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Vehicle identification numbers
Modifications are a continuing and

unpublicized process in vehicle manufactur-
ing. Since spare parts lists and manuals are
compiled on a numerical basis, the individual
vehicle numbers are necessary to correctly
identify the component required.

Veh i cl e I dentifi catio n N u m be r
(vtN)

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. lt contains information such
as where and when the vehicle was manufac-
tured, the model year and the body style.

VIN engine and model year
codes

Two particularly important pieces of infor-
mation found in the VIN are the engine code
and the model year code. Counting from the
left, the engine code letter designation is the
8th digit and the model year code letter desig-
nation is the 1Oth digit.
On the models covered by thls manual the
engine codes are:

2. . . . . . . . . . . . . . . . . . . . . . . . . .  4 .21 V6
W.. . . . . . . . . . . . . . . . . . . . . . . .  4 .61 (Romeo) V8
6 . . . i . . . . . . . . . . . . . . . . . . . . . .  4 .61 (Windsor)  V8
1. . . . . . . . . . . . . . . . . . . . . . . . . . .  5 .41 V8

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

v . . . . . . . . . . . . . . . . . . . . . . . . . .  1997
w. . . . . . . . . . . . . . . . . . . . . . . . .  1998
x. . , . . . . . . . . . . . . . . . . . . . . . . .  1999
y. . . . . . . . . . . . . . . . . . . . . . . . . .  .2000
1 . . . . . . . . . . . . . . . . . . . . . . . . . .  2001
2 . . . . . . . . . . . . . . . . . . . . .  . . . . .  2002
3 . . . . . . . . . . . . . . . . . . . . . . . . . .  2003

Veh i cl e Certifi cati o n Labe I
The Vehicle Cert i f icat ion Label is

attached to the driver's side door pillar (see

The manual transmission identification
label is affixed to the passenger side of

the transmission case

i!lustration). Information on this label includes
the name of the manufacturer, the month and
year of production, as well as information on
the options with which it is equipped. This
label is especially useful for matching the color
and type of paint for repair work.

Engine identification number
Labels containing the engine code,

engine number and build date can be found on
the valve cover (see illustration). The engine
number is also stamped onto a machined pad
on the external surface of the engine block.

Automatic trans m ission
identification number

The automatic transmission lD number is
affixed to a label on the right side of the case.

Manual transmission
identification number

The manual transmission lD number is
affixed to a label on the right side of the case
(see illustratlon).

Tra nsfer c ase i de ntifi c atio n
number

The transfer case lD number is stamoed
on a tag which is bolted to the rear cover (see
illustration).

D ifferenti al i dentifi cati o n
number

The differential lD number is stamped on
a tag which is bolted to the differential cover
(see illustration).

Ve h i cl e Emrbsions Co ntro I
lnformation label

This label is'found in the engine com-
partment. See Chapter 6 for more information
on this label.

The transfer case identification tag
is retained by a bolt at the rear of the

transfer case

The VIN is visible through the windshield
on the driver's side

The vehicle certification label is affixed to
the driver'g side door pillar

The differential identification tag is bolted
to the differential cover

The engine identification label ls affixed to
the valve cover
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Buying parts
Replacement parts are available from

many sources, which generally fall into one
of two calegories - authorized dealer parts
departments and independent retail auto parts
stores. Our advice conceming these parts is
as follows:

Retail auto parts sto/es.' 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 general
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

unique to the vehicle and not generally avail-
able elsewhere (such as major engine parts,
transmission parts, trim pieces, etc.).

Warranty informatlon: lf the vehicle is
still covered under wananty, be sure that any
replacement parts purchased - regardless of
the source - do not invalidate the wananty!

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,
tools and working facilities
Mai ntenance tech niq u es

Thare are a number of techniques
involved in maintenance and repair that will
be referred to throughout this manual, Appli-
cation of these techniques wil l 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. lf 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 soecial nut breaker, available
at tool stores.

lf 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.

Grado

l!.8 lilut
Cr&S

H6rftA
Grd6A

Standard hexnul
sirBngilh marldngs

@@@
Class Clas
10.9 S.8

Metie €ud sq€ngth marklngs

l s l m f f i l

## d
GradF IGrade 1 or 2 Grada 5

Bolt stnng0r rlar*lng (sl8ndardFAf,/Us8; bottom - moltlc)

ld6ntifica$orl

#$,,
&ilSf
Arabic 0

,{F,.
I'.I *.I

i{tC,t

Araua 10

iler l*rt
Pmprty
Clffi9

llcr lklt
Pfoprrtt
ClmlO

ldentiflooton

^re.
T3I FIw

g Dole

1fi&
*Flt
aL.r4t

E,-l'

6 Dot!

Itetrio hqx nut
BtrEnlth matldnge

Class
8.8

PALMTREESALES1967 - NO RESALE
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Fastener sizes
For a number of reasons, automobile

manufacturers are making wider and wider use
of metric fasteners. Therefore, it is imporiant to
be able to tell the difierence between standard
(sometimes called U.S. or SAE) and metric
hardware, since they cannot be interchanged.

All bolts, whether standard or metric, are
sized according to diameter, thread pitci and
fength. For example, a standard 112 - 13 x 1
bolt is 1/2 inch in diametet 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.

ln 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 on a metric bolt is sized in millimeters
(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
nuinbers 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
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 codg 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 @mpare 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 refened to as
USS sizes.

Since fasteners of the same size (both
standard and metric) may have different
strength ratings, be sure to reinstall any bolts,
studs or nuts removed from your vehicle in

U.S. thread sizes
1t4 - 20

FtJbs
6 t o g
14to21
28to 40
50 to 71
80 to 140.

5 t o 8
12to 18
221o33
25 to 35

6 t o 9
12to 18
14to20
22to 32
27 to38
40 to 55
40 to 60
55 to 80

Nm
9 t o 1 2
19 to 28
38 to 54
68 to 96
109 to 154

7 t o 1 0
'17 to24
30 to 44
34to 47

9 t o 1 2
17 to24
19 to 27
30 to 43
37 to 51
55 to 74
55 to 81
75 to 108

Q - >

Standard (SAE and USS) bolt dimensions/
grade marks

G Grade marks (boft strength)
L Length (in inches)
T Thread pitch (number of

threads per inch)
D Nominal diameter (in inches)

P..-..>

fmffil

Metric bolt dimensions/grade marks

P Property class (bolt strength)
L Lenglh (in millimeters)
T Thread pitch (distance between

threads in millimeters)
D Diameter

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
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 pattem, such as
cylinder head bolts, oil pan bolts, difierential
cover bolts, etc., must be loosened or tight-
ened in sequence to avoid warping the com-
ponent. This sequence will normally be shown

t L
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0-8 Maintenance techniques, tools and working facilities

Micrometer set Dial indicator set

in the appropriate Chapter. lf a specific pat-
tern is not given, the following procedures can
be used to prevent warping.

In i t ia l l y ,  the  bo l ts  o r  nu ts  shou ld  be
assembled finger{ight only. Next, they should
be t ightened one ful l  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-ouarter 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
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. lt is a good idea to lay the
disassembled parts out on a clean surface in
the order that they were removed. lt 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-uos later. l f  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 particular area (i.e.
oil pan bolts, valve cover bolts, engine mount
bolts, etc.).  A pan of this type is especial ly
helpful when working on assemblies with very
small parts, such as the carburetor, alternator,
valve train or interior dash and tr im pieces.
The cavities can be marked with paint or tape
to identify the contents.

Whenever wir ing 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 u

Throughout any vehicle, gaskets are used to
seal the mating surfaces between two parts
and keep lubricants, f luids, vacuum or pres-
sure contained in an assembly.

Many t imes these gaskets are coated
with a l iquid or paste-type gasket seal ing
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 i f  a block of wood is
olaced between the hammer and the part. Do
not hammer on cast oarts or oarts 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 seal ing surfaces of the parts, which
must remain smooth. l f  prying is absolutely
necessary, use an old broom handle, but keep
in mind that extra clean up will be necessary if
the wood solinters.

After the oarts are seoarated. 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 soecial chemical to soften
it  so i t  can be easi ly scraped off.  Gaution:
Never use gasket removal solutions or caus-
tic chemicals on plastic or other composite
components. Ascraper can be fashioned from
a piece of copper tubing by f lattening 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. lf 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: lf the vehicle is equipped with air
conditioning, do not disconnect any of the NC
hoses without first having lhe syslem depres-
surized by a dealer service department or a
service station.

Hose removal precautions closely par-
a l le l  gasket  remova l  p recaut ions .  Avo id
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 f i ts over. To remove
a hose, f i rst 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 spigoi. Work it back and forth until
i t  is completely free, then pul l  i t  off .  Si l icone
or other lubricants wil l  ease removal i f  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. lf this must be done, be care-
ful that the metal connection is not damaged.

l f  a hose clamp is broken or damaged, do
not reuse it. Wiretype clamps usually weaken
with age, so it is a good idea to replace them
with screw{ype clamps whenever a hose is
removed.

Iools
A selection of good tools is a basic

requirement for anyone who plans to main-
tain and reoair his or her own vehicle. For the
owner who has few tools, the init ial  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 helo the owner decide which tools are
needed to perform the tasks detailed in this
manual, the fol lowing tool l ists are offered:
Maintenance and minor repair, Repair/over-
haul and Special.

The newcomer to practical mechanics
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Maintenance techniques, tools and working facilities 0-9

ru
Damper/steering wheel puller

Timing l ight

General purpose puller

Valve spring compressor

Ring removal/installation tool

Compression gauge with spark plug
hole adapter

Hydraulic lifter removal tool

Ridge reamer

Valve spring compressor

Piston ring groove cleaning tool

Dial cal iper Hand-operated vacuum pump
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0-10 Maintenance techniques, tools and working facilities

Ring compressor

shoufd start off with the maintenance and
minor repairtool 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.

Maintenance and minor repair
toolk i t

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 ofier
the advantages of both types of wrench.

Combination wrench set (l/4-inch to
1 inch or 6 mm to 19 mm)

Adjustable wrench, 8 inch
Spark plug wrench with rubber inseft
Spark plug gap adjusting tool
Feeler gauge set
Brake bleeder wrench
Standard screwdriver (5/16-inch x 6 inch)
Phillips screwdiver (No. 2 x 6 inch)

Clutch plate alignment tool

Combination pliers - 6 inch
Hacksaw and assortment of blades
Tire pressure gauge
Grease gun
Oil can
Fine emery cloth
Wre brush
Battery post and cable cleaning tool
Oil filterwrench
Funnel (medium size)
Safety goggles
Jackstands (2)
Drain pan

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 prcperly.

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

Brake holddown spring tool

capacity of accepting a very wide range of
large sockets. ldeally, however, the mechanic
should have a 3/8-inch drive set and a 112-
inch drive set.

Sockel sef(s)
Reversible ratchet
Extension - 10 inch
lJniversal joint
Torque wrench (same size drive as

sockets)
Ball peen hammer - I ounce
Soft-face h a m m e r (pl a stic/ru bber)
Standard screwdiver (1/4-inch x 6 inch)
Standard screwdiver (stubby - 5/16-inch)
Phillips screwdriver (No. 3 x I inch)
Phillips screwdriver (stubby - No. 2)
Pliers - vise grip
Pliers - lineman's
Pliers - needle nose
Pliers - snap-ring (intemal and extemal)
Cold chisel - 1/2-inch
Scnbe
Scraper (made from flattened copper

tubing)
Centerpunch
Pin punches (1n6, U8, 3h6-inch)
Steel rule/straightedge - 12 inch
Allen wrench set (1/8 to 3/8-inch or

4 mm to 10 mm)
A selection of files
Wre brush (large)
J acksta n d s (se con d set)
Jack (scissor or hydraulic type)

Cylinder hone

Torque angle gauge Tap and dle set
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Note: Anofher tool which is often useful is an
electric dill with a chuck capactty of 3/&inch
and a set of good quality dill bits.

Specialtools
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 eco-
nomical to purchase many of them. A con-
sideration would be to split the cost and use
between 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 altemative method of doing the job
without the special tool is offered. However,
sometimes there is no altemative 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 ing groove cleaning tool
Piston ing compressor
Piston ing installation tool
Cyl i n d e r com pression gauge
Cylinder idge reamer
Cylinder surtacing hone
Cylinder bore gauge
Micrometers and/or dial calipers
Hydraulic lifter removal tool
Balljoint separator
Universal-type puller
lmpact screwdiver
Dial indicator set
Sfroboscoplc timing light (inductive

pick-up)
Hand operated vacuum/pressure pump
Tachomete r/dwell mete r
U n ive rsal e le ctri ca I m u ltimete r
Cable hoist
Brake sping removal and installation

fools
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. lf maintenance and
minor repair is the extent of the work to be
done, the purchase of individual tools is satis-
factory. lf, 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.

Gare 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 ofi 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
ftom 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) Dill and tap the hole to the next suitable
oversize and install a larger diameter
boft, screw or stud.

2) Drill and tap the hole to accept a
threaded plug, then dill and tap the plug
to the original screw size. You can also
buy a plug already threaded to the oigi-
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 uses a patented thread
repair kit like Heli-Coil or Slimserf. Ihese
easy-to-use kits are designed to repair
damaged threads in straight-through
holes and blind holes. Both are avail-
able as kifs which can handle a variety of
slzes and thread patterns. Drill the hole,
then tap it with the special included tap.
lnstall the Heli-Coil and the hole is back
to its oiginal 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 whan discussing

tools is the workshop. lf 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. lt 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 wasle 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 caos 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 spil ls. 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 Darts stores.
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Jacking and towing
Jacking
Warning l: Some models covered by this
manual are equipped with air suspenslon sys-
tems. Always disconnect electrical power to
fhe suspenslon system before lifting or towing
the vehicle (see Chapter 10). Failure to per-
form this procedure may result in unexpected
shifting or movement of the vehicle which
could cause personal injury.
Warning 2: 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
stowage. 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
ofthe wheel cover. Loosen the wheel lug nuts
about 1 I 4-to-1 12 tum each.

Place the jack under the vehicle in the
indicated position (see illustrations). Turn
the jack handle clockwise until the tire clears
the ground. Remove the lug nuts and pull the
wheel off. Replace it with the spare.

Install the lug nuts with the beveled
edges facing in. Tighten them snugly. Don't
attempt to tighten them completely unti l
the vehicle is lowered or it could slip off the
jack. Turn the jack handle counterclockwise

Front jacking locatlon - positlon the jack
under the welded bracket (anow)

to lower the vehicle. Remove the jack and
tighten the lug nuts in a diagonal paftem.

Install the cover (and trim ring, if used)
and be sure it's snapped into place all the way
around.

Stow the tire, jack and wrench. Unblock
the wheels.

Towing
We recommend these vehicles (except

four-wheel drive models) be towed from the
rear, with the rear wheels off the ground,
lf it's absolutely necessary, these vehicles
can be towed from the front with the front
wheels off the ground, provided that speeds
don't exceed 35 mph and the distance,is
less than 50 miles; the transmission can be
damaged if these mileage/speed limitations
are exceeded. Vehicles with four-wheel drive

Rear jacking locatlons - poaitlon the jack
under the rear frame rall or (on plck-up
models only) under the U.bolts on the

rear leaf spring

must not be towed with all four wheels on the
ground. They must only be towed with all four
wheels ofi the ground.

Equipment specifically designed for tow-
ing should be used. lt must be attached to the
main structural members of the vehicle, not
the bumpers or brackets.

Safety is a major consideration when
towing and all applicable state and local laws
must be obeyed. A safety chain must be used
at all times.

The parking brake must be released
and the transmission must be in Neutral. The
steering must be unlocked (ignition switch in
the Off position). Remember that power steer-
ing and power brakes won't work with the
engine ofi.

Booster battery fiump) starting
Observe these precautions when using a booster battery to start a

vehicle:
a) Before connecting the booster baftery, ma4e sure the ignition

switch is in the Off position.
b) Tum otr the lights, heater and other electical loads.
c) Yaur eyes should be shielded. Safety goggles are a good idea.
d) Make sure the booster baftery is the same voftage as the dead

one in the vehicle.
e) The two vehicles MUST NOT TQUCH each other!
f) Make sure the transaxlq is in Neutral (manual) or Park (auto-

matic).
g) lf the booster baftery is not a maintenance-free type, remove the

vent caps and lay a cloth over the vent holes.
Connect the red jumper cable to the positive (+) terminals of each

battery (see illustration).
Connect one end of the black jumper cable to the negative C) ter-

minal of the booster baftery. The other end of this cable should be con-
nected 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 battery, then, with the engine
running at idle speed, disconnect the jumper cables in the reverse order
of connection.

Make the booster battery cable connectione In the numerical
order shown (note that the negative cable of the booster batiery

is NOT attached to the negative teminal of the dead battery)
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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 reepmmended for
use on electrical components.

Brake system cleaner is used to re-
move brake dust, grease and brake fluid from
the brake system, where clean surfaces are
absolutely necessary. lt leaves no residue and
ofien eliminates brake squeal caused by con-
taminants.

Electrical cleaner removes oxidation,
corrosion and carbon deposits from electrical
contacts, restoring full cunent flow. lt can also
be used to clean spark plugs, carburetor jets,
voltage regulators and other parts where an
oil-free surface is desired.

Demoisturanb remove water and mois-
ture from electrical ermponents such as alter-
nators, voltage regulators, electrical connec-
tors and fuse blocks. They are non-conduc-
tive, 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. lt normally contains a wide
variety of additives to prevent corrosion and
reduce foaming and wear. Motor oil comes in
various weights (viscosig 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 5W-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.

Chassrb 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

temperatures encountered by wheel bearings
in disc brake equipped vehicles. lt 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 +1gO-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.

SrTicone 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. lt 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 kansferred away from
the module.

Sealanfs
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 searanl is much like RTV in
that it can be used either to seal gaskets or
to form gaskets by itself. lt remains flexible,
is solvent resistant and fills surfacc 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. lt 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-tempeiature 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 additlves range from viscosity index
improvers to chemical treatments that claim
to reduce internal engine friction. lt 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 f luid is special ly 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. lt 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. lt also acts as a sound-dead-
ening agent by insulating the bottom of the
vehicle.

Waxes and pollshes 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 (dlstance)
Inches {ln}
Feet (ftI
Mlles

Volume (capacity)
Cublc lnches (cu In; Insl
lmperlal plnte (lmp pt)
lmperlal quarts (lmp qt)
lmperlal quarte (lmp qtl
US quarts (US qt)
lmperlal gallons (lmp gall
lmperlal gallons (lmp gatl
US gallone (US gall

Mass (welght)
Ounces (oz)
Pounds (lb)

Force
Ounceg-force lozll ozl
Pounde-force (lbf; lbl
Newtons (Nl

Pressure
Pounde-force per equare Inch
(pel; lbf/ln2; lbln2l
Pounde-force per square Inch
(pel; lbfln'z; lb/n'zl
Pounde-force per square Inch
(pel; lbf/ln'a; lblln'l)
Pounds-force per square Inch
(psl; lbflln2; lblln2)
Kllopascale (kPal

:Torgue (moment of force)
Pounde-foroe lnches
(lbf In; lb Inl
Pounds-force lnches
(lbf In; lb Inl
Pounds-force lnches
(lbf iu lb in)
Pounds-force feet (lbf ft; lb ft)

Pounds-force feet (lbf ft; lb ft)
Newton meters (Nml

Vacuum
Inches mercury fin. Hg)
lncbes mercury (in. Hg)

Power
Horsepower (hp)

Velocity (speed)
Mlles per hour {miledhr; mph}

Fuel consumptionr
Mlles per gallon, lmperlal (mpgl
Mlles per gallon, US (mpg)

: Mllllmeters (mml
= Meters (ml
: Kllometers (kml

- Cublc contlm€tem (cc; cmtl
= Lltere (ll
: Llters (ll
: US quarte (US q11
: Lltere fl)
: Llters (l)
= US gallone (US gal)
: Lltere (ll

: Grame (gl
= Kllograms (kgl

4.278 - Newtone (N)
4,448 = Newtons (Nl
0.1 : Kllograms-force (kgf; kgl

0.070 : Kllograms-forco per square
contlmoter (kgf/cm'l; kg/cmtl

0.068 : Atmospherea (atml

0.069 : Bare

6.896 = Kllopaecals (kPal

0.01 : Kllograms-force p€r square,
centlmeter (kgf/cme; kg/cmr)

1.152 : Kllograms-foroe centlmeter
(kgf cm; kg cm)

0.1 13 =Newton meters (Nm)

0.083 : Pounds-force feet (lbf ft; lb ftl

0.138 : Kllograms-force m€t€rs
(kgf m; kg ml

1.356 = Newton meters (Nm)
0.102 : Kllograms-forco metert

(kgf m; kg m)

3.377 = Kilopascals (kPa)
25.4 = Millimeters mercury (mm Hg)

= Inchee fin)
= Feet (ftl
= Mlloe

: Cublc Inches (cu ln; lnll
= lmperlal plnu (lmp ptl
- lmperial quarta (lmp qt)
= lmperlal quarb (lmp qtl
= US quarta (US q1)
: lmperlal gallons (lmp gall
= lmperlal gallons (lmp gal)
- US gallons (US gall

= Ounces loil
= Pounds (lb)

x 25.4
x 0.305
x 1.609

x 16.387
x 0.568
x  1 . 1 3 7
x 1.201
x 0.946
x 4.546
x 1.201
x 3,785

x 0.0394
x 3.281
x 0.621

x 0.001
x  1 .76
x 0.88
x 0.833
x 1.067
x o.22
x 0.833
x 0,264

x 0.035
x 2.206

x 28.35
x 0.454

x
X
x

x

x

x

X

x

x
x
X

x

x
x

X
X

x

x

x

x

X
x

X
X

x
x
x

x
x
x
x
X

3.6 =Ouncee-force (ozf; orl
0226 = Poundr-force (lbf; lbl
9.81 - Newtona (N)

14,223 = Pounde-force per squarc Inch
(psl; lbflnr; tVlnrl

14,690 : Poundg-force per rquare Inch
(psl; lbfln2; lMn'l

14.6 = Pounds-forc€ per cqulrc Inch
(pgl; lbfln?; lMn')

0.146 = Pounds-iorce per square lnch
(psl; lbf/nr; lblnzl

98.1 - Kllopascals (kPal

0.868 = Poundrforce lncher
(lbf In; lb In)

8.E5 = Poundr-force lnches
(lbf In; lb lnl

12 = Pounds-forco lnchos
(lbf In; lb lnl

7,2{3 = Pounds-frorce foet (lbf ft; lb ft)

0.738 = Pounds-force feet (lbf ft; lb ft)
9.804 : Newton meterc (Nml

0.2961 = Inches mercury
0.0394 = lnches mercury

x 746.7 =Watre (VV) X 0.0013 = Horrepower (hpl

X 1.609 = Kllometerg per hour (km/hr; kphl X 0.621 = Mlles per hour (mlledhr; mphl

0.354 = Kilometers per liter (krn/l)
0,426 - Kllometers per llter (kry'l)

X 2.826 = Mlles per gallon, lmperlal (mpgl
X 2.362 : Mllee per gallon, US (mpgl

Degreee Celrlus (Degreeg Centlgrada; oC) : (oF - 321 xO.66

x
X

Temperature
Degreea Fehrenhelt : (oC x 1.8) + 32

It ls common praetice to convert from miles per gallon (mpg) to titeslloo kllolneters (t/rookn),
where mpg (lmperlal) x illOO km = 282 and mpg IUS) x illOO km = 295
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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 possibility of an accident will always
exist, and the following points should not be
considered a comprehensive list of all dan-
gers. 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.

Essenfial 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.
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 Asbesfos 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. lf 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
afiects that of yourself and others. lf in doubt
on any point, get professional advice.

Asbesfos
Certain friction, insulating, sealing, and

other products - such as brake linings, brake
bands, clutch linings, torque converters, gas-
kets, etc. - may contain asbestos. Extreme
care must be taken to avoid inhalation of dust
from such products, since it is hazardous to
health. lf in doubt, assume that they do con-
tain 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. lt 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 care-
fully. Never use materials from unmarked con-
tainers.

Never run the engine in an enclosed
space, such as a garage. Exhaust fumes con-
tain carbon monoxide, which is extremely poi-
sonous. lf 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.

lf you are fortunate enough to have the
use of an inspection pit, never drain or pour
gasoline and never run the engine while
the vehicle is over the pit. The fumes, being
heavier than air, will concentrate in the pit with
possibly lethal results.

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 baftery ground (-)
cable at the battery before working on the fuel
or electrical systems.

lf 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 baftery may burst.

Take care when adding water to a non
maintenance-free battery and when carrying
a baftery. The electrolyte, even when diluted,
is very conosive 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 l ight, 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 sysfem
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.
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Troubleshooting
Contents

Symptom Secfion

Engine
Alternator l ight fai ls to come on when key is turned on... . . . . . . . . . . . . . .  13
Alternator l ight stays on... . . . . . . . . . . . . . . . .  12
Battery will not hold a charge 11
CHECK ENGINE l ight . . . . . . . . . . . . . . . .  See Chapter 6
Engine backfl res.....................
Engine diesels (continues to run) after being turned off ................
Engine hard to start when cold.................
Engine hard to start when hot ..................
Engine lacks power ...,.........
Engine'lopes' while idling or idles erratica||y....................
Engine misses at idle speed...
Engine misses throughout driving speed range ..............
Engine rotates but wil l not start..........,.....
Engine stalls...
Engine starts but stops immediately....
Engine surges while holding accelerator steady ............
Engine will not rotate when attempting to start..........
Excessive fuel consumption .........,.........
Excessively high idle speed .............
Excessive oil consumption .."..................
Fuel odor
Hesitation or stumble during acceleration .................
Low oil pressure
Miscellaneous engine noises
Pinging or knocking engine sounds when engine

is under load . . . . . . . . . . . . . . . .
Starter motor noisy or engages roughly
Starter motor operates without turning engine ............

Gooling system
Abnormal coolant loss....
Corrosion ........
External coolant |eakage...........
Internal coolant leakage .....................
Overcooling
Overheating....
Poor coolant circulation

Symptom Seclion
Noisy in all gears .. 41
Noisy in Neutrarwith 

""si";;;;;; 
:::::::::::::::::::::::::.:................. 40

Noisy in one particular gear ................. 42
Oil leakage 45
Slips out of high gear 43

Automatic transmission
Fluid leakage
General shift mechanism problems
Transmission slips, shifts rough, is noisy or has no drive

in forward or reverse gears .............
Transmission will not downshift with accelerator pedal

pressed to the floor

Transfer case
Lubricant leaks from the vent or outout shaft seals
Noisy or jumps out of four-wheel drive Low range .......................
Transfer case is difficult to shift into the desired range ................
Transfer case noisy in all gears

Driveshaft
Knock or clunk when the transmission is under initial

load fiust after transmission is put into gear)
Metallic grinding sound consistent with vehicle speed
Oil leak at front of driveshaft ...................
Vibration

Axles
Noise . , . . . . . . . . . . .
Oil leakage
Vibration

Brakes
Brake pedal feels spongy when depressed
Brake pedal pulsates during brake application
Excessive brake pedal travel ..............
Excessive effort required to stop vehicle
Noise (high-pitched squeal with the brakes applied) .. ... .........."..
Pedal.travels to the floor with little resistance
Vehicle pulls to one side during braking

Suspension and steering systems
Excessive pitching and/or rolling around corners or

during braking
Excessive play in steering
Excessive tire wear (not specific to one area)
Excessive tire wear on inside edge
Excessive tire wear on outside edge ..............
Excessively stiff steering
Lack of power assistance
Shimmy, shake or vibrat ion .. . . . . . . . . . . . . . . .
Tire tread wom in one place
Vehicle pul ls to one side .. . . . . . . . . . . . . . .
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Glutch
Clutch pedal stays on floorwhen disengaged 39
Clutch slips (engine speed increases with no increase

in vehicle speed) . . . . . . . . . . .  35
Fails to release (pedal pressed to the floor - shift lever

does not move freely in and out of Reverse)
Grabbing (chattering) as clutch is engaged
Squeal or rumble with clutch fully disengaged

(pedal depressed) . . . . . . . . . . . . . . . . .
Squeal or rumble with clutch fully engaged

(pedal released) . . . . . . . . . . . . . . . . . . . . .

Manual transmission
Diff iculty in engaging gears .. . . . . . . . . . . .

70
72
74
76
75
71
73
69
77
68

34
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44
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Engine

Engine will not rotate when
attempting to start

1 Battery terminal connections loose or cor-
roded. Check the cable terminals at the battery;
tighten cable clamp and/or clean off corrosion
as necessary (see Chapter 1).
2 Battery discharged or faulty. lf the cable
ends are clean and tight on the battery posts,
turn the key to the On position and switch on
the headlights or windshield wipers. l f  they
won't run, the battery is discharged.
3 Automatic transmission not engaged in
park (P) or Neutral (N).
4 Broken, loose or disconnected wires in
the starting circuit. Inspect all wires and con-
nectors at the battery starter solenoid and igni-
tion switch (on steering column).
5 Starter motor pinion jammed in driveplate
ring gear. Remove starter (Chapter 5) and
inspect pinion and driveplate (Chapter 2).
6 Starter solenoid faulty (Chapter 5).
7 Starter motor faulty (Chapter 5).
8 lgnition switch faulty (Chapter 12).
9 Engine seized. Try to turn the crankshaft
with a large socket and breaker bar on the pul-
ley bolt.
10 Starter relay faulty (Chapter 5)
1'l Transmission Range (TR) sensor out of
adjustment or defective (Chapter 6)

Engine rotates but will not start

1 Fuel tank empty.
2 Battery discharged (engine rotates
slowly).
3 Baftery terminal connections loose or cor-
roded.
4 Fuel not reaching fuel injectors. Check
for clogged fuel filter or lines and defective fuel
pump. Also make sure the tank vent lines aren't
clogged (Chapter 4).
5 Low cyl inder compression. Check as
described in Chapter 2.
6 Water in fuel. Drain tank and fill with new
fuel.
7 Defective ignition coil(s) (Chapter 5).
8 Dirty or clogged fuel injector(s) (Chap-
ter 4).
9 Wet or damaged ignit ion components
(Chapters 1 and 5).
10 Worn, faulty or incorrectly gapped spark
plugs (Chapter 1).
11 Broken, loose or disconnected wires in
the starting circuit (see previous Section).
12 Broken. loose or disconnected wires at
the ignition coil or faulty coil (Chapter 5).
13 Timing chain fai lure or wear affect ing
valve timing (Chapter 2).
'14 Fuel injection or engine control systems
failure (Chapters 4 and 6).
15 Defective MAF sensor (Chapter 6)

3 Starter motor operates without
turning engine

(Chapter 5) and inspect.
2 Starter pinion or driveplate teeth worn
or broken. Remove the insoection cover and
inspect.

4 Engine hard to start when cold

1 Battery discharged or low. Check as
described in Chapter 1.
2 Fuel not reaching the fuel injectors. Check
the fuel filter, lines and fuel pump (Chapters 1
and 4).
3 Defective spark plugs (Chapter 1).
4 Defective engine coolant temperature
sensor (Chapter 6).
5 Fuel injection or engine control systems
malfunction (Chapters 4 and 6).

Engine hard to start when hot

1 Air filter dirty (Chapter 1).
2 Bad engine ground connection.
3 Fuel injection or engine control systems
malfunction (Chapters 4 and 6).

6 Starter motor noisy or engages
roughly

1 Pinion or driveolate teeth worn or broken.
Remove the inspection cover on the left side of
the engine and inspect.
2 Starter motor mounting bolts loose or
missing.

7 Engine starts but stops
immediately

1 Loose or damaged wire harness connec-
tions at distributor, coil or alternator.
2 Intake manifold vacuum leaks. Make sure
all mounting bolts/nuts are tight and all vacuum
hoses connected to the manifold are aftached
properly and in good condition.
3 Insufficient fuel pressure (see Chapter 4).
4 Fuel injection or engine control systems
malfunction (Chapters 4 and 6).

Engine 'lopes'while idling or
idles erratically

1 Vacuum leaks. Check mounting bolts at
the intake manifold for tightnbss. Make sure
that all vacuum hoses are connected and in
good condition. Use a stethoscope or a length
of fuel hose held against your ear to listen for
vacuum leaks while the engine is running.
A hissing sound will be heard. A soapy water
solution will also detect leaks. Check the intake
manifold gasket surfaces.
2 Leaking EGR valve or plugged PCV valve
(see Chapters 1 and 6).
3 Air filter clogged (Chapter 1).
4 Fuel pump not delivering sufficient fuel
(Chapter 4).
5 Leaking head gasket. Perform a cylinder
compression check (Chapter 2).

6 Timing chain(s) worn (Chapter 2).
7 Camshaft lobes worn (Chapter 2).
8 Valves burned or otherwise leaking
(Chapter 2).
9 lgnition timing out of adjustment (Chap-
ter 5).
10 lgnition system not operating properly
(Chapters 1 and 5).
11 Fuel injection or engine control systems
malfunction (Chapters 4 and 6).

9 Engine misses at idle speed

1 Spark plugs faulty or not gapped properly
(Chapter 1).
2 Faulty spark plug wires (Chapter 1).
3 Wet or damaged ignit ion components
(Chapter 5).
4 Short circuits in ignition, coil or spa* plug
wires.
5 Sticking or faulty emissions systems (see
Chapter 6).
6 Clogged fuel filter and/or foreign matter
in fuel. Remove the fuel filter (Chapter 1) and
inspect.
7 Vacuum leaks at intake manifold or hose
connections, Check as described in Section
8 Low or uneven cyl inder compression.
Check as described in Chapter 2.
9 Fuel injection or engine control systems
malfunction (Chapters 4 and 6).

10 Excessively high idle speed

1 Sticking throttle linkage (Chapter 4).
2 Vacuum leaks at intake manifold or hose
connections. Check as described in Section 8.
3 Fuel injection or engine control systems
malfunction (Chapters 4 and 6).

11 Battery will not hold a charge

1 Alternator drivebelt defective or not
adjusted properly (Chapter 1).
2 Battery cables loose or corroded (Chap-
ter 1).
3 Alternator not charging properly (Chap-
ter 5).
4 Loose, broken or faulty wires in the charg-
ing circuit (Chapter 5).
5 Short circuit causing a continuous drain
on the battery.
6 Battery defective internally.

12 Alternator light stays on

1 Fault in alternator or charging circuit
(Chapter 5).
2 Alternator drivebelt defective or not prop-
erly adjusted (Chapter 1).

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

Starter pinion sticking. Remove the starter Faulty bulb (Chapter 12).
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2 Defective alternator (Chapter 5).
3 Fault in the printed circuit, dash wiring or
bulb holder (Chapter 12).

14 Engine misses throughout
driving speed range

1 Fuel filter clogged and/or impurities in the
fuel system. Check fuel filter (Chapter 1) or
clean system (Chapter 4).
2 Faulty or incorrectly gapped spark plugs
(Chapter 1).
3 Incorrect ignition timing (Chapter 5).
4 Defective spark plug wires (Chapter 1).
5 Emissions system components faulty
(Chapter 6).
6 Low or uneven cyl inder compression
pressures. Check as described in Chapter 2.
7 Weak or faulty ignition coil(s) (Chapter 5).
8 Weak or faulty ignition system (Chap-
ter 5).
9 Vacuum leaks at intake manifold or vac-
uum hoses
(see Section 8).
10 Dirty or clogged fuel injector(s) (Chap-
ter 4).
11 Leaky EGR valve (Chapter 6).
12 Fuel injection or engine control systems
malfunction (Chapters 4 and 6).

15 Hesitation or stumble during
acceleration

1 lgnition system not operating properly
(Chapter 5).
2 Dirty or clogged fuel injector(s) (Chap-
ter 4).
3 Low fuel pressure. Check for proper oper-
ation of the fuel pump and for restrictions in the
fuel filter and lines (Chapter 4).
4 Fuel injection or engine control systems
malfunction (Chapters 4 and 6).

16 Engine stalls

1 ldle speed incorrect (Chapter 4).
2 Fuel filter clogged and/or water and impu-
rities in the fuel system (Chapter 1).
3 Damaged of wet distributor cap and
wires.
4 Emissions system components faulty
(Chapter 6).
5 Faulty or incorrectly gapped spark plugs
(Chapter 1). Also check the spark plug wires
(Chapter 1).
6 Vacuum leak at the intake manifold or
vacuum hoses. Check as described in Sec-
tion 8.
7 Fuel injection or engine control systems
malfunction (Chapters 4 and 6).

17 Engine lacks power

2 Faulty or incorrectly gapped spark plugs
(Chapter 1).
3 Air filter dirty (Chapter 1).
4 Faulty ignition coil(s) (Chapter 5).
5 Brakes binding (Chapters 1 and 10).
6 Automatic kansmission fluid level incor-
rect, causing slippage (Chapter 1).
7 Fuel filter clogged and/or impurities in the
fuel system (Chapters 1 and 4).
8 EGR system not functioning properly
(Chapter 6).
9 Use of sub-standard fuel. Fill tank with
proper octane fuel.
10 Low or unevsn cyl inder compression
pressures. Check as described in Chapter 2.
11 Vacuum leak at intake manifold or vac-
uum hoses (check as described in Section 8).
12 Dirty or clogged fuel injector(s) (Chap-
ters 1 and 4).
13 Fuel injection or engine control systems
malfunction (Chapters 4 and 6).
14 Restricted exhaustsystem (Chapter4).

18 Engine backfires

1 EGR system not functioning properly
(Chapter 6).
2 lgnition timing incorrect (Chapter 5).
3 Damaged valve springs or sticking valves
(Chapter 2).
4 Vacuum leak at the intake manifold or
vacuum hoses (see Sec-tion 8).

19 Engine surges while holding
accelerator steady

1 Vacuum leak at the intake manifold or
vacuum hoses (see Sec-tion 8).
2 Restricted air filter (Chapter 1).
3 Fuel pump or pressure regulator defective
(Chapter 4).
4 Fuel injection or engine control systems
malfunction (Chapters 4 and 6).

20 Pinging or knocking engane
sounds when engine is under
load

1 Incorrect grade of fuel. Fill tank with fuel
of the proper octane rating.
2 lgnition timing inconect (Chapter 5).
3 Carbon build-up in combustion chambers.
Remove cylinder head(s) and clean combus-
tion chambers (Chapter 2).
4 Incorrect spark plugs (Chapter 1).
5 Fuel injection or engine control systems
malfunction (Chapters 4 and 6).
6 Restrictedexhaustsystem(Chapter4).

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

ldle speed too high (Chapter 4).
lgnition timing incorrect (Chapter 5).

3 Incorrect spark plug heat range (Chap-
ter 1).
4 Vacuum leak at the intake manifold or
vacuum hoses (see Sec-tion 8).
5 Carbon build-up in combustion chambers.
Remove the cylinder head(s) and clean the
combustion chambers (Chapter 2).
6 Valves sticking (Chapter 2).
7 EGR system not operating properly
(Chapter 6).
I Fuel injection or engine control systems
malfunction (Chapters 4 and 6).
9 Check for causes of overheating (Sec-
tion 27).

22 Low oil pressure

1 lmproper grade of oil.
2 Otl pump worn or damaged (Chapter 2).
3 Engine overheating (refer to Section 27).
4 Clogged oil filter (Chapter 1).
5 Clogged oil strainer (Chapter 2).
6 Oil pressure gauge not wo*ing properly
(Chapter 2).

23 Excessive oil consumptlon

1 Loose oil drain plug.
2 Loose bolts or damaged oil pan gasket
(Chapter 2).
3 Loose bolts or damaged front cover gas-
ket (Chapter 2).
4 Front or rear crankshaft oil seal leaking
(Chapter 2).
5 Loose bolts or damaged valve cover gas-
ket (Chapter 2).
6 Loose oil filter (Chapter 1).
7 Loose or damaged oil pressure switch
(Chapter 2).
8 Pistons and cylinders excessively worn
(Chapter 2).
9 Piston rings not installed correctly on pis-
tons (Chapter 2).
10 Worn or damaged piston rings (Chap-
ter 2).
11 Intake and/or exhaust valve oil seals wom
or damaged (Chapter 2).
12 Worn or damaged valves/guides (Chap-
ter 2).
13 Faulty or incorrect PCV valve allowing too
much crankcase airflow.
14 Leak at remote oil filter hose (Expedition/
Navigator only).

24 Excessive fuel consumption

1 Dirty or clogged air lilter element (Chap-
ter 1).
2 Incorrect ignition timing (Chapter 5).
3 Inconect idle speed (Chapter 4).
4 Low tire pressure or incorrect tire size
(Chapter 10).
5 Inspect for binding brakes.
6 Fuel leakage. Check all connections, lines
and components in the fuel system (Chap-
ter 4).

1
2Incorrect ignition timing (Chapter 5).
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7 Dirty or clogged fuel injectors (Chap-
ter 4).
8 Fuel injection or engine control systems
malfunction (Chapters 4 and 6).
9 Thermostat stuck open or not installed.
10 lmproperly operating transmission.

25 Fuel odor

't Fuel leakage. Check all connections, lines
and components in the fuel system (Chap-
ter 4).
2 Fuel tank overfilled. Fill only to automatic
shut-off.
3 Charcoal canister filter in Evaporative
Emissions Control system clogged (Chap-
ter 1).
4 Vapor leaks from Evaporative Emissions
Control system lines (Chapter 6).

26 Miscellaneous engine noises

1 A strong dull noise that becomes more
rapid as the engine accelerates indicates
worn or damaged crankshaft bearings or an
unevenly wom crankshaft. To pinpoint the trou-
ble spot, remove the spark plug.wire from one
plug at a time and crank the engine over. lf the
noise stops, the cylinder with the removed plug
wire indicates the problem area. Replace the
bearing and/or service or replace the crank-
shaft (Chapter 2).
2 A similar (yet slightly higher pitched) noise
to the crankshaft knocking described in the
previous paragraph, that becomes more rapid
as the engine accelerates, indicates worn or
damaged connecting rod bearings (Chapter 2).
The procedure for locating the problem cylin-
der is the same as described in Paragraph 1.
3  An over lapp ing  meta l l i c  no ise  tha t
increases in intensity as the engine speed
increases, yet diminishes as the engine warms
up indicates abnormal piston and cylinder wear
(Chapter 2). To locate the problem cylinder, use
the procedure described in Paragraph 1.
4 A rapid clicking noise that becomes faster
as the engine accelerates indicates a worn pis-
ton pin or piston pin hole. This sound will hap-
pen each time the piston hits the highest and
lowest points in the stroke (Chapter 2). The
procedure for locating the problem piston is
described in Paragraph 1.
5 A metallic clicking noise coming from the
water pump indicates worn or damaged water
pump bearings or pump. Replace the water
pump with a new one (Chapter 3).
6 A rapid tapping sound or clicking sound
that becomes faster as the engine speed
increases indicates "valve tapping." This can
be identified by holding one end of a section
of hose to your ear and placing the other end
at different spots along the valve cover. The
point where the sound is loudest indicates the
problem valve. lf the pushrod and rocker arm
components are in good shape, you likely have
a collapsed valve lifter. Changing the engine
oil and adding a high viscosity oil treatment
will sometimes cure a stuck lifter problem. lf
the problem persists, the lifters, pushrods and

rocker arms must be removed for inspection
(see Chapter 2).
7 A steady metallic rattling or rapping sound
coming from the area of the timing chain cover
indicates a worn, damaged or out-of-adjust-
ment timing chain. Service or replace the chain
and related components (Chapter 2).

Gooling system

27 Overheating

1 Insufficient coolant in system (Chapter 1).
2 Drrvebelt defective or not adjusted prop-
erly (Clxrpter 1).
3 Radiator core blocked or radiator grille
dirty and restricted (Chapter 3).
4 Thermostat faulty (Chapter 3).'
5 Cooling fan not functioning properly
(Chapter 3).
6 Expansion tank cap not maintaining
proper pressure. Have cap pressure tested by
a gas station or repair shop.
7 Defective water pump (Chapter 3).
8 lmproper grade of engine oil.
9 Inaccurate temperature gauge (Chap-
ter 12).

28 Overcooling

1 Thermostat faulty (Chapter 3).
2 Inaccurate temperature gauge (Chap-
ter 12\.

29 External coolant leakage

1 Deteriorated or damaged hoses. Loose
clamps at hose connections (Chapter 1).
2 Water pump seals defective. lf this is the
c€rse, water will drip from the weep hole in the
water pump body (Chapter 3).
3 Leakage from radiator core or header
tank. This will require the radiator to be profes-
sionally repaired (see Chapter 3 for removal
procedures).
4 Leakage from the coolant reservoir or
degas bottle.
5 Engine drain plugs or water jacket freeze
plugs leaking (see Chapters 1 and 2).
6 Leak from coolant temperature switch
(Chapter 3).
7 Leak from damaged gaskets or small
cracks (Chapter 2).
8 Leak from oil cooler or oil cooler adapter
housing (Chapter 3).

30 lnternal coolant leakage

Note: lnternal coolant leaks can usually be
detected by examining the oil. Check the dip-
stick and inside the rocker arm cover for water
deposits and an oil consistency like that of a
milkshake.
1 Leaking cylinder head gasket. Have the
system pressure tested or remove the cylinder

head (Chapter2) and inspect.
2 Cracked cyl!"rler bore or cylinder head.
Dismantle engine and inspect (Chapter 2).
3 Loose cylinder head bolts (tighten as
described in Chapter 2).
4 Leakage from intemal coolant pipe/hose
(V8 engines) (accessible only with intake mani-
fold removed (Chapter 2B).

31 Abnormal coolant loss

1 Overfilling system (Chapterl).
2 Coolant boiling away due to overheating
(see causes in Section 27).
3 Internal or external leakage (see Sec.
tions 29 and 30).
4 Faulty expansion tank cap. Have the cap
pressure tested.
5 Cooling system being pressurized by
engine compression. This could be due to
a cracked head or block or leaking head
gasket(s). Have the system tested for the pres-
ence of combustion gas in the coolant at a
shop.

32 Poor coolant circulatlon

1 Inoperative water pump. A quick test is
to pinch the top radiator hose closed with your
hand while the engine is idling, then release it.
You may be able to feel a gurge of coolant if
the pump is working properly (Chapter 3).
2 Restriction in cooling system. Drain, flush
and refill the system (Chapter 1). lf necessary
remove the radiator (Chapter 3) and have it
reverse flushed or professionally cleaned.
3 Loose water pump drivebelt (Chapter 1).
4 Thermostat sticking (Chapter 3).
5 Insufiicient coolanl (Chapter 1).

33 Corrosion

1 Excessive impurities in the water. Soft,
clean water is recommended. Distilled or rain-
water is satisfactory.
2 Insufficient antifreeze solution (refer to
Chapter 1 for the proper ratio of water to antl-
freeze).
3 Infrequent flushing and draining of sys-
tem. Regular flushing of the cooling system
should be canied out at the specified intervals
as described in Chapter 1.

Clutch

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

1 Leak in the clutch hydraul ic system.
Check the master cylinder, release cylinder
and lines (Chapter 8).
2 Clutch plate warped or damaged (Chap
ter 8).
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35 Glutch slips (engine speed
increases with no increase in
vehicle speed)

4 Worn or damaged countershaft endplay
shims.

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

1 Clutch plate oil soaked or lining worn.
Remove clutch (Chapter 8) and inspect.
2 Clutch plate not sealed. lt may take 30
or 40 normal stads for a new one to seat.
3 Pressure plate worn (Chapter 8).

36 Grabbing (chaftering) as clutch is
engaged

1 Oil on clutch plate lining. Remove (Chap-
ter 8) and inspect. Correct any leakage source.
2 Worn or loose engine or transmission
mounts. These units move slightly when the
clutch is released. lnspect the mounts and
bolts (Chapter 2).
3 Worn splines on clutch plate hub.
Remove the clutch components (Chapter 8)
and inspect.
4 Warped pressure plate or f lywheel.
Remove the clutch components and inspect.

37 Squeal or rumble with clutch fully
engaged (pedal released)

41 Noisy in allgears

1 Any ofthe above causes, and/or:
2 Insufficient lubricant (see the checking
procedures in Chapter 1).

42 Noisy in one particular gear

1 Worn, damaged or chipped geai reeth for
that particular gear.
2 Worn or damaged synchronizer for that
particular gear.

43 Sllps out of high gear

1 Transmission loose on clutch housing.
2 Dirt between the transmission case and
engine or misalignment of the transmission.

Since these transmissions are electroni-
cally controlled, your dealer or a professional
shop with the proper equipment will have to
diagnose the probable cause.

48 Transmlssion slips, shifts rough,
is noisy or has no drive in
fonrard or reverse gears

1 There are many probable causes for
the above problems, but the home mechanic
should be concerned with only one possibility
- fluid level.
2 Before taking the vehicle to a repair
shop, check the level and condition of the fluid
as described in Chapter 1. Correct fluid level
as necessary or change the fluid and filter if
needed. lfthe problem persists, have a profes-
sional diagnose the problem.

49 Fluid leakage

1 Release bearing binding on transmission
bearing retainer. Remove clutch components
(Chapter 8) and check bearing. Remove any
burrs or nicks; clean and relubricate bearing
retainer before installing.

3E Squeal or rumble with clutch fully
dlsengaged (pedal depressed)

1 Worn, defective or broken release bear-
ing (Chapter 8).
2 Worn or broken pressure plate springs (or
diaphragm fingers) (Chapter 8).

39 Clutch pedal stays on floor when
disengaged

1 Linkage or release bearing binding.
Inspect the linkage or remove the clutch com-
ponents as necessary.
2 Make sure proper pedal stop (bumper) is
installed.

Manual transmission
Note: A// fhe following references are in Chap-
ter 7, unless noted.

40 Noisy in Neutralwith engine
running

Input shaft bearing wom.
Damaged main drive gear bearing.
Worn countershaft bearings.

1 Clutch not releasing completely.
2 Loose, damaged or out-of-adjustment
shif t  l inkage, Make a thorough inspection,
replacing parts as necessary.

'15 Oil leakage

1 Excessive amount of lubricant in the
transmission (see Chapter 1 for correct check-
ing procedures). Drain lubricant as required.
2 Transmission oil seal or vehicle soeed
sensor O-ring in need of replacement.

Automatic transmission

Note: Due to the complaxity of the auto-
matic transmission, it's difficult for the home
mechanic to properly diagnose and seruice this
component. For problems other than the fol-
lowing, the vehicle should be taken to a dealer
seruice depaftment or a transmission shop.

46 General shift mechanism
problems

1 Common problems which may be attrib-
uted to a misadjusted shift cable are:

a) Engine starting in gears other than Pa*
or Neutral.

b) lndicator on shifter pointing to a gear other
than the one actually being se/ecfed.

c) Vehicle moves when in Park.
2 Refer to Chapter 7 to check the shift cable
and or the transmission range (TR) sensor
adjustment.

M Difflculty in engaging gears 1 Automatic transmission fluid is a deep red
color. Fluid leaks should not be confused with
engine oil, which can easily be blown by air
flow to the transmission.
2 Io pinpoint a leak, first remove all built-up
dirt and grime from around the transmission.
Degreasing agents and/or steam cleaning will
achieve this. With the underside clean, drive
the vehicle at low speeds so air flow will not
blow the leak far from its source. Raise the
vehicle and determine where the leak is com-
ing from. Common areas of leakage are:
a) Pan: Tighten the mounting bolts and/or

replace the pan gaskef as necessary (see
Chapter 7).

b) Ftller plpe: Replace the rubber seal
where the pipe enters the transmission
case.
Transmlssion oil lines: Tighten the con-
nectors where the lines enter the trans-
mission case and/or replace the lines.
Vent pipe: Transmission overfillad and/or
water in fluid (see checking procedures,
Chapter 1),
Speedornefer connector: Replace the
O-ring where the speedomefer sensor
enters the fransmlssion case (Chapter 7).

Transfer case

50 Transfer case is difficult to shift
into the desired range

1 Speed may be too great to permit engage-
ment. Stop the vehicle and shift into the desired
range.
2 Shift linkage loose, bent or binding on a
manual shift transfer case. Check the linkage

d)

e)

I
I

2
3
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for damage or wear and replace or lubricate as
necessary (Chapter 7).
3 Defective circuit and or range switch on
electric shift transfer case (Chapter 7).
4 lf the vehicle has been driven on a paved
surface for some time, the driveline torque can
make shifting difiicult. Stop and shift into two-
wheel drive on paved or hard surfaces.
5 Insufiicient or inconect grade of lubricant.
Drain and refill the transfer case with the speci-
fied lubricant. (Chapter 1).
6 Worn or damaged internal components.
Disassembly and overhaul ofthe transfer case
may be necessary (Chapter 7).

51 Transfer case noisy in all gears

Insuffcient or incorrect grade of lubricant.
Drain and refill (Chapter 1).

52 Noisy or jumps out of four-wheel
drive Low range

1 Transfer case not fully engaged. Stop the
vehicle, shift into Neutral and then engage 4L.
2 Shift  l inkage loose, worn or binding.
Tighten, repair or lubricate linkage as neces-
sary.
3 Shift fork cracked. inserts worn or fork
binding on the rail. See your dealer for a new
or rebuilt unit.

53 Lubricant leaks from the vent or
output shaft seals

1 Transfer case is overfilled. Drain to the
proper level (Chapter 1).
2 Vent is clogged or jammed closed. Clear
or replace thg vent.
3 Output shaft seal incorrectly installed or
damaged. Replace the seal and check contact
surfaces for nicks and"scoring.

Driveshaft

54 Oll leak at seal end of drlveshaft

2 Loose driveshaft bolts. Inspect all bolts
and nuts and tighten them to the specified
torque.
3 Worn or damaged universal joint bear-
ings. Check for wear (see Chapter 8).

vehicle and spinning the rear wheels by hand.
Listen for evidence of rough (noisy) bearings.
Remove and inspect (see ChapterB).

60 Oil leakage

56 Metallic grinding sound
consistent with vehicle speed.

Pronounced wear in the universal joint
bearings. Check as described in Chapter 8.

57 Vibration

Note: Eefore assuming that the driveshaft is
at fauft, make sure the tires are pertectly bal-
anced and peiorm the following test.
1 lnstall a tachometer inside the vehicle to
monitor engine speed as the vehicle is driven.
Drive the vehicle and note the engine speed at
which the vibration (roughness) is most pro-
nounced. Now shift the transmission to a dif-
ferent gear and bring the engine speed to the
same point.
2 lf the vibration occurs at the same engine
speed (rpm) regardless of which gear the
transmission is in, the driveshaft is NOT at fault
since the driveshaft speed varies.
3 lf the vibration decreases or is eliminated
when the transmission is in a difierent gear at
the same engine speed, refer to the following
orobable causes.
4 Bent or dented driveshaft. Inspect and
replace as necessary (see Chapter 8).
5 Undercoating or built-up dirt, etc. on the
driveshaft. Clean the shaft thoroughly and
recheck.
6 Worn universal joint bearings. Remove
and inspect (see Chapter 8).
7 Driveshaft and/or companion flange out
of balance. Check for missing weights on the
shaft. Remove the driveshaft (see Chapter 8)
and reinstall 18o-degrees from original posi-
tion, then retest. Have the driveshaft profes-
sionally balanced if the problem persists.

Axles

1 Pinion seal damaged (see Chapter 8).
2 Axleshaft oil seals damaged (see Chap-
ter 8).
3 Differential inspection cover leaking.
Tighten the bolts or replace the gasket as
required (see Chapters 1 and 8).

Brakes
Note: Before assuming that a brake problem
exists, make sure that the tires are in good
condition and inflated properly (see Chapter
1), that the front end alignment is conect and
that the vehicle is not loaded with weight in an
unequal manner.

6l Vehicle pulls to one side during
braking

1 Defective, damaged or oil contaminated
disc brake pads or shoes on one side. lnspect
as described in Chaoter 9.
2 Excessive wear of brake shoe or pad
mateiial or drum/disc on one side. Inspect and
correct as necessary.
3 Loose or disconnected front suspension
components. Inspect and tighten all bolts to the
specified torque (Chapter 10).
4 Defective drum brake or caliper assembly.
Remove the drum or caliper and inspect for a
stuck piston or other damage (Chapter 9).

62 Noise (high-pitched squealwlth
the brakes apFtlied)

1 Disc brake pads worn out. The noise
comes from the wear sensor rubbing against
the disc (does not apply to all vehicles) or the
actual pad backing plate itself if the material
is completely worn away. Replace the pads
with new ones immediately (Chapter 9). lf the
pad material has worn completely away, the
brake discs should be inspected for damage as
described in Chapter 9.
2 Linings contaminated with dirt or grease.
Replace pads or shoes.
3 Incorrect linings. Replace with correct lin-
rngs.

63 Excessive brake pedal travel

1 Part ial brake system fai lure. Inspect
the entire system (Chapter 9) and correct as
required.
2 Insufficient fluid in the master cylinder.
Check (Chapter 1 ), add fluid and bleed the sys-
tem if necessary (Chapter 9).
3 Rear brakes not adjusting properly. Make

Defective transmission or transfer case
oil seal. See Chapter 7 for replacement pro-
cedures. While this is done, check the splined
yoke for burrs or a rough condition which may
be damaging the seal. Buns can be removed
with crocus cloth or a fine whetstone.

55 Knock or clunk when the
transmission is under initial load
fiust after transmission is put
into gear)

't Loose or disconnected rear suspension
components. Check all mounting bolts, nuts
and bushings (see Chapter 10).

58 Noise

1 Road noise. No corrective procedures
available.
2 Tire noise. Inspect tires and check tire
pressures (Chapter 1 ).
3 Rear wheel bearings loose, worn or dam-
aged (Chapter 8).

59 Vibration

See probable causes under Driveshaft.
Proceed under the guidelines listed for the
driveshaft. lf the problem persists, check the
rear wheel bearings by raising the rear of the
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a series of starts and stops while the vehicle
is in Reverse. lf this does not conect the situ-
ation, remove the drums and inspect the self-
adjusters (Chapter 9).
4 Problem with the anti-lock brake svstem
(Chapter 9).

64 Brake pedal feels spongy when
depressed

1 Air in the hydraulic lines. Bleed the brake
system (Chapter 9).
2 Faulty flexible hoses. Inspect all system
hoses and lines. Replace parts as necessary.
3 Master cylinder mounting bolts/nuts
loose.
4 Master cylinder defective (Chapter 9).
5 Problem with the anti-lock brake svstem
(Chapter 9).

65 Excessive effort required to stop
vehicle

1 Power brake booster not operating prop-
erly (Chapter 9).
2 Excessively worn linings or pads. Inspect
and replace if necessary (Chapter 9).
3 One or more caliper pistons or wheel cyl-
inders seized or sticking. Inspect and rebuild
as required (Chapter 9).
4 Brake linings or pads contaminated with
oil or grease. Inspect and replace as required
(Chapter 9).
5 New pads or shoes installed and not yet
seated. lt will take a while for the new material
to seat against the drum (or disc).
6 Problem with the anti-lock brake system
(Chapter 9).

2 Disc or drum defective. Remove (Chap-
ter 9) and check for excessive lateral runout
and parallelism. Have the disc or drum resur-
faced or replace it with a new one.

Suspension and steering systems

68 Vehicle pulls to one side

1 'l'ire pressures uneven (Chapter 1).
2 Defective tire (Chapter 1).
3 Excessive wear in suspension or steering
components (Chapter 10).
4 Front end in need of alignment.
5 Front brakes dragging. Inspect the brakes
as described in Chapter 9.

69 Shimmy, shake or vibration

1 Tire or wheel out-of-balance or out-of-
round. Have professionally balanced.
2 Loose, worn or out-of-adjustment front
wheel bearings (Chapter 1).
3 Shock absorbers and/or suspension com-
ponents worn or damaged (Chapter 10).

70 Excessive pitching and/or rolling
around corners or during braking

1 Defective shock absorbers. Replace as a
set (Chapter 10).
2 Broken or weak springs and/or suspen-
sion components. Inspect as described in
Chapter 10.

3 Steering gearbox damaged or out of
adjustment (Chapter 1 0).

73 Lack of power assistance

1 Steering pump drivebelt faulty or not
adjusted properly (Ghapter 1).
2 Fluid level low (Chapter 1).
3 Hoses or lines restricted. Inspect and
replace parts as necessary.
4 Air in power steering system. Bleed the
system (Chapter 10).

74 Excessive tire wear (not specific
to one area)

1 lncorrect tire pressures (Chapter 1).
2 Tires out-of-balance. Have professionally
balanced.
3 Wheels damaged. Inspect and replace as
necessary.
4 Suspension or steering components
excessively wom (Chapter 10).

75 Excessive tire wear on outside
edge

1 Inflation pressures incorrect (Chapter 1).
2 Excessive speed in turns.
3 Front end alignment incorrect. Have pro-
fessionally aligned.
4 Suspension arm bent or twisted (Chap-
ter'10).

76 Excessive tire wear on inside
edge66 Pedal travels to the floor with

little resistance

1 Little or no fluid in the master cylinder
reservoir caused by leaking wheel cylinder(s),
leaking caliper piston(s), loose, damaged or
disconnected brake lines. Inspect the entire
system and correct as necessary.
2 Worn master cylinder seals (Chapter 9).
3 Problem with the anti-lock brake svstem
(Chapter 9).

67 Brake pedal pulsates during
brake application

1 Caliper improperly installed. Remove and
inspect (Chapter 9).

71 Excessively stiff steering

1 Lack of fluid in power steering fluid reser-
voir (Chapter 1).
2 Incorrect tire pressures (Chapter 1).
3 Lack of lubrication at steering joints (see
Chapter 1).
4 Front end out of alignment.
5 Lack of power assistance (see Sec-
tion 73).

72 Excessive play in steering

1 Loose front wheel bearings (Chapters 1
and 10).
2 Excessive wear in suspension or steering
components (Chapter 1 0).

1 Inflation pressures incorect (Chapter 1).
2 Front end alignment incorrect (toe-out).
Have professionally aligned.
3 Loose or damaged steering components
(Chapter 10).

77 Tire tread worn in one place

1 ' l ' i resout -o f -ba lance.
2 Damaged or buckled wheel. Inspect and
replace if necessary.
3 Defective tire (Chapter 1).
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Speclfications

Recommended lubricants and fluids
Note: Llsted here are manufacturer recommendations at the time this manual was wriften. Manufacturers occasionally upgrade their fluid and lubi-
cant specifications, so check with your local auto pafts store for current recommendations.

Engine oil
Type . . . . . . . . . . . . . . .
Viscosity

1999 and ear l ier  models.  1. . . . . . . . . . . . . . . . . . . . . . -
2000 and later models....

Fuel  . . . . . . . . . . . . . . . .
Engine coolant* ......................

Brake fluid
Clutch fluid......

Power steering fluid .,......,.,,....
Automatic transmission fluid

1 997 . . . . . . . . . . . . . . .
1998 and later

E40D transmission ................
4R70 W transmission
4R100 . . . . . . . . . . . .

API "certified for gasoline engines"

5W-30
5W-20
Unleaded gasoline, 87 octane or higher
50/50 mixture of Motorcraft Premium Engine Coolant (green colored)
or Motorcraft Premium Gold Engine Coolant (yellow colored) and
distilled water
DOT 3 heavy duty brake fluid
DOT 3 heavy duty brake fluid

MERCON automatic transmission fl uid

MERCON automatic transmission fl uid

MERCON lll automatic transmission fluid
MERCON V automatic transmission fluid
MERCON automatic transmission fl uid

* Caution: Do not mix coolants of different colors. Doing so might damage the cooling system and/or the engine. The manufacturer specifies wither a
green colored coolant or a yellow colored coolant to be used in fhese sysfemg depending on what was originally installed in the vehicle.
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1-2 Chapter 1 Tune-up and routine maintenance

Recommended lubricants and fluids (continued)
Manual transmission lubricant MERCON automatic transmission fluid
Transfer case lubricant. MERCON automatic transmission fluid
Chassis 9rease... . . . . . . . . . .  SAE NLGI no, 2 chassis grease
Differential lubricant

Fron1... . . . . . . . . . . . .  SAE 75W-90 GL-S gear lubricant
Rear.. . . . . . . . . . . . . .  SAE 75W-140 GL-5 synthetic gear lubricant* **

*Add 4 oz. of fiction modifier (Ford part no. CSAZ-198546-A) to 8.8 and 9.75 inch rear axles when lubicant is changed.
**Add 8 oz. of friction modifier (Ford paft no. CBAZ-198546-A) to 10.25 inch rear axles when lubricant is changed.

Capacities*
Engine oil (with fi l ter change) (all engines).... 6.0 qts
Fuel tank

F-1 50/F-250
2WD Regular cab and Super cab....,.. 25.0 gallons
4WD Regular  cab . . . . . . . . . . . . . . . . .
Long wheelbase . . . . . . . . . , . . . . . . . , . . .  30.0 gal lons

Expedition/Navigator
2WD without air suspension 26 gallons
2WD with air susoension 30 oallons
4WD.. . . . . . . . . . . . . .  30 ia l lons

Cooling system
F-1 50/F-250

42LV6 en9ine. . . . . . . . . . . . .  From 15.7 to 20.1 qts
4.61 and5.41 V8engines. . . . . . . . . . .  . .  From17.9to23.9qts

Expedition/Navigator
4.6L V8 engine (standard) ................... 18.0 qts
4.6L V8 engine (heavy duty)............... 19.9 qts
5.4L VB en9ine. . . . . . . . . . . . .  20.8 qts

Automatic transmission (from dry - see Section 26 for drain and refill fluid requirements)
4R70W.. . . . . . . . . .  13.9 qts
E4OD

2WD.. . . . . . . . . . . . . .  15.9 qts
4WD.. . . . . . . . . . . . . .  16.4 qts

4R100
2WD.. . . . . . . . . . . . . .  17.0 qts
4WD.. . . . . . . . . . . . . .  17.7 ots

Manual transmission .............. 3.75 ots
Transfer case................ 2.0 qts
Front differentia1....................... 3.6 pts
Rear differential

F-150. . . . . . . . . . . . . .  5 .5 to 6.9 pts
F-250. . . . . . . . . . . . . .  7 .8 ots
Expedition/Navi9ator...........,.. 5.7 pts

* All capacities approximate. Add as necess ary to bring to appropiate level.

General
Radiator cap pressure rating.............. 16 psi
Disc brake pad thickness (minimum) 1/8 inch
Drum brake shoe thickness (minimum)...... 1/16 inch

lgnition system
Spark plug type and gap

1997
4.2LV6

42EG or equivalent @ 0.054 inch
4.6L V8

32PG or equivalent @ 0.054 inch
5.41V8

1998 through 2000
4.2LV6
4.61VB
5.41V8

2001 and later models
4.2LV6
4.61V8
5.41V8

Firing order
V6 models. , . . . .
V8 models. . . . . .

VG engine
1-4-2-5-3-6

t$6ffi -s jrrJ-5iGExAYN-Es-l

MotorcraftAWSF-

MotorcraftAWSF-

Cylinder location and coil terminal
identification diagram - VG engines

Motorcraft AWSF-22EE or equivalent @ 0.054 inch

MotorcraftAGSF-34EE or equivalent @ 0.054 inch
MotorcraftAWSF-3ZPP or equivalent @ 0.054 inch
Motorcraft AWSF-22E or equivalent @ 0.054 inch

Motorcraft AGSF-34EE or equivalent @ 0.054 inch
Motorcraft AWSF-32P or equivalent @ 0.054 inch
Motorcraft AWSF-22W or equivalent @ 0.054 inch

1-4-2-5-3-6
1-3-7-2-6-5-4-8

@@
@@
o,:,@

@@
@@
o@
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Torque specifications
Wheel lug nuts

12 mm wheel  s tuds. . . . . . . . . . . . . .
14 mm wheel  s tuds. . . . . . . . . . . . . .

Spa* plugs
Oil pan drain plug ................
Automatic transmission pan bolts. :.......
Manual transmission drain and fill plug
Transfer case drain and fill plug ...........
Front differential fill plug
Front differential cover bolts....
Rear differential fi ll plug ..........
Rear difierential cover bolts....

Ft-lbs (unless otherwise noted)

100
150
84 to 168 inlbs
96 to 144 inlbs
108 to 132 inlbs
30 to 43
80 to 203 inlbs
15 to 22
2O to 27
15 to 30
28 to 38

@@
@e
@@
o@

@@
oc
@@
o@

lffisili:spocs.c-TffiE6l

f6'6] lb@l 4.61v8 ensin€

Lo@l teel !:;:#i1'.';:3
5.4L V8 engine(All)
and 2000 and later
4.6L V8 engine
1-3-7-2-6-5-4-8

l@1€EEc-mfrEl

Cylinder location and coil terminal identification diagram - V8 engines

Typical engine compartment components (V6 engine)

1 Battery
2 lgnition coil pack
3 Engine oil filler cap
4 Clutch master cylinder reservoir
5 Brake master cylinder reseruoir

6 Engine compaftment fuse box
7 Engine coolant expansion tank
B Air filter housing
9 Power steeing fluid reseruoir

10 Engine oil dipstick

Upper radiator hose
Windshield washer fluid reservoir
Automatic tran sm ission d ipstick
(not visible)

11
12
13

PALMTREESALES1967 - NO RESALE



14 Chapter 1 Tune-up and routine maintenance

Typical engine compartment components (4.6L and 5,4L V8 engines)

I

2

4

Battery
Autom atic tran sm ission d i pstick
Engine oil dipstick
Brake master cylinder reservoir

Stabilizer bar
Drivebelt
Ail filter

5 Engine compartment fuse box
6 Air filter housing
7 Coolant expansion tank
B Power steering fluid reservoir

9 Engine oil filler cap
10 Upper radiator hose
11 Windshield washer fluid reservoir

Lower control arm bushing
Steering linkage

I

z
J

Typical engine compartment underside components (2WD)

4 Shock absorber 7
5 Exhaust pipe I
6 Engine oil drain plug
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5
6

1
2

Leaf spring
Differential cover

Typical rear underside components (2WD)

3 Rearshockabsorber
4 Parking brake cable

Driveshaft
Gas tank
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Ford F-150/F -25A, Expedition and Lincoln
Navigator maintenance schedule

The following maintenance intervals are
based on the assumption that the vehicle
owner will be doing the maintenance or ser-
vice work, as opposed to having a dealer
service department or other repair shop do
the work. Although the timeimileage intervals
are loosely based on factory recommenda-
tions, most have been shortened to ensure,
for example, that such items as lubricants

and fluids are checked/changed at intervals
that promote maximum engine/driveline ser-
vice life. Also, subject to the preference of
the individual owner interested in keeping his
or her vehicle in peak condition at all times,
and with the vehicle's ultimate resale in mind,
many of the maintenance procedures may be
performed more often than recommended in
the following schedule. We encourqge such

owner initiative.
When the vehicle is new it should be ser-

viced initially by a factory authorized dealer
service department to protect the factory war-
ranty. In many cases the initial maintenance
check is done at no cost to the owner (check
with your dealer service department for more
information).

Every 250 miles or weekly,
whichever comes first

Check the engine oil level (Section 4)
Check the engine coolant level (Section 4)
Check the windshield washer fluid level (Section 4)
Check the brake and the clutch fluid level (Section 4)
Check the tires and tire pressures (Section 5)

Every 3000 miles or 3 months,
whichever comes first

Inspect the cooling system (Section 16)
Check the fuel system (Section 17)
Replace the fuel filter (Section 18)
Inspect the steering and suspension components

(Section 19)
Inspect the brakes (Section 20)
Check the manual transmission lubricant level (Section 21)
Check the transfer case lubricant level (Section 22)
Check the rear axle (differential) lubricant level (Section 23)

Every 30,000 miles or 24 months,
whichever comes first

All items listed above, plus:
Check the power steering fluid level (Section 6)
Check the automatic transmission fluid level (Section 7)
Change the engine oil and oilfi lter (Section 8)
Lubricate the chassis (Section 9)

Every 6000 miles or 6 months,
whichever comes first

All items listed above, plus:
Gheck and service the battery (Section 10)
lnspect and replace, if necessary, the windshield wiper

blades (Section 11)
Rotate the tires (Section 12)
Inspect the exhaust system (Section 13)
Check the seat belt operation (Section 14)

Every 15,000 miles or 12 months,
whichever comes first

All items listed above, plus:
Inspect and replace, if necessary, all underhood hoses

(Section 15)

Replace the air filter (Section 24)*
Service the cooling system (drain, flush and refill)

(Section 25)
Change the automatic transmission fluid and filter

(Section 26)'.
Inspect and repack the front wheel bearings (2WD models)

(Section 27)
Change the brake fluid (Section 28)

Every 60,000 miles or 48 months,
whichever comes first

Check the engine drivebelt(s) (Section 29)
Check the PCV valve (Section 30)
Replace the spark plugs (Section 31)
Inspect and replace, if necessary, the spark plug wires (Sec-

tion 32)
Change the manualtransmission lubricant (Section 33)
Change the transfer case lubricant (Section 34)
Change the rear axle (differential) lubricant (Section 35)

* Replace more often if is the vehicle is driven in dusty areas
** lf the vehicle is operated in continuous stop-and-go driving or

in mountainous areas, change at 15,000 miles
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lntroduction

This Chapter is designed to help the
home mechanic maintain the Ford F-'150/F-
250, the Ford Expedit ion and the Lincoln
Navigator with the goals of maximum per-
formance, economy, safety and reliability in
mind.

Inc luded is  a  master  ma in tenance
schedule (page 1-6), followed by procedures
dealing specif ical ly with each i tem on the
schedule. Visual checks, adjustments, com-
ponent 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 wjll result in
a planned maintenance program that should
produce a long and reliable service life. Keep
in mind that i t  is a comprehensive plan, so
maintaining some items but not others at the
specified intervals will not produce the same
results.

As you service the vehicle, you will dis-
cover that many of the procedures can - and
should - be grouped together because of the
nature of the particular procedure you're per-
forming or because of the close proximity of
two othenvise 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. Final ly, 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 tirne 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. lf it looks like you
might run into problems during a part icular
job, seek advice from a mechanic or an expe-
rienced do-it-yourselfer.

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 fol lowed
closely and frequent checks are made of fluid
levels and high wear items, as suggested
throughout this manual, the engine wil l  be
kept in relatively good running condition and
the need for addit ional work wil l  be mini-
mized.

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 diagnostic
procedure to help correct a poor running engine
is a cylinder compression check. A compres-
sion check (see Chapter 2) will help determine
the condition of internal engine components
and should be used as a guide for tune-up and
repair procedures. lf, for instance, a compres-
sion 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 compression check should be
done by someone with the right 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 10)
Check all underhood hoses (Section 1 5)
Check the cooling system (Section 16)
Check the fuel system (Section 1 7)
Check the air filter (Section 24)

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

Replace.the fuel filter (Section 18)
Replace the air filter (Section 24)
Check the drivebelt (Section 29)
Replace the PCV valve (Sectian 30)
Replace the spark plugs (Section 31)
Replace the spark plug wires, if equipped

(Section 32)
Check the charging system (Chapter 5)

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

4.2 The oil dipstick is located on the
driver 's eide of the engine

depleted and/or contaminated during normal
operation of the vehicle, they must be periodi-
cally replenished. See Recommended lubri-
cants and fluids at the beginning of this Chap-
ter before adding fluid to any of the following
components. Note: Ihe vehicle must be on
level ground when fluid levels are checked.

Engine oil
Refer to illustrations 4.2, 4.4, 4.6a and 4.6b
2 The oil level is checked with a dipstick,
which is located on the left (driver's) side of
the engine (see i l lustrat ion). The dipst ick
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 15 min-
utes after the engine has been shut off. lf
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 above the
MIN mark, within the hatched marked section
of the dipstick (see illustration).
5 lt takes one quart of oil to raise the level

4.4 The oll level
should be at or near
the MAX area on the
dipstick - if it isn't,
add enough oil to
bring the level to

near the MAX mark
(it takes one quart of
oil to raise the level

from the lower to the
upper mark)
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4.6a The oll filler cap on V6 engines ls located on the 4.6b The oll filler cap on V8 engines is located on the
left valve cover

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.
6 To add oil, remove the filler cap from the
valve cover (see illustrations). After adding
oil, wait a few minutes to allow the level to sta-
bilize, then pull out the dipstick and check the
level again. Add more oil if required. lnstall the
filler oap 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. lf 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.
lf you see small dirt or metal particles clinging
to the dipstick, the oil should be changed (see
Section 8).

Engine coolant
Refer to,i ll u stratio n 4.9
Waming: 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 accessib/e to children or pets
- they're aftncted by its sweet smet!. Inges-
tion of even a small amount of coolant can be
fatal! Wpe up garage floor and drip pan spills
immediately. Keep antifreeze containers cov-
ered and repair cooling system /eaks as soon
as they'rc noticed.
I All vehicles covered by this manual are
equipped with a pressurized coolant recovery
system. A plastic expansion tank located at the
front of the engine compartment is connected

by a hose to the radiator. As the engine heats
up during operation, the expanding coolant
fills the tank.
9 The coolant level in the tank should be
checked regularly. Warnlng: Do not remove
the expansion tank cap to check the coolant
level when the engine is warm! The level in
the tank vaies with the temperature of the
engine. When the engine is cold, the cool-
ant level should be at or slightly above the
FULL COLD mark on the reseruoir. Once the
engine has warmed up, the level should be at
or near the FULL HOT mark. lf it isn't, allow
the engine to cool, then remove the cap from
the tank and add a 50/50 mirture of ethylene
glycol based antifreeze and water (see illus-
tration).
10 Drive the vehicle and rechock the cool-
ant level. Don't use rust inhibitors or additives.
lf 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 solu-
tion. In order to maintain the proper ratio of
antifreeze and water, always top up the cool-
ant level with the correct mixture. An empty
plastic milk jug or bleach bottle makes an
excellent container for mixing coolant.
11 lf 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 16). lf no leaks are
noted, have the expansion tank cap pressure
tested by a service station.
12 lf 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. lf coolant or steam escapes, let
the engine cool down longer, then remove the
cap.
13 Check the condition of the coolant as well.
It should be relatively clear. lf it's brown or rust
colored, the system should be drained, flushed
and refilled. Even if the coolant appears to be
normal, the corrosion inhibitors wear out, so it
must be replaced at the specified intervals.

right valve cover

Brake and clutch fluid
Referto illustrations 4.15a and 4.15b
14 The brake master cylinder is mounted
on the front of the power booster unit in the
engine compartment. The hydraulic clutch
master cylinder used on manual transmission
vehicles is located next to the brake master
cylinder.
15 To check the fluid level of the brake and
clutch master cylinders, simply look at the
MAX and MIN marks on the reservoir (see
illustratlons), The level should be within the
specified distance from the maximum fill line.
16 lf the level is low wipe the top of the res-
eryoir 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
brake and clutch reservoirs (refer to Recom-
mended lubricants and fluids at the front of
this Chapter or to your owner's manual). Mix-
ing different types of brake fluid can damage
the system. Fill the brake master cylinder

4,9 The coolant expansion tank is located
at the front of the engine compartment

- keep the level near the arrow - DO NOT
remove the cap until the engine has

cooled completely
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4.15a The brake fluid level should be kept between the MIN and
MAX marks on the translucent plastic reservoir

reservoir only to the MAX line. Warnlng: Use
caution when filling either reseruoir - brake
fluid can harm your eyes and damage painted
surtaces. Do not use brake fluid that has been
opened for more than ono year or has been
left open. Brake fluid absorbs moisture from
the air. Excess moisture can cause a danger-
ous /oss of braHng.
18 While the reservoir cap is removed,
inspect the master cylinder reseryoir for con-
tamination. lf 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 and/or system pressure
loss.
20 The fluid in the brake master cylinder will
drop slightly as the brake pads at each wheel
wear down during normal operation. lf either
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 conected immediately. lf the
brake system shows an indication of leakage

check all brake lines and connections, along
with the calipers, wheel cylinders and booster
(see Section 20 for more information). lf the
hydraulic clutch system shows an indication
of leakage check all clutch lines and connec-
tions, along with the clutch slave cylinder (see
Chapter 8 for more information).
21 lf, upon checking the brake or clutch
master cylinder fluid level, you discover one
or both reservoirs empty or nearly empty, the
systems shoutd be bled (see Chapter 9).

Windshield washer fluid
Refer to illustration 4.22
22 Fluid for the windshield washer system is
stored in a plastic reseryoir 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. Gautlon: Do not use
cooling system antifraeze - it will damage the
vehicle's paint.

5 Tire and tire pressure checks
(every 250 miles orweekly)

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. lt can also provide you with vital
information regarding possible problems in
the steering and suspension systems before
major damage occurs.
2 The original t ires 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 (eee illustration).

5.2 Use a tire tread depth indicator to monitor'tire wear - they are
available at auto parts stores and service stations

and cost very liftle

4,22 The windshield washer reservoir is located at the right front
corner ofthe engine compartment next to the batrery

4.15b The clutch fluid reservoir is mounted on the firewall - add
fluid until it reaches the FULL line
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UNO€RINFLANON OVERINFLATION

CUPPING

Cupplng may be caused by:
r Underinllation end/or mechanical

inegularltles such as out-of-balance
oondition of wheel anilortlrc,
and bont or damaged wheel.

.Loo8s or wonr steering tie-md
or steering ldler arm.

.Loog6, damaged or worn ftl,nt
suspenslon parts.

INCORRECTTOE-IN FEATHERINS DUE
OR $(TREMECAMBER ;. TO MISALIGNMENT

5,3 This chart will help you determine the condltion of the tires, the probable cause(s) of abnormal wear
and the corrective action necessary

3 Note any abnormal tread wear (see
lllustration). 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. lf any of
these conditions are note'd, take the vehicle
to a tire shop or service station to correct the
problem.

5.4a lf a tire loses air on a steady basis,
check the valve stem core first to makc

sure it's snug (special inexpensive
wrenches are commonly available at aulo

paris stores)

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. lf 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

5.4b lf the valve stem core is tight, raise
the corner of the vehicle with the low tire

and spray a soapy waler solution
onto the tread as the tire is turned slowly
- leaks will cause small bubbles to appear

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). lf 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. lf
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
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.
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
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5.8 To extend the life of the tires, check
the air pressure at least once a week

with an accurate gauge (don't
forget the sparel)

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 your
owner's manual or the decal attached to the
right door pillar). Note that the pressure rec-
ommended for the temporary (mini) spare is
higher than for the tires on the vehicle.

Power steering fluid level check
(every 3000 miles or 3 months)

Refer to illustration 6.3
1 Check the power steering fluid level peri-
odically to avoid steering system problems,
such as damage to thq pump. Caution: DO
NOT hold the steering wheel against either
stop (extreme left or right turn) for more than
five seconds. lf you do, the power steering
pump could be damaged.
2 The fluid reservoir for the power steering
pump is mounted at the left front corner of the
engine block.
3 The reservoir is translucent olastic and

6.3 The power steering fluid reservoir
is translucent so the fluid level can be

checked without removing the cap

the fluid level can be checked visually (see
illustration).
4 The fluid level should be kept between
the MIN and MM marks on the reservoir.
5 Add small amounts of fluid until the level
is correct. Caution: Do not overtiil the reser-
voir. lf too much fluid is added, remove the
excess wfh a clean syringe or suction pump.
6 l f  the reservoir requires frequent f luid
additions, all power steering hoses, hose con-
nections, the power steering pump and the
steering gear assembly should be carefully
checked for leaks.

7 Automatic transmission fluid
level check (every 3000 miles or
3 months)

7.4 The automatic transmission dipstick
(arrow) is located on the passenger's

side of the engine

has just been driven over 20 miles (32 km),
the transmission can be considered warm.
Caution: lf the vehicle has just been driven
for a long time at high speed or in city traffic in
hot weathen or if it has been pulling a trailer,
an accurate fluid level reading cannot be
obtained. Allow the transmission to cool down
for about 30 minutes. You can also check the
transmission fluid level when the transmission
is cold. lf the vehicle has not been driven for
over five hours and the fluid is about room
temperature (70 to 95-degrees F), the trans-
mission is cold. However, the fluid level is nor-
mally checked with the transmission warm to
ensure accurate results.
3 lmmediately after driving the vehicle,
park i t  on a level surface, set the parking
brake and start the engine. While the engine
is idling, depress the brake pedal and move
the selector lever through all the gear ranges,
beginning and ending in Park.
4 Locate the automatic transmission dip-
st ick tube in the engine compartment (see
illustration).
5 With the engine st i l l  idl ing, pul l  the dip-
stick from the tube, wipe it off with a clean rag,
push it all the way back into the tube and wlth-
draw it again, then note the fluid level.
6 l f  the transmission is cold, the level
should be in the room temperature range on
the dipst ick (between the two holes); i f  i t 's
warm, the fluid level should be in the operaf
ing temperature range (in the cross-hatched
area) (see i l lustrat ion). l f  the level is low,
add the specified automatic transmission fluid
through the dipstick tube - use a funnel to pre-
vent spills.
7 Add just enough of the recommended
fluid to fill the transmission to the proper level.
It takes about one pint to raise the level from
the low mark to the high mark when the fluid
is hot, so add the fluid a little at a time and
keep checking the level until it's correct.
8 The condit ion of the f luid should also
be checked along with the level. lf the fluid
is black or a dark reddish-brown color, or if
i t  smells burned, i t  should be changed (see

Refer to illustrations 7.4 and 7.6
1 The automatic transmission f luid level
should be carefully maintained. Low fluid level
can lead to sl ipping or loss of drive, while
overfilling can cause foaming and loss of fluid.
Either condition can cause transmission dam-
age.
2 Since transmission f luid expands as
it  heats up, the f luid level should only be
checked when the transmission is warm (at
normal operating temperature). lf the vehicle

7.6 Check the fluid
with the transmission
at normal operating
temperature - the

level should be kept
in the HOT range in
the cross-hatched

area (don't add
fluid if the level is
anywhere in the

cross-hatched area)
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6 Filter wrench - This type fits on the boftom of the fitter and can 8.12 The oil filter is usually on very tlght and will requlre a speclal

be tumed with a ratchet or breaker bar (different-size wrenches oil filter wrench to remove It'DO NOT use the wrench

are available for different types of fitters) to tighten the new filter

8.2 These tools are required when changing the englne
oll and filter

1 Drain pan - lt should be faidy shallow in depth, but wide te
prevent spills

2 Rubber gloves - When removing the drain plug and filter, you
will get oil on your hands (the gloves will prevent bums)

3 Breaker bar - Sometimes the oil drain plug is 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 conect size to ftt the drain plug - six-point preferred)

5 Fllterwrench - This is a metal band-type wrench, which
'. requires clearance around the filter to be effective

Section 26). lf you arein doubt about its con- (see illustration). You should also have
dition, purchase some new fluid and compare plenty of rags or newspapers handy for mop-
the two for color and smell. 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 suppofted only by a jack - always use
jackstands!
4 lf 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. lf 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 nottotouch the hotexhaust

E.7 Use a proper slze wrench or gocket to remove the oil drain
plug and avoid rounding it off

components, position a drain pan under the
plug in the bottom of the engine, then remove
the plug (see illustratlon). lt'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 lt may be necessary to move the drain
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
securely, but don't strip the threads.
11 Move the drain pan into position under
the oil filter.
12 Loosen the oil filter by tuming it counter-
clockwise with a filter wrench (see illustra-
tion). Any standard filter wrench will work.
13 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

8 Engine oil and filter change
(every 3000 miles or 3 months)

Referto illustrations 8.2,8.7, 8.12 and 8.15
Warnlng: Some models covered by this man-
ual are equipped with air suspenslon sysfems.
Always disannect electrical powerto fhe sus-
pension sysfern before lifting or towing the
vehicle (see Chapter 10). Faiture to pertorm
this procedure may result in unexpected shift-
ing or movement of the vehicle which could
cause personal injury.
1 Frequent oil changes are the most
important preventive maintenance procedures
that can be done by the home mechanic. As
engine oil ages, in becomes diluled and con-
taminated, which leads to premature engine
wear.
2 Make sure that you have all the neces-
sary tools before you begin this procedure
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9.1 Materials requlred for
chassls and body lubrlcatlon

1 Englne oil - Light engine
oil in a can like this can
be used for door and
hood hinges

2 Graphlfcspny-Used
to lubricate lock cylinders

3 Grpase - Grcase, in
a variety of types and
weights, is available for
use in a grease gun,
Ch eck th e Specification s
for your requirements

4 Grease gun - A common
grease gun, shown herc
with a detachable hose
and nozzle, is needed for
ch assi s I ubrication. After
use, clean it thoroughlyl

8.15 Lubrlcate the oll flltar gasket wlth
clean englne oll before Installing the fllter

on the engine

filterfrom spilling out.
14 Using a olean rag, wipe off the mount-
ing surface on the block. Also, make sure that
none of the old gasket remains stuck to the
mountlng surface. lt can be removed with a
scraper if necessary,
15 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 lllus.
tratlon). 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-tum afierthe gasket contacts
the block, but be sure to follow the directions
on th€ filter or container.
16 Remove all tools and materials from
undef the vehicle, being careful not to spill the
oil in the drain pan, then lower the vehicle.
17 Add new oil to the engine through the oil
filler cap. Use a funnel to prevent oil fiom spill-
ing onto the top of the engine. Pour four quarts
of fresh oil into the engine. Wait a few min-
utes to allow the oil to drain into the pan, then
check the level on the dipstick (see Section 4
if necessary). lf the oil level is in the OK range
(hatched area), install the filler cap.
18 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,
lf either one is leaking, stop the engine and
tighten the plug or filter slightly.
19 Wait a few minutes, then recheck the
level on the dipstick. Add oil as necessary to
bring the level into the OK range.
20 During the first few trips after an oil
change, make it a point to check frequently for
leaks and proper oil level.
21 The old oil drained from the engine can-
not be reused in its present state and should
be discarded. Oil reclamation centers, auto
repair shops and gas stations will normally
accept th6 oil, which can be recycled. After
the oil has cooled, it can be drained into a
container (plastic jugs, bottles, milk cartons,
etc.) for transport to a disposal site.

Ghassis lubrication (every 3000
miles or 3 months)

Refer to illustntions 9.1 , 9.2, 9.9, 9.10
and 9.11
Warning: Some models covercd by this man-
ual are equipped with air suspension sysfems.
Always disconnect electical powerto the sus-
pension sysfem before lifting or towing the
vehicle (see Chapter 10). Failure to pertonn
this procedure may rcsuft in unexpected shift-
ing or movement of the vehicle which could
cause personal injury,
1 Refer to Recommended lubricants and
fluids at the front of this Chapter to obtain the
necessary grease, etc. You will also need a
grease gun (see illustratlon). Occasionally
plugs will be installed rather than grease fit-
tings. lf so, grease fittings will have to be pur-
chased and installed.
2 Look under the vehicle for grease fittings
or plugs on the steering, suspension, and
driveline components (see lllustratlon). They'
are normally found on the balljoints, tie-rod
ends and universal joints. lf there are plugs,

removo them and install grease fittings, which
will thread into the component. An automotive
parts store will be able to supply the correct
fittings. Straight, as well as angled, fittings are
available.
3 For easier access under the vehicle,
raise it with a jack and place jackstands under
the ftame. Make sure it is safely supported by
the stands. lf the wheels are to be removed at
this interval for tire rotation or brake inspec-
tion, loosen the lug nuts slightly while the
vehicle is still on the ground.
4 Before beginning, force a little grease
out of the nozzle to remove any dirt from the
end of the gun. Wipe the nozzle clean wlth a
rag.
5 With the grease gun and plenty of clean
rags, crawl under the vehicle and begin lubri-
cating the components.
6 Wipe the balljoint grease fitting clean
and push the nozzle firmly over it. Squeeze
the trigger on the grease gun to force grease
into the component. The balljoints should be
lubricated until the rubber seal is firm to the
touch. Do not pump too much grease into

9.2 Front
suspenslon

grease fittlng
locatlons (arrows)
- upper bal[olnt
(A) and lower
balIolnt (B)

grease fittings
not vlslble

(2WD shown)

PALMTREESALES1967 - NO RESALE



1-14 Chapter 1 Tune-up and routine maintenance

9,9 ln addition to the conventional
universal joints at each end of the

driveshaft, 4WD models have a Gonstanl
Velocity (CV) joint which requires a

needlelike adapter on the grease gun
- the arrows show the locations of the CV

joint grease fittings

the fittings as it could rupture the seal. For all
other suspension and steering components,
continue pumping grease into the fitting until
it oozes out of the joint between the two com-
ponents. lf it escapes around the grease gun
nozzle, the fitting is clogged or the nozzle is
not completely seated on the fitting. Resecure
the gun nozzle to the fitting and try again. lf
necessary, replace the fitting with a new one.
7 Wipe the excess grease from the com-
ponents and the grease fitting. Repeat the
procedure for the remaining fittings.
8 On models equipped with an automatic
trahsmission lubricate the shift linkage with a
little clean engine oil.

9.10 The slip joint grease fitting (if
equipped) is located on the collar - pump
grease into it until it comes out of the slip

joint seal

9 On 4WD models, lubricate the front
driveshaft Constant Velocity (CV) joint,
located at the transfer case end, using a spe-
cial needle-like adapter on the grease gun
(see illustration). Lubricate the transfer case
shift mechanism contact surfaces with clean
engine oil.
10 Lubricate the driveshaft slip-joints (see
if fustration). Note: /t may be necessary to
dlsassemb/e the driveshaft to lubricate the
slip joint (see Chapter 8).
11 Lubricate conventional universal joints
until grease can be seen coming out of the
contact points (see illustration).
12 While you are under the vehicle, clean
and lubricate the parking brake cable along
with the cable guides and levers. This can be
done by smearing some chassis grease onto

9.11 The universal joint grease fitting (if
equipped) is located between the bearing
caps on the main body of the joint - pump

grease into it until it comes out of the
contact surfaces

the cable and its related parts with your fin-
gers.
13 Open the hood and smear a liftle chassis
grease on the hood latch mechanism. Have
an assistant pull the hood release lever from
inside the vehicle as you lubricate the cable at
the latch.
14 Lubricate all the hinges (door, hood, etc.)
with engine oil to keep them in proper working
order.
15 The key lock cylinders can be lubricated
with spray-on graphite or silicone lubricant,
which is available at auto oarts stores.
16 Lubricate the door weatherstripping with
silicone spray. This will reduce chafing and
retard wear.
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10 Battery check, maintenance and
charging (every 6000 miles or
6 months)

Referto illustrations 10.1, 10.6a, 10.6b, 10.7a
and 10.7b
Warning: Certain precautions must be fol-
lowed when checking and servicing the bat-
tery. Hydrogen gas, which is highly flam-
mable, is always present in the battery cells,
so keep lighted tobacco and all other open
flames and sparks away from the battery.
The electrolyte inside the battery is actually
dilute sulfuric acid, which will cause injury if
sp/ashed on your skin or in your eyes. lt will
also ruin clothes and painted surtaces. When
removing the battery cables, always detach
the negative cable first and hook it up last!
1 A routine preventive maintenance pro-
gram for the battery in your vehicle is the only
way to ensure quick and reliable starts. But
before performing 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 cable from the
negative terminal of the battery.
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
youreyesr on yourskin on yourclothes. 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. lf the positive terminal and cable clamp

10.6b Removing the cable from a
baftery post with a wrench - sornetimes
special baftery pliers are required for

this procedure if corrosion has caused
deterioration of the nut hex (always remove
the ground cable first and hook it up last!)

on your vehicle's battery is equipped with a
rubber protector, make sure that it's not torn
or damaged. lt 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 lf 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. lf 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 bolts are
tight. lf the battery is removed from the tray,
make sure no parts remain in the bottom of
the tray when the battery 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. Infor-
mation on jump starting can be found at the

10.7a When cleaning the cable clamps, all
corrosion must be removed (the inside of
the clamp is tapered to match the laper on

the post, so don't remove too
much material)

10,6a Battery terminal corrosion usually
appears as light, fluffy powder

front of this manual. For more detailed bat-
tery checking procedures, refer to the Haynes
Automotive EIe drtcal M a n u al.

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
Warnfng: When batteries are being charged,
hydrogen gas, which is very explosive and
flammable, is produced. Do not smoke or
allow open flames near a charging or a
recently charged baftery. Wear eye prctection
when near the battery during charging. Also,
make sure the charger is unplugged before
connecting or disconnec.ting the baftery from
the charger.

10.7b Regardless of the type of tool
used on the baftery posts, a clean, shiny

surface should be the result
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11.4 Press on the release tab and push the blade assembly down
out of the hook in the arm

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. lt's also a
good way to maintain the baftery 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 bah
tery must work harder to start the engine and
electrical accessories that drain the battery
are in greater use.
13 lt'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
rated more than 1/1Oth 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 necessaryto 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 1 6
hours.

11 Windshield wiper blade
inspection and replacement
(every 6000 miles or 6 months)

Referto illustrations 11.4 and 11.5
1 The windshield wiper and blade assem-
bly should be inspected periodically for dam-
age, loose components and cracked or wom
blade elements.
2 Road f i lm can bui ld up on the wiper
blades and affect their efficiency, so they
should be washed regularly with a mild deter-
gent solution.
3 lf the wiper blade elements are cracked,
worn or warped, or no longer clean ade-
quately, they should be replaced with new
ones.

nnmrya
12.2a lhe recommended tire rotation

pattern I or non-d i rectional ti res

11.5 Use needle-nose pliers to compress the rubber element, then
slide the element out - slide the new element in and lock the blade

assembly fingers into the notches of the wiper element
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12.2b The recommended tire rotation
patt€rn tor directional tires

4 Lift the arm assembly away from the
glass for clearance, press on the release
lever, then slide the wiper blade assembly out
of the hook in the end of the arm (see lllus-
tration).
5 Use needle-nose pliers to compress the
blade element, then slide the element out of
the frame and discard it (see illustration).
6 lnstallation is the reverse of removal.

12 Tire rotation (every 6000 miles or
6 months)

Refer to illustration 12.2a and 1 2.2b
Warning: Some models covered by this man-
ual are equipped with air suspenslon systems.
Always disconnect electical powerto the sus-
pension sysfert before lifting or towing the
vehicle (see Chapter 10). Failure to perform
this procedure may result in uhexpected shift-
ing or movement of the vehicle which could
cause personal injury.

1 The tires should be rotated at the speci-
fied intervals and whenever uneven wear is
noticed. Since the vehicle will be raised and
the tires removed anyway, check the brakes
also (see Section 20),
2 Radial tires must be rotated in a specific
pattern (see illustrations). lf your vehicle has
a compact spare tire, don't include it in the
rotation pattem.
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. lf 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 tight-
ness.
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I 3.2a Gheck the connections (arrow) for exhaust leaks - also
check that the clamp retaining nuts are securely tightened

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

14 Seat belt check (every 6000 miles
or 6 months)

used, check to be sure they haven't lost their
tension, allowing the hose to leak. lf 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 To reduce hydrocarbon emissions, crank-
case blow-by gas is vented through the PCV
valve in the rocker arm cover to the intake
manifold via a rubber hose 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 for cracks, leaks
and other damage. Disconnect it from the
valve cover and the intake manifold and check
the inside for obstructions. lf i t 's clogged,
clean it out with solvent.

Vacuum fioses
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. lf more than one hose is removed, be
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 A small 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 vac-
uum hoses and fiftings, listening for the "hiss-
ing" sound characteristic of a vacuum leak.
Warning: When probing with the vacuum

Referto illustrations 13.2a and 13.2b
Warning: Some models covered by this man-
ual are equipped with air suspenslon sysferns.
Always disconnect electical power to fhe sus-
pension sysfern before lifting or towing the
vehicle (see Chapter 10). Failure to pefiorm
this procedure may result in unexpected shift-
ing or movement of the vehicle which could
cause personal injury.
1 With the engine cold (at least three hours
after the vehicle has been driven), check the
complete exhaust system from the engine to
the.end of the tailpipe. ldeally, the inspection
should be done with the vehicle on a hoist
to permit unrestricted access. lf 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
illustrations).
3 At the same time, inspect the underside
ofthe 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. lf 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-
cation of engine state-of{une. lf 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.

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. A chime should also sound. On
passive restraint systems, the shoulder belt
should move into position in the A-pillar.
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 lf any of the above checks reveal prob-
lems with the seat belt system, replace parts
as necessary.

15 Underhood hose check and
replacement (every 15,000 miles
or 12 months)

Warning: Replacement of air conditioning
hoses musf be left to a dealer seruice depart-
ment or air canditioning shop that has the
equipment to depressurize the system safely.
Never remove air conditioning components or
hoses until the system has been depressur-
ized.

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 15.
3 Most (but not all) hoses are secured to
the fittings with clamps. Where clamps are

1 3.2b Check the exhaust system hangers (arrows)
for damage and cracks
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GhEdc for a chaled arca that
could fail prcmaturely.

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

16.4a 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

hose sfefhoscope, be careful not to come into
contact with moving engine componenls such
as drivebelts, the cooling fan, etc.

Fuel hose
Warning: Gasoline is extremely flammable,
so fake extra precautions when you work on
any part of the fuel sysfem. 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. Srnce gaso/rne rs
carcinogenic, wear latex 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

16.4b A leak in the V8 engine heater hose
means the intake manifold will have to be
removed for hose replacement - coolant

coming out the back of the engine is
the symptom

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 safefy g/asses and have a C/ass 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 sysfern 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 a hose attaches to the
fuel pump, fuel filter and fuel injection unit.
12 When replacing a hose, use only hose
that is specifically designed for your fuel injec-
tion system.
13 Spring{ype clamps are sometimes used
on fuel return or vapor l ines, These clamps
often lose their tension over a period of time,
and can be "sprung" during removal. Replace
all  spring-type clamps with screw clamps
whenever a hose is replaced. Some fuel lines
use spring-lock type couplings, which require
a special tool to disconnect. See Chapter 4 for
more information on these type of couplings.

Metal lines
14 Sections of metal line are often used for
fuel line between the fuel pump and the fuel
injection unit. Check carefully to make sure
the line isn't bent, crimped or cracked.
'15 l f  a section of metal fuel l ine 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 thev

enter the master cylinder and brake propor-
tioning unit (if used) for cracks in the lines and
loose fiftings. Any sign of brake fluid leakage
calls for an immediate thorough inspection of
the brake system.

16 Gooling system check (every
15,000 miles or 12 months)

Refer to illustrations 1 6.4a and 16.4b
1 Many major engine failures can be attrib-
uted to a faulty cooling system. The cooling
system also plays an important role in pro-
longing transmission life because it cools the
fluid.
2 The engine should be cold for the cool-
ing system check, so perform the following
procedure before the vehicle is driven for the
day or after it has been shut off for at least
three hours.
3 Remove the cap from the expansion
tank. Clean the cap thoroughly, inside and
out, with clean water. Also clean the filler neck
on the expansion tank. The presence of rust
or corrosion in the filler neck means the cool-
ant should be changed (see Section 25). The
coolant inside the radiator should be relatively
clean and transparent. lf 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 illus-
tration). Inspect each coolant hose along its
entire length, replacing any hose which is
cracked, swollen or deteriorated. Cracks will
show up better if the hose is squeezed. Pay
close attention to hose clamps that secure the
hoses to cooling system components. Hose
clamps can pinch and puncture hoses, resulh
ing in coolant leaks. Some hoses are hidden
from view so sometimes you'll have to trace
a coolant leak. For example, on the 4.61 or
5.41 V8 engine the heater hose connects to
the water pump under the intake manifold. lf
it leaks, coolant will run down the rear of the
engine (see illustration).
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. lf 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 l f  the coolant level has been dropping
consistently and no leaks are detectable, have
the radiator cap and cooling system pressure
checked at a service station.

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

Overtightenlng the clamp on a
hadensd hose will damage the
ho6s and causa a lsak,

Ch6ck for a aoft ar6a indicating
t&e hose hae deteriomted inside.

Warning 1: Gasoline is extremely flammable,

PALMTREESALES1967 - NO RESALE



Ghapter 1 Tune-up and routine maintenance 1-19

18.3a Detach the safety clips from the inlet and outlet ports
of the fuel filter

so take extra precautions when you work on
any part of the fuel sysfem. Don't smoke or
allow open flames or bare light bulbs near the
work area, and don't work in a garage where
a natural gas-type appliance (such as a water
heater or clothes drye) with a pilot light is
present. Since gasoline is carcinogenic, wear
latex 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. When you perform any kind of
work on the fuel system, wear safety g/asses
and have a C/ass B type fire extinguisher on
hand. The fuel system is under constant pres-
sure, so, before any lines are disconnected,
the fuel system pressure must be relieved.
See Chapter 4.
Warning 2'. Some models covered by this
manual are equipped with air suspension sys-
tems. Always disconnect electrical power to
the suspension system before lifting or towing
the vehicle (see Chapter 10). Failure to per-
form this procedure may result in unexpected
shifting or movement of the vehicle which
could cause personal injury.
1 lf you smell gasoline while driving or after
the vehicle has been sitting in the sun, inspect
the fuel system immediately.
2 Remove the gas filler cap and inspect if
for damage and corrosion. The gasket should
have an unbroken sealing imprint. lf the gas-
ket is damaged or corroded, install a new cap.
3 Inspect the fuel feed and return lines
for cracks. Make sure that the connections
between the fuel lines and the fuel injection
system and between the fuel lines and the in-
line fuel filter are tight. Warning: Your vehicle
is fuel injected, so you must relieve the fuel
system pressure before seruicing fuel system
components. The fuel sysfem pressure relief
procedure is outlined in Chapter 4.
4 Since some components of the fuel sys-
tem - the fuel tank and oart of the fuel feed
and retum lines, for example - are underneath
the vehicle, they can be inspected more eas-
ily with the vehicle raised on a hoist. lf 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 f i l ler 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 al l
fuel tank mounting brackets and straps to be
sure that the tank is securely attached to the
vehicle. Warning: Do not, under any circum-
sfances, 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 Careful ly check al l  rubber hoses and
metal lines leading away from the fuel tank.
Check for loose connections, deteriorated
hoses, cr imped l ines and other damage.
Repair or replace damaged sections as nec-
essary (see Chapter 4).

