank 1) 

P0009 Engine position system performance problem (Bank 2) 

P0010 Intake camshaft position (CMP) actuator solenoid control circuit (Bank 1) 

P0011 Intake camshaft position system performance problem (Bank 1) 

P0013 Exhaust camshaft position (CMP) actuator solenoid control (Bank 1) 

P0014 Exhaust camshaft position system performance problem (Bank 1) 

P0016 Crankshaft position - intake camshaft position (CMP) correlation (Bank 1) 

P0017 Crankshaft position - exhaust camshaft position (CMP) correlation (Bank 1) 

P0018 Crankshaft position - intake camshaft position (CMP) correlation (Bank 2) 

P0019 Crankshaft position - exhaust camshaft position (CMP) correlation (Bank 2) 

P0030 Oxygen sensor heaters control circuit (Bank 1, Sensor 1) 

P0031 Oxygen sensor heaters control circuit, low voltage (Bank 1, Sensor 1) 

P0032 Oxygen sensor heaters control circuit, high voltage (Bank 1, Sensor 1) 

P0033 Supercharger bypass valve solenoid control circuit problem 

P0036 Oxygen sensor heaters control circuit (Bank 1, Sensor 2) 

P0037 Oxygen sensor heaters control circuit, low voltage (Bank 1, Sensor 2) 

P0038 Oxygen sensor heaters control circuit, high voltage (Bank 1, Sensor 2) 

P0050 Oxygen sensor heaters control circuit (Bank 2, Sensor 1) 

P0051 Oxygen sensor heaters control circuit, low voltage (Bank 2, Sensor 1) 

P0052 Oxygen sensor heaters control circuit, high voltage (Bank 2, Sensor 1) 

P0053 Oxygen sensor heaters resistance (Bank 1, Sensor 1) 

P0054 Oxygen sensor heaters resistance (Bank 1, Sensor 2) 

P0056 Oxygen sensor heaters control circuit (Bank 2, Sensor 2) 

P0057 Oxygen sensor heaters:control circuit, low voltage (Bank 2, Sensor 2) 

P0058 Oxygen sensor heaters heater control circuit, high voltage (Bank 2, Sensor 2) 

P0059 Oxygen sensor heaters heater resistance (Bank 2, Sensor 1) 
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Code Probable cause 
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P0060 Oxygen sensor heaters heater resistance (Bank 2, Sensor 2) 

P0068 Throttle body airflow performance problem 

POO6D Barometric sensor (BARO) — supercharger inlet pressure correlation inaccuracy 

P0087 Fuel rail low pressure 
eS Ee ee Ce SS eee Se ee 

P0088 Fuel rail high pressure 
ect ge ll ES 0 SOE as a a nn See ee 

P0089 Fuel pressure regulator performance problem 

P0090 Fuel pressure regulator control circuit open 

P0091: Fuel pressure regulator control circuit, low voltage 

P0092 Fuel pressure regulator control circuit, high voltage 

P0096 Intake air temperature (IAT) sensor 2 performance problem 

P0097 Intake air temperature (IAT) sensor 2 circuit, low voltage 

P0098 Intake air temperature (IAT) sensor 2 circuit, high voltage 

POOC6 Fuel rail pressure low during engine cranking 

POOC8 Fuel pressure regulator high control circuit 

P0101 Mass air flow (MAF) sensor circuit, performance problem 

pe a eS ee i a a a a a a ES eT eS oS 

P0102 Mass air flow (MAF) sensor circuit, low frequency 

P0103 Mass air flow (MAF) sensor circuit, high frequency 

P0106 Manifold absolute pressure (MAP) sensor performance problem 

P0107 Manifold absolute pressure (MAP) sensor circuit, low voltage 

P0108 Manifold absolute pressure (MAP) sensor circuit, high voltage 

P0111 Intake air temperature (IAT) sensor circuit, performance problem 

P0112 Intake air temperature (IAT) sensor circuit, low voltage 

P0113 Intake air temperature (IAT) sensor circuit, high voltage 

P0114 Intake air temperature (IAT) sensor circuit, intermittent 

P0116 Engine coolant temperature (ECT) sensor performance problem 

P0117 Engine coolant temperature (ECT) sensor circuit, low voltage 

P0118 Engine coolant temperature (ECT) sensor circuit, high voltage 

Pot 19 Engine coolant eieetatire (ECT) sensor circuit, intermittent 

P0120 Throttle position (TP) sensor 1 circuit malfunction 
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OBD-II trouble codes (continued) 
Note: Not all trouble codes apply to all models. 

Code Probable cause 

P0121 Throttle position sensor performance problem 

P0122 Throttle position sensor 1 circuit, low voltage 

P0123 Throttle position sensor 1 circuit, high voltage 

P0128 Engine coolant temperature (ECT) below thermostat regulating temperature 

P012B Supercharger inlet pressure sensor performance 

P012C Supercharger inlet pressure sensor circuit, low voltage 

P012D - Supercharger inlet pressure sensor circuit, high voltage 

P0130 Oxygen sensor heaters signal circuit, shorted to heater circuit (Bank 1, Sensor 1) 

P0131 _ Oxygen sensor heaters circuit, low voltage (Bank 1, Sensor 1) 

P0132 Oxygen sensor heaters circuit, high voltage (Bank 1, Sensor 1) 

P0133 Oxygen sensor heaters slow response (Bank 1, Sensor 1) 

P0134 Oxygen sensor heaters circuit, insufficient activity (Bank 1, Sensor 1) 

P0135 _ Oxygen sensor heaters heater performance (Bank 1, Sensor 1) 

P0137 Oxygen sensor heaters circuit, low voltage (Bank 1, Sensor 2) 

P0138 Oxygen sensor heaters circuit, high voltage (Bank 1, Sensor 2) 

P013A Oxygen sensor hones slow response rich to lean (Bank 1, Sensor 2) 

P013B Oxygen sensor heaters slow response lean to rich (Bank 1, Sensor 2) 

P013C =~ Oxygen sensor heaters slow response rich to lean (Bank 2, Sensor 2) 

P013D Oxygen sensor heaters slow response lean to rich (Bank 2, Sensor 2) 

P0O13E Oxygen sensor heaters delayed response rich to lean (Bank 1, Sensor 2) 

P0140 Oxygen sensor heaters circuit, insufficient activity (Bank 1, Sensor 2) 

P0141 Oxygen sensor heaters heater performance (Bank 1, Sensor 2) 

P0O14A Oxygen sensor heaters delayed response rich to lean (Bank 2, Sensor 2) 

P014B Oxygen sensor heaters delayed response lean to rich (Bank 2, Sensor 2) 

P0150 Oxygen sensor heaters signal circuit, shorted to heater circuit (Bank 2, Sensor 1) 

P0151 Oxygen sensor heaters circuit, low voltage (Bank 2, Sensor 1) 

P0152 Oxygen sensor heaters circuit, high voltage (Bank 2, Sensor 1) 

P0153 Oxygen sensor heaters slow response (Bank 2, Sensor 1) 

P0154 Oxygen sensor heaters circuit, insufficient activity (Bank 2, Sensor 1) 

P0155 Oxygen sensor heaters heater performance (Bank 2, Sensor 1) 
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Code Probable cause 

P0157 Oxygen sensor heaters circuit, low voltage (Bank 2, Sensor 2) 

P0158 Oxygen sensor heaters circuit, high voltage (Bank 2, Sensor 2) 

PO15A Oxygen sensors delayed response rich to lean (Bank 1 Sensor 1) 

P015B Oxygen sensors delayed response lean to rich (Bank 1 Sensor 1) 
I el UE EGU Gel tal OO! yield eee Oe ee ee ae 

P015C Oxygen sensors delayed response rich to lean (Bank 2 Sensor 1) } 

NAR ACen Dente ies pe Rae tae i 2 a es ee ee is iS eee eee 

P015D Oxygen sensors delayed response lean to rich (Bank 2 Sensor 1) 
EC TOES ESE OR EU Naa ae De atid I LS Ek dr a ie ee 

P0172 Fuel trim system rich (Bank 1) 
a Le Ri ee se ne ees sere ee ea 

P0174 Fuel trim system lean (Bank 2) 

P0175 Fuel trim system rich (Bank 2) 

P018B Fuel pressure sensor performance problem 

P018C Fuel pressure sensor circuit, low voltage 

P018D Fuel pressure sensor circuit, high voltage 

P0191 Fuel rail pressure sensor performance problem 

P0192 Fuel rail pressure sensor circuit, low voltage | 

P0193 Fuel rail pressure sensor circuit, high voltage 

P0201 Cylinder 1 injector control circuit malfunction 

P0202 Cylinder 2 injector control circuit malfunction 

P0203 Cylinder 3 injector control circuit malfunction 

P0204 Cylinder 4 injector control circuit malfunction 

| P0205 Cylinder 5 injector control circuit malfunction 

| P0206 Cylinder 6 injector control circuit malfunction 

P0207 Cylinder 7 injector control circuit malfunction 

P0208 Cylinder 8 injector control circuit malfunction 

P0220 Throttle position sensor 2 circuit problem 

P0221 Throttle position sensor 2 performance problem 

P0222 Throttle position sensor 2 circuit, low voltage 

P0223 | Throttle position sensor 2 circuit, high voltage 

P0230 Fuel pump relay control circuit 
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OBD-II trouble codes (continued) 
Note: Not all trouble codes apply to all models. 

Code Probable cause 

P0231 Fuel pump control circuit, low voltage 

P0232 Fuel pump control circuit, high voltage 

P023A Charge air cooler (CAC) coolant pump relay control circuit 

P023F Fuel pump control circuit 

P025A Fuel pump control module enable circuit 

P0261 Cylinder 1 injector control circuit, low voltage 

P0262 Cylinder 1 injector control circuit, high voltage 

P0264 Cylinder 2 injector control circuit, low voltage 

P0265 Cylinder 2 injector control circuit, high voltage 

P0267 Cylinder 3 injector control circuit, low voltage 

P0268 Cylinder 3 injector control circuit, high voltage 

P0270 Cylinder 4 injector control circuit, low voltage 

P0271 Cylinder 4 injector control circuit, high voltage 

P0273 Cylinder 5 injector control circuit, low voltage 

P0274 Cylinder 5 injector control circuit, high voltage 

P0276 Cylinder 6 injector control circuit, low voltage 

P0277 Cylinder 6 injector control circuit, high voltage 

P029D Cylinder 1 injector leak detected 

P02A1 Cylinder 2 injector leak detected 

P02A5 Cylinder 3 injector leak detected 

PO2A9 Cylinder 4 injector leak detected 

PO2AD Cylinder 5 injector leak detected 

P02B1 Cylinder 6 injector leak detected 

P0300 Engine misfire detected 

P0301 Cylinder 1 misfire detected 

P0302 Cylinder 2 misfire detected 

P0303 Cylinder 3 misfire detected 

P0304 Cylinder 4 misfire detected 

P0305 Cylinder 5 misfire detected 
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Code Probable cause 

P0306 Cylinder 6 misfire detected 

P0307 Cylinder 7 misfire detected 

P0308 Cylinder 8 misfire detected 

P0315 Crankshaft position system variation not learned 

P0324 Knock sensor module performance problem 

P0325 Knock sensor circuit (Bank 1) 

P0326 Knock sensor performance problem (Bank 1) 

P0327 Knock sensor circuit, low voltage (Bank 1) 

P0328 Knock sensor circuit, high voltage (Bank 1) 

P0330 Knock sensor circuit (Bank 2) 

P0331 Knock sensor performance problem (Bank 2) 

P0332 Knock sensor circuit, low voltage (Bank 2) 

P0333 Knock sensor circuit, high voltage (Bank 2) 

P0335 Crankshaft position sensor circuit malfunction 

P0336 Crankshaft position sensor performance problem 

ae epece merc aE NDA ne id ee EE EEE 

P0338 Crankshaft position sensor circuit, high duty cycle 
nee reed Arne aR an See es enti bee ee Oe 9 al ee eee 

P0340 Intake camshaft position sensor circuit (Bank 1) 
a acca PS BE RN a ey ee) ls ins eee 

P0341 Intake camshaft position sensor performance problem (Bank 1) 

eI Nap a ek kn ed 5g SS eee 

P0342 Intake camshaft position sensor circuit, low voltage (Bank 1) 

ea gg es ee ee ee eee 

P0343 intake camshaft position sensor circuit, high voltage (Bank 1) 

SD a ie ee ea IE ae Lo Nn ee 

P0345 Intake camshaft position sensor circuit (Bank 2) 
a ELE yeh a i Bie a ee ee 

P0346 Intake camshaft position sensor performance problem (Bank 2) 

meee SM ee a 

P0347 Intake camshaft position sensor circuit, low voltage (Bank 2) 

IS 

P0348 Intake camshaft position sensor circuit, high voltage (Bank 2) 

ane nn nn nnn EEE EaIEInsnSEE EERIE 

P0351 Ignition coil 1 control circuit malfunction 
Deir oe 

P0352 Ignition coil 2 contro! circuit malfunction 

P0353 Ignition coil 3 control circuit malfunction 
EL EE ee ee a 

P0354 Ignition coil 4 control circuit malfunction 
a el ee EE 

P0355 Ignition coil 5 control circuit malfunction 
meee rear ge ee 

P0356 Ignition coil 6 control circuit malfunction 
eee 

P0357 Ignition coil 7 control circuit malfunction 
ES ern nn a cc ne Enna EET eae 

P0358 Ignition coil 8 control circuit malfunction 
ES ST eal 
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OBD-II trouble codes (continued) 
Note: Not all trouble codes apply to all models. 

Code Probable cause 

P0365 Exhaust camshaft position sensor circuit (Bank 1) 

P0366 Exhaust camshaft position sensor performance problem (Bank 1) 

P0367 Exhaust camshaft position sensor circuit, low voltage (Bank 1) 

P0368 Exhaust camshaft position sensor circuit, high voltage (Bank 1) 

P0390 Exhaust camshaft position sensor circuit (Bank 2) 

P0391 Exhaust camshaft position sensor performance problem (Bank 2) 

P0392 Exhaust camshaft position sensor circuit, low voltage (Bank 2) 

P0393 Exhaust camshaft position sensor circuit, high voltage (Bank 2) 

P0420 Catalytic converter system low efficiency (Bank 1) - right side 

P0430 Catalytic converter system low efficiency (Bank 2) - left side 

P0442 Evaporative emission (EVAP) system small leak detected 

P0443 Evaporative emission (EVAP) purge solenoid control circuit, 

P0446 Evaporative emissions (EVAP) vent system performance problem 

P0449 Evaporative emission (EVAP) vent solenoid control circuit, 

P0450 Fuel tank pressure (FTP) sensor circuit 

P0451 Fuel tank pressure (FTP) sensor performance problem 

P0452 Fuel tank pressure (FTP) sensor circuit, low voltage 

P0453 Fuel tank pressure (FTP) sensor circuit, high voltage 

P0454 Fuel tank pressure (FTP) sensor intermittent 

P0455 Evaporative emission (EVAP) system large leak detected 

P0458 Evaporative emission (EVAP) purge solenoid control circuit, low voltage 

P0459 Evaporative emission (EVAP) purge solenoid control circuit, high voltage 

P0496 Evaporative emission system flow during non-purge 3 

P0497 Evaporative emission (EVAP) system no flow during purge 

P0498 Evaporative emission (EVAP) vent solenoid valve control circuit, low voltage 

P0499 Evaporative enlgeon (EVAP) vent solenoid valve control circuit, high voltage 
hae ee 

P0506 Idle speed low 
a 

P0507 Idle speed high 
a ee eee 

PO50A Cold start idle air control system performance problem 

SS. nk ee Oe eee 

PO050D Cold start rough idle 
ee ee 

— 
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Code Probable cause 

P0601 Control module read only memory performance 

P0602 Control module not programmed 

P0603 Control module long term memory reset 
ee a i REN SA AN ead UN iL 1 cee rg a RL eR Te 

P0604 Control module random access memory performance 
TE NR a i dees Sn SE Te ene ee eee eee ee 

P0606 Control module processor performance 
ent ene Webcode Ue ree St BA Re A Set ee 

P0607 Contro!] module performance 
Seppe die Women aR eee eer 08 yk ee a ea ey Be eee 

PO60D Control module accelerator pedal position (APP) system circuitry, performance 

P0627 Fuel pump enable circuit 

P0628 Fuel pump enable circuit, low voltage 

P0629 Fuel pump enable circuit, high voltage 

PO64A ~~ Fuel pump control module performance 

ea evisceaiaiess cite A ea 
Re 

P0650 Malfunction indicator lamp (MIL) control circuit, 

P0651 5 volt reference 2 circuit 
TE ee NEESER nrc 0 ins Be sre 22 aa nce. ase a EE Ti 

P0652 5 volt reference 2 circuit, low voltage 

er ain eee B16 sls ye a SU
 

P0653 5 volt reference 2 circuit, high voltage 

P0685 Engine controls ignition relay control circuit 

P0686 Engine controls ignition relay control circuit, low voltage 

P0687 Engine controls ignition relay control circuit, high voltage 

P0689 Engine controls ignition relay feedback circuit, low voltage 

P0690 Engine controls ignition relay feedback circuit, high voltage 

P0697 5 volt reference 3 circuit 

P0698 5 volt reference 3 circuit, low voltage 

P0699 5 volt reference 3 circuit, high voltage 
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OBD-II trouble codes (continued) 
Note: Not ail trouble codes apply to all models. 

Code Probable cause 

PO69E Fuel pump control module requested MIL illumination 

PO6A3 5 volt reference 4 circuit 

PO6A6 5 volt reference performance 

PO6B6 Control module knock sensor processor 1 performance problem 
ee ee ee Ee eee ae ee 

PO6B7 Control module knock sensor processor2 performance problem 

P0700 Transmission control module (TCM) requested MIL illumination 

P0856 Traction control torque request circuit 

4 Accelerator Pedal Position (APP) 
sensor - replacement 

Refer to illustration 4.2 

1 Remove the knee bolster trim panel 
and the knee bolster (see Chapter 11, Sec- 
tion 24). 

2 Disconnect the electrical connector from 

the upper end of the APP sensor assembly 

(see illustration). 
3 Remove the accelerator pedal/APP sen- 

sor assembly mounting nuts and remove the 
assembly. 

4 Installation is the reverse of removal. 

5 Camshaft Position (CMP) 
sensor(s) - replacement 

1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

4.2 APP sensor electrical connector (A) 
and mounting nuts (B) 

3.2L V6 models 
Note: The CMP sensor is located at the top 

corner of the valve cover, above the left end 
of the exhaust camshaft. 

2 Disconnect the CMP sensor electrical 
connector. 

3 Remove the CMP sensor mounting bolt 
and remove the CMP sensor from the top of 
the valve cover. 

4 . Inspect the condition of the CMP sen- 
sor O-ring. If it's cracked, torn or deteriorated, 
replace it. 

5 Installation is the reverse of removal. 

All other V6 models 

Refer to illustration 5.8 

Note: There are four CMP sensors, one for 

the intake camshaft and one for the exhaust 
on each cylinder head. 
6 {If you’re removing the CMP sensors from 
the right side (Bank 1), remove the air filter 
housing (see Chapter 4). 

7 _ If you’re removing the CMP sensors from 

5.8 The CMP sensors are 
located at the front of each 

cylinder head (3.0L V6 engine 
shown, others similar) 

1. Intake camshaft position 

sensor (Bank 1) 
2 _ Exhaust camshaft 

position sensor (Bank 1) 

the left side (Bank 2), remove the engine 
mount bracket (see Chapter 2B). 

8 Disconnect the CMP sensor electrical 

connector (see illustration). 

9 Remove the CMP sensor mounting bolt 
and remove the CMP sensor. 

10 Remove the CMP sensor O-ring and 
inspect its condition. If it’s cracked, torn or 
otherwise deteriorated, replace it. 

11 Lubricate the sensor O-ring with clean 

engine oil. Installation is otherwise the reverse 
of removal. 

5.7L V8 models 
Note: The sensor is located at the rear of 

the cylinder block, between the two cylinder 
banks. 

12 Remove the intake manifold (see Chap- 
ter 2C). 

13 Disconnect the CMP sensor electrical 
connector. 

14 Remove the CMP sensor mounting bolt 
and remove the CMP sensor. 

15 Remove the CMP sensor O-ring and 
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6.8 CKP sensor location - on the right rear 
of engine (V6 engines shown) 

inspect its condition. If it’s cracked, torn or 

otherwise deteriorated, replace it. 
16 Lubricate the sensor O-ring with een 
engine oil. Installation is otherwise the reverse 

of removal. 

6.0L and 6.2L V8 models 
17 Remove the drivebelts and idler pulley 

(see Chapter 1). 
18 Remove the crankshaft pulley/balancer 

(see Chapter 2C). 
19 Remove the sensor and jumper harness 
assembly mounting bolts from the front cover. 
20 Disconnect the engine harness electrical 

connector from the jumper harness connector, 

then disconnect the sensor from the jumper 

harness connector. 
21 Remove the CMP sensor O-ring and 
inspect its condition. If it's cracked, torn or 

otherwise deteriorated, replace t. 
22 Lubricate the sensor O-ring with clean 
engine oil. Installation is otherwise the reverse 

of removal. 

SS 

6 Crankshaft Position (CKP) sensor 

- replacement 

4 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

2 Raise the front of the vehicle and support 

it securely on jackstands. 

3.2L V6 engine models 
_ 3. The sensor is located at the left rear of 

the engine block. Remove the CKP sensor 

retaining bolt and remove the sensor. 

_4 Remove and inspect the sensor O-ring. If 

it’s cut, torn or otherwise deteriorated, replace 

it. 
5 Follow the harness to the top of the 

engine and disconnect the electrical connec- 

tor from the CKP sensor. 

6 Installation is otherwise the reverse of 

removal. Note: From above, feed the sensor 

down through the. engine, then install the sen- 

sor to the engine. 

7.4 Camshaft position actuator solenoid 

valve locations (right side shown, left side 

[Bank 2] identical) 

1. Intake camshaft position actuator 

solenoid valve (Bank 1) 
2 . Exhaust camshaft position actuator 

solenoid valve (Bank 1) 

All other models 

Refer to illustration 6.8 

7  OnV8 models, remove the starter motor 

(see Chapter 5). 
8 From under the right side of the vehicle, 
disconnect the electrical connector from the 

CKP sensor (see illustration). Note: On V6 
models, remove the exhaust manifold heat 

shield for easier access to the sensor. 

9 Remove the CKP sensor mounting bolt 

and remove the CKP sensor. 
140 Remove and inspect the sensor O-ring. If 

it’s cut, torn or otherwise deteriorated, replace 

itv 
11 Lubricate the sensor O-ring with clean 

engine oil. Installation is otherwise the reverse 

of removal. 

7 Camshaft position actuator 
solenoid valve - replacement 

Refer to illustration 7.4 

Warning: Wait until the engine has cooled 

completely before beginning this procedure. 

Note: This Section applies to all V6 engines, 

except 3.2L models. 

1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

2 ‘If you’re removing the camshaft position 

actuator solenoid valve from the right side 

(Bank 1), remove the Engine Control Module 

(ECM) bracket. 

3. If you’re removing the camshaft posi- 

tion actuator solenoid valve from the left side 

(Bank 2), remove the power steering reservoir 

(see Chapter 10) but do not disconnect the 

lines. 

4 Disconnect the solenoid valve electrical 

connector (see illustration). 

8.4 ECT sensor location (3.0L V6 engines) 

5 Remove the solenoid valve mounting 

bolt and remove the camshaft position actua- 

tor solenoid valve. 
6 Remove the solenoid valve O-ring and 

inspect its condition. If it’s cracked, torn or 

otherwise deteriorated, replace it. 

7 Lubricate the O-ring with clean engine 

oil. Installation is otherwise the reverse of 

removal. 

8 Engine Coolant Temperature 
(ECT) sensor - replacement 

Warning: Wait until the engine has cooled 

completely before beginning this procedure. 

1 Partially drain the engine coolant (see 

Chapter 1). 
2 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

Removal 

3.0L V6 models 

Refer to illustration 8.4 

3 Remove the engine covers. 

4 _ Disconnect the electrical connector from 

the ECT sensor located on the left rear cylinder 

head just above the starter (see illustration). 
5 Unscrew the sensor from the cylinder 

head. 

3.2L V6 models 
6 Remove the cowl panel (see Chapter 11) 

and the windshield wiper motor and linkage 

(see Chapter 12). 
7 Disconnect the electrical connector from 

the ECT sensor. 
8 Unscrew the sensor from the water cross 

over at the rear of the engine. 

2.8L and 3.6L V6 models 
9 Disconnect the electrical connector from 
the ECT sensor located on the left side cylin- 

der head just behind the oil filter housing. 
10 Unscrew the sensor from the cylinder 

head. 



8.11 The ECT sensor on V8 engines is 
located on the side of the left cylinder 

head, near the front 

V8 models 

Refer to illustration 8.11 

11. Disconnect the electrical connector from 
the ECT sensor (see illustration). 

12 Unscrew the sensor from the cylinder 
head. 

> 

9.10 5.7L V8 engine knock 
sensor locations 

10.2 The MAP sensor is located on top of 
the intake manifold (3.0L V6 

engine shown) 

.. 

Lapa 

9.5 The Bank 1 knock sensor is located 

on the right side of the engine block 
(V6 engines) 

Installation 
13 Wrap the threads of the new sensor with 

Teflon tape to prevent leakage and thread cor- 
rosion. 

14 Install the sensor and tighten it to the 

torque listed in this Chapter’s Specifications. 

15 Refill the cooling system (see Chapter 1). 

9 Knock sensors - replacement 

Removal 
1 Disconnect the cable from the negative 
battery terminal (see Chapter 5). 

2 __ Raise the vehicle and support it securely 

on jackstands. Remove the engine compart- 

ment under-cover. 

V6 engines 

Refer to illustrations 9.5 and 9.6 

3 3.2L engines: To remove the Bank 1 knock 

sensor, remove the alternator (see Chapter 5). 

4 3.2L engines: To remove the Bank 2 

knock sensor, remove the power steering 

pump and bracket (see Chapter 10). 

5 All other V6 engines: The Bank 1 knock 
sensor is located on the right side of the 

engine block, just below the exhaust mani- 
fold (see illustration).Note: On late model 
V6 engines, it will be necessary to remove 

the right-side catalytic converter to access the 
knock sensor. 

6 All other V6 engines: The Bank 2 knock 

sensor is located on the left side of the engine 

block, just in front of the starter (see illustra- 
tion). 

7 Disconnect the electrical connector from 
the knock sensor. , 

8 Remove the bolt in the center of the 

knock sensor and remove the knock sensor. 

5.7L V8 engines 

Refer to illustration 9.10 

9 Remove the intake manifold (see Chap- 
ter 2C). 
10 Detach the grommets from the valley 
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9.6 The Bank 2 knock sensor is located 
on the left side of the engine block, just in 

front of the starter (V6 engines) 

cover, pull the grommets up and disconnect the 

electrical connectors from the knock sensors 

(see illustration). Remove the wiring harness. 

11. Unscrew the knock sensors from the 
engine block. 

6.0L and 6.2L V8 engines 
12 The Bank 1 knock sensor is located on 

the left side of the engine block, just in front of 
the oil filter housing. 

13. The Bank 2 knock sensor is located on 

the right side of the engine block, just in front 
of the starter. 

14 Disconnect the electrical connector from 

the knock sensor. 

15 Remove the bolt in the center ofthe 

knock sensor and remove the knock sensor. 

Installation 
16 Installation is the reverse of removal. 

Tighten the knock sensor bolt to the torque 

listed in this Chapter’s Specifications. 

10 Manifold Absolute Pressure 

(MAP) sensor - replacement 

Refer to illustration 10.2 

Note: This Section applies to 2010 and later 
V6 models and 5.7L and 6.0L V8 models only. 

1 Disconnect the cable from the negative 
battery terminal (see Chapter 5). 
2 Disconnect the electrical connector from 

the MAP sensor (see illustration). 

3 Remove the MAP sensor retaining bolt 
and remove the sensor. 

4 Installation is the reverse of removal. 

11 Mass Air Flow/Intake Air 

Temperature (MAF/IAT) sensor - 
replacement 

Refer to illustration 11.2 

1 Remove the air intake duct (see Chap- 

ter 4, Section 10). Note: On 2.8 and 3.6L V6 

engines, the sensor is inside the duct mounted 
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to the air filter housing and is replaced as a 

unit. 

2 Disconnect the electrical connector from 

the MAF/IAT sensor (see illustration). 
3 Remove the MAF/IAT sensor mounting 
fasteners and remove the sensor from the air 

filter housing or duct. 
4 Installation is the reverse of removal. 

12 Barometric pressure (BARO) 

sensor - replacement 

Refer to illustration 12.1 

1 On 2007 and earlier 2.8L and 3.6L V6 

models, and all 6.2L V8 engines, the sensor is 

located on the left side of the intake manifold. 

On 2010 and later 3.0L engines, the sensor 
is on top of the air filter housing (see illustra- 

tion). 
2 Disconnect the electrical connector from 

the sensor. 
_3 Remove the sensor mounting fasteners 
and remove the sensor from the intake mani- 

fold/air filter housing. 
4 Installation is the reverse of removal. 

13 Oxygen sensors - replacement 

Note: Because it is installed in the exhaust 

manifold or pipe, both of which contract when 

cool, an oxygen sensor might be very difficult 

to loosen when the engine is cold. Rather 

than risk damage to the sensor or its mounting 

threads, start and run the engine for a minute 

or two, then shut it off. Be careful not to burn 

yourself during the following procedure. 

1 Be particularly careful when servicing an 

_ oxygen sensor: 

a) Oxygen sensors have a permanently 

attached pigtail and an electrical connec- 

tor that cannot be removed. Damaging 

or removing the pigtail or electrical con- 

nector will render the sensor useless. 

BS ia KP ces 4 

13.4a Upstream oxygen sensor location 

(left cylinder bank exhaust manifold 
flange-to-converter pipe shown, right side 

similar) (3.0L V6 engine shown) 

b) Keep grease, dirt and other contami- 

nants away from the electrical connector 

and the louvered end of the sensor. 

c) Do not use cleaning solvents of any kind 

on an oxygen sensor. 
d) Oxygen sensors are extremely deli- 

cate. Do not drop a sensor or handle it 

roughly. 
e) Make sure that the silicone boot n the 

sensor is installed in the correct position. 

Otherwise, the boot might melt and it 

might prevent the sensor from operating 

correctly. 

Replacement 
Refer to illustrations 13.4a, 13.4b and 13.5 

Note: This procedure applies to upstream and 

downstream sensors. 

Note: The upstream sensors are installed 

in the exhaust manifolds, or upper part of 

the exhaust manifold flange and catalytic 

12.1 The BARO sensor is located on the air filter housing cover 

A 
(3.0L V6 engine) 

13.4b Downstream oxygen sensor 

locations (3.0L V6 engine shown, other 

engines similar) 

converter assembly. There is an upstream 

sensor in each exhaust manifold on all mod- 

els. 
Note: The downstream oxygen sensors are 

located in the lower end of the exhaust mani- 

fold/catalytic converter assembly or on the 

short section of exhaust pipe, just below the 

catalytic converter. There is a downstream 

oxygen sensor in each exhaust pipe on all 

models. 
2 Disconnect the cable from the negative 
battery terminal (see Chapter 5). 

3. To access downstream sensors on all 

models, and the upstream sensor on the 
exhaust manifold for the rear cylinder head on 

V6 models, raise the front of the vehicle and 

support it securely on jackstands. Remove 

the engine under-cover. 

4 Locate the oxygen sensor (see illustra- 

tions), then trace the sensor's electrical lead 
to its electrical connector and disconnect the 

connector. Disengage any harness clips. 

5 Using a wrench or an oxygen sensor 
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13.5 Use a slotted socket to remove the 

oxygen sensors 

socket, unscrew the sensor (see illustra- 
tion). 

6 _ If you’re going to install the old sensor, 

apply anti-seize compound to the threads of 

the sensor to facilitate future removal. If you're 

going to install a new oxygen sensor, it’s not 

necessary to apply anti-seize compound to 

the threads; the threads on new sensors 

already have anti-seize compound on them. 

7 Installation is the reverse of removal. 
Tighten the oxygen sensor to the torque listed 
in this Chapter’s Specifications. 

14 Throttle Position (TP) sensor - 
replacement 

The TP sensor is an integral component 

of the electronic throttle body, and is not sepa- 
rately serviceable. If you need to replace the 

TP sensor, you must replace the throttle body 

(see Chapter 4). 

15 Vehicle Speed Sensor (VSS) - 
replacement 

Manual transmission 
Note: The VSS is located on the right rear 
side of the transmission. 

1 Raise the vehicle and support it securely 

on jackstands. Remove the engine under- 

cover. 

2 Disconnect the electrical connector from 

the VSS. 

3 Remove the VSS mounting bolt and 
remove the VSS. 

4 Remove and discard the old VSS O-ring. 
5 Installation is the reverse of removal; use 

a new O-ring. 

_Automatic transmission 
6 The speed sensors on the automatic trans- 

missions are internally mounted to the valve 

body and should not be replaced at home. 

16.2 To release the PCM electrical 
connector harness locking tabs, pull the 

connector lever up and over 

16 Powertrain Control Module (PCM) 

- removal and installation 

Caution: To avoid electrostatic discharge 
damage to the PCM, handle the PCM only 
by its case. Do not touch the electrical termi- 

nals during removal and installation. If avail- 
able, ground yourself to the vehicle with an 
anti-static ground strap, available at computer 
supply stores. 

Note: This procedure applies only to discon- 

necting, removing and installing the PCM 

that is already installed in your vehicle. If the 

PCM is defective and has to be replaced, it 

must be programmed with new software and 
calibrations. This procedure requires the use 
of GM’s TECH-2 scan tool and GM's latest 
PCM-programming software, so you WILL 
NOT BE ABLE TO REPLACE THE PCM AT 
HOME. 
1 Disconnect the battery (see Chapter 5). 

2007 and earlier V6 models 

Refer to illustration 16.2 

Note: The PCM is mounted on the right side 
of the engine. 

16.5 Powertrain Control 

Module (PCM) location 

(2010 and later 3.0L 
V6 engines) 

2 Disconnect the two electrical connec- 

tor locking tabs from the PCM (see illustra- 
tion). 
3 Remove the PCM mounting bolts and 

remove the PCM. 

4 Installation is the reverse of removal. 

2008 and later V6 models and 

6.2L V8 engine models 
Refer to illustration 16.5 

Note: On 2008 and 2009 V6 models, the PCM 
is located on the right side of the vehicle, just 

below the power distribution box in the engine 
compartment. 

Note: On 2010 and later V6 models, the PCM 
is located on the left side of the vehicle under 
the headlight housing. 
Note: On 6.2L V8 models, the PCM is located 

on the right side of the vehicle in the engine 
compartment. 

5 Depress the tabs and slide the PCM 

out of the plastic holding bracket (see illus- 
tration 16.2 and the accompanying illustra- 
tion). 

6 Disconnect the three electrical connector 
locking tabs from the PCM. 

7 Installation is the reverse of removal. 

5.7L and 6.0L V8 engine 
models 
Note: The PCM is located under the left side 

of the vehicle forward of the front wheel. 

8 Raise the vehicle and support it securely 

on jackstands. Remove the engine splash 
shield. 

9 From under the left side of the engine 
compartment, remove the PCM cover fas- - 
tener and push the outside cover back to 

release the retaining tab. 

10 Rotate the cover to remove it. Remove 
the PCM housing. 

11. Remove the screw in the center of the 

PCM connectors and disconnect the connec- 
tor from the PCM 

12 Installation is the reverse of removal. 
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17.6 Catalytic converter locations 

17 Catalytic converter - replacement 

Refer to illustration 17.6 

Warning: Wait until the engine has cooled 

completely before beginning this procedure. 

1 Raise the front of the vehicle and support 

it securely on jackstands. Remove the engine 

under-cover. 

2 Locate the upstream and downstream 

- oxygen sensors, trace their electrical leads 

to their respective connectors and discon- 

nect them. Remove both oxygen sensors (see 

- Section 13). 
3 If the catalytic converter and/or exhaust 
manifold is equipped with a heat shield, 

remove the heat shield bolts and remove the 

heat shield from the exhaust manifold. 

4 Remove the fasteners that secure the 

heat shield mounting bracket and remove the 

bracket. g 

5 Remove the fasteners that secure the 

catalytic converter’s upper mounting flange 

to the exhaust manifold. If the threads are 

fs coal 

- EVAP canister purge valve 

EVAP line quick-connect fitting 

Electrical connector 

Mounting bolt ROMs 

18.14 EVAP canister purge valve details 

(2010 and later V6 engines) 

severely damaged or rusted, apply some pen- 

etrant to the threads and wait awhile before 
loosening them. 
6 Remove the fasteners that secure the 

lower mounting flange to the exhaust pipe (see 

illustration). If the threads are severely dam- 

aged or rusted, apply some penetrant to the 

threads and wait awhile before loosening them. 

7 Pull the exhaust pipe down far enough to 

clear the lower end of the catalytic converter. 

8 Remove the catalytic converter from the 

exhaust manifolds. 

9 Remove and discard the old gaskets 

between the exhaust manifold flange and 

the upper catalytic converter flange and, if 

equipped, between the lower catalytic con- 

verter flange and the exhaust pipe flange. 

10 Installation is the reverse of removal. 

Use new flange gaskets. 

18 Evaporative emissions control 

(EVAP) system - component 

replacement 

Note: See Chapter 4 for information on quick- 

connect fittings. 
1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

2 Open the fuel filler cap to relieve the fuel 

pressure in the tank. 

3 Remove the engine covers. 

EVAP canister purge valve 

3.2L V6 engines 
4 Disconnect the EVAP canister purge 

valve vacuum line from the top of the intake 

manifold. 
5 Disconnect the coil pack electrical con- 

nector (See Chapter 5). 
6 _ Disconnect the electrical connector from 

the canister purge valve. 
7 Disconnect the EVAP line quick-connect 

fittings. 

OAARw©ND Ss 

18.20 Typical EVAP canister details: 

8 Remove the purge valve and mounting 

bracket as a single assembly, then remove 
the purge valve from the mounting bracket. 

9 Installation is the reverse of removal. 

All 2009 and earlier models except 

3.2L V6 engines 
10 Disconnect the purge line quick-connect 

fittings from the purge valve. 
11 Disconnect the electrical connector from 

the canister purge valve. 

12 Loosen the mounting bracket and 

remove the purge valve. 

13 Installation is the reverse of removal. 

2010 and later models 

Refer to illustration 18.14 

14 Disconnect the electrical connector from 

the canister purge valve (see illustration). 

15 Disconnect the EVAP line quick-connect 

fittings. 
16 Remove the canister purge valve mount- 

ing bolt and remove the valve from the mani- 

fold. 
17 Installation is the reverse of removal. 

EVAP canister 

Refer to illustration 18.20 

Note: The EVAP canister is located under the 

vehicle, above the rear suspension and sub- 

frame. 
18 Raise the vehicle and support it securely 

on jackstands. 
19 Remove the rear subframe and suspen- 

sion (see Chapter 10). 
20 Disconnect the electrical connector and 

the vapor hose quick-connect fitting from the 

EVAP canister vent solenoid (see illustration). 
21 Disconnect the two EVAP line quick-con- 

nect fittings from the EVAP canister. 

22 Remove the mounting fasteners that 

secure the canister and remove the canister. 

23 Installation is the reverse of removal. 

is] ill 

EVAP canister vent solenoid electrical connector 

EVAP canister 

Quick-connect fitting 
Quick-connect fitting 
EVAP canister mounting nuts 
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18.25 EVAP canister vent 

solenoid location 

EVAP canister vent solenoid 

Refer to illustration 18.24 

24 Remove the rear subframe and suspen- 
sion (see Chapter 10). 

25 Disconnect the canister vent solenoid 

electrical connector (see illustration). 
26 Rotate the valve counterclockwise and 

remove the valve from the canister 

27 Installation is the reverse of removal. 

19 Intake manifold runner control 
solenoid (2008 and earlier V6 
engines) - replacement 

1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 
2 Remove the plenum and intake manifold 

together (see Chapter 2B). Caution: Do not 
separate the plenum for the manifold while 

the intake manifold runner control solenoid is 

removed or damage may occur to the runner 
control. 

3 Disconnect the electrical connector to 

the intake manifold runner control solenoid. 

4 Remove the intake manifold runner con- 

trol solenoid fasteners. 

5 Slide the intake manifold runner control 

solenoid out of the manifold. 

6 _ Installation is the reverse of removal. 

20.2 PCV hose layout 

(3.0L V6 engines) 

PCV hose 

_PCV-to-intake 
manifold connection 

PCV-to-valve cover 

connection 

20 Positive Crankcase Ventilation 

(PCV) hose - replacement 

Refer to illustration 20.2 

Note: On all models, the PCV valve or orifice 
is mounted in the PCV hose. On 2.8L, 3.2L 
and 3.6L V6 engines, the PCV hoses are con- 
nected to the rear of each valve cover. On 
3.0L V6 engines, the PCV hose is connected 
to the right rear valve cover only. On 5.7L V8 
engines, the PCV hose is connected to the 

right rear valve cover. On 6.0L V8 engines, 
the PCV hoses are connected to the front of 
each valve cover. On 6.2L V8 engines, the 
PCV hoses are connected to the rear of the 

right valve cover and the front of the right 
valve cover. 

1. Remove the engine covers. 
2 Disconnect the PCV hose(s) from the 
connections (see illustration). 

3 Installation is the reverse of removal. 

21 Variable Valve Timing (VVT) 

system - description 

1 The VVT system controls intake valve 
timing to increase engine torque in the low 

and mid-speed range and to increase horse- 

power in the high-speed range. 

2, The VVT system consists of the PCM- 
controlled camshaft position actuator solenoid 

valves (see Section 7), which are mounted to 
the front of the cylinder heads and the VVT 

actuators (camshaft sprockets), mounted to 
the ends of the camshafts (see Chapter 2B). 

3. The camshaft position actuator solenoid 

valve varies the oil pressure in the VVT actua- 

tor, which continually varies the timing of the 
intake and exhaust camshafts. 

4 Refer to Chapter 2 for component 
replacement procedures for the VVT actua- — 
tors. 

22 Supercharger air pressure 

sensors (6.2L V8 engine) - 
replacement 

1 The inlet pressure sensor is located on 

the right side of the charge air cooler cover. 

The outlet pressure sensor is located on the 
left side of the charge air cooler cover. 

2 Disconnect the electrical connector from 
the pressure sensor. 

3 Remove the sensor mounting fastener 

and remove the sensor from the cover. 
4 Installation is the reverse of removal. 



Chapter 7 PartA 
Manual transmission 

1 General information 

The vehicles covered by this manual are 

equipped with either a Getrag M35 5-speed 
manual, a Aisin AY6 6-speed manual, a Tremec 

6-speed manual or a 5- or 6-speed automatic 

transmission. This Part of Chapter 7 contains 
information on the manual transmission. Ser- 

vice procedures for the automatic transmission 

are contained in Part B. 
The transmission is contained in a cast- 

aluminum alloy casing bolted to the rear of 

the engine and gears are fully synchronized. 

All transmissions use control rods to shift the 

transmissions instead of shift cables. The 

transmission unit type is stamped on a plate 

attached to the transmission. 

Transmission overhaul 
Because of the complexity of the assem- 

bly, possible unavailability of replacement parts 

and special tools. necessary, internal repair 

procedures for the transmission are not rec- 

ommended for the home mechanic. The bulk 

of the information in this Chapter is devoted to 

removal and installation procedures. 

2. Shift knob - removal and 

installation 

1. Apply the parking brake. Place the shift 

lever in Neutral. 
2 Using atrim tool, release the tabs around 

the shift console trim. Lift up the shifter trim 

panel with the shifter boot. 
3. Disconnect any electrical connectors, 

then pull the shift knob (with boot and shifter 

trim panel) straight up and off. Note: The knob 

is held in place by a blind clip and will require 

some effort to pull off. 
4 Installation is the reverse of removal. 
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Getrag M35, 5-speed 
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(SY E ETS SE ta ne ge re 27 37 

Tremec 6-speed 
PAU Shea CAAT le McePetive seta etiees veers hs ese «20 eo ndaaws chop ers ghewenssuvsencnars 159 in-lbs 18 

PAD OD ANC: ALE sas cesta tse eas hate alec eaee ca tiitea cs nese spvnseng nnnpaad vader shemeces> 20 27 

Crossmember-to-SUbframe DOI ...16).c.cctevvetsesseeseccveuanencsesecovonsecesecessnavens 141 191 

Transmission rear mount bolts 

POM AA AKOANIECMMOCOS wapedcaetectacivedsdsctvaevoeisecang css sannatecexsvvnrasheieasasttss 44 60 

2008 and later models.......... REE a GEE ENE Ramee REE ye 43 58 

Transmission rear mount travel restrictor bolt (2008 and later models)... 66 90 

Transmission rear mount support-to-body DOIts ...........:csceeseeeeeeeeeenesees 60 40 

3 Shift control assembly - removal 

and installation 

Warning: These models are equipped with a 

Supplemental Restraint System (SRS), more 
commonly known as airbags. Always disable 

the airbag system before working in the vicin- 

ity of any airbag system component to avoid 

the possibility of accidental deployment of the 

airbag(s), which could cause personal injury 

(see Chapter 12). Do not use a memory sav- 

ing device to preserve the PCM or radio mem- 
ory when working on or near airbag system 

components. 

1 Raise the front of the vehicle and sup- 

port it securely on jackstands. 

2 Remove the exhaust system (see Chap- 

ter 4). 
3 Remove the driveshaft (see Chapter 8). 

4 Support the transmission with an 

approved transmission jack and remove the 
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transmission support bolts (see Section 6). 
5 Remove the shift knob (see Section 2). 
6 Remove the floor center console (see 
Chapter 11). 

2004 and earlier models 
7 Lift up and remove the foam sound insu- 
lator. 

8 Remove the transmission control rod 

mounting plate fasteners and plate. 

9 Lower the rear of the transmission 
enough to access the top of the transmission. 

10 Using a small screwdriver, pry the con- 

trol rod pin retaining clips off and remove the 
clips. 

11. Remove the two control rod pins and dis- 
connect the rods from the transmission. 

12 Remove the shift control rod assembly 
up and out of the vehicle through the access 
hole in the floor. 
13 Installation is the reverse of removal. 

2005 and later models 
“14 Remove the transmission control rod 

mounting plate fasteners and plate. 

15 Lower the rear of the transmission 

enough to access the top of the transmission. 

16 Using a small screwdriver, rotate the left 

side contro! rod pin retaining clips upwards 
and remove the clips. Rotate the right side 
control rod pin retaining clips downwards and 

remove the clips. 

17 Using a small screwdriver, pry the center 

control rod pin retaining clips up and remove 
the clips. 

18 Slide out the left and right side control 
rod pins, then slide out the center control rod 

pin. 
19 Remove the shift control rod assembly 

by lifting it up and out of the vehicle through 
the access hole in the floor. 
20 Installation is the reverse of removal. 

Lock the control rod pin clips in place. 

4 Manual transmission - removal 

and installation 

Removal 
1. Turn the steering wheel so that the front 

wheels are facing straight and lock the steer- 

ing wheel. Caution: Damage to the clock- 

spring may occur if the steering wheel is 

turned when the intermediate shaft is discon- 
nected from the steering gear. 

2. Disconnect the battery (see Chapter 5). 

3 Raise the front of the vehicle and sup- 

port it securely on jackstands. Be sure you’re 

able to raise the vehicle high enough so the 

transmission can be pulled out from under the 

vehicle. Sometimes, raising the rear of the 

vehicle as well provides greater safety, since 

the vehicle is level. Above all, make sure you 

have solid, safe support! 

4 Remove the exhaust system (see Chap- 

ter 4). 

5 Remove the driveshaft (see Chapter 8). 
6 Disconnect the electrical connectors for 

the Vehicle Speed Sensor (VSS) and backup 
light switch. 

7 Remove the clutch hydraulic line retain- 

ing clip to the release cylinder, pull the line 

out of the housing and plug the line. Caution: 
Don’t allow brake fluid to come into contact 

with the paint, as it will damage the finish. 

2004 and earlier models 
Note: This is a difficult procedure, requir- 
ing the use of a floor jack and a powertrain 
platform jack large enough to support loosen- 

ing and lowering the vehicle front subframe, 
and/or a transmission jack. 

8 Remove both downstream oxygen sen- 

sors (see Chapter 6). 
9 Support the transmission with an 
approved transmission jack and remove the 

transmission support bolts. 

10 Lower the rear of the transmission 

enough to access the top of the transmission 

and remove the control rods (see Section 3). 

11. Remove the intermediate shaft-to-steer- 
ing gear retaining bolt and disconnect the 

shaft from the gear (see Chapter 10). 
12 Using a floor jack, support the rear of the 

front subframe. 

13 Loosen the front two subframe bolts, 

remove the rear two bolts, and lower the jack 

about 1-1/2 inches. 

14 Remove the three upper engine-to- 

transmission mounting bolts and disconnect 

any wiring harness retaining clips. 

15 Remove the remaining transmission-to- 
engine bolts. 

16 Move the transmission away from the 
engine while slightly to the right to disengage 

it from the engine block dowel pins. Carefully 

lower the transmission jack to the floor and 
remove the transmission. 

2005 and later models 
17 Remove the shift knob (see Section 2) and 

the shift control rod assembly (see Section 3). 

18 Support the transmission with an 
approved transmission jack. 

19 Lower the rear of the transmission 

enough to remove the engine-to-transmission 

mounting bolts and disconnect any wiring har- 

ness retaining clips. 

20 Move the transmission away to disen- 

gage it from the engine block dowel pins. 

Carefully lower the transmission jack to the 
floor and remove the transmission. 

Installation 
21 Lubricate the input shaft with a light 

coat of high-temperature grease. With the 
transmission secured to the jack, raise it into 

position behind the engine and carefully slide 
it forward, engaging the input shaft with the 

clutch. Do not use excessive force to install 
the transmission - if the input shaft won't slide 

into place, readjust the angle of the trans- 

mission or turn the input shaft so the splines 
engage properly with the clutch. 

22 Once the transmission is flush with the 
engine, install the transmission-to-engine 

bolts. Tighten the bolts to the torque listed in 
this Chapter’s Specifications. Caution: Don't 

use the bolts to force the transmission and 
engine together. 

23 The remainder of installation is the 
reverse of removal, noting the foliowing 

points: 

a) Tighten the suspension crossmember 
mounting bolts to the torque values listed 
in this Chapter’s Specifications. 

b) Lock the control rod pin retainers in 
place. 

c) Fill the transmission with the correct 

type and amount of transmission fluid as 

described in Chapter 1. 

d Fill and bleed the clutch system (see 

Chapter 8). 