18 Fuel filter replacement (every
15,000 miles or 12 months)

Refer to illustration 18.3a and 18.3b
Warning 1: Gasoline is extremely flammable,
so take extra precautions when you work on
any part of the fuel sysfem. Don't smoke or
allow open flames or bare light bulbs near the
wo* area, and don't work in a garage where
a natural gas-type appliance (such as a water
heater or clothes dryel with a pilot light is
present. Since gasoline is carcinogenic, wear
latex 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. When you pertorm any kind of work on
the fuel system, wear safety glasses and have
a C/ass Btypefhe extinguisheron hand.
Warning 2: Some models covered by this
manual are equipped with air suspension sys-
tems. Always disconnect electrical power to
lhe suspenslon system before lifting or towing

18.3b lnstall the fuel line disconnect tool onto the fuel filter port,
then push the disconnect tool into the coupling until

the fuel line releases itself

the vehicle (see Chapter 10). Failure to per-
form this procedure may result in unexpected
shifting or movement of the vehicle which
could cause personal injury.
Note: Ihis procedure requires a special fuel
line disconnect tool which is available at most
auto paft stores.
1 The fuel filter is mounted under the vehi-
cle on the inside of the left frame rail.
2 Inspect the hose fittings at both ends of
the filter to see if they're clean. lf more than a
light coating of dust is present, clean the fit-
tings before proceeding.
3 Relieve the fuel system pressure (see
Chapter 4). Removal of the fuel lines from
the fuel filter is a two-stage procedure. First,
detach the safety clips from the inlet and out-
let l ines. Second instal l  the soecial fuel l ine
disconnect tool onto the fuel filter inlet port,
then push the disconnect tool into the fuel line
coupling until it releases itself from the fuel fil-
ter (see illustrations). Repeat this procedure
on the outlet oort.
4 After both couplings have been released,
grasp the fuel hoses, one at a time, and pull
them straight off the filter. Be prepared for fuel
spillage.
5 After the hoses have been detached,
check the cl ips for damage and distort ion.
l f  they were damaged in any way during
removal, new ones must be used when the
hoses are reattached to the new filter (if new
clips are packaged with the filter, be sure to
use them in place of the originals).
6 Use a screwdriver to loosen the fuel filter
mounting clamp, while noting the direction the
fuel filter is installed.
7 Remove the filter from the bracket and
install the new fuel filter in the same direction.
8 Carefully push each hose onto the filter
until it's seated against the collar on the fitting,
then install the clips. Make sure the clips are
securely attached to the hose fittings - if they
come off. the hoses could back off the filter
and a fire could result!
9 Start the engine and check for fuel
leaks.
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19.6 Check the shocks for leakage at the
lndlcated area (arrow)

19 Steering and suspension check
(every 15,000 mlles or {2 months)

Referto illustrations 19.6, 19.9a, 19.9b, 19.9c
and 19.11
Warning: Some models covered by this man-
ual are eguipped with air suspenslon sysfems.
Always disconnect electrical powerto fhe sus-
pension sysfem before lifting or towing the
vehicle (see Chapter 10). Failure to perform
this procedure may result in unexpected shift-
ing or movement of the vehicle which could
cause personal injury.
Note: Ihe steering linkage and suspension
components should be checked periodically.
Worn or damaged suspenslon and steering
linkage components can result ln excessiye
and abnormal tire wear, poor ride quality and
vehlcle handling and reduced fuel economy.
For detailed illustrations of the steering and
suspension components, refer to Chapter 1 0.

Shock absorber check
1 Park the vehicle on level ground, tum 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. lt should stop moving and come to rest in
a level position within one or two bounces.

19.9a Inspect the steerlng and
suspension components for
torn grease seals (arrows)

3 lf the vehicle continues to move up-and-
down or if it fails to retum to its original posi-
tion, a wom or weak shock absorber is prob-
ably the reason.
4 Repeat the above check at each of the
three remaining comers of the vehicle.
5 Raise the vehicle and support it securely
on jackstands.
6 Check the shock absorbers for evidence
of fluid leakage (see lllustratlon). 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. lf 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. lf
damage or wear is noted, replace the shocks
as a set (front or rear).
8 lf the shocks must be replaced, refer to
Chapter 10 for the procedure.

Sfeering and suspension check
9 Msually inspect the steering and suspen-
sion components for damage and distortion.
Look for damaged seals, boots and bushings
and leaks of any kind (see lllustrations).
10 Clean the lower end of the steering
knuckle. Have an assistant grasp the lower
edge of the tire and move the wheel in-and-

19.9b lf equipped wlth 4WD, check the
front drlveaxle boots for cracke

and/or leaking greaae

out while you look for movement at the steer-
ing knuckle-to-control arm balljoint. lf there
is any movement the suspension balljoint(s)
must be replaced.
11 Grasp each front tire at the front and rear
edges, push in at the front, pull out at the rear
and feel br play in the steering system com-
ponents lf any freeplay is noted, check the
idler arm and the tie-rod ends for looseness
(see lllustration).
12 Additional steering and suspension sys-
tem information and illustralions can be found
in Chapter 10,

20 Brake check (every 15,000 miles
or 12 months)

Warnf ng 1l The dust created by the bnke sys-
tem is harmfulto your health. Never blow it out
with compressed air and don't inhale any of
it. An apptoved ftfteing mask should be wom
when woMng on the brakes. Do not, under
any circumstanceg use petrcleum-based sol-
vents to clean brake parfs. Use bnke system
cleaner only! Try to use non-asbesfos replace-
ment parts whenever possible.
Warning 2: Some models covered by this
manual are equipped with alrsuspenslon sys-
tems. Always disconnect electrical power to

19.11 With the steerlng wheel locked and the vehicle raised,
grasp the front tare as shown and try to move lt back-and-forth -

if any play is noted, check the idler arm and tie.rod ends
for looseness

19.9c Gheck the stablllzer bar link bushings (arrows) for
deterioration at the front and the rear of the vehicle
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20.6 You will find an inspection hole(s)
(arrows) like this in each caliper - placing
a ruler across the hole should enable you
to determlne the thickness of remainlng
pad material for the Inner and outer pads

fhe suspenslon system before lifting or towing
the vehicle (see Chapter 10). Failure to per-
form this procedure may resuft in unexpected
shifting or movement of the vehicle which
could cause personal injury.
Note: For detailed photographs of the brake
sysfem, refer to Chapter 9.
1 In addition to the specified intervals, the
brakes should be inspected every time the
wheels are removed or whenever a defect is
suspected.
2 Any of the following symptoms could
indicate a potential brake system defect The
vehicle pulls to one side when the brake pedal
is depressed; the brakes make squealing or
dragging noises when applied; brake pedal
travel is excessive; the pedal pulsates; brake
fluid leaks, usually onto the inside of the tire
or wheel.
3 Loosen the wheel lug nuts.
4 Raise the vehicle and place it securely
on jackstands.
5 Remove the wheels (see Jacking and
towing at the front of this book, or your own-
er's manual, if necessary).

20.11 Check along the brake hoses and at
each fitting (arrow) for deterioration

and cracks

Disc brakes
Referto illustrations 20.6 and 20.11
6 There are two pads (an outer and an
inner) in each caliper. The pads are visible
through inspection holes in each caliper (see
illustration).
7 Check the pad thickness by looking
at each end of the caliper and through the
inspection hole in the caliper body. lf the lining
material is less than the thickness listed in this
Chapter's Specifications, replace the pads.
Note: Keep in mind that the lining material
is iveted or bonded to a metal backing plate
and the metal portion is not included in this
measurement.
8 lf it is difficult to determine the exact
thickness of the remaining pad material by the
above method, or if you are at all concerned
about the condition of the pads, remove the
caliper(s), then remove the pads from the cali-
pers for further inspection (refer to Chapter 9).
9 Once the pads are removed from the cal-
ipers, clean them with brake cleaner and re-
measure them with a ruler or a vemier caliper.
10 Measure the disc thickness with a
micrometer to make sure that it still has ser-
vice life remaining. lf any disc is thinner than

the specified minimum thickness, replace it
(refer to Chapter 9). Even if the disc has ser-
vice life remaining, check its condition. Look
for scoring, gouging and burned spots. lf
these conditions exist, remove the disc and
have it resurfaced (see Chapter 9).
11 Before installing the wheels, check all
brake lines and hoses for damage, wear,
deformation, cracks, corrosion, leakage,
bends and twists, particularly in the vicinity
of the rubber hoses at the calipers (see illus-
tration). Check the clamps for tightness and
the connections for leakage. Make sure that
all hoses and lines are clear of sharp edges,
moving parts and the exhaust system. lf any
of the above conditions are noted, repair,
reroute or replace the lines and/or fittings as
necessary (see Chapter 9).

Drum brakes
Referto illustrations 20.15 and 20.17
12 On rear drum brakes. make sure the
parking brake is off then proceed to tap on
the outside of the drum with a rubber mallet to
loosen it.
13 Remove the brake drums.
14 With the drums removed, carefully
clean the brake assembly with brake system
cleaner. Warnlng: Don't blow the dust out
with compressed air and don't inhale any of it
(it is harmful to your health).
15 Note the thickness of the lining mate-
rial on both front and rear brake shoes. lf the
material has worn away to within 1/16-inch
of the recessed rivets or metal backing, the
shoes should be replaced (see lllustration).
The shoes should also be replaced if they're
cracked, glazed (shiny areas), or covered with
brake fluid.
16 Make sure all the brake assembly springs
are connected and in good condition.
17 Check the brake components for signs
of fluid leakage. With your finger or a small
screwdriver, carefully pry back the rubber
cups on the wheel cylinder located at the top
of the brake shoes (see lllustration). Any
leakage here is an indication that the wheel

20.15 lf the lining is bonded to the brake shoe, measure the lining
thickness from the outer surface to the metal shoe, as shown

here, lf the llning is riveted to the shoe, measure from
the linlng outer surface to the rlvel head

20.'17 Gheck the wheel cylinder boots (arrows) for leaking fluid
indicating that the cylinder must be replaced or rebuilt
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21.2 The manual transmission fill plug and drain plug (arrows)
are located on the side of the transmission case

cylinders should be overhauled immediately
(see Chapter 9). Also, check all hoses and
connections for signs of leakage.
18 Wipe the inside of the drum with a clean
rag and denatured alcohol or brake cleaner.
Again, be careful not to breathe the danger-
ous dust.
19 Check the inside of the drum for cracks,
score marks, deep scratches and "hard spots"
which will appear as small discolored areas.
lf imoerfections cannot be removed with fine
emery cloth, the drum must be taken to an
automotive machine shop for resurfacing.
20 Repeat the procedure for the remain-
ing wheel. l f  the inspection reveals that al l
parts are in good condition, reinstall the brake
drums. install the wheels and lower the vehi-
cle to the ground.

Brake booster check
21 Sit in the driver's seat and perform the fol-
lowing sequence of tests.
22 With the brake fully depressed, start the
engine - the pedal should move down a liftle
when the engine starts.
23 With the engine running, depress the
brake pedal several times - the travel distance
should not change.
24 Depress the brake, stop the engine and
hold thd pedal in for about 30 seconds - the
pedal should neither sink nor rise.
25 Restart the engine, run it for about a
minute and turn it ofi. Then firmly depress the
brake several times - the pedal travel should
decrease with each application.
26 lf your brakes do not operate as
described, the brake booster has failed. Refer
to Ghapter 9 for the replacement procedure.

Parking hrake
27 Vehicles equipped with rear drum brakes
utilize a self-adjusting parking brake mecha-
nism and do not require regular scheduled
maintenance. Only vehicles equipped rear
disc brakes require regular scheduled main-

tenance. For more detailed information on the
parking brake assembly see Chapter 9.

21 Manual transmission lubricant
level check (every 15,000 miles or
12 months)

Refer to illustration 21.2
Warning: Some models covered by this man-
ual are equipped with air suspenslon sysfems.
Always disconnect electical power to the sus-
pension system before lifting or towing the
vehicle (see Chapter 10). Failure to perform
this procedure may result in unexpected shift-
ing or movement of the vehicle which could
cause personal injury.
1 The manual transmission has a filler plug
which must be removed to check the lubricant
level, lf the vehicle is raised to gain access
to the plug, be sure to support it safely on
jackstands - DO NOT crawl under a vehicle
which is supported only by a jack! Be sure the
vehicle is level or the check may be inaccurate.
2 Using a wrench, unscrew the plug from
the transmission (see illustration) and use a
finger to reach inside the housing to determine
the lubricant level. The level should be at or
near the bottom of the plug hole.
3 lf it isn't, add the recommended lubricant
through the plug hole with a pump or squeeze
bottle.
4 Install and tighten the plug and check for
leaks after the first few miles of driving.

22 Transfer case lubricant level
check (every 15,000 miles or
12 months)

Refer to illustration 22.1
Warning: Some models covered by this man-
ual are equipped with air suspenslon sysfems.
Always disconnect electical powerto fhe sus-

pension syslem before lifting or towing the
vehicle (see Chapter 10). Failure to perform
this procedure may resuft in unexpected shift-
ing or movement of the vehicle which could
cause personal injury.
1 The lubricant level is checked by remov-
ing a plug from the side of the case (see illus-
tration). lf 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 a jack!
2 With the engine and transfer case cold,
remove the plug. lf lubricant immediately
starts leaking out, thread the plug back into
the case - the level is correct. lf it doesn't,
completely remove the plug and reach inside
the hole with your little finger. The level should
be even with the bottom of the plug hole.
3 lf more lubricant is needed, use a syringe
or small pump to add it through the opening.
4 Thread the plug back into the case and
tighten it securely. Drive the vehicle, then
check for leaks around the plug. Install the
rock guard.

23 Differential lubricant level check
(every 15,000 miles or 12 months)

Refer to illustration 23.2
Warning: Some models covered by this man-
ual are equipped with air suspension sysfems.
Always disconnect electical power to lhe sus-
pension sysfem before lifting or towing the
vehicle (see Chapter 10). Failure to peiorm
this procedure may result in unexpected shift-
ing or movement of the vehicle which could
cause personal injury.
1 The dif ferential has a check/f i l l  plug
which must be removed to check the lubricant
level. lf 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!
2 Remove the checUfill plug from the dif-
ferential (see illustration).

22.1 The transfer case fill plug (A) and drain plug (B) are located
towards the rear of the transfer case
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23.2 Use a 3/8-inch drive ratchet or
breaker bar and an extension to remove
the differentlal fill plug (arrow), then use

your finger as a dipstick to check the
lubricant level

3 Use your l i tt le f inger as a dipstick to
make sure the lubricant level is even with the
bottom of the plug hole. lf not, use a syringe
to add the recommended lubricant until it just
starts to run out of the opening. On some
models a tag is located in the area of the plug
which gives information regarding lubricant
type, particularly on models equipped with a
Traction Lok differential.
4 Install the plug and tighten it securely.

24 Air filter check and replacement
(every 30,000 miles or 24 months)

Refer to illustration 24.1
1 The air filter is located inside a housing
at the left (driver's) side of the engine com-
partment. To remove the air filtet release the
clamp that secures the two halves of the air
cleaner housing together, then separate the
cover halves and remove the air filter element
(see illustration).
2 Inspect the outer surface ofthe filter ele-
ment. lf it is dirty, replace it. lf 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. lf 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 cleaner removed.
Excessive engine wear could result and back-
fiing 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 lnstallation of the housing is the reverse
of removal.

24.1 Release the clamp (A) then separate
the housing halves to acceis the air filter

25 Cooling system servicing
(draining, flushing and refill ing)
(every 30,000 miles or 24 months)

Refer to illustrations 25.4 and 25.5
Warning 1: Do not allow antifreeze to come in
contact with your skin or painted surtaces of
the vehicle. Rinse offspfi/s immediately with
plenty of water. Antifreeze is highly toxic if
ingested. Never leave antffreeze 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 dlsposed of
safely.
Warning 2: Some models covered by this
manual are equipped with alr suspenslon sys-
tems. Always disconnect electrical power to
the suspenslon system before lifting or towing
the vehicle (see Chapter 10). Failure to per-
form this procedure may result in unexpected
shifting or movement of the vehicle which
could cause personal injury.
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 ofthe 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 neces-
sary.

Draining
2 Apply the parking brake and block the
wheels. lf the vehicle has just been driven,
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.
4 Move a large container under the radia-
tor drain to catch the coolant. Attach a 3/8-
inch diameter hose to the drain fifting to direct
the coolant into the container. then ooen the

25.4 The radiator drain fitting is located at
the lower corner of the radiator (arrow)

25.5 The block drain plugs (arrow) are
generally located about one to two inches

above the oil pan - there is one on
each side of the engine block

drain fitting (a pair of pliers may be required to
turn it) (see illustration).
5 After the coolant stops flowing out of the
radiator, move the container under the engine
block drain plugs and allow the coolant in the
block to drain (see illustration).
6 While the coolant is draining, check the
condition of the radiator hoses, heater hoses
and clamps (refer to Section 16 if necessary).
7 Replace any damaged clamps or hoses
(refer to Chapter 3 for detailed replacement
procedures).

Flushing
8 Once the system is completely drained,
flush the radiator with fresh water from a gar-
den hose until water runs clear at the drain.
The flushing action of the water will remove
sediments from the radiator but will not remove
rust and scale from the engine and cooling
tube surfaces.
9 These deposits can be removed by the
chemical action of a cleaner available at auto
parts stores. Follow the procedure outlined in
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the manufacturer's instructions. lf the radiator
is severely corroded, damaged or leaking, it
should be removed (see Chapter 3) and taken
to a radiator repair shop.

Refilling
10 Close and tighten the radiator drain.
Install and tighten the block drain plugs.
11 Place the heater temperature control in
the maximum heat position.
12 Slowly add new coolant (a 50/50 mixture
of water and antifreeze) to the expansion tank
up to the Full Hot mark.
13 Leave the expansion tank cap off and
run the engine in a well-ventilated area until
the thermostat opens (coolant will begin flow-
ing through the radiator and the upper radia-
tor hose will become hot).
14 Turn the engine off and let it cool. Add
more coolant mixture to bring the level back
up to the Full Hot mark on the expansion tank.
15 Squeeze the upper radiator hose to
expel air, then add more coolant mixture if
necessary. Replace the expansion tank cap.
'16 Place the heater temperature control and
the blower motor speed control to their maxi-
mum setting.
17 Start the engine, allow it to reach normal
operating temperature and check for leaks.

26 Automatic transmission fluid and
filter change (every 30,000 miles
or 24 months)

Refer to illustrations 26.7, 26.9, 26.10, 26.11
and 26.12
Warning: Some models covered by this man-
ual are equipped with air suspension sysfems.
Always disconnect electical power to lhe sus-
pension syslem before lifting or towing the
vehicle (see Chapter 10). Failure to pertorm
this procedure may result in unexpected shift-
ing or movement of the vehicle which could
cause personal injury.
1 At the specified intervals, the transmis-
sion f luid should be drained and replaced.
Since the fluid will remain hot long after driv-
ing, perform this procedure only after the
engine has cooled down completely.
2 Before beginning work, purchase the
transmission fluid specified in Recommended
lubricants and fluids at the front of this Chap-
ter, a new filter and gasket. Never reuse the
old filter or gasket!
3 Other tools necessary for this job include
jackstands to support the vehicle in a raised
posit ion, a drain pan capable of holding at
least eight quarts, newspapers and clean
rags.
4 Raise the vehicle and support it securely
on jackstands.
5 With the drain pan in place, remove the
front and side transmission pan mounting
bolts. lf your vehicle is equipped with a E40D
transmission, it may be necessary to discon-
nect the digital range sensor connector.
6 Loosen the rear pan bolts approximately
four turns.

26.7 Pry the pan free ofthe gasket and
allow the fluid to drain

26.11 Install a new seal on the
transmission filter

7 Carefully pry the transmission pan loose
with a screwdriver, allowing the fluid to drain
{see illustration). Don't damage the pan or
transmission gasket surfaces or leaks could
develop.
I Remove the remaining bolts, pan and
gasket. Carefully clean the gasket surface of
the transmission to remove all traces of the
old gasket and sealant.
9 Drain the f luid from the transmission

26.9 Discard the factory-installed dust
plug. This plug will be in the pan if this is
the first time the fluid has been drained

26.'12 Be sure to clean all traces of the
old gasket from the pan before installing

a new one

pan, clean it with solvent and dry it thoroughly.
Note: Upon initial service mosf transmlssions
will have plastic plug lying in the boftom of
the pan. This plug was used to keep contami-
nation out of the transmission while on the
assembly line. Discard the factory installed
dust plug (see illustration).
10 Remove the old filter from transmission
(see i l lustrat ion). l f  the f i l ter seal did not

26.10 Pull
stralght down
on the filter to

remove it
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27.1 Tools and materials needed for front wheel
bearing maintenance

Hammer - A common hammer will do just fine
Grease - High-temperature grease that is formulated specially
for front wheel bearings should be used
Wood block - lf you have a scrap piece of 2x4, it can be used
to drive the new seal into the hub
l\feedle-nose pliers - Used to straighten and remove the cotter
pin in the spindle
Torque wrench - Used for pre-loading the bearing before
adjustment
Screwdriver - Used to remove the seal from the hub (a long
screwd ive r i s prefe ned)
Sockeilbreaker bar - Needed to loosen the nut on the spindle
if it's ertremely tight
Brush - Together with some clean solvent, this will be used to
remove old grease from the hub and spindle

27.3 To check the wheel bearings, move
the tire in and out as shown above

- If there'e any notlceable freeplay, the
bearings should be checked and then

repacked with grease or replaced
lf necessary

come out with the filter, remove it from the
transmission being careful not to gouge the
seal bore in anyway.
11 Install a new seal and filter (see illustra-
tion).
12 Make sure the gasket surface on the
transmission pan is clean, then install a new
gasket (see illustration). Putthe pan in place
against the transmission and install the bolts.
Working around the pan, tighten each bolt a
little at a time until the final torque figure listed
in this Chapter's Specifications is reached.
Don't overtighten the bolts!
13 Lower the vehicle and add four quarts of
automatic transmission fluid through the filler
tube (see Section 7).
14 With the transmission in Park and the
parking brake set, run the engine at a fast
idle, but don't race it.
15 Move the gear selector through each
range and back to Park. Check the fluid level.
Add fluid if needed to reach the correct level.

27.6 Dislodge the dust cap by worklng
around the outer clrcumference with a
screwdriver or a hammer and chisel

16 Check under the vehicle for leaks during
the first few trips.

27 Frontwheel bearing check,
repack and adjustment (2WD
models) (every 30,000 miles or
24 months)

Warning: Some models covered by this man-
ual are equipped with air suspension sysfems.
Always disconnect electrical power to fhe sus-
pension sysfem before lifting or towing the
vehicle (see Chapter 10). Failure to pertorm
this procedure may result in unexpected shift-
ing or movement of the vehicle which could
cause personal injury.

Check and repack
Refer to illustrations 27.1 , 27.3, 27.6, 27.7,
27.10, 27.11, 27.15 and 27.19
1 ln most cases the front wheel bearings
will not need servicing until the brake pads
are changed. However, the bearings should

27.7 Remove the cofter pin and discard it
- use a new one when the disc

assembly is. reinstalled

be checked whenever the front of the vehicle
is raised for any reason. Several items, includ-
ing a torque wrench and special grease, are
required for this procedure (see illustration).
2 With the vehicle securely supported on
jackstands, spin each wheel and check for
noise, rolling resistance and freeplay.
3 Grasp the top of each tire with one hand
and the bottom with the other (see illustra.
tion). Move the wheel in-and-out on the spin-
dle. lf there's any noticeable movement, the
bearings should be checked and then repacked
with grease or replaced if necessary.
4 Remove the wheel.
5 Remove the brake caliper (see Chap-
ter 9) and hang it out of the way on a piece
of wire. A wood block of the appropriate width
can be slid between the brake pads to keep
them separated, if necessary.
6 Dislodge the dust cap from the hub/disc
assembly using a screwdriver or hammer and
chisel (see illustration).
7 Straighten the bent ends of the cotter
pin, then pull the cotter pin out of the nut lock
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27.10 After the washer and outer wheel
bearing have been dislodged, pull

the disc off the spindle

(see illustration). Discard the cotter pin and
use a new one during reassembly.
8 Remove the nut lock. nut and washer
from the end of the spindle.
9 Pull the hub/disc assembly out slightly,
then push it back into its original position. This
should force the outer bearing off the spindle
enough so it can be removed.
10 Pull the disc assembly off the spindle
(see illustration).
11 Use a screwdriver or a seal ouller tool to
pry the seal out of the rear of the disc (see
illustration). Note how the seal is installed.
12 Remove the inner wheel bearing from
the disc.
13 Use solvent to remove all traces of the
old grease from the bearings, hub and spin-
dle. A small brush may prove helpful; however
make sure no bristles from the brush embed
themselves inside the bearing rollers. Allow
the parts to air dry.
14 Carefully inspect the bearings for cracks,
heat discoloration, worn rollers, etc. Check
the bearing races inside the hub for wear and
damage. lf the bearing races are defective,
the hubs should be taken to a machine shop
with the facilities to remove the old races and
press new ones in. Note that the bearings and

27.19 Gently tap the grease
seal into place

27.11 Use a seal puller or large
screwdriver to remove the inner greage
seal - note the seal installed position

races come as matched sets and old bearings
should never be installed on new races.
15 Use hightemperature front wheel bearing
grease to pack the bearings. Work the grease
completely into the bearings, forcing it between
the rollers, cone and cage from the back side
(see illustration).
16 Apply a thin coat of grease to the spindle
at the outer bearing seat, inner bearing seat,
shoulder and seal seat.
17 Put a small quantity of grease inboard of
each bearing race inside the hub. Using your
finger, form a dam at these points to provide
extra grease availability and to keep thinned
grease from flowing out of the bearing.
18 Place the grease-packed inner bearing
into the rear of the hub and put a little more
grease outboard of the bearing.
19 Place a new seal over the inner bear-
ing and tap the seal evenly into place until it's
flush with the hub (see illustration).
20 Carefully place the hub assembly onto
the spindle and push the grease-packed outer
bearing into position.

Adjustment
2' l  Instal l  the washer and spindle nut.
Tighten the nut only slightly (no more than 12
ftJbs of torque).
22 Spin the hub in a forward direction while
tightening the spindle nut to approximately 30
ftlbs to seat the bearings and remove any
grease or burs which could cause excessive
bearing play later.
23 Loosen the spindle nut 1/4-turn, then
using your hand (not a wrench of any kind),
t ighten the nut unti l  i t 's snug. Instal l  the nut
lock and a new cotter pin through the hole in
the spindle and the slots in the nut lock. lf the
slots in the nut lock don't line up with the hole
in the spindle, reposition the nut lock until they
oo.
24 Check that the hub/disc assembly spins
freely with no noticeable free play. lf freeplay
exists repeat Steps 22 and 23 until proper
adjustment is obtained.
25 Bend the ends of the cotter pin unti l
they're flat against the nut. Cut off any extra

length which could interfere with the dust cap.
26 Install the dust cap, lightly tapping it into
place with a hammer.
27 Install brake caliper in the reverse order
of removal (see Ghapter 9).
28 lnstall the wheel on the hub and tighten
the lug nuts.
29 Lower the vehicle and tighten the lug
nuts to the torque listed in this Chapter's
Specifications.

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

Warning: Brake fluid can harm your eyes and
damage painted surfaces, so use exfreme
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
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 at the beginning of this
Chapter).
3 Remove the cap from the master cylin-
der reservoir.
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. lf you allow the master cyl-
inder to run dry air will enter the system.
7 Refill the master cvlinder with fluid and

27.15 Work the grease completely into the
bearing rollers
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ACCEPTABLE

or MorE Adracont
or longer

UNACCEPTABLE

29.4 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 cauae for replacement

29,5 Belt wear indicator marks are located on the
side of the tensioner body - when the belt reaches the

maximum wear mark it must be replaced

check the operation of the brakes. The pedal
should feel solid when depressed, with no
sponginess. Warning: Do not operate the
vehicle ff you are in doubt about the effective:
ness of fhe brake system.

29 Drivebelt check and replacement
(every 60,000 miles or 48 months)

Referto illustrations 29.4, 29.5, 29.6 and 29.8
1 The drivebelts are located at the front of
the engine and play an important role in the
overall operation of the vehicle and its com-
ponents. Due to their function and material
make-up, the drivebelts are prone to failure
after a period of time and should be inspected
and adjusted periodically to prevent major
engine damage
2 The vehicles covered by this manual are
equipped with a single self-adjusting serpen-
tine drivebelt, which is used to drive all of the
accessory components such as the alterna-

tor, power steering pump, water pump andair
conditioning compressor.

lnspection
3 With the engine ofi, open the hood and
locate the drivebelt at the front of the engine.
Using your fingers (and a flashlight, if neces-
sary), move along the belts checking for cracks
and separation of the belt plies. Also check for
fraying and glazing, which gives the belt a shiny
appearance. Both sides of each belt should be
inspected, which means you will have to twist
the belt to check the underside.
4 Check the ribs on the underside of the
belt. They should all be the same depth, with
none of the surface uneven (see illustra-
tion).
5 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 lhe wear indica-
tor marks located on the side of the tensioner
body. Locate the belt tensioner at the front of
the engine on the right (passenger) side, adja-

cent to the lower crankshaft pulley, then find
the tensioner operating marks (see illustra.
tion). lf the indicator mark is outside the oper-
ating range, the belt should be replaced.

Replacement
6 To replace the belt, rotate the tensioner
to relieve the tension on the belt (see lllustra-
tion). Some models have a square hole in the
tensioner arm that will accept a 1/2-inch drive
breaker bar. On other models, place a wrench
on the tensioner pulley bolt.
7 Remove the belt from the auxiliary com-
ponents and carefully release the tensioner.
8 Route the new belt over the various pul-
leys, again rotating the tensioner to allow
the belt to be installed, then release the belt
tensioner. Make sure the belt flts properly into
the pulley grooves - it must be completely en-
gaged. Note: Most models have a drivebelt
routing decal on the upper radiator panel to
help during divebelt installaflon (see illustra-
tion).

Crank $hafl mmf.zeml

29.8 The routing schematic for the serpentine belt is usually
found on the fan shroud (thls one'S for the V6 engine)

NonA'c

29.6 Rotate the tensioner arm to relieve belt tension
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dF 
:*

30.2 With the engine running at idle,
remove the PCV valve and verify that

vacuum can be felt at the end of the valve

30 Positive Crankcase Ventilation
(PCV) valve check (every 60,000
miles or 48 months)

Refer to illustration 30.2
Note: Io maintain efficient operation of the
PCV system, clean the hoses and check the
PCV valve at the intervals recommended in
the maintenance schedule. For additional
information on the PCV system, refer to
Chapter 6.
1 The PCV valve on all engines covered
by this manual is located in the right (passen-
ger's side) valve cover.
2 Start the engine and allow it to idle, then
disconnect the PCV valve from the intake
manifold at the front of the engine and feel for
vacuum at the end of the valve (see illustra-
tion), lf vacuum is felt, the PCV valve/system
is working properly (see Chapter 6 for addi-
tional PCV system information).
3 lf no vacuum is felt, remove the valve
and check for vacuum at the hose. lf vacuum
is present at the hose but not at the valve,
replace the valve. lf no vacuum is felt at the
hose, check for a plugged or cracked hose
between the PCV valve and the intake ple-
num.
4 Check the rubber grommet in the valve
cover for cracks and distort ion. l f  i t 's dam-
aged, replace it.
5 lf the valve is clogged, the hose is also
probably plugged. Remove the hose between
the valve and the intake manifold and clean it
with solvent.
6 After cleaning the hose, inspect it for
damage, wear and deterioration. Make sure it
fits snugly on the fittings.
7 lf necessary, install a new PCV valve.

31 Spark plug check and
replacement (every 60,000 miles
or 48 months)

Refer to illustrations 31 .2, 31.5a, 31.5b,
31.6a, 31.6b, 31.8, 31.10a and 31.1 0b
1 Vehicles equipped with 4.21 engines

31.2 Tools required for changing
spark plugs

Spark plug socket - This will have
special padding inside to protect the
spark plug's porcelain insulator
Torque wrench - Although not
mandatory, using this tool is the best
way to ensure the plugs are tightened
properly

3 Ratchet- Standard handtooltofitthe
spark plug socket

4 Extension - Depending on model and
accessories, you may need special
exfenslons and universal joints to reach
one or more of the plugs

5 Spark plug gap gauge - This gauge
for checking the gap comes in a vaiety
of sfy/es. Make sure the gap for your
engine is included

have the spark plugs located on the sides of
the engine. Vehicles equipped with 4.6L and
5.4L engines have the spark plugs located at
the top 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
and adjust the gaps on the new plugs (see
illustration). A special plug wire removal tool
is available for separating the wire boots from
the spark plugs, but i t  isn't  absolutely nec-
essary. 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 the Specifi-
cations Section a the beginning of this Chap-
ter, on the Emission Control Information label
located under the hood or in the factory own-
er's manual. lf differences exist between the
plug specified on the emissions label, Speci-
fications Section or in the owner's manual.
assume that the emissions label is correct.
4 Al low the engine to cool completely
before attempting to remove any of the plugs.
Some engines are equipped with aluminum
cylinder heads, which can be damaged if the

rH\

,.r

31.5a Spark plug manufacturers
recommend using a wire-type gauge when

checking the gap - if the wire does not
slide between the electrodes wlth a slight

drag, adjustment is required

31.5b To change the gap, bend the side
electrode only, as indicated by the arrows,

and be very careful not to crack or chip
the porcelain insulator surrounding the

center electrode

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 insert ing the
proper thickness gauge between the elec-
trodes at the tip ofthe plug (see illustration).
The gap between the electrodes should be the
same as the one soecified on the Emissions
Control Information label. The wire should
just slide between the elechodes with a slight
amount of drag. lf the gap is incorrect, use
the adjuster on the gauge body to bend the
curved side electrode slightly until the speci-
fied gap is obtained (see illustration). lf the
side electrode is not exactly over the center
electrode, bend it with the adjuster until it is.
Check for cracks in the porcelain insulator (if
any are found, the plug should not be used).
6 With the engine cool, remove the spark
plug wire from one spark plug. Pul l  only on
the boot at the end of the wire - do not oull
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31.6a When removing the spark plug wires, pull only on the boot
and twist it back-and-forth

31.6b On 5.4L V8 engines the coil pack must be removed to
access the spark plugs - disconnect the electrlcal connector (A)

and remove the coll pack retaining screw (B) - pull straight
up and out to remove the coil pack

on the wire (see illustration). A plug wire
removal tool should be used if available. 5.4L
V8 engines are equipped with individual coil
packs which must be removed first to access
the spark plugs (see illustration).
7 lf compressed air is available, use it to
blow any dirt or foreign material away from
the spark plug hole. A common bicycle pump
will also work. The idea here is to eliminate
the possibility of debris falling into the cylinder
as the spark plug is removed.
I Place the spark plug socket over the
plug and remove it from the engine by turning
it in a counterclockwise direction (see illus'
tration).
9 Compare the spark plug to those shown
in the photos located on the inside back cover
to get an indication of the general running
condition of the engine.
10 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. lt 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

31,8 Use a spark plug socketwrench and
extension to unscrew the spark plug

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.
:1 Before pushing the spark plug wire onto
the end of the plug, inspect it following the
procedures outlined in Section 32,
12 Attach the plug wire to the new spark
plug, again using a twisting motion on the
boot until it is seated on the spark plug.
13 Repeat the procedure for the remaining
spark plugs, replacing them one at a time to
prevent mixing up the spark plug wires.

32 lgnition system component
check and replacement (every
60,000 miles or 48 months)

Refer to illustration 32. I

Spark plug wires
Note'. Every time a spark plug wire is detached
from a spark plug or the coil, silicone dielectric
compound (a white grease available at auto

31.10a Apply a thin film of anti-seize
compound to the spark plug threads to
prevent damage to the cylinder head

parfs sfores) must be applied to the inside of
each boot before reconnection. Use a small
standard screwdriver to coat the entire inside
surtace of each boot with a thin layer of the
compound.
1 The spark plug wires should be checked
and, if necessary replaced at the same time
new spark plugs are installed.
2 The easiest way to identify bad wires
is to make a visual check while the engine
is running, In a dark, welFventilated garage,
start the engine and look at each plug wire.
Be careful not to come into contact with any
moving engine parts, lf there is a break in the
wire, you will see arcing or a small spark at
the damaged area. lf arcing is noticed, make
a note to obtain new wires.
3 The spark plug wires should be inspected
one at a time, beginning with the spark plug
for the number one cylinder, (the cylinder
closest to the radiator on the right bank), to
prevent confusion. Clearly label each original
plug wire with a piece of tape marked with the
correct number, The plug wires must be rein-
stalled in the correct order to ensure proper
engine operation.
4 Disconnect the plug wire from the first

31.1 0b A length of rubber hose will save
time and prevent damaged threads when

installing the spark plugs
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32.8 Remove each spark plug wire from the ignition coil pack(s)
and at the spark plug - check for corrosion and a tight fit

spark plug. A removal tool can be used, or
you can grab the wire boot, twist it slightly and
pull the wire free. Do not pull on the wire itself,
only on the rubber boot.
5 Push the wire and boot back onto the
end of the spark plug. lt should fit snugly. lf it
doesn't, detach the wire and boot once more
and use a pair of pliers to carefully crimp the
metal connector inside the wire boot until it
does.
6 Using a clean rag, wipe the entire length
of the wire to remove built-up dirt and grease.
7 Once the wire is clean, check for burns,
cracks and other damage. Do not bend the
wire sharply or you might break the conductor.
8 Disconnect the wire from the coil pack.
Pull only on the rubber boot. Check for corro-
sion and a tight fit (see illustration). Reinstall
the wire.
9 Inspect each of the remaining spark plug
wires, making sure that each one is securely
fastened on each end.
10 lf new spark plug wires are required, pur-
chase a set for your specif ic engine model.
Pre-cut wire sets with the boots already
installed are available. Remove and replace
the wires one at a time to avoid mix-ups in the
firing order. Should a mix up occur refer to the
Specifications at the beginning this Chapter.

lgnition coil packs
11 Clean the coi l  packs with a dampened
cloth and dry them thoroughly.
12 Inspect each coil pack for cracks, dam-
age and carbon tracking. l f  damage exists
refer to Chapter 5 for the replacement proce-
dure.

35.6 This is the easiest way to remove the differential lubricant -
work the end of the hose to the bottom of the differential housing

and draw out the old lubricant with a suction pump

33 Manual transmission lubricant
change (every 60,000 miles or
48 months)

Warning: Some models covered by this man-
ual are equipped wrth air suspension sysfems.
Always disconnect electical power to fhe sus-
pension sysfem before lifting or towing the

vehicle (see Chapter 10). Failure to perform
this procedure may result in unexpected shift-
ing or movement of the vehicle which could
cause personal injury.
1 Raise the vehicle and support it securely
on jackstands.
2 Move a drain pan, rags, newspapers and
wrenches under the transmission.
3 Remove the transmission drain plug at
the bottom of the case and allow the lubricant
to drain into the pan (see illustration 21.2).
4 After the lubricant has drained com-
p le te ly ,  re ins ta l l  the  p lug  and t igh ten  i t
securely.
5 Remove the f i l l  plug from the side of
the transmission case. Using a hand pump,
syringe or funnel, f i l l  the transmission with
the specified lubricant until it is level with the
lower edge of the filler hole. Reinstall the fill
plug and tighten it securely.
6 Lower the vehicle.
7 Drive the vehicle for a short distance,
then check the drain and f i l l  plugs for leak-
age.

34 Transfer case lubricant change
(4WD models) (every 60,000
miles or 48 months)

Warning: Some models covered by this man-
ual are equipped with air suspenslon sysfems.
Always disconnect electical power to fhe sus-
pension sysfem before lifting or towing the
vehicle (see Chapter 10). Failure to pefiorm
this procedure may result in unexpected shift-
ing or movement of the vehicle which could
cause personal injury.
1 Drive the vehicle for at least 15 minutes
to warm the lubricant in the case. Perform
this warm-up procedure with 4WD engaged,
if possible. Use all gears, including Reverse,
to ensure the lubricant is sufficiently warm to
drain completely.
2 Raise the vehicle and support it securely
on jackstands.
3 Remove the drain plug from the lower

part of the case and allow the old lubricant to
drain completely (see illustration 22.'ll.
4 After the lubricant has drained com-
p le te ly ,  re ins ta l l  the  p lug  and t igh ten  i t
securely
5 Remove the filler plug from the case
6 Fill the case with the specified lubricant
until it is level with the lower edge of the filler
hole.
7  Ins ta l l  the  f i l l e r  p lug  and t igh ten  i t
securely.
8 Drive the vehicle for a short distance and
recheck the lubricant level. In some instances
a small  amount of addit ional lubricant wi l l
have to be added.

35 Differential lubricant change
(every 30,000 miles or 24 months)

Warning: Some models covered by this man-
ual are equipped with air suspenslon sysferns.
Always disconnect electrical power to fhe sus-
pension syslem before lifting or towing the
vehicle (see Chapter 10). Failure to pefiorm
this procedure may result in unexpected shift-
ing or movement of the vehicle which could
cause personal injury.

Drain
Refer to illustration 35.6, 35.8a, 35.8b, 35.8c
and 35.10
'l 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.
3 The easiest way to drain the differential(s)
is to remove the lubricant through the filler
plug hole with a suction pump. lf the differen-
tial cover gasket is leaking, it will be neces-
sary to remove the cover to drain the lubricant
(which will also allow you to inspect the dif-
ferential. Note: If you're changing the front
differential lubricant on a 4WD vehicle simply
remove the drain plug to drain the lubricant.
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35.8a Remove the boltE from the lower edge of the cover . . . 35.8b . . . then loosen the top bolte and let the lubdcant draln

; . 35.8c Once the lubrlcant haa dralned, rcmove the cover
a leak-ftee seal

remove all tracee of the old gasket (see lllus.
tratlon),
11 Apply a thin layer of RTV sealant to the
cover flange, then press a new gasket into
position on the cover. Make sure the bolt
holes align properly.

Refill
12 Use a hand pump, syringe or funnel to
fill the differential housing with the specified
lubricant until it's level with the bottom of the
filler plug hole.
13 Install the fill plug and tighten lt securcly.

Changing the lubrlcant wlth a suctlon
pump
4 Remove the filler plug from the difieren-
tlal (see Section 23).
5 lnsert the flexible hose.
6 W0rk the hose down to the boftom of the
dlfierential housing and pump the lubrioant
out (see lllustratlon).

Changing rear dlfferentlal lubrlcant by
removlng the cover
7 Moveadrain pan, rags, newspapersand
wrenches under the vehicle.

8 Remove the bolts on thE lower half of the
cover. l-oosen the bolts on tha upper half and
use them to loosely rgtain the cover. Allow
the oil b drain into the pan, then completely
remove the cover (see lllusbatlons).
9 Using a lint-free rag, clean the inside of
the cover and the accesslble areas of the dif-
ferential housing. As thls ls done, check for
chipped gears and mdd particles in the lubri-
cant, Indlcating that the dlfierential should be
more thoroughly inspected and/or repaired.
10 Thoroughly clean thE gasket mating sur-
faceE of the difierential housing and the cover
plate. Use a gasket scraFier or putty knife to

35.10 Garcfully scrape offthe old materlal to enrure
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Chapter 2 Part A
VO engine
Contents

SecfJon

Camshaft, balance shaft and bearings - removal, inspection -

and ins ta l la t ion  . . . . . . . . . . . . . . . . . . . . . . . . .  13
Crankshaft oil seals - replacement . 16
Cylinder compression check .. . . . . . . . . . . .  . . .  See Chapter 2C
Cylinder heads - removal and installation 9
Drivebelt check, adjustment and replacement See Chapter 1
Flywheel/driveplate - removal and installation 17
Engine mounts - check and rep|acement.. . . . . . . . . . . . . . . . . . .  18
Engine oi l  and f i l ter change... . , . . . . . . . . . . . . . . . .  See Chapter 1
Engine overhaul - general information . See Chapter 2C
Engine - removal and installation ......... See Chapter 2C
Exhaust manifolds - removal and installation 8
General information..... 1
lntake manifold - removal and installation 7

Section
Oil pan - removal and installation .. 14
Oil pump - removal and installation 15
Repair operations possible with the engine in the vehic|e............. 2
Rocker arms and pushrods - removal, inspection

and insta l la t ion . . . . . . . . . . . . . . . . . . . . . . . . .  5
Spark plug replacement .. See Chapter 1
Timing chain and sprockets - inspection, removal

and insta l la t ion . . . . . . . . . . . . . . . . . . . . . . . . .  11
Timing chain cover - removal and installation ............................... 10
Top Dead Center (TDC) for number one piston - |ocating............. 3
Valve covers - removal and installation
Valve l ifters - removal, inspection and installation ......................... 12
Valve springs, retainers and seals - rep|acement.......................... 6
Water pump - removal and installation .... See Chapter 3

Specifications

General
Displacement..
Cylinder numbers (front-to-rear)

Left (driver's) side ................
Right  s ide. . . . . . .

Firing order.....

Gamshaft and lifters
Lobe lift

In take . . . . . . . . . . . .
Exhaust . . . . . . . . . .

Lobe wear l imit ...,............
Endplay
Journal diameter (all)..................
Cam bearing inside diameter ......................
Journal-to-bearing (oil) clearance........
Journal runout l imit......
Journal out-of-round 1imit.................

Oil pump
Gear backlash
Gear radial clearance .......
Gear height (housing to gear tops)...

Torque specifications*
Camshaft sprocket bo|t..................
Camshaft thrust plate bo|ts................
Balance shaft thrust plate bolts
liming chain cover-to-block bolts ................
Water pump-to-timing chain cover bolts......
Oil pan{o-block bolts

Step 1 . . . . . . . . . . . .
Step 2 . . . . . . . . . . . .

Oil pan-to-transmission bo|ts ................
Oil pump and filter body to front cover

8-mm bolts
6-mm bolts

4.2 liters (256 cubic inches)

4-5-6
1-2-3
1-4-2-5-3-6

0.245 inch
0.259 inch
0.005 inch
0.001 to 0.006 inch
2.0515 to 2.0505 inches
2.0535 to 2.0525 inches
0.001 to 0.0006 inch
0.002 inch
0.001 inch

0.008 to 0.0012 inch
0.002 to 0.0049 inch
0.0004 to 0.0033 inch

Ft-lbs (unless otherwise indicated)
30 to 36
72 to '120 inlbs
72 to 120 in-lbs
15 to 22
15 to 22

36 to 44 in-lbs
80 to 106 inlbs
29 to 38

15to 22
71 to 97 inlbs

V6 engine
1-4-2-5-3-6

lffiFT-sTerJ-r-ffi'Fl

Cylinder and coil terminal
locations - V6 engine

o@
@@

@@
@@
o@
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2A-2 Ghapter 2 Part A V6 engine

Torque specifications*
Cylinder head bolts (oiled)

Step  1  . . . . . . . . . . . .
S tep  2  . . . . . . . . . . . .
S tep  3  . . . . . . . . . . . .
S tep  4  . . . . . . . . . . . .

Step 5
Long bolts.. . . . . .
Short bolts

Step  6  (a l l  bo l ts ) . . . . . . . . . . . . . .
Rocker arm fulcrum bolts . . . . . . . . . . . . . . .
Lower intake manifold-to-cylinder head bolts

Step  1  . . . . . . . . . . . .
S tep  2  . . . . . . . . . . . .

Exhaust manifold bolts . . . . . . . . . . . . . . .
Crankshaft pulley-to-vibration damper bo|ts................
Valve cover bolts . . . . . . . . . . . . . . .
Vibrat ion damoer bo|t . . . . . . . . . . . .- . . . .
Flywheel/driveplate mounting bo|ts . . . . . . . . . . . . . . .
*Note: Refer to Paft C for additional specifications.

General information

Ft-lbs (unless otherwise indicated)

168 inlbs
29
36
Loosen 3 turns (DO NOT loosen all the bolts at the same time, from
this point on work on one bolt at a time) (see Section 7)

30 to 36
15 to 22
Tighten an additional 175 to 18S-degrees
23to 29

44 inlbs
89 inlbs
15 to 22
20 to 28
71 to 102 in-lbs
103 to 117
54 to 64

This Part of Chaoter 2 is devoted to in-
vehicle repair procedures for the 4.2L Vo
engine. This engine design utilizes a cast-iron
block with six cylinders arranged in a V-shape
at a 9O{egree angle between the two banks.
The cylinder heads are also cast-iron and
the block-mounted camshaft operates push-
rods and rocker arms for valve actuation. The
engine also features a balance shaft geared
to the camshaft in the block.

A l l  in fo rmat ion  concern ing  eng ine
removal and installation and engine block and
cylinder head overhaul can be found in Part
C of this Chapter. The following repair proce-
dures are based on the assumption that the
engine is installed in the vehicle. lf the engine
has been removed from the vehicle and
mounted on a stand, many of the steps out-
lined in this Part of Chapter 2 will not apply.

The Specifications included in this Part
of Chapter 2 apply only to the procedures
contained in this Part. Part C of Chapter 2
contains the Specifications necessary for cyl-
inder head and engine block rebuilding.

replacement, the repairs can generally be
made with the engine in the vehicle. The
intake and exhaust manifold gaskets, timing
cover gasket, oil pan gasket, crankshaft oil
seals and cylinder head gaskets are all acces-
sible with the engine in place.

Exterior engine components, such as the
intake and exhaust manifolds, the oil pan (and
the oi l  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 cylinder heads can be removed
without pul l ing the engine, valve component
servicing can also be accomplished with the
engine in the vehicle. Replacement of the tim-
ing 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.

essential part of procedures such as timing
chain and sprocket replacement.
3 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. Warning: Before beginning this
procedure, be sure to place the transmission
in Neutral and remove the ignition key.
a) The preferred method is to turn the crank-

shaft with a large socket and breaker bar
attached to the vibration damper bolt
threaded into the front of the crankshaft.

b) A remote starter switch, which may save
some time, can also be used. Attach
the switch leads to the S (switch) and B
(battery) terminals on the staner motor.
Once the pisfon is c/ose to TDC, use a
socket and breaker. bar as described in
the previous paragraph.

c) lf an assistant is available to turn the igni-
tion switch fo the Slarf position in short
bursts, you can get the piston close to
TDC without a remote starter switch. Use
a socket and breaker bar as descibed in
Paragraph a) to complete the procedure.

4 Disable the ignition system by discon-
necting the primary electrical connectors at
the ignition coil pack/modules (see Chap-
ter 5).
5 Remove the spark plugs and install a
compression gauge in the number one cyl-
inder. Turn the crankshaft clockwise with a
socket and breaker bar as described above.
6 When the piston approaches TDC, com-
pression will be noted on the compression
gauge. Continue turning the crankshaft until
the notch in the crankshaft damper is aligned
with the TDC mark on the front cover (see
illustration). At this point number one cylin-
der is at TDC on the comoression stroke. lf
the marks aligned but there was no compres-
sion, the piston was on the exhaust stroke.
Continue rotating the crankshaft one complete
revolution (360-degrees).

2 Repair operations possible with
the engine in the vehicle

3 Top Dead Center (TDG) for
number one piston - locating

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 pres-
sure washer before any work is done. lt will
make the job easier and help keep dirt out of
the intemal areas of the engine.

It  may help to remove the hood to
improve access to the engine as repairs are
performed (refer to Chapter 11 if necessary).

lf vacuum, exhaust, oil or coolant leaks
develop, indicating a need for gasket or seal

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-and-down when the crank-
shaft turns. Each piston reaches TDC on the
compression stroke and again on the exhaust
stroke, but TDC generally refers to piston
position on the compression stroke. The tim-
ing marks on the vibration damper installed
on the front of the crankshaft are referenced
to the number one piston at TDC on the com-
pression stroke.
2 Posit ioning the piston(s) at TDC is an
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Chapter 2 Part A VG engine 2A-3

3.6 Turn the crankshaft clockwise until
the zero on the vibration damper scale is

directly opposite the pointer

7 After the number one piston has been
positioned at TDC on the compression stroke,
TDC for any of the remaining cylinders can be
located by turning the crankshaft and follow-
ing the firing order (refer to the Specifications).
Divide the crankshaft pulley into three equal
sections with chalk marks at three points, each
indicating 1 20-degrees of crankshaft rotation.
Rotating the engine 120 degrees past TDC #1
will put the engine at TDC for cylinder no. 4.

4 Valve coverc - removal and
installation

Removal
Refer to illustrations 4.2 and 4.5
't Disconnect the cable from the negative
battery terminal.
2 Note their locations. then detach the
spark plug wire clips from the valve cover
studs (see illustration).
3 Detach the spark plug wires from the
plugs (see Chapter 1). Position the wires out

4.2 Remove the spark plug wire
clips (arrow)

of the way.
4 On some vehicles with cruise control,
it may be necessary to disconnect the servo
linkage at the throttle body and remove the
servo bracket.
5 lf you're removing the left (driver's side)
valve cover, detach the oil fill cap and crank-
case vent tube (see illustration).
6 lf you're removing the right (passenger's
side) valve cover, position the air cleaner duct
out of the way (see Chapter 4) and remove
the PCV valve.
7 Remove the valve cover bolts/nuts (see
lllustration 4.5), then detach the cover from
the cylinder head. Note: lf the cover ls stuck
to the cylinder head, bump one end with a
wood block and a hammer to jar it loose. lf
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-cylinder head joint or damage to the seal-
ing surfaces may occur (leading to oil leaks
in the future). Some valve covers are made
of plastic - be extra careful when tapping or
pulling on them. On some models, the valve
cover bolts stay with the valve cover. Do not
aftempt to remove them completely.

lnstallation
I 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
surfaces with lacquer thinner or acetone. lf
there's sealant or oil on the mating surfaces
when the cover is installed, oil leaks may
develop.
9 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. Apply a small amount of light oil
to the bolt threads.
10 The gaskets should be mated to the
covers before the covers are installed. Make
sure the tabs on the gaskets(s) engage in the
slots in the cover(s). On engines that don't
have gaskets, apply a 3/16-inch bead of RTV
sealant to the cover flange, inside of the bolt
holes.
11 Carefully position the cover on the cylin-
der head and install the bolts/nuts.
12 Tighten the bolts in three or four steps
to the torque listed in this Chapter's Specifi-
cations. Plastic valve covers are easily dam-
aged, so don't overtighten the bolts!
13 The remaining installation steps are the
reverse of removal.
14 Start the engine and check carefully for
oil leaks as the engine warms up.

5 Rockerarms and pushrods
- removal, inspection and
installation

Removal
Refer to illustrations 5.2 and 5.4
1 Refer to Section 4 and detach the valve
cove(s) from the cylinder head(s).
2 Beginning at the front of one cylinder
head, remove the rocker arm fulcrum bolts

5.2 The rocker arm fulcrum bolts (arrow) may not have to be
completely removed in all cases - loosen them several turns and

see if the rocker arms can be pivoted out of the way to allow
pushrod removal

4,5 Detach the crankcase vent tube (A) - B indicates two of the
valve cover bolts
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2A.4 Chapter 2 PartA V6 engine

5.4 A perforated cardboard box can be
used to store the pushrods to ensure

that they are reinstalled in their original
locations - note the label indicatlng the

front of the engine

(see illustration). Store them separately in
marked containers to ensure that they will be
reinstalled in their original locations. Note:
lf the pushrods are the only items being
removed, loosen each bolt just enough to
allow the rocker arms to be rotated to the side
so fhe pushrods can be lifted out.
3 Lift off the rocker arms and fulcrums.
Store them in the marked containers with the
bolts (they must be reinstalled in their original
locations).
4 Remove the pushrods and store them
separately to make sure they don't get mixed
up during installation (see illustration).

lnspection
Refer to iilustration 5.7
5 Check each rocker arm for wear, cracks
and other damage, especially where the push-
rods and valve stems contact the rocker arm
faces.
6 Make sure the hole at the pushrod end
of each rocker arm is open.
7 Check each rocker arm pivot area and
fulcrum for wear, cracks and gall ing (see
illustration). lf the rocker arms are worn or
damaged, replace them with new ones and
use new fulcrums as well.
8 Inspect the pushrods for cracks and
excessive wear at the ends. Roll each push-
rod across a piece of plate glass to see if it's
bent (if it wobbles, it's bent).

lnstallation
9 Lubricate the lower end of each pushrod
with clean engine oil or moly-base grease and
install them in their original locations. Make
sure each pushrod seats completely in the
lifter.
10 Apply moly-base grease to the ends of
the valve stems and the upper ends of the
pushrods before positioning the rocker arms
and fulcrums.
11 Apply moly-base grease to the fulcrums
to prevent damage to the mating surfaces

5,7 Checkforwearon the rockerarm and
fulcrum contact areas (arrows)

before engine oil pressure builds up. Set the
rocker arms and guides in place, then install
the fulcrums and bolts. Tighten the rocker arm
bolts to Specifi cations.
12 lnstall the valve covers.
13 The remainder of installation is the
reverse of removal.

6 Valve springs, retainers and
seals - replacement

Referto illustrations 6.4, 6.8, 6.9 and 6.16
Note: Broken valve springs and defective
valve stem sea/s can be replaced without
removing the cylinder heads, Two special
tools and a compressed air source are nor-
mally required to pertorm this operation, so
read through this Section carefully and rent or
buy the tools before beginning the job.
1 Refer to Section 4 and remove the valve
cover from the affected cylinder head. lf all
of the valve stem seals are being replaced,
remove both valve covers.
2 Remove the spark plug from the cylinder
which has the defective component. lf all of
the valve stem seals are being replaced, all of
the spark plugs should be removed.
3 Turn the crankshaft until the piston in
the affected cylinder is at Top Dead Center on
the compression stroke (refer to Section 3 for
instructions). lf you're replacing all of the valve
stem seals, begin with cylinder number one
and work on the valves for one cylinder at a
time. Move from cylinder-to-cylinder following
the firing order sequence (see this Chapter's
Specifications).
4 Thread an adapter into the spark plug
hole (see illustration) and connect an air
hose from a compressed air source to it. Most
auto parts stores can supply the air hose
adapter. Notez Many cylinder compression
gauges utilize a screw-in fitting that may work
with your air hose quick-disconnect fitting.
5 Remove the bolt. fulcrum and rocker arm
for the valve with the defective part and pull
out the pushrod. lf all of the valve stem seals
are being replaced, all of the rocker arms and

6.4 This is what the air hose adapter that
threads into the spark plug hole looks like

- they're commonly available from auto
parts stores

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 prevbnt dropping

the keepers)

pushrods should be removed (refer to Sec-
tion 5).
6 Apply compressed air to the cylinder.
Warning: The piston may be forced down by
compressed air, causing the crankshaft to turn
sudflenly. lf the wrench used when positioning
the number one piston at TDC is still aftached
to the bolt in the crankshaft nose, it could
cause damage or injury when the crankshaft
moves.
7 The valves should be held in place by
the air pressure.
I Stuff shop rags into the cylinder head
holes above and below the valves to prevent
parts and tools from falling into the engine,
then use a valve spring compressor to com-
press the spring. Remove the keepers with
small needle-nose pliers or a magnet (see
iflustration). Note: A couple of different types
of tools are available for compressing the
valve spings with the cylinder head in place.
One type, shown here, gips the lower sping
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6.9 The seal can be pulled off the guide
with a pair of pliers

cols andpresses on the retainer as the knob
is turned, while the other type utilizes the
rocker arm bolt for leverage. Both types work
very well, although the lever type is usually
/ess expenslve.
9 Remove the spring keepers, retainer and
spring, then remove the valve guide seal (see
if lustration). Note: lf air pressure fails to hold
the valve in the closed position during this
operation, the valve face or seat is probably
damaged. lf so, the cylinder head will have to
be removed for additional repair operations.
10 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.
11 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.
12 Move the valve up-and-down in the
guide and make sure it doesn't bind. lf the
valve stem binds, either the valve is bent or
the guide is damaged..In either case, the cyl-
inder head will have to be removed for repair.
13 Reapply air pressure to the cylinder to
retain the valve in the closed position, then

6,16 Apply a small dab of grease to each
keeper as shown here before installation

- it'll keep them in place on the valve stem
as the spring is released

remove the tape or rubber band from the
valve stem.
14 Lubricate the valve stem with engine
oil and the valve stem tip with polyethylene
grease, then install a new guide seal.
15 Install the spring in position over the
valve.
16 Install the valve spring retainer. Com-
press the valve spring and carefully position
the keepers in the groove. Apply a small dab
of grease to the inside of each keeper to hold
it in place (see illustration).
17 Remove the pressure from the spring
tool and make sure the keepers are seated.
18 Disconnect the air hose and remove the
adapter from the spark plug hole.
19 Refer to Section 5 and install the rocker
arm(s) and pushrod(s).
20 Install the spark plug(s) and hook up the
wire(s),
21 Refer to Section 4 and install the valve
cover(s).
22 Start and run the engine, then check for
oil leaks and unusual sounds coming from the
valve cover area.

7.4 Disconnect the two electrical
connectors (arrows) on the IMRC

solenoids at the back of the
intake manifold

Intake manifold - removal and
installation

Removal
Refer to illustrations 7.4, 7,5, 7.6, 7.7, 7.8
and 7.9
1 Relieve the fuel pressure and remove
the air duct assembly (see Chapter 4).
2 Disconnect the negative cable from the
battery.
3 Drain the cooling system (see Chap-
ter  1) ,
4 Remove the upper intake plenum and
throttle body (see Chapter 4). Disconnect the
IMRC vacuum and electrical connectors, the
fuel lines, fuel pressure regulator and injector
connectors (see illustration).
5 Cover the air intake passages with a
shop towel (see illustration). Disconnect the
upper radiator hose and heater hoses from
the intake manifold fiftings.
6 Disconnect the EGR valve vacuum hose
and the EGR tube fitting at the EGR valve
(see illustration).

7.5 Gover the air intake with a shop iowel to prevent debris from
falling into the engine

7,6 Disconnect the lines and vacuum hose at the EGR
valve (arrow)
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7.7 Label and disconnect the hoses and wiring

1 Engine Coolant Temperature sensor conhector
2 Coolant temperature sending unit connector
3 Coolant hose

7.8 Remove the intake manifold mounting bolts (arrows)

7.9 Pry against a casting protrusion to
break the intake manifold loose

7 Label and disconnect the vacuum and
emissions hoses and wire harness connectors
attached to the intake manifold (see illustra-
tion).
8 Loosen the intake manifold mounting
bolts in 1/4-turn increments until they can be
removed by hand (see illustration). Not all
bolts are easily noticed; there are 14 in all, six
long ones and eight short ones. Keep track of
which ones go where.
9 The intake manifold wil l probably be
stuck to the cylinder heads and force may be
required to break the gasket seal. A prybar
can be positioned under the cast-in lug (see
illustration) to pry up the front of the intake
manifold. but make sure all bolts have been
removed first! Gaution: Donl pry between the
engine block and intake manifold or the cylin-
der heads and intake manffold or damage to
the gasket sealing surtaces may occur, lead-
ing to vacuum and oil leaks.

lnstallation
Refer to illustrations 7.10, 7.13, 7.14 and 7.17
Caution: The mating surfaces of the cylinder
heads, engine block and manifold must be
perfectly clean when the manifold is installed.

7.10 After covering the lifter valley, use
a gasket scraper to remove all traces of
sealant and old gasket material from the

cylinder head and intake manifold
mating surfaces

Gasket removal solvents in aerosol cans are
available at most auto parts stores and may
be helpful when removing old gasket material
that's stuck to the cylinder heads and mani-
fold (since the manifold is made of aluminum,
aggressive scraping can cause damage). Be
sure to follow directions printed on the con-
tainer.
10 Use a gasket scraper to remove al l
traces of sealant and old gasket material (see
illustratlon), then clean the mating surfaces
with lacquer thinner or acetone. lf there's old
sealant or oil on the mating surfaces when
the manifold is installed, oil or vacuum leaks
may develop. When working on the cylinder
heads and block, cover the lifter valley with
shop rags to keep debris out of the engine.
Use a vacuum cleaner to remove any gasket
material that falls into the intake ports in the
cylinder heads.
11 Use a tap of the correct size to chase
the threads in the bolt holes. then use com-
pressed air ( i f  avai lable) to remove the
debris from the holes. Warning: Wear safety
g/asses or a face shield to protect your eyes

7,13 lnstall the rubber end seals over a
thin bead of RTV sealant, then apply a thin

bead on top (arrow)

when using compressed air! Remove exces-
sive carbon deposits and corrosion from the
exhaust and coolant passages,n the cylinder
heads and manifold.
12 Make a final inspection ofthe gasket sur-
faces before installing the manifold.
13 Apply a 1l8-inch wide bead of RTV seal-
ant to the front and rear of the block surface
and install the rubber front and rear manifold
seals (see illustration). Note: Ihls sealant
sefs up in 15 minutes. Do not take longer to
install and tighten the manifold once the seal-
ant is applied, or leaks may occur.
14 Apply a small dab of RTV at the four cor-
ners where the side gaskets will fit against the
end seals. Position the side gaskets on the
cylinder heads, over the alignment studs. The
upper side of each gasket will have a TOP or
THIS SIDE UP label stamped into it to ensure
correct installation (see illustration).
15 Make sure all intake port openings, cool-
ant passage holes and bolt holes are aligned
correctly.
16 Carefully set the manifold in place while
the sealant is still wet. Caution: DonI disturb
the gaskets. Make sure the end seals haven't
been disturbed.
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7.14 Apply a dab of RTV sealant to the corners where the engine
block, cyllnder heads and intake manifold converge, then position

the side gaskets In place and apply an additional bead of RTV
sealant where the end seals and intake manifold gaskets

meet (arrow)

17 Lightly oi l  the manifold bolts, instal l
them and tighten to the torque listed in this
Chapter's Specifications, following the recom-
mended sequence (see i l lustrat ion). Work
up to the final torque in three steps.
18 The remaining instal lat ion steps are
the reverse of removal. Start the engine and
check carefully for oil and coolant leaks at the
intake manifold ioints.

4 Working under the vehicle, apply pen-
etrating oil to the exhaust Y-pipe-to-manifold
studs and nuts (they're usually rusty).
5 Remove the nuts holding the exhaust
Y-pipe to the exhaust manifolds (see il lus-
tration). In extreme cases you may have to
heat them with a propane or acetylene torch
in order to loosen them.

Right (passenger's side) manifold
6 Disconnect the EGR tube from the manF
fold (see Chapter 6).

Left (driver's side) manifold
7 Remove the nut holding the oil dipstick
tube support at the front of the manifold, then
pull the dipstick tube up and out of the oil pan
(see illustration).

Both manifolds
8 Remove the mounting bolts and sepa-
rate the exhaust manifold(s) from the cylinder
head (see illustration). Note the locations of
the bolts and studs, and remove the old gas-
kets.

Exhaust manifolds - removal and
installation

Removal
Referto illustrations 8.5.8.7 and 8.8
1 Disconnect the negative battery cable
from the battery.
2 Raise the vehicle and support it securely
on jackstands. Note: On models with air sus-
pension, turn off the.air suspension swTch
before raising the vehicle.
3 Disconnect the oxygen sensor electrical
connector (see Chapter 6).

8.5 From below remove the two exhaust
Y-pipe-to-manifold nuts (arrows)

lnstallation
9 Check the exhaust manifold for cracks
and make sure the bolt threads are clean
and undamaged. The exhaust manifold and
cylinder head mating surfaces must be clean
before the manifolds are reinstalled - use a

8.8 Remove the exhaust manifold bolts and studs (left side
shown, right side similar)

7.'t7 Intake manifold bolt tightening sequence

8.7 Remove the nut (arrow) and pull the oil dipstick tube out
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9.8 Remove the bolts and nuts (arrows)
until the compreasor and power steering
pump steel bracket can be moved aside,

away from the LH cylinder head

gasket scraper to remove all carbon deposits
and old gasket material. Notel lf the exhaust
manifold is being replaced with a new one,
remove the oxygen sensor. Clean the threads
of the oxygen sensor with a wire brush and
coat the threads with high-temperature anti-
seize compound before transfening fhe sen-
sor to the new exhaust manffold.
10 Position the exhaust manifold and new
gasket on the cylinder head and install the
mounting bolts and studs. Note: Exhaust
manffold warpage ls posslb/e on some V6
engines. lf the manifold is warped slightly,
install the pilot bolts first. Sometimes if's nec-
essary fo elongate ( with a round file) some
holes in the exhaust manifolds to staft the
bolts - but never file out the pilot boft holes!
11 When tightening the mounting bolts,
tighten the center pair first, the front pair, then
the rear pair, and be sure to use a torque
wrench. Tighten the bolts in three equal steps
until the torque listed in this Chapter's Specifi-
cations is reached.
12 The remaining installation steps are the
reverse of removal.
13 Start the engine and check for exhaust
leaks.

9.9 Remove the bolts/nuts (anows)
holding the compressor/altemator
bracket to the RH head idler pulley

(shown removed)

Cylinder heads - removal and
installation

Gaution: The engine must be completely cool
when the cylinder heads are removed. Failure
to allow the engine to cool off could result in
cylinder head warpage.

Removal
'l Disconnect the cable from the negative
battery terminal.
2 Remove the valve covers (see Sec-
t ion 4).
3 Remove the pushrods and rocker arms
(see Section 5).
4 Remove the upper intake plenum (see
Chapter 4) and the lower intake manifold (see
Section 7).
5 Unbolt the exhaust manifold (see Sec-
tion 8) for the head(s) being removed.

Left (driver's side) cylinder head
Refer to illustration 9.8
6 Unbolt the power steering reservoir and
tie it aside in an upright position. Leave the
hoses connected (see Chapter 1 0).

9.10 Remove the two bolts (arrowe) at
the back of the heads holding the wlring

harness (transmission removed for clarity)

7 Remove the drivebelts (see Chapter 1).
I Remove the air-conditioning compres-
sor/power steering pump bracket from the
head and position the assembly out of the
way (see Chapter 3). DO NOT disconnect the
hoses! (see illustration).

Right cylinder head
Refer to illustration 9.9
9 Disconnect the alternator wiring (see
Chapter 5). Unbolt the alternator bracket (see
iffustration). Note: Ihe bracket can be lefr in
place, with just the upper bolt in place, loose
enough to allow the steel bracket to be swung
out of the way. For removal of the aluminum
compressor/alternator mount, remove all the
bolfVsfuds.

Both cylinder heads
Refer to illustrations 9.10 and 9.11
'10 Loosen the cylinder head bolts in 1/4-
turn increments until they can be removed by
hand. Work from bolt-to-bolt in a pattern that's
the reverse ofthe tightening sequence. Note:
Head bolts should not be reused. Remove
the bolts and discard them - new bolts must
be used when installing the cylinder head(s).

9.11 Using a prybar, carefully lever it against a casting protrusion
to lift the cylinder head and break the gasket seal

9.14 Gheck the cylinder head and block surfaces for flatness with
a straightedge - if a feeler gauge in excess of the Specification fits

under it, have the head machined
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9.16 Locating dowels (arrows) are used to position the gaskets
on the engine block - make sure the mark (circled) is

correctly oriented

Note; Af the back of the cylinder'heads, near
the firewall, remove the bofts holding the wir-
ing hamessto each head (see illustration).
11 Lift the cylinder head(s) off the engine.
lf resistance is felt, DO NOT pry between the
cylinder head and engine block as damage
to the mating surfaces will result. To dislodge
the cylinder head, place a wood block against
the end of it and strike the wood block with a
hammer or place a prybar against a casting
protrusion (see illustration). Store the cylin-
der heads on blocks ofwood to prevent dam-
age to the gasket sealing surfaces. Gaution:
Do not slide the heads across the floor or
workbench, the aluminum is easily gouged.
12 Cylinder head disassembly and inspec-
tion procedures are covered in detail in Chap-
ter.2, Part C.

lnstallation
Refer to illustrations 9.14, 9.16 and 9.19
13 The mating surfaces of the cylinder
heads and engine block must be perfectly
clean when the cylinder heads are installed.
Use a gasket scraper to remove all traces of
carbon and old gasket material, then clean
the mating surfaces with lacquer thinner or
acetone. lf there's oil on the mating surfaces
when the cylinder heads are installed, the
gaskets may not seal correctly and leaks
may develop. When working on the engine
block, cover the lifter valley with shop rags to
keep debris out ofthe engine. Use a vacuum
cleaner to remove any debris that falls into the
valley or intake ports.
14 Check the engine block and cylinder head
mating surfaces for nicks, deep scratches and
other damage. lf damage is slight, it can be
removed with a file - if it's excessive, machin-
ing may be the only alternative. Do not use
a rotary abrasive tool or wire brush on the
aluminum cylinder heads. Use a straightedge
and feeler gauges to check for warpage (see
illustration). lf the warpage is beyond Speci-
fications, have the head machined at an auto-
motive machine shop.
1 5 Use a tap of the correct size to chase the

threads in the cylinder head bolt holes. Dirt,
corrosion, sealant and damaged threads will
affect torque readings.
16 Position the new gasket(s) over the
dowel pins in the engine block (see illustra-
tion). Make sure it's facing the right way.
17 Carefully position the cylinder head(s)
on the engine block without disturbing the
gasket(s).
18 Before installing the new cylinder head
bolts, lightly oil the threads.
19 Install the bolts (long bolts inside, short
bolts outside row) and tighten them finger
tight. Follow the recommended sequence and
tighten the bolts, in the recommended steps,
to the torque listed in this Chapter's Specifica-
tions (see lllustration). Cautlon: When foh
Iowing the torque sequence for the V6 engine,
af Sfep 4, do not loosen all the bolts at the
same time or the gasket will not seal properly.
Loosen the frrst bolt in the sequence, tighten
it to the final torque (Sfeps 5 and 6) then go
on to the next bolt in sequence, loosening and
tightening the bolts until the sequence is com-
pleted.
20 The remaining installation steps are the
reverse of removal.
21 Change the engine oil and filter (Chap-
ter 1), then start the engine and check care-
fully for oil and coolant leaks.

10 Timing chain cover - removal and
installation

Removal
Referto illustrations 10.3, 10.7, 10.8, 10.9a
and 10.9b
1 Refer to Chapter 1 and drain the cool-
ing system. Refer to Chapter 3 and remove
the fan, fan shroud and water pump. Discon-
nect the radiator and heater hoses. Warn-
ing: Some models covered by this manual
are equipped with an air suspension sysfem.
Always disconnect the electrical power to the
suspenslon system before lifting or towing

(see Chapter 10). Failure to pertorm this pro-
cedure may result in unexpected shifting or
movement of the vehicle, which could cause
personal injury.
2 Drain the engine oil and remove the oil
filter (Chapter 1).
3 Remove the crankshaft pulley and vibra-
tion damper (see Section 16). Loosen the bolt
on the belt idler and swing it aside (see illus-
tration). lt isn't necessary to remove the idler.
4 Unbolt and remove all accessory brack-
ets aftached to the timing chain cover. When
unbolting the power steering pump (see Sec-
tion 9), tie it aside with the hoses still con-
nected. On air-conditioned models, remove
the compressor/power steering pump assem-
bly and bracket, (see Section 9).
5 Position the number one piston at TDC
on the compression stroke (Section 3), then
disconnect the electrical connector at the
camshaft position sensor and remove the
camshaft position sensor, (see Chapter 6).
Also disconnect the knock sensor and crank-
shaft position sensor electrical connectors
(see Chapter 6).

10.3 Loosen the bolt on the idler
assembly and swing the idler out of the

way of the cover

9.19 Cylinder head bolt tightening sequence
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10.7 Remove this Allen bolt (arrow) from
the bottom left of the front cover (oil filter

and pump shown removed)

10.9b Timing chain cover bolt and stud
locations (arrows)

6 Remove the front oil pan bolts (see Sec-
tion 14).
7 Remove the socket-head bolt (see illus-
tration).
8 Disconnect the two heater hoses. then
unbolt the heater outlet tube and pull it out
(see if fustration). Note: Pry the wiing har-
ness c/rp out of the hole in the heater tube
bracket.
9 Remove the bolts and separate the timing
chain coyer from the engine block. lf it's stuck,
tap it gently with a soft-face hammer (see illus-
trations). Caution: DO NOT use ex-cesslve
force or you may cmck the cover. lf the cover is
difficuft to remove, double check to make sure
all ofthe bofts have been removed.

lnstallation
Refer to illustrations 10.10, 10.12 and 10.16
10 Use a gasket scraper to remove al l
traces of old gasket material and sealant
from the cover, oil pan and engine block, then
clean them with lacquer thinner or acetone
(see illustration).
11 The oi l  pump is mounted in the t iming
chain cover and driven by the intermediate
shaft, which is driven by the camshaft position

10.8 Pry the wiring harness clip (A) out
of the heater tube mount (B), then remove

the bolt (C) and pull the tube out

10.10 Scrape the old gasket and sealant
from the block and cover, then clean the

surfaces thoroughly

sensor. See Section l5 for oil pump informa-
tion.
12 Inspect the gear and intermediate shaft
inside the front cover (see illustration).
13 While the cover is off the engine, it's a
good idea to install a new crankshaft front
seal (see Section 16).
14 Lubricate the front crankshaft oil seal lip
with engine oil.
15 Apply a small bead or RTV sealant along
the oil pan-to-block joints.
1 6 Install the front cover gasket on the block
and press i t  into place. Then again apply a
small bead of RTV sealant to the block{o-pan
joints and along the front edge of the oil pan
(see illustraiion).
'17 Slide the front cover onto the engine.
The dowel pins will position it correctly. Don't
damage the seal and make sure the gasket
remains in place.
18 Install the bolts finger tight. Tighten them
to the torque listed in this Chapter's Specifi-
cations only after the water pump has been
installed (some of the water pump bolts also
hold the timing chain cover in place). Note:
When installing the water pump, be sure lo
coat the threads of the water pump bolt with
sea/anf (see illustration 10.9b).

10.9a Gently tap the timing chain cover
loose with a soft-face hammer

10.12 While the cover is off, inspect the
camshaft position sensor driven gear (A)

and the shaft (B)

19 Install the oil pan bolts (Section 14).
20 Install the remaining parts in the reverse
order of removal.
21 Add engine oil and coolant (Chapter 1).
22 Run the engine and check for leaks.

11 Timing chain and sprockets
- inspection, removal and
installation

lnspection
Refer to illustration 11 .4
1 Disconnect the negative battery cable
from the battery.
2 Refer to Section 3 and position the num-
ber one piston several degrees before TDC
on the compression stroke.
3 Remove the right valve cover (Sec-
tion 4).
4 Attach a dial indicator to the cylinder
head with the plunger inline with and resting
on the pushrod side of the rocker arm (see
illustration).
5 Remove the timing chain cover (see
Section'10).
6 Temporarily remove the timing chain and
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10.16 With the new cover gasket on the
onglne, apply a small bead of RTV sealant
along the pan-to-cover flange, and a small
bead on each side (arrow) where the pan,

cover and block meet

11.14b When the marks are aligned for
TDG, the balance shaft keyway (arrow) wlll

point straight up

sprockets to remove the chain tensioner (see
below).
7 Temporarily install the timing chain and
sprockets without the tensioner and slip the
timing chain cover and vibrat ion damper in
place to provide timing marks.
8 Turn the crankshaft clockwise until the
number one piston is at TDC (Section 3). This
will take up the slack on the right side of the
chain.
9 Zero the dial indicator.
10 Slowly turn the crankshaft counterclock-
wise until the slightest movement is seen on
the dial indicator. Stop and note how far the
number one piston has moved aWay from
TDC by looking at the ignition timing marks.
11 l f  the mark has moved more than 6
degrees, instal l  a new t iming chain and
sprockets.

Removal
Referto illustrations 11.14a, 11.14b, 11.15,
11  .1  6  and 11 .17
12 Position the number one oiston at TDC
on the compression stroke (Section 3).
13 Remove the timing chain cover (Sec-

11.4 lnstall a dial indicator to measure
timing chain deflection - use a short

length ofvacuum hose to hold the plunger
on the pushrod (rocker arm removed), or
set the indicator on the pushrod end of

the rocker arm

11.15 Remove the camshaft sprocket bolt
without lurning the engine

tion 10). Try to avoid turning the crankshaft
during vibration damper removal.
14 Make sure the crankshaft,  camshaft
and balance shaft sprocket timing marks are
al igned (see i l lustrat ions). l f  they aren't ,
instal l  the vibrat ion damoer bolt  and use
it to turn the crankshaft clockwise until all
marks are aligned. Nole: When all marks are
aligned, the crankshaft keyway is straight up,
the camshaft keyway is straight down, and the
balance shaft keyway is straight up.
15 Remove the camshaft sprocket mount-
ing bolt and camshaft position sensor drive
gear (see if lustration). Gaution: Do not allow
the crankshaft to be turned from TDC while
removing the camshaft sprocket bolt.
16 Compress the timing chain tensioner with
a screwdriver and inseft a drill orAllen wrench
as a retaining pin to hold it in the retracted
position (see illustration).
17 Pull the camshaft sprockeUchain off the
camshaft (see illustration). Note: The crank-
shaft sprocket will slide off with the chain and
camshaft sprocket.
18 lf you intend to remove the tensioner
assembly, remove the two bolts holding it to
the block.

11.14a Align the t iming marks on the
crankshaft and camshaft sprockets

(arrows) before removing the sprockets
from the shafts

11.16 Gompress the timing chain
tensioner with a screwdriver and inserl an

Allen wrench as a retaining pin

lnstallation
Referto illustrations 11.20 and 11.22
19 Turn the crankshaft until the key is facing
up (12 o'clock position).
20 Drape the chain over the camshaft

11.17 Remove the camshaft sprocket and
chain from the camshaft

PALMTREESALES1967 - NO RESALE



2A-12 Ghapter 2 Part A V6 engine

11.20 Assemble the chaln and both
sprockets so the marks (arrows) are

aligned, then slip the assembly onto the
crankshaft and camshaft

12.3b Be sure to store the llfters in an
organized manner to make sure they're

reinstalled in their original locations

sprocket and turn the sprocket until the timing
mark faces down (6 o'clock position). Position
the chain over the camshaft and crankshaft
sprockets with their t iming marks aligned,
then slip both sprockets onto the camshaft
and crankshaft (see illustratlon).
21 When correctly installed, a straight line
should pass through the center of the balance
shaft gear, the camshaft, the camshaft timing
mark (in the 6 o'clock position), the crankshaft
timing mark (in the 12 o'clock position) and
the center of the crankshaft (see illustrations
11.14a and 11.14b). DO NOT proceed until
the valve timing is correct!
22 lnstall the camshaft position sensor drive
gear (see illustration).
23 Apply a non-hardening thread lock-
ing compound to the threads and install the
camshaft sprocket bolt. Tighten the bolt to the
torque listed in this Chapter's Specifications.
24 Remove the retaining pin from the timing
chain tensioner. Reinstall the remaining parts
in the reverse order of removal.

11.22 Align the keyway (arrow) on the
camshaft position sensor drlve gear with

the Woodruff key on the camshaft

12.4a lf the lifters are difficult to remove,
you may have to remove them with a

special pul ler. .  .

12 Valve lifters - removal, inspection
and installation

Removal
Referto illustrations 12.3a, 12.3b, 12.4a and
12.4b
1 Remove the upper intake plenum (Chap-
ter 4) and lower intake manifold (Section 7).
2 Remove the rocker arms and pushrods
(Section 5).
3 Before removing the lifters, arrange to
store them in a clearly labeled box to ensure
that they're reinstalled in their original loca-
tions. Remove the lifter guide plates (see
illustrations).
4 There are several ways to extract the lift-
ers from the bores. Special tools designed to
grip and remove lifters are manufactured by
many tool companies and are widely available
(see illustration), but may not be needed in
every case. On newer engines without a lot
of varnish buildup, the lifters can often be
removed with a small magnet (see illustra-
tion) or even with your fingers. A machinist's

12.3a Remove the lifter gulde retainer
bolts (arrows)

12.4b .. , or you may be able to remove
the lifters wlth a magnet

scribe with a bent end can be used to pull
the lifters out by positioning the point under
the retainer ring in the top of each lifter. Cau-
lion: Don't use p/lers to remove the lifters
unless you intend to replace them with new
ones (along with the camshaft). The pliers
may damage the precision machined and
hardened lifters, rendering them use/ess.
On engines with a lot of sludge and vamish,
work the lifters up and down, using carburetor
cleaner spray to loosen the deposits.

lnspection
Refer to illustrations 12.6 and 12.7
5 Clean the lifters with solvent and dry
them thoroughly without mixing them up.
6 Check each lifter wall and pushrod seat
for scuffing, score marks and uneven wear. lf
the lifter walls are damaged or worn (which
isn't very likely), inspect the lifter bores in the
engine block as well .  l f  the pushrod seats
(see illustration) are worn, check the push-
rod ends.
7 Check the roller carefully for wear and
damage and make sure they turn freely with-
out excessive play (see illustration).
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12.6 Inspect the pushrod eeat (anow) In
tho top of each llfter for wear

8 lf any lifters are found to be defective,
they can be replaced with new ones without
having to replace the camshaft (unlike con-
ventional, non-roller lifters), but if the cam-
shaft is being replaced due to high mileage,
all the lifters should be replaced as well.

Installatlon
9 The orlginal lifters, if they're being rein-
stalled, must be retumed to their original loca-
tions. Coat them with moly-base grease or
engine assembly lube.
10 Install the lifters in the bores.
11 Install the guide plates and guide
retainer.
12 lnstall the pushrods and rocker arms,
13 Install the intake manifold and valve cov-
ers.
14 Ghange the engine oil and filter (see
Chapter 1).

13 Camshaft, balance shaft and
bearlngs - removal, inspection
and Installation

Camshaft iobe lift check
1 In order to determine the extent of cam
lobe wear, the lobe lift should be checked
prior to camshaft removal. Refer to Section
4 and remove the valve covers. The rocker
arms must also be removed (Section 5), but
leave the pushrods in place.
2 Position the number one piston at TDC
on the compression stroke (see Section 3).
3 Beginning with the number one cylinder,
mount a dial indicator on the engine and posi-
tion the plunger in-line with and resting on the
first rocker arm (see illustratlon 11.4).
4 Zero the dial indicator, then very slowly
tum the crankshaft in the normal direction of
rotation until the indicator needle stops and
begins to move in the opposite direction. The
point at which it stops indicates maximum
cam lobe lift.
5 Record this figure for future reference,
then reposition the piston at TDC.on the com-

12.7 The roller must turn freely - check for
wear and excessive play as well

13.12 TA0 Ton screws (arrorrs) retaln the
camshaft thrust plate - removs the thrust

plate and spacer (at center of plate)

pression stroke.
6 Move the dial indicator to the remaining
number one cylinder pushrod and repeat the
check. Be sure to record the results for each
valve.
7 Repeat the check for the remaining
valves. Since each piston must be at TDC on
the compression stroke for this procedure,
work from cylinder-to-cylinder following the fir-
ing order sequence (see Section 3).
8 After the check is complete, compare
the results to the Specifications. lf camshaft
lobe lift is less than specified, cam lobe wear
has occuned and a new camshaft should be
installed.

Removal
Referto illustrations 13.11, 13.12 and 13.13
9 Refer to the appropriate Sections and
remove the pushrods, the valve lifters and the
timing chain and camshaft sprocket. The radi-
ator should be removed'also (Chapter 3). You
also may,have to remove the air conditioning
cnndenser and the grille as well, but wait and
see if the camshaft can be pulled out of the
engine.

l3.ll Sllde the balance shaft drive gear
(arrow) from the camshbft

13.13 Carefully guide the camehaft out
of the englne block to avold nicking the

bearlngs wlth the lobes

'10 Check the camshaft end play with a dial
indicator aligned with the front of the cam-
shaft. Insert the camshaft sprocket bolt and
use it to pull the camshaft fore and aft, lf the
play is greater than specified, replace the
thrust plate with a new one when the cam-
shaft is reinstalled.
11 Slide the larger balance shaft drive gear
from the end of the camshaft (see illustra-
tion).
12 Remove the camshaft thrust plate bolts.
A T-30 

'lion 
bit is required. Remove the thrust

plate and the spacer ring (see illustration).
13 Carefully pull the camshaft out. Support
the cam so the lobes don't nick or gouge the
bearings as it's withdrawn (see illustration).

lnspection
Refer to illustration 1 3.1 5
14 After the camshaft has been removed,
clean it with solvent and dry it, then inspect
the bearing journals for uneven wear, pitting
and evidence of seizure. lf the journals are
damaged, the bearing inserts in the engine
block are. probably damaged as well. Both
the camshaft and bearings will have to be
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13.'t5 The camshaft bearing journal diameters are checked to
pinpoint excessive wear and out-of-round conditions

13.18 Guide the balance shaft out with
one hand supporting the shaft inside the

engine's valley

replaced. Replacement of the camshaft bear-
ings requires special tools and techniques
which place it beyond the scope of the home
mechanic. The engine block wil l have to be
removed from the vehicle and taken to an
automotive machine shop for this procedure.
15 Measure the bearing journals with a
micrometer (see illustration) to determine
whether they are excessively worn or out-of-
round.
16 Inspect the camshaft lobes for heat dis-
coloration, score marks, chipped areas, pit-
ting and uneven wear. lf the lobes are in good
condition and if the lobe lift measurements are
as speiified, you can reuse the camshaft.

Balance shaft
Referto illustrations 13.17 and 13.18
17 Remove the bolts holding the balance
shaft thrust plate (see illustration).
18 Carefully guide the balance shaft out of
the block (see illustration). Note: There is
very little to go wrong with the balance shaft
or its bearings, which are pressed into the
front and rear of the block like camshaft bear-
ings. lf abnormal wear is noticed on either
bearings or the front and rear balance shaft

13.20 Apply camshaft installation lube to
the camshaft lobes and journals prior

to installation

journals, the bearings must be replaced at an
automotive machine shop, and a new balance
shaft installed. The balance shaft gear can be
replaced without replacing the balance shaft,
but requires a machine shop press to replace
it or the thrust plate on the balance shaft.
19 When reinstalling the balance shaft, lubri-
cate the front and rear journals and the back
of the thrust olate with camshaft installation
or engine assembly lube, and line the gear's
keyway at the 12 o'clock position. Torque the
thrust plate bolts to Specifications.

lnstallation
Referto illustrations 13.20 and 13.21
20 Lubricate the camshaft bearing journals
and cam lobes with camshaft installation lube
(see illustration).
21 Slide the camshaft into the engine. Sup-
port the cam near the engine block and be
careful not to scrape or nick the bearings.
Align the camshaft keyway straight down (6
o'clock position) and the balance shaft drive
gear (on the camshaft) should align perfectly
with the smaller gear on the balance shafr.
Align their marks (see illustration).
22 Apply moly-base grease or engine

13.21 Align the marks (arrows) on the
balance shaft drive gear on the camshaft

(A) and the balance shaft driven
gear (B) above it

assembly lube to both sides of the thrust plate,
then position it on the engine block with the oil
grooves in (against the engine block). Install
the bolts and tighten them to the torque listed
in this Chapter's Specifications.
23 Refer to the appropriate Sections and
install the lifters, pushrods, rocker arms, tim-
ing chain/sprocket, timing chain cover and
valve covers.
24 The remaining installation steps are the
reverse of removal.
25 Before starting and running the engine,
change the oil and install a new oil filter (see
Chapter 1).

14 Oil pan 'removal and installation

Removal
Refer to illustrations 14.10 and 14.11
Note: On 2WD models, it is necessary to
remove the. engine (see Chapter 2C) to
remove the oil pan.
'l lf the vehicle is equipped with air sus-
pension, turn the switch OFF before raising
the vehicle.

13.17 Remove the balance shaft thrust plate bolts (arrows)
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14.10 Remove the two oil pan-to-
transmission bolts (arrows)

2 Disconnect the cable from the negative
battery terminal.
3 Remove the oil dipstick.
4 Refer to Chapter 1 and drain the engine
oil and remove the oil filter.
5 Raise the vehicle and place it securely
on jackstands.
6 Remove the engine mount through-bolts
(see Section 18).
7 Raise the engine about two inches with
either an overhead support fixture or a crane
attached to the lifting eyes on the top of the
engine. Caution: Do not use a jack under the
oil pan itself, it is cast-aluminum and can be
damaged easily.
8 Disconnect the electrical connector from
the low oil level sensor located in the oil pan if
so equipped.
9 On 4WD models. the front differential
must be removed (see Chapter 8).
10 Remove the oil oan-to-transmission bolts
(see illustration).
1'l Remove the oil panto-engine bolts (see
illustration).
12 Remove the oil pan. lt may be neces-
sary to break the seal of the pan with a thin
putty knife, but do not pry between the pan
and block or the pan's sealing edge could be
gouged, leading to oil leaks later. Empty any
residual oil from the oil pan, and clean it out
with solvent.

lnstallation
Refer to illustration 14.1 5'
13 Use a gasket scraper or putty knife
to remove all traces of old gasket material
and sealant from the pan and engine block.
Remove the rubber seas at the rear main and
clean any sealant residue with lacquer thin-
ner.
14 Clean the mating surfaces with lacquer
thinner or acetone. Make sure the bolt holes
in the engine block are clean.
1 5 Use a dab of gasket adhesive to hold the
rear rubber seals in the rear main cap, using a
small screwdriver{o force the new seal tightly
into the groove (see illustration). Stick the
side gaskets in place on the engine block with
a few dabs of adhesive and tuck the front and

14.11 Remove the pan-to-engine bolts
(arrows indicate three) - note block of

wood between engine and mount

rear tabs into the slots in the ends of the front
and rear rubber seals. Apply a dab of RTV
sealant to the four corners where the side
gaskets meet the end seals.
16 Make two alignment dowels by cufting off
the heads of two long bolts that fit the holes
in the block. Slot the ends of the "studs" with
a hacksaw and install one at the front of the
block and one at the rear.
17 Apply a bead of RTV sealant on the
block and front cover, and a small dab at each
corner of the rubber rear seal. Cautionr lhe
oil pan must be installed within 15 minutes or
the sealant will "kick off'and must be cleaned
off and new sealer applied.
18 Carefully position the pan against the
engine block and install the bolts finger
tight. When all of the pan-to-engine bolts are
started, tighten the bolts to the torque listed
in this Chapter's Specifications in two steps,
removing the two alignment studs and replac-
ing them with pan bolts. Start at the rear of the
pan and work out toward the front. After the
pan-to-engine bolts are tightened, install and
tighten the pan-to-transmission bolts.
19 The remaining steps are the reverse
of removal. Gaution: Don't forget to refill
the engine with oil and install a new oil filter
before starting lf (see Chapter 1 ).
20 Start the engine and check carefully for
oil leaks at the oil pan. Drive the vehicle and
check again.

15 Oil pump - removal and
installation

Referto illustrations 15.3, 15.11, 15.12a,
15.12b and 15.13
Note: /f fhere is insufficient oll pressure, see
Chapter 2, Part C for oil pressure fesfng.
1 The oil pump is mounted externally on
the timing chain cover.
2 Detach the oil filter (Chapter 1).
3 Detach the cover and O-ring, then
remove the gears from the cavity in the timing
chain cover (see illustration). Discard the O-
nng.

14,15 Press the new rear rubber seal onto
the rear main cap and place a dab of RTV

on each side (arrows)

4 Clean and inspect the oil pump cavity. lf
the oil pump gear pocket in the timing chain
cover is damaged or worn, replace the timing
chain cover.
5 Remove alltraces of gasket material from
the oil pump cover, then check it for warpage
with a straightedge and feeler gauges. lf it's
warped more than 0.0016-inch, replace it with
a new one.
6 To remove the pressure relief valve, first
detach the timing chain cover from the engine
(Section 10). Drill a hole in the plug (see illus-
tration 10.14), then pry it out or remove it with
a slide hammer and screw adapter. Remove
the spring and valve from the bore.
7 Remove all metal chips from the bore
and the valve, then check them carefully for
wear, score marks and galling. lf the bore is
worn or damaged, a new timing chain cover
will be required. The valve should fit in the
bore with no noticeable side play or binding.
8 lf the spring appears to be fatigued or
collapsed, replace it with a new one.
9 Apply clean engine oil to the valve and
install it in the bore, small end first. Insert the
spring, then install a new plug. Carefully tap
it in unti l i t 's 0.010-inch below the machined

15.3 After the filter is removed, the oil
pump cover bolts are accessible (arrows)
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15.11 To detach the oil pickup tube, remove the nut and
bolts (arrows)

15.12a Measure the clearance between the rotortips and the
pump housing and compare to the Specifications

surface of the cover.
10 lntermediate shaft removal and installa-
tion is epvered in Section 10.
11 The oil pump pickup tube is inside the oil
pan. For ac,cess, remove the oil pan (see Sec-
tion 14). Remove the pick-up tube nut and the

I 5.1 2b Put a straightedge across the
pump body and measure the clearance

above the gears

two mounting bolts (see illustration). When
reinstalling it, replace the gasket at the front.
12 Using feeler gauges, measure the clear-
ance between the rotors and the pump hous-
ing, and the clearance over the rotors (see
illustrations).
13 Installation is the reverse of removal.
Caution: Fill the oil pump with clean engine
oil before installation. lnstall a new cover O-
ring and tighten the bolts to the torque listed
in this Chapter's Specifications in a criss-
cross pattern (see illustratlon). Use a new
pick-up tube gasket and tighten the mounting
bolts securely.

16 Grankshaft oil seals -
replacement

Front sea, - timing chain cover
in place
Referto illustrations 16.4a, 16.4b, 16.5, 16.6,
16.8 and 16.10
1 Disconnect the cable from the negative

battery terminal.
2 Remove the electric cooling fan/shroud
assembly (see Chapter 3).
3 Remove the drivebelts (see Chapter 1).
4 Mark the crankshaft pulley and vibra-
tion damper so they can be reassembled in
the same relative position. This is important,
since the damper and pulley are initially bal-
anced as a unit. Unbolt and remove the pulley
(see illustrations).
5 Remove the bolt from the front of the
crankshaft, then use a puller to detach the
vibration damper (see illustration). Gaution:
Don't use a puller with jaws that grip the outer
edge of the damper. The puller must be the
type shown in the illustration that utilizes bolts
to apply force to the damper hub only. Clean
the crankshaft nose and the seal contact sur-
face on the vibration damper with lacquer
thinner or acetone. Leave the Woodruff key
in place in the crankshaft keyway. Note: Ihe
damper to uankshaft bolt is very tight. Have
an assisfant hold the flywheel from turning
while removing the bolt, or hold the damper
with a special strap-wrench designed for this
purpose.

16.4a Mark the pulley and vibration damper ( marks A) before
removing the four bolts (arrows) - the large vibration damper bolt
in the center is usually very tight, so use a six-point socket and a

breaker bar to loosen it

15.13 lnstall a new O-ring (arrow) lubricated with clean oil before
reinstalling the oil pump
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16,4b While the damper is off, inspect the crankshaft position
sensor ring; if lt ls damaged, remove ihe four bolts (arrows)

and replace it

6 Carefully remove the seal from the cover
with a screwdriver or seal removal tool (see
lllustratlon). Be careful not to damage the
cover or scratch the wall of the seal bore. lf
the engine has accumulated a lot of miles,
apply penetrating oil to the seal-to-cover joint
and allow it to soak in before attempting to
remove the seal.
7 Check the seal bore and crankshaft, as
w6ll as the seal contact surface on the vibra-
tion damper for nicks and buns. Position the
new seal in the bore with the open end of the
seal facing lN. A small amount of oil applied
to the outei edge of the new seal will make
instrallation easier - don't overdo it!
I Drive the seal into the bore with a large
socket and hammer unti l i t 's completely
seated (see illustration). Select a socket
that's the same outside diameter as the beal
(a section of pipe can be used if a socket isn't
available).
9 Apply moly-base grease or clean engine
oil to the seal contact surface of the vibration
damper and coat the keyway (groove) with a

'16,5 Use the recommended puller to remove the vibratlon damper
- lf a puller that applies force to the outer edge ls used, the

dampel will be damagedl

thin layer of RTV sealant.
10 Install the damper on the end of the
crankshaft. The keyway in the damper bore
must be aligned with the Woodrufi key in the
crankshafi nose. lfthe dainper can't be seated
by hand, tap it into place with a soft-face ham-
mer (see lllustratlon) or slip a large washer
over the bolt, install the bolt and tighten it to
press the damper into place. Remove the
large washer, then install the bolt and tighten
it to the torque listed in this Chapter's SpecifL
cations.
11 Install the remaining parts removed for
access to the seal.
12 Start the engine and check for leaks at
the seal-to-cover joint.

Front sear - timing chain cover
removed
Refer to illustration 1 6.1 5
13 Use a punch or screwdriver and ham-
mer to drive the seal out of the cover from the
back side. Support the cover as close to the
seal bore as possible. Be careful not to distort

16.8 Clean the bore, then apply a small amount of oil to the outer
edge of the new seal and drive it squarely into the opening with a
large socket and a hammer - don't damage the seal in the process

and make sure it's compleiely seated

16.6 Use a Ecrewdriver or seal removal
tool (shown) to work the seal out of the

timing chain cover - bd very careful not to
damage the cover or nick the crankshaftl

16.10 A soft-face hammer can be used to tap the vibration
damper onto the crankshaft - don't use a steel hammerl
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16.15 The new seal can also be driven in carefully with the cover
offthe engine - be sure to supportthe coverfrom belowwith a

wood block to prevent damage to the cover

the cover or scratch the wall of the seal bore.
lf the engine has accumulated a lot of miles,
apply penetrating oil to the seal{o-cover joint
bn each side and allow it to soak in before
attempting to drive the seal out.
14 Clean the bore to remove any old seal
material and corrosion. Support the cover on
blocks of wood and position the new seal in
the bore with the open end of the seal facing
lN. A small amount of oil applied to the outer
edge of the new seal will make installation
easier - don't overdo it!
15 Drive the seal into the bore with a large
socket and hammer unti l i t 's completely
seated (see illustration). Select a socket
that's the same outside diameter as the seal
(a section of pipe can be used if a socket isn't
available).

Rear main seal
Refe r to il I u stration 1 6. 1 7
16 Refer to Chapter 7 and remove the trans-
mission, then detach the flywheel or driveplate
and the rear cover plate from the engine (Sec-
tion 17).
17 The old seal can be removed by prying

16.17 lf you're very careful not to damage the crankshaft or the
seal bore, the rear seal can be pried out with a screwdriver -

normally a special puller is used for this procedure

it out with a screwdriver (see illustration) or
by making one or two small holes in the seal
flange with a sharp pick, then using a screw-
in type slide-hammer puller. Be sure to note
how far the seal is recessed into the bore
before removing it; the new seal will have to
be recessed an equal amount. Caution: Be
very careful not to scratch or otherwise dam-
age the crankshaft or the bore in the housing
or oil leaks could develop!
18 Clean the crankshaft and seal bore with
lacouer thinner or acetone. Check the seal
contact surface very carefully for scratches
and nicks that could damage the new seal lip
and cause oil leaks. lf the crankshaft is dam-
aged, the only alternative is a new or different
crankshaft.
19 Make sure the bore is clean, then apply
a thin coat of engine oil to the outer edge of
the new seal. Apply moly-based grease to the
seal lips. The seal must be pressed squarely
into the bore, a special seal installation tool is
highly recommended. Hammering it into place
is not recommended. lf you don't have access
to the special tool,  you may be able to tap
the seal in with a large section of pipe and a

hammer^ lf you must use this method, be very
careful not to damage the seal or crankshaft!
And work the seal lip carefully over the end
of the crankshaft with a blunt tool such as the
rounded end of a socket extension.
20 Reinstall the engine rear cover plate, the
flywheel or driveplate and the transmission.

17 Flywheel/driveplate - removal and
installation

Refer to illustrations 17.3, 17.4a and 17.4b
1 Raise the vehicle and support it securely
on jackstands, then refer to Chapter 7 and
remove the transmission. lf it's leaking, now
would be a very good time to replace the front
pump seal/O-ring (automatic transmission
only). Warning: Some models covered by
this manual are equipped with an air suspen-
slon sysfem. Always disconnect the electrical
power to fhe suspenslon system before lifting
or towing (see Chapter 10l,. Failure to pertorm
this procedure may result in unexpected shift-
ing or movement of the vehicle, which could
cause personal injury.

17.4a On automatic transmission driveplates, insert a prybar
through a hole to keep the crankshaft from turning when

' loosening/tightening the bolts

17.3 Make two matching marks (arrows) on the flywheel and pilot
bearang rim for flywheel alignment
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17.4b On manual transmisslon flywheels, use two bolts (arrows)
in the threaded holes to force the flywheel from the crankshaft

18.9 Remove the engine mount throughbolts (A) - B indicates one
of the mount-to-block bolts (left side shown here)

to keep the flywheel/driveplate from tuming as Take a slight amount of weight ofi the engine.
you tighten the bolts to the torque listed in this 9 Remove the engine mount throughbolts
Chapter's Specifications, (see lllustration).

2 Remove the pressure plate and clutch
disc (see Chapter 8) (manual transmission
equipped vehicles). Now is a good time to
check/replace the clutch components and
pilot bearing.
3 Look for factory paint marks that indicate
fl ywheel-to-crankshaft alignment. lf they aren't
there, use a center-punch or paint to make
alignment marks on the flywheel/driveplate
and crankshaft to ensure correct alignment
during reinstallation crankshaft (see lllustra-
tlon).
4 Remove the bolts that secure the fly-
wheel/driveplate to the crankshaft (see lllus-
tratlon). lf the crankshaft turns, use a fly-
wheel-holding tool or wedge a screwdriver
through the starter opening to jam the fly-
wheel. Note: On manual-shift transmission
flywheels, there are two ertra threaded holes.
lnseft two bolts in the holes and tighten them
evenly fiom slde fo slde to force the flywheel
off the cnnkshafi (see illustratlon).
5 Remove the flywheel/driveplate from the
crankshaft. Since the flyalheel is fairly heavy,
be sure to support it while removing the last
bolt. Warnfng: The flywheel is heavy and the
ring gear teeth may be sharp, wear gloves to
protect your hands.
6 Clean the flywheel with brake cleaner 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 bro-
ken ring gear teeth. Lay the flywheel on a flat
surface and use a straightedge to check for
warpage,
7 Clean and inspect the mating surfaces of
the flywheel/driveplate and the crankshaft. lf
the crankshaft rear seal is leaking, replace it
before reinstalling the flywheel/driveplate.
8 Position the flywheel/driveplate against
the crankshaft. Be sure to align the marks
made during removal. Note that some engines
have an alignment dowel or staggered bolt
.holes to ensure correct installation. Before
installing the bolts, apply Teflon thread seal-
ant to the threads.
9 Use a flywheel-holding tool or wedge a
screwdriver through the starter motor opening

10 The remainder of installation is the
reverse ofthe removal procedure.

18 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, then
carefully raise the engine just enough to take
the weight ofi the mounts. Warnipg: DO NOT
place any part of your body under the engine
when it's supported only by a jack!
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
should be applied to the mounts to slow dete-
rioration.
5 Check for relative movement between
the mount plates and the engine or frame
(use a large screwdriver or pry bar to attempt
to move the mounts). lf movement is noted,
lower the engine and tighten the mount fas-
teners.

Replacement
Referto illustrations 18.9 and 18.11
6 Disconnect the cable from the negative
battery terminal.
7 Detach the aircleanerduct.
8 Support the engine from above, using
an engine support fixture or overhead crane.

10 Raise the engine high enough to clear
the brackets. Do not force the engine up too
high, lf it touches anything before the mounts
are free, remove the part for clearance.
11 Unbolt the mount from the engine block
and remove it from the vehicle (see illustra-
tion). Note: On vehicles equipped with self-
locking nuts and bolts, replace them with
new ones whenever they are disassembled,
Pior to assembly remove hardened residual
adhesive from the engine block holes with an
approp i ate-size boftom i ng ta p.
12 Attach the new mount to the engine
block and install the bolts and stud/nuts in the
appropriate locations. Tighten the fasteners
securely.
13 Lower the engine into place. Install the
through bolts and tighten them to Specifica-
tions.
14 Complete the installation by reinstall-
ing all parts removed to gain access to the
mounts.