5 Manual transmission overhaul -: 

general information 

1 Overhauling a manual transmission 

is a difficult job for the do-it-yourselfer. It 

involves the disassembly and reassembly 

of many small parts. Numerous clearances 
must be precisely measured and, if neces- 

sary, changed with select-fit spacers and 

snap-rings. As a result, if transmission prob- 

lems arise, it can be removed and installed 

by a competent do-it-yourselfer, but overhaul 

should be left to a transmission repair shop. 

Rebuilt transmissions may be available - 

check with your dealer parts department and 

auto parts stores. At-any rate, the time and 

money involved in an overhaul is almost sure 

to exceed the cost of a rebuilt unit. 

2 Nevertheless, it’s not impossible for an 

inexperienced mechanic to rebuild a transmis- 

sion if the special tools are available and the 

job is done in a deliberate step-by-step man- 

ner so nothing is overlooked. 

3. The tools necessary for an overhaul 

include internal and external snap-ring pli- 

ers, a bearing puller, a slide hammer, a set 

of pin punches, a dial indicator and possibly 

a hydraulic press. In addition, a large, sturdy 

workbench and a vise or transmission stand 
will be required. 

4 During disassembly of the transmission, 

make careful notes of how each piece comes 

off, where it fits in relation to other pieces and 

what holds it in place. 

5 Before taking the transmission apart 

for repair, it will help if you have some idea 

what area of the transmission is malfunction- 

ing. Certain problems can be closely tied to 

specific areas in the transmission, which can 

make component examination and replace- 

ment easier. Refer to the “Troubleshooting” 

Section at the front of this manual for informa- 
tion regarding possible sources of trouble. 
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7B-1 

Contents 

Section Section 

Automatic transmission - removal and installation ...............::0 5 Shift lever - replacements..2).< sr. cceevecsvcrnewcccntxsusnctecsen"ronr*@enereprranares 3 

Automatic transmission overhaul - general information................. 6 Shift linkage - adjustment .......0..00..c...cccssssescressessesneessenneeesdecronegares 4 

DIAGNOSIS = GOMEMal c2ek oc. 2eo enc cv sccctcaneceratteorconcedDerecerceestncetessen sees 2 Transmission mount - replaCeMeNt ............::eeeeeseeceeseseeeeseneseeeeesees Te 

KS OMeMalNfORMMAUIONsnaaeeoeeces ceesree= ce reeds covenseccecosaccaesneesctapanrneusagrtoco8 1 

Specifications 

General 
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SEE EEE 

4 General information 
LEE EEE 

All information on the automatic trans- 

missions is included in this Part of Chapter 7. 

Information for the manual transmission can 

be found in Part A of this Chapter. 

Because of the complexity of the auto- 

matic transmissions and the specialized 

equipment necessary to perform most service 

operations, this Chapter contains only those 

97 in-lbs 

80 in-lbs 

be cncrect et nea eC 37 

SA eh can sea wesoith (ieaernerses 37 

procedures related to general diagnosis, rou- 

tine maintenance, adjustment and removal 

and installation. 
If the transmission requires major repair 

work, it should be left to a dealer service 

department or an automotive or transmission 

repair shop. Once properly diagnosed you 

can, however, remove and install the transmis- 

sion yourself and save the expense, even if 

the repair work is done by a transmission 

shop. 

11 
9 
63 

2 Diagnosis - general 

4! Automatic transmission malfunctions 

may be caused by five general conditions: 

a) Poor engine performance 

b) Improper adjustments 

c) Hydraulic malfunctions 
d) Mechanical malfunctions 
e) Malfunctions in the computer or its signal 

network 
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2 Diagnosis of these problems should 

always begin with a check of the easily 

repaired items: fluid level and condition (see 

Chapter 1), shift cable adjustment and shift 
lever installation. Next, perform a road test to 

determine if the problem has been corrected 

or if more diagnosis is necessary. If the prob- 

lem persists after the preliminary tests and 
corrections are completed, additional diagno- 

sis should be performed by a dealer service 

department or other qualified transmission 

repair shop. On modern electronically-con- 

trolled automatic transmissions, a scan tool 
is helpful in retrieving trouble codes relating 

to the transmission. Refer to the “Trouble- 

shooting” Section at the front of this manual 

for information on symptoms of transmission 
problems. 

Preliminary checks 
3 Drive the vehicle to warm the transmis- 

sion to normal operating temperature. 

4 Check the fluid level as described in 
Chapter 1: 

a) If the fluid level is unusually low, add 

enough fluid to bring the level within the 

designated area of the dipstick, then 

check for external leaks (see following). 

b) If the fluid level is abnormally high, drain 

off the excess, then check the drained 

fluid for contamination by coolant. The 

presence of engine coolant in the auto- 

matic transmission fluid indicates that 
a failure has occurred in the internal 

radiator oil cooler walls that separate the 

coolant from the transmission fluid (see 

Chapter 3). 

c) If the fluid is foaming, drain it and refill 
the transmission, then check for coolant 

in the fluid, or a high fluid level. 

6 Check the engine idle speed. Note: /f 
the engine is malfunctioning, do not proceed 

with the preliminary checks until it has been 

repaired and runs normally. 

6 Check and adjust the shift cable, if nec- 

essary (see Section 4). 

7 ‘If hard shifting is experienced, inspect 

the shift cable under the steering column and 

at the manual lever on the transmission (see 

Section 4). 

Fluid leak diagnosis 
8 Most fluid leaks are easy to locate visu- 

ally. Repair usually consists of replacing a 
seal or gasket. If a leak is difficult to find, the 

following procedure may help. 

9 Identify the fluid. Make sure it’s trans- 

mission fluid and not engine. oil or brake fluid 

(automatic transmission fluid is a deep red 
color). 

10 Try to pinpoint the source of the leak. 
Drive the vehicle several miles, then park it 

over a large sheet of cardboard. After a min- 

ute or two, you should be able to locate the 

leak by determining the source of the fluid 

dripping onto the cardboard. 

11 Make a careful visual inspection of the 

3.2 Pull down the shift boot, then remove 

the screw 

suspected component and the area immedi- 

ately around it. Pay particular attention to gas- 

ket mating surfaces. A mirror is often helpful 

for finding leaks in areas that are hard to see. 
12 If the leak still cannot be found, clean the 
suspected area thoroughly with a degreaser 

or solvent, then dry it thoroughly. 

13 Drive the vehicle for several miles at 
normal operating temperature and varying 

speeds. After driving the vehicle, visually 

inspect the suspected component again. 

14 Once the leak has been located, the 

cause must be determined before it can be 

properly repaired. If a gasket is replaced but 

the sealing flange is bent, the new gasket will 
not stop the leak. The bent flange must be 

straightened. 

15 Before attempting to repair a leak, check 

to make sure that the following conditions are 

corrected or they may cause another leak. 

Note: Some of the following conditions cannot 

be fixed without highly specialized tools and 
expertise. Such problems must be referred to 

a qualified transmission shop or a dealer ser- 
vice department. 

Gasket leaks 
16 Check the pan periodically. Make sure 

the bolts are tight, no bolts are missing, the 

gasket is in good condition and the pan is flat 

(dents in the pan may indicate damage to the 
valve body inside). 

17 If the pan gasket is leaking, the fluid 

level or the fluid pressure may be too high, 

the vent may be plugged, the pan bolts may 

be too tight, the pan sealing flange may be 

warped, the sealing surface of the transmis- 

sion housing may be damaged, the gasket 

may be damaged or the transmission casting 

may be cracked or porous. If sealant instead 

of gasket material has been used to form a 

seal between the pan and the transmission 
housing, it may be the wrong type of sealant. 

Seal leaks 
18 If a transmission seal is leaking, the 
fluid level or pressure may be too high, the 

vent may be plugged, the seal bore may be 

damaged, the seal itself may be damaged or 
improperly installed, the surface of the shaft 

protruding through the seal may be damaged 

or a loose bearing may be causing excessive 

shaft movement. 

19 Make sure the dipstick tube seal is 

in good condition and the tube is properly 
seated. Periodically check the area around 

the sensors for leakage. If transmission fluid 
is evident, check the seals for damage. 

Case leaks 
20 If the case itself appears to be leak- 
ing, the casting is porous and will have to be 
repaired or replaced. 

21 Make sure the oil cooler hose fittings are 

tight and in good condition. 

Fluid comes out vent pipe or fill 

tube 
22 If this condition occurs the possible 
causes are: the transmission is overfilled; 
there is coolant in the fluid; the case is porous; 

the dipstick is incorrect; the vent is plugged or 

the drain-back holes are plugged. 

3 Shift lever - replacement 

Warning: These models are equipped with a 

Supplemental Restraint System (SRS), more 

commonly known as airbags. Always disable 

the airbag system before working in the vicin- 

ity of any airbag system component to avoid 

the possibility of accidental deployment of the 

airbag(s), which could cause personal injury 

(see Chapter 12). 

Shift knob 

Refer to illustration 3.2 

1 Use a plastic trim tool to separate the 

shift boot from the shift knob. 

2 Pull down the shift boot, then remove the 

screw in the knob assembly and remove the 

knob (see illustration). 

3 Installation is the reverse of the removal 
procedure. 

Shift lever assembly 
Refer to illustrations 3.9 and 3.10 

4 Disconnect the cable from the negative 
battery terminal (see Chapter 5). Wait at least 
two minutes before proceeding. Note: Prior 

to removal of the shift lever, check the adjust- 
ment of the shift linkage (see Section 4). 

5 Remove the shift knob (see Steps 1 
and 2). 

6 Using a plastic trim tool, carefully pry 

the tabs inwards at the base of the boot and 
remove the shift lever boot. 

7 Remove the floor console (see Chap- 
ter 11). 

8 Raise the front of the vehicle and sup- 
port it securely on jackstands. 

9 Remove the shift lever control linkage 

adjustment nut and separate the linkage rod — 
from the shifter (see illustration). 
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3.9 Shift lever and linkage details 

1 Shift lever control linkage 
2 Linkage rod 

3 Adjustment nut. 

10 Disconnect any electrical connectors 

and remove the four mounting nuts (see illus- 
tration). Remove the shift assembly from the 

floor. ; 
11 Installation is the reverse of removal. 

The shift linkage should be adjusted anytime 

it has been disconnected (see Section 4). 

4 Shift linkage - adjustment 

1 Place the shifter in the Park position. 
2 Raise the front of the vehicle and sup- 

port it securely on jackstands. 
3 _ Loosen the shift control linkage adjust- 

ment nut (see illustration 3.9) enough to 

allow the linkage rod to move. w 
4 Push the selector lever towards the stop 

(rear of the vehicle) and hold it in this position 

to prevent any play. 
5 Tighten the shift control linkage adjust- 

ment nut securely. . 
6 Apply the parking brake, and operate the 

vehicle in each range to verify the adjustment 

is correct. If the linkage is difficult to shift or 
the vehicle does not start properly, adjust the 

linkage again. 

5 Automatic transmission - 

removal and installation 

Removal 
4 Disconnect the battery (see Chapter 5). 

2 Raise the front of the vehicle and sup- 

port it securely on jackstands. Be sure you're 

able to raise the vehicle high enough so the 

transmission can be pulled out from under the 

vehicle. Sometimes, raising the rear of the 

vehicle as well provides greater safety, since 

the vehicle is level. Above all, make sure you 

have solid, safe support! 

3. Remove the lower splash shield (see 

Chapter 1). 

3.10 To remove the shifter assembly, 

remove the four mounting nuts 

4 Remove the manual shift shaft nut, dis- 

connect the linkage and manually place the 

transmission in Neutral. Note: To place the 

transmission in the Neutral position, rotate the 

transmission shift shaft two clicks clockwise. 

5 Remove the exhaust system (see Chap- 

ter 4) and the bracket for the catalytic con- 

verter hanger. 
6 Remove the driveshaft (see Chapter 8). 

7 Disconnect the wiring harness to the 

transmission. 
8 Place a drain pan under the transmission 

cooler lines and disconnect the lines from the 

transmission. Plug the cooler lines to prevent 

dirt getting into the lines. 

2007 and earlier models (with the 
5L40-E/L50-E transmissions) 
9 On3.6L engines, remove the thermostat 

(see Chapter 3) for access to the upper trans- 

mission-to-engine mounting bolts. 
10 On 3.2L engines, remove the torque 

converter cover plug and mark the torque 

converter to the driveplate for installation. 

11. On3.2L engines, remove the torque con- 

verter bolt access plug just below the starter 

motor. 

12 On 3.6L engines, remove the close out 

cover studs and cover and the starter motor 

(see Chapter 5) to access the torque con- 

verter bolts. 
13 Remove the torque converter-to-drive- 

plate bolts. At the front of the engine, place 

a socket and ratchet on the crankshaft cen- 

ter bolt, then rotate the engine to access and 

remove the remaining bolts. 
14 Support the transmission with a jack - 

preferably a transmission jack made for this 

purpose (available at most tool rental yards). 

Safety chains will help steady the transmis- 

sion on the jack. Remove the transmission 

support-to-body bolts. 
45 Remove the transmission mount-to-sup- 

port nuts and bolts and remove the support. 

16 On3.6L engines, use a floor jack to sup- 

port the rear of the front subframe. With the 

jack supporting the subframe, loosen the rear 

7B-3 

5.21a Remove the torque converter 

cover plug... 

5.21b ... and mark the relationship of the 

torque converter to the driveplate 

two subframe bolts a few turns and lower the 
subframe enough to access and remove the 

three upper engine-to-transmission mounting 

bolts. 
17. Lower the rear of the transmission and 

remove the engine-to-transmission mount- 

ing bolts, disconnecting any wiring harness 

retaining clips. Move the transmission away 

to disengage it from the engine block dowel 
pins. Carefully lower the transmission jack to 
the floor and remove the transmission. 

2008 and later models (with the 
6L50/6L80/6L90 transmissions) 
Refer to illustrations 5.21a, 5.21b and 5.22 

18 On 3.6L models, remove the thermostat 

housing (see Chapter 3) for access to the 

upper transmission-to-engine mounting bolts. 

149 Disconnect the vent hose retaining clips 

and place the hose out of the way. 
20 Remove the oxygen sensor wiring har- 

ness connector from the side of the transmis- 

sion. 
21. Remove the torque converter cover and 

mark the relationship of the torque converter 

to the driveplate (see illustrations). 
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5.22 Remove the ground strap nut then 
remove the close out cover studs 

22 Remove the ground strap nut, the close 

out cover studs (see illustration) and starter 
motor (see Chapter 5) to access the torque 
converter bolts. Remove the torque converter- 

to-driveplate bolts. Place a socket and ratchet 

on the crankshaft center bolt; then rotate the 

engine to access and remove the remaining 
converter bolts. 

23 Support the transmission with a floorjack 
and remove the transmission mount-to-sup- 

port nuts/bolts, then remove the support (see 
illustration 7.4). 

24 Lower the rear of the transmission 

enough to remove the engine-to-transmission 

mounting bolts and disconnect any wiring har- 

ness retaining clips. Move the transmission 
away to disengage it from the engine block 

dowel pins. Carefully lower the transmission 
jack to the floor and remove the transmission. 

Installation 
25 Installation of the transmission is a rever- ~ 

sal of the removal procedure, but note the fol- 

lowing points: 

a) As the torque converter is reinstalled, 
ensure that the drive tangs at the cen- 

ter of the torque converter hub engage 

with the recesses in the automatic trans- 

mission fluid pump inner gear. This can 

be confirmed by turning the torque con- 

verter while pushing it towards the trans- 

7.4 Transmission 

support details 

Catalytic converter 
hanger bracket 

Transmission mount 
nuts 

Travel restrictor bolt 
Transmission support- 
to-body bolts 
Transmission support 

mission. If it isn’t fully engaged, it will 
clunk into place. 

b) When installing the transmission, make 
sure the matchmarks you made on the 

torque converter and driveplate line up. 

c) Install all of the driveplate-to-torque 

converter nuts before tightening any of 

them. 
d) Tighten the driveplate-to-torque con- 

verter nuts to the specified torque. 
e) Tighten the transmission mounting bolts 

to the specified torque. 

f) Tighten the suspension crossmember 
mounting bolts to the torque values listed 
in this Chapter’s Specifications. 

g) Fill the transmission with the correct type 
and amount of fluid (see Chapter 1). 

h) Adjust the shift linkage (see Section 4). 

6 Automatic transmission overhaul 

- general information 

In the event of a problem occurring, it will 
be necessary to establish whether the fault is 

electrical, mechanical or hydraulic in nature, 
before repair work can be contemplated. 
Diagnosis requires detailed knowledge of the 

transmission’s operation and construction, 

as well as access to specialized test equip- 

ment, and so is deemed to be beyond the 

scope of this manual. It is therefore essential 
that problems with the automatic transmission 

are referred to a dealer service department or 

other qualified repair facility for assessment. 

Note that a faulty transmission should 
~ not be removed before the vehicle has been 
diagnosed by a knowledgeable technician 
equipped with the proper tools, as trouble- 

shooting must be performed with the trans- 

mission installed in the vehicle. 

7 Transmission mount - 

replacement 

Refer to illustration 7.4 

1 Raise the front of the vehicle and sup- 
port it securely on jackstands. 

2 Insert a large screwdriver or prybar 

between the mount and the transmission and 

pry up. 
3 The transmission should not move 
excessively away from the mount. If it does, 
replace the mount. 

4. Support the transmission with a floorjack 
and remove the transmission support bolts 
(see illustration). 

5 Remove the mount travel restrictor bolt, 
if equipped. 

6 Remove the mount-to-transmission sup- 
port nuts/bolts and remove the mount. Note: 

2008 and later model use two individual trans- — 

mission mounts that are replaced separately. 
7 Installation is the reverse of removal. 
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Torque specifications Ft-Ibs (unless otherwise indicated) Nm 

Note: One foot-pound (ft-lb) of torque is equivalent to 12 inch-pounds (in-lbs) of torque. Torque values below approximately 15 foot-pounds are 

expressed in inch-pounds, because most foot-pound torque wrenches are not accurate at these smaller values. 

Clutch 
2007 and earlier models 

Clutch pressure plate-to-flywheel DOIts ..........ccseeseeesserserseesereseeenees 21 28 

Clutch release cylinder Mounting DOlIt ............ccseseseeeeeeeeetreneetseeeeeees 15 20 

Clutch fluid reservoir mounting bolt..............c:scsescesssseessneesesreeeeseees 27 36 

2008 through 2012 models (except 2012 CTS-V) 

Clutch pressure plate-to-flywheel bolts (in sequence - see illustration 6.18) 

SIS) Wi aserecerenncnces cena scnassossssbapnnconesnsssncnacsnsseoversnsresarugncassashzaareneneers 132 in-lbs 15 

ERIS oe Beers sccnsnsr fe Vintnen ts vre cautery navensstna is vessnonncsesnashannys~asnesntirisnat 22 30 
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Step 4 (bolts 1, 2 AN 3) .....ccseceeseeeseereseretsessteestseneeseseneneeneeeeetney Loosen 180-degrees 

Step 5 (bolts 1, 2 AN 3) ......cscceesseeeneseeeteeeereeneseneeesessenereeeenetees 22 30 

Step 6 (bolts 1, 2 NTE OD Seine pri tet eee Peas Pa oe eee ne Tighten an additional 20-degrees 

Step 7 (bolts 4, 5 ANd 6) .....csscsesesssesseseeteteeseeesenssesssssesenencaneneans Loosen 180-degrees 

Step 8 (bolts 4, 5 AN 6) oo... sescsesceeeestseseseeetesteresenseennenensenenanerens 22 30 

Step 9 (bolts 4, 5 ANd 6) oo... ee eecseeesesseeesessesseneesenenseneneeaseanerenetens Tighten an additional 20-degrees 

2012 CTS-V and all 2013 and later models 

Clutch pressure plate-to-flywheel bolts (in sequence see illustration 6.18b)* 

Step 1 bolts 1 AN 2......cccceceseeceeetetseeeerssssenneseeescasscaeaenenstereseeees Finger tight 

Step 2 bolts 1 AN 2.0.0... ccecceseesesereteeseessessseneeseeeetsenenentnenscesesenenes Tighten an additional 360 degrees 

Step 3 bolts 3 AN 4........ccsecesceeseeeesesesestseseeseneseeenentneesnenenenserssesaes Finger tight 

Step 4 bolts 3 AN 4.0... cececcseseseeeteeseseseseesesstarsensensenererenscenasnenenees Tighten an additional 360 degrees 

Step 5 bolts 5 And 6........ccscscseeeceseneeesesesessssseesssenenenenanenenensasesenesens Finger tight 

Step 6 bolts 5 AN 6.00... cecceeressescecssetetsssesestnenesesererenanacnsnanennss Tighten an additional 360 degrees 

Step 7 bolts 1 AM 2.......ceceeeteneneceeseseeenenenseneneneneeenecetananneneneenes Tighten an additional 360 degrees 

Step 8 bolts 3 AN 4........ceseccceeeeseteteteseeessseseaseeeeeeenererenenenseeeterees Tighten an additional 360 degrees 

Step 9 bolts 5 ANd 6..........ccseseecseressseseseeseseseenenearenetessasenenenensesenens Tighten an additional 360 degrees 

Step 10 repeat Steps 7, 8 and 9 until the pressure plate is flat against the flywheel 

Step 11 remove the clutch alignment tool 

Step 12 follow the correct sequence and torque the bolts............ 52 70 

Clutch release cylinder MOUNTING DOIts ...........:.eseeeeeeeteenetseteeeesees 15 20 

Clutch release cylinder quick-disconnect line Dolt...........:eeee: 89 in-lbs 10 

e Use new bolts 
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Torque specifications 

Rear differential 

Ft-Ibs (unless otherwise indicated) Nm 

Note: One foot-pound (ft-lb) of torque is equivalent to 12 inch-pounds (in-lbs) of torque. Torque values below approximately 15 foot-pounds are 

expressed in inch-pounds, because most foot-pound torque wrenches are not accurate at these smaller values. 

Difforentialicovely baltsmerterce te gecc gc. occscsssheds caehissssagiitcooshvesencesiltese gunners 21 
Differential mounting bracket DOlts ../sic.j:cccccccccsssyesssevasesecaveregucavavdcseccsasnse 21 

Bifferentialmounting tront DOltS 7 ccc.cssscsh soccsessssaseccstepessvdeevaccasontarsalowrss 129 

Difforentialimountimng ire animutres tees ces s46, <csseccccgvsvsvessceutaxsodeproteecessa nabs om 162 
Drain and filler plug 

ZOOS POUCH WAU 2 aei se scare rcke er ceases Pac savas coacduaveadsussvnswinessacenace 29 

PAU ASSET He RENEE «Saeed se ges Ocoee eo I pT a Ag a. 

PR OTer teal) PIEON intl beeseexe ars eseree ree Ne teo eta xcar |, saves oi eses teas erent seesecenec ee 181 

Driveaxles 

Driveaxle/hub nut 

PaO A ANNE ATS MMOCGIS:c8 cate ecara ce aie c rd cack. vatcghens esac iccven eet see des exes 118 

2008 "and later MOGESIS cc. crcteez-decseters ssevkesecsesseneeea A coin artes hares 158 
Inner joint-to-stub shaft bolts (2008 and later models) ..-...........:ccecceees 59 

Driveshafts 

Driveshaft rubber coupler-to-flange DOIts ..........cccccccsccscssscesecesecseeeseeseeens 63 
Driveshaft rubber coupler flange-to-transmission/differential bolts.......... 63 
Driveshaft center support bearing Nuts...............cccccccsseeseesseceseeeseeeners 37 

Driveshaft heat shield fasteners .............ccccecesscessecsssceeccnseceseecenteensecsnees 71 in-lbs 

1. General information 

The information in this Chapter deals 

with the components from the rear of the 

engine to the rear drive wheels. 

Since nearly all the procedures covered 

in this Chapter involve working under the 

vehicle, make sure it’s securely supported 

on sturdy jackstands or on a hoist where the 

vehicle can be easily raised and lowered. 

2 Clutch - description and check 

1 All vehicles with a manual transmission 

have a single dry plate, diaphragm spring- 

type clutch. The clutch disc has a splined hub 

which allows it to slide along the splines of the 

transmission input shaft. The clutch and pres- 

sure plate are held in contact by spring pres- 

sure 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 clutch pedal, a master 

cylinder with a remote reservoir, a release (or 

slave) cylinder that is mounted to the front of 

the transmission and incorporates the release 

bearing and the hydraulic line connecting the 

two components. 

3. When the clutch pedal is depressed, a 

pushrod pushes against brake fluid inside 

the master cylinder, applying hydraulic pres- 

sure to the release cylinder, which pushes the 

release bearing against the diaphragm fingers 
of the clutch pressure plate. 

4 Terminology can be a problem when dis- 
cussing the clutch components because com- 

mon names are in some cases different from 

those used by the manufacturer. For example, 

the driven plate is also called the clutch plate 
or disc, the clutch release bearing is some- 

times called a throwout bearing, the release 

cylinder is sometimes called the slave cylin- 
der. 

5 Unless you're replacing components 

with obvious damage, perform these prelimi- 
nary checks to diagnose clutch problems: 

a) The first check should be of the fluid level 
in the clutch master cylinder. If the fluid 

level is low, add fluid as necessary and 

inspect the hydraulic system for leaks. If 
the master cylinder reservoir is dry, bleed 

the system as described in Section 5 and 
recheck the clutch operation. 

b) To check clutch spin-down time, run the 
engine at normal idle speed with the 

transmission in Neutral (clutch pedal up 
- engaged). Disengage the clutch (pedal 

down), wait several seconds and shift 
the transmission into Reverse. No grind- 
ing noise should be heard. A grinding 
noise would most likely indicate a bad 
pressure plate or clutch disc. 
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c) To check for complete clutch release, 

run the engine (with the parking brake 

applied to prevent vehicle movement) 

and hold the clutch pedal approximately 
1/2-inch from the floor. Shift the trans- 
mission between 1st gear and Reverse 

several times. If the shift is rough, com- 
ponent failure is indicated. 

d) Visually inspect the pivot bushing at the 

top of the clutch pedal to make sure 

there’s no binding or excessive play. 

3 Clutch master cylinder - removal 
and installation 

Removal 
1 Remove the driver’s side insulation panel 

(see Chapter 11). 
2 ~ Disconnect the clutch pedal position sen- 
sor electrical connector. 

3 Using a small screwdriver, disconnect 
the master cylinder pushrod from the clutch 
pedal pin. 

4 Remove the clutch reservoir mounting 
bolt and remove reservoir from the fender. 

5 Remove the expansion tank mounting 
fasteners (see Chapter 3) and set the expan- 
sion tank to the side. 

6 On 2008 and later models, remove the 
power brake booster (see Chapter 9). 

7 Clamp a pair of locking pliers onto the 
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clutch fluid feed hose, a couple of inches 

downstream of the brake fluid reservoir (the 
clutch master cylinder is supplied with fluid 

from the clutch fluid reservoir). The pliers 
should be just tight enough to prevent fluid 
flow when the hose is disconnected. Pull the 

hydraulic clutch line retaining clip up from the 
clutch master and remove the clutch hose. 

Caution: Don’t allow brake fluid to come into 
contact with the paint, as it will damage the 
finish. 

8 Rotate the clutch master cylinder clock- 
wise 1/8-turn and pull the cylinder from the 
firewall. 

Installation 
9 Place the master cylinder with the con- 

nection of the fluid reservoir pointing at the 
two o'clock position, then insert the cylinder in 

firewall aligning the slots on the clutch master 

with the tabs on the clutch pedal bracket. 
10 Seat the clutch master cylinder to the 

firewall by rotating the cylinder 1/8-turn coun- 

terclockwise. Note: The master cylinder res- 

ervoir connection should be facing the twelve 

o'clock position when properly seated. 

11. Connect the hydraulic line fitting to the 
clutch master cylinder and insert the locking 
pin. 
12 Attach the fluid feed hose from the reser- 

voir to the clutch master cylinder. Remove the 

locking pliers. 

13 Install. the clutch reservoir and tighten 

the mounting bolt securely. 

14 Working under the dash, push the push- 

rod on to the clutch pedal pin and connect the 

clutch pedal position sensor electrical connec- 

tor. 

15 Fill the reservoir with brake fluid con- 

forming to DOT 3 specifications and bleed the 
clutch system (see Section 5). 

- 16 Installation is the reverse ofremoval. 

4 Clutch release cylinder - removal 

and installation 

Removal 
Note: The release bearing and release cyl- 

inder are an assembly and can't be replaced 

separately. 
4 Remove the transmission (see Chap- 

ter 7A). 
2 Remove the release cylinder quick-dis- 

connect line bolt. 
3 . Remove the release cylinder mounting 

bolts. 
4 Remove the release cylinder assembly 

and O-ring. 

Installation 
5 Install a new O-ring then install the 
‘release cylinder, making sure the quick dis- 

connect line lock into place. 
6 Install the release cylinder mounting 

bolts and tighten them to the torque listed in 

_ this Chapter’s Specifications. 
7 Install the release cylinder quick-discon- 

nect bolt and tighten it to the torque listed in 
this Chapter’s Specifications. 

8 Install the transmission (see Chap- 
ter 7A). 

9 Check the fluid level in the brake fluid 

reservoir, adding brake fluid conforming to 

DOT 3 specifications until the level is correct. 

10 Bleed the system (see Section 5), then 
recheck the brake fluid level. 

5 Clutch hydraulic system - 
bleeding 

1 Bleed the hydraulic system whenever 

any part of the system has been removed or 

the fluid level has fallen so low that air has 

been drawn into the master cylinder. The 

bleeding procedure is very similar to bleeding 
a brake system. 

2 Fill the brake master cylinder reservoir 
with new brake fluid conforming to DOT 3 

specifications. Caution: Do not re-use any 

of the fluid coming from the system during 

the bleeding operation or use fluid which has 

been inside an open container for an extended 

period of time. 

3 Have an assistant depress the clutch 

pedal and hold it. Open the bleeder valve on 

the release cylinder, allowing fluid and any 

air to escape. Close the bleeder valve when 

the flow of fluid (and bubbles) ceases. Once 

closed, have your assistant release the pedal. 

4 Continue this process until all air is evac- 

uated from the system, indicated by a solid 

stream of fluid being ejected from the bleeder 

valve each time with no air bubbles. Keep a 

close watch on the fluid level inside the brake 

master cylinder reservoir - if the level drops 
too far, air will get into the system and you'll 

have to start all over again. Note: Wash the 

area with water to remove any excess brake 

fluid. 

5 Check the brake fluid level again, and 

add some, if necessary, to bring it to the 

appropriate level. Check carefully for proper 

operation before placing the vehicle into nor- 

mal service. 

6 Clutch components - removal, 

inspection and installation 

Warning: Dust produced by clutch wear is 

hazardous to your health. DO NOT blow it 

out with compressed air and DO NOT inhale 

it. DO NOT use gasoline or petroleum-based 

solvents to remove the dust. Brake system 

cleaner should be used to flush the dust into 

a drain pan. After the clutch components are 

wiped clean with a rag, dispose of the con- 

taminated rags and cleaner in a covered, 

marked container. 

Removal 

Refer to illustration 6.5 

1 Access to the clutch components is nor- 

mally accomplished by removing the trans- 

fi amy 
6.5 Mark the relationship of the pressure 

plate to the flywheel (if you’re planning to 
re-use the old pressure plate) 

mission, leaving the engine in the vehicle. If 

the engine is being removed for major over- 

haul, check the clutch for wear and replace 

worn components as necessary. However, the 

relatively low cost of the clutch components 

compared to the time and trouble spent gain- 

ing access to them warrants their replace- 

ment anytime the engine or transmission is 

removed, unless they are new or in near-per- 

fect condition. The following procedures are 

based on the assumption the engine will stay 
in place. 

2 Remove the transmission from the 

vehicle (see Chapter 7A). Support the engine 

while the transmission is out. An engine sup- 

port fixture or.a hoist should be used to sup- 

port it from above. 

3 The clutch release cylinder assembly 

can remain attached to the transmission for 

the time being. 

4 To support the clutch disc during removal, 

install a clutch alignment tool through the 

clutch disc hub. 

5 _ Carefully inspect the flywheel and pres- 

sure plate for indexing marks. The marks are 

usually an X, an O or a white letter. If they 

cannot be found, scribe or paint marks your- 

self so the pressure plate and the flywheel will 

be in the same alignment during installation 

(see illustration). 
6 Turning each bolt a little at a time, loosen 
the pressure plate-to-flywheel bolts. Work 

in a criss-cross pattern until all spring pres- 

sure is relieved. Then hold the pressure plate 

securely and completely remove the bolts, 

followed by the pressure plate and clutch 

disc. 

Inspection 
Refer to illustrations 6.9, 6.11a and 6.11b 

7 Ordinarily, when a problem occurs in 

the clutch, it can be attributed to wear of the 

clutch driven plate assembly (clutch disc). 

However, all components should be inspected 

at this time. 
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8 Inspect the flywheel for cracks, heat 
checking, grooves and other obvious defects. 
If the imperfections are slight, a machine shop 

can machine the surface flat and smooth, 
which is highly recommended regardless of 
the surface appearance. Refer to Chapter 2 
for the flywheel removal and installation pro- 

cedure. 
9 Inspect the lining on the clutch disc. 
There should be at least 1/16-inch of lining 

above the rivet heads. Check for loose rivets, 
distortion, cracks, broken springs and other 
cbvious damage (see illustration). As men- 
tioned above, ordinarily the clutch disc is rou- 
tinely replaced, so if in doubt about the condi- 

tion, replace it with a new one. 
10 The release cylinder assembly should 
also be replaced along with the clutch disc 

(see Section 4). 
41. Check the machined surfaces and the 
diaphragm spring fingers of the pressure plate 
(see illustrations). If the surface is grooved 
or otherwise damaged, replace the pressure 

plate. Also check for obvious damage, dis- 

tortion, cracking, etc. Light glazing can be 

removed with emery cloth or sandpaper. If a 
new pressure plate is required, new and re- 

manufactured units are available. 
42 Check the pilot bushing in the end of 
the crankshaft for excessive wear, scoring, 

dryness, roughness and any other obvious 
damage. If any of these conditions are noted, 

6.11b Inspect the pressure plate surface for excessive score 

marks, cracks and signs of overheating 

6.9 The clutch disc 

Lining - this will wear down in 

use 
Springs or dampers - check 
for cracking and deformation 

Splined hub - the splines 

must not be worn and 
should slide smoothly on 
the transmission input shaft 

splines 
Rivets - these secure the 
lining and will damage the 
flywheel or pressure plate 

if allowed to contact the 

surfaces 

replace the bushing (see Section 7). 
13. Removal can be accomplished with a 
slide hammer and puller attachment, which 

are available at most auto parts stores or tool 

rental yards. 

Installation. 
Refer to illustration 6.16, 6.18a and 6.18b 

14 Install the flywheel (see Chapter 2). 
15 Before installation, clean the flywheel 

and pressure plate machined surfaces with 

brake cleaner, lacquer thinner or acetone. It's 

important that no oil or grease is on these sur- 

faces or the lining of the clutch disc. Handle 

the parts only with clean hands. 
16 Position the clutch disc and pressure 

plate against the flywheel with the clutch held 
in place with an alignment tool (see illustra- 
tion). Make sure the disc is installed properly 

(most replacement clutch discs will be marked 
“flywheel side” or something similar - if not 
marked, install the clutch disc with the damper 

springs toward the transmission). 

6.16 Center the clutch disc in the pressure plate with a clutch 
alignment tool 
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6.18a Clutch pressure plate-to-flywheel 

bolt tightening sequence (2012 and earlier 

except 2012 CTS-V) 

17 Tighten the pressure plate-to-flywheel 

bolts only finger tight, working around the 
pressure plate. 

18 Center the clutch disc by ensuring the 
alignment tool extends through the splined 
hub and into the pilot bearing in the crankshaft. 
Wiggle the tool up, down or side-to-side as 

needed to center the disc. Tighten the pres- 
sure plate-to-flywheel bolts a little at a time, 
working in a criss-cross pattern to prevent dis- 

torting the cover. After all of the bolts are snug, 
tighten them in.sequence (see illustrations) 
and to the torque listed in this Chapter’s Speci- 

fications. Remove the alignment tool. 

19 Using high-temperature grease, place a 
small amount of grease on the release lever 

contact areas and the transmission input shaft 
bearing retainer. 

20 If removed, install the clutch release cyl- 
inder assembly (see Section 4). 
21 Install the transmission and all compo- 

nents removed previously. 
“ 

7 Pilot bushing - replacement 

Caution: There is a steel plug directly behind 
the pilot bushing that seals pressurized oil in 
the crankshaft. Be extremely careful not to 

dislodge this plug during removal and installa- 

7.7 Tap the bushing into place with a bushing driver or a socket 
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6.18b Clutch pressure plate-to-flywheel 

bolt tightening sequence (2012 CTS-V and 
all 2013 and later models) 

tion of the pilot bushing. 

1 The clutch pilot bushing is an oil-impreg- 

nated type bush which is pressed into the rear 

of the crankshaft. Its purpose is to support the 
front of the transmission input shaft. It should 

be inspected whenever the clutch compo- 

nents are removed from the engine. Due to 

its inaccessibility, if you are in doubt as to its 
condition, replace it. Note: /f the engine has 

been removed from the vehicle, disregard the 

following steps which don’t apply. 

2 Remove the transmission (see Chap- 
ter 7A). 

3 Remove the clutch components (see 
Section 6). 

4 Inspect for any excessive wear, scoring, 

lack of grease, dryness or obvious damage. If 

any of these conditions are noted, the bushing 

should be replaced. A flashlight will be helpful 

to direct light into the recess. 

5 Removal can be accomplished with a 

small slide-hammer and puller attachment, 

which are available at auto parts stores and 

tool supply outlets (see illustration). 
6 Once the bushing is removed, clean the 

bore and the area behind it, in the crankshaft 

recess. Carefully inspect for any signs of oil 
leakage from the plug in the crankshaft. 
7 To install a new pilot bushing, lightly 
lubricate the outside surface with lithium- 

that is slightly smaller than the outside diameter of the bushing 
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7.5 Asmall slide-hammer is handy for 

removing the pilot bushing 

based grease, then drive it into the recess 

with a hammer and a bushing driver or socket 

(see illustration). Most new bushings come 

already lubricated, but, if it is dry, apply a thin 

coat of high-temperature grease to it. 

8 Install the clutch components, transmis- 

sion and all other components removed previ- 

ously, tightening all fasteners securely. 

8 Driveshaft - removal and 

installation 

Refer to illustrations 8.3, 8.4a, 8.4b and 8.7 

Warning: There two types of driveshaft cou- 

pler flange bolts used. The first design bolts 

are completely threaded and the second 

design has a shoulder and threads half way 
up the bolt. The first design must be replaced 

with the second design any time the coupler 

bolts are removed. If the first design is reused, 

damage to the driveshaft shaft couplers may 
occur. 

1 Raise the vehicle and support it securely 

on jackstands. Place the shift lever in Neutral. 
2 Remove the exhaust pipes and mufflers 
(see Chapter 4). 

3 Remove the heat shield from the 

driveshaft tunnel insulator (see illustration). 

4 Use chalk or a scribe to mark the rela- 

8.3 Remove the heat shield mounting fasteners 
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8.4a Mark the rear driveshaft and coupler 
to the pinion yoke 

tionship of the driveshaft couplers to the differ- 

ential pinion yoke and the transmission (see 

illustrations). This ensures correct alignment 

when the driveshaft is reinstalled. 
5 Remove the bolts securing the driveshaft 
rear couplers to the differential pinion yoke. 

6 Working at the front of the driveshaft, 
remove the bolts securing the driveshaft cou- 

plers to the transmission. 

7 Remove the bolts securing the center 

support bearings (see illustration). Caution: 

Some models are equipped with shims or rub- 

ber spacers between the mounting bracket 

and center support bearing that must be 

reused to maintain proper driveshaft angle. 

8 With help from an assistant, carefully 

remove the driveshaft from the vehicle. 
9 Installation is the reverse of removal. 
Make sure the universal joint caps are prop- 

erly placed in the flange seat. Tighten the 
fasteners to the torque listed in this Chapter’s 

Specifications. 

9 Rear driveaxles - removal and 

installation 

Warning: Wait until the engine is completely 

cool before beginning this procedure. 

Removal 

Refer to illustrations 9.2 and 9.8 

1 _ Block the front wheels to prevent the 
vehicle from rolling. Loosen the wheel lug 

nuts, raise the rear of the vehicle and sup- 

port it securely on jackstands. Remove the 

wheels. 
2 Break the driveaxle/hub nut loose with 

a socket and large breaker bar (see illustra- 

tion). 
3 Remove and discard the driveaxle/hub 

nut, then push the driveaxle in slightly. 

4 Disconnect the ABS sensor electri- 

cal connector and remove the parking brake 

cable bracket fasteners and bracket. 

5 While supporting the lower control arm 

with a jack, unbolt the upper arm from the 

8.4b Mark the front driveshaft and coupler 
to the transmission yoke 

steering knuckle, the trailing arm, tie-rod and 

the shock absorber lower bolt. 
6  Unbolt the stabilizer link end from the 

lower control arm. 
7 On 2007 and earlier models, carefully 

pry the inner end of the driveaxle out of the 

differential. Caution: The driveaxle oil seals 
can be easily damaged when removing the 

driveaxle. Caution: Take care not to damage 

the differential seal with the driveaxle splines. 

It is recommended to use a plastic seal pro- 

tector (manufacturer tool #J-44394-A). 
8 On 2008 and later models, mark the rela- 

tionship of the inner joint to the stub shaft (see 

illustration). Remove the mounting bolts and 

spacers and pry the inner end of the driveaxle 

out of the stub shafts. 
9 Push the driveaxle out of the hub. If the 
driveaxle splines are frozen, free them by tap- 

ping the end of the driveaxle with a soft-faced 
hammer or a hammer and brass punch, or 

use a puller to push the driveaxle out of the 

hub and remove the driveaxle. 

Installation 
10 On 2007 and earlier models, apply a light 

film of grease to the area on the inner CV joint 

9.2 Place a prybar between two wheel 

studs while you loosen the driveaxle nut 

8.7 Center support bearing 

mounting fasteners 

stub shaft where the seal rides, then insert 

the splined end of the inner CV joint into the 
differential. Make sure the spring clip locks in 

its groove. Caution: Take care not to damage 

the differential seal with the driveaxle splines. 

It is recommended to use a plastic seal pro- 

tector (manufacturer tool #J-44394-A). 
11 Apply a light film of grease to the outer 

CV joint splines, pry the knuckle and insert 
the outer end of the driveaxle into the hub. 

12 On 2008 and later models, set the inner 
joint of the driveaxle onto the stub shaft, align 

the marks, then install the spacers and bolts. 

Tighten the driveaxle inner joint bolts to the 
torque listed in this Chapter’s Specifications 
13. The remainder of installation is the 
reverse of removal. 
14 Install a new driveaxle/hub nut. Tighten 
the hub nut securely, but don’t try to tighten 

it to the actual torque specification until the 
vehicle has been lowered to the ground. 
15 Install the wheel and lug nuts, then lower 

the vehicle. Tighten the lug nuts to the torque 

listed in the Chapter 1 Specifications. 

16 Tighten the driveaxle/hub nut to the 
torque listed in this Chapter’s Specifications. 

Install the wheel cover or hub cap. 

9.8 On 2008 and later models, mark the 

relationship between the inner joint and 

’ the stub shaft 
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10 Rear driveaxle boot - replacement 

1 Remove the driveaxle (see Section 9). 
2 Mount the driveaxle in a vise. The jaws 
of the vise should be lined with wood or rags 
to prevent damage to the driveaxle. 

All outer CV joint boots and 
2007 and earlier inner CV 
joint boots 

Removal 
3 Remove the boot clamps. 

4 If equipped, cut the swage ring off using 
side cutters Note: 2007 and earlier models 
are equipped with a swage ring that must 

be pressed in place using manufacturer tool 

#J-41048 or equivalent. If this tool is unavail- 

able, take the driveaxle to a machine shop to 
have the ring pressed on to the CV joint. 
5 Slide the boot back to access the outer 
joint retaining snap-ring. 

6 Using snap-ring pliers, spread open the 
retaining snap ring and slide the CV joint boot 
off the axleshaft. 

Inspection 
7 Thoroughly clean all components with 

solvent until the old grease is completely 
removed. Inspect the bearing surfaces of the 
chrome alloy balls and joint cage for cracks, 
pitting, scoring, and other signs of wear. If any 
part of the CV joint is worn, you must replace 

the entire driveaxle assembly (inner CV joint, 
axleshaft and outer CV joint). 

Installation 

Refer to illustrations 10.12a, 10.12b, 10.12c 
and 10.15 

8 Install a new clamp or new swage ring 
onto the outer end of the sealing boot and 
slide the sealing boot onto the axleshaft. 
9 Push the boot on until the end of the boot 

rests over the third groove in the axleshaft. 

10 Using manufacturer tool #J-41048 
_or equivalent, compress the swage ring, if 

10.12c ... until the level is up to the end of the axle 
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10.12a Pack the outer CV joint assembly 

with CV grease... 

equipped. 

11 Install a new snap-ring and bearing 
retainer clip onto the axleshaft. 

12 Place half the grease provided in the 

sealing boot kit into the outer CV joint assem- 

bly housing (see illustration). Put the remain- 

ing grease into the sealing boot (see illustra- 
tions). 

13 Align the splines on the axleshaft with the 

splines on the CV joint assembly and, using a 

soft-faced hammer, gently drive the CV joint 

onto the axleshaft until the CV joint is seated 
to the axleshaft. 

14 Position the CV joint mid-way through its 

travel, then equalize the pressure in the boot. 

15 Tighten the boot clamps (see illustra- 
tion). 
16 Install the driveaxle (see Section 9). 

2008 and later inner CV 

joint boots 

Removal 
17 Cut off the boot clamps. 

18 Using a hammer and brass punch, care- 

fully drive the end cap off of the CV joint. 

19 Clean the face of the joint and remove 

10.12b ...then apply grease to the inside 

of the boot... 

the snap ring using snap ring pliers. 

20 Slide the boot back and use a hammer 

and brass punch or drift to drive the inner joint 
off of the axleshaft. 
21 Slide the boot off of the axleshaft. 

22 Using snap-ring pliers, spread open the 

retaining snap ring and slide the CV joint boot 
off the axleshaft. 

Inspection 
23 Clean the old grease from the outer race 

and the tri-pod bearing assembly. Carefully dis- 

assemble each section of the tri-pod assembly, 

one at a time so as not to mix up the parts. 

Clean the needle bearings with solvent. 

24 Inspect the rollers, tri-pod, bearings and 

outer race for scoring, pitting or other signs of 

abnormal wear, which will warrant the replace- 
ment of the inner CV joint. 

Installation 

25 Slide the clamps and boot onto the axle- 

shaft. It’s a good idea to wrap the axleshaft 

splines with tape to prevent damaging the 

boot. 

26 Place the tri-pod inside of the joint hous- 

ing and slide the joint on the shaft. 

10.15 To install crimp-type boot clamps, you’ll need a pair of 
special crimping pliers (available at most auto parts stores) 
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12.5 Typical rear differential mounting bolt locations 

27 Use a hammer and brass drift to drive 

the joint on the axleshaft. 
28 Install a retaining snap-ring and seat the 

ring in its groove. 
29 Apply CV joint grease to the tri-pod 
assembly, the inside of the joint housing and 
the inside of the boot. 

30 Slide the boot into place, then equalize 

the pressure in the boot. 
31 Tighten the boot clamps (see illustra- 
tion 10.15). 
32 Using a hammer and brass punch, 

evenly drive the end cap to the CV joint. 

33 Install the driveaxle assembly (see Sec- 

tion 9). 

11 Rear driveaxle oil seals - 

replacement 

1 Raise the rear of the vehicle and support 

it securely on jackstands. Place the trans- 
mission in Neutral with the parking brake off. 

Block the front wheels to prevent the vehicle 

from rolling. 

2 Remove the driveaxle(s) (see Sec- 

tion 9). 
3 On 2008 and later models, use a slide 
hammer to pull the rear driveaxle flanges out 

from the differential. 
4 Carefully pry out the driveaxle oil seal 
with a seal removal tool or a large screwdriver. 
Be careful not to damage or scratch the seal 
bore. 
5 Using a seal installer or a large deep 

socket as a drift, install the new oil seal. Drive 
it into the bore squarely and make sure it’s 

completely seated. 
6 Lubricate the lip of the new seal with 

multi-purpose grease, then install the drive- 

axle flange, making sure it is properly seated 

in the differential. Be careful not to damage 
the lip of the new seal. 

=0 

13.4 If you don’t have a special holding tool, use a chain wrench 

to hold the pinion flange from turning while you remove the nut 

7 ‘Install the rear driveaxle(s) (see Sec- 

tion 9). 

8 Check the differential lubricant level 
and add some, if necessary, to bring it to the 

appropriate level (see Chapter 1). 

12 Rear differential - removal and 

installation 

Refer to illustration 12.5 

Warning: The differential is heavy and can 

cause injury. Use a jack designed for the pur- 

pose and work carefully. 

1 Raise the rear of the vehicle and sup- 

port it securely on jackstands. Block the front 

wheels to prevent the vehicle from rolling. 

2 Remove the driveshaft (see Section 8). 

3 Remove the driveaxles (see Section 9). 
4 There are three rear differential mount- 
ing points securing the differential to the sub- 

frame, one at either side at the front of the 

assembly and one at the rear. 

5 Support the rear of the differential with 

an approved jack. Remove the two bolts on 

each front bracket (see illustration). 

6 Remove the through bolt and nut secur- 

ing the differential to the rear mounting 

bracket. 
7 Lower the differential with the jack. 
8 Installation is the reverse of removal. 
Tighten all fasteners to the torque listed in this 
Chapter’s Specifications. 

13 Rear differential pinion oil seal - 

replacement 

Refer to illustration 13.4 

1 Loosen the wheel lug nuts. Raise the 

rear of the vehicle and support it securely on 

jackstands. Block the opposite set of wheels 
to keep the vehicle from rolling off the stands. 
Remove the wheels. 

2 Disconnect the driveshaft from the dif- 
ferential companion flange and fasten it out of 

the way (see Section 8). 
3. Mark the relationship of the pinion flange 

to the shaft, then count and write down the 

number of exposed threads on the shaft. 

4 A flange holding tool will be required to 

keep the companion flange from moving while 

the self-locking pinion nut is loosened. A chain 
wrench will also work (see iflustration). 
5 Remove the pinion nut. 

6 Withdraw the flange. It may be neces- 

sary to use a two-jaw puller engaged behind 

the flange to draw it off. Do not attempt to pry 
or hammer behind the flange or hammer on 

the end of the pinion shaft. 
7 Pry out the old seal and discard it. 

8 Lubricate the lips of the new seal and fill _ 

the space between the seal lips with wheel 
bearing grease, then tap it evenly into position 

’ with a seal installation tool or a large socket. 

Make sure it enters the housing squarely and 

is tapped in to its full depth. 
9 Install the pinion flange, lining up the 

marks made in Step 3. If necessary, tighten 
the pinion nut to draw the flange into place. 

Do not try to hammer the flange into position. 
10 Install a new pinion nut, then tighten it to 

the torque listed in this Chapter’s Specifica- 
tions. 

11. The remainder of installation is the 
reverse of removal. 
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Caliper mounting bolts 
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2007 and earlier 

Ft-lbs (unless otherwise indicated) Nm 

Note: One foot-pound (ft-lb) of torque is equivalent to 12 inch-pounds (in-lbs) of torque. Torque values below approximately 15 foot-pounds are 
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1 General information 

The vehicles covered by this manual are 

equipped with hydraulically operated front and 

rear brake systems. The front and rear brakes 

are disc type. Both the front and rear brakes 

are self adjusting. The disc brakes automati- 

cally compensate for pad wear. 

Hydraulic system 
The hydraulic system consists of two 

separate circuits. The master cylinder has 

separate reservoirs for the two circuits, and, 

in the event of a leak or failure in one hydrau- 

lic circuit, the other circuit will remain opera- 

tive. A dual proportioning valve on the firewall 

provides brake balance between the front and 

rear brakes. 

Power brake booster 
The power brake booster, utilizing engine 

manifold vacuum and atmospheric pressure 

to provide assistance to the hydraulically 

operated brakes, is mounted on the firewall in 

the engine compartment. 

Parking brake 
The parking brake operates the rear brakes 

only, through cable actuation. It’s activated by 

either a foot pedal mounted on the driver's side 
with a release handle or an electronic parking 

brake that has a switch in the center console. 
The switch takes the place of the manual foot 

pedal and release handle and activates a con- 

trol module that operates the cable. 

Service 
After completing any operation involv- 

ing disassembly of any part of the brake sys- 
tem, always test drive the vehicle to check for 

proper braking performance before resum- 

ing normal driving. When testing the brakes, 
perform the tests on a clean, dry, flat surface. 

Conditions other than these can lead to inac- 

curate test results. 

Test the brakes at various speeds with 

both light and heavy pedal pressure. The vehi- 

cle should stop evenly without pulling to one 

side or the other. Avoid locking the brakes, 
because this slides the tires and diminishes 

braking efficiency and control of the vehicle. 

Tires, vehicle load and wheel alignment are 
factors which also affect braking performance. 
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Precautions 
There are some general cautions and 

warnings involving the brake system on this 

vehicle: 

a) Use only brake fluid conforming to DOT 
3 specifications. 

b) The brake pads contain fibers which 
are hazardous to your health if inhaled. 

Whenever you work on brake system 

components, clean all parts with brake 

system cleaner. Do not allow the fine 
dust to become airborne. Also, wear an 

approved filtering mask. 

c) Safety should be paramount whenever 
any servicing of the brake components 

is performed. Do not use parts or fas- 

teners which are not in perfect condi- 

tion, and be sure that all clearances and 

torque specifications are adhered to. If 
you are at all unsure about a certain pro- 

cedure, seek professional advice. Upon 

completion of any brake system work, 
test the brakes carefully in a controlled 
area before putting the vehicle into nor- 
mal service. If a problem is suspected in 
the brake system, don't drive the vehicle 
until it’s fixed. 
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2 Troubleshooting 

PROBABLE CAUSE . CORRECTIVE ACTION 

No brakes - pedal travels to floor 

1 Low fluid level 1 and 2 Low fluid level and air in the system are symptoms of another problem - 
2 Air in system a leak somewhere in the hydraulic system. Locate and repair the leak 

3 Defective seals in master cylinder 3 Replace master cylinder 

4 Fluid overheated and vaporized due to heavy braking 4 Bleed hydraulic system (temporary fix). Replace brake fluid (proper fix) 

Brake pedal slowly travels to floor under braking or at a stop 

1 Defective seals in master cylinder 1 Replace master cylinder 

2 Leak in a hose, line, caliper or wheel cylinder 2 Locate and repair leak 

3 Air in hydraulic system 3 Bleed the system, inspect system for a leak 

Brake pedal feels spongy when depressed 

1 Air in hydraulic system a Bleed the system, inspect system for a leak 

2 Master cylinder or power booster loose Tighten fasteners 

3 Brake fluid overheated (beginning to boil) Bleed the system (temporary fix). Replace the brake fluid (proper fix) 

lw] dy 4 Deteriorated brake hoses (ballooning under pressure) Inspect hoses, replace as necessary (it’s a good idea to replace all of 
them if one hose shows signs of deterioration) 

Brake pedal feels hard when depressed and/or excessive effort required to stop vehicle 

1 Power booster faulty 1 Replace booster 

2 Engine not producing sufficient vacuum, or hose to booster 2 Check vacuum to booster with a vacuum gauge. Replace hose if cracked 
clogged, collapsed or cracked or clogged, repair engine if vacuum is extremely low 

3 Brake linings contaminated by grease or brake fluid 3 Locate and repair source of contamination, replace brake pads or shoes 

4 Brake linings glazed 4 Replace brake pads or shoes, check discs and drums for glazing, 
“? service as necessary 

5 Caliper piston(s) or wheel cylinder(s) binding or frozen 5 Replace calipers or wheel cylinders 

6 Brakes wet 6 Apply pedal to boil-off water (this should only be a momentary problem) 

7 Kinked, clogged or internally split brake hose or line 7 \nspect lines and hoses, replace as necessary 

Excessive brake pedal travel (but will pump up) 

1 Drum brakes out of adjustment 1 Adjust brakes 

2 Air in hydraulic system 2 Bleed system, inspect system for a leak 

Excessive brake pedal travel (but will not pump up) 

1 Master cylinder pushrod misadjusted 1 Adjust pushrod 

2 Master cylinder seals defective 2 Replace master cylinder 

3 Brake linings worn out 3 Inspect brakes, replace pads and/or shoes 

4 Hydraulic system leak 4 Locate and repair leak 

Brake pedal doesn’t return 

1 Brake pedal binding 1 Inspect pivot bushing and pushrod, repair or lubricate 

2 Defective master cylinder 2 Replace master cylinder 
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Troubleshooting (continued) 

PROBABLE CAUSE CORRECTIVE ACTION 

Brake pedal pulsates during brake application 

1 Brake drums out-of-round 1 Have drums machined by an automotive machine shop 

2 Excessive brake disc runout or disc surfaces out-of-parallel 2 Have discs machined by an automotive machine shop 

3 Loose or worn wheel bearings 3 Adjust or replace wheel bearings 

4 Loose lug nuts 4 Tighten lug nuts 

Brakes slow to release 

1 Malfunctioning power booster 1 Replace booster 

2 Pedal linkage binding 2 Inspect pedal pivot bushing and pushrod, repair/lubricate 

3 Malfunctioning proportioning valve 3 Replace proportioning valve 

4 Sticking caliper or wheel cylinder 4 Repair or replace calipers or wheel cylinders 

5 Kinked or internally split brake hose 5 Locate and replace faulty brake hose 

Brakes grab (one or more wheels) 

1 Grease or brake fluid on brake lining 1 Locate and repair cause of contamination, replace lining 

2 Brake lining glazed : 2 Replace lining, deglaze disc or drum 

Vehicle pulls to one side during braking 

1 Grease or brake fluid on brake lining 1 Locate and repair cause of contamination, replace lining 

2 Brake lining glazed 2 Deglaze or replace lining, deglaze disc or drum 

3 Restricted brake line or hose 3 Repair line or replace hose 

4 Tire pressures incorrect 4 Adjust tire pressures 

5 Caliper or wheel cylinder sticking 5 Repair or replace calipers or wheel cylinders 

6 Wheels out of alignment 6 Have wheels.aligned 

7 Weak suspension spring 7 Replace springs 

8 Weak or broken shock absorber 8 Replace shock absorbers 

Brakes drag (indicated by sluggish engine performance or wheels being very hot after driving) 

1 Brake pedal pushrod incorrectly adjusted 1 Adjust pushrod 

2 Master cylinder pushrod (between booster and master cylinder) 2 Adjust pushrod 
incorrectly adjusted 

3 Obstructed compensating port in master cylinder 3 Replace master cylinder 

4 Master cylinder piston seized in bore 4 Replace master cylinder 

5 Contaminated fluid causing swollen seals throughout system 5 Flush system, replace all hydraulic components 

6 Clogged brake lines or internally split brake hose(s) 6 Flush hydraulic system, replace defective hose(s) 

7 Sticking caliper(s) or wheel cylinder(s) 7 Replace calipers or wheel cylinders 

8 Parking brake not releasing 8 Inspect parking brake linkage and parking brake mechanism, repair 
as required 

9 Improper shoe-to-drum clearance 9 Adjust brake shoes 

10 Faulty proportioning valve 10 Replace proportioning valve 
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Troubleshooting (continued) 

PROBABLE CAUSE 

Brakes fade (due to excessive heat) 

1 Brake linings excessively worn or glazed 

CORRECTIVE ACTION 

1 Deglaze or replace brake pads and/or shoes 

2 Excessive use of brakes 

3 Vehicle overloaded 

4 Brake drums or discs worn too thin 

5 Contaminated brake fluid 

6 Brakes drag 

7 Driver resting left foot on brake pedal 

Brakes noisy (high-pitched squeal) 

1 Glazed lining 

2 Downshift into a lower gear, maintain a constant slower speed 
(going down hills) 

3 Reduce load 

4 Measure drum diameter and disc thickness, replace drums or discs 
as required 

5 Flush system, replace fluid 

6 Repair cause of dragging brakes 

7 Don't ride the brakes 

1 Deglaze or replace lining 

2 Contaminated lining (brake fluid, grease, etc.) 2 Repair source of contamination, replace linings 

3 Weak or broken brake shoe hold-down or return spring 3 Replace springs 

4 Rivets securing lining to shoe or backing plate loose 4 Replace shoes or pads 

5 Excessive dust buildup on brake linings 5 Wash brakes off with brake system cleaner 

6 Brake drums worn too thin 6 Measure diameter of drums, replace if necessary 

7 Wear indicator on disc brake pads contacting disc 

8 Anti-squeal shims missing or installed improperly 

7 Replace brake pads 

8 Install shims correctly 

_ Note: Other remedies for quieting squealing brakes include the application of an anti-squeal compound to the backing plates of the brake pads, and 

lightly chamfering the edges of the brake pads with a file. The latter method should only be performed with the brake pads thoroughly wetted with 

brake system cleaner, so as not to allow any brake dust to become airborne. 

Brakes noisy (scraping sound) 

1 Brake pads or shoes worn out; rivets, backing plate or brake 
shoe metal contacting disc or drum 

_ Brakes chatter 

1 Worn brake lining 

2 Glazed or scored discs or drums 

_ 3 Drums or discs heat checked 

4 Disc runout or drum out-of-round excessive 

5 Loose or worn wheel bearings 

6 Loose or bent brake backing plate (drum brakes) 

7 Grooves worn in discs or drums 

8 Brake linings contaminated (brake fluid, grease, etc.) 

’ 9 Excessive dust buildup on linings 

10 Surface finish on discs or drums too rough after machining 

(especially on vehicles with sliding calipers) 

11 Brake pads or shoes glazed 

1 Replace linings, have discs and/or drums machined (or replace) 

1 Inspect brakes, replace shoes or pads as necessary 

2 Deglaze discs or drums with sandpaper (if glazing is severe, machining 

will be required) 

3 Check discs and/or drums for hard spots, heat checking, etc. Have 
discs/drums machined or replace them 

4 Measure disc runout and/or drum out-of-round, have discs or drums 

machined or replace them 

5 Adjust or replace wheel bearings 

6 Tighten or replace backing plate 

7 Have discs or drums machined, if within limits (if not, replace them) 

8 Locate and repair source of contamination, replace pads or shoes 

9 Wash brakes with brake system-cleaner 

10 Have discs or drums properly machined 

11 Deglaze or replace brake pads or shoes 
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Troubleshooting (continued) 

PROBABLE CAUSE 

Brake pads or shoes click 

1 Shoe support pads on brake backing plate grooved or 
excessively worn 

2 Brake pads loose in caliper 

3 Also see items listed under Brakes chatter 

Brakes make groaning noise at end of stop 

1 Brake pads and/or shoes worn out 

2 Brake linings contaminated (brake fluid, grease, etc.) 

3 Brake linings glazed 
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CORRECTIVE ACTION 

1 Replace brake backing plate 

2 Loose pad retainers or anti-rattle clips 

1 Replace pads and/or shoes 

2 Locate and repair cause of contamination, replace brake pads or shoes 

3 Deglaze or replace brake pads or shoes 

4 Excessive dust buildup on linings 4 Wash brakes with brake system cleaner 

5 Inspect discs/drums, have machined if within limits (if not, replace ‘5 Scored or heat-checked discs or drums 

discs or drums) 

6 Broken or missing brake shoe attaching hardware 6 Inspect drum brakes, replace missing hardware 

Rear brakes lock up under light brake application 

1 Tire pressures too high 

2 Tires excessively worn 

3 Defective proportioning valve 

Brake warning light on instrument panel comes 

1 Low fluid level in master cylinder reservoir 
(reservoirs with fluid level sensor) 

2 Failure in one half of the hydraulic system 

3 Piston in pressure differential warning valve not centered 

4 Defective pressure differential valve or warning switch 

5 Air in the hydraulic system 

6 Brake pads worn out (vehicles with electric wear sensors - small 
probes that fit into the brake pads and ground out on the disc 
when the pads get thin) 

Brakes do not self adjust 

Disc brakes 

1 Defective caliper piston seals 

1 Adjust tire pressures 

2 Replace tires 

3 Replace proportioning valve 

on (or stays on) 

Add fluid, inspect system for leak, check the thickness of the brake pads 
and shoes 

—_ 

NO Inspect hydraulic system for a leak 

wo Center piston by bleeding one circuit or the other (close bleeder valve as 
soon as the light goes out) 

4 Replace valve or switch 

5 Bleed the system, check for leaks 

6 Replace brake pads (and sensors) 

— Replace calipers. Also, possible contaminated fluid causing soft or 
swollen seals (flush system and fill with new fluid if in doubt) 

2 Same as above 2 Corroded caliper piston(s) 

Rapid brake lining wear 

= 1 Driver resting left foot on brake pedal Don't ride the brakes 

Nh 2 Surface finish on discs or drums too rough Have discs or drums properly machined 

3 Also see Brakes drag 
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3 Anti-lock Brake System (ABS) - 
general information 

General information 
1 The anti-lock brake system - in con- 

junction with the engine drag control (EDC), 
dynamic rear proportioning (DRP), trac- 

tion control system (TCS), vehicle stability 
enhancement system (VSES) or vehicle elec- 

tronic stability (VES) - is designed to maintain 
vehicle steerability, directional stability and 
optimum deceleration under severe braking 

conditions on most road surfaces. It does so 
by monitoring the rotational speed of each 

wheel and controlling the brake line pressure 
to each wheel during braking. This prevents 

the wheels from locking up. 

2 The ABS system has three main com- 

ponents - the wheel speed sensors, the elec- 

tronic control unit (ECU) and the hydraulic 

unit. Four wheel-speed sensors - one at each 

wheel - send a variable voltage signal to the 

control unit, which monitors these signals, 
compares them to its program and determines 

whether a wheel is about to lock up. When 

a wheel is about to lock up, the control unit 

signals the hydraulic unit to reduce hydraulic 

pressure (or not increase it further) at that 
wheel’s brake caliper. Pressure modulation 

is handled by electrically-operated solenoid 

valves. 

3 ‘If a problem develops within the system, 

an “ABS” warning light will glow on the dash- 
board. Sometimes, a visual inspection of the 

ABS system can help you locate the problem. 
Carefully inspect the ABS wiring harness. Pay 
particularly close attention to the harness and 

connections near each wheel. Look for signs 

_ of chafing and other damage caused by incor- 
rectly routed wires. If a wheel sensor harness 

» is damaged, the sensor must*be replaced. 

Warning: Do NOT try to repair an ABS wiring 
harness. The ABS system is sensitive to even 

the smallest changes in resistance. Repairing 

the harness could alter resistance values and 

cause the system to malfunction. If the ABS 

wiring harness is damaged in any way, it must 

be replaced. Caution: Make sure the ignition 
is turned off before unplugging or reattaching 

any electrical connections. 

Diagnosis and repair 
4 _|f a dashboard warning light comes on 

and stays on while the vehicle is in operation, 

the ABS system requires attention. Although 

special electronic ABS diagnostic testing 

tools are necessary to properly diagnose the 

system, you can perform a few preliminary 

checks before taking the vehicle to a dealer 

service department. 

a) Check the brake fluid level in the reser- 

voir. 
b) Verify that the computer electrical con- 

nectors are securely connected. 

c) Check the electrical connectors at the 

hydraulic control unit. 

d) Check the fuses. 

4.5 Always wash the brakes with brake 

cleaner before disassembling anything 

e) Follow the wiring harness to each wheel 

and verify that all connections are secure 

and that the wiring is undamaged. 

5 If the above preliminary checks do not 

rectify the problem, the vehicle should be 

diagnosed by a dealer service department or 

other qualified repair shop. Due to the com- 

plex nature of this system, all actual repair 

work must be done by a qualified automotive 

technician. 

Wheel speed sensor - removal 

and installation 

2007 and earlier models 
6 On these models, the wheel speed 

sensors are integral with the hub and bear- 
ing assemblies. Refer to Chapter 10 for the 

removal procedure. 

2008 and later models 
7 Loosen the wheel lug nuts, raise the 

vehicle and support it securely on jackstands. 

Remove the wheel. 

8 Make sure the ignition key is turned to 

the Off position. 
9 Trace the wiring back from the sensor, 

detaching all brackets and clips while noting 
its correct routing, then disconnect the electri- 

cal connector. 
10 Remove the mounting bolt and carefully 

pull the sensor out from the knuckle. 

11 Installation is the reverse of the removal 

procedure. Tighten the mounting bolt 

securely. 
12 Install the wheel and lug nuts, tightening 

them securely. Lower the vehicle and tighten 
the lug nuts to the torque listed in the Chapter 

1 Specifications. 

4 Disc brake pads - replacement 

Refer to illustrations 4.5, 4.6a through 4.6! and 

4.7a through 4.71 

Warning: Disc brake pads must be replaced 

on both front or both rear wheels at the same 

4.6a Depress the piston into the bottom 

of its bore in the caliper with large 

C-clamp to make room for the new pads - 

make sure the fluid in the master cylinder 
reservoir doesn’t overflow 

time - never replace the pads on only one 

wheel. Also, the dust created by the brake 

system is harmful to your health. Never blow 

it out with compressed air and don’t inhale 

any of it. An approved filtering mask should 

be worn when working on the brakes. Do not, 

under any circumstances, use petroleum- 

based solvents to clean brake parts. Use 

brake system cleaner only! 
Note: On models equipped with an electronic 

parking brake, the cable tension must be 

released before any work can be performed 

on the rear disc brake (see Section 11). 

All models except CTS-V with 

GM designation J56 calipers 
1 Remove the cap from the brake fluid res- 

ervoir. 

2 ~ Loosen the wheel lug nuts, raise the end 

of the vehicle you’re working on and support 

it securely on jackstands. Block the wheels at 

the opposite end. 

3 Remove the wheels. Work on one brake 

assembly at a time, using the assembled 

brake for reference if necessary. 

4 Inspect the brake disc carefully as out- 

lined in Section 6. If machining is neces- 

sary, follow the information in that Section to 

remove the disc, at which time the pads can 

be removed as well. 
5 Before disassembling the brake, wash 

. it thoroughly with brake system cleaner and 

allow it to dry (see illustration). Position a 

drain pan under the brake to catch the residue 

- DO NOT use compressed air to blow off the 

brake dust. 
6 Follow the accompanying photos (illus- 

trations 4.6a through 4.61) for the actual pad 

replacement procedure. Be sure to stay in 

order and read the caption under each illus- 

tration. 

7 For the rear brake pad replacement 

sequence, follow Steps 1 through 5, then 

depress the piston into the bottom of its bore 
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4.6b Using two wrenches, hold the guide 

pins (A) while loosening the caliper 
mounting bolts (B) 

4.6h Remove the two caliper guide pins 

4.6d Remove the inner brake pad 4.6c Remove the upper caliper mounting 

bolt and allow the caliper to rotate down 

on the mounting bracket 

m= | AN 
4.6g Remove the remaining caliper bolt 

and secure the caliper to the suspension 
with a length of wire 

mae 

4.6f Remove the brake pad support plates 

from the caliper bracket 

igs 

4.6i Pull out the caliper guide pins and 

clean them, then apply a coat of high- 

temperature grease to the pins and 

reinstall the pins in the caliper bracket 

4.6j Clean the support plates and 
lubricate the wear points with high-temp 

brake grease, then reinstall on the caliper 

mounting bracket 
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in the caliper with a large C-clamp to make 
room for the new pads, making sure the fluid 

in the master cylinder reservoir doesn't over- 

flow (see illustration 4.6a). Follow illustra- 
tions 4.7a through 4.7i for the remainder of 
the procedure. 

8 When reinstalling the caliper, be sure to 
tighten the mounting bolts to the torque listed 
in this Chapter’s Specifications. After the job 

has been completed, firmly depress the brake 
pedal a few times to bring the pads into con- 
tact with the disc. Check the level of the brake 
fluid, adding some if necessary. Check the 
operation of the brakes carefully before plac- 

ing the vehicle into normal service. 

4.7a Using two wrenches, hold the guide 
pins (A) while loosening the caliper 

mounting bolts (B) 

4.7d Remove the outer brake pad 

4.6k Place the pads in the caliper 4.61 Install the caliper and tighten the 

mounting bracket caliper mounting bolts to the torque listed 

in this Chapter’s Specifications 

4.7b Remove the upper caliper mounting 4.7c Remove the inner brake pad 

bolt and allow the caliper to rotate down 
on the mounting bracket 

| g dA | 

4.7e Remove the brake pad support 4.7f Pull out the caliper guide pins and 

plates from the caliper bracket, then clean them, then apply a coat of high- 

remove the remaining caliper bolt and temperature grease to the pins and 

secure the caliper to the suspension with reinstall the pins in the caliper bracket 

a length of wire 
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4.7g Clean the support plates and lubricate 

the wear points with a small amount of 
high-temp brake grease, then reinstall 

them on the caliper mounting bracket 

CTS-V with GM designation 
J56 calipers 
Note: GM J56 calipers are standard equip- 

ment on CTS-V models. They can be identi- 
fied by looking through the front wheel. The 
name J56 will be cast into the caliper. 

9 Review the Warning and Note at the 
beginning of this Section. 
10 Perform Steps 1 through 5. 
11. While holding the lower end of the spring- 

steel pad retainer down, use a punch and ham- 

mer to drive the lower caliper guide pin inward, 

toward the center of the vehicle, then remove 

it from the caliper. Rotate the pad retainer up 

and remove it from the caliper. 

12 Drive the upper caliper guide pin inward, 
toward the center of the vehicle and remove it 

from the caliper. 

13. On 2009 and later model front calipers, 

remove the caliper pin bridge bolt, then slide ~ 

the caliper bridge pin out. 

14 Using needle-nose pliers, pull the 

inboard (inner) brake pad from the caliper. 

Note: Remove only one pad during this step. 

15 Using a pair of prybars or screwdrivers, 
slowly push the caliper pistons into the bores 

on the inboard side. There are two pistons 

on each side of the caliper for a total of four. 

Caution: One piston can be forced out of the 

caliper bore while the other is being pushed in 

on the same side. Use a small piece of wood 

or another tool to keep one piston from com- 

ing out while the other is being pushed in. As 

the pistons are depressed to the bottom of the 

caliper bores, the fluid in the master cylinder 

reservoir will rise. Continue to make sure that 

it doesn’t overflow. 
16 Prepare each new brake pad by using 

a very small amount of copper-based brake 

paste on the edges of the pad’s metal back 

plate that contacts the caliper. Warning: Do 

not get any lubricant on the pad material. 

17 Position the new inboard brake pad into 

the caliper. 

18 Using needle-nose pliers, pull the out- 

board (outer) brake pad from the caliper. 

4.7h Place the pads in the caliper 

mounting bracket 

19 Repeat Step 15 on the outboard side of 

the caliper. 

20 Position the new outboard brake pad into 

the caliper. 

21 On 2009 and later model front calipers, 

install the caliper bridge pin and bridge pin 

bolt, tightening it to the torque listed in this 

Chapter’s Specification. 

22 Install the upper guide pin and place the 

spring-steel pad retainer in position. 

23 Press the bottom end of the retainer and 

install the lower guide pin. 

24 After the job is done, firmly depress the 

brake pedal a few times to bring the new pads 

into contact with the disc. Check the level of the 

brake fluid, adding some if necessary. Check 

the operation of the brakes carefully before 

placing the vehicle into normal service. 

5 Disc brake caliper - removal and 

installation 

Warning: Dust created by the brake system is 

harmful to your health. Never blow it out with 

compressed air and don’t inhale any of it. An 

approved filtering mask should be worn when 

working on the brakes. Do not, under any cir- 

cumstances, use petroleum-based solvents to 

clean brake parts. Use brake system cleaner 

only. 

Note: /f replacement is indicated (usually 
because of fluid leakage), it is recommended 
that the calipers be replaced, not overhauled. 

New and factory rebuilt units are available 

on an exchange basis, which makes this job 

quite easy. Always replace the calipers in 
pairs - never replace just one of them. 

Note: On models equipped with electronic 
parking brake, the cable tension must be 

released before any work can be performed 

on the rear disc brakes, see Section 11. 

Removal 

Refer to illustration 5.2 

1 Loosen the wheel lug nuts, raise the 

vehicle (front or rear) and place it securely on 

jackstands. Remove the wheels. 

4.7i Install the caliper and tighten the 
caliper mounting bolts to the torque listed 

in this Chapter’s Specifications 

= : fe F 

5.2 Remove the brake line banjo bolt 
(A), then remove the caliper mounting 

bolts (B) (typical front caliper shown, rear 
calipers similar) 

2 Remove the banjo fitting bolt and dis- 

connect the brake hose from the caliper (see 
illustration). Discard the sealing washers 
from each side of the hose fitting. Plug the 
brake hose to keep contaminants out of the 

brake system and to prevent losing any more 

brake fluid than is necessary. Note: /f the cali- 
per is being removed for access to another 
component, don’t disconnect the hose. 

3. On all except CTS-V models, refer to 
illustration 4.6b (front) or 4.7a (rear) for the 

caliper removal procedure. If the caliper is 
being removed just to access another compo- 
nent, use a piece of wire to securely hang it out 

of the way (see illustration 4.6g). Caution: 
Do not let the caliper hang by the brake hose. 
4  On.CTS-V models, remove the caliper- 

to-steering knuckle bolts (front) or caliper-to- 

rear knuckle bolts (rear) and detach the cali- 
per from the knuckle. 

Installation 
5 Install the caliper by reversing the 

removal procedure, tightening the mount- 

ing bolts to the torque listed in this Chapter’s 



6.3 The brake pads on this vehicle were obviously neglected, as 

they wore down completely and cut deep grooves into the disc - 
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wear this severe means the disc must be replaced 

Specifications. Use new sealing washers and 

tighten the banjo fitting bolt to the torque listed 
in this Chapter’s Specifications. 

6 Bleed the brake circuit (see Section 9). 
Make sure there are no leaks from the hose 

connections. Test the brakes carefully before 
returning the vehicle to normal service. 

6 Brake disc - inspection, removal 

and installation 

Inspection 
Refer to illustrations 6.3, 6.4a, 6.4b, 6.5a 

and 6.5b 

1 Loosen the wheel lug nuts, raise the 
vehicle and support it securely on jackstands. 

2 Remove the brake caliper (see Sec- 
tion 5). It isn’t necessary to disconnect the 
brake hose. After removing the caliper bolts, 

suspend the caliper out of the way with a 

piece of wire (see illustration 4.6g). 
3 Visually inspect the disc surface for score 
marks and other damage. Light scratches and 

shallow grooves are normal after use and may 

6.5a The minimum thickness dimension is stamped into the outer 

edges of the disc 

not always be detrimental to brake operation, 

but deep scoring requires disc removal and 

refinishing by an automotive machine shop. Be 

sure to check both sides of the disc (see illus- 
tration). If pulsating has been noticed during 

application of the brakes, suspect disc runout. 

4 To check disc runout, reinstall the lug 

nuts (inverted) and place a dial indicator at a 

point about 1/2-inch from the outer edge of 
the disc (see illustration). Set the indicator 

to zero and turn the disc. The indicator read- 

ing should not exceed the specified allowable 

runout limit. If it does, the disc should be refin- 

ished by an automotive machine shop. Note: 

If the brake pads are being replaced, the discs 

should be resurfaced regardless of the dial 
indicator reading, as this will impart a smooth 

finish and ensure a perfectly flat surface, 

eliminating any brake pedal pulsation or other 

undesirable symptoms related to questionable 

discs. At the very least, if you elect not to have 

the discs resurfaced, remove the glaze from 

the surface with emery cloth or sandpaper, 
using a swirling motion (see illustration). 

5 It’s absolutely critical that the disc not be 

machined to a thickness under the specified 

6.4a To check disc runout, mount a dial indicator as shown and 

rotate the disc 

6.4b Using a swirling motion, remove 

the glaze from the disc surface with 
sandpaper or emery cloth 

minimum thickness. The minimum (or discard) 
thickness is cast or stamped into the disc 

(see illustration). The disc thickness can be 
checked with a micrometer (see illustration). 

6.5b Use a micrometer to measure disc thickness 
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6.6a Caliper mounting bracket-to-knuckle 
bolts (typical front caliper shown, rear 

caliper similar) 

7.7 After the reservoir has been removed, 

replace the O-rings with new ones 

Removal 

Refer to illustrations 6.6a and 6.6b 

Note: On models equipped with an electronic 

parking brake, the cable tension must be 

released before any work can be performed 
on the rear disc brakes (see Section 11). 
6 Remove the caliper mounting bracket 

(non-CTS-V models, see illustration) or cali- 
per (CTS-V models). Also remove the lug nuts, 

if they were reinstalled for the runout check. 

Remove the screw that secure the disc to the 

hub, then remove the disc (see illustration). 

Installation 
7 While the disc is off, wire-brush the 
backside of the center portion that contacts 

the wheel hub. Also clean off any rust or dirt 
on the hub face. 

8 Apply small dots of high-temperature 

anti-seize around the circumference of the 

hub, and around the raised center portion. 

9 Place the disc in position over the 

threaded studs. Install the disc retaining 

screw, tightening the screw to the torque val- 

ues listed in this Chapter’s Specifications. 

10 Install the caliper mounting bracket and 
caliper, tightening the bolts to the torque val- 

ues listed in this Chapter’s Specifications. 

6.6b A screw secures the disc to the hub 

(rear disc shown, front disc identical) 

11 Install the wheel, then lower the vehicle 

to the ground. Tighten the lug nuts to the 

torque listed in the Chapter 1 Specifications. 

Depress the brake pedal a few times to bring 

the brake pads into contact with the disc. 

Bleeding won't be necessary unless the brake 
hose was disconnected from the caliper. 
Check the operation of the brakes carefully 
before driving the vehicle. 

12 Check the operation of the brakes care- 

fully before driving the vehicle. 

7 Master cylinder - removal and 

installation 

Removal 

Refer to illustrations 7.5 and 7.7 

1 The master cylinder is located in the 

engine compartment, mounted to the power 

brake booster. 

2 Remove as much fluid as you can from 

the reservoir with a syringe, such as an old 

turkey baster. Warning: /f a baster is used, 

never again use it for the preparation of food. 
3. Place rags under the fluid fittings and 
prepare caps or plastic bags to cover the 

ends of the lines once they are disconnected. 

Caution: Brake fluid will damage paint. Cover 
all body parts and be careful not to spill fluid 

during this procedure. 

4 Disconnect the electrical connector at 

the brake fluid level switch on the master cyl- 
inder reservoir. 

5 _ Loosen the fittings at the ends of the 

brake lines where they enter the master cyl- 

inder (see illustration). To prevent rounding 
off the corners on these nuts, the use of a 

flare-nut wrench, which wraps around the nut, 

is preferred. Pull the brake lines slightly away 

from the master cylinder and plug the ends to 

prevent contamination. 

6 Remove the nuts attaching the master 

cylinder to the power booster. Pull the mas- 

ter cylinder off the studs and out of the engine 

7.5 Master cylinder mounting details 

A Fluid level warning switch connector 

B_ Brake line fittings 
C Mounting nuts 
D_ Reservoir retaining fasteners 

compartment. Again, be careful not to spill the 

fluid as this is done. 

7 Ifanew master cylinder is being installed 

and ‘does not come with a reservoir, remove 

the retaining fasteners and reservoir from the 
old master cylinder, then transfer it to the new 

master cylinder. Note: /nstall new seals when 
transferring the reservoir (see illustration). 

Installation 

Refer to illustrations 7.9 and 7.14 

8 Bench bleed the new master cylinder 

before installing it. Mount the master cylinder 
in a vise, with the jaws of the vise clamping on 

the mounting flange. 

9 Attach a pair of master cylinder bleeder 
tubes to the outlet ports of the master cylinder 

(see illustration). 

10 Fill the reservoir with brake fluid of the 
recommended type (see Chapter 1). 

7.9 The best way to bleed air from the 

master cylinder before installing it on the 

vehicle is with a pair of bleeder tubes that 

direct brake fluid into the reservoir 

during bleeding 
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7.14 Install a new O-ring onto the master 
cylinder sleeve 

11. Slowly push the pistons into the master 
cylinder (a large Phillips screwdriver can be 
used for this) - air will be expelled from the 
pressure chambers and into the reservoir. 

Because the tubes are submerged in fluid, air 
can’t be drawn back into the master cylinder 

’ when you release the pistons. 

12 Repeat the procedure until no more air 

bubbles are present. 

13 Remove the bleed tubes, one at a time, 
and install plugs in the open ports to prevent 
fluid leakage and air from entering. Install the 

reservoir cap. 
14 Install the master cylinder over the studs 
on the power brake booster and tighten the 

attaching nuts only finger tight at this time. 
Note: /nstall a new seal into the groove of the 

master cylinder (see illustration). 
15 Thread the brake line fittings into the 

master cylinder. Since the master cylinder 

is still a bit loose, it can be moyed slightly in 

order for the fittings to thread in easily. Do 
not strip the threads as the fittings are tight- 

ened. 

8.3a To remove a front brake hose, unscrew the brake line 

fitting (A) while holding the fitting block (B) with another wrench, 

remove the mounting bolts (C), then unscrew the banjo bolt (see 

16 Tighten the mounting nuts to the torque 

listed in this Chapter’s Specifications, then 
tighten the brake line fittings securely. 

17 Fill the master cylinder reservoir with 
fluid, then bleed the master cylinder and the 
brake system (see Section 9). To bleed the 
cylinder on the vehicle, have an assistant 
depress the brake pedal and hold the pedal 
to the floor. Loosen the fitting to allow air and 
fluid to escape. Repeat this procedure on 

both fittings until the fluid is clear of air bub- 
bles. Caution: Have plenty of rags on hand 
to catch the fluid - brake fluid will ruin painted 
surfaces. After the bleeding procedure is com- 
pleted, rinse the area under the master cylin- 

der with clean water. 

18 Test the operation of the brake system 
carefully before placing the vehicle into nor- 
mal service. Warning: Do not operate the 
vehicle if you are in doubt about the effective- 

ness of the brake system. It is possible for 

air to become trapped in the anti-lock brake 

system hydraulic control unit, so, if the pedal 

continues to feel spongy after repeated bleed- 

ings or the BRAKE or ANTI-LOCK light stays 

on, have the vehicle towed to a dealer service 

department or other qualified shop to be bled 
with the aid of a scan tool. 

8 Brake hoses and lines - 
inspection and replacement 

1 About every six months, with the vehicle 

raised and placed securely on jackstands, the 

flexible hoses which connect the steel brake 
lines with the front and rear brake assemblies 

should be inspected for cracks, chafing of the 

outer cover, leaks, blisters and other damage. 

These are important and vulnerable parts of 

the brake system and inspection should be 
complete. A light and mirror will be needed for 
a thorough check. If a hose exhibits any of the 

above defects, replace it with a new one. 

illustration 5.2) and detach the hose from the caliper 

Flexible hoses 

Refer to illustrations 8.3a and 8.3b 

2 Clean all dirt away from the ends of the 

hose. 

3 To remove a brake hose, unscrew the 

tube nut with a flare-nut wrench, if available, 
to prevent rounding-off the corners of the nut, 

then remove the bolt(s) or clip(s) securing the 

hose to the body (and any suspension com- 

ponents) (see illustrations). 
4 Disconnect the hose from the caliper, 

discarding the sealing washers on either side 

of the fitting. 
5 _Using new sealing washers, attach the 

new brake hose to the caliper. Tighten the 

banjo fitting bolt to the torque listed in this 

Chapter’s Specifications. 
6 Reverse the removal procedure to install 

the hose, making sure it isn’t twisted. 

7 Carefully check to make:sure the sus- 

pension or steering components don’t make 

contact with the hose. Have an assistant push 

down on the vehicle and also turn the steering 

wheel lock-to-lock during inspection. 

8 _ Bleed the brake system (see Section 9). 

Metal brake lines 
9 When replacing brake lines, be sure to 

use the correct parts. Don’t use copper tubing 

for any brake system components. Purchase 

steel brake lines from a dealer parts depart- 

ment or auto parts store. 

10 Prefabricated brake line, with the tube 

ends already flared and fittings installed, is 

available at auto parts stores and dealer parts 

departments. These lines can be bent to the 

proper shapes using a tubing bender. 

11. When installing the new line make sure 

it’s well supported in the brackets and has 

plenty of clearance between moving or hot 

components. 

12 After installation, check the master cyl- 

inder fluid level and add fluid as necessary. 

Bleed the brake system as outlined-in Section 

8.3b To remove a rear brake hose, unscrew the brake line fitting 

(A) while holding the bracket with a pair of pliers, remove the clip 

(B), then unscrew the banjo bolt and detach the hose 

from the caliper 
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9.8 When bleeding the brakes, a hose 
is connected to the bleed screw at the 

caliper and submerged in brake fluid - air 

will be seen as bubbles in the tube and 

container (all air must be expelled before 
moving to the next wheel) 

9 and test the brakes carefully before placing 

the vehicle into normal operation. 

9 Brake hydraulic system - 

bleeding 

Refer to illustration 9.8 

Warning: /f air has found its way into the 

hydraulic control unit, the system must be 

bled with the use of a scan tool. If the brake 

pedal feels spongy even after bleeding the 

brakes, or the ABS light on the instrument 

panel does not go off, or if you have any 

doubts whatsoever about the effectiveness 

of the brake system, have the vehicle towed 
to a dealer service department or other repair 

shop equipped with the necessary tools for 

bleeding the system. 
Warning: Wear eye protection when bleeding 

the brake system. If the fluid comes in contact 

with your eyes, immediately rinse them with 

water and seek medical attention. 

Note: Bleeding the brake system is necessary 

to remove any air that’s trapped in the system 

when it’s opened during removal and installa- 

tion of a hose, line, caliper, wheel cylinder or 

master cylinder. 

1 It will probably be necessary to bleed the 

system at all four brakes if air has entered the 

system due to low fluid level, or if the brake 

lines have been disconnected at the master 

cylinder. 
2 _ If a brake line was disconnected only at 

a wheel, then only that caliper or wheel cylin- 

der must be bled. 

3 ‘Ifa brake line is disconnected at a fitting 

located between the master cylinder and any 

of the brakes, that part of the system served 

by the disconnected line must be bled. 

4 Remove any residual vacuum (or hydrau- 

lic pressure) from the brake power booster 
by applying the brake several times with the 
engine off. 

10.8 Brake booster pushrod details (2008 
and later models) 

Brake booster pushrod 

Brake pedal 

Brake pedal position sensor electrical 

connector 

Brake pedal pushrod-to-brake pedal 
mounting nut 

Brake pedal sensor mounting fastener no SG “Oia 

5 Remove the master cylinder reservoir 

cap and fill the reservoir with brake fluid. Rein- 
stall the cap. Note: Check the fluid level often 

during the bleeding operation and add fluid as 

necessary to prevent the fluid level from fall- 

ing low enough to allow air bubbles into the 

master cylinder. 

6 Have an assistant on hand, as well as 

a supply of new brake fluid, an empty clear . 

plastic container, a length of plastic, rubber or 

vinyl tubing to fit over the bleeder valve and a 

wrench to open and close the bleeder valve. 
7 Beginning at the right rear wheel, loosen 

the bleeder screw slightly, then tighten it to a 

point where it’s snug but can still be loosened 
quickly and easily. 

8 Place one end of the tubing over the 

bleeder screw fitting and submerge the other 

end in brake fluid in the container (see illus- 

tration). 

9 Have the assistant slowly depress the 

brake pedal and hold it in the depressed posi- 
tion. 

10 While the pedal is held depressed, open 

the bleeder screw just enough to allow a flow 

of fluid to leave the valve. Watch for air bub- 
bles to exit the submerged end of the tube. 

When the fluid flow slows after a couple of 
seconds, tighten the screw and have your 

assistant release the pedal. 

11. Repeat Steps 9 and 10 until no more 

air is seen leaving the tube, then tighten the 
bleeder screw and proceed to the left rear 

wheel, the right front wheel and the left front 

wheel, in that order, and perform the same 
procedure. Be sure to check the fluid in the 

master cylinder reservoir frequently. 

12 Never use old brake fluid. It contains 
moisture which can boil, rendering the brake 
system inoperative. 
13 Refill the master cylinder with fluid at the 

end of the operation. 
14 Check the operation of the brakes. The 
pedal should feel solid when depressed, 

with no sponginess. If necessary, repeat the 

entire process. Warning: Do not operate the 

vehicle if you are in doubt about the effective- 

ness of the brake system. It is possible for 

air to become trapped in the anti-lock brake 
system hydraulic control unit, so, if the pedal 

continues to feel spongy after repeated bleed- 

ings or the BRAKE or ANTI-LOCK light stays 
on, have the vehicle towed to a dealer service 

department or other qualified shop to be bled 
with the aid of a scan tool. 

10 Power brake booster - check, 

removal and installation 

Operating check 
1 Depress the brake pedal several times 

with the engine off and make sure that there is 

no change in the pedal reserve distance. 

2 Depress the pedal and start the engine. 

If the pedal goes down slightly, operation is 

normal. 

Airtightness check 
3. Start the engine and turn it off after one or 
two minutes. Depress the brake pedal several 

times slowly. If the pedal goes down farther the 
first time but gradually rises after the second or 
third depression, the booster is airtight. 

4 . Depress the brake pedal while the engine 

is running, then stop the engine with the pedal 

depressed. If there is no change in the pedal 

reserve travel after holding the pedal for 30 

seconds, the booster is airtight. 

Removal and installation 

Refer to illustrations 10.8 and 10.15 

5 Disassembly of the power unit requires 

special tools and is not ordinarily performed 

by the home mechanic. If a problem devel- 

ops, it's recommended that a new or factory 

rebuilt unit be installed. 

6 Working inside the vehicle, remove the 
driver's side insulator panel (see Chapter 11). 
7 Disconnect the electrical connector to 

the Brake Pedal Position (BPP) sensor (see 

illustration 10.8). 

8 Remove the booster pushrod retaining 

clip (2007 and earlier models) or pushrod nut 
(2008 and later models) (see illustration) 

from under the instrument panel. Disconnect 

the pushrod from the brake pedal. 

9 Remove the crossbrace from the engine 

compartment, if equipped (see Chapter 11). 

10 Onmanual transmission models, remove 
the clutch master cylinder (see Chapter 8). 
11 Remove the coolant expansion tank (see 

Chapter 3) and set the tank out of the way. 

Note: /t is not necessary to drain the cooling 
system. 

12 Remove the master cylinder from the 
booster (see Section 7). 

13. Remove the cowl panel (see Chap- 
ter 11) to access the locking tab on the brake 
booster. 
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10.15 A tool can be fabricated out of strap 

steel to enable you to unlock the booster 

from its bracket 

14 Disconnect the brake booster check 

valve and vacuum hose where it attaches to 

the booster. 
15 Install special tool J-22805-B or equivalent, 
to the brake booster studs and lock the tool in 

place using the master cylinder mounting nuts 

(see illustration). Note: /f the special tool is not 
available, drill two holes in a flat bar or pipe and 
mount the bar to the booster studs. Lock it in 
place using the master cylinder mounting nuts. 

16 Using a screwdriver, depress the lock- 
ing tab on the side of the booster to release 

it from the mounting flange, while rotating the 
booster counterclockwise using the special 

tool or equivalent. 
17 Once the locking tab is free of the mount- 

ing flange, carefully pull the booster forward 
from the mounting flange until the end of the 

booster is visible. 
18 While supporting the booster, push the 
foam seal inwards at the end of the booster to 

expose the pushrod retaining clip. 
19 The pushrod retaining clip has a long 
and short side - lift and hold the longer side 

of the clip up and separate the pushrod from 
the booster. Note: On 2008 and later models, 
the pushrod retaining clip must be removed to 
separate the pushrod from the booster. 

20 Carefully lift the booster unit away from 
the firewall and out of the engine compartment. 
21 To install the booster, place it into posi- 

tion and insert the pushrod until the pushrod 

retaining clip clicks in place. Note: Check to 

see if the pushrod is properly seated by pull- 
ing on the pushrod; if the pushrod can't be 

pulled out, the booster is properly seated. 
22 Using the special tool J-22805-B or 

equivalent, rotate the booster clockwise until 
the locking tab locks into the mounting flange. 

23 Install the master cylinder. Reconnect 

the vacuum hose and check valve. 

24 Install the booster pushrod, retaining clip 

and washer or nut to the brake pedal. 
25 The remainder of installation is the 

reverse of removal. 
26 Carefully test the operation of the brakes 

before placing the vehicle in normal service. 
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12.4a Rear parking brake 

assembly details 

Parking brake shoe 
adjuster spring 
Parking brake shoe 
hold down spring and 
pins 

‘Parking brake shoe 
adjuster 

Parking brake shoe 

return spring 

Parking brake shoes 

Parking brake actuator 

11 Electronic parking brake cable - 

tension release 

1 Block the rear wheels to prevent the 

vehicle from rolling. 
2 Turn the ignition key to the RUN posi- 

tion without starting the engine and place the 

transmission in the Park (automatic) or Neu- 

tral (manual) position. 
3 Depress the brake pedal and hold it 
down, then press the electronic parking brake 

switch for 5 seconds until the parking brake 

light on the instrument cluster starts flashing. 
4 Once the parking brake light starts flash- 

ing, immediately release the electronic parking 

brake switch, then press the switch again and 

release it. The cable tension should be fully 

released and the brake pedal can be released. 

12 Parking brake shoes - replacement 

Refer to illustrations 12.4a through 12.4n 

and 12.5 

Warning: Parking brake shoes must be 

replaced on both wheels at the same time - 

never replace the shoes on only one wheel. 

12.4b Remove the parking brake shoe 
adjuster spring 

9-15 — 

Also, the dust created by the brake system is 

harmful to your health. Never blow it out with 

compressed air and don’t inhale any of it. An 

approved filtering mask should be worn when 

working on the brakes. Do not, under any cir- 
cumstances, use petroleum-based solvents to 

clean brake parts. Use brake system cleaner 

only! 
Note: On models equipped with an electronic 

parking brake, the cable tension must be 

released before any work can be performed 

on the rear disc brakes (see Section 11). 

1 Loosen the wheel lug nuts, raise the 

rear of the vehicle and support it securely on 

jackstands. Block the front wheels to keep the 

vehicle from rolling. 

2 _ Release the parking brake. 

3 Remove the wheel and the screw that 

secures the disc/drum to the hub, then remove 

the disc (see illustration 6.6b). Note: A// four 

parking brake shoes must be replaced at the 
same time, but to avoid mixing up parts, work 

on only one brake assembly at a time. 

4 Follow illustrations 12.4a through 
12.4n for the parking brake shoe replacement 

procedure. Be sure to stay in order and read 

the caption under each illustration. Note: /fthe 

brake disc/drum cannot be easily removed, 

make sure the parking brake is completely 

12.4c Remove the parking brake shoe 

adjuster from the ends of the parking 

brake shoes 
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12.4d With locking pliers, remove one end 12.4e Using pliers, rotate the hold-down 12.4f Release the hold-down springs and 

of the parking brake shoe return spring, spring retaining pin remove them from the shoes 

then remove the spring from the shoe 

-12.4g Remove the shoes from the 12.4h Clean the backing plate with brake 12.41 If necessary, disconnect the 
backing plate cleaner and lightly lube the shoe contact parking brake cable from the back side 

points with brake grease of the backing plate at the parking brake. 
actuator, then unclip the actuator from the 

backing plate 

al 

12.4] With the parking brake actuator installed, insert the brake 12.4k Install the pins and shoe hold down springs, locking the 
shoes into the actuator pins to the springs 

spate Ge ee: i ie 



12.4n Install the adjuster spring, then 

adjust the shoes by turning the star wheel 
(the drum should just be able to slide 

over the shoes) 

released, and use a small hammer to tap the 

hub surface between the wheel studs to shock 

the disc/drum free. 
5 Before reinstalling the rear disc, the 

drum portion of the disc should be checked 

for cracks, score marks, deep scratches and 

hard spots, which will appear as small dis- 

colored areas. If the hard spots cannot be 

removed with fine emery cloth or if any of 
the other conditions listed above exist, the 

disc must be taken to an automotive machine 

shop to have it resurfaced. Note: Profession- 
als recommend resurfacing the drum portion 

each time a brake job is done. Resurfacing 

will eliminate the possibility of out-of-round 
drums. If the drum portions are worn so much 

that they can’t be resurfaced without exceed- 

ing the maximum allowable diameter (cast 
into the drum), then new discs will be required 

(see illustration). At the very least, if you 

_elect not to have them resurfaced, remove the 

glaze from the surface with emery cloth using 

__ a swirling motion. 
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12.5 The maximum diameter is cast into 

the inside face of the drum side of the 

brake rotor 

6 _ Install the brake disc/drum on the axle 

flange; the parking brake shoes should lightly 

touch the drum. Apply the parking brake a 

couple of times, then turn the disc and listen 

for the sound of the shoes rubbing. 
7 Install the caliper bracket, rear brake 

pads and caliper. 
8 Install the wheel and lug nuts and check 

to see if the wheel rotates freely. Apply the 

parking brake; the wheel should not be able to 

turn. If it does, apply the parking brake three 

times and check it again. Note: The parking 

brake is adjusted automatically by applying 

the park brake at least three times. 
9 Lower the vehicle and tighten the lug 

nuts to the torque listed in the Chapter 1 

Specifications. 
10 Check the operation of the brakes care- 

fully before driving the vehicle. After driving 

the vehicle, check the operation of the park- 

ing brake.and if necessary, apply the parking 

brake to adjust the brakes until satisfactory 

action is obtained. 
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between the shoes 

13 Brake light switch (2003 models 

only) - replacement 

1 Remove the insulation panel under the 

knee bolster (see Chapter 11). 