18.11 Remove the remaining bolts
(arrows) holdlng the mount to the engine

- front of left mount shown here
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Chapter 2 Part B
V8 engines
Gontents

Section
Camshaft(s) - removal, inspection and installation I
CHECK ENGINE light ................ See Chapter 6
Crankshaft oil seals - replacement.
Crankshaft pulley - removal and insta||ation.....................
Cylinder heads - removal and installation
Engine mounts - check and rep|acement....................
Exhaust manifolds - removal and installation
Flywheel/driveplate - removal and installation
General information......
lntake manifold - removal and installation
Oil pan - removal and installation

Seclion
Oil pump - removal and installation 15
Repair operations possible with the engine in the vehic|e............. 2
Rocker arms and valve lash adjusters - removal,

insoection and installation 8
Timing chains, tensioners and sprockets - removal, inspection

and insta l la t ion . . . . . . . . . . . . . . . . . . . . . . . , .  7
Timing chain cover - removal and installation ............................... 6
Top Dead Center (TDC) for number one piston - |ocating............. 3
Valve covers - removal and installation 4
Valve springs, retainers and seals - removal and installation........ 10

1 7
5

1 3
1 8
1 2
1 6
1

1 1
1 4

Specifications

4.6 liters (281 cubic inches)
5.4 liters (329 cubic inches)

3.554 X 3.546 inches
3.554 X 4.1 68 inches

1-2-34
5-6-7-8
1-3-7-2-6-54-8

See Section 9

@@
oe
@@
o@

@@
@@
@@
o@

lffis+t--srdffiEs-l

5.4L V8 engine(All)
and 2000 and later
4.6L V8 engine
1-3-7-2-6-5-+8

4.6L V8 engine
(1999 and earlier)
1-3-7-2-6-5-4-8

|ffi]€pAscTffiEl

Gylinder location and distributor rotation
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2B.2 Chapter 2 Part B V8 engines

Gamshaft (continued)
Endplay

4 .61  . . . . . . . . . . . . . . . .
5 .41 . . . . . . . . . . . . . . . .

Journal diameter (all)
4 .61 . . . . . . . . . . . . . . . .
5 .41 . . . . . . . . . . . . . . . .

Bearing inside diameter (all)
4 .61 . . . . . . . . . . . . . . . .
5 .41 . . . . . . . . . . . . . . . .

Journal-to-bearing (oil) clearance
Standard
Serv ice 1 imi t . . . . . . . . . . . . . . . . .

Torque specifications
Camshaft sprocket bolts (REP engines).. . . . . . . . .
Camshaft caps to cyl inder head... . . . . . . . . . .
Timing chain cover bolts

Bo l ts  1  th rough 5 . . . . . . . . . . . . . . . . . . . . .
Bo l ts  6  th rough 1  5 . . . . . . . . . . . . . . . . . . , .

Drive belt idler and tensioner bo|ts.. . . . . . . . . . . . . . .
Cylinder head bolts

Steo  1  . . . . . . . . . . . .
S tep  2  . . . . . . . . . . . .
S teo  3  . . . . . . . . . . . .

Crankshaft pulley-to-crankshaft bolt
Step 1
Steo 2  . . . . . . . . . . . .
S tep  3  . . . . . . . . . . . .
S tep  4  . . . . . . . . . . . .

Valve cover bolts . . . . . . . . . . . . . . .
Oil pan-to-engine block bolts

Step  1  . . . . . . . . . . . .
S tep  2  . . . . . . . . . . . .
S tep  3  . . . . . . . . . . . .

Exhaust manifold-to-cyl inder head nuts . . . . . . . . . . . . . . . .
Exhaust manifold{o-cyl inder head studs,.. . . . . . , . . . . ,
Intake manifold-to-cylinder head bolts

Step  1  . . . . . . . . . . . .
S teo  2  . . . . . . . . . . . .

Oi l  f i l ter adaoter bolts . . . . . . . . . . . . . . .
Oi l  cooler-to-f i l ter adapter nut,. . . , . . . . . . . . . . . . .
Oi l  pump-to-engine block mounting bolts . . . . . . . . . . . . . . . .
Oil pick-up tube{o-main bearing cap nut
Oi l  p ick -up  tube- to -o i l  pump bo l ts . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
FlywheeUdriveplate mounting bo|ts . . . . . . . . . . . . . . .
Timing chain 9uides... . . . . . . . . . .
Timing chain tensioners... . . . .
Engine mount-to-engine block bolts......
Engine mount through-bolts

General information

0.001 to 0.006 inch
0.00106 to 0.00748 inch

1.060 to 1.061 inches
1.061 to 1.062 inches

1.062 to 1.063 inches
1.063 to 1.064 inches

0.001 to 0.003 inch
0.005 inch maximum

FtJbs (unless othenryise indicated)
81 to 95
71 to 106 in-lbs

15 to 22
30 to 41
15 to 22

30
Tighten an additional 90-degrees
Tighten an additional 90-degrees

66
Loosen one full turn
34 to 39
Tighten an additional 90-degrees
71 to '106 inJbs

18 in{bs
1 5
Tighten an additional 60-degrees
17 to 2O
89 to 115 in-lbs

18 in-lbs
15 to 22
15 to 22
30 to 40
71 to 106 inlbs
15 lo 22
71 to 106 inlbs
54 to 64
71 to 107 inlbs
15 to 20
39 to 53
50 to 68

This Part of Chapter 2 is devoted to in-
vehicle repair procedures for the 4.6L and 5.4L
Single Overhead Cam (SOHC) engines. Both
engines are of the same "modulaf design,
the 5.4L engine has a longer stroke for more
displacement. Both engines have aluminum
heads, iron blocks, a single camshaft for each
cylinder head, and two valves per cylinder.
Al l  information concerning engine removal
and installation and engine block and cylinder
head overhaul can be found in Part C of this
Chapter.

There are two versions of the 4.6L V8,
depending on where i t  was produced; the
Romeo (Romeo, Michigan plant) and the

Windsor (Windsor, Ontario, Canada), with
minor differences in some of the components
and procedures. lt's important when working
on the 4.6L engine to know which version
you have. The REP (Romeo Engine Plant)
4.6L has 11 bolts on the left valve cover. while
the WEP (Windsor Engine Plant) 4.6L has 13
bolts on the left valve cover, and the 5.4L VB
has 14 bolts. The engines can also be identi-
fied from the VIN number of the vehicle. The
eighth place in the VIN is the engine identifi-
cation, with the number 6 designating the 4.6L
WEP, the letter W the 4.6L REP, and the letter
L for the 5.4L.

The fol lowing repair procedures are
based on the assumption that the engine is
installed in the vehicle. lf the engine has been

removed from the vehicle and mounted on a
stand, many of the steps outlined in this Part
of Chapter 2 will not apply.

The Specifications included in this Part of
Chapter 2 apply only to the procedures con-
tained in this Part. Part C of Chapter 2 con-
tains the Specifications necessary for cylinder
head and engine block rebuilding.

2 Repair operations possible with
the engine in the vehicle

Many major repair operations can be
accomplished without removing the engine
from the vehicle.
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Chapter 2 Part B V8 engines 2B-3

3.1 When placing the engine at Top
Dead Center (TDC), align the notch in the
crankshaft pulley (arrow) with the TDC

indicator on the timing chain cover

lf possible, clean the engine compart-
ment and the exterior of the engine with some
type of pressure washer before any work is
started. lt will make the job easier and help
keep dirt out of the internal areas of the
engine.

It may help to remove the hood to
improve access to the engine as repairs are
performed (refer to Chapter 11 if necessary).

lf 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, timing
cover gasket, oil pan gasket, crankshaft oil
seals and cylinder head gaskets are all acces-
sible with the engine in place.

Exterior engine components, such as
the intake and exhaust manifolds, the oil pan,
the water pump, the starter motor, the alterna-
tor and the fuel system components can be
removed for repair with the engine in place.

Since the cylinder heads can be removed
without pulling the engine, valve component
servicing can also be accomplished with the
engine in the vehicle. Replacement of the tim-
ing chain and sprockets and oil pump 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 also possible with the engine
in the vehicle. 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 3.1
Refer to Chapter 2, ParI A for the TDC

locating procedure, but use the illustration
provided with this Section for the appropriate
reference marks and the following exceptions:
a) Disable the ignition sysfem by discon-

necting the primary electrical connectors
at the ignition coil pacUmodules (see
Chapter 5).

b) Remove the spark plugs and install a
compression gauge in the number one
cylinder. Turn the crankshaft clock-
wise with a socket and breaker bar as
described in Chapter 2.

c) When the piston approaches TDC, com-
presslon will be noted on the compres-
sion gauge. Continue turning the crank-
shaft until the notch in the crankshaft
pulley is aligned with the TDC mark on
the front cover (see illustration). Af fhls
point number one cylinder is at TDC on
the compression stroke.

4 Valve covers - removal and
installation

Removal
Note: On 1998 and later V8 engines, the
valve cover bolts are connected to the valve
covers. Do not aftempt to remove them from
the covers, just loosen them until they are free
of the cylinder head.

4.6L engine

Right valve cover
Refer to illustration 4.3
1 Disconnect the cable from the negative
battery terminal.
2 Disconnect the PCV hose and pull the
wiring harness from the studs on the valve
cover.
3 Loosen the valve cover bolts (do not try
to remove them completely on a 1998 or later
model) and remove the cover (see illustra-
tion). lf i t 's stuck tap it with a hammer and
block of wood.

Left valve cover
Refer to illustration 4.6
4 Refer to Chaoter 4 and remove the air
cleaner assembly. Disconnect the cable from
the negative battery terminal.
5 Remove the three bolts retaining the
power steering fluid reservoir and bracket
(see Chapter 10). Set the reservoir aside.
6 Remove the nut and brake booster vac-
uum hose bracket (see illustration).
7 Refer to Chapter 6 and disconnect the
EGR pipe and the two feedback transducer
hoses.
8 Loosen the valve cover bolts (do not
try to remove thern completely on a 1998 or
later model) and remove the valve cover. lf it's
stuck tap it with a hammer and block of wood.

5.4L engine

Right valve cover
Refer to illustrations 4.12 and 4.16
9 Refer to Chapter 4 and remove the air
cleaner and the plastic shield over the throttle
cable. Disconnect the cable from the negative
battery terminal.
10 Remove the plastic shield over the bat-
tery cable junction box and disconnect the
two cables (see Chapter 12).
11 Refer to Chapter 12 and remove the two
mega-fuses.
12 At thejunction block bracket, disconnect
the two bulkhead connectors, the single-wire
connector and the 16-pin connector. then

4.3 Remove the bolts around the perimeter of the valve
cover (arrows)

4.6 Remove the nut (arrow) and set aside the bracket supporting
the power brake booster vacuum hose
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2B'4 Ghapter 2 PattB V8 engines

remove the bolts and set the junction block
bracket aside (see illustration).
13 Drain the cooling system (see Chapter 1)
and disconnect and set aside the two heater
hoses from the heater core and the ends near
the intake manifold (see Chapter 3).
14 From underneath. disconnect the elec-
trical connectors at the air conditioning com-
pressor (see Chapter 3) and the crankshaft
posiUon sensor (see Chapter 6).
15 Disconnect the electrical connectors on
the right-hand fuel injectors (see Chapter 4)
and the right hand ignition coil connectors
(see Chapter 5).
16 Pull the harness away from the valve
cover to allow enough room to get the cover
out (see illustration).
17 Loosen the valve cover bolts (do not
try to remove them completely on a 1998 or
later model) and remove the valve cover. lf it's
stuck tap it with a hammer and block of wood.

Left valve cover
18 Follow Steps 4 through 7 as above for
the left valve cover on the 4.6L engine.
19 Disconnect the electrical connectors on
the left bank fuel injectors (see Chapter 4)
and the left bank ignition coil connectors (see
Chapter 5).
20 Pull the harness away from the valve
cover to allow enough room to get the cover
out (see illustration 4.16).
21 Loosen the valve cover bolts (do not
try to remove them completely on a 1998 or
later model) and remove the valve cover. lf it's
stuck tap it with a hammer and block of wood.

lnstallation - all models
Refer to illustration 4.24
22 The mating surfaces of each cylinder
head and valve cover must be perfectly clean
when the valve covers are installed. Remove
all traces of sealant, and clean the mating
surfaces with lacquer thinner or acetone. lf
there's old sealant or oil on the mating sur-
faces when the valve cover is installed, oil
leaks may develop.
23 The valve cover gaskets should be
mated to the Valve covers with gasket adhe-

4,12 Loosen the bolts retaining the
bulkhead connectors and unbolt the

junctlon block bracket from the
firewall (arrows)

sive before the valve covers are installed.
Make sure the gasket is pushed all the way
into the groove in the valve cover.
24 At the mating joint (two spots per cylinder
head) between the timing chain cover and cyl-
inder head, apply a dab of RTV sealant before
installing the valve cover (see illustratlon).
25 Carefully position the valve cover on the
cylinder head and install the nuts and bolts.
Note: /nsfa// the covers within five minutes of
applying the RTV sealant.
26 Tighten the fasteners in two steps to
the torque listed in this Chapter's Specifica-
tions. Wait two minutes between the first and
the second round of tightening. On all except
4.6L REP models, tighten the bolts/nuts in
a sequence starting in the center and work-
ing alternately toward each end of lhe valve
cover. On 4.6L REP models, tighten the upper
row of bolts first, then the lower row, from rear
to front. Caution: Be careful with the plastic
valve covers, dont over tighten the bolts!
27 The remaining installation steps are the
reverse of removal.
28 Start the engine and check for oil leaks
as the engine warms up.

4.16 Detach the wirlng harness from the
valve cover studs (arrow)

5 Crankshaft pulley - removal and
Installatlon

Removal
Refer to illustrations 5.2 and 5.3
1 Refer to Chapter 3 and remove the cool-
ing fan and shroud. Remove the accessory
drivebelt (see Chapter 1).
2 Remove the flywheel inspection cover
(see Chapter 7) and with the help of an assis-
tant, wedge a large screwdriver into the startdr
ring gear teeth to prevent the crankshaft from
turning. Remove the large center bolt from
the crankshaft pulley with a breaker bar and
socket (see lllustratlon).
3 Using a suitable puller, detach the crank-
shaft pulley (see il lustratlon). Leave the
Woodruff key in place in the crankshaft key-
way. Caution: Don't use a puller with jaws
that grip the outer edge of the crankshafr pul-
ley. The puller must be the type shown in ihe
illustration that utilizes bolts to apply force to
the crankshafr pulley hub only.

4.24 Apply a dab of RTV sealant to the mating joints (arrows)
between the timing cover and the cylinder head before installing

. the valve cover

5.2 Have an assistant hold the crankshaft and use a breaker bar
and socket to remove the crankshaft pulley bolt (arrow)
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Ghapter 2 Part B V8 engines 2B-5

5.3 Remove the crankshaft pulley with a
puller that bolts to the crankshaft

pulley hub

6.11 Separate the timlng chain cover from the engine, using a
soft-faced hammer if necessary to break the gasket seal

5.4 Inspect the crankshaft pulley for signs
of damage or excessive wear

1 Oil seal surface
2 Woodruff keyway

battery terminal.
2 Drain the engine oil and remove the oil
filter (see Chapter 1).
3 Remove the drive belt and the water
pump pulley. Remove the crankshaft pulley
(see Section 5).
4 Refer to Section 4 and remove both
valve covers.
5 Drain the cooling system (see Chap-
ter 1). Refer to Chapter 3 and remove the
radiator and water pump.
6 Refer to Chapter 1 and drain the engine
oil. From below remove the four front oil pan
bolts (see Section 14).
7 Disconnect the electrical connectors to
the camshaft sensor and the crankshaft sen-
sor (see Chapter 6). On 4.6L engines, discon-
nect and remove both ignition coil packs (one
is attached to each side of the timing chain
cover, see Chapter 5). Unbolt the ignition coil
brackets.
8 Remove the bolts securing the power
steering pump to the engine (see Chap-
ter 'f 0). Note: Ihe front lower bolt on the
power steering pump will not come all the way
ouf, Position the pump aside and secure it out
of the way.
I  Unbol t  and remove the dr ivebel t
tensioner assembly from the right side of the
timing cover (see illustration).
10 Remove the timing chain cover-to-engine

6.9 Remove the bolts (arrows) and the
drivebelt tensioner assembly from the

right side

block bolts and the four oil pan-to-timing chain
cover bolts from underneath. Including the oil
pan bolts, there are 19 bolts to be removed
from the timing chain cover. Note the locations
of studs and different length bolts so they can
be reinstalled in their original locations.
11 Separate the timing chain cover from the
engine block (see illustration). lf it's stuck,
tap it gently with a soft-face hammer to break
the gasket bond. Caution: DO NOf use
excesslve force or you may crack the cover. lf
the cover is difficult to remove, make sure all
of the bofts have been removed.

lnstallation
Refer to illustrations 6.1 3, 6.14 and 6.16
12 Clean the mating surfaces of the timing
chain cover, engine block and cylinder heads
to remove all traces of old gasket material, oil
and dirt. Final cleaning should be with lacquer
thinner or acetone. Warning: Be careful when
cleaning any of the aluminum components.
Use of a metal scraper could cause scrafches
or gouges that could lead to an oil leak later.
13 Adhere the three new gaskets to the
backside of the timing chain cover (see illus-
tration).
14 Apply a 1/8-inch bead of RTV sealant
to the junctions of the oil panto-engine block
and the cylinder head-to-engine block (see

lnstallation
Refer to illustration 5.4,
4 Lubricate the oil seal contact surface of
the crankshaft pulley hub (see lllustration)
with moly-base grease or clean engine oil.
Apply a dab of RTV sealant to the front end
of the keynltray in the crankshaft pulley before
installation.
5 lnstall the crankshaft pulley on the end of
the crankshaft. The keyway in the crankshaft
pulley must be aligned with the Woodruff key
in the crankshaft. lf the crankshaft pulley can-
not be seated by hand, slip the large washer
over the bolt, install the bolt and tighten it to
pull the crankshaft pulley into place. Now
loosen the bolt one full turn, then tighten
the bolt to the torque listed in this Chapter's
Specificatiohs.
6 The remaining installation steps are the
reverse of removal.
7 Check the oil level. Run the engine and
check for oil leaks.

6 Timing chain cover - removal and
installation

Removal
Refer to illustrations 6.9 and 6.11
1 Disconnect the cable from the negative

6.1 3 lnstall three new gaskets (arrows) into the grooves in the
back of the timing chain cover
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2B-6 Ghapter 2 Part B V8 engines

6.16 Timing chain cover bolt  t ightening sequence6.14 Apply a small bead of RTV sealant to the mating junctions of
the oil pan-to-engine block and cylinder head-to-engine block

7.3 Both V8 engines have two long primary timing chains with
two main tensioners (arrows)

illustration). Apply a small dab of RTV where
the timing chain cover and engine block meet
at the valve cover surface.
15 Lubricate the t iming chains and the l ip of
the crankshaft front oil seal with clean engine
o i l .
16  Ins ta l l  the  t im ing  cha in  cover  on  the
engine, within f ive minutes of applying the
RTV sealant. Position the bottom/front edge
of the timing chain cover flush with the front
edge of the oi l  pan and "t i l t"  the top of the
cover into place against the engine. Do not
press the cover straight in against the engine
or the sealant may be scraped off the front
of the oi l  pan and cause a leak. Tighten the
timing chain cover-to-engine block bolts in
the recommended sequence (see i l lustra-
tion), to the torque and sequence listed in this
Chapter's Specif icat ions. Tighten the t iming
chain cover-to-oil pan bolts.
17 Install the remaining parts in the reverse
order of removal.
18 Add the proper type and quanti ty of
engine oi l  and coolant (see Chapter 1). Run
the engine and check for leaks.

7.4 The crankshaft sensor tooth wheel has a specific direction to
be installed, look for the word "rear" stamped in it (arrow)

7 Timing chains, tensioners and
sprockets - removal, inspection
and installation

Caution: At no time, once the timing chain(s)
have been removed, can the crankshaft or
the camshafts be rotated. lf moved, damage
to the valves and/or pistons can occur. Spe-
cial tools, available from your local dealer,
are necessary to prevent the camshafts from
moving when the timing chain is removed.
Read through the entire procedure and obtain
the necessary tools before proceeding.
Note: Because this is an "interterence" engine
design, if the chain has broken, there will be
damage to the valves and/or pistons and will
require removal of the cylinder heads.

Removal
Refer to illustrations 7.3 and 7.4
1 Disconnect the cable from the negative
battery terminal.
2 Posit ion the number one cyl inder on
TDC (see Section 3), and remove the spark
plugs (see Chapter 1).

3 Remove the valve covers (see Section
4) and the timing chain cover (see Section 6).
Two long timing chains connect the crankshaft
to the camshafts (see illustration).
4 Remove the crankshaft oosition sensor
toothed-wheel (see illustration) by sliding it
off the end of the crankshaft nose. Note the
stamped word "reaf' on the wheel to be sure
it's reinstalled in the correct direction.

5.4L and 4.6L Windsor-built engines
Refer to illustrations 7.5a and 7.5b
5 Instal l  the camshaft and crankshaft
retaining tools (see illustrations). Because
of different methods of retaining the camshaft
sprockets on the WEP and REP engines, dif-
ferent tools are required for each version.
6 The tools locks the camshafts in oosition
to prevent any movement of the camshafts
in either direction, due to valve spring pres-
sure, when the t iming chains are removed.
Gaution: The camshaft(s) MUST be retained
exactly at TDC. lf the valve timing is off when
the timing chain(s) are reinstalled, severe
engine damage could result.
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7.5a On
Windsor-built
engines, use

this crankshaft
positioning tool
- the side hole

(arrow) fits over
the dowel on

the right slde of
the engine

7.7a Both camshaft keyways on
the Romeo-built engine must be
perpendicular to the valve cover
mounting surface of the heads

4.6L Romeo-built engine
Refer to illustrations 7.7a and 7.7b
7 When positioning the engine at TDC for
number 1 piston, look at the keyways on the
camshaft sprockets. Use a square to insure
that each keyway is at 90-degrees to the

7,8a To remove the timing chain tensioner
from the engine block, remove the two
bolts from the tensioner (arrows) . . .

7.7b The camshaft posltloning tool for the
Romeo engine and adapters installs over

the rear of the camshaft at TDC

valve-cover-mounting surface of the cylinder
head (see illustration). Then install the cam-
shaft position tool on the rear of the camshafts
(see illustration).

Allmodels
Refer to illustrations 7.8a. 7.8b and 7.10
8 Remove the  r igh t  s ide  t im ing  cha in
tensioner (see illustrations).
9 Remove the right timing chain from the
crankshaft and camshaft sprockets, by slip-
ping the chain off the camshaft sprocket and

7.8b . . . and detach the guide assembly
from the dowel at the opposite end

7.5b Each Wlndsor camshaft should be
locked in TDC position with the camshaft

holding tool, which bolts onto the
camshaft between the second and third
(from the front) camshaft retaining caps
- the "legs" fit against the valve cover
mounting surface on the cylinder head

pulling the crankshaft sprocket off with the
chain.
10 Remove the stationary guide (see illus-
tration). Note: Ihe appearance of the chain
guldes is different between the WEP and REP
engines, but the procedure and fasteners are
the same.
11 Remove the  le f t  s ide  t im ing  cha in
tensioner. Lift the chain off the camshaft
sprocket and remove the chain along with the
crankshaft sprocket.
12 Remove the left side stationary guide.
13 l f  the camshaft sorockets are to be
replaced, remove the camshaft sprocket bolt
and large washer from the camshafts (REP
engines), then pull the camshaft sprockets
off. On WEP engines, use a two-bolt puller
to remove the camshaft sprockets. Note:
Note the location and direction of any spac-
ers on the crankshaft or camshafts, but do not
remove fhe spacers unless necessary.

Inspection
Refer to illustrations 7.15a and 7.15b
14 Inspect the individual sprocket teeth and
keyways for wear and damage. Check the
chain for cracked plates, pifted or worn rollers.
Check the wear surface of the chain guides

7.10 The stationary chain guide is
removed by removing the bolts (arrows)

at the mount plate

@
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28'-8 Ghapter 2 Part B V8 engines

7.15a To fully retract the prlmary
tensloner, release the plunger lock (arrow)

and push the plunger Into the
tensloner body

for wear and damage. Replace any exces-
sively worn or defective parts with new ones.
Cautfon: lf excessive plastic mateial is miss-
ing from the chain guides, the oil pan should
be removed and cleaned of all debris (see
Secflon 14). Check the oil pick-up tube and
scrcen. Replace the assembly if it is clogged.
15 Check the primarytensioners for proper
operation:
a) Release the plunger /ock (see illustra-

tfon) and make sure the piston moves
freely.

b) Submerge the tensioner in a can of oil
or solvent, remove from the fluid and
depress the plunger to make surc the oil
feed oil is not plugged (see lllustration).

. Note: A/so inspect the oil feed hole in
the engine block to be certain it's not
plugged.

lnstallation
Refer to illustration 7.17
16 Install the stationary chain guides, for
both sides, and tighten the bolts to the torque

7.15b Gheck the tengloner oil tued hole
(anow) to be sure lt's not plugged

by debrts

listed in this Chapter's Specifications.
17 lf removed, install the left crankshaft
sprocket on the crankshaft with the shoulder
of the sprocket facing fonivard. When the two
sprockets are placed conectly the hubs will be
facing each other and there will be the maxi-
mum space possible between the two sprock-
ets (sse illustratlon). For now, only install the
inner (left chain) crankshaft sprocket, with its
bevel forward.
18 The two timing chains should each have
two bright or colored links. The links separate
the chain in two equal halves. lf no colored
links are present, lay the chain down, make
a paint mark on a link, then count links and
make another paint mark halfway around the
chain. Refer to Step 10 and reinstall both sta-
tionary chain guides. Note: The longer bolts
are the ones that hold the guide to the cylinder
head, the shorter ones go to the engine block.

5.4L and 4.6L Windsor.built engines
Refar to illustntions 7.21a and 7.21b
19 Loosen the camshaft holding tools just
enough to permit minor movement of the

7.17 When both are installed, the two
crankshaft sprockets should allgn llke
thls; here the left sprockei is installed
wlth lts shoulder fonvard, and the right

sprocket (in hand) ls ready to install wlth
Its shoulder (arrow) toward the

other sprocket

camshafts for alignment. Using a camshaft
positioning tool, available at most auto parts
stores, or a two-pin spanner that catches two
of the camshaft sprocket holes, turn the left
camshaft until the timing mark on the sprocket
is at 12 o'clock (viewed from the front of the
engine). Tum the right sprocket until its mark
is at 11 o'clock, then retighten both camshaft
holding tools.
20 Install the inner crankshaft sprocket with
the shoulder facing out, if not already done
(see if f ustration 7.171.
21 Install the left timing chain, aligning the
bright link with the dimple on the camshaft
sprocket (see illustratlon). Loop the timing
chain under the crankshaft sprocket and align
the bright link with the alignment mark on the
crankshaft sprocket. The timing marks on the
crankshaft sprocket should be in the 6 o'clock
position (see illustratlon). Note: The slack
side of the chain (towards the water pump)
must be below the dowel pin on the block.
22 Install the right side chain and crank-

7.21a When installing the timing chain, align one of the brlght
links in the timing chain with the dimple on the camshafi sprocket

(arrows) . sprocket should also align with the keyway in
the camshaft

7.21b Allgn the brlght llnk at the lower end of the chain with tho
tlmlng mark on the crankshaft sprocket (it should be at 6 o'clock)

then bolt the prlmary camshaft sprocket to the camshaft -both
chains are aligned here
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7.26 Lock the primary timing chain
tensioner in the fully retracted position

by placing a paper clip into the hole in the
tensioner body (arrow)

shaft sprocket (with its shoulder facing in)
as above, but its slack side (the bottom run
of the chain) should be above the dowel on
the block. Note: /fnecessary to achieve exact
alignment of the chains and sprockets, move
the camshaft sprockets slightly by loosening
tha holding tools.

4.6L Romeo-built engine
23 Install the camshaft sprocket spacers
(if removed before) and bolt on the camshaft
sprockets, tightening the bolts to the torque
listed in this Chapter's Specifications. Make
sure the sprocket keyways are aligned with
the camshaft keys before forcing the sprock-
ets on or installing the bolt.
24 Install the left timing chain, aligning its
colored link to the mark on the crankshaft
sprocket and to the mark on the camshaft
sprocket.
25 Install the right t iming chain and its
crankshaft sprocket. When both chains are
installed and all colored links and marks are
aligned, the keyways of the camshaft sprock-
ets should be at a 9O-degree angle to the
valve cover mounting surface of the cylinder
heads (see illustration 7.17). Remember, the
shoulders on the crankshaft sprockets must
face each other.

Al lmodels
Refer to illustration 7.26
26 The steps for installing the timing chain
tensioners/guides are the same for both sides,
either side can be done first. Before assem-
bling the tensioner with the chain guide, com-
press the tensioner and lock it in this position
with a straightened paper clip, Allen wrench or
drill bit (see illustration).
27 Remove the slack from the chain by
hand, and install the moveable guide assem-
bly to the engine block and install the tensioner
in the retracted position. Tighten the bolts to
the torque listed in this Chapter's Specifica-
tions. Repeat for the other chain.
28 Remove the paper clip and apply pres-
sure against the tensioner chain guide so the
tensioner fully extends against the chain guide

8.3a The special valve spring sompressor
hooks underthe camshaft at (A), pushes
on the valve spring retainer at (B), and is
operated by a 112-lnch drive breaker bar

placed at (C)

and all slack is removed from the chain.
29 Recheck all the timing marks to make
sure they are still in alignment (see illustra-
tlon 7.21b).
30 Remove the camshaft positioning tools
and retaining tools.
31 Slowly rotate the crankshaft in the nor-
mal direction of rotation (clockwise) at least
two revolutions and again bring the engine to
TDC. lf you feel any resistance, stop and find
out why. Check all alignment marks to verify
that everything is properly assembled.
32 The remainder of installation is the
reverse of removal.

8 Rocker arms and valve lash
adjusters - removal, inspection
and installation

There are two methods of removing
the rocker arms and lash adjusters on these
engines. The method recommended by the
manufacturer accomplishes the removal of the
camshaft roller followers without the removal
of the camshaft(s) by using two special tools
specified by the manufacturer: a valve spring
spacer and a valve spring compressol which
are made specifically for the overhead cam V8
engine and are available at auto parts stores
that carry special tools. The valve spring com-
pressor uses the camshaft as a pivot point and,
with a ratchet or bar attached, pushes down
on the spring to release tension on the cam
follower. The spring spacer keeps the spring
from collapsing too far and hitting the valve
stem seal. The alternative method requires
the removal of the camshaft (see Section 9)
in order to remove the cam followers. Either
method will achieve the same results. but it is
much easier using the special tools, if they can
be located.

Removal
Refer to illustrations 8.3a, 8.3b and 8.4
1 Remove the valve cover(s) (see Sec-
tion 4).

8.3b Compress the valve sprlng untll you
can slip the rocker arm out - keep the

rocker arms and lash adjusters matched
to their original location

8.4 Pull the lash adjuster straight up and
out of the cylinder head

2 Because of the interference design of
these modular engines, the pistons must be
positioned off TDC before compressing the
valve springs to remove the rockers arms or
lash adjusters. For whatever cylinder you are
removing the rockers arms from, remove the
spark plug and insert a plastic pen (hold onto
it) to see how far the piston is from the top
of its kavel. lf necessary turn the crankshaft
until the pen indicates the pistons is down at
least an inch or two from TDC.
3 Install valve spring compressor and com-
press the spring enough to remove the rocker
arm (see illustratlons). Camshaft rocker
arms and hydraulic lash adjusters MUST be
reinstalled with the same camshaft lobe that
they were removed from. Label and store
all components to avoid confusion during
reassembly. Gaution: A valve spring spacer
should be inserted into the coils of the spring
before compressing 11. lf the spacer isn't in
place between one of the valve spring coils,
the spring can be compressed foo far and the
valve seal may be damaged.
4 Remove the hydraulic lash adjuster
(see illustration). lf there are many miles on
the vehicle, the adjusters may have become
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8.7 Gheck the roller
surface (arrow) of the
rocker arms and the

areas where the valve
st6m and lash adjuster

contact the rocker
(arrows at right)

8.5 Inspect the lash adjuster for signs
of excessive wear or damage, such as
pitting, scoring or signs of overheating
(bluing or discoloration), where the tip

contacE the camshaft follower (1) and the
side surfaces that contact the lifter bore in

the cylinder head (2)

varnished and dif f icult  to remove. Apply a
little penetrating oil around the lash adjuster
to help loosen the varnish. Note: Keep fhe
rocker arm and lash adjuster for each valve
together in a marked plastic sandwich bag.

lnspection
Refer to illustrations 8.5 and 8.7
5 Inspect each adjuster carefully for signs
of wear or damage. The areas of possible wear
are the ball tip that contacts the cam follower
and the sides of the adjuster that contact the
bore in the cylinder head (see illustration).
Since the lash adjusters frequently become
clogged as mileage increases, we recommend
replacing them if you're concemed about their
condition or if the engine is exhibiting valve
"tapping" noises.
6 A thin wire or paper clip can be placed
in the oil hole to move the plunger and make
sure it's not stuck. Note: Ihe |ash adjuster
must have no more than 1/16-inch of total
plunger travel. lt's recommended that if
replacement of any of the adjusters is neces-
sary that the entire set be replaced. This will

avoid the need to repeat the repair proce-
dure as the others require replacement in the
future.
7 Inspect ihe rocker arms for signs of wear
or damage. The areas of wear are the bal l
socket that contacts the lash adjuster and the
roller where the follower contacts the cam-
shaft (see illustration).

lnstallation
8 Before installing the lash adjusters, bleed
as much air as possible out of them. Stand
the adjusters upright in a container of oil. Use
a thin wire or paper cl ip to work the plunger
up and down. This "primes" the adjuster and
removes most of the air, Leave the adjusters
in the oil until ready to install.
9 Lubricate the valve stem tip, rocker arm,
and lash adjuster bore with clean engine oil.
10 Instal l  the lash adjusters and, with the
valve spring depressed as in Step 3, instal l
each rocker arm.
11 The remainder  o f  ins ta l la t ion  is  the
reverse of the removal procedure.
12 When re-starting the engine after replac-
ing the adjusters, the adjusters will normally
make some "tapping" noises, until all the air is
bled from the lash adjusters. After the engine
is warmed-up, raise the speed from idle to
3,000 rpm for one minute. Stop the engine
and let it cool down. All of the noise should be
gone when it is restarted.

9 Camshaft(s) - removal,
inspection and installation

9.3 Camshaft end play can be checked by setting up a dial
indicator off the front of the camshaft and prying the camshaft

gently forward and back

Removal
Refer to illustrations 9.3 and 9.4
1 Remove the valve covers (see Sec-
tion 4), and the timing chain cover (see Sec-
tion 6).
2 Remove the t iming chains, camshaft
sprockets and spacers (see Section 7). Gau-
lion: Don't mix up the sprockets, they are
marked, as RB (ight bank) and LB (left bank),
and must go back on the appropriate cam-
shafi.
3 Measure the thrust clearance (endplay)
of the camshaft(s) with a dial indicator (see
illustration). lf the clearance is greater than
the value l isted in this Chapter's Specif ica-
tions, replace the camshaft and/or the cylin-
der head.
4 There are two designs for holding the
camshaft journals. On Windsor-built engines,
there are individual camshaft caos at each
journal, while Romeo-built engines have two
"camshaft cap clusters" for each camshaft.
The configuration of the two cap clusters are
different and must be placed in their original
locations. Mark the camshaft cao clusters
with a front and rear indication, for both the
left and right cylinder heads. Note: Two bolts
used on one of the camshaft cap clusters are

9.4 REP engines have two "camshaft cap clusters" (rather than
individual bearing caps like the WEP engines), that hold the

camshaft in place on the cylinder head. Note the position of the
two different bolts (arrows)
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9.9b Inspect the bearing surfaces of the camshaft bearing caps
(arrows) for signs of excessive wear, damage or overheating

9,10c . . . and subtract the camshaft lobe
diameter at its smallest dimension to

obtain the lobe lift specification

9.10a Measuring the camshaft bearing
journal diameter

different than the ofhers (see illustration), be
sure they go back in the same locations on
reassembly.
5 Refer to Section 6 for removal of the
front cover and Section 7 for removal of the
timing chains. Nole: While the timing chains
are off, the crankshaft must not be turned or
valve-to-piston inbrterence could result.
6 lt's IMPORTANT to loosen the bearing
cap bolts only 1/4-turn at a time, following the
reverse of the tightening sequence (see illus-
trations 9.16a and 9.16b), until they can be
removed by hand.
7 Remove the caps and lift the camshaft
off the cylinder head. You may have to tap
lightly under the camshaft caps to jar them
loose. Don't mix up the camshafts or any of
the components. They must all go back on
the same positions, and on the same cylinder
head they were removed from.
8 Repeat this procedure for removal of the
remaining camshaft.

lnspection
Refer to illustrations 9.9a, 9.9b, 9.10a, 9.10b,
9.10c, 9.11 a, 9.11b and 9.13
9 Visual ly examine the cam lobes and
bearing journals for score marks, pitting, gall-
ing and evidence of overheating (blue, discol-
ored areas). Look for flaking of the hardened

9.10b Measure the camshaft lobe at its
grea tes td imens ion . . .

9.11a Lay a strip of Plastigage on each of
the camshaft journals

surface of each lobe (see illustrations).
10 Using a micrometer, measure the diam-
eter of each camshaft journal and the lift of
each camshaft lobe (see illustrations). Com-
pare the measurements for excessive varia-
tion (only compare the intake lobe measure-
ments against each other, and the exhaust
lobe measurements against each other). lf the
measurements for either the intake lobes or
the exhaust lobes vary more than 0.004 inch,
reolace the camshaft.

9.9a Areas to look for excessive wear or damage on the
camshafts are the bearing surfaces and the camshaft

lobes (arrows)

9.11b Compare the width of the crushed
Plastigage to the scale on the envelope to

determine the oil clearance

1'l Check the oil clearance for each cam-
shaft journal as follows:

Clean the bearing surtaces and the cam-
shaft journals with lacquer thinner or
acetone.
Carefully lay the camshaft(s) in place in
the cylinder head. Don't install the rocker
arms or lash adjusters and don't use any
Iubrication.
Lay a strip of Plastigage on each joumal
(see illustration).

a)

b)

c)
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9.16a The
camshaft cap
cluster bolt
tightening

sequence, REP
engines - notice
that each cap
is tightened

separately and
has its own
sequence

9.13 Oil is delivered to the timing chain
tensioner by a feed tube and reservoir in

the cylinder head

1 Tensioner oil feed tube
2 Reseruoir

HHHLH
9.16b Gamshaft cap tightening sequence - WEP engines 10.4 This is the air hose adapter that threads into the spark plug

hole - they're commonly available from auto parts stores

d) lnstall the camshaft beaing caps.
e) Tighten the cap bolts, a liftle at a time, to

the torque listed in this Chapter's Speci-
fications. Note: Dont turn the camshaft
while the Plastigage is in place.

f) Remove the bolts and detach the caps.
g) Compare the width'of the crushed Plasti-

gage (at its widest point) to the scale on
the Plastigage envelope (see illustra-
tion).

h) lf the clearance is greater than specified,
and the diameter of any journal is less
than specified, replace the camshaft. lf
the joumal diameters are within specifi-
cations but the oil clearance is too great,
the' cylinder head is wom and must be
replaced.

12 Scrape off the Plastigage with your fin-
gernail or the edge of a credit card - don't
scratch or nick the journals or bearing sur-
faces.
13 Finally, be sure to check the timing chain
tensioner oil feed tube and reservoir before
install ing the cam caps (see il lustration).
it must be absolutely clean and free of all
obstructions or it will affect the ooeration of
the timing chain tensioner.

Installation
Refer to illustrations 9.16a and 9.1 6b
14 lf the lash adjusters and/or camshaft fol-

lowers have been removed, install them in
their original locations (see Section 8).
'15 Apply moly-base grease or camshaft
installation lube to the camshaft lobes and
bearing journals, then install the camshaft(s).
16 Install the camshaft caps in the correct
locations, and loosely install all the bolts. Refer
to Section 7 to align the camshaft sprockets
before tightening the cap bolts. Following the
correct bolt-tightening sequence (see illustra-
tions), tighten the bolts in 1/4-turn increments
to the torque listed in this Chapter's Specifica-
tions.
17 Reinstall the camshaft positioning and
retaining tools (see Sec-tion 7) to set the cam-
shafts at TDC before reinstalling the timing
chain(s).
18 Install the timing chain(s), tensioners and
timing chain cover (see Section 7).
19 The remainder of installation is the
reverse of the removal procedure.

10 Valve springs, retainers and
seals - removal and installation

Broken valve springs and/or defec-
tive valve stem seals can be replaced with-
out removing the cylinder heads. There is a
method described in Section 8, using a tool
recommended by the manufacturer, which

accomplishes the removal of the valve
springs and seals without the removal of the
camshafts. The alternative method uses a
more commonly available tool, but will require
the removal of the camshafi (see Section 9)
in order to remove the yalve spring. Either
method will achieve the same results, but it is
much easier using the manufacturer's recom-
mended procedure, if the correct tools can be
located.

In either repair procedure, a compressed
air source is normally required to perform this
operation, s6 read through this Section care-
fully and rent or buy the tools before begin-
ning the job.

Removal
Refer to i I I ustration 1 0. 4
1 Remove the valve cover (see Section 4).
2 Remove the spark piug from the cylin-
der with the defective component. lf all of the
valve stem seals are being replaced, remove
all the spark plugs.
3 Turn the crankshaft until the piston in the
affected cylinder is at Top Dead Center (TDC)
on the compression stroke (see Section 3). lf
you're replacing all of the valve stem seals,
begin with cylinder number one and work on
the valves for one cylinder at a time. Move
from cylinder-to-cylinder followi ng the firing
order sequence (see this Chapter's Specifica-
tions).
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10.12 lnstallation of a valve spring
compressor more commonly avallable at
local automotlve parts stores (not6 the

camshaft must be removed for the use of
thls type of valve sprlng compressor)

4 Thread an air hose adapterintothe spark
plug hole (see lllustratlon) and connect an
air hose from a compressed air source to it.
Most auto parts stores can supply the air hose
adapter. Nole: Many cylinder compression
gauges utilize a screw-in fitting that may work
with your air hose quick-disconnect fifting.
5 Apply compressed air to the cylinder.
Wamlng: The piston may be forced down by
compressed ain causing the crankshaft to tum
suddenly, lf the wrench used when positioning
the number one piston at TDC is still attached
to the bolt in the crankshaft nose, it could
cause damage or iniury when the crankshaft
mwes.
6 The valves should be held in place by
the air pressure.
7 Stuff shop rags into the cylinder head
holes above and below the valves to prevent
parts and tools from falling intothe engine.

Method using speclal tools
8 Install a valve spacer, available at most
auto parts stores (see illustration 8.4a).
Cautlon: lf the spacer isnT in place between
one of the valve coils, the spring can be com-
pressed too far; possibly damaging the valve
sea/.
9 Compress the spring and remove the
rocker arm (see Section 8). Rocker arms and
hydraulic lash adjusters MUST be reinstalled
with the same camshaft lobe that they were
removed from. Label and store all compo-
nents to avoid confusion during reassembly.
10 Keeping the spring compressed, remove
the keepers with small needle-nose pliers or a
magnet (see lllustration 10.13). Remove the
spring retainer and valve spring. Remove the
valve stem seal (see illustration 10.15). lf air
pressure fails to hold the valve in the closed
position during this operation, the valve face
and/or seat is probably damaged. lf so, the
cylinder head will have to be removed for
additional repair operations.

10.13 Once the sprlng ls compressed
remove the keepers with a needle-nose

pllers or a magnet, as ghown here

10.20a The valve stem seals combine a
seal with the valve sprlng seat

Alternative procedure
Referto illustrations 10.12, 10.13 and 10.15
11 Remove the camshaft(s) (see Sec-
tion 9).
12 Install the commonly available clamp-
type valve spring compressor (see illustra-
tlon).
13 Compress the spring and remove the
keepers with small needle-nose pliers or a
magnet (see illustration).
14 Remove the spring retainer and valve
spring.
15 Remove the stem seal (see illustra-
tion). lf air pressure fails to hold the valve in
the closed position during this operation, the
valve face and/or seat is probably damaged. lf
so, the cylinder head will have to be removed
for additional repair operations.

lnstallation
Referto illustrations 10.20a, 10.20b and
10.22
16 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.
17 Inspect the valve stem for damage.
Rotate the valve in the guide and check the
end for eccentric movement, which would

10.15 Uge pliers, of any type, to flrmly
graap the old seal and pull it off the

valve guide

10.20b There is epeclal valw seal
Installation tool available, but a deep

socket that flts over the seal can be used
to gently tap the seal Into place

indicate that the valve is bent.
18 Move the valve up-and-down in the
guide and make sure it doesn't bind. lf the
valve stem binds. either the valve is bent or
the guide is damaged. In either case, the cyl-
inder head will have to be removed for repair.
19 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.
20 Lubricate the valvo stem with engine
oil and install a new seal (eee lllustratlon).
There is a special tool for the installation of
the valve seal. lf the tool isn't available, a
socket that will fit over the seal and is deep
enough to make contact with the seat (see
illustration), can be used to carefully tap the
new seal into place. Cautlon: The valve seal
used on the V8 engines is a combination seal
and spring seat. Never place a valve spring
directly against the aluminum cylinder head
(without a seal/sping seat) - the hardened
sping would damage the cylinder head.
21 Make sure the garter spring on the seal
is still in place, and install the spring in posi-
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11.24 Check
the condition of
the water pump

hose (arrow)
and replace it if
necessary - REP
engine shown

10.22 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

tion over the valve.
22 lnstall the valve spring retainer. Com-
press the valve spring and carefully position
the keepers in the groove. Apply a small dab
of grease to the inside of each keeper to hold
it in place if necessary (see illustratlon).
23 Remove the pressure from the spring
tool and make sure the keepers are seated.
24 Disconnect the air hose and remove the
adapter from the spark plug hole.
25 lf the camshaft(s) were removed, rein-
stall them at this time (see Section 9),
26 Install the spark plug(s) and connect the
wire(s).
27 The remaining installation steps are the
reverse of removal.
28 Start and run the engine, then check for
oil leaks and unusual sounds coming from the
valve cover area.

11 Intake manifold - removal and
installation

Removal
1 Disconnect the cable from the negative
battery terminal. Relieve the fuel system pres-
sure (see Chapter 4).
2 Drain the cooling system and remove the
drivebelt (see Chapter 1).
3 Disconnect the radiator hose from the
thermostat housing and remove the thermo-
stat housing (see Chapter 3). The thermostat
housing bolts also retain the intake manifold.
4 Remove the air cleaner and outlet tube
(see Chapter 4).
5 Label and disconnect al l  vacuum l ines
connected to the intake manifold.
6 Remove the PCV and canister purge
hoses from the valve covers (see Section 4).
7 Refer to Chapter 4 for the following pro-
cedures: disconnect the accelerator cable,
speed control linkage (if so equipped), electri-
cal connectors at the throttle body, fuel injec-
tors, fuel rails, and disconnect and plug the
fuel supply and return lines.
8 Refer to Chapter 5 and disconnect the

ignition wire brackets, boots and wires and
set them out of the way. Note: Pull the spark
plug wire separators from their mounts on the
valve cover studs and lay the wires out of the
way.
9 Refer to Chapter 6 for the following pro-
cedures: disconnect the idle air control valve.
differential pressure feedback transducer and
hoses, engine vacuum regulator sensor and
EGR valve-to-exhaust-manifold pipe.
'10 Disconnect the alternator electrical con-
nectors and remove the alternator (see Chap-
ter 5).
11 Remove the bolts retaining the alterna-
tor bracket to the intake manifold (see Chap-
ter 5).
12 Disconnect the ignition coils (see Chap-
ter 5).
13 Disconnect the electrical connectors
from the camshaft sensor, coolant tempera-
ture sending unit, air charge temperature sen-
sor, throttle positioner and idle speed control
solenoid (see Chapter 6).
14 Disconnect the heater hose at the mani-
fold, then unbolt the heater hose tube from
the back of the engine.
15 Pull the engine wiring harness off the
valve cover and intake studs and away from
the intake manifold.
16 Unbolt the power steering reservoir
bracket and set the pump aside (see Chap-
ter 10).
17 Unbolt the bracket supporting the power
brake booster hose at the left-rear of the
engine (see illustration 4.6).
18 Loosen the intake manifold bolts and
nuts in 1/4-turn increments, following the
reverse order of the tightening sequence (see
illustration 11.27), until they can be removed
by hand.
19 Lift the intake manifold from the cylinder
heads and disconnect the intake manifold tun-
ing valve (see Chapter 4) from the lower ple-
num. The manifold may be stuck to the cylin-
der heads and force may be required to break
the gasket seal. A prybar can be used to pry
up the manifold, but make sure all bolts and
nuts have been removed first! Caulion: Don'f
pry between the engine block and manifold or

the cylinder heads, or damage to the gasket
sealing surface may occur, leading to vacuum
and oil leaks. Pry only at the manifold protru-
sion.
20 Remove the intake manifold gaskets and
clean all traces of gasket or sealant mate-
rial from the sealing surfaces of the cylinder
heads and intake manifold.

Installation
Refer to illustrations 11.24, 11.25 and 11 .27
Caution: The mating surfaces of the cylinder
heads, engine block and intake manifold must
be peffectly clean. Gasket removal solvents in
aerosol cans are available at most auto parts
stores and may be helpful when removing old
gasket material that's stuck to the cylinder
heads and intake manifold. Srnce fhe cylinder
heads are aluminum and the intake manifold
is aluminum or plastic, aggressive scraping
can cause damage! Be sure to follow direc-
tions printed on the containe4 and use only a
plastic-tipped scraper, not a metal one.
21 lf the intake manifold was disassembled
frdm the lower plenum, reassemble it or if you
are replacing it, transfer all components to the
new intake manifold, including the IMRC com-
ponents. Use electrically conductive sealant
on the temperature sending unit threads. Use
a new EGR valve gasket.
22 Remove the old gaskets, then clean the
mating surfaces with lacquer thinner or ace-
tone. lf there's old sealant or oil on the mating
surfaces when the intake manifold is installed,
oil or vacuum leaks may develop.
23 When working on the cylinder heads
and engine block, cover the open engine
areas with shop rags to keep debris out of the
engine. Use a vacuum cleanerto remove any
gasket material that falls into the intake ports
in the cylinder heads.
24 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
g/asses or a face shield to protect your eyes
when using compressed arl Remove exces-
sive carbon deposits and corrosion from the
exhaust and coolant passages in the cylinder
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11.25 Install the new intake manifold
gaskets to the cylinder head, aligning the
plastic pins (arrow) to their holes in the

cylinder head

heads and intake manifold. Note: lf the vehi-
cle has many miles on it, replace the water
pump hose (normally hidden by the intake
manifold) before replacing the manifold (see
illustration). On REP engines, fhe hose is
retained by a clamp, and a metal tube and nut
are used on WEP engines. On WEP engines,
replace the O-ring at the tube nut.
25 Install the gaskets on the cylinder heads
(see i l lustrat ion). Make sure al l  al ignment
tabs, intake port openings, coolant passage
holes and bolt holes are aligned correctly.
The gasket that goes on the cylinder head
will have projecting plastic pins to align it with
holes in the cylinder head.
26 Carefully set the intake manifold in place.
Don't disturb the gaskets and don't move the
manifold fore-and-aft after it contacts the gas-
kets on the engine block.
27 Instal l  the intake manifold bolts and,
fol lowing the recommended t ightening se-
quence (see illustration), tighten them to the
torque listed in this Chapter's Specifications.
Replace the O-ring seal on the thermostat
housing. Instal l  the thermostat housing and
tighten the bolts to the torque listed in Chap-
ter 3 Soecifications.
28 The remaining instal lat ion steps are
the reverse of removal. Start the engine and
check carefully for oil and coolant leaks.

12 Exhaust manifolds - removal and
installation

Removal
Referto illustrations 12.5. 12.6a and 12.6b
'| Disconnect the cable from the negative
battery terminal.
2 Remove the nut and move the power
brake booster vacuum hose support bracket
(see illustration 4.6).
3 Raise the vehicle and support it securely
on jackstands. Warning: Some models cov-
ered by this manual are equipped with an
air suspension system. Always disconnect

'11.27 lntake manifold bolt
tightening sequence

12.6a Disconnect the EGR tube (arrow)
from the left exhaust manifold

the electrical power to lhe suspension sys-
tem before lifting or lowng (see Chapter 10).
Failure to pertorm this procedure may result
in unexpected shifting or movement of the
vehicle, which could cause personal injury.
Remove the inner splash shield from the fend-
erwell.
4 Working under the vehicle, apply pen-
etrating oil to the exhaust pipe-to-manifold
studs and nuts (they're usually corroded or
rusty). Also apply some to the EGR pipe fitting
on the left exhaust manifold
5 Remove the nuts retaining the exhaust
pipes to the manifolds. On the left  side,
remove the nut and bracket securing the oil
dipstick tube (see illustration).
6 Remove the EGR pipe fifting from the left
exhaust manifold. Remove the eight mounting
nuts from each manifold (see illustrations).
Note: Ihe exhaust manifold nuts are diffi-
culf fo access. You'll need a flex-socket and
variousJength 3/8-inch drive or 1/4-inch drive
exfensions to reach all the bolts.

lnstallation
7 Check the exhaust manifolds for cracks.
Make sure the bolt threads are clean and

12.6b Remove the exhaust manifold nuts
(three are shown here on the left manifold)

undamaged. The exhaust manifold and cyl-
inder head mating surfaces must be clean
before the exhaust manifolds are reinstalled
- use a gasket scraper to remove all carbon
deoosits.
8 Position a new gasket in place and slip
the exhaust manifold over the studs on the
cylinder head. Install the mounting nuts.
9 When tightening the mounting nuts, work
from the rear to the front, alternating between
top and bottom rows. Tighten the bolts in
three equal steps to the torque listed in this
Chapter's Specifi cations.
10 The remaining instal lat ion steps are
the reverse of removal. When reconnect-
ing the EGR tube to the left manifold, use a
slight amount of anti-seize compound on the
threads.
11 Start the engine and check for exhaust
leaks.

13 Gylinder heads - removal and
installation

Caution: The engine must be completely cool
when the cylinder heads are removed. Failure
to allow the engine to cool off could result in
cylinder head warpage.

12.5 Remove the nut (arrow) securing the
oil dipstick tube

PALMTREESALES1967 - NO RESALE



2B-16 Chapter 2 PartB V8 engines

1 3.15 ldentify the left and right cylinder head gaskets, the shapes
are different and cannot be interchanged

Note 1: Cylinder head removal is a difficult
and time-consuming job requiring several
special tools, read through the procedure and
obtain the necessa4y fools before beginning.
Note 2: On 2003 and later models, the man-
ufacturer recommends that the engine be
removed from the vehicle to perform this pro-
cedure.

Removal
1 Disconnect the negative battery cable
and drain the cooling system (see Chapter 'l).

2 Remove the valve covers (see Sec-
tion 4) and the intake manifold (see Sec-
tion 11).
3 Remove the exhaust manifolds (see
Section 12).
4 Remove the timing chain cover (see
Section 6).
5 The cylinder heads can be removed with
the camshafts, rocker arms and lash adjusters
in place. Remove the timing chains, tension-
ers and guides (see Section 7). Caution: Use
the required camshaft retaining fixtures to lock
the camshafts and leave the tools in place.
6 lf the cylinder head is to be completely
overhauled, refer to Section 8 and remove the
rocker arms, and Section 9 for removal of the
camshafts.
7 Following the reverse of the tightening
sequence (see il lustration 13,18a), use a
breaker bar to remove the cylinder head bolts.
Loosen the bolts in sequence 114-turn at a
time.
8 Use a pry bar at the corners of the cyl-
inder headto-engine block mating surface to

13.16 Position the gaskets on the correct cylinder banks, then
push them down over the alignment dowels (arrows)

break the cylinder head gasket seal. Do not
pry between the cylinder head and engine
block in the gasket sealing area.
I Lift the cylinder head(s) off the engine. lf
resistance is felt, place a wood block against
the end and strike the wood block with a ham-
mer. Caution: The cylinder heads are alumi-
num, store them on wood blocks to prevent
damage to the gasket sealing surtaces.
10 Remove the cylinder head gasket(s).
Before removing, note which gasket goes on
which side (they are different and cannot be
interchanged).
11 Cylinder head disassembly and inspec-
tion procedures are covered in detail in Chap-
ter 2. Part C.

lnstallation
Referto illustrations 13.15, 13.16, 13.18a and
13.18b
Caution: New cylinder head bolts must be
used for reassembly. Failure to use new bolts
may result in cylinder head gasket leakage
and engine damage.
12 The mating surfaces of the cyl inder
heads and engine block must be perfectly
clean when the cylinder heads are installed.
Use a gasket scraper to remove all traces of
carbon and old gasket material, then clean the
mating surfaces with lacquer thinner or ace-
tone. lf there's oil on the mating surfaces when
the cylinder heads are installed, the gaskets
may not seal conectly and leaks may develop,
When working on the engine block, cover the
open areas of the engine with shop rags to
keep debris out during repair and reassembly.

Use a vacuum cleaner to remove any debris
that falls into the cylinders. Gaution: Do nof
use abrasive wheels or sharp metal scrapers
on the heads or block surtace, use a plastic
scraper and chemical gasket remover, or the
head gasket surfaces could have future leaks.
13 Check the engine block and, cylin-
der head mating surfaces for nicks, deep
scratches and other damage.
'14 Use a tap of the corroct size to chase the
threads in the cylinder head bolt holes. Dirt,
corrosion, sealant and damaged threads will
affect torque readings.
15 Make sure the new gaskets are installed
on the correct cylinder banks (see illustra-
tion). They are not interchangeable.
16 Position the new gasket(s) over the
alignment dowels (see i l lustration) in the
engine block.
17 lf the cylinder heads are being installed
with the camshafts in place, make sure the
camshafts are back in their original TDC posi-
tions (see Sections 7 and 9) before placing
the cylinder heads on the engine block. Gau-
tion: /f the camshafts aren't in the position
described, damage may result to either the
plsfons and/or valve train parts.
18 Carefully position the cylinder heads on
the engine block without disturbing the gas-

13.18b Mark each cylinder head bolt
with a paint stripe (arrows) and using a

breaker bar and socket, tighten the bolts
in sequence the additional 1/4-turn

(90-degrees)
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14.11 Remove the bolts from around the
perimeter of the oil pan (arrows indicate

four) and lower the pan to the
frame crossmember

kets. Install NEW cylinder head bolts (the
cylinder head bolts are torque{o-yield design
and cannot be reused). Following the recom-
mended sequence (see illustration), tighten
the cylinder head bolts, in three steps, to
the torque listed in this Chapter's Specifica-
tions. Note: The method used for the cylinder
head bolt tightening procedure is referred to
as'torque-angle" or'torque-to-yield" method.
Follow the procedure exactly. Tighten the bolts
in the first step using a torque wrench, then
use a breaker bar and a special torque-angle
adapter (available at most auto parts stores)
to tighten the bolts the required angle. lf the
adapter is not available, mark each bolt with a
paint stripe to aid in the torque angle process
(see illustration).
19 The remaining installation steps are the
reverse of removal.
20 Change the engine oil and filter (Chap-
ter 1), then start the engine and check care-
fullv for oil and coolant leaks.

14 Oil pan - rempvaland installation

Removal
Refer to illustration 1 4. 1 1
1 Disconnect the negative battery cable
from the battery.
2 Remove the air cleaner assembly (see
Chapter 4).
3 Refer to Chapter 1 and drain the engine
oil and remove the oil filter.
4 Refer to Chapter 3 and remove the
engine cooling fan assembly and shroud
5 On 4WD models, refer to Chapter 10 and
remove the front axle assembly.
6 Attach an engine support fixture to the
engine lifting eyes adjacent to the exhaust
manifolds. Note: Many equipment rehtal
yards rent engine support fixtures.
7 Raise the vehicle and support it securely
on jackstands. Warning: Some models cov-
ered by this manual are equipped with an
air suspension sysfei't?. Always disconnect
the electrical power to fhe suspenslon sys-

14.15 Apply a bead of RTV sealant at the
junctions of the front cover-to+ngine

block and the rear-seal retainer-to-engine
block (arrows) before installing the oil pan

tem before lifting or towing (see Chapter 10).
Failure to pertorm this procedure may result
in unexpected shifting or movement of the
vehicle, which could cause personal injury.
I Remove the oil level dipstick.
9 Raise the engine slightly with the sup-
port fixture, then remove the engine mount
through-bolts (see Section 18).
10 Raise the engine a l itt le at a time with
the support fixture, watching for interference
with any engine compartment components.
When the engine is raised about two inches,
place short lengths of 2x4 lumber between
the motor mounts and the crossmember for
safety.
11 Remove the oil pan mounting bolts (see
illustration).
12 Carefuily separate the oil pan from the
engine block. Don't pry between the engine
block and oil pan or damage to the seal-
ing surfaces may result and oil leaks could
develop. Instead, dislodge the oil pan with
a large rubber mallet or a wood block and a
hammer. Note: Ihe oil pan gasket is reusable
if care is taken in oil pan removal.

Installation
Refer to illustrations 14.15 and 14.16
13 Use a gasket scraper or putty knife to

remove all traces of old gasket material and
sealant from the pan and engine block. Gau-
tion: 8e careful not to gouge the oil pan or
block, or oil leaks could develop later.
14 Clean the mating surfaces with lacquer
thinner or acetone. Make sure the bolt holes
in the engine block are clean.
15 Apply a bead of RTV sealant to the four
corner seams where the rear seal retainer
meets the engine block, and the front cover
meets the engine block (see illustration).
16 Carefully position the oil pan against the
engine block and install the bolts finger tight.
Make sure the gaskets haven't shifted, then
tighten the bolts to the torque listed in this
Chapter's Specifications (see illustration).
Start at the center of the oil pan and work out
toward the ends in a spiral pattern.
17 The remaining steps are the reverse of
removal. Caution: Don't forget to refill the
engine with ail before starting it (see Chap-
ter 1).
18 Start the engine and check carefully for
oil leaks at the oil pan. Drive the vehicle and
check again.

15 Oil pump - removal and
installation

Refer to illustrations 15,2, 15.4 and 15.5
Note: Ihe oil pump is available as a com-
plete replacement unit only. No seruice pafts
or repair specifications are available from the
manufacturer,

Removal
1 Raise the vehicle and support it securely
on jackstands. Warnlng: Some models cov-
ered by this manual are equipped with an air
saspenslon sysfem. Always disconnect the
electrical power to fhe suspenslon system
before lifting or towing (see Chapter 10). Fail-
ure to perform this procedure may result in
unexpected shifting or movement of the vehi-
cle, which could cause personal injury. Drain
the engine oil (see Chapter 1),
2 Unbolt and lower the oil pan as de-
scribed in Section '14. lt's not necessary to
completely remove the oil pan. Remove the
two bolts that attach the oil pump pick-up tube

\ 14.16 Place the
gasket on the oil
pan, the Iocating

tabs (arrows)
on each side of
the gasket will
keep the gasket
aligned during

installation

\
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15.2 Remove the two bolts (arrows) retaining the pickup tube to 15.4 Remove the four oil pump mounting bolts (arrows) and oil
the oil pump

to the oil pump (see illustration).
3 Remove the timing chain cover, t iming
chains, chain guides and crankshaft sprock-
ets (see Sections 6 and 7).
4 Remove the four oil pump mounting bolts
(see il lustration) and separate the pump
from the engine block.

15.5 Before bolting the pickup tube back
into the oil pump, inspect the O-ring
(arrow) and replace it if necessary

Installation
5 Inspect the O-ring gasket on the pick-
up tube (see il lustration). lf i t 's damaged,
reolace it.
6 Install the oil pump to the engine and
tighten the bolts to the torque listed in this
Chapter's Specifications. Nole: Prime the oil
pump prior to installation. Pour clean oil into
the pick-up port and tum the pump by hand.
7 The remainder of  insta l la t ion is  the
reverse of removal orocedure.
8 Fill the engine with the correct type and
quantity of oil. Start the engine and check for
leaks.

16 Flywheel/driveplate - removal and
installation

Removal
Refer to illustration 1 6.4
1 Disconnect the cable from the negative
battery terminal.
2 Raise the vehicle and support it securely
on jackstands. Warning: Some models cov-
ered by this manual are equipped with an

pump from the engine block

air suspension sysfem. Always disconnect
the electrical power to fhe suspenslon sys-
tem before lifting or towing (see Chapter 10).
Failure to perform this procedure may result
in unexpected shifting or movement of the
vehicle, which could cause personal injury.
3 Refer to Chapter 7 and remove the
transmission. Note: On models with auto-
matic tran smisslons, fhe driveplate-to-torque
convefter bolts can be accessed for removal
through the large rubber plug on the right rear
of the engine block.
4 Look for factory paint marks that indi-
cate driveplate{o-crankshaft alignment. lf
they aren't there, scribe or paint marks on the
driveplate and crankshaft to ensure correct
alignment during reassembly (see il lustra-
tion).
5 Remove the bolts that secure the fly-
wheel/driveplate to the crankshaft. Use a fly-
wheel retaining tool to keep the crankshaft
from turning while loosening the fly-wheel/
driveplate bolts. Note: There are six flywheel
retaining bolfs on REP engines, and eight on
WEP engines.
6 Remove the flywheel/driveplate from the
crankshaft. Be sure to support it while remov-

16,4 Make an alignment mark (arrow), if not already on the
driveplate, to reassure proper reassembly

16.7 lf the reinforcement plate is removed, for any reason, it
should be reinstalled in the direction shown here
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17.4 Using a special seal removal tool or
screwdriver, remove the crankshaft front
oil seal, being very careful not to scratch

the crankshaft during seal removal

ing the last bolt. Warning: The teeth on the
flywheel may be sharp, and the manual trans-
mlsslon flywheel is heavy. Be sure to hold
it with gloves or rags. After the driveplate is
removed, there is a sheetmetal reinforce-
menVmounting plate that is located between
the engine block and the driveplate. lt doesn't
need to be removed, unless necessary.

lnstallation
Refer to illustration 16.7
7 lf removed, be sure the reinforcement
plate is installed as shown (see illustration),
so it is correctly positioned for the starter
installation.
I Clean and inspect the mating surfaces of
the driveplate and the crankshaft. lf the crank-
shaft rear seal is leaking, replace it before rein-
stalling the driveplate (see Section 17).
9 Check for cracked, broken or missing
ring gear teeth. lf any of these conditions are
found, replace the flywheel/driveplate.
10 Install the flywheel/driveplate to the
engine,  a l ign ing the marks made dur ing
removal. Note that some engines have an
alignment dowel or staggered bolt holes to
ensure correct installation. Before installing
the bolts, apply Teflon thread sealant to the
threads.
11 Use a fly,rrheel retaining tool to keep the
driveplate from turning as you tighten the bolts
to the torque listed in this Chapter's Specifica-
tions.
12 The remainder of installation is the
reverse ofthe removal procedure.

17 Crankshaft oil seals -
replacement

Front seal
Referto illustrations 17.4 and 17.6
1 Disconnect the negative battery cable.
2 Remove the drivebelt (Chapter 1) and

17.6 There ls special tool for installing the
front oil seal into the timing chain cover,

but if the tool is unavailable a large socket
or section of tubing (the same diameter as

the seal) can be used to drive the seal
into place

fan/shroud assembly (Chapter 3).
3 Remove the crankshaft pulley (see Sec-
tion 5).
4 Carefully remove the seal from the cover
with a seal removal tool (see illustration). lf a
seal removal tool is not available, carefully use
a screwdriver. lf the timing cover is removed,
use a chisel or small punch and hammer to
drive the seal out of the cover from the back
side. Support the cover as close to the seal
bore as possible with two wood blocks. Be
careful not to damage the cover or scratch the
wall of the seal bore.
5 Check the seal bore and crankshaft, as
well as the seal contact surface on the crank-
shaft pulley for nicks and burs. Position the
new seal in the bore with the open end of the
seal facing lN. A small amount of engine oil
applied to the outer edge of the new seal will
make installation easier - but don't overdo it!
6 Drive the seal into the bore with a large
socket and hammer unti l i t 's completely
seated (see il lustratlon). lf the cover is
removed, support the cover on wood blocks.
Select a socket that's the same outside diam-
eter as the seal (a section of pipe can be used
if a socket isn't available).
7 Lubricate the lip of the seal with clean
engine oil and install the crankshaft pulley
on the end of the crankshaft. The keyway in
the crankshaft pulley bore must be aligned
with the Woodrufi key in the crankshaft nose.
Note: Before reinstalling the crankshaft pub
ley, apply as sma// dab of RTV sealant to the
front end of the crankshafr key groove.
8 lf the crankshaft pulley can't be seated
by hand, tap it into place with a soft-face ham-
mer, or install the bolt and washer and tighten
it to press the crankshaft pulley into place.
I Tighten the crankshaft pulley bolt to the
torque listed in this Chapter's Specifications.
10 Install the drivebelt.
11 Install the remaining parts removed for
access to the seal.
12 Start the engine and check for leaks.

17.15 Remove the eight bolts (arrows)
and separate the seal retainer from the

engine block

Rearseal
Referto i l lustrat ions 17.15, 17.16, 17.17
and 17.18
13 Disconnect the cable from the nega-
tive battery terminal. Raise the vehicle and
support it securely on jackstands. Warning:
Some models covered by this manual are
equipped with an alr suspenslon system.
Always disconnect the electrical power to
ffie suspenslon system before lifting or tow-
ing (see Chapter 10). Failure to pertorm this
procedure may result in unexpected shift-
ing or movement of the vehicle, which could
cause personal injury. Refer to Chapter 7 and
remove the transmission.
14 Remove the flywheel/driveplate and the
rear cover plate from the engine (Section 16).
15 Remove the bolts, detach the seal
retainer (see illustration) and clean ofi all the
old gasket and/or sealant material from both
the engine block and the seal retainer,
16 Support the seal .and retainer assembly
on wood blocks and drive the old seal out from
the back side with a drift punch and hammer
(see illustration).

17.16 Support the seal retainer on two
wood blocks and drive out the old seal

with a blunt punch and hammer
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17.{7 Support the seal retainer and drive
the new seal into the housing wlth a wood

block (be careful not to cock the seal in
the bore while installing)

'17 Drive the new seal into the retainer with
a wood block (see illustration).
18 Clean the crankshaft and seal bore with
lacquer thinner or acetone. Check the seal
contact surface on the crankshaft very care-
fully for scratches or nicks that could dam-
age the new seal lip and cause oil leaks (see
lllustration). lf the crankshaft is damaged;
the only alternative is a new or different crank-
shaft.
19 Lubricate the crankshaft seal journal and
the lip of the new seal with engine oil.
20 Place a 1/16-inch wide bead of anaero-
bic sealant on either the engine block or the
seal retainer.
21 Install the oil seal retainer by slowly and
carefully pushing the seal onto the crankshaft.
The seal lip is stiff, so work it onto the crank-
shaft with a smooth object such as the end of
a socket extension as you push the retainer
against the engine block.
22 Install and tighten the retainer bolts to
the torque listed in this Chapter's Specifica-
tions.
23 Reinstall the engine rear cover plate,
driveplate and the transmission.

18.11 With the engine raised slightly,
remove the mount through-bolt (upper
arrow) - lower arrows indicate nuts to

remove if the lower bracket is to
be replaced

17.18 Inspect the seal contact surface
on the crankshaft (arrow) for slgns of

excessive wear or grooves

24 The remaining steps are the reverse of
removal.
25 Check the oil level and add if necessary,
run the engine and check for oil leaks.

18 Engine mounts - check and
replacement

Check
Refer to illustration 1 8.4
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.
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. Warning: Some models cov-
ered by this manual are equipped with an air
suspenslon sysfern. Always disconnect the
electrical power to lhe suspenslon system
before lifting or towing (see Chapter 10). Fail-
ure to perform this procedure may result in
unexpected shifting or movement of the vehi-

18.12 There are three bolts holding the
mount to the block (arrows indicate two;

there is one more at the other end
of the mount)

18.4 Inspect the engine mount
components for cracked rubber insulators

(arrow), missing bolts or cracked
metal brackets

cle, which could cause personal injury. Place
a large wood block between the jack head
and the oil pan, then carefully raise the engine
just enough to take the weight off the mounts.
4 Check the mounts to see if the rubber
is.cracked, hardened or separated from the
metal plates (see illustratlon). Sometimes
the rubber will split right down the center.
5 Check for relative movement between
the mount plates and the engine or frame
(use a large screwdriver or pry bar to attempt
to move the mounts), lf movement is noted,
lower the engine and tighten the mount fas-
teners.
6 Rubber preservative should be applied
to the mounts to slow deterioration.

Replacement
Referto illustrations 18.11 and 18.12
7 Disconnect the negative battery cable.
8 Refer to Chapter 3 and remove the
engine cooling fan assembly and shroud.
9 Attach an engine sup.port fixture to the
engine lifting eyes adjacent to the exhaust
manifolds. Nolel Many equipment rental
yards rent the engine support fixture.
10 Raise the vehicle and support it securely
on jackstands. Warning: Some models cov-
ered by this manual are equipped with an
air suspension sysfem. Always disconnect
the electrical power to fhe suspension sys-
tem before lifting or towing (see Chapter 10).
Failure to pertorm this procedure may result
in unexpected shifting or movement of the
vehicle, which could cause personal injury.
11 Take some of the weight off the engine
mounts with the support fixture, then remove
the engine mount through-bolts (see illustra-
tion).
12 Raise the engine a little at a time with the
support fixture, watching for interference with
any engine compartment components. When
the engine is raised about two inches, remove
the bolts retaining the mount to the engine
block (see illustration).
13 lnstallation is the reverse of removal.
Tighten the bolts to the torque listed in this
Chapter's Specifi cations.
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Ghapter 2 Part G
General engine overhaul procedures
Gontents

Secfion

Crankshaft - inspection... . .  . . . . .1.. . . . . .  19
Crankshaft - installation and main bearing oil

clearance check... . . . . . . . . . . .  23
Crankshaft - removal 14
Cylinder compression check 3
Cylinder head - cleaning and inspection 10
Cylinder head - disassembly... . . . . . . . . . . . .  I
Cyl inder head - reassemb1y... . . . . . . . . . . . . . . . .  12
Cy l inder  hon ing  . . . . . . . . . . . .  17
Engine - removal and installation .. 6
Engine block - cleaning 15
Engine block - inspection 16
Engine overhaul - disassembly sequence.... 8
Engine overhaul -.general information 2

Section

Engine overhaul - reassembly sequence ........"...* . 21
Engine rebuilding alternatives 7
Engine removal - methods and precautions... . . . . . . . . . . . . . . . . . .  5
General information...... 1
lnitial start-up and break-in after overhaul. 25
Main and connecting rod bearings - inspection..... 20
Piston rings - installation 22
Pistons/connecting rods - inspection..... 18
Pistons/connecting rods - installation and rod bearing oil

clearance check... . . . . . . . . . . .  24
Pistons/connecting rods - removal 13
Vacuum gauge diagnostic checks .". . . . . . . . . . . . . . . . . . . . . . .  4
Valves - servicing... . . . . . .  11

Specifications

General
Oil pressure

V6 (engine hot at 2500 rpm)................
4.6L V8 (engine hot at 1500 rpm) ...............
5.4L VB (engine hot at 1500 rpm) ...............

Cylinder head warpage |imit.................
Compression pressure

4.2LVG engines
Valves and related components
Seat angle
Seat width.......
Minimum valve margin width,..............
Stem diameter

1ntake. . . . . . . . . . . . .
Exhaust  . . . . . . . . . . . . . . , . . . . ; . . . . . . . . . . . . . .

Stem-to-guide clearance
lntake . . . . . . . . . . . . .
Exhaust . . . . . . . . . .

Valve spring
Free length.....
Installed height..............

Valve lifter
Lifter-to-bore clearance

Standard
Service l imit .................

Grankshaft and connecting rods
Connecting rod journal

Diameter.........
Outof-round limit .................
Taper l imit.......
Bearing oil clearance ...,.....................

Connecting rod side clearance (endplay)........
Main joumal

40 to 60 psi
20 to 45 psi
40 to 70 psi
0.003 (in any 6 inches)/0.006 inch overall
Lowest reading cylinder must be within 15 psi of highest reading
cylinder (100 psi minimum)

44.5-degrees
0.060 to 0.080 inch
1132inch

0.3423 to 0.3415 inch
0.3418 to 0.3410 inch

0.0008 to 0.0027 inch
0.0018 to 0.0037 inch

1.99 inches
1.566 to 1.637 inches

0.0007 to 0.0027 inch
0.005 inch

2.3103 to 2.3111 inches
0.0012 inch
0.0006 inch per inch
0.0010 to 0.0027 inch
0.0006 to 0.0177 inch

Diameter*.....". 2.3120to 2.3128 inches
Out of round 1imi1................. 0.0003 inch
Taper l imit....... ...................:.... 0.0006 inch per inch

Main bearing oil clearance 0.0010 to 0.0025 inch
Crankshaft endplay 0.0002 to 0.0078 inch
* Note: Ihe crankshaft iournals can't be machined more than 0.010 inch under the standard dimension.
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4.2L VO engines (continued)
Gylinder bore
Diameter......... 3.8139 inches
Out-of-round 1imi1...........,..... 0.002 inch
Taper l imit.......

Pistons and rings

0.002 inch

Pis ton  d iameter . . . . . . . . . . . . . . . . . . . . . .  3 .8103 inches
Piston-to-bore clearance 1imit. . . . . . . . . . . . . . . . .  0.0007 to 0.0017 inch
Piston ring end gap

Top compression r ing... . . . . . . . . .  0.009 to 0.016 inch
Second compression r ing .. . . . . . . . . . . . . . . .  0.039 to 0.064 inch
Oil r in9... . . . . . . . . .  0.0059 to 0.0064 inch

Piston ring side clearance 0.0011 to 0.0031 inch

Torque specifications* Ft-lbs
Main bearing cap studibolts

Mains 1, 2 and 3 85 to 91
Rear  ma in  . . . . . . . . . . . . . . . . . . . . . . . .  8 ' l  to  88

Connecting rod cap
Step 1  . . . . . . . . . . . .  29
Step 2 .. . . . . . . . . ."  Rotate an addit ional 90 degrees

*Note: Refer lo Chapter 2, Paft A for additional torque specifications.

V8 engines
Cylinder bore
Diameter, 4.6L and 5.41 ................ 3.554
Out-of-round

Standard 0.0006 inch
Service 1imit...........,..... 0.0008 inch

Taper.............. 0.0002 inch maximum

Valves and related components
Valve arrangement (front-to-rear)

Left cylinder head................ E-l-E-l-E-l-E-l
Right cylinder head ,.............. l-E-l-E-l-E-l-E

Intake valve
Seat angle...... 45 degrees
Seat width 0.0748 to 0.0827 inch
Seat runout | imit ...............,. 0,0010 inch maximum (total indicator reading)
Stem diameter (standard) 0.2746to 0.2750 inch
Valve stemto-guide c1earance....,................ 0.0008 to 0.0027 inch
Valve face an91e............... 45.5 degrees
Valve face runout limit...... 0.002 inch maximum

Exhaust valve
Seat angle...... 45 degrees
Seat width 0.0748 to 0.0827 inch
Seat runout 1imi1................. 0.0010 inch maximum (total indicator reading)
Stem diameter (standard) 0.0274 to 0.2736 inch
Valve stem-to-guide clearance .........................:....,.... 0.0018 to 0.0037 inch
Valve face an91e............... 45.5 degrees
Valve face runout limit...... 0.0020 inch maximum

Valve spring
Free length

4.6L. . . . . . . . . . . . . . . . 1.951 inches
5.41. . . . . . . . . . . . . . . .  1 .978 inches

Out-of-souare l imit ................ 2 deorees maximum
Installed height............. 1.576 incnes
Pressure, intake and exhaust

4.61
Valve open...... 132lbs at 1.104 inches
Valve closed 55 lbs at 1.576 inches

5.4L
Valve open...... 142 to 157 lbs at 1 .104 inches
Valve closed 61 to 68 lbs at 1.576 inches

Valve spring pressure service limit..... 10 percent pressure loss at 1.104 inches
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Hydraulic lash adjuster (lifter)
Diameter (standard).......
Lift er-to-bore clearance

Standard

#li""i,l"lJ,iJ.?:#i:il?*;;; : : :: : : ::: : : :: : : :: : : ::: : : ::: : : :: : ::: : :: : : ::: 
(

Crankshaft and connecting rods
Crankshaft

Endplay
4.61. . . . . , . . , . . . . . . .
5 .41. . . . . . . . . . . . . . . .

Runout to rear face of block (standard)
Connecting rods

Connecting rod journal
Diameter.........
Bearing oil clearance

4 .61 . . . . . . . . . . . . . . . .
5 .41 . . . . . . . . . . . . . . . .

Connecting rod side clearance (endplay)
Standard
Serv ice l imi t  . . . . . . . . . . . . . . . . .

Main bearing journal
Diameter , . . , . . . , . . . .  : . . . . . . . . . . . . . . . . . . . .
Bearing oil clearance

Pistons and rings
Piston diameter

Coded red 1 . . . . . . . . . . . . . . . . . . . . .
Coded b lue 2. . . . . . . . . . . . . . . . . . . . .
Coded yel low 3 . . . . . . . . . . . . . . . . . . . . .

Piston-to-bore clearance limit
4 .61 . . . . . . . , . . . . . . . .
5 .41. . . . . . . . . . . . . . . .

Piston ring end gap
4.61

Compression rings................
O i l  r i ng . . . . . . . . . . . .

5.41
Top compression ring ............
Second compression ring .................
Oi l  r ing. . . . . . . . . . . .

Piston ring side clearance
Compression ring (top)
Compression ring (second)..
Serv ice | imi t . . . . . . . . . . . . . . . . .
Oi l  r ing. . . . . . . . . . . .

Torque specifications"
Main bearing cap bolts (tighten first)

First step
Second steo ................

Main bearing cap - jack screws (REP engines only, tighten second)
First step
Second steo ................

Main bearing cap - side bolts (tighten third)
REP engines

First step.........
Second step.................

WEP engines
First step.........
Second s tep . . . . . . . . . . . . . . . . .

Connecting rod cap nuts
First step
Second step ................

* Note: Refer fo Chapter 2, Part B for additional torque specifications.

0.6304 to 0.6299 inch

0.0007 to 0.0027 inch
0.0006 inch maximum
0.0335 to 0.0177 inch
1.75:1

0.0051 to 0.012 inch
0.0029 to 0.0148 inch
0.002 inch

2.0877 to 2.0883 inches

0.001'l to 0.0027 inch
0.0010 to 0.0025 inch

0.0006 to 0.0'177 inch
0.0197 inch

2.650 to 2.657 inches
0.0011 to 0.0027 inch

3.5529 to 3.5537 inches
3.5534 to 3.5542 inches
3.5539 to 3.5547 inches

0.0005 to 0.0010 inch
0.0002 to 0.0010 inch

0.010 to 0.020 inch
0.006 to 0.026 inch

0.005 to 0.011 inch
0.010 to 0.016 inch
0.006 to 0.026 inch

0.0016 to 0.0031 inch
0.0012 to 0.0031 inch
0.006 inch maximum
Snug fit

Ft-lbs (unless otherwise indicated)

30
Rotate and additional 90-degrees

44 inch lbs
89 inch lbs

89 inJbs
14 to 17

22
Rotate and additional 90degrees

29 to 33
Rotate an additional 90 to 120-degrees
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2,4a Remove the oil pressure sending
unit and attach an oil pressure gauge - be
sure the fittings you use have the same

thread as the sender

General information

Included in this portion of Chapter 2 are
the general overhaul procedures for the cylin-
der head(s) and internal engine components.

The informatior[ ranges from advice con-
cerning preparation for an overhaul and the
purchase of replacement parts to detailed,
step-by-step procedures covering removal
and installation of internal engine components
and the inspection of parts.

The following Sections have been writ
ten based on the assumption that the engine
has been removed from the vehicle. For infor-
mation concerning in-vehicle engine repair, as
well,as removal and installation of the exter-
nal i:omponents necessary for the overhaul,
see Parts A and B of this Chaoter and Section
7 of this Part.

The Specifications included in this Part
are only those necessary for the inspection
and overhaul procedures which follow. Refer
to Parts A and B for additional Specifications.

2 Engine overhaul - general
information

Referto illustrations 2.4a.2.4b and 2.4c
It is not always easy to determine when,

or if, an engine should be completely over-
hauled, as a number of factors must be con-
sidered.

High mileage is not necessarily an indi-
cation that an overhaul is needed, while low
mileage does not preclude the need for an
overhaul. Frequency of servicing is prob-
ably the most important consideration, An
engine that has had regular and frequent oil
and filter changes, as well as other required
maintenance, will most likely give many thou-
sands of miles of reliable service. Conversely,
a neElected engine may require an overhaul
very early in its life.

Excessive oil consumption is an indica-
tion that piston rings and/or valve guides are

2.4b V6 oil pressure sender (arrow) -
left front of block

in need of attention. Make sure that oil leaks
are not responsible before deciding that the
rings and/or guides are bad. Test the cylinder
compression (see Section 3) or have a leak
down test performed by an experienced tune-
uo mechanic to determine the extent of the
work required.

lf the engine is making obvious knocking
or rumbling noises, the connecting rod and/or
main bearings are probably at fault. To accu-
rately test oil pressure, temporarily connect a
mechanical oil pressure gauge in place of the
oil pressure sending unit (see illustrations).
Compare the reading to the pressure listed in
this Chapter's Specifications. lf the pressure
is extremely low the bearings andior oil pump
are probably worn out.

Loss of power, rough running, exces-
sive valve train noise and high fuel consump-
tion rates may also point to the need for an
overhaul, especially if they are all present at
the same time. lf a complete tune-up does not
remedy the situation, major mechanical work
is the only solution.

An engine overhaul involves restoring
the internal parts to the specifications of a
new engine. During an overhaul, the piston
rings are replaced and the cylinder walls are
reconditioned (rebored and/or honed). lf a re-
bore is done, new pistons are required. The
main bearings, connecting rod bearings and
camshaft bearings are generally replaced with
new ones and, if necessary the crankshaft
may be reground to restore the journals. Gen-
erally, the valves are serviced as well, since
they are usually in less-than-perfect condition
at this point. While the engine is being over-
hauled, other components, such as the dis-
tributor, starter and alternator, can be rebuilt
as well. The end result should be a like-new
engine that will give many trouble free miles,
Note: Crlflcal cooling sysfern components
such as fhe hoses, the drivebelts, the thermo-
stat and the water pump MUST be replaced
with new parts when an engine is overhauled.
The radiator should be checked carefully to
ensure that it isn't clogged or leaking. Some
engine rebuilding shops will not honar their
engine warranty unless you have had the

2.4c The V8 oil pressure sending unit is
located at the lower left (driver's side)
corner of the engine, near the oil filter

radiator replaced or professionally cleaned. lf
in doubt, replace it with a new one. Also, we
do not recommend overhauling the oil pump
- always install a new one when an engine is
rebuilt.

Before beginning the engine overhaul,
read through the entire procedure to familiar-
ize yourself with the scope and requirements
of the job. Overhauling an engine is not dif-
ficult, but it is time consuming. Plan on the
vehicle being tied up for a minimum of two
weeks, especially if parts must be taken to
an automotive machine shop for repair or
reconditioning. Check on availability of parts
and make sure that any necessary special
tools and equipment are obtained in advance.
Most work can be done with typical hand
tools, although a number of precision mea-
suring tools are required for inspecting parts
to determine if they must be replaced. Often
an automotive machine shop will handle the
inspection of parts and ofier advice concern-
ing reconditioning and replacement. Note:
Always wait until the engine has been com-
p/ete/y dlsassembled and all components,
especially the engine block, have been
inspected before deciding what seruice and
repair operations musf be peiormed by an
automotive machine shop. Since the block's
condition will be the major factor to consider
when determining whether to overhaul the
original engine or buy a rebuilt one, never pur-
chase parts or have machine work done on
other components until the block has been
thoroughly inspected. As a general rule, time
is the primary cost of an overhaul, so it does
not pay to install worn or substandard parts.

As a final note, to ensure maximum life
and minimum trouble from a rebuilt engine,
everything must be assembled with care in a
spotlessly clean environment.

3 Gylinder compression check

Refer to illustration 3.6
1 A compression check will tell you what
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3.6 A compression gauge with a threaded
fifting for the spark plug hole is preferred
over the type that requires hand pressure
to maintain the seal - be sure to open the

throttle valve as far as possible during the
comprossion check

mechanical condition the upper end (pistons,
rings, valves, head gaskets) of your engine is
in. Specifically, it can tell you if the compres-
sion is down due to leakage caused by worn
piston rings, defective valves and seats or a
blown head gasket. Note: Ihe engine must
be at normal operating temperature for this
check and the baftery must be fully charged.
2 Begin by cleaning the area around the
spark plugs before you remove them (com-
pressed air works best for this). This will pre-
vent dirt from getting into the cylinders as the
compression check is being done.
3 Remove all of the spark plugs from the
engine (see Chapter 1).
4 Block the throttle wide open.
5 Disable the ignition system by discon-
necting the primary (low voltage) wires from
the coil(s). Also disable the fuel pump (see
Chapter 4, Section 2, Step 7).
6 With the compression gauge in the num-
ber one spark plug hole, crank the engine
over at least four compression strokes and
watch the gauge (see illustration). The com-
pression should build up quickly in a healthy
engine. Low compression on the first stroke,
followed by gradually increasing pressure
on successive strokes, indicates worn piston
rings. A low compression reading on the first
stroke, which does not build up during suc-
cessive strokes, indicates leaking valves or
a blown head gasket (a cracked head could
also be the cause). Record the highest gauge
reading obtained.
7 Repeat the procedure for the remain-
ing cylinders and compare the results to the
Specifications.
I 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.
9 lf the compression increases after the oil
is added, the piston rings are definitely wom.
lf the compression does not increase signifi-
cantly, the leakage is occurring at the valves

oi head gasket. Leakage past the valves may
be caused by burned valve seats and/or faces
or warped, cracked or bent valves.
10 lf two adjacent cylinders have equally
low compression, there is a strong possibility
that the head gasket between them is blown.
The appearance of coolant in the combustion
chambers or the crankcase would verifo this
condition.
11 lf the compression is unusually high, the
combustion chambers are probably coated
with carbon deposits. lf that is the case, the
cylinder heads should be removed and decar-
bonized.
12 lf 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
and how severe it is.

4 Vacuum gauge diagnostic checks

Refer to illustration 4.4
A vacuum gauge provides valuable infor-

mation about what is going on in the engine
at a low-cost. You can check for wom rings or
cylinder walls, leaking head or intake manifold
gaskets, incorrect carburetor adjustments,
restricted exhaust, stuck or burned valves,
weak valve springs, improper ignition or valve
timing and ignition problems.

Unfortunately, vacuum gauge readings
are easy to misinterpret, so they should be
used in conjunction with other tests to confirm
the diagnosis.

Both the absolute readings and the rate
of needle movement are important for accu-
rale interpretation. Most gauges measure
vacuum in inches of mercury (in-Hg). The
following references to vacuum as$ume 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 2000 feet, the gauge readings
will decrease about one inch of mercury.

Connect the vacuum gauge directly to
intake manifold vacuum, not to ported (throttle
body) vacuum (see illustrataon). Be sure no
hoses are left disconnected during the test or
false readings will result.

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:
Carefully inspect the fan blades for cracks or
damage before starting the engine. Keep your
hands and the vacuum gauge clear of the fan
and do not stand in front of the vehicle or in
line with the fan when the engine is running.

Read the vacuum gauge; an average,
healthy engine should normally produce
about 17 to 22 inches of vacuum with a fairly
steady needle. Refer to the following vacuum
gauge readings and what they indicate about
the engine's condition:

1 A low steady reading usually indicates a
leaking gasket between the intake manifold
and cylinder head(s) or throftle body, a leaky
vacuum hose, late ignition timing or inconect
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.
2 lf 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 faulg fuel injector.
3 lf the needle has regular drops of about
two-to-four inches at a steady rate, lhe valves
are probably leaking. Perform a compression
check or leak-down test to confirm this.
4 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.
5 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. lf 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.
6 A slight fluctuation, say one inch up and
down, may mean ignition problems. Check all
the usual tune-up items and, ifnecessary run
the engine on an ignition analyzer.
7 lf 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.
8 lf the needle moves slowly through a
wide range, check for a clogged PCV system,
i ncorrect id le fuel mixtu re, carburetor/throft le
body or intake manifold gasket leaks.
9 Check for a slow return after rewing 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

4.4 A simple vacuum gauge can make a
very useful diagnosis of an

engine's condition
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(about 5 in.-Hg over) and then return to the
previous idle reading. lf the vacuum returns
slowly and doesn't peak when the throttle is
snapped shut, the rings may be wom. lf 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 removal - methods and
precautions

lf you have decided that an engine must
be removed for overhaul or major repair work,
several preliminary steps should be taken.

Locat ing a sui table work area is
extremely important. A shop is, of course, the
most desirable place to work. Adequate work
space, along with storage space for the vehi-
cle, will be needed. lf a shop or garage is not
available, at the very least a flat, level, clean
work surface 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.

An engine hoist or A-frame will be
needed. Make sure that the equipment is
rated in excess of the combined weight of
the engine and its accessories. Safety is of
primary importance, considering the potential
hazards involved in lifting the engine out of the
vehicle. Warning: Some models covered by
this manual are equipped with an air suspen-
sion sysfem. Always disconnect the electrical
power to the suspension system before lifting
ortowing (see Chapter 10). Failure to pertorm
this procedure may resuft in unexpected shift-
ing or movement of the vehicle, which could
cause personal injury.

lf the engine is being removed by a nov-
ice, a helper should be available. Advice and
aid from someone more experienced would
also be helpful. There are many instances
when one person cannot simultaneously per-
form all of the operations required when lifting
the engine out of the vehicle.

Plan the operation ahead of time. Ar-
range for or obtain all of the tools and equip-
ment you will need prior to beginning the job.
Some of the equipment necessary to perform
engine removal and installation safely and
with relative ease are (in addition to an engine
hoist) a heavy duty floor jack, complete sets
of wrenches and sockets as described in the
front of this manual, wooden blocks and plenty
of rags and cleaning solvent for mopping up
spilled oil, coolant and gasoline. lf the hoist is
to be rented, make sure that you arrange for it
in advance and perform beforehand all ofthe
operations possible without it. This will save
you money and time.

Plan for the vehicle to be out of use for a
considerable amount of time. A machine shop
will be required to perform some of the work
which the do-it-yourselfer cannot accomplish
due to a lackr of special equipment. These

shops often have a busy schedule, so it would
be wise to consult them before removing the
engine in order to accurately estimate the
amount of timd required to rebuild or repair
components that may need work.

Always use extreme caution when
removing and installing the engine. Serious
injury can result from careless actions. Plan
ahead, take your time and a job of this nature,
although major, can be accomplished suc-
cessfully.

6 Engine - removal and installation

Warning 1: The air conditioning sysfern is
under high pressure. DO NOT loosen any fit-
tings or remove any components until after
the system has been discharged. Air con-
ditioning refrigerant should be properly dis-
charged into an EPA-approved container at a
dealer service department or an automotive
air conditioning repair facility, Always wear
eye protection when disconnecting air condi-
tioning system fiftings.
Warning 2: Gasoline is ertremely flammable,
so take ertra precautions when you work on
any part of the fuel sysfem. Don't smoke or
allow open flames or bare light bulbs near the
work area, and donl work in a garage where
a natural gas-type appliance (suc/t as a water
heater or a clothes dryer) with a pilot light is
present. Since gasoline is carcinogenic, wear
latex gloves when there's a possibility of
being exposed to fuel, and, if you spill any fuel
on your sffn, 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 sysfem is under con-
sfanf 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 sysfern, wear safety g/asses
and have a C/ass B type fire ertinguisher on
hand.

Removal
Refer to illustrations 6.6, 6.26, 6.28 and 6.29
1 Relieve the fuel system pressure (see
Chapter 4).
2 Disconnect the negative cable trom the
battery.
3 Cover the fenders and cowl and remove
the hood (see Chapter 11). Special pads are
available to protect the fenders, but an old
bedspread or blanket will also work.
4 Remove the air cleaner assembly.
5 Drain the cooling system (see Chap-
ter 1). Warning: Some models covered by
this manual are equipped with an air suspen-
slon system. Always disconnect the electrical
power to the suspension system before lifting
ortowing (see Chapter 10). Failure to pertorm
this procedure may result in unexpected shift-
ing or movement of the vehicle, which could
cause personal injury.
6 Label the vacuum lines, emissions sys-
tem hoses, electrical connectors, ground

6.6 Label each wire before unplugging
the connector

straps and fuel lines that would interfere with
engine removal, to ensure correct reinstal-
lation, then detach them. Pieces of masking
tape with numbers or letters written on them
work well (see illustration). lf there's any
possibility of confusion, make a sketch of the
engine compartment and clearly label the
lines, hoses and wires.
7 Label and detach all coolant hoses from
the engine.
8 Remove the cooling fan/shroud and radi-
ator (see Chapter 3).
9 Remove the drivebelt(s) (see Chap-
ter 1).
10 Disconnect the accelerator cable and
Throttle Valve (TV) l inkage/speed con-
trol cable from the engine (see Chapter 4).
Remove the air cleaner assembly.
'11 Unbolt the power steering pump (see
Chapter 10). Leave the lines/hoses attached
and make sure the pump is kept in an upright
position in the engine compartment (use wire
or rope to restrain it out of the way).
12 On air conditioneil models, unbolt the
compressor (see Chapter 3) and set it aside.
Do not disconnect the hoses.
13 Refer to Part A or B and remove the
intake manifold. On 4.6L engines, disconnect
and remove the ignition coils (Refer to Part
B).
14 Disconnect the main wiring harness
plugs in the engine compartment and position
the harness out of the way.
15 Drain the engine oil (see Chapter 1) and
remove the filter. On models with oil coolers,
disconnect the oil cooler hoses and remove
the oil cooler (see Chapter 3).
16 Remove the starter motor (see Chap-
ter 5).
17 Remove the alternator (see Chapter 5).
18 Unbolt the exhaust system from the
engine (see Part A or B, whichever applies to
the engine being worked on).
19 lf you're working on a model with an
automatic transmission, remove the torque
converter access cover and remove the
torque converter-to-driveplate fasteners (see
Chapter 7B).
20 Support the transmission with a jack.
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6,26 Use a prybar or a large screwdriver
and pry the engine from the
transmission bellhousing

Position a block of wood between them to
prevent damage to the transmission. Spe-
cial transmission jacks with safety chains are
available - use one if possible.
21 Attach an engine sling or a length of
sturdy chain to the engine and then to the
engine hoist. Note: Some engines have lifting
brackets already installed on them, usually on
the exhaust manifold studs. Other engines do
not have them, but they are available sepa-
rately from Ford dealer parts depaftments.
22 Roll the hoist into position and connect
the sling or chain to it. Take up the slack in the
sling or chain, but don't lift the engine. Warn-
ing: DO NOT place any parl of your body
under the engine when it's supported only by
a hoist or other lifting device.
23 Remove the transmission-to-engine
block bolts (see Chapter 7).
24 Remove the engine mount through-bolts
from both sides (see Part A or B, depending
which engine is being worked on).
25 Recheck to be sure nothing is still con-
necting the engine to the transmission or
vehicle. Disconnect anything still remaining.
26 Raise the engine slightly. Carefully work
it forward to separate it from the transmission

(see illustration). lf you're working on a vehi-
cle with an automatic transmission, be sure
the torque converter stays in the transmission
(clamp a pair of vise-grips to the transmission
housing to keep the converter from sliding
out). Slowly raise the engine out of the engine
compartment. Check carefully to make sure
nothing is hanging up.
27 Remove the driveplate (see Part A or B
of this Chapter).
28 Mount the engine on an engine stand
(see illustration).
29 Once the engine is removed, support the
transmission with a piece of pipe that crosses
from side to side to hold the transmission as
the floor jack is removed (see illustration).

lnstallation
30 Check the engine and transmission
mounts. lf they're worn or damaged, replace
them.
31 Carefully lower the engine into the
engine compartment - make sure the engine
mounts line up.
32 Guide the torque converter into the
crankshaft following the procedure outlined
in Chapter 78. Don't pull the converter away
from the transmission; let the engine move
back against the transmission.
33 Install the transmission-to-engine bolts
and tighten them securely. Caution: DO NOT
use the bolfs fo force the transmission and
engine together!
34 Reinstall the remaining components in
the reverse order of removal.
35 Add coolant and oil as needed. Run the
engine and check for leaks and proper opera-
tion of all accessories, then install the hood
and test drive the vehicle.

7 Engine rebuilding alternatives

The do-it-yourselfer is faced with a num-
ber of options when performing an engine
overhaul. The decision to replace the engine
block, piston/connecting rod assemblies and
crankshaft depends on a number of factors,

with the number one consideration being the
condition of the block. Other considerations
are cost, access to machine shop facilities,
parts availability, time required lo complete
the project and the extent of prior mechanical
experience on the part of the do-it-yourselfer.

Some 'of the rebuilding alternatives
include:

lndividual parts - lf the inspection pro-
cedures reveal that the engine block and most
engine components are in reusable condition,
purchasing individual parts may be the most
economical alternative. The block, crankshaft
and piston/connecting rod assemblies should
all be inspected carefully. Even if the block
shows little wear, the cylinder bores should be
surface honed.

Grankshaft kit - This rebuild pack-
age consists of a reground crankshaft and a
matched set of pistons and connecting rods.
The pistons will already be installed on the
connecting rods. Piston rings and the neces-
sary bearings will be included in the kit. These
kits are commonly available for standard cylin-
der bores, as well as for engine blocks which
have been bored to a regular oversize.

Short block - A short block consists of
an engine block with renewed crankshaft and
piston/connecting rod assemblies already
installed. All new bearings are incorporated
and all clearances will be correct. The existing
cylinder heads, camshaft(s), valve train com-
ponents and external parts can be bolted to
the short block with little or no machine shop
work necessary.

Long block - A long block consists of a
short block plus an oil pump, oil pan, cylinder
heads, valve covers, camshaft(s) and valve
train components, timing sprockets, timing
chain 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 is
necessary.

Give careful thought to which alternative
is best for you and discuss the situation with
local automotive machine shops, auto parts
dealers or parts store countermen before
ordering or purchasing replacement parts.

6.28 Use long, high-strength bolts (arrows) to hold the engine
block on the engine stand - make sure they are tight before

lowering the hoist and placing the entire weight of the engine
on the stand

6.29 Use a piece of pipe to support the transmission once
the engine has been removed, then remove the floor jack that

supported the transmission during engine removal
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9.1 A small plastic bag, with an
appropriate label, can be used to store
the valve train components so they can
be kept together and reinstalled in the

original position

8 Engine overhaul - disassembly
sequence

Caution: The cylinder head bolts on all
engineq in the vehicles covered by this man-
ual are "torque-to-yield" bolts and are NOT
reusable. A predetermined stretch of the bolt
gives the even clamping load needed to seal
the cylinders properly. Once removed they
must be replaced.
1 lt 's much easier to disassemble and
work on the engine if it's mounted on a porta-
ble 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 and rear main seal
retainer plate (V8s) should be removed from
the engine.
2 lt a stand isn't available, it's possible to
disassemble the engine with it blocked up on
the floor. Be extra careful not to tip or drop the
engine when working without a stand.
3 lf you're going to obtain a rebuilt engine,
all external components must come off first, to
be transferred to the replacement engine, just
as they will if you're doing a complete engine
overhaul yourself. These include:

Alte rn ator a n d b rackets
Emisslons control components
Camsh afr position sensor
Spark plug wires and spark plugs
Thermostat and housing cover
Water pump
EFI components
I ntake/exh a u st m an ifold s
Oil filter (replace)
Engine mounts
Driveplate
Engine rear plate
Crankshaft damper

Note: When removing the external compo-
nents from the engine, pay close aftention to
details that may be helpful or important during
installation. Note the installed position of gas-
kefs, sea/s, spacers, pins, brackets, washers,

9.2 Use a valve spring compressor to
compress the spring, lhen remove the

keepers from the valve stem with needle-
nose pliers or a magnet, as shown here on

a 4.6L engine

bolts and other small items.
4 l f  you're obtaining a short block, which
consists of the engine block, crankshaft, pis-
tons and connecting rods all assembled, then
the cyl inder head(s), oi l  pan and oi l  pump
will have to be removed as well. See Engine
rebuilding alternatives for additional informa-
tion regarding the different possibilities to be
considered.
5 lf you're planning a complete overhaul,
the engine must be disassembled and the
components removed in the following order:

Driveplate
Valve covers
lntake manifold
Exhaust manifolds
Rocker arms and pushrods (V6)
Camshafts and followers (V8s)
Valve lifters (V6) or hydraulic lash

adjusters (VB)
Vibration damper
Timing chain cover
Timing chain(s), sprockefs, guides and

tensioners
Camshaft(s)
Cylinder heads
Oil pan
Oil pump (eplace)
P i sto n/co n n e cti n g rod a sse m b I ie s
Crankshaft and main beaings ((replace)

6 Before beginning the disassembly and
overhaul procedures, make sure the follow-
ing items are available. Also, refer to Engine
overhaul - reassembly sequence for a list of
tools and materials needed for engine reas-
sembly.

Common hand tools
Small cardboard boxes and plastic bags

for storing parts
Gasket scraper
Ridge reamer
Vibration damper puller
Micrometers
Telescoping gauges
Dial indicator set
Valve spring compressor

9.3 lf the valve won't pull through the
guide, deburr the edge of the stem end

and the area around the top ofthe keeper
groove with a file or whetstone

Cylinder surfacing hone
Piston ring groove cleaning tool
Electric drill motor
Tap and die set
Wire brushes
Oil gallery brushes
Cleaning solvent

Gylinder head - disassembly

Refer to illustrations 9.1 , 9.2 and 9.3
Note: New and rebuilt cylinder heads are
commonly available for most engines at deal-
erships and auto parts sfores. Due to the fact
that some specialized tools are necessary for
fhe dlsassernbly and inspection procedures,
and replacement parts may not be readily
available, it may be more practical and eco-
nomical for the home mechanic to purchase
replacement head(s) ra.ther than taking the
lime lo dlsassemble, inspect and recondition
the original(s). However, most machine shops
will not have a core set of heads unless the
subject vehicle has been on the market for
close to five years, so on a newer vehicle,
chances are you will have to wait until the
rebuilding work is done to your heads.
1 Cyl inder head disassembly involves
removal of the intake and exhaust valves and
related components. lf they're still in place,
remove the rocker arm nuts, pivot balls and
rocker arms from the cylinder head studs.
Label the parts or store them separately (see
i l lustral ion) so they can be reinstal led in
their original locations and in the same valve
guides they are removed from.
2 Compress the springs on the first valve
with a spring compressor and remove the
keepers (see illustration). Carefully release
the valve spring compressor and remove the
retainer, sleeve (if used), the spring and the
spring seat (if used).
3 Pull  the valve out of the head, then
remove the oil seal from the guide. lf the valve
binds in the guide (won't pull through), push
it back into the head and deburr the area
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Chapter 2 PartC General engine overhaul procedures 2G-9

FETAINER IOCI(
OFOOVEB

10.12 Check the cylinder head gasket
surface for warpage by trylng to slip a

feeler gauge under the straightedge (see
this Chapter's Specifications for the

maximum warpage allowed and use a
feeler gauge of that thickness)

around the keeper groove with a fine file or
whetstone (see illustratlon).
4 Repeat the procedure for the remaining
valves. Remember to keep all the parts for
each valve together so they can be reinstalled
in the same locations.
5 Once the valves and related components
have been removed and stored in an orga-
nized manner, the head should be thoroughly
cleaned and inspected. lf a complete engine
overhaul is being done, finish the engine dis-
assembly procedures before beginning the
cylinder head cleaning and inspection pro-
cess.

l0 Cylinder head - cleaning and
inspection

1 Thorough c leanin.g of  the cy l inder
head(s) and related valve train components,
followed by a detailed inspection, will enable
you to decide how much valve service work
must be done during the engine overhaul.
Note: /f fhe engine was severely overheated,
the cylinder head is probaibly warped (see
Step 12).