2 Disconnect the electrical connector from 

the switch. 
3 Depress the retaining clip on the switch 

and pull the switch from the brake pedal. 

4 Install the sensor to the pedal, then pull 
up on the brake pedal and connect the electri- 
cal connector. 
5 Apply the brake pedal, release the pedal 
and verify that the brake lights go off when the 
pedal is released. 

14 Brake Pedal Position (BPP) 
sensor - replacement 

Warning: The Brake Pedal Position (BPP) 
sensor must be calibrated after the sensor 

is removed or replaced using a factory scan 

tool. 
1 Remove the insulation panel and the 
knee bolster (see Chapter 11). 

2. Disconnect the electrical connector at 

the sensor. 

3 Remove the BPP sensor mounting fas- 
tener (see illustration 10.8) and remove the 
sensor from the bracket. 
4 Install the sensor to the bracket and 

tighten the sensor mounting fastener 

securely. 
5 Connect the electrical connector to the 
sensor and calibrate the sensor using a factory 

type scan tool. Caution: Do not touch the brake 
pedal during the sensor calibration procedure; 

any movement of the sensor or brake pedal will 

cause the calibration procedure to fail. 



9-18 Chapter9 Brakes 

Notes 



Chapter 10 
Suspension and steering systems 
Contents 

Section Section 

Coil spring (rear) - removal and installation............c.:ccceseeesereeeene 10 Stabilizer bar, bushings and links (front) - removal 
Control arms (front) - removal, inspection and installation ............ 5 and} installations. :cetsscssrcvssanetsbpesdias stuecevessereserace-caruntee crearoeaeys 4 

REsEATIG Nea MLR ROM sa aycincesyavansevie5qac0s4obs cxsmpes cbny> grads vats sensanepsopsorsp=s 1 Stabilizer bar, bushings and links (rear) - removal 
Hub and bearing assembly (front) - removal and installation ........ 7 ANGiinstallatiO“ ss se-c.3s-epucsvescbgsencs stoseervescnss cua pete ospceesweresextapeeaae 14 

Hub and bearing assembly (rear) - removal and installation......... 11 Steering column - removal and installation...............:ccccesseeeeereees 16 
Power steering fluid cooler - removal and installation................... 22 Steering gear - removal and installation ..............::ccssseceseeseseereee 19 

Power steering pump - removal and installation.............seccceee 20 Steering gear boots - replaceMent ........... cc sesscsrsseressrssssnseeneeseteens 18 
Power steering system - Dlee@ding ..............eeescceeseessssreeeseneseseeeees 21 Steering knuckle - removal and installation .............::c:ccesseseseneeese 6 

Rear knuckle and hub - removal and installation.............:.:ccee 12 Steering wheel - removal and installation.............cccesseeesereeeeeees ibe! 
Shock absorber (rear) - removal and installation..............::c0sse00 8 Subframe - removal and installation ...............c:ccssscesesseesereeeeseseees 13 

Shock absorber/coil spring assembly (front) - removal, Suspension arms (rear) - removal and installation...............0:c00 9 

INSPECTION ANG INStAllALOM ..--...2----ecacceeeopeceorosavorsereavsssevevessergese 2 Tie-rod ends - removal and installation .............cscesessessseeersseereeees 17 

Shock absorber/coil spring assembly (front) - Wheel alignment - general information.............ccscesceneesereesseeeeaes 24 

eS ACME eseeeye ee eeens cern ee eivace «vay'ranet cies raaveteontescsbstiecccanesiSareaeens 3 Wheels and tires - general information. .............::ccsesccceseceessenereees 23 

Specifications 
* 

i 

Torque specifications 

Front suspension 
_ Upper control arm 

PIVOUDOIESHILNS sarees sate rccseneueupcccscedsice sutecarsenahstcus re svvsuavivejsarsyeteunecs 

Upper balljoint-to-steering knuckle 
Pinch bolt (2007 and earlier MOdeIS)..........:ccceeeseereeteetseneeseeteess 

Ballstud nut (2008 and later Models)...........::ccsccescseerenteeeneerersees 

Lower control arm 
Lower balljoint-to-knuckle nut 

SHOP 1 v..efeccscescscestavorssccunasonoasusceeteassnsesunesaceisuntnecseocsarensssseossuesteores 

SSD. 2 ac iuetecccevctecesvesteatorsuosachsiniisva+snesssteccediesusoransensuorsdonaccnssssesbentnes 
Lower control arm-to-subframe bolt 

DOOTEANIG CAMINO O St. c.ccrecir de cutee deetkwcrvssptscxesecussapeoncddevsesauzas ene 

2008 and later models 

FETT GIO Ese eer decease eile detient opccniceave Surenvenhconseacntassab ere 

Rear DOIt........cscssesescsrescessessessseseeesecaseneesaseassoussesneenesseenentegye 

Stabilizer bar 
Bracket bolts 

DOO TZ. ANG GAMIEMMOUCISisseccccceccevegedibewdstuesessoecctcnscssuacoorsesecvannpanes 

DOOR ANCIIEEIMOC eG Siaeenees itis sareercctndsterraaseeesesecasdeensuaspdesseverssor 

Link nuts ? 

2007 and earlier MOEIS ..........seccceseeeeteetseeeneseeetateetereeeenseneens 

2008 and later models 

BR eAE CONG STURM eee seca eco nis foowcndvedsiansueatdastuoatetentseseiasecess 

KOM Ge stOUlVKUGMUI «cor sicetavescatesse-Cerisetarsavwasocteresreredtacseseann ceeds 

Ft-ibs (unless otherwise indicated) Nm 

Not available 

44 60 
44 60 

30 40 
Tighten an additional 120-degrees 

100 135 

148 200 
236 320 

44 60 
48 65 

37 ; 50 

74 100 
92 125 
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Torque specifications (continued) Ft-Ibs (unless otherwise indicated) Nm 

Front suspension (continued) 
Shock absorber/coil spring assembly 

Wppenmounting bolts... ce.-2e-s tenes vess-re-s Bh Soecashccuae nee taee eee ere 83 112 

Shock absorber-to-lower control arm DOlIt ...........:cccccceseeseeseensetereeeeeee 18 25 
SHOCK abSOMen PIStOMiocimultege: ce tees) sees deackstarcaeclesevans vintenteutayestes 18 25 

Hub and bearing assembly mounting bolts .............ccccccceseesesneesenneeseenees 100 135 

Subframe 
Front subframe 

Subframe-to-frame mounting DoOlts..............c:ccccscccsccseeeeeeeneeeeteesenteen 141 191 
Subframe-to-body mounting bolts (rear) ...........cccccceseeeeeseeeesseeseeeneeees 180 250 

Rear subframe 

2008 and earlier models 

BEONGiMmOunting DOS esc sean cee ves scah cs saaet te soc netaeee ev teanberac 195 265 

FRAT: MOUNTING) DONS sree oe ee ctecs choos cnet cencs ease vr, soteseese ee ccavaeeGan 141 191 

2009 through 2012 models 
FROMUIMOUMIUMGHDOIES eee aenencceee cota tteavaate satu canskcerdccewBe Sagleos aaebee 180 250 

ReamimMmOUntingpOliSi-ceste ccccerecrsscca ret edexcvicssucttetereikinrthereescraneese 141 191 

2013 and later models 

Front mounting bolts 

SLOP Neste caren Men ceete ewe ches cece ac eet cis casMbas aos seu iat aloes eared estas 148 200 
OCS Deiat asec ce ne ae i ea kk he Tighten an additional 65-degrees 

Rear mounting bolts 

CSL] 0) 3 | eae A Se i AO tO 2, ye RET IR IN Ne ec oe ES 74 100 

SST STARS hs ai te a oer Seis ac apaeet 18 eapiihe  eee ere ane Tighten an additional 90-degrees 

Rear suspension 
Shock absorber 

Upperimounting nuts a. cee. s-ce. eR 18 Pa 

Lowermounting bolt/ mut: See ae en eee HR eric tenctatde sos omeene ne dec cr 111 150 

Upper suspension arm 

Inner nut/bolt 

2007. and earlier MOdeIST.. ieee as cd ee tee cacacteees 129 175 

2008: and (later models «1, AVR. Seen RR AP a: 88 120 

Outer nut 

pS (S70 ees ay eis eee eee eat ami SA Ra Sie S Sb 15 20 

BSCE) 0 PD oe encase ets pp etd eee ne Ear eS a aes ne eR RE a Tighten an additional 210-degrees 

Lower arm 

2007 and earlier models 

OUPSHDOMETO-KMLICKIG tersaagrs. doce eewcnee ete enc sthavieaeetet yaaccssesdees casts 129 175 

WMO ONO -DOG Vises. cesar ctovss ovcevancs cesshcnsnevaterasstditenesdssscassstanduass as 111 150 

2008 and later models 

OULERDOMHO-KINUCKI Gyr itiesecrss-caeteeceecerectesaraadecekekietedne steals atanitentoes 118 160 

Inner DO=tO-DOGY .tcectea tt te itrecas terenmacsseatenssste ree wtacindeactcadeleatanures 122 165 

Trailing arm 

2007 and earlier models 

Arin=to-DODVMUE DONE oc, ctc- sere retexstan cqoskssan¢sinladessds te: taubeadvenaeay ae 66 90 
PAITTINCO-KMUIGHKIE) DOME ss157 cttcsvsacecseteeske es ispdock seeauel caus Ovavsecstaxaeessacnt 129 175 

2008 and later models 

PATI -AO-DOGY TUDO tise. eotereram te easaedaconeessaiaesiduatersaesuUuapsyaewornn he 111 150 

ATIn=tO-KnuCkl@ioOl titan cvs sacicecetcs corvsucavceasecurecculetunt kiateeednecnti ovhouravens 125 170 

Toe-link arm 

POOL ANG, CAMISK IMOGElS sass .actarnsceessarpvavecusec al Uesatvandiersesberre an as atten 129 175 

2008 and later models 

IRIS TAD Oltas bs sccretedats anne scuactaatoncaernicct ve viel sant eciean tamtesuaams occa onmeoretes 125 170 

QuPeE BOLE S. 5. tteertuacruntrescredssaiecs tats nes nacne teat aT ER, tees Sea aR inet 118 160 

Stabilizer bar ; 

BRaGK St DO Its areas sect ccc cecaeaoeeceek setecvasaeseen rae sauce ganna Ais ore 44 60 

Link nuts 

DOO HANG’ CAMIGM =. 2. cedvccceseeteeesazseavaceeexe sts tagaetiuus feet rubs ote nny MU 37 50 

POUBsemelilate rere Neca tecsesas te cxcle retesonas mente cues tease ris cece pe are ce 49 66 
Hub and bearing assembly mounting bolts 

ZOO and CAniOniMOdelS: isecsccsvctarserscescisessedvewketcsontatouadseeesessese eter aes 92 125 

ZOOS anGilaten MOIS y.scre.- eaw-ntsnets coves eeucct oe seaveceoebesacns davbnatacteies eee 103 140 
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Steering 
Pinve tamed teats Seat) OOM rare gee oe = co oe os eco coec anrdcs dens: cdesnardaceteetvevodesuliescesiee 35 49 
Power steering pump mounting bolts 

Sf be(chale] YESS: ce canst tagae ace peer econo ee 26 35 
2006 and earlier V6 engines (except 3.2L engines)............::c0ceee 17 22 

POON O<OMGIMG Siacenie re cere saete cteiecec Res race yuk teaspassktecatehac esti dosabeoutantcs 18 25 
OOS ANG latOtgVOlONOINGS ee tate ss ctrestuat tee eerie aoecscgavarsh sirs 17 23 
ONL ys SP RRR ee hc aa ae 18 25 

Power steering pump mounting bracket bolts 

WASHER te Sisscrecet cheat ao ae eat cere eA ey Peer ne ee Be 37 50 
NV SLETIOMNGS race sve vesein eaceetcstcaeney colonia cs matncees tes Sica oadeatiduute fadsnkdeyscvser +s 18 25 

Torque specifications Ft-Ibs (unless otherwise indicated) _ Nm 
Steering column mounting bolts/nuts 

OUT RAN AiOenlenaMOGel ster. ceeacteneccs-cseeaeese ee occesavasvesceck esavsonnte tee wvasanenoes 18 25 
2008 and later models (in sequence, see illustration 16.4) 

SLED Al MOUNTING MNUL. Sivas sscccnvetsecctceesuentsbasas sus vasvavebseseagrersenshoduespones 20 27 
SLED CuMMOLMMENNG MUI A pease ste ona. ce, Goh cApairescsckstoselniesty seeks veaeoeaeies 20 aif 
LO DiS MMOUMMNINGH OOM esetten cp actrevepasee sa Sssgncreeceeeccs-csparcWeecvones! 20 27 
SLO DIA MIOUNPEINI GIO GLA eevtirs «cance ssceeenraselessce-segatiececsadeaupsashy espn cevcers 20 27 

Steering wheel nut/bolt 
ZOO Mana carlermOdels, (NUE) 0:24 .c..starcses cfs scacenPercesesesoncsossaviievsdtetvs 30 41 

2 St iANOUCT Ie OM Ze DOME) cece. <cespees setae chat ecavsapectussserveavcavectcsenncensnere? 30 A 
OMAN GNC laNNOCG|Sasec.caccericcsen-deacse teetsyns opedRtvewsadpndnuet vans etsvaasesertusss 22 30 

Steering gear mounting bolts 

ZOOGTAaNGiCamieniMOGelSs, .i:,-:.<-cue-cccsvean ces cases seacees ses snes coereaxecacveeesesste 70 95 

PAOTOIEA inaetal =) Ee ashe See ate aires oi Si, ar ram Ee RAST, Oe oe RoE 30 40 
ZOO BRAM ALEMNNIOG CLS i eae: pce cn Nereed «eae es ceria vars tne eg vncoescatehcaz stccerrese i 63 85 

Tie-rod end-to-steering knuckle nut 
ZOOTFAMGLSATIETHINOGOIS x csherrcccascscnee-xsstaverseecueetet casvavecs os ccecvinveersivnonsel 52 70 

2008 and later models 
SES Did acter ne een co eae beta LL eens. habeas trea etkvesshivatoneusa 26 35 
SLED: Dip reece ean acaeer a sees civsnccseoch cited euses nenseanptes emai ass foster ces Tighten an additional 110-degrees 
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Upper control arm 

Upper balljoint 

Coil spring 

Shock absorber KOM = 

1 General information 

Refer to illustrations 1.1 and 1.2 

The front suspension is made up of lower 

and upper control arms, steering knuckle/hub 

assemblies; coil-over shock absorbers and a 

stabilizer bar (see illustration). 
The rear suspension employs two trail- 

ing arms, upper and lower control arms, a 

knuckle, a coil spring and shock absorber per 

side, and an adjustable toe-link that permits 

toe setting adjustment for each rear wheel 

(see illustration). 

The rack-and-pinion steering gear is 
located under the engine assembly on the 

1.1 Front suspension and steering components 

5 Stabilizer bar 

6 Steering gear boot 
7 Tie-rod end 

8 Steering knuckle 

front suspension subframe and actuates the 

tie-rods, which are attached to the steering 

knuckles. The inner ends of the tie-rods are 

protected by rubber boots which should be 

inspected periodically for secure attachment, 

tears and leaking lubricant (which would indi- 
cate a failed rack seal). 

The power assist system on most mod- 

els consists of a belt-driven pump and asso- 

ciated lines and hoses. The fluid level in the 

power steering pump reservoir should be 

checked periodically (see Chapter 1). 2005 

and later models are equipped with a variable 

effort steering system (VES), which controls 
the amount of power assistance depending 

on driving conditions. The VES system uses 

9 Lower balljoint 

10 Lower control arm 

11. Front subframe 

inputs from the steering wheel position sensor 
and wheel speed sensors, and the brake con- 

trol module sends a signal to the electromag- 

netic actuator in the steering gear to control 

the power steering fluid pressure to maintain 
even steering effort during all speeds. 

The steering wheel operates the steer- 

ing shaft, which actuates the steering gear 

through universal joints. Looseness in the 
steering can be caused by wear in the 

steering shaft universal joints, the steering 
gear, the tie-rod ends and loose retaining bolts. 

Precautions 
Frequently, when working on the suspen- 

sion or steering system components, you may 
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WOM Ss 

come across fasteners which seem impos- 

sible to loosen. These fasteners on the under- 

-side of the vehicle are continually subjected to 

water, road grime, mud, etc., and can become 

rusted or frozen, making them extremely dif- 

ficult to remove. In order to unscrew these 
stubborn fasteners without damaging them (or 

other components), be sure to use lots of pen- 

etrating oil and allow it to soak in for a while. 

Using a wire brush to clean exposed threads 
will also ease removal of the nut or bolt and 

prevent damage to the threads. Sometimes 

a sharp blow with a hammer and punch 

will break the bond between a nut and bolt 

threads, but care must be taken to prevent the 

punch from slipping off the fastener and ruin- 

Shock absorber 5 

Upper suspension arm 

Trailing arm 

Subframe 

1.2 Rear suspension components 

6 Knuckle 

Toe adjuster link 

7 Lower suspension arm 

ing the threads. Heating the stuck fastener 

and surrounding area with a torch sometimes 

helps too, but isn’t recommended because 
of the obvious dangers associated with fire. 

Long breaker bars and extension, or cheater, 

pipes will increase leverage, but never use an 

extension pipe on a ratchet - the ratcheting 

mechanism could be damaged. Sometimes 

tightening the nut or bolt first will help to break 

it loose. Fasteners that require drastic mea- 

sures to remove should always be replaced 

with new ones. 
Since most of the procedures dealt with 

in this Chapter involve jacking up the vehicle 

and working underneath it, a good pair of 

jackstands will be needed. A hydraulic floor 

jack is the preferred type of jack to lift the 

vehicle, and it can also be used to support 

certain components during various operations. 

Warning: Never, under any circumstances, 

rely on a jack to support the vehicle while 
working on it. Whenever any of the suspen- 

sion or steering fasteners are loosened or 

removed they must be inspected and, if neces- 

sary, replaced with new ones of the same part 

numberoroforiginalequipmentqualityanddesign. 

Torque specifications must be followed for 

proper reassembly and component reten- 

tion. Never attempt to heat or straighten any 

suspension or steering components. Instead, 

replace any bent or damaged part with a new 

one. 
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2.2 Remove the lower shock absorber mounting bolts and 

reposition the brake hose bracket 

2.4b Using hand tools only, hold the 

ballstud with an Allen wrench and loosen 

the ballstud nut with a wrench 

2 Shock absorber/coil spring 

assembly (front) - removal, 

inspection and installation 

Removal 

Refer to illustrations 2.2, 2.4a, 2.4b, 2.5, 2.7 

and 2.8 

1 Loosen the wheel lug nuts, raise the 

vehicle and support it securely on jackstands. 

Remove the wheel. 

2 Remove the brake hose bracket and 

lower shock absorber mounting bolts (see 
illustration). 

3 On 2007 and earlier models, remove the 

upper balljoint pinch bolt and separate the 

balljoint from the steering knuckle. 

4 On 2008 and later models, remove the 

upper balljoint nut and separate the upper 

balljoint from the steering knuckle using a 

balljoint separator (see illustration). Do not 

2.4a You'll need a balljoint separator tool like this to separate the 

balljoint from the steering knuckle without damaging the 

balljoint boot 

allow the ballstud to turn with the nut; use an 

Allen wrench to hold the stud (see illustra- 
tion). Caution: Do not use an impact wrench 

to remove the ballstud nut; damage to the 

ballstud or steering knuckle may occur. 

5 Remove the crossbrace fasteners and 

remove the crossbrace, if equipped (see 

illustration). Note: On 2007 and earlier mod- 
els, remove the air conditioning line bracket 

fastener and bracket from the shock tower. 

6 Support the steering knuckle with a floor 
jack. 

7 Support the shock absorber assembly, 

then remove the upper mounting fasteners 

(see illustration). 

8 Lower the knuckle, being careful not to 

strain the brake hose, and remove the assem- 

bly (see illustration). 

Inspection 
9 Check the shock body for leaking fluid, 
dents, cracks and other obvious damage 

which would warrant replacement. 

2.5 Crossbrace mounting fastener locations 2.7 Shock absorber assembly upper mounting fastener locations. 

On models without a crossbrace, there is an additional fastener 

located at point (A) 
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ts 

from the vehicle 

10 Check the coil spring for chips or cracks 
in the spring coating (this will cause prema- 
ture spring failure due to corrosion). Inspect 
the spring seat for cuts, hardness and general 
deterioration. 

11 If any undesirable conditions exist, pro- 
ceed to the shock absorber/coil spring disas- 

sembly procedure (see Section 3). 

Installation 
12 Guide the assembly up into the fend- 

erwell and insert the upper aligning studs 

through the holes in the body. Once the studs 
protrude, install the bolts (except for the one 

that secures the crossbrace). This is most 
easily accomplished with the help of an assis- 
tant, as the assembly is quite heavy and awk- 

ward. Tighten the bolts to the torque listed in 

this Chapter’s Specifications. # 
13 Install the upper balljoint to the steer- 
ing knuckle and tighten the pinch bolt 
(2007 and earlier models) or ballstud nut 
(2008 and later models). Do not allow the ball- 
stud to turn with the nut, use an Allen wrench 

. to hold the stud (see illustration 2.4). Tighten 

the bolt or nut to the torque value listed in this 
Chapter’s Specifications. Caution: Do not use 
an impact wrench to remove the ballstud nut; 

damage to the ballstud or steering knuckle 

may occur., 
14 Align the bottom of the shock absorber 
assembly so that the bolts can be inserted 
to secure it to the lower control arm. Tighten 

the bolts to the torque listed in this Chapter’s 

Specifications. 

15 Install the crossbrace and fasteners, 

then tighten the fasteners to the torque value 

listed in this Chapter’s Specifications. 
16 Install the wheel and lug nuts, then 

lower the vehicle and tighten the lug nuts to 
_ the torque listed in the Chapter 1 Specifica- 

tions. 
17 Drive the vehicle to an alignment shop to 
have the front end alignment checked, and if 

necessary, adjusted. 

2.8 Carefully remove the shock absorber assembly 

3 Shock absorber/coil spring 

assembly (front) - replacement 

It is possible to replace the shock absorb- 

ers or coil springs individually, but the units 

will have to be disassembled by a qualified 

repair shop with the proper equipment. You 

can compare the cost of replacing the com- 

plete assemblies with rebuilt units to the cost 

of having individual components replaced at 

a shop. Caution: Whenever replacing shock 

absorbers or coil springs, always replace 

them in pairs; never just replace one side. 

4 Stabilizer bar, bushings and links 

(front) - removal and installation 

Removal 

Refer to illustrations 4.2 and 4.3 

1 Loosen the front wheel lug nuts. Raise the 

front of the vehicle and support it securely on 
jackstands. Apply the parking brake and block 

the rear wheels to keep the vehicle from rolling 

off the stands. Remove the front wheels. 
2 Disconnect the wheel speed sensor har- 

ness from the stabilizer bar link, then detach 
the stabilizer bar links from the bar (see illus- 

tration) and the knuckle. If the ballstud turns 
with the nut, use a wrench to hold the stud. 

3 Unbolt the stabilizer bar bushing brack- 
ets (see illustration). Guide the stabilizer bar 

out from between the subframe and the body. 

4 While the stabilizer bar is off the vehicle, 

slide off the retainer bushings and inspect 

them. If they’re cracked, worn or deteriorated, 
replace them. 

5 Clean the bushing area of the stabilizer 
bar with a stiff wire brush to remove any rust 

or dirt. 

Installation 
6 Lubricate the inside and outside of the 

new bushing with vegetable oil (used in cook- 

10-7 

4.2 Disconnect the stabilizer bar link from the bar 

4.3 Stabilizer bar bracket bolts 

ing) to simplify reassembly. Caution: Don’t 

use petroleum or mineral-based lubricants or 

brake fluid - they will lead to deterioration of 

the bushings. The slits of the bushings must 
face the rear of the vehicle. 

7 Installation is the reverse of removal. 

Tighten the fasteners to the torque values 
listed in this Chapter’s Specifications. 

5 Control arms (front) - removal, 

inspection and installation 

Removal 

Lower arm 

Refer to illustrations 5.5 and 5.6 

1 Loosen the wheel lug nuts, raise the 

vehicle and support it securely on jackstands. 

Remove the wheel and splash shield. 

2 On 2008 and later models, remove the 

front wheel speed sensor. 

3 Remove the stabilizer bar link from the 

control arm (see Section 4). Also unbolt the 

lower end of the shock absorber from the con- 



5.5 Using hand tools only, hold the ballstud with an Allen wrench 
and loosen the ballstud nut with a wrench 

5.10 Upper control arm mounting ; 

fastener locations 

trol arm (see Section 2). 
4 Disconnect the outer tie-rod ends (see 
Section 17) and loosen the steering gear 

mounting bolts (see Section 19), raising the 

steering gear slightly to aid in bolt removal. 

5 Loosen the lower balljoint nut, then install 
a balljoint removal tool to separate the ball- 

stud from the knuckle. Do not allow the ball- 
stud to turn with the nut, use an Allen wrench 

to hold the stud (see illustration). Caution: 
Do not use an impact wrench to remove the 

ballstud nut; damage to the ballstud or steer- 

ing knuckle may occur. 

6 Remove the arm-to-subframe mounting 

bolts (see illustration). 
7 Remove the lower control arm. 

Upper arm 
Refer to illustration 5.10 
8 The upper control arm is attached to the 

top of the steering knuckle with a balljoint, and 

to two positions on the shock absorber upper 

mount with pivot bolts. 

9 Remove the shock absorber assembly 

(see Section 2). 
10 Remove the upper arm mounting nuts 

and bolts (see illustration). 

Inspection 
11. Check the control arm for distortion and 
the bushings for wear, replacing parts as nec- 

essary. Do not attempt to straighten a bent 

control arm. 

Installation | 
12 Installation is the reverse of removal. 

Tighten all of the fasteners to the torque val- 
ues listed in this Chapter’s Specifications. 

Note: Before tightening the pivot nuts/bolts, 
raise the outer end of the lower arm to simu- 

late normal ride height. 
13 Install the wheel and lug nuts, lower the 

vehicle and tighten the lug nuts to the torque 

listed in the Chapter 1 Specifications. 
14 It’s a good idea to have the front wheel 
alignment checked and, if necessary, adjusted 

after this job has been performed. 

6 Steering knuckle - removal and 

installation 

Warning: Dust created by the brake system is 

harmful to your health. Never blow it out with 
compressed air and don't inhale any of it. Do 
not, under any circumstances, use petroleum- 

based solvents to clean brake parts. Use 
brake system cleaner only. 

Removal 
1 Loosen the wheel lug nuts, raise the 
vehicle and support it securely on jackstands, 
then remove the wheel and splash shield. 

2 Remove the front wheel speed sensor. 
3 Remove the stabilizer link from the con- 
trol arm (see Section 4). 

4 Remove the brake caliper (don’t discon- 

nect the hose), the caliper mounting bracket 
and the brake disc (see Chapter 9). Discon- 
nect the’ brake hose from the strut. Hang the 

caliper from the coil spring with a piece of wire 

- don't let it hang by the brake hose. 

5.6 Lower control arm mounting 

fastener locations 

5 If you’re working on a 2007 or earlier 
model, disconnect the wheel speed sensor 

electrical connector and free the harness 

from any retaining clips. If you’re working on a 

2008 or later model, remove the wheel speed 

sensor from the steering knuckle (see Chap- 

ter 9). 
6 Separate the tie-rod end from the steer- 
ing knuckle arm (see Section 17). 

7 Separate the lower control arm balljoint 

from the steering knuckle (see Section 5). 
8 Separate the upper control arm balljoint 

from the steering knuckle (see Section 5) and 
remove the knuckle and hub assembly. 

Installation 
9 Guide the knuckle and hub assembly into 

position connect the balljoints to the knuckle 
and tighten the-nuts to the torque listed in this 

Chapter’s Specifications. 
10 Attach the tie-rod end to the steering 

knuckle arm (see Section 17) and the stabi- 
lizer link to the control arm (see Section 4). 

Tighten the nuts to the torque listed in this 

Chapter’s Specifications. 

11. Place the brake disc on the hub, install 
the disc-locating screw, and install the caliper 
(see Chapter 9). ‘ 

12 Install the wheel and lug nuts. Lower the 
vehicle and tighten the lug nuts to the torque 
listed in the Chapter 1 Specifications. 
13 Have the front-end alignment checked 

and, if necessary, adjusted. 

7 Hub and bearing assembly (front) 
- removal and installation 

Refer to illustration 7.4 

Warning: Dust created by the brake system is 

harmful to your health. Never blow it out with 
compressed air and don’t inhale any of it. Do 
not, under any circumstances, use petroleum- 

based solvents to clean brake parts. Use 

brake system cleaner only. 
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Note: The hub and wheel bearing are press- 
fit together and removed as an assembly. The 
assembly can be removed and taken to ‘an 
automotive repair facility for service. 
1 Loosen the wheel lug nuts, raise the 

vehicle and support it securely on jackstands, 
then remove the wheel. 
2 Remove the brake disc (see Chapter 9). 
3 If you’re working on a 2007 or earlier 
model, disconnect the wheel speed sensor 
electrical connector and free the harness from 
any retaining clips. If you’re working on a 2008 
or later model, remove the wheel speed sen- 
sor from the steering knuckle (see Chapter 9). 
4 Remove the three hub mounting bolts 
from the back side of the steering knuckle 
(see illustration). 
5 Remove the hub and bearing assembly 
from the knuckle. _ 

6 Installation is the reverse of removal, 
noting the following points: 

a) Make sure the mating surfaces on the 

knuckle and the hub and bearing assem- 
bly are clean before installation. 

b) Tighten the mounting bolts to the torque 
listed in this Chapter’s Specifications. 

c) Install the brake disc (see Chapter 9). 

d) Install the brake caliper (see Chapter 
9), tightening the mounting bolts to the 

torque listed in the Chapter 9 Specifica- 
tions. 

e) Install the wheel and wheel lug nuts. 
Lower the vehicle and tighten the nuts to 

the torque listed in the Chapter 1 Specifi- 
cations. 

8 Shock absorber (rear) - removal 
- and installation 

‘Refer to illustrations 8.4 and 8.5 

1 Loosen the wheel lug nuts, raise the 

vehicle and support it securely on jackstands. 

Block the front wheels to prevent the vehicle 

from rolling. Remove the wheel. 
2 Support the rear lower control arm with a 
floor jack positioned under the spring pocket. 

Warning: The jack must remain in this posi- 

tion throughout the entire procedure. 
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7.4 Remove the hub and bearing 
assembly mounting fasteners 

3 Open the rear hatch or trunk and remove 

the trunk liner or seat back (see Chapter 11). 
4 Remove the lower shock mounting bolt 
(see illustration). 

5 Remove the nuts securing the upper 

shock mount to the body (see illustration). 
6 Maneuver the shock out of the vehicle. 

If new shocks are to be installed, swap the 
bracket to the top of the new shock. 
7 Installation is the reverse of the removal 

procedure. Caution: New shock absorbers 

are gas-filled and come compressed and 

retained with a fiberglass strap. Do NOT 

remove the strap until the shock is installed. 

8 Tighten the mounting fasteners to the 

torque listed in this Chapter’s Specifications. 

Note: Before tightening the lower mounting 

fasteners, raise the lower arm to simulate nor- 
mal ride height. 

9 Suspension arms (rear) - removal 
and installation 

1 Loosen the wheel lug nuts, raise the 

vehicle and support it securely on jackstands. 

Block the front wheels to prevent the vehicle 

from rolling. Remove the wheel. 

8.4 Remove the rear shock lower 

mounting nut and bolt 

Upper suspension arm 
Refer to illustration 9.6 

2 Remove the brake caliper and caliper 
mounting bracket. 

3 Remove the rear shock absorber (see 

Section 8). Warning: Be sure to support 

the lower control arm with a floor jack posi- 

tioned under the spring pocket. The jack must 

remain in this position throughout the entire 
procedure. 

4 Remove the upper balljoint nut. Install a 

balljoint removal tool to separate the ballstud 
from the knuckle. 

5 Support the rear differential and sub- 

frame with a floor jack. Loosen the subframe 

bolts enough to allow access to the upper 

control arm mounting nut/bolts. Note: Some 

items will need to be removed in order to 

lower the subframe, but it is not necessary to 

completely remove the subframe (see Sec- 
tion 13). 

6 Remove the mounting nut/bolts from 

the inner end of the arm (see illustration). 
Remove the arm from the vehicle. 

7 Installation is the reverse of removal. 
Tighten the fasteners to the torque listed in 

this Chapter’s Specifications. Note: Before 

8.5 Remove the shock mount-to-body nuts 9.6 Upper suspension arm mounting nut/bolt locations 
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9.12 Trailing arm mounting fastener locations 

tightening the inner pivot bolts/nuts, raise the 
lower arm to simulate normal ride height. 

Lower suspension arm 
8 Remove the coil spring (see Section 10).. 
9 Remove the lower arm inner nut/bolt and 
remove the arm from the vehicle (see Sec- 

tion 10). 
10 Installation is the reverse of removal. 
Tighten the fasteners to the torque listed in 

this Chapter’s Specifications. Note: Before 
tightening any pivot bolts/nuts, raise the lower 

arm to simulate normal ride height. 

Trailing arm 
Refer to illustration 9.12 

11. Support the lower control arm with a floor 

jack. 
12 Remove the trailing arm-to-knuckle nut/ 

bolt (see illustration). 
13. Remove the trailing arm-to-subframe 
nut/bolt and remove the arm. 
14 Installation is the reverse of removal. 
Tighten the fasteners to the torque listed in 

this Chapter’s Specifications. 
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10.8 Lower suspension arm mounting 
fastener locations 

Toe-link arm 

Refer to illustration 9.17 

15 On 2008 and later models, it may be nec- 

essary to support, unbolt and lower the front 

of the subframe (see Section 13) to access 

the inner toe-link bolt. 

16 Remove the inner toe-link nut/bolt. 
17 Remove the outer toe-link bolt (see illus- 
tration), then remove the link arm. 
18 Installation is the reverse of removal. 

Tighten the fasteners to the torque listed in 

this Chapter’s Specifications. 

10 Coil spring (rear) - removal and 

installation 

Refer to illustrations 10.8 and 10.9 

Warning: Always replace the springs as a set 

- never replace just one of them. 
1 Loosen the wheel lug nuts, raise the 

rear of the vehicle and support it securely on 
jackstands. Block the front wheels to prevent 
the vehicle from rolling. Remove the wheel. 

2 Support the lower control arm with a floor 

10.9 Slowly lower the floor jack until the 

coil spring is fully extended, then remove 

; the spring 

9.17 Toe-link arm outer mounting bolt location 

jack positioned underneath the coil spring 

pocket. 
3. If removing the right side coil spring, 

remove the brake line mounting bracket nuts 

and bolts, and remove the bracket. 

4 Remove the shock absorber lower 

mounting bolt (see illustration 8.4), then 
slowly lower the arm and remove the bolt. 

5 Loosen the driveaxle/hub nut until it 

reaches the end of the threads, then push the 
driveaxle into the hub enough to just loosen 

the splines. 

6 Detach the stabilizer bar link from the 

lower control arm (see Section 14). 

7 Detach the trailing arm and toe-link arm 

from the knuckle (see Section 9). 

8 Loosen the lower control arm inner pivot 

bolt and remove the outer bolt (see illustra- 

tion). 

9 Pull the steering knuckle outward while 

pushing the driveaxle into the hub (an assis- 
tant would be helpful), then slowly lower the 

jack to extend the coil spring. Once there is 
no more load on the spring, remove it from 

the control arm (see illustration). Caution: 
Be careful not to overextend the inner CV joint 

of the driveaxle. 
10 If you’re working on a 2007 or earlier 

model, and you can’t lower the control arm 

far enough to allow the spring to fully extend, 
support the subframe with another floor jack 

on the side from which the spring is being 

removed. Remove the subframe bolts (see 
illustration 13.27) on that side and slowly 

lower the subframe an adequate amount to 
allow spring extension. 
11 Mark the position of the coil spring to the 
spring insulators. 

12 Check the spring for cracks and chips, 
replacing the springs as a set if any defects are 

found. Also check the insulators for damage 

and deterioration, replacing it if necessary. 
13 Installation is the reverse of removal. Be 

sure to properly orient the lower end of the 

spring with the insulator. Connect all suspen- 

sion components before tightening any fasten- 
ers. Note: Before tightening any pivot bolts/ — 
nuts, raise the lower arm to simulate normal 

ride height. 
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14 Install a new driveaxle/nub nut and 

tighten it to the torque listed in the Chapter 8 
Specifications. Install the wheel and lug nuts, 
then lower the vehicle and tighten the lug nuts 
to the torque listed in the Chapter 1 Specifica- 
tions. 

15 Have the wheel alignment checked and, 
if necessary, adjusted. 

11 Hub and bearing assembly (rear) 
- removal and installation 

1. __ Loosen the wheel lug nuts and drive- 
axle/hub nut. Raise the vehicle and support it 
securely on jackstands, then remove the wheel. 
2 _Unbolt and set aside the caliper and cali- 
per mounting bracket. Do not let the caliper 

hang by the brake hose; wire the caliper to 
the spring or shock absorber with mechanic's 
wire. 

3 Remove the brake disc (see Chapter 9). 
4 Remove the driveaxle/hub nut. 

5 If you’re working on a 2007 or earlier 
model, disconnect the wheel speed sensor 

electrical connector and free the harness 
from any retaining clips. If you’re working on a 
2008 or later model, remove the wheel speed 
sensor from the knuckle (see Chapter 9). 

6 Remove the three hub mounting bolts 

from the back side of the rear knuckle. Note: 
It might be necessary to push the outer end 
of the driveaxle into the hub to allow bolt 
removal. 

7 Remove the hub nut and slide the hub 
and bearing assembly from the rear knuckle. 
If the driveaxle splines stick in the hub splines, 

use a two- or three-jaw puller to push the 

driveaxle from the hub as the hub is removed 

from the knuckle. - 
8 Installation is the reverse of removal. 

Tighten the fasteners to the proper torque 
specifications. Use a new driveaxle/hub nut 

and tighten it to the torque listed in the Chap- 
ter 8 Specifications. Tighten the brake com- 

ponent fasteners to the torque values listed in 
the Chapter 9 Specifications. Install the wheel 

and lug nuts, then lower the vehicle and 

tighten the lug nuts to the torque listed in the 

Chapter 1 Specifications. 

42 Rear knuckle and hub - removal 

and installation 

Warning: Dust created by the brake system is 
harmful to your health. Never blow it out with 

compressed air and don’t inhale any of it. Do 

not, under any circumstances, use petroleum- 

based solvents to clean brake parts. Use 

brake system cleaner only. 
Warning: Always support the lower control 

‘arm before removing the lower shock mount- 

ing bolts, because the lower control arm will 

drop about 3 inches. 

Removal 
4 Loosen the wheel lug nuts, raise the 

vehicle and support it securely on jackstands, 

13.13 Front subframe 

mounting bolt 

locations — 

then remove the wheel. Loosen the driveaxle/ 

hub nut (see Chapter 8) 
2 Remove the brake caliper (don’t discon- 
nect the hose), the caliper mounting bracket 

and the brake disc (see Chapter 9). Discon- 

nect the brake hose from the strut. Hang the 

caliper from the coil spring with a piece of wire 

- don’t let it hang by the brake hose. 

3. If you’re working on a 2007 or earlier 
model, disconnect the wheel speed sensor 

electrical connector and free the harness 

from any retaining clips. If you’re working on a 
2008 or later model, remove the wheel speed 

sensor from the knuckle (see Chapter 9). 
4 Disconnect the parking brake bracket 

and cable. 
5 Support the lower control arm with a floor 

jack placed under the spring pocket. Warning: 

The jack must remain in this position through- 

out the entire procedure. 
6 Separate the upper control arm balljoint 

from the knuckle (see Section 9). 

7 Detach the toe-link arm from the knuckle 

(see Section 9). 
8 Remove the shock absorber lower 
mounting bolt (see Section 8). 
9 Remove the lower control arm to knuckle 

bolt/nut (see Section 9). 
10 Remove the trailing arm to knuckle bolt/ 

nut (see Section 9). 
11. Remove the driveaxle/hub nut and push 

the driveaxle from the hub while removing the 

knuckle and hub assembly. Support the end of 

the driveaxle with a piece of wire and remove 

the knuckle. 

Installation 
12 Guide the knuckle and hub assembly 
into position, inserting the driveaxle into the 

hub. 
13 Connect the upper balljoint to the 

knuckle, but don’t tighten the fasteners yet. 
14 Reconnect the shock absorber (see Sec- 

tion 8), lower control arm, trailing arm and the 
toe-link arm (see Section 9). Raise the sus- 
pension to simulate normal ride height, then 
tighten the suspension fasteners to the torque 

values listed in this Chapter’s Specifications. 
15 Place the brake disc on the hub, install 

the disc-locating fastener, and install the cali- 

per (see Chapter 9). 
16 Install the driveaxle/hub nut and tighten 

it to the torque listed in the Chapter 8 Specifi- 
cations. 

17 Install the wheel and lug nuts. Lower the 

vehicle and tighten the lug nuts to the torque 

listed in the Chapter 1 Specifications. 

18 Have the wheel alignment checked and, 

if necessary, adjusted. 
s 

13 _Subframe - removal and 

installation 

Front 

Refer to illustration 13.13 

1 Raise the vehicle and support it securely 

on jackstands, then remove the wheels. 

2 Remove the engine splash shield and 

covers. 
3 __ Install an engine support fixture or engine 

hoist. 

4 Remove the electrical harness connec- 

tors and remove the harness from the sub- 
frame. 
5 Remove the brake lines from the frame. 
6 Disconnect the ABS modulator valve 
from the frame. 

7 Using metal wire, tie the radiator and air 
conditioning condenser to the body. 

8 Disconnect the lower stabilizer bar link 

(see Section 4). 
9 Remove the power steering gear mount- 

ing bolts (see Section 19) and tie the gear to 

the body with a wire. 

10 Disconnect the lower balljoint (see Sec- 
tion 5) and tie rod ends from the knuckle (see 
Section 17). 
11. Remove the shock absorber lower 

mounting bolts from the lower control arm 
(see Section 2). 
12 Remove the engine mount lower mount- 

ing nuts. 
13 Support the subframe with a transmis- 

sion jack and remove the subframe mounting 

bolts (see illustration). 
14 Raise the engine and transmission 
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13.24 Remove the fuel lines from the clips on the frame 

slightly using the engine support fixture or 

hoist. 

15 Slowly lower the transmission jack and 
subframe. 

16 Disconnect and remove the stabilizer bar 

and lower control arms from the subframe. 

17 With the help of an assistant, remove the 

subframe from under the vehicle. 

Rear 

Refer to illustrations 13.24, 13.26, 13.27 

and 13.28 

18 Loosen the rear wheel lug nuts. Raise 
the rear of the vehicle and support it securely 

on jackstands. Block the front wheels to keep 

the vehicle from rolling off the stands. Remove 

the rear wheels. 

19 Remove the exhaust system (see Chap- 

ter 4). 
20 Remove the driveshaft (see Chapter 8). 
21 Support the subframe and rear differen- 
tial assembly using a large transmission jack. 

22. Support the lower control arm with a floor 

jack positioned under the coil spring pocket, 

then remove the shock absorber lower mount- 

ing bolt. Slowly lower the floor jack. Repeat 

this on the other side. 

23 Disconnect the rear wheel speed sensor 

connectors. 

24 Remove the fuel lines from the mount- 

ing clips running down the body (see illustra- 
tion). 
25 If the rear crossmember is being lowered 

to access the EVAP canister or fuel tank, dis- 

connect the rear brake line bracket mounting 

nuts and pull the brake line bracket off the 

studs. If the crossmember is being replaced, 

disconnect and plug the brake lines (see 

Chapter 9). 

26 Disconnect the parking brake cable from 
the front parking brake cable connector (see 
illustration). 
27 With the subframe fully supported by 
the transmission jack, remove the subframe 
mounting bolts (see illustration). 

28 Lower the subframe from the vehicle 
(see illustration). 
29 Installation is the reverse of removal. If 
the brake lines were disconnected, bleed the 

brake system (see Chapter 9). 

13.26 Disconnect the rear parking brake bable from the front 

14 Stabilizer bar, bushings and links 

(rear) - removal and installation 

Removal 

Refer to illustrations 14.2 and 14.4 

1 Loosen the rear wheel lug nuts. Raise 
the rear of the vehicle and support it securely 

on jackstands. Block the front wheels to keep 
the vehicle from rolling off the stands. Remove 

the rear wheels. 

2 Detach the stabilizer bar links from the 

lower control arm and stabilizer bar. If the ball- 

stud turns with the nut, use an Allen wrench to 

hold the stud (see illustration). 
3 On 2008 and later models, Support the 

rear mufflers with a jack. Remove the muffler — 
hangers (see Chapter 4) and lower the rear 

exhaust. 

4 Remove the stabilizer bar bracket bolts 

(see illustration). Guide the stabilizer bar out 
from between the exhaust and the body. ~ 

5 While the stabilizer bar is off the vehicle, 

slide off the bushings and inspect them. If 

13.27 Rear subframe front (A) and rear (B) mounting bolts 13.28 Use a suitable transmission jack to remove the rear 
subframe/suspension assembly 
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“a 

14.2 Hold the ball stud using a Allen 

wrench and loosen the stabilizer link nut 

with a wrench 

they're cracked, worn or deteriorated, replace 
them. 
6 Clean the bushing area of the stabilizer 
bar with a stiff wire brush to remove any rust 
or dirt. 

Installation 
7 Lubricate the inside and outside of the 
new bushing with vegetable oil (used in cook- 
ing) to simplify reassembly. Caution: Don’t 
use petroleum or mineral-based lubricants or 

brake fluid - they will lead to deterioration of 
the bushings. The slits of the bushings must 

face the front of the vehicle. 

8 Installation is the reverse of removal. 
Tighten the fasteners to the torque values 
listed in this Chapter’s Specifications. 

15 Steering wheel - removal and 
installation 

Warning: These models are equipped with a 
Supplemental Restraint System (SRS), more 

airbag connectors 

15.3 Pry up the locking tabs, then disconnect the 

commonly known as airbags. Always disable 

the airbag system before working in the vicin- 

ity of any airbag system component to avoid 

the possibility of accidental deployment of the 

airbag(s), which could cause personal injury 

(see Chapter 12). 
Warning: Do not use a memory saving 

device to preserve the PCM or radio memory 
when working on or near airbag system com- 

ponents. 

Removal 

Refer to illustrations 15.2, 15.3, 15.6 and 15.8 

1 Turn the ignition key to Off, then discon- 

nect the cable from the negative terminal of 

the battery. Wait at least two minutes before 
proceeding. 
2 On 2007 and earlier models, turn the 
steering wheel so that the slots on the back 
side of the steering wheel are at the top and 

bottom. Insert special tool #J-44298 and push 

the tool apart to release the spring loaded air- 

bag module clips. On 2008 and later models, 

use a small screwdriver through the holes in 

15.2 Depress the clips through the holes 

on each side of the steering wheel to 

release the airbag (2008 and later 

model shown) 

the backside of the steering wheel to release 

the airbag module clips (see illustration). 

Gently pull the airbag module away from the 

wheel on the side you have released, then 

repeat this Step on the other side of the 

wheel. 

3 Pry up the connector locks and discon- 

nect the airbag module electrical connectors 

(see illustration). 

4 If turned in Step 2, turn the steering 

wheel so the wheels are pointing straight 

ahead and remove the key. 

5 Remove the airbag and set the airbag 

module in a safe, isolated area. Warning: 

Carry the airbag module with the trim side fac- 

ing away from you, and set the airbag module 

down with the trim side facing up. Don’t place 

anything on top of the airbag module. 

6 Make match marks on the wheel and 

the steering shaft, then remove the steering 

wheel mounting nut or bolt (see illustration). 
Rock the wheel lightly to remove it from the 

shaft. 

7 Feed the wires and connectors through 

the steering wheel as you remove it. 

15.6 Mark the position of the steering wheel to the shaft, then use 

a socket to loosen the steering wheel nut or bolt 
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15.8 Apply a piece of tape to the 
clockspring to prevent it from rotating 

e 

17.2b Mark the position of the tie-rod end 
in relation to the threads 

8 Tape the clockspring so that it cannot 

rotate (see illustration). Caution: Do not 
rotate the steering shaft at any time while the 

wheel and airbag are removed or the clock- 
spring could be damaged. 

9 If the clockspring is to be removed, 

remove the steering column covers (see 

Chapter 11), unplug its connectors and 
remove the mounting screws. 

Installation 
10 If the clockspring was removed, install it 
now, then center it (even if it was not removed, 

but if the inner rotor has turned, it must be 

centered). 

a) Rotate the inner rotor of the clockspring 

counterclockwise until you feel resis- 

tance. Caution: Don’t apply too much 

force. 

b) Turn the rotor clockwise approximately 2 
to 2-1/4 turns, placing the electrical con- 

nector in the 12 o'clock position. 

11 To install the wheel, feed the wiring and 

airbag connectors through the wheel and 

place the steering wheel on the steering shaft, 

aligning the match marks you made. 

16.4 Steering column details 

Steering column mounting bolt (1) 
Steering column mounting bolt (2) 

Steering column mounting nut (3) 
Steering column mounting nut (4) 
Intermediate steering shaft bolt 

Steering column wiring harness OaAR&®WNH => 

12 Tighten the steering wheel nut to the 

torque listed in this Chapter’s Specifications. 

13. The remainder of installation is the 

reverse of removal. Caution: Make sure the 

connectors fit correctly on the airbag module 

(with the safety tabs still UP). When connect- 
ing the two airbag connectors, follow the col- 

or-coding. The orange connector goes to the 

orange connection on the airbag. Do not push 

the connectors on if the clips are down. After 

the clips are secured, push the airbag module 

down toward the wheel until the retaining clips 
lock. : 

16 Steering column - removal and 
installation 

Warning: These models are equipped with a 

Supplemental Restraint System (SRS), more 
commonly known as airbags. Always disable 

the airbag system before working in the vicin- 
ity of any airbag system component to avoid 

the possibility of accidental deployment of the 

airbag(s), which could cause personal injury 
(see Chapter 12). 

Warning: Do not use a memory saving device 

to preserve the PCM or radio memory when 

working on or near airbag system compo- 

nents. 

Removal 

Refer to illustration 16.4 

1 Park the vehicle with the wheels pointing 

straight ahead. Disconnect the cable from the 
negative terminal of the battery (see Chap- 

ter 5). 

2 Remove the steering wheel (see Sec- 
tion 15) 

3 Remove the steering column covers, 
then tape the airbag clockspring to prevent 

17.2a Tie-rod end details 

1. Jam nut 

2 Locking nut 

3. Tie-rod end 

it from turning. Caution: /f this is not done, 
the airbag clockspring could be damaged. 