Cleaning
2 Scrape all traces of old gasket material
and sealing compound off the head gasket,
intake manifold and exhaust manifold sealing
surfaces. Be very careful not to gouge the cyl-
inder head. Special gasket removal solvents
that soften gaskets and make removal much
easier are available at auto parts stores.
3 Remove all built up scale from the cool-
ant passages.
4 Run a stiff wire brush through the vari-
ous holes to remove deposits that may have
formed in them.
5 Run an appropriate-size tap into each of
the threaded holes to remove corrosion and
thread sealant that may be present. lf com-
pressed air is available, use it to clear the

10.14 Lay the head on lls edge, pull each
valve out about 1/8 inch, set up a dial
indicator wlth the probe touching the

valve stem, wiggle the valve and meaaure
its movement

holes of debris produced by this operation.
Warnlngr Wear eye protection when using
compressed air!
6 Clean the exhaust manifold stud threads,
if equipped.
7 Clean the cylinder head with solvent and
dry it thoroughly. Compressed air will speed
the drying process and ensure that all holes
and recessed areas are clean. Note: Decar-
bonizing chemicals are available and may
prove very useful when cleaning cylinder
heads and valve train components. They are
very caustic and should be used with caution.
Be sure to follow the instructions on the con-
tainer.
8 Clean the valvetrain components with
solvent and dry them thoroughly (don't mix
them up during the cleaning process). Note:
Compressed air will speed the drying process
and can be used to clean out the oil pas-
sages.
9 Clean all the valve springs, spring seats,
keepers and retainers with solvent and dry
them thoroughly. Work the components from
one valve at a time to avoid mixing up the
oarts.
10 Scrape off any heavy deposits that may
have formed on the valves, then use a motor-
ized wire brush to remove deposits from the
valve heads and stems. Again, make sure the
valves don't get mixed up.

lnspection
Note: 8e sure to perform all of the following
inspection procedures before concluding that
machine shop work is required. Make a list of
the items that need attention.

Gylinder head
Referto illustrations 10.12 and 10.14
11 Inspect the head very carefully for
cracks, evidence of coolant leakage and other
damage. lf cracks are found, check with an
automotive machine shop concerning repair.
lf repair isn't possible, a new cylinder head
should be obtained.

VA|]YE MARGIN YALVE

10.15 Gheck for valve wear at the points
shown here

12 Using a straightedge and feeler gauge,
check the head gasket mating surface for
warpage (see illustration). Check the head
both straight across and corner-to-corner. lf
the warpage exceeds the limit listed in this
Chapter's Specifications, it can be resurfaced
at an automotive machine shop. Note: /f fhe
5.0L cylinder heads are resurfaced, the intake
manifold flanges will also reguire machining.
13 Examine the valve seats in each of
the combustion chambers. lf they're pitted,
cracked or burned, the head will require valve
service that's beyond the scope of the home
mechanic.
14 Check the valve stem-to-guide clear-
ance by measuring the lateral movement of
the valve stem with a dial indicator attached
securely to the head (see illustration). The
valve must be in the guide and approximately
'll16-inch off the seat. The total valve stem
movement indicated by the gauge needle
must be divided by two to obtain the actual
clearance. After this is done. if there's still
some doubt regarding the condition of the
valve guides they should be checked by an
automotive machine shop (the cost should be
minimal).

Valves
Refer to illustrations 10.1 5 and 10.1 6
15 Carefully inspect each valve face for
uneven wear, deformation, cracks, pits and
burned areas (see illustration). Check the
valve stem for scuffing and galling and the
neck for cracks. Rotate the valve and check
for any obvious indication that it's bent. Look
for pits and excessive wear on the end of the
stem. The presence of any of these conditions
indicates the need for valve service by an
automotive machine shoo.
'tO Measure the margin width on each valve
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2C-10 Chapter 2 PartC General engine overhaul procedures

10.16 The margin width on each valve
must be as specified (if no margin exists,

the valve cannot be reused)

10,22a On VG engines, check each rocker
arm where the valve stem contacts

i t ( a r r o w ) . . .

(see i l lustrat ion). Any valve with a mar-
gin narrower than 1/32-inch will have to be
reolaced with a new one.

Valve components
Referto illustrations 10.17 and 10.18
17 Check bach valve spring for wear (on the
ends) and pits. Measure the free length and
compare i t  to the Specif icat ions (see i l lus-
trat ion). Any springs that are shorter than
specif ied have sagged and should not be
reused. The tension of all springs should be
checked with a special fixture before deciding
that they're suitable for use in a rebuilt engine
(take the springs to an automotive machine
shop for this check).
'18 Stand each spring on a flat surface and
check it for squareness (see illustration). lf
any of the springs are distorted or sagged,
replace all of them with new parts.
19 Check the spring retainers and keepers
for obvious wear and cracks. Any question-
able parts should be replaced with new ones,
as extensive damage will occur if they fail dur-
ing engine operation.

Rocker arm components
Refer to illustrations 1 0.22a, 1 0.22b, 10.22c
and 10.22d
20 Clean all the parts thoroughly. Make sure

10.17 Measure the free length of each
valve spring with a dial or vernier caliper

10.22b .. . the fulcrum seats (arrows) in
the top of the rocker arm . . .

all oil passages are open.
21 Check the rocker arm faces (the areas
that contact the pushrod ends and valve
stems) for pits, wear, galling, score marks and
rough spots.
22 Check the rocker arm oivot contact areas
and fulcrums. Look for cracks in each rocker
arm and bolt (see illustrations).
23 Inspect the pushrod ends for scuff ing
and excessive wear. On V6 engines, roll each
pushrod on a flat surface, like a piece of plate
glass, to determine if it's bent.
24 Check the rocker arm studs in the cyl-
inder heads (V6) for damaged threads and
secure installation.
25 Any damaged or excessively worn parts
must be replaced with new ones.
26 lf the inspection process indicates that
the valve components are in generally poor
condition and worn beyond the limits speci-
f ied, which is usually the case in an engine
that 's being overhauled, reassemble the
valves in the cylinder head and refer to Sec-
tion 11 for valve servicing recommendations.
27 Clean all the parts thoroughly. Make sure
all oil passages are open.
28 Any damaged or excessively worn parts
must be replaced with new ones.
29 lf the inspection process indicates that
the valve components are in generally poor

10.18 Check each valve spring for
squareness; if it is bent it should

be replaced

10.22c ., . and the fulcrums themselves
for wear and galling (arrows)

condit ion and worn beyond the l imits speci-
f ied, which is usually the case in an engine
tha t ' s  be ing  overhau led ,  reassemble  the
valves in the cylinder head and refer to Sec-
tion 11 for valve servicing recommendations.

'10.22d On 4.6L and 5.4L V8 engines,
check the rocker arms for wear (arrows) at
the valve stem end, roller and the pocket

that contacts the lash adjuster
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Ghapter 2 PartG General engine overhaul procedures 2C-11

12.3a On V6 models with the type of seal
shown, use a hammer and a seal Installer
(or a deep socket, as shown here) to drive
the seal onto the valve gulde/head casting
boss (make sure the valve spring seat is

in place flrst)

11 Valves - servicing

1 Because of the complex nature of the job
and the special tools and equipment needed,
servicing of ihe valves, the valve seats and
the valve guides, commonly known as a valve
job, should be done by a professional.
2 The home mechanic.can remove and
disassemble the head, do the initial cleaning
and inspection, then reassemble and deliver it
to a dealer service department or an automo-
tive machine shop for the actual service work.
Doing the inspection will enable you to see
what condition the head and valve train com-
ponents are in and will ensure that you know
what work and new parts are required when
dealing with an automotive machine shop.
3 The dealer service department or auto-
motive machine shop will remove the valves
and springs, recondition'or replace the valves
and valve seats, recondition the valve guides,
check and replace the valve springs, spring
retainers or rotators and keepers (as neces-
sary), replace the valve seals with new ones,
reassemble the valve components and make
sure the installed spring height is correct.
The cylinder head gasket surface will also be
resurfaced if it's warped.
4 After the valve job has been performed
by a professional, the head will be in like-
new condition. When the head is returned,
be sure to clean it again before installation on
the engine to remove any metal particles and
abrasive grit that may still be present from the
valve service or head resurfacing operations.
Use compressed air, if available, to blow out
all the oil holes and passages.

12 Cylinder head - reassembly

Referto illustrations 12.3a, 12.3b, 12.3c,
12.7a, 12.7b and 12.9
1 Regardless of whether or not the head
was sent to an automotive repair shop for

12.3b Installing a valve stem seal on a
V8 englne - the socket must contact the

flange (spring seat) of the seal

valve servicing, make sure it's clean before
beginning reassembly.
2 lf the head was sent out for valve ser-
vicing, the valves and related components
will already be in place. Begin the reassembly
procedure with Step 9.
3 On all engines, lubricate and install the
valves, then install new seals on each of the
valve guides. Using a hammer and deep

12.7a 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

socket, gently tap each seal into place until
it's seated on the guide (see lllustratlons).
Don't twist or cock the seals during installa-
tion or they will not seat properly on the valve
stems. Note: On VO engines, the spring seat
must be in place before installing the seal. On
V8 engines, the seal and sping seat are one-
plece (eee illustration).
4 On V8 engines, reinstall the valve lifters.
5 Beginning at one end of the head, lubri-
cate and install the first valve. Apply moly-
base grease or clean engine oil to the valve
stem.
6 Set the valve spring and retainer in
place.
7 Apply a small dab of grease to each
keeper to hold it in place (see illustratlon).
Compress the springs with a valve spring
compressor and carefully install the keepers
in the upper groove (see illustration), then
slowly release the compressor and make
sure the keepers seat properly. Notez When
the camshafts are not on the cylinder head on
VB engines, only the valve spring compressor
type shown can be used; the special com-
pressor uses fhe camshafts for leverage and
rs used during disassembly only (see Part B
of this Chapter).
8 Repeat the procedure for the remaining
valves. Be sure to return the components to

12.7b Compress the springs with a valve
spring compressor and position the

keepers in the upper groove, then slowly
release the compressor and make sure

the keepers seat properly

12.3c 4.6L and 5.4L
V8 englnes use
valve stem seals
that are a valve
spring seat and

seal combined into
one part - make

sure replacement
parts are the

samo as the onss
removed earlier
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2C-12 Chapter 2 PartC Generalengine overhaul procedures

12.9 Valve spring installed height is the
distance from the spring seat on the head

to the bottom of the spring retainer

their original locations - don't mix them up!
9 Check the installed valve spring height
with a ruler graduated in 1/32-inch increments
or a dial caliper. lf the head was sent out for
service work, the installed height should be
correct (but don't automatically assume that
it is). The measurement is taken from the top
of each spring Seat or shim(s) to the boftom of
the retainer (see lllustration). lf the height is
greater than the figure listed in this Chapter's
Specifications, shims can be added under the
springs to correct it. Caution: Don't, under
any circumstances, shim the springs to the
point where the installed height is less fhan
specified.
10 Apply moly-base grease to the rocker
arm faces and the fulcrums, then install the
rocker arms and fulcrums on the cylinder
head studs.

13 Pistons/connecting rods -
removal

Referto illustrations 13.1, 13.3, 13.4, 13.6a,
13.6b and 13.8
Nolez Prior to removing the piston/connecting
rod assemb/les, remove the cylinder head(s),
the oil pan and the oil pump (on'5.4L engines)
by referring to the appropriate Sections in
ChapteT 2, Part A or Part B, depending which
engine is being overhauled. On some mod-
els, there will be a sheetmetal oil baffle plate
attached with nuts to the main cap sfuds.
Remove the nuts and the baffle.
1 Use your fingemail to feel if a ridge has
formed at the upper limit of ring travel (about
114-inch down from the top of each cylinder).
lf 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. Note: Do not let the tool cut
into the ing travel area more than 1/32-inch.

13.1 A ridge reamer is required to remove
the ridge from the top of each cylinder -

do this before removing the pistonsl

13.4 Mark the rod bearlng caps In order
from the front of the engine to the rear

(numberc can be used or use one mark for
the front cap, two for the second one

and so on)

2 Afler the cylinder ridges have been
removed, turn the engine upside-down so the
crankshaft is facing up.
3 Before the connecting rods are removed,
check the endplay with a dial indicator or with
feeler gauges (see illustration). Slide them
between the first connecting rod and the
crankshaft throw until the play is removed.
The endplay is equal to the thickness of the
feeler gauge(s). lf the endplay exceeds the
service l imit, new connecting rods wil l be
required. lf new rods (or a new crankshaft)
are installed, the endplay may fall under the
specified minimum (if it does, the rods will
have to be machined to restore it - consult an
automotive machine shop for advice if neces-
sary). Repeat the procedure for the remaining
connecting rods.
4 Check the connecting rods and caps
for identification marks. lf they aren't plainly
marked, use a small center-punch, number
stamping die (see illustration), or scribe, to
make the appropriate number of indentations,
or marks, on each rod and cap ('1,2,3, etc.,

13.3 Check the connecting rod side
clearance (endplay) with a dial indicator or

a feeler gauge

13.6a Remove the rod cap and bearing
insert together

depending on the engine type and cylinder
they're associated with).
5 Loosen each of the connecting rod
cap bolts 112-tum at a time until they can be
removed by hand.
6 Remove the connecting rod cap and
bearing insert (see illustration). Don't drop
the bearing insert out of the cap. Note: Ihe
V6 and VB engines covered by this manual
use a new method, refened to as Tractured
cap method," to more accurately match the
rod cap to the connecting rod. The mating
line of the rod and cap (see illustration) is
made by breaking ("fracturing") the cap from
the rod. Ihls is supposed to ensure a pertect
match once reassembled with its conespond-
ing rod. This also means that no caps are
interchangeable.
7 To protect the rod joumals of the crank-
shaft during disassembly or assembly, take
two rod cap bolts and cut the heads off, then
slot that end of the "studs" with a hacksaw.
Cover the non-threaded portion of these
studs with rubber tubing and screw the studs
into the rod to act as guides, so the journal
isn't scratched as the piston/rod assembly
is withdrawn or installed (see illustration
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13.6b The new method used to
manufacture connecting rods and

machine the rod cap is unique; Ford
"fractures" (breaks) the cap from ihe rod
to give a perfect match upon reassembly

24.9b). Note: These rod bolts are torque-to-
yield design, so NEW bolts will be used dur-
ing assembly. Discard the resf of the old rod
bolfs.
8 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 bear-
ing surface in the connecting rod (see illus-
tration). lf resistance is felt, double-check to
make sure that all of the ridge was removed
ftom the cylinder.
9 Repeat the procedure for the remaining
cylinders.
10 After removal, reassemble the con-
necting rod caps and bearing inserts in their
respective connecting rods and install the
cap nuts 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.
'11 Don't separate the pistons from the con-
necting rods (see Section 18 for additional
information).

13.8 Use a hammer handle to drive the
piston and connecting rod assembly

down and out of the cylinder block, being
very careful not to nick the crankshaft on

the way out

14 Crankshaft - removal

Referto illustrations 14.1. 14.3 and 14.4
Note: lhe crankshaft can be removed only
after the engine has been removed from the

vehicle. /f's assumed that the flywheel or
driveplate, vibration damper, timing chain(s)
or gears, oil pan, oil pump and piston/con-
necting rod assemblies have already been
removed.
1 Before the crankshaft removal procedure
is started, check the endplay. Mount a dial
indicator with the stem in line with the crank-
shaft and just touching the end of the crank-
shafi (see illustration).
2 Push the crankshaft all the way to the
rear and zero the dial indicator. Next, pry the
crankshaft to the front as far as possible and
check the reading on the dial indicator. The
distance that it moves is the endplay. lf it's
greater than the limit listed in this Chapter's
Specifications, check the crankshaft thrust
surfaces for wear. lf no wear is evident, new
main bearings should correct the endplay.
3 lf a dial indicator isn't available, feeler
gauges can be used. Gently pry or push
the crankshaft all the way to the front of the
engine. Slip feeler gauges between the crank-
shaft and the front face of the thrust main
bearing to determine the clearance (see lllus-
tration).
4 Check the main bearing caps to see if
they're marked to indicate their locations (see
illustratlon). They should be numbered con-

14.4 The main bearing caps are usually marked to indicate their
locations (arrows). They should be numbered consecutively from

the front of the engine to the rear
14.3 Checking crankshaft endplay with a feeler gauge
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g:g-Lr4F
14.6 4.6 REP engines use maln bearing caps that are fastened to
the block through the.use of a set of bolts, screws and specific

adJustment procedures

1 Main bearing cap
2 Main bearing bolts

3 Jack screws (left handed
thread)

4 Side bolts
14.7 Remove the side bolts . VB models

14.9 Main caps should be numbered (arrow) and have an
indicator (circle) of the direction facing the front of the engine

14.8 Following the reverse order of the tightening sequence (see
Section 23), remove the main bearlng cap bolts, loosening them

1/4 turn at a time until they can be removed by hand

secutively from the front of the engine to the
rear. lf they aren't, mark them with number
stamping dies or a center-punch. Main bear-
ing caps generally have a cast-in arrow, which
points to the front of the engine.

VG engines
Note: Ihe thrust bearing on the 4.2L VO
enginei is the number three main bearing
cap location. lt has an upper and lower thrust
beaing shell.
5 Loosen the main bearing cap bolts/studs
1/4-turn at a time each, until they can be
removed by hand. Note if any stud bolts are
used and make sure they're returned to their
orlginal locations when the crankshaft is rein-
stalfed. Note: On some V6 engines, there are
two main cap support braces, each spanning
two main caps, and aftached with nuts to the
main cap sfuds. Remoye the braces.

VB engines
Refer to illustrations 14.6, 14.7 and 14.8
6 The V8 engines have a more complex

crankshaft removal and assembly procedure
than V6 engines because of the number of
bolts used to fasten the main caps to the cylin-
der block. On 4.6L REP models. there are two
main cap bolts, two jack screws and two side
bolts on each of the main caps. lt is extremely
important to follow the removal and the instal-
lation procedure to ensure correct assembly
and operation. Loosen and remove the main
cap side bolts, then back off the jack screws
into the caps and away from the block (see
illustration).
7 On 5.4L engines, and WEP-design 4.6L
engines, there are side bolts without the jack-
ing screws, and the caps are securely posi-
tioned on the block with both bolts and dowel
pins. Remove the side bolts (see illustra-
tion).
I Remove the main bearing cap bolts (see
illustration). On WEP 4.6L and 5.4L engines,
also pull the dowel pins from the main caps.
Gaution: The main beaing cap bofts (top and
side) are 'torque-to-yield" bolts and are NOT
reusable. A pre-determined stretch of the boft,
calculated by the manufacturer, gives the

added rigidity reguired with this cylinder block.
Once removed they must be replaced. The
jack screws on REP engines are reusable.

All engines
Refer to illustration 1 4.9
9 Gently tap the caps with a soft-face ham-
mer, then separate them from the engine
block. lf necessary use the bolts as levers to
remove the caps. Try not to drop the bearing
inserts if they come out with the caps. All main
caps should have an arrow cast in to indicate
the front of the engine, and a number to indi-
cate which position they have on the block.
On 4.61 engines, the number is stamped in
on the left side of the cap (see illustration).
10 Carefully lift the crankshaft out of the
engine. lt may be a good idea to have an
assistant available, since the crankshaft is
quite heavy. With the bearing inserts in place
in the engine block and main bearing caps,
return the caps to their respective locations
on the engine block and tighten the bolts fin-
ger tight.
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15.1b Pull the core plugs from the block
with pliers

15.1a A hammer and a large punch can be
used to knock the core plugs sideways in

their bores

15 Engine block - cleaning

Referto illustntions 15.1a, 15.1b, 15.4, 15.8
and 15.10
Cautfon: The core plugs (also known as
freeze plugs or soft plugs) may be difficult or
impossible to retieve if they're driven into the
bloc? cool a nt passages.
1 Using the wide end of a punch (see
illustration) tap in on the outer edge of the
core plug to turn the plug sideways in the
bore. Then, using a pair of pliers, pull the core
plug from the engine block (see illustration).
Don't worry about the condition of the old core
plugs as they are being removed because
they will be replaced on reassembly with new
prugs.
2 Using a gasket scraper, remove all traces
of gasket material from the engine block. Be
very careful not to nick or gouge the gasket
sealing surfaces.
3 Remove the main bearing caps and sep-
arate the bearing inserts from the caps and
the engine block (see Section 14). Tag the
bearings, indicating which cylinder they were
removed from and whether they were in the
cap or the block, then set them aside.
4 Remove all of the threaded oil gallery
plugs from the block (see illustratlon), The
plugs are usually very tight - they may have
to be drilled out and the holes retapped. Use
new plugs when the engine is reassembled.
5 lf the engine is extremely dirty it should
be taken to an automotive machine shop to
be steam cleaned or hot tanked.
6 After the block is returned, clean all
oil holes and oil galleries one more time.
Brushes specifically designed for this purpose
are available at most auto oarts stores. Flush
the passages with warm water until the water
runs clear, dry the block thoroughly and wipe
all machined surfaces with a light, rust preven-
tive oil. lf you have access to compressed air,
use it to speed the drying process and to blow
out all the oil holes and galleries. Warning:
Wear eye protection when using compressed
air!

15.8 All bolt holes in the block -
particularly the main bearing cap and

head bolt holes - should be cleaned and
restored with a tap (be sure to remove

debris from the holes after this is done)

7 lf the block isn't extremely dirty or
sludged up, you can do an adequate clean-
ing job with hot soapy water and a stiff brush.
Take plenty of time and do a thorough job.
Regardless of the cleaning method used, be
sure to clean all oil holes and galleries very
thoroughly, dry the block completely and coat
all machined surfaces with light oil.
8 The threaded holes in the block must
be clean to ensure accurate torque readings
during reassembly. Run the proper size tap
into each of the holes to remove rust, cor-
rosion, thread sealant or sludge and restore
damaged threads (see illustration). lf pos-
sible, use compressed air to clear the holes of
debris produced by this operation.
9 Reinstall the main bearing caps and
tighten all bolts finger tight.
10 After coating the sealing surfaces of the
new core plugs with Perinatex no. 2 sealant,
install them in the engine block (see il lus-
tration). Make sure they're driven in straight
and seated properly or leakage could result.
Special tools are available for this purpose,

15.4 Remove the oil gallery plugs at the
front and rear of the block (arrows indicate

two at the rear of a typical engine)

1 5.1 0 A large socket on an extension can
be used to drive the new core plugs into

the bores

but a large socket, with.an outside diameter
that will just slip into the core plug, a 112-inch
drive extension and a hammer will work just
as well.
'11 Apply non-hardening sealant (such as
Permatex no. 2 or Teflon pipe sealant) to the
new oil gallery plugs and thread them into the
holes in the block. Make sure they're tight-
ened securely,
12 lf the engine isn't going to be reassem-
bled right away, cover it with a large plastic
trash bag to keep it clean.

16 Engine block - inspection

Referto illustrations 16.4a, 16.4b and 16.4c
1 Before the block is inspected, it should
be cleaned as described in Section 15.
2 Visually check the block for cracks, rust
and corrosion. Look for stripped threads in the
threaded holes. lt's also a good idea to have
the block checked for hidden cracks by an
automotive machine shop that has the special
equipment to do this type of work. lf defects
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16.4a Measure the diameter of each
cylinder at a right angle to the engine
centerline (A), and parallel to engine
centerline (B) - out-of-round is the

difference between A and B; taper ls the
difference between A and B at the top of
the cylinder and A and B at the bottom of

the cylinder

are found, have the block repaired, if possible,
or replaced.
3 Check the cylinder bores for scufiing and
scoring.
4 Check the cylinders for taper and out
of-round conditions as follows (see lllustra.
tlons):
5 Measure the diameter of each cylinder
at the top fiust under the ridge area), center
and bottom of the cylinder bore, parallel to the
crankshaft axis.
6 Next measure each cylinder's diameter
at the same three locations perpendicular to
the crankshaft axis.
7 The taper of the cylinder is the difference
between the bore diameter at the toD of the
cylinder and the diameter at the bottom. The
out-of-round specification of the cylinder bore
is the difierence between the parallel and per-
pendicular readings. Compare your results to
those listed in this Chapter's Specifications.
I Repeat the procedure for the remaining
pistons and cylinders.
9 lf the cylinder walls are badly scuffed or
scored, or if they're out-of-round or tapered
beyond the l imits given in this Chapter's
Specifications, have the engine block rebored
and honed at an automotive machine shop. lf
a rebore is done, oversize pistons and rings
will be reouired.
10 lf the cylinders are in reasonably good
condition and not worn to the outside of the
limits, and if the piston-to-cylinder clearances
can be maintained properly, then they don't
have to be rebored. Honing is all that's neces-
sary (see Section 17).

17 Cylinder honing

Refer to illustrations 17.3a and 17.3b
1 Prior to engine reassembly, the cylinder

16.4b The ability to "feel" when the
telescoping gauge is at the correct point

will be developed over time, so work
slowly and repeat the check until you're

satisfied the bore measurement
is accurate

bores must be honed so the new piston rings
will seat correctly and provide the best pos-
sible combustion chamber seal. Note: /f you
don't have the tools or don't want to tackle the
honing operation, most automotive machine
shops will do it for a reasonable fee.
2 Before honing the cylinders, install the
main bearing caps and tighten the bolts to the
torque listed in this Chapter's Specifications.
Make sure you use only the original main cap
bolts, not the new ones for final assembly.
3 Two types of cylinder hones are com-
monly available - the flex hone or "bottle
brush" type and the more traditional surfacing
hone with spring-loaded stones. Both will do
the job, but for the less experienced mechanic
the "boftle brush" hone will probably be easier
to use. You'll also need some kerosene or
honing oil, rags and a 1l2-inch electric drill
motor. Proceed as follows:
a) Mount the hone in the drill motor, com-

press fhe slones and slip it into the first
cylinder (see illustration). Be sure to
wear safety goggles or a face shield!

16.4c The gauge is then measured with a
micrometer to determine the bore size

Lubricate the cylinder with plenty of hon-
ing oil, turn on the drill and move the
hone up-and-down in the cylinder at a
pace that will produce a f,ne crosshatch
pattern on the cylinder walls. ldeally,
the crosshatch lines should intersect at
approximately a 60-degree angle (see
illustration). Be sure to use plenty of
lubricant and don't take off any more
material than is absolutely necessary to
produce the desired finish. Note: Pis-
ton ring manufacturers may specify a
smaller crosshatch angle than the tradi-
tional 60-degrees - read and follow any
instructions included with the new ings.
Don't withdraw the hone from the cyl-
inder while it's running. lnstead, shut
off the drill and continue moving the
hone up-and-down in the cylinder until
it comes to a complete stop, then com-
press fh6 stones and withdraw the hone.
lf you're using a "boftle brush" type hone,
stop fhe drill motor, then tum the chuck
in the normal direction of rotation while
withdrawing the hone from the cylinder.

17.3b The cylinder hone should leave a
smooth, crosshatch pattern with the lines

intersecting at approximately a
60degree angle

b)

c)

tdffil

17.3a A "bottle brush" hone is the easiest
type of hone to use
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18.4a The piston rlng grooves can be
clganed with a special tool, as

shown here.. .

d) Wipe the oil out of the cylinder and
repeat the procedure for the remaining
cylinders.

4 After the honing job is complete, cham-
fer the top edges of the cylinder bores with a
small file so the rings won't catch when the
pistons are installed. Be very careful not to
nick the cylinder walls with the end of the file.
5 The entire engine block must be washed
again very thoroughly with warm, soapy water
to remove all traces of the abrasive grit pro-
duced during the honing operation. Note: Ihe
bores can be considered clean when a lint-
free white cloth - dampened with clean engine
oil - used to wipe them out doesnl pick-up
any more honing residue, which will show up
as.gray areas on the cloth. Be sure to run a
brush through all oil holes and galleries and
flush them with running water.
6 After rinsing, dry the block and apply a
coat of light rust preventive oil to all machined
surfaces. Wrap the block in a plastic trash bag
to keep it clean and set it aside until reassem-
blv.

18 Pistons/connectlng rods -
inspection

Referto illustrations 18.4a, 18.4b, 18.10
and 18.11
1 Before the inspection process can be
canied out, the piston/connecting rod assem-
blies must be cleaned and the original piston
rings removed from the pistons. Note: A/ways
use new piston rings when the engine is reas-
sembled.
2 Using a piston ring installation tool, care-
fully remove the rings from the pistons (see
lflustratfon 22.111. Be careful not to nick or
gouge the pistons in the process.
3 Scrape all traces of carbon from the top
of the piston. A hand-held wire brush or a
piece offine emery cloth can be used once the
majority of the deposits have been scraped
away. Do not, under any circumstances, use a

wire brush mounted in a drill motor or caustic
chemicals to remove deposits from the pis-
tons. The piston material is soft and may be
eroded away.
4 Use a piston ring groove cleaning tool to
remove carbon deposits from the ring grooves.
lf a tool isn't available, a piece broken off the
old ring will do the job (see illustrations). Be
very careful to remove only the carbon depos-
its - don't remove any metal and do not nick or
scratch the sides ofthe ring grooves.
5 Once the deposits have been removed,
clean the piston/rod assemblies with solvent
and dry them with compressed air (if avail-
able). Make sure the oil return holes in the
back sides of the ring grooves are clear.
6 lf the pistons and cylinder walls aren't
damaged or worn excessively, and if the
engine block is not rebored, new pistons won't
be necessary. Normal piston wear appears as
even vertical wear on the piston thrust sur-
faces and slight looseness of the top ring in
its groove. New piston rings, however, should
always be used when an engine is rebuilt.
7 Carefully inspect each piston for cracks
around the skift, at the pin bosses and at the
ring lands.
8 Look for scoring and scuffing on the
thrust faces of the skirt, holes in the piston
crown and burned areas at the edge of the
crown. lf the skirt is scored or scuffed, the
engine may have been suffering from over-
heating'and/or abnormal combustion, which
caused excessively high operating tempera-
tures. The cooling and lubrication systems
should be checked thoroughly. A hole in the
piston crown is an indication that abnormal
combustion (pre-ignition) was occurring.
Bumed areas at the edge of the piston crown
are usually evidence of spark knock (detona-
tion). lf any of the above problems exist, the
causes must be conected or the damage will
occur again. The causes may include intake
air leaks, incorrect fuel/air mixture, incorrect
ignition timing and EGR system malfunctions.
9 Corrosion of the piston, in the form of
small pits, indicates that coolant is leaking into
the combustion chamber and/or the crank-
case. Again, the cause must be conected or
the problem may persist in the rebuilt engine.

18.10 Gheck the ring side clearance wlth
a fueler gauge at several points around

the groove

10 Measure the piston ring side clearance
by laying a new piston ring in each ring groove
and slipping a feeler gauge in beside it (see
illustration). Check the clearanc€ at three or
four locations around each groove. Be sure to
use the correct ring for each groove - they are
difierent. lf the side clearance is greater than
the figure listed in this Chapter's Specifica-
tions, new pistons will have to be used.
11 Check the piston-to-bore clearance by
measuring the bore (see Section 16) and the
piston diameter. Make sure the pistons and
bores are correctly matched. Measure the
piston across the skirt, at a 90-degree angle
to, and in line with, the piston pin (eee illus-
tratlon). Subtract the piston diameter from
the bore diameter to obtain the clearance. lf
it's greater than specified, the block will have
to be rebored and new pistons and rings
installed.
12 Check the piston-to-rod clearance by
twisting the piston and rod in opposite direc-
tions. Any noticeable play indicates excessive
wear, which must be corrected. The piston/
connecting rod assemblies should be taken to
an automotive machine shop to have the pis-
tons and rods resized and new pins installed.

18.11 Measure the piston diameter at a
90degree angle to the piston pin and in

llne with it

18.4b . . . or a gection of a broken rlng
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19.'l The oil holes should be chamfered
so sharp edges don't gouge or scratch the

new bearlngs

13 lf the pistons must be removed from the
connecting rods for any reason, they should
be taken to an automotive machine shop.
While they are there have the connecting rods
checked for bend and twist. since automotive
machine shops have special equipment for
this purpose. Note: Unless new pistons and/
or connecting rods must be installed, do not
dlsassernb/e theplsfons and connecting rods.
14 Check the connecting rods for cracks
and other damage. Temporarily remove the
rod caps, lift out the old bearing inserts, wipe
the rod and cap bearing surfaces clean and
inspect them for nicks, gouges and scratches.
After checking the rods, replace the old bear-
ings, slip the caps into place and tighten the
nuts finger tight. Note: lf the engine is being
rebuilt because of a connecting rod knock, be
sure to install new rods.

19.2 Use a wire or stiff plastic brlstle
brush to clean the oil passages in

the crankshaft

mine if the journal is tapered.
6 lf the crankshaft journals are damaged,
tapered, out-of-round or worn beyond the lim-
its given in the Specifications, have the crank-
shaft reground by an automotive machine
shop. Be sure to use the correct size bearing
inserts if the crankshaft is reconditioned.
7 Check the oil seal journals at each end
of the crankshaft for wear and damage. lf
the seal has wom a groove in the journal, or
if it's nicked or scratched (see illustratlon),
the new seal may leak when the engine is
reassembled. In some cases, an automotive
machine shop may be able to repair the jour-
nal by pressing on a thin sleeve. lf repair isn't
feasible, a new or different crankshaft should
be installed.
8 Refer to Section 20 and examine the
main and rod bearing inserts.

19.5 Measure the diameter of each
crankshaft journal at several points to

detect taper and out-of-round conditionE

19,7 lf the seals have wom grooves in the
crankshaft journals, or lf the seal contact
surfaces are nlcked or scratched, the new

seals will leak

the engine in a variety of ways. lt may be
left in the engine during assembly, or it may
pass through filters or the PCV system. lt
may get into the oil, and from there into the
bearings. Metal chips from machining opera-
tions and normal engine wear are often pres-
ent. Abrasives are sometimes left in engine
components after recondit ioning, especial ly
when parts are not thoroughly cleaned using
the proper cleaning methods. Whatever the
source, these foreign objects often end up
embedded in the soft bearing material and
are easily recognized. Large particles will not
embed in the bearing and will score or gouge
the bearing and journal. The best prevention
for this cause of bearing failure is to clean all
parts thoroughly and keep everything spot-
lessly clean during engine assembly. Frequent
and regular engine oil and filter changes are
also recommended.
5 Lack of lubrication (or lubrication break-
down) has a number of interrelated causes.
Excessive heat (which thins the oil), overload-
ing (which squeezes the oil from the bearing
face) and oil leakage or throw off (from exces-
sive bearing clearances, worn oil pump or

t9 Grankshaft - inspection

Referto illustrations 19.1, 19.2, 19.5 and 19.7
1 Remove all buns from the crankshaft oil
holes with a stone, file or scraper (see illus-
tration).
2 Clean the crankshaft with solvent and dry
it with compressed air (if available). Be sure to
clean the oil holes with a stiff brush (see illus-
tration) and flush them with solvent.
3 Check the main and connecting rod
bearing joumals for uneven wear, scoring, pits
and cracks.
4 Check the rest of the crankshaft for
cracks and other damage. lt should be mag-
nafluxed to reveal hidden cracks - an automo-
tive machine shop will handle the procedure.
5 Using a micrometer, measure the diam-
eter of the main and connecting rod journals
and compare the results to this Chapter's
Specifications (see illustration). By measur-
ing the diameter at a number of points around
each journal's circumference, you'll be able to
determine whether or not the journal is out-of-
round. Take the measurement at each end of
the journal, near the crank throws, to deter-

20 Main and connecting rod
bearings - inspection

Refer to illustration 20.1
1 Even though the main and connecting
rod bearings should be replaced with new
ones during the engine overhaul, the old bear-
ings should be retained for close examination,
as they may reveal valuable information about
the condition of the engine (see illustration).
2 Bearing failure occurs because of lack
of lubrication, the presence of dirt or other
foreign particles, overloading the engine and
conosion. Regardless of the cause of bearing
failure, it must be corrected before the engine
is reassembled to prevent it from happening
again.
3 When examining the bearings, remove
them from the engine block, the main bear-
ing caps, the connecting rods and the rod
caps and lay them out on a clean surface in
the same general position as their location
in the engine. This will enable you to match
any bearing problems with the corresponding
crankshaft journal.
4 Dirt and other foreign particles get into
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high engine speeds) all contribute to lubrica-
tion breakdown. Blocked oil passages, which
usually are the result of misaligned oil holes in
a bearing shell, will also oil starve a b6aring
and destroy it. When lack of lubrication is the
cause of bearing failure, the bearing material
is wiped or extruded from the steel backing of
the bearing. Temperatures may increase to
the point where the steel backing turns blue
from overheating.
6 Driving habits can have a definite effect
on bearing life. Low speed operation in too
high a gear (lugging the engine) puts very high
loads on bearings, which tends to squeeze
out the oil film. These loads cause the bear-
ings to flex, which produces fine cracks in the
bearing face (fatigue failure). Eventually the
bearing,material will loosen in pieces and tear
away ftom the steel backing. Short trip driving
leads to corrosion of bearings because insuf-
ficient engine heat is produced to drive off the
condensed water and corrosive gases. These
products collect in the engine oil, forming acid
and sludge. As the oil is caried to the engine
bearings, the acid attacks and corrodes the
bearing material.
7 Incorrect bearing installation during
engine assembly will lead to bearing failure
as well. Tight fitting bearings leave insufficient
bearing oil clearance and will result in oil star-
vation. Dirt orforeign particles trapped behind
a bearing inse( result in high spots on the
bearing which lead to failure.

21 Engine overhaul - reassembly
sequence

1 Before beginning engine reassembly,
make sure you have all the necessary new
parts (including new head bolts, rod bolts and
main cap bolts on V8 engines), gaskets and
seals as well as the following items on hand:

Common hand tools
A 1/2-inch drive torque wrench
A 3/&inch dive torque wrench (inch-lb.

measurement)
Piston ing installation tool
Pisbn rtng compressor
Vibration damper installation tool
Connecting rod guide bolts
Plastigage
Feeler gauges
Afine-tooth file
New engine oil
Engine assembly lube or moly-base

grease
Gasket sealant
Th re ad -locki n g com po u n d

2 In order to save time and avoid prob-
lems, engine reassembly must be done in the
following general order:

VG engines
New camshaft beaings (recommended to

be done by an automotive machine
shop)

Piston rtngs

FANGUE FAILURE
ecn ITclrES

SCRATCHED BY D|NT

OVERLAY
FROTI EIINREsT'RFACE

EXCESSIVE WEAR

20.1 Typical

LAcx oF ott

TAPERED JOURNAL

bearing failures

Cnnkshaft and main bearings
P i sto n/co n n e cti n g rod assemb/r'es
Oil pump
Oil pan
Camshaft
Valve lifters
Timing chain and sprockets
Trming chain cover
Cylinder heads
Rocker arms and pushrods
lntake and exhaust manffolds
Valve covers
Rear main seal
Driveplate

V8 engines
Piston rings
Crankshaft and main bearings
P isto n/a n n ecti ng rod assemb/ies
Oil pump
Rear main seal/retainer plate
Oil pan
Cylinder heads
Valve lifters
Rocker anns
Camshaft(s)
Camshafr cap assernb/ies
Timing chains and sprockets
Timing chain guides and tensioners
Timing chain cover
lntake and exhaust manifolds
Valve covers
Driveplate

22 Piston rings - installation

Refer to illustrations 22.3, 22.4, 22. 8a, 22.8b
and 22.11
1 Before installing the new piston rings, the
ring end gaps must be checked. lt's assumed
that the piston ring side clearance has been
checked and verified conect (see Section 18).
2 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.
3 Insert the top (number one) ring into the

22.3 When checking piston ring end gap,
the ring must be square in the cylinder
bore (this is done by pushing the ring

down wlth the top of a piston as shown)

|MPNOPER SEATING

DIRTIMBEDDED
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22.4 Wath the ring square in the cylinder,
measure the end gap wlth a feeler gauge

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,
4 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
of drag. Compare the measurement to this
Chapter's Specifications. lf the gap is larger or
smaller than specified, double-check to make
sure you have the correct rings before pro-
ceeding. lf there is any doubt contact the parts
store where the rings were purchased, to verifo
that the conect ring set is being used.
5 Excess end gap isn't critical unless it's
greater than 0.040-inch. Again, double-check
to make sure you have the correct rings for
your engine,
6 Repeat the procedure for each ring that
will be installed in the first cylinder and for
each ring in the remaining cylinders. Remem-
ber to keep rings, pistons and cylinders
matched up.
7 Once the ring end gaps have been
checked/corrected, the rings can be installed
on the pistons.
8 The oil control ring (lowest one on the
piston) is usually installed first. lt's com-
posed of three separate components. Slip the
spacer/expander into the groove (see lllus.
tration). Next, ihstall the lower side rail. 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 (see illustration). Next, instrall the
upper side rail in the same manner.
9 After the three oil ring components have
been installed, check to make sure that both
the upper and lower side rails can be turned
smoothly in the ring groove
10 The number two (middle) ring is installed
next. lt's usually stamped with a mark which
must face up, toward the top of the piston.

22.8a Installing the spacer/expander ln
the oll control ring groove . . .

Note: A/ways follow the instructions printed
on the ing package or box - different manu-
facturers may r€,quire different approaches.
Do not mix up the top and middle rings, as
they have different cross secfions.
11 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.
12 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.
13 Repeat the procedure for the remaining
pistons and rings.

23 Grankshaft - installation and
main bearing oil clearance check

Caution: The main bearing cap bolts (and
sr?e bolfs) on the V8 engines are all torque-
to-yield' bolts and are NOT reusable. A pre-
determined stretch of the bolt. calculated
by the manufacturen gives the added rigid-
ity required with this cylinder block. Once
removed they must be replaced with new
bolts. The main cap side bofts and jack screws
are reusable. Duing clearanco checks using
Plastigage, use the old bolts and torque to.
Specifications, but use only new bofts for final
assembly.
1 Crankshaft installation is the first step
in engine reassembly. lt's assumed at this
point that the engine block and crankshaft
have been cleaned, inspected and repaired or
reconditioned.
2 Position the engine with the bottom fac-
ing up.
3 Remove the main bearing cap bolts/
studs and lift out the caps. Lay them out in the
proper order to ensure correct installation.
4 lf they're still in place, remove the origi-
nal bearing inserts from the block and the
main bearing caps. Wipe the bearing surfaces
of the block and caps with a clean, lint-free
cloth. They must be kept spotlessly clean.

22.8b .. . followed by the side rails - DO
NOT use a plston rlng installation tool
when inetalling the oil ring side rails

22.11 Installlng the compressor rings with
a rlng expander - the mark (arrow) must' 

face up

Main bearing oil clearance
check
Referto illustntions 23.11, 23.12 and 23.15
5 Clean the back sides of the new main
bearing inserts and lay one in each main
bearing saddle in the block. lf one of the bear-
ing inserts from each set has a large groove in
it, make sure the grooved insert is installed in
the block. Lay the other bearing from each set
in the conesponding main bearing cap. Make
sure the tab on the bearing insert fits into the
recess in the block or cap.
Cautlon: The oil holes in the block must line
up with the oil holes in the bearing insert. Do
not hammer the beaing into place and don\
nick or gouge the beaing faces. No lubrica-
tion should be used atthistime.
6 The flanged thrust bearing must be
installed in the third cap and saddle on VO
engines, or the fifth cap and saddle on V8
engines.
7 Clean the faces of the bearings in the
block and the crankshaft main bearing jour-
nals with a clean. lint-fiee cloth.
8 Check or clean the oil holes in the crank-
shaft, as any dirt here can go only one way
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23.11 Lay the Plastigage strips (arrow) on
the main bearing journals, parallel to the

crankshaft centerline

- straight through the new bearings.
9 Once you're certain the crankshaft is
clean, carefully lay it in position in the main
bearings.
'10 Before the crankshaft can be perma-
nently installed, the main bearing oil clear-
ance must be checked.
11 Cut several pieces of the appropriate-
size Plastigage (they must be slightly shorter
than the width of the main bearings) and place
one piece on each crankshaft main bearing
journal, paral lel  with the journal axis (see
illustration).
12 Clean the faces of the bearings in the
caps and install the caps in their respective
positions (don't mix them up) with the anows
pointing toward the front of the engine (see
Section 14). Don't disturb the Plastigage.
Note: On all V8 engines, fhe caps should be
seated with a brass hammer or a dead-blow
plastic mallet before installing any main cap
bolts (see illustration). On models with jack-
ing screws, make sure fhe screws are well
into the caps and clear of the block.
13 Starting with the center main and work-
ing out toward the ends, tighten the main
bearing cap bolts/studs, in three steps, to the
torque listed in this Chapter's Specifications.
Note: On VB engines it is not necessary to
tighten the jack screws or install the side bolts
for Plqstigage measurement purposes. Don't
rotate the crankshaft at any time during this
operation.
14 Remove the bolts/studs and carefully
lift off the main bearing caps. Keep them in
order. Don't disturb the Plastigage or rotate
the crankshaft. lf any of the main bearing
caps are difficult to remove, tap them gently
from side-to-side with a soft-face hammer to
loosen them.
15 Compare the width of the crushed Plas-
tigage on each journal to the scale printed
on the Plastigage envelope to obtain the
main bearing oil clearance (see illustration).
Check the Specifications to make sure it's
correct.
16 lf the clearance is not as specified, the

23.12 On V8 engines tap the main cape
down wlth a brass or plastic hammer

before installing any top or side bolts - the
cap must be square to the block before

tapping it down

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 caps or block when
the clearance was measured. lf the Plas-
tigage was wider at one end than the other,
the journal may be tapered (refer to Sec-
tion 19).
17 Carefully scrape all traces of the Plas-
tigage material off the main bearing journals
and/or the bearing faces. Use your fingernail
or the edge of a credit card - don't nick or
scratch the bearing faces.

Fi nal crankshaft installation
18 Carefully lift the crankshaft out of the
engine.
19 Clean the bearing faces in the block,
then apply a thin, uniform layer of moly-base
grease or engine assembly lube to each of the
bearing surfaces. Be sure to coat the thrust
faces as well as the journal face of the thrust
bearing.
20 Make sure the crankshaft journals are
clean, then lay the crankshaft back in place in
the block.
21 Clean the faces of the bearings in the
caps, then apply lubricant to them.
22 Install the caps in their respective posi-
tions with the anows pointing toward the front
of the engine. Note: On V6 engines, apply
a thin bead of RTV sealant at the side joints
between the rear main cap and the block.
lnstall the cap and tighten the bofts (see Sfeps
23 and 24 below) within four minutes of apply-
ing the sealant.

VG engines
23 Install the main cap bolts.
24 Tighten all, except the thrust bearing cap
bolts (number 3), to the torque listed in this
Chapter's Specifications (work from the cen-
ter out and approach the final torque in three
steps).

23.15 Compare the width of the crushed
Plastigage to the scale on the envelope to
determine the main bearing oil clearance

(always take the measurement at the
widest point of the Plastigage); be sure
to use the correct scale - standard and

metric ones are lncluded

25 Tighten the thrust bearing cap bolts fin-
ger tight.
26 Pry the crankshaft fonrvard and while
holding pressure on the crankshaft, pry the
thrust bearing cap backward. Forcing these
two in opposite directions, against each other,
will align the thrust bearing surfaces.
27 While keeping fonrvard pressure on the
crankshaft, re-tighten ALL main bearing cap
bolts to the torque listed in this Chapter's
Specifications, starting with cap #3, then #2,
#4 and#l.
28 Rotate the crankshaft a number of times
by hand to check for any obvious binding.
29 The final step is to check the crankshaft
endplay with a feeler gauge or a dial indicator
(see Section 13) The endplay should be cor-
rect if the crankshaft thrust faces aren't worn
or damaged and new.bearings have been
installed.
30 Install the rear main oil seal (see Chap-
ter 2, PartA).

V8 engines
Refer to illu strations 23. 32, 23. 34, 23. 37
and 23.38
31 On 4.61 REP engines, install the jack
screws (if removed earlier)into the main caps
and bottom them lightly against the caps, this
must be done before the caps are placed into
the block.
32 Lubricate the upper thrust washer with
moly-base grease and rotate it into the block
while prying rearward on the crankshaft (see
illustration). The side of the washer with the
oil grooves must face the crankshaft. REP
4.61 engines use one thrust washer at the
back of the last crank journal, while 4.6L WEP
and 5.4L engines use two thrust washers,
one behind the last joumal and one ahead of
the last journal. When installing the rearyvard
thrust washer, the crankshaft should be pried
rearward. After installing the rearuard thrust
washer (all V8s), pry the crankshaft forward
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2C-22 Chapter 2 ParlC Generalengine overhaul procedures

23.34 Main cap bolt
tightening aequence

- V8 englnes

23,32 "Roll" the lubricated crankshaft
thrust washer (arrow) lnto place In front of
the last crankshaft joumal on V8 engines
- the grooved elde of the thrust washer

must face the crankshaft (away from the
maln bearing saddle)

on 4.6L WEP and 5.4L engines and install the
lubricated front thrust washer by rotating it
into place.
33 Place the main caps on their correct jour-
nals and tap the caps into place with a brasg
or soft-face hammer. Caution: All main bear-
ing caps MUST be tapped into position prior
to tightening. Failure to do so may result in
impropertoryue.
U lnstall the NEW main cao bolts and
tighten them to 10{o-12 ftlbs in the recom-
mended sequence (see lllustratlon). On 4.6L
WEP engines and 5.4L engines, install the
dowel pins in the outboard holes of the caps
with lheir flat sides toward the center of the
engine.

35 Push the crankshaft forward using a
screwdriver or prybar to seat the thrust bear-
ing. Caution: Once the erankshaft ls pushed
fully forward, to seat the thrust bearing, Ieave
the screwdriver in position so that pressure
stays placed on the crankshaft until after all
main beaing cap bolts have been tightened.
36 Tighten the main bearing cap bolts in two
steps in the sequence shown (see illustratlon
23.34) and to the torque and angle indicated
in the Specifications listed at the beginning of
this Chapter.
37 On REP 4.6L engines, t ighten all jack
screws against the block (left-hand threads)
in two steps, in the sequence shown (see
illustratlon), to the Specifications listed at the
beginning of this Chapter.
38 Tighten all side bolts in two steps, in the
sequence shown (see il lustration), to the

Specifications listed at the beginning of this
Chapter.
39 Check crankshaft endplay again and
verifo that it is correct (see Section 14).
40 Rotate the crankshaft a number of times
by hand to check for any obvious binding.
41 Install the rear main oil seal (see Chap-
ter 2, Part B).

24 Pistons/connecting rods -
installation and rod bearing oil
clearance check

Caution: The connecting rod bolts on all
engines covered by this manual are all
"torque-to-yield" bolts and are NOT reus-
able. A pre-dete'rmined stretch of the bolt,

s
E

{rFrontof Engine lffiTfiffil

23.38 On all V8's tighten the side bolts in this sequence
in two steps

{-Ps1of Engine lFF@:@fl

23.37 On REP 4.6L engines, tighten the ten jacking screws
in this sequence

<rFrontof Engine
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24.3 lnsertthe connecting rod bearing
halves, making sure the bearing tab

(arrows) are in the notches in the rod
and cap

calculated by the manufacturer, gives the
added rigidity required with this cylinder block.
Once removed they must be replaced with
new bolts. During clearance checks using
Plastigage, use fhe old bolts and torque to
Specifications, but use only new bolts for final
assemb/jz
1 Before installing the piston/connecting
rod assemblies, the cyl inder walls must be
perfectly clean, the top edge of each cylinder
must be chamfered. and the crankshaft must
be in place.
2 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 24.3, 24.5, 24.8, 24.9a,
24.9b, 24.11 , 24.13 and 24.17
3 Clean the back side of the new upper

24.9a Hold the rod cap lightly in a vise
while driving out the old rod bolts - it

takes only a little tap to drive them out;
then drive new bolts in

FRONT
OF

ENGINE
<-

24.5 Ring end gap positions - Align the
oil ring spacer gap at D, the oil ring side
rails at C (one inch either side of the pin

centerline), and the compression rings at
A and B, one inch either side of the

pin centerllne

bearing insert, then lay it in place in the con-
necting rod (see illustration). Make sure the
tab on the bearing fits into the recess in the
rod. Don't hammer the bearing insert into
place and be very careful not to nick or gouge
the bearing face. Don't lubricate the bearing
at this time.
4 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. lt's
critically important that the mating surfaces of
the bearing and connecting rod are perfectly
clean and oil free when they're assembled.
5 Position the piston ring gaps at intervals
around the piston (see illustration).
6 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.
7 Rotate the crankshaft until the number

24.9b Two old rod bolts can be used
(with the heads cut off) as rod installation

guides with rubber hose over them

24.8 Turn the piston when installing it to
make sure the marUnotch in the piston

faces the front of the engine as
they are installed

one connecting rod journal is at BDC (bottom
dead center) and apply a coat of engine oil to
the cylinder walls.
I With the arrow or notch on top of the pis-
ton (see illustration) facing the front 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.
9 The rod bolts are pressed lightly into the
rod caps. They must be replaced with new
bolts, so tap out two of the old ones (see
i l lustrat ion). Take these and cut the heads
off, slip rubber hose over them, and screw
them into the connecting rod to use as align-
ment devices during piston/rod instal lat ion
(see illustration).
10 Tap the top edge ofthe ring compressor
to make sure it's contacting the block around
its entire circumference.
'11 Gently tap on the top of the piston with
the end of a wooden hammer handle (see
i l lustrat ion) 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

24.11 The piston can be driven gently into
the cylinder bore with the end of a wooden

or plastic hammer handle
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24.13 Laythe Plastigage strips on
each rod bearlng lournal, parallel to the

crankshaft centerline

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.
12 Once the piston/connecting rod assem-
bly is installed, the connecting rod bearing oil
clearance must be checked before the rod
cap is permanently bolted in place.
13 Cut a piece of the appropriate-size Plas-
tigage slightly shorter than the width of the
connecting rod bearing and lay it in place on
the number one connecting rod journal, paral-
lel with the journal axis (see illustration).
14 Clean the connecting rod cap bearing
face, remove the protective "studs" from the
connecting rod and install the rod cap with the
old bolts. Make sure the mating mark on the
cap is on the same side as the mark on the
connecting rod. The fraclured-style caps only
fit on one way.
15 Tighten the bolts to the torque listed in
this Chapter's Specifications, working up to it
in three steps. Note: Use a thin-wall socket
to avoid effoneous torque readings that can
result if the socket is wedged between the
rod cap and boft. If the socket tends to wedge
itself between the bolt and the cap, lifr up on it
slightly unttl it no longer contacts the cap. Do
not rotate the crankshaft at any time during
this operation.
1 6 Loosen the bolts and detach the rod cap,
being very careful not to disturb the Plasti-
gage.
17 Compare the width of the crushed Plas-
tigage to the scale printed on the Plastigage
envelope to obtain the oil clearance (see
illuetration). Compare it to the Specifications
to make sure the clearance is correct.
18 lf 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

24.17 Measurlng the width of the crushed
Plastigage to dotermine the rod bearing
oil clearance (be sure to use the correct

scale - standard and metric ones
are Included)

the bearing inserts and the connecting rod
or cap when the clearance was measured.
Also, recheck the journal diameter. lf the Plas-
tigage was wider at one end than the other,
the journal may be tapered (refer to Sec-
tion 19).

Final connecting rod
installation
19 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
credit card.
20 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 - be
sure to slip the protective hoses over the rod
bolts first.
21 Slide the connecting rod back into place
on the journal, remove the protective "studs",
install the rod cap (this time with the new
bolts) and tighten the bolts to the torque listed
in this Chapter's Specifications. Again, work
up to the torque in three steps. Note: /nsfa//
new rod bolts into the rod caps (see Step 9).
22 Repeat the entire proeedure for the
remaining pistons/connecting rods.
23 The important points to remember are:

a) Keep the back stdes of the bearing
inserts and the lnsldes of the connect-
ing rods and caps pertectly clean when
assembling them.

b) Make sure you have the conect piston/
rod assembly for each cylinder.

c) The notches or mark on the piston must
face the FRONT of the engine.

d) Lubricate the cylinder walls with clean
oil.

e) Lubricate the beaing faces when install-
ing the rod caps after the oil clearance
has been checked.

24 After all the piston/connecting rod
assemblies have been properly installed,
rotate the crankshaft a number of times by
hand to check for any obvious binding.
25 As a final step, the connecting rod
endplay must be checked. Refer to Section
13 for this procedure.
26 Compare the measured endplay to the
Specifications to make sure it's correct. lf
it was correct before disassembly and the
original crankshaft and rods were reinstalled,
it should still be right. lf new rods or a new
crankshaft were installed, the endplay may
be inadequate. lf so, the rods will have to be
removed and taken to an automotive machine
shop for resizing.

25 Initial start-up and break-in after
overhaul

Warningr 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 ignition system disabled (see Chap-
ter 1), crank the engine until oil pressure reg-
isters on the gauge or the light goes out.
3 Install the spark plugs, hook up the plug
wires and restore the ignition system func-
tions.
4 Start the engine. lt 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. Nolez lf backfiring occurs
through the throftle body, recheck the valve
timing and ignition timing.
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 no traf-
fic, accelerate from 30 to 50 mph, then allow
the vehicle to slow to 30 mph with the throftle
closed. Repeat the procedure 10 or 12 times.
This will load the piston rings and cause them
to seat properly against the cylinder 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. lt is not
unusual for an engine to use oil during the
break-in period.
I 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 2000 miles, change the oil and filter
again and consider the engine broken in.

PALMTREESALES1967 - NO RESALE



3-l

Ghapter 3
Gooling, heating and air conditioning systems
Gontents

Air conditioning accumulator/drier - removal and
installation

Air conditioning and heating system - check and
maintenance

Air conditioning compressor - removal and installation
Air conditioning condenser - removal and installation
Air conditioning evaporator - removal and installation
Antifreeze - general information
Coolant temperature sending unit - check and replacement.........
Engine cooling fan and fan clutch - check, removal and

installation
Engine oil cooler - removal and installation

General Information......
Heater and air conditioning blower motor and circuit - check........
Heater and air conditioning blower motor - removal

and installation
Heater and air conditioning control assembly - removal and

installation ......
Heater core - removal and installation
Radiator and degas bottle - removal tJrd installation
Thermostat - check and rep|acement....................
Water pump - check .."........
Water pump - removal and installation

1
1 0

1 1

1 2
1 3
5
3
I
q

1 5

1 4
't6

1 7
't8

2

4
7

Specifications

General
Cooling system capacity
coorant  type . . . . . . . . . . . . . . .  . . . . . . . : . : : : . : : : : : : : : : . : : : . : : : : : : : . : : : : . . : : :  : : : : : . . . . . . . . . . . . . . . . . . . . . . . . . .
Thermostat

Opening temperature ....
Fully open temperature

Radiator pressure cap
Specified c€rp pressure

Refrigerant type................
Refrigerant capacity

Without auxiliary air conditioning
With auxiliary air conditioning

Torque specifications
Thermostat housing bolts

V6 engine.......
V8 engines.....

Water pump-to-engine bolts
V6 engine

Nuts . . . . . . . . . . . . . . . .
8o1ts. . . . . . . . . . . . . . . .

V8 engines.....
Water pump pulley to hub..................
Transmission oil line fitting-to+adiator..........
Engine oil cooler insert fastener.............
Oil cooler adapter to block bo|ts................
Fan shroudto-radiator...........
Fan assembly-to-fan clutch bo|ts................
Fan clutch{o-water pump.......

I General information

See Chapter 1
50/50 mixture of non-phosphate ethylene glycol antifreeze

188 to 195 degrees
208 to 21 5 degrees

16 psi
R-134a

34 to 37 ounces
62 ounces

FtJbs (unless otherwise indicated)

7'l to 103 inlbs
15 lo 22

53 to 71 inlbs
15 to 22
15 to 22
15 to 22
12 to 18
41 to 44
15 to 22
71 to 89 in-lbs
156 inlbs
41

The cooling system consists of a radiator
and coolant reserve system, a radiator pres-
sure cap, a thermostat, a cooling fan, and a
pulley/beltdriven water pump,

The radiator cooling fan is mounted on
the front of the water pump. The fan incor-
porates a fluid-drive fan clutch, which saves
horsepower and reduces noise. When the
engine is cold, the fluid in the clutch offers lit-
tle resistance and allows the fan to freewheel.

As the engine heats up and reaches a prede-
termined temperature, the fluid in the clutch
thickens and drives the fan.

The recovery tank is called a "degas"
bottle, and it functions somewhat difierently
than traditional recovery (or overflow) tanks.
Designed to separate any trapped air in the
coolant, it is pressurized by the radiator and
has a pressure cap on top (the radiator on
these models has no cap at all). When the
engine's thermoStat is closed, no coolant flows
in the degas bottle, but when the engine is fully

warmed up, coolant flows from the top of the
radiator through a small hose that enters the
top of the degas bottle. There, air separates
and coolant falls to the approximately one
quart coolant reserye in the bottle, which is fed
to the cooling system through a larger hose
connected to the lower radiator hose. Unlike
traditional coolant recovery tanks, the cap on
the degas boftle should never be opened when
the engine is warm, since there is a danger of
injury from steam or scalding coolant (see the
Warning in Section 5).
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3-2 Chapter 3 Cooling, heating and air conditioning systems

2.6 An inexpensive hydrometer can be
used to test the condition of your coolant

Coolant in the left  side of the radiator
circulates through the lower radiator hose to
the water pump, where it is forced through
the water passages in the cylinder block. The
coolant then travels up into the cylinder head,
circulates around the combustion chambers
and valve seats, travels out of the cyl inder
head past the open thermostat into the upper
radiator hose and back into the radiator.

When the engine is cold, the thermostat
restricts the circulation of coolant to the engine.
When the minimum operating temperature is
reached, the thermostat begins to open, allow-
ing coolant to return to the radiator.

Automatic transmission-equipped mod-
els have a cooler element incorporated into
the radiator to cool the transmission fluid.

'The heating system works by directing
air through the heater core, which is l ike a
small radiator mounted behind the dash. Hot
engine coolant heats the core, over which
air passes to the interior of the vehicle by a
system of ducts. Temperature is controlled by
mixing heated air with fresh air, using a sys-
tem of flapper doors in the ducts, and a heater
bower motor. On Expedition and Navigator
models, a second blower motor is located in
the center console to direct airflow to the rear
seal area.

Air conditioning is an optional accessory
consisting of an evaporator core located under
the dash; a condenser in front of the radiator,
an accumulator/drier in the engine compart-
ment and a belt-driven compressor mounted
at the front of the engine.

An option on models of the Navigator
and Expedit ion is a rear-mounted heating/
air-conditioning system. In this system, the
driver has controls on the dashboard for the
front system, plus an overhead control panel
that operates the rear system. There is also
an overhead control panel at the rear of the
vehicle that controls only the rear heaVair. A
second heater core, air-conditioning evapora-
tor core and blower motor are located at the
rear of the vehicle behind the left-rear interior
panel.

3.8a Thermostat location for the V6
engine - arrows indicate the two bolts

2 Antifreeze - general information

Refer to illustration 2.6
Warning: Do not allow antifreeze to come in
contact with your skin or painted surtaces ot
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 dlsposrng of used anti-
freeze. Many communities have collection
centers which will see that antifreeze is dis-
posed of safely. Never dump used antifreeze
on the ground or pour it into drains.
Note: Non-foxic antifreeze is now manufac-
tured and available at local aufo pads sfores,
but even this type should be disposed of prop-
erly.

The cooling system should be filled with
a water/ethylene glycol based antifreeze solu-
tion which will prevent freezing down to at
least -20-degrees F (even lower in cold cli-
mates). lt also provides protection against cor-
rosion and increases the coolant boiling point.
The engines in the covered vehicles have
aluminum heads. The manufacturer recom-
mends that only coolant designated as safe
for aluminum engine components be used.

The cooling system should be drained,
flushed and refilled at least every other year
(see Chapter 1). The use of antifreeze solu-
tions for periods of longer than two years is
l ikely to cause damage and encourage the
formation of rust and scale in the system.

Before adding antifreeze to the system,
check all hose connections. Antifreeze can
leak through very minute openings.

The exact mixture of antifreeze to water
which you should use depends on the relative
weather conditions. The mixture should con-
tain at least S0-percent antifreeze, but should
never contain more than 70-percent anti-
freeze. Consult the mixture ratio chart on the
container before adding coolant. Hydrometers
are available at most auto oarts stores to test
the coolant (see illustration). Use antifreeze

3.8b On V8 models, remove the upper
bolt (upper arrow) and loosen the power
steering reservoir bolts, then remove the

two thermostat housing bolts
(lower arrows)

which meets Ford specifications for engines
with aluminum heads

Thermostat - check and
replacement

Warning: The engine must be completely
cool when this procedure is pertormed.
Note: Dont drive the vehicle without a ther-
mostat! The computer may stay in open loop
and emrssions and fuel economy will suffer.

Check
1 Before condemning the thermostat,
check the coolant level, drivebelt tension and
temperature gauge (or light) operation.,
2 lf the engine takes a long time to warm
up, the thermostat is probably stuck open.
Replace the thermostat.
3 lf the engine runs hot, check the temper-
ature of the upper radiator hose. lf the hose
isn't hot, the thermostat is probably stuck
shut. Replace the thermostat.
4 lf the upper radiator hose is hot, it means
the coolant is circulating and the thermostat is
open. Refer to the lroubleshooting Section at
the front of this manual for the cause of over-
heating.
5 lf an engine has been overheated, you
may find damage such as leaking head gas-
kets, scuffed pistons and warped or cracked
cylinder heads.

Replacement
Refer to illustrations 3.8a, 3.8b and 3.10
6 Drain coolant from the radiator until the
coolant level is below the thermostat housing
(see Chapter 1).
7 Disconnect the upper radiator hose from
the thermostat housing.
8 Remove the bolts and lift the cover off
(see illustrations). Remove the O-ring seal.
On V8 models, loosen the bolts on the power
steering reservoir bracket enough to allow
the thermostat housing to be withdrawn (one
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3.10 When installing the thermostat pay special attention to the
direction in which it's placed in the engine; the spring slde will go

into the intake manifold (V6 shown) - arrow indicates the
new O-ring

bracket bolt threads into the top of the ther-
mostat housing).
9 Note how it's installed, then remove the
thermostat. Be sure to use a replacement
thermostat with the correct opening tempera-
ture (see this Chapter's Specifications).
10 On early V6 engines, use a scraper or
putty knife to remove all traces of old gasket
material and sealant from the mating surfaces.
Later models have an O-ring (see illustra-
tion). Make sure no gasket material falls into
the coolant passages; it is a good idea to stuff
a rag in the passage. Wipe the mating sur-
faces with a rag saturated with lacquer thinner
or acetone.
11 lnstall the thermostat and make sure
the correct end faces out - the spring end is
directed toward the engine. Note: On some
models, the thermostat housing has a notch
that a tab on the thermosfal fits into, which
automatically locates the thermostat cor-
rectly.
12 On V6 models that use a conventional
paper gasket, apply a thin coat of RTV seal-
ant to both sides of the new gasket and posi-
tion it on the engine side, over the thermostat,
and make sure the gasket holes line up with
the bolt holes in the housing. Note: No RfV
sealant should be used on the O-ring seal on
V8 engines.
13 On models that use an O-ring seal,

4.9 Remove the screws (arrows indicate two) and remove the
plastic air deflector over the radiator

install the new O-ring into the intake manifold
or onto the thermostat housing.
14 Carefully position the cover and install
the bolts. Tighten them to the torque listed in
this Chapter's Specifications - do not over-
tighten them or the cover may be cracked or
distorted.
15 Reattach the radiator hose to the cover
and tighten the clamp - now may be a good
time to check and replace the hoses and
clamps (see Chapter 1).
16 Refer to Chapter 1 and refill the system,
then run the engine and check carefully for
leaks.
17 Repeat steps 1 through 4 to be sure the
repairs corrected the previous problem(s).

4 Engine cooling fan and clutch -
check, removal and installation

Warning 1: The models covered by this man-
ual are equipped with Supplemental Restraint
Sysfems (SRS), more commonly known as
airbags. Always disconnect the negative bat-
tery cable, then the positive baftery cable and
wait two minutes before working in the vicin-
ity of the mpacf sensors, steering column or
instrument panel to avoid the possibility of
accidental deployment of the airbag, which
could cause personal injury $ee Chapter 12).

Do not use any electrical test equipment on
any of the airbag system wires or tamper with
them in any way.
Warning 2: Keep hands, tools and clothing
away from the fan when the engine is running.
To avoid injury or damage DA NAT oper-
ate the engine with a damaged fan. Do not
attempt to repair fan blades - replace a dam-
aged fan with a new one.

Check
Warning: In order to check the fan clutch,
the engine will need to be at operating tem-
perature, so while going through checks prior
fo Sfep 6.be careful that the engine is NOT
started while the checks are being completed.
Severe personal injury can result!
1 Symptoms of failure of the fan clutch are
continuous noisy operation, looseness, vibra-
tion and evidence of silicone fluid leaks.
2 Rock the fan back and forth by hand to
check for excessive bearing play.
3 With the engine cold, turn the blades by
hand. The fan should turn freely.
4 Visually inspect for substantial fluid leak-
age from the fan clutch assembly, a deformed
bi-metal spring or grease leakage from the
cooling fan bearing. lf any of these conditions
exist, replace the fan clutch.
5 When the engine is warmed up, turn
off the ignition switch. Turn the fan by hand.
Some resistance should be felt .  l f  the fan
turns easily, replace the fan clutch.

Removal and installation
Refer to illustrations 4.9, 4.12, 4.13 and 4.14
6 Disconnect the battery cable at the neg-
ative battery terminal.
7 Remove the air cleaner assembly (see
Chapter 4).
8 Drain the cool ing system (see Chap-
te r  1 ) .
9 Remove the screws and remove the
plastic air deflector over the radiator (see
illustration).
10 Remove the upper radiator hose.
11 Remove the degas bottle from the left
side of the radiator and disconnect the hose

4.'12 Two special
wrenches are used - the

shorter one holds the
water pump pulley, while
the longer one loosens

the fan assembly hub nut
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4.'13 Remove the two fan ehroud acrews
(arrow Indicates the one on the left side)

and pull the shroud out with the
fan assembly

5,3 . Remove the two bolts and overflow
hose (arrows) and pull the degas bottle

straight up and out

connected to the radiator (see Section 5).
12 A special two-part fan wrench set, obtain-
able at most auto parts stores, is required to
remove the cooling fan assembly. The clutch
attaches to the drive hub with a large nut. Hold
the water pump pulley with the clutch-hold-
ing tool and an extension, while turning the
clutch nut with the longer tool (see illustra-
tfon). Note: On some models, the fan clutch
hub nut is left-hand thread (tum clockwise to
loosen). Refer to the beft rcuting label on the
fan shrcud, ff the hub nut is left-hand thread it
should be sfated as such on the label.
13 Unbolt the fan shroud (see illustration)
and lift the fan assembly and shroud up and
out of the engine compartment together.
14 The fan clutch can be unbolted from
the fan blade assembly for replacement (see
illustration). Caution: To prevent silicone
fluid from draining from the clutch assembly
into the fan dive beaing and ruining the lubri-
cant, DON'T place the drive unit in a position
with the rear of the shaft pointing down. Store
the fan in its upight position if possible.
15 Installation is the reverse of removal.'

4.14 Remove the four bolts (arrows) and
separate lhe fan from the fan clutch

5.7 Use a flare-nut wrench on the line
fiftlngs (arrows) and a back-up wrench on
the radiator fittings to prevent damage to
the transmlsslon cooler llnes or radiator

when disconnecting them from
the radiator

5 Radiator and degas bottle -
removal and installation

Warning 1: The engine must be completely
cool when this procedure is pefiormed.
Warning 2: The models covered by this man-
ual are equipped with Supplemental Restraint
Sysfems (SRS/, rnore commonly known as
airbags. Always disconnect the negative bat-
tery cable, then the positive battery cable and
wait two minutes before working in the vicin-
ity of the impact sensors, steering column or
instrument panel to avoid the possibility of
accidental deployment of the airbag, which
could cause personal injury $ee Chapter 12).
Do not use any electrical test equipment on
any of the airbag system wires or tamper with
them in any way.

Degas bottle
Referto illustrations 5.2 and 5.3
1 Disconnect the cable from the negative
battery terminal.
2 Drain the cooling system as described
in Chapter 1, then disconnect the lower hose

5.2 Disconnect the hose (arrow) from the
bottom of the degas bottle

5.9 Remove the two bolts (arrow indicates
right side mount) and mounts holding the

top of the radiator

from the degas bottle (see illustratlon).
3 Disconnect the overflow hose. then
remove the bolts and pull the degas bottle
straight up (see illustration).
4 Prior to installation make sure the degas
boftle is clean and free of debris which could
be drawn i4to the radiator (wash the inside
with soapy water and a long brush if neces-
sary).
5 Installation is the reverse of removal.

Radiator
Refer to illustrations 5.7. 5.9 and 5.11
6 Refer to Section 4 and remove the cool-
ing fan and shroud assembly. Refer to the
above Steps for removal of the degas bottle.
7 lf equipped with an automatic transmis-
sion, detach the cooler lines from the radiator
(see illustration) - be careful not to damage
the lines or fittings. Plug the ends of the dis-
connected lines to prevent leakage and stop
dirt from entering the system. Have a drip pan
ready to catch any spills.
I Disconnect the upper and lower radiator
hoses.
9 Remove the mounting bolts and take ofi
the two upper radiator mounts (see illustra-
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5.11 Make sure the radiator lower
insulators (arrow, view is from above,

looking down on right-side insulator) are
in place before installing the radiator - if
they're beginning to deteriorate, now is

the tlme to replace them

tion) and the mounts that hold the lug wrench
and jack handle. Carefully lift the radiator out
of the vehicle,
10 Prior to installation of the radiator.
replace any damaged hose clamps and radia-
tor hoses.
11 Radiator installation is the reverse of
removal. When installing the radiatol make
sure it seats properly in the lower saddles and
that the rubber mounts are intact (see illus-
tration).
12 After installation, fill the system with the
proper mixture of antifreeze, and also check
the automatic transmission fluid level.

6 Goolant temperature sending unit
- check and replacement

Referto illustrations 6.1a and 6.1b

Check
1 The coolant temperature indicator sys-
tem is composed of a temperature gauge
mounted in the dash and a coolant tempera-
ture sending unit mounted on the engine (see
illustrations). Some vehicles have more than
one sending unit, but only one is used for the
indicator system and the other is used to send
engine temperature information to the com-
puter.
2 lt an overheating indication occurs,
check the coolant level in the system. Make
sure the wiring between the gauge and the
sending unit is secure and all fuses are intact.
3 To test the temperature sender, check
that it reads in the cold range when the engine
is cold. Disconnect the electrical connector
from the sender and attach a jumper wire
between the two pins of the connector. With
the key ON, the gauge should now swing to
full hot. lf it doesn't, the problem is in the cir-
cuit from the sender to the instrument panel. lf

6.1a The coolant temperature sending
unit (A) on V6 models is on the intake
manifold - (B) indicates the coolant

temperature sensor for the computer

the gauge does swing to full hot when testing,
but doesn't when the connector is in place
and the engine is hot, replace the coolant
temperature sending unit.

Replacement
Warning: Wait until the engine is completely
cool before beginning this procedure,
4 Prepare the new sending unit by wrap-
ping its threads with Teflon tape or applying
sealer. Remove the pressure cap from the
degas bottle to release any pressure that may
remain in the system, then reinstall it.
5 Disconnect the electrical connector and
unscrew the sensor from the engine. Install
the replacement as quickly as possible to min-
imize coolant loss. There will be some coolant
loss as the unit is removed, so be prepared to
catch it. Caution: The sending unit is made of
metal and plastic and is fragile. Use care not
to crack the unit when removing it.
6 Check the coolant level after the replace-
ment unit has been installed (see Chapter 1).

7.1 On some V8 models, the oil cooler
(arrow) is mounted at the lower left side of
the engine block, with hose to the remote

oil filter (up front under the bumper)

6.1b On V8 engines, the coolant
temperature sending unlt (anow) ls at the

left front of the intake manifold

Engine oil cooler - removal and
installation

Removal
Refer to illustrations 7.1 and 7.3
Warning: The engine should be completely
cool for this procedure.
1 Some V8 models have an engine oil
cooler (see i l lustration). Coolant f lows
through the cooler from the block and back
to the block. Note: On 4WD models, the oil
cooler is mounted out in front of the engine,
while on 2WD models it is alongside the block
at the lefr-rear, near the block-to-oil pan junc-
ture.
2 To replace the oil cooler, refer to Chapter
1 for removal of the oil filter and draining of
the cooling system.
3 Disconnect the oil and coolant hoses
from the oil cooler (see illustration),
4 On 2WD models, use a 1/2-inch Allen
wrench inside the threaded adapter holding
the oil cooler housing to the oil filter adapter
housing. On 4WD models, a single bolt retains

7.3 The oil lines (A) are attached to the
cooler with bolts, while the coolant hoses

(B) are attached with clamps
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8.2 lf there's coolant leaking from the weep hole (arrow), the
water pump must be replaced

9.4 While the drivebelt ie still in place, remove the four bolts
(arrows) holding the water pump pulley

the cooler to its bracket, and two bolts hold
the oil line assembly on the cooler,
5 Pull  the oi l  cooler from the adapter on
the block.
6 l f  only the oi l  cooler is to be replaced,
this is as far as you need to disassemble
components. lf the oil cooler adapter is to be
removed, remove the bolts holding it to the
block and remove it.

lnstallation
7 Clean the block and back of the oil cooler
adapter of any old gasket material. Install the
adapter to the block with a new gasket and
tighten the bolts to the torque listed in this,
Chapter's Specifications.
I Clean the coolant seal ing surfaces of
the adapter and oil cooler, and install new O-
rings. Clean the threads of the threaded tube
and apply non-hardening threadiocking com-
pound to the end that goes into the oil cooler
adapter. Insert it through the oil cooler and
tighten it to this Chapter:s Specifications.
9  The remainder  o f  ins ta l la t ion  is  the
reverse of removal. lnstall a new oil filter, refill
and bleed the cool ing system (see Chap-
ter 1), and run the engine to check for oil or
coolant leaks.

8 Water pump - check

Refer to illustration 8.2
Warning: The models covered by this manual
are equipped with Supplemental Restraint
Sysfems (SRS), rnore commonly known as
airbags. Always disconnect the negative bat-
tery cable, then the positive battery cable and
wait two minutes before working in the vicin-
i$ of the impact sensors, steering column or
instrument panel to avoid the possibility of
accidental deployment of the airbag, which
could cause personal injury $ee Chapter 12).
Do not use any electrical test equipment on
any of the airbag system wires or tamper with
them in any way.
1 Water pump failure can cause overheat-
ing and serious damage to the engine. There

are three ways to check the operation of the
water pump while it's installed on the engine.
lf any one of the following quick checks indi-
cates water pump problems, i t  should be
replaced immediately.
2 A seal protects the water pump impeller
shaft bearing from contamination by engine
coolant. lf this seal fails, a weep hole in the
water pump snout will leak coolant (an inspec-
tion mirror can be used to look at the under-
side of the pump if the hole isn't on top). lf the
weep hole is leaking, shaft bearing failure will
follow (see illustration). Replace the water
pump immediately. Note: A small'amount of
gray discoloration is normal. A wet area or
heavy brown deposlts indicate the pump seal
has failed.
3 Besides contamination by coolant after
a seal failure, the water pump impeller shaft
bearing can also prematurely wear out. lf a
noise is coming trom the water pump during
engine operation, the shaft bearing has failed
- replace the water pump immediately. Note:
Do not confuse drivebelt noise with bearing
norse. Loose or glazed drivebelts may emit a
h igh-pitched sq ue al i ng noise.
4 To identify excessive bearing wear before
the bearing actual ly fai ls, grasp the water
pump pulley (with the drivebelt removed) and

try to force it up-and-down or from side-to-
side. lf the pulley can be moved either hori-
zontally or vertically, the bearing is nearing
the end of its service life. Reolace the water
pump.

9 Water pump - removal and
installation

Warning: The models covered by this manual
are equipped with Supplemental Restraint
Sysfems (SRS), more commonly known as
airbags. Always disconnect the negative bat-
tery cable, then the positive battery cable and
wait two minutes before working in the vicin-
ity of the impact sensors, steering column or
instrument panel to avoid the possibility of
accidental deployment of the airbag, which
could cause personal injury $ee Chapter 12).
Do not use any electrical test equipment on
any of the airbag system wires or tamper with
them in any way.

Removal
Refer to illustrations 9.4, 9.6a and 9.6b
Warning: Wait until the engine is completely
cool betore starting this procedure.
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9.6b Water pump retaining bolts -
V8 engines

1 Disconnect the cable from the negative
battery terminal.
2 With the engine cold, drain the cooling
system (see Chapter 1).
3 Remove the fan shroud and the fan
assembly (see Section 4).
4 Remove the drivebelt(s) (see Chapter 1)
and remove the water pump pulley (see illus-
tration). Note: /f3 helpful to loosen the pul-
ley bofts/nuts while the belt is still in place. lt
helps hold the pulley from turning.
5 On V6 engines, disconnect the upper
radiator hose from the water pump. Also
remove the bolt and detach the heater water
outlet tube from the top of the pump.
6 Remove the water pump retaining bolts
and remove the water pump (see i l lustra-
tlons). Take note of the installed positions of
the various length bolts and studs. Note: /f fhe
water pump sflcks, dls/odge it with a soft-face
hammer or a hammer and a block of wood.

lnstallation
Refer to illustrations 9.8 and 9.9
7 Before installation, remove and clean
all gasket or sealant material from the water
pump and cylinder block.
8 lf you're working on a V8 engine, inspect
the O-ring and sealing surface of water pump
housing in the block for dirt and/or debris (see
illustration). Clean them thoroughly before
reassembly.
9 lf you're working on a V8 engine, lubri-
cate a new O-ring seal with clean antifreeze
and install it to the water pump (see illustra.
tion).
10 lf you're working on a VO engine, coat a
new gasket with a thin film of RTV sealant and
install it on the pump.
11 Install the water pump and tighten the
bolts to the torque listed in this Chapter's
Specifications.
12 The remainder of the installation is the
reverse of the disassembly sequence.
13 Fill the cooling system with the proper
coolant mixture (see Chapter 1).
14 Start the engine and make sure there
are no leaks. Check the level frequently dur-
ing the first few weeks of operation to ensure

9.8 Inspect the sealing surface (arrow) in
the pump cavity for dirt or signs of pitting

(V8 engines)

there are no leaks and that the level in the
system is stable.

10 Heater and air conditioning
blower motor and circuit - check

Referto illustrations 10.5a, 10.5b, 10.6, 10.7
and 10.9
Warning: The models covered by this manual
are equipped with Supplemental Restraint
Sysfems (SRS), more commonly known as
airbags. Always disconnect the negatine bat-
tery cable, then the positive baftery cable and
wait two minutes before working in the vicin-
i$ of the impact sensors, steering column or
instrument panel to avoid the possibility of
accidental deployment of the airbag, which
could cause personal injury @ee Chapter 12).
Do not use any electrical test equipment on
any of the airbag system wires or tamper with
them in any way.
Note: Ihe blower motor is switched on the
ground-side of the circuit.
1 Check the fuse and all connections in
the circuit for looseness and corrosion.

10.5a The blower motor resistor is
located on the blower motor housing

(arrow) - disconnect the wiring connector
and remove the two screws

9.9 On V8 engines, install a new O-ring
seal on the water pump

2 Make sure the battery is fully charged.
3 With the transmission in Park, the park-
ing brake securely set, turn the ignition switch
to the On position. lt isn't necessary to start
the vehicle.
4 Switch the heater controls to FLOOR
and the blower speed to Hl. Listen at the
ducts to hear if the blower is operating. lf it is,
then switch the blower speed to LO and listen
again. Try all the speeds.
5 The blower motor resistor assembly is
located on the blower motor housing under
the right side of the dash (see illustratione).
There are three resistor elements mounted on
the resistor board to provide low and medium
blower speeds (Hl bypasses the resistor). The
blower operates continuously, anytime the
ignition switch is On and the mode switch is
in any position other than Off. A thermal limiter
resistor is integrated into the circuits to pre-
vent heat damage to the components. lf the
thermal limiter circuit has been opened as a
result of excessive heat, it should be replaced
only with the identical replacement part. Note:
Do not replace your blower resistor with a
reslstor that does not incorporate the thermal
limiter.

10.5b The thermal limiter (arrow) protects
the components from excessive heat -
check the thermal limiter for damage
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6 With the resistor removed from the
vehicle, visually check the limiter for damage,
indicated by the material melting out between
the contacts of the limiter. Check the resis-
tor block for continuity between terminals
(see illustration). There should be continuity
between terminals 2 and 3 with a resistance
of approximately 8 ohms or less; continuity
between terminals 2 and 4 with a resistance
of approximately 1.8 to 2.0 ohms, and con-
tinuity between terminals 1 and 4 with total
resistance of approximately 2.3 to 2.5 ohms.
lf any of the resistor elements do not pass the
tests, replace the blower resistor.
7 Locate the electrical connector at the
blower motor. Backprobe the brown/orange
wire terminal; there should be at least 10 volts
with the mode switch in any position other
than Off and the ignition switch On (see illus-
tration). lf not, there is a problem in the circuit
from the fuse panel to the heater/air condition-
ing control panel, or from the control panel to
the blower.
8 lf there is voltage at the feed wire, but
the blower does not operate, backprobe the
orange/black wire and connect it to a known
good chassis ground with a jumper wire. lf the
blower now operates there is a problem in the
ground circuit (which consists of the resistor,
the blower motor switch and related wiring).
lf it still doesn't operate, replace the blower
motor.
9 lf the blower operates, but not at all
speeds and you have already checked the
blower resistor, refer to Section 1 2 and remove
the heater/air conditioning control panel. Dis-
connect the electrical connector from the
back of the blower speed switch and test the
terminals for continuity (see illustration). In
the Lo position, there should be no continuity
between any terminals; in Medium Lo position,
there should be continuity between terminals
2 and 3; in Medium Hi position there should
be continuity between terminals 2,3 and 4,
and in Hl position, there should be continuity
between terminals 1 , 2 and 4. lf the continuity
is not as described, replace the blower speed
switch.
10 Locate the blower motor relav. in the

'10.6 Test the terminals of the blower
resistor with an ohmmeter for continuity

relay box under the center dash panel (see
Chapter 12). There are five pins on the back.
Connect an ohmmeter to terminal 85, there
should be resistance greater than 5 ohms
between that pin and all others.
11 Energize the relay with jumper wires
(battery voltage) applied to terminals 30 and
85. Connect a voltmeter to chassis ground
and probe pin STAwith the positive lead of the
voltmeter. Voltage should be greater than 10
volts.
12 With the jumperwires still in place, attach
another jumper from pin 86 to chassis ground.
Use the voltmeter as in Steo 11 but check for
10 volts or better voltage at pin 87. lf the relay
fails any of these tdsts, replace the relay.

11 Heater and air conditioning
blower motor - removal and
installation

Warning: The models covered by this manual
are equipped with Supplemental Restraint
Systems (SRS), more commonly known as
airbags. Always disconnect the negative bat-
tery cable, then the positive baftery cable and
wait two minutes before working in the vicin-
ity of the lmpacf sensors, steering column or

10.7 Backprobe the battery feed wire at
the blower motor connector (arrow) - there

should be voltage with the mode switch
in any position other than Off and the

ignition key On

instrument panel to avoid the possibility of
accidental deployment of the airbag, which
could cause personal injury $ee Chapter 12).
Do not use any electrical test equipment on
any of the airbag system wires or tamper with
them in any way.

Standard blower motor
Refer to illustrations 11.3 and 11.4
1 Disconnect the blower motor electri-
cal connector from the motor (see illustra.
tion 10.7).
2 Remove the three blower motor cover
screws. Separate the blower motor cover from
the blower motor by pushing the two plastic
tabs.
3 Remove the three blower motor mount-
ing screws (see illustration), and lower the
blower motor carefully out of the housing.
4 lf the blower motor' is being replaced,
the fan wheel should be transferred to the
new motor at this time. lt is attached to the
blower motor shaft with a push nut. Grasp the
nut with pliers and pull it off or pry it off with a

10.9 Gheck the blower speed switch for continuity 11.3 Remove the three blower cover screws and three motor
mounting screws
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11.12 On some
Navigator/

Expedition models,
there is a rear-

mounted auxiliary
blower motor (A) as
part of the rear heaU

air-conditioning..
system-Bisthe.

resistor for thls rear.
blower, C ls the

houslng contalning
the rear heater core
and evaporator core

11.4 Pry off the retaining clip (arrow)
retaining the blower fan to the blower

motor shaft

small screwdriver, being careful not to crack
the push nut or the fan (see illustration).
To reinstall the nut, simply push it on to the
shaft.
5 The remainder of the installation is the
reverse of removal.

Console blower motor
6 Expedition and Navigator models have
a second blower motor mounted in the center
console. Refer to Chapter 11 for removal of
the console.
7 Remove the screws. and take offthe two
sheetmetal braces from under the console.
I Remove the large blower duct from the
console.
9 Unbolt the upper and lower duct covers
from lhe blower motor assembly.
10 Disconnect the electrical connector from
the blower motor and remove the two bolts to
remove the blower motor.

Optional rear heailair blower
Referto illustration 11 .12
11 Some models of Expedition and Navi-
gator vehicles have an auxiliary heating-air-

conditioning system located in the rear of
the vehicle. behind the left-rear interior trim
panel.
12 With the trim panel removed (see Chap-
ter 11), there is access to remove/test the
auxiliary blower motor (see illustration).

12 Heater and air conditioning
control assembly - removal and
lnstallation

Warnlng: The models covered by this manual
are equipped with Supplemental Restraint
Syslerns (SRS), more commonly known as
airbags. Always disconnect the negative bat-
tery cable, then the positive battery cable and
wait two minutes before working in the vicin-
ity of the lmpacf sensors, steering column or
instrument panel to avoid the possibility of
accidental deployment of the airbag, which
could cause personal injury @ee Chapter 12).
Do not use any electrical test equipment on
any of the airbag system wires or tamper with
them in any way.

Removal
Referto illustrations 12.2 and 12.3
1 Refer to Chapter 11 for removal of the

center dash bezel, around the control assem-
bly and radio.
2 Remove the four screws retaining the
control assembly to the instrument panel (see
illustration). Note: Ihe control assembly for
the optional Electronic Automatic Tempera-
ture Control is a module which contains its
own microprocessor (computer). Some mod-
els with EATC have extra function swdches
located in the steering wheel, in addition to
the controls on the dashboard. The EATC
sysfem has its own self-diagnostic capability
(see Section 14).
3 Pull the control assembly out of the
instrument panel and disconnect the electri-
cal connectors and vacuum harness (see
ilfustration), Note; When disconnecting the
vacuum lines. be careful to avoid cracking the
plastic connectors and causing a vacuum leak
(possibly intemal within the control head),
4 Refer to Section 10 for electrical checks
of the blower motor speed switch. The speed
switch. function selector and blend-control
switch can all be removed from the control
head (manual air conditioning) by depress-
ing plastic tabs at the back of the control head
and pulling the switches off. The knobs will
fall off the front side of the controls as each
switch is removed.
5 An option on models of the Navigator

12.2 After the trim is removed, remove the four screws (arrows)
and pull the control assembly out of the dash

(manual air conditioning)

12.3 Disconnect the electrical connectors by gently prying up the
clips and pulling the connectors off - arrow indicates the

Yacuum connection
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1 3.3 Squeeze the plastic tabs together
and disconnect the heater hoses from the
heater core inlet and outlet pipes (arrows)

at the right side of the firewall

and Expedition is a rear-mounted heating/
air-conditioning system. ln this system, the
driver has controls on the dashboard for the
front system, plus an overhead control panel
that operates the rear system. There is also
an overhead control panel at the rear of the
vehicle that controls only the rear heaUair.
6 lnstallation is the reverse of the removal
procedure.

could cause personal injury $ee Chapter 12).
Do not use any electrical test equipment on
any of the airbag system wires or tamper with
them in any way.
Warning 2t The air conditioning sysfem ls
under high pressure. DO NOf /oosen any fit-
tings or remove any components until after the
syslern has been discharged, Air conditioning
refigerant should be properly discharyed into
an EPA-approved container at a dealer seruice
department or an automotive air condition-
ing repair facility. Always wear eye protection
when disconnecting air conditioning system
fittings.
1 Take the vehicle to a dealer service
department or automotive air conditioning
shop and have the air conditioning system
discharged.
2 Disconnect the cable from the nega-
tive battery terminal. Drain the cooling sys-
tem (see Chapter 1). Remove the instrument
panel (see Chapter 1 1 ).
3 Disconnect the heater hoses from the
heater core inlet and outlet tubes at the firewall
(see iffustration). Note: These fittings are
quick-disconnect type. To remove, squeeze
the two plastic tabs toward the hose and pull
fhe hoses off the tubes from the heater core.
4 Disconnect and plug the evaporator

13.6 Remove the two screws and the
bracket (arrow) over the heater

core housing

lines at the firewall (see Section 18). Plug
the heater core tubes to avoid spilling any
coolant during removal. Cap the evaporator
lines to prevent the entry of dirt and moisture.
Remove the instrument panel (see Chap-
ter  11) .
5 Disconnect the main vacuum line and
remove the plenum demister tube (see lllus-
tration).
6 Remove the two screws holding the
bracket to the top of the heater core housing
(see illustration).
7 Remove the screws and the heater core
cover, then pull out the heater core, being
careful not to tear the foam sealing material
(see illustrations).
8 When reinstalling the heater core in the
housing, make sure the original foam sealing
material is intact and in place (see illustra-
tion).
9 The remainder of the installation is the
reverse of removal. lnstall new retainers and
O-rings on the hoses that connect to the
heater core at the firewdll.
10 Fill the cooling system (see Chapter 1).
Run the engine and check for coolant leaks.
Have the air conditioning system charged and
check for proper operation of the system.

13 Heater core - removal and
installation

Referto illustrations 13.3, 13.5, 13.6, 13.7a,
13.7b. 13.7c and 13.8
Warning 1: The models covered by this man-
ual are equipped with Supplemental Restraint
Sysfems (SRS), more commonly known as
airbags. Always disconnect the negative bat-
tery cable, then the positive baftery cable and
wait two minutes before working in the vicin-
ity of the impact sensors, steering column or
instrument panel to avoid the possibility of
accidental deployment of the airbag, which

13.7a Remove the screws (arrows indicate the front screws), then
pull off the cover of the heater core/evaporator core housing

13.5 Remove the demister tube (anow)

13-7b Pull the blenddoor assembly out carefully to expose the
heater core
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13.7c Carefully pull the heater core
(arrow) from the case

11 On some models of Navigator/Expedi-
tion vehicles, there is an optional heaVair-con-
ditioning system located behind the left-rear
interior trim panel (behind the left-rear wheel
housing). The assembly includes a blower,
heater core and evaporator core (see illus-
tration 11.12). Removal and installation pro-
cedures are similar to the orocedures for the
standard heater core up front, although the
rear unit is much more accessible.

14 Air conditioning and heating
system - check and maintenance

Warning: The air conditioning system is under
high pressure. DO NOT loosen any fittings or
remove any components until afterthe system
has been discharged. Air conditioning refrig-
erant should 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 syslem
fittings.
1 The following maintenance steps should
be performed on a regular basis to ensure
that the air conditioner continues to operate at
peak efficiency.

a) Check the tension of the drivebelt and
adjust if necessary $ee Chapter 1).

b) Check the condition of the hoses. Look
for cracks, hardening and deterioration.
Warning: Do not replace air condition-
rng hoses until the system has been dis-
charged by a dealer or air conditioning
shop.

c) Check the fins of the condenser for
leaves, bugs and other foreign mateial.
A soft brush and compressed air can be
used to remove them.

d) Check the wire harness for conect rout-
ing, broken wires, damaged insulation,
etc. Make sure the harness connections
are clean and tight.

e) Maintain the correct refrigerant charge.
2 The system should be run for about 10
minutes at least once a month. This is par-

13.8 Reinstall the foam sealing material
after installing the heater core in the case

ticularly important during the winter months
because long-term non-use can cause hard-
ening of the internal seals.
3 Because of the complexity of the air con-
dit ioning system and the special equipment
required to effectively work on it, accurate
troubleshooting of the system should be left to
a professional technician. One probable cause
for poor cooling that can be determined by
the home mechanic is low refrigerant charge.
Should the system lose its cooling ability, the
following procedure will help you pinpoint the
cause.

Check
Refer to illustration 1 4.7
4 Warm the engine up to normal operating
temoerature.
5 Place the air condit ioning temperature
selector at the coldest sett ing and put the
blower at the highest setting. Open the doors
(to make sure the air condit ioning system
doesn't cycle off as soon as it cools the pas-
senger compartment).
6 After the system reaches operating tem-
perature, feel the two pipes connected to the
evaporator at the firewall.
7 The pipe (thinner tubing) leading from the
condenser outlet to the evaporator should be
cold, and the evaporator outlet line (the thicker
tubing that leads back to the compressor)
should be slightly colder (3 to 1O-degrees F).
lf the evaporator outlet is considerably warmer
than the inlet, the system needs a charge.
lnsert a thermometer in the center air distri-
bution duct (see illustration) while operating
the air conditioning system - the temperature
of the output air should be 35 to 40-degrees
F below the ambient air temperature (down to
approximately 40-degrees F). lf the ambient
(outside) air temperature is very high, say 11 0-
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. lf the air isn't as cold as it used
to be, the system probably needs a charge.
Further inspection or testing of the system is
beyond the scope of the home mechanic and
should be left to a professional.

14.7 Place an accurate thermometer in the
center dash vent, turn the air conditioning

on and check the
output temperature

Adding refrigerant
Referto illustrations 14.9 and 14.12
8 Note: All models covered by this manual
use refrigerant R-134a. When recharging or
replacing air conditioning components, use
only refrigerant, refrigerant oil and seals com-
patible with fhls syslem. Ihe sea/s and com-
pressor oil used with older, conventional R-12
refrigerant are not compatible with the compo-
nents in fhls sysfem.
9 Buy an automotive charging kit  at an
auto parts store. A charging kit includes a can
of R-134a refrigerant, a tap valve and a short
section of hose that can be attached between
the tap valve and the system low side service
valve (see illustration). Because one can of
refrigerant may not be sufficient to bring the
system charge up to the proper level, it's a
good idea to buy a couple of additional cans.
Try to find at least one can that contains red
refrigerant dye. lf the system is leaking, the
red dye will leak out with the refrigerant and
help you pinpoint the location of the leak.
Note: New Ford vehicles are shipped with
a leak-detect dye already in place. lf your

14.9 A basic charging kit for R-134a
systems is available at most auto parts

stores - it must say R-134a (not R-12) and
so must the can of refrigerant
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14.12 Add R-134a only to the loweide
port (arrow) - the procedure is easier if

you yyrap the can with a warm, wet towel
to prevent icing

sysfem has never been discharged, you can
spot any refrigerant leaks with an ultraviolet
spotlight, which causes leaks to glow green-
ish-yellow. The dye is sard fo be good for 500
hours of air conditioner operation, afrer which
you can have more dye injected at your Ford
dealer.
10 Connect the charging kit by following the
manufacturer's instructions.
11 Back ofi the valve handle on the charg-
ing kit and screw the kit onto the refrigerant
can, making sure first that the O-ring or rub-
ber seal inside the threaded portion of the
kit is in place. Warnlng: Wear protective eye
wear when dealing with pressurized refriger-
ant cans.
12 Remove the dust cap from the low-side
charging port and attach the guick-connect fit-
ting on the kit hose (see lllustratlon) . Warn-
f ng: DO NOf hookthe 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.
13 Warm the engine to normal operating
temperature and turn on the air conditioning.
Keep the charging kit hose away from the fan
and other moving parts.
14 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. Add refrigerant to
the low side of the system until both the out-
let and the evaporator inlet pipg feel about the
same temperature . Allow stabilization time
between each addition. Warnlng: Never add
more than two cans of refrigerant to fhe sys-
tem.The can may tend to frost up, slowing the
procedure. Wet a shop towel with hot water
and wrap it around the bottom of the can to
keep it from frosting.
15 Put your thermometer back in the center
register and check that the output air is get-
ting colder.
16 When the can is empty, turn the valve
handle to the closed position and release the
connection from the low-side port. Replace
the dust cap.
17 Remove the charging kit from the can

14.22 Gheck the evaporator drain tube
(arrow) for blockage that could lead to
mildew on the core - this view is from

below (transmission removed for clarity)
- you can locate the drain by hand from

above, behind the engine

and store the kit for future use with the pierc-
ing valve in the UP position, to prevent inad-
vertently piercing the can on the next use.

Heating sysfems
Refer to illustration 14.22
18 lf the air coming out of the heater vents
isn't hot, the problem could stem from any of
the following causes:

a) The thermostatis stuck open, prevent-
ing the engine coolant from warming up
enough to carry heat to the heater core.
Replace the thermostat (see Secflon 3).

b) A heater hase is blocked, preventing the
flow of coolant through the heater core.
Feel both heater hoses at the firewall.
They should be hot. lf one of them is
cold, there is an obstruction in one of the
hoses or ln the heater core, or the heater
control valve ls shuf. Detach the hoses
and backflush the heater core with a
water hose. lf the heater are is clear but
circulation is impeded, remove the two
hoses and flush them out with a water
t ose.

c) lf flushing fails to remove the blockage
from the heater core, the core must be
replaced (see Section 13).

19 lf the blower motor speed does not cor-
respond to the setting selected on the blower
switch, the problem could be a bad fuse, cir-
cuit, control panel or blower resistor (see Sec-
tion 10).
20 lf there isn't any air coming out of the
ventS:

a) Tum the ignition ON and activate the fan
control. Place your ear at the heating/air
conditioning register (vent) and listen.
Most motors are audible. Can you hear
the motor running?

b) lf you can't (and have already verified
that the blower switch and the blower
motor resistor are good), the blower
motor itself is probably bad (see Sec-
t ion ' l l ) .

14.26 Remove the blower resistor and
spray dlslnfectant through the hole

(arrow) onto the core to destroy mildew
that causes alr conditioning odors

21 lf 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 13) and install a
new unit (most radiator shops will not repair a
leaking heater core).
22 Inspect the drain hose from the heater/
evaporator assembly at the right-center of the
firewall, make sure it is not clogged (see illus-
tration). lf there is a humid mist coming from
the system ducts, this hose may be plugged
with leaves or road debris.

Eliminating air conditioning
odors
Refer to illustration 14.26
23 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.
24 The evaporator core on most vehicles
is difficult to access, and factory dealerships
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.
25 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 (see Section 16).
26 The disinfectant can usually comes with
a long spray hose. Remove the blower motor
resistor (see Section 10), point the nozzle
inside the hole and spray, according to the
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1 5.3 Disconnect the electrical connector
(arrow) at the compressor clutch

cycling switch

manufacturer's recommendations (see illus,
tration). Try to cover the whole surface of
the evaporator core, by aiming the spray up,
down and sideways. Follow the manufactur-
er's recommendations for the length of spray
and waiting time between applications.
27 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 (see illustra-
tlon 14.221.

Electronic Automatic
Temperature Control
28 Expedition and Navigator models may
have an optional EATC system to control the

15.4a Disconnect this line (A) to the
accumulator/drier using a backup

wrench on the fitting at ihe drier - B is
the mounting clamp bolt

temperature inside the vehicle. You set the
desired temperature on the control panel and
the EATC control module (computer) blends
the right amount of cooled or heater air to
maintain this cabin temperature. The speed of
the blower motor in this system is electroni-
cally-controlled by the microprocessor.
29 Most repairs or diagnostics of the EATC
are beyond the scope of the home mechanic,
but there is an on-board diagnostics function
in the EATC computer that will display trouble
codes relating to the climate-control system.
The codes can indicate what area, if any, is
malfunctioning.
30 To begin the self-test function (vehicle
interior at normal temperature), push the

15.4b On some models, the line to the
accumulator/drier is bolted to a flange

(arrow) instead of a threaded fitting

FLOOR and OFF buttons at the same time.
followed within two seconds by pushing the
AUTOMATIC button. During the half-minute
test, any hard or intermittent Diagnostic Trou-
ble Codes (DTCs) will appear on the control
head where the temperature setting is usually
displayed.
31 The test mode can be exited in two ways.
lf you push the blue button, the display will
turn off, but keep the codes in memory. lf you
push the DEFROST button instead, the com-
puter will erase the codes and then turn off
the display. Note: When the second method
of exiting ls used, a code 888 (meaning no
codes are in memory) should show before the
display tums off.

EATC trouble code chart
(Hard)

Self-test faults
(lntermittent)

Run-time faults Problem

024 . . . . . . . . . . . . . . . . . , . , . . , , . . . . . . . . . . . . . . . . . . . . . . . . . . .  022 . . . . . .  B lend door shor t
025................. Blend door failure

031 ................. . A'iC in-car temperature sensor - open circuit
030 ......................................... . A'lC in-car temperature sensor - short circuit
041 ................. .......... 043...... . Ai/C ambient temperature sensor - open circuit
040 ................ ........... 042..... .. fuC ambient temperature sensor - short circuit
050 ................ ........... 052..... .. fuC solar radiation sensor circuit - shorted

15 Air conditioning accumulator/
drier - removal
and installation

Removal
Refer to illustrations 15.3, 15.4a, 15.4b, 15.4c
and 15.4d
Warning: The air conditioning system is under
high pressure. DO NOT loosen any fiftings or
remove any components until afterthe system
has been discharged. Air conditioning refig-
erant should 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 sysfem
fittings.
1 The accumulator/drier stores refrigerant
and removes moisture from the system. When
any major air conditioning component (com-
pressor, condenser, evaporator) is replaced,
or the system has been apart and exposed
to air for any length of time, the accumulator/
drier must be replaced.
2 Take the vehicle to a dealer service
department or automotive air conditioning
shop and have the air conditioning system
discharged. Disconnect the cable at the nega-
tive battery terminal.

3 Disconnect the electrical connector at
the compressor clutch cycling switch on top of
the accumulator/drier (see illustration).
4 Disconnect the refrigerant inlet and out-
let l ines (see i l lustrai ions). Some models
have threaded fittings - others have spring
lock couplings which require special tools to
disconnect. On these kinds of fittings, remove
the metal clips first, then use spring-lock cou-
pling tools to disconnect the two lines (one of
which is connected to the accumulator/drier)
from the evaporator core tubes at the firewall.
To disconnect a fitting, close the two halves
of the tool over the connection and push the
tool towards the garter spring. This expands
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the spring to release its hold. While the spring
is expanded and tool is still in place, pull in
opposite directions on the two lines to sepa-
rate the connection. Cap or plug the open
lines immediately. Note: Specla/ spring lock
coupling tools are required to release the con-
nectors used on the refigerant lines through-
out the air conditioning system, and are avail-
able at most auto pafts sfores rh a sef.
5 Remove the nut from the mount-
ing bracket and slide the accumulator/drier
assembly up and out of the mounting bracket
(see illustration 15.4a).

Installation
6 lf you are replacing the accum-ula-
tor/drier, drain the refrigerant oil from the old
accumulator/drier. Add the same amount plus
two ounces of clean refrigerant oil to the new
accumulator. This will maintain the correct oil
level in the system after the repairs are com-
pleted. Note: The manufacturer recommends
that to properly drain all of the oil from the old
accumulator/dier for an accurate measure-
ment, you should drill two half-inch holes in
the bottom of the accumulator/dier.
7 Place the new accumulator/drier into
position, tighten the mounting bracket screw
lightly, still allowing the accumulator drier to
be turned to align the line connections.
8 Lubricate the O-rings using clean refrig-
erant oil and reconnect the inlet and outlet
lines. Now tighten the clamp bolt securely and
reconnect the electrical connector.
9 Connect the cable to the negative termi-
nal of the battery.
10 Have the system evacuated, recharged
and leak tested by a dealer service depart-
ment or an air conditioning repair facility.

erant should 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 sysfern
fiftings.
Note: On some models, special spring-lock
coupling tools are required to release the con-
nectors used on the refigerant lines through-
out the air conditioning sysfem. There are dff-
ferent special tools for each line size; these
tools can usually be found at local auto parts
stores, often in a set. See Secflon 15 fortool
description and use.

Removal
Referto illustrations 16,2 and 16.5
Caution: Whenever a compressor is replaced,
it will be necessary to replace the accumula-
tor/dier and the orifice tube.
1 Take the vehicle to a dealer service
department or automotive air conditioning
shop and have the air conditioning system
discharged. Disconnect the cable from the
negative battery terminal.
2 Remove the accessory drivebelt(s) (see
Chapter 1). lf you're working on an Expedi-

15.4d . . . and use the spring-lock
coupling tool to separate the connection

tion or Navigator model, raise the vehicle and
support it securely on jackstands. On air-sus-
pension-equipped vehicles, turn the switch
OFF before jacking the vehicle up. Remove
the plastic air deflector beneath the radiator
(Expedition and Navigator models only) (see
illustration).
3 Remove the bolt and disconnect the
refrigerant lines from the compressor.
4 Disconnect the electrical connection at
the compressor clutch.
5 Remove the compressor mounting bolts
(see illustration).
6 Remove the compressorfrom the mount-
ing location. Drain and measure the refriger-
ant oil from the compressor.

lnstallation
Referto illustrations 16.9 and 16.10
7 lf the compressor is being replaced,
drain any shipping oil that may be in the new
comoressor.
I lf the amount of refrigerant oil drained
from the old compressor was 3 to 5 ounces,
add new oil in that amount plus an extra ounce
to the new compressor. lf the amount drained
was more than 5 ounces. add that amount of

16 Air conditioning compressor -
removal and installation

Warning: The air conditioning system is under
high pressure. DO NOT loosen any fiftings or
remove any components until afterthe system
has been discharged. Air conditioning refrig-

16.2 For access to'the compressor on Expedition and Navigator
models, remove this plastic panel (arrow) below the radiator

16,5 Remove the mounting bolts (arrows) and remove the air
conditioning compressor from the engine compartment

15.4c Pull off the clip . . .
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16.9 Use new O-rings (arrows), lubricated wlth refrigerant oil,
when reattaching the llne block to the compressor

new oil, and if the drained amount was less
than three ounces, add three ounces of new
oil to the new compressor.
9 Installation procedures are the reverse of
those for removal. When installing the fitting
block, use new O-rings and lubricate them
with clean refrigerant oil (see illustration).
10 Replace the orifice tube. The orifice is a
plastic tube with a filter inside. On some mod-
els it is located in the high pressure line from
the condenser (see illustratlon). On other
models it's located in the evaporator inlet line.
Recessed inside the refrigerant pipe slightly, it
is difficult to remove without a small tool that
is inserted and expanded until it grabs the orF
fice tube so that it can be pulled out. Note:
While it ls someflmes poss,b/e to remove an
orffice tube with a pair of pliers, this practice
is not recommended since it can result in a
broken orifice tube stuck inside the prpe. The
same tool, available at auto parts stores, can
be used to insert a new orifice tube. Make
sure the tube is inserted in the same direction
as the old one.
11 After the compressor is installed, have
the system evacuated, recharged and leak
tested by a dealer service department or an
air conditioning repair facility.

17.5 On models wlth threaded fittings,
use two wrenches to disconn6ct the

fittings retaining the refrigerant lines to
the condenser tubes

the system has been discharged. Air con-
ditioning refrigerant should be properly dis-
charged into an EPA-approved container at a
dealer service depaftment or an automotive
air conditioning repair facility. Always wear
eye protection when disconnecting air condi-
tioning system fiftings,
Note: On some models, special spring-lock
coupling tools are required to release the con-
nectors used on the refrigerant lines through-
out the air conditioning syslem. There are dif-
ferent special tools for each line size; these
tools can usually be found at local auto parts
stores, often in a set. See Secflon 15 for tool
description and use.

Removal
Referto illustrations 17.5 and 17.6
Caution: Whenever a condenser is replaced,
it will be necessary to replace the accumula-
tor/drier (see Section 15).
1 Take the vehicle to a dealer service
department or automotive air condit ioning
shop and have the air condit ioning system
discharged.
2 Disconnect the batterv cables and

'17.6 The condenser is mounted to the
radiator support wlth two brackets (arrow
indlcates left-side bracket) - remove them

and pull the condenser up and out
of the vehlcle

remove the battery and battery tray (refer to
Chapter 5).
3 Refer to Section 4 and remove the cool-
ing fan and shroud assembly.
4 Refer to Section 5 and remove the degas
bottle and radiator.
5 Disconnect the two fittings holding the
refrigerant lines to the right side of the con-
denser (see illustration). Note: Some mod-
e/s use threaded fittings; others use flange-
type fiftings secured by a bolt.
6 Remove the two condenser mounting
brackets bolted to the radiator support (see
illustration). Carefully lift the condenser out
of the bottom cradle supports.

lnstallation
7 lf the condenser is being replaced with
a new one, transfer the brackets and mounts
from the old unit to the new one.
8 When replacing the condenser add one
ounce of new refrigerant oil to the condenser
before reassembly. This will maintain the cor-
rect oil level in the system after the repairs are
completed.

17 Air conditioning condenser -
removal and installation

Warning 1: The models covered by this man-
ual are equipped with Supplemental Restraint
Sysfems (SRS), more commonly known as
airbags. Always disconnect the negative bat-
tery cable, then the positive battery cable and
wait two minutes before working in the vicin-
ity of the lmpacf sensors, steering column or
instrument panel to avoid the possibility of
accidental deployment of the airbag, which
could cause personal injury $ee Chapter 12).
Do not use any electrical test equipment on
any of the airbag system wires or tamper with
them in any way.
Warning 2: The air conditioning sysfem is
under high pressure. DO NOT loosen any fit-
tings or remove any components until after

16,10 When the air conditioning compressol is replaced, the
orifice tube must be replaced, too
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9 Before installation, check the bracket
assemblies and mounts for excessive wear or
damage. Replace them if necessary.
10 The installation procedures are the
reverse of those for removal. When connect
ing the hose and fittings, use new O-rings and
lubricate them with clean refrigerant oil (where
applicable).
11 After the condenser is installed have the
system evacuated, recharged and leak tested
by a dealer service department or an air con-
ditioning repair facility.

18 Air conditioning evaporator -
removal and installation

Refer to iilustration 18.1
Warning 1z The models covered by this man-
ual are equipped with Supplemental Restraint
Sysfems (SRS), more commonly known as
airbags. Always disconnect the negative bat-
tery cable, then the positive battery cable and
wait two minutes before working in the vicin-
ity of the rinrpacf sensors, steeing column or
instrument panel to avoid the possibility of
accidental deployment of the airbag, which
could cause personal injury $ee Chapter 12).
Do not use any electical test equipment on
any of the airbag system wires or tamper with
them in any way.
Warnang 2: The air conditioning sysfem is
under high pressure. DO NOT loosen any fit-
tings or remove any components until afrerthe
systern has been discharged. Air conditioning
refrigerant should be properly discharyed into
an EPA-approved container at a dealer ser-
vice depaftment or an automotive air condi-
tioning repair facility. Always eye wear pro-
teition when disconnecting air conditioning
system fiftings.
Note: On some models, special spring-lock

coupling tools are required to release the con-
nectors used on the refigerant lines through-
out the air conditioning sysfem. There are dif-
ferent special tools for each line size; these
tools can usually be found at local auto pafts
sfores. ofien in a set. See Secfion 15 for tool
description and use.
1 The evaporator core is located inside the
same housing as the heater core (see illus-
tratfon). Noter Eefore replacing an evapora-
tor core, determine for ceftain that the core is
leaking by having a leak test performed with
special equipment at dealer service depart-
ment or automotive air conditioning repair
facility.
2 Refer to Section 13 for removal of the
cover to the heater/evaporator housing. This
procedure requires the removal of the instru-
ment panel (see Chapter 11), Note: When-
ever the evaporator core is replaced with a
new one, the accumulator/drter wiil also have
to be replaced (see Secfion 15). AIso remove
the accumulator/drier mounting bracket from
the firewall.

3 Disconnect the refrigerant lines at the
firewall (see Section 15).
4 Pull the evaporator core from the heater/
evaporator housing.
5 Installation is the reverse of the removal
process. Add three ounoes of new refrigerant
oil to the accumulator/drier inlet tube when a
new evaporator core is installed. Also, before
the lines are reconnected, it's a good idea to
replace the orifice tube (see Section 16).
6 On some models of Navigator/ExpedF
tion vehicles, there is an optional heaUair-con-
ditioning system located behind the left-rear
interior trim panel (behind the left-rear wheel
housing). The assembly includes a blower,
heater core and evaporator core (see lllus-
tration 11.12). Removal and installation pro-
cedures are similar to the procedures for the
standard evaporator core up front, although
the rear unit is much more accessible.
7 Have the system evacuated, recharged
and leak tested by the dealer service depart-
ment or an air conditioning repair facility.

18.1 The
evaporator core
(arrow) is inside
the same case as
the heater core
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Ghapter 4
Fuel and exhaust systems
Contents

Section
Accelerator cable - removal, installation and adjustment.............. 10
Air cleaner housing - removal and installation I
Air filter replacement ....... See Chapter 1
CHECK ENGINE l ight . . . . , . . . . . . . . . . .  See Chapter 6
Exhaust system check.. ... See Chapter 1
Exhaust system servicing - general information ..... '16

Fuel filter replacement... .. See Chapter 'l

Fuel injection system - general information..... 11
Fuel inject ion system - check... . . . . . . . . . .  12
Fuel level sending unit -  check and replacement.. . . . . . . . . . . . . . . . . . . . . . , . .  8
Fuel lines and fiftings - general information...... 4
Fuel pressure relief procedure 2

Secfion
Fuel pump/fuel pressure - check........... 3
Fuel pump - removal and installation 7
Fuel system check.............. See Chapter 1
Fuel tank - cleaning and repair....... 6
Fuel tank - removal and installation 5
General information..... 'l

ldle Air Control (lAC) valve - check, removal and adjustment....... 14
Intake Air Systems................... 15
Sequential Electronic Fuel lnjection (SEFI) system -

component check and replacement ... 13
Underhood hose check and rep|acement........................ See Chapter 1

Specifications

Fuel pressure
Fuel system pressure (at idle)

Vacuum hose attached.
Vacuum hose detached

Fuel system hold pressure (after 5 minutes).......,............
Fuel pump pressure (maximum)

Injector resistance

Torque specifications
Air intake plenum mounting bolts

V6 engine
2000 and earlier models
2001 and later models

Step  ' , | . . . . . . . . . . . . .

S tep  2 . . . . . . . . . . . . .
V8 engines

Step 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
S tep  2 . . . . . . . . . . . .

Intake manifold soacer
Step  1  . . . . . . . . . . . .
S tep  2  . . . . . . . . . . . .

Throttle body mounting bolts/nuts
V6 eng ine . . . . . . .
V8 engines

2000 and earlier models.
2001 and later models

Step  1 . . . . . . . . . . . . .
S tep  2 . . . . . . . . . . . . .

EGR valve-to-air intake plenum/manifo|d... . . . . . . . . . . . . . . . . .
Fuel rai l  mounting bolts . . . . . . . . . . . . . . .
Exhaust pipeto-exhaust manifold bolts ...............

30 to 45 psi
40 to 50 psi
30 to 40 psi
65 psi

13.5 to 19 ohms

Ft-lbs (unless othenivise indicated)

59 in-lbs

53 inlbs
89 in-lbs

't8 inlbs
100 in-lbs

53 inibs
89 inlbs

89 in-lbs

80 in-lbs

80 inlbs
Tighten an additional 90-degrees (1/4 turn)
12to 18
89 inlbs
25 to 35

1 General information

The fuel system consists of a fuel tank, an
electric fuel pump (located in the fuel tank), a
fuel pump relay, the fuel rail and fuel injectors,
an air cleaner assembly and a throttle body
unit. All models are equipped with a Sequential
Electronic Fuel Injection (SEFI) system.

Sequential Electronic Fuel
I njection (SEF,) system

Sequential Electronic Fuel Injection uses
timed impulses to inject the fuel directly into
the intake port of each cylinder according to its
firing order. The injectors are controlled by the
Powertrain Control Module (PCM). The PCM

monitors various engine parameters and deliv-
ers the exact amount of fuel required into the
intake ports. The throttle body serves only to
control the amount of air passing into the sys-
tem. Because each cylinder is equipped with
its own injector, much better eontrol of the fuel/
air mixture ratio is possible.
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4-2 Chapter 4 Fuel and exhaust systems

2.3 Install a special fuel pressure gauge
onto the test port connector and bleed the

fuel into a suitable container

Fuel pump and lines
Fuel is circulated from the fuel tank to

the fuel injection system, and back to the
fuel tank, through a pair of metal l ines run-
ning along the underside of the vehicle. An
electric fuel pump and fuel level sending unit
is located inside the fuel tank. A vapor return
system routes all vapors back to the fuel tank
through a separate return line.

The fuel pump relay is equipped with a
primary and secondary voltage circuit. The pri-
mary circuit is controlled by the PCM and the
secondary circuit is linked directly to baftery
voltage from the ignition switch, With the igni-
tion switch ON (engine not running), the PCM
will ground the relay for one second. During
cranking, the PCM grounds the fuel pump
relay as long as the camshaft position sensor
(CMP) sends its position signal (see Chapter
6). lf there are no reference pulses, the fuel
pump will shut off after two or three seconds.

The inertia switch (located behind pas-
senger side kick panel) wil l disable the fuel
pump circuit in the event of coll ision. The
inertia switch is a cylindrical magnet with a
steel ball that will release (breakaway) and
trip a shutdown lever when the vehicle inertia
reaches a certain peak value.

Exhaust sysfern
The exhaust system includes an exhaust

manifold, diverter pipes fitted with upstream
(before catalytic converter) and downstream
(after catalytic converter) oxygen sensors, a
catalytic converter and a muffler.

The catalytic converter is an emission
control device added to the exhaust system
to reduce pollutants. A single-bed converter is
used in combination with a three-way (reduc-
tion) catalyst. Refer to Chapter 6 for more
information regarding the catalytic converter.

2 Fuel pressure relief procedure

Warning: Gasoline is extremely flammable, .
so take extra precautions when you work on'
any part of the fuel sysfem. Don't smoke or
allow open flames or bare light bulbs near the
work area, and don't work in a garage where

2.7 The inertia switch (arrow) is located
behind the passenger side kick panel.
Disconnect the electrical connector

to disable the fuel pump

a gas-type appliance (such as a water heater
or a clothes drye) is present. Slnce gaso-
line is carcinogenic, wear latex 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 consfanfpressure, so, if
any fuel lines are to be disconnected, the fuel
pressure in the system must be relieved first,
When you pertorm any kind of work on the
fuel system, wear safety g/asses and have a
C/ass B gpe fire extinguisher on hand.
Note: Affer the fuel pressure has been
relieved. it's a good idea to lay a shop towel
over any fuel connection to be disassembled,
to absorb the residual fuel that may leak out
when seruicing the fuel system.
1 There are two methods for relieving the
fuel system pressure; the easiest and most
accessible is using a special fuel pressure
gauge with a bleed-off valve. This special
tool can be purchased at an automotive parts
or tool company. In the event the tool is not
available, locate the inertia switch and disable
the fuel pump.

Fuel pressure gauge bleeding
method
Refer to illustration 2.3
2 Locate the fuel pressure test port on the
fuel rai l  and instal l  the fuel pressure gauge
onto the Schrader valve.
3 Direct the bleed-off hose into a metal cup
or suitable container for gasoline storage (see
illustration).
4 Turn the valve and allow the excess fuel
to bleed into the container.
5 Close the valve, remove the fuel pres-
sure gauge and cap the test port.

lnertia switch method
Refer to illustrations 2.7 and 2.9
6 The fuel pump switch - sometimes called
the "inertia switch" - which shuts off fuel to the
engine in the event of a collision, affords a
simple and convenient means by which fuel
pressure can be relieved before servicing fuel

2.9 lf necessary push the reset button
after connecting the inertia switch to

energize the fuel pump

injection components. The switch is located
behind the passenger's side kick panel.
7 Unplug the inertia switch electrical con-
nector (see illustration).
8 Start the engine and allow it to run until it
stops. This should take only a few seconds.
9 The fuel system pressure is now relieved.
When you're finished working on the fuel
system, simply plug the electrical connector
back into the switch. lf the inertia switch was
"popped" (activated) during this procedure,
push the reset button on the top of the switch
(see illustration).

Fuel pump/fuel pressure - check

Warning: Gasoline is extremely flammable,
so take extra precautions when you work on
any part of the fuel system. See fhe Warning
in Section 2.
Note 1 : To pertorm the fuel pressure test, you
will need to obtain a fuel pressure gauge and
adapter set (fuel line fiftings).
Note 2: The fuel pump will operate as /ong as
the engine is cranking or running and the PCM
is receiving ignition reference pulses from the
electronic ignition system. lf there are no ref-
erence pulses, the fuel pump will shut off after
two or three seconds.
Note 3: After the fuel pressure has been
relieved, it's a good idea to lay a shop towel
over any fuel connection to be disassembled,
to absorb the residual fuel that may leak out
when seruicing the fuel system.

Preliminary inspection
Refer to illustrations 3.2 and 3.3
1 Should the fuel system fai l  to del iver
the proper amount of fuel, or any fuel at all,
inspect it as follows. Remove the fuel filler
cap. Have an assistant turn the ignition key
to the On position (engine not running) while
you listen at the fuel filler opening. You should
hear a whirring sound that lasts for a couple
of seconds.
2 lf you don't hear anything, check the fuel
pump fuse (see Chapter 12). l f  the fuse is
blown, replace it and see if it blows again (see
illustration). lf it does, trace the fuel pump
circuit for a short. Refer to the wiring diagrams
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3.2 Remove the fuel pump fuse and make sure it is not blown

3.7 lf you don't have the correct adapter,
it is posslble to remove the Schrader valve
from the fiftlng and install a standard fuel

pressure gauge, using a hose clamp

at the end of Chapter 12 for additional wiring
schematics.
3 Check for battery voltage to the fuel pump
relay connector and the PCM relay connector
(see illustration). lf there is battery voltage
present, have the relay(s) tested at a dealer
service department or other qualified automo-
tive repair shop. Note 'lt The ineftia switch is
an electrical device wired into the fuel pump cir-
cuit that will shut down power to the fuel pump
in an accident. Be sure to check that the inertia
switch is activated and in working order if the
fuel pump is not receiving the proper voltage
(see Secflon 2). Note 2: The tuel pump relay is
equipped with a pimary and secondary voltage
citcuit. The pimary circuit is controlled by the
PCM and the seandary circuit is linked dhectly
to baftery voftage from the ignition switch. With
the ignition switch ON (engine not running), the
PCM will ground the relay for one second. Dur-
ing cranking, the PCM grounds the fuel pump
relay as long as the camshaft posifion sensor
(CMP) sends its position signal (see Chap-
ter 6)..1f therc are no rcference pulses, the fuel
pump will shut off after two or three seconds.
Refer to the wiring schematics at the end of
Chapter 12 for additional information on the wir-
ing color designations for the fuel pump relay.
4 lf there is no voltage present, check the
fuse(s) and the wiring circuit for the fuel pump
relay and/or PCM power relay (see Chap- ter

3.13 Gonnect a hand-held vacuum pump
to the fuel pressure regulator and read

fuel pressure with vacuum applied.
Pressure should decrease as vacuum

is increased

12). lf voltage is present, check for battery
voltage at the fuel pump harness connector
located near the fuel tank. lf voltage is reach-
ing the fuel pump, remove the fuel pump and
have it checked by a dealer service department
or other qualified automotive repair facility.

Operating pressure check
Referto illustrations 3.7, 3.13 and 3.15
5 Relieve the fuel system pressure (see
Section 2).
6 Detach the cable from the negative bat-
tery terminal.
7 Remove the cap from the fuel pressure
test port and attach a fuel pressure gauge
(see illustration). lf you don't have the cor-
rect adapter for the test port, remove the
Schrader valve and connect the gauge hose
to the fitting, using a hose clamp.
8 Attach the cable to the negative battery
terminal.
9 Start the engine.
10 Check the fuel pressure at idle. Com-
pare your readings with the values listed in
this Chapter's Specifications. Disconnect the
vacuum hose from the fuel pressure regula-
tor and watch the fuel pressure gauge - the
fuel pressure should increase considerably as
soon as the hose is disconnected. lf it doesn't,
check for a vacuum signal to the fuel pressure

3.3 Remove the fuel pump relay and check for battery voltage to
the relay with the ignition key ON (engine not running)

3.15 Detach the vacuum line from the fuel
pressure regulator and verify vacuum is

present when the engine is running

regulator (see Step 15).
11 lf the fuel pressure is low, pinch the fuel
return line shut and watch the gauge. lf the
pressure doesn't rise, the fuel pump is defec-
tive or there is a restriction in the fuel feed
line. lf the pressure rises sharply, replace
the pressure regulator. Note: /f the vehicle is
equipped with a nylon fuel retum line (or fuel
lines made up of steel or other rigid mateial),
it will be necessary to install a special fuel
testing hamess between the fuel rail and the
retum line. This can be made up from com-
patible fuel line connectors (available at the
dealer parts department and some auto parts
sfores), fuel hose and hose clamps.
12 lf the fuel pressure is too high, turn the
engine off. Disconnect the fuel return line
and blow through it to check for a blockage.
lf there is no blockage, replace the fuel pres-
sure regulator.
13 Hook up a hand-held vacuum pump to
the port on the fuel pressure regulator (see
illustration).
14 Read the fuel pressure gauge with
vacuum applied to the fuel pressure regula-
tor and also with no vacuum applied. The fuel
pressure should decrease as vacuum increases
(and increase as vacuum decreases).
1 5 Connect a vacuum gauge to the pressure
regulator vacuum hose. Start the engine and
check for vacuum (see illustration). lf there
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4.5 A hairpin clip typs push+onnec{ fittlng

isn't vacuum present, check for a clogged
hose or vacuum port. lf the amount of vacuum
is adequate, replace the fuel pressure regula-
tor.
16 Tum the ignition switch to OFF, wait five
minutes and recheck the pressure on the
gauge. Compare the reading with the hold
pressure listed in this Chapter's Specifications.
lf the hold pressure is less than specified:
a) The fuel lines may be leaking.
b) Thefuel pressure regulatormay be allow-

ing the fuel pressure fo bleed through to
the retum line

c) A tuel injector (or injectors) may be leak-
ing.

d) The fuel pump may be defective.

Fuel lines and fiftings - general
information

Warning: Gaso/lne is extremely flammable,
so fake ertra precautions when you work on
any paft of the fuel syst€im. See fhe Warnlng
in Section 2.

Push-connect fittings -
disassemb ly and reassem bly
1 Ford uses two difierent push-connect fit-
ting designs. Fittings used with 3/8 and 5/16-
inch diameter lines have a "hairpin" type clip;
fiftings used with 1/4-inch diameter lines have
a "duck bilf'type clip. The procedure used for
releasing each type of fitting is different. The
clips should be replaced whenever a @nnec-
tor is disassembled.
2 Disconnect all push-connect fiftings from
fuel system components such as the fuel fil-
ter, the fuel charging assembly, the fuel tank,
etc. before removing the assembly.

3/8 and 5/16-inch fittings
(hairpin clip)
Refer to illustration 4.5
3 Inspect the internal portion of the fifting
for accumulations of dirt. lf more than a light
coating of dust is present, clean the fitting
before disassembly.

4 Some adhesion between the seals in the
fitting and the line will occur over a period of
time. Twist the fitting on the line, then push
and pull the fifting until it moves freely.
5 Remove the hairpin clip from the fitting by
bending the shipping tab down until it clears
the body. Then, using nothing but your hands,
spread each leg about 1/8-inch to disengage
the body and push the legs through the fitting.
Remember, don't use any tools to perform
this part of the procedure. Finally, pull lightly
on the triangular end of the clip and work it
clear of the line and fitting (see illustratlon).
6 Grasp the fitting and hose and pull it
straight off the line.
7 Do not reuse the original clip in the fit-
ting. A new clip must be used.
8 Before reinstalling the fitting on the line,
wipe the line end with a clean cloth. Inspect
the inside of the fitting to ensure that it's free
of dirt and/or obstructions.
9 To reinstall the fitting on the line, align
them and push the fiiling into place. When the
fitting is engaged, a definite click will be heard.
Pull on the fitting to ensure that it's completely
engaged. To install the new clip, insert it into
any two adjacent openings in the fitting with
the triangular portion of the clip pointing away
from the fitting opening. Using your index fin-
ger, push the clip in until the legs are locked
on the outside of the fifting.

1/4-inch fittings (duck bill clip)
Refer to illustration 4. 1 0
10 The duck bill clip type fitting consists of a
body, spacers, O-rings and the retaining clip
(see illustration). The clip holds the fitting
securely in place on the line. One of the two
following methods must be used to discon-
nect this type of fitting.
11 Before attempting to disconnect the fit-
ting, check the visible internal portion of the
fitting for accumulations of dirt. lf more than a
light coating of dust is evident, clean the fitting
before disassembly,
12 Some adhesion between the seals in the
fitting and line will occur over a period of time.
Twist the fitting on the line, then push and pull
the fitting until it moves freely.

4.15a lf the spring lock couplings are
equipped with safety clips, pry them off

wlth a small screwdriver

Spring lock couplings -
disassembly and reassembly
Type I
Refer to illustrations 4.15a, 4.15b and 4.1 5c
13 The fuel supply and return lines used
on SEFI engines utilize spring lock couplings
at the engine fuel rail end instead of plastic
push-connect fittings. The male end of the
spring lock coupling, which is girded by two
O-rings, is inserted into a female flared end
engine fitting. The coupling is secured by a
garter spring which prevents disengagement
by gripping the flared end of the female fifting.
A cup-tether assembly provides additional
security.
14 To disconnect the 'll2-inch spring lock
coupling supply fitting, you will need to obtain
a spring lock coupling tool, available at most
auto parts sales stores. Be aware that 112-
inch and 3/8-inch fittings require different
tools
15 Study the accompanying i l lustrations
carefully before detaching either spring lock
coupling fitting (see illustrations).

4.15b Open the springJoaded halves of
the spring lock coupling tool and place lt

in position around the coupling,
then close it

4.10 A push-connect flttlng with a duck
bil l  cl ip
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4.15c To dlsconnect the coupling, push the tool into the cage
opening to expand the garter spring and release the female fitting,

then pull the male and female fittlngs apart

Type ll
16 Remove the safety clamp from the fuel
line (see illustratlon).
17 The preferred method used to discon-
nect the fitting requires a special tool. To
disengage the line from the fitting, align the
slot in the push-connect disassembly tool,
available at most auto parts stores, with
either tab on the clip (9O-degrees from the
slots on the side of the fitting) and insert the
tool (see lllustration). This disengages the
duck bill from the line. Note: Some fuel lines
have a secondary bead which aligns with the
outer sufiace ofthe clip. The bead can make
tool inseftion difficult. lf necessary, use the
altemative disassembly method described in
Step 19. Holding the tool and the line with one
hand, pull the fitting off. Note: Only moderate
effort is necessary if the clip is properly disen-
gaged. The use of anything other than your
hands should not be required.
18 After disassembly, inspect and clean the
line sealing surface. Also inspect the inside of
the fltting and the line for any internal parts
that may have been dislodged from the fitting.
Any loose internal parts should be immediately
reinstalled (use the line to insert the parts).
19 The alternative disassembly procedure
requires a pair of small adjustable pliers. The
pliers must have a jaw width of 3/16-inch or
less.
20 Align the jaws of the pliers with the open-
ings in the side of the fitting and compress the
portion of the retaining clip that engages the
body. This disengages the retaining clip from
the body (often one side of the clip will dis-
engage before the other - both sides must be
disengaged).
21 Pull the fitting off the line. Note: Only
moderate effott is required if the retaining clip
has been properly disengaged. Do not use
any tools for this procedure.
22 Once the fitting is removed from the line
end, check the fitting and line for any inter-
nal parts that may have been dislodged from
the fitting. Any loose internal parts should be
immediately reinstalled (use the line to insert
the parts).
23 The retaining clip will remain on the

line. Disengage the clip from the line bead
to remove it. Do not reuse the retaining clip
- install a new one!
24 Before reinstalling the fifting, wipe the
line end with a clean cloth. Check the inside
of the fitting to make sure that it's free of dirt
and/or obstructions.
25 To reinstall the fitting, align it with the
line and push it into place. When the fitting is
engaged, a definite click will be heard. Pull on
the fifting to ensure that it's fully engaged.
26 Installthe new replacement clip by insert-
ing one of the senated edges on the duck bill
portion into one of the openings. Push on the
other side until the clip snaps into place,

Fuel tank - removal and
installation

Refer to illustration 5.6 and 5.10
Warnlng: Gasoline is extremely flammable,
so fake extra precautions when you work on
any pad of the fuel sysfem. See the Warning
in Section 2.
Note: Dont begin this procedure until the
gauge indicates that the tank is empty or
nearly empty. lf the tank must be removed
when it's full (for example, if thei fuel pump

4,17 Duck bill clip fitting disassembly
using the special tool

malfunctions), siphon any remaining fuel from
the tank prior to removal.
1 Unless the vehicle has been driven far
enough to completely empty the tank, it's
a good idea to siphon the residual fuel out
before removing the tank from the vehicle.
Warnfng: DO NOT start the siphoning action
by mouth! Use a siphoning kit (available at
most auto pafts sfores).
2 Relieve the fuel pressure (see Sec-
tion 2).
3 Detach the cable from the negative ter-
minal of the baftery.
4 Raise the vehicle and support it securely
on jackstands. Warnlng: Some models cov-
ered bythis manual are equipped with self lev-
eling suspension systerns. Always disconnect
electrical power to fhe suspension system
before lifting or towing the vehicle (see Chap-
ter 1Ol. Failure to pertorm this procedure may
resuft in unexpected shifring or movement of
the vehicle which could cause personal injury.
5 Remove the fuel tank skid plate mount-
ing bolts and lower the assembly.
6 Remove the fuel tank filler hose and
vapor hose from the fuel filler neck and the
fuel tank (see il lustration) and slide the
assembly from the vehicle.
7 Disconnect the fuel lines (see Section 4)

5.6 Remove the fuel tank filler hose and
vent hose from the filler neck assembly

4.16 Remove the safety clamp
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5.10 Remove the bolts (anow) from the
fuel tank straps

and EVAP vapor lines.
8 Disconnect the electric fuel pump and
sending unit electrical connector with a screw-
driver (see lllustratlon 8.3).
9 Place a floor jack under the tank and
position a block of wood between the jack pad
and the tank. Raise the jack until it's support-
ing the tank.
10 Remove the bolts that retain the fuel tank
mounting straps (eee illustratlon). The straps
are hinged at the other end so you can swing
them out of the way. Notez Expedition/Navi-
gator models use a large bracket that strad-
d/es fhe entire fuel tank. The mounting bolts
and bncket must be removed as a complete
unit before the fuel tank can be lowered. The
assembly will be lowered with the fuel tank
Dec€use it will be positioned between the fuel
tank and the lifting jack.
1'l Lower the tank far enough to unplug any
vapor lines or wire hamess brackets that may
be difiicult to reach when the fuel tank is in the
vehicle.
12 Slowly lower the jack while steadying the
tank. Remove the tank from the vehicle.
13 lf you're replacing the tank, or having it
cleaned or repaired, refer to Section 6.
'14 Refer to Section 7 to remove and install
the fuel pump or sending unit.
15 Installation is the reverse of removal.
Clean engine oil can be used as an assembly
aid when pushing the fuel filler neck back into
the tank,
16 Make sure the fuel tank heat shields are
assembled conectly onto the fuel tank before
reinstalling the tank in the vehicle.
17 Carefully angle the fuel tank filler neck
into the filler pipe assembly and lift the tank
into place.

6 Fuel tank . cleaning and repair

1 The fuel tanks installed in the vehicles
covered by this manual are made of plastic
and are not repairable,
2 lf the fuel tank is removed from the vehi-
cle, it should not be placed in an area where
sparks or open flames could ignite the fumes

7.6 Uslng palnt or a marker, highlight
the alignment marke on the

fuel pump assembly

7.8 Carefully angle the fuel pump out of
the fuel tank without damaglng the

fuel stralner

coming out of the tank. Be especially care-
ful inside a garage where a natural gas-type
appliance is located, because the pilot light
could cause an exolosion.

7 Fuel pump - removal and
installation

Refer to ill ustrations 7.6, 7.7, 7.8, 7. 1 0, 7. 1 1
and 7.12
Warnlng: Gasoline is ertremely flammable,
so take ertra precautions when you work on
any paft of the fuel system. See fhe Warning
in Section 2.
1 Unless the vehicle has been driven far
enough to completely empty the tank, it's
a good idea to siphon out the residual fuel
before removing the fuel pump from the vehi-
cle. Warnlng: DO NOT start the siphoning
action by mouth! Use a siphoning kit (avail-
able at most auto parfs sfores).
2 Relieve the fuel pressure (refer to Sec-
tion 2).
3 Detach the cable from the negative ter-
minal of the battery.
4 Raise the vehicle and support it securely
on jackstands. Warning: Some models cov-
ered by this manual are equipped with seff lev-

7.7 Remove the mountlng bolts
(arrows) from the fuel pump assembly

7.'t0 Remove the G.clip from the baee of
the fuel pump then separate the etralner

from the fuel pump

eling suspension sysferns. Always disconnect
electrical power to fhe suspenslon system
before lifting ortowing the vehicle (see Chap-
ter 10). Failure to pertorm this procedure may
resuft in unexpected shifting or movement of
the vehicle which could cause personal injury.
5 Remove the fuel tank from the vehicle
(see Section 5). Note: A special fuel pump
Iine removal tool, available at most auto patts
stores, may be requircd to disconnect the fuel
linesfrom the fuel pump.
6 Use paint or a marking pen to highlight
the alignment marks that are scribed into the
fuel pump assembly and the fuel tank (see
lllustration).
7 Remove the mounting bolts (see lllus-
tration) from the fuel pump assembly. Note:
Expedition/Navigator models use a threaded
retainer, Use channel locks or a special tool,
available at most auto parts sa/es sforeg fo
remove the fuel pump assembly from the
tank.
8 Carefully pull the fuel pump assembly
from the tank (see illustration).
9 Remove the old seal ring and discard it.
10 lf you're planning to reinstall the origi-
nal fuel pump unit, remove the strainer (see
illustration) by prying it offwith a screwdriver,
wash it in clean solvent, then push it back into
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7.11 Disconnect the fuel pump electrical
connector from the fuel pump

place on the pump. lf you're installing a new
pump/sending unit, the assembly will include
a new strainer.
11 To separate the fuel pump from the
assembly, remove the clamp and disconnect
the electrical connector from the fuel pump
(see illustration).
12 Remove the fuel pump mounting clamp
bolt (see illustration).
13 Clean the fuel pump mounting flange
and the tank mounting surface and seal ring
groove.
14 lnstallation is the reverse of removal.
Apply a thin coat of heavy grease to the new
seal ring to hold it in place during assembly.

Fuel leve! sending unit - check
and replacement

Check
Referto illustrations 8.3 and 8.5
1 Raise the vehicle and support it securely
on jackstands. Warning: Some models cov-
ered by this manual are equipped with self
leveling suspension sysfems. Always discon-
nect electical power to the suspenslon sysfem

8.5 A more accurate check of the fuel level sending unit can
be performed with the assembly on the bench. Gonnect the

ohmmeter probes to the connector and check the resistance of
the sendlng unit with the float positioned on "empty" and "full".
Gheck for a smooth change in resistance as the float is moved

between the positions

7.12 Loosen the fuel pump mounting
clamp bolt

before lifting or towing the vehicle (see Chap-
ter 10). Failure to perform this procedure may
resuft in unexpected shifting or movement of
the vehicle which could cause personal injury.
2 Disconnect the electrical connector for
the fuel level sending unit.
3 Position the ohmmeter probes into the
electrical connector and check the resistance
(see illustration). Use the 200-ohm scale on
the ohmmeter.
4 With the fuel tank completely full, the
resistance should be about 160.0 ohms. With
the fuel tank nearly empty, the resistance of
the sending unit should be about 15.0 ohms.
5 lf the readings are incorrect, replace the
sending unit. Note: A more accurate check of
the sending unit can be made by removing it
from the fuel tank and checking ifs reslsfance
while manually operating the float arm (see
illustration).

Replacement
Refer to illustration 8.9
6 Remove the fuel tank (see Section 5).
7 Remove the fuel pump assembly moun!
ing screws (pickups) or threaded retainer
(Expedition/Navigator) (see Section 7).
8 Carefully angle the fuel pump/fuel level

8.3 Using an ohmmeter, probe the
terminals of the fuel sending unit
connector to check the resistance

sending unit out of the opening without dam-
aging the fuel level float located at the bottom
of the assembly.
9 Remove the mounting bolt (see illustra-
tion) and harness connectors.
10 Installation is the reverse of removal.
11 Be sure to install a new rubbergasket.

9 Air cleaner housing . removal
and installation

1 Detach the cable from the negative ter-
minal of the baftery.
2 Remove the accelerator control protec-
tion shield.
3 Disconnect the IAT sensor and the MAF
sensor (see Chapter 6), the PCV hose and
the IAC inlet hose.
4 Remove the air cleaner outlet tube
mounting bolts.
5 Remove the air cleaner clamp from the
assembly and remove the air cleaner element
(see Chapter 1).
6 Lift the open end of ihe air cleaner hous-
ing assembly and remove it.
7 Installation is the reverse of removal.

8.9 Remove the fuel level sending unit bolts (arrows) from the
fuel pump assembly frame
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10.2 Remove the cruise control cable
from the throttle lever

10 Accelerator cable - removal,
installation and adjustment

Removal
Refer to illustrations 10.2, 10.3, 10.4 and 10.5
1 Remove the accelerator control protec-
tion shield.
2 Detach the cruise control cable end from
the throttle lever (see illustration).
3 Detach the accelerator cable from the
throttle lever (see illustratlon).
4 Separate.the accelerator cable from the
cable bracket (see illustratlon).
5 Pull the cable end out from the accelera-
tor pedal recess in the driver's compartment
(see illustration).
6 Disconnect any cable clips or brackets
sdcuring the accelerator cable.
7 Remove the cable through the firewall
from the engine compartment.

lnstallation
I Installation is the reverse of removal.
Be sure the cable is routed correctly and the
grommet seats completely in the firewall.
9 lf necessary at the engine compartment
side of the firewall, apply sealant around the
accelerator cable to prevent water from enter-
ing the passenger compartment.

Adjustment
10 Measure the freeplay by firmly gripping
the cable and pressing it down from the cable
housing. There should be a slight amount of
cable freeplay.
11 lf there is no cable freeplay or the cable
is binding and not allowing the throttle lever to
completely close, replace the cable.

11 Fuel injection system -general
information

Sequential Electronic Fuel
Injection (SEFI

The Sequential Electronic Fuel Injection
(SEFI) system is a multi-point fuel injection sys-

10.3 Rotate the accelerator cable until the
slot in the throttle lever aligns with the

cable and slide it out of the bracket

tem. On the SEFI system, fuel is metered into
each intake port in sequence with the engine
firing order in accordance with engine demand
through one injector per cylinder mounted on
a tuned intake manifold. The intake manifold
incorporates an air intake plenum to aid in
air flow and distribution. Each engine uses a
slightly different plenum design and fuel rail
arrangement. The V6 engine uses a one-
piece plenum mounted with twelve bolts. The
air intake plenum bolts to the top of the intake
manifold which sits directly in the middle of the
engine block. The V8 engines incorporate an
upper intake manifold with the air intake ple-
num mounted underneath. The throttle body
is mounted to the upper intake manifold but
the IMT valve and assembly is mounted below
onto the air intake plenum (see Section 15 for
additional information).

The V6 engine is equipped with the
Intake Manifold Runner Control (IMRC) sys-
tem. The IMRC system controls the air intake
charge by opening or closing the butterfly
valve on the secondary intake valve directly at
the intake manifold. By closing the butterfly to
the secondary intake valves under 3,000 rpm,
low end driveability is improved. Above 3,000
rpm the butterfly valves open to increase
high-end performance. The butterfly valves
are controlled by the IMRC actuator and cable
assembly.

4.6L and 5.41 engines are equipped with
the Intake Manifold Tuning (lMT) system. The
IMT system controls the air intake charge by
opening or closing the Intake Manifold Tun-
ing Valve located in the center of the air intake
manifold, directly below the air intake plenum.
By closing the IMTV, the dual plenum design
sends the air intake charge through a single
corridor into the intake system of the engine.
Above 3,000 rpm, the IMTV is opened, allow-
ing the intake pulses to blend together at the
intake manifold thereby creating a more effi-
cient airlfuel intake charge for the additional
rpm and engine load.

The Sequential Electronic Fuel Injec-
tion system incorporates an on-board Elec-
tronic Engine Control (EEC-V) computer that
accepts inputs from various engine sensors to

10.4 Unbolt the accelerator cable from
its bracket

10.5 Working under the daeh, pull the
cable end from the accelerator pedal

recess and lift it through the slot (arrow)

compute the required fuel flow rate necessary
to maintain a prescribed airlfuel ratio through-
out the entire engine gperational range. The
computer then outputs a command to the fuel
injectors to meter the approximate quantity of
fuel. The system automatically senses and
compensates for changes in altitude, load
and speed. Note: Ihe computer terminology
has changed from Electronic Control Mod-
ule (ECM) to the Powertrain Control Module
(PCM) due to standardization of the Self Diag-
nosris sysfem within the automotive industry.

The fuel delivery systems include an
electric in-tank fuel pump which forces pres-
surized fuel through a series of metal and
plastic lines and an inline fuel filter/reservoir
to the fuel charging manifold assembly. The
SEFI system uses a single high-pressure
pump mounted inside the tank.

The fuel rail assembly incorporates
an electrically actuated fuel injector directly
above each intake port. When energized, the
injectors spray a metered quantity of fuel into
the intake air stream.

A constant fuel pressure drop is main-
tained across the injector nozzles by a pres-
sure regulator. The regulator is positioned
downstream from the fuel injectors. Excess
fuel passes through the regulator and returns
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12,7 Uge a stethoscope or screwdrlvsr
to determlne lf the inJectorc are

worklng properly . they should make a
steady clicklng sound that rises and

falle as engine speed changes

to the fuel tank through a fuel retum line.
On the SEFI system, each injector is

energized once every other crankshaft revolu-
tion in sequence with engine firing order, The
period of time that the injectors are energized
(known as 'on time" or "pulse width") is con-
trolled by the PCM. Air entering the engine is
sensed by speed, pressure and temperature
sensors. The outputs of these sensors are
processed by the PCM. The computer deter-
mines the needed injector pulse width and
outputs a command to the injector to meter
the exact quantity of fuel.

12 Fuel inlectlon system - check

Warnlng: Gasoline is extremely flammable,
so take ertra precautions when you work on
any paft of the fuelsysfem. See fhe Wamlng
in Section 2.
Note: Ihe following prccedurc is based on the
assumptbn that the tuel pump is wo*ing and
the fuel pressurc is adequate (see Secfion 3).

Preliminary checks
1 Check all electrical connectors that are
related to ihe system. Loose electrical connec-
tors and poor grounds can c€ruse many prob-
lems that resemble more serious malfunctions.
2 Check to see that the battery is fully
charged, as the control unit and sensors
depend on an accurate supply voltage in
order to properly meter the fuel.
3 Check the air filter element - a dirty or
partially blocked filter will severely impede
performance and economy (see Chapter 1).
4 ll a blown fuse is found, replace it and
see if it blows again. lf it does, search for a
grounded wire in the hamess to the fuel pump
(see Chapter 12).

Sysfem checks
Referto illustrations 12.7, 12.8 and 12.9
5 Checktheconditionofthevacuum hoses
connected to the intake manifold.
6 Remove the air intake duct from the throt-

12.8 Install the fuel inlector test llght or
"nold light" Into the fuel InJector electrical
connector and confirm that it blinks when

the engine is cranked or runnlng

tle body and check for dirt, carbon or other
residue build-up in the throttle body, particu-
larly around the throttle plate. Caution: Ihe
throttle body on fhese models is coatad with a
sludge-resi stant mate rial de signed to protect
the bore and throttle plate. Do not attempt to
clean the interior of the thrcttle body with car-
buretor or other spray cleaners. This throftle
body is designed fo res,sf sludge accumula-
tion and cleaning may impairthe performance
ofthe engine.
7 With the engine running, place an auto-
motive stethoscope against each injector,
one at a time, and listen for a clicking sound,
indicating operation (see lllustration). lf you
don't have a stethoscope, you can place the
tip of a long screwdriver against the injector
and listen through the handle.
8 lf an injector isn't functioning (not click-
ing), purchase a special injector test light
(sometimes called a "noid' light) and install
it into the injector electrical connector (see
il luatration). Start the engine and check
to see if the noid light flashes. lf it does, the
injector is receiving proper voltrage. lf it doesn't
flash, further diagnosis should be performed
by a dealer service department or other prop-
erly equipped repair facility.
9 With the engine OFF and the fuel injector
electrical connectors disconnected, measure
the resistance of each injector (see illustra-
tion). Check the Specifications listed in this
Chapter for the conect injector resistrance.
1 O The remainder of the system checks can
be found in Section 13 and Chapter 6.

Sequential Electronic Fuel
Injection (SEFI) system
- component check and
replacement

Air intake plenum
Note: Refer fo Chapter 2 for the complete
removal and installation procedure for the
intake manifold on V8 models.

12.9 Measure the resistance of each
injector. lt should be wlthin Speclflcations

13.5 Remove the accelerator cable
bracket mounting nuts (arrows) and lift

the assembly from the plenum

V6 models (2000 and earlier
models)
Removal
Referto illustrations 13.5, 13.8, 13.9 and 13.11
1 Detach the cable from the negative ter-
minal of the battery.
2 Remove the accelerator control protec-
tion shield.
3 Unplug the electrical connectors at the
IAC valve, throttle position sensor (TPS) and
EGR position sensor (see Chapter 6).
4 Detach the accelerator cable (see Sec-
tion 10) and cruise control cable (if equipped)
from the throttle body assembly.
5 Remove the accelerator cable bracket
from the air intake plenum (see illustration)
and position the bracket and cables out of the
way.
6 Clearly label, then detach, the vacuum
lines from the air intake plenum, the EGR
valve and the fuel pressure regulator.
7 Disconnect the EGR valve tube from the
air intake plenum (see Chapter 6).
8 Remove the PCV tube from the air
intake plenum and the PCV valve on the valve
cover. Remove the EVR bracket (see Chap-
ter 6) from the air intake plenum. Disconnect

1 3
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13.8 Remove the mounting brace bolt
(arrow) and separate the brace from the

air intake plenum

the plenum brace (see illustration).
9 Remove the air intake plenum mounting
bolts (see illustration).
10 Remove the upper air intake plenum and
throttle body as an assembly from the lower
intake manifold.

Installation
11 Be sure to clean and inspect the mounting
faces of the lower intake manifold (see Chapter
2A) and the air intake plenum before position-
ing the new gasket(s) onto the lower intake
mounting face. The use of alignment studs may
be heloful. Install the air intake olenum and
throttle body assembly onto the lower intake
manifold. Ensure the gasket remains in place
(if alignment studs are not used). Install the air
intake plenum retaining bolts and tighten them
to the torque listed in this Chapter's Specifica-
tions (see illustration).

2001 and later models
Removal and installation
Refer to illustration 1 3.1 I
12 Remove the air cleaner assembly.
'13 Remove the accelerator cable (see Sec-
tion 10) and cruise control cable (if equipped)
from the throttle body.
14 Disconnect the electrical connector for
the idle air control (lAC) valve

13.11 Air intake plenum tightening
sequence - V6 engine

13.9 Remove the air intake plenum
mounting bolts (V6 engine shown; not all

bolts visible in this photo)

15 Remove the ( lAC) valve (see Chap-
ter 6).
16 Clearly label and then disconnect the
vacuum lines from the upper intake manifold.
17 Remove the PCV tube from the upper
intake manifold and the valve cover (see
Chapter 6).
18 Remove the air intake plenum mounting
bolts.
19 Installation is the reverse of removal. Be
sure to clean and inspect the mounting faces
of the intake manifold spacer and the air intake
plenum before positioning the gaskets onto the
intake manifold spacer mounting face. Be sure
to follow the correct bolt tightening sequence
(see illustration) and tighten the bolts to the
torque listed in this Chapter's Specifications.
20 Remove the intake manifold soacer and
throttle body as a complete unit from the lower
intake manifold.

Intake manifold spacer
Removal and installation
Refer to i ll u stration 1 3. 27
21 Remove the upper intake manifold (see
previous section).
22 Drain the cooling system (see Chapter 1).
23 Disconnect the electrical connectors for
the throttle position sensor (TPS) and the

[@EEtfm

13.19 Air intake plenum mounting bolt
tightning sequence (2001 and

later models)

EGR valve position sensor (see Chapter 6).
24 Clearly label and then disconnect all vac-
uum lines from the manifold spacer.
25 Disconnect the heater hoses and bracket
at the intake manifold.
26 Remove the bolts securing the spacer to
the manifold.
27 Installation is the reverse of removal. Be
sure to inspect the mounting gaskets of the
intake manifold soacer and the lower intake
manifold. Instal l  the upper intake manifold.
Be sure to follow the correct bolt tightening
sequence (see illustration) and torque speci-
fication listed at the beginning of this Chapter.

V8 models
Removal
Refer to illustration 13.43
28 Detach the cable from the negative ter-
minal of the battery.
29 Drain the cooling system (see Chap-
ter 1).
30 Remove the accelerator control protection
shield.
31 Remove the air cleaner intake and air
cleaner outlet tube (see Section 9).
32 Unplug the electrical connectors at the
IAC valve, throttle position sensor (TPS) and
EGR valve (see Chapter 6).
33 Detach the accelerator cable (see Sec-
tion 10) and cruise control cable (if equipped)
from the throttle body assembly^ Remove
the accelerator cable bracket from the intake
manifold and position the bracket and cables
out of the way.
34 Disconnect the fuel feed and return lines
from the fuel rail (see i l lustrations 13.56a
and 13.56b). Refer to Section 4 for additional
information concerning fuel line disconnecting.
35 Clearly label, then detach, the vacuum
lines from the upper intake manifold; the
vapor management hose (see Chapter 6),
the engine vacuum regulator, PCV valve, the
power brake booster, the fuel pressure regu-
lator and the vacuum reservoir hose.
36 Remove the brake boostervacuum hose
bracket nut and assembly from the upper
intake manifold.
37 Disconnect the harness connectors from
the DPFE, the EVR, the engine vacuum reg-

ffi:'l;itfiiFl

13.27 Intake maniflod spacer mounting
bolt tightning sequence
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lffiFT3'z?TfilE.l
'13.43 Air intake plenum tightening

sequence - V8 engines

ulator (EVR) sensor and the IAC valve (see
Chapter 6).
38 Remove the EGR tube on the 4.6L V8
engine (see Chapter 6).
39 On a 5.4L V8, it will be necessary to
remove several components to gain access to
the upper intake manifold mounting bolts.

a) Disconnect the right bank and left bank
fuel injector connectors and be sure to
label them to avoid reassembly mis-
fakes.

b) Disconnectthe coolanttemperature sen-
sor connector (see Chapter 6).

c) Disconnect and remove the eight ignition
cols (see Chapter 5).

d) Remove the alternator (see Chapter 5).
e) Remove the throttle body from the intake

manifold.
fl Remove the heater hoses fiom the intake

manffold (see Chapter 3).
g) Remove the thermostal houslng (see

Chapter 3).

40 Remove the upper intake manifold (see
Chapter 2). Disconnect the IMT valve connec-
tor.
4' l  Working on a bench, remove the air
intake plenum bolts from the upper intake
manifold. There are eight bolts retaining the
assembly.
42 Remove the Intake Manifold Tuning valve
(lMT) i f  necessary. Be sure to use a new
gasket for reassembly.

lnstallation
43 Be sure to clean and inspect the mount-
ing faces of the upper intake manifold and
the cylinder head (see Chapter 2A) and the
air intake plenum before positioning the new
gasket(s) onto the mounting face(s). The use
of alignment studs may be helpful. Install the
air intake plenum and IMT valve assembly
onto the upper intake manifold. Ensure the
gasket remains in place (if alignment studs are
not used). Install the air intake plenum retain-
ing bolts and tighten them to the torque listed
in this Chapter's Specifications (see illustra-
tion). Installation is otherwise the reverse of
removal.

13.48 Throttle body mounting
bolts (arrows)

13.56b lnstall the correct diameter spring
lock coupling tool and push away from

the fuel rail to release.the internal
locking mechanism

Throttle body
Caution: The throttle body is coated with a
s/udge-reslslant m ate ri a I d e s i g n e d to p rote ct
the bore and throttle plate. Do not attempt
to clean the interior of the throttle body. The
throttle body is designed to resist sludge
accumulation and cleaning may impair the
performance of the engine.

Removal
Refer to illustration 1 3.48
44 Detach the cable from the negative ter-
minal of the battery.
45 Detach the throttle position sensor (TPS)
and ldle Air Control (lAC) valve electrical con-
nectors.
46 Disconnect the accelerator cable (see
Section 10) and the Throttle Valve (TV) cable
from the throttle body.
47 lf equipped, remove the PCV vent closure
hose at the throttle body (see Chapter 6).
48 Remove the four throttle body mounting
nuts (see illustration).
49 Remove and discard the throttle body
gasket.

Installation
50 Clean the gasket mating surfaces. lf
scraping is necessary be careful not to dam-

13.56a Press down to release the safety
clamp from the fuel line connectors

13.56c Detach the fuel line from the
fuel rail

age the gasket surfaces or allow material
to drop into the manifold. Installation is the
reverse of removal. Be sure to tighten the
throttle body mounting nuts to the torque
listed in this Chapter's Specifications.

Throttle Position (TP) sensor
51 Refer to Chapter 6 for the check and
replacement procedures for the TP sensor.

ldle Air Control (IAC) valve
52 Refer to Section 14 for the check and
replacement procedures for the IAC valve.

Fuel rail assembly
Refer to ill ustrations 1 3. 56a, 1 3. 56b, 1 3. 56c,
13.57a and 13.57b

Removal
53 Relieve the fuel pressure (see Sec-
tion 2).
54 Detach the cable from the negative ter-
minal of the battery.
55 On V6 models, remove the air intake ple-
num assembly (see Steps 1 through 23).
56 Using the special spring lock coupling
tool, disconnect the fuel feed and return
lines from the fuel rail assembly (see illustra-
tions). Note: Refer to Secflon 4 for additional
information on disconnecting fuel lines.
57 On V6 models, disconnect the fuel injector
connectors and remove the fuel rail retaining
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a)
b)

c)
d)

e)

0

s)

13.57a Fuel rail mounting bolt locations (arrows) - V0 englne

bolts (two on each side) (see illustrations).
58 On V8 models, it will be necessary to
remove several comporlents to gain access to
the fuel rail mounting bolts.

tors and seat the injectors into the fuel rail.
Ensure that the injectors are well Seated in
the fuel rail assembly. Note: /t may be easier
to seat the injectors in the fuel rail and then
seat the entire assembly in the lower intake
manffold.
63 Secure the fuel rail assembly with the
four retaining bolts and tighten them to the
torque listed in this Chapter's Specifications.
64 The remainder of installation is the reverse
of removal.

Fuel pressu re regu lator
Check
Note: Ihis procedure assumes the fuel filter
is in good condition and there are no leaks
within the entire fuel rail and hoses network
from the engine to the fuel tank.
65 Refer to the fuel system pressure checks
in Section 3.

Replacement
Refer to illustration 1 3.69
66 Relieve the fuel pressure from the system
(see Section 2). Disconnect the cable from
the negative terminal of the battery.
67 Clean any dirt from around the fuel
pressure regulator.

68 Detach the vacuum hose from the fuel
pressure regulator.
69 Remove the two bolts retaining the fuel
pressure regulator (see i l lustration) and
detach the regulator from the fuel rail.
70 Install new O-rings on the pressure regula-
tor and lubricate them with a light coat of oil.
71 Installation is the reverse of removal.
Tighten the pressure regulator mounting bolts
securely.

Fuel injector
Refer to illustrations 13.75, 13.78a and 13.78b

Removal
72 Relieve the system fuel pressure (see
Section 2).
73 On V6 models, remove the air intake ple-
num assembly (see Steps 1 through 23).
74 Remove the fuel rail assembly (see
above).
75 Disconnect the harness electrical con-
nectors from the individual injectors as
required (see illustration):
76 Carefully lift ihe assembly to gain access
to the injectors.
77 Grasping the injector body, pull up while
gently rocking the injector from side-to-side.
78 Inspect the injector O-rings (two per

Disconnect the fuel injector connectors.
Remove the brake booster bracket and
tube.
Remove the PCV hose (see Chapter 6).
Disconnect the EGR componenfs (see
Chapter 6).
Disconnect the vapor management valve
(see Chapter 6).
On a 5.4LV8, disconnectthe ignition coil
hamess connectors (see Chapter 5).
Remove the ight hand and lefr hand fuel
rail mounting bolts.

59 Carefully remove the fuel rail with the
fuel injectors attached as an assembly.
60 Use a rocking, side-to-side motion while
lifting to remove the injectors from the fuel
rail.

Installation
Note: /f's a good idea to replace the injector
O-rings whenever the fuel rail is removed.
61 Ensure that the injector caps are clean
and free of contamination.
62 Place the fuel rail over each of the injec-

13.69 Remove the fuel pressure
regulator bolts

13,75 Disconnect the harness connector
from each injector

l3.7Ea Remove the O-ring from the top of
the fuel injector. , .

13.57b The fuel rail is mounted with bolts on each side of the
alr lntake plenum - VG englne
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13.78b . . . then remove the lower O-rlng
from the injector

injector) for signs of deterioration (see illus-
trations). Replace as required. Note: As /ong
as you have the fuel rail off, it's a good idea to
replace all of the O-ings.
79 Inspect the injector plastic "hat" (cover-
ing the injector pintle) and washer for signs of
deterioration. Replace as required. lf the hat
is missing, look for it in the intake manifold.

Installation
80 Lubricate the new O-rings with l ight
grade oil and install two on each injector.
Cautfon: Do not use silicone grease. lt will
clog the injectors,
81 Using a light twisting motion, install the
injecto(s).
82 The remainder of installation is the reverse
of removal.

14 ldle Air Gontrol (lAC) valve -
check, removal and adjustment

Caution: The throttle body on these mod-
els is coated with a sludge resistant material
designed to protect the bore and throttle plate.
Do not aftempt to clean the inteior of the throt-
tle body. The throttle body is designed fo resisf
sludge accumulation and cleaning may impair
the pefiormance of the engine.
Note: Ihe minimum idle speed ls pre-sef af
the factory and is not adjustable under normal
circumstances. lf the idle fluctuates, stalls,
idles high or speeds out of control, follow
these quick checks to determine if the IAC
valve is damaged. Because idle problems
involve possible air |eaks, fuel injector prob-
lems, malfunctioning TPS, PCM problems,
etc. have the IAC valve and system diagnosed
by a dealer service department or other quali-
fied repair facility.

Check
Refer to illustration 14.2
1 The ldle Air Control (lAC) valve controls
the amount of air that bypasses the throttle
valve, which controls the engine idle speed.
This output actuator is mounted on the throttle

'14.2 Disconnect the electrical
connector from the IAC valve and

check for voltage with the ignition key
ON (engine not running)

body and is controlled by voltage pulses sent
from the PCM (computer). The IAC valve
within the body moves in or out, allowing more
or less intake air into the system. To increase
idle speed, the PCM extends the IAC valve
from the seat and allows more air to bypass
the throttle bore. To decrease idle speed, the
PCM retracts the IAC valve towards the seat,
reducing the air flow.
2 To check the system, first check for the
voltage signal from the PCM. Turn the ignition
key On (engine not running) and with a volt-
meter, probe the wires of the IAC valve elec-
trical connector (harness side). lt should be
approximately 10.5 to 12.5 volts (see i l lus-
tratlon). This indicates that the IAC valve is
receiving the proper signal from the PCM.
3 lf the IAC valve is receiving proper volt.
age, check the condition of the valve itself.
Measure the resistance across the terminals
on the IAC valve. There should be 6.0 to 13.0
ohms. lf the resistance is incorrect, replace
the IAC valve.
4 Check the IAC valve for an internal short
circuit. Measure resistance from either termi-
nal to the IAC body. There should be 10,000
ohms or greater. lf less, the internal circuitry
is grounding against the case; replace the IAC
valve.
5 Next, remove the valve (proceed to
Step 7) and check the pintle for excessive car-
bon deposits. lf necessary clean it with a soft
rag. Also clean the valve housing to remove
any deposits.

Adjustment
6 The idle speed is not adjustable. This
procedure requires a special SCAN tool to
extract working parameters from the EEC-V
system while it is running. Have the proce-
dure performed by a dealer service department
or other qualified repair shop.

Removal
Refer to illustration 14.8
7 Unplug the electrical connector from the
IAC valve.

14.8 Remove the IAC mounting bolts

8 Remove the two valve attaching screws
and withdraw the valve assembly from the
throttle body (see illustration).
9 Check the condition of the O-ring. lf it's
hardened or deteriorated, replace it.
10 Clean the sealing surface and the bore
of the throftle body assembly with a shop rag
or soft cloth to ensure a good seal. Cautlon;
The IAC valve itself is an electical component
and must not be soaked in any liquid cleane4
as damage may result.

lnstallation
11 Position the new O-ring on the IAC valve.
Lubricate the O-ring with a light film of engine
oi l .
12 Instal l  the IAC valve and t ighten the
screws securely.
13 Plug in the electrical connector at the
IAC valve assembly.

15 Intake Air Systems

lntake Manifold Runner Con-
trol (MRC) sysfem (VO mod-
er9
General information
1 The IMRC system controls the air intake
charge by opening or closing the butterf ly
valve on the secondary intake valve directly
at the intake manifold. By closing the butterfly
to the secondary intake valves under 3,000
rpm, low end driveabil i ty is improved. Yet
above 3,000 rpm the butterfly valves open to
increase high-end performance. The butterfly
valves are controlled by the IMRC actuator
and cable assembly.
2 fhe IMRC system is difficult to check
and requires a special SCAN tool to access
the PCM for information and operating condi-
tions. Have the system diagnosed by a dealer
service department or a qualified repair shop.

Replacement
Refer to illustrations 15.4
3 Remove the air intake plenum (see Sec-
t ion 15).
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15.4 Remove the IMRC actuator
mounting bolts (arrows)

4 Remove the bolts that retain the IMRC
actuator assembly to the cylinder head/intake
manifold area (see illustration).
5 Disconnect the actuator cable from the
lever on the intake manifold runner.
6 Installation is the reverse of removal.

htakc Manifold Tuning (IMT)
sysfem (VE models)
General information
7 The IMT system controls the air intake
charge by opening or closing the Intake Mani-
fold Tuning Valve located in the center of the
air intake manifold, directly below the air
intake plenum. By closing the IMTV, the dual
plenum design sends the air intake charge
through a single corridor into the intake sys-
tem of the engine. Above 3,000 rpm, the IMTV
is open€d, allowing the intake pulses to blend
together at the intake manifold thereby creat-
ing a more efficient air/fuel intake charge for
the additional rpm and engine load.
8 The IMT system is difiicult to check and
requires a special SCAN tool to access the
PCM for information and operating conditions.
Have the system diagnosed by a dealer ser-
vice department or other qualified repair shop.

Replacemcnt
I Remove the upper intake manifold from
the engine (see Chapter 2) and then remove
the air intake plenum from the intake manifold
(see Steps 13 through 27).
10 Remove the bolts that retain the IMT
valve to the lower air intake plenum.
11 Installation is the reverse of removal.

16 Exhaustsystem servicing -
gencral information

Referto illustrations 16.1a, 16.1b, 16.1c and
16.1d
Warningr Inspection and repair of exhaust
sysfem components should be done only
after enough time has elapsed after diving
the vehicle to allow the system components to

16.1a Be sure to apply penetrating
lubricant to the exhaust flange nuts

(arrows) before attempting to
remove them

16.1c First remove the transmisslon
crossmember (see Chapter 7) then remove

the exhaust system
bracket assembly

cool completely. Also, when working underthe
vehicle, make sure it is securely supported on
jackstands.
1 The exhaust system consists of the
exhaust manifold(s), the catalytic converter,
the muff ler, the tai lpipe and al l  connecting
pipes, brackets, hangers and clamps (see
illustrations). The exhaust system is attached
to the body with mounting brackets and rub-
ber hangers. lf any of the parts are improperly
installed, excessive noise and vibration will be
transmitted to the body.
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. Deteriorated exhaust sys-
tem components should not be repaired; they
should be replaced with new parts.
3 lf the exhaust system components are
extremely conoded or rusted together, welding
equipment will probably be required to remove
them. The convenient way to accomplish this is
to have a muffler repair shoo remove the cor-

16.1b Remove the exhaust clamp from
the center section of the exhaust system

16.1d Check the condition of the
rubber mounts (arrows) that support

the weight of the center section

roded sections with a cufting torch. lf, however,
you want to save money by doing it yourself
(and you don't have a welding outfit with a cut-
ting torch), simply cut off the old components
with a hacksaw. lf you have compressed air,
special pneumatic cutting chisels can also be
used. lf you do decide to tackle the job at home,
be sure to wear safety goggles to protect your
eyes from metal chips and work gloves to pro-
tect your hands.
4 Here are some simple guidelines to follow
when repairing the exhaust system:

a) Work from the back to the front when
removing exhaust system components.

b) Apply penetrating oil to the exhaust sys-
tem componenf fasfeners to make them
easier to remove.
Use new gaskefs, hangers and clamps
when installing exhaust systems compo-
nenfs.
Apply anti-seize ampound to the threads
of all exhaust sysfem fasteners during
reassembly.
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 convefter and heat shield.

c)

d)

e)
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Ghapter 5
Engine electrical systems
Contents

Section
Alternator components - replacement 12
Alternator - removal and installation 11
Battery cables - check and rep|acement.................... 4
Battery check and maintenance................... See Chapter 1
Battery - emergency jump starting 3
Battery - removal and installation .. 2
Charging system -  check. . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  10
Charging system - general information and precautions............... I
CHECK ENGINE l ight  . . . . . . . . . . . . . . . .  See Chapter  6
Crankshaft timing slnsor....... See Chapter 6
Drivebelt check, adjustment and replacement See Chapter 1
Drivebelt deflection........ .. See Chapter 1

Sectlon
General information...... 1
lgnition coil - check and replacement.................... 7
lgnition system - check............ 6
lgnition system - general information 5
lgnition timing - check............ 8
Spark plug replacement .. See Chapter 1
Spark plug wire, distributor cap and rotor - check and

replacement See Chapter 1
Starter motor and circuit - in-vehicle check............. 14
Starter motor - removal and installation 15
Starter solenoid - rep|acement...................... 16
Starting system - general information and precautions ................. 13

Specifications

Battery voltage
Engine off
Engine running

Firing order

lgnition coil-to-distributor cap wire resistance

lgnition coil resistance
Electronic lntegrated lgnition (El) Systems

Primary resistance
Secondary resistance

El systems with Coil Over Plug (COP)
Primary resistance
Secondary resistance

lgnition timing (base setting)
All engines.....

Alternator brush length
N e w  . . . . . . . . . . . . . . . .
M in imum. . . . . . . . .

14-to-15 volts
12-volts

See Chapter 2

5,000 ohms per foot

0.3 to 'l .0 ohms
6.5 to 11.5 K-ohms

0.55 ohms
5,500 ohms

10-degrees BTDC with SPOUT disconnected

112 inch
1.l4 inch

1 General information

The engine electrical systems include all
ignition, charging and starting components.
Because of their engine-related functions,
these components are considered separately
from chassis electrical devices like the lights,
instruments, etc.

Be very careful when working on the
engine electrical components. They are eas-
ily damaged if checked, connected or handled

improperly. The alternator is driven by an
engine drivebelt which could cause serious
injury if your hands, hair or clothes become
entangled in it with the engine running. Both
the starter and alternator are connected
directly to the battery and could arc or even
cause a fire if mishandled, overloaded or
shorted out.

Never leave the ignition switch on for
long periods of t ime with the engine off.
Don't disconnect the battery cables while the
engine is running. Correct polarity must be

maintained when connecting battery cables
from another source, such as another vehicle,
during jump starting. Always disconnect the
negative cable first and hook it up last or the
baftery may be shorted by the tool being used
to loosen the cable clamps.

Additional safety related information on
the engine electrical systems can be found
in Safefy first near the front of this manual.
It should be referred to before beginning any
operation included in this Chapter.
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5-2 Chapter 5 Engine electrical systems

2.1 Removlng the cable from a battery
post wlth a wrench - sometimes

speclal battery pliers are required for
thls procedure lf corrosion has caused

deterioration of the nut hex (always
remove the ground cable first and

hook lt up lastl)

2 Battery - removal and installation

Refer to illustrations 2.1 , 2.2 and 2.4
1 Disconnect both cables from the battery
terminals (see lllustration). Caution: Always
disconnect the negative cable first and hook
it up last orthe battery may be shorted by the
tool being used fo loosen the cable clamps.
Note: When the baftery is disconnected and
reconnected, the vehicle may experience
abnormal driving symptoms while the com-
puter (PCM) relearns its adaptive strategy.
The vehlcle may need to be diven 10 miles or
more to regain smooth operation.
2 Remove the bolt and wedge from the
battery tray (see lllustration).
3 Lift out the battery, Be careful - it's heavy,
Special lifting straps that ?ttach to the battery
posls are available at auto parts stores - lifting
and moving the battery is much easier if you
use one.
4 lf necessary for access to other compo-
nents, remove the bolts that secure the bat-
tery tray (see illustration).
5 Installation is the reverse of removal.

3 Battery - emergency jump
starting

2.2 Remove the bolt (arrow) and the
wedge that holds the base of the battery

to the battery tray

2 Check the cable{o-terminal connections
at the ends of the cables for cracks, loose
wire strands and corrosion. The presence of
white, fluffy deposits under the insulation at
the cable terminal connection is a sign that
the cable is corroded and should be replaced.
Check the terminals for distortion, missing
mounting bolts and corrosion.
3 When replacing the cables, always dis-
connect the negative cable first and hook it up
last or the battery may be shorted by the tool
used to loosen the cable clamps. Even if only
the positive cable is being replaced, be sure
to disconnect the negative cable from the bat-
tery first.
4 Disconnect and remove the cable. Make
sure the replacement cable is the same length
and diameter.
5 Clean the threads of the relay or ground
connection with a wire brush to remove rust
and corrosion. Apply a light coat of petroleum
jelly to the threads to prevent future conosion.
6 Aftach the cable to the relay or ground
connection and tighten the mounting nuVbolt
securely.
7 Before connecting the new cable to the
battery make sure that it reaches the battery
post without having to be stretched. Clean the
battery posts thoroughly and apply a light coat
of petroleum jelly to prevent corrosion (see
Chapter 1).
8 Connect the positive cable first, followed
by the negative cable.

2.4 Remove the mounting bolts for the
battery tray (arrows)

ignition coil packs, an EEC-V module (PCM),
the spark plug wires and the spark plugs. This
engine is equipped with an ignition coil for
each pair of spark plugs. The El system fea-
tures a waste-spark method of spa* distribu-
tion. Each cylinder is paired with its compan-
ion cylinder in the firing order (1-5,2€,34 [V6
enginel) or (1-6, 5-3,4-7,2-8 [Ve engine]) so
one cylinder under compression fires simulta-
neously with its opposing cylinder, where the
piston is on the exhaust stroke. Since the cyl-
inder on the exhaust stroke requires very little
of the available voltage to fire its plug, most
of the voltage is used to fire the plug under
compression. Note: Ihe El system is not
equipped with an ignition module. Here the
PCM functions as the overall controller of the
ignition sysfem by receiving engine speed,
camshaft and crankshafr position signals and
determining the correct ignition timing and
injector ON-TIME (rich/lean) but also func-
fions as the controller of the ignition coil(s)
pimary circuit which was basically the job of
the ignition module in earlier distrtbutorless
ignition sysfems. Note: Ihe camshaft sen-
sor on 4.2L engines is a Hall-Effect switching
device mounted in a distributor-like housing
on the intake manifold. The camshaft sensor
on 4.6L and 5.4L engines is a variable reluc-
tance device mounted on the front cover near
the camshaft sprocket. Refer to Chapter 6 for
addition al i nformation.
2 This ignition system does not have any
moving parts (no distributor) and all engine
timing and spark distribution is handled elec-
tronically. This system has fewer parts that
require replacement and provides more accu-
rate spark timing. During engine operation,
the El ignition module (PGM) calculates spark
angle and determines the turn-on and firing
time of the ignition coil.
3 The crankshaft timing sensor is a varF
able reluctance sensor mounted above the
front pulley timing gear. This electromagnetic
device senses movement of the teeth on the
pulley timing gear and generates an A,/C volt-
age signal which increases with engine rpm.
This sensor provides engine speed and crank-
shaft position signals to the PCM. The main
function of the El module is to synchronize the
ignition coils so they are tumed ON an OFF in

Refer to the Boosler battery (jump)
stafting procedure at the front of this manual.

4 Battery cables - check and
replacement

1 Periodically inspect the entire length of
each battery cable for damage, cracked or
bumed insulation and conosion. Poor battery
cable connections can cause starting prob-
lems and decreased engine performance.

5 lgnition system - general
information

Electronic I ntegrated (El)
lgnition sysfem
1 The Electronic Integrated (El) lgnition
system is a complete electronically controlled
ignition system that does not incorporate a
distributor or rotor and cap. The El system
consists of a crankshaft timing sensor (vari-
able reluctance sensor), camshaft sensor,
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@*
ll.8. Engines

B+V

6.2 To use a calibrated ignitlon tester, simply disconnect a spark
plug wire, cllp the tester to a convenient ground (like a valve

cover bolt) and operate the starter - if there is enough power to
fire the plug, sparks will be visible between the electrode tip and

the tester body

the proper sequence for accurate spark con-
trol. Refer to Chapter 6 for additional informa-
tion and testing procedures on the crankshaft
sensor.

El ignition Coil Over Plug
(COP) sysfern
4 This system works basically the same
as the El system on the other models except
each cylinder is equipped with its own coil and
there are no ignition wires to the spark plugs.
Each cylinder is fired sequentially on its com-
pression stroke, thus eliminating the waste
spark method. COP ignition systems oper-
ate in three different modes; engine crank,
englne runnlng and CMP Fallure Mode
Effects Management (FMEM) Although
the system operates sequentially in engine
running mode, the PCM fires two cylinders
simultaneously (companion cylinders) like the
waste spark systems previously described in
engine crank and CMP FMEM Modes. This
is only to enhance driveability during warm-up
or limp home modes of operation.
5 The COP ignition system uses the cam-
shaft position sensor to identify the TDC of the
compression stroke to fire the individual coils.

6,5 Disconnect the electrical connector from the ignition coil and
check for battery voltage to the coil with the ignition key on

lgnition system - check

Warning: Because of the very high secondary
(spark plug) voltage generated by the ignition
systern, extreme care should be taken when
this check is done.
Note: Beglnnlng in 1994, Ford Motor Company
began to manufacture a second generation
se/fdlagnosls system specified by EPA regu-
lations called On Board Diagnosis (OBD) ll.
This system incorporates a senes of diagnos-
tic monitors that detect and identif emr.ssrbns
sysfems faulb and store the informailon in the
computer memory. This updated sysfem a/so
fesfs sensors and output actuators, diagnoses
drive cycles, freezes data and c/ears codes.
This powertul diagnostic computer must be

accessed using the new OBD ll SCAN tool
and 16 pin Data Link Connector (DTC) located
under the diver's dash area. All engines and
powertrain combinations described in this
manual are equipped with the On Board Diag-
nosis I I (OBD-I l) sysfem. Refer to Chapter 6 for
additional information on the OBD ll system
and its diagnostic capabilities.

C a I i brated i g n itio n fesfer
method (all systems)
Refer to illustration 6.2
1 lf the engine turns over but won't start,
disconnect the spark plug lead from any spark
plug and attach it to a calibrated ignition tes-
ter (available at most auto parts stores). Make
sure the tester is designed for Ford ignition
systems if a universal tester isn't available.
Note: On COP ignition systemg remove the
coil assembly from the valve cover and attach
the spark fesfer fo the individual coil pack to
check for spa*.
2 Connect the clip on the tester to a bolt
or metal bracket on the engine (see illustra-
tion), crank the engine and watch the end of
the tester to see if bright blue, well-defined
sparks occur.
3 lf sparks occur, sufficient voltage is
reaching the plug to fire it (repeat the check at
the remaining plug wires to verify that the dis-
tributor cap and rotor are OK). However, the
plugs themselves may be fouled, so remove
and check them as described in Chapter 1 or
install new ones.

Electronic Integrated (EI)
Ignition sysfem
General checks
Refer to illustration 6.5 and 6.8
4 lf no sparks or intermittent sparks occur,
check for a bad spark plug wire by swapping
wires.
5 lf the problem isn't caused by the spark
plug wire, check for battery voltage to the
ignition coil with the ignition key ON (engine

6.8 Connect an LED test light to the
positive battery terminal and the coil
negative (-) terminals on the ignition

coil harness connectors and watch for a
bllnking light when the

engine is cranked

not running). Attach a 12 volt test light to the
battery negative (-) terminal. Disconnect the
coil electrical connector and check for power
at the positive (+) terminal (see illustration).
Battery voltage should be available. lf there
is no battery voltage, check the 20 amp fuse
that protects the ignition circuit (see Chap-
ter 12 for additional information on the fuses
and the wiring schematics).
6 Be sure to check the primary and sec-
ondary resistances of the ignition coils (see
Section 7).
7 Check the ignition coil electrical connec-
tors for dirt, corrosion and damage.
8 lf baftery voltage is available to the igni-
tion coils, dttach an LED test light to the baftery
positive (+) terminal and each negative (-) ter-
minal to the coil (on the vehicle harness side)
(see illustration), then crank the engine (be
sure to check each negative terminal. Confirm
that the test light flashes. This test checks for
the trigger signal (ground) from the computer.

B-
a2L rnglno

t#t
4,6L and 5.,1L
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6,12 Disconnect the electrical
connectors from each individual coil

assembly and check for battery voltage
to the coil with the ignition switch ON

(engine not running)

Caution: Use only an LED test light to avoid
damaging the PCM.
9 lf the test light does not flash, check the
crankshaft position sensor (see Chapter 6). lf
the crankshaft sensor checks out OK, have
the PCM checked by a dealer service depart-
ment or other qualified automotive repair facil-
itv.

Sensor checks
10 These models are equipped with a cam-
shaft sensor as well as a crankshaft sensor.
The camshaft sensor signals the PCM to
begin sequential pulsation of the fuel injec-
tors. This camshaft sensor on 4.2L engines is
a Hall Effect switching device activated by a
single vane. This camshaft sensor is mounted
on the top of the engine in the normal location
of the distributor. The camshaft sensor in the
4.6L and 5.41 engines is a variable reluctance
device which is tr iggered by the high point
mark on the camshaft sprocket. This sensor is
mounted in the timing cover on the left cylinder
head near the camshaft sprocket. This type of
camshaft sensor can be checked on the bench
using an A,iC voltmeter.
11 The crankshaft sensor is located near
the crankshaft front pul ley mounted in a
bracket. These sensors are difficult to reach
for testing purposes but it is of major impor-
tance that they be checked when dealing
with ignition system diagnostics. In the event
the crankshaft sensor or camshaft sensor is
defective (or both), replace them with new
parts and continue checking the ignit ion
system to verify the working condition of all
ignition system components. Refer to Chap-
ter 6 for al l  the locations, checking and
replacement procedures on the crankshaft
and camshafts sensors.

EI ignition with Coil Over Plug
(COP) system
Referto illustration 6.12 and 6.15
12 lf no soarks or intermittent soarks
occur, check for battery voltage to the igni-

6.15 Connect an LED test light to the
battery positive (+) terminal and check
for a trigger signal on each of the COP

harness connector negative terminals (-)
while an assistant cranks the engine

tion coi l  (see i l lustrat ion) with the ignit ion
key ON (engine not running). Attach a 12 volt
test light to the battery negative (-) terminal.
Disconnect the coi l  harness connector and
check for power to the positive (+) terminal.
Battery voltage should be available with the
ignition key ON (engine not running). lf there
is no battery voltage, check the 20 amp
fuse that governs the ignit ion circuit  (see
Chaoter 12 for addit ional information on the
fuses and the wiring diagrams),
13 Check the individual ignit ion coi ls (see
Section 7).
14 Unplug the ignit ion coi l  wir ing harness
connectors and inspect them for dirt, corrosion
and damage.
15 lf battery voltage is available to the igni-
tion coils, attach an LED test light to the battery
positive (+) terminal and to each coil negative
(-) terminal, one at a time (see illustration)
and crank the engine. Note: /f will be neces-
sary to disconnect all of the COP electrical
connectors while testing to prevent the engine
from starting. This test checks for the trigger
signal (ground) from the computer.
16 The test light should flash as the engine
is cranked over. lf the test light does not flash,
check the crankshaft posit ion sensor (see
Chapter 6). lf the crankshaft sensor checks
out OK, have the PCM checked by a dealer
service department or other qualified automo-
tive repair facility.

lgnition coil - check and
replacement

Electronic lntegrated (EI)
lgnition sysfem
Check
Refer to illustrations 7.1 and 7.2
1 With the ignition off, disconnect the elec-
trical connector(s) from the coil. Connect an
ohmrneter across the coil positive (+) terminal
and each negative (-) terminal (see illustra-

7.1 To check the primary resistance of the
El coil, connect the probes to the positive
(+) terminal and each negative (-) terminal
ofthe coil. The resistance should be the

same for each check

7.2 Check the coil secondary resistance
by probing the paired
companion cylinders

i ion), The resistance should be as l isted in
this Chapter's Specifications. lf not, replace
the coil.
2 Connect an ohmmeter between the
secondary terminals (see i l lustrat ion) (the
one that the spark plug wires connect to) of
each coi l  pack. The resistance should be
as listed in this Chapter's Specifications. lf
not, replace the coil. Note: Each coil pack is
paired according to the companion cylinders.
Be sure to check resistance with fhese desrgt-
nated terminals only:

4 .2L  V6 eng ines  . . . . . . . . . . . . . . . . . . .  1  /5 ,  216,  314
4.6L  eng ines . . . . . . . . . . . .714 ,812,  116 and 3 /5

Replacement
Refer to illustration 7.6
3 Disconnect the negative cable from the
baftery.
4 Disconnect the ignit ion coi l  electr ical
connector(s) from each individual coil pack.
5 Disconnect the spark plug wires by
squeezing the locking tabs and twisting while
pulling. DO NOT just pull on the wires to dis-
connect them. Disconnect all of the spark plug
wires.
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7.6 Remove the coil pack mounting screws (arrows) and lift it
from the engine 7.8 Check the COP assembly primary reslatance

7.9 Check the COP assembly secondary resistance
7.12 Remove the GOP mounting bolt and lift the assembly from

the cylinder head

6 Remove the bolts securing the ignition
coi l  to the mounting bracket on the engine
(see illustration).
7 Installation is the reverse of the removal
procedure with the following additions:

a) Prior to installing the spark plug wire into
the ignition coil, coat the entire interior
of the rubber boot with silicone dielectric
compound.

b) lnsert each spark plug wire into the
proper terminal of the ignition coil. Push
the wire into the terminal and make sure
the boofs are fully seated and both lock-
ing tabs are engaged properly.

El ignition with Coil Over Plug
(COP) system
Check
Refer to illustrations 7.8 and 7.9
8 With the ignition off, disconnect the elec-
trical connector(s) from each coil assembly.
Connect an ohmmeter across the coil primary
terminal (+) and the negative terminal (-) (see
i l lustrat ion). The resistance should be as
listed in this Chapter's Specifications. lf not,
reolace the coil.

9 Remove the COP assembly from the cyl-
inder head. Connect an ohmmeter between
the secondary terminals (see i l lustrat ion)
(the one that f i ts over the spark plug). The
resistance should be as listed in this Chap-
ter's Specifications.

Replacement
Refer to illustration 7.12
10 Disconnect the negative cable from the
battery.
11 Disconnect the ignit ion coi l  electr ical
connector(s) from each individual coi l .  Mark
each electrical connector with tape to prevent
mix-ups during reassembly.
12 Remove the bolt securing the ignition coil
(see illustration), then pull the coil from the
cylinder head. Note: On later model engines it
may be necessary to first disconnect the elec-
trical connectors for the fuel injectors to gain
access fo each ignition coil mounting bolt.
13 Installation is the reverse of the removal
procedure with the following additions:

a) Piorto installing the coil over plug (COP)
assembly into the cylinder head, coat the
entire interior of the assembly with sili-
cone dielectric compound.

b) Connect each COP electrical connector
to its conect coil and make sure thev are
tight and secure.

8 lgnition timing - check

Refer to illustration 8.3
Note 1: This ignit ion t iming procedure only
checks the base timing setting specified by
the factory. Timing cannot be adjusted, there-
fore the purpose of this check is to verify that
the computer is controlling the ignition timing
and that the base setting is correct. In most
cases, the ignition system can be checked
(see Section 6) but if the base setting remains
incorrect, the PCM (computer) is defective.
Take the vehicle to the dealer service deoart-
ment to verify and repair the ignition system
problem(s).
Note 2: Ihese sysferns are equipped with a
"shorting baf inserled into the SPOUT (spark
output) connector. This harness disconnect is
used fo remove the computer from the igni-
tion timing control functions. Removal of the
bar from the connector will retard the timing 2
to 3 degrees. The SPOUT connector is located
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8.3 Remove the shorting bar (arrow) from the SPOUT connector
to check base timing

in the ight rear comer of the engine compart-
ment. Do not remove the Shorting Bar except
for checWng ignition base timing.
1 Apply the parking brake and block the
wheels. Turn off all accessories {heater, air
conditioner, etc.).
2 Start the engine and warm it up. Once it
has reached operating temperature, tum it ofi.
3 Unplug the shorting bar from the SPOUT
connector located in the wiring harness in the
right rear corner of the engine compartment
(see illustration).
4 Connect an inductive timing light and a
tachometer in accordance with the manufac-
turer's instructions. Caution: Make sure that
the timing light and tachometer wires don't
hang anywhere near the cooling fan or they
may become entangled in the fan blades
when the fan begins to rotate.
5 Locate the timing marks on the crankshaft
pulley (see Chapter 2).
6 Start the engine again. Place the trans-
mission in DRIVE (parking brake applied).
7 Point the timing light at the pulley timing
marks and note whether the specified timing
mark is aligned with the timing pointer on the
front of the timing chain cover. Refer to the
Specifications listed in this Chapter.
I lf the proper mark isn't aligned with the
stationary pointer, have the PCM checked by
a dealer service department or other qualified
repair shop.
9 Turn offthe engine.
10 Insert the shorting bar into the SPOUT
connector.
11 Remove the timing light and tachometer
from the engine compartment.

9 Charging system -general
information and precautions

The charging system includes the alter-
nator, a voltage regulator (mounted on the
backside of the alternator), a charge indica-
tor or warning light, the battery, a large fuse
(called a mega fuse) and the wiring between
all  the components. The charging system

supplies electrical power for the ignition sys-
tem, the lights, the radio, etc. The altemator is
driven by a drivebelt at the font of the engine.

The purpose of the voltage regulator
is to limit the alternator's voltage to a preset
value. This prevents power surges, circuit
overloads, etc., during peak voltage output.
On integral voltage regulator systems, a solid
state regulator is housed inside a plastic mod-
ule mounted on the alternator itself.

These models are equipped with either
a Motorcraft 95 amp or a 130 amp output
rated alternator. The voltage regulator can be
removed from the backside of the alternator
but the alternator must be removed from the
engine first (see Section 11).

The charging system is protected by a
series of large fuses (MEGA fuses) located in
a box mounted on the firewall. In the event of
charging system problems, check these fuses
for damage or broken contacts.

The charging system doesn't ordinarily
require periodic maintenance. However, the
drivebelt, battery and wires and connections
should be inspected at the intervals outlined
in Chapter 1.

Be very careful when making electrical
circuit connections to a vehicle equipped with
an alternator and note the following:

a) When reconnecting wires to the alterna-
tor from the battery be sure to note the
polarrty.

b) Before using arc welding equipment to
repair any part of the vethicle, disconnect
the wires from the afternator and the bat-
tery terminals.

c) Never start the engine with a battery
charger connected.

d) Always disconnect both battery cables
before using a baftery charger (negative
cable first, positive cable last).

10 Gharging system - check

General checks
Refe r to il I u stration 1 0. 2
1 lf a malfunction occurs in the charging

10.2 To measure charging voltage, attach the voltmeter leads to
the battery terminals, start the engine and record the

voltage reading

circuit, do not immediately assume that the
altemator is causing the problem, First, check
the following items:

a) The baftery cables where they connect
to the battery. Make sure the connec-
tions are clean and tight.

b) The baftery electrolyte specific gravrty. lf
it is low, charye the battery.

c) Check the extemal altemator wiring and
connections.

d) Check the drivebelt condition and ten-
slon (see Chapter 1).

e) Check the alternator mounting bofts for
fighfness.

f) Run the engine and checkthe aftemator
for abnormal noise.

2 Using a voltmeter, check the battery volt-
age with the engine off. lt should be approxi-
mately 1 2-volts (see illustration).
3 Start the engine and check the battery
voltage again. lt should now be approximately
14 to 1S-volts.
4 lf the indicated voitage reading is less
or more than the specified charging voltage,
replace the voltage regulator (see Section 13).
lf replacing the regulator fails to restore the volt-
age to the specified range, the problem may be
within the altemator. Note: The following checks
are intended to direct the home mechanic to
circuit problemsthat may be inteieing with the
charging sysfem's ability to function propedy.
Many times a charying system problem resufts
from conoded, damaged or.broken terminals
or hamess connectors that operate within the
charying sysfem. Due to the special equipment
necessaty to test or seruice the aftemator it is
recommended that if a fauft is suspected the
vehicle be taken to a dealer or a shop with the
prcper equipment.

Overchargi ng condition
Refer to illustration 10.5 and 10.7
5 Most models are equipped with a voltme-
ter on the instrument panel that indicates bat-
tery voltage with the ignition key ON (engine
not running), and alternator output when the
engine is running. Observe the voltmeter at
idle and high rpm. lf the gauge reads high (15
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10.5 Check for a voltage drop between terminal A on the voltage
regulator and the battery positive terminal (+). The voltage drop

(from battery voltage) should be 0.25 volts or less

10.7 Measure the resistance between the voltage regulator
harness connector A and the ALT FIELD fuse pin number 2 (it

should be less than 10,000 ohms)

volts and over), check for a overcharging con-
dition. Measure the voltage drop between the
voltage regulator test point A and the battery
positive post (see illustratlon), The voltage
drop should be 0.25 volts or less. lf the volt-
age drop exceeds this value, check and repair
the circuit to the MEGA fuse junction panel
(orange/light blue wire) and the circuit to the
secondary MEGA fuse junction panel (yellow/
white wire).
6 Next, check the field circuit drain for a
possible internal problem that could cause
overcharging. With the ignition key OFF, mea-
sure the voltage between the voltage regula-
tor test point F and the chassis ground (see
illustration 10.5). lf battery voltage is avail-
able, replace the voltage regulator (internal
short). lf there is no voltage, have the alterna-
tor tested by a dealer service department or
automotive electrical repair facility.
7 Another possible cause of overcharging
is excessive resistance in the junction panel or
circuit. Disconnect the. negative and positive
battery cables and measure the resistance
between the voltage regulator harness con-
nector A and the ALT FIELD FUSE (20A) pin
number 2 (see illustratlon). The resistance
should be less than 10,000 ohms. lf lhe resis-
tance is highet repair the circuit (orange/light
blue wire).
8 Also, check the junction panel resistance
between the ALT MEGA fuse (175 amp) and
the positive battery cable (cable removed from
the battery). The resistance should be 10,000
ohms or less. lf the resistance is higher, repair
the circuit (yellow/white wire).

Charge tight remarns O/V
9 The charge light on the instrument panel
i l luminates with the key ON and engine not
running, and should go out when the engine
runs. lf the light remains ON, check the alter-
nator FIELD fuse (see illustration 10.7). Refer
to Chapter 12 for the location or check your
owner's manual.
10 Also, with the ignition key OFF, measure
the voltage bestrewn the voltage regulator

test point A and chassis ground (see lllustra-
tion 10.5). There should be battery voltage.
lf there is no voltage available repair the cir-
cuit (refer to the wiring diagrams at the end of
Chapter 5).
11 Check for a defective one-way circuit.
Remove the alternator one-way terminal (light
green/red), install a jumper wire from the bat-
tery positive terminal (+) and check that the
light illuminates, Because the light is canceled
(OFF) when the harness is disconnected from
the battery and the light illuminates when bat-
tery voltage is applied, the circuit from the
altemator to the light and the light bulb in the
dash is correct. lf the charge light remains ON
when the engine is running, check the voltage
regulator and electrical connections (see Sec-
tion 12).
12 Also, check the ALT fuse and the ALT
FIELD fuse in the junction box mounted on the
engine compartment bulkhead. They should
be intact and making positive connections
(see illustration 10.7). Replace any broken
fuses.

Charge light flickers
intermittently
Refer to il lu stration 1 0. 1 3
13 lf the charge light on the dash flickers

intermittently, check the voltage regulator con-
nections, the alternator one-way connection,
the alternator B+ eyelet connection, the power
distribution box eyelets (see illustratlon) and
the battery cables. They should be clean and
tight.
14 With the ignition key OFF, measure the
voltage between the voltage regulalor test
point F and the chassis ground (see Step 6).
lf battery voltage is available to test port F,
check for a loose fuse (see Step 12). lf the
voltage is less than battery voltage, remove
the brushes and check the brush holder
screws for tightness.
15 With the ignition key ON (engine not
running), connect a wire to the altemator test
point A and the positive battery post. lf the
charge light flickers, the voltage regulator is
defective. Have the alternator checked by a
dealer service department or other qualified
automobile electric repair facility. lf the charge
light does not flicker, repair the alternator har-
ness. Refer to the wiring diagrams at the end
of Chapter 12.

Voltage gauge reads High or
Low
Refer to illustration 10.16
16 Disconnect the instrument cluster elec-

10.13 Remove
the covers

(arrows) and
check the power

dislribution
eyelets

for corrosion
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ll.Sb Remove the three mounting bolts (arrows) and separate the
, alternator bracket from the alr intake plenum

(4.6L engine shown)

10.16 Disconnect
the instrument

cluster electrical
connector

and check the
resistance

between terminals
7 and 8. lt should
be between tM5
and 495 ohms

5 Remove the bolts and separate the alter-
nator from the engine (see illustrations).
6 lnstallation is the reverse of removal.
7 After the alternator is installed. install the
drivebelt and reconnect the cable to the nega-
tive terminal of the battery.

12 Alternator components -
replacement

Referto illustrations 12.3, 12.4, 12.5 and 12.9
1 Remove the alternator (see Section 11).
2 Set the altemator on a clean workbench.
3 Remove the four voltage regulator
mounting screws (see illustration).
4 Detach the voltage regulator (see illus-
tration).
5 Detach the rubber plugs and remove
the brush lead retaining screws and nuts to
separate the brush leads from the holder (see
illustration). Note that the screws have Torx
heads and require a special screwdriver.
6 After noting the relationship of the
brushes to the brush holder assembly, remove
both brushes. Don't lose the springs.
7 lt you're installing a new voltrage regula-

trical connector and probe terminals 7 and 8
of the cluster with an ohmmeter. Resistance
should be between 445 and 495 ohms (see
lllustration). lf the resistance is incorrect,
replace the instrument cluster (see Chap-
ter 12).

Battery does not hold a charge
17 Measure the voltage between the B+
terminal on the alternator and chassis ground
(-). There should be battery voltage present
with the ignition key OFF.
18 Check the condition of the batterv.
Replace it if necessary.

11 Alternator - removal and
installation

Refer to illustntions 11 .5a, 11.5b and 11 .5c
1 Detach the cable from the negative ter-
minal of the battery.
2 Unplug the electrical connectors from the
alternator.
3 Remove the drivebelt (see Chapter 1).
4 On 4.61 engines, remove the ignition
wire assembly from the intake manifold area.

12.3 To detach the voltage regulator/
brush holder assembly, remove the

four screws

tor, insert the old brushes into the brush holder
of the new regulator. lf you're installing new
bruShes, insert them into the brush holder of
the old regulator. Make sure the springs are
properly compressed and the brushes are

11.5a Remove the lower mounting bolts (arrows)
(4.6L engine shown)

11.5c Alternator mounting bolts - 4.2L VG engine
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12.4 Lill the assembly from the alternator

properly inserted into the recesses in the brush
holder.
8 Install the brush lead retaining screws and
nuts.
9 Insert a short section of wire, like a paper
clip, through the hole in the voltage regulator
(see illustration) to hold the brushes in the
retracted position during regulator installation.
10 Carefully install the regulator, Make sure
the brushes don't hang up on the rotor.
11 Install the voltage regulator screws and
tighten them securely.
12 Remove the wire or paper clip.
13 Install the alternator (see Section 11).

13 Starting system - general
information and precautions

1 The function of the starting system is to
crank the engine fast enough to start it. The
system is composed of the starter motor,
starter relay, battery, switch and connecting
wires.
2 Turning the ignition key to the Start posi-
tion actuates the starter relay through the
starter control circult. The starter relay then
connects the battery to the starter solenoid.
3 These models are equipped with a
starter/solenoid assembly that is mounted to
the transmission bellhousing.
4 Vehicles equipped with an automatic
transmission are equipped with a Transmis-
sion Range sensor in the starter control cir-
cuit, which prevents operation of the starter
unless the shift lever is in Neutral or Park.
Manual transmission vehicles are equipped
with a starter clutch pedal position switch. The
starter will not crank with the foot off the clutch
pedal.
5 The starter circuit is equipped with a
starter relay. This relay is located on the
firewall in the right rear corner of the engine
compartment.
6 Never operate the starter motor for more
than 15 seconds at a time without pausing to
allow it to cool for at least two minutes. Exces-
sive cranking can cause overheating, which
can seriously damage the starter.

12.5 To remove the brushes from the
voltage regulator/brush holder assembly,

detach the rubber plugs from the two
brush lead screws and remove both

screws (arrows)

14 Starter motor and circuit - in-
vehicle check

Refer to illustration 1 4. 6
Note: Eefore diagnosing starter problems,
make sure the baftery is fully charged.
1 lf the starter motor doesn't turn at all
when the switch is operated, make sure the
shift lever is in Neutral or Park.
2 Make sure the battery is charged and
that all cables at the battery and starter solenoid
terminals are secure.
3 lf the starter motor spins but the engine
doesn't turn over, then the drive assembly in
the starter motor is slipping and the starter
motor must be replaced (see Section 15).
4 ll when the switch is actuated, the starter
motor doesn't ooerate at all but the starter
solenoid operates (clicks), then the problem
lies with either the battery the starter solenoid
contacts or the starter motor connections.
5 lf the starter solenoid doesn't click when
the ignition switch is actuated, either the
starter solenoid is defective, the starter relay
is bad, the ignition switch is faulty, the Trans-
mission Range sensor (automatic) or clutch
switch (manual) is bad, or there is a problem
in the wiring between the components. Check

12.9 Before installing the voltage
regulator/brush holder assembly, insert a
paper clip as shown to hold the brushes

in place during installation - after
installation, simply pull the

paper clip out

the starter circuit.
6 To check the starter circuit. remove the
push-on connector from the relay - this is
the signal wire from the ignition switch (see
illustration). Make sure that the connection
is clean and secure. lf the connections are
good, check the operation of the relay with a
jumperwire, To do this, place the transmission
in Park (automatic transmission) or Neutral
(manual transmission). Remove the push-on
connector from the relay. Connect a jumper
wire between the battery positive terminal
and the exposed terminal on the relay. lf the
starter motor now operates, the starter relay
is okay. The problem is in the ignition switch,
Transmission Range sensor Clutch Pedal
Position switch or in the wiring between these
components (look for open or loose connec-
tions).
7 lf the startermotor still doesn't operate,
bridge the two large terminals on the relay
with a screwdriver. lf the starter now works,
replace the relay. lf it doesn't operate, check
for voltage to the relay (it should be available
on one of the large terminals). lf voltage isn't
present, check the Mega Fuses, the two main
battery fuses (adjacent to the relay, under the
plastic covers) and the cable to the relay.

14.6 The starter relay
is mounted on the

firewall, in the right
rear corner of the

engine compartment

A Signal wire from
ignition switch

B Relay output (to
stafter)

C Relay input
(from baftery)

PALMTREESALES1967 - NO RESALE



'  5-10 Chapter 5 Engine electrical systems

15.4 Remove the starter mounting
bolt and nut (arrows) and separate the

assembly from the
transmission bellhousing

8 lf voltage is present, check for voltage
to the starter motor while the ignition key is
turned to Start. lf voltage is present, replace

the starter assembly. lf voltage is not present
and the relay checked out OK, trace the wir-
ing between the relay and the starter for an
open circuit condition.
9 lf the starter motor cranks the engine at
an abnormally slow speed, first make sure the
battery is fully charged and all terminal con-
nections are clean and tight. Also check the
connections at the starter solenoid and bat-
tery ground. Eyelet terminals should not be
easily rotated by hand. lf the engine is par-
tially seized, or has the wrong viscosity oil in
it, it will crank slowly.

15 Starter motor - removal and
installatlon

Refer to illustration 15.4
1 Detach the cable from the negative ter-
minal of the battery.
2 Raise the vehicle and support it securely
on jackstands. Warning: Some models cov-
ered by this manual are equipped with self lev-
eling suspension sysfems. Always disconnect

electrical power to fhe suspenslon sysfern
before lifting or towing the vehicle (see Chap-
ter 10). Failure to peiorm this prccedure may
result in unexpected shifting or movement of
the vehicle which could cause personal injury.
3 Disconnect the large cable from the ter-
minal on the starter motor and the solenoid
terminal connections.
4 Remove the starter motor mounting bolt
and nut (see illustration) and detach the
starter from the engine.
5 Installation is lhe reverse of removal.

16 Starter solenoid . replacement

Refer to illustrations 16.3a and 16.3b
'l Remove the starter assembly from the
engine compartment (see Section 15).
2 Remove the electrical connector from
the solenoid M terminal.
3 Remove the solenoid mounting bolts and
separate the solenoid from the starter body
(see lllustrations).
4 lnstallation is the reverse of removal.

16.3b Separate the solenoid from the starter16.3a Remove the solenoid mounting bolts (arrows)
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Ghapter 6
Emissions and engine control systems
Gontents

Secfion

Gatalyt ic converter.. . . . . . .  . . . , . . . . . . ; . . . . . .  8
CHECK ENGINE l ight . . . . . . . . . . . . . . . .  See Section 2
Evaporative Emissions Control System (EVAP)............ 6
Exhaust Gas Recirculat ion (EGR) system ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5
General information..... 1

SPOUT connector
Starter relay (under cover)
DPFE sensor and EVR solenoid
IPS

Information sensors.......... ......,....:1.*
On Board Diagnosis (OBD) system and trouble codes.................
Positive Crankcase Ventilation (PCV) system.
Powertrain Control Module (PCM) - replacement

Section

Power distribution box
EDIS coil pack
EGR valve

be noted that the illustrations of the various
systems may not exactly match the system
installed on the vehicle you're working on
because of changes made by the manufac-
turer during production or from year-to-year.

A Vehicle Emissions Control Information
(VECI) label is located in the engine com-
partment (see illustration). This label con-
tains important emissions specifications and
adjustment information, as well as a vacuum
hose schematic with emissions components
identified. When servicing the engine or emis-
sions systems, the VECI label in your particular
vehicle should always be checked for up-to-
date information.

2 On Board Diagnosis (OBD)
system and trouble codes

Note: Ihe diagnostic sysfem and trouble
codes are only accessible using expensive
specialized equipment. The codes indicated
in the text are designed and mandated by
the EPA for all 1994 and later OBDI| vehi-

4
2
7
3

1 General information

Referto illustrations 1.1a, 1.1b and 1.7
To prevent pollution of the atmosphere

from incompletely burned and evaporating
gases, and to maintain good driveability and
fuel economy, a number of emission control
systems are incorporated (see illustrations).
They include:

The Electronic Engine Control system
(EECW OBD-il

The Evaporative Emission Confuol system
(EUAP)

Positive Cnnkcase Ventilation (PCV) syfiem
Exhaust Gas Recirculation (EGR) system
Catalytic convefter

All of these systems are linked, directly
or indirectly, lo the emission control system.

The Sections in this Chapter include gen-
eral descriptions, checking procedures within
the scope of the home mechanic and compo-
nent replacement procedures (when possible)
for each of the systems listed above.