Remove the knee bolster trim panel and knee 

bolster (see Chapter 11, Section 24). 

4 Remove the intermediate shaft upper 

bolt and disconnect the steering shaft from 
the steering column (see illustration). 

5 Disconnect the electrical connectors for 

the multi-function switch (see Chapter 12). 
6 Remove the steering column mount- 

ing fasteners (see illustration 16.4). Lower 
the column and pull it to the rear, making sure 
nothing is still connected, then remove the col- 

umn. 

Installation , 
7 Guide the steering column into posi- 

tion, engaging the U-joint with the bottom of 

the steering shaft. Install the steering column 

mounting fasteners and tighten them to the 

torque listed in this Chapter’s Specifications. 
Note: An assistant will be very helpful during 
this procedure. 

8 Connect the U-joint to the intermediate 

shaft. Install a New intermediate shaft bolt, 
tightening it to the torque listed in this Chap- 
ter’s Specifications. 

9 The remainder of installation is the 
reverse of removal. 

17 Tie-rod ends - removal and 

installation 

Removal 

Refer to illustrations 17.2a, 17.2b and 17.4 

1 Loosen the front wheel lug nuts. Apply 
the parking brake, raise the front of the vehi- 

cle and support it securely on jackstands. 
Remove the front wheel. 

2 __ Hold the tie-rod with a pair of locking pli- 
ers or wrench, and loosen the jam nut enough 

to mark the position of the tie-rod end in rela- 

tion to the threads (see illustrations). 
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17.4 Disconnect the tie-rod end from the 

steering knuckle arm with a puller 

3 Loosen (but don’t remove) the locking 
nut on the tie-rod end stud. 

4 Disconnect the tie-rod end from the steer- 

ing knuckle arm with a puller (see illustration). 

Remove the nut and detach the tie-rod end. 

5 Unscrew the tie-rod end from the tie-rod. 

Installation 
6 Thread on the tie-rod end to the marked 
position and insert the stud into the steering 
knuckle arm. Tighten the jam nut securely. 

7 Install the locking nut on the stud and 
tighten it to the torque listed in this Chapter’s 

Specifications. 
8 _ Install the wheel and lug nuts. Lower the 
vehicle and tighten the lug nuts to the torque 

listed in the Chapter 1 Specifications. 
9 Have the alignment checked and, if nec- 

essary, adjusted. « 

18 Steering gear boots - 
replacement 

Refer to illustration 18.3 

4 Loosen the lug nuts, raise the vehicle and 

support it securely on jackstands. Remove the 

wheel. 
2 Remove the tie-rod end and jam nut (see 

Section 17). 
3 Remove the outer steering gear boot 
clamp with a pair of pliers (see illustration). 
Cut off the inner boot clamp with a pair of 

diagonal cutters. Slide off the boot. 
4 Before 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. 
5 Slide the new boot into position on the 

steering gear until it seats in the groove in the 

_ steering rod and install new clamps. 
6 Remove the tape and install the tie-rod 

end (see Section 17). . F 

7 Install the wheel and lug nuts. Lower the 

vehicle and tighten the lug nuts to the torque 

listed in the Chapter 1 Specifications. 

18.3 The outer ends of the steering gear 
boots are secured by band-type clamps 

(A); they’re easily released with a pair of 

pliers. The inner ends of the steering gear 
boots are retained by boot clamps (B) 

which must be cut off and discarded 

19 Steering gear - removal and 

installation 

Warning: These models are equipped with 

airbags. Always disable the airbag system 

before working in the vicinity of airbag system 

components (see Chapter 12). Make sure the 

steering column shaft is not turned while the 

steering gear is removed or you could dam- 

age the airbag system clockspring. To prevent 

the shaft from turning, turn the ignition key to 

the lock position before beginning work, and 

run the seat belt through the steering wheel 

and clip it into its latch. 

Removal 
1 Disconnect the cable from the negative 

terminal of the battery (see Chapter 5). 

2 From inside the vehicle under the instru- 

ment panel, remove and discard the interme- 

diate shaft pinch bolt and remove the shaft 

(see Section 15). 
3 Loosen the front wheel lug nuts. 

Raise the vehicle and place it securely on 

jackstands. Remove both front wheels. 
4 Detach the tie-rod ends from the steer- 

ing knuckles (see Section 17). 

5 Remove the splash shield. 

2007 and earlier models 
sk) Disconnect the VES electrical connector 

from the steering gear. 
7 Disconnect the stabilizer bar and links 

(see Section 4). 
8 Place a drain pan under the steering 

gear and detach the power steering pres- 

sure and return lines (see illustration). Cap 

the ends to prevent excessive fluid loss and 

contamination. Note: Some models have a 

sheetmetal shield (secured by two bolts) that 

must be removed for access to the fittings. 

9 Remove the steering gear mounting 

bolts and slide the steering gear out the driv- 
er’s side wheel opening. : 

2008 and later models 
10 Attach an engine support fixture or 
engine hoist to the engine. 

11. Disconnect the lower control arms from 

the steering knuckles (see Section 5). 
12 Disconnect the engine mounts from the 
subframe. 

13 Disconnect any wiring harnesses that 

may be connected to the subframe. 

14 Support the rear of the subframe with 
jackstands. 

15 Support the front of the subframe with a 

floor jack. Loosen the rear subframe mount- 

ing fasteners and remove the front subframe 

fasteners. 

16 Slightly raise the engine, then lower the 

front of the subframe with the jack. Continue 
raising the engine and lowering the front of 

the subframe until the steering gear can be 

removed. 

17 Remove the steering gear mounting 

bolts. 

18 Remove the steering gear from the vehi- 
cle. 

Installation 
19 Installation is the reverse of removal, 

noting the following points: 

a) When connecting the steering gear input 

shaft to the intermediate shaft U-joint, be 

sure to align the matchmarks, and install 

a new pinch bolt. 
b) Use new subframe mounting fasteners. 

c) Use a new banjo bolt and sealing wash- 

ers for the power steering pressure line. 
d) Tighten all fasteners to the torque values 

listed in this Chapter’s Specifications. 
e) Tighten the lug nuts to the torque listed 

' in the Chapter 1 Specifications. 
f) Fill the power steering reservoir with the 

recommended fluid (see Chapter 1). 
Bleed the power steering hydraulic sys- 

tem (see Section 21). 
g) Have the front end alignment checked 

and, if necessary, adjusted. 

20 Power steering pump - removal 

and installation 

Removal 

Refer to illustrations 20.8 and 20.9 

1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 
2 Remove the engine cover, the air filter 
housing and inlet air resonator (see Chap- 

ter 4). 
3 Using a large syringe or suction gun, 

siphon as much fluid out of the power steering 

fluid reservoir as possible. Place a drain pan 
under the vehicle to catch any fluid that spills 

out when the hoses are disconnected. On 

models with a remote fluid reservoir, remove 

the power steering fluid reservoir. 

4 Remove the drivebelt (see Chapter 1). 
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20.8 Install a power steering pulley 
removal tool onto the pulley and press the 

pulley off of the pump 

5 Disconnect the electrical connector at 

the power steering pump. 
6 Disconnect the supply and pressure 

hoses from the power steering pump. Note: 

On some models, all of the lines can’t be 
removed until the pulley has been removed. 

7 On 3.2L engines, rotate the pump pulley 

and remove the front mounting bolts through 

the holes in the pulley. 

8  Onall other models, install a power steer- 
ing pump pulley removal tool and remove the 

pulley (see illustration). 

9 Remove the pump mounting bolts and 

remove the power steering pump (see illus- 
tration). 

10 Unscrew and remove the mounting bolts, 
and withdraw the power steering pump from 
the engine. 

Installation 
11 Installation is the reverse of removal, 

noting the following points: 

a) Press the power steering pulley onto the 

pump to the same depth. 

b) Tighten the mounting bolts to the torque 
listed in this Chapter’s Specifications. 

c) Fill the power steering reservoir with the 

recommended fluid (see Chapter 1). 
Bleed the power steering hydraulic sys- 

tem (see Section 21). 

21 Power steering system - bleeding 

1. The power steering system must be bled 

whenever a line is disconnected. Bubbles can 
be seen in power steering fluid that has air in 

it and the fluid will often have a tan or milky 

appearance. Low fluid level can cause air to 

mix with the fluid, resulting in a noisy pump as 

well as foaming of the fluid. 

2. Open the hood and check the fluid level 

in the reservoir, adding the specified fluid nec- 

essary to bring it up to the proper level (see 

Chapter 1). 

3 Start the engine and slowly turn the 

steering wheel several times from left-to-right 

20.9 Once the pulley is removed, 
disconnect the line from the pump (A), 
and remove the mounting bolts (two of 

three shown) - typical 3.0L engine model 

and back again. Do not turn the wheel com- 

pletely from lock-to-lock. Check the fluid level, 

topping it up as necessary until it remains 

steady and no more bubbles are visible. 

22 Power steering fluid cooler - 

removal and installation 

1 Remove the engine covers. 

2 Raise the vehicle and support it securely 

on jackstands. Remove the splash shield. 

3 Place a drain pan under the power steer- 

ing cooler. 

V6 engines 

2007 and earlier models 
4 On 3.2L engines, remove the air intake 

duct (see Chapter 4). On 3.6L engines, 

remove the radiator (see Chapter 3). 
5 Disconnect the cooler hose clamps, then 

the hoses, and allow the fluid to drain. 
6 Remove the cooler-to-frame fasteners 

and remove the cooler. 

2008 and later models 
7 Loosen the front bumper cover enough 

to access the cooler bracket top fasteners 
(see Chapter 11). 

8 Loosen the cooler hose clamps, discon- 
nect the lines from the cooler and allow the 

fluid to drain. 

9 Remove the cooler bracket fasteners, 

then remove the cooler and bracket from 

under the vehicle. 

V8 engines 
10 On 2008 and later models, remove the 

front bumper cover (see Chapter 11). 

11 Loosen the cooler hose clamps, discon- 

nect the lines from the cooler and allow the 

fluid to drain. 

12 Remove the cooler bracket mounting 

fasteners, then remove the cooler and bracket 

from the vehicle. 

All models 
13 Installation is the reverse of removal. 

14 Fill the power steering reservoir with the 

recommended fluid (see Chapter 1). Bleed 
the power steering hydraulic system (see 

Section 21). 

23 Wheels and tires - general 
information 

Refer to illustration 23.1 

1 All vehicles covered by this manual are 
equipped with metric-sized fiberglass or steel 

belted radial tires (see illustration). Use of 

METRIC hee SIZES 
P 185 ae 

TIRE TYPE ee 
P-PASSENGER 
T-TEMPORARY 
C-COMMERCIAL 

ASPECT rs 
(SECTION HEIGHT) 

gh Pas 

tian DIAMETER 
(INCHES) 

(SECTION WIDTH) WIDTH) 

SECTION WIDTH 
(MILLIMETERS) 

185 

73 ag eh id ca TYPE 

B. BIAS BELTED 
D-DIAGONAL (BIAS) 

SECTION 
HEIGHT 

23.1 Metric tire size code 
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other size or type of tires may affect the ride 

and handling of the vehicle. Don’t mix differ- 

ent types of tires, such as radials and bias 
belted, on the same vehicle as handling may 

be seriously affected. It’s recommended that 

tires be replaced in pairs on the same axle, 

but if only one tire is being replaced, be sure 
it's the same size, structure and tread design 
as the other. 
2 Because tire pressure has a substantial 

effect on handling and wear, the pressure 

on all tires should be checked at least once 
a month or before any extended trips (see 
Chapter 1). 
3 Wheels must be replaced if they are 

bent, dented, leak air, have elongated bolt 

holes, are heavily rusted, out of vertical sym- 
metry or if the lug nuts won't stay tight. Wheel 
repairs that use welding or peening are not 

recommended. 
4 Tire and wheel balance is important 

in the overall handling, braking and perfor- 

mance of the vehicle. Unbalanced wheels can 
adversely affect handling and ride character- 
istics as well as tire life. Whenever a tire is 
installed on a wheel, the tire and wheel should 

be balanced by a shop with the proper equip- 

ment. 

- 24 Wheel alignment - general 

information 

Refer to illustration 24.1 

A wheel alignment refers to the adjust- 
ments made to the wheels so they are in 

proper angular relationship to the suspension 

and the ground. Wheels that are out of proper 

alignment not only affect vehicle control, but 
also increase tire wear. The front end angles 

normally measured are camber, caster and 
toe-in (see illustration). Toe-in and camber 

are adjustable; if the caster is not correct, 

check for bent components. Rear toe-in is 

also adjustable. 
Getting the proper wheel alignment is a 

very exacting process, one in which compli- 

cated and expensive machines are necessary 

to perform the job properly. Because of this, 

you should have a technician with the proper 

equipment perform these tasks. We will, how- 

ever, use this space to give you a basic idea 

of what is involved with a wheel alignment so 

you can better understand the process and 

deal intelligently with the shop that does the 

work. 
Toe-in is the turning in of the wheels. The 

purpose of a toe specification is to ensure par- 

allel rolling of the wheels. In a vehicle with zero 

toe-in, the distance between the front edges 

of the wheels will be the same as the dis- 

tance between the rear edges of the wheels. 

The actual amount of toe-in is normally only a 

- fraction of an inch. On the front end, toe-in is 

Centerline 
of 

Vehicle 

CAMBER ANGLE (FRONT VIEW) 

Vertical | ertica Centerline 
of Ball 

Joint Axis 

TOE-IN (TOP VIEW) 

24.1 Camber, caster and toe-in angles 

A minus B = C (degrees camber) 

D = degrees caster 

controlled by the tie-rod end position on the 

tie-rod. On the rear end, it’s controlled by a 

threaded toe-link. Incorrect toe-in will cause 

the tires to wear improperly by making them 

scrub against the road surface. 
Camber is the tilting of the wheels from 

vertical when viewed from one end of the 

vehicle. When the wheels tilt out at the top, 

the camber is said to be positive (+). When the 

wheels tilt in at the top the camber is negative 

(-). The amount of tilt is measured in degrees 

from vertical and this measurement is called 

E minus F = toe-in (measured in inches) 

G = toe-in (expressed in degrees) 

the camber angle. This angle affects the 

amount of tire tread which contacts the road 

and compensates for changes in the suspen- 

sion geometry when the vehicle is cornering 

or traveling over an undulating surface. 

Caster is the tilting of the front steering 

axis from the vertical. A tilt toward the rear is 

positive caster and a tilt toward the front is 

negative caster. On the front end, caster can 

only be adjusted by installing a new upper 

control arm with offset bushings. On the rear 

end, caster isn’t adjustable. 



10-18 Chapter 10 Suspension and steering systems 
Ee 

Notes 



Chapter 11 Body 

11-1 

Contents af 

Body repair - Major dAMAGE.........-.rereseereerreenes 

Body repair - MiNOr CAMAGE..........:eeceeeeeeeeneeeees 

Bumper covers - removal and installation ........... 

Center floor console - removal and installation 

Cowl panels - removal and installation................ 

Dashboard trim panels - removal and installation 

Door - removal, installation and adjustment........ 

Door latch, lock cylinder and handles - removal and installation... 15 

Door trim panel - removal and installation........... 

Door window glass - removal and installation ..... 

Door window regulator and motor - removal and installation ........ 17 

Fastener and trim removal............:ccceceeteeeeeseeseee 

Front fender - removal and installation................ 

General information ...........::ccscccessseeeseessteeereeeenes 

i 

4. General information 
[ae ee 

Warning: The models covered by this 

manual are equipped with Supplemental 

Restraint Systems (SRS), more commonly. 

known as airbags. Always disable the airbag 

system before working in the vicinity of any 

airbag system components to avoid the pos- 

sibility of accidental deployment of the air- 

bags, which could cause personal injury (see 

Chapter 12). 

Certain body components are particu- 

larly vulnerable to accident damage and can 

be unbolted and repaired or replaced. Among 

Section Section 

sigan dan eee teotecttes rs 4 Hood - removal, installation and adjuStMent ...........:.ceceeesseeeeeees if 

hs Beit sae taceee eae 3 Hood latch and release cable - removal and installation............... 8 

sist clades Setrenas 9 Instrument panel - removal and installation.............::ssssceeseeeseens 26 

ot: are Paste 23 Liftgate strut - removal and installation...........:ssesseeeeeeeesesens 22 

sed Sy ene toes tases 12 Liftgate trim panels (wagon) - removal and installation ...............-. 21 

duoktseae teatro 24 Mirrors - removal and installation ..........cccceccccsecteeeessreteeeseteeseeetens 18 

saloate tomeapoas eat 14 Package tray - removal and installation............::sssceeeseneereerens 28 

Radiator grille - removal and installation ............::scecseseeerenerersens 11 

Seed oe eae: 13 Repair of minor paint SCratCheS............sseseeeereeeeeeseeeeeteneeneneeeees 2 

sheet taoteten cence Ries 16 Seats - removal and installation ............ccccsesecccssssesseeesseeee 2 

Steering column covers - removal and installation... 25 

Hebert aco eae 6 Trunk lid - removal and installation..............:ccceeeesseererereeeerenseaees 19 

sa PR SPE osataes 10 Trunk lid latch and striker - removal and installation ..........00. 20 

Lecineaisatereae Stewetee 1 Upholstery, carpets and vinyl trim - maintenance... is) 

these parts are the hood, doors, tailgate, lift- 

gate, bumpers and front fenders. 
Only general body maintenance prac- 

tices and body panel repair procedures within 

the scope of the do-it-yourselfer are included 

in this Chapter. 
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Make sure the damaged area is perfectly clean and rust free. If the touch-up kit has a wire 
brush, use it to clean the scratch or chip. Or use fine steel wool wrapped around the end 

of a pencil. Clean the scratched or chipped surface only, not the good paint surrounding it. 
Rinse the area with water and allow it to dry thoroughly 

2 Repair of minor paint scratches 

No matter how hard you try to keep your 
vehicle looking like new, it will inevitably be 

scratched, chipped or dented at some point. If 

the metal is actually dented, seek the advice of 

a professional. But you can fix minor scratches 

and chips yourself. Buy a touch-up paint kit 

from a dealer service department or an auto 

parts store. To ensure that you get the right 

color, you’ll need to have the specific make, 

model and year of your vehicle and, ideally, the 

paint code, which is located on a special metal 

plate under the hood or in the door jamb. 

3 Body repair - minor damage 

Plastic body panels 
The following repair procedures are for 

minor scratches and gouges. Repair of more 

serious damage should be left to a dealer ser- 

vice department or qualified auto body shop. 

Below is a list of the equipment and materials 

necessary to perform the following repair pro- 

cedures on plastic body panels. 

Wax, grease and silicone removing 

solvent 

Cloth-backed body tape 
Sanding discs 

Drill motor with three-inch disc holder 

Hand sanding block 

Rubber squeegees 

Sandpaper 

Non-porous mixing palette 

Wood paddle or putty knife 

Curved-tooth body file 

Flexible parts repair material 

Flexible panels (bumper trim) 
1 Remove the damaged panel, if neces- 

sary or desirable. In most cases, repairs can 
be carried out with the panel installed. 

If the vehicle has a two-coat finish, apply 
the clear coat after the color 

coat has dried 

2 Clean the area(s) to be repaired with a 
wax, grease and silicone removing solvent 

applied with a water-dampened cloth. 

3 If the damage is structural, that is, if it 

extends through the panel, clean the backside 
of the panel area to be repaired as well. Wipe 
dry. 

4 Sand the rear surface about 1-1/2 inches 
beyond the break. 

5 Cut two pieces of fiberglass cloth large 

enough to overlap the break by about 1-1/2 
inches. Cut only to the required length. 

6  Mixthe adhesive from the repair kit accord- 

ing to the instructions included with the kit, and 

apply a layer of the mixture approximately 1/8- 
inch thick on the backside of the panel. Overlap 
the break by at least 1-1/2 inches. 

7 Apply one piece of fiberglass cloth to the 

adhesive and cover the cloth with additional 

adhesive. Apply a second piece of fiberglass 
cloth to the adhesive and immediately cover 

the cloth with additional adhesive in sufficient 
quantity to fill the weave. 

Thoroughly mix the paint, then apply a 
small amount with the touch-up kit brush 

or a very fine artist’s brush. Brush in one 
direction as you fill the scratch area. Do 
not build up the paint higher than the 

surrounding paint 

Wait a few days for the paint to dry 
thoroughly, then rub out the repainted 

area with a polishing compound to blend 

the new paint with the surrounding area. 

When you're happy with your work, wash 

and polish the area 

8 Allow the repair to cure for 20 to 30 min- 
utes at 60-degrees to 80-degrees F. 

9 Ifnecessary, trim the excess repair mate- 
rial at the edge. 

10 Remove all of the paint film over and 

around the area(s) to be repaired. The repair 
material should not overlap the painted sur- 
face. 
11 With a drill motor and a sanding disc (or 
a rotary file), cut a “V” along the break line 
approximately 1/2-inch wide. Remove all dust 
and loose particles from the repair area. 
12 Mix and apply the repair material. Apply 
a light coat first over the damaged area; then 
continue applying material until it reaches a 
level slightly higher than the surrounding finish. 
13 Cure the mixture for 20 to 30 minutes at 
60-degrees to 80-degrees F. 
14 Roughly establish the contour of the area 
being repaired with a body file. If low areas or 
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pits remain, mix and apply additional adhesive. 
15 Block sand the damaged area with sand- 

paper to establish the actual contour of the 

surrounding surface. 

16 If desired, the repaired area can be 
temporarily protected with several light coats 

of primer. Because of the special paints and 
techniques required for flexible body panels, it 

is recommended that the vehicle be taken to a 

paint shop for completion of the body repair. 

Steel body panels 
See photo sequence 

Repair of dents 
17 When repairing dents, the first job is to 
pull the dent out until the affected area is as 

close as possible to its original shape. There 

is no point in trying to restore the original 

shape completely as the metal in the dam- 
aged area will have stretched on impact and 

‘cannot be restored to its original contours. It 

is better to bring the level of the dent up to 

a point that is about 1/8-inch below the level 

of the surrounding metal. In cases where the 

dent is very shallow, it is not worth trying to 

pull it out at all. 
18 If the backside of the dent is acces- 
sible, it can be hammered out gently from 
behind using a soft-face hammer. While doing 
this, hold a block of wood firmly against the . 
opposite side of the metal to absorb the ham- 
mer blows and prevent the metal from being 

stretched. 
19 If the dent is in a section of the body 
which has double layers, or some other factor 
makes it inaccessible from behind, a different 

technique is required. Drill several small holes 

through the metal inside the damaged area, 
particularly in the deeper sections. Screw long, 

self-tapping screws into the holés just enough 

for them to get a good grip in the metal. Now 

pulling on the protruding heads of the screws 

with locking pliers can pull out the dent. 
20 The next stage of repair is the removal 

_ of paint from the damaged area and from 

an inch or so 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 for filling, score the 

surface of the bare metal with a screwdriver 

_ or the tang of a file or drill small holes in the 

affected area. This will provide a good grip for 

the filler material. To complete the repair, see 

the Section on filling and painting. 

Repair of rust holes or gashes 

21 Remove all paint from the affected 

area and from an inch or so of the surround- 

ing metal using a sanding disk or wire brush 

mounted in a drill motor. If these are not avail- 

able, a few sheets of sandpaper will do the 

job just as effectively. 

22 With the paint removed, you will be able 

to determine the severity of the corrosion and 

decide whether to replace the whole panel, 

if possible, or repair the affected area. New 

body panels are not as expensive as most 

people think and it is often quicker to install a 
new panel than to repair large areas of rust. 

23 Remove all trim pieces from the affected 
area except those which will act as a guide to 

the original shape of the damaged body, such 
as headlight shells, etc. Using metal snips or 

a hacksaw blade, remove all loose metal and 

any other metal that is badly affected by rust. 

Hammer the edges of the hole in to create a 

slight depression for the filler material. 
24 Wire-brush the affected area to remove 

the powdery rust from the surface of the 

metal. If the back of the rusted area is acces- 

sible, treat it with rust inhibiting paint. 
25 Before filling is done, block the hole in 

some way. This can be done with sheet metal 

riveted or screwed into place, or by stuffing 

the hole with wire mesh. 
26 Once the hole is blocked off, the affected 
area can be filled and painted. See the follow- 

ing subsection on filling and painting. 

Filling and painting 
27 Many types of body fillers are available, 

but generally speaking, body repair kits which 

contain filler paste and a tube of resin hard- 

ener are best for this type of repair work. A 

wide, flexible plastic or nylon applicator will be 

necessary for imparting a smooth and con- 

toured finish to the surface of the filler mate- 
rial. Mix up a small amount of filler on a clean 

piece of wood or cardboard (use the hardener 

sparingly). Follow the manufacturer’s instruc- 
tions on the package, otherwise the filler will 

set incorrectly. 
28 Using the applicator, apply the filler paste 

to the prepared area. Draw the applicator 

across the surface of the filler to achieve the 

desired contour and to level the filler surface. As 
soon as a contour that approximates the origi- 

nal one is achieved, stop working the paste. If 

you continue, the paste will begin to stick to the 

applicator. Continue to add thin layers of paste 

at 20-minute intervals until the level of the filler 

is just above the surrounding metal. 
29 . Once the filler has hardened, the excess 

can be removed with a body file. From then 

on, progressively finer grades of sandpaper 

should be used, starting with a 180-grit paper 

and finishing with 600-grit wet-or-dry paper. 

Always wrap the sandpaper around a flat rub- 

ber or wooden block, otherwise the surface 

of the filler will not be completely flat. During 

the sanding of the filler surface, the wet-or-dry 

paper should be periodically rinsed in water. 

This will ensure that a very smooth finish is 

produced in the final stage. 

30 At this point, the repair area should be 

surrounded by a ring of bare metal, which in 

turn should be encircled by the finely feath- 

ered edge of good paint. Rinse the repair area 

with clean water until all of the dust produced 

by the sanding operation is gone. 

31 Spray the entire area with a light coat 

of primer. This will reveal any imperfec- 

tions in the surface of the filler. Repair 

the imperfections with fresh filler paste or 

glaze filler and once more smooth the sur- 

face with sandpaper. Repeat this spray- 

and-repair procedure until you are satisfied 
that the surface of the filler and the feath- 

ered edge of the paint are perfect. Rinse 
the area with clean water and allow it to dry 

completely. 
32 The repair area is now ready for painting. 

Spray painting must be carried out in a warm, 
dry, windless and dust free atmosphere. 

These conditions can be created if you have 

access to a large indoor work area, but if you 

are forced to work in the open, you will have to 

pick the day very carefully. If you are working 

indoors, dousing the floor in the work area with 

water will help settle the dust that would other- 

wise be in the air. If the repair area is confined 

to one body panel, mask off the surrounding 

panels. This will help minimize the effects of 

a slight mismatch in paint color. Trim pieces 

such as chrome strips, door handles, etc., will 

also need to be masked off or removed. Use 

masking tape and several thickness of news- 

paper for the masking operations. 

33 Before spraying, shake the paint can 

thoroughly, then spray a test area until the 

spray painting technique is mastered. Cover 

the repair area with a thick coat of primer. 

The thickness should be built up using sev- 

eral thin layers of primer rather than one thick 

one. Using 600-grit wet-or-dry sandpaper, 

rub down the surface of the primer until it is 

very smooth. While doing this, the work area 

should be thoroughly rinsed with water and 
the wet-or-dry sandpaper periodically rinsed 

as well. Allow the primer to dry before spray- 

ing additional coats. 
34 Spray on the top coat, again building 
up the thickness by using several thin layers . 

of paint. Begin spraying in the center of the 

repair area and then, using a circular motion, 

work out until the whole repair area and about 

two inches of the surrounding original paint is 

covered. Remove all masking material 10 to 

45 minutes after spraying on the final coat of 

paint. Allow the new paint at least two weeks 

to harden, then use a very fine rubbing com- 

pound to blend the edges of the new paint into 

the existing paint. Finally, apply a coat of wax 

4 Body repair - major damage 

1 Major damage must be repaired by an 
auto body shop specifically equipped to per- 

form body and frame repairs. These shops 

have the specialized equipment required to 

do the job properly. 
2 if the damage is extensive, the frame 

must be checked for proper alignment or 

the vehicle’s handling characteristics may 
be adversely affected and other components 

may wear at an accelerated rate. 

3 Due to the fact that all of the major body 
components (hood, fenders, etc.) are separate 

and replaceable units, any seriously damaged 

components should be replaced rather than 

repaired. Sometimes the components can be 

found in a wrecking yard that specializes in 
used vehicle components, often at consider- 

able savings over the cost of new parts. 
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These photos illustrate a method of repairing simple dents. They are intended to supplement Body repair - minor 
damage in this Chapter and should not be used as the sole instructions for body repair on these vehicles. 

Wa, . 

" 
% Me 

1 If you can’t access the backside of the body panel to hammer 2 Using coarse-grit sandpaper, remove the paint down to the bare 
out the dent, pull it out with a slide-hammer-type dent puller. metal. Clean the repair area with wax/silicone remover. 
Tap with a hammer near the edge of the dent to help ‘pop’ the 

metal back to its original shape, about 1/8-inch below 
the surface of the surrounding metal 

3 Following label instructions, mix up a batch of plastic filler 4 Let the filler harden until you can just dent it with your 
and hardener, then quickly press it into the metal with a plastic fingernail. File, then sand the filler down until it's smooth and 
applicator. Work the filler until it matches the original contour even. Work down to finer grits of sandpaper - always using a 

and is slightly above the surrounding metal board or block - ending up with 360 or 400 grit 

5 When the area is smooth to the touch, clean the area and 6 Fill imperfections or scratches with glazing compound. Sand 
mask around it. Apply several layers of primer to the area. A with 360 or 400-grit and re-spray. Finish sand the primer with 

professional-type spray gun is being used here, but 600 grit, clean thoroughly, then apply the finish coat. Don’t 
aerosol spray primer works fine attempt to rub out or wax the repair area until the paint 

has dried completely (at least two weeks) 
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5 Upholstery, carpets and vinyl 
trim - maintenance 

Upholstery and carpets 
4 Every three months remove the floormats 
and clean the interior of the vehicle (more fre- 

quently if necessary). Use a stiff whiskbroom 
to brush the carpeting and loosen dirt and 

dust, then vacuum the upholstery and carpets 

thoroughly, especially along seams and crev- 

ices. 
2 Dirt and stains can be removed from 
carpeting with basic household or automo- 
tive carpet shampoos available in spray cans. 

Follow the directions and vacuum again, then 
use a stiff brush to bring back the “nap” of the 

carpet. 

3 Most interiors have cloth or vinyl uphol- 

stery, either of which can be cleaned and 

maintained with a number of material-specific 

cleaners or shampoos available in auto supply 

stores. Follow the directions on the product for 

usage, and always spot-test any upholstery 

cleaner on an inconspicuous area (bottom 

edge of a backseat cushion) to ensure that it 
doesn't cause a color shift in the material. 

4 After cleaning, vinyl upholstery should be 

treated with a protectant. Note: Make sure the 
protectant container indicates the product can 

be used on seats - some products may make 

a seat too slippery. Caution: Do not use pro- 

tectant on vinyl-covered steering wheels. 
5 Leather upholstery requires special care. 
It should be cleaned regularly with saddle- 
soap or leather cleaner. Never use alcohol, 

gasoline, nail polish remover or thinner to 

clean leather upholstery. 
6 After cleaning, regularly treat leather 
upholstery with a leather conditioner, rubbed 

in with a soft cotton cloth. Never use car wax 

on leather upholstery. 
7 _In areas where the interior of the vehi- 
cle is subject to bright sunlight, cover leather 

seating areas of the seats with a sheet if 
the vehicle is to be left out for any length of 

time. 

Vinyl trim 
8 Don’t clean vinyl trim with detergents, 

caustic soap or petroleum-based cleaners. 

Plain soap and water works just fine, with a 
soft brush to clean dirt that may be ingrained. 

Wash the vinyl as frequently as the rest of the 

vehicle. 

9 After cleaning, application of a high-qual- 
ity rubber and vinyl protectant will help prevent 

oxidation and cracks. The protectant can also 

be applied to weather-stripping, vacuum lines 

and rubber hoses, which often fail as a result 
of chemical degradation, and to the tires. 

6 Fastener and trim removal 

Refer to illustration 6.4 

1 There is a variety of plastic fasten- 

ers used to hold trim panels, splash shields 
and other parts in place in addition to typical 

screws, nuts and bolts. Once you are familiar 

with them, they can usually be removed with- 

out too much difficulty. 
2. The proper tools and approach can pre- 

vent added time and expense to a project by 

minimizing the number of broken fasteners 

and/or parts. 
3 The following illustration shows various 

types of fasteners that are typically used on 

most vehicles and how to remove and install 

them (see illustration). Replacement fasten- 
ers are commonly found at most auto parts 

stores, if necessary. 

This tool is designed to remove 
| special fasteners. A small pry tool 

used for removing nails will also 
work well in place of this tool 

This type of fastener is used 
commonly for interior panels. 
Use a small blunt tool to press 

the small pin at the center in to 
release it... 

APhillips head screwdriver can be 

used to release the center portion, 

| but light pressure must be used be- | _ 
cause the plastic is easily damaged. 
Once the center is up, the fastener 
can easily be pried from its hole 

Here is a view with the center 

portion fully released. Install the 

fastener as shown, then press the | 

center in to set it 

.. the pin will stay with 

the fastener in the 
released position 

| Reset the fastener for installation 

| by moving the pin out. Install the | 
| fastener, then press the pin flush 

with the fastener to set it 

This fastener is used for exterior 
panels and shields. The center 
portion must be pried up to 

release the fastener. Install the 

fastener with the center up, then 

press the center in to set it 

This fastener is used for exterior 
and interior panels. It has no 
moving parts. Simply pry the 

: fastener from its hole like the claw 
of ahammer removes a nail. 

Without a tool that can get under | — 
the top of the fastener, it can be 

very difficult to remove 
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6.4 These small 

plastic pry tools are 

ideal for prying off 
trim panels 

4 Trim panels are typically made of plastic 

and their flexibility can help during removal. 

The key to their removal is to use a tool to 

pry the panel near its retainers to release 
it without damaging surrounding areas or 

breaking-off any retainers. The retainers will 

usually snap out of their designated slot or 

hole after force is applied to them. Stiff plas- 
tic tools designed for prying on trim panels 
are available at most auto parts stores (see 
illustration). Tools that are tapered and 
wrapped in protective tape, such as a screw- 

driver or small pry tool, are also very effec- 

tive when used with care. 

7 Hood - removal, installation and 

adjustment 

Note: The hood is awkward to remove and 
install; at least two people should perform this 
procedure. 

Removal and installation 

Refer to illustrations 7.2 and 7.3 

1 Open the hood, then place blankets or 

pads over the fenders and cowl area of the 

hood bolts 

7.3 Support the hood with your shoulder while removing the 

body. This will protect the body and paint as 
the hood is lifted off. 

2 Make marks around the hood hinge to 

ensure proper alignment during installation 
(see illustration). 

3 Have an assistant support one side of 

the hood. Grasp the lower corner of the hood 

and use your shoulder to brace the hood (see 

illustration). Disconnect the hood strut and 
take turns removing the hinge-to-hood bolts 
and lift off the hood. 

4 Installation is the reverse of removal. 

Align the hinge bolts with the marks made in 
Step 2. 

Adjustment 
Refer to illustration 7.8 

5 Fore-and-aft and side-to-side adjustment 
of the hood is done by moving the hinges after 

loosening the hinge-to-body bolts. 

6 Loosen the bolts and move the hood 
into correct alignment. Move it only a little at 
a time. Tighten the hinge bolts and carefully 
lower the hood to check the position. 

7 _ The hood can also be adjusted vertically 
so that it’s flush with the fenders. 

8 Turn each cushion clockwise to lower the 

7.2 Draw alignment marks around the 

hood hinges to ensure proper alignment 

of the hood. when it’s reinstalled 

hood or counterclockwise to raise the hood 
(see illustration). 

9 The hood latch assembly, as well as the 

hinges, should be periodically lubricated with 

white, lithium-base grease to prevent binding 
and wear. 

8 Hood latch and release cable - 

removal and installation 

Hood latch 

Refer to illustrations 8.1 and 8.2 

1. Open the hood and scribe a line around 

the latch to aid alignment when installing. 
Remove the retaining bolts securing the hood 

latch to the radiator support (see illustration). 
Remove the latch. 

2 Squeeze the cable retainer to release 

the cable from the latch assembly, then dis- 

engage the cable end plug from the latch (see 
illustration). 

3 Installation is the reverse of removal. 

7.8 There are two vertical height adjustment cushions on the 
radiator support adjacent to the front fenders 



8.1 Hood latch assembly bolts 

Release cable 

Refer to illustration 8.9 

4 Working in the engine compartment, 
remove the hood latch and disconnect the 
hood release cable from the latch (see Steps 1 

and 2). 
5 _ Detach the two release cable clips from 

the radiator grille opening panel reinforce- 

ment. 

6 _Loosen the wheel lug nuts. Raise the 

vehicle and support it securely on jackstands. 

Remove the left front wheel. Remove the 

inner fender splash shield (see Section 10). 

7 Open the two release cable clips in the 

upper part of the fender opening and detach 

the release cable from the clips. 

8 Disengage the release cable clip from 

the wiring harness. 

9 Remove the two hood release handle 

mounting bolts (see illustration) and pull out 

the handle. Disengage the release cable from 

the release handle and pull the release cable 

through the firewall. 

10 Installation is the reverse of removal. 

9.10 Radiator support trim panel fasteners 
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8.2 Hood release cable connection at 

latch assembly: 

1 Retainer fingers 
2 Cable end plug 

aS Se eS 

9 Bumper covers - removal and 

installation 

Note: Refer to Section 6 for fastener and trim 

removal. 

Front bumper cover 

2007 and earlier models 
4 Carefully pull up and remove the radiator 

support trim panel. 

2 Loosen the front wheel lug nuts, raise the 

vehicle and support it securely on jackstands. 

Remove the front wheels and splash shield. 

3 Disconnect the electrical connectors from 

the fog lamps, if equipped (see Chapter 12). 

4 Remove the fasteners that secure the 

inner fender splash shields to the bumper 

cover. 

5 Remove the push-pin retainers across 

the upper edge of the bumper cover. 

6 Remove the bumper cover lower fasten- 

ers that secure the upper rear edges of the 

bumper cover to the fender. 

11-7 

8.9 Hood release cable and release 

handle details: 

1. Release handle mounting bolts 

2 Release cable retainer 

3 Release cable end plug 

7. Using a flashlight, do a final inspection 

and verify that the bumper cover is completely 

detached, all electrical connectors are discon- 

nected and all wiring harnesses are safely out 

of the way. 
8 With anassistant’s help, remove the front 

bumper cover. 
9 Installation is the reverse of removal. 

2008 and later models 

Refer to illustrations 9.10, 9.12 and 9.15 

10 Remove the engine compartment 

weather strip and radiator support trim panel 

fasteners and remove the panel (see illustra- 

tion). 
11 Loosen the front wheel lug nuts, raise the 

vehicle and support it securely on jackstands. 

Remove the front wheels. 

42 Remove the fasteners that secure the 

inner fender splash shields to the bumper 

cover (see illustration). 

13 Disconnect the electrical connectors from 

the fog lamps, if equipped (see Chapter 12). 

7 

9.12 Inner fender splash shield-to-bumper cover fasteners 
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9.15 Bumper cover lower fasteners 

14 Remove the bumper cover air deflector 

plastic retainers, then unclip and remove the 

air deflector. Note: There are approximately 
twenty of the plastic retainers. 

15 Remove the bumper cover lower fasten- 

ers (see illustration). 
16 Remove the bumper cover upper fasten- 
ers. 
17 Disengage the clips that secure the upper 

rear edges of the bumper cover to the fender. 

18 Using a flashlight, do a final inspection 
and verify that the bumper cover is completely 

detached, all electrical connectors are discon- 
nected and all wiring harnesses are safely out 
of the way. 

19 With an assistant’s help, remove the front 
bumper cover. 

20 Installation is the reverse of removal. 

Rear bumper cover 
21 Loosen the rear wheel lug nuts, raise the 

vehicle and support it securely on jackstands. 

Remove the rear wheels. “ 

2007 and earlier models 
22 Toaccess the rear bumper cover screws, 
remove the pin-type retainers from the rear 

part of the wheel well splash shield and push 

the shields aside. 

23 Cut off or drill out the three push-type 
retainers from the underside center of the 

bumper cover. 

24 Open the trunk and remove the rear sill 
panel fasteners and sill panel. 

25 Remove the four rear nuts from inside 
the trunk. 

26 Remove the bolts from under each cor- 
ner of the bumper. 

27 Using a flashlight, do a final inspection 

and verify that the bumper cover is completely 

detached. 

28 With an assistant’s help, remove the rear 
bumper cover. 

29 Installation is the reverse of removal. 

Again, get help when putting the bumper 

9.32 Rear bumper lower pin-type 

fastener locations 

10.9 Front fender mounting nut (inside 
rear part of the wheel well) 

cover back into position. 

2008 and later models 

Refer to illustration 9.32 

30 Toaccess the rear bumper cover screws, 

remove the wheel well splash shield and push 
the shields aside. 

31 Remove the screw from the underside of 
each upper front corner of the bumper cover. 

32 Remove the pin-type fasteners from 

the underside of the rear bumper cover (See 
illustration). 

33 Disconnect the rear fog light electri- 

cal connector and the tire pressure indicator 
receiver. 

34 Remove the taillight housings (see 

Chapter 12). On wagon models, insert a 
screwdriver between the bumper cover ahd 

the cover fasteners. Slide a small screwdriver 
into the bumper cover opening and push in 

the tabs one at a time, then pull up on the 
cover at the same time to gradually release 
the cover. 

35 Using a flashlight, do a final inspection 

10.7 Front fender lower bolts 

and verify that the bumper cover is completely 
detached, all electrical connectors are discon- 

nected and all wiring harnesses are safely out 
of the way. 

36 With an assistant’s help, remove the rear 
bumper cover. 

37 Installation is the reverse of removal. 

Again, get help when putting the bumper 
cover back into position. 

10 Front fender - removal and 

installation 

Refer to illustrations 10.7, 10.9 and 10.10 

Note: Refer to Section 6 for fastener and trim 
removal. 

1 Remove the headlight housing (see 
Chapter 12). 

2 __Loosen the front wheel lug nuts. Raise 

the vehicle, support it securely on jackstands 
and remove the front wheel. 

3 Remove the fasteners that secure the 

inner fender splash shield (see illustration 
9.12) and remove the splash shield. 

4 Remove the front bumper cover (see 
Section 9). 

5 Using a trim tool, disengage the front 
rocker panel clips and remove the rocker 
panel. On wagon models, remove the push- 

pin clips at the front and rear of the rocker 
panel, then disengage the remaining panel 
clips. 

6 On 2007 and earlier models, remove the 

mounting fasteners on the front side of the 
fender. 

7 Remove the two lower fender bolts (see 
illustration). 

8 Open the front door, then remove the 

rear fender bolt from inside the doorjamb. 
9 Remove the front fender mounting nut 

from inside the back part of the front wheel: 
well (see illustration). co 
10 Remove the fender upper bolts and the 
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inner rear fender bolt (see illustration), then 
lift off the fender. It’s a good idea to have an 

assistant support the fender while it’s being 
moved away from the vehicle to prevent dam- 

age to the surrounding body panels. 
41 Installation is the reverse of removal. 

Check the alignment of the fender to the hood 
and front edge of the door before tightening 

the bolts. 

11 Radiator grille - removal and 

installation 

4 Remove the front bumper cover (see 

Section 9). 

2007 and earlier models 
2 Remove the push-pin type retainers 

along the outer edge of the grille. 
3 Remove the grille from the bumper 

cover. 
4 Installation is the reverse of removal. 

42.3 Upper left side cowl panel fastener locations (2008 and later 

models, other models similar) 

10.10 Front fender upper mounting bolts 

N 

12.2 Upper right side cowl panel fastener locations (2008 and 

A. . 

later models, other models similar) 

2008 and later models 
5 From the back side of the bumper cover, 

squeeze the lower and side retainers out from 

the tabs on the bumper cover using pliers. 

6 Pull the grille away from the bumper 

cover to disengage the upper clips, then 

remove the grille. 
7 Installation is the reverse of removal. 

2 

12 Cowl panels - removal and 

installation 

Note: Refer to Section 6 for fastener and trim 

removal techniques. 

Upper cowl panel 
Refer to illustrations 12.2 and 12.3 
4 Remove the wiper arms (see Chap- 

ter 12, Section 18). 
2 Remove the screws from the right side 

upper cowl panel (see illustration) and 

remove the panel. 
3. Remove the screws, pin-type retainers 

and any retainer clips from the left side upper 

cowl panel (see illustration). 
4 Remove the upper cowl panel. 

5 Installation is the reverse of removal. 

Lower cowl panel 
Refer to illustration 12.7 

6 Remove the upper cowl panels (see 

Steps 1 through 4). 
7 Remove the nuts/bolts from the lower 
cowl panel (see illustration) and remove the 

lower cowl panel. 
8 Installation is the reverse of removal. 

13 Door trim panel - removal and 

installation 

Caution: Wear gloves when working inside 

the door openings to protect against sharp 

metal edges. 
Note: This procedure applies to both front 

and rear door trim panels. 

12.7 Lower cowl panel fastener locations (2008 and later models, 

other models similar) 
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13:8 Remove the trim cover from the 

inside door handle 

13.10b ... then disconnect the 

electrical connectors 

13.11 Pry the trunk release switch out of 

the door panel 

13.9 Remove the trim cover from 

the armrest 

Note: Refer to Section 6 for fastener and trim 

removal. f 
1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

2007 and earlier models 
2 __ Lower the window and unlock the door. 
3 Insert a screwdriver into the opening in 

the door lock knob, disconnect the retaining 
clip and remove the knob. 

4 Remove the trim cover from inside door 

handle bezel and pull the bezel outwards. Use 

a screwdriver to release the tabs and remove 

the bezel from the panel. 

5 ‘Pry the trim cap out from under the pull 

handle of the armrest and remove the screws. 

6 To detach the door trim panel from its 
mounting clips, work your way around the 
periphery of the trim panel, carefully prying 
loose the clips with a suitable door trim removal 

tool (see illustration 13.13), then pull off the 
panel and disconnect any electrical connectors. 

7 Installation is the reverse of removal. 

13.12 Remove the door trim panel 

mounting screws 

13.10a Pry the power window switch out 

of the armrest... 

2008 and later models 

Refer to illustrations 13.8, 13.9, 13.10a, 

13.10b, 13.11, 13.12, 13.13, 13.14 and 13.15 

8 Remove the trim cover from the inside 
door handle bezel (see illustration). 

9 Pry the trim cover from the armrest (see 
illustration). 

10 Carefully pry the back end of the switch, 

lift up the panel and disconnect the electrical 

connectors from the power window switch 
(see illustrations). 

11 Pry out the trunk release and disconnect 

the electrical connector (see illustration). 
12 Remove the door trim panel screws from 
the armrest and from the bezel (see illustra- 
tion). 

13 To detach the door trim panel from its 

mounting clips, work your way around the 

edge of the trim panel, carefully prying loose 

the clips with a suitable door trim removal tool 
(see illustration), then pull off the panel and 
disconnect any electrical connectors. 

Web tay 
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13.13 Carefully pry the door trim panel 
loose from its mounting clips 



, 

14 Disconnect the actuator cable from the 
inside door handle (see illustration). 

15 Carefully pry off the window frame trim, if 
equipped (see illustration). 
16 Installation is the reverse of removal. 

14 Door - removal, installation and 

adjustment 

Warning: The models covered by this manual 
are equipped with Supplemental Restraint 
Systems (SRS), more commonly known as 

airbags. Always disable the airbag system 
before working in the vicinity of any airbag 
system component to avoid the possibility of 

- accidental deployment of the airbag, which 
could cause personal injury (see Chapter 12). 

A 

Removal and installation 

Refer to illustrations 14.4 and 14.5 

Note: The door is heavy and somewhat awk- 

ward to remove - at least two people should 

perform this procedure. 

14.4 Door assembly details: 

1 Wiring harness rubber conduit 

2  Doorhinge mounting bolts 

13.14 Disconnect the inside door handle cable from the handle 
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Note: This procedure applies to front and rear 

doors. 
1 Raise the window completely in the door. 

2 Disconnect the cable from the negative 
battery terminal (see Chapter 5). 
3 Open the door all the way and support 

it with a jack or blocks covered with rags to 
prevent damaging the outer surface. 
4 Pull off the rubber conduit (see illustra- 

tion) that protects the door’s wiring harness, 

then disconnect the connector. 
5 Remove the door stop strut mounting 

bolt (see illustration). 
6° Mark around the door hinges with a pen 

or a scribe to facilitate realignment during 

installation. 
7 With an assistant holding the door to 

steady it, remove the hinge-to-door bolts and 

lift off the door. 
8 Installation is the reverse of removal. 

Adjustment 
Refer to illustration 14.12 

9 Correct door-to-body alignment is a criti- 
cal part of a well-functioning door assembly. 

11-11 

13.15 Disengage the window frame trim panel 

First check the door hinge pins for excessive 

play. Fully open the door and lift up and down 

on the door without lifting the body. If a door 

has 1/16-inch or more excessive play, replace 

the hinges. 
10 If you need to adjust or replace the 

hinges for a front door, remove the front 

fender (see Section 10). 
11. Make door-to-body alignment adjust- 

ments by loosening the hinge-to-body bolts 

or hinge-to-door bolts and moving the door. 

When body alignment is correct, the top of 

each door is parallel with the roof section, 

the front door is flush with the fender, the 

rear door is flush with the rear quarter panel 

and the bottom of each door is aligned with 

the lower rocker panel. If you’re unable to 

adjust the door correctly, you might be able 

to obtain body alignment shims that are 

inserted behind the hinges to correctly align 

the door. 
12 To adjust the door-closed position, 

scribe a line or mark around the striker plate 

to provide a reference point, then verify that 

the door latch is contacting the center of the 

14.12 Adjust the door latch striker by 

loosening the mounting screws and gently 
tapping the striker in the desired direction 
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15.6 Remove the trim cap for the outside 

door handle retaining screw 

striker. If not, adjust the up and down position 
first. To move the striker, tap it gently with a 

* small hammer (see illustration). 
13. Once the door latch is contacting the 

center of the striker, adjust the latch striker 

sideways position, so that the door panel 

is flush with the center pillar or rear quarter 
panel and provides positive engagement with 

the latch mechanism. 

15 Door latch, lock cylinder 

and handles - removal and 

installation 

Outside door handle lever 

2007 and earlier models 

1 Raise the window all the way up then 

remove the door trim panel and watershield 

(see Section 13). 
2 Remove the anti-theft shield fasteners 
from the door jamb. Remove the anti-theft 
shield push-pin to the door handle fastener 

15.18 Remove the trim cap to access the 

outside door handle reinforcement interior 
retaining screw 

15.7 Remove the outside door 

handle cover 

and remove the shield from inside the door, if 

equipped. 