Before assuming that an emissions con-
trol system is malfunctioning, check the fuel

IAC valve
IMRC actuators
MAF sensor
Vapor management valve

and ignition systems carefully. The diagnosis
of some emission control devices requires
specialized tools, equipment and training. lf
checking and servicing become too difiicult or
if a procedure is beyond your ability, consult
a dealer service department. Remember, the
most frequent cause of emissions problems
is simply a loose or broken vacuum hose or
wire, so always check the hose and wiring
connections first.

This doesn't mean, however, that emis-
sion control systems are particularly difficult to
maintain and repair. You can quickly and eas-
ily perform many checks and do most of the
regular maintenance at home with common
tune-up and hand tools. Note: Because of a
Federally mandated extended wananty which
covers the emission control system compo-
nents, check with your dealer about wananty
coverage before working on any emissions-
related sysfems. Once the warranty has
expired, you may wish to pertorm some of the
component checks and/or replacement proce-
dures in this Chapter to save money.

Pay close attention to any special pre-
cautions outlined in this Chapter. lt should

9
10
11

E

6
7
I

I

2
3
4

1.1a Typical emission and engine control system component locatlons - V6 engine
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6-2 Ghapter 6 Emissions and engine control systems

1.1b Typical emission and engine control system component locations - V8 engine

1
z

4

Shofting bar
Stafter relay
IAC valve
DPFE sensor and EVR solenoid

cles produced by automobile manufacturers.
These generic trouble codes do not inalude
the manufacturer's specific trouble codes.
Consult a dealer seruice depaftment for addi-
tional information. General information on the
sysfem sensors and actuators for all models
is described in the following text. See the
Troibleshooting Section at the beginning of
this manual for some basic diagnostic aids.
Because the OBD-ll system requires a spe-
cial SCAN fool fo access the trouble codes,
have the vehicle diagnosed by a dealer ser,
vice depaftment or other qualified automotive
repair facility if the proper SCAN lool ls nof
available.

Diagnostic tool information
Refer to illustrations 2.1. 2.2 and 2.4
1 A digital multimeter is necessary for
checking fuel injection and emission related
components (see illustration). A digital volt
ohmmeter is preferred over the older stvle

EGR valve
Vapor management valve
Power distribution box
MAF sensor

analog multimeter for several reasons. The
analog multimeter cannot display the volts-
ohms or amps measurement in hundredths
and thousandths increments. When working
with electronic circuits which are often very
low voltage, this accurate reading is most
important. Another good reason for the digi-
tal multimeter is the high impedance circuit.
The digital multimeter is equipped with a high
resistance internal circuitry (10 million ohms).
Because a voltmeter is hooked up in paral-
lel with the circuit when testing, it is vital that
none of the voltage being measured should
be allowed to travel the parallel path set up by
the meter itself. This dilemma does not show
itself when measuring larger amounts of volt-
age (9 to '12 volt circuits) but if you are mea-
suring a low voltage circuit such as the oxy-
gen sensor signal voltage, a fraction of a volt
may be a significant amount when diagnosing
a problem. Obtaining the diagnostic trouble
codes is one exception where using an ana-

EDIS coilpack (4.61)
Fuel pressure regulator
IPS
EDIS coil pack (4.6L)

log voltmeter is necessary.
2 Hand-held scanners are the most pow-
erful and versatile tools for analyzing engine
management systems used on later model
vehicles (see illustration). Early model scan-
ners handle codes and some diagnostics for
many OBD I systems. Each brand scan tool
must be examined carefully to match the
year, make and model of the vehicle you are
working on. Often interchangeable cartridges
are available to access the oarticular manu-

2.1 Digital multimeters can be used for
testing all types of circuits; because of
their high impedance, they are much

more accurate than analog meters
for measuring voltage in low-voltage

computer circuits

6
7
I

I
10
, ,
12

1.7 The Vehicle
Emission Control
Information (VECI)

label is located
in the engine

compartment on the
radiator support and
contains information

on the emission
devices on your
vehicle, vacuum

line routing, etc. (V6
engine shown)
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2.4 OBDII trouble
code readers are an

economical choice for
the home mechanic

- they can read stored
generic trouble codes
(some can also read

various manufacturer-
specific codes) and turn
off the GHEGK ENGINE
light after repairs have

been made

2.2 Scanners like these from Actron and
AutoXray are powerful diagnostic aids
- they can tell you just about anything
you want to know about your engine

management system

facturer (Ford, GM, Chrysler, etc.). Some
manufacturers will specify by continent (Asia,
Europe, USA, etc.). Seek the advice of your
local auto parts dealer.
3 With the arrivalof the Federally mandated
emission control system (OBD-ll), a specially
designed scanner must be used. At this time,
several manufacturers olan to release OBD-ll
scan tools for the home mechanic.
4 Another type of code reader is available
at parts stores (see illustration). These tools
are more economical than a scan tool. and
enable stored trouble codes to be read by
plugging the tool into the diagnostic connec-
tor. Although they are less expensive than a
scan tool, they can't furnish sensor and output
actuator operating parameters. Note: Some
diagnostic connectors are located under the
dash, kick panel or glovebox while others are
located in the engine compartment.

OBD sysfem general
description
5 Beginning in 1994, Ford Motor Company
began to manufacture a second generation
self diagnosis system specified by the CARB
and EPA regulations called On Board Diag-
nosis-ll (OBD-Il). This system incorporates a
series of diagnostic monitors that detect and
identify emissions systems faults and store
the information in the computer memory. This
updated system also tests sensors and out-
put actuators, diagnoses drive cycles, freezes
data and clears codes. This powerful diagnos-
tic computer must be accessed using the new
OBD-ll SCAN tool and 16 pin Data Link Con-
nector (DLC) located under the driver's dash
area. All engines and powertrain combinations
described in this manual are equipped with
the On Board Diagnosis ll (OBD-ll) system.
This system consists of an onboard computer,
known as the Powertrain Control Module
(PCM), and information sensors, which moni-
tor various functions of the engine and send
data to the PCM. Based on the data and the
information programmed into the computer's
mepory, the PCM generates output signals

to control various engine functions via control
relays, solenoids and other output actuators.
6 The PCM, located under the instrument
panel on the passenger's side, is the "brain"
of the EEC-V system. lt receives data from a
number of sensors and other electronic com-
ponents (switches, relays, etc.), Based on the
information it receives, the PCM generates
output signals to control various relays, sole-
noids and other actuators. The PCM is spe-
cifically calibrated to optimize the emissions,
fuel economy and driveability of the vehicle.
7 Because of  a Federal ly  mandated
extended warranty which covers the EEC-V
system components and because any owner-
induced damage to the PCM, the sensors
and/or the control devices may void the war-
ranty, it isn't a good idea to attempt diagnosis
or replacement of the PCM at home while the
vehicle is under warranty. Take the vehicle to
a dealer service department if the PCM or a
system component malfunctions.

lnformation sensors
8 When battery voltage is applied to the air
conditioning compressor solenoid, a signal is
sent to the PCM, which interprets the signal
as an added load created by the compressor
and increases engine idle speed accordingly
to compensate.
9 The Intake Air Temperature sensor
(lAT), positioned in the air intake duct (see
Section 4), provides the PCM with fuel/air
mixture temperature information. The PCM
uses this information to control fuel flow, igni-
tion timing and EGR system operation.
10 The Engine Goolant  Temperature
(EGT) sensor, which is threaded into a cool-
ant passage in the intake manifold, monitors
engine coolant temperature. The ECT sends
the PCM a voltage signal which influences
PCM control of the fuel mixture, ignition timing
and EGR operation.
11 The Heated Exhaust Gas Oxygen
(HEGO) sensors, which are threaded into
the exhaust manifolds before and after the
catalytic converter, constantly monitor the
oxygen content of the exhaust gases. A volt-
age signal which varies in accordance with
the difference between the oxygen content of
the exhaust gases and the surrounding atmo-
sphere is sent to the PCM. The PCM converts
this exhaust gas oxygen content signal to the

fuel/air ratio, compares it to the ideal ratio for
current engine operating conditions and alters
the signal to the injectors accordingly.
12 The Throttle Position Sensor (TPS),
which is mounted on the side of the throttle
body (see Section 4) and connected directly
to the throftle shaft. senses throttle movement
and position, then transmits an electrical sig-
nal to the PCM. This signal enables the PCM
to determine when the throttle is closed. in its
normal cruise condition or wide ooen.
13 The Mass Air Flow (MAF) sensor,
which is mounted in the air cleaner intake
passage, measures the mass of the air enter-
ing the engine (see Section 4). Because air
mass varies with air temperature (cold air is
denser than warm air), measuring air mass
provides the PCM with a very accurate way
of determining the correct amount of fuel to
obtain the ideal fuel/air mixture.

Output actuators
14 The PCM power relay, which is activated
by the ignition switch, supplies battery voltage
to the EEC-V system components when the
switch is in the Start or Run oosition. Note:
The fuel pump relay and the PCM pawer relay
are located in the Power Distribution Box in
the engine compartment. Refer to Chapter 12
or your owner's manual for additional informa-
tion for relay location.
15 The Vapor Management Valve (VMV)
switches manifold vacuum to operate the
VMV when a signal is received from the PCM.
The EEC-V computer (PCM) activates the
VMV, allowing fuel vapor to flow from the can-
ister to the intake manifold to be burned in the
combustion process.

16 The solenoid-operated fuel injectors
are located above the intake ports (see Chap-
ter 4). The PCM controls the length of time the
injector is open. The "open" time of the injec-
tor determines the amount of fuel delivered.
For information regarding injector replace-
ment, refer to Chapter 4.

17 The fuel pump relay is activated by the
PCM with the ignition switch in the On posi-
tion. When the ignition switch is turned to the
On position, the relay is activated to supply
initial line pressure to the system. For informa-
tion regarding fuel pump check and replace-
ment, refer to Chapter 4.
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18 The Electronic lntegrated (El) lgni-
tion module (see Chapter 5) is incorporated
into the PCM. The PCM uses a signal from
the camshaft sensor to determine piston posi-
tion. lgnition timing is determined by the PCM,
which then signals the module (PCM) to fire
the coil. For further information regarding the
ignition system, refer to the appropriate Sec-
tion in Chapter 5.

Obtaining OBD-ll system codes
Refer to illustration 2.20
19 On OBD-Il systems, the PCM will i l lu-
minate the Malfunction Indicator Light on the
dash if it recognizes a component fault for
two consecutive drive cycles. lt will continue
to set the light until the PCM does not detect
any malfunction for three or more consecu-
tive drive cycles. Because the OBD-Il system
requires a SCAN tool to reset the light, if the
tool is not available for diagnostics, have the

system checked by a dealer service depart-
ment or other qualified repair facility.
20 The diagnostic codes for the EEC-V
(OBD-ll) systems can be extracted from the
PCM using a special SCAN tool that is pro-
grammed to interface with this new system by
plugging into the DLC (see illustration). lf the
tool is not available, have the vehicle checked
at a dealer service department.

Clearing codes
21 To clearthe codes from the PGM memory
install the OBD-ll SCAN tool, scroll the menu
for the function that describes "CLEARING
CODES'and follow the prescribed method for
that particular SCAN tool. lf necessary have
the codes cleared by a dealer service depart-
ment or other qualified repair facility. Gaution:
Do not disconnect the battery from the vehicle
to clear the codes. Ihls will erase stored oper-
ating parameters from the memory and cause

2.20 Typical Data Link Connector (DLC)
on an OBD-ll vehicle

the engine to run rough for a period of time
while the computer releams the information.

OBD-llTrouble Godes

Code Probable cause

P0010 Intake camshaft position actuator circuit open (bank 1)

P0011 "A" Camshaft position - timing - over-advanced (bank 1)

POO12 "A" Camshaft position - timing over-retarded (bank 1)

P0102 Mass Airflow (MAF) sensor circuit low input

P0103 Mass Airflow (MAF) sensor circuit high input

P0112 lntake Air Temperature (lAT) sensor circuit low input

P01 13 Intake Air Temperature (lAT) sensor circuit high input

P0117 Electronic Coolant Temperature (ECT) sensor circuit low input

P01 18 Electronic Coolant Temperature (ECT) sensor circuit high input

P0020 Intake camshaft position actuator circuit open (bank 2)

P0021 Intake camshaft position timing - over-advanced (bank 2)

Code Probable cause

P0109 Mani fo ld absolute pressure or  barometr ic  pressure
circuit. lntermittent

P0112 Intake air temperature circuit, low input

P0113 Intake airtemperature circuit, high inpul

P01'16 Enginecoolanttemperaturecircuitrange/performance problem

P0117 Engine coolant temperature circuit, low input

P0118 Engine coolant temperature circuit, high input

P0121 In range Throttle P0sition Sensor (TPS) fault

P0122 Throttle POsition Sensor (TPS) circuit low input

P0123 Throttle POsition Sensor (TPS) circuit high input

P0124 Throt t le  posi t ion or  pedal  posi t ion sensor/swi tch
circuit. intermittent

POO22 Intake camshaft position timing - over-retarded (bank 2) P0125 Insufficient coolant temperature for closed loop fuel control

P0040 Upstream oxygen sensors swapped from bank to bank
(HO2S - bank 1, sensor 1lbank2, sensor 1)

P0128 Coolant thermostat (coolant temperature below thermostat
regulating temperature)

P0041 Downstream oxygen sensors swapped from bank to bank
(HO2S - bank 1, sensor 2lbank2, sensor2)

P0068 Throttle position (TP) sensor inconsistent with mass air flow
(MAF) sensor

P0131 Upstream heated 02 sensor circuit low voltage (Bank 'l )

P0132 02 sensor circuit, high voltage ( bank 1, sensor 1)

P0133 Upstream heated 02 sensor circuit slow response (Bank 1 )

PO1O2 Mass air flow or volume air flow circuit, low input P0135 Upstream heated 02 sensor heater circuit fault (Bank 1)

P0103 Mass air flow or volume air flow circuit, high input P0136 Downstream heated 02 sensorfault (Bank 1)

P0106 Manifold absolute pressure or barometric pressure circuit,
range or performance problem

P0107 Manifold absolute pressure or barometric pressure circuit,
low input

P0138 02 sensor circuit, high voltage (bank 1 , sensor 2)

P0141 02 sensor heater circuit malfunction (bank 1, sensor 2)

P0148 Fuel delivery error

P0108 Manifold absolute pressure or barometric pressure circuit,
high input

P0151 02 sensor circuit, low voltage (bank 2, sensor '1 
)
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Code Probable cause

P0152 02 sensor circuit, high voltage (bank 2, sensor 1)

P0153 02 sensor circuit, slow response (bank 2, sensor 1)

P0155 02 sensor heater circuit malfunction (bank 2, sensor 1)

P0156 02 sensor circuit malfunction (bank 2, sensor 2)

P0158 02 sensor circuit, high voltage (bank 2, sensor 2)

P0161 02 sensor heater circuit malfunction (bank 2, sensor 2)

P0171 System Adaptive fuel too lean (Bank 1)

P0172 System Adaptive fuel too rich (Bank 1)

PO'174 System Adaptive fuel too lean (Bank 2)

P0175 System Adaptive fuel too rich (Bank 2)

P0180 FueltemoeraturesensorAcircuitmalfunction

P0181 Fuel temperature sensorA circuit, range or
performance problem

Probable cause

Throttle position or pedal position sensor/switch B
circuit, intermittent

Code

P0224

P0230 Fuel pump primary circuit malfunction

P0231 Fuel pump secondary circuit, low

P0232 Fuel pump secondary circuit, high

P0297 Vehicleover-speedcondition

P0298 Engine oil over temperature

P0300 Random/multiplecylindermisfiredetected

P0301 Cylinder no. 1 misfire detected

P0302 Cvlinder no. 2 misfire detected

P0303 Cylinder no. 3 misfire detected

P0304 Cylinder no. 4 misfire detected

P0305 Cylinder no. 5 misfire detected

P0183 Fuel temperature sensor A circuit, high input P0306 Cylinder no. 6 misfire detected

P0190 Fuel rail pressure sensor circuit malfunction P0307 Cylinder no. 7 misfire detected

P0191 InjectorPressuresensorsystem performance P0308 Cylinder no. 8 misfire detected

P0192 lniector Pressure sensor circuit low inout P0315 Crankshaft position system - variation not learned

P0193 lnjector Pressure sensor circuit high input P0316 Misfire detected during startup - first 1000 revolutions

P0196 Fuel rail pressure sensor circuit, range or
performance problem

P0325 Knock sensor circuit fault

P0326 Knock sensor circuit oerformance

P0330 Knock sensor no. 2 circuit malfunction (bank 2)

P0331 Knock sensor no. 2 circuit, range or performance problem
(bank 2)

P0197 Fuel rail pressure sensor circuit, low input

P0198 Fuel rail pressure sensor circuit, high input

P0201 lniector circuit malfunction - cvlinder no. 1

P0202 Injector circuit malfunction - cylinder no. 2 P0340 Camshaft position sensor "A", circuit malfunction (bank 1)

P0203 Injector circuit malfunction - cylinder no. 3 P0345 Camshaft position sensor "A", circuit malfunction (bank 2)

P0204 Iniector circuit malfunction - cvlinder no. 4 P0350 lgnition coil primary or secondary circuit malfunction

P0205 Injector circuit malfunction - cylinder no. 5 P0351 lgnition coil no. 1 primary circuit fault

P0206 Injector circuit malfunction - cylinder no. 6 P0352 lgnition coil no. 2 primary circuit fault

P0207 Injector circuit malfunction - cylinder no. 7 P0353 lgnition coil no. 3 primary circuit fault

P0208 Injector circuit malfunction - cylinder no. 8 P0354 lgnition coil no. 4 primary circuit fault

P0218 Transmissionoverheatingcondition P0355 lgnition coil no. 5 primary circuit fault

P0219 Engine overspeed condition P0356 lgnition coil no. 6 primary circuit fault

P0221 Throttle position or pedal position sensor/switch B, range or
performance problem

P0222 Throttle position or pedal position sensor/switch B circuit,
low input

P0357 lgnition coil no. 7 primary circuit fault

P0358 lgnition coil no. 8 primary circuit fault

P0400 EGR flow fault

P0223 Throttle position or pedal position sensor/switch B circuit,
high input

P0401 EGR insufficient flow detected

P0402 EGR excessive flow detected
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OBD{I Trouble Codes (continued)

Gode Probable cause

P0403 Exhaust gas recirculation circuit malfunction

Code Probable cause

P048'1 Cooling fan no. 2, control circuit malfunction

P0405 Exhaust gas recirculation valve position sensor A circuit low P0482 Cooling fan no. 3, control circuit malfunction

P0406 Exhaust gas recirculation valve position sensor A circuit high P0500 VSS fault

P0411 Secondary air injection system, incorrect flow detected P0501 Vehicle speed sensor, range or performance problem

P0412 Secondary air injection system switching valve A,
circuit malfunction

P0420 Catalyst system efficiency below threshold (Bank 1)

P0421 Catalyst system efficiency below threshold (Bank 1)

P0430 Catalyst system efficiency below threshold (Bank 2)

P0431 Catalyst system efiiciency below threshold (Bank 2)

P0442 EVAP small leak detected

P0443 EVAP VMV circuit fault

P0446 Evaporative emission control system, vent control
circuit malfunction

P0503 Vehicle speed sensor circuit, Intermittent, erratic or high input

P0505 IAC valve system fault

P0506 ldle control system, rpm lower than expected

P0507 ldle control system, rpm higher than expected

P0511 ldle air control (lAC) system - circuit malfunction

P0528 Fan speed sensor - no signal

P0534 A,/C refrigerant charge loss

P0537 A'/C evaporator temperature sensor - circuit low

P0538 A'lC evaporator temperature sensor - circuit high

P0451 Evaporative emission control system, pressure sensor range
or performance problem

P0452 EVAP fuel tank pressure sensor low input

P0453 EVAP fuel tank pressure sensor high input

P0455 Evaporative emission (EVAP) control system leak detected
(no purge flow or large leak)

P0456 Evaporative emission (EVAP) control system leak detected
. (very small leak)

P0457 Evaporative emission control system leak detected
(fuel cap loose/off)

P0460 Fuel level sensor circuit malfunction

P0461 Fuel level sensor circuit, range or performance problem

P0462 Fuel level sensor circuit, low input

P0463 Fuel level sensor circuit, high input

P0480 Cooling fan no. 1, control circuit malfunction

3 Powertrain Control Module (PCM)
- replacement

P0552 Power steering pressure sensor circuit, low input

P0553 Power steering pressure sensor circuit, high input

P0602 Control module, programming error

P0603 PCM Keep Alive Memory test error

P0605 PCM Read Only Memory test error

P0606 PCM processor fault

P0622 Generator lamp F, control circuit malfunction

P0660 Intake manifold tuning valve control circuit (bank 1)

P0703 Torque converter/brake switch B, circuit malfunction

P0704 Clutch switch input circuit malfunction

P0705 Transmission range sensor, circuit malfunction
(PRNDL input)

P0707 Transmission range sensor circuit, low input

P0708 Transmission range sensor circuit, high input

Refer to illustration 3.7
Warning: The models covered by this manual
are equipped with airbags. Always disconnect
the negative baftery cable, then the positive
battery cable and wait 2 minutes before work-
ing in the vicinity of the impact sensors, steer-
ing column or instrument panel to avoid the
possibility of accidenta! deployment of the air-
bag, which could cause personal injury $ee
Chapter 12).

Note: Because of a Federally mandated
extended warranty which covers the emission
control system components, check with your
dealer about wananty coverage before wo*-
ing on any emissions-relafed sysferns. Once
the warranty has expired, you may wish to
pertorm some of the component checks and/
or replacement procedures in this Chapter to
save money.
1 The Powertrain Control Module (PCM)
is located inside the passenger compart-
ment under the passenger side dashboard,
tucked into the corner. The electrical connec-

tor retaining bolt must be loosened from the
engine compartment and the module must be
removed from inside the passenger compart-
ment. The PCM is easily distinguished by the
aluminum casing surrounding the module.
2 Disconnect the negative battery cable
from the battery then the positive cable and
wait at least two minutes before proceeding.
3 Working in the engine compartment,
remove the bolt that retains the electrical con-
nector to the PCM.
4 Remove the scuff plate from the passen-
ger's side door (see Chapter 11 ).
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3.7 Remove the PCM bracket mounting bolts (arrows)

5 Remove the kick panel from the passen-
ger's side foot area.
6 Remove the PCM bracket clips.
7 Remove the PCM bracket retaining bolts
(see illustration).
8 Carefully slide the PCM out. Note: Avold
any static electricity damage to the computer
by using gloves and a special anti-static pad
to store the PCM on once it is removed.

4 Information sensors

Note: /f any of the following checks indicate
that a sensor is good (and not the cause of
the driveability problem or trouble code),
check the wiring harness and electrical con-
nectors between the sensor and the PCM for
an open or short-circuit condition. If no prob-
lems are found, have the vehicle checked by
a dealer seruice department or other qualified
repair shop.

Engine Coolant Temperature
ECn sensor
Referto illustrations 4.2, 4.3 and 4.4

General description
1 The coolant sensor is a thermistor (a resis-
tor which varies the value of its voltage output
in accordance with temperature changes). The
change in the resistance values will directly
affect the voltage signal from the coolant sen-
sor. As the sensor temperature DECREASES,
the resistance values will INCREASE. As the
sensor temperature INCREASES, the resis-
tance values wil l DECREASE. A failure in
the coolant sensor circuit should set a Code
PO117 or PO118. These codes indicate a
failure in the coolant temperature circuit, so
in most cases the appropriate solution to
the problem will be either repair of a wire or
reolacement of the sensor.

Gheck
2 Check the resistance value of the cool-

4.2 Check the resistance of the coolant temperature sensor with
the engine completely cold and then with the engine at operating

temperature. Resistance should decrease as
temperature increases

ant temperature sensor while it is completely
cold (50 to 65-degrees F = 58,750 to 40,500
ohms). Next, start the engine and warm it up
until it reaches operating temperature (see
illustration). The resistance should be lower
(180 to 22O-degrees F = 3,800 to 1,840 ohms).
Note: Access to the coolant temperature
sensor makes it difficult to position electrical
probes on the terminals. lf necessary, remove
fhe sensor and pertorm fhe tesfs in a pan of
heated water to simulate the conditions.
3 lf the resistance values on the sensor
are correct, check the reference voltage from
the PCM to the sensor (see illustration). The
reference voltage should be approximately
5.0 volts.

Replacement
4 Before installing the new sensor, wrap
the threads with Teflon sealing tape to prevent
leakage and thread corrosion (see illustra-
tion).
5 To remove the sensor, unplug the electri-

4.3 Working on the harness side, check the reference voltage
from the PGM to the coolant temperature sensor with the
ignition key ON and the engine not running. lt should be

approximately 5.0 volts

4.4 To prevent leakage, wrap the threads of the coolant
temperature sensor with Teflon tape before installing it
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4.8 Using pins or paper
clips, backprobe SIG (+)
and GND (-) and check
for a varying millivolt
signal as the system

adjusts the air/fuel ratio.
Voltage should remain
steady as the engine

warms-up (open loop)
and then vary from 0.10
volts (100 millivolts) to
0.9 volts (900 millivolts)

if the system is
operating properly

(closed loop)

ItrSe{.JlxrY|Frl

cal connector, then carefully unscrew it. Cau-
lion: Handle the coolant sensor with care.
Damage fo this sensor will affect the opera-
tion of the entire fuel injection sysfem. Install
the sensor and tighten it securely.

Oxygen sensor
Refer to illustration 4,8

General description and check
6 The heated oxygen sensors (HO2S),
which are located in the exhaust manifolds,
monitor the oxygen content of the exhaust
gas stream. The oxygen content in the
exhaust reacts with the oxygen sensor to
produce a voltage output which varies from
0,1-volt (high oxygen, lean mixture) to 0.9-
volts (low oxygen, rich mixture). The PCM
constantly monitors this variable voltage out-
put to determine the ratio of oxygen to fuel in
the. mixture. The PCM alters the airlfuel mix'
ture ratio by controlling the pulse width (open
time) of the fuel injectors. A mixture ratio of
14.7 parts air to 1 part fuel is the ideal mixture
ratio for minimizing exhaust emissions, thus
allowing the catalytic.converter to operate
at maximum efficiency. lt is this ratio oI 14.7
to 1 which the PCM and the oxygen sensor
attempt to maintain at all times.
7 The oxygen sensor produces no voltage
when it is below its normal operating tempera-
ture of about 600-degrees F. During this initial
period before warm-up, the PCM operates in
open loop mode.
8 Allow the engine to reach normal oper-
ating temperature and check that the oxygen
sensor is producing a varying signal voltage
between 0.1 and O.9-volts (see illustration).
Note: Posf-cafalytic oxygen sensors will pro-
duce a much slower fluctuating voltage value,
reflecting fhe resu/fs of the catalyzed exhaust
mixture. Keep this in mind when testing a
post-catalytic converter oxygen sensor.
9 The OBD-ll system can detect a variety
of different oxygen sensor problems and set
codes to indicate the specific trouble area.
Trouble codes PO131 through PO161 are
designated oxygen sensor, circuit and heater
control codes. lf an OBD-ll SCAN tool is not
available, have the codes extracted from the
PCM by a dealer service department or other

qualified automotive repair facility.
10 Also check to make sure the oxygen
sensor heaters are supplied with battery volt-
age (see il lustration 4.8). Backprobe the
HTR GND and the B+ Volt. terminals with
the ignition key ON. Because battery voltage
is supplied to the oxygen sensors through a
relay, voltage will only be delivered for a very
short time (3 seconds) when the ignition key is
cycled. Have an assistant turn the ignition key
to ON while observing the voltmeter. Refer to
Chapter 12 for additional information on the
wiring schematics and relays.
11 When any of the above codes occur, the
PCM operates in the open loop mode - that
is, it controls fuel delivery in accordance with
a lrrogrammed default value instead of feed-
back information from the oxygen sensor.
12 The proper operation of the oxygen sen-
sor depends on four conditions:
a) Electrlcal - The low voltages generated

by the sensor depend upon good, clean
connections which should be checked
whenever a malfunction of fhe sensor is
suspected or indicated.

b) Outside air supply - Ihe sensor ls
designed to allow air circulation to the
internal portion of the sensor. Whenever
the sensor is removed and installed or
replaced, make sure the air passages
are not restricted.

c) Proper operating temperature - The
PCM will not react to the sensor signal
until the sensor reaches approximately
60hdegrees F. Thisfactor must be taken
into consideration when evaluating the
pertormance of the sensor.

il Unleaded fuel - The use of unleaded
fuel is essential for proper operation of
the sensor. Make sure the fuel you are
usrng ls of this type.

13 In addition to observing the above con-
ditions, special care must be taken whenever
the sensor is serviced.

a) The oxygen sensor has a permanently
attached pigtail and electrical connector
which should not be removed from the
sensor. Damage or removal of the pig-
tail or electical connector can adversely
affect operation of the sensor.

b) Grease, dirt and other contaminants
should be kept away from the electrical
connector and the louvered end of the

. sensor.
c) Do not use cleaning solvents of any kind

on the oxygen sensor.
d) Do not drop or roughly handle the sen-

sor.
e) The silicone boot must be installed in the

correct position to prevent the boot from
being melted and to allow the sensor to
operate properly.

Replacement
Refer to illustration 4.17
Note: Eecause it is installed in the exhaust
manffold or pipe, which contracts when cool,
the oxygen sensor may be very difficult to
loosen when the engine.is cold. Rather than
risk damage to the sensor (assuming you are
planning to reuse it in another manifold or
pipe), start and run the engine for a minute
or two. then shut it off. Be careful not to burn
yourself duing the following procedure.
14 Disconnect the cable from the negative
terminal of the battery.
15 Raise the vehicle and place it securely on
jackstands. Warning: Some models covered
by this manual are equipped with self leveling
suspenslon sysfems. Always disconnect elec-
trical power fo the suspension system before
lifting or towing the vehicle (see Chapter 10).
Failure to pertorm this procedure may result
in unexpected shifting or movement of the
vehicle which could cause personal injury.
16 Disconnect the electrical connector from
the sensor.
17 Carefully unscrew the sensor from the
exhaust manifold (see illustration). Caution:
Excesslve force may damage the threads.
18 Anti-seize compound must be used on
the threads of the sensor to facilitate future
removal. The threads of new sensors wil l
already be coated with this compound, but
if an old sensor is removed and reinstalled,
recoat the threads.
19 Install the sensor and tighten it securely.
20 Reconnectthe electrical connectorof the
pigtail lead to the main engine wiring harness.

4,17 Removing an oxygen sensor using a
special socket (exhaust system removed

for clarity)
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4.23 Backprobe the TPS using straight pins or other suitable
probes on SIG (+) and GND (-). Check the signal voltage, it

should be 0.5 to 1.0 volt at closed throttle. Rotate the accelerator
completely to wide open throttle and confirm the voltage

increases steadily to 4.5 to 5.0 volts

4.25 Check the reference voltage to the TPS with a voltmeter.
Backprobe terminal REF with the positive (+) probe and GND
(-) with the negative probe of the voltmeter and make sure the

reference voltage is approximately 5.0 volts

21 Lower the vehicle and reconnect the
cable to the negative terminal of the battery.

Throttle Position Sensor (TPS)
General description
22 The Throttle Position Sensor (TPS) is
located on the end of the throttle shaft on the
throttle body. By monitoring the output voltage
from the TPS, the PCM can determine fuel
delivery based on throttle valve angle (driver
demand). A broken or loose TPS can cause
intermittent bursts of fuel from the injector and
an unstable idle because the PCM thinks the
thrott le is moving. The OBD-l l  system can
detect a variety of different TPS problems and
set codes to indicate the soecific trouble area.
Trouble codes PO122, PO123 and PO222,
PO223 are designated TPS and circuit control
codes. l f  an OBD-l l  SCAN tool is not avai l-
able, have the codes extracted from the PCM
by a dealer service depdrtment or other quali-
fied automotive repair facility.

Gheck
Referto illustrations 4.23 and 4.25
23 To check for the proper signal voltage
from the TPS, install the probes of the voltme-
ter into the ground wire (GND) (-) and signal
wire (SlG) (+) on the backside of the electrical
connector (see illustration). Note: Be care-
ful when backprobing the electrical connector.
Do not damage the wiring hamess or pull on
any connectors to make clean contact.
24 Turn the ignition switch to ON (engine
not running), the sensor should read 0.50 to
1.0-volt at closed throttle. Have an assistant
depress the accelerator pedal to simulate full
throttle and the sensor should increase voltage
to 4.0 to 5.0-volts. lf the TPS voltage readings
are incorrect, replace it with a new unit.
25 Also, check the TPS reference voltage.
Install the positive probe of the voltmeter (see
illustration) onto the voltage reference wire
(REF) and the negative probe of the voitmeter
onto the ground wire (GND). There should be

approximately 5.0 volts sent from the PCM to
the TPS.

Replacement
26 The TPS is  a  non-ad jus tab le  un i t .
Remove the two retaining screws and sepa-
rate the TPS from the throttle body.
27 Installation is the reverse of removal.

Mass Aiflow Sensor (MAF)
General Information
Refer to illustrations 4.29 and 4.36
28 The MassAirflow (MAF) Sensor is located
on the air intake duct. This sensor uses a hot
wire sensing element to measure the amount
of air entering the engine. The air passing over
the hot wire causes it to cool. Consequently,
this change in temperature can be converted
into an analog voltage signal to the PCM which
in turn calculates the required fuel injector
pulse width. The OBD-Il system can detect a
variety of different MAF sensor problems and
set codes to indicate the specific trouble area.
Troub le  codes  PO102,  PO103 and P1101,
P1102 are designated MAF sensor and circuit
control codes. lf an OBD-ll SCAN tool is not
available, have the codes extracted from the
PCM by a dealer service department or other
qualified automotive repair facili$.

Gheck
29 To check for power to the MAF sensor,
disconnect the MAF sensor electrical connec-
tor and connect the probes of a voltmeter to
the B+ (+) and the GND (-) terminals on the
harness side of the connector (see illustra-
tion).
30 Reconnect the electrical connector and,
using straight pins or other suitable probes,
backprobe the MAF SIG (+) and GND (-) ter-
minals with the voltmeter. Start the engine
and check the voltage. The voltage should
be 0.2 to 1.5 volts at idle.
31 Raise the engine rpm. The signal voltage
from the MAF sensor should increase to about

2.0 volts. l t  is impossible to simulate driving
conditions in the driveway but it is necessary
to observe the voltmeter for a fluctuation in
signal voltage as the engine speed is raised.
The vehicle will not be under load conditions
but i t  should manage to vary sl ightly. This
parameter is easily monitored on an OBD-Il
SCAN tool. Look for a steady increase in the
voltage signal.
32 lf you suspect a defective MAF sensor,
stop the engine, disconnect the MAF harness
connector. Using an ohmmeter, probe the MAF
terminals SIG (+) and GND (-). lf the hot wire
element inside the sensor has been damaged
it will be indicated by an open circuit (infinite
resistance).
33 lfthe voltage readings are correct, check
the wiring harness for open circuits or a dam-
aged harness (see Chapter 12).

Replacement
34 Disconnect the electrical connector from
the MAF sensor.
35 Remove the upper section of the air
cleaner assembly (see Chapter 4).

4.29 Check for battery voltage to the
B+ terminal on the MAF sensor (key ON

engine not running)

PALMTREESALES1967 - NO RESALE



6-10 Ghapter 6 Emissions and engine control systems

4.36 Disconnect the air inlet duct, remove the nuts (arrows) and
separate the MAF sensor from the air cleaner housing

36 Remove the nuts (see illustration) and
lift the MAF sensor from the engine compart-
ment.
37 Installation is the reverse of removal.

Transmission Range
(IR) sensor (automatic
transmission)
General description
Refer to illustration 4.38
38 The Transmission Range (TR) sensor,
located on the transmission (see il lustra-
tion), indicates to the PCM when the trans-
mission is in Park, Neutral, Drive or Reverse.
This information is used for starting, Trans-
mission Converter Clutch (TCC), Exhaust
Gas.Recirculation (EGR) and ldle Air Control
(lAC) valve operation. For example, if the sig-
nal wire(s) become grounded, it may be difii-
cult to start the engine in Park or Neutral. The
OBD-Il system can detect a variety of different
TR sensor oroblems and set codes to indi-
cate the specific trouble area. Trouble codes

PO707 and PO708 are designated TR sensor
and circuit control codes. lf an OBD-Il SCAN
tool is not available, have the codes extracted
from the PCM by a dealer service department
or other qualified automotive repair facility.

Check
Refer to illustration 4.40
Note: Ihe following checks do not specifically
test for or indicate a Transmission Range
sensor problem. Ihese checks test for power
and cranking voltage to the TR sensor during
staftup and cranking modes. This will verify
that the circuit to the TR sensor (PCM, stafter
relay, wiring hamess, etc.) is working properly
and providing power to the TR sensor. Have
the diagnostic codes extracted from the PCM
before finalizing a defective TR sensor. lf
necessary, have the vehicle diagnosed by a
dealer seruice department.
39 In the event there is a problem with the
Transmission Range (TR) sensor, first check
the terminal connectors for proper attach-
ment.

40 Working on the TR sensor harness on
the computer side, use a voltmeter and with
the ignition key ON (engine not running),
check for power to the switch on terminal
number 2 (vehicles produced before 6/24196)
or terminal number 9 (vehicles produced after
6124196) (see illustration). There should be
voltage present.
41 Disable the ignition system (see Chap-
ter 5) and have an assistant turn the ignition
key to Start and check for cranking voltage to
the TR sensor on terminal number 1 (vehicles
produced before 6124196) or terminal num-ber
10 (vehicles produced after 6/24196). Crank-
ing voltage should be more than 9 volts but
less than battery voltage.
42 The remaining TR sensor checks must
be performed with a specialized SCAN tool.
Have the system checked by a dealer ser-
vice department or other qualified automotive
repair facility.
43 Check the adjustment of the switch. lf
the switch is out of adjUstment, perform the
Drocedure and clear the codes. Check the
system for any other problems.

4.40 Check for battery voltage to the TR sensor on terminal
number 2 (vehicles produced before 6/24196) or terminal

number I (vehicles produced
after 6/24196)

4.38 Location of the Transmission Range sensor (TR)

lt6o5s-&.roiffil

4.52 Disconnect the VSS harness connector and check for
voltage at the connector
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4.53 Remove the VSS and check for a pulsing AC voltage slgnal
as the VSS gear is slowly turned

4,61 Remove the electrical connector from the IAT sensor
(located in air cleaner housing), then check the resistance

of the IAT sensor cold and warm, lt may be necessary to use
simulated conditions to obtain accurate results

Adjustment
44 Follow the transmission shift control
cable adjustment in Chapter 7 and check for a
distinct "click" when the shift lever selects each
gear (Park, Reverse, Neutral, Drive etc.).
45 The shift button should release smoothly
and there should not be any cable binding
preventing smooth transition be-tween gears.

Air conditioning clutch control
46 During air conditioning operation, the
PCM monitors the application of the air con-
ditioning compressor clutch. The PCM com-
mands the IAC valve to adjust the idle speed
of the engine to compensate for the additional
load.
47 First, check for battery voltage to the air
conditioning clutch with the engine running,
the air conditioning system activated and the
air conditioning clutch harness connector dis-
connected. Battery voltage should be avail-
able. lf not, check the air conditioning clutch
solenoid.
48 Use a jumper wire from the battery posi-
tive terminal (+) and apply voltage to the air
conditioning clutch. There should be a definite
"click" when the clutch is activated.
49 Check for battery voltage to the air
conditioning clutch solenoid. Battery voltage
should be present with the air conditioning
system properly charged and the air condi-
tioning selected. Note: lf no power exists,
then check the air conditioning high pressure
cut-out fan switch, the air conditioning clutch
cycling pressure switch, the air conditioning/
heater control assembly (see Chapter 3) and
the 15 amp fuse that protects the circuit (see
Chapter 12).
50 In most cases, if the air conditioning does
not function, the problem is probably related
to the air conditioning system relays and
switches and not the PCM. Refer to Chapter 3
for additional information on the air condition-
ing system and diagnostics.

Vehicle Speed Sensor (YSS)
General description
51 The Vehicle Speed Sensor (VSS) is
located near the rear section of the trans-
mission. This sensor is a variable reluctance
sensor that produces a pulsing voltage pro-
portional to the speed of the vehicle. These
pulses are translated by the PCM and pro-
vlded for other systems for fuel and transmis-
sion shift control. The VSS is part of the Trans-
mission Converter Clutch (TCC) system. The
OBD-Il system can detect a variety of different
VSS problems and set codes to indicate the
specific trouble area. Trouble code PO503 is
a designated VSS and circuit control code. lf
an OBD-ll SCAN tool is not available, have
the codes extracted from the PCM by a dealer
service department or other qualified automo-
tive repair facility.

Check
Referto illustrations 4.52 and 4.53
52 To check the vehicle speed sensor,
remove the electrical connector in the wiring
harness near the sensor. Using a voltmeter,
check for reference voltage to the sensor (see
illustration). With the ignition key ON (engine
not running), the reference wire should have 5
volts available. lf there is no voltage available,
have the PCM diagnosed by a dealer service
department or other qualified repair shop.
53 Place the VSS on a bench and check
for a pulsing voltage signal. Backprobe the
harness connector using two pins and while
slowly spinning the VSS gear, observe that
the voltage signal pulses from 0 to 0.5 volts.
Use the AC scale on the voltmeter (see illus-
tration).

Replacement
54 To replace the VSS, disconnect the elec-
trical connector from the VSS.
55 Remove the retaining bolt and withdraw
the VSS from the transmission.
56 lnstallation is the reverse of removal.

lntake Air Temperature (IAT)
sensor
General description
57 The Intake Air Temperature (lAT) sen-
sor is located inside the air intake duct. This
sensor acts as a resistor which changes value
according to the temperature of the air enter-
ing the engine. Low temperatures produce
a high resistance value (for example, at 68-
degrees F the resistance is 37.3 K-ohms)
while high temperatures produce low resis-
tance values (at 212-degrees F the resistance
is 2.0 K-ohms. The PCM supplies approxi-
mately S-volts (reference voltage) to the IAT
sensor. The voltage will change according to
the temperature of the incoming air. The volt-
age wil l be high when the air temperature
is cold and low when the air temperature is
warm. The OBD-ll system can detect a vari-
ety of different IAT sensor problems and set
codes to indicate the specific trouble area.
Trouble codes PO112 and POI13 are desig-
nated IAT sensor and circuit control codes. lf
an OBD-ll SCAN tool is not available. have
the codes extracted from the PCM by a dealer
service department or other qualified automo-
tive repair facility.

Gheck
Refer to illustrations 4.61
58 To check the IAT sensor, disconnect the
two prong electrical connector and turn the
ignition key ON but do not start the engine.
59 Measure the reference voltage. Refer-
ence voltage should be approximately S-volts.
60 lf the voltage signal is not correct, have
the PCM diagnosed by a dealer service
department or other repair shop.
61 Measure the resistance across the sen-
sor terminals (see illustration). The resis-
tance should be HIGH when the air tempera-
ture is LOW. Next, start the engine and let it
idle (cold). Wait until engine reaches operating
temperature. Turn the ignition OFF, disconnect
the IAT sensor and measure the resistance
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4.66 Location ofthe crankshaft sensor
(arrow) on the V6 engine

across the terminals. The resistance should
be LOW when the air temperature is HIGH.
lf the sensor does not exhibit this change in
resistance, replace it with a new part.

P owe r steeri n g pressure
switch
62 Turning the steering wheel increases
power steering fluid pressure and engine
load. The pressure switch will close before the
load can cause an idle problem.
63 A pressure switch that will not open or an
open circuit from the PCM will cause timing to
retard at idle and this will affect idle quality.
64 A pressure switch that will not close or an
open circuit may cause the engine to die when
the power steering system is used heavily.
65 Any problems with the power steering
pressure switch or circuit should be repaired
by a dealer service department or other quali-
fied repair shop.

Crankshaft positio n sensor
(cKP)
General information
Refer to illustrations 4.66
66 Some models are equipped with a crank-
shaft position sensor. The crankshaft oosition
sensor (see illustration) is mounted adjacent
to a pulse wheel located on the crankshaft. The
crankshaft sensor monitors the oulse wheel as
the teeth pass under the magnetic field created
by the sensor. The pulse wheel has 35 teeth
and a spot where one tooth is missing. By
monitoring the lost tooth, the crankshaft sen-
sor determines the piston travel, crankshaft
position and speed information and sends the
information to the PCM. The OBD-Il system
can detect a variety of different CKP sensor
problems and set codes to indicate the specific
trouble area. Trouble code PO385 is a desig-
nated CKP circuit code. lf an OBD-ll SCAN tool
is not available, have the codes extracted from
the PCM by a dealer service department or
other qualified automotive repair facility. Note:
The crankshaft sensor is also used to detect
misfire in any one of the 6 or 8 cylinders. This

4.68 With the voltmeter set on the AC
scale, check for a pulsing voltage signal
between 0 and 0.05 volts as the engine is

slowly rotated

special misfire detection system will record a
trouble code to indicate which cylinder is misfir-
ing. Trouble codes P0301 through P0310 are
all misfire detection trouble codes.

Gheck
Refer to illustration 4.68
67 Disconnect the CKP sensor electri-
cal connector and with the ignition key ON
(engine not running), check for battery voltage
to the CKP sensor.
68 Connect a voltmeter to the crankshaft
sensor and using the AC scale, check the volt-
age pulses as the gear is slowly rotated (see
illustration). Use a large socket and breaker
bar to rotate the crankshaft pulley.
69 lf no pulsing voltage signal is produced,
reolace the crankshaft sensor.

Replacement
70 Remove the electrical connector and the
retaining bolt. Note: On some models it may
be necessa4u to remove the NC compressor
fo garn access to the sensor (see Chapter 3).
71 Installation is the reverse of removal.

Camsh aft position sensor
General information
Refer to illustration 4.72
72 These models are equipped with a cam-
shaft sensor as well as a crankshaft sensor.
The camshaft sensor signals the PCM to
begin sequential pulsation of the fuel injec-
tors. This camshaft sensor on V6 models is
a Hall Effect switching device activated by a
single vane. This camshaft sensor is mounted
on the top of the engine in the normal location
of the distributor (see illustration). The cam-
shaft sensor in the V8 models is a variable
reluctance device which is triggered by the
high point mark on the camshaft. The sensor
is mounted on the front of the cylinder head
near the camshaft sorocket.

Gheck
V6 models
73 With the ignition key ON (engine not run-
ning), check the signal voltage. Backprobe the

4.72 Location of the camshaft position
sensor on the V6 engine

signal wire (+) (dark green) from the computer
and the ground wire (-) (blacUwhite) and while
slowly rotating the engine, observe that the
voltage pulses from 0 to 5.0 volts. Note; Do
not crank the engine over using the starter but
instead install a breaker bar and socket onto
the front crankshaft pulley bolt and rotate the
engine slowly by hand.
74 lf there is no pulsing signal voltage but
instead a steady 5.0 volt signal, then most
likely the camshaft sensor is defective. lf there
is no voltage available, then the PCM is not
supplying voltage to the camshaft sensor. In
the former case, replace the camshaft sensor.
In the latter case, have the PCM checked by
a dealer service department or other qualified
automotive repair facility.

V8 models
Refer to illustrations 4.76 and 4.77
75 Check for battery voltage to the cam-
shaft position sensor with the ignition key ON
(engine not running).
76 Remove the camshaft sensor from the
engine and place it on a clean workbench
(see illustration).
77 Check the AC voltage output. Install the
probes of a voltmeter set on the AC scale
onto the camshaft sensor and observe that it

4.76 Location of the camshaft position
sensor on a V8 engine
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4.77 Working on the bench, carefully
pass a metal object close to the tip of the
camshaft sensor and see if the AG voltage

fluctuates - if the camshaft sensor does
not exhibit any reaction as the magnetic

field is broken, the sensor must
be replaced

produces a voltage pulse as a metal object is
passed over the tip of the sensor (see illus-
tration).
78 lf no pulsing voltage signal is produced,
replace the camshaft sensor.

Replacement

V6 models
Refer to illustrations 4.85 and 4.89
Note: V6 models equipped with a camshaft
position sensor are mounted on a synchro-
nizer assembly, which is essentially a drive
unit for the sensor. If you are simply replacing
the cam position senso4 fi is not necessary to
remove the synchronizer assembly from the
engine - just remove the screws from f/re sen-
sor, detach it from the synchronizer and install
the new sensor. However, many engine repair
procedures require removal of the synchro-
nizer assembly, in which case it will be neces-
sary to perform the following procedure to time
the synchronizer. This procedure requires the
use of a special tool, available at most auto
parls slores, to properly align the sensor; read
through the entire procedure and obtain the
necessa4/ tool before beginning.
79 Posit ion the number 1 oiston at TDC.
Refer to Chapter 28 for the procedure.
80 Disconnect the cable from the negative
battery terminal.
81 Mark the relat ive oosit ion of the cam-
shaft position sensor electrical connector so
the assembly can be oriented properly upon
installation (this is only necessary if the syn-
chronizer assembly will be removed). Discon-
nect the electrical connector from the cam-
shaft position sensor. Remove the screws
and detach the sensor from the synchronizer
assembly.
82 Partially drain the cooling system (see
Chapter 1).
83 Remove the EGR valve and EGR tube
(see Section 6).
84 Disconnect the heater hose outlet l ine

4.85 Exploded view of the camshaft
position sensor and synchronizer

assembly - VG engine

1 Synchro positioning tool
2 Timing chain cover
3 Clamp
4 Oil pump intermediate shaft
5 Synchronizer
6 Camshaft Posr'fion sensor
7 Bolt

(see Chapter 3).
85 Remove the sensor mounting screws
(see illustration) and lift the sensor from the
housing.
86 lf you will be removing the synchronizer
assembly, remove the bolt and withdraw the
synchronizer from the engine. Note: Rernove
the oil pump intermediate shaft along with
the camshaft position sensor synchronizer
assembly.
87 Place the special alignment tool onto the
synchronizer assembly. Align the vane of the
synchronizer with the radial slot in the special
tool.
88 Turn the tool on the synchronizer until
the boss on the tool is engaged with the notch
on the synchronizer.
89 Transfer the oil pump intermediate shaft
onto the synchronizer assembly. Lubricate the
gear, thrust washer and lower bearing of the
synchronizer assembly with clean engine oil.
Insert the assembly into the engine, with the
arrow tool pointing 54-degrees clockwise from

-
FRONT OF

ENGINE

4.89 With the cam synchronizer installed
and fully seated in the timing cover, the

arrow on the tool (B) should point 54
degrees from the centerline of the

engine (A)

the engine's centerline (see illustration).
90 Turn the tool clockwise a little so the syn-
chronizer engages with the oil pump interme-
diate shaft. Push down on the synchronizer,
turning the tool gently unti l  the gear on the
synchronizer engages with the gear on the
camshafi.
91 Install the hold-down bolt and tighten it
securely. Remove the positioning tool.
92 Install the EGR assembly.
93 Reconnect the heater hose outlet to the
engine block.
94 lnstall the camshaft oosition sensor and
tighten the screws securely. Caution: Check
the position of the electrical connector on
fhe sensor to make sure fi rs aligned with the
mark you made in Step.87. lf it isn't oriented
correctly, DO NOT rotate the synchronizer to
reposition it - doing so will result in the fuel
system being out of time with the engine, pos-
sibly damaging the engine (and at the very
/easf cause driveability problems). lf the con-
nector is not oiented properly, repeat the syn-
ch ron izer in stall ation proced ure.
95 Plug in the electr ical connector to the
sensor and reconnect the cable to the nega-
tive terminal of the battery.

V8 models
96 Remove the power steering fluid reser-
voir from the left cylinder head (see Chapter
10) .
97 Remove the retaining screw and sepa-
rate the camshaft sensor from the cylinder
head (see illustration 4.76).
98 lnstallation is the reverse of removal.

Brake On/Off (BOO) switch
General Information
99 The brake On/Off switch informs the
PCM when the brakes are being applied. The
switch closes when brakes are applied and
opens when the brakes are released. The
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4.104a The knock sensor is located on the iight side of the lower
engine block on the VG engine

4.1 04b Location of the knock sensor on the 4.6L V8 engine

switch is located on the brake pedal assem-
blv.
100 The brake light circuit and bulbs are
wired into the switch circuit so it is important
in diagnosing any driveabil ity problems to
make sure all the brake light bulbs are work-
ing properly (not burned out) or the driver may
feel poor idle quality (see Chapter 7).

Gheck
'101 Disconnect the electrical connector from
the Brake On/Off switch and using a 12 volt
test light, check for battery voltage to the
switch.
102 Also, check continuity from the switch to
the brake light bulbs. Change any burned out
bulbs or damaged wire looms.

Replacement
103 Refer to Chapter 9 for the replacement
orocedure.

Knock sensor
General description
Refer to illustrations 4.104a and 4.104b
104 The knock sensor detects abnormal

vibration in the engine. The sensor produces
an AC output voltage which increases with
the severity of the knock. The signal is fed
into the PCM and the timing is retarded up
to 20 degrees to compensate for severe
detonation. The knock sensor is located on
the right side of the engine block under the
exhaust manifold on V6 models and in the
lifter valley on V8 models (see illustrations).

Gheck
105 Problems with the knock sensor can be
monitored using a special OBD-ll SCAN tool,
have a dealer service deoartment check the
system for correct operation.

Cylinder Head Temperature
GHD sensor
Replacement
Refer to illustration 4.106
106 To remove the sensor, unplug the electri-
cal connectol then carefully unscrew it (see
iflustration). Caution: Handle the CHT sen-
sor with care. Damage to this sensor will affect
the operation of the entire fuel injection sys-
fem. lnstall the sensor and tighten it securely.

Fuel tank pressure (FTP)
sensor
General information
107 The fuel tank pressure (FTP) sensor is
used to monitor the fuel tank pressure or vac-
uum during the OBD-ll test portion for emis-
sions integrity. This test scans various sen-
sors and output actuators to detect abnormal
amounts of fuel vapors that may not be purg-
ing into the canister and/or the intake system
for recycling. The FTP sensor helps the PCM
monitor this pressure differential (pressure vs.
vacuum) inside the fuel tank.

Check
Refer to illustration 4.1 08
108 With the ignition key ON (engine not
running), check for REF voltage to the fuel
tank pressure sensor (see illustration). Volt-
age should be available. lt may be difficult to
access the harness with the fuel tank in place.
Find a location in the harness near the tank to
check for voltage without removing the FTP
sensor and fuel tank from the vehicle.
109 lf voltage is available, the remaining
checks must be performed with a specialized

4.106 Location of the cylinder head temperature sensor on the
5.4L V8 engine

lta0@.a"a.ro8HrYrE I

4.1 08 The fuel tank pressure'sensor is located on the top of the
fuel tank
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SCAN tool. Have the FTP sensor and EVAP
system checked by a dealer service depart-
ment or other qualified repair facility.

Clutch Pedal Position switch
(manual transmission)
General description
110 The Clutch Pedal Position switch is
located on the clutch release arm (see Chap-
ter 7) under the driver's dash. The clutch
pedal position switch acts as a start inhibitor,
preventing power to reach the starter relay
until the clutch pedal is depressed. This switch
works similar as the Transmission Range sen-
sor on automatic transmission models.

Gheck
111 Working on the clutch pedal position
switch harness connector (ignition switch-
side), use a voltmeter and with the ignitibn key
ON (engine not running), check for power to
the switch. There should be voltage present.
112 Working on the clutch pedal position
switch side of the connector. use an ohmme-
ter to check the resistance with the pedal up
and then check it with the pedal depressed.
The switch should register high to infinite
resistance with the pedal released, and zero
resistance with the pedal depressed (refer to
the wiring diagrams at the end of Chap-ter 12
for the proper terminals to check). lf there is
no difierence, replace the switch.
113 lf both these test results are correct.
check the starter system (see Chapter 5).

Adjustment
114 Follow the clutch pedal posit ion switch
replacement and adjustment procedures in
Chapter 8.

Exhaust Gas Recirculation (EGR)
system

General description
Refer to illustrations 5.2
1 The EGR system is used to lower oxides
of nitrogen (NOx) emission levels caused
by high combustion temperatures. The EGR
recirculates a small amount of exhaust gases
into the intake manifold. The additional mixture
lowers the temperature of combustion thereby
reducing the formation of NOx compounds.
2 The EGR flow rate is determined by
monitoring the pressure across a fixed meter-
ing orifice as exhaust gasses pass through it.
This system is called the Differential Pressure
Feedback (DPFE) system (see lllustration).
The pressure sensor monitors upstream
(before) and downstream (after) exhaust
backpressure. This backpressure coefficient
is relayed to the PCM and the conect amount
of EGR (dug cycle) is applied to the EGR vac-
uum regulator control (EVR). By calculating
the difierence between the two pressures, the
PCM detennines exactly the EGR flow rate at
all ddilng conditions. The DPFE is more accu-
rate than early systems in that the computer
does not have to guess at the upstream pres-

5.2 Typical Differential Pressure Feedback EGR (DPFE) system

sure coefficient to determine EGR flow rate as
the engine drives through various road condi-
tions such as hard acceleration, downshifting,
engine misfire, poor fuel combustion, etc. All
these conditions will cause the exhaust back-
pressure to vary and requires more strict and
resoonsive EGR control to limit NOx emission
levels.
3 Here is a list of the various components
on the DPFE EGR system: the EGR valve, the
EGR vacuum regulator, differential feedback
pressure sensor, the PCM, the EGR pipe and
the various vacuum and pressure lines forthe
EGR system.
4 The OBD-ll system can detect a variety
of different EGR system problems and set
codes to indicate the specific trouble area.
Trouble codes P1400 through P1410 are
designated EGR system trouble codes. lf an
OBD-ll SCAN tool is not available. have the
codes extracted from the PCM by a dealer
service department or other qualified automo-
tive repair facility.

Check
5 Too much EGR flow tends to weaken
combustion, causing the engine to run rough
or stop. When EGR flow is excessive, the
engine can stop after a cold start or at idle
after deceleration, the vehicle can surge at
cruising speeds or the idle may be rough. lf
the EGR valve remains constantly open, the
engine may not idle at all.
6 Too little or no EGR flow allows combus-
tion temperatures to get too high during accel-
eration and load conditions. This can cause
spark knock (detonation), engine overheating
or emission test failure.
7 The following checks will help you pin-
point problems in the EGR system. Where the
procedure says to lift up on the EGR valve
diaphragm, it's a good idea to wear a heat-
resistant glove to prevent bums.

EGR valve
8 The EGR valve is controlled by a nor-
mally open EGR vacuum regulator (EVR)
which allows vacuum to Dass when ener-
gized. The PCM energizes the EVR to turn on

the EGR. The PCM controls the EGR when
three conditions are present: engine coolant is
above 113-degrees F, the TPS is at part throt-
tle and the MAF sensor is in its mid-range.
9 Make sure the vacuum hoses are in
good condition and hooked up correctly.
10 To perform a leakage test, hook up a
vacuum pump to the EGR valve. Apply a vac-
uum of 5 to 6 in-Hg to the valve. The vacuum
pump should hold vacuum.
11 lf access is possible, position your finger
tip under the vacuum diaphragm and apply
vacuum to the EGR valve. You should feel
movement of the EGR diaphragm. Warn-
ing: Ihe EGR valve becomes very hot during
engine operation - it's a good idea to wear a
glove when performing this check.
12 Remove the EGR valve (see Step 20)
and clean the inlet and outlet ports with a wire
brush or scraper. Do not sandblast the valve
or clean it with gasoline or solvents. These liq-
uids will destroy the EGR valve diaphragm.
13 lf the specified conditions are not met,
replace the EGR valve.

EGR control system
Referto illustrations 5.16, 5.17 and 5.18
14 lf a code is displayed there are several
possibilities for EGR failure. Engine coolant
temperature (ECT) sensor, TPS, MAF sensor,
TCC system and the engine rpm govern the
parameters the EGR system use for distin-
guishing the correct ON time.
15 These systems use an Electronic Vac-
uum Regulator (EVR) to control the amount
of exhaust gas through the EGR valve. The
valve is normally open (engine at operat-
ing temperature) and the vacuum source is
a ported signal. The PCM uses a controlled
"pulse width" or electronic signal to turn the
EGR ON and OFF (the "duty cycle"). The duty
cycle should be zero percent (no EGR) when
in Park or Neutral, when the TPS input is
below the specified value or when Wide Open
Throftle (WOT) is indicated.
16 To check the EGR vacuum regulator,
disconnect the electrical connector to the
EGR vacuum regulator, turn the ignition key
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5.16 Working on the harness side of the Electronic Vacuum
Regulator (arrow) electrical connector, check for

battery voltage

ON (engine not running) and check for battery
voltage to the solenoid (see illustration). Bat-
tery voltage should be present.
17 Next, use an ohmmeter and check the
resistance of the EGR vacuum regulator.
It should be between 30 and 70 ohms (see
illustratlon).
18 Check for reference voltage to the DPFE
sensor. With the ignition key on (engine not
running), check for voltage on the harness
side of the electrical connector (see illustra-
tion) on terminal VREF. lt should be between
4.0 and 6.0 volts. lf the test results are incor-
rect, replace the DPFE sensor.
19 Check the operation of the Differential
Pressure Feedback (DPFE) sensor. Note:
The DPFE sensor on the Differential Pressure
Feedback EGR sysfems have two exhaust
lines hooked into the EGR tube. Check for sig-
nal voltage to the sensor. Backprobe the cor-
rect terminals and check for a voltage signal
while the engine is running first at cold tem-
peratures and then at warm operating tem-
peratures. With the engine cold there should
be NO EGR therefore the voltage should
be approximately 0.20 to 0.70 volts. As the
engine starts to warm and EGR is signaled by

the computer, voltage values should increase
to approximately 4.0 to 6.0 volts.

Component replacement
EGR valve
20 When buying a new EGR valve, make
sure that you have the right EGR valve. Use
the stamped code located on the top of the
EGR valve.
21 Detach the cable from the negative ter-
minal of the battery.
22 Remove the air cleaner housing assem-
bly (see Chapter 4).
23 Detach the vacuum line from the EGR
valve.
24 Remove the EGR pipe from the exhaust
manifold. Note: On some models, it may
be necessary to remove the brake booster
bracket and nut assembly to gain access lo
the EGR pipe.
25 Remove the bolts securing the EGR
valve to the intake manifold/air intake plenum.
26 Remove the EGR valve and gasket from
the manifold. Discard the gasket.
27 With a wire wheel, buff the exhaust
deposits from the EGR valve mounting sur-

face on the manifold and, if you plan to use
the same valve, the mounting surface of the
valve itself. Look for exhaust deposits in the
valve outlet. Remove deposit build-up with a
screwdriver. Caution: Never wash the valve
in solvents or degreaser - both agents will
permanently damage the diaphragm. Sand
blasting ls a/so nol recommended because it
will affect the operation of the valve.
28 lf the EGR passage contains an exces-
sive build-up of deposits, clean it out with a
wire wheel. Make sure that all loose parlicles
are completely removed to prevent them
from clogging the EGR valve or from being
ingested into the engine.
29 lnstallation is the reverse of removal.

EGR vacuum regulator
30 Detach the cable from the negative ter-
minal of the baftery.
31 Unplug the electrical connector from the
solenoid.
32 Clearly label and'detach both vacuum
hoses.
33 Remove the solenoid mounting screw
and remove the solenoid.
34 Installation is the reverse of removal.

5.1 8 Check for the correct reference voltage to the DPFE sensor
with the ignition key ON (engine not running)

5.17 Check the resistance of the EGR vacuum regulator. lt should
be 30 to 70 ohms

5,38 Remove the DPFE sensor mounting bolts

PALMTREESALES1967 - NO RESALE



Chapter 6 Emissions and engine control systems 6-17

6.15 Check for battery voltage to the Vapor Management valve
with the ignition key ON (engine not running)

DPFE sensor
Refer to illustration 5.38
35 Detach the cable from the negative ter-
minal of the battery.
36 Unplug the electrical connector from the
sensor.
37 Clearly label and detach both vacuum
hoses.
38 Remove the sensor mounting nuts (see
illustration) and remove the assembly.
39 Installation is the reverse of removal.

pressure to the PCM which in turn regulates
the EVAP system purge control system.
4 The OBD-ll system can detect a variety
of different EVAP system problems and set
codes to indicate the specific trouble area.
Trouble codes P0452, P0453 and P1451 are
designated EVAP system trouble codes. lf an
OBD-ll SCAN tool is not available, have the
codes extracted from the PCM by a dealer
service department or other qualified automo-
tive repair facility.

Check
General system checks
5 Poor idle, stal l ing and poor driveabil i ty
can be caused by an inoperative vapor man-
agement valve, a damaged canister, split or
cracked hoses or hoses connected to the
wrong tubes.
6 Evidence of fuel loss or fuel odor can be
caused by fuel leaking from fuel lines or the
throttle body, a cracked or damaged canis-
ter, an inoperative vapor management valve
(VMV), disconnected, misrouted, kinked, dete-
riorated or damaged vapor or control hoses or
an improperly seated air cleaner or air cleaner
gasket.
7 Inspect each hose attached to the canis-
ter for kinks, leaks and breaks along its entire
length. Repair or replace as necessary.
8 Inspect the canister. lf it is cracked or
damaged, replace it.
9 Look for fuel leaking from the bottom of
the canister. lf fuel is leaking, replace the can-
ister and check the hoses and hose routing.

Excessive pressure in fuel tank
10 The easiest way to check for excess
fuel vapor pressure in the fuel tank is simply
remove the gas cap and listen for the sound of
oressure release similar to a flat tire or air com-
pressor discharge. lf the weather is extremely
hot, take into account for the extra pressure
from the heated molecules. The most accu-
rate test is using the OBD-Il SCAN tool. This
will run a series of checks using the fuel tank
pressure sensor and other output actuators
to detect excess oressure. Have the vehicle

diagnosed by a dealer service department or
other qualified automotive repair facility.
11 lf excess pressure is detected, check
the canister fuel vapor hose and inlet port for
blockage or collapsed hoses. Also inspect the
hoses near the VMV and between the fuel
tank and body for kinks and damage.
12 Also, check the evaporative emission
valve. Remove the fuel tank (see Chapter 4)
and check the evaporative emission valve to
make sure the passage through the orifice is
open to atmospheric pressure. lf it is plugged,
reolace the valve.
13 Check the charcoal canister for t ight
ness. Remove the close-off line near the can-
ister and install a hand-held pressure pump.
Pump the canister to approximately 2.5 psi
and confirm that pressure vents through the
close-off line. Now install the pump directly at
the canister and apply 2.5 psi. The pressure
should hold steady.

Fuel vapor odor in engine
compartment
Refer to illustration 6.15
14 Check the hoses around the VMV for
damage or incorrectly routed lines. Correct if
necessary,
15 Check the VMV for baftery voltage. With
the ignit ion key ON (engine not running),
check for battery voltage on the B+ VOLT ter-
minal on the comouter side of the VMV har-
ness connector (see illustration). lf there is
no battery voltage available, have the PCM
diagnosed by a dealer service department or
other qualified automotive repair facility. lf ref-
erence voltage is available to the VMV have
the VMV checked using an OBD-Il SCAN tool
at a dealer service department or other quali-
fied repair facility.

Component replacement
Refer to illustration 6.17
16 Clearly label, then detach, al l  vacuum
lines from the canister.
17 Loosen the canister mounting clamp bolt
and pull the canister out (see illustration).
18 lnstallation is the reverse of removal.

6 Evaporative Emissions Control
System (EVAP)

General description
1 This system is designed to trap and store
fuel vapors that evaporate from the fuel tank,
throttle body and intake manifold during non-
operation or idling, store them in the charcoal
canister and then route them into the com-
bustion chamber to b6 burned during engine
ooeration.
2 The Evaporative Emission Control Sys-
tem (EVAP) consists of a charcoal-filled can-
ister and the lines connecting the canister to
the fuel tank, fuel vapor management valve
(VMV), a fuel tank pressure sensor, fuel filler
cap, fuel vapor valve, ported vacuum and
intake manifold vacuum. Note 1: The evapora-
tive charcoal canlsfer ls mounted on the frame
near the fuel tank on all models. The canister
on the pick-up trucks is rectangular and box-
like while the Expedition/Navigator use a cylin-
drical shaped canister. Note 2: The fuel tank
pressure sensor location and checks are cov-
ered in Section 4, lnformation Sensors.
3 Fuel vapors are transferred from the
fuel tank, thrott le body and intake manifold
to a canister where they are stored when the
engine is not operating. When the engine is
running, the fuel vapors are purged from the
canister by a vapor management valve (VMV)
which is PCM control led, and consumed in
the normal combustion process. The fuel tank
pressure sensor relays the inside fuel tank

6.17 Remove the charcoal canister mounting bolt
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7 Positive Crankcase Ventilation
(PGV) system

Refer to illustration 7.1
1 The Posit ive Crankcase Venti lat ion
(PCV) system reduces hydrocarbon emis-
sions by scavenging crankcase vapors. lt
does this by circulating fresh air from the air
cleaner through the crankcase, where it mixes
with blow-by gases and is then rerouted
through a PCV valve to the intake manifold
(see illustration).
2 The main components of the PCV sys-
tem are the PCV valve, a fresh air filtered Inlet
and the vacuum hoses connecting these two
components with the engine and the EECS
system.
3 To maintain idle quality, the PCV valve
restricts the flow when the intake manifold
vacuum is high. lf abnormal operating condi-
tions arise, the system is designed to allow
excessive amounts of blow-by gases to flow
back through the crankcase vent tube into the
air cleaner to be consumed by normal com-
bustion.

4 Checking and replacement of the PCV
valve and filter is covered in Chapter 1.

8 Gatalytic converter

General description
1 The catalytic converter is an emission
control device added to the exhaust system
to reduce pollutants from the exhaust gas
stream. A single-bed converter design is used
in combination with a three-way (reduction)

CRANKCASE
AIR INTAKE

<-AIR INTAKE

COMBUSTION
PRODUCES

BLOW€YGASES

lE iilffiis-l

7.1 Gas flow in a typical PCV system

catalyst. The catalytic coating on the three-
way catalyst contains platinum and rhodium,
which lowers the levels of oxides of nitrogen
(NOx) as well as hydrocarbons (HC) and car-
bon monoxide (CO).

Check
2 The test equipment for a catalytic con-
verter is expensive and highly sophisticated. lf
you suspect that the converter on your vehicle
is malfunctioning, take it to a dealer or autho-
rized emissions inspection facility for diagno-
sis and repair.

3 Whenever the vehicle is raised for ser-
vicing of underbody components, check the
converter for leaks, corrosion and other dam-
age. lf damage is discovered, the converter
should be replaced.

Replacement
4 Because the converter is part of the
exhaust system, converter replacement
requires removal of the exhaust pipe assem-
bly (see Chapter 4). Take the vehicle, or the
exhaust system, to a dealer service depart-
ment or a muffler shop.
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Specifications

Torque specifications
Shift lever retaining bo|t..................
Transmission-to-engine bolts
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Transmission-to-engine block bolts
Transmission-to-oil pan bolts....

V8 engine.......

1 Generalinformation

FtJbs (unless otherwise indicated)
89 to 123 inibs

30 to 41
28 to 38
30 to 41

Vehicles covered by this manual are
equipped with either a five-speed manual or a
four-speed automatic transmission. Informa-
tion on the manual transmission is included
in this Part of Chapter 7. Information on the
automatic transmission can be found in Part
B of this Chapter. You'll also find certain pro-
cedures common to both transmissions - such
as oil seal replacement - in PartA. Information

on the transfer case used on 4WD models
can be found in Part C.

The MSOD is a fully-synchronized, five-
speed manual transmission with an overdrive
fifth gear. lf you're planning to replace the
transmission, look for the service identification
tag on the right (driver's) side of the transmis-
sion. lf the tag is missing or indecipherable, go
to the Vehicle Safety Compliance Label on the
left (driver's) side door pillar; it has the correct
transmission identifi cation codes.

Depending on the expense involved in
having a transmission overhauled, it might
be a better idea to consider replacing it with
either a new or rebuilt unit. Your local dealer
or transmission shop should be able to sup-
ply information concerning cost, availability
and exchange policy. Regardless of how you
decide to remedy a transmission problem, you
can still save a lot of money by removing and
installing the unit yourself.
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2.1 To remove the shift lever boot, remove
the screws retainlng the bezel

3.4 Remove the extenalon houslng seal
wlth a seal removal tool

2 Shlft lever - removal and
installation

Referto illustntbn 2.1, 2.2a and 2.2b
1 Remove the shift"lever boot retainer
screws (see lllustration) and pull up the boot.
2 Remove the shift lever nut and bolt (see
lllustrations) and pull off the shift lever.
3 lf the inner shift lever boot (the black rub-
ber square-shaped boot below the shift lever),
remove the four boot retaining screws (see
llfustration 2.2b1 and replace it.
4 lnstallation is the reverse of removal. Be
sure to ti$hten the shift lever bolt to the torque
listed in this Chapter's Specifications.

3 Oil seal - replacement

Extension housing seal
Referto illusfiations 3.4 and 3.5
Note: Ihis prccedure applies to both manual
and autom atic fransmr'ssrbns.
1 Oil leaks frequently occur due to wear of
the extension housing oil seal or the vehicle
speed sensor seal. Replacement of these
seals is relatively easy, since the repairs can
usually be performed without removing the

2.2a To remove the shlft lever, remove
this nut. . .

3.5 Install the new extension houslng seal
wlth a large deep socket or section of plpe

transmission from the vehicle.
2 lf you suspect a leak at the extension
housing seal, raise the vehicle and support
it securely on jackstands. lf the vehicle is
equipped with air suspension, turn off the air
suspension system. The switch is located in
the area of the right kick panel (see Chap-
ter 10). Waming: On models with air suspen-
sion, electrical power to the air suspension
system must be turned off before raising the
vehicle. Failure to do so can result in a sudden
inflation or deflation of the air springs, caus-
ing instability of the vehicle while it's off the
ground. The extension housing seal is located
at the rear end of the transmission, where the
driveshaft is attached. lf the extension hous-
ing seal is leaking, lransmission lubricant will
be evident on the front of the driveshaft and
may be dripping from the rear of the transmis-
sion.
3 Remove the driveshaft (see Chapter 8).
4 Using a soft-face hammer, carefully tap
ofi the dust shield, if equipped. Be caretul not
to distort it. Using a screwdriver, pry bar or
seal removal tool, carefully pry out the exten-
sion housing seal (see illustration). Do not
damage the splines on the transmission out-
put shaft.
5 Using a large section of pipe or a very
large deep socket as a drift, install the new

2.2b . .. pull out the bolt and llft off the
lever; to romove the inner shlft lever boot,

remove thege screws (arrows)

3.8 Unplug the electrlcal connector from
the vehlcle spoed sensor

extension housing seal (see lllustratlon).
Drive it into the bore squarely and make sure
it's completely seated. Instrall a new bushing
using the same method. Install the dust shield
(if equipped) by carefully tapping it into place,
6 Lubricate the splines of the transmission
output shafi and the outside of the driveshaft
sleeve yoke with light-weight grease, then
install the driveshaft (see Chapter 8). Be
careful not to damage the lip of the new seal.
Lower the vehicle. Tum on the switch for the
air suspension system, if applicable.

Vehicle speed sensor O-ring
Referto illustrations 3.8, 3.9 and 3.11
7 The vehicle speed sensor is located on
the left side of the extension housing. lf you
suspect a leak at the vehicle speed sensor,
raise the vehicle and support it securely on
jackstands. lf the vehicle is equipped with air
suspension, tum ofi the air suspension system.
The switch is located in the area of the right
kick panel (see Chapter :10). Warning: On
models with air suspension, electical power
to the air suspension system must be turned
off before raising the vehicle. Failure to do so
can result in a sudden inflation or deflation of
the air spings, causing instability of the vehi-
cle while it's off the ground. lf the sensor seal
is leaking, transmission lubricant will be drip-
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3.9 Remove the vehicle speed sensor
retalnlng bolt

ping ftom the left side of the extension housing.
8 Unplug the electrical connector from the
vehicle speed sensor (see lllustration).
9 Remove the sensor retaining bolt (see
lllustratlon).
10 Remove the sensor by pulling it straight
out.
11 Remove the O-ring (see illustratlon).
12 Install a new O-ring. Be sure to lubricate
it with a light coat of clean oil to protect it from
damage when the sensor is installed.
13 lnstallation is the reverce of removal. Be
sure to lubricate the seal and the sensor with
a light coat of clean engine oil before installa-
tion. Lower the vehicle. Tum on the switch for
air suspension system, if applicable.

4 Transmlsslon mount - check and
replacement

Check
Refer to illustration 4,2
1 lf the vehicle is equipped with air sus-
pension, turn off the air suspension system.

1.4a Place a transmission iack or floor jack under the
transmission and raise the transmission iust enough to allow you

to slip the old mount out from between the transmission
and the crossmember. . .

3.11 Remove the vehlcle speed sensor
O.rlng and install a new one; be sure

to lubricate the new O-rlng to protect lt
durlng installation of the sensor

The switch is located in the area of the right
kick panel (see Chapter 10). Warning: On
models with air suspension, electrical power
to the air suspenslon sysfem must be tumed
off before raising tho vehicle. Failure to do so
can result in a sudden inflation or deflation of
the air springs, causing instability of the vehi-
cle while it's off the ground.
2 Insert a large screwdriver or pry bar into
the space between the transmission and the
crossmember and try to pry the transmission
up slightly (see illustratlon). The transmis-
sion should not move away from the insulator
much. lf tfrere is any separation of the rubber,
the mount is wom out.

Replacement
Refer to illustration 4.3, 4.4a and 4.4b
3 Remove the nuts attaching the mount to
the crossmember (see illustration).
4 Raise the transmission slightly with a
jack, remove the bolts aftaching the mount to
the transmission (see illustratlons). Remove
the mount.

4.2 To check the transmission mount,
insert a prybar or large screwdriver and

try to lever tho transmisslon up and down;
if the transmission ls easlly moved, look
closely at the rubber insulator part of the
mount - lt's probably torn or cracked, and

must be replaced

4.3 Remove the transmlssion mount-to-
crossmember nuts (arrows)

4,4b . .. remove the mount bolts (arrows) and remove the mount
(crossmember removed for clarity, but crossmember removal

is not necessary)
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5.1 0 Unplug the electrical connectors (arrows) for the oxygen
sensors; and detach the fuel line bracket (arrow)

5.13 Remove the heat shield bolts (one per shield) which attach
the heat shields to the crossmember, and detach the heat shields

(right heat shield shown, left similar)

5 Installation is the reverse of the removal
procedure. Be sure to tighten the nuts/bolts
securely.
6 Remove the jackstands and lower the
vehicle. Turn on the switch for the air susoen-
sion system, if applicable.

5.11 Support the engine with a floor jack; be sure to put a block
ofwood between the oil pan and thejack head to protect the pan

from damage

5.15a To detach the rear crossmembor from the frame, remove
these nuts (arrows) from the left end . . .

5,15b . . . and these nuts (arrows) from
the right end

Manual transmission - removal
and installation

Removal
Referto illustrations 5.10, 5.11, 5.13, 5.15a,
5.15b, 5.17, 5.19, 5.20a, 5.20b, 5.20c, 5.21a,
5.21b and 5.23
1 Disconnect the negative battery cable
from the battery.
2 Place the transmission in Neutral.
3 Remove the shif t  lever and inner shif t
lever boot (see Section 2).
4 l f  the vehicle is equipped with air sus-
pension, turn off the air suspension system.
The switch is located in the area of the right
kick panel (see Chapter 10). Warning: On
models with air suspension, electrical power
to the air suspensrbn system must be turned
off before raising the vehicle. Failure to do so
can result in a sudden inflation or deflation of
the air springs, causing instability of the vehi-
cle while it's off the ground.
5 Raise the vehicle and support it securely
on jackstands.
6 Remove the driveshaft(s) (see Chap-
ter 8).

7 On 4WD models, remove the skid plate
and transfer case (see Chapter 7C).
8 Disconnect the clutch hydraulic line (see
Chapter 8).
I Remove the starter motor (see Chap-
ter 5).
10 Unplug the electr ical connectors from
the two heated oxygen sensors (see illustra.
t ion).
11 Place a floor jack under the engine (see
illustration). Put a block of wood between the
jack head and the engine oil pan.
12 Remove the two transmission mount-to-
crossmember nuts (see illustration 4,3).
13 Detach the left  and r ight heat shields
from the crossmember: there's one bolt for
each shield (see illustration).
''|4 Place a transmission jack or a floor jack
under the transmission and secure the trans-
mission to the jack with safety chains.
15 Raise the transmission sl ightly to take
the weight off the crossmember, then remove
the rear crossmember (see illustrations).
16 Remove the transmission mount (see
Section 4).
17 Remove the exhaust pipe bracket nuts
(see illustration) and detach the pipe from
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5.1 7 Remove these exhaust pipe bracket nuts (arrows) and
detach the bracket

5.19 On V6 engines, remove the oil pan-to+ngine bolts (arrows)

5.20a On V6 engines, remove the six engine-to-transmission
bolts: there are two on the left (arrows) . . .

5.20c . . . and the two up top which can be removed with
a long extension

the brackets.
18 Remove the fuel l ine bracket nut (see
i l lustrat ion 5.10).
19 On vehicles with a V6 engine, remove
the oil pan-totransmission bolts (see illustra-
t ion).

5.21a On V8 engines, remove the transmission-to-engine bolts
(arrows) from the left side . . .

20 On vehicles with a V6 engine, remove
the six engine{otransmission bolts (see
illustrations).
21 On vehicles with a V8 engine, remove
the six transmission-to-engine bolts (see
illustrations).

22 Remove the exhaust pipe-to-exhaust
manifold nuts from both exhaust pipe flanges
(see Chapter 4).
23 Make a f inal check that al l  wires have
been disconnected from the transmission,
then move the transmission and iack toward

5.20b . . . two more on the right (arrows) . . .
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5.21b .. . and transmission-to+ngine bolts (arrows) from the
rlght side

the rear of the vehicle until the transmission
input shaft is clear of the clutch or clutch
housing. lf the transmission input shaft is dif-
ficult to disengage from the clutch hub, use a
prybar to separate the transmission from the
engine (eee lllustration). Keep the transmis-
sion level as you pull it to the rear.
24 Once the input shaft is clear, lower the
transmission and remove it from under the
vehicle. Cautlon: Do not depress the clutch
pedalwhile fhe fransmisslon is out of the vehi-
cle.
25 Inspect the clutch components. Gener-
ally speaking, new clutch components should
always be installed anytime the transmission
is removed (see Chapter 8).

lnstallation
26 Install the clutch components, if they
were removed (see Chapter 8).
27 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 plate hub. Do not
use excessive force to install the transmis-
sion - if the input shaft won't slide into place,
readjust the angle of the transmission or turn
the input shaft so the splines engage properly
with the clutch.
28 Once the transmission is flush with the
clutch housing or engine, install the transmis-
sion-toengine or transmission{oclutch housing
bolts. Tighten the bolts to the torque listed in
this Chapter's Specifi cations.
29 Install the transmission mount and

crossmember. Tighten all nuts and bolts
securely.
30 Remove the jacks supporting the trans-
mission and the engine.
31 Install the various components removed
previously. Be sure to tighten all transmis-
sion-to-engine and (on V6 engines) oil pan-to-
transmission bolts to the torque listed in this
Chapter's Specifications. Refer to Chapter 7,
Part C, for installation of the transfer case (if
equipped), Chapter 8 for the installation of the
driveshaft(s) and Chapter 4 for information
regarding the exhaust system components.
To connect the clutch hydraulic line, refer to
Chapter 8.
32 Make a final check to verifu all wires and
hoses have been reconnected and the trans-
mission has been filled with lubricant to the
proper level (see Chapter 1). Lower the vehicle.
Turn on the switch for the air suspension sys-
tem, if applicable.
33 Install the inner shift lever boot, the shift
lever and the outer boot (see Section 2).
34 Connect the negative battery cable.
Road test the vehicle and check for leaks.

6 Manual transmission overhaul -
general information

Overhaul ing a manual  t ransmiss ion
is a difficult job for the do-it-yourselfer. lt
involves the disassembly and reassembly
of many small parts. Numerous clearances
must be precisely measured and, if neces-

5.23 lf the transmission input shaft hangs up on the clutch hub,
the transmission may be difficult to separate from the engine; if

this happens, carefully separate the two with a large
prybar as shown

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.

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.

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,

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.

Before taking the transmission apart for
repair, it will help if you have some idea what
area of the transmission is malfunctioning.
Certain problems can be closely tied to spe-
cif ic 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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Chapter 7 Part B
Automatic transm ission
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Automatic transmission fluid and filter change... See Chapter 1
Automatic transmission fluid level check......................... See Chapter 1
Automatic transmission - removal and installation I
Diagnosis - general 2
Oil seal- replacement ... See Chapter 7A
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Shift cable - removal, installation and adjustment......................... 6
Shift indicator cable adjustment .................... 4

SeclJon

Shift lever - removal and installation 3
Shift interlock system - description, check and

actuator replacement I
Transmission control switch - description, check

and rep1acement . . . . . . . . . , . . . . . . . . . .  . .  5
Transmission mount - check and replacement............. See Chapter 7A
Transmission Range (TR) sensor - description,

adjustment and rep1acement.. . . . . . . . . . . . . . . . . . .  7

Specifications

General
Transmission fl uid type.........

Torque specifications
Manual lever nut (4R70W)
Transmission range sensor retaining screws

4R70W... . . . . . . . .
E4OD and 4Rl 00.. . . . . . . . . . . .

Transmission-to-engine bolts . . . . . . . . . . . . . . .
Torque converter nuts.. . . . . . . . . . .

General information

See Chapter 1

Ft-lbs
22to 26

62 to 89 inlbs
71 to 88 inlbs
30 to 40
22to 30

cally. Both transmissions do, however, use a
shift cable for manual shifting.

Because of the complexity of the clutches
and the electronic and hydraulic control sys-
tems, and because of the special tools and
exoertise needed to overhaul an automatic
transmission, diagnosis and repair of this
transmission must be handled by a dealer ser-
vice department or a transmission repair shop.
The procedures in this Chapter are limited to
general diagnosis, routine maintenance and
adjustment: replacing the shift lever, replac-
ing and adjusting the shift cable, and similar
jobs. Serious repair work, however, must be
done by a transmission specialist. But if the
transmission must be rebuilt or replaced, you
can save money by removing and installing it
yourself, so instructions for that procedure are
included as well.

Caution: lf a vehicle with an automatic trans-
mlssion is disabled, do NOT tow it at speeds
greater than 30 mph or disfances over 50
miles.

Models equipped with an automatic
transmission use either a 4R70W an E4OD,
or a 4R100. Though different in design, they're
similar in operation: electronic-shift four-speed
with a lock-up torque converter, known as a
torque converter clutch, or TCC (the TCC pro-
vides a direct connection between the engine
and the drive wheels for improved efficiency
and fuel economy). Neither transmission uses
a throttle valve (TV) system. Instead, the
transmission kickdown function normally con-
kolled by the TV cable is controlled electroni-

2 Diagnosis - general

Note: Automatic transmission malfunctions
may be caused by five general conditions:
poor engine pertormance, improper adjust-
ments, hydraulic malfunctions, mechanical
malfunctions or malfunctions in the computer
or its signal netwo*. Diagnosis of these prob-
lems should always begin with a check of the
easily repaired items: fluid level and condition
(Chapter 1), and shift cable adjustment. Next,
pertorm a road test to determine if the prob-
lem has been corrected or if more diagnosis
ls necessa4z. lf the problem persisfs after the
preliminary fesfs and corrections are com-
pleted, additional diagnosis should be done
by a dealer seruice department ortnnsmlssrbn
repair shop. Refer to the Troubleshooting Sec-
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tion at the front of this manual for information
on symptoms of transmission problems.

Preliminary checks
1 Drive the vehicle to warm the transmis-
sion to normal operating temperature.
2 Check the f luid 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 below).

b) lf 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 intemal radia-
tor walls that separate the coolant from
the transmission fluid (see Chapter 3).

c) lf the fluid is foaming, drain it and refill
the transmission, then check for coolant
in the fluid or a high fluid level.

3 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.
4 Inspect the shift cable (see Section 6).
Make sure it's properly adjusted and operates
smoothly.

Fluid leak diagnosis
5 Most fluid leaks are easy to locate visually.
Repair usually consists of replacing a seal or
gasket. lf a leak is difficult to find, the following
procedure may help.
6 ldenti fy the f luid. Make sure i t 's trans-
mission fluid and not engine oil or brake fluid
(automatic transmission fluid is a deep red
color).
7 fry to pinpoint the source of the leak.
Drive the vehicle several miles, then park i t
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 f luid
dripping onto the cardboard.
8 Make a careful visual insoection of the
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.
9 lf the leak still cannot be found. clean the
suspected area thoroughly with a degreaser
or solvent, then dry it.
10 Drive the vehicle for several miles at
normal operating temperature and varying
speeds. After driving the vehicle, visual ly
inspect the suspected component again.
11 Once the leak has been located. the
cause must be determined before it can be
properly repaired. lf a gasket is replaced but
the sealing flange is bent, the new gasket will
not stop the leak. The bent flange must be
straightened.
12 Before attempting to repair a leak, check
to make sure the following conditions are cor-
rected or they may cause another leak. Note:
Some of the following conditions cannot be
fixed without highly specialized tools and

expeftise. Such problems must be refened to
a transmission repair shop or a dealer seruice
department.

Gasket leaks
13 Check the pan periodical ly. 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).
14 l f  the pan gasket is leaking, the f luid
level or the fluid pressure may be too high,
the vent may be plugged, the pan bolts may
be too t ight, the pan seal ing f lange 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. lf sealant instead
of gasket material has been used to form a
seal between the oan and the transmission
housing, it may be the wrong sealant.

Seal leaks
15 l f  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.
16 Make sure the dipst ick tube seal is
in good condit ion and the tube is properly
seated. Periodical ly check the area around
the speedometer gear or sensor for leak-
age. lf transmission fluid is evident, check the
O-ring for damage.

Case leaks
17 l f  the case i tself  appears to be leak-
ing, the casting is porous and will have to be
repaired or replaced.
18 Make sure the oil cooler hose fittings are
tight and in good condition.

Fluid comes out vent pipe or fil l
tube
19 lf this condition occurs, 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 indicator cable adjustment

1 Remove the upper steering column cover
(see Chapter 11 ).
2 Put the shift lever in the Drive position.
3 Move the shif t  lever clockwise unti l  i t
stops (all the way to the 1st gear position),
then move it back two detent positions to the
Drive position.
4 Hang an eight-pound weight on the shift
lever to hold it in olace.
5 Center the indicator needle (the pointer)
in the middle of the Drive position.
6 Rotate the thumbwheel on the bottom of
the steering column to remove all slack from

the indicator cable.
7 Install the upper steering column cover.

4 Shift lever - removal and
installation

1 Remove the ignition key lock cylinder
(see Chapter 12).
2 Remove the upper steering column
shroud.
3 Unplug the electrical connector for the
transmission control switch (TCS).
4 Remove the shift lever oin and discard it.
5 Remove the shift lever assembly.
6 lnstallation is the reverse of removal. Be
sure to replace the shift lever pin; do NOT use
the old pin.

5 Transmission control switch
- description, check and
component replacement

Description
1 Normally, the powertrain control mod-
ule (PCM) allows automatic shifts from first
through fourth gear. When the transmission
control switch (TCS) is pressed, overdrive is
overridden, and the PCM allows shifts from
first through third only. (The PCM also turns
on the transmission control indicator lamo
(TCIL), an LED which indicates that "overdrive
cancel mode" has been activated. lf the TCIL
flashes instead, there's either a sensor failure
or a short in the electronic pressure control cir-
cuit (EPC); in either event, take the vehicle to
a dealer to have the system serviced.) When
the switch is pressed again, normal operation
is resumed.

Check
2 The TCS crrcur| can be fully tested only
at the dealer. However, there are some simple
tests you can do to determine whether the
switch itself is bad:

a) Check fuse 29 (see Chapter 12). Fuse
29 is a 10A fuse on 1997 pick-ups and
a 5A fuse on 1998 and later pick-ups,
Exped ition s and N avigators.

b) Remove fhe ICS (see below) and check
the resistance of the switch. When the
TCS button ls pressed and held down
(it's a momentary-contact swlfch, so
you have to hold it down to measure
the resistance), the resistance should
be /ess than 5 ohms; when the button
is released, resistance should be more
than 10 K-ohms. lf the TCS doesn't per-
form as described, replace it. lf the indi-
cated resistance is within the specified
range, go to the next test.

c) Apply battery voltage to the TCS and
verify that the TCIL comes on. lf it
doesn't, replace fhe ICS. lf it does come
on, the switch is okay. Take the vehicle
to a dealer to have the remainder of the
system checked out.
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Component replacement
3 Remove the TCS cover.
4 Remove the TCS.
5 lnstallation is the reverse of removal.

Shift cable - removal, installation
and adjustment

Removal and installation
1 Detach the shift cable from the steering
column shift tube lever.
2 Detach the shift cable from the steering
column bracket.
3 Push the rubber grommet and shift cable
through the firewall.
4 lf the vehicle is equipped with air suspen-
sion, turn off the air suspension system. The
switch is located in the area of the right kick
panel. Warnfng: On models with air suspen-
sion, electrical power to the air suspenslon
sysfem musf be turned off before raising the
vehicle (see Chapter 10). Failure to do so can
result in a sudden inflation or deflation of the
air springs, causing instability of the vehicle
while it's off the ground.
5 Raise the vehicle and place i t  securely
on jackstands.
6 Detach the shift cable from the manual
tever.
7 Detach the shift cable from the cable
bracket.
8 Installation is the reverse of removal. Be
sure to adjust the cable before reattaching it
to the manual lever (see below). lf the vehicle
is equipped with air suspension, reactivate
the air suspension system by turning on the
switch.

Adjustment
9 Put the shift lever in the Drive position
and put an eight-pound weight on the lever to
hold it there.
10 lf the vehicle is equipped with air suspen-
sion, deactivate the air suspension system by
turning off the air suspension switch, which is
located on the right kick panel. Warning: On
models with air suspenslon, electrical power
to the air suspenslon syslem musf be tumed
off before raising the vehicle. Failure to do so
can result in a sudden inflation or deflation of
the air springs, causing instability of the vehi-
cle while it's off the ground.
11 Raise the vehicle and support it securely
on jackstands.
12 Detach the shift cable from the manual
lever.
13 Unlock the lock tab on the shift cable.
14 Move the manual lever to the First gear
position, then move it back two detent posi-
tions to the Drive position.
15 Reattach the shift cable to the manual
lever.
16 Lock the shift cable locking tab.
17 l f  the vehicle is equipped with air sus-
pension, reactivate the air suspension system
by turning on the switch.

18 Remove the jackstands and lower the
vehicle.
19 Remove the weight from the shift lever.
20 Move the shift lever through all gear posi-
tions and verify that the indicated positions
correspond with the actual gear positions at
the manual lever. Also verify that the engine
will start only in Park and Neutral, and that the
back-up lights come on when the shift lever is
placed in Reverse. lf necessary readjust the
cable unti l  these condit ions are met. l t  may
also be necessary to adjust the transmission
range sensor (see Section 7).

7 Transmission Range (TR) sensor
- description, adjustment and
replacement

Description
1 The Transmission Range (TR) sensor,
which is located at the manual lever on the
transmission, is an information sensor for the
powertrain control module (PCM). Among its
functions are those normally handled by a
conventional ParUNeutral switch: it prevents
the engine from starting in any gear other than
Park or Neutral. and closes the circuit for the
back-up lights when the shift lever is moved
to Reverse. The TR sensor also contains the
sensing circuit for Neutral in 4X4 Low range
on 4WD models. For information on the TR
sensor's other functions, refer to Chapter 6.

Adjustment
Refer to illustration 7.5
2 lf the engine starts in any position other
Park or Neutral, the TR sensor is either out of
adjustment or defective. First, perform a quick
functional check to verify that the sensor is
operating properly.
3 lf the vehicle is equipped with air suspen-
sion, deactivate the air suspension system by
turning off the air suspension switch, which is
located on the right kick panel. Warning: On
models with air suspension, electrical power
to the air suspension system must be turned
off before raising the vehicle (see Chap-

ter 10). Failure to do so can result in a sudden
inflation or deflation of the air springs, caus-
ing instability of the vehicle while it's off the
grouncl.
4 Raise the vehicle and support it securely
on jackstands.
5 The factory recommends a special trans-
mission range (TR) sensor al ignment tool,
available at most auto parts stores, but there's
a quick and easy method to verify whether the
sensor is adjusted, and to adjust it if it isn't:

a) Turn the ignition switch to On, put the
shift lever in Reverse and verify that the
back-up lights come on:

b) lf they do, but the engine can't be stafted
in Park or Neutral, or it can be started in
any gear other than Park or Neutral, then
fhe sensor is probably defective. The
complete sensor check procedure is in
Chapter 6.

c) If they don't, detach the shift cable from
the manual lever (see Section 6), loosen
the sensor retaining bolfs (see illustra-
tion) and move the sensor slightly until
the back-up lights come on. Tighten the
sensor retaining bolts to the torque listed
in this Chapter's Specifications and reat-
tach the shift cable.

d) lf you can't get the back-up lights to
come on by moving fhe sensor slightly,
verify that the back-up lights and the
back-up light circuit are okay (see Chap-
ter 12 and the Wiring Diagrams at the
end of Chapter 12). lf the back-up lights
and circuit are okay, the sensor is prob-
ably bad. Refer to Chapter 6.

6 Remove the jackstands and lower the
vehicle. lf the vehicle is equipped with air sus-
pension, reactivate the air suspension system
by turning on the switch.

Replacement
7 lf the vehicle is equipped with air suspen-
sion, deactivate the air suspension system by
turning off the air suspension switch, which is
located on the right kick panel. Warning: On
models with air suspenslon, electrical power
to the air suspenslon system must be turned
off before raising the vehicle (see Chap-
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9.7a On vehicles equipped with a V6 engine and a 4R70W
transmission, romove the iransmission inspection cover bolts

(arrows) and remove the cover

ter 10). Failure fo do so can result in a sudden
inflation or deflation of the air springs, caus-
ing instability of the vehicle while it's off the
grcund.
8 Raise the vehicle and place it securely
on jackstands.
9 Unplug the electrical connector from the
TR sensor.
10 Detach the shift cable from the manual
lever (see Section 6).
11 On vehicles equipped with a 4R70W
transmission, remove the manual lever; on
models with an E4OD or 4R100. the manual
lever is between the TR sensor and the trans-
mission, so it doesn't need to be removed.)
12 Remove tha TR sensor retaining bolts
(see.illustration 7.5).
13 RemovetheTRsensor.
14 Installation is the reverse of removal. Be
sure to tighten the sensor retaining screws
to the torque listed in this Chapter's Specifi-
cations and adjust the sensor (see Step 5).
Remove the jackstands and lower the vehicle.
lf the vehicle is equipped with air suspension,
reactivate the air suspension system by turn-
ing on the switch.

9.7b On vehicles with a VB engine and a 4R70W or a 4R100
lransmission, remove both the metal inspection cover and remove

this plastic plug lrom the access hole in the left rear part of the
block; models with an E4OD transmission are also equipped with

a metal accsss cover and an accesa hole in the block

8 Shift interlock system -
deacription, check and actuator
replacement

Description
1 The shift interlock system prevents the
shift lever from being moved out of the Park
position unless the brake pedal is depressed.
The system consists of a shift lock actua-
tor mounted on the steering column. When
the ignition key is tumed to the Run position,
the actuator is energized unless the brake
pedal is depressed. lf the shift lever cannot
be moved out of the Park position when the
brake pedal is applied, the following series of
simple checks will help you quickly pinpoint
the problem:

Check
2 The shift lock actuator receives voltage
when the ignition key is in the Run position.
This circuit energizes the actuator and it pre-
vents you from moving the shift lever out of
the Park position. The actuator also receives
voltage from another circuit, through the brake
light switch, that is closed only when the brake
pedal is depressed. lt's this second circuit that
de-energizes the solid state actuator when
the brake pedal is depressed. So first, try to
verify that the actuator is working.
3 Get inside the vehicle, close the doors
and windows, start the engine, let it settle
down to a fully warmed-up idle, put your head
under the dash so that your ear is close to
the actuator (it's mounted on the steering col-
umn), then depress the brake pedal and listen
carefully for the sound of the acluator click-
ing.
4 lf you don't hear the actuator click when
you depress the brake pedal, check the 5A
fuse for the actuator and the 1 5A fuse for the
brake light switch (see Chapter 12). Replace
either fuse if it's bad and recheck the ac{uator.
5 lf the actuator and brake light switch
fuses are good but the actuator still doesn't
click when the brake pedal is depressed, ver-
ify that the actuator is getting battery voltage
through both circuits (one is hot in the Run
position, one is hot only when the brake ljght
switch is closed).
6 lf the actuator isn't getting voltage
through the first "hot-in-Run-only" circuit,
repair that circuit and retest.
7 lf the actuator isn't getting voltage
through the brake light switch circuit, apply
the brake pedal and verify that the brake lights
come on.
a) lf the brake lights don't come on, trou-

bleshoot the brake light circuit and
determine whether the circuit itself or
the brake light switch is defective (see
Chapter 9), make the necessary repairs
or component replacement, then retest
the actuator.

b) lf the brake lights come on, the brake
light switch and circuit are okay. Repair
the circuit between the brake light switch
and the actuator and retest.

c) lf the actuator still doesnt work, replace
it (see below).

Actuator replacement
8 Remove the steering column (see Chap-
ter 10).
9 Remove the three shift lock actuator
bolts,
10 Remove the insert plate and shift lock
actuator.
11 Remove and discard the shift lock
actuator clip. (The shift lock actuator clip
is an assembly aid and doesn't need to be
replaced). Separate the insert plate from the
shift lock actuator.
12 Installation is the reverse of removal.

9 Automatic transmission -
removal and installation

Removal
Refer to illustrations 9.7a, 9.7b, 9.8, 9.11 ,
9.15 and 9,16
1 Disconnect the negative battery cable
from the battery.
2 Put the shift lever in the Neutral position.
3 Remove the transmission harness elec-
trical connector retaining bolt and detach and
unplug the c,onnector.
4 lf the vehicle is equipped with air sus-
pension, deactivate the air suspension sys-
tem by turning off the air suspension switch,
which is located on the right kick panel. Warn-
ing: On models with air suspension, electri-
cal power to the air suspensrbn sysfem must
be tumed off before raising the vehicle (see
Chapter 10). Failure to do so can result in a
sudden inflation or deflation of the air springs,
causing instability of the vehicle while it's off
the ground. Raise the vehicle and support it
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9.8 Remove the four torque converter
retaining nuts (arrow); rotate the

crankshaft to brlng each nut within reach
through the inspection cover hole

securely on jackstands.
5 Remove the driveshaft(s) (see Chapter
8).
6 On 4WD models, remove the skid plate,
if equipped, and transfer case (see Chap-
Iter 7C).
7 On vehicles equipped with a V6 engine
and a 4R70W or 4R100 transmission, remove
the transmission inspection cover (see illus-
tration); on vehicles with a V8 engine and a
4R70W transmission, remove both the metal
inspection cover and remove the rubber plug
from the access hole in the left rear part of
the block (see il lustration). Models with an
E4OD transmission are also equipped with a
metal access cover and the access hole in the
block; remove the rubber plug and the metal
cover on these models, as well.
I Mark the relationship of the torque con-
verter to the driveplate, then remove the four
torque converter retaining nuts (see illustra-
tion). Rotate the crankshaft to bring each
nut within reach through the inspection cover
hole.
I Remove the starter motor (see Chap-
ter 5).

9,1'l Disconnect the transmission oil
cooler lines (arrow) (other line, not visible
in this photo, is located above and behind

this one)

10 Disconnect the shift cable from the man-
ual lever and from the cable bracket (see Sec-
tion 6).
11 Disconnect the transmission oil cooler
lines (see illustration).
12 Unplug the electrical connectors from
the two heated oxygen sensors (see Chap-
ter 6), the vehicle speed sensor, the output
shaft sensor, the transmission range sensor
(all on the left side, and the solenoid body
assembly (on the right side).
13 Place a floor jack under the engine.
Place a wood block between the jack head
and the engine oil pan.
'14 Place a transmission jack or a floor jack
under the transmission and secure the trans-
mission to the jack with safety chains.
'15 Remove the two nuts (see illustration)
that attach the transmission mount to the
crossmernber.
16 Remove the two heat shield bolts (see
illustration).
17 Raise the transmission slightly to take
the weight off the crossmember, then remove
the crossmember bolts and remove the
crossmemDer.

18 Remove the nuts or bolts that attach the
transmission mount to the transmission, then
remove the mount.
19 Remove the dipstick tube. On some mod-
els, the tube is a two-piece design: the upper
half has a welded-on bracket that's bolted to
the head; once unbolted from the head, it can
be removed separately from the lower part of
the tube.
20 Remove the exhaust pipe bracket nuts
and the bracket (see Chapter 4).
21 Remove the fuel line bracket (see Chap-
ter 4).
22 Remove the transmission-to-engine
bolts.
23 Detach the exhaust pipes from the
exhaust manifolds (see Chapter 4).
24 Make a final check that all wires have
been disconnected from the transmission.
then move the transmission and jack toward
the rear of the vehicle until the torque con-
verter is separated from the driveplate. Secure
the torque converter to the transmission so it
won't fall out during removal.

lnstallation
25 Prior to installation, make sure the torque
coRverter hub is securely engaged with the
pump gear.
26 With the transmission secured to the
jack, raise it into position. Be sure to keep it
level so the torque converter doesn't fall out
and disengage itself from the pump gear.
27 Turn the torque converter until the marks
on the converter and driveplate are aligned.
28 Move the transmission forward carefully
until the dowel pins engage with the holes in
the bellhousing.
29 Attach the exhaust pipes to the exhaust
manifolds (see Chapter 4).
30 Install the transmission-to-engine bolts
and tighten them to the torque listed in this
Chapter's Specifications.
31 Attach the fuel l ine bracket and the
exhaust  p ipe bracket .  T ighten a l l  nuts
securely.
32 lnstall the transmission mount and
crossmember and tighten all nuts and bolts
securely.

9.15 Remove the two nuts (arrows) that attach the transmission
mount io the crossmember, then raise the transmission slightly,

unbolt the crossmember and remove it
9.16 Remove the two heat shield bolts
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33 lnstall the heat shield bolts and tighten
them securely.
34 Install the two transmission mount nuts
and tighten them securely.
35 Remove the jacks supporting the lrans-
mission and the engine.
36 Plug in the two heated oxygen sensor
connectors.
37 Attach the two oil cooler lines.
38 Attach the shift cable to the manual lever
(see Section 6).

39 Install the fourtorque converter nuts and
tighten them to the torque listed in this Chap-
ter's Specifications.
40 Install the transmission inspection cover
and tighten the bolts securely. Install the rub-
ber access plug (if equipped).
41 Install the starter motor (see Chapter 5).
42 Install the dipstick tube.
43 lf the vehicle is equipped with 4WD,
install the transfer case (see Chapter 7C).
44 Install the driveshaft(s) (see Chapter 8).

45 Remove jacks and jackstands and lower
the vehicle.
46 Plug in the electrical connector for the
transmission harness. Install the connector
retaining bolt and tighten it securely.
47 Attach the negative battery cable.
48 Fill the transmission with the specified
fluid (Chapter 1), run the engine and check for
fluid leaks.
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Ghapter 7 Part C
Transfer case
Contents

Secflon
4WD indicator switch (manual-shift models) - replacement..........
Electric shift motor (electric-shift models) - replacement.
General information... . .
Shift lever (manual-shift models) - removal and installation..........

Oil seal - replacement
Shift range selector switch (electric-shift models) - replacement..
Transfer case - removal and installation

4
7

2

1
2

Specifications

Torque specification
Transfer case-to-transmission bolts

I General information

Four-wheel drive (4WD) models are
equipped with a Borg-Warner 44-06 manuaF
shift (44-06-000-10) or electric-shift (44-06-
000-11) transfer case mounted on the rear
of the transmission. Drive is transmitted from
the engine, through the transmission and the
transfer case, to the front and rear axles by
driveshafts.

We don't recommend trying to rebuild
any of these transfer cases at home. They're
difficult to overhaul without special tools, and
rebuilt units are available for less than it would
cost to rebuild your own. However, there are
a number of components that you can check,
adjust and/or replace - and those are the
items covered in this Chapter.

Ft-lbs
30 to 40

M ec h a n ical s h ift-o n-th e-fly
(MSOF) sysfern (Pick-up only)

The mechanical shift-on-the-fly (MSOF)
system on trucks allows the driver to manu-
ally select one of three ranges, 2WD High,
4WD Low or 4WD High. The driver can switch
between 2WD High and 4WD High at speeds
up to 55 mph (up to 45 mph at temperatures
below 32 degrees F). 4WD Low can only be
engaged or disengaged with the brake pedal
depressed, the transmission in Neutral, and
the speed under three mph (this is not a syn-
chronized shift).

When shifting from 2WD High to 4WD
High while the vehicle is moving, an elec-
tromagnetic clutch inside the transfer case
brings the front driveline up to speed as fol-
lows: When the manual shift lever is moved

from 2WD High to 4WD High, a 4WD indica-
tor light is illuminated, and the 4WD electric
clutch relay and electromagnetic clutch are
energized. When the transfer is shifted into
4WD Low, an indicator is also i l luminated.
Both indicator lights are turned on by a 4WD
indicator switch on the transfer case.

El ectro n ic s h ift-o n-the-fly
(ESOF) sysfem (Pick-up only)

The electronic shift-on-the-fly (ESOF)
system on trucks allows the driver the same
three ranges (2WD High, 4WD High, 4WD
Low) as the MSOF system, and the same
rules apply for shifting from 2WD High to 4WD
High, and for shifting to 4WD Low. However,
the means by which a shift is initiated are elec-
tronic: When 4WD High is selected at a switch
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on the dash, the generic electronic module
(GEM) receives a voltage signal command-
ing it to energize the electromagnetic clutch
inside the transfer case and the relays which
energize the transfer case shift motor. When
the shift motor reaches the correct position
(determined by the position of contact plates
which send inputs to the GEM), power to the
shift relays and motor is cut. When the trans-
fer case front and rear output shafts are turn-
ing at the same speed, a spring-loaded lock-
up collar mechanically engages the mainshaft
hub to the drive sprocket, the front axle collar
is engaged and the electromagnetic clutch is
de-energized.

A uto m ati c fo u r-w h ee l-d riv e
(A4WD) system (Expedition
and Navigator sport-utility
vehicles)

The automatic four-wheel-drive (A4WD)
system on sport-uti l i ty vehicles allows the
driver the same ranges at the ESOF system
for pick-ups described above. In addition, it
offers a third 4WD oDtion, automatic four-
wheel-drive (A4WD). When A4WD is selected,
the generic electronic module (GEM) allo-
cates torque to the front and rear driveshafts
by controlling a transfer case clutch. When
negotiating a corner on dry pavement, the
transfer case clutch allows for the slight dif-
ferences that occur in rotating speed between
the front and rear driveshafts. But when the
rear wheels are slipping, the GEM detects this
condition and the duty cycle to the transfer
case.clutch is increased until the speed differ-
ence between driveshafts is reduced.

The GEM uses a variety of sensors,
solenoids and relays to monitor and control
the A4WD system. A vehicle speed sensor
(VSS) monitors vehicle speed, and a pair of
Hall effect sensors (one for each driveshaft)
monitor the speed of the front and rear
driveshafts (all three sensors are located on
the transfer case). An electric shift motor,
mounted on the rear of the transfer case,
drives a rotary cam which moves the mode
fork and range fork inside the transfer case to
select between 2WD High/A4WD, 4WD High

and 4WD Low ranges. A shift motor sensing
plate on the shift motor monitors the range in
which the transfer case is operating. A trans-
mission range (TR) sensor (see Chapter 78)
monitors the gear position of the transmission
(which must be in Neutral to shift into Low). A
pair of solenoids (one for 2WD, one for 4WD),
mounted on the upper right firewall, route vac-
uum to the vacuum motor which engages and
disengages the center axle disconnect collar
in the front axle assembly. A4X4 shift motor
relay module contains two GEM-control led
relays which shift the transfer case shift motor
between 2WD and 4WD modes. A solid-state
clutch relay activates the A4WD clutch inside
the transfer case.

Shift lever (manual-shift models)
- removal and installation

1 Unscrew the shift lever knob.
2 Remove the four shift lever boot retain-
ing screws and remove the boot.
3 Remove the four shift lever cover bolts
and remove the cover.
4 Remove the shift lever retaining bolt and
remove the shift lever.
5 lnstallation is the reverse of removal.

3 4WD indicator switch (manual-
shift models) - replacement

1 lf the vehicle is equipped with air suspen-
sion, turn off the air suspension system. The
switch is located in the area of the right kick
panel (see Chapter 10). Warning: On models
with air suspension, electrical power to the air
suspension sysfem musf be turned off before
raising the vehicle (see Chapter 10). Failure
to do so can result in a sudden inflation or
deflation of the air springs, causing instability
of the vehicle while it's off the ground.
2 Raise the vehicle and place it securely
on jackstands.
3 Unplug the electrical connector from the
4WD indicator switch.
4 Unscrew the switch.
5 lnstallation is the reverse of removal.

4 Shift range selector switch
(electric-shift models) -
replacement

1 Remove the center tr im panel (see
Chapter 11).
2 Remove the shift range selector switch
knob.
3 Unplug the electrical connector from the
shift range selector switch.
4 Remove the two shif t  range selector
switch retaining screws.
5 Remove the shift range selector switch.
6 Installation is the reverse of removal.

5 Electric shift motor - replacement

Refer to il I u stration 5. 6
1 lf the vehicle is equipped with air suspen-
sion, turn ofi the air suspension system. The
switch is located in the area of the right kick
panel (see Chapter 10). Warning: On models
with air suspension, electrical power to the air
suspenslon sysfem musf be turned off before
raising the vehicle (see Chapter 10). Failure
fo do so can result in a sudden inflation or
deflation of the air spings, causing instability
of the vehicle while it's off the ground.
2 Raise the vehicle and place it securely
on jackstands.
3 Unplug the shift motor electrical connec-
IOr.
4 Remove the wire spacer from the electri-
cal connector for the electric shift motor.
5 Remove the coil wire and pin from the
conneclor.
6 Remove the four electric shift motor bolts
(see illustration).
7 Remove the electric shift motor.
8 Installation is the reverse of removal.

6 Oil seal - replacement

Refer to illustrations 6.4 and 6.6
Note: Ihls procedure applies to the rear
seal only; front seal replacement requires
the removal and dlsassembly of the transfer
case.
1 lf the vehicle is equipped with air suspen-
sion, turn off the air suspension system. The
switch is located in the area of the right kick
panel (see Chapter 10). Warning: On models
with air suspension, electrical power to the air
suspenslon sysfem musl be tumed off before
raising the vehicle (see Chapter 10). Failure
fo do so can result in a sudden inflation or
deflation of the air springs, causing instability
of the vehicle while it's off the ground.
2 Raise the vehicle and support it securely
on jackstands.
3 Remove the rear driveshaft (see Chap-
ter 8).
4 Pry out the seal with a screwdriver or
a seal removal tool (see illustration). Don't
damage the seal bore.
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6.4 Pry out the rear transfer case seal with a seal removal tool or
large screwdriver

5 Lubricate the new seal lips with petro-
leum jelly.
6 Drive the seal into place with a large
socket or section of tubing (see illustration).
The outside diameter of the socket should be
slightly smaller than the outside diameter of
the seal.
7 The remainder of installation is the
reverse of removal.

7 Transfer case - removal and
installation

Removal
Refer to illustration 7.13
1 lf the vehicle is equipped with air suspen-
sion, turn off the air suspension system. The
switch is located in the area of the right kick
panel (see Chapter 10). Warning: On models
with air suspension, electrical power to the air
suspenslon system must be tumed off before
raising the vehicle (see Chapter 10). Failure
fo do so can result in a sudden inflation or
deflation of the air springs, causing instability
of the vehicle while it's off the ground.
2 Raise the vehicle and support it securely
on jackstands.
3 Remove the transfer skid plate bolts,

then remove the skid plate.
4 Drain the transfer case lubricant (see
Chapter 1).
5 Remove the front driveshaft shield, then
remove the front and rear driveshafts (see
Chapter 8).
6 Remove the torsion bars and the rear
torsion bar support (see Chapter 1 0).
7 On manual shift vehicles. disconnect the
shift rod.
I Unplug the electrical connector from the
vehicle speed sensor.
9 On manual-shift vehicles, unplug the
electrical connector from the 4WD indicator
switch.
10 On manual-shift vehicles, unplug the
electrical connector for the transfer case coil.
11 On electric-shift vehicles, unplug the
electric shift motor connector.
12 Support the transfer case with a jack
- preferably a special jack made for this pur-
pose. Safety chains or tie-downs will help
steady the transfer case on the jack.
13 Remove the transfer case-to-transmis-
sion bolts (see illustration).
14 Make a final check that all wires and
hoses have been disconnected from the
transfer case, then move the transfer case
and jack toward the rear of the vehicle until
the transfer case is clear of the transmission.

socket or section of tubing

Keep the transfer case level as this is done.
Once the input shaft is clear, lower the trans-
fer case and remove it from under.

lnstallation
15 lnstallation is the reverse of removal. Be
sure to tighten the transrnission-to-transfer
case bolts to the torque listed in this Chapter's
Specifications.

7.13 Remove the transfer case-to-
transmission bolts (arrows)

6.6 Drive the new rear transfer case seal into place with a large
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Ghapter I
Glutch and driveline
Contents

Secfion
Axle (front) (4WD models) - removal and installation 24
Axle (rear) - removal and installation 20
Axles - descript ion and check... . . . . . . . . . . .  15
Axleshaft (rear) - removal and instal lat ion... . . . . . . . . . . . . . . . . . .  16
Axleshaft bearing (rear) - replacement.. . . . . . . . . . . . . .  18
Axleshafi oil seal (rear) - replacement. 17
Clutch components - removal, inspection and installation 6
Clutch - description and check 2
Clutch hydraulic system - bleeding........ 8
Clutch master cylinder - removal, inspection and installation........ 3
Clutch pedal position switch - check and replacement.... I
Clutch release bearing - removal, inspection and installation ....... 4
Clutch release cylinder - removal, inspection and installation....... 5
Differential lubricant change... . . . . . . . .  . . . . . , . . .  See Chapter 1
Differential lubricant level check...... ........ See Chapter 1

Section
Difierential pinion seal - replacement . 19
Driveaxle (4WD models) - removal and installation ...................... '  21
Driveaxle boot replacement (4WD models)........... 22
Driveaxle CV joint boot check (4WD models) See Chapter 1
Driveline inspection 11
Driveshaft - removal and installation 12
Driveshaft slip yoke boot and center bearing

(two-piece driveshafts) - inspection and replacement..............
Driveshafts and universal joints - general information......
General information......
Pilot bearing - inspection and replacement ....................
Universal joints - replacement.
Vacuum shift system (4WD models) - description,

check and component replacement...

1 4
1 0

I

7
1 3

23

Specifications

General
Clutch fl uid type................
Clutch disc lining thickness (minimum)
Clutch pedal trave|......,........
Pressure plate tension spring dimension .....................
Driveshaft slip yoke adjustment

(from weld bead on driveshaft to U-joint centerline)
Froht driveaxle length (4WD models)...........

Torque specifications
Clutch

See Chapter 1
1/1 6-inch
6 to 7 inches
0.55 (35/64) inch

10 inches
16-7116 inches

Ft'lbs (unless otherwise indicated)

35 to 46
14 to 19

Pressure plate{o-fl ywheel bolts .
Release cylinder bolts

Rear driveshaft
Flange yoke{o-rear axle pinion flange bolts ............... 70 to 95
Center bearing support bracket bolts ............... 39 to 53

Front driveshaft
Flange yoke{o-front axle pinion flange bo1ts................ 65 to 88
Flange yoke{o-transfer output flange bolts................ 65 to 88

Rear axle
Differential pinion shaft lock bo|t.......... 15 to 30

Front driveaxle (4WD models)
Driveaxle hub nut 221
Driveaxle-to-axleshaft flange bolts ............... 51 to 67

1 General information in Chapter 7), and to the front wheels on
four-wheel drive (4WD) models. In this Chap-
ter, the components are grouped into three
categories: clutch, driveshaft(s) and axle(s).
Separate Sections within this Chapter cover
checks and repair procedures for components

in each of these three groups.
S ince  near ly  a l l  these procedures

involve working under the vehicle, make sure
it's safely supported on sturdy jackstands or a
hoist where the vehicle can be safelv raised
and lowered.

The Sections in this Chapter deal with
the components from the rear of the engine
to the rear wheels (except for the transmis-
sion and transfer case, which are dealt with
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8-2 Ghapter 8 Clutch and driveline

3.1 To disconnect the clutch master
cyllnder pushrod from the pin on the

clutch pedal lever, pry lt off wlth
a screwdrlver

2 Glutch - descrlption 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 shaff. 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 mas-
ter cylinder and fluid reservoir, a release (or
slave) cylinder and the hydraulic line connect-
ing the two components, The release cylinder
and release bearing are integral parts of a
single assembly which is installed concsntric
to the input shaft and is bolted to the front of
the transmission.
3 When the clutch pedal is depressed, a
pushrod pushes against brake fluid inside the
master cylinder, applying hydraulic pressure
against the release bearing, which pushes
against the diaphragm fingers of the clutch
pressure plate.
4 Terminology can be a problem when dis-
cussing the clutch compon€nts 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, do these preliminary checks
to diagnose clutch problems:

a) The first check should be of the fluid level
in the alutch master cylinder. lf the fluid
level is low, add'fluid as neeessary and
inspect the hydraulic system for leaks. lf
the master cylinder reseruoir is dry bleed
the system as descibed in Section 8 and
recheck the clutch operction.

b) To check "clutch spin-down time,' run
the engine at normal idle speed with the

3.3 To detach the clutch mastor cylinder
reseryoir from the firewall, remove these

two "push plns" (arrows)

fransmissrbn in Neutral (elutch pedal up
- engaged). Dlsengage the clutch (pedal
down), wait several seconds and shifr
the transmission into Reverse. No grind-
ing noise should be heard. A grinding
noise wOuld most likaly indicate a bad
pressure plate or clutch disc.
To check for complete clutch release,
run the engine (with the parking bnke
applied to prevent vehicle movement)
and hold the clutch pedal apprcximately
1/2-inch from the floor. Shift the trans-
mission between lst gear and Reverse
several times. lf the shift is rough, am-
ponent failure is indicated.
Visually inspect the pivot bushing at the
top of the clutch pedal to make sura
there's no binding or excessive play.

3 Clutch mastsr cylinder - removal,
inspection and installation

Removal
Refer to illustrations 3.1, 3.4 3.6 and 3.8
1 Working under the dash, disconnect the

3.8 To detach the master cyllnder from
the firewall, rotate lt cloclrwlse 4lidegrees

and pull it out

3.6 lf you don't have a clutch coupllng
tool to dlsconnect the clutch fluld

hydraullc llne trom ihe transmlsslon, uee
a screwdrlver InsGad - caretully push the

sprlng-loaded transmlsslon slde of the
coupllng toward the trammbslon and
slmultaneously pull stralght out on the

hydraullc llne slde of the flttlng

clutch master cylinder pushrod from the clutch
pedal (see lllustratlon),
2 Disconnect the clutch pedal position
switch (see Section 9).
3 Remove the two clutch master cylinder
reservoir push pins (see lllustratlon).
4 lf the vehicle is equipped with air sus-
psnsion, tum off the air suspension system.
The switch is located in the area of the right
kick panel (see Chapter 10). Warnlng: On
models with air suspensrbn, electrlcal power
to the dir suspensrbn sysfern must ba tumed
off before 'aising the vehicle. Failure to do so
can resuft in a sudden inflation or deflatlon of
the air springs, causing instability of the vehl-
cle while it's off the ground.
5 Raise the vehicle and place it securely
on jackstands.
6 Disconnect the clutch fluid hydraujic line
from the transmission (see illuetratlon). Have
rags handy, as some fluid will be lost as the
fine is removed. Gautlon: Don"t allow brake
fluid to come into contact with the paint - it will

3.9a Deprees the master cyllnder pushrod
and remove the snap-ring with a pair of

snap*ing pliers

c)

d)
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Chapter 8 Clutch and driveline 8-3

3.9c After
disassembling

the clutch master
cylinder, wash all the
parts in clean brake
fluid and lay them
out for inspection

1
2

Snap-rtng
Pushrod/
piston/sping
assembly
Reservoir/master
cylinderhydraulic
line assembly

*

\
1

3.9b Pull out the piston and
epring assembly

damage the finish. Also have a plug ready and
immediately plug the line to prevent leakage.
7 Lower the vehicle.
8 To detach the master cylinder from the
firewall, rotate the master cylinder clockwise
45-degrees (see illustration).

lnspection
Refer to illustrations 3.9a, 3.9b, 3.9c, 3.9d
and 3.9e
9 Disassemble the master cylinder, wash
the parts in clean brake fluid and inspect them
for damage and wear (see lllustrations), lf
the spring is weak, the cups are damaged
or worn, or the piston is scored, replace the
master cylinder.

lnstallation
Refer to illustrations 3.10a and 3.10b
10 Before installing the clutch master cylin-
der, bleed it as follows:

a) Secure the master cylinder reseruoir in a
bench vise (see illustration).

b) Fill the clutch master cylinder to the "Fuil"
Iine.

c) Put the release cylinder end of the
hydraulic line in a container of clean
brake fluid.

d) Depress and hold the clutch master
cylinder pushrod, then have an assls-
tant open the intemal fifting of the male

3.9d Before reassembling the master
cylinder, lubricate the piston and cups

with clean brake fluid or brake
assembly lube

quick-connect coupling, allowing fluid to
flow out (see illustration).

e) When the stream of fluid subsides,
release the internal fitting of the male
quick-connect fitting, then release the
master cylinder pushrod.

f) Repeat this procedure until a solid
stream of brake fluid, with no air bubbles,
is discharged from the quick-connect fit-
ting. Check and refill the fluid reseruoir,
as necessa4t4 duing this procedure.

11 Install the master cylinder in the firewall
and lock it into place by rotating it 45-degrees
counterclockwise (don't rotate it any further or

3.9e Inetall the pushrod/piston/spring
assembly, depress the pushrod and install

the snap-ring with a pair of
snap-rlng pliers

you'll damage it).
12 Install the fluid reservoir, using new push
Pins.
13 Working inside the Vehicle, connect the
clutch pedal position switch and connect the

3.10b . . . depress and hold the clutch
master cylinder pushrod, then have an

assislant open the internal fitting of
the male quick-connect coupling with
a screwdriver - a stream of fluid will be

ejected from the quick-connect coupling

PALMTREESALES1967 - NO RESALE



84 Chapter 8 Clutch and driveline

4.4 To disengage the clutch release
bearing from the release cylinder, push

the release bearing against spring
pressure and remove the retaining ring

clutch master cylinder pushrod to the clutch
pedal.
14 Connect the hydraulic line to the trans-
mission with the coupling tool.
15 Lower the vehicle and reactivate the air
suspension system, if equipped.
16 Fill the clutch master cylinder reservoir
with the fluid specified in Chapter 1 and bleed
the clutch system (see Section 8).

4 Clutch release bearing - removal,
inspection and installation

Warning: Dust produced by clutch wear and
deposited on clutch components is hazardous
to your health. DO NOT blow it out with com-
pressed air and DO NOT inhale it. DO NOT
use gasoline or petroleum-based so/venfs
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 contaminated
rags and cleaner in a covered, marked con-
tainer.

Removal
Refer to illustration 4.4
1 lf the vehicle is equipped with air sus-
pension, turn off the air suspension system.
The switch is located in the area of the right
kick panel (see Chapter 10). Warning: On
models with air suspenslon, electrical power
to the air suspension sysfem rnusf be turned
off before raising the vehicle. Failure to do so
can result in a sudden inflation or deflation of
the air springs, causing instability of the vehi-
cle while it's off the ground.
2 Raise the vehicle and support it securely
on jackstands.
3 Remove the transmission (see Chap-
ter 7A).
4 Push the clutch release hub and bearing
against the spring and remove the retaining
ring (see illustration).

4.6 To check the clutch release bearing,
hold the hub (the center) of the bearing

and rotate the outer portion while applying
pressure; if the bearing doesn't turn

smoothly or if it's noisy or
rough, replace it

lnspection
Refer to ill u stration 4. 6
5 Wipe off the bearing with a clean rag and
inspect it for damage, wear and cracks. Don't
immerse the bearing in solvent - it's sealed
for l i fe and immersion in solvent wil l ruin it.
Look for surface scoring or burrs that might
impede the sliding motion of the release bear-
ing. Small imperfections can be removed with
fine-grade emery cloth. lf the damage is more
serious, replace the bearing.
6 Hold the center of the bearing and rotate
the outer portion while applying pressure
(see illustration). lf the bearing doesn't turn
smoothly or if it's noisy or rough, replace it.
Note: Consrdering the difficulty involved with
replacing the release bearing, we recommend
replacing the release bearing whenever the
clutch components are replaced.
7 While the release bearing is removed,
inspect the release cylinder as well (see Sec-
tion 5).

Installation
8 Lightly lubricate the friction surfaces of
the release bearing with high{emperature
grease.
9 Position the spring and the release bear-

5.6 Remove the clutch release cylinder
bolts (arrows) and remove the release

cylinder; note the bleeder screw
location (arrow)

ing on the release cylinder, push the release
bearing against the spring and install the
retainer ring.
'10 Insta l l  the t ransmiss ion (see Chap-
ter 7A).
11 Remove the jackstands and lower the
vehicle.
12 Reactivate the air suspension system, if
equipped.
13 Bleed the clutch hydraulic release sys-
tem (see Section 8).

5 Clutch release cylinder - removal,
inspection and installation

Refer to illustration 5.6
1 lf the vehicle is equipped with air sus-
pension, turn off the air suspension system.
The switch is located in the area of the right
kick panel (see Chapter 10). Warning: On
models with air suspension, electrical power
to the air suspenslon sysfern must be tumed
off before raising the vehicle. Failure to do so
can result in a sudden inflation or deflation of
the air springs, causing instability of the vehi-
cle while it's off the ground.
2 Raise the vehicle and support it securely
on jackstands.
3 Remove the transmission (see Chap-
ter 7A).

5.7 Clean off the
release cylinder,

disassemble it and
lay out the parts for

inspection:

1 Retainer
2 Release bearing
3 Spring
4 Release cylinder

assembly

MVX*{)
t
4

t
3

tt
21
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6.4 Use a clutch alignment tool to hold
the clutch plate prior to loosening or to
center it before tightening the pressure

plate bolts

4 lf you're planning to replace only the
release cylinder itself, remove the clutch
release bearing (see Section 4), lf you're
planning to replace the release bearing and
the release cylinder, don't bother to remove
the release bearing.
5 Inspect the clutch release cylinder for
leaks. lf you see brake fluid, replace the
release cylinder.
6 Remove the clutch release cylinder bolts
(see illustratlon) and remove the release cyl-
inder.

lnspection
Refer to illustration 5.7
7 Clean off the release cylinderand inspect
the parts (see illustration). lf the spring is
weak, the piston is worn or damaged, or the
boot is cracked, worn or leaking, replace the
release cylinder with a new or rebuilt unit.

lnstallation
8 Position the clutch release cylinder on
the input shaft, install the release cylinder
retaining bolts and tighten them to the torque
listed in this Chapter's Specifications.
I Install the clutch release bearing (see
Section 4).
10 Install the transmission (see Chap-
ter 7A).
11 Remove the jackstands and lower the
vehicle.
12 Reactivate the air suspension system, if
equipped.
13 Fill the clutch fluid reservoir with the rec-
ommended fluid (see Chapter 1).
14 Bleed the clutch hydraulic system (see
Section 8).

6 Clutch components - removal,
inspection and installation

Warning: Dust produced by clutch wear and
deposited on clutch components may contain
asbesfos, which is hazardous to your health.

6.5 lf you're going to re-use the same
pressure plate, mark its relationship to the

flywheel (arrow)

DO NOT blow it out with compressed air and
DO NOT inhale it. DO NOT use gasoline or
petroleum-based so/venfs to remove the dust.
Brake system cleaner should be used to flush
the dust into a drain pan. After the clutch com-
ponents are wiped clean with a rag, dispose
of the contaminated rags and cleaner in a
covered, marked container.

Removal
Refer to illustrations 6.4, 6.5 and 6.6
Note 1; The clutch components are normally
accessed by removing the transmission, How-
ever, anytime the engine is removed, check
the clutch for wear and replace wom compo-
nenfs as necessary. The relatively low cost of
the clutch components compared to the time
and trouble spent gaining access fo them war-
rants their replacement anytime the engine or
transmission is removed, unless they are new
or in near-perfect condition. The following
procedures are based on the assumption the
engine will stay in place.
Note 2: Some pressure plates require adjust-
ment. Check with your clutch pressure plate
manufacturer.
1 lf the vehicle is equipped with air sus-

pension, turn off the air suspension system.
The switch is located in the area of the right
kick panel (see Chapter 10). Warning: On
models with air suspension, electrical power
to the air suspenslon sysfern must be tumed
off before raising the vehicle. Failure to do so
can resuft in a sudden inflation or deflation of
the air sprtngs, causing instability of the vehi-
cle while it's off the ground.
2 Raise the vehicle and support it securely
on jackstands.
3 Remove the transmission (see Chap-
ter 7A). Support the engine while the transmis-
sion is out. An engine hoist should be used to
support it from above. lf you use a jack under-
neath the engine instead, make sure a piece
of wood is positioned between the jack and oil
pan to spread the load. Gaution: The pick-up
for the oil pump is very close to the boftom of
the oil pan. lf the pan is bent or distofted in
any way, engine oil staruation could occur.
4 To support  the c lutch d isc dur ing
removal, install an alignment tool through the
clutch disc hub (see illustration).
5 Carefully inspect the flywheel and pres-
sure plate for indexing marks. The marks are
usually an X, an O or a white letter. lf they
cannot be found, paint a mark so the pressure
plate and the flywheel will be in the same align-
ment during installation (see illustration).
6 Loosen the six pressure plate-to-flywheel
bolts (see illustration) in 1/4-turn increments
until they can be removed by hand. Work in a
criss-cross pattern until all spring pressure is
relieved, then hold the pressure plate securely
and completely remove the bolts, followed by
the pressure plate and clutch disc.

lnspection
Refer to illustrations 6,8, 6.10 and 6,12
7 Ordinarily, when a problem occurs in the
clutch, it can be aftributed to wear of the clutch
driven plate assembly (clutch disc). However,
all components should be in-spected at this
time. Note: lf the clutch components are con-
taminated with oil, there will be shiny, black
glazed spots on the clutch disc lining, which
will cause the clutch to slip. Replacing clutch
components wonl completely solve the prob-

6.6 Loosen the six
pressu re plate-to-fl ywheel
bolts (arrows) in 1/4-turn

increments until they can be
removed by hand, Work in a
criss+ross pattern until all
spring pressure is relieved,
then hold the pressure plate

securely and completely
remove the bolts, followed
by the pressure plate and

clutch disc
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8-6 Ghapter 8 Glutch and driveline

6.8 lnspect the surface of the flywheel for cracks, dark-colored
areas (signs of overheating) and other obvious defects;

resurfaclng will correct minor defects (the surface of this flywheel
is in fairly good condition, but resurfacing is always a good idea)

EXCESSTVE
WEAR

NORMAL FINGER WEAR

6.14 Position the pressure plate on the
flywheel and place bolh components in
a hydraulic press as shown, then, using
a suitable adapter, depress the clutch

diaphragm fingers until the adjusting ring
(arrow) moves freely

lem - be sure to check the crankshaft rear oil
seal and the transmission input shaft seal for
Ieaks. lf it looks like a sea/ ls leaking, be sure
to install a new one to avoid the same prob-
lem with the new clutch.
8 Check the flywheel for cracks, heat
checking, grooves and other obvious defects

6.10 Inspect the clutch plate lining, springs and splines for wear

EXCE$SIVE FINGER WEAR BROKEN OR BENT FINGERS

6.12 Replace the pressure plate if excessive wear or damage is noted

6,15a Using a screwdriver, move the
adjusting ring counterclockwise . , .

(see illustration). lf the imperfections are
slight, a machine shop can machine the sur-
face flat and smooth, which is highly recom-
mended regardless of the surface appear-
ance. Refer to Chapter 2, Part A, for the fly-
wheel removal and installation procedure.
9 Inspect the pilot bearing (see Section 7).
10 Check the lining on the clutch disc. There
should be at least 1/16-inch of lining above
the rivet heads. Check for loose rivets, distor-
tion, cracks, broken springs and other obvi-
ous damage (see illustration). As mentioned

above, ordinarily the clutch disc is routinely
replaced, so if you're in doubt about its condi-
tion, replace it.
11 The release bearing should also be
replaced along with the clutch disc (see Sec-
tion 4).
12 Check the machined surfaces and the
diaphragm spring fingers of the pressure plate
(see illustration). lf the surface is grooved
or otherwise damaged, replace the pressure
plate. Also check for obvious damage, distor-
tion, cracks, etc. Light glazing can be removed
with medium-grit emery cloth. lf a new pres-
sure plate is required, new and factory-rebuilt
units are available.

lnstallation
Referto illustrations 6.14,6.15a and 6.15b
Note: Before installation, the self-adjusting
pressure plate must be pre-adjusted, and to
do so requires a hydraulic press. If you don't
have a press, take the flywheel and pres-
sure plate to an automotive machine shop for
adjustment.
13 Remove the flywheel (see Chapter 2), if
you haven't already done so.
14 Position the pressure plate on the fly-
wheel, place both of them in a hydraul ic
press, then depress the clutch diaphragm fin-
gers until the adjusting ring moves freely (see
illustration).
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6.15b . . . untll the tenslon sprlngs are
compressed to the specifled dlmenslon

15 Using a screwdriver, move the adjusting
ring counterclockwise until the tension springs
are compressed to the dimension listed in this
Chapter's Specifications (see lllustratlons).
16 Holding the adjusting ring in place,
release pressure on the diaphragm fingers.
17 Remove the flywheel and pressure plate
from the press and clean their machined sur-
faces with lacquer thinner or acetone. lt'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.
18 Position the clutch disc and pressure
plate against the flywheel with the clutch held
in place with an alignment tool (see illustra-
tlon 6.4). Make sure it 's installed prop-
erly (most replacement clutch plates will be
marked Tlywheel side" or something similar
- if it's not marked, install the clutch disc with
the damper springs toward the transmission).
19 Tighten the pressure plate-to-flywheel
bolts only finger-tight, working around the
pressure plate,
20 Center the clutch disc by ensuring the
alignment tool extends through the splined
hub and into the pilot bearing in the crank-
shaft. Wiggle the tool up, down or from side-
to-side as needed to bottom the tool in the
pilot bearing. Tighten the pressure plate-to-fly-
wheel bolts a little at a time, working in a criss-
cross paftem, to prevent distorting the cover.
After all the bolts are snug, tighten them to the
torque listed in this Chapter's Specifications.
Remove the alignment tool.
21 Using high-temperature grease, lubricate
the inner groove of the release bearing (see
Section 6). Also place grease on th6 release
lever contact areas and the transmission input
shaft bearing retainer.
22 lnstall the clutch release cylinder (see
Section 5) and the clutch release bearing, if
removed (see Section 4).
23 Install the transmission and all compo-
nents removed previously.
24 Remove the jackstands and lower the
vehicle.
25 Reactivate the air suspension system, if
equipped (see Chapter 10).

7.5 One way to remove the pllot bearlng
ls with a speclal puller deslgned for

the Job

7 Pilot bearing - inspection and
replacement

Refer to illustntions 7.5, 7.9 and 7.10
1 The clutch pilot bearing is a needle roller
type bearing which is pressed into the rear
of the crankshaft. lt's greased at the factory
and does not require additional lubrication.
Its primary purpose is to support the front of
the transmission input shaft. The pilot bear-
ing should be inspected whenever the clutch
components are removed from the engine,
Because of its inaccessibilig, replace it with a
new one ifyou have any doubt about its con-
dition. Note: lf the engine has been removed
from the vehicle, disregard the following Steps
which dont apply.
2 Remove the transmission (see Chap-
ter 7A).
3 Remove the clutch components (see
Section 6).
4 Using a flashlight, inspect the bearing
for excessive wear, scoring, dryness, rough-
ness and anyotherobvious damage. lfanyof
these conditions are noted, replace the bear-
ing.
5 Removal can be accomplished with a
special puller available at rT,rost auto parts
stores (see lllustratibn), but an alternative
method also works very well.
6 Find a solid steel bar which is slightly
smaller in diameter than the bearing. Altema-
tives to a solid bar would be a wood dowel or
a socket with a bolt fixed in place to make it
solid.
7 Check the bar for fit - it should just slip
into the bearing with very little clearance.
8 Pack the bearing and the area behind it
(in the crankshaft recess) with heavy grease.
Pack it tightly to eliminate as much air as pos-
sible.
9 lnsert the bar into the bearing bore and
strike the bar sharply with a hammer, which
will force the grease to the back side of the
bearing and push it out (see illustration).
Remove the bearing and clean all grease
from the crankshaft recess.
10 To install the new bearing, lightly lubri-

7.9 You can also remove the pilot bearing
by packing the recegs behind the bearing

with heavy grease and forclng it out
hydraulically wlth a steel rod slightly
smaller than the bore in the boaring

- when the hammer strlkes the rod, the
bearing wlll pop out of the crankshaft

7.10 Tap the bearing into place wlth a
bushlng driver or a socket sllghtly smaller
than the outside dlameter of the bearlng

cate the outside surface with grease, then
drive it into the recess with a soft-face ham-
mer (see illustration). The seal must face ouf
(toward the transmission).
11 Install the clutch components, transmis-
sion and all other components removed pre-
viously. Tighten all fasteners to the recom-
mended torque.

8 Clutch hydraulic system -
bleeding

Referto illustrafbns 8.6a, 8.6b and 8.7
1 The hydraulic system should be bled to
remove all air anytime some part of the sys-
tem has been removed or the fluid level has
been allowed to fall so low that air has been
drawn into the rnaster cylinder.
2 Fil the clutch master cylinder reservoir
with new brake fluid conforming to DOT 3
specifications. Gaution: Do not re-use any
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8-8 Chapter 8 Glutch and driveline

8.6a The bleeder screw for the clutch
release cylinder looks just like the bleeder
on a brake caliper or wheel cylinder, and

is loosened the same way

of the fluid coming from the system during
the bleeding operation or use fluid which has
been inside an open containerfor an ertended
period of time.
3 Quickly depress the clutch pedal five to
ten times. Wait one to three minutes, then
repeat this procedure again. Wait another one
to three minutes and repeat the procedure
again. Wait, then do it one more time.
4 lf the vehicle is equipped with air sus-
pension, turn off the air suspension system.
The switch is located in the area of the right
kick panel (see Chapter 10). Warning: On
models with air suspension, electrical power
to the air suspenslon sysfem musf be tumed
off before raising the vehicle. Failure to do so
can result in a sudden inflation or deflation of
the air springs, causing instability of the vehi-
cle while it's off the ground.
5 Raise the vehicle and support it securely
on jackstands.
6 Attach a hose to the bleeder screw (see
illustrations) and place the other end of the
hose into a container partially filled with clean
brake fluid (make sure the end of the hose is
submerged). Loosen the bleeder screw then
have an assistant depress the clutch pedal to
the floor and hold it down. Tighten the bleeder
screw, then have your assistant release the
clutch pedal.
7 Depress the clutch pedal, measure
pedal travel (see illustration) and compare
your measurement to the clutch pedal travel
listed in this Chapter's Specifications. lf pedal
travel is within the specified range, the clutch
hydraulic system is properly bled. lf pedal
travel is not within the specified range, repeat
the bleeding procedure.

9 Glutch pedalposition switch -
check and replacement

Check
1 The clutch pedal position switch, which
is mounted on a bracket at the right end of the
clutch pedal shaft, directly above the accel-

8.6b Locate the bleeder screw (arrow)
right above the release cylinder hydraulic

line fitting on the left side of
the transmission

erator pedal, prevents the engine from being
started unless the clutch pedal is depressed,
It's also an information sensor for the power-
train control module: for more information on
its other functions, refer to Chapter 6.
2 lf the engine starts without depressing
the clutch pedal, check the switch (see "lnfor-
mation sensors" in Chapter 6).

Replacement
2 Disconnect the clutch master cylinder
pushrod from the clutch pedal (see illustra-
tion 3.1).
3 Unplug the electrical connector from the
clutch pedal position switch.
4 Pull down the retaining clip underneath
the switch, push the locking tabs together
on top of the switch and slide off the plastic
retainer.
5 Remove the switch.
6 Installation is the reverse of removal.

10 Driveshafts and universal joints
. general information

1 A driveshaft is a tube, or a pair of tubes,
that transmits power between the transmis-
sion (or transfer case on 4WD models) and
the differential in the rear axle (2WD models)
(and, on 4WD models, the differential in the
front axle).

Universal joints
2 Universal joints are used at both ends
of all driveshafts, and right behind the cen-
ter bearing on two-piece rear driveshafts. A
universal joint, or U-joint, is a double-pivoted
connection for transmitting power from a driv-
ing to a driven shaft through an angle.
3 Most U-joints are the single-cardan type.
A single-cardan design is a type of U-joint in
which the shaft ends are connected by two
Y-shaped yokes at right angles to each other.
Torque is transmitted from one yoke to the

8.7 To verify that the clutch hydraulic
system has been properly bled, depress
the clutch pedal, measure pedal travel
and compare your measurement to the

clutch pedal travel listed in this Chapter's
Specifications; if pedal travel is within

the specified range, the clutch hydraulic
system is fully bled, but if pedal travel
isn't within range, the system isn't yet

other via a cross-shaped bearing known as a
spider, or cross. Bearings pressed into each
of the yoke arms ride on each of the four arms
of the spider.
4 A double-cardan U-joint is used on 4WD
sport utility models without air suspension. A
double-cardan design is simply two single-
cardan spiders in series, i.e. one after the
other.

Rear driveshafts
5 All rear driveshafts employ a "slip yoke"
(a combination splined slip joint and U-joint)
at the front, which sl ips into the extension
housing of the transmission (2WD models)
or transfer case (4WD models). This arrange-
ment allows the driveshaft to slide back-and-
forth within the transmission during vehicle
operation. An oil seal prevents leakage of fluid
at this point and keeps dirt from entering the
transmission. lf leakage is evident at the front
of the driveshaft, replace the oil seal (see
Chapter 7Aor7C).
6 A center bearing supports the driveline
on vehicles with a two-piece rear driveshaft.
The center bearing is a bal l- type bearing
mounted in a rubber cushion attached to the
frame. The center bearing is pre-lubricated
and sealed at the factory. A slip yoke at the
front of the rear driveshaft section allows the
rear driveshaft to slide back-and-forth during
vehicle operation. A dust boot over the slip
joint prevents dirt and dust from entering the
slip joint. lf the slip yoke boot is torn or dam-
aged, clean, inspect and lubricate the sl ip
joint, then replace the boot.
7 The rear end of all rear driveshafts is
connected to the rear axle differential pinion
flange by a flange yoke with four bolts. The
pinion shaft uses a seal to prevent lubricant
from leaking out of the differential. lf you see a
leak here, replace the pinion seal.
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Front driveshafts (4WD
models)
I Frontdriveshafts on 4WD models employ
a slip yoke at the front end of the driveshaft
on trucks, but at the rear end on sport utility
vehicles. On trucks, the rear end of the front
driveshaft is equipped with a double-cardan
(two spiders) U-joint; on sport utility vehicles,
the fronf end of the driveshaft is equipped with
a single-cardan U-joint. All front driveshafts
are bolted to the transfer case output shaft
companion flange and to the front axle difier-
ential pinion flange.

All driveshafts
9 The driveshaft assembly requires very
little service. The universal joints are lubri-
cated for life and must be replaced if problems
develop. The driveshafi must be removed from
the vehicle for this procedure.
10 Since the driveshaft is a balanced unit,
it's important that no undercoating, mud, etc.
be allowed to stay on it. When the vehicle is
raised for service it's a good idea to clean the
driveshaft and inspect it for any obvious dam-
age. Also, make sure the small weights used
to originally balance the driveshaft are in place
and securely attached. Wheneverthe driveshaft
is removed it must be reinstalled in the same
relative position to preserve the balance.
1'l Problems with the driveshaft are usually
indicated by a noise or vibration while driv-
ing the vehiole, A road test should verifo if the
problem is the driveshaft or another vehicle
component. Refer to the Troubleshooting Sec-
tion at the front of this manual. lf you suspect
trouble, inspect the driveline (see the next
Section).

11 Drivelineinspection

bolts to make sure they're tight.
6 Listen for any noise from the center
bearing, if equipped. lf the center bearing is
worn or damaged, replace it (see Section 14).
Inspect the rubber portion of the center bear-
ing support for cracking or separation, and
replace it too if necessary. lf the slip yoke on
the rear driveshaft is leaking, replace the slip
yoke boot (see Section 14).
7 On 4WD models, check the front
driveshafi as well. Also look for grease leak-
age around the slip yoke. A leak at the slip
yoke on sport utility vehicles indicates failure
of the yoke seal. Replace the driveshaft with
a new oi rebuilt unit. A leaking slip yoke on
trucks is easily fixed by replacing the dust boot
protecting the splined portion of the driveshaft
that slides in and out of the slip yoke.
8 On 4WD models, inspect for leaks where
the driveshafts connect to the transfer case
and where the front driveshaft connects to the
front differential. Leakage indicates worn oil
seals. You can easily replace the rear transfer
case seal (see Chapter 7C) but not the front
transfer case seal, which requires removal
and disassembly of the transfer case. To
replace the front differential pinion seal, refer
to Section 19.
9 On 4WD models. check for looseness
in the front driveaxle CV joints. And look
for grease in the area in front of, above and
behind the driveaxles. lf you find grease in this
area, it's been flung out of .a torn CV joint rub-
ber boot^ Oil leakage at the left inner CV joint
can indicate a defective side gear oil seal; oil
leakage at the right inner CV joint can indi-
cate a leaking axleshaft housing tube seal.
Replacement of these seals requires speclal
tools; remove the front aXle assembly (see
Section 24) and have the seal(s) replaced by a
dealer or by a 4WD specialist shop.

pension, turn off the air suspension system.
The switch is located in the area of the right
kick panel (see Chapter 10). Warning: On
models with air suspension, electrical power
to the air suspens,on system must be turned
off before raising the vehicle. Failure to do so
can result in a sudden inflation or deflation of
the air spings, causing instability of the vehi-
cle while it's offthe ground.
2 Raise the vehicle and support it securely
on jackstands. Place the transmission in Neu-
tral with the parking brake off. Block the front
wheels to prevent the vehicle from rolling.

Rear driveshaft
Removal
Refer to illustrations 12.3 and 12.4
3 Using a scribe, a hammer and punch, or
paint, mark the relationship of the driveshaft
to the differential pinion flange (see illustra-
tion). These marks ensure that the drive-
shaft's dynamic balance will be restored when
the driveshaft is installed again.
4 Remove the rear universal joint bolts
(see il lustration). Turn the driveshaft (or
wheels) as necessary to bring the bolts into
the most accessible position.
5 On vehicles with a two-piece driveshaft,
remove the two center bearing support
bracket bolts.
6 Lower the rear of the driveshaft, slide
the slip yoke at the front end of the driveshaft
out of the transmission or transfer case, and
remove the driveshaft assembly.
7 Wrap a plastic bag over the transmission
or transfer case extension housing and hold it
in place with a rubber band. This will prevent
loss of fluid and protect against contamination
while the driveshaft is out.
8 While the driveshaft is removed, check
and, if necessary, replace the extension hous-
ing seal (see Chapter 7A or 7C) and/or the
differential pinion seal (see Section 19). lf the
driveshaft is a two-piecd type, check the cen-
ter bearing for any damage or wear (see Sec-
tion 14).

12.4 Insert a screwdriver through the U-
joint to prevent the driveshaft from turning

as you break loose the four U-ioint-to-
pinion flange bolts

1 Raise the rear of the vehicle and sup-
port it securely on jackstands. Block the front
wheels to keep the vehicle from rolling off the
stands.
2 Crawl under the vehicle and visually
inspect the driveshaft. Look for any dents
or cracks in the tubing. lf any are found, the
driveshaft must be replaced.
3 Check for oil leakage at the front and
rear of the driveshaft. Leakage where the
driveshaft enters the transmission or transfer
case indicates a defective transmission/trans-
fer case seal (see Chapter 7). Leakage where
the driveshaft joins the differential indicates a
defective pinion seal (see Section 19).
4 While under the vehicle, have an assis-
tant rotate a rear wheel so the driveshaft will
rotate. As it does. make sure the universal
joints are operating properly without binding,
noise or looseness. The universal joint can
also be checked with the driveshaft motion.
less, by gripping your hands on either side of
the joint and aftempting to twist the joint. Any
movement at all in the joint is a sign of con-
siderable wear. Lifting up on the shaft will also
indicate movement in the universal joints.
5 Check the driveshaft-to-pinion flange

12 Driveshaft - removal and
installation

All models
'l lf the vehicle is equipped with air sus-

12.3 Mark the relationship of the rear
driveshaft U-joint to the differential

pinion flange
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12.14 Mark the yoke at each end of the driveshaft to its
companion flange

12.1 5 Rernove the bolts that attach the ftont driveshaft to the front
axle dlfferential plnlon flange (shown), and the bolts that attach the
front driveshaft to the transfer case output shaft companion flange

lnstallation
9 lf you removed the center bearing and
support bracket from a two-piece driveshaft,
install them now and reattach the front and
rear parts of the driveshaft (see Section 14). lf
you removed the old extension housing seal,
install a new one now (see Chapter 7).
10 Remove the plastic bag from the trans-
mission or transfer case extension housing
and wipe the area clean. Slide the slip yoke
at the front of the driveshaft onto the transmis-
sion or transfer case output shaft; make sure
you don't damage the lip of the seal.
11 On vehicles with a two-piece driveshaft,
raise the center bearing assembly into posi-
tion, install the support bracket bolts and
tighten them to the torque listed in this Chap-
ter's Specifications.
'12 Raise the rear of the driveshaft into posi-
tion, checking to be sure the marks are in
alignment. lf not, tum the rear wheels to match
the pinion flange and the driveshaft. Tighten
all bolts to the torque listed in this Chapter's
Speciftcations.

Front driveshaft (4WD models)
Removal
Referto illustntions 12.14 and 12.15
13 Remove the three front driveshafi shield
nuts and. remove the front driveshaft shield.
14 Mark the relationship of the front
driveshaft to the front axle differential pinion
flange and to the transfer case output shaft
companion fl ange (see illustratlon).
15 Remove the bolts that attach the front
driveshaft to the front axle pinion flange and
to the transfer case output shaft companion
fl ange (see illustration).
16 Carefully lower and remove the front
driveshaft.
17 While the front driveshaft is removed,
check and, if necessary replace the differen-
tial pinion seal (see Section '19). Also, check
the transfer case output shaft seal. lf this
seal is leaking, remove the transfer case (see
Chapter 7C) and take it to a dealer or a 4WD
specialist. The transfer case must be disas-
sembled before this seal can be replaced.

lnstallation
18 Bolt the front end of the driveshaft to the
front axle differential pinion flange and tighten
the bolts to the torque listed in this Chapter's
Specifications.
19 Extend or compress the driveshaft as
necessary, attach the rear end to the trans-
fer case output shaft companion flange and
tighten the and bolts to the torque listed in this
Chapter's Specifications.
20 Install the front driveshaft shield and
tighten the bolts securely.

All models
21 Remove the jackstands and lower the
vehicle.
22 Reactivate the air suspension system, if
equipped (see Chapter 10).

13 Universaljoints - replacement

Note: Purchase a universal joint seruice kit
for your model vehicle before beginning this

procedure. Also, read through the entire pro-
cedure before beginning wo*.

Si ngle-cardan U-joints
Refer to illustrations 13.2, 13.4 and 13.9
Note: A press or larga vise will be required
for this procedure. lt may be advisable to take
the driveshafr to a local dealer seruice depart-
ment, service station or machine shop wherc
the universal joints can be replaced for you,
normally at a rcasonable charge.
1 Remove the driveshaft as outlined in the
previous Section.
2 Using a small pair of pliers, remove the
snap-rings from the spider (see illustratlon).
3 Suppofting the driveshaft, place it in posi-
tion on a workbench equipped with a vise.
4 Place a piece of pipe or a large socket
with the same inside diameter over one of
the bearing caps. Position a socket which is
of slightly smaller diameter than the cap on
the opposite bearing cap (see illustratlon)
and use the vise or press to force the cap out
(inside the pipe or large socket), stopping just

13.2 A pair of needle-nose pliers can be
used to remove the universal

joint snap-rlngs

I 3.4 To press the universal joint out of
the driveshaft yoke, set it up in a vise with

the small socket pushing the joint and
bearing cap into the large socket
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13,9 lf the snap-rlng will not seat ln the
groove, strike the yoke wlth a brass

hammer - this will relleve the tension that
has set up in the yoke and sllghtly sprlng
the yoke ears (lhls should also be done lf

the jolnt feels tight when assembled)

13.14a Once you have pushed out a c'ap
about 3/8-inch, twlst it out wlth a palr of

water pump pliers . . .

before it comes completely out of the yoke.
Use the vise or large pliers to work the cap
the rest of the way out.
5 Transfer the sockets to the other side
and press the opposite bearing cap out in the
same manner.
6 Pack the new universal joint bearings
with grease. lnstructions for lubrication may
be included with.the universal joint servicing
kit and should be followed carefully.
7 Position the spider in the yoke and par-
tially install one bearing cap in the yoke.
8 Start the spider into the bearing cap and
then partially install the other cap. Align the
spider and press the bearing caps into posi-
tion, being careful not to damage the dust
seals.
9 Install the snap-rings. lf diff iculty is
encountered in seating the snap-rings, strike
the driveshaft yoke sharply with a hammer.
This will spring the yoke ears slightly and
allow the snap-rings to seat in the groove
(see illustration).
10 Install the grease fitting and fill the joint
with grease. Be careful not to overfill the joint,

as this could blow out the grease seals.
11 Install the driveshaft, tightening the com-
panion flange bolts to the torque listed in this
Chapter's Specifi cations.

Dou ble-cardan U-joints
Refer to illustrations 13.12, 13.13, 13.14a,
1 3.1 4b, 1 3.1 5a, 1 3.1 5b, 1 3.1 6a, 1 3.1 6b,
13.17, 13.18, 13.19, 13.20a, 13.20b, 13.22a,
13.22b, 13.22c, 13.22d and 13.22e
12 Remove the eight snap-rings that retain
the bearing caps (see illustration).
13 Mark the relationship of the companion
flange, the center yoke and the driveshaft
yoke (see illustration) or, if you're overhaul-
ing the front U-joint, the slip yoke, the cen-
tering socket yoke, the center yoke and the
front driveshaft yoke. Caution: The U-joints
must be assembled with these pieces in their
original poslflons so the driveshaft does not
become imbalanced.
14 Starting with the two bearing caps in the
companion flange end ofthe center yoke, posF
tion the U-joint in a bench vise, with a smaller
socket on one side, to push against the bear-
ing cap and spider, and a larger socket on
the other side, with an inside diameter large
enough to allow the opposite bearing cap to
protrude into it without interference (see illus-
tration 4.13). Tighten the jaws of the vise

13.13 Marking the relationshlp of the
parts to one another ie essentlal, if you

want to preserve dynamlc balance and flt;
if you're rebuilding the rear U.'lolnt (the
one deplcted in these photos), mark the
companion flange, the center yoke and

the driveshaft yoke; lf you're overhaullng
the front U-joint, mark the ellp yoke, the
centering socket yoke, the center yoke

and the front drlveshaft yoke.

13.15a Once you have removed the center
yoke, you can remove the two bearing

caps from the driveshaft yoke in the same
fashion: Place a large socket on one slde
and a smaller socket on the opposite side,

then push the cap on the rlght Into the
larger socket untll lt protrudes about

3/8-inch as descrlbed above, twlst the cap
off with a pair of water pump pllers . . .

until the bearing protrudes about 3/8-inch out
of the yoke. Loosen the vise jaws, rotate the
U-joint 90degrees so that you can get at the
protruding bearing cap, work the cap out with
a pair of vyater pump pliers (see lllustration)
and remove the cap (see illustration). Then
rotate the U-joint another 9O{egrees, install
the large and small socket again and press out
and remove the opposite bearing cap (the one
you just pushed in to drive out the first cap).
Then do the other two bearing caps for that
spider. lt's easier to start with the outermost
spider, regardless of which U-joint you're over-
hauling.
15 After you've got the center yoke off,

13.12 Remove all the old snap-rlngs

13.14b . . . and remove the cap

PALMTREESALES1967 - NO RESALE



8-12 Ghapter 8 Cl.utch and driveline

13.15b . . . and remove the cap; then flip
the U-Jolnt around and remove the other

bearing cap the same way

13.17 Carefully tap a new centering ball
and dust cover onto the companion flange

with a large socket; just make sure you
don't damage the bearing surface of the

centerlng ball (Dana units simply use
a circular, flat seal, not a dust cover, to

protect the centering ball)

13.20a Install the center yoke on the other
two legs of the new spider (make sure the
marks you made on the centeryoke and

the driveshaft yoke are
l i n e d u p ) . . .

13.16a Place the companion flange in a
bench vise as shown and remove the dust
cover and centering ball: Since you're not
going to reuse it, you can knock the old
dust cover off with a hammer and chisel

1 3.1 8 lnstall a new spider bearing into
the driveshaft yoke and secure it with a
couple of new bearing caps (be sure to

install a new seal with each new bearing
cap unless, of course, the seals are

integral with the caps)

remove the two bearing caps from the
driveshaft yoke in the same fashion as
described above (see illustrations).
16 Place the companion flange in a bench
vise as shown and remove the dust cover and
centering ball (see illustrations).
17 Instal l  a new centering bal l  and dust
cover on the companion flange (see illustra-
t ion).
18 lnstal l  the new spider bearing in the
driveshaft yoke and secure it with a couple
of new bearing caps (see illustration). Make
sure the grease fitting on the spider faces
away from the center yoke; if the spider is
installed with the grease fitting facing toward
the center yoke, it could create a clearance
problem, and you won't be able to grease
the spider. Don't forget to install a new seal
with each new bearing cap (see illustration
4.12a). Note: Ihe sea/s are integral with the
caps on some rebuild kits.
19 Place the driveshaft yoke in the bench

I 3.1 6b Once you've got the dust cover
off, rotate the centering ball as shown,

grab lt with the bench vise jaws and
carefully tap off the companion flange

13.19 Place the driveshaft yoke in the
bench vise and press two opposite caps
into the yoke until they're flush with the
driveshaft yoke, then lnstall a couple of

sockets and press the caps into the yoke
until they're fully seated (tops of caps

flush wlth snap-ring grooves)

vise and press the two caps into the yoke until
they're flush with the driveshaft yoke (see
illustration).
20 Install the center yoke on the other two
legs of the new spider and hold it in place with
a couple more new bearing caps and seals
(see illustrations). Make sure the marks you
made on the center yoke and the driveshaft
yoke are lined up. Place the driveshaft in the
vise and press the two caps into the center
yoke until they're flush with the yoke.
21 Install a pair of sockets between each
opposing pair of bearing caps and press in
the caps until they're fully seated (the tops
of the bearing caps must be flush with the
lower edges of the snap-ring grooves in the
driveshaft yoke, center yoke and compan-
ion flange (or the driveshaft yoke and center
yoke, if you're rebuilding a front U-joint).
22 Instal l  the centering spring (see i l lus-
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13.20b . . . install the new bearing caps
and seals, then press the two caps into

the center yoke

13.22c Make sure the grease fitting on
the spider faces away from the center
yoke (toward the companion flange) to

avoid clearance problems, and to provide
access to the fitting for lubrication

tration) and a new center seal on the cen-
tering stud and guide the centering stud into
the centering bal l .  Connect the companion
flange to the other end of the center yoke with
a new spider (see i l lustrat ion). Make sure
the grease fitting on the spider faces away
from the center yoke (see illustration). lf the
spider is installed with the grease fitting fac-
ing toward the center yoke, it could create a
clearance problem, and you won't be able
to grease the spider. Tap the new bearing
caps into the center yoke to hold everything
together (see illustration), press in the caps
so they're flush with the center yoke, press
the other two caps into the companion flange
until they're flush with the companion flange,
then press in all four caps with a pair of sock-
ets until they're fully seated. Install new snap-
rings (see illustration). Note: /f difficulty is
encountered in seating the snap-rings, strike
the driveshaft yoke(s) sharply with a hammer
(see iffustration 13.9). This will spring the
yoke ears slightly and allow the snap-rings to
seat in the groove.

13.22a Install the centering spring and,
if applicable, a new dust seal for the

centering ball

13.22d Tap the new bearing caps into
place to hold the spider, then press in the
caps the same way you did the caps for
the other spider, with a pair of sockets

14 Driveshaft slip yoke boot and
center bearing (two-piece
driveshafts) - replacement

1 l f  the vehicle is equipped with air sus-
pension, turn off the air suspension system.
The switch is located in the area of the right
kick panel (see Chapter 10). Warning: On
models with air suspenslon, electrical power
to the air suspenslon syslem r?ust be turned
off before raising the vehicle. Failure to do so
can result in a sudden inflation or deflation of
the air spings, causing instability of the vehi-
cle while it's off the ground.
2 Raise the vehicle and place it securely
on jackstands.
3 Remove the driveshaft (see Section 12).

Slip yoke boot
4 Put the driveshaft assembly on the bench
and cut off the slip yoke boot clamps.
5 Mark the relationship of the slip yoke to
the driveshaft. Separate the slip yoke from the
splined stub shaft on the driveshaft.

13.22b Attach the companion flange to
the center yoke with the other new spider

13.22e Afterthe new bearing caps are
fully seated (flush with the snap-ring

grooves in the yokes), install
new snap-rings

6 Remove the driveshaft slip yoke boot.
Inspect the boot for cracks and tears. lf nec-
essary discard it and get a new one.
7 Inspect the slip yoke grease for signs of
dirt or water contamination. lf the grease is
contaminated, pull off the slip yoke, clean ofi
the old grease, and inspect the stub shaft and
slip yoke splines for signs of excessive wear or
corrosion. lf the splines are damaged, replace
the driveshaft with a new or rebuilt unit.
8 Instal l  the center bearing, i f  removed
(see below).
9 Slide the end of the new boot with the
smaller opening onto the splined stub shaft.
Push it on as far as it will go.
10 Attach the boot to the stub shaft with a
new boot clamp. You'll need a special crimp
clamp pl iers, avai lable at most auto parts
stores, to crimp the new clamp.
11 Lubricate the stub shaft splines with high
temperature grease and slide the slip yoke
onto the splines, making sure the marks you
made in Step 5 are in alignment.
12 Fi l l  the sl ip yoke boot with about 10
grams of the same lubricant.
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'16.4a Posltion a large screwdrlVer between the rear axle cage and
a ring gear bolt to keep the dlfferential case from turnlng when

removing the pinion shaft lock bolt

13 Slip the larger boot clamp onto the slip
yoke.
14 Slip the boot onto the slip yoke, then
adjust the distance from the weld bead on the
driveshaft to the centerline of the U-joint to the
dimension listed in this Chapter's Specifica-
tions.
15 Pry the lip of the boot open with a screw-
driver to bleed air from the slip yoke boot,
then install the large clamp and crimp it with
suitable pliers (see Step 10).
16 Install the driveshafi (see Section 12).
17 Remove the jackstands, lower the vehi-
cle and reactivate the air suspension system,
if equipped.

Center bearing
18 The center bearing is pressed onto the
driveshaft and cannot be removed without a
press and special adapter. Take the driveshaft
to an automotive machine shop and have the
old bearing pressed off and a new bearing
installed. lf the rubber support is damaged,
have it replaced at this time as well.
19 Install the driveshaft (see Section 12).
20 Remove the jackstands, lower the vehi-
cle and reactivate the air suspension system,
if equipped.

16.4b Rotate the dlfferential case lS0degreea and sllde the
plnlon shaft out of the case untll the stepped part of the shaft

contacts the rlng gear

l5 A*les - description and check

Description
1 The rear axle assembly is a hypoid (the
centerline of the pinion gear is below the cen-
terline of the ring gear), semi-floating type .
When the vehicle goes around a comer, the
differential allows the outer rear tire to turn
more quickly than the inner tire. The axleshafts
are splined to the differential side gears, so
when the vehicle goes around a comer, the
inner tire, which tums more slowly than the
outer tire, tums its side gear more slowly than
the outer tire tums its side gear. The difierential
pinion gears roll around the slower side gear,

driving the outer side gear - and tire - more
quickly. The difierential is housed within a cast-
ing (known as a "canief) with a pressed steel
cover. The steel axle tubes are pressed into
and welded to the canier.
2 On 4WD models, a fully independent
front axle assembly is used. This consists
of a differential and a pair of driveaxles.
Each driveaxle has an inner and outer con-
stant velocity (CV) joint. The outer CV joints
are splined into the wheel hub and bearing
assemblies; the inner CV joints are bolted to
the axleshaft flanges. Because the differential
is ofiset to the left (to clear the engine and to
align it with the transfer case), the distance
between the differential and the right front
wheel is greater than the distance from the
differential to the left wheel. In order to use
two equal-length driveaxles, a longer axle-
shaft, housed inside a tube, is employed on
the right side to make up the difference.
3 An optional locking limited-slip rear axle
is also available. This differential allows for
normal operation until one wheel loses trac-
tion. A limited-slip unit ls similar in design to
a conventional differential, except for the
addition - at either side of the differential side
gears - of a series of altarnating clutch friction
discs and plates (not unlike a modem clutch
pack on a motorcycle) which slow the rota-
tion of the difierential case when one wheel is
on a firm surface and the other on a slippery
one. The difference in wheel rotational speed
produced by this condition applies additional
force to the pinion gears and through the
clutch friction discs, which are splined to the
axleshafts, equalizes the rotation speed of the
axleshaft driving the wheel with traction.

Check
4 Often, a suspected "axle" problem lies
elsewhere. Do a thorough check ofother pos-
sible causes before assuming the axle is the
problem.
5 The following noises are those com-
monly associated with axle diagnosis proce-
dures:

16.5 Push ln on the axle flange and
romove the C-lock (arrow) from the Inner

end of the axle shaft

a) Road noise is often mistaken for
mechanical faults. Driving the vehicle
on different suilaces will determine if the
road surtace is the cause of the noise.
Road nolse will remain the same if the
vehicle is under power or coasting.

b) Tire noise ls sometimes mistaken for
mechanical problems. Tires which are
wom or low on pressure are pafticularly
susceptib/e to emitting vibrations and
noises. Ilre noise will remain about the
same duing varying driving situations,
where axle noise will change during
coasting, acceleration, etc.

c) Engine and transmission noise can be
deceiving because it will travel along
the driveline. To isolate engine and
lransmlsslon noises, make a note of the
engine speed at which the noise is mosf
pronounced. Stop the vehicle and place
the transmission in Neutral and run the
engine to the same speed. ff the noise is
the same, the axle is not at fault.

6 Because of the special tools needed,
overhauling the differential isn't cost efiective
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17.2 You can pry out the old eeal with
the axleshaft

for a do-it-yourselfer. The procedures included
in this Chapter describe axleshaft removal and
installation, axleshaft oil seal replacement,
axleshaft bearing replacement and removal of
the entire unit for repair or replacement. Any
further work should be left to a dealer service
department or other qualified repair shop.

ldentification
7 lf the axle must be replaced, refer to
the axle identification tag bolted to the difier-
ential cover (rear axle) or bolted to the inner
end of the right axle tube (front axle). This
tag provides the plant code, which denotes
the design and specific ratio of the axle, and
indicates whether the axle is a conventional
design or a locking differential (known as
"Traction Loc"). The tag also indicates the
axie ratio, ring gear diameter, build year, build
month and build day, all of which are essential
to obtaining the right axle.

16 Axleshaft (rear) - removal and
installatlon

Referto illustrations 16.4a, 16.4b and 16.5
1 lf the vehicle is equipped with air sus-
pension, turn ofi the air suspension system.
The switch is located behind the right kick
panef (see Chapter 10). Warnlng: On models
with air suspension, electrical power to the air
suspension system must be tumed off before
nising the vehicle. Failure to do so can result
in a sudden inflation or deflation of the air
spnhgg causing instability of the vehicle while
it's otrthe ground.
2 Raise the rear of the vehicle, support it
securely on jackstands and block the front
wheels. Remove the wheel and brake drum or
disc (see Chapter 9).
3 Remove the cover from the differential
canier and allow the lubricant to drain into a
container.
4 Remove the lock bolt from the difierential
pinion shaft. Slide the notched end of the pin-
ion shaft out of the difierential case as far as it

17.3 Install the new axleshaft oil seal wlth
a seal driver or large socket

will go (see illustrations).
5 Push the outer (flanged) end ofthe axle-
shaft in and remove the C-lock from the inner
end of the shaft (see illustration).
6 Withdraw the axleshaft, taking care not
to damage the oil seal in the end of the axle
housing as the splined end of the axleshaft
passes through it.
7 lnstallation is the reverse of removal.
The manufacturer recommends that a new
pinion shaft lock bolt be used, but if one is not
available, coat the threads with a non-harden-
ing thread locking compound. Install the pin-
ion shaft lock bolt and tighten it to the torque
listed in this Chapter's Specifications.
8 Install the differential cover (see Chap-
ter 'l). Install the brake drum or disc/caliper
(see Chapter 9).
9 Refill the axle with the correct quan-
tity and grade of lubricant (see Chapter 1).
Tighten the wheel lug nuts to the torque listed
in the Chapter 1 Specifications.

19.4 Use an inch-pound torque wrench to
check the torque necessary to rotate the

plnlon shaft

and the oil seal (see Section 17).
2 A bearing puller which grips the bearing
from behind will be required for this job. These
tools, adapted to screw onto slide hammers,
are available from tool stores and many auto
parts stores.
3 Attach a slide hammer to the puller and
extract the bearing from the axle housing.
4 Clean out the bearing recess and drive
in the new bearing with a bearing installer or
a piece of pipe positioned against the outer
bearing race. Make sure the bearing is tapped
in to the full depth of the recess and the num-
bers on the bearing are visible from the outer
end of the axle housing.
5 Install a new oil seal (see Section 16),
then install the axleshaft.

19 Differential pinion seal (rear) -
replacement

{7 Axleshaft oil seal (rear) -
replacement

Referto illustrations 17.2 and 17.3
1 Remove the axleshaft (see Section 16).
2 Pry the oil seal out of the end of the axle
housing with a large screwdriver or the inner
end of the axleshaft (see lllustration).
3 Apply multi-purpose grease to the oil seal
recess and tap the new seal evenly into place
with a hammer and seal installation tool, large
socket or piece of pipe so the lips are facing
in and the metal face is visible from the end of
the axle housing (see illustration). When cor-
rectly installed, the face of the oil seal should
be flush with the end of the axle housing.
4 lnstall the axleshafi (see Section 16).

18 Axleshaft bearing (rear) -
replacement

Referto illustrations 19.4, 19.5, 19.7, 19.9,
19.10 and 19.11
1 lf the vehicle is equipped with air sus-
pension, turn off the air suspension system.
The switch is located in the area of the right
kick panel (see Chapter 10). Warning: On
models with air suspenslon, electical power
to the air suspenslon sysfem musf be tumed
off before nising the vehicle. Failure to do so
can result in a sudden inflation or deflation of
the air spings, causing instability of the vehi-
cle while it's off the ground.
2 Loosen the rear wheel lug nuts, raise the
rear of the vehicle and support it securely on
jackstands. Btock the front wheels to keep the
vehicle from rolling off the stands. Remove
the wheels (this will allow you to obtain a
more accurate pinion shaft preload reading).
3 Disconnect the driveshaft and fasten it
out of the way.
4 Use an inch-pound torque wrench to
check the torque required lo rotate the pinion.
Record it for use later (see illustration).
5 Put alignment marks on the pinion shaft,Remove the axleshaft (see Section 16)
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19.5 Mark the relatlve posltions of the
plnlon, nut and flange (arrows) before

removlng the nut

nut and flange (see illustration).
6 Count the number of threads visible
between the end of the nut and the end of the
pinion shaft and record it for use later.
7 A special tool can be used to keep the
companion flange from moving while the
self-locking pinion nut is loosened. lf the spe-
cial tool isn't available, insert a screwdriver
through one of the bolt holes (see illustra-
tion).
8 Removethe pinion nut.
9 Remove the companion flange. lt may.be
necessary to use a two or three-jaw puller to
pull ofi the flange (see lllustration). Do NOT
aftempt to pry behind the flange or hammer
on the end of the pinion shaft.
10 , Pry out the old seal (see illustratlon)
and discard it.
11 Lubricate the lips of the new seal with
higli-temperature grease and tap it evenly
into position with a seal installation lool or a
large socket. Make sure it enters the housing
squarely and is tapped in to its full depth (see
lllustration).
12 Align the mating marks made before dis-
assembly and install the companion flange. lf
necessary tighten the pinion nut to draw the
flange into place. Do not try to hammer the
flange lnto position.
13 Apply non-hardening sealant to the ends
of the splines visible in the center of the flange
so oil will be sealed in.
14 Install the washer (if equipped) and pin-
ion nut. Tighten the nut carefully until the origi-
nal number of threads are exposed.
15 Measure the torque required to rotate
the pinion and tighten the nut in small incre-
ments until it matches the figure recorded in
Step 5. In order to compensate for the drag of
the new oil seal, the nut should be tightened
more until the rotational torque of the pinion
slightly exceeds what was recorded earlier,
but not by more than 5 inibs.
16 Connect the driveshaft, install the wheels
and lower the vehicle. Tighten the lug nuts to
the torque listed in the Chapter 1 Specifica-
tions.

19.7 lf you don't have the factory tool to
hold the plnlon flange while loosenlng and
backlng offthe pinion flange locknut, use
a screwdriver inserted through a hole in
the flange and jammed agalnst the top of

the reinforcing rlb on the
differential carrier

19.10 Pry out th€ old plnlon seal wlth a
' seal removal tool

20 Axle (rear) - removal and
installation

Removal
Allmodels
Refer to illustrations 20.7 and 20.8
1 lf the vehicle is equipped with air sus-
pension, turn ofi the air suspension system.
The switch is bcated in the area of the right
kick panel (see Chapter 10). Warning: On
models with air saspensrb4 electrical power
to the air suspenslon system must be turned
off before raising the vehicle. Failure to do so
can result in a sudden inflation or deflation of
the air spings, causing instability of the vehi-
cle while it's off the ground.
2 Loosen the rear wheel lug nuts, raise the
rear of the vehicle and support it securely on
jackstands placed under the frame (not under
the axle). Block the front wheels to keep the
vehicle from rolling off the stands. Remove
the rear wheels.

19,9 lf the pinion flange is difficult to
remove, pull it off with a small puller

19.11 Lubricate the llps of the new pinlon
seal ahd seat it squarely in the bore, then
drive it into the carrier with a seal drlver or

a large socket

3 Disconnect the driveshaft from the
rear axle differential pinion flange (see Sec-
tion 12).
4 Fasten the driveshaft out of the way with
a piece of wire from the underbody.

20.7 Unplug the electrical connector from
the rear ABS sensor
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20.8 Disconnect the two rear brake lines,
the axle vent tube and the rear brake hose
from the Junction block on top of the axle

5 Disconnect the parking brake cables
from the rear drum brakes or disc brakes (see
Chapter 9).
6 Remove the brake assemblies and back-
ing plates (see Chapter 9).
7 Unplug the electrical connector from the
rear ABS sensor (see illustration).
8 Disconnect the two rear axle brake lines,
the axle vent tube and the rear brake hose
from the junction block on top of the axle (see
illustration).

Truck models
I Position a floor jack under the differential
case and raise it slightly.
1 0 Disconnect the lower ends of both shock
absorbers from their brackets on the rear axle
(see Chapter 10), then compress them to get
them out of the way.
11 At each end ofthe axle. remove the four
spring U-bolt nuts, the two U-bolts and the
spring plate that attach the axle to each spring
(see Section 14, Chapter',|0). On models with
air suspension, you'll also need to unbolt the
anti-wind bar from the axle.
12 Check to be sure nothing is still attached
between the axle assembly and the vehicle.
13 Slowly lower the axle to the ground with
the floor jack. Since the axle is very long, it
can be unstable. lt's a good idea to have an
assistant steady the axle as it is being low-
ered. On 4WD models, remove the rear spring
spacers as the axle is being lowered.

Expedition and Navigator models
14 Remove the two bolts from each of the
two brackets that hold the stabilizer bar to
the axle, then remove the two brackets (see
Chapter 10).
15 Loosen the stabilizer bar links and swing
the stabilizer bar down, out of the way of the
axle (see Chapter 10).
16 Disconnect the air suspension system
height sensor from the axle housing.
17 Position a floor jack under the rear axle
differential case and raise the axle assembly
slightly, taking the weight off the suspension
components.
18 Disconnect the rear axle track bar from

21.3 To remove the driveaxle hub nut,
hold the driveaxle by inserting a large

screwdriver or prybar between the wheel
studs as shown and use a large breaker

bar to loosen the nut

the axle and tie the track bar up, out of the
way with a piece of heavy wire (see Chap-
ter '10) .
19 Remove the rubberjounce bumper from
the top of the axle housing assembly.
20 Disconnect the suspension upper arms
from the axle housing (see Chapter 10).
21 Disconnect the suspension lower arms
and position them out of the way (see Chap-
ter 10).
22 Disconnect the lower shock absorb-
ers from the axle housing and compress
the shock absorbers up, out of the way (see
Chapter 10).
23 Check to be sure there is nothing else
attached between the axle housing and vehi-
cle, then carefully lower the axle assembly to
the floor. Since the axle is very long, it can be
unstable. lt's a good idea to have an assistant
steady the axle as it is being lowered.

lnstallation (all models)
24 lnstallation is the reverse of removal.
Lower the vehicle weight onto the wheels
before tightening the suspension arm/stabi-
lizer bar fasteners completely.
25 Reactivate the air suspension system, if
equipped.
26 Bleed the brakes (see Chapter 9).

21 Driveaxle (4WD models) -
removal and installation

Refer to illustrations 21 .3 and 21 .4
1 lf the vehicle is equipped with air sus-
pension, turn off the air suspension system.
The switch is located in the area of the right
kick panel (see Chapter 10). Warning: On
models with air suspenslon, electrical power
to the air suspension system must be turned
off before raising the vehicle. Failure to do so
can result in a sudden inflation or deflation of
the air springs, causing instability of the vehi-
cle while it's off the gnSund.

21.4 Mark the relationship of the inner CV
joint to the axleshaft flange, then, with the

prybar again between the wheel studs,
loosen the flange bolts

2 Loosen the wheel lug nuts, raise the
vehicle and support it securely on jackstands.
Remove the wheel.
3 Remove the cotter oin and nut lock.
Place a prybar or large screwdriver between
the wheel studs to hold the driveaxle and
break the driveaxle hub nut loose with a large
breaker bar (see illustration). Remove the
nut and washer.
4 Using the same setup, hold the driveaxle
and remove the driveaxle flange bolts (see
illustration). Be sure to mark the relation-
ship of the inner CV joint to the flange before
removing the bolts.
5 Remove the steering knuckle (see Chap-
ter 10).
6 Remove the driveaxle assembly.
7 lnstallation is the reverse of removal. Be
sure to tighten the driveaxle hub nut and the
CV joint flange bolts to the torque listed in this
Chapter's Specifications. Use a new cotter
pin, too.
8 Reactivate the air suspension system, if
equipped.

22 Driveaxle boot replacement (4WD
models)

Note: /f the CV joints exhibit signs of wear
indicating need for an overhaul (usually due
to torn boots), explore all options before
beginning the job. Complete rebuilt driveaxles
are available on an exchange basis, which
eliminates much time and work. Whichever
route you choose to take, check on the cost
and availability of pafts before disassembling
the vehicle.

Inner CV joint
Disassembly
Refer to illustrations 22.3, 22.4, 22.5, 22.7,
22.9.22.10 and 22.11
1 Remove the driveaxle from the vehicle
(see Section 21).
2 Mount the driveaxle in a vise. The iaws
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22.3 Cut off the boot clamps and discard them

22.5 With the retainer removed, the outer race can be pulled off
the bearing assembly

of the vise should be lined with wood or rags
to prevent damage to the axleshaft.
3 Cut the boot clamps from the boot and
discard them (see illustration).
4 Slide the boot back on the axleshaft and
pry the wire ring ball retainer from the outer
race (see illustration).
5 Pull the outer race off the inner bearing
assernbly (see illustration).
6 Wipe as much grease off the inner bear-
ing as possible.
7 Remove the snap-ring from the end of

22.4 Pry the wire retainer ring from the CV joint housing with a
small screwdriver

22.9 Make index marks on the inner race
and cage so they'll both be facing the

same direction when reassembled

the axleshaft (see illustration).
8 Slide the inner bearing assembly off the
axleshaft.
9 Mark the inner race and cage to ensure
that they are reassembled with the correct
sides facing out (see illustration).
10 Using a screwdriver or piece of wood,
pry the balls from the cage (see illustration).
Be careful not to scratch the inner race, the
balls or the cage.
11 Rotate the inner race 90-degrees, align
the inner race lands with the caqe windows

22.10 Pry the balls from the cage with
a screwdriver (be careful not to nick or

scratch them)

and rotate the race out of the cage (see illus-
trat ion).

Inspection
Referto illustrations 22.12a and 22.12b
12 Clean the components with solvent to
remove all traces of grease. lnspect the cage
and races for pifting, score marks, cracks and
other signs of wear and damage. Shiny, pol-
ished spots are normal and will not adversely
affect CV joint performance (see i l lustra-
tions).

22.11 Tilt the inner race 9O.degrees and
rotate it out of the cage

22.7 Remove the snap.ring from the end ofthe axleshaft
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22.12a Inspectthe Innerrace lands and
grooves for plttlng and score marks

22.16 Wrap the spllned area of the axle
wlth tape to prevont damage to the boot,
then Install the small clamp and tho boot

Reassembly
Referto illustrations 22.14, 22.16, 22.17,
22.20, 22.22, 22.23 and 22.24
13 Insert the inner race into the cage. Verifo
that the matchmarks-are on the same Bide.
However, it's not necessary for them to be in
direc't alignment with each other.
14 Press the balls into the cage windows
with your thumbs (see lllustratlon).
15 Wrap the axleshaft splines with tape to
avoid damaging the boot.
16 Slide the small boot clamp and boot
onto the axleshaft, then remove the tape (see
lllustsatlon).
17 Install the inner race and cage assembly
on the axleshaft with the larger diameter side

22.1?b Inspect the cage for cracks, pittlng
and score marks (shlny spots are normal

and don't affect operatlon)

22.17 Install the inner race and cage
assembly wlth the "bulge" facing

the end of the axleshaft

or "bulge" of the cage facing the axleshaft end
(see lllustratlon).
18 Install the snap-ring (see lllustratlon
22.71.
19 Fill the outer race with CV joint grease
(normally included with the new boot kit).
20 Pack the inner race and cage assembly
with grease, by hand, until grease is worked
completely into the assembly (soo lllustra-
tlon).
21 Slide the outer race dorrvn onto the inner
race aid install the wire ring retainer.
22 Wipe any excess grease from the axle
boot groove on the outer race. Seat he small
diameter of the boot in the recessed area on
the axleshaft and install the clamp. Push the

22.14 Press the balls Into the cage
through the windows

22.20 Pack grease Into the bearlng untll
It's completely full

other end of the boot onto the outer race and
move the race in-or-out to adjust the driveaxle
to the proper length, as listed in this Chapter's
Specifi calions (see lllusbation).
23 With the driveaxle set to the proper
length, equalize the pressure in the boot by
inserting a dull screwdriver between the boot
and the outer race (see illuetratlon). Don't

22.23 Equallze the pressure inside the
boot by lnserting a small gcrewdrlver
between the boot and the outer race

22.22 Measure
between the polnts
lndlcated and move'the lnner CVJoint.
ln or out untll the
drlveaxle ls eet to
the length llsted
in this Ghaptefs
Specifications
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22.24 A special tool is required to crimp the boot clamps in place;
tighten the bolt nearest the clamp until the ends of the tool touch
- this tool is available at most auto parts stores (it generates much

more clamping force than plier-type crimping toolsi

damage the boot with the tool.
24 Install the boot clamps and crimp them in
place (see illustration).
25 lnstall the driveaxle (see Section 21).

Outer CV joint and boat
Refer to illustration 22.30
Note: Ifie outer CV joint is a non-service-
able item and is permanently retained to the
driveaxle. lf any damage or excessive wear
occurs to the axle or the outer CV joint, the
entire driveaxle assembly must be replaced
(excluding the inner CV joint).
26 Remove the driveaxle from the vehicle
(see Section 21).
27 Mount the driveaxle in a vise. The jaws
of the vise should be lined with wood or rags
to prevent damage to the axleshaft.
28 Cut the boot clamps from both inner and
outer boots and discard them (see illustra.
t ion 22.3).
29 Remove the inner CV joint and boot (see
Steps 4 through 11).
30 Remove the outer CV joint boot. Wash
the outer CV joint assembly in solvent and

22.30 After .he old grease has been rinsed away and the cleaning
solvent has been blown out with compressed air, rotate the outer

joint housing tfrrough its full range of motion and inspect the
bearing surfaces for wear or damage - if any of the balls, the race

or cage look damaged, replace the driveaxle and outer joint

inspect ii es described in Step 12 (see illus-
tration). Replace the axle assembly if any CV
joint components are excessively worn. Install
the neq outer bcrot and clamps onto the axle-
shaft (see illustration 22.16).
31 Repack the outer CV joint with CV joint
grease and spread grease inside the new
boot as well.
32 Position the outer boot on the CV joint
and install new boot clamps (see illustration
22.241.
33 Reassemble the inner CV joint and boot
(see Steps 13 through 24).
34 Install the driveaxle (see Section 21).

23 Vacuum shift system (4WD
models) - description, check and
component replacement

Description
1 When a 4WD range is selected by the
switch on the dash, a vacuum shift motor on

the front axle engages the differential with the
right axleshaft via a shift lever which moves a
shift fork which slides a coupler cluster gear,
meshing it with a cluster gear shaft.

Check
Referto illustration 23.5a and 23.5b
2 l f  the vehicle is equipped with air sus-
pension, turn off the air suspension system.
The switch is located in the area of the right
kick panel (see Chapter 10). Warning: On
models with air suspension, electrical power
to the air suspenslori sysfem musf be turned
off before raising the vehicle. Failure to do so
can result in a sudden inflation or deflation of
the air springs, causing instability of the vehi-
cle while it's off the ground.
3 Raise the vehicle and support it securely
on jackstands.
4 Remove the shift motor cover.
5 There are two vacuum lines to the shift
motor diaphragm. Disconnect the l ine from
the inner port (see i l lustrat ion), hook up a
hand-operated vacuum pump in i ts place,
apply 10 in-Hg vacuum and watch the shif t

23,5a To check the vacuum shift motor, locate the two vacuum
line connections (arrow), detach the line from the inboard port,

hook up a hand-operated vacuum pump, apply
10 in.Hg vacuum , .  .

23.5b . . . and verify that the vacuum motor shift rod moves the
shift lever (upper arrow); to remove the vacuum shift motor, peel
back the dust boot (lower arrow) and remove the E-ring retainer
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lever (see illustration). lf it moves freely, the
vacuum shift motor is working properly; if it
doesn't, check to see if vacuum is showing on
the vacuum pump gauge.
6 lf vacuum is holding (the vacuum gauge
reading remains steady), the problem is
something binding in the shift fork and mech-
anism or a clogged vacuum port. Check for
binding by trying to move the shift mechanism
by hand.
7 l f  vacuum does not hold (the gauge
moves back to zero), the vacuum motor is
faulty - replace it.
8 Check for vacuum to the motor by con-
necting the vacuum hose at the shift motor to
a vacuum gauge and, with the engine running
in Park (parking brake set), press the 4WD
button on the dash (during this test, be sure
to use a long vacuum hose for safety so you
don't have to be under the vehicle). lf there's
a strong vacuum reading on the gauge, the
system is working properly and the problem
lies with the axle shif t  mechanism - these
problems are best remedied by a dealer ser-
vice department or other qual i f ied shop. l f
there is no vacuum reading on the gauge, the
problem is with the vacuum hoses between
the shift motor and the switch or in the switch
itself.

Vacu um motor replacement
9 Detach the vacuum hoses from the vac-
uum shift motor diaphragm (see illustration
23.5a).
10 Peel back the dust boot and remove the
E-ring retainer.
11 Disengage the shif t  rod from the shif t
lever and pull out the vacuum shift motor.
12 Installation is the reverse of removal.
13 Lower the vehicle and reactivate the air
suspension system, if equipped.

24.6 Disconnect the vent hose from the
front axle tube

24 Axle (front) removal and
installation

Refer to illustrations 24.6, 24.7, 24.8
and 24.11
1 l f  the vehicle is equipped with air sus-
pension, turn off the air suspension system,
The switch is located in the area of the right
kick panel (see Chapter 10). Warning: On
models with air suspenslon, electrical power
to the air suspension syslem musl be turned
off before raising the vehicle. Failure to do so
can result in a sudden inflation or deflation of
the air springs, causing instability of the vehi-
cle while it's off the ground.
2 Loosen the wheel lug nuts, raise the
front of the vehicle and support it securely on
lackstands placed under the frame. Block the
rear wheels to keep the vehicle from rolling off
the stands. Remove the front wheels.

3 Remove the front driveshaft (see Sec-
t ion '12).

4 Disconnect the front driveaxles from the
axleshaft flanges (see illustration 21.4).
5 Disconnect the vacuum lines from the
vacuum shift motor (see Section 23).
6 Disconnect the vent hose from the front
axle tube (see illustration).
7 Position a jack under the front axle dif-
ferential case (see illustration).
8 Remove the front carrier bushing bolts
(see illustration).
9 Remove the four front differential support
bolts.
10 Remove the front differential support.
11 Remove the right axle tube bushing bolt
(see illustration).
12 Remove the differential cover bushing
bolt.
13 lhstallation is the reverse of removal. Be
sure to tighten all fasteners securely.

24.7 Position a jack under the front axle
differential case

24.8 Remove the front carrier bushing bolts (arrows) 24.11 Remove the right axle tube bushing bolt (arrow)
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Ghapter 9 Brakes
Contents

Secfion
Anti-lock brake system - general information 2
Brake check.... See Chapter 1
Brake disc - inspection, removal and installation .. 5
Brake fluid level check...... See Chapter 1
Brake hoses and lines - check and rep|acement........................... I
Brake hydraulic system - bleeding '10

Brake light switch - check and replacement... 11
Disc brake caliper - removal, overhaul and installation 4
Disc brake pads - rep1acement.................. 3

Section
Drum brake shoes - replacement... 6
Frontwheel bearing check, repack and adjustment

(2WD models only)................ See Chapter 1
General information..... 1
Master cylinder - removal, overhaul and installation I
Parking brake cables - replacement. 13
Parking brake shoes (models with rear disc brakes) - replacement. 14
Power brake booster - check. removal and installation................. 12
Wheel cylinder - removal, overhaul and installation 7

Specifications

General
Brake fl uid type.................

Disc brakes
Brake pad minimum thickness
Disc lateral runout limit......
Disc minimum (discard) thickness... . . . . .

Drum brakes
Minimum brake lining thickness
Maximum drum diameter

Torque specifications
Brake hose{o-caliper banjo bolt (front or rear)
Caliper bolts

Front . . . . . . . . . . . . . . .
Rea r . . . . . . . . . . . . . . .

Caliper anchor bracket bolts (front).....
Master cylinder mounting nuts ................
Vacuum booster mounting nuts................
Wheel cylinder mounting bolts ...............
Wheel  lug nuts. . . . . . . . . . . . . . . . .

See Chapter 1

See Chapter 1
0.003 inch
Cast into disc

See Chapter 1
Cast into drum

Ft-lbs (unless otherwise indicated)
23to 29

21 to26
20
136
15 to 21
16 to 21
'132 to 228 in-lbs
See Chapter 1

General information

General
All,models covered by this manual are

equipped with hydraulically operated, power-
assisted brake systems. All front brakes are
discs. Trucks use either drum or disc rear
brakes; sport utility models use rear discs.

All brakes are self-adjusting. The front
disc brakes automatically compensate for pad
wear, while the rear drum brakes incorporate
an adjustment mechanism which is activated
as the brakes are applied.

The hydraulic system has separate cir-
cuits for the front and rear brakes. lf one
circuit fails. the other circuit will remain func-
tional and a warning indicator will light up on
the dashboard when a substantial amount of
brake fluid is lost, showing that a failure has
occurecl.

Master cylinder
The master cylinder is mounted on the

front of the power brake booster, and can be
identified by the large fluid reservoir on top.
The master cylinder has separate primary and
secondary piston assemblies for the front and
rear circuits.

Power brake booster
The power brake booster uses engine

manifold vacuum to provide assistance to the
brakes. lt is mounted on the firewall in the
engine compartment, directly behind the mas-
ter cylinder.

Anti-lock Brake Sysfem (ABS)
A rear wheel anti-lock brake system

(RABS) is used on these vehicles to improve
directional stability and control during hard
braking. Some models are equipped with a
4-wheel antilock brake system (4WABS) that
prevents wheel skid at all four wheels.

Parking brake
The parking brake mechanically oper-

ates the rear brakes only. The parking brake
cables pull on a lever attached to the brake
shoe assembly, causing the shoes to expand
against the drum.

Precautions
There are some general precautions and

warnings related to the brake system:
a) Use only brake fluid conforming to DOT

3 specifications.
b) The brake pads and linings contain

tibers which are hazardous to your health
if inhaled. Whenever you work on brake
system components, clean all parts with
brake system cleaner or denatured alco-
hol. Do not allow the fine dust to become
airborne.

c) Safety should be paramount whenever
any seruicing of the brake components is
pertormed. Do not use parts or fasteners
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3.3 To make room for the new pads, use a C-clamp to depress
lhe piston(s)

which are not in perfect condition, and
be sure all clearances and torque speci-
fications are adhered to. lf you are at all
unsure about a ceftain procedure, seek
professional advice. Upon completion of
any brake system work, test the brakes
carefully in a controlled area before driv-
ing the vehicle in traffic. lf a problem is
suspecfed in the brake system, don't
drive the vehicle until it's fixed.

3.4a Wash down the disc and brake pads with brake cleaner to
remove brake dust; DO NOT blow off brake dust with

compressed air

Anti-lock brake system - general
information

Description
The Anti-lock brake system is designed

to maintain vehicle maneuverabil ity, direc-
tional stabil ity and optimum deceleration
under severe braking conditions on most road
surfaces. lt does so by monitoring the rota-
tional speed of the wheels and controlling the
brake line pressure during braking. This pre-
vents the wheels from locking up prematurely.

Two types of systems are used: rear
wheel anti{ock brake system (RABS) and 4-
wheel anti-lock (4WABS). RABS only controls
lockup on the rear wheels, whereas 4WABS
prevents lockup on all four wheels.

Actuator assembly
The actuator assembly includes the mas-

ter cylinder and a control valve which consists
of a dump valve and an isolation valve. The
valve operates by changing the brake fluid
pressure in response to signals from the con-
trol unit.

Control unit
The control unit for the anti-lock brakes

on MBS-equipped models is called the anti-
lock electronic control module; i t 's located
inside the center of the dash. The control unit
on 4WABS-equipped models is cal led the
electronic hydraulic control unit (EHCU); it's
located inside the engine compartment. Either

control unit is the "brain" for the system. The
function of the control unit is to accept analog
voltage inputs from the speed sensors, pro-
cess that data, and control hydraulic line pres-
sure to avoid wheel lockup.

The control units for both systems con-
stantly monitor the system, even under nor-
mal driving conditions, to detect malfunctions.
lf a problem develops within the system, the
control unit illuminates a yellow ABS warning
light on the instrument cluster, and may even
shut down the anti{ock system if it's a seri-
ous malfunction. A diagnostic trouble code
will also be stored, which, when retrieved by
a service technician, will indicate the problem
area or component.

Speed sensor
A speed sensor produces an 'analog"

(continuously variable) voltage output, which
is transmitted to the control unit, where it's
converted to digital information, compared to
the control unit's program, and interpreted as
wheel rotation speed. On both systems, a sin-
gle rear wheel speed sensor is located in the
top of the differential carrier. 4WABS systems
also use a front wheel speed sensor in each
front steering knuckle.

Brake light switch
The brake light switch, known as the

brake on-off (or BOO) switch on these mod-
els, signals the control unit when the driver
steps on the brake pedal. Without this signal
the anti-lock system won't activate. The RABS
or RWABS system is de-activated when the
brake oedal is released.

Diagnosis and repair
lf the yellow ABS warning l ight on the

instrument cluster comes on and stays on,
make sure the parking brake is released and
there's no problem with the brake hydraulic
system. lf neither of these is the cause, the
anti-lock system is probably malfunctioning.
Although special test procedures are neces-
sary to properly diagnose the system, the

home mechanic can perform a few preliminary
checks before taking the vehicle to a dealer
service deoartment.

a) Make sure the brakes, calipers and
wheel cylinders are in good condition.

b) Check the electrical connectors at the
control unit.

c) Checkthefuses.
d) Follow the wiring harness to the speed

sensors and brake light on-off (BOO)
switch and make sure all connections
are secure and the wiing isn't damaged.
l f  the above prel iminary checks don't

rect i fy the problem, the vehicle should be
diagnosed by a dealer service department.

3 Disc brake pads - replacement

Refer to illustrations 3.3, 3.4a through 3.4p.
and 3.4q through 3.4w
Warning.: Disc brake pads must be replaced
on both wheels at the same time - never
replace the pads on only one wheel. Also,
brake system dust is hazardous to your health.
DO NOT blow it out with compressed air and
DO NOT inhale it. An approved filtering mask
should be worn when working on the brakes.
DO NOT use gasoline or so/yenfs to remove
the dust. Use brake system cleaner only!
1 l f  the vehicle is equipped with air sus-
pension, turn off the air suspension system.
The switch is located in the area of the right
kick panel (see Chapter 10). Warning: On
models with air suspension, electical power
to the air suspension sysfe/'n must be tumed
off before raising the vehicle. Failure to do so
can result in a sudden inflation or deflation of
the air springs, causing instability of the vehi-
cle while it's off the ground.
2 Loosen the front wheel lug nuts, raise the
front of the vehicle and support it securely on
jackstands. Apply the parking brake. Remove
the wheels.
3 Remove about two{hirds of the fluid from
the master cylinder reservoir and discard it;
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3.4b Remove the two caliper mounting
bolts, check them for thread damage and

replace as necessary

3.4e Remove the outer brake pad

3.4h Pry off the lower anti-rattle clip with
a small screwdriver

as the pistons are pushed in for clearance to
allow the pads to be removed, the fluid will be
forced back into the reservoir. Position a drain
pan under the brake assembly and clean the
caliper and surrounding area with brake sys-
tem cleaner. Push the piston(s) back into the
bore(s) with a C-clamp to provide room for the

3.4i Apply some anti-squeal compound to
the backing plates of the new pads

new brake pads (see illustration). As the pis-
ton is depressed to the bottom of the caliper
bore, the fluid in the master cylinder will rise.
Make sure it doesn't overflow. lf necessary,
siohon off some of the fluid.
4 Io replace the front brake pads, follow
the accompanying photos, beginning with

3.4d ... and hang itfrom the uppercontrol
arm with a plece of wire; DON'T allow the

caliper to hang by the brake hosel

3.49 Pry off the upper anti-raftle clip with
a small screwdriver (check it for cracks

and make sure it fits tightly)

3.4j Install the upper anti-raftle clip; make
sure it's fully seated on the anchor plate

illustration 3.4a; to replace the rear brake
pads, start at illustration 3.4q. Be sure to
stay in order and read the caption under each
illustration. Work on one brake assembly at a
time so that you'll have something to refer to if
necessary,

3.4c Pull off the caliper . . .

3.4f Remove the Inner brake pad
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3.4k Install the lower anti-rattle clip; make
sure it's fully seated on the anchor plate

3.4n Apply high temperature grease to the
caliper sliddr pins (arrows)

3.41 lnstall the new inner brake pad; make
sure both ends ofthe pad are properly

seated in the anchor plate and
anti-rattle clips

3.4o Make sure that the big anti-raftle clip
inside the caliper is in good condition and

fully seated

3.4m lnstall the new outer brake pad;
make sure both ends of the pad are

properly seated in the anchor plate and
. anti-rattle clips

3.4q Wash down the disc and brake pads with brake cleaner to
remove brake dust; DO NOT blow off brake dust with

comDressed air

3.4p lnstall the caliper over the pads,
install the bolts and tighten them to

the torque listed in this
Chapter's Specifications

3.4r Remove the two caliper mounting bolts (arrow indicates
upper bolt), check them for thread damage and replace

as necessary
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3.4s Remove the rear caliper and pry off the old outer brake pad 3.4t Pop the Inner brake pad retainer out ofthe caliper piston face
and remove the inner pad

3.4u Apply some antl-squeal compound
to the backing plates of the new pads

5 While the pads are removed, inspect
the caliper for brake fluid leaks and ruptures
in the piston boot. Overhaul or replace the
caliper as necessary (see Section 4). Also
inspect the brake disc carefully (see Sec-
tion 5). lf machining is necessary follow the
information in that Section to remove the disc.
6 Before install ing the caliper mounting
bolts. clean them and check them for corro-
sion and damage. lf they're significantly cor-
roded or damaged, replace them. Be sure to
tighten the caliper mounting bolts to the torque
listed in this Chapter's Specifications.
7 Install the brake pads on the opposite
wheel. then install the wheels and lower the
vehicle. Tighten the lug nuts to the torque
listed in the Chapter 1 Specifications.
I Add brake fluid to the reservoir until it's
full (see Chapter 1). Pump the brakes several
times to seat the pads against the disc, then
check the fluid level again.
9 Check the operation of the brakes before
driving the vehicle in traffic. Try to avoid heavy
brake applications until the brakes have been
applied lightly several times to seat the pads.

3.4v Install the new inner brake pad;
make sure the retainer as seated all the

way into the hole in the piston face

4 Disc brake caliper - removal,
overhaul and installation

Refer to illustrations 4.3, 4.6, 4.7, 4.8, 4.12
and 4.14
Note; /f an overhaul is indicated (usually
because of fluid leaks, a stuck piston or bro-
ken bleeder screw) explore all options before
beginning this procedure. New and factory
rebuilt calipers are available on an exchange
basis, which makes this job quite easy. lf it's
decided to rebuild the calipers, make sure
rebuild kits are available before proceeding.
Always rebuild or replace the calipers in pairs
- never rebuild just one of them.
'1 lf the vehicle is equipped with air sus-
pension, turn off the air suspension system.
The switch is located in the area of the right
kick panel (see Chapter 10). Warning: On
models with air suspension, electrical power
to the air suspenslon system must be turned
off before raising the vehicle. Failure to do so
can result in a sudden inflation or deflation of
the air springs, causing instability of the vehi-
cle while it's off the ground.
2 Loosen the wheel lug nuts, raise the

3,4w Install the new outer brake pad;
make sure the retainer is fully seated on
the caliper bridge; install the caliper and

tighten the caliper bolts to the torque listed
in this Chapter's Specifications

vehicle and support it securely on jackstands.
Apply the parking brake. Remove the wheels.
3 Remove the brake hose-to-caliper banjo
bolt (see if f ustration). Nolez lf you're remov-
ing the caliper simply to access other com-

4.3 Remove the brake hose banjo bolt
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4.6 Gently lap ihe dust boots loose with a
hammer and chisel

ponents, do NOT disconnect the brake hose.
Discard the two copper sealing washers on
each side of the banjo fitting; use new ones
when you reattach the brake hose to the cali-
per. Wrap a plastic bag around the end of the
hose to prevent fluid loss and contamination.
4 Remove the caliper mounting bolts (see
illustration 3.4b or 3.4r) and remove the cali-
per.
5 Clean the caliper with brake system
cleaner. DO NOT use kerosene or petroleum-
based solvents.
6 Carefully knock the dust boot(s) from the
caliper (see illustration).
7 Place a block of wood between the cali-
per bridge and the piston(s), then force the
piston(s) out of the bore(s) with compressed
air applied through the hydraulic f luid inlet
(see illustration). Use /ow air pressure; a
small tire pump may be adequate. Warning:
Keep your hands away from the pistons when
blowing them out!
8 Remove the piston seal(s) (see illustra-
tion).
9 Clean the piston(s) and cylinder bore(s)
with brake system cleaner, clean brake fluid
or denatured alcohol only. Warningl DO NOT,
under any circumsfances, clean brake system
parts with gasoline or petroleum-based so/-
vents.
10 Inspect the surfaces of the piston for
nicks and burrs and loss of plating. lf sur-
face defegts are present, the pistons must be
replaced. Check the caliper bore in a similar
way. Light polishing with crocus cloth is per-
missible to remove light corrosion and stains.
lf damage isn't removable with a crocus cloth,
replace the caliper assembly. Do NOT hone
the cylinder bore. lf the bores show signs of
wear, replace the caliper assembly.
11 Lubricate the new piston seal(s) with
clean brake fluid and position the seal(s) in
the cylinder groove(s) with your fingers.
12 Install the new dust boot(s) onto the
piston(s), making sure the boot seats in the
groove at the top of the piston. Lubricate
the caliper bore(s) and the piston(s) with
clean brake fluid. Insert the piston(s) into the
bore(s). Make sure the piston(s) are "square"

4.7 Using a wooden block as a cushion,
ease the piston(s) out of the caliper

bore(s) with low-pressure compressed air
(on dual-piston calipers, make sure the

block is thick enough that neither piston
can be popped all the way out; othenrise,
you'll have a difficult time removing the

other pistonl)

4.12 Position the pistons square to the
bores, then compress them into the

caliper boree with a G-clamp and block of
wood; make sure you leave each piston
sticking out a little so that you can seat

the dust boot into the caliper

to the cal iper bore(s), then depress the
piston(s) most of the way into the bore with
a C-clamp and a block of wood (see illustra.
tion). Do NOT push the pistons all the way
into the bore yet.
13 Make sure the outer circumference of
each new boot is fully seated in the caliper
bore and the inner lip is properly seated into
the groove in the piston, then slowly and care-
fully push each piston and boot into the bore
until it's fully bottomed. lf the boot is difficult
to seat, use a hammer and a blunt punch to
gently tap it into place.
14 lnstal l  the large anti-ratt le cl ip, i f  re-
moved (see illustration).
15 Install the caliper and tighten the mount-
ing bolts to the torque listed in this Chapter's
Specifications.
16 Connect the brake hose to the caliper,
using new sealing washers. Make sure the
brake hose is angled properly and that noth-

4.8 To remove the seal from the caliper
bore, use a plastic or wooden tool, such

as a pencil

4,14 Make sure that the blg anti-rattle clip
is in good condition and is fully seated

ing interferes with the hose, then tighten the
brake hose banjo bolt to the torque listed in
this Chapter's Specifications.
17 Lower the vehicle and reactivate the air
suspension system, if equipped (see Chap-
ter 10).
18 Bleed the hydraulic system (see Sec-
tion 10).

5 Brake disc - inspection, removal
and installation

lnspection
Refer to illustrations 5.4, 5.5a and 5.5b
1 lf the yehicle is equipped with air sus-
pension, turn off the air suspension system.
The switch is located in the area of the right
kick panel (see Chapter 10). Warning: On
models with air suspenslon, electrical power
to the air suspenslon system must be turned
off before raising the vehicle. Failure to do so
can result in a sudden inflation or deflation of
the air springs, causing instability of the vehi-
cle while it's off the ground.
2 Loosen the wheel lug nuts, raise the
vehicle and support it securely on jackstands.
Apply the parking brake. Remove the wheels.
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5.4 Measure the brake disc runout with a
dial indicator

3 Visually inspect the disc surface for score
marks and other damage. Light scratches and
shallow grooves are normal after use and
won't affect brake operation. Deep grooves
- over 0.01S-inch (0.38 mm) deep - require
disc removal and refinishing by an automotive
machine shop. Be sure to check both sides of
the disc.
4 To check disc runout, place a dial indi-
cator at a point about 112-inch from the outer
edge of the disc (see illustration). On 4WD
model front discs and all rear discs, install
the lug nuts, with the flat sides facing in, and
tighten them securely to hold the disc in place.
Set the indicator to zero and turn the disc.
The indicator reading should not exceed.the
runout limit listed in this Chapter's Specifica-
tions. lf it does, the disc should be refinished
by an automotive machine shop. Note: Ihe
manufacturer recommends resurtacing the
brake discs only in the event of pedal pulsa-
tions or hard (overheated) spofs on the disc.
lf you elect not to have fhe discs resurtaced,
deglaze them with sandpaper or emery cloth.
5 The disc must not be machined to a thick-
ness less than the specified minimum thick-
ness, which is cast into the disc (see illustra-
tion). The disc thickness can be checked with
a micrometer (see illustration).

Removal and installation
Refer to illustration 5.7
6 Remove the brake calipers (don't dis-
connect the brake hoses) and hang them out
of the way (see Section 4).
7 lf you're removing a front disc, remove
the caliper anchor bracket (see illustration).
8 On 2WD model front discs, remove the
grease cap, wheel bearing retainer nut, spin-
dle nut, outer bearing retainer washer and
outer wheel bearing, then remove the disc/
hub (see Front wheel bearing check, repack
and adjustmenf in Chapter 1). On 4WD model
front discs and all rear discs, simply remove
the lug nuts instal led in Step 4 and pul l  the
disc off the hub.
9 lnstallation is the reverse of removal.
10 Lower the vehicle and reactivate the
air suspension system, if equipped. Tighten
the wheel lug nuts to the torque listed in the

5.5a The minimum (discard) thickness of
the brake disc is cast into the disc

Chapter 1 Specifications.