3 Pry open the plastic clip for the lock cylin- 

der rod-to-door latch and the handle rod, then 

disconnect the rods from the latch assembly. 

4 Remove the watershield, then remove 

the door handle nuts. Remove the handle and 

rods from outside the door. 

5 Installation is the reverse of removal. 

2008 and later models 

Refer to illustrations 15.6, 15.7 and 15.8 

Note: This procedure only applies to the out- 

side door handle lever. If you need to replace 

the outside door handle reinforcement (the 
actual mechanism for the outside door han- 

dle) and lock, you will need to remove it along 

with the door latch as a single assembly, then 

disconnect it from the latch (see Steps 17 
through 22). 

6 Remove the trim cap for the outside 
handle retaining screw (see illustration) and 
remove the screw. 

7 Remove the watershield, then remove 

15.19 Remove the outside door handle 

reinforcement exterior retaining screw 

15.8 To disengage the outside 
door handle lever from the handle 

reinforcement inside the door, pull it out 

of the door and to the rear 

the cover from the outside handle (see illus- 
tration). 

8 To remove the outside door handle, pull 

it out of the door and to the rear to disengage 

it from the handle reinforcement inside the 

door (see illustration). 

9 Remove and inspect the outside door 

handle seals. If the seals are cracked, torn or 

otherwise deteriorated, replace them. 

10 Installation is the reverse of removal. 

Inside door handle 

2007 and earlier models 
11. Remove the door trim panel (see Sec- 
tion 13). 

12 Remove the inside door handle retaining 
bolt and detach the handle assembly from the 
door. 

13 Disconnect the actuator rod from the 

inside door handle, then remove the handle. 

14 Installation is the reverse of removal. 

2008 and later models 
15 Remove the door trim panel (see Sec- 

tion 13), disconnect the actuator cable 
from the inside door handle (see illustrat- 

ion 13.14), then remove the handle from the 
door panel. 

16 Installation is the reverse of removal. 

Door latch or outside door 

handle reinforcement (2008 
and later models) 
Refer to illustration 15.18, 15.19, 15.20, 

15.21a, 15.21b and 15.22 

17 Remove the outside door handle lever 
(see Steps 6 through 8), then remove the 

door trim panel (see Section 13). 
18 Remove the trim cap for the outside door 

handle reinforcement retaining screw (see 
illustration) and remove the screw. 

19 Remove the outside door handle rein- 
forcement exterior retaining screw (see illus- 
tration) and remove the reinforcement. 
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15.20 Door latch mounting fasteners 

20 Remove the latch mounting fasteners 

(see illustration). 
21 Pull out the latch and rods from the door 

as a single assembly, then disconnect the 
rods and electrical connector (see illustra- 

tions) from the latch if you haven't already 

done so. Disconnect the inside door handle 

actuator cable from the latch (for help, see 
illustration 13.14; it’s the same setup at both 

ends of the cable). 
22 Place the latch and outside door handle 

reinforcement on a clean workbench, then 

disconnect the outside handle and lock cylin- 
der actuator rods from the latch or from the 

outside door handle reinforcement (see illus- 

tration). 
23 Installation is the reverse of removal. 

Door lock cylinder 
24 On 2007 and earlier models, remove 
the door latch and outside door handle (see 

Steps 1 through 4). 
25 On 2008 and later models, remove the 
door latch and outside door handle reinforce- 

ment (see Steps 17 through 22). 

26 On 2008 and later models, remove the 

E-clip and rod arm from the lock cylinder 

16.2 Remove the watershield 

15.21a Disconnect the actuator rods from 

the door latch 

27 Press the release button and remove the 

lock cylinder. 
28 When installing the lock cylinder, push it 

all the way into the outside door handle rein- 

forcement until it clicks into place. 
29 Installation is otherwise the reverse of 

removal. 

16 Door window glass - removal and 

installation 

Refer to illustrations 16.2 and 16.3 

41 Remove the door trim panel (see Sec- 

tion 13). 
2 Remove the watershield (see illustra- 

tion). 
3 Raise the window glass until the glass 
clamp bolts are accessible through the access 

holes (see illustration). Loosen (but don’t 
remove) both glass clamp bolts, then secure 
the window in place with tape so that it won't 

go down. Note: /f the door window regulator 
motor is broken or disconnected, you'll have 

to remove it (see Section 17) and move the 

window glass manually. 

15.21b Rotate the latch electrical 
connector lock to disengage the wiring 

15.22 To disconnect the actuator 

rods from the outside door handle 

reinforcement, angle the reinforcement as 

necessary to disengage each rod 

4 Lower the window regulator, then guide 
the window up and tilt it outward to remove it 

through the window opening. 

5 Installation is the reverse of removal. 

16.3 Front window glass clamp bolts 



17.4 Power window regulator motor mounting screws 

17 Door window regulator and 

motor - removal and installation 

Regulator motor 
Refer to illustration 17.4 

1 Remove the door trim panel (see Sec- 
tion 13). 
2 ~ Partially open the window, if possible, 
then disconnect the electrical connector from 

the regulator motor. 
3 Secure the window in place with tape. 

4 Remove the three regulator motor 
mounting screws (see illustration), then 
remove the motor. 

5 Installation is the reverse of removal. 

Regulator assembly 
Refer to illustration 17.9 

6 Remove the door trim panel (see Sec- 
tion 13). 

7 Remove the watershield and remove the 

window glass (see Section 16). 
8 Lower the window regulator mechanism 

until it is three quarters of the way down. 
9 Remove the regulator assembly mount- 

18.3 Mirror electrical connector (1) and 
mounting nuts (2) 
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ing bolts (see illustration), then remove the 

regulator and disconnect the electrical con- 
nectors. 

10 Installation is the reverse of removal. 

18 Mirrors - removal and installation 

Side view mirror 

Refer to illustration 18.3 

1 Remove the door trim panel (see Sec- 
tion 13). 
2 Remove the window frame trim panel 

(see illustration 13.15). If the mirror cover 
is equipped with a speaker, disconnect the 

speaker electrical connector. 

3 Disconnect the electrical connector from 

the mirror and remove the mirror mounting 

nuts (see illustration) and mirror. 
4 Installation is the reverse of removal. 

Mirror glass replacement 

Refer to illustration 18.5 

Caution: The mirror glass breaks easily; pro- 
tection such as safety glasses and gloves 
should be worn to prevent injury. 

18.5 Insert a flat 

plastic trim tool 

between the two tabs 

17.9 Regulator assembly mounting bolt locations 

5 _Using a plastic trim tool, insert the tool 

between the two tabs (see illustration) in the 
outer corner and twist until the glass is free of 

the motor. Note: On 2007 and earlier models, 

insert the trim tool from the top of the mirror. 

6 Disconnect the electrical connectors, if 

equipped with heated mirrors. 

7 Connect the wires to the mirror glass and 

snap the mirror glass onto the motor. 

Inside mirror 
8 Disconnect the sensor cover clips, 

remove the cover(s) and electrical connector. 

9 To remove/install the mirror, remove/ 

install the Torx screw or set screw at the base 

on the windshield. 

10 If the mount plate itself has come off the 

windshield, adhesive kits are available at auto 

parts stores to re-secure it. Follow the instruc- 

tions included with the kit. 

19 Trunk lid - removal and 

installation 

Refer to illustrations 19.1, 19.2 and 19.4 

Note: The trunk lid is heavy and awkward to ° 
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19.1 Trunk lid trim 
panel pin-type 

fasteners 

19.4 Draw alignment marks around the 

trunk hinges to ensure proper alignment, 

then remove the trunk lid hinge fasteners 
“ 

remove and install, so have a helper handy to 

assist you. 
1 Remove the trunk lid trim panel fasten- 

ers (see illustration). 
~2 Remove the pull down handle fastener 

covers and fasteners (see illustration), then 

remove the panel. 
3 Disconnect the electrical connectors 
from all wiring between the vehicle body and 

20.6 Trunk striker 

emergency release 

cable (1) and 
mounting nuts (2) 

20.2 Trunk lid latch electrical connector 

(1) and mounting nuts (2) 

the trunk lid. Disengage all wiring harness 

clips and set the harnesses aside. 

4 Make marks around the trunk lid hinges 

to ensure proper alignment during installation 

(see illustration). 
5 With an assistant helping you to support 

the trunk lid, remove the fasteners from the 
trunk lid hinges and remove the trunk lid. 
6 Installation is the reverse of removal. 

i 

19.2 Pull down handle fasteners 

20.5 Remove the trunk sill panel fasteners 
from each corner 

.20 Trunk lid latch and striker - 

removal and installation 

Trunk latch 

Refer to illustration 20.2 

1 Remove the trunk lid trim panel (see 

Section 19). 
2 Disconnect the electrical connector from 

the trunk lid latch (see illustration). 
3 Remove the latch mounting fasteners 

and remove the latch. 

4 Installation is the reverse of removal. 

Trunk striker 

Refer to illustrations 20.5 and 20.6 

5 Remove the trunk sill panel fasteners 

from each end and pry the panel out (see 

illustration). 
6 Disconnect the emergency release cable 

from the trunk striker (see illustration). 
7 Remove the striker mounting fasteners 

and remove the striker. 
8 Installation is the reverse of removal. 
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23.7 Pry out the outer trim panels from 
the center console 

21 Liftgate trim panels (wagon) - 

removal and installation 

Caution: /f the liftgate or liftgate actuator is 
removed, the liftgate must be recalibrated to 
open and close properly. This will have to be 

done by a dealer service department because 
the maximum and minimum openings and air 

temperature for the liftgate control module 
must be programmed. 
1 To replace the liftgate, the liftgate actua- 
tor mounted to the roof (under the headliner) 
must be disconnected. To disconnect the actu- 
ator, the headliner must be removed; we do 

not recommend attempting this repair. Warn- 
ing: Head impact energy-absorbing material 

is glued to the headliner and trims. If this is 
damaged during removal, it could cause per- 
sonal injury (see Chapter 12). 

Interior trim panels 
2 Open the liftgate. 

Upper trim panel 
3 Carefully pry the upper trim panel out, 

disengaging the retaining clips around the 
edge of the panel. 

4 Remove the panel from the liftgate. 
5 Installation is the reverse of removal. 

Lower trim panel 
6 Remove the upper trim panel (see 
Steps 3 and 4). 

7 Using a small screwdriver, remove the 
retaining screw covers and screws from inside 

the pull down handle openings on both sides 
of the liftgate. 
8 To detach the liftgate trim panel from 
its mounting clips, work your way around the 

edge of the trim panel, carefully prying loose 

the clips with a suitable door trim removal tool. 
Pull off the panel and disconnect any electri- 

cal connectors. 
9 Installation is the reverse of removal. 

23.8 Carefully pry up the shift lever boot 

Exterior trim panel 
10 Remove the upper interior trim panel 

(see Steps 3 and 4). 
11. Disconnect the electrical connectors to 
the radio antenna module and high mount 
brake light. Disconnect the rear wiper washer 

hose. 
12 From inside the vehicle, remove the 
plastic access plugs and remove the exterior 

panel mounting nuts. 

13. Use a small 12 point (8 mm) socket to 
push over the three center retainers and dis- 

engage them. 
14 Detach the liftgate. trim panel from the 

last two outer mounting clips, carefully pry- 
ing loose the clips with a suitable door trim 

removal tool. 

15 Installation is the reverse of removal. 

22 Liftgate strut - removal and 

installation 

Warning: The models covered by this manual 

are equipped with Supplemental Restraint 

Systems (SRS), more commonly known as 
airbags. Always disable the airbag system 

before working in the vicinity of any airbag 

system component to avoid the possibility of 
accidental deployment of the airbag, which 

could cause personal injury (see Chapter 12). 
Warning: Head impact energy-absorbing 
material is glued to the headliner and trims. 

If this is damaged during removal, it could 

cause personal injury (see Chapter 12). 
1 Open and support the liftgate. 

2 Carefully remove the rear headliner 

trim and pull the rear of the headliner down 

enough to access the end of the strut. 
3 Disconnect the metal locking clip from 
the ends of the strut. 

4 Remove the strut from the ball studs. 

5 Installation is the reverse of removal. 

Make sure the arrow on the strut is pointing 
towards the roof of the vehicle. 

= 

23.9 Carefully pry off the shift lever 

trim ring 

23 Center floor console - removal 

and installation 

2007 and earlier models 
1. Slide the front seats all the way rear- 
ward, pry out the console side trim panels and 

remove the bolts from the front of the console, 

one on each side, then slide the seats all the 

way forward. 

2 Remove the four bolts in the rear of the 

console, two from each side. 

3 Using a trim removal tool, carefully pry 

off the shift lever trim ring from the console 
and disconnect the wiring. 

4 Lift up the console and disconnect all 

electrical connectors from the console. 

5 Remove the center console. 

6 Installation is the reverse of removal. 

2008 and later models 

Refer to illustrations 23.7, 23.8, 23.9, 23.10, 

23.11, 23.12, 23.13 and 23.14 

7 Slide the front seats all the way forward, 

then pry up the console outer trim panels (see 
illustration). 

8 Pry the shift boot out of the shift console 

trim ring (see illustration). On manual trans- 
mission models, remove the shifter handle 

(see Chapter 7A). 

9 Pry out the shift console trim ring (see 
illustration). Note: On manual transmission 
models, the shift boot and ring should be pried 

out as an assembly. 

10 On 2010 and later models, remove the 

console top panel fasteners (see illustration) 
and pry out the panel, starting from the rear of 

the panel working your way towards the front. 

11 Remove the console storage compart- 

ment fasteners, lift the compartment out and 

disconnect the electrical connectors (see 
illustration). 

12 Slide the front seats all the way rear- 
ward, pull the carpet down and remove the 

bolt from each side (see illustration), then 
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23.10 Remove the console top panel fasteners, then pry the panel 
out from the rear (2010 and later models) 

23.12 Pull down the carpet and remove 
the console front lower fasteners 

slide the seats all the way forward. 
13 Pull the carpet back and remove the 

bolts from the rear of the console, one from 

each side (see illustration). 
44 Remove the console mounting bolts at 
the top of the console (see illustration). 
15 Lift up the console and disconnect 

all electrical connectors from the console. 

Remove the center console. 
16 Installation is the reverse of removal. 

LS 

24 Dashboard trim panels - removal 

and installation 
ney CEE EEE 

Warning: Models covered by this manual 

are equipped with a Supplemental Restraint 

System (SRS), more commonly known as 

airbags. Always disable the airbag system 

before working in the vicinity of any airbag 

system component to avoid the possibility of 

accidental deployment of the airbag, which 

could cause personal injury (see Chapter 12). 

Note: Refer to Section 6 for fastener and trim 

~ removal. 
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23.13 Pull back the carpet and remove the 

console rear fasteners 

1 Removing various dashboard trim pan- 

els provides access to electrical/electronic 

components such as the instrument cluster, 

the audio unit, the heater and air condition- 

ing control unit and various instrument panel- 

mounted switches. If you’re going to remove 

the entire instrument panel, you'll need to 

remove all of the trim panels to access the 

instrument panel mounting bolts. 

Left or right dashboard end 

trim panels 
Refer to illustration 24.2 

2 Carefully pry off the end trim panel (see 

illustration). 

3 Installation is the reverse of removal. 

Instrument cluster trim panel 
Refer to illustration 24.6 

4 On 2007 and earlier models, the cluster 

trim panel is a thin narrow trim piece that runs 

along the lower edge of the instrument clus- 

11-17 

23.11 Remove the storage bin fasteners and storage bin from the 

console, then disconnect the electrical connector underneath 

23.14 Center console forward upper 

mounting screws 

ter. Lower the column and pry the panel out. 

5 On 2008 and later models, remove the 

defroster and speaker panel (see Steps 40 

through 42). 

24.2 Pry off the end trim panel 
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24.6 Instrument cluster mounting fastener 

location (2008 and later models) 

6 On 2008 and later models, remove the 

cluster trim panel mounting fastener (see 
illustration), then pull the panel forward and 
out. 

7 Installation is the reverse of removal. 

...and the right appliqué from the 
instrument panel 

24.17 Pry up the upper trim panel from 

the center console 

24.8a Pry out the left appliqué... 

Left, center and right appliqués 
(2008 and later models) 
Refer to illustrations 24.8a, 24.8b and 24.8c 

8 Carefully pry off the left, center or right 
appliqué (see illustrations). 

9 Installation is the reverse of removal. 

Center trim panel 

2007 and earlier models 
10 Remove the radio (see Chapter 12). 
11 Remove the air conditioning control unit’ 
(see Chapter 3). 

12 Remove the center trim panel fasteners. 
13 Carefully pry off the center trim panel. 
14 Installation is the reverse of removal. 

2008 and later models 

Refer to illustration 24.17, 24.19 and 24.20 

15 Remove the center floor console top 

panel (see Section 23). 
16 Remove the center and right trim appli- 
qué (see Step 8). 

17 Remove the upper trim cover (see illus- 
tration). 

24.19 Center trim panel fastener locations 

24.8b ...the center appliqué ... 

18 Unclip the display panel and set it out of 
the way. 

19 Remove the center trim panel fasteners 

(see illustration). 
20 Carefully pry the center trim panel for- 
ward (see illustration), and disconnect all © 
electrical connectors. 

21 Remove the radio and air conditioning 
control module fasteners from the trim panel 

and separate the units as needed. 

22 Installation is the reverse of removal. 

Knee bolster trim panel and 

knee bolster 
Refer to illustrations 24.23, 24.24 and 24.25 

23 Remove the driver’s side insulator panel 

fasteners and remove the insulator panel (see 
illustration). 

24 Carefully pry off the knee bolster trim 
panel (see illustration). 

25 Remove the fasteners securing the knee 

bolster (see illustration) and remove the bol- 
ster. 

26 Installation is the reverse of removal. 

24.20 Carefully pry the center trim 

panel forward 
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24.23 Driver’s side insulator panel 

fastener locations 

Air register panels (2008 and 
later models) 
Refer to illustrations 24.29a and 24.29b 

27 Remove the left or right side end trim 

panel (see Step 2). 
28 Remove the left or right trim appliqué 

(see Step 8). 
29 Carefully pry out the register panel (see 
illustrations). Note: On some models, dis- 
connect the LED light electrical connector. 
30 Disconnect the electrical connectors 

from the switches (driver's side). 
31 Installation is the reverse of removal. 

Glove box 

2007 and earlier models 
32 Open the glove box door, depress the 
tabs where the hinge arms meét the door and 

disconnect the arms. 
33 Remove the door mounting screws and 

remove the door. 
34 Remove the mounting fasteners around 

the opening of the glove box and slide the box 

out, disconnecting any electrical connectors. 

35. Installation is the reverse of removal. 

=~ Shp 

24.37 Remove the mounting fasteners from below the glove box 

24.24 Carefully pry out the knee 

bolster panel 

24.29a Carefully pry out the driver’s side 
air register/switch panel 

2008 and later models 

" Refer to illustrations 24.37 and 24.38 
36 Remove the passenger’s side insulator 

panel fasteners, then remove the insulator 

panel. 
37 Remove the glove box mounting fasten- 

wae. 

24.25 Remove the knee bolster support 

fasteners 

24.29b Carefully pry out the passenger’s 

side air register panel 

ers below the box (see illustration). 
38 Open the glove box and remove the 

mounting fasteners (see illustration) then 

slide the box out, disconnecting any electrical 

connectors. 

39 Installation is the reverse of removal. 

24.38 Remove the mounting fasteners from inside the glove box 
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ram thatiastee aS 

24.41 Pry up the defrost panel, working 
towards the opposite side, disengaging 

the retaining clips 

Defroster/speaker trim panel 
Refer to illustrations 24.41 and 24.42 

40 Carefully pry out the A-pillar trim covers 
and disconnect the connector (see Section 26). 

41 Start prying the defrost panel up, discon- 

necting the retaining clips from one end to the 

other (see illustration). 
42 Disconnect the electrical connector (see 

illustration) in the center of the panel and 
remove the panel. 

43 Installation is the reverse of removal. 

25 Steering column covers - 

removal and installation 

Warning: Models covered by this manual 
are equipped with a Supplemental Restraint 

System (SRS), more commonly known as 

airbags. Always disable the airbag system 
before working in the vicinity of any airbag 
system component to avoid the possibility of 

accidental deployment of the airbag, which 
could cause personal injury (see Chapter 12). 

25.10a Disengage the lower left cover 

from the upper cover locking tabs... 

24.42 Disconnect the electrical connector 

to the light sensor 

1 Disconnect the cable from the negative 

terminal of the battery (see Chapter 5). 

2007 and earlier models 
2 Remove the steering wheel (see Chap- 
ter 10). 

3 Unscrew the tilt lever from the column. 

4 Remove the ignition lock cylinder (see 

Chapter 12). 
5 Remove the column lower cover fasteners 

then slide the end of the cover down and in. 

Unhook the cover from the front and remove 

the cover. 

6 Remove the upper cover fasteners and 
remove the cover. 

7 Installation is the reverse of removal. 

2008 and later models 

Refer to illustrations 25.9, 25.10a, 25.10b 

and 25.11 : 

8 Remove the knee bolster retaining screws 

and remove the knee bolster (see Section 24). 

9 Remove the mounting fasteners from the 

lower steering column covers (see illustra- 

tion). 

25.10b ... then do the same for the right 

side lower cover, and remove the covers 

25.9 Lower steering column cover 
retaining screw locations 

10 Press in on the sides of the lower covers 

to disengage the clips from the upper cover 
and separate the two covers (see illustra- 
tions). 
11 To remove the upper column cover, use a 

trim removal tool to separate the column cover 

flexible extension from the instrument cluster 

trim panel (see illustration) and remove the 

upper cover. 
12 Installation is the reverse of removal. 

26 Instrument panel - removal and 

installation 

Refer to illustrations 26.2a, 26.2b, 26.3 

and 26.9 

Warning: Models covered by this manual 
are equipped with a Supplemental Restraint 

System (SRS), more commonly known as 

airbags. Always disable the airbag system 

before working in the vicinity of any airbag 

system component to avoid the possibility of 
accidental deployment of the airbag, which 

25.11 Using a trim tool, disconnect the 
upper cover from the instrument panel 
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. could cause personal injury (see Chapter 12). 

Note: This is a difficult procedure for the home 
mechanic. There are many hidden fasteners, 
difficult angles to work in and many electrical 
connectors to tag and disconnect/connect. We 
recommend that this procedure be done only 

by an experienced do-it-yourselfer. 
Note: During removal of the instrument panel, 
make careful notes of how each piece comes 

off, where it fits in relation to other pieces and 
what holds it in place. If you note how each 

part is installed before removing it, getting the 
instrument panel back together again will be 

much easier. 

1 Remove the following parts: 
Steering wheel (see Chapter 10) 
All the dashboard trim panels and the 
glove box (see Section 24) 

Air conditioning and heater control 
assembly (see Chapter 3) 

Instrument cluster and radio (see Chap- 
ter 12) 

Defrost/speaker panel (see Section 24), if 
equipped. 

Front seats (though not absolutely 

necessary, removing both front seats 

allows more room to work and 
eliminates the possibility of the 
occurrence of damage to the seats 

during this procedure) 
Center floor console (see Section 23) 

2 Carefully remove the left and right A-pil- 
- lar (windshield pillar) trim panels (see illus- 

trations). 
3. Grasp each front door opening weather 

strip/sill panel/kick panels and pull it off (see 

illustration). 
4 _In the glove box area, disconnect all air 

conditioning system electrical connectors. 

5 Disconnect all electrical connectors 

and wiring harness clips located on the floor 

between the two front seats. 
6 Disconnect any other connectors, not 

already specifically mentioned, that connect 

wiring between the vehicle and the instrument 

panel. 
7 Check to be sure all electrical wiring is 
out of the way, where it will not interfere with 

26.3 Remove each of the front door opening weather strip/sill 

panel/kick panels 

26.2a Carefully pry off the A-pillar | 
trim panels 

instrument panel removal. 

8 Remove the steering column (see Chap- 

ter 10). 

9 Remove the instrument panel dash trim 

fasteners around the panel (see illustration). 

10 Remove the two hood release handle 

screws and set the handle aside (see Sec- 

tion 8). 
11. Remove the parking brake pedal fastens 

ers and lower the assembly. 

12 If equipped with a manual transmission, 

remove the clutch master cylinder (see Chap- 

ter 8). 
13 Disconnect the in-vehicle temperature 
sensor aspirator hoses from the heater core 

and evaporator core housing, if equipped, as 

follows: Separate the aspirator hose retain- 

ing clips from the heater core/evaporator core 

housing, then pull the hose away from the 

heater core/evaporator core housing. 

14 Remove the two bolts in the instrument 

cluster opening. 
15 Remove the instrument panel center 

brace fasteners and brace. 
16 Remove the bolts from the left and right 
lower corners of the instrument panel. 
17 Remove the instrument panel end bolts. 

Caution: To avoid damage to the instru- 

26.9 Instrument panel fastener locations (2010 model shown, 

26.2b Disconnect the plastic retainer from 
the A-pillar trim panels 

\ 

ment panel when removing these last three 

bolts, have an assistant support the instru- 

ment panel. You'll also need an assistant’s 

help when installing the instrument panel and 

these three bolts. 
18 With an assistant helping you, remove 

the instrument panel from the vehicle. 

19 Installation is the reverse of removal. 

27 Seats - removal and installation 

Front seats 

Refer to illustrations 27.3 and 27.6 

Warning: All models covered by this manual 
are equipped with a Supplemental Restraint 

System (SRS), more commonly known as 
airbags. Always disable the airbag system 

before working in the vicinity of any airbag 

system component to avoid the possibility of 

accidental deployment of the airbag, which 

could cause personal injury (see Chapter 12). 

Caution: The seats are heavy, so have an 

assistant handy to help you lift the seat from 

the vehicle. 
Note: This procedure applies to the driver's 

and passenger's seats. 

other models similar) 
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1 Disconnect the battery (see Chapter 5). 
2 On models equipped with the seatbelt 

anchor, remove the cover from the seatbelt 

anchor, then remove the anchor bolt and dis- 

connect the seatbelt from the seat. 

3 Remove the covers from the seat mount- 

ing bolts and remove the seat mounting bolts 

(see illustration). 

4 Tilt the seat forward and disconnect all 

electrical connectors underneath the seat. 

5 Using a helper, carefully slide the seat 

back disengaging the locking tab at the front 

of the seat and lift the seat out of the vehi- 

cle. Warning: The seat is heavy, so trying to 

remove it by yourself could cause injury. 

6 Installation is the reverse of removal. 

Make sure the tabs on the seat track lock into 

the floor (see illustration). 

Rear seat cushion 
Refer to illustration 27.7 

7 On wagon models, open the left rear 

door, insert your hand between the carpet and 

the lower edge of the rear seat cushion, then 

push your hand toward the other side of the 

27.7 To disengage the rear seat cushion push down on the front 
of the seat and then push back and up 

27.3 Front seat mounting bolt covers and mounting bolts (rear) 

vehicle. The release lever for the rear seat 

cushion latches is located about 18 inches 
from the left rear door. On all models; push 
the rear seat cushion firmly to the rear to dis- 

engage the wire hoops on the underside of 

the rear part of the cushion from their retainer 
hooks (see illustration). 
8 Lift out the seat cushion. The cushion 
isn’t that heavy, but get help if you need it, so 
that you don’t hurt your back. 

9 When installing the seat cushion, make 
SURE that the wire hoops at the lower rear 

edge of the cushion engage the rear retainer 

hooks. And make sure that the two latches 
fully engage the lower front edge of the seat 
cushion. 

Rear seat backs 

Coupe and Sedan 

Refer to illustration 27.13 

10 Remove the rear seat cushion (see 
Steps 7 through 9). 

11. Open the trunk and remove the trunk 
liner pushpin fasteners and pull the liner from 

27.6 Front seat track mounting covers removed and track tabs 
locked into floor 

the back side of the seat. Remove the four 

nuts securing the upper section of the rear 

seat back. 

12 On 2007 and earlier models, remove the 

center seat belt and shoulder buckle mount- 

ing nuts the place the belt and buckle out of 
the way. 

13 Remove the lower fasteners from the 

front side of the seat back at the bottom (see 
illustration). 

14 Remove the seat back from the vehicle 

15 Installation is the reverse of removal. 

Wagon 
16 Remove the rear seat cushion (see 

Steps 7 and 8). 

17 Pull the release handle and lower the 
seat backs to the down position. 

18 Remove the mounting fastener at the 

bottom of the rear seat back bolster then 
unclip the top of the bolster to remove it. 

19 Remove the mounting bolt at the lower 
corner of each seat. 

20 Slide the seat backs off the rear center 
pivot pin and remove the seat back 

21 Installation is the reverse of removal. 

~~” it 

27.13 Seat back front side lower mounting nuts (Coupe and 
Sedan models) 
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28.12 To remove a C-pillar trim panel, pry 

off the trim cap, remove the pillar retaining 
screw, and then carefully pry off the panel 

with a trim removal tool 

28 Package tray - removal and 
installation 

Warning: All models covered by this manual 
are equipped with a Supplemental Restraint 

System (SRS), more commonly known as 
airbags. Always disable the airbag system 

before working in the vicinity of any airbag 
system component to avoid the possibility of 

accidental deployment of the airbag, which 
could cause personal injury (see Chapter 12). 

1 Disconnect the battery (see Chapter 5). 

2 Remove the rear seat cushion and seat 

backs (see Section 27). 

2007 and earlier models 
3 Remove the trim cap and screw from the 

left and right C-pillar trim panels. 

28.13 Remove the 

plastic push pins 
from the front of the 

package tray panel 

4  Disengage the shoulder belt trim cover 

by prying the front end of the trim up and pull- 

ing it out of the package tray. 

5 It is not necessary to disconnect the 

center seatbelt to remove the package tray. 

Instead, pull the package tray up slightly, 

then disengage the seatbelt from the tray by 

threading the belt through the gap in the tray. 

6 _Lift up and in to disengage the retaining 

clips and remove the package tray. Warn- 

ing: Pay close attention to how the seatbelt is 

routed. It must be installed exactly the same 

way. Failure to do so could result in serious 
injury to someone secured by an incorrectly 

routed seatbelt in the event of an accident. 

7 Installation is the reverse of removal. 

2008 and later models 

Coupe 
8 Remove the trim cap and screw from the 

left and right C-pillar trim panels. 

9 Remove the pushpins that secure the 

front of the package tray. 

10 Lift the panel up, then slide it forward 

and remove the package tray. 

11 Installation is the reverse of removal. 

Sedan 

Refer to illustrations 28.12 and 28.13 

12 Remove the trim cap and screw from the 

left and right C-pillar trim panels (see illustra- 

tion), then remove the trim panels. 

13. Remove the pushpins that secure the 

front of the package tray (see illustration). 

14 Lift the panel up and slide it forward. If 

the panel is being replaced, remove the seat 

belt anchor and rout the seatbelt through 

the panel. Remove the package tray. Warn- 

ing: Pay close attention to how the seatbelts 

are routed. They must be installed exactly 

the same way. Failure to do so could result 

in serious injury to someone secured by an 

incorrectly routed seatbelt in the event of an 

accident. 

15 Installation is the reverse of removal. 
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Notes 
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4 General information 

The electrical system is a 12-volt, nega- 

tive ground type. Power for the lights and all 
electrical accessories is supplied by a lead/ 

acid-type battery that is charged by the alter- 

nator. 
This Chapter covers repair and service 

procedures for the various electrical compo- 

nents not associated with the engine. Informa- 

tion on the battery, alternator, ignition system 

and starter motor can be found in Chapter 5. 
It should be noted that when portions of 

the electrical system are serviced, the negative 
cable should be disconnected from the battery 

to prevent electrical shorts and/or fires. 

2 Electrical troubleshooting - 
general information 

Refer to illustrations 2.5a, 2.5b, 2.6 and 2.9 
A typical electrical circuit consists of an 

electrical component, any switches, relays, 

motors, fuses, fusible links or circuit breakers 
related to that component and the wiring and 
connectors that link the component to both the 

battery and the chassis. To help you pinpoint 

an electrical circuit problem, wiring diagrams 

are included at the end of this Chapter. 
Before tackling any troublesome elec- 

trical circuit, first study the appropriate wir- 
ing diagrams to get a complete understand- 

ing of what makes up that individual circuit. 

Trouble spots, for instance, can often be nar- 
rowed down by noting if other components 

related to the circuit are operating properly. 

If several components or circuits fail at one 
time, chances are the problem is in a fuse or 

ground connection, because several circuits 
are often routed through the same fuse and 

ground connections. 
Electrical problems usually stem from 

simple causes, such as loose or corroded con- 

nections, a blown fuse, a melted fusible link or 

a failed relay. Visually inspect the condition of 
all fuses, wires and connections in a problem 

circuit before troubleshooting the circuit. 

If test equipment and instruments are 

going to be utilized, use the diagrams to plan 

ahead of time where you will make the nec- 

essary connections in order to accurately pin- 

point the trouble spot. 

The basic tools needed for electrical 
troubleshooting include a circuit tester or 

voltmeter (a 12-volt bulb with a set of test 

leads can also be used), a continuity tester, 

which includes a bulb, battery and set of test 

leads, and a jumper wire, preferably with a 

circuit breaker incorporated, which can be 

used to bypass electrical components (see 

illustrations). Before attempting to locate a 

problem with test instruments, use the wiring 

diagram(s) to decide where to make the con- 

nections. 

Voltage checks 
Voltage checks should be performed if 

a circuit is not functioning properly. Connect 

one lead of a circuit tester to either the nega- 
tive battery terminal or a known good ground. 

Connect the other lead to a connector in the 

circuit being tested, preferably nearest to the 

battery or fuse (see illustration). If the bulb 
of the tester lights, voltage is present, which 
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2.5a The most useful tool for electrical troubleshooting is a 
digital multimeter that can check volts, amps, and test continuity 

means that the part of the circuit between the 

connector and the battery is problem free. 
Continue checking the rest of the circuit in 
the same fashion. When you reach a point at 
which no voltage is present, the problem lies 

between that point and the last test point with 
voltage. Most of the time the problem can be 
traced to a loose connection. Note: Keep in 
mind that some circuits receive voltage only 

when the ignition key is in the Accessory or 

Run position. 

Finding a short 
One method of finding shorts in a cir- 

cuit is to remove the fuse and connect a test 

light or voltmeter in place of the fuse termi-: 
nals. There should be no voltage present in 
the circuit. Move the wiring harness from 

side-to-side while watching the test light. If 
the bulb goes on, there is a short to ground 
somewhere in that area, probably where the 
insulation has rubbed through. The same test 
can be performed on each component in the 

circuit, even a switch. 

2.6 In use, a basic test light’s lead is clipped to a known good 

ground, then the pointed probe can test connectors, wires or 
electrical sockets - if the bulb lights, the part being tested has 

battery voltage 

Ground check 
Perform a ground test to check whether 

a component is properly grounded. Discon- 

nect the battery and connect one lead of 
a continuity tester or multimeter (set to the 
ohms scale), to a known good ground. Con- 
nect the other lead to the wire or ground con- 

nection being tested. If the resistance is low 
(less than 5 ohms), the ground is good. If the 
bulb on a self-powered test light does not go 

on, the ground is not good. 

Continuity check 
Acontinuity check is done to determine if 

there are any breaks in a circuit - if it is pass- 
ing electricity properly. With the circuit off (no 
power in the circuit), a self-powered continuity 

tester or multimeter can be used to check the 
circuit. Connect the test leads to both ends of 

the circuit (or to the power end and a good 
ground), and if the test light comes on the 

circuit is passing current properly (see illus- 
tration). If the resistance is low (less than 5 
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2.5b A test light is a very handy tool for checking voltage 

ohms), there is continuity; if the reading is 
10,000 ohms or higher, there is a break some- 
where in the circuit. The same procedure can 
be used to test a switch, by connecting the 
continuity tester to the switch terminals. With 
the switch turned On, the test light should 

come on (or low resistance should be indi- 

cated on a meter). 

Finding an open circuit 
When diagnosing for possible open 

circuits, it is often difficult to locate them by 

sight because the connectors hide oxidation 
or terminal misalignment. Merely wiggling a 
connector on a sensor or in the wiring har- 

ness may correct the open circuit condition. 
Remember this when an open circuit is indi- 

cated when troubleshooting a circuit. [ntermit- 

tent problems may also be caused by oxidized 
or loose connections. 

Electrical troubleshooting is simple if 
you keep in mind that all electrical circuits 
are basically electricity running from the bat- 

tery, through the wires, switches, relays, fuses 

2.9 With a multimeter set to the ohms scale, resistance can be 

checked across two terminals - when checking for continuity, a 

low reading indicates continuity, a high reading indicates 
lack of continuity 
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3.1a The engine compartment fuse and relay panel is located at 
the right side of the engine compartment 

and fusible links to each electrical component 

(light bulb, motor, etc.) and to. ground, from 

which it is passed back to the battery. Any 
electrical problem is an interruption in the flow 
of electricity to and from the battery. 

3 Fuses and fusible links - general 

information 

Fuses 

Refer to illustrations 3.1a, 3.1b and 3.3 

The electrical circuits of the vehicle are 
protected by a combination of fuses, circuit 

breakers and fusible links. The main fuse/ 
relay panel is in the engine compartment 
(see illustration), while the interior fuse/relay 

panel (depending on the year and model) are 
located: under the instrument panel, under 

the left side rear seat, under the right side 

rear seat or inside the rear trunk or hatch next 
to the battery (see illustration). Each of the 
fuses is designed to protect a specific circuit, 

and the various circuits are identified on the 

fuse panel itself. 
Several sizes of fuses are employed in 

the fuse blocks. There are small, medium and 

large sizes of the same design, all with the 
same blade terminal design. The medium and 
large fuses can be removed with your fingers, 

but the small fuses require the use of pliers or 
the small plastic fuse-puller tool found in most 

fuse boxes. 
If an electrical component fails, always 

check the fuse first. The best way to check 

the fuses is with a test light. Check for power 
at the exposed terminal tips of each fuse. If 
power is present at one side of the fuse but 

not the other, the fuse is blown. A blown fuse 

can also be identified by visually inspecting it 

(see illustration). 
Be sure to replace blown fuses with the 

correct type. Fuses (of the same physical 
size) of different ratings may be physically 
interchangeable, but only fuses of the proper 
rating should be used. Replacing a fuse with 

N 

one of a higher or lower value than specified 

is not recommended. Each electrical circuit 
needs a specific amount of protection. The 

amperage value of each fuse is molded into 

the top of the fuse body. 

If the replacement fuse immediately fails, 

don’t replace it again until the cause of the 

problem is isolated and corrected. In most 

cases, this will be a short circuit in the wiring 

caused by a broken or deteriorated wire. 

Fusible links 
Some circuits are protected by fusible 

links. The links are used in circuits which are 

not ordinarily fused, or which carry high cur- 
rent, such as the circuit between the alterna- 

tor and the battery. Fusible links, which are 

usually several wire gauges smaller in size 

than the circuit that they protect, are designed 

to melt if the circuit is subjected to more cur- 

rent than it was designed to carry. If you have 

to replace a blown fusible link, make sure that 

you replace it with one of the same specifica- 

tion. If the replacement fusible link blows in the 

same circuit, make sure that you troubleshoot 

the circuit in which the fusible link melted 

BEFORE installing another fusible link. 

4 Circuit breakers - general 
information 

Circuit breakers protect certain circuits, 

such as the power windows or heated seats. 

Depending on the vehicle’s accessories, there 

may be one or two circuit breakers, located 

in the fuse/relay box in the engine compart- 

ment. 

Because the circuit breakers reset auto- 

matically, an electrical overload in a circuit 

breaker-protected system will cause the cir- 

cuit to fail momentarily, then come back on. 

If the circuit does not come back on, check it 

immediately. 
For a basic check, pull the circuit breaker 

up out of its socket on the fuse panel, but just 
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3.1b The interior compartment fuse box is located in the trunk or 

hatch next to the battery (2010 model shown) 

3.3 When a fuse blows, the element 

between the terminals melts 

far enough to probe with a voltmeter. The 
breaker should still contact the sockets. With 

the voltmeter negative lead on a good chassis 

ground, touch each end prong of the circuit 

breaker with the positive meter probe. There 

should be battery voltage at each end. If there 

is battery voltage only at one end, the circuit 

breaker must be replaced. 

Some circuit breakers must be reset 

manually. 

5 Relays - general information 

Several electrical accessories in the vehi- 

cle, such as the fuel injection system, horns, 

starter, and fog lamps use relays to transmit 

the electrical signal to the component. Relays 

use a low-current circuit (the control circuit) 

to open and close a high-current circuit (the 

power circuit). If the relay is defective, that 
component will not operate properly. Most 

relays are mounted in the engine compart- 

ment and interior fuse/relay boxes (see illus- 

trations 3.1a and 3.1b). 
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6 Electrical connectors - general 

information 

Most electrical connections on these 

vehicles are made with multiwire plastic con- 

nectors. The mating halves of many connec- 

tors are secured with locking clips molded 

into the plastic connector shells. The mating 

halves of some large connectors, such as 

some of those under the instrument panel, 

are held together by a bolt through the center 

of the connector. 

To separate a connector with locking 

clips, use a small screwdriver to pry the clips 

apart carefully, then separate the connector 

halves. Pull only on the shell, never pull on 
the wiring harness, as you may damage the 

individual wires and terminals inside the con- 

nectors. Look at the connector closely before 

trying to separate the halves. Often the lock- 

ing clips are engaged in a way that is not 

immediately clear. Additionally, many connec- 

tors have more than one set of clips. 

Each pair of connector terminals has a 

male half and a female half. When you look at 

the end view of a connector in a diagram, be 

sure to understand whether the view shows 

the harness side or the component side of 

the connector. Connector halves are mirror 

images of each other, and a terminal shown 

on the right side end-view of one half will be 

Electrical connectors 

Sue a 

on the left side end-view of the other half. 
It is often necessary to take circuit volt- 

age measurements with a connector con- 

nected. Whenever possible, carefully insert 

a small straight pin (not your meter probe) 
into the rear of the connector shell to con- 

tact the terminal inside, then clip your meter 
lead to the pin. This kind of connection is 

called “backprobing.” When inserting a test 
probe into a terminal, be careful not to distort 

the terminal opening. Doing so can lead to a 

poor connection and corrosion at that terminal 

later. Using the small straight pin instead of a 

meter probe results in less chance of deform- 

ing the terminal connector. 

| Most electrical connectors 
_ havea single release 
tab that you depress to 
‘release the connector 

Critical connectors often 

employ a sliding lock (1) 

that you must pull out 
before you can depress 

the release tab (2) 

Some electrical 
connectors have a 

retaining tab which must 
be pried up to free — 

the connector 

van Seaton et 4 

Here’s another sliding-lock 
style connector, with the 

lock (1) and the release 
tab (2) on the side of the 

connector 

Some connectors have 
two release tabs that you 
must squeeze to release 

the connector 

On some connectors the | 

lock (1) must be pulled out | 
to the side and removed 
before you can lift the 

release tab (2) 

Some connectors use| 
wire retainers that you _ 
squeezetorelease 
the connector 

like the multi-pin _ 
connectors atthe — 

Powertrain Control Module 
employ pivoting locks 

must be flipped open 
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7.4 Depress the retaining tabs and 

remove the windshield wiper switch 

7 Steering column switches - 

replacement 

Warning: The models covered by this manual 
are equipped with Supplemental Restraint 
Systems (SRS), more commonly known as 
airbags. Always disable the airbag system 
before working in the vicinity of any airbag 
system components to avoid the possibility of 

accidental deployment of the airbags, which 
could cause personal injury (see Section 28). 
1. Disconnect the cable from the negative 
terminal of the battery (see Chapter 5). i 
2 Remove the knee bolster trim panel, the 
knee bolster and the steering column covers 
(see Chapter 11). 

Windshield wiper switch 
Refer to illustration 7.4 

3. On 2007 and earlier models, remove 
the retaining screws from the top and side of 
the windshield wiper switch, then remove the 

switch from the switch housing. 
4 On 2008 and later models, depress the 

locking tabs on the top and bottom of the 
wiper switch and remove the switch from the 

ae 

8.10a Remove the ignition switch 
mounting fasteners . . . 

7.7 Depress the retaining tabs and 

remove the headlight/turn signal switch 

switch housing (see illustration). 
5 Installation is the reverse of removal. 

Headlight/turn signal switch 
Refer to illustration 7.7 

6 On 2007 and earlier models, remove the 

retaining screws from the top and side of the 

headlight switch, then remove the switch from 

the switch housing. 

7 On 2008 and later models, depress the 

locking tabs on the top and bottom of the 

wiper switch and remove the switch from the 

switch housing (see illustration). 

8 _ Installation is the reverse of removal. 

8 Ignition switch and key lock 
cylinder - replacement 

Warning: The models covered by this manual 

are equipped with Supplemental Restraint 

Systems (SRS), more commonly known as 
airbags. Always disable the airbag system 

before working in the vicinity of any airbag 

system components to avoid the possibility of 

accidental deployment of the airbags, which 

could cause personal injury (see Section 28). 

bie 

8.10b ... then lift the rod out of the 

actuator arm 

8.9 Disconnect the ignition switch 

electrical connector 

1 Disconnect the cable from the negative 

terminal of the battery (see Chapter 5). 

2 Remove the knee bolster trim panel, the 

knee bolster and the upper and lower steering 

column covers (see Chapter 11). Lower the 

steering column to its lowest position. 

Ignition switch 

2007 and earlier models 
3. Remove the wiring harness from the har- 

ness retainer. 

4 Remove the two electrical connectors 

from the bottom of the multifunction switch 

housing. 

5 _ Rotate the ignition key alarm connector 

down, then pull the connector outwards to 

release the connector fastener. 

6 On 2004 and earlier models, remove the 

ignition switch screws. Remove the switch 

from the steering column and disconnect the 

wiring connector. 

7 On 2005 through 2007 models, discon- 

nect the electrical connector from the ignition 

switch. Carefully remove the two wires in the 

ignition switch clip (side of the switch), insert 
special: tool J-42759 into the lock cylinder 

housing to release the igniting switch, and 

slide the switch out. Note: On 2007 models 

only, first remove the ignition lock cylinder, 

then disconnect the theft deterrent module 

electrical connector and remove module from 

the end of the key lock housing. 

8 Installation is the reverse of removal. 

Lock the key alarm connector in place. 

2008 and later models 

Refer to illustrations 8.9, 8.10a and 8.10b 

9 Remove the locking pin and discon- 

nect the electrical connector from the ignition 

switch (see illustration). 
10 Remove the mounting fasteners (see 

illustration), lift the rod out of the actuator 

arm (see illustration) and remove the ignition 

switch from the steering column. 

11. When installing the switch, make sure 

that it snaps into place. Installation is other- 

wise the reverse of removal. 
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8.13 On 2008 and later models, insert a 

suitable tool through this hole and push 

the release button to release the ignition 
key lock cylinder 

Key lock cylinder 
Refer to illustration 8.13 

12 Turn the ignition key to the RUN posi- | 

tion. 
13 Using a suitable tool, depress the key 

lock cylinder release button. On 2007 and 

earlier models, the release button hole is on 

the bottom of the key lock cylinder housing; 

on 2008 and later models, it is located at the 

top (see illustration). Remove the key lock 

cylinder. 

14 To install the key lock cylinder, insert it 

into the lock cylinder housing and push it in 

until it clicks into place. 

15 Verify that the ignition switch operates 

correctly in the OFF, ACC, RUN and START 

positions. ; 

16 Installation is otherwise the reverse of 

removal. 

Key lock cylinder illumination 

ring 
Note: Removal of the lock cylinder illumina- 

tion ring is not necessary for lock cylinder 

replacement. 

17 Disconnect the electrical connector from 
the illumination ring. 

18 Disengage the lock tabs and remove the 
illumination ring. 

19 Installation is the reverse of removal. 
Make sure that the ring snaps into place. 

9 Instrument panel switches - 

replacement 

Warning: The models covered by this manual 
are equipped with Supplemental Restraint 

Systems (SRS), more commonly known as 

airbags. Always disable the airbag system 

before working in the vicinity of any airbag 

system components to avoid the possibility of 

accidental deployment of the airbags, which 

could cause personal injury (see Section 28). 

9.4 Disconnect the electrical connector 

for the dimmer switch (1), then the driver 

information center switch (2) 

Dimmer switch/Driver 

Information Center (DIC) 
switches 

Refer to illustration 9.4 

Note: On 2007 and earlier models, the dimmer 

switch is mounted in the overhead console. 

1 Disconnect the cable from the negative 

terminal of the battery (see Chapter 5). 

2 Remove the left end trim panel from the 

instrument panel and the left side trim strips 

(see Chapter 11). 

3 Using a trim tool, pry out the driver’s side 

switch panel (see Chapter 11). 

4 Disconnect the electrical connectors 

(see illustration) from the switches on the 
backside of the trim panel. 

5 To remove the dimmer switch, pry the 

switch panel out of the trim panel using a 

small screwdriver. 

6 To remove the driver information center 

switch, remove the mounting fasteners and 
the switch. 

7 Disconnect the electrical connector 

and remove the dimmer switch from the trim 

panel. 

8 Pop a new instrument panel dimmer 

switch into the bezel and make sure that it 

snaps into place. Installation is otherwise the 

reverse of removal. 

Hazard flasher switch 

2007 and earlier models 
9 Pry out the center air vent and discon- 
nect the hazard switch electrical connector. 

10 Release the tabs securing the switch to 
the vent panel. 

11 Installation is the reverse of removal. 

2008 and later models 
Note: The hazard flasher is an integral part 
of the radio control assembly and must be 
replaced as an assembly. 

12 Remove the center trim radio and heater/ 
air control panel (see Chapter 11). 

10.4 Instrument cluster mounting screws 

(2008 and later models) 

13. Remove the radio control assembly from 

the trim panel and have the unit tested. 

14 Installation is the reverse of removal. 

10 Instrument cluster - removal and 

installation 

_ Refer to illustration 10.4 

Warning: The models covered by this manual 

are equipped with Supplemental Restraint 

Systems (SRS), more commonly known as 
airbags. Always disable the airbag system 

before working in the vicinity of any airbag 

system components to avoid the possibility of 

accidental deployment of the airbags, which 

could cause personal injury (see Section 28). 

1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

2 Release the tilt wheel lever and lower 
the steering wheel to its lowest position. 

3 Remove the instrument cluster trim panel 
(see Chapter 11). 

4 Remove the instrument cluster mounting 

screws (see illustration). On 2007 and ear- 
lier models, the screws are on the face of the 
cluster; on 2008 and later models, they are on 

the top of the instrument cluster. 

5 Carefully pull out the instrument cluster 
from the instrument panel and disconnect the 
electrical connectors. 

6 Installation is the reverse of removal. 

11 Radio and speakers - removal 
and installation 

Warning: The models covered by this manual 

are equipped with Supplemental Restraint 
Systems (SRS), more commonly known as 

airbags. Always disable the airbag system 

before working in the vicinity of any airbag 

system components to avoid the possibility of 

accidental deployment of the airbags, which 
could cause personal injury (see Section 28). 
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Radio 

2007 and earlier models 

- 1 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 
2 Remove the center trim panel vent panel 

and disconnect the hazard flasher switch (see 
Chapter 11). ; 
3 Remove the ashtray from the center con- 

sole (see Chapter 11). 
4 Pry the air conditioning control panel out 

of the instrument panel and disconnect the 

wiring. 
5 Remove the four radio-to-instrument 

panel fasteners. 
6 Pull out the radio and disconnect the 

electrical connectors and antenna cable from 

the back of the radio. 

i¢ Installation is the reverse of removal. 
r 

2008 and later models 

Refer to illustration 11.11 

Note: The radio consists of the Front Radio 
Control Module. The FRCM (the controls) 
is what you see in the center trim panel; the 

radio is a separate component in the dash 
behind the FRCM. You can’t replace the radio 
or FRCM at home. You can remove both units 
to access something else, or to remove the 

instrument panel, but if the radio or FRCM 

must be replaced, it will have to be done by 
a dealer service department because module 

configuration must be programmed into the 

new unit. Without the correct module configu- 

ration, the new radio will not work. 

8 Disconnect the cable from the negative 

battery terminal (see Chapter 5). 

9 Remove the center radio and heater/air 

control panel (see Chapter 11). 

10 If you’re removing the FRCM (the radio 

controls), or the center trim panel, remove the 

screws and detach the FRCM from the center 

trim panel. 

11 If you’re removing the radio, remove the 

radio mounting screws (see illustration), 

then pull out the radio unit and disconnect the 

- antenna cable and all electrical connectors. 

42 Installation is the reverse of removal. 

11.22a Instrument panel center speaker 

fastener locations 

Speakers 

Door speakers 

Refer to illustration 11.14 

Note: This procedure applies to front and rear 

door speakers. 
13 Remove the door trim panel (see Chap- 

ter 11). 
14. Remove the speaker mounting screws 

(see illustration). 
15 Pull the speaker out of its enclosure and 

disconnect the speaker electrical connectors. 

16 Installation is the reverse of removal. 

Door tweeters 
17. Remove the door trim panel and the sail 

panel (see Chapter 11). 
48 Disconnect the tweeter electrical con- 

nector. 

19 Pry the tweeter grille from the panel. 
20 Installation is the reverse of removal. 

Instrument panel speakers 

Refer to illustration .11.22a and 11.22b 

Note: Depending on the year and model, there 

12-7 

11.22b Instrument panel corner/tweeter 

speaker fastener locations 

are various configurations of front speakers 

and tweeters. This procedure applies to any 

of them. 
21 Carefully pry out the defrost panel from 

instrument panel cover (see Chapter 11). 

22 Remove the center speaker and the cor- 

ner speaker fasteners (see illustrations). 

23 Lift the speaker out of the instrument 

panel and disconnect the electrical connector. 

24 Installation is the reverse of removal. 

Rear speakers 
Note: Depending on the year and model, 

there are various configurations of rear speak- 

ers and woofers located behind the back seat, 

underneath the package tray. This procedure 

applies to any of them. 
25 Remove the package tray (see Chap- 

ter 11). 
26 Remove the speaker mounting fasten- 

ers, then lift up the speaker and disconnect 

the electrical connector. 

27 Installation is the reverse of removal. 
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13.2 Remove the low-beam 

cover fasteners 

12 Antenna, module and cables - 

removal and installation 

Antenna | 
1.‘ The antenna is an integral component of 

the rear window. It cannot be serviced sepa- 
rately from the rear window. 

Antenna module 
2 Remove the C-pillar trim (see Chap- 
ter 11, Section 28), and pull down the rear of 
the headliner. 

3 Disconnect the electrical connectors 

from the antenna module. 

4 Remove the module mounting fastener 

and remove the module. 

5 ‘Installation is the reverse of removal. 

Antenna cables 
6 The antenna cable consists of two 

cables: front and rear. The rear cable is routed 

down the right C-pillar, between the body and 

the left and right ends of the back seat, then 

along the rocker, under the front and rear 

door sill panels and carpeting, ending at the 

© : 

13.9 Align the lugs on the bulb holder 

with the cutouts in the headlight housing 

oe pa) od 

. 13.3 Disconnect the electrical connector 

from the low-beam bulb (A), then rotate 
the bulb holder counterclockwise 

right kick panel, where it connects to the front 

cable. The front cable is routed up behind 
the right kick panel, then turns left and goes 

across the glove box area and connects to the 

backside of the radio. The antenna cables are 

an integral part of the wiring harness under 

the carpeting. If one of these cables must be 

replaced, it’s impractical to try to extricate it 

from the wiring harness. Instead, simply dis- 

connect it at both ends and leave it in place, 

install a new cable and plug it in. 

Rear antenna cable 

7 To access the rear antenna cable, 

remove the following components (see Chap- 
ter 11): 

Back seat cushion 

Right C-pillar 
Front and rear door sills 

Front passenger seat 

Carpeting 

Right kick panel 

8 Disconnect the antenna cable from the 

antenna module and from the front antenna 

cable, then install the new cable and plug it in. 

Front antenna cable 
9 To access the front antenna cable, 

remove the following components (see Chap- 

ter 11, unless otherwise noted): 

Right kick panel 

Glove box 

Radio (see Section 11) 

10 Disconnect the front antenna cable from 

the radio and from the rear antenna cable, 

then install the new cable and plug it in. 

13 Headlight bulb - replacement 

Warning: Halogen bulbs are gas-filled and 

under pressure and might shatter if the sur- 

face is scratched or the bulb is dropped. Wear 

eye protection and handle the bulbs carefully, 
grasping only the base whenever possible. 

Don’t touch the surface of the bulb with your 

fingers because the oil from your skin could 
cause it to overheat and fail prematurely. If 

13.6 Remove the high-beam 
cover fasteners 

you do touch the bulb surface, clean it with 

rubbing alcohol. 

Note: To access the headlight bulb, turn sig- 

nal, parking, side marker and cornering bulb, 

the headlight housing must be removed (see 
Section 14). 

Halogen headlight 
1 To access headlight bulbs, remove the 
headlight housing (see Section 14). 

Low-beam bulbs 

Refer to illustrations 13.2 and 13.3 

2 Remove the cover mounting fasteners 

from the back of the headlight housing (see 
illustration) and remove the cover. 

3 Disconnect the electrical connector from 

the bulb (see illustration). 

4 Turn the bulb counterclockwise (see 
illustration 13.3) and remove it from the 
headlight housing. 

5 When installing the bulb, align the lugs on 

the bulb’s locking flange with their correspond- 
ing cutouts in the headlight housing, insert 

the bulb into the headlight housing and twist it 

clockwise to lock it into place. When installing 
the new bulb, make sure that you don’t touch 

it with your fingers, because the oil from your 

hands will cause the bulb to overheat and fail 
prematurely. If you do touch the bulb, wipe it off 
with alcohol and a clean soft cloth. Installation 
is otherwise the reverse of removal. 

High-beam bulbs 

Refer to illustrations 13.6 and 13.9 

6 Remove the protective cover fasteners 
and cover (see illustration). 

7 Disconnect the electrical connector from 

the bulb. ; 
8 Turn the bulb counterclockwise and 
remove it from the headlight housing. 

9 When installing the bulb, align the lugs 
on the bulb’s locking flange with their cor- 
responding cutouts in the headlight hous- 

ing (see illustration). Insert the bulb into 

the headlight housing and twist it clockwise 

to lock it into place. When installing the new 
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14.7 Headlight housing mounting fastener 

locations (2008 and later model shown) 

bulb, make sure that you don’t touch it with 
your fingers, because the oil from your hands 

will cause the bulb to overheat and fail prema- 
turely. If you do touch the bulb, wipe it off with 

alcohol and a clean soft cloth. Installation is 
otherwise the reverse of removal. 

Xenon (HID) headlights 
Warning: Some models use High Intensity 
Discharge (HID) bulbs instead of conventional 
halogen bulbs. According to the manufacturer, 
the high voltages produced by this system can 
be fatal in the event of shock. Also, the voltage 
can remain in circuit even after the headlight 

switch has been turned to OFF and the igni- 
tion key has been removed. Therefore, for 
your safety, we don’t recommend that you try 
to replace one of these bulbs yourself Instead, 

have this service performed by a dealer service 

department or other qualified repair shop. 

14 Headlight housing - removal and 

installation 

2007 and earlier models 
1 Remove the front bumper cover (see 

15.1 Vertical adjustment screw location, 

insert through the body hole 

14.8 Disconnect the harness from the 

housing (2008 and later model shown) 

Chapter 11). 

2 Remove the pin-type retainers and the 

headlight housing bolts. 
3. Disconnect the headlight washer hose, if 

equipped. 
4 Pull headlight housing straight out to 

release the housing from the ball stud and 

disconnect the electrical connectors. 

5 Installation is the reverse of removal. 

2008 and later models 

Refer to illustration 14.7 and 14.8 

6 Remove the front bumper cover (see 

Chapter 11). 

7 Remove the headlight housing fasteners 

(see illustration). 
8 Pull out the headlight housing and discon- 
nect the electrical connector (see illustration). 
9 Installation is the reverse of removal. 

15 Headlights - adjustment 

Refer to illustrations 15.1 and 15.2 

Warning: The headlights must be aimed cor- 

rectly. If adjusted incorrectly, they could tempo- 

rarily blind the driver of an oncoming vehicle 

and cause an accident or seriously reduce your 

ability to 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 performed. The follow- 
ing procedure is only an interim step to provide 

temporary adjustment until the headlights can 

be adjusted by a properly equipped shop. 

1 The headlight adjustment screw (see 

illustration) controls up-and-down movement. 

Left-and-right movement is not adjustable. 

2 There are several methods of adjusting 

the headlights. The simplest method requires 

a blank wall 25 feet in front of the vehicle and 

a level floor (see illustration). 
3 Position masking tape on the wall in ref- 

erence to the vehicle centerline and the cen- 

terlines of both headlights. 
4 Measure the height of the headlight ref- 
erence marks (in the centers of the headlight 
lenses) from the ground. Position a horizontal 
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tape line on the wall at the same height as the 

headlight reference marks. Note: /t may be 
easier to position the tape on the wall with the 
vehicle parked only a few inches away. 

5 Adjustment should be made with the 
vehicle sitting level, the gas tank half-full and 
no unusually heavy load in the vehicle. 
6 _Turn on the low beams. Turn the adjust- 

ing screw to position the high intensity zone 

So it is two inches below the horizontal line. 
7 Have the headlights adjusted by a dealer 
service department at the earliest opportunity. 

16 Taillight housing - removal and 
installation 

Warning: The models covered by this manual 

are equipped with Supplemental Restraint 

Systems (SRS), more commonly known as 
airbags. Always disable the airbag system 

before working in the vicinity of any airbag 

system components to avoid the possibility of 

accidental deployment of the airbags, which 
could cause personal injury (see Section 28). 

Taillight housing 
1 Open the trunk or liftgate. Remove the 

rear sill panel fasteners and pry the panel out 

from the end of the opening. 

2007 and earlier models 
2 Fold back the trunk floor carpeting mat, 
then pull out and reposition the flexible trunk 

side trim panel that covers the taillight hous- 

ing. Caution: Do not leave the trunk side 

panel bent or out of shape too long, or it will 
permanently deform it. 

3 Disconnect the electrical connectors 

from the taillight housing. 

4 Remove the two taillight housing nuts 

and remove the taillight housing. 

5 Installation is the reverse of removal. 

2008 and later models 

Caution: To disconnect the electrical connec- 

tor from the taillight housing LED unit on 2010 

16.8 Taillight housing fastener locations (sedan model shown) 17.2 Headlight housing bulb cover mounting fastener locations 

(2008 and later model shown) 

and later models, use only a flat blade screw- 

driver (or equivalent) that is 3/8 inch (9.5 mm) 
wide. Insert the blade into the housing no 
more than 5/8 inch (15.8 mm) deep to depress 
the locking tab and disconnect the connector, 

or damage to the housing may occur. 

Sedan and V-series 

Refer to illustration 16.8 

6 Fold back the trunk floor carpeting mat, 
then pull out and reposition the flexible trunk 
side trim panel that covers the taillight hous- 
ing and the wheelhousing (see Chapter 11). 
Caution: Do not leave the trunk side panel 

bent or out of shape too long, or it will perma- 
nently deform it. 

7 Pull the weather-stripping from the back 
of the taillight section. 

8 Remove the three taillight housing nuts 
(see illustration) and remove the taillight 
housing. 

9 Pull the housing forward to disconnect 

the electrical connectors and alignment pins. 

Note: Lift and turn the housing to clear the 
rear bumper cover. 

10 Installation is the reverse of removal. 

17.3 To remove a front turn signal/parking 
light or side marker bulb, squeeze these 

two tabs together, then rotate the bulb 
holder counterclockwise and pull it out 

of the headlight housing (2008 and later 
model shown) 

Wagon 

11. Remove the side trim panel screw cov- 
ers, then remove the screws. Carefully pry out 
the panels, disengaging the retaining clips. 
12 Remove the liftgate side trim panel 
screws and remove the panels. 

13 Remove the three taillight housing nuts 
‘and remove the taillight housing. 
14 Pull the taillight housing downwards and 
unhook the taillight hook from the trim end 
cap. 

15 Remove the housing and disconnect the 

electrical connector (see Caution above). 
from the taillight housing. 

16 Remove the three taillight housing nuts 
and remove the taillight housing. 

17 Installation is the reverse of removal. 

17 Bulb replacement 

Exterior light bulbs 

Front turn signal/parking and 
sidemarker light bulbs 

Refer to illustrations 17.2 and 17.3 

1 Remove the headlight housing (see Sec- 
tion 14). 

2 On 2007 and earlier models, rotate the 
bulb cover and remove it from the headlight 
housing. On 2008 and later models, remove 

the bulb cover mounting fasteners and remove 
the cover (see illustration). 

3 On 2007 and earlier models, turn the 
bulb holder counterclockwise and remove 
it from the headlight housing. It’s not neces- 

sary to disconnect the electrical connector to 
replace the bulb. On 2008 and later models, 
squeeze the tabs on both sides of the bulb 

holder, then rotate the holder counterclock- 
wise (See illustration). 

4 To remove the bulb, pull it straight out of 
the holder. 

5 Installation is the reverse of removal. 
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To remove many modern exterior bulbs from their holders, 
simply pull them out 

If a bayonet bulb has dual filaments, the posts are staggered, 

so the bulb can only be installed one way 

Fog light bulbs 
Warning: Halogen bulbs are gas-filled and 
under pressure and might shatter if the surface 

is scratched or the bulb is dropped. Wear eye 
protection and handle the bulbs carefully, grasp- 
ing only the base whenever possible. Don't 
touch the surface of the bulb with your fingers 
because the oil from your skin could cause it to 
overheat and fail prematurely. If you do touch 

the bulb surface, clean it with rubbing alcohol. 

6 Raise the front of the vehicle and sup- 

port it securely on jackstands. 
7 On 2007 and earlier models, remove the 

splash shield below the fog lamp. On 2008 

and later models, remove the inner fender 

splash shield (see Chapter 11). 

8 Disconnect the fog light bulb electrical 

connector. 

9 Turn the fog light bulb counterclockwise 

and remove it from the fog light housing. 

40 To install the new fog light bulb, insert it 

into the fog light housing and turn it clockwise 

to lock it into place. 

141 Installation is otherwise the reverse of 

removal. 

12-11 

| On bulbs with a cylindrical base (“bayonet” bulbs), the socket is spring- 
loaded; a pair of small posts on the side of the base hold the bulb in 
place against spring pressure. To remove this type of bulb, push it 
into the holder, rotate it 1/4-turn counterclockwise, then pull it out 

Center high-mounted brake light 
Note: The high-mounted brake light LEDs are 
an integral part of the housing, and not sepa- 

rately serviceable. 

2007 and earlier models 

12 Open the trunk lid. 
43. Remove the trunk lid trim panel (see 

Chapter 11). 
144 Remove the trunk lid lighting and badge 
panel fasteners and separate the panel from 

the trunk lid. 
15 Disconnect the electrical connectors. 

16 Remove the brake light to badge panel 

fasteners and remove the brake light panel. 
17 Installation is the reverse of removal. 

2008 and later sedan and V-series models 

Refer to illustration 17.20 

18 Open the trunk lid. 
19 Remove the trunk lid trim panel (see 

Chapter 11). 
20 Remove the four mounting nuts (see 
illustration), squeeze the two release tabs 

and push the lamp assembly out. Remove the 

To remove most overhead interior light bulbs, simply unclip them 

high-mounted brake light. No further disas- 
sembly is possible. The LEDs are an integral 

part of the housing, and not separately ser- 

viceable. 
21 Installation is the reverse of removal. 

17.20 High mount brake light assembly 
fasteners (2008 and later Sedan 

model shown) 
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model shown) 

Wagon models 

22 Open the liftgate and remove the liftgate 

exterior panel fasteners from the inside of the 
liftgate (see Chapter 11). 

23 Disconnect the electrical connectors. 

24 Remove the eight mounting nuts and 
remove the high-mounted brake light assem- 

bly from the exterior trim panel. No further dis- 
assembly is possible. The LEDs are an inte- 

gral part of the housing, and not separately 
serviceable. 

25 Installation is the reverse of removal. 

Taillight bulbs 

Refer to illustration 17.27 

26 Remove the taillight housing (see Sec- 
tion 16). 

27 Remove the taillight assembly mount- 

ing screws (see illustration) and remove the 
assembly from the housing. No further disas- 

sembly is possible. The LEDs are an integral 

part of the assembly, and not separately ser- 

. viceable. 

28 Installation is the reverse of removal. 

17.44 To remove an overhead panel, carefully pry it off with a trim 
removal tool or screwdriver 

eae! aN i a 

17.27 Taillight assembly fasteners (2008 and later Sedan 

License plate light bulbs 

. 2007 and earlier models 

29 Remove the trunk lid lighting and badge 

panel fasteners and separate the panel from 

the trunk lid. 

30 Unclip the license plate light lens and 

remove the lens and bulb. 

31 Rotate the bulb socket counterclockwise 

and remove the socket and bulb. 

32 Pull the bulb from the socket. 

33 Installation is the reverse of removal. 

2008 and later sedan and V-series 

models 

Refer to illustration 17.35 

34 Open the trunk lid. 

35 Insert a small screwdriver into the slot in 

the lens, press the release tab, then remove 

the lens (see illustration). 
36 Disconnect the electrical connector, 

rotate the bulb socket counterclockwise and 

remove the socket and bulb. 

37 . Pull the bulb from the socket. 

38 Installation is the reverse of removal. 

17.35 License plate lens release tab locations (2008 and later 
Sedan model shown) 

Wagon models 

39 Open the liftgate. 

40 Depress the tabs on the left sides of the 
lenses and remove the lens. 

41 Disconnect the electrical connector, 

rotate the bulb socket counterclockwise and 

remove the socket and bulb. 

42 Pull the bulb from the socket. 

43 Installation is the reverse of removal. 

Interior light bulbs 

Front or rear overhead light bulbs 

Refer to illustrations 17.44 and 17.45 

44 Carefully pry off the overhead lens (see 
illustration). 

45 Remove the lighting assembly-to-over- 

head panel fasteners and remove the lighting 
assembly (see illustration). 

46 Pull the bulb straight out of its sockets. 
47 Installation is the reverse of removal. 

Cargo light bulbs (wagon models) 
48 Carefully pry out the cargo light from the 
side panel. 
49 Disconnect the electrical connector and 

17.45 Remove the bulb holder mounting fasteners 



Chapter 12 Chassis electrical system 12-13 

18.1 Remove the wiper arm trim cap and 

the wiper arm nut 

remove the bulb from the terminals. 

50 Installation is the reverse of removal. 

18 Wiper motor - replacement 

Windshield wiper motor 
Refer to illustrations 18.1, 18.3 and 18.5 

1 Remove the wiper arm nuts and mark 

the relationship of the wiper arms to their 

shafts (see illustration). Remove both wiper 

arms. 
2 Remove the plastic cowl covers (see 

Chapter 11). 
3. Disconnect the electrical connector from 

the wiper motor (see illustration). 
4 Remove the two wiper motor and link | 

assembly mounting bolts and remove the 

wiper motor and link assembly. 

5 Remove the nut that secures the crank 

arm to the motor shaft (see illustration). 
6 Mark the relationship of the crank arm 
to the motor shaft and remove the crank arm 

18.3 Wiper motor 

electrical connector 

(1) and assembly 
mounting bolts (2) 

from the shaft. 

7 Remove the two motor mounting bolts 

(see illustration 18.5) and remove the motor 

from its mounting bracket. 

8 Installation is the reverse of removal. 

Liftgate wiper motor 
9 Remove the wiper arm nut and mark the 

relationship of the wiper arms to their shaft. 

10 Remove the liftgate rear trim panel (see 

Chapter 11). 
11 Remove the three mounting fasteners 

and disconnect the electrical connector. 
142 Pull the motor out of the rubber grommet 

and remove the motor. 

13 Installation is the reverse of removal. 

19 Horn - replacement 

Refer to illustration 19.4 

Note: The horn is located at the lower right 

corner of the vehicle, in the void ahead of the 

right front wheel well. 

18.5 Wiper motor mounting details 

Crankshaft arm nut 
Crankshaft arm 

Wiper motor mounting fasteners worms. 
ON» 

1 Raise the vehicle and support it securely 

on jackstands. 
2 On 2007 and earlier models, remove the 

lower splash shield. 
3 On 2008 and later models, remove the 

left front fender splash shield screws and pull 

down the splash shield (see Chapter 11). 

4 Disconnect the horn electrical connector 

(see illustration). 
5 Remove the horn mounting bolt, then 

remove the horn. 
6 Installation is the reverse of removal. 

20 Daytime Running Lights (DRL) - 

general information 

The Daytime Running Lights (DRL) sys- 

tem used on all models illuminates the low 

beam headlights at reduced intensity when 
the engine is running. The only exception is 

with the engine running and the shift lever in 

Park. Once the parking brake is released or 

the shift lever is moved, the lights will remain 

on as long as the ignition switch is on. 

19.4 Horn assembly details 

Electrical connector 

Horn mounting nuts 

Horn bracket mounting bolts 
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21.4 When measuring the voltage at the 
rear window defogger grid, wrap a piece 

of aluminum foil around the positive probe 
of the voltmeter and press the foil against 

the wire with your finger 

21 Rear window defogger - check 
and repair 

1 The rear window defogger consists of a 
number of horizontal elements baked onto the 
glass surface. 

2 Small breaks in the element can be 
repaired without removing the rear window. 

Check 

Refer to illustrations 21.4, 21.5 and 21.7 

3 Turn the ignition switch and defogger 

system switches to the ON position. Using a 
voltmeter, place the positive probe against the 

defogger grid positive terminal and the nega- 

tive probe against the ground terminal. If bat- 

tery voltage is not indicated, check the fuse, 

defogger switch and related wiring. If voltage 

is indicated, but all or part of the defogger 

doesn’t heat, proceed with the following tests. 
4 When measuring voltage during the 

Gian 

21.13 To use a defogger repair kit, apply 

masking tape to the inside of the window 

at the damaged area, then brush on the 

special conductive coating 

Sus Mee eeyacy note 

21.5 To determine if a heating element 

has broken, check the voltage at the 

center of each element; if the voltage is 5 
or 6 volts, the element is unbroken, but if 

the voltage is 10 or 12 volts, the element 

is broken between the center and the 

ground side. If there is no voltage, the 
element is broken between the center and 

the positive side 

next two tests, wrap a piece of aluminum foil 

around the tip of the voltmeter positive probe 
and press the foil against the heating element 
with your finger (see illustration). Place the 
negative probe on the defogger grid ground 

terminal. 

5 Check the voltage at the center of each 
heating element (see illustration). If the 
voltage is 5 or 6-volts, the element is okay 

(there is no break). If the voltage is zero, the 

element is broken between the center of the 
element and the positive end. If the voltage is 

10 to 12-volts, the element is broken between 

the center of the element and ground. Check 
each heating element. 

6 Connect the negative lead to a good 

body ground. The reading should stay the 

same. If it doesn’t, the ground connection is 
bad. 

7 To find the break, place the voltmeter 
negative probe against the defogger ground 

terminal. Place the voltmeter positive probe 
with the foil strip against the heating element 
at the positive terminal end and slide it toward 

the negative terminal end. The point at which 
the voltmeter deflects from several volts to 

zero is the point at which the heating element 
is broken (see illustration). 

Repair 

Refer to illustration 21.13 

8 Repair the break in the element using a 

repair kit specifically recommended for this 
purpose, available at most auto parts stores. 
Included in this kit is plastic conductive epoxy. 
9 Prior to repairing a break, turn off the 

system and allow it to cool off for a few min- 
utes. 

10 Lightly buff the element area with fine 

steel wool, then clean it thoroughly with rub- 
bing alcohol. 
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negative lead against the defogger ground 
terminal, place the voltmeter positive 

lead with the foil strip against the heating 
element at the positive terminal end and 

slide it toward the negative terminal end. 

The point at which the voltmeter reading 

changes abruptly is the point at which the 
element is broken 

11. Use masking tape to mask off the area 
being repaired. 

12 Thoroughly mix the epoxy, following the 

instructions provided with the repair kit. 
13 Apply the epoxy material to the slit in the 

masking tape, overlapping the undamaged area 

about 3/4-inch on either end (see illustration). 
14 Allow the repair to cure for 24 hours before 

removing the tape and using the system. 

22 Cruise control system - 

description and check 

1. The cruise control system maintains 
vehicle speed with the Body Control Mod- 
ule (BCM), Engine Control Module (ECM), 
throttle actuator control motor, Brake Pedal 

Position (BPP) sensor, Vehicle Speed Sensor 
(VSS) control switches and associated wiring. 
There is no mechanical connection, such as a 

vacuum servo or cable. Some features of the 
system require special testers and diagnostic 

procedures that are beyond the scope of the 

home mechanic. Listed below are some gen- 
eral procedures that may be used to locate 
common problems. ; 

2 Check the fuses (see Section 3). 

3. The BPP switch (or brake light switch) 
deactivates the cruise control system. Have 

an assistant press the brake pedal while you 
check the brake light operation. 

4 If the brake lights do not operate prop- 

erly, correct the problem and retest the cruise 
control. 

5 Check the wiring between the PCM and 

throttle actuator motor for opens or shorts and 
repair as necessary. 

6 The cruise control system uses informa- 
tion from the PCM, including the VSS, which 

is located in the transmission or transfer case. 

a 
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Refer to Chapter 6 for more information on 
the VSS. 
7 Test drive the vehicle to determine if the 
cruise control is now working. If it isn’t, take it 
to a dealer service department or other quali- 

fied repair shop for further diagnosis. 

23 Power window system - 
description and check 

Note: These models are equipped with a 

Body Control Module (BCM). Several sys- 
tems are linked to this centralized control 

module, which allows simple and accurate 

troubleshooting, but only with a professional- 
grade scan tool. The BCM governs the door 
locks, the power windows, the ignition lock 
and security system, the interior lights, the 
Daytime Running Lights system, the horn, the 

windshield wipers, the heating/air conditioning 
system and the power mirrors. In the event of 

malfunction with this system, have the vehicle 

diagnosed by a dealership service department 
or other qualified automotive repair facility. 

1 The power window system operates 

electric motors, mounted in the doors, which 
lower and raise the windows. The system 
consists of the control switches, the motors, 

regulators, glass mechanisms, the Body Con- 

trol Module (BCM) and associated wiring. 
2 The power windows can be lowered and 

raised from the master control switch by the 
driver or by remote switches located at the 
individual windows. Each window has a sepa- 

rate motor that is reversible. The position of 

the control switch determines the polarity and 

therefore the direction of operation. 
3 ‘The circuit is protected by a fuse and a cir- 
cuit breaker. Each motor is also equipped with 

an internal circuit breaker; this*prevents one 

stuck window from disabling the whole system. 
4 The power window system will only oper- 

ate when the ignition switch is ON, and for a 
period of time after the ignition key has been 

turned Off (unless one of the doors is opened). 
In addition, many models have a window lock- 
out switch at the master control switch which, 

when activated, disables the switches at the 
rear windows and, sometimes, the switch at 
the passenger’s window also. Always check 

these items before troubleshooting a window 

problem. 
5 These procedures are general in nature, 

so if you can’t find the problem using them, 

take the vehicle to a dealer service depart- 

ment or other properly equipped repair facility. 

6 If the power windows won't operate, 

always check the fuse and circuit breaker first. 

7 If only the rear windows are inoperative, 

or if the windows only operate from the master 

control switch, check the rear window lockout 

_ switch for continuity in the unlocked position. 

Replace it if it doesn’t have continuity. 

8 Check the wiring between the switches 

and fuse panel for continuity. Repair the wir- 

ing, if necessary. 

9 If only one window is inoperative from 

the master control switch, try the other con- 

trol switch at the window. Note: This doesn’t 
apply to the driver's door window. 
10 If the same window works from one 
switch, but not the other, check the switch for 

continuity. 

11 ‘If the switch tests OK, check for a short 
or open in the circuit between the affected 

switch and the window motor. 
12 If one window is inoperative from both 
switches, remove the switch panel from the 

affected door. Check for voltage at the switch 
and at the motor (refer to Chapter 11 for door 

panel removal) while the switch is operated. 

13 If voltage is reaching the motor, discon- 

nect the glass from the regulator (see Chap- 
ter 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 regulator is not damaged and 

the window moves up and down smoothly, 

replace the motor. If there’s binding or dam- 

age, lubricate, repair or replace parts, as nec- 

essary. 
14 If voltage isn’t reaching the motor, check 

the wiring in the circuit for continuity between 

the switches and the body control module, 

and between the body control module and the 

motors. You'll need to consult the wiring dia- 

gram at the end of this Chapter. If the circuit is 

equipped with a relay, check that the relay is 

grounded properly and receiving voltage. 

15 Test the windows after you are done to 

confirm proper repairs. 

24 Power door lock and keyless 
entry system - description and 

check 

Note: These models are equipped with a 

Body Control Module (BCM). Several sys- 
tems are linked to this centralized control 

module, which allows simple and accurate 

troubleshooting, but only with a professional- 
grade scan tool. The BCM governs the door 
locks, the power windows, the ignition lock 
and security system, the interior lights, the 

Daytime Running Lights system, the horn, the 

windshield wipers, the heating/air conditioning 

system and the power mirrors. In the event of 

malfunction with this system, have the vehicle 

diagnosed by a dealership service department 

or other qualified automotive repair facility. 

1 The power door lock system operates the 

door lock actuators mounted in each door. The 
system consists of the switches, actuators, 

BCM and associated wiring. Diagnosis can 

usually be limited to simple checks of the wir- 
ing connections and actuators for minor faults 

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 operating 
positions: Lock and Unlock. These switches 

send a signal to the BCM, which in turn sends 

a signal to the door lock solenoids. 

3 ‘If you are unable to locate the trouble 
using the following general steps, consult 

your dealer service department. 

24.14 Using a coin, carefully pry the 

halves of the transmitter apart 

4 Always check the circuit protection first. 
Some vehicles use.a combination of circuit 

breakers and fuses. Refer to the wiring dia- 

grams at the end of this Chapter. 
5 Check for voltage at the switches. If no 

voltage is present, check the wiring between 

the fuse panel and the switches for shorts and 

opens. 
6 If voltage is present, test the switch for 

continuity. Replace it if there’s not continuity in 

both switch positions. To remove the switch, 

use a flat-bladed trim tool to pry out the door/ 

window switch assembly (see Chapter 11). 

7 Ifthe switch has continuity, check the wir- 

ing between the switch and door lock solenoid. 

8 If all but one lock solenoids operate, 

remove the trim panel from the affected door 

(see Chapter 11) and check for voltage at the 

solenoid while the lock switch is operated. 

One of the wires should have voltage in the 

Lock position; the other should have voltage 

in the Unlock position. - 

9 If the inoperative solenoid is receiving 
voltage, replace the solenoid. 

10 If the inoperative solenoid isn’t receiving 

voltage, check for an open or short in the wire 

between the lock solenoid and the relay. 

11. On the models covered by this manual, 

power door lock system communication goes 

through the Body Control Module (BCM). If 
the above tests do not pinpoint a problem, 

take the vehicle to a dealer or qualified shop 

with the proper scan tool to retrieve trouble 

codes from the BCM. 

Keyless entry system 
12 The keyless entry system consists of a 

remote control transmitter that sends a coded 

infrared signal to a receiver, which then oper- 

ates the door lock system. 

13 Replace the battery when the transmitter 

doesn’t operate the locks at a distance of ten 

feet. Normal range should be about 30 feet. 

Key remote control battery 

replacement 
Refer to illustrations 24.14 and 24.15 

14 Use aplastic trim tool or coin to carefully 

separate the case halves (see illustration). 
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24.15 Carefully pry out the old battery 

15 Replace the battery (see illustration). 
16 Snap the case halves together. 

Transmitter programming 
17 Programming replacement transmitters 

requires the use of a specialized scan tool. 

Take the vehicle and the transmitter(s) to a 
dealer service department or other qualified 

repair shop equipped with the necessary tool 

to have the transmitter(s) programmed to the 
vehicle. 

25 Electric side view mirrors - 

description 

Note: On these models, the outside mir- 
rors are controlled by the Driver Door Switch 

Assembly (DDSA), which houses the mir- 
ror control switches, the Driver Door Module 
(DDM), and the front Passenger Door Module 
(PDM). The DDSA interprets the mirror con- 
trol switch movements while the door modules 
supply the battery voltage and ground to their 

different mirror motors to move the mirrors. 

1 The electric rear view mirrors use two 

motors to move the glass; one for up and 

down adjustments and one for left-right adjust- 
ments. 

2 The control switch has a selector portion 
which sends voltage to the left or right side 
mirror. With the ignition in the ACC position 
and the engine OFF, roll down the windows 

and operate the mirror control switch through 

all functions (left-right and up-down) for both 
the left and right side mirrors. 

3 Listen carefully for the sound of the elec- 
tric motors running in the mirrors. 

4 If the motors can be heard but the mir- 

ror glass doesn’t move, there’s probably a 
problem with the drive mechanism inside the 

mirror. Power mirrors have no user-service- 

able parts inside - a defective mirror must be 

replaced as a unit (see Chapter 11). 

5 If the mirrors don’t operate and no sound 

comes from the mirrors, check the fuses (see 

Section 3). 

6 If the fuses are OK, remove the mir- 

ror control switch. Have the switch continuity 

checked by a dealer service department or 

other qualified shop. 

7 Check the ground connections. 

8 If the mirror still doesn’t work, remove 
the mirror and check the wires at the mirror 

for voltage. 
9 If there’s not voltage in each switch posi- 

tion, check the circuit between the mirror and 

control switch for opens and shorts. 
10 If there’s voltage, remove the mirror 

and test it off the vehicle with jumper wires. 

Replace the mirror if it fails this test. 

26 Power seats - description 

1 These models feature a six-way seat that 

goes forward and backward, up and down 

and tilts forward and backward. The seats are 

powered by three reversible motors, mounted 

in one housing, that are controlled by switches 

on the side of the seat. Each switch changes 

the direction of seat travel by reversing polar- 

ity to the drive motor. 

2 Diagnosis is usually a simple matter, 

using the following procedures. 

3 Look under the seat for any object which 

may be preventing the seat from moving. 

4 If the seat won’t work at all, check the 
circuit breaker (see Section 4). 
5 With the engine off to reduce the noise 

level, operate the seat controls in all direc- 
tions and listen for sound coming from the 
seat motors. 

6 If the motors make noise or don’t work, 

check for voltage at the motors while an 

assistant operates the switch. With the door 

open, try the seat switch again. If the dome 

light dims while trying to operate the seat, this 

indicates something may be jammed in the 
seat tracks. 

7 _ Ifthe motor is getting voltage but doesn’t 
run, test it off the vehicle with jumper wires. If 

it still doesn’t work, replace it. 

8 If the motor isn’t getting voltage, remove 

the switch and check for voltage. If there’s 
no voltage to the switch, check the wiring 

between the fuse block and the switch. If 
there’s battery voltage at the switch, check 
the other terminals for voltage while moving 

the switch around. If the switch is OK, check 

for a short or open in the wiring between the 
switch and motor. 

9 Test the completed repairs. 

27 Data Link Communication 

system - description 

1 The vehicles covered by this manual 

have a complex electrical system, encom- 

passing many power accessories, and a num- 

ber of separate electronic modules. 

2 The Powertrain Control Module (PCM) 
is mainly responsible for engine and trans- 

mission control, but also communicates with 
other modules around the vehicle through 

a Data Link Communication system, which 

sends serial port data very quickly between 

the various modules. Many of the computer 

functions involved in the operation of body 

systems are routed through the Body Control 

Module (BCM) which communicates with the 
PCM. . 
3 Among the modules in the Data Link 
system besides the BCM and PCM are the 
Sensing Diagnostic Module (airbag system), 
the Electronic Brake Control Module and the 
instrument panel cluster. The BCM further 
communicates with various body subsystems. 

4 All of the modules in the vehicle have 

associated trouble codes. When other trouble- 
shooting procedures fail to pinpoint the prob- 

lem, check the wiring diagrams at the end of 

this Chapter to see if the BCM or PCM are 
involved in the circuit. If so, take your vehicle 
to a dealer service department or other quali- 

fied repair shop with the proper diagnostic 

tools to extract the trouble codes. 

28 Airbag system - general 

information 

All models are equipped with a Supple- 

mental Inflatable Restraint (SIR) system, 

more commonly known as the airbag system. 

The airbag system is designed to protect the 

driver and the front seat passenger from seri- 

ous injury in the event of a head-on or frontal 
collision. It consists of the impact sensors, 

a driver’s airbag module in the center of the 

steering wheel, a passenger's airbag module 

in the glove box area of the instrument panel 

and a sensing/diagnostic module mounted 

under the center console, side-curtain airbags 
and seat belt pre-tensioners. 

Airbag modules 

Driver’s airbag 
The airbag inflator module contains a 

housing incorporating the cushion (airbag) 

and inflator unit, mounted in the center of 
the steering wheel. The inflator assembly is 

mounted on the back of the housing over a 

hole through which gas is expelled, inflating 

the bag almost instantaneously when an elec- 

trical signal is sent from the system. A spiral 

cable (or clockspring) assembly on the steer- 
ing column under the steering wheel carries 

this signal to the module. This clockspring 

can transmit an electrical signal regardless of 
steering wheel position. 

Passenger’s airbag 
The airbag is mounted inside the right 

side of the instrument panel, in the area 

above the glove box. It’s similar in design to 

the driver’s airbag, except that it's larger than 

the steering wheel unit. The trim cover (on the 

side of the instrument panel that faces toward 

the passenger) is textured and colored to 

match the instrument panel and has a molded 

seam that splits open when the bag inflates. 
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28.8 The 10 amp AIRBAG fuse is located 
in the interior fuse box in the trunk or 

hatch on 2010 and later models - see the 

fuse cover for exact fuse location for 

your model 

Side curtain airbags 
In addition to the side-impact airbags, © 

extra side-impact protection is also provided 

by side-curtain airbags. These are long air- 
bags that, in the event of a side impact, come 
out of the headliner at each side of the car 
and come down between the side windows 

and the seats. They are designed to protect 
the heads of both front seat and rear seat 

passengers. 

Sensing and diagnostic 

module 
The sensing and diagnostic module sup- 

plies the current to the airbag system in the 

event of a collision, even if battery power is 

cut off. It checks this system every time the 
vehicle is started, causing the “AIR BAG’ 

light to go on then off, if the system is operat- 
ing properly. If there is a fault in the system, 
the light will go on and stay on, flash, or the 
dash will make a beeping sound. If this hap- 
pens, the vehicle should be taken to your 

dealer immediately for service. This module is 
mounted under the center console. There is 

also a roll-over sensor located directly behind 

it on later models. 

Seat belt pre-tensioners 
These models are equipped with pyro- 

technic (explosive) units in the front seat belt 
retracting mechanisms. During an impact that 

would trigger the airbag system, the airbag 

control unit also triggers the seat belt retrac- 

tors. When the pyrotechnic charges go off, 

they accelerate the retractors to instantly take 

up any slack in the seat belt system to more 

fully prepare the driver and front seat passen- 

ger for impact. 

The airbag system should be disabled 
any time work is done to or around the seats. 

Warning: Never strike the pillars or floorpan 

with a hammer or use an impact-driver tool in 

these areas unless the system is disabled. 

Disarming the system and 
other precautions 
Refer to illustration 28.8 

Warning: Failure to follow these precautions 
could result in accidental deployment of the 

airbag and personal injury. 

Whenever working in the vicinity of the 
steering wheel, steering column or any of the 

other SIR system components, the system 
must be disarmed. 

To disarm the airbag system: 
a) Point the wheels straight ahead and turn 

the key to the Lock position. 

b) Remove the 10A SIR/AIRBAG fuse(s) 
(see illustration). Note: See Section 3 
for fuse box locations. 

c) Turn the ignition key to the On position 

and look at the AIR BAG light on the 
instrument panel for at least 30 seconds. 

If you removed the correct fuse, the light 

will remain lit continuously (not flash). If 

the light doesn’t remain lit continuously, 

remove the proper fuse. 

d) Turn the ignition key to the Off position. 
e) Disconnect the cable from the negative 

battery terminal (see Chapter 5). 
f) Wait at least two minutes for the back-up 

power supply to be depleted. 

To re-arm the airbag system: 
a) Turn the ignition key to the On position, 

then reinstall the SIR fuse. 
b) Make sure there is nobody inside the 

vehicle and that there are no objects 

near any of the airbag modules, then 

reconnect the cable to the negative ter- 

minal of the battery. 
c) Turn the ignition switch to the Off posi- 

tion, wait ten seconds, then turn it to the 

On position. The AIR BAG light on the 

instrument panel should come on con- 

tinuously for about six seconds, then 

turn off. Note: The light might take up 

to 30 seconds to come on after the key 

is turned to the On position (during this 
time the Restraints Control Module is 
performing a self-check of the system). If 

the light fails to come on, or if it flashes, 

or if a chime sounds in patterns of five 

sets of five beeps, have the vehicle diag- 

nosed by a dealer service department or 

other qualified repair shop. 

Whenever handling an airbag 

module: 
Always keep the airbag opening (the trim 

side) pointed away from your body. Never 

place the airbag module on a bench or other 
surface with the airbag opening facing the 

surface. Always place the airbag module in a 
safe location with the airbag opening facing 

up. 
Never measure the resistance of any 

SIR component. An ohmmeter has a built-in 
battery supply that could accidentally deploy 

the airbag. 
Never use electrical welding equipment 

on a vehicle equipped with an airbag without 
first disconnecting the electrical connector for 

each airbag. 
Never dispose of a live airbag module. 

Return it to a dealer service department or 

other qualified repair shop for safe deploy- 

ment and disposal. 

Component removal and 
installation 

Driver’s side airbag module and 

spiral cable 
Refer to Chapter 10, Steering wheel - 

removal and installation, for the driver's side 
airbag module and clockspring removal and 
installation procedures. 

Passenger’s airbag module and 

other airbag modules 
Even if you ever have to remove the 

instrument panel, it’s not necessary to remove 

the passenger airbag module to do so; it 

can simply remain installed in the instrument 

panel. We don’t recommend removing any of 

the other airbag modules either. These jobs 

are best left to a professional. 