6 Drum brake shoes - replacement

Refer to illustrations 6.4 and 6.5a through
6.Sqq
Warning: Brake shoes must be replaced on
both wheels at the same time - never replace
fhe shoes on only one wheel. Also, brake
sysfern dust often contains asbestos, which
is hazardous to your health. DO NOT blow it
out with compressed air and DQ NOT inhale
it. DO NOT use gasoline or solvent to remove
the dust, Use brake system cleaner or dena-
tured alcohol only.
1 lf the vehicle is equipped with air sus-
pension, turn off the air suspension system.
The switch is located in the area of the right
kick panel (see Chapter 10). Warning: On
models with air suspenslon, electrical power
to the air suspension system must be turned
off before raising the vehicle. Failure to do so
can result in a sudden inflation or deflation of
the air springs, causing instability of the vehi-
cle while it's off the ground.
2 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 off the stands. Remove

5.5b Measure the brake disc thickness at
several points with a micrometer

5.7 The front caliper anchor bracket is
retained by two bolts (arrows)

the rear wheels.
3 Remove the brake drum. lf the drum is
stuck because of corrosion between the axle
flange and the wheel 'studs or brake drum,
spray penetrating oil around the flange and
studs and allow it to soak in. Tap around the
studs with a hammer and flange to break the
drum loose, then tap around the back edge of
the drum to remove it.
4 lf the drum is locked onto the shoes

6.4 Use a thin
screwdriver to push
the lever away, then

use an adjusting lool or
another screwdriver to
back off the star wheel

t
t

UP = Belraci

DOWN = E:tpand

Star\t heel

AdiustingTool tffil
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6,5a Wash down the brake assembly with brake cleaner; DO NOT
blow it out with compressed airl

6.5b Remove the secondary brake shoe retracting spring (the
spring tool shown here is available at most auto parts
stores and makes this job much easier and safer), . . .

6.5c . . . then remove the primary shoe
retracting spring

because of excessive drum wear, knock out
the plug in the access hole in the backing
plate, insert a screwdriver through the hole,
push the actuator lever off the star adjuster
(see illustration) and, using another screw-
driver or a brake adjuster tool, back off the
adjuster wheel to retract the shoes. Note: /f

6.5f Remove the brake shoe adjusting
lever spring

6.5d Disengage the brake shoe adjusting
lever cable from the brake shoe

adjusting lever

the plug is already knocked out, make sure
it's not lodged somewhere inside the brake
assemb/y. Be sure to install a plug (available
at most auto parts stores) in the hole when
you're done to prevent water from entering
the brake assemblv.

6.59 Remove the brake shoe
adjuster assembly

6.5e Remove the brake shoe
adjusting lever

5 Clean the brake assembly with brake
system cleaner before beginning work (see
i l lus t ra i ion) .  Fo l low i l lus t ra t ions  6 .5b
through 6.Sqq for the inspection and replace-
ment of the brake shoes. Be sure to stay in
order and read the caotion under each i l lus-
tration.

6.5h Remove the upper end of the brake
shoe adjusting lever cable from the

anchor pin
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6.5i Remove the anchor pin guide plate
from the anchor pin

6.51 Using a hold-down spring tool
(available at most auto parts stores),

remove the front hold-down
s p r i n g a s s e m b l y . . .

6.5o Remove the rear hold-down
spring assernbiy

6.5j Remove the cable guide

6.5m . .  .  which includes the upper
washer, the spring, the lower washer and

the pin

6.5p Pry off this E-clip retainer with a
small screwdriver, disengage the parking

brake lever pin from the rear shoe and
remove the parking brake lever (don't lose
the washer on the other side, between the

lever and the shoe)

6.5n Disengage the brake shoe adjusting
screw spring from the brake shoes

6.5q Lubricate the shoe contact points on
the backing plate with high-temperature

brake grease

6,5k Remove the parking brake link
and spring
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6.5r Put the washer on the parking brake lever pin, insert the pin
through the new rear shoe . . .

6.5s . . . and install the E-clip retainer, squeezing its end together

6.5t Instal l  the hold-down pin through the
holes in the backing plate and

r e a r s h o e . . .

6.5w lnstall the guide plate on the
anchor pin

6.5u . . . install the rear hold-down
s p r i n g a s s e m b l y . . .

6.5x Install the brake shoe adjusting lever
cable on the anchor pin

6.5v . . . and give it a 90-degree twist with
a hold-down tool to lock it into place

6.5y Install the brake shoe adjusting lever
cable guide on the rear shoe
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6.52 Hook the short end of the secondary
(long) shoe retracting spring into the hole
in the cable guide and into the rear shoe

a s s h o w n . . .

6.5cc Place the parking brake l ink and spring in posit ion, making
sure that the link is correctly engaged with the parking brake lever

and secondary shoe

6.5aa . .  .  and hook the long end ofthe
spring over the anchor pin - Warning:

Wear safety goggles during thls step
to protect your eyes if the spring slips off

the spring tool

6.5bb Thread the brake shoe adjusting
lever cable over the guide

6.5dd Place the primary (front) brake shoe assembly in position,
making sure that it's properly engaged with the parking brake

lever l ink

6.5ee Insert the hold-down pin through
the holes in the backing plate and the

front brake shoe . . .

6.5ff  . . .  instal l  the hold-down
s p r i n g a s s e m b l y . , ,

6.599 . . . and give the hold-down spring
assembly a 90-degree twist with a hold-

down tool to lock it into place
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6.5hh Hook the short end of the primary
(shorter) brake shoe retracing spring into

this hole in the front shoe . . .

6.5ii . . . and hook the other end of the
spring over the anchor pin - Warning:
Wear safety goggles during fhis sfep fo

protect your eyes in the event that the spring
slips off the spring tool

6.5jj Install the brake shoe adjusting lever
spring with the straight end of the spring
pointing toward the rear brake shoe and

the hooked end facing fonrard

6.5nn Hook the shoft end of the lower shoe retracting spring into
the front shoe . . .

Hook the lower end of the hiake shoe adjusting lever
cable over the adjusting Never

6.5kk Install the brake shoe adjuster lever 6.511 l-look the end of the adjusting lever spring over the
adjusting lever
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6.500 . . . and hook the long end of the
spring into the rear shoe

6 Clean the brake drum and check i t
for score marks, deep grooves, hard spots
(which will appear as small discolored areas)
and cracks. lf the drum is worn, scored or
out-of-round, it can be resurfaced by an auto-
motive machine shop. Note: Professiona/s
recommend resurfacing the drums whenever
a brake job is done. Resurfacing will elimi-
nate the possibility of out-of-round drums. lf
the drums are worn so much they can't be
resurfaced without exceeding the maximum
allowable diameter (stamped into the drum),
new ones will be required. At the very least,
if you elect not to have the drums resur-
faced, remove the glazing from the surface
with medium-grit emery cloth using a swirling
motion.
7 Repeat this procedure for the other rear
brake assembly.
8 lnstall the brake drums. Pumo the brake
several t imes, then turn the adjuster star
wheels using a screwdriver inserted through
the hole in the backing plate until the shoes
slightly drag on the drums as the drums are
turned. Now, back off the adjuster until the
shoes don't drag on the drums.
9 Instal l  the rear wheels, instal l  the lug
nuts, lower the vehicle and tighten the wheel
lug nuts to the torque listed in the Chapter 1
Specifications.
10 Check the brake pedal posit ion. l f  the
brake pedal goes too close to the floor, further
adjustment of the brakes is required. Back the
vehicle up, making repeated stops, to actu-
ate the self-adjusters, which work only when
the vehicle is in reverse. Test the brakes for
proper operation before driving in trafiic.

7 Wheel cylinder - removal,
overhaul and installation

Note: /f an overhaul is indicated (usually
because of fluid leakage or sticky operation)
explore all options before beginning the job.
New wheel cylinders are available, which

6.5pp Engage the rear end of the adJuster
assembly with its notch in the

rea rshoe . . .

makes this job quite easy. lf you decide to
rebuild the wheel cylinder, make sure a rebuild
kit is available before proceeding. Never over-
haul only one wheel cylinder. Always rebuild
both of them at the same time.

Removal
Refer to illustration 7.2
'l Remove the brake drum and brake
shoes (see Section 6).
2 Unscrew the brake line fitting from the
rear of the wheel cylinder (see illustration).
lf available. use a flare-nut wrench to avoid
rounding off the corners on the fitting. Don't
pull the metal line out of the wheel cylinder - it
could bend, making installation difficult.
3 Remove the two bolts securing the wheel
cylinder to the brake backing plate.
4 Remove the wheel cylinder.
5 Plug the end of the brake line to prevent
the loss of brake fluid and the entry of dirt.

Overhaul
Refer to illustration 7.6
6 To disassemble the wheel cyl inder,
remove the pushrod and rubber boot from
each end of the cylinder, push out the two
pistons and cups, and remove the expander

6.5qq . . . pull the front shoe forward
slightly and engage the front end of the
adjuster assembly with its notch in the

front shoe

7.2 To remove the wheel cylinder, loosen
the brake line threaded fitting (A) with a
flare-nut wrench, then.remove the wheel

cylinder mounting bolts (B)

spring (see illustration). Discard the rubber
parts and use new ones from the rebuild kit
when reassembling the wheel cylinder.
7 Inspect the pistons for scoring and
scuff marks. lf present, the pistons should be

7.6 An exploded
view of a tyrpical
wheel cylinder

1 Pushrods
2 Dust boots
3 Plslons
4 Cups
5 Expander

sPring
6 Wheel

cylinder
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8.2 lf the vehicle is equipped with cruise
control, unplug the electrical connector

from the brake pressure switch

replaced with new ones.
8 Examine the inside of the cylinder bore
for score marks and conosion. lf these condi-
tions exist, the cylinder can be honed slightly
to restore i t ,  but replacement is recom-
mended.
9 lf the cylinder is in good condition, clean
it with brake system cleaner or denatured
alcohol. Warning: DO NOT, under any cir-
cumstances, use gaso/rne or petroleum-based
so/venfs to clean brake parts!
10 Remove the bleeder screw and make
sure the hole is clean.
11 Lubricate the cyl inder bore, cups and
pistons with clean brake fluid, then insert one
of the new cups into the bore. Make sure the
lip on the cup faces in,
12 Place the expander spring in the oppo-
site end of the bore and oush it in until it con-
tacts the cup,
13 Install the other cup in the cylinder bore.
14 Attach the rubber.boots to the pistons,
then install the pistons, boots and pushrods.
15 The wheel cyl inder is now ready for
installation.

8.3 Unscrew the brake line threaded
fittings with a flare-nut wrench; use a

back-up wrench to hold the fluid control
valve while loosening the rear line fitting

lnstallation
16 lnstal lat ion is the reverse of removal.
Attach the brake l ine to the wheel cyl in-
der before instal l ing the mounting bolts and
tighten the line fitting after the wheel cylinder
mountings bolts have been tightened. lf avail-
able, use a flare-nut wrench to tighten the line
fitting.
17 Bleed the brakes (see Section 10). Don't
drive the vehicle in traffic until the operation of
the brakes has been thoroughly tested.

8 Master cylinder - removal,
overhaul and installation

Removal
Refer to illustrations 8.2, 8.3, 8.4a and 8.4b
Note: Before deciding to overhaul the master
cylinder, check on the availability and cost of
a new or factory rebuilt unit and also the avail-
ability of a rebuild kit.
1 Place rags under the brake line fittings

8.4a To detach the master cylinder
assembly from the power brake booster,

remove the two master cylinder mounting
nuts (left nut not visible in this photo)

and prepare caps or plastic bags to cover the
ends of the lines once they're disconnected.
Caution: Brake fluid will damage paint. Cover
all painted surfaces and avoid spilling fluid
during this procedure.
2 l f  the vehicle is equipped with cruise
control, unplug the electrical connector from
the brake pressure switch (see illustration).
3 Loosen the tube nuts at the ends of the
brake lines where they enter the master cyl-
inder. To prevent rounding off of the flats on
these nuts, a flare-nut wrench, which wraps
around the nut, should be used (see i l lus.
tration). Pull the brake lines away from the
master cylinder slightly and plug the ends to
orevent contamination.
4 Remove the two master cylinder mount-
ing nuts (see illustration), pull the master cyl-
inder off its mounting studs, turn it on its side
and unplug the electrical connector for the low
fluid level warning switch (see illustration).
Remove the master cylinder from the vehicle.
5 Remove the reservoir cap, then discard
any fluid remaining in the reservoir.

8,4b Pull the master cylinder off its mounting studs, turn it on its
side and unplug the electricalnconnector from the low fluid level

8.6 Pry the reservoir off the master cylinder with a small prybar or
a big screwdriver, then pry out the reservoir rubber

grommets (arrows)
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8.7 Push the primary piston into the
master cylinder with a Phillips screwdriver

and remove the snap.ring with a pair of
snap-ring pliers

8.10 Remove the primary and secondary
plstons from the master cylinder; if the

secondary piston stlcks, tap the cylinder
against a block of wood to elect it

Overhaul and installation
Refer to illustrations 8.6, 8.7, 8.8, 8.9, 8.10,
8.11, 8.16, 8.17 and 8.24
6 Pry the reservoir off the master cylin-
der (see illustration). Pry out the old reser-
voir grommets and inspect them for wear. lf
they're cracked or torn, discard them and get
new ones.
7 Depress the primary piston with a screw-
driver and remove the snap-ring with a pair of
snap-ring pliers (see illustratlon).
8 Remove the fluid control valve (see
illustration).
9 Remove the brake pressure switch, if
equipped (see illustration).
10 Remove the primary piston and second-
ary piston assemblies from the cylinder bore.
It may be necessary to tap the master cylinder
against a block of wood to expel the second-
ary piston (see illustration).
11 Wash all the parts with clean brake fluid,
blow them dry and lay them out for inspection
(see illustration).
12 Inspect the cylinder bore for damage
or excessive wear. lf any damage is found,
replace the master cylinder body; abrasives

8.8 Remove the fluid control valve from
the master cyllnder

cannot be used on the bore.
13 Inspect the primary and secondary pis-
ton assemblies for signs of wear, corrosion or
damage. lf any of these parts look corroded
or damaged, rebuild the master cylinder or
replace it with a new or rebuilt unit.
'14 Remove the old seals from the pistons.
Install the new secondary piston seals with
the lips facing away from each other. The lip
on the primary seal must face toward the sec-

8.16 Before installing the piston
assemblies, lubricate the master cylinder
bore and the pistons with brake assembly

lube or clean brake fluid

8.9 Remove the brake pressure switch, if
equipped, from the master cyllnder

ondary piston.
15 Attach the springs to the piston assem-
blies.
16 Lubricate the cylinder bore and the pis-
ton assemblies (see illustration) with brake
assembly lube or clean brake fluid and install
both piston assemblies.
17 Depress the primary piston with a screw-
driver and install the snap ring with a pair of
snap-ring pliers (see lllustration).

8.17 Depress the primary piston with a
Phillips screwdriver and install the snap-

ring with a pair of snap-ring pliers

8.11 After you've
disassembled the
maeter cylinder

assembly, wash all the
parts in clean brake

fluid, blow them off with
compressed air, and lay
them out for inspection:

1 Reseruoir
2 Snap ring
3 Primary piston/sping

assembly
Secondary piston/
spring assembly
Reseruoir grommets
Master cylinder

5
6
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8.24 With your fingers plugging both
outlets, stroke the piston several times
to ensure all air has been expelled: wait

several seconds each time for brake
fluid to be drawn from the reservoir into
the piston bore, then depress the piston
again, slightly loosening finger pressure
at each outlet as brake fluid is expelled,

then reapplying pressure each time before
releasing the piston

18 Lubricate the new reseryoir grommets
with brake fluid and press them into the mas-
ter cylinder body. Make sure they're properly
seated.
19 Lay the reservoir on a hard surface and
press the master cylinder body onto the reser-
voir, using a rocking motion.
20 Inspect the reservoir cover and dia-
phragm for cracks and deformation. Replace
any damaged parts with new ones and attach
the diaphragm to the cover.
21 .  Whenever the master  cy l inder  is
removed, the entire hydraulic system must
be bled. The time required to bleed the sys-
tem can be reduced if the master cylinder is
filled with fluid and bench bled (refer to Steps
22 through 24) before'the master cylinder is
installed on the vehicle.
22 Fill the reservoirs with brake fluid. The
master cylinder should be supported so the
brake fluid won't spill during the bench bleed-
ing procedure.
23 Hold your fingers tightly over the holes
where the brake lines normally connect to
the master cylinder to prevent air from being
drawn back into the master cylinder.
24 Stroke the piston several times to ensure
all air has been expelled. A large Phil l ips
screwdriver can be used to push on the pis-
ton assembly (see illustration). Wait several
seconds each time for brake fluid to be drawn
from the reservoir into the piston bore, then
depress the piston again, removing your fin-
ger as brake fluid is expelled. Be sure to put
your fingers back over the holes each time
before releasing the piston. When the bleed-
ing procedure is complete, temporarily install
plugs in the holes.
25 Carefully install the master cylinder by
reversing the removal steps.
26 Bleed the brake system (see Sec-
tion 10).

9.3 To disconnect a front brake hose
junction block, unscrew the tube nuts (the
threaded fittings) with a flare.nut wrench
(so you don't round off the corners of the

nuts) then remove the junction bracket
bolt (arrow)

9 Brake hoses and lines - check
and replacement

1 lf the vehicle is equipped with air sus-
pension, turn off the air suspension system.
The switch is located in the area of the right
kick panel (see Chapter 10). Warning: On
models with air suspenslon, electical power
to the air suspenslon system must be turned
off before raising the vehicle. Failure to do so
can result in a sudden inflation or deflation of
the air spings, causing instability of the vehi-
cle while it's off the ground.
2 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. lf a hose exhibits any of the
above defects, replace it with a new one.

Flexible fioses
Refer to illustrations 9.3, 9.4a and 9.4b
3 Clean all dirt away from the ends of the
hose. To disconnect a front brake hose from
the brake lines. unscrew the brake line fit-
tings from the hose junction block (see illus-
tration). Be careful not to bend the junction
bracket or kink the lines. lf necessary, soak
the connections with penetrating oil.
4 To disconnect a rear brake hose from the
brake line. unscrew the metal tube nut with
a flare nut wrench (see illustration), then
remove the U-clip from the female fitting at
the bracket (see illustration) and remove the
hose from the bracket.
5 Disconnect the hose from the front cali-
per, or from the rear wheel cylinder or caliper
(see Section 4), discarding the copper wash-
ers on either side of the fittinq.

9.4a To disconnect a rear brake hose from
the metal line, unscrew the tube nut with a

f la re-nu twrench. , .

9.4b . . . then remove the retainer clip with
a pair of needle.nose pliers

6 Using new copper washers, attach the
new brake hose to the caliper or wheel cylin-
der.
7 To reattach a front brake hose to the
metal lines, bolt the hose junction bracket to
the frame, tighten the bolt securely, and screw
in the tube nuts.
8 To reattach a rear brake hose to the
metal line, insert the end of the hose through
the frame bracket. make sure the hose isn't
twisted, then attach the metal line by tighten-
ing the tube nut fitting securely. Install the U-
clip at the frame bracket. Note: i-he weight of
the vehicle must be on fhe suspension, so the
vehicle should not be raised while positioning
the hose.
9 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{o-lock during inspection.
10 Bleed the brake system (see Sec-
tion 10).

Metal brake lines
11 When replacing brake lines, be sure to
use the correct parts. Don't use copper tubing
for any brake system components. Purchase
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10.8 When bleeding the brakes, a hose is connected to the bleed
screw at the caliper or wheel cylinder and then submerged In

brake fluid . air will be seen as bubbles in the tube and container
(all air must be expelled before movlng to the next wheel)

steel brake lines from a dealer parts depart-
ment or auto parts store.
12 Prefabricated brake line. with the tube
ends already flared and fittings installed, is
available at auto parts stores and dealer parts
departments. These lines are also bent to the
proper shapes.
13 When installing the new line make sure
it's well supported in the brackets and has
plenty of clearance between moving or hot
components.
14 After installation, check the master cyl-
inder fluid level and add fluid as necessary.
Blee.d the brake system as outlined in the next
Section and test the brakes carefully before
placing the vehicle into normal operation.

lic pressure) from the brake power booster
by applying the brake several times with the
engine off.
5 Remove the master cylinder reservoir
cover and fill the reservoir with brake fluid.
Reinstalf the cover. Note: Checkthe fluid level
often during the bleeding operation and add
fluid as necessary to prevent the fluid level
from falling 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 containet 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 pump the brakes a
few times to get pressure in the system, then
hold the pedal firmly depressed.
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 unti l 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. lt contains
moisture which will deteriorate the brake sys-
tem components.
13 Refill the master cylinder with fluid at the

ll.1 The brake light switch, or brake on-off (BOO) switch,
is located near the upper end of the brake pedal, where it's

attached to the pedal pin and to the power brake booster pushrod
(electrical connector unplugged from switch in this photo)

end of the ooeration.
14 Check the operation of the brakes. The
pedal should feel solid when depressed, with
no sponginess. lf necessary repeat the entire
process. Warning: Do not operate the vehicle
if you are in doubt about the effectiveness
of the brake sysfem. /t is possib/e for air to
become trapped in the anti-lock brake system
valve assembly, so, if the pedal continues to
feel spongy after repeated bleedings or the
BMKE or ANTI-LOCK light stays on, have the
vehicle towed to a dealer seruice department
or other qualified shop to be bled with the aid
of a scan tool.

10 Brake hydraulic system -
bleeding

Refer to illustration 1 0. I
Warning: Wear eye protection when bleeding
the brake sysfem. lf the fluid comes in contact
with your eyes, immediately inse them with
water and seek medical aftention.
Nole= Bleeding the bnke sysfem ls 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 lt 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 lt a brake line was disconnected only at
a wheel, then only that caliper or wheel cylin-
der must be bled.
3 lf a 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 residualvacuum (or hydrau-

11 Brake light switch - check and
replacement

Check
Refer to illustration 1 1.1
1 The brake light switch (see illustra-
tion) illuminates the rear brake lights when
the brake pedal is applied. The manufacturer
refers to the brake light switch as the brake
on-off (or BOO) switch because it also func-
tions as a digital information switch for the
powertrain control module. The switch is
located at the upper end of the brake pedal,
at the connection between the pedal pin and
the power brake booster pushrod. You'll need
to remove the trim panel beneath the steering
column to get to the switch and connector.
2 With the brake pedal in the fully released
position, the switch opens the brake light cir-
cuit. When the brake pedal is depressed, the
switch closes the circuit and sends current to
the brake lights.
3 lf the brake lights are inoperative, check
the fuse and the bulbs (see Chapter 12).
4 lf the fuse and bulbs are okay, check the
switch itself. To check the switch, refer to the
lnformation sensors Section in Chaoter 6.
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11.7 To remove the brake light or BOO
switch from the brake pedal pin, remove
this cotter pin and pull the switch and

power brake booster pushrod off the pin

Replacement
Refer to illustrations 11 .7 and 11 .8
5 Remove the trim panel below the steer-
ing eolumn.
6 Unplug the electrical connector from the
switch.
7 Working under the dash, remove the cot-
ter pin (see illustration).
8 Disengage the brake light switch from
the master cylinder pushrod and from the pin
on the brake pedal (see illustration).
9 lnstallation is the reverse of removal.

12 Power brake booster - check,
removal and installation

Refer to illustration 12.7 and 1 2.9

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.
lf the pedal goes down slightly, operation is
normal.

11.8 To remove the brake light or BOO
switch from the power brake booster

pushrod, simply slide it off; don't lose the
small nylon washers, and make sure you

Install them when installing the switch

Airtightness check
3 Start the engine and turn it off after one
or two minutes. Depress the brake pedal
several times slowly. lf 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 pedalwhile the engine
is running, then stop the engine with the pedal
depressed. lf there is no change in the pedal
reserve travel after holding the pedal for 30
seconds, the booster is airtight.

Removal and installation
5 Disassembly of the power unit requires
special tools and is not ordinarily performed
by the home mechanic. lf a problem devel-
ops, it's recommended that a new or factory
rebuilt unit be installed.
6 In the engine compartment, remove
the nuts attaching the master cylinder to the
booster and carefully pull the master cylinder,
along with the RWAL control module and iso-
lation/dump valve, forward until it clears the
mounting studs. Be careful not to bend or kink
the brake lines.

12.7 Belorc removing the power brake
booster, detach the intake manifold

vacuum hose from the booster housang

7 Disconnect the vacuum hose where it
attaches to the power brake booster (see
illustration).
8 In the passenger compartment, remove
the cotter pin and the brake light switch and
disconnect the power brake pushrod from the
top ofthe brake pedal (see Section 11).
I Remove the nuts attaching the booster
to the firewall (see illustration).
10 Carefully lift the booster unit away from
the firewall and out of the engine compart-
ment.
11 To install the booster, place it into posi-
tion and tighten the retaining nuts. Connect
the pushrod to the brake pedal and install the
brake light switch (see Section 11).
12 Install the master cylinder and vacuum
hose.
13 Carefully test the operation of the brakes
before placing the vehicle in normal opera-
tion.

13 Parking brake cables -
replacement

1 lf the vehicle is equipped with air sus-
pension, turn off the air suspension system.

13.3a To take tension off the parking brake cable assembly, have
an assistant under the vehicle pull down on the front cable , . ,

12.9 To detach the power brake booster from the firewall, remove
these four nuts (arrows)
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(F-150 shown)

13.4c . . . trace the left rear cable forward to this connection right
in front of the equallzer, remove both cables from

13.3b . . , while you insert a drill bit
through the hole in the parking brake
pedal assembly; don't remove this pin
until the new cable has been installed

theconnec t l on . . ,

The switch is located in the area of the right
kick panel (see Chapter 10). Warnlng: On
models with air suspenslon, electrical power
to the air suspension system must be tumed
off before raising the vehicle. Failure to do so
can result in a sudden inflation or deflation of
the air springs, causing instability of the vehi-
cle while it's off the ground.
2 Release the parking brake. lf you're
removing a rear cable, loosen the rear wheel
lug nuts for that side. Raise the vehicle and
place it securely on jackstands. Remove the
wheel.

Front cable
Refer to illustrations 13.3a, 13.3b, 13.4a,
13.4b, 13.4c, 13.4d, 13.6, 13.7, 13.8 and 13.9
3 The forward end of the front cable is
aftached to the parking brake pedal assembly
under the left end of the dash. To take tension
off the parking brake cable assembly, have an
assistant under the vehicle pull down on the
cable (see illustration), then insert a drill bit
through the hole in the parking brake pedal
assembly (see illustration). Don't remove this
pin until the new cable has been installed.
4 Working under the vehicle, disengage
the rear end of the front cable from the park-

13.4a Working under the vehicle,
disengage the rear end of the cable from

the parking brake cable equalizer
(F-150/F.250 models)

13.6 Remove the retaining screw (arrow)
from the parking brake release handle

assembly, then snake the release handle
through the opening in the dash

(F-150 shown)

ing brake cable equalizer (see illustrations).
5 Remove the front door scuff plate, the
cowl side trim panel and the lower instru-
ment panel steering column cover (see Chap-
ter 11 ).

13.4b On sport utility vehicles, locate the
equalizer under the left side of the vehicle,

disengage the left rear cable from the
equalizer by squeezlng the tangs of this

cable ferrule (arrow) , , .

13.7 At the top of the parking brake pedal
assembly, unplug the electrical connector
for the parking brake switch (F-150 shown)

6 Remove the retaining screw from the
parking brake release handle assembly (see
i l lustrat ion) and route the release handle
through the opening in the dash.
7 At the top of the parking brake pedal
assembly, unplug the electrical connector for
the parking brake switch (see illustration).

13.4d . . . then detach the front cable from thls bracket
(Expedition shown)
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13.8 Remove the three parking brake
pedal assembly retaining nuts (arrows)

and remove the parking brake pedal
assembly from its mounting bracket

1 3.9 Disengage the plug on the end of the
front parking brake cable from the parking

brake pedal (F-150 shown)

13.16b To detach the right rear cable from
the axle, disengage it from these two clips

above the differential (F-150 only)

left rear cable from the equalizer and from the
front cable/rear cable connector (see illustra-
t ions 13.4b and 13.4c), then disengage ihe
right rear cable from the equalizer.
15 Squeeze the tangs on the parking brake
cable ferrule and sl io the rear cable vou're

13.14 Have an assistant take tension off
the parking brake cable assembly while
you simultaneously disengage the rear
cables from the equalizer (F-150 shown)

13.16a To detach either rear cable from the frame, disengage it
from this clip above the front end of the left leaf spring-to-frame

(F-150 shown)

13.15 Squeeze the tangs on the parking brake cable ferrule and
slip the rear cable you're replacing through its bracket

(F-150 shown)

8 Remove the three parking brake pedal
assembly retaining nuts (see i l lustrat ion)
and remove the parking brake pedal assem-
bly from its mounting bracket.
9 Disengage the plug on the end of the
front parking brake cable from the parking
brake pedal (see illustration).
10 Squeeze the cable ferrule and sl ide
the cable through the parking brake pedal
bracket.
11 Pry the rubber seal from the front floor-
pan.
12 Working underneath the vehicle again,
squeeze the cable ferrule at the bracket
located foruard of the equalizer, and remove
the front parking brake cable.
13 lnstallation is ihe reverse of removal.

Rear cables
Referto i l lustrat ions 13.14, 13.15, 13.16a,
13.16b, 13.17a and 13.17b
'14 On trucks, take tension off the park-
ing Lrrake cabie assembly (see i l lustrat ion
13.3a)  and s imu l taneous ly  d isengage the
equalizer from the rear cables (see illustra-
tion). On sport utility vehicles, disengage the

bracket bolt (F-150 only)

13.17a On models with rear drum brakes,
disconnect the parking brake cable from

the parking brake lever, . . .

replacing through i ts bracket (see i l lustra-
t ion).
16 Unclip the rear cable from the frame (see
illustrations).
17  On mode ls  w i th  rear  d rum brakes ,
remove the  brake drum and brake shoe
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l3.17b .. . squeeze the fingers on the cable ferrule In the backing
plate, and slide the cable through the backing plate (F-150 shown)

14.4b Remove the front
holddown cl ip. .  .

14.4a Wash down the brake assembly wlth brake cleaner; DO
NOT blow it out wlth compressed airl

14.4d Remove the parklng brake
shoe adjuster. . .

14 Parking brake shoes (models
with rear disc brakes) -
replacement

Referto illustrations 14.4a through 14.41
1 lf the vehicle is equipped with air sus-
pension, turn off the air suspension system.
The switch is located in the area of the right
kick panel (see Chapter 10). Warning: On
models with air suspenslon, electical power
to the air suspenslon sysfem musf be turned
off before raising the vehicle. Failure to do so
can result in a sudden inflation or deflation of
the air springs, causing instability of the vehi-
cle while it's off the ground.
2 Release the parking brake. Loosen the
rear wheel lug nuts. Raise the vehicle and
place it securely on jackstands. Remove the
wheels.
3 Remove the brake calipers (see Sec-
tion 4) and the brake discs (see Section 5).
4 Clean the parking brake assembly with
brake system cleaner before beginning work.
Follow illustrations 14.4a through 14.41 for
the inspection and replacement of the park-
ing brake shoes. Be sure to stay in order and
read the caption under each illustration.

assembly (see Section 6). Disconnect the
parking brake cable from the parking brake
lever (see illustration), squeeze the fingers
on the cable fenule in the backing plate (see
illustration) and slide the cable through the
backing plate.
18  On mode ls  w i th  rear  d isc  b rakes ,
squeeze the tangs on the cable femlle at the

14.41 . .. spread the parking brake shoes
apad as shown and lift off the parking

brake shoe assembly; if you're replacing
the old shoes, remove the upper return

spring (arrow) and transfer it to the
new shoes

caliper anchor plate bracket, then disengage
the cable from the parking brake lever.
19 lnstallation is the reverse of removal.

'14,4c ,. , and the rear hold-down clip

14,4e ,. . remove the lower return spring
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14.49 Lubrlcate the shoe contact polnts on the backing plate with
high-temperature brake grease

14.4h With the upper return spring installed Into the shoes as
shown, spread the lower ends of tho shoes apart and install the

parklng brake shoe assembly

14.4k lnstall the lower return spring . , ,14.4i lnstall the front shoe
h o l d d o w n c l i p . . .

5 Clean the brake disc/parking brake drum
and check it for score marks, deep grooves,
hard spots (which will appear as small dis-
colored areas) and cracks. lf the disc/drum is
worn, scored or out-of-round, it can be resur-
faced by an automotive machine shop.
6 Repeat this procedure for the other rear
brake assembly.

7 Install the brake discs (see Section 5)
and the brake calipers (see Section 4),
8 Install the rear wheels, install the lug
nuts, lower the vehicle and tighten the wheel
lug nuts to the torque listed in the Chapter 'l

Soecifications.
9 React ivate the a i r  suspension,  i f
equipped.

14.4i . .. and the rear shoe holddown clip

14.41 ... and the adjuster
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Ghapter 10
Suspension and steering systems
Contents

Section
Ball joints - check and rep1acement.................... 4
Coil spring (2WD models) - removal and installation 7
Coil spring/air spring (rear) - removal and installation 18
Front end alignment - general information 25
Front wheel bearing check, repack

and adjustment (2WD models) ...................... See Chapter 1
General information..... 1
Hub and bearing assembly (4WD models) - replacement. I
Leaf spring/air spring - removal and instal|ation............................ 14
Lower control arm - removal and installation 6
Power steering fluid level check.............. See Chapter 1
Power steering pump - removal and installation ...........................
Power steering system - bleeding
Shock absorber (front) - removal and installation
Shock absorber (rear) - removal and installation
Stabilizer bar (front) - removal and installation

Section
Stabilizer bar (rear) - removal and installation 16
Steering gear - removal and installation 21
Steering knuckle (2WD models) - removal and installation........... 8
Steering knuckle (4WD models) - removal and installation........... 10
Steering linkage - inspection, removal and installation 20
Steering wheel - removal and installation 19
Suspension and steering check ............. . See Chapter 1
Suspensionarms-removalandinsta l la t ion. . . . . . . . . . . . . . . . . . . . . .  17
Suspension Load Leveling ControlAy'ehicle Dynamic

Suspension systems - general information 12
Tire and tire pressure checks............ ...... See Chapter 1
Tire rotation See Chapter 1
Torsion bar (4WD models) - removal and installation 11
Track bar - removal and installation 15
Upper control arm - removal and installation 5
Wheels and tires - general information...... 24

22
23
2

1 3
3

Specifications

Torque specifications
Front suspension
Air shock

Lower bolVnut
Upper nut

Balljoints
Lower ball joint-to-knuckle nut ..................
Upper ball joint-to-knuckle nut ..................

Lower control arm-to-frame pivot bolts/nuts
Nut for /er? rear cam and bolt (2WD) ......
All others........

Shock absorber
Lower nuts (2WD).............
Lower bolVnut (4WD)

1999 and earlier models'
2000 and later models....

Upper nut
Stabilizer bar

Bracket-to-frame bolts.... -...... -.
Link nut

2WD . . . . . . . . . . . . . .
4WD . . . . . . . . . . . . . .

Upper control arm-to-frame pivot bolt nuts................
Hub and bearing assembly bolts (4WD)....

Ft-lbs (unless otherwise indicated)

56 to 76
37 to 44

83to 112
57 to 76

197 to 241
121 to 147

22to 29

56 to 76
65 to 87
35 to 46

19 to 25

15 to 21
16 to 21
83 to 112
110 to 148
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10-2 Ghapter 10 Suspension and steering systems

Torque specifications

Rear suspension
Leaf spring (trucks)

Leaf spring-to-front bracket nut and bolt
1999 and earlier models.
2000 and later models,..

Shackle-to-frame nuts.............
Shackle-to-spring nuts
U-bolt nuts......

Shock absorber
Trucks

Upper nut . . . . . . . .
Lower nut.......

Sport utilig vehicles
Upper nuVbolt.
Lower nuVbolt.

Stabilizer bar (sport utility vehicles)
Bushing bracket bo|ts................
Link nuts (upper and lower) .............

Suspension arms (sport utility vehicles)
Lower arm

Lower arm-to-axle bo|t............
Lower arm-to-frame bolt

Upper arm
Upper arm{o-axle bo|t....,...,...
Upper arm-to-frame bolt

Track bar (sport utility vehicles)
Axle bracket bolt ..,..............
Frame bracket nuUbo|t...........

Steerlng
Airbag module retaining screws ............
ldler arm

ldler arm bracket-to-frame bo|ts.............
ldler armto-center l ink ballstud nut.,,..,,...........

lntermediate shaft-to-steering gear input shaft pinch bo|t.......................
Pitman arm

Pitman arm{o-steering gear nut
Pitman arm-to-center l ink ballstud nut ..................

Power steering pump mounting bolts ...............
Steering gear-to-frame bo|ts...,,..,........
Steering wheel bo|t.......
Tie-rod ends

Inner tie-rod end-to-center link ballstud nut ..................
Outer t ie-rod end-to-steering knuckle ballstud nut.............................

General information

Ft-lbs (unless otherwise indicated)

72to 97
157 to 212
72to97
72to 97
72to 97

22lo 29
44 to 60

63 to 85
63 to 84

63 to 84
63 to 84

94 to 127
94to 127

94 to 127
94 to 127

125to 170
125 to 170

89 to 1 15 in-lbs

125 to 169
56 to 75
30 to 40

173 to 233
56 to 75
15 to 20
50 to 67
23to 32

56 to 75
56 to 75

Referto illustrations 1.1a, 1.1b, 1.1c, 1.1d,
1.3 and 1 .4

The front suspension (see illustration)
is fully independent. Each wheel is connected
to the frame by a steering knuckle, upper and
lower balljoints and upper and lower con-
trol arms. Coil springs and shock absorbers
are used on 2WD models: 4WD models use
shocks and torsion bars. The coil springs are
mounted between the spring pockets on the
frame and the lower control arms. The shocks
are attached to the lower control arms by
bolts and nuts; the upper end of each shock
is attached to a bracket on the frame. A sta-
bilizer bar, connected to the frame and to the
two lower control arms, reduces vehicle roll
during cornering.

The steering linkage consists of a Pitman
arm (Ford calls this part a "sector shaft arm"),

idler arm, center link (Ford calls it a 'steering

sector shaft arm drag link"), two adjustable tie-
rod assemblies (each consisting of an inner
tie-rod, adjuster tube and outer tie-rod). When
the steering wheel is turned, the gear rotates
the Pitman arm which forces the center link to
one side. The tie-rods, which are connected
to the center link by ball studs, transfer steer-
ing force to the steering knuckles. The tie-rods
are adjustable and are used for toe-in adjush
ments. The center link is positioned by the
Pitman arm and the idler arm. The idler arm
pivots on a support attached to the right frame
rail. The steering knuckles on both 2WD and
4WD models are similar. but the front wheel
bearing setups are different: 2WD models
use inner and outer tapered roller bearings
riding on a spindle that's part of the steering
knuckle; 4WD models use a sealed hub and
bearing assembly that's bolted to the steering
knuckle. The procedure for servicing the 2WD

front bearing assembly is in Chapter 1; the
procedure for replacing the hub and bearing
assembly on a 4WD model is in this Chapter.

The rear suspension on trucks (see
illustration) consists of a pair of multi-leaf
springs and two shock absorbers. The rear
axle assembly is attached to the leaf springs
by U-bolts. The front ends of the springs are
attached to the frame at the front hangers,
through rubber bushings. The rear ends of the
springs are attached to the frame by shack-
les which allow the springs to alter their length
when the vehicle is in operation. Trucks with
rear air suspension are also equipped with an
"anti-wind" bar, which is bolted between the
front leaf spring hanger and the left end of the
axle. The anti-wind spring prevents the axle
and the rear spring from twisting (or winding
up) during braking and acceleration.

The rear suspension on sport utility (see
illustration) vehicles consists of a pair of coil
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Ghapter 10 Suspension and steering systems 10-3

1.1a Front suspension and steering components (2WD models)

1 Stabilizer bar
2 Stabilizer bar bushinos
3 Pitman arm
4 Center link
5 ldler arm

springs and a pair of shock absorbers. The
rear axle assembly is posit ioned by a pair
of upper and lower suspension arms. These
models also use a stabilizer bar, which is mn-
nected to the frame via a pair of links and is
bolted to brackets on the rear axle, to reduce
vehicle roll during cornering. These models
are also equipped with a track bar bolted to
the frame at its left end, and to the rear axle at
its opposite end.

Some models are equipped with either a
rear-only or a four-wheel air suspension sys-
tem. Both systems are refened to by Ford as
Suspension Load Leveling Control (1997 and
1998 models) or Vehicle Dynamic Suspension
(1999 and later). Models with the rear air sus-
pension system use air springs instead of coil
springs. Models with the four-wheel system
also use air springs at the rear, and air shocks
up front. For more information on Suspension
Load Leveling ControlA/ehicle Dynamic Sus-
pension, referto Section 12.

Frequently, when working on the suspen-
sion or steering system components, you may

lnner tie-rod ends 11
Tie-rod adjustertubes 12
Outer tie-rod ends 13
Steering knuckles
Lowe r b a I ljo i nt b al I stu d/ n ut

6

d

v
10

Lower control arm
Shock absorber
Lower control arm pivot
boltdbushings

come across fasteners which seem impossible
to loosen. These fasteners on the underside of
the vehicle are continually subjected to water,
road grime, mud, etc., and can become rusted
or "frozen," making them extremely difficult to
remove. In order to unscrew these stubborn
fasteners without damaging them (or other
components), be sure to use lots of penetrat-
ing 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 is effective
in breaking the bond between a nut and bolt
threads, but care must be taken to prevent the
punch from slipping off the fastener and ruin-
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 exten-
sion pipe on a ratchet - the ratcheting mecha-
nism could be damaged. Sometimes, turning

the nut or bolt in the tightening (clockwise)
direction first will help to break it loose. Fasten-
ers that require drastic measures to unscrew
should always be replaced with new ones.

Since most of the procedures that are
dealt with in this Chapter involve jacking up
the vehicle and working underneath it, a good
pair of jackstands will be needed. A hydrau-
lic 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 suppott the vehicle while
working on it. AIso, whenever any of fhe sus-
pension or steering fasfeners are loosened or
removed they must be inspected and, if nec-
essary, replaced with new ones of the same
paft number or of original equipment quality
and design. Torque specifications must be fol-
lowed for proper reassembly and component
retention. Never attempt ta heat or straighten
saspension or steering components. lnslead,
replace bent or damaged parts with new
ones.

PALMTREESALES1967 - NO RESALE



104 Chapter 10 Suspension and steering systems

1.1b A closer look at the front suspension and steering components (2WD models)

1 1
I Z
1 e

14
15

2

4

Stabilizer bar
Stabilizer bar bushing and
mounting clamp
Pitman arm
Center link
lnner tie-rod end

6 Tie-rod adjustertube
7 Outer tie-rod end
B Tie-rod balljoint ballstud/nut
9 Steering knuckle

10 Lower ballioint ballstud/nut

Outer tie-rod ends
Steering knuckle
Lower balljoint ballstud nuts

Coil sping
Shock absorber
Lower control arm
Upper control arm balljoint
Upper control arm

1
z

Stabilizer bar
Center link
Tie-rod adjuster tubes

4

6

7 Lower control arms
I Torsion bars

1 .1c Front suspension and steering components (4WD models)
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Ghapter 10 Suspension and steering systems 10-5

1.1d A closer look at
the front suspension

and steering
components
(4WD models)

1 Stabilizer bar
2 Stabilizer bar link
3 Center link
4 lnner tie-rod end
5 Tie-rod adjuster

tube
6 Outer tie-rod end
7 Balljoint ballstud nut
8 Steering knuckle
9 Upper control arm

pivot bolUnut
10 Upper control arm
11 Upper control arm

balljoint
12 Stabilizer bar

bushing/bracket
13 Lower control arm
14 Shock absorber
15 Heightsensor
16 Steeringgear

mounting bolts

1
z

1 . 3

Shock absorbers
Lower shock absorber mounts

Rear suspension components (trucks)

3 Leaf springs
4 Leaf spring-to-anchor plate U-bolts
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10-6 Chapter 10 Suspension and steering systems

I Stabilizer bar
2 Stabilizer bar bushing brackets
3 Stabilizer bar links
4 Track bar
5 Track bar-to-frame bracket boMnut

2 Shock absorber (front) - removal
and installation

Refer to illustrations 2.1, 2.4a and 2.4b
1 Using an open-end wrench to hold ihe
shock from turning, remove the upper shock
mounting nut (see illustration). Remove the
retainer and bushing.
2 l f  the vehicle is equipped with air sus-
pension, turn off the air suspension system.
The switch is located in the area of the right
kick panel (see Section '12). Warning: On
models with air suspenslon, electrical power
to the air suspenslon system rnust be turned
off before raising the vehicle. Failure to do so
can result in a sudden inflation or deflation
of the air sprlngs, causing instability of the
vehicle while it's off the ground. lf the vehicle
is equipped with four-wheel air suspension,
disconnect the upper end of the front height
sensor from the upper frame bracket behind
and above the left shock, then firmly push in
the red ring on the shock body, hold it there,
and pull out the air line.
3 Loosen the front wheel lug nuts, raise the
front of the vehicle and support it securely on
jackstands. Apply the parking brake. Remove
the wheels.
4 Working from underneath the vehicle,

1.4 Rear suspension (sport utility vehicles)

6 Track bar-to-axle bracket bolt
7 Air springs
8 Air sping solenoid
9 Lower suspension arms

2.1 To detach the upper end ofthe shock
absorber from the frame bracket, remove

this nut (upper arrow), the retainer and the
bushing; you'll need a back-up wrench on
the lower nut (lower arrow) to prevent the

shock from turning when you loosen
the nut

remove the two nuts (2WD models) or bolt
and nut (4WD models) which attach the lower
end of the shock absorber to the lower control
arm (see illustrations) and pull the shock out

Lowe r su spen sion arm-to-frame
bracket bolts
Lower suspension arm-to-axle bracket
bolts/nuts

2.4a To detach the lower end of the
shock absorber from the lower control

arm on a 2WD model, remove these two
nuts (arrows)

from below.
5 lnstallation is the reverse of removal. Be
sure to t ighten the upper mounting nut and
the lower mounting bolts io the torque listed
in this Chapter's Specifications. On vehicles
with four-wheel air suspension, make sure
that at least 1/8-inch of air line is inserted into

10
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Chapter 10 Suspension and steering systems 10-7

2.4b To detach the lower end of the shock
absorber from the lower control aftn on a
4WD model, removs thls bolt and nut (the
nut is on the front side of the lower arm)

the red fitting. Tighten the upper nut and lower
nut and bolt to the torque listed in this Chap-
ter's Specifications.
6 Lower the vehicle and reactivate the air
suspension system, if equipped.

3 Stabilizer bar (front) - removal
and installation

Refer to illustrations 3.4a. 3.4b and 3.5
1 lf the vehicle is equipped with air suspen-
sion, tum off the air suspension system. The
switch is located in the area of the right kick
panel (see Section 12). Waming: On models
with air suspension, electrical power to the air
suspenslon system musf be turned off before
raising the vehicle. Failure to do so ian resuft
in a sudden inflation or deflation of the air
spnhgs, causing instability of the vehicle while
it's off the ground.
2 Raise the vehicle and support it securely
on jackstands.
3 On 4WD models, remove the skid plate,
if equipped.
4 Remove the nuts from the link bolts (see
illustrations) and remove the link bolts. Keep
any metal washers and rubber bushings in
order, and be sure to keep the parts for the
left and right sides separate.
5 Remove the stabil izer bar bushing
bracket bolts (see illustration) and remove
the bushing brackets.
6 Remove the stabilizer bar. Remove the
rubber bushings from the stabilizer bar.
7 Inspect all rubber bushings for wear and
damage. lf any of the rubber parts are cracked,
tom or generally deteriorated, replace them.
8 When you install the rubber bushings on
the stabilizer bar, position them so that the
slits face toward the front of the vehicle.
9 lnstallation is otherwise the reverse of
removal. Be sure to tighten all fasteners to the
torque listed in this Chapter's Specifications.

3,4a To disconnect the stabilizer bar link
bolt (arrow) from the lower

con t ro ta rm. . .

4 Balljoints - check and
replacement

' l  Inspect the control arm ball joints for
looseness anytime either of them is sepa-
rated from the steering knuckle. See if you
can turn the ballstud in its socket with your fin-
gers. lf the balljoint is loose, or if the ballstud
can be tumed, replace the balljoint. You can
also check the balljoints with the suspension
assembled as follows.
2 lf the vehicle is equipped with air suspen-
sion, turn off the air suspension syslem. The
switch is located in the area of the right kick
panel (see Section 12). Warnlng: On models
with air suspension, electrical power to the air
suspenslon sysfem rnusf be tumed off before
nising the vehicle. Failure to do so can result
in a sudden inflation or deflation of the air
spnngg causing instability of the vehicle while
it's off the ground.
3 Loosen the wheel lug nuts, raise the
front of the vehicle and support it securely on
jackstands. Remove the wheels. Place a floor
jack under the lower control arm as close to
each balljoint as possible and raise it slightly.

Upper balljoints
4 Position a dial indicator against the
wheel rim, grasp the top and bottom of the tire
and "rock'the tire, alternately pushing the top
and pulling the bottom, and vice versa. The
dial indicator should indicate no more than
0.12Sinch deflec{ion. lf the indicated reading
exceeds this figure, replace the upper control
arm (see Section 5); the balUoint is an integral
part of the upper eontrol arm and cannot be
replaced separately.

Lower balljoints
5 Position a dial indicator against the wheel
rim and insert a prybar between the lower con-
trol arm and the steering knuckle. As you lever
the prybar, the needle should not deflect more
than 0.12s-inch. lf it does, replace the lower
control arm (see Section 6); the balljoint is an
integral part of the lower control arm and can-
not be replaced separately,

3.4b . . . removo this nut (anow); be
sure to keep all the retainers (washers),
bushings and spacers in orderwhen you

pull out the llnk bolt

3.5 To separate the stabllizer bar from the
frame, remoye the bushing brackot bolts

(arrows) from both frame rails (left bracket
shown, right bracket identical)'

5 Upper control arm - removal and
installatlon

Removal
Refer to illustrations 5.3, 5.5 and 5.6
Note: Ihis procedure applies to both 2WD
and 4WD models.
1 lf the vehicle is equipped with air suspen-
sion, turn off the air suspension system. The
switch is located in the area of the right kick
panef (see Section 12). Warning: On models
with air suspension, electrical power to the air
suspensrbn system must be tumed off before
raising the vehicle, Failure to do so can result
in a sudden inflation or deflation of the air
spnhgg causing instability of the vehicle while
it's off the grcund.
2 Loosen the wheel lug nuts, raise the
front of the vehicle and support it securely
on jackstands. Remove the wheel. Position a
floor jack, with a wood block on the jack head
(to act as a cushion), under the lower control
arm in the area between the spring seat and
the balljoint. Raise the jack slightly to take
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10-8 Chapter 10 Suspension and steering systems

5.3 Mark the relationship of the eccentric
camber adjustment cams to the frame
brackets before removing the front and

rear pivot nuts and bolts

the spring pressure off the upper control arm.
Wamfng: The jack must remain in this posi-
tion throughout the entire procedure.
3 Mark the position of the upper control
arm camber adjustment cam (see illustra-
tlon).
4 lf the vehicle is equipped with a 4-wheel
anti-lock brake system (4WABS), remove the
bracket bolt for the wheel speed sensor wire
and place the sensor wire out of harm's way.
5 To disconnect the upper control arm
from the steering knuckle, remove the cotter
pin from the balljoint castle nut, loosen the nut
a few turns (don't remove it), install a small
puller (see lllustratlon) and break the balljoint
loose from the knuckle. Now remove the nut.
6 Remove the upper control arm pivot
bolts and nuts (see illustration). Remove the
control arm.
7 Inspect the pivot bolt bushings for wear.
lf the bushings are worn, you'll have to replace
the control arm. Inspect the upper balljoint
seal. lf it's leaking, replaOe the control arm.
The balljoint is not serviceable.

6.6 Remove this brake hose bracket bolt
(anow) and detach the brake hose from

the lower control arm (2WD models)

5.5 Using a suitable puller, separate the
upper balljoint from the steering knuckle;
note that the loosened ballstud nut has
been left on the ballstud to prevent the

parts from separating violently

lnstallation
I Position the arm in the frame brackets
and install the bolts and nuts. They must be
installed with their heads facing toward each
other. Make sure the marks you made prior
to disassembly are aligned, then tighten, but
don't torque, the pivot bolt nuts.
9 Attach the ball joint to the steering
knuckle and tighten the ballstud nut to the
torque listed in this Chapter's Specifications.
10 Reattach the 4WABS front brake anti'
lock sensor wire bracket and tighten the bolt
securely.
'11 lnstall the wheel and lug nuts, then lower
the vehicle. Tighten the lug nuts to the torque
listed in the Chapter 1 Specifications.
12 Tighten the upper arm pivot bolt nuts,
front nut first, to the torque listed in this Chap-
ter's Specifications.
13 Reactivate the air suspension system, if
equipped.

6.8 A typical aftermarket internal spring
compressor tool: the hooked arms grip

the upper coils of the spring, the plate is
inserted below the lower coil, and when

the nut on the threaded rod is turned, the
spring is compressed

5.6 To detach the upper control arm from
the frame brackets, remove the plvot bolts

and nuts

6 Lower control arm - removal and
installation

2WD models
Removal
Refer to illustrations 6.6, 6.8, 6.9, 6.10, 6.11a
and 6 .11b
1 lf the vehicle is equipped with air suspen-
sion, turn off the air suspension system. The
switch is located in the area of the right kick
panel (see Section 12). Warning: Qn models
with air suspension, electrical power to the air
suspenslon sysfem musl be tumed off before
raising the vehicle. Failure to do so can result
in a sudden inflation or deflation of the air
springs, causing instability of the vehicle while
it's off the ground.
2 Loosen the wheel lug nuts, raise the
vehicle and support it securely on jackstands.
Remove the wheel.
3 Remove the disc brake cal iper, brake
pads, cal iper anchor bracket and disc (see
Chapter 9).
4 Remove the disc brake splash shield.

6.9 Using a suitable puller, separate the
lower balljoint from the steering knuckle;
note that the loosened ballstud nut has
been left on the ballstud to prevent the

parts from separating violently
(2WD models)
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6.10 lf you're removing the left lower
control arm, be sure to mark the

relationship of the left rear adjustment
cam to the frame bracket (2WD models)

5 Remove the shock absorber (see Sec-
tion 2).
6 Detach the brake hose bracket from the
lower control arm (see illustration).
7 Remove the front stabilizer bar link nut
(see Section 3).
8 Using a suitable coil spring compressor

6,11a The lower control arm front pivot bolts (arrows) are hidden
inside these holes in the lower crossmember (2WD models)

6.22a The front pivot bolts (arrows) for the lower control arm are
hidden inside these holes in the crossmember (4WD models)

(see illustration), install the compressor in
accordance with the manufacturer's instruc-
tions and compress the coil spring.
9 Remove the cotter pin, loosen - don't
remove - the castellated ballstud nut, install
a suitable puller (see illustration) and sepa-
rate the lower control arm from the steering
knuckle.
10 lf you're removing the left control arm, be
sure to mark the relationship of the left rear
adjustment cam (see illustration).
11 Remove the lower control arm pivot bolts
(see illustrations) and pull the lower arm
from its frame brackets. Remove the spring.

Installation
12 lnstallation is the reverse of femoval.
Don't tighten the pivot bolt nuts or bolts until
the vehicle is back on the ground, at normal
ride height, then tighten all fasteners to the
torque listed in this Chapter's Specifications.
Note: You can also raise the lower control
arm with a floor jack to simulate normal ride
height, then tighten the nuts/bolts. Note that
the tightening torque for the left rear cam bolt
nut is considerably higher than any of the
other bolts/nuts.
13 Reactivate the air suspension system, if
equipped.

4WD models
Removal
Refer to illustrations 6.22a and 6.22b
14 lf the vehicle is equipped with air suspen-
sion, turn off the air suspension system. The
switch is located in the area of the right kick
panel (see Section 12). Warning: On models
with air suspension, electical power to the air
suspenslon sysfem musf be tumed off before
raising the vehicle, Failure to do so can result
in a sudden inflation or deflation of the air
spnhgg causing instability of the vehicle while
it's off the ground.
15 Loosen the wheel lug nuts, raise the
vehicle and support it securely on jackstands.
Remove the wheel.
16 Remove the skid plate, if equipped.
'17 lf the vehicle is equipped with a 4-wheel
antilock brake system (4WABS), detach the
front brake antilock sensor wire bracket from
the control arm.
18 Remove the torsion bar (see Sec-
tion 11).
19 Disconnect the shock absorber from the
lower control arm (see Section 2).
20 Disconnect the stabilizer bar from the
lower control arm (see Section 3).
21 Detach the lower balljoint from the steer-
ing knuckle (see illustration 6.9).

6,22b Remove the lower control arm pivot bolts and nuts
(4WD models)

6.11b Remove the lower control arm pivot bolts and nuts
(2WD models)
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10-10 Chapter 10 Suspension and steering systems

22 Remove the lower control arm pivot
bolts, nuts and washers (see illustrations).
Remove the lower control arm.
23 Check the bushings for damage or wear.
Some models have welded-in bushings that
can't be replaced. lf this is the case, replace
the control arm. Other models have replace-
able bushings, but a press and special adapt-
ers are required to remove and install them.
Take the control arm to a dealer service
department or other repair shop to have the
bushings replaced for you.

Installation
24 Raise the control arm into position and
install the control arm pivot bolts, washers
and nuts, but don't t ighten them completely
at this time. Make sure the threaded portions
of both bolts are facing fonrvard, i.e. the nuts
should be at the front.
25 Carefully raise the lower control arm with
the floor jack unti l the ball joint stud can be
inserted into the hole in the steering knuckle.
Install the ball joint stud nut, t ighten it to the
torque listed in this Chapter's Specifications,
then install a new cotter Din.
26 Connect the stabilizer bar to the lower
control arm (see Section 3).
27 Install the shock absorber (see Sec-
tion 2).
28 Install the torsion bar (see Section 11).
29 lf the vehicle is equipped with a 4-wheel
antilock brake system (4WABS), reattach the
front brake anti-lock sensor wire bracket to
the control arm.
30 Using a floor jack, raise the lower con-
trol arm to simulate normal ride height, then
tighten the lower control arm pivot bolts to the
torque listed in this Chapter's Specifications.
31 Install the wheel and lug nuts. Lower the
vehicle and tighten the lug nuts to the torque
listed in the Chapter 1 Specifications.
32 Install the skid plate, if equipped.
33 Measure the vehicle's ride height on
each side, from equal points on the frame to
the ground. lf the side that has been worked
on is higher or lower than the other side, turn
the torsion bar adjusting screw accordingly
until the vehicle sits level. This may take a few
tries, and it's important to roll the vehicle back
and forth and jounce the front end between
adjustments, to settle the suspension and get
an accurate reading.

7 Goilspring (2WD models) -
removal and installation

Removal
1 Refer to Section 6 and remove the coil
spring along with the lower control arm.
2 Check the coil spring upper insulator for
cracks and other signs of deterioration and
replace it if necessary.

lnstallation
3 Place the insulator on top of the coil
spring (the upper end of the spring is the flat
end).

9.5 To detach the disc splash shield from
the steering knuckle on 4WD models,

remove these three bolts (arrows)

4 Instal l  the top of the spring into the
spring pocket and the bottom in the lower
control arm. There are two drain holes in the
spring seat in the lower control arm. When it's
seated correctly, the lower end of the spring
covers the first hole and covers about half of
the second hole.
5 Refer to Section 6 and instal l  the coi l
spring and lower control arm.

Steering knuckle (2WD models)
- removal and installation

1 lf the vehicle is equipped with air suspen-
sion, turn off the air suspension system. The
switch is located in the area of the right kick
panel (see Section 12). Warning: On models
with air suspension, electrical power to the air
suspenslon system must be turned off before
raising the vehicle. Failure to do so can result
in a sudden inflation or deflation of the air
spzngg causing instability of the vehicle while
it's off the ground.
2 Raise the front of the vehicle and sup-
port it securely on jackstands. Apply the park-
ing brake.
3 Support the lower control arm with a floor
jack. Raise the jack sl ightly. Warning: Ihe
jack must remain in this position throughout
the entire procedure.
4 Remove the wheel.
5 Remove the brake cal iper (see Chap-
ter 9) and the brake disc/hub assembly (see
Front wheel bearing check, repack and adjust-
mentin Chapter 1).
6 Remove the disc solash shield from the
steering knuckle.
7 Disconnect the t ie-rod end from the
knuckle (see Section 20).
8 Disconnect the balljoints from the steer-
ing knuckle (see Sections 5 and 6).
I Remove the steering knuckle.
10 Installation is the reverse of removal. Be
sure to tighten all fasteners to the torque listed

9.6 To detach the hub and bearing
assembly from the steering knuckle,

remove the three bolts (arrows)

in this Chapter's Specifications and reactivate
the air suspension system, if equipped, after
lowering the vehicle.
1' l  Adjust the front wheel bearings (see
Chapter 1) and have the front wheel al ign-
ment checked by a dealer service department
or al ignment shop.

9 Hub and bearing assembly (4WD
models) - replacement

Refer to illustrations 9.5 and 9.6
Note: Ihe hub and bearing assembly is a
sealed unit and isnl serviceable. lf it's defec-
tive, it must be replaced.
1 Put the vehicle in gear, apply the park-
ing brake and break loose the driveaxle/hub
nut with a socket and large breaker bar (see
Chapter 8).
2 lf the vehicle is equipped with air suspen-
sion, turn off the air suspension system. The
switch is located in the area of the right kick
panel (see Section 12). Warning: On models
with air suspension, electrical power to the air
suspension system must be turned off before
raising the vehicle. Failure to do so can result
in a sudden inflation or deflation of the air
sprngs, causing instability of the vehicle while
it's off the ground.
3 Loosen the wheel lug nuts, raise the
vehicle and support it securely on jackstands.
Remove the wheel. Remove the drive-axle/
hub nut.
4 Unbolt the brake caliper and hang it out
of the way with a piece of wird', then remove
the caliper anchor bracket and the brake disc
(see Chapter 9).
5 On models with 4-wheel ABS (4WABS),
remove the disc splash shield from the steer-
ing knuckle (see illustration), then remove
the speed sensor retaining bolt, remove the
sensor from the knuckle and set the sensor
and wire harness safely aside.
6 Remove the hub assembly-to-steering
knuckle bolts (see illustration).
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It.3a To enaure proper adJustment ofthe
torslon bar upon reassembly, mark the

relationshlp of the torslon bar to
the crossmember, . .

7 Tap the hub assembly from side{o-side
to break it loose from the steering knuckle.
Pull the hub assembly off the end of the
driveaxle. Wrap the end of the driveaxle with a
rag to prevent damaging it. lf the hub is stuck
on the splines on the end of the driveaxle, use
a puller to free it.
8 Installation is the roverse of the removal
procedure. Be sure to lubricate the driveaxle
splines with multFpurpose grease, and tighten
all of the fasteners to the torque listed in this
Chapter's Specifi cations.

10 Steering knuckle {4WD models)
- removal and Installation

Removal
1 Put the vehicle in gear, apply the parking
brake and break loose the driveaxle/hub nut
with a socket and large breaker bar.
2 lf the vehicle is equipped with air suspen-
sion, tum ofi the air suspension system. The
switch is located in the area of the right kick
panef (see Section 12). Wamlng: On models
with air suspension, electical power to the air
suspenslon system must be tumed off before
raising the vehicle. Failure to do so can resuft
in a sudden inflation or deflation of the air
spnngs, causing instability of the vehicle while
it's offthe ground.
3 Loosen the wheel lug nuts, raise the
front of the vehicle and support it securely on
jackstrands. Apply the parking brake. Remove
the wheel. Remove the driveaxle/hub nut.
4 Unbolt the brake caliper, hang it out of
the way with a piece of wire, then remove the
caliper anchor bracket and brake disc (see
Chapter 9). Remove the disc splash shield
(see illustration 9.5) and, if equipped, the
4WABS speed sensor.
5 Disconnect the tie-rod end from the
steering knuckle (see Section 20).
6 Support the lower control arm with a floor
jack and detach the steering knuckle from the
lower balljoint (see Section 6). Warning: Ihe
jack must remain in this position throughout
the entire procedure.

11,3b . . . and count the number of
threads showing on the torsion bar

adjuster bolt and mark the relationship of
the bolt to the torslon bar adjuster nut

as insurance

7 Support the steering knuckle and sepa-
rate it from the upper balljoint (see Section 5),
8 Using a puller, push the driveaxle out
of the hub while withdrawing the steering
knuckle and hub assembly.
9 lf you're planning to replace the hub and
bearing assembly or the knuckle, remove the
hub and bearing assembly from the knuckle
(see Section 9).
10 Inspecttheseal. lf i t 'sdamagedorshows
signs of deterioration, pry it out with a large
screwdriver or prybar. Install a new seal by
driving it in with a socket that has an outside
diameter slightly smaller than the seal.

Installation
11 lnstallation is the reverse of the removal
procedure. Be sure to lubricate the driveaxle
splines with multi-purpose grease and tighten
all of the fasteners to the torque listed in this
Chapter's Specifications.

11 Torslon bar (4WD models) -
removal and installation

Refer to illustrations 11.3a, 11 .3b, 11 .4, 11 .5,
11.6, 11.7a and 11.7b
1 lf the vehicle is equipped with air suspen-
sion, tum off the air suspension system. The
switch is located in the area of the right kick
panel (see Section 12). Warning: On models
with air suspension, electrical power to the air
suqpension sysfem musf be tumed off before
nising the vehicle. Failure to do so can result
in a sudden inflation or deflation of the air
spnngs, causing instability of the vehicle while
it's off the ground.
2 Loosen the front wheel lugs nuts,
raise the vehicle and place it securely on
jackstands. Remove the wheel.
3 Mark the relationship of the torsion bar
and the torsion bar crossmember support (see
illustration). Count the number of threads
showing on the torsion bar adjuster bolt and
mark the relationship of the bolt to the torsion
bar adjuster nut {see illustration).

11.4 lnstall a puller, with the fingers
hooked around the flange runnlng along

each slde of the crossmember; make sure
the puller bolt is centered on the dimple
in the torsion bar adluster arm; tighten

the puller bolt until all tension is removed
from the adjuster nut

11.5 Wth tension removed from the
adjuster nut, remove the adjuster nut

11.6 Mark the relationship of the torslon
bar to the lower control arm as shown

4 In the torsion bar adjuster arm, there's a
small dimple. Install a small puller with its bolt
centered on this dimple (see illustration).
5 Turn the puller bolt until all tension is
removed from the torsion bar adjuster arm,
then remove the torsion bar adjuster nut (see
illustration). Remove the puller.
6 Mark the relationship of the forward end
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11.7a Slide the torsion bar forward
through the lower control arm far enough

to pull the rear end of the bar out of
the crossmember. . .

of the torsion bar to the lower control arm (see
illustration).
7 Push the torsion bar forward, through
the lower control arm, until the rear end of the
bar clears the crossmember (see illustration)
and remove the torsion bar adjuster arm (see
illustration).
8 Pull the torsion bar down and to the rear
as far as it will go. lf the front end of the bar
hangs up in the lower control arm, drive it out
of the control arm with a brass drift.
I Installation is the reverse of removal. Be
sure to clean out the hexagonal hole in the
lower control arm and lube it with multi-purpose
grease before inserting the torsion bar into the
arm. Also apply some grease to the hex ends
of the torsion bar, to the top of the adjuster arm
and to the adjuster bolt. Make sure that the
marks you made on the rear end of the torsion
bar ahd the crossmember, and on the front end
of the torsion bar and the control arm, line up.
And make sure that the torsion bar adjuster bolt
is tightened until the same number of threads
are showing and the marks you made on the
adjuster bolt and nut are lined up.
10 Install the wheel, remove the jackstands
and lower the vehicle.
11 Tighten the wheel lug nuts to the torque
listed in the Chapter 1 Specifications.
12 Measure the vehicle's ride height on
each side, from equal points on the frame to
the ground. lf the side that has been worked
on is higher or lower than the other side, turn
the torsion bar adjusting bolt accordingly until
the vehicle sits level. This may take a few
tries, and it's important to roll the vehicle back
and forth and jounce the front end between
adjustments, to settle the suspension and get
an accurate reading.

12 Suspension Load Leveling
GontrolA/ehicle Dynamic
Suspension systems -
general information

Rear-only sysfem
The rear-only suspension load level-

'l'i.7b ., , and remove the torsion bar
adjuster arm. Hold your hand under the
arm as you slide out the torsion bar to

prevent the arm from falling

ing control system offers a softer ride, and
improves handling by maintaining a constant
vehicle attitude. lt does this by automatically
adjusting the vehicle's height above the road
and its front-to-rear attitude as the vehicle is
loaded or unloaded. The rear-only system
consists of a pair of rear air springs, an air
compressor, air l ines, air spring solenoids,
a height sensor, and a control module. On
F-250 trucks, the air springs are used in addi-
tion to the leaf springs; on sport utility vehi-
cles, they're used instead of the standard coil
spnngs.

4-wheel system
The 4-wheel system offers three vehicle

heights: "kneel," "trim" and "ofi-road." In kneel
height mode, the vehicle is lowered one inch
lower than its trim height to facilitate enter-
ing and exiting the vehicle. Trim height is the
normal vehicle ride height. Off-road height is
one inch higher than trim height. The 4-wheel
system uses components similar to (but not
necessarily interchangeable with) the rear-
only system, as well as a pair of air shocks up
front. lt also uses two height sensors, a steer-

13.4a To detach the upper end ofthe
shock absorber from the frame on a truck,

unscrew the nut with a ratchet placed
between the frame rail and bed

12.3 To deactivate the air suspension
system, remove the right kick panel and

turn off the switch

ing sensor and several other sensors on the
transfer case and elsewhere on the vehicle
to monitor driver and road inputs. The control
module used in this system is also used on
the rear-only system.

Turning off the system
Refe r to i ll u stration 1 2. 3

The air suspension switch (see illustra-
tion) is located behind the right kick panel.
To disable the system, remove the kick panel
(see Chapter 11) and turn off the switch. This
cuts the power to the air suspension control
module, which deactivates the system. The
system should be turned off anytime the vehi-
cle is going to be raised off the ground so that
it won't react to the higher vehicle height.

13 Shock absorber (rear) - removal
and installation

Refer to illustrations 13.4a, 13.4b and 13.4c
1 lf the vehicle is equipped with air suspen-
sion, turn off the air suspension system. The
switch is located in the area of the right kick
panel (see Section 12). Warning: On models
with air suspension, electrical power to the air
suspenslon sysfem musf be tumed off before
raising the vehicle. Failure to do so can resuft
in a sudden inflation or deflation of the air
spnngg causing instability of the vehicle while
it's off the ground.
2 Loosen the wheel lug nuts, raise the
rear of the vehicle and support it securely
on jackstands. Block the front wheels so the
vehicle doesn't roll off the stands. Remove the
rear wheels.
3 Support the rear axle with a floor jack
placed under the differential.
4 Remove the shock absorber upper and
lower mounting fasteners (see illustrations).
5 Remove the shock absorber.
6 Installation is the reverse of removal.
Make sure you install the nuts and bolts facing
in the proper direction. Tighten all fasteners to
the torque listed in this Chapter's Specifica-
tions. Reactivate the air suspension system, if
equipped, after lowering the vehicle.
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13.4c Todetachthe
upper end of the

shock absorber from
the frame on a sport

utility vehicle, remove
this nut and bolt (A);
to detach the lower
end, remove this nut
and bolt (B); if you're
removing an upper or
lower suspension arm,
remove the indicated

bolts (G) (upper arm-to-
frame bracket bolt not

visible)

13.4b To detach the lower end of the
shock absorber from the axle bracket on a

truck, remove this nut and bolt (arrows)

14 Leaf spring/air spring - removal
and installation

Refer to illustrations 14.4, 14.5 and 14.6
Note: Ihis procedure applies only to trucks.

Leaf spring
1 lf the vehicle is equipped with air suspen-
sion, tum off the air suspension system. The
switch is located in the area of the right kick
panel (see Section 12). Warning: On models
with air suspension, electrical power to the air
suspensrbn sysfem musl be turned off before
raising the vehicle. Failure to do so can result
in a sudden inflation or deflation of the air
spnngg causing instability of the vehicle while
it's off the ground.
2 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. Support the axle with a floor
jack and raise it slightly to relieve the tension
on the leaf springs.
3 On vehicles with air suspension, unbolt

14.4 Remove the four U-bolt nuts
(arrows), then remove the spring plate,

the rear spring spacer (4WD models only),
and the two U-bolts

the anti-wind bar from the axle.
4 Remove the four U-bolt nuts (see illus-
tratlon), the spring plate, the rear spring
spacer (4WD models only), and the two U-
bolts.
5 Lower the floor jack to allow the spring to
unload. At the front end of the spring, remove
the nut and bolt from the spring-to-front
bracket (see illustration).
6 At the rear end of the spring, remove
the upper spring-to-shackle nut and bolt (see
illustratlon).
7 Remove the spring assembly.
8 lf the bushings at the ends of the spring
are worn or deteriorated, an automotive
machine shop or dealer service department
can press the old ones out and press new
ones in.
9 Installation is the reverse of removal.
Gradually tighten the U-bolt nuts in a criss-
cross pattern. Then tighten all the fasteners
to the torque listed in this Chapter's Specifica-
tions.
10 Lower the vehicle. Reactivate the air
suspension system, if equipped.

Air spring
11 Turn off the air suspension system. The

14.5 At the front end of the leaf spring,
remove the nut and bolt (arrows) that

attach the spring to the front
frame bracket

switch is located in the area of the right kick
panel (see Section 12). Warning: On models
with air suspension, electrical power to the air
suspensrbn sysfem musf be tumed off before
raising the vehicle. Failure to do so can result
in a sudden inflation or deflation of the air
spnhgg causing instability of the vehicle while
it's off the ground.
12 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.
13 Support the axle with a floor jack and
raise it slightly to relieve the tension on the
leaf springs.
14 Depress the red plast ic retaining r ing
and disconnect the air line from the solenoid
valve.
15 Unplug the electrical connector from the
solenoid valve.
16 Remove the retaining clip from the top of
the air spring.
17 Compress the air spring and remove i t .
18 lnstallation is the reverse of removal.
19 Lower the vehicle and reactivate the air
suspension system.
20 Start the engine and allow the compres-

14,6 At the rear end of the spring, remove
the upper spring-to-shackle nut and

bolt (arrows)
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15.3 lf the vehicle is equipped with
air suspension, unplug the electrical' 

connector from the height sensor, then
squeeze these retainers (arrows) to detach

the sensor from its ball stud mounts

sor to fill the air suspension system. Do NOT
drive the vehicle until the air suspension sys-
tem has been restored.

{5 Track bar - removal and
installation

Refer to illustrations 15.3. 15.4 and 15.5
Note: Ihis procedure applies only to sport
utility vehicles.
1 lf the vehicle is equipped with air suspen-
sion, turn off the air suspension system. The
switch is located in the area of the right kick
panel (see Section 12). Warning: An models
with air suspension, electrical power to the air
suspenslon system musl be turned off before
raising the vehicle. Failure to do so can result
in a sudden inflation or-deflation of the air
springs, causing instability of the vehicle while
it's off the ground.
2 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.
3 lf the vehicle is equipped with air suspen-
sion, unplug the electrical connector from the
height sensol then unclip the plastic retainer
and set the wiring harness aside. Squeeze
the retaining tabs and disengage the height
sensor (see illustration) from its mounting
studs.
4 Unbolt the right end of the track bar from
the axle bracket (see illustration).
5 Unbolt the left end of the track bar from
the frame bracket (see illustration).
6 Remove the track bar.
7 Installation is the reverse of removal.
Be sure to tighten the track bar fasteners to
the torque listed in this Chapter's Specifica-
tions. Activate the air suspension svstem, if
equipped.

1 5.4 To detach the right end of the track
bar from the axle bracket, remove this

bolt (arrow)

16.3 To remove the stabilizer link, remove
the lower nut and upper bolt (arrows)

16 Stabilizer bar (rear) - removal and
installation

Referto illustrations 16.3 and 16.5
Note: Ihe following procedure applies only to
sporT utility vehicles.
1 lf the vehicle is equipped with air suspen-
sion, turn off the air suspension system. The
switch is located in the area of the right kick
panel (see Section 12). Warning: On models
with air suspension, electrical power to the air
suspenslon system must be turned off before
raising the vehicle. Failure to do so can result
in a sudden inflation or deflation of the air
springs, causing instability of the vehicle while
it's off the ground.
2 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.
3 Remove the stabilizer bar-to-link nuts
(see illustration).
4 Remove the bolts from the upper ends of
the links and remove the links.
5 Remove the stabi l izer  bar  bushing
bracket bolts (see illustration) and remove

1 5.5 To detach the left end of the track bar
from the frame bracket, remove this nut

and bolt (arrows)

16.5 To detach the stabilizer bar from the
rear axle, removo these bolts (arrows)

from both bushing brackets

the stabilizer bar assembly.
6 Inspect the stabilizer bar bushings and
link bushings for cracks, tears and other signs
of deterioration. Replace as necessary.
7 Installation is the reverse of removal. Be
sure to tighten all fasteners to the torque listed
in tlis Chapter's Specifications.
I Reactivate the air suspension system, if
equipped.

17 Suspension arms - removal and
installation

Note: Ihe following procedure applies only to
sport utility vehicles.
1 lf the vehicle is equipped with air suspen-
sion, turn off the air suspension system. The
switch is located in the area of the right kick
panel (see Section 12). Warning: On models
with air suspension, electrical power to the air
suspensrbn system must be turned off before
raising the vehicle. Failure to do so can result
in a sudden inflation or deflation of the air
springs, causing instability of the vehicle while
it's aff the ground.
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18.3 Unplug the electrical connector for
the rear ABS speed sensor

2 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.
3 Support the redr axle by placing a floor
jack under the differential.
4 To remove a suspension arm, unbolt it
from the frame and from the axle (see illus-
tration 13.4c).
5 Installation is the reverse of removal.
6 Reactivate the air suspension system, if
equipped.

l8 Coil spring/air spring (rear) -
removal and installation

Note: Ihe following procedure applies only to
sport util ity ve h icle s.

Coil spring
Refer to illustration 18.3
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 Remove the driveshaft (see Chapter 8).
3 Unplug the electrical connector for the
rear ABS speed sensor (see illustration).
4 Make sure the parking brake system is
fully released, then release cable tension and
disconnect the rear parking brake cables from
the parking brake levers on the rear brake
calipers (see Chapter 9). Remove the calipers
and hang them safely out of the way (do not
disconnect the brake lines from the calipers).
5 Detach the axle venttube.
6 Detach the rear stabilizer bar from the
axle (see Section 16).
7 Support the rear axle by placing a floor
jack under the differential,
8 Disconnect the lower ends of the shock
absorbers from the axle (see Section 1 3).
9 Disconnect the track bar from the axle
(see Section 15).
10 Disconnect the lower and upper suspen-
sion arms from the axle (see Section '17).

11 Carefully lower the axle and remove

the coil springs. Installation is the reverse of
removal. Don't t ighten any suspension fas-
teners to the torque listed in this Chapter's
Specifications until the vehicle is back on the
ground.

Air spring
Refer to illustrations 18.14 and 18.16
12 Turn off the air suspension system. The
switch is located in the area of the right kick
panel (see Section 12). Warnlng: On models
with air suspension, electical power to the air
suspension system must he tumed off before
raising the vehicle. Failure to do so can result
in a sudden inflation or deflation of the air
spnngs, causing instability of the vehicle while
it's off the ground.
1 3 Loosen the rear wheel lug nuts, raise the
rear of the vehicle and support it securely on
jacl(stands. Block the front wheels to keep the
vehicle from rolling off the stands. Remove
the rear wheels.
'14 Remove the air spring retainer (see
illustration).
15 Lift the bottom of the air spring off the
axle.
16 Unplug the electrical connector from the
air spring solenoid (see illustration).
17 Carefully and slowly disconnect the air

19.3a To detach the airbag module from
the st@erlng wheel, pry off the screw

covers (left cover shown, right cover on
other side of steering wheel) . . .

18.16 Unplug the electrical connector
(arrow) from the solenoid

line from the air spring and remove the air
spring.
18 Installation is the reverse of removal.
Make sure that at least 1/8-inch of white air
line is inserted into the solenoid.
19 Be sure to reactivate the air suspension
system, then start the engine and allow the
compressor to pump up the system to nor-
mal trim height. Warningl Do NOT drive the
vehicle until the system has restored it to its
normal trim height.

l9 Steering wheel - removal and
installation

Referto illustrations 19.3a, 19.3b, 19.4, 19.5,
19.6 and 19.7
1 Warning: Disconnect the negative bat-
tery cable, then the positive battery cable
from the battery and wait at least two minutes
forthe backup power supply to be depleted.
2 Disconnect the battery-to-starter relay
cable (see Airbag system - general informa-
flon in Ghapter 12).
3 Remove the two airbag module retaining
screws (see illustrations) and lift ofi the air-
bag module. Warning: Carry the airbag mod-

19.3b . . . and remove the airbag module
retaining screws

18.14 Remove the air spring retainer clip
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19.4 Lift the airbag off the steering wheel and unplug the
electrical connectors for the horn (upper arrow) and for the airbag

(lower arrow)

ule with the trim cover facing away from you,
and set the airbag module in a safe location
with the trim cover facing up.
4 Unplug the electrical connectors for the
airbag and horn (see illustration).
5 Remove the steering wheel bolt (see
lllustration).
6 Mark the relationship of the steering
wheel to the steering shaft and unplug the
electrical connector from the steering wheel
(see illustration).
7 Using a two-jaw puller, remove the steer-
ing wheel (see i l lustration). Gaution: Any
attempt to remove the steering wheel without
using a puller to do so can damage the col-
umn.
8 The airbag coil has a locking mechanism
which irrevents it from rotating after the steer-
ing wheel has been removed. lf this lock is
missing, apply two strips of tape across it to
prevent accidental rotation.
9 Before install ing the steering wheel,
make sure the airbag coil is properly aligned.
The dot on the end of the steering shaft must
be in the 9 o'clock position and the electrical
lead for the coil must be in the 3 o'clock posi-
tion. Take note of any other alignment marks
which may be present on the airbag coil, and
of any other instructions which may be printed
on the coil. l f the airbag coil is not aligned
properly, fotate the hub of the airbag coil
counterclockwise until it stops (don't apply too
much force), the turn it in the opposite direc-
tion two revolutions.

19.6 Mark the relationship of the steering
wheel lo the steering shaft before

removing the {vheel, and unplug these two
electrical connectors (arrows)

steering damper. The Pitman arm, which is
fastened to the steering gear shaft, moves
the center l ink back-and-forth. The center
link is supported on the other end by a frame-
mounted idler arm. The back-and-forth motion
of the center link is transmitted to the steering
knuckles through a pair of tie-rod assemblies.
Each tie-rod is made up of an inner and outer
tie-rod end, a threaded adjuster tube and two
clamps.
2 Set the wheels in the straight-ahead
position and lock the steering wheel.
3 lf the vehicle is equipped with air suspen-
sion, turn off the air suspension system. The
switch is located in the area of the right kick
panel (see Section 12). Warning: On models
with air suspension, electrical power to the air
suspenslon sysfem musl be tumed off before
raising the vehicle. Failure to do so can result
in a sudden inflation or deflation of the air
sprlngs, causing instability of the vehicle while
it's off the ground.
4 Raise one side of the vehicle unti l  the
tire is approximately 1-inch off the ground.
5 Mount a dial indicator with the needle

19.7 Remove the steering wheel with a
two-jaw puller - do not try to hammer off

the steering wheel or you will damage the
column bearings

resting on the outside edge of the wheel.
Grasp the front and rear of the tire and, using
light pressure, wiggle the wheel back-and-forth
and note the dial indicator reading. The gauge
reading should be less than 0^1O8-inch. lf the
play in the steering system is more than speci-
fied, inspect each steering linkage pivot point
and ball stud for looseness and replace parts,
if necessary.
6 Raise the vehicle and support i t  on
jackstands. Push up, then pul l  down on the
center l ink end of the idler arm, exert ing a
force of approximately 25 pounds each way.
Measure the total distance the end of the arm
travels. l f  the play is greater than 1/4-inch,
replace the idler arm.
7 Check for torn ball stud boots. frozen
joints and bent or damaged l inkage compo-
nents.
8 Lower the vehicle. Reactivate the air
suspension system, if equipped.

Removal and installation
9 lf the vehicle is equipped with air suspen-
sion, turn off the air suspension system. The

20 Steering linkage - inspection,
removal and installation

lnspection
1 The steering linkage (see illustrations
1.1a through 1.1d) connects the steering
gear to the front wheels and keeps thb wheels
in proper relation to each other. The linkage
consists of the Pitman arm, the idler arm,
the center link, two adjustable tie-rods and a

19.5 Remove the steering wheel retaining bolt
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20,12 To separate the outer tie-rod end from the steering knuckle,
remove the cotter pin from the castellated nut, back off - but don't
remove - the nut, install a small puller and force the ballstud out

of the knuckle

20,'13 To separate the inner tie-rod end from the center link,
remove the cotter pin from the castellated nut, back off - but

don't remove - the nut, install a suitable small puller and force the
ballstud out of the center link

20.14b lf you're going to install the sam€
inner or outer tie-rod, back off

the jam nut . . .switch is located in the area of the right kick
panel (see Section 12). Warning: On models
with air suspension, electical power to the air
suspension sysfem rnusl be turned off before
raising the vehicle. Failure to do so can result
in a sudden inflation or deflation of the air
spnngs, causing instability of the vehicle while
it's off the ground.
10 Loosen the wheel lug nuts, raise the
vehicle'and support it securely on jackstands.
Apply the parking brake. Remove the wheel.

Tie-rod
Refer to illustrations 20.1 2, 20.1 3, 20.1 4a,
20.14b and 20.14c
Note: Ihr.s procedure covers replacing the tie-
rod ends as well as the entire tie-rod. lf you'll
only be replacing a tie-rod end, ignore the
Steps that dont apply.
11 Remove the cotter pin and loosen, but
do not remove, the castellated nut from the
ball stud. lf only the outer tie-rod end is being
replaced, loosen only the ballstud nut at the
steering knuckle; if only the inner tie-rod end
is being replaced, loosen only the ballstud nut
at the center link. lf the entire tie-rod assem-

bly (inner and outer tie-rod ends and adjuster
tube) is being replaced, loosen both ballstud
nuls.
12 lf the outer tie-rod end or the entire tie-
rod assembly is being replaced, use a puller
to separate the tie-rod end from the steering
knuckle (see illustration). Remove the cas-
tellated nut and pull the tie-rod end ballstud
from the knuckle.
13 lf the inner tie-rod end or the entire tie-
rod is being replaced, separate the inner tie-
rod end from the center link, using the same
procedure as Steps 1'l and 12 (see illustra-
tion).
14 lf the inner or outer tie-rod end is being
replaced, measure the distance from the end
of the adjuster tube to the center of the ball
stud (see illustration) and record it. lf you're
going to install the same inner or outer tie-rod
end, simply back off the jam nut and mark the
threads (see illustrations) and unscrew the
tie-rod end.
15 Lubricate the threaded portion of the
tie-rod end with chassis grease. Screw the
new tie-rod end into the adjuster tube and
adjust the distance from the tube to the ball

20.14c .. . and paint an alignment mark
on the threads adjacent to the end of

the tube; when installing the tie-rod end,
simply screw it back in until the mark is

next to the end of the tube again
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20.2'l To separate the idler arm from the
center link, remove the cotter pin from
the castellated nut, back off - but don't

remove - the nut, install a puller as shown,
and force the ballstud oul of the

center link

stud to the previously measured dimension.
The number of threads showing on the inner
and outer tie-rod ends should be equal within
three threads. Don't tighten the jam nuts yet.
16 Gonnect the disconnected ball stud nuts.
Tighten the nuts to the torque listed in this
Chapter's Specifications and install a new cot-
ter pin. lf the ball stud spins when aftempting
to tighten the nut, force it into the tapered hqle
with a large pair of pliers. lf necessary tighten
the castellated nut slightly to align a slot in the
nut with the cotter hole in the ball stud.
17 Insert the inner tie-rod end ball stud into
the center link until it's seated. Install the nut
and tighten it to the torque listed in this Chap-
ter's Specifications.
18 Tighten the jam nut(s) securely.
19 Install the wheel and lug nuts, lower the
vehicle and tighten the lug nuts to the torque
listed in the Chapter 1 Specifications. Reacti-
vate the air suspension system, if equipped.
Drive the vehicle to an alignment shop to
have the front end alignment checked and, if
necessary adjusted.

ldler arm
Referto illustrations 20.21 and 20.22
20 Loosen but do not remove the idler arm-
to-center ljnk nut.
21 Separate the idler arm from the cen-
ter link with a small puller (see illustration).
Remove the nut.
22 Remove the idler arm-to-frame bolts
(see illustration).
23 To install the idler arm, position it on the
frame and install the bolts; tightening them to
the torque listed in this Chapter's Specifica-
tions.
24 Insert the idler arm ball stud into the cen-
ter link and install the nut. Tighten the nut to
the torque listed in this Chapter's Specifica-
tions. lf the ball stud spins when attempting to
tighten the nut, force it into the tapered hole
with a large pair of pliers.
25 Install the wheel and lug nuts, lower the
vehicle and tighten the lug nuts to the torque

20.22 To detach the idler arm bracket
from the frame, remove these

bolts (arrows)

listed in the Chapter 1 Specifications. Reacti-
vate the air suspension system, if equipped.
26 Drive the vehicle to an alignment shop to
have the front end alignment checked and, if
necessary adjusted.

Center link
27 Separate the two inner tie-rod ends from
the center link (see illustration 20,13).
28 Separate the center link from the idler
arm (see illustration 20.21).
29 Separate the center link from the Pitman
arm.
30 lnstallation is the reverse of the removal
procedure. lf the ball studs spin when attempt-
ing to tighten the nuts, force them into the
tapered holes with a large pair of pliers. Be
sure to tighten all of the nuts to the torque
listed in this Chapter's Specifications.
31 lnstall the wheel and lug nuts, lower the
vehicle and tighten the lug nuts to the torque
listed in the Chapter I Specifications. Reacti-
vate the air suspension system, if equipped.
32 Drive the vehicle to an alignment shop to
have the front end alignment checked and, if
necessary adjusted.

Pitman arm
Refer to illustration 20.35
33 Using a puller, separate the center link
from the Pitman arm.
34 Loosen the Pitman arm nut and washer.
35 Mark the relationship of the Pitman arm
to the steering gear sector shaft (see illustra-
tion).
36 Remove the Pitman arm with a Pitman
arm puller.
37 lnspect the ball stud threads for damage.
Inspect the ball stud seals for excessive wear.
Clean the threads on the ball stud.
38 lnstallation is the reverse of removal.
Make sure the marks you made on the Pit-
man arm and steering gear sector shaft are
aligned.
39 Install the wheel and lug nuts, lower the
vehicle and tighten the lug nuts to the torque
listed in the Chapter 1 Specifications. Reacti-
vate the air suspension system, if equipped.

20,35 Before removing the Pitman arm, be
sure to mark the relationsh3p of the arm

to the steering gear sector shaft, then use
a Pitman arm puller to separate the arm

from the sector shaft

40 Drive the vehicle to an alignment shop to
have the front end alignment checked and, if
necessary adjusted.

21 Steering gear - removal and
installation

Removal
Refer to illustrations 21 .5, 21.7 and 21 .8
Warnfng: DO NOT allow the steering column
shaft to rotate with the steering gear removed
or damage to the airbag system could occur.
As a method of preventing the shaft from tum-
ing, wrap the seat belt around the rim of the
steering wheel and buckle the beft in place.
1 lf the vehicle is equipped with air suspen-
sion, turn off the air suspension system. The
switch is located in the afea of the right kick
panel (see Section 12). Warning: On models
with air suspension, electrical power to the air
suspenslon system must be tumed off before

21.5 Mark the relationship of the
intermediate shaft to the input shaft and

remove the U-joint pinch bolt (arrow)
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21,7 Disconnect the pr€ssure and return lines from
the steering gear

21,8 To detach the steering gear from the frame, rernove these
three bolts (arrows)

22.2 Remove the power steering pump pulley wlth a pulley 22.3 Remove the three power steering reservoir bolts (arrows)
removal tool (available at most auto parts stores) and set the reservoir aside

raising the vehicle. Failure to do so can result '10 Lower the vehicle and reactivate the air
in a sudden inflation or deflation of the air suspension system, if equipped.
spings, causing instability of the vehicle while 11 Fill the reservoir with power steering fluid
it's off the ground. and bleed the system (see Section 23).
2 Raise the front of the vehicle and sup-
port it securely on jackstands. Apply the park-
ing brake.
3 Remove the skid plate bolts and remove
the skid plate, if equipped.
4 Slide back the plastic cover that protects
the U-joint connecting the intermediate shaft
to the steering gear input shaft.
5 Mark the relationship of the intermediate
shaft U-joint to the steering gear input shaft
and remove the U-joint pinch bolt (see illus-
tration).
6 Seoarate the center link from the Pitman
arm and remove the Pitman arm from the
steering gear sector shaft (see Section 20).
7 Disconnect the hydraulic fluid lines from
the steering gear (see illustration).
8 Remove the steering gear retaining bolts
(see illustration) from the frame rail, then
detach the steering gear from the frame and
remove it.
9 lnstallation is the reverse of removal.
Be sure to tighten the power steering gear
bolts and the steering linkage fasteners to the
torque listed in this Chapter's Specificaiions.

22 Power steering pump - removal
and installation

Refer to illustrations 22.2, 22.3, 22.6, 22.11
and 22.17
'1 Remove the fan and shroud (see Chap-
ter 3) and the serpentine drivebelt (see Chap-
ter  1) .
2 lf you're planning to replace the pump
with a new or rebuilt unit, remove the pulley
now, with a pulley removal tool (see illustra-
tion). (Power steering pump pulley puller/
installer tools are available at most auto parts
stores.) lf you're planning to install the same
pump, disregard this step.
3 Remove the three power steering reser-
voir bolts (see illustratlon) and set the reser-
voir aside.
4 Position a drain pan under the power
steering pump reservoir hoses. Disconnect
the power steering reservoir-to-pump hose
and drain the power steering system. Plug the
hose to prevent contaminants from entering.

22,6 Remove the two upper pump
retaining bolts {arrows); the lower bolts,
on the underside of the pump, are easier

to reach from underneath the vehicle

5 Remove the two belt deflecior nuts and
remove the belt deflector, if equipped.
6 Remove the two upper pump retain-
ing bolts (see illustration). (There's a third
bolt underneath, but it's easier to reach from
underneath the vehicle.)
7 lf the vehicle is equipped with air suspen-
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22.11 Remove the other two power steering pump bolts (arrows)
and disconnect the fluid hose and line (arrows)

sion, turn off the air suspension system. The
switch is located in the area of the right kick
panel (see Section 12). Warning: On models
with air suspension, electrical power to the air
suspenslon system must be turned off before
raising the vehicle. Failure to do so can result
in a sudden inflation or deflation of the air
springs, causing instability of the vehicle while
it's off the ground.
8 Raise the front of the vehicle and sup-
port it securely on jackstands. Apply the park-
ing brake,
I Remove the skid plate bolts and skid
plate, if equipped.
10 Unplug the electrical connector from the
electronic variable orifice (EVO) power steer-
ing control valve actuator.
11 ,Remove the third power steering pump
bolt Yrom the underside of the pump (see
illustration).
12 Lower the vehicle.
13 Remove the power steering pump.
14 Disconnect the reservoirto-pump hose
and the fluid pressure linb from the pump (see
illustration 22.11).
15 lf you removed the power steering pump
pulley, inspect the spokes on the pulley for
paint marks. lf there are already fwo paint
marks, replace the pulley; the two marks indi-
cate that this pulley has already been removed
and installed two times and must, therefore,
be replaced. lf there is one paint mark, or
there are no paint marks, the pulley can be
installed again. Be sure to puf a paint mark on
a spoke, near the hub, to indicate that the pul-
ley has been removed and installed. Caution:
Do NOT install a pulley that has already been
removed and installed two times.
16 Installation is the reverse of removal. Be
sure to tighten the three pump mounting bolts
to the torque listed in this Chapter's Specifica-
tions.
17 lf you removed the power steering pump
pulley, install the pulley before installing the
serpentine belt (see illustration).
18 Fill the power steering reservoir with the
recommended fluid (see Chapter 1) and bleed
the system following the procedure described
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c-coMMERcrAL 
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24.1 Metric tire
size code

in the next Section.
19 Reactivate the air suspension system, if
equipped.

23 Power steering system - bleeding

1 Following any operation in which the
power steering fluid lines have been discon-
nected, the power steering system must be
bled to remove all air and obtain proper steer-
ing performance.
2 With the front wheels in the straight
ahead position, check the power steering fluid
level and, if low, add fluid until it reaches the

Cold mark on the dipstick.
3 Start the engine and allow it to run at fast
idle. Recheck the fluid level and add more if
necessary to reach the Cold mark on the dip-
stick.
4 Bleed the system by turning the wheels
from side-to-side, without hitting the stops.
This will work the air out of the system. Keep
the reservoir full of fluid as this is done.
5 When the air is worked out of the sys-
tem, return the wheels to the straight ahead
position and leave the vehicle running for sev-
eral more minutes before shutting it off.
6 Road test the vehicle to be sure the
steering system is functioning normally and
noise free.

22.'17 lnslall the pulley on the power steering pump with a pulley
installer tool
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t 25.1 Front end alignment details

A minus B = C (degrees camber)
D = degrees caster
E minus F = toe-in (measured in inches)
G = toe-in (expressed in degrees)

Genterline

7 Recheck the fluid level to be sure it's
up to the Hot mark on the dipstick while the
engine is at normal operating temperature.
Add fluid if necessary (see Chapter 1).

24 Wheels and tires - general
information

Tire and wheel balance is important
to 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.

parallel rolling of the front wheels, ln a vehicle
with zero toe-in, the distance between the
front edges of the wheels will be the same
as the distance between the rear edges of
the wheels. The actual amount of toe-in is
normally only a fraction of an inch. Toe-in is
adjusted by turning the tie-rod adjuster tube to
lengthen or shorten the tie-rod. Incorrect toe-
in will cause the tires to wear improperly by
making them scrub against the road surface.
Toe-in can be adjusted by turning the adjust-
ing sleeves on the tie-rods equal amounts in
the same direction.

Camber is the tilting of the front wheels
from the vertical when viewed from the front
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 the vertical and this measure-
ment is called the camber angle. This angle
affects the amount of tire tread which contacts
the road and compensates for changes in the
suspension geometry when the vehicle is cor-
nering or traveling over an undulating surface.
Camber is adjusted by rotating cam-shaped
adjusters at the front and rear of the upper
control arm.

Caster is the tilting of the top 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. Caster is adjusted by
rotating cam-shaped adjusters at the front and
rear of the upper control arm.

Refer to illustration 24. 1
All vehicles covered by this manual are

equipped with metric-size fiberglass or steel
belted radial tires (see illustration). Use of
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. lt'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.

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).

Wheels must be replaced if they're bent,
dented, leak air, have elongated bolt holes,
are heavily rusted, out of vertical symmetry or
if the lug nuts won't stay tight. Wheel repairs
that use welding or peening are not recom-
mended.

25 Front end alignment - general
information

Refer to illustration 25.1
A front end alignment (see illustration)

refers to the adjustments made to the front
wheels so they're in proper angular relation-
ship to the suspension and the ground. Front
wheels that are out of proper alignment not
only affect steering control, but also increase
tire wear.

Getting the proper front wheel alignment
is a very exacting process, one in which com-
plicated and expensive machines are neces-
sary to perform the job properly. Because of
this, you should have a technician with the
proper equipment perform these tasks. We
will, however, use this space to give you a
basic idea of what is involved with front end
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 front wheels.
The purpose of a toe specification is to ensure
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Secfion Secfion
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I
1 1
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27
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4
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Body - maintenance .. . . . . . . . . . . . . .
Body repair - major damage
Body repair - minor damage
Bumoers - removal and installation
Center console (Expedition and Navigator) -

removal and installation
Cowl cover - removal and installation
Dashboard trim panels - removal and installation
Door latch, lock cylinder and handles -

removal and installation
Door - removal, instal lat ion and adjustment . . . . . . . . . . . . . . . . . . . . . .
Door trim panels - removal and installation
Door window glass regulator - removal and installation
Door window glass - removal and instal lat ion .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Front fender - removal and installation
General information.....
Hinges and locks - maintenance .. . . . . . . . . . . . . .

General information

Hood - removal, installation and adjustment.................................
Hood and rear liftgate support struts -

removal and installation
Hood latch and release cable - removal and installation...............
lnstrument cluster bezel - removal and installation
Instrument panel - removal and insta||ation.....................
Liftgate - removal, installation and adjustment..............................
Radiator grille - removal and installation
Seats - removal and installation .....................
Sideview mirrors - removal and installation
Steering column cover - removal and installation
Tailgate latch, handle and lock cylinder -

removal and installation
Tailgate - removal, installation and adjustment..................,..........
Upholstery and carpets - maintenance.
Vinyl trim - maintenance.
Windshield and fixed glass - replacement...............

2
6

1 3

24
29
26

1 7
1 6
1 5
1 9
1 8
1 4
1
7

These models feature a full-frame con-
struction, using frame side rails which support
the body components, front and rear suspen-
sion systems and other mechanical compo-
nents. Certain components are particularly
vulnerable to accident damage and can be
unbolted and repaired or replaced. Among
these parts are the body moldings, bumpers,
hood, doors, tailgate and all glass.

Only general body maintenance prac-
tices.and body panel repair procedures within
the scope of the do-it-yourselfer are included
in this Chapter.

2 Body - maintenance

1 The condit ion of your vehicle's body
is very important, because the resale value
depends a great deal on it. lt's much more dif-
ficult to repair a neglected or damaged body
than it ls to repair mechanical components.
The hidden areas of the body, such as the
wheel wells, the frame and the engine com-
partment, are equally important, although they
don't require as frequent attention as the rest
of the body.
2 Once a year, or every 12,000 miles, it's
a good idea to have the underside of the body
steam cleaned. All traces of dirt and oil will be
removed and the area can then be insoected
carefully for rust, damaged brake lines, frayed
electrical wires, damaged cables and other
problems. The front suspension components
should be greased after completion of this
job.
3 At the same time, clean the engine and
the engine compartment with a steam cleaner
or water soluble degreaser,
4 The wheel wells should be given close

attention, since undercoating can peel away
and stones and dirt thrown up by the tires can
cause the paint to chip and flake, allowing rust
to set in. lf rust is found, clean down to the
bare metal and apply an anti-rust paint.
5 The body should be washed about once
a week. Wet the vehicle thoroughly to soften
the dirt, then wash it down with a soft sponge
and plenty of clean soapy water. lf the sur-
plus dirt is not washed off very carefully, it can
wear down the paint.
6 Spots of tar or asphalt thrown up from
the road should be removed with a cloth
soaked in solvent.
7 Once every six months, wax the body
and chrome trim. lf a chrome cleaner is used
to remove rust from any of the vehicle's
plated parts, remember that the cleaner also
removes part of the chrome, so use it spar-
ingly.

3 Vinyl trim - maintenance

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.

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 weatherstripping, vacuum lines
and rubber hoses (which often fail as a result
of chemical degradation) and to the tires.

4 Upholstery and carpets -
maintenance

or mats and clean the interior of the vehicle
(more frequently if necessary). Vacuum the
upholstery and carpets to remove loose dirt
and dust.
2 Leather upholstery requires special care.
Stains should be removed with warm water
and a very mild soap solution. Use a clean,
damp cloth to remove the soap, then wipe
again with a dry cloth. Never use alcohol, gas-
oline, nail polish remover or thinner to clean
leather upholstery.
3 After cleaning, regularly treat leather
upholstery with a leather wax. Never use car
wax on leather upholstery.
4 ln areas where the interior of the vehi-
cle is subject to bright sunlight, cover leather
seats with a sheet if the vehicle is to be left
out for any length of time.'

5 Body repair - minor damage

Seephofo sequence

Repair of minor scrafches
1 lf the scratch is superficial and does not
penetrate to the metal of the body, repair is
very simple. Lightly rub the scratched area
with a fine rubbing compound to remove
loose paint and built-up wax. Rinse the area
with clean water.
2 Apply touch-up paint to the scratch,
using a small brush. Continue to apply thin
layers of paint until the surface of the paint
in the scratch is level with the surrounding
paint. Allow the new paint at least two weeks
to harden, then blend it into the surround-
ing paint by rubbing with a very fine rubbing
compound. Finally, apply a coat of wax to the
scratch area.
3 lf the scratch has penetrated the paint
and exposed the metal of the body, causing
the metal to rust, a different repair techniqueEvery three months remove the carpets
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is required. Remove all loose rust from the
bottom of the scratch with a pocket knife,
then apply rust inhibiting paint to prevent the
formation of rust in the future. Using a rub-
ber or nylon applicator, coat the scratched
area with glaze-type filler. lf required, the filler
can be mixed with thinner to provide a very
thin paste, which is ideal for f i l l ing narrow
scratches. Before the glaze filler in the scratch
hardens, wrap a piece of smooth cotton cloth
around the tip of a finger. Dip the cloth in thin-
ner and then quickly wipe it along the surface
of the scratch. This will ensure that ihe sur-
face of the filler is slightly hollow. The scratch
can now be painted over as described earlier
in this Section.

Repair of dents
4 When repairing dents, the first job is to
oull 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. lt
is better to bring the level of the dent up to a
point which 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.
5 l f  the back side 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.
6 l f  the dent is in a section of the body
which has double layers, or some other fac-
tor makes it inaccessible from behind, a differ-
ent technique is required. Drill several small
holes through the metal inside the damaged
area, part icularly in the deeper sections.
Screw long, self-tapping screws into the holes
just enough for them to get a good grip in the
metal. Now the dent can be pulled out by pull-
ing on the protruding heads of the screws with
locking pliers,
7 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 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 com-
plete the preparation for f i l l ing, 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 subsection on filling and painting later in
this Section.

Repair of rust holes or gashes
8 Remove al l  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. lf these are not avail-
able, a few sheets of sandpaper will do the
job just as effectively.
I 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.
10 Remove all trim pieces from the affected
area except those which will act as a guide to
the original shape ofthe 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.
11 Wire brush the affected area to remove
the powdery rust from the surface of the
metal. lf the back of the rusted area is acces-
sible, treat it with rust inhibiting paint.
12 Before f i l l ing 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.
13 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
'14 Many types of body fillers are available,
but generally speaking, body repair kits which
contain filler Daste 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 uo a small amount of filler on a clean
piece ofwood or cardboard (use the hardener
sparingly). Follow the manufacturer's instruc-
tions on the package, otherwise the filler will
set incorrectly