29 Wiring diagrams - general 

information 

Since it isn’t possible to include all wir- 

ing diagrams for every year and model cov- 

ered by this manual, the following diagrams 

are those that are typical and most commonly 

needed. 
Prior to troubleshooting any circuits, 

check the fuse and circuit breakers (if 

equipped) to make sure they’re in good condi- 
tion. Make sure the battery is properly charged 

and check the cable connections (see Chap- 

ter 1). 
When checking a circuit, make sure that 

all connectors are clean, with no broken or 
loose terminals. When disconnecting a con- 

nector, do not pull on the wiring; pull only on 

the connector. 
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IND-1 

About this manual, 0-5 

Accelerator Pedal Position (APP) sensor, 

replacement, 6-14 

Acknowledgements, 0-2 

Air conditioning 
and heating system, check and maintenance, 3-5 

compressor, removal and installation, 3-12 

condenser, removal and installation, 3-13 

pressure cycling switch, replacement, 3-13 

thermostatic expansion, valve (TXV), general 

information, 3-13 

Air filter 
element, check and replacement, 1-20 

housing, removal and installation, 4-8 

Airbag system, general information, 12-16 

Alternator, removal and installation, 5-5 

Antenna, module and cables, removal and 

installation, 12-8 

Anti-lock Brake System (ABS), general 

information, 9-7 
Automatic transmission 

diagnosis, general, 7B-1 

fluid 
and filter change, 1-24 

level check, 1-13 

type, 1-1 
mount, replacement, 7B-4 

overhaul, general information, 7B-4 

removal and installation, 7B-3 

shift 
lever, replacement, 7B-2 

linkage, adjustment, 7B-3 

Automotive chemicals and lubricanis, 0-20 

B 
Barometric pressure (BARO) sensor, 

replacement, 6-17 

Battery 

cables, check and replacement, 5-5 

check, maintenance and charging, 1-15 

disconnection and reconnection, 5-3 

removal and installation, 5-4 

Blower motor control module and blower motor, 

replacement, 3-11 

Body repair 

major damage, 11-3 

minor damage, 11-2 

Booster battery (jump) starting, 0-19 

Brakes 
Anti-lock Brake System (ABS), general 

information, 9-7 

Brake Pedal Position (BPP) sensor, 

replacement, 9-17 

caliper, removal and installation, 9-10 

disc, inspection, removal and installation, 9-11 

electronic parking brake cable, tension 

release, 9-15 

fluid 
change, 1-22 

level check, 1-9 

type, 1-1 
general information, 9-2 
hoses and lines, inspection and replacement, 9- 13, 

hydraulic system, bleeding, 9-14 
light switch (2003 models only), replacement, 9-17 

master cylinder, removal and installation, 9-12 

pads, replacement, 9-7 

parking brake shoes, replacement, 9-15 
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power brake booster, check, removal and 
installation, 9-14 

system check, 1-18 
troubleshooting, 9-3 

Bulb replacement, 12-10 
Bumper covers, removal and installation, 11-7 
Buying parts, 0-11 

C 
Cabin air filter replacement, 1-21 
Cable replacement 

antenna, 12-8 

battery, 5-5 

hood release, 11-6 
Caliper, disc brake, removal and installation, 9-10 
Camshaft Position (CMP) sensor(s), replacement, 6-14 
Camshaft position actuator solenoid valve, 

replacement, 6-15 
Camshafts (2.8L, 3.0L and 3.6L V6 engines), removal 

and installation, 2B-17 

Camshafts and lifters, removal and installation 
3.2L V6 engine, 2A-8 

5.7L, 6.0L and 6.2L V8 engines, 2C-13 
Capacities, fluids and lubricants, 1-2 

Carpets, maintenance, 11-5 

Catalytic converter, replacement, 6-19 
Center floor console, removal and installation, 11-16 
Charge air system 

draining, 2C-16 

refilling/bleeding, 2C-18 

cooler, removal and installation, 3-10 

Chassis electrical system, 12-1 

Chemicals and lubricants, 0-20 

Circuit breakers, general information, 12-3 

Clutch 
components, removal, inspection and installation, 8-3 
description and check, 8-2 
fluid 

level check, 1-9 
type, 1-1 

hydraulic system, bleeding, 8-3 

master cylinder, removal and installation, 8-2 
pilot bushing, replacement, 8-5 

release cylinder, removal and installation, 8-3 
Coil spring 

front, replacement, 10-7 

rear, removal and installation, 10-10 

Coils, ignition, replacement, 5-5 
Compressor, air conditioning, removal and 

installation, 3-12 

Condenser, air conditioning, removal and 

installation, 3-13 

Control arms, front, removal, inspection and 
installation, 10-7 

Conversion factors, 0-21 

Coolant 

expansion tank, removal and installation, 3-9 
level check, 1-9 
type, 1-1 

Coolant Temperature (ECT) sensor, 
replacement, 6-15 

Coolant temperature sending unit, check and 
replacement, 3-11 

Cooling system 

check, 1-17 

servicing (draining, flushing and refilling), 1-22 
Cowl panels, removal and installation, 11-9 

Crankshaft 

balancer, removal and installation 

2.8L, 3.0L and 3.6L V6 engines, 2B-12 
3.2L V6 engine, 2A-5 

5.7L, 6.0L and 6.2L V8 engines, 2C-10 
front oil seal, replacement 

2.8L, 3.0L and 3.6L V6 engines, 2B-12 
3.2L V6 engine, 2A-8 

5.7L, 6.0L and 6.2L V8 engines, 2C-11 
pulley (3.2L V6 engine), removal and installation, 2A-5 
removal and installation, 2D-12 

Crankshaft Position (CKP) sensor, replacement, 6-15 
Cruise control system, description and check, 12-14 
Cylinder compression check, 2D-5 
Cylinder heads, removal and installation 

2.8L, 3.0L and 3.6L V6 engines, 2B-11 
3.2L V6 engine, 2A-10 

5.7L, 6.0L and 6.2L V8 engines, 2C-9 

D 
Dashboard trim panels, removal and 

installation, 11-17 

Data Link Communication system, description, 12-16 
Daytime Running Lights (DRL), general 

information, 12-13 
Defogger, rear window, check and repair, 12-14 
Diagnosis, 0-24 

Diagnostic Trouble Codes (DTCs), obtaining and 
clearing, 6-5 

Differential 
lubricant 

change, 1-25 

level check, 1-20 
type, 1-1 

pinion oil seal, replacement, 8-8 
removal and installation, 8-8 

- Disc brake 

caliper, removal and installation, 9-10 
disc, inspection, removal and installation, 9-11 
pads, replacement, 9-7 
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Disconnecting fuel line fittings, 4-5 
Door 

latch, lock cylinder and handles, removal and 

installation, 11-12 

removal, installation and adjustment, 11-11 

trim panels, removal and installation, 11-9 

window glass regulator and motor, removal and 

installation, 11-14 

window glass, removal and installation, 11-13 

Driveaxle 
boot, replacement, 8-7 

oil seals, replacement, 8-8 

removal and installation, 8-6 

Drivebelt 

check and replacement, 1-23 

tensioner, replacement, 1-24 

Driveplate, removal and installation 

2.8L, 3.0L and 3.6L V6 engines, 2B-19 
3.2L V6 engine, 2A-12 

5.7L, 6.0L and 6.2L V8 engines, 2C-17 
Driveshaft, removal and installation, 8-5 

E 
Electric side view mirrors, description, 12-16 

Electrical connectors, general information, 12-4 

Electrical troubleshooting, general information, 12-1 

Electronic parking brake cable, tension release, 9-15 

Emissions and engine control systems, 6-1 

Engine Coolant Temperature (ECT) sensor, 

replacement, 6-15 

Engine coolant, level check, 1-9 
Engine cooling fans, replacement, 3-8 

Engine electrical systems, 5-1 

general information and precautions, 5-1 

troubleshooting, 5-1 

Engine mounts, check and replacement 

2.8L, 3.0L and 3.6L V6 engines, 2B-20 

3.2L V6 engine, 2A-13 

5.7L, 6.0L and 6.2L V8 engines, 2C-18 

Engine oil 
and filter change, 1-12 

level check, 1-8 
type and viscosity, 1-1 

Engine overhaul 
disassembly sequence, 2D-8 
reassembly sequence, 2D-16 

Engine rebuilding alternatives, 2D-6 

Engine removal, methods and precautions, 2D-6 

General engine overhaul procedures 

crankshaft, removal and installation, 2D-12 

cylinder compression check, 2D-5 

engine overhaul 

disassembly sequence, 2D-8 

reassembly sequence, 2D-16 

engine rebuilding alternatives, 2D-6 

engine removal, methods and precautions, 2D-6 

engine, removal and installation, 2D-7 

initial start-up and break-in after overhaul, 2D-16 

oil pressure check, 2D-4 

pistons and connecting rods, removal and 

installation, 2D-9 
vacuum gauge diagnostic checks, 2D-5 

Engine, in-vehicle engine repair procedures, 2.8L, 

3.0L and 3.6L V6 engines 

camshafts, removal and installation, 2B-17 
crankshaft balancer, removal and installation, 2B-12 

crankshaft front oil seal, removal and 

installation, 2B-12 

cylinder heads, removal and installation, 2B-11 

engine mounts, check and replacement, 2B-20 

exhaust manifolds, removal and installation, 2B-10 

flywheel/driveplate, removal and installation, 2B-19 
oil pan, removal and installation, 2B-18 

oil pump, removal, inspection and installation, 2B-19 

plenum and intake manifold, removal and 

installation, 2B-8 

rear main oil seal, replacement, 2B-19 

repair operations possible with the engine in the 

vehicle, 2B-4 

rocker arms and hydraulic lifters, removal, inspection 

and installation, 2B-6 

timing chain and camshaft sprockets, removal, 

inspection and installation, 2B-14 

timing chain cover, removal and installation, 2B-13 

Top Dead Center (TDC) for number 1 piston, 

locating, 2B-5 

valve covers, removal and installation, 2B-5 

valve springs, retainers and seals, replacement, 2B-7 

Engine, in-vehicle engine repair procedures, 3.2L V6 

engine 
camshafts and lifters, removal, inspection and 

installation, 2A-8 

crankshaft front oil seal, replacement, 2A-8 
crankshaft pulley, removal and installation, 2A-5 

cylinder heads, removal and installation, 2A-10 

engine mounts, check and replacement, 2A-13 

exhaust manifold, removal and installation, 2A-5 
flywheel/driveplate, removal and installation, 2A-12 
intake manifolds, removal and installation, 2A-4 

intake plenum, removal and installation, 2A-4 
oil pan, removal and installation, 2A-11 

oil pump, removal, inspection and installation, 2A-12 

rear main oil seal, replacement, 2A-13 

repair operations possible with the engine in the 

vehicle, 2A-3 

timing belt cover, timing belt and sprockets, removal, 

inspection, installation and adjustment, 2A-5 

Top Dead Center (TDC) for number 1 piston, 

locating, 2A-3 

valve covers, removal and installation, 2A-4 
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Fluid level checks, 1-8 Engine, in-vehicle engine repair procedures, 5.7L, 
6.0L and 6.2L V8 engines 

camshafts and lifters, removal and installation, 2C-13 

crankshaft balancer, removal and installation, 2C-10 

crankshaft front oil seal, removal and 

installation, 2C-11 

cylinder heads, removal and installation, 2C-9 

engine mounts, check and replacement, 2C-18 

exhaust manifolds, removal and installation, 2C-9 

flywheel/driveplate, removal and installation, 2C-17 

intake manifold (5.7L and 6.0L), removal and 

installation, 2C-8 

oil pan, removal and installation, 2C-14 

oil pump, removal, inspection and installation, 2C-15 

rear main oil seal, replacement, 2C-17 

repair operations possible with the engine in the 
vehicle, 2C-4 

rocker arms and pushrods, removal, inspection and 
installation, 2C-6 

supercharger (6.2L) 

charge air cooler, refilling/bleeding, 2C-18 

removal and installation, 2C-16 
timing chain, removal, inspection and 

installation, 2C-12 

Top Dead Center (TDC) for number 1 piston, 
locating, 2C-4 

valley cover, removal and installation, 2C-17 

valve covers, removal and installation, 2C-5 

valve springs, retainers and seals, 
replacement, 2C-7 

Engine, removal and installation, 2D-7 

Evaporative emissions control (EVAP) system, 

component replacement, 6-19 

Exhaust manifold(s), removal and installation 
2.8L, 3.0L and 3.6L V6 engines, 2B-10 
3.2L V6 engine, 2A-5 

5.7L, 6.0L and 6.2L V8 engines, 2C-9 
Exhaust system 

check, 1-21 

servicing, general information, 4-4 

[= 

Fans, engine cooling, replacement, 3-8 
Fastener and trim removal, 11-5 

Fault finding, 0-24 

Fender, front, removal and installation, 11-8 

Filter replacement 

automatic transmission fluid, 1-24 

‘engine air, 1-20 

engine oil, 1-12 

fuel, 4-13 

interior ventilation, 1-21 

Firing order, 1-3 

automatic transmission, 1-13 

brake fluid, 1-9 

clutch fluid, 1-9 

engine coolant, 1-9 

engine oil, 1-8 

manual transmission, 1-20 

power steering, 1-10 

windshield washer, 1-10 

Fluids and lubricants 

Capacities, 1-2 

recommended, 1-1 

Flywheel/driveplate, removal and installation 

2.8L, 3.0L and 3.6L V6 engines, 2B-19 

3.2L V6 engine, 2A-12 

5.7L, 6.0L and 6.2L V8 engines, 2C-17 

Fraction/decimal/millimeter equivalents, 0-22 

Front hub and bearing assembly, removal and 
installation, 10-8 

Fuel 

disconnecting fuel line fittings, 4-5 

filter, replacement (2007 and earlier models), 4-13 

high-pressure fuel pump, removal and installation, 4-7 

lines and fittings, repair and replacement, 4-4 
pressure 

check, 4-4 

relief procedure, 4-4 

sensor, replacement, 4-10 

pump module, removal and installation, 4-6 

rail and injectors, removal and installation, 4-10 
system check, 1-20 

tank, removal and installation, 4-7 
troubleshooting, 4-3 

warnings, 4-3 

Fuel and exhaust systems, 4-1 

Fuses, general information, 12-3 

Fusible links, general information, 12-3 

G 
General engine overhaul procedures 

crankshaft, removal and installation, 2D-12 
cylinder compression check, 2D-5 
engine overhaul 

disassembly sequence, 2D-8 

reassembly sequence, 2D-16 
engine rebuilding alternatives, 2D-6 
engine removal, methods and precautions, 2D-6 
engine, removal and installation, 2D-7 
initial start-up and break-in after overhaul, 2D-16 
oil pressure check, 2D-4 
pistons and connecting rods, removal and 

installation, 2D-9 
vacuum gauge diagnostic checks, 2D-5 

Grille, radiator, removal and installation, 11-9 
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H 
Headlight 

adjustment, 12-9 

bulb, replacement, 12-8 

housing, replacement, 12-9 
Heater core, replacement, 3-12 

Heater/air conditioning control assembly, removal 

and installation, 3-12 . 

Heating and air conditioning system, check and 
maintenance, 3-5 

High-pressure fuel pump, removal and 

installation, 4-7 

Hood 

latch and release cable, removal and installation, 11-6 

removal, installation and adjustment, 11-6 

Horn, replacement, 12-13 

Hub and bearing assembly, removal and installation 

front, 10-8 

rear, 10-11 

Ignition switch and key lock cylinder assembly, 

replacement, 12-5 

Ignition coils, replacement, 5-5 

Information sensors, general information, 6-4 

Initial start-up and break-in after overhaul, 2D-16 

Injectors, fuel, removal and installation, 4-10 

Instrument 
cluster, removal and installation, 12-6 

panel switches, replacement, 12-6 

panel, removal and installation, 11-20 
Intake manifold runner control solenoid (2008 and 

earlier V6 engines), replacement, 6-20 

Intake manifold(s), removal and installation 

2.8L, 3.0L and 3.6L V6,engines, 2B-8 

3.2L V6 engine, 2A-4 

5.7L and 6.0L V8 engines, 2C-8 
Intake plenum, removal and installation 

2.8L, 3.0L and 3.6L V6 engines, 2B-8 

3.2L V6 engine, 2A-4 

Intercooler (charge air cooler), removal and 

installation, 3-10 

Interior ventilation filter replacement, 1-21 

Introduction, 0-5 

J 
Jacking and towing, 0-18 
Jump starting, 0-19 

K 
Key lock cylinder 

and latch, door, removal and installation, 11-12 

ignition, replacement, 12-5 
Keyless entry system, description and check, 12-15 

Knock sensors, replacement, 6-16 

Knuckle and hub, rear, removal and installation, 10-11 

L 
Liftgate 

strut, removal and installation, 11-16 

trim panels (wagon), removal and installation, 11-16 

Lubricants and chemicals, 0-20 

Lubricants and fluids 

capacities, 1-2 

recommended, 1-1 

Maintenance schedule, 1-7 

Maintenance techniques, tools and working 

facilities, 0-11 

Manifold Absolute Pressure (MAP) sensor, 

replacement, 6-16 

Manual transmission 

lubricant 

change, 1-25 

level check, 1-20 

type, 1-1 

overhaul, general information, 7A-3 

removal and installation, 7A-2 

shift control assembly, removal and installation, 7A-2 

shift knob, removal and installation, 7A-2 ' 

Mass Air Flow/Intake Air Temperature (MAF/IAT) 

sensor, replacement, 6-16 

Master cylinder, removal and installation 

brake, 9-12 

clutch, 8-2 

Mirrors 

electric side view, description, 12-16 

removal and installation, 11-14 

O 
Obtaining and clearing Diagnostic Trouble Codes 

(DTCs), 6-5 
Oil pan, removal and installation 

2.8L, 3.0L and 3.6L V6 engines, 2B-18 
3.2L V6 engine, 2A-11 
5.7L, 6.0L and 6.2L V8 engines, 2C-14 

Oil pressure check, 2D-4 
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Oil pump, removal, inspection and installation 

2.8L, 3.0L and 3.6L V6 engines, 2B-19 
3.2L V6 engine, 2A-12 

5.7L, 6.0L and 6.2L V8 engines, 2C-15 
Oil, engine 

level check, 1-8 
type and viscosity, 1-1 

On-Board Diagnosis (OBD) system, 6-5 
Oxygen sensors, replacement, 6-17 

p 
Package tray, removal and installation, 11-23 

Pads, disc brake, replacement, 9-7 

Parking brake 

electronic cable, tension release, 9-15 
shoes, replacement, 9-15 

Parts, replacement, buying, 0-11 

Pilot bushing, replacement, 8-5 

Pinion oil seal, replacement, 8-8 

Pistons and connecting rods, removal and 

installation, 2D-9 

Positive Crankcase Ventilation (PCV) hose, 
replacement, 6-20 

Power brake booster, check, removal and 

installation, 9-14 

Power door lock and keyless entry system, 
description and check, 12-15 

Power seats, description, 12-16 

Power steering 

fluid . 

cooler, removal and installation, 10-16 
level check, 1-10 
type, 1-1 

pump, removal and installation, 10-15 
‘ system, bleeding, 10-16 

Power window system, description and check, 12-15 
Powertrain Control Module (PCM), removal and 

installation, 6-18 

Pressure cycling switch, air conditioning, 

replacement, 3-13 

R 
Radiator 

grille, removal and installation, 11-9 
removal and installation, 3-10 

Radio and speakers, removal and installation, 12-6 
Rear differential 

lubricant 

change, 1-25 
level check, 1-20 

type, 1-1 

pinion oil seal, replacement, 8-8 

removal and installation, 8-8 
Rear driveaxle 

boot, replacement, 8-7 

oil seals, replacement, 8-8 

removal and installation, 8-6 

Rear hub and bearing assembly, removal and 
installation, 10-11 

Rear knuckle and hub, removal and 

installation, 10-11 

Rear main oil seal, replacement 
2.8L, 3.0L and 3.6L V6 engines, 2B-19 
3.2L V6 engine, 2A-13 
5.7L, 6.0L and 6.2L V8 engines, 2C-17 

Rear window defogger, check and repair, 12-14 
Recall information, 0-7 

Recommended lubricants and fluids, 1-1 
Relays, general information, 12-3 

Release cylinder, clutch, removal and 
installation, 8-3 

Repair of minor paint scratches, 11-2 

Repair operations possible with the engine in the 
vehicle 

2.8L, 3.0L and 3.6L V6 engines, 2B-4 
3.2L V6 engine, 2A-3 

5.7L, 6.0L and 6.2L V8 engines, 2C-4 

Replacement parts, buying, 0-11 
Rocker arms 

and hydraulic lifters, removal, inspection and 

installation (2.8L, 3.0L and 3.6L V6 engines), 2B-6 
and pushrods, removal, inspection and installation 

(5.7L, 6.0L and 6.2L V8 engines), 2C-6 
Rotating the tires, 1-17 

Rotor, brake, inspection, removal and 

installation, 9-11 

Routine maintenance schedule, 1-7 

S 
Safety first!, 0-23 

Safety recall information, 0-7 
Scheduled maintenance, 1-1 

Seat belt check, 1-17 

Seats, removal and installation, 11-21 
Shift 

control assembly, manual transmission, removal and 
installation, 7A-2 

knob, manual transmission, removal and 
installation, 7A-2 

lever, automatic transmission, replacement, 7B-2 
linkage, automatic transmission, adjustment, 7B-3 

Shock absorber, rear, removal and installation, 10-9 
Shock absorber/coil spring assembly, front 

component replacement, 10-7 
removal, inspection and installation, 10-6 



Index IND-7 
a A CS SS SS Eg ee 

Slave cylinder, clutch, removal and installation, 8-3 

Spare tire, installing, 0-18 

Spark plug 

check and replacement, 1-26 
torque, 1-3 
type and gap, 1-2 

Speakers, removal and installation, 12-6 

Stabilizer bar, bushings and links, removal and 
installation 

front, 10-7 

rear, 10-12 

Starter motor, removal and installation, 5-6 

Steering 
column 

covers, removal and installation, 11-20 

removal and installation, 10-14 
switches, replacement, 12-5 

gear boots, removal and installation, 10-15 

gear, removal and installation, 10-15 
knuckle, removal and installation, 10-8 

wheel, removal and installation, 10-13 

Steering, suspension and driveaxle boot check, 1-19 

Stop light switch (2003 models only), 
replacement, 9-17 

Subframe, removal and installation, 10- 11 

Supercharger (6.2L V8 engine) 
air pressure sensors,replacement, 6-20 

charge air cooler refilling/bleeding, 2C-18 
removal and installation, 2C-16 

Suspension arms, rear, removal and 

installation, 10-9 

- 
Taillight housing, removal and installation, 12-10 

Tensioner, drivebelt, replacement, 1-24 

Thermostat, replacement, 3-7 

Thermostatic expansion valve (TXV), air 

conditioning, general information, 3-13 

Throttle body, removal and installation, 4-9 

Throttle Position (TP) sensor, replacement, 6-18 

Tie-rod ends, removal and installation, 10-14 

Timing belt cover, timing belt and sprockets, 3.2L 

V6 engine, removal, inspection, installation and 

adjustment, 2A-5 

Timing chain and camshaft sprockets, 2.8L, 3.0L 

and 3.6L V6 engines, removal, inspection and 

installation, 2B-14 

Timing chain cover, 2.8L, 3.0L and 3.6L V6 engines, 

removal and installation, 2B-13 

Timing chain, 5.7L, 6.0L and 6.2L V8 engines, 

removal, inspection and installation, 2C-12 

Tire and tire pressure checks, 1-10 

Tire rotation, 1-17 

Tire, spare, installing, 0-18 

Tools and working facilities, 0-11 

Top Dead Center (TDC) for number 1 piston, locating 

2.8L, 3.0L and 3.6L V6 engines, 2B-5 

3.2L V6 engine, 2A-3 

5.7L, 6.0L and 6.2L V8 engines, 2C-4 

Torque specifications 

cylinder head bolts 

2.8L, 3.0L and 3.6L V6 engines, 2B-3 

3.2L V6 engine, 2A-2 
5.7L, 6.0L and 6.2L V8 engines, 2C-3 

spark plugs, 1-3 
thermostat housing bolts, 3-2 

water pump bolts, 3-2 

wheel lug nuts, 1-3 
Other torque specifications can be found in the 

Chapter that deals with the component being 

serviced 

Towing, 0-18 
Transmission, automatic 

diagnosis, general, 7B-1 

fluid 
and filter change, 1-24 
level check, 1-13 

type, 1-1 

mount, replacement, 7B-4 

overhaul, general information, 7B-4 

removal and installation, 7B-3 

shift 
lever, replacement, 7B-2 

linkage, adjustment, 7B-3 

Transmission, manual 

lubricant 
change, 1-25 

level check, 1-20 

type, 1-1 
overhaul, general information, 7A-3 
removal and installation, 7A-2 
shift control assembly, removal and installation, 7A-2 
shift knob, removal and installation, 7A-2 

Trim panels, removal and installation 

dashboard, 11-17 

door, 11-9 
liftgate (wagon), 11-16 

Trouble codes, obtaining and clearing, 6-5 

Troubleshooting, 0-24 

brakes, 9-3 
cooling, heating and air conditioning systems, 3-3 

engine electrical systems, 5-1 

fuel and exhaust systems, 4-3 

Trunk lid 
latch and striker, removal and installation, 11-15 

removal and installation, 11-14 

Tune-up general information, 1-8 



IND-8 Index 

U 
Underhood hose check and replacement, 1-17 
Upholstery, maintenance, 11-5 

V 
Vacuum gauge diagnostic checks, 2D-5 

Valley cover (5.7L, 6.0L and 6.2L V8 engines), 

removal and installation, 2C-17 

Valve covers, removal and installation 

2.8L, 3.0L and 3.6L V6 engines, 2B-5 
3.2L V6 engine, 2A-4 

5.7L, 6.0L and 6.2L V8 engines, 2C-5 
Valve springs, retainers and seals, replacement 

2.8L, 3.0L and 3.6L V6 engines, 2B-7 

5.7L, 6.0L and 6.2L V8 engines, 2C-7 

Variable Valve Timing (VVT) system, 
description, 6-20 

Vehicle identification sith tS 0-6 

Vehicle Speed Sensor (VSS), replacement, 6-18 
Vinyl trim, maintenance, 11-5 

W 
Water pump, replacement, 3-10 
Wheel alignment, general information, 10-17 

Wheels and tires, general information, 10-16 

Window glass regulator and motor, removal and 
installation, 11-14 

Window glass, door, removal and installation, 11-13 

Windshield - 
washer fluid, level check, 1-10 

wiper blade inspection and replacement, 1-15 

wiper motor, check and replacement, 12-13 

Wiring diagrams, general information, 12-17 
Working facilities, 0-11 



ACURA 
12020 
12021 

12050 

24066 
24067 Integra ’86 thru ’89 & Legend ’86 thru 90 
24070 Integra ’90 thru ’93 & Legend ’91 thru 95 

Integra '94 thru ’00 - see HONDA Civic (42025) 
MDX ’01 thru '07 - see HONDA Pilot (42037) 
Acura TL all models ’99 thru ’08 

24071 

Pick-ups ’99 thru ’06 - Chevrolet & GMC 
Chevrolet Silverado & GMC Sierra ‘07 thru ‘12 
S-10 & S-15 Pick-ups ’82 thru ’93, 
Blazer & Jimmy ’83 thru ’94, 
S-10 & Sonoma Pick-ups ’94 thru ’04, includ- 
ing Blazer, Jimmy & Hombre 

24072 Chevrolet TrailBlazer, GMC Envoy & 
AMC Oldsmobile Bravada '02 thru 09 

Jeep CJ - see JEEP (50020) 24075 Sprint ’85 thru ’88 & Geo Metro ’89 thru ’01 
14020 Mid-size models ’70 thru,’83 24080 Vans - Chevrolet & GMC ’68 thru 96 
14025 (Renault) Alliance & Encore ’83 thru ’87 24081 Chevrolet Express & GMC Savana 

Full-size Vans ’96 thru '10 

AUDI CHRYS 
15020 4000 all models ’80 thru ’87 LER 
45025 5000 all models ’77 thru 83 10310 Chrysler Engine Overhaul Manual 

15026 5000 all models ’84 thru ’88 25015 Edd yal Sa ced bbe 
, 114. lymou reeze’ ru” 

(ie Rh pahep citliental > kt aint ringed 25020 Full-size Front-Wheel Drive ’88 thru '93 
K-Cars - see DODGE Aries (30008) 

AUSTIN-HEALEY Laser - see DODGE Daytona (30030) 
Sprite - see MG Midget (66015) 25025 Chrysler LHS, Concorde, New Yorker, 

BMW a ie Intrepid, Eagle Vision, ’93 thru ’97 

18020 3/5 Series '82 thru '92 re Dedge intrepiil, 8 aol ee 
18021 3-Series incl. Z3 models ’92 thru ’98 25027 Chrysler 300, Dodge Charger & 
18022 3-Series incl. Z4 models ’99 thru ’05 Magnum ’05 thru ’09 
18023 3-Series ‘06 thru ‘10 25030 Chrysler & Plymouth Mid-size 
18025 320i all 4 cyl models ’75 thru ’83 front wheel drive ’82 thru ’95 
18050 1500 thru 2002 except Turbo ’59 thru ’77 Rear-wheel Drive - see Dodge (30050) 
BUICK ai ipt sy eked = shes 01 bie 10 a 

“5 ; : rysler Sebring ’95 thru ’06, Dodge Stratus 
19010 Buick Century '97 thru ’05 ‘01 thru 06, Dodge Avenger '95 thru ‘00 

Century (front-wheel drive) - see GM (38005) DATSUN 
19020 Buick, Oldsmobile & Pontiac Full-size 

(Front-wheel drive) ’85 thru ’05 28005 200SxX all models ’80 thru ’83 

Buick Electra, LeSabre and Park Avenue; 28007 B-210 all models ’73 thru '78 
Oldsmobile Delta 88 Royale, Ninety Eight 28009 210 all models ’79 thru ’82 
and Regency; Pontiac Bonneville 28012 240Z, 260Z & 280Z Coupe ’70 thru ’78 

19025 Buick, Oldsmobile & Pontiac Full-size 28014 280ZX Coupe & 2+2 ’79 thru ’83 
(Rear wheel drive) ’70 thru ’90 300ZX - see NISSAN (72010) 
Buick Estate, Electra, LeSabre, Limited, 28018 510 & PL521 Pick-up ’68 thru ’73 
Oldsmobile Custom Cruiser, Delta 88, 28020 510 all models ’78 thru ’81 

Ninety-eight, Pontiac Bonneville, 28022 620 Series Pick-up all models ’73 thru ’79 

tye ie ala a 720 Series Pik-u - sce NSSAN (72080 models with V6, V8 and Turbo ’74 thru ’87 28025 810/Maxima all gasoline models ’77 thru ’84 

Regal - see GENERAL MOTORS (38010) DODGE |. ane ecuineiee ee 

alo ad ok deka eek aegg 30008 Aries & Plymouth Reliant ’81 thru ’89 
Skyhawk - see GENERAL MOTORS (38015) 30010 Caravan & Plymouth Voyager ’84 thru ’95 

Skylark - see GM (38020, 38025) 30011 Caravan & Plymouth Voyager 96 thru 02 
Somerset - see GENERAL MOTORS (38025) 30012 Challenger/Plymouth Saporro 78 thru ’83 

30013 Caravan, Chrysler Voyager, Town & 
CADILLAC Country ’03 thru ’07 
21015 CTS & CTS-V ‘03 thru ‘12 30016 Colt & Plymouth Champ ’78 thru ’87 
21030 Cadillac Rear Wheel Drive ’70 thru ’93 30020 Dakota Pick-ups all models ’87 thru ’96 

Cimarron - see GENERAL" MOTORS (38015) 30021 Durango '98 & ’99, Dakota ’97 thru ’99 
DeVille - see GM (38031 & 38032) 30022 Durango ’00 thru ’03 Dakota ’00 thru ’04 
Eldorado - see GM (38030 & 38031) 30023 Durango ’04 thru '09, Dakota ’05 thru ’11 

Fleetwood - see GM (38031) 30025 Dart, Demon, Plymouth Barracuda, 

Seville - see GM (38030, 38031 & 38032) Duster & Valiant 6 cyl models ’67 thru '76 
30030 Daytona & Chrysler Laser ’84 thru ’89 

CHEVROLET ‘ Intrepid - see CHRYSLER (25025, 25026) 
10305 Chevrolet Engine Overhaul Manual 30034 Neon all models ’95 thru ’99 

24010 Astro & GMC Safari Mini-vans 85 thru ’05 30035 Omni & Plymouth Horizon '78 thru ‘90 

24015 Camaro V8 all models ’70 thru ’81 30036 Dodge and Plymouth Neon '00 thru ’05 
24016 Camaro all models ’82 thru ’92 30040 Pick-ups all full-size models '74 thru ’93 
24017 Camaro & Firebird '93 thru ‘02 30041 Pick-ups all full-size models '94 thru 01 

Cavalier - see GENERAL MOTORS (38016) 30042 Pick-ups full-size models '02 thru ’08 
Celebrity - see GENERAL MOTORS (38005) 30045 Ram 50/D50 Pick-ups & Raider and 

24020 Chevelle, Malibu & El Camino 69 thru "87 Plymouth Arrow Pick-ups ’79 thru ’93 

24024 Chevette & Pontiac T1000 '76 thru °87 30050 Dodge/Plymouth/Chrysler RWD ’71 thru ’89 
Citation - see GENERAL MOTORS (38020) \ 39055 Shadow & Plymouth Sundance ’87 thru ’94 

24027 Colorado & GMC Canyon 04 thru 10 30060 Spirit & Plymouth Acclaim ’89 thru '95 
24032 Corsica/Beretta all models ’87 thru 96 30065 Vans - Dodge & Plymouth ’71 thru ’03 

24040 Corvette all V8 models ’68 thru ’82 

24041 Corvette all models '84 thru ’96 EAGLE 
24045: Full-size Sedans Caprice, Impala, Biscayne, Talon - see MITSUBISHI (68030, 68031) 

Bel Air & Wagons ’69 thru ’90 Vision - see CHRYSLER (25025) 
24046 Impala SS & Caprice and Buick Roadmaster FIAT 

’91 thru ’96 : , , 

Impala ’00 thru ’05 - see LUMINA (24048) ay Ap Nagel ati one eo a8 
24047 Impala & Monte Carlo all models ’06 thru 11 

Lumina ’90 thru ’94 - see GM (38010) FORD 
24048 Lumina & Monte Carlo ’95 thru ’05 10320 Ford Engine Overhaul Manuai 

Lumina APV - see GM (38035) 410355 Ford Automatic Transmission Overhaul 

24050 Luv Pick-up all 2WD & 4WD ’72 thru ’82 41500 Mustang ’64-1/2 thru ’70 Restoration Guide 

Malibu '97 thru ’00 - see GM (38026) 36004 Aerostar Mini-vans all models ’86 thru ’97 

24055 Monte Carlo all models '70 thru ’88 36006 Contour & Mercury Mystique ’95 thru ’00 

’ Monte Carlo '95 thru ‘01 - see LUMINA (24048) 36008 Courier Pick-up all models ’72 thru ’82 

24059 Nova all V8 models ’69 thru ’79 36012 Crown Victoria & Mercury Grand 

24060 Nova and Geo Prizm ’85 thru ’92 Marquis ’88 thru 10 

24064 Pick-ups ’67 thru ’87 - Chevrolet & GMC 36016 Escort/Mercury Lynx all models '81 thru ’90 

24065 Pick-ups ’88 thru ’98 - Chevrolet & GMC 36020 Escort/Mercury Tracer '91 thru ’02 

Haynes Automotive Manuals 
NOTE: If you do not see a listing for your vehicle, consult your local Haynes dealer for the latest product information. 

36022 
36024 
36025 
36028 
36030 
36032 
36034 
36036 
36044 
36045 
36048 
36049 
36050 
36051 
36052 
36054 
36058 
36059 

36060 
36061 
36062 
36066 

36070 
36071 
36074 
36075 
36078 
36082 
36086 
36090 
36094 
36097 

Escape & Mazda Tribute ’01 thru ’11 
Explorer & Mazda Navajo ’91 thru ’01 
Explorer/Mercury Mountaineer ’02 thru 10 
Fairmont & Mercury Zephyr ’78 thru ’83 
Festiva & Aspire ’88 thru ’97 
Fiesta all models ’77 thru ’80 
Focus all models ’00 thru 11 
Ford & Mercury Full-size '75 thru ’87 
Ford & Mercury Mid-size ’75 thru ’86 
Fusion & Mercury Milan ‘06 thru ‘10 
Mustang V8 all models ’64-1/2 thru ’73 
Mustang II 4 cyl, V6 & V8 models ’74 thru ’78 
Mustang & Mercury Capri ’79 thru ’93 
Mustang all models ’94 thru ’04 
Mustang ’05 thru ’10 
Pick-ups & Bronco ’73 thru ’79 
Pick-ups & Bronco ’80 thru ’96 
F-150 & Expedition ’97 thru ’09, F-250 ’97 
thru '99 & Lincoln Navigator ’98 thru ’09 
Super Duty Pick-ups, Excursion ’99 thru 10 
F-150 full-size ’04 thru ’10 
Pinto & Mercury Bobcat ’75 thru ’80 

Probe all models ’89 thru ’92 
Probe ’93 thru 97 - see MAZDA 626 (61042) 
Ranger/Bronco Il gasoline models ’83 thru ’92 
Ranger ’93 thru 10 & Mazda Pick-ups ’94 thru ’09 
Taurus & Mercury Sable ’86 thru ’95 
Taurus & Mercury Sable ’96 thru ’05 
Tempo & Mercury Topaz ’84 thru 94 
Thunderbird/Mercury Cougar ’83 thru ’88 
Thunderbird/Mercury Cougar ’89 thru '97 
Vans all V8 Econoline models ’69 thru ’91 
Vans full size ’92 thru 10 
Windstar Mini-van '95 thru ’07 

GENERAL MOTORS 
10360 
38005 

38010 

38015 

38016 

38017 
38020 

38025 

38026 

38027 
33030 

38031 

38032 

38035 

38036 

38040 

38070 
GEO 

40030 

GMC 

GM Automatic Transmission Overhaul 
Buick Century, Chevrolet Celebrity, 
Oldsmobile Cutlass Ciera & Pontiac 6000 
all models ’82 thru ’96 
Buick Regal, Chevrolet Lumina, 
Oldsmobile Cutlass Supreme & 
Pontiac Grand Prix (FWD) ’88 thru ’07 
Buick Skyhawk, Cadillac Cimarron, 
Chevrolet Cavalier, Oldsmobile Firenza & 
Pontiac J-2000 & Sunbird ’82 thru ’94 
Chevrolet Cavalier & 
Pontiac Sunfire ’95 thru ’05 
Chevrolet Cobalt & Pontiac G5 ’05 thru '11 
Buick Skylark, Chevrolet Citation, 
Olds Omega, Pontiac Phoenix ’80 thru ’85 
Buick Skylark & Somerset, 
Oldsmobile Achieva & Calais and 
Pontiac Grand Am all models ’85 thru ’98 
Chevrolet Malibu, Olds Alero & Cutlass, 
Pontiac Grand Am ’97 thru 03 

Chevrolet Malibu ’04 thru 10 
Cadillac Eldorado, Seville, Oldsmobile 
Toronado, Buick Riviera '71 thru ’85 
Cadillac Eldorado & Seville, DeVille, Fleetwood 
& Olds Toronado, Buick Riviera '86 thru 93 
Cadillac DeVille '94 thru 05 & Seville ’92 thru ’04 
Cadillac DTS ’06 thru 10 
Chevrolet Lumina APV, Olds Silhouette 
& Pontiac Trans Sport all models ’90 thru ’96 
Chevrolet Venture, Olds Silhouette, 
Pontiac Trans Sport & Montana ’97 thru ’05 

General Motors Full-size 
Rear-wheel Drive - see BUICK (19025) 
Chevrolet Equinox ‘05 thru ‘09 Pontiac 
Torrent ‘06 thru ‘09 
Chevrolet HHR ‘06 thru ‘11 

Metro - see CHEVROLET Sprint (24075) 
Prizm - ’85 thru ’92 see CHEVY (24060), 
’93 thru 02 see TOYOTA Corolla (92036) 
Storm all models ’90 thru ’93 
Tracker - see SUZUKI Samurai (90010) 

Vans & Pick-ups - see CHEVROLET 

HONDA 
42010 
42011 
42012 
42013 
42014 
42015 
42020 
42021 
42022 

Accord CVCC all models ’76 thru ’83 

Accord all models ’84 thru ’89 
Accord all models ’90 thru ’93- 
Accord all models ’94 thru ’97 

Accord all models ’98 thru ’02 
Accord ’03 thru '07 
Civic 1200 all modeis ’73 thru ’79 
Civic 1300 & 1500 CVCC ’80 thru ’83 
Civic 1500 CVCC all models ’75 thru ’79 

(Continued on other side) 
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42023 Civic all models ’84 thru ’91 
42024 Civic & del Sol ’92 thru ’95 
42025 Civic '96 thru 00, CR-V ’97 thru ’01, 

Acura Integra '94 thru ‘00 
42026 Civic ’01 thru 10, CR-V 02 thru ’09 
42035 Odyssey all models ’99 thru 10 

Passport - see [SUZU Rodeo (47017) 
42037 Honda Pilot ’03 thru 07, Acura MDX '01 thru '07 
42040 Prelude CVCC all models ’79 thru ’89 

HYUNDAI 
43010 Elantra all models ’96 thru 10 
43015 Excel & Accent all models ’86 thru ’09 
43050 Santa Fe all models ’01 thru ’06 
43055 Sonata all models ’99 thru 08 

INFINITI 
G35 ’03 thru ’08 - see NISSAN 350Z (72011) 

ISUZU 
Hombre - see CHEVROLET S-10 (24071) 

47017 Rodeo, Amigo & Honda Passport ’89 thru 02 
47020 Trooper & Pick-up ’81 thru ’93 

JAGUAR 
49010 XJ6 all 6 cyl models ’68 thru ’86 
49011 XJ6 all models ’88 thru ’94 
49015 XJ12 & XJS all 12 cyl models '72 thru ’85 

JEEP 
50010 Cherokee, Comanche & Wagoneer Limited 

all models ’84 thru ’01 
50020 CJ all models 49 thru ’86 
50025 Grand Cherokee all models ’93 thru ’04 
50026 Grand Cherokee ’05 thru ’09 
50029 Grand Wagoneer & Pick-up ’72 thru ’91 

Grand Wagoneer ’84 thru ’91, Cherokee & 
Wagoneer ’72 thru ’83, Pick-up ’72 thru ’88 

50030 Wrangler all models ’87 thru 11 
50035 Liberty ’02 thru ’07 

KIA 
54050 Optima ‘01 thru ‘10 
54070 Sephia ’94 thru ’01, Spectra ’00 thru ’09, 

Sportage ’05 thru 10 

LEXUS 
ES 300/330 - see TOYOTA Camry (92007) (92008) 
RX 330 - see TOYOTA Highlander (92095) 

LINCOLN 
Navigator - see FORD Pick-up (36059) 

59010 Rear-Wheel Drive all models 70 thru 10 

MAZDA 
61010 GLC Hatchback (rear-wheel drive) ’77 thru ’83 
61011 GLC (front-wheel drive) ’81 thru ’85 
,61012 Mazda3 ‘04 thru ‘11 
61015 323 & Protogé ’90 thru ’03 
61016 MX-5 Miata ’90 thru 09 
61020 MPV all models.’89 thru ’98 

Navajo - see Ford Explorer (36024) 
61030 Pick-ups ’72 thru 93 

Pick-ups '94 thru ’00 - see Ford Ranger (36071) 
61035 RX-7 all models ’79 thru ’85 
61036 RX-7 all models ’86 thru ’91 

61040 626 (rear-wheel drive) all models ’79 thru ’82 
61041 626/MX-6 (front-wheel drive) ’83 thru ’92 
61042 626, MX-6/Ford Probe ’93 thru ’02 
61043 Mazda6 ‘03 thru ‘11 

MERCEDES-BENZ 
63012 123 Series Diesel ’76 thru ’85 
63015 190 Series four-cyl gas models, ’84 thru ’88 
63020 230/250/280 6 cyl sohc models ’68 thru ’72 
63025 280 123 Series gasoline models '77 thru ’81 
63030 350 & 450 all models ’71 thru ’80 
63040 C-Class: C230/C240/C280/C320/C350 ’01 thru ’07 

MERCURY 
64200 Villager & Nissan Quest 93 thru ’01 

All other titles, see FORD Listing. 

MG 
66010 MGB Roadster & GT Coupe ’62 thru ’80 
66015 MG Midget, Austin Healey Sprite '58 thru ’80 

MINI 
67020 Mini ‘02 thru ‘11 

MITSUBISHI 
68020 Cordia, Tredia, Galant, Precis & 

Mirage 83 thru ’93 

68030 Eclipse, Eagle Talon & Ply. Laser '90 thru ’94 
68031 Eclipse ’95 thru ’05, Eagle Talon 95 thru ’98 
68035 Galant ’94 thru 10 
68040 Pick-up ’83 thru 96 & Montero ’83 thru 93 

NISSAN 
72010 300ZX all models including Turbo ’84 thru ’89 
72011 350Z & Infiniti G35 all models ’03 thru ’08 

72015 Altima all models ’93 thru ‘06 
72016 Altima ‘07 thru ‘10 
72020 Maxima all models ’85 thru ’92 
72021 Maxima all models ’93 thru ’04 

72025 Murano ‘03 thru ‘10 
72030 Pick-ups ’80 thru ’97 Pathfinder ’87 thru ’95 
72031 Frontier Pick-up, Xterra, Pathfinder ’96 thru ’04 
72032 Frontier & Xterra ’05 thru 11 
72040 Pulsar all models ’83 thru ’86 

Quest - see MERCURY Villager (64200) 
72050 Sentra all models ’82 thru ’94 
72051 Sentra & 200SX all models ’95 thru ’06 
72060 Stanza all models ’82 thru ’90 
72070 Titan pick-ups ‘04 thru ‘10 Armada ‘05 thru ‘10 

OLDSMOBILE 
73015 Cutlass V6 & V8 gas models ’74 thru ’88 

For other OLDSMOBILE titles, see BUICK, 
CHEVROLET or GENERAL MOTORS listing. 

‘PLYMOUTH 
For PLYMOUTH titles, see DODGE listing. 

PONTIAC 
79008 Fiero all models ’84 thru ’88 
79018 Firebird V8 models except Turbo ’70 thru ’81 
79019 Firebird all models ’82 thru ’92 
79025 Gé6 all models ‘05 thru ‘09 
79040 Mid-size Rear-wheel Drive ’70 thru ’87 

Vibe ’03 thru 11 - see. TOYOTA Matrix (92060) 
For other PONTIAC titles, see BUICK, 
CHEVROLET or GENERAL MOTORS listing. 

PORSCHE 
80020 911 except Turbo & Carrera 4 ’65 thru ’89 
80025 914 all 4 cyl models ’69 thru ’76 
80030 924 all models including Turbo ’76 thru ’82 
80035 944 all models including Turbo ’83 thru ’89 

RENAULT 
Alliance & Encore - see AMC (14020) 

SAAB 
84010 900 all models including Turbo ’79 thru ’88 

SATURN 
87010 Saturn all S-series models '91 thru ’02 
87011 Saturn Ion ’03 thru ’07 
87020 Saturn all L-series models ’00 thru ’04 
87040 Saturn VUE ’02 thru ’07 

SUBARU 
89002 1100, 1300, 1400 & 1600 ’71 thru '79 
89003 1600 & 1800 2WD & 4WD ’80 thru 94 
89100 Legacy all models ’90 thru ’99 

89101 Legacy & Forester ’00 thru ’06 

SUZUKI 
90010 Samurai/Sidekick & Geo Tracker ’86 thru ’01 

TOYOTA 
92005 Camry all models ’83 thru ’91 
92006 Camry all models ’92 thru ’96 

92007 Camry, Avalon, Solara, Lexus ES 300 '97 thru 01 

92008 Toyota Camry, Avalon and Solara and 
Lexus ES 300/330 all models ’02 thru ’06 

92009 Camry ‘07 thru ‘11 

92015 Celica Rear Wheel Drive ’71 thru ’85 
92020 Celica Front Wheel Drive ’86 thru ’99 
92025 Celica Supra all models ’79 thru ’92 
92030 Corolla all models ’75 thru '79 

92032 Corolla all rear wheel drive models ’80 thru ’87 

92035 Corolla all front wheel drive models '84 thru ’92 
92036 Corolla & Geo Prizm ’93 thru ’02 
92037 Corolla models ’03 thru 11 

92040 Corolla Tercel all models ’80 thru ’82 
92045 Corona all models ’74 thru ’82 
92050 Cressida all models ’78 thru ’82 

92055 Land Cruiser FJ40, 43, 45, 55 ’68 thru ’82 
92056 Land Cruiser FJ60, 62, 80, FZJ80 ’80 thru '96 
92060 Matrix & Pontiac Vibe '03 thru '11 
92065 MR2 all models ’85 thru ’87 
92070 Pick-up all models ’69 thru ’78 
92075 Pick-up all models ’79 thru ’95 

92076 Tacoma, 4Runner, & T100 ’93 thru ’04 
92077 Tacoma all models ’05 thru ’09 

92078 Tundra '00 thru 06 & Sequoia 01 thru ’07 
92079 4Runner all models ’03 thru ’09 

92080 Previa all models ’91 thru ’95 
92081 Prius all models ’01 thru ’08 

92082 RAV4 all models ’96 thru 10 
92085 Tercel all models ’87 thru 94 

92090 Sienna all models ’98 thru ’09 
92095 Highlander & Lexus RX-330 99 thru '07 

Haynes North America, Inc., 861 Lawrence Drive, Newbury Park, CA 91320-1514 e 

TRIUMPH 
94007 Spitfire all models ’62 thru ’81 
94010 TR7 all models ’75 thru ’81 5 

VW ¥ 
96008 Beetle & Karmann Ghia 54 .thru 79° 
96009 New Beetle ’98 thru ‘11 3 
96016 Rabbit, Jetta, Scirocco & Pick-up gas 

models ’75 thru ’92.& Convertible ’80 thru ’92 
96017 Golf, GTI & Jetta ’93 thru ‘98, Cabrio ’95 thru ’02 
96018 Golf, GTI, Jetta 99 thru ’05 
96019 Jetta, Rabbit, GTI & Golf ‘05 thru ‘11 
96020 Rabbit, Jetta & Pick-up diesel '77 thru ’84 
96023 Passat ’98 thru ’05, Audi A4 96 thru ’01 
96030 Transporter 1600 all models ’68 thru ’79 
96035 Transporter 1700, 1800 & 2000 ’72 thru ’79 
96040 Type 3 1500 & 1600 all models ’63 thru ’73 
96045 Vanagon all air-cooled models ’80 thru ’83 

VOLVO 
97010 120, 130 Series & 1800 Sports ’61 thru ’73 
97015 140 Series all models ’66 thru ’74 
97020 240 Series all models ’76 thru 93 
97040 740 & 760 Series all models ’82 thru ’88 
97050 850 Series all models '93 thru ’97 

TECHBOOK MANUALS 
10205 Automotive Computer Codes 
10206 OBD-II & Electronic Engine Management 
10210 Automotive Emissions Control Manual 
10215 Fuel Injection Manual '78 thru ’85 
10220 Fuel Injection Manual ’86 thru ’99 
10225 Holley Carburetor Manual 
10230 Rochester Carburetor Manual 

10240 Weber/Zenith/Stromberg/SU Carburetors 
10305 Chevrolet Engine Overhaul Manual 
10310 Chrysler Engine Overhaul Manual 
10320 Ford Engine Overhaul Manual 
10330 GM and Ford Diesel Engine Repair Manual 
10333 Engine Performance Manual 

10340 Small Engine Repair Manual, 5 HP & Less 
10341 Small Engine Repair Manual, 5.5 - 20 HP 
10345 Suspension, Steering & Driveline Manual 
10355 Ford Automatic Transmission Overhaul 
10360 GM Automatic Transmission Overhaul 
10405 Automotive Body Repair & Painting 
10410 Automotive Brake Manual 

10411 Automotive Anti-lock Brake (ABS) Systems 
10415 Automotive Detaiing Manual 
10420 Automotive Electrical Manual 

10425 Automotive Heating & Air Conditioning 
10430 Automotive Reference Manual & Dictionary 
10435 Automotive Tools Manual 
10440 Used Car Buying Guide 
10445 Welding Manual 
10450 ATV Basics 
10452 Scooters 50cc to 250cc 

SPANISH MANUALS 
98903 Reparacién de Carroceria & Pintura 
98904 Manual de Carburador Modelos 

Holley & Rochester 

98905 Cédigos Automotrices de la Computadora 
98906 OBD-il & Sistemas de Control Electrénico 

del Motor 

98910 Frenos Automotriz 

98913 Electricidad Automotriz 
98915 Inyeccién de Combustible ’86 al '99 
99040 Chevrolet & GMC Camionetas ’67 al ’87 
99041 Chevrolet & GMC Camionetas ’88 al '98 
99042 Chevrolet & GMC Camionetas 

Cerradas ’68 al '95 
99043 Chevrolet/GMC Camionetas ‘94 al ‘04 
99048 Chevrolet/GMC Camionetas ‘99 al ‘06 
99055 Dodge Caravan & Plymouth Voyager ’84 al '95 
99075 Ford Camionetas y Bronco '80 al ’94 
99076 Ford F-150 ‘97 al ‘09 
99077 Ford Camionetas Cerradas ’69 al ’91 
99088 Ford Modelos de Tamafio Mediano ’75 al ’86 
99089 Ford Camionetas Ranger ‘93 al ‘10 
99091 Ford Taurus & Mercury Sable ’86 al ’95 
99095 GM Modelos de Tamafio Grande '70 al '90 
99100 GM Modelos de Tamafio Mediano '70 al '88 
99106 Jeep Cherokee, Wagoneer & Comanche 

"84 al '00 
99110 Nissan Camioneta '80 al ’96, Pathfinder '87 al '95 
99118 Nissan Sentra '82 al 94 
99125 Toyota Camionetas y 4Runner ’79 al ’95 

Over 100 Haynes 
motorcycle manuals 
also available 7-12 

(805) 498-6703 « http://www.haynes.com ‘ 
at 

kh 
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WORN 
Symptoms: Rounded electrodes 
with a small amount of deposits on 
the firing end. Normal color. Causes 
hard starting in damp or cold 
weather and poor fuel economy. 
Recommendation: Plugs have 
been left in the engine too long. 
Replace with new plugs of the 
same heat range. Follow the rec- 
ommended maintenance schedule. 

CARBON DEPOSITS 
Symptoms: Dry sooty deposits 
indicate a rich mixture or weak igni- 
tion. Causes misfiring, hard starting 
and hesitation. 
Recommendation: Make sure the 
plug has the correct heat range. 
Check for a clogged air filter or 
problem in the fuel system or engine 
management system. Also check 
for ignition system problems. 

ASH DEPOSITS 
Symptoms: Light brown deposits 
encrusted on the side or center 
electrodes or both. Derived from oil 
and/or fuel additives. Excessive 
amounts may mask the spark, 
causing misfiring and hesitation 
during acceleration. 
Recommendation: _ \f excessive 
deposits accumulate over a short 
time or low mileage, install new 
valve guide seals to prevent seep- 

age of oil into the combustion 

chambers. Also try changing gaso- 

line brands. 

OIL DEPOSITS 
Symptoms: Oily coating caused 
by poor oil control. Oil is leaking 
past worn valve guides or piston 
rings into the combustion chamber. 
Causes hard starting, misfiring and 
hesitation. 
Recommendation: Correct the 
mechanical condition with neces- 

sary repairs and install new plugs. 

GAP BRIDGING 
Symptoms: Combustion deposits 
lodge between the electrodes. 
Heavy deposits accumulate and 
bridge the electrode gap. The plug 
ceases to fire, resulting in a dead 
cylinder. 
Recommendation: Locate the 

faulty plug and remove the deposits 

from between the electrodes. 

NORMAL 
Symptoms: Brown to grayish-tan color and slight 
electrode wear. Correct heat range for engine and 
operating conditions. 
Recommendation: 

sommon spark plug conditions 

When new spark plugs are 
installed, replace with plugs of the same heat range. 

TOO HOT 
Symptoms: Blistered, white insu- 
lator, eroded electrode and absence 
of deposits. Results in shortened 
plug life. 
Recommendation: Check for the 
correct plug heat range, over- 
advanced ignition timing, lean fuel 
mixture, intake manifold vacuum 
leaks, sticking valves and insuffi- 
cient engine cooling. 

PREIGNITION 
Symptoms: Melted electrodes. 
Insulators are white, but may be 
dirty due to misfiring or flying debris 
in the combustion chamber. Can 
lead to engine damage. 
Recommendation: Check for the 
correct plug heat range, over- 
advanced ignition timing, lean fuel 
mixture, insufficient engine cooling 
and lack of lubrication. 

HIGH SPEED GLAZING 
Symptoms: Insulator has yellow- 
ish, glazed appearance. Indicates 
that combustion chamber temper- 
atures have risen suddeniy during 
hard acceleration. Normal deposits 
melt to form a conductive coating. 
Causes misfiring at high speeds. 

Recommendation: Install new 

plugs. Consider using a colder plug 

if driving habits warrant. 

DETONATION 
Symptoms: Insulators may be 
cracked or chipped. Improper gap 
setting techniques can also result 
in a fractured insulator tip. Can lead 
to piston damage. 
Recommendation: Make sure the 
fuel anti-knock values meet engine 
requirements. Use care when set- 
ting the gaps on new plugs. Avoid 
lugging the engine. 

MECHANICAL DAMAGE 
Symptoms: May be caused by a 
foreign object in the combustion 
chamber or the piston striking an 
incorrect reach (too long) plug. 
Causes a dead cylinder and could 
result in piston damage. 
Recommendation: Repair the 
mechanical damage. Remove the 
foreign object from the engine and/ 
or install the correct reach plug. 
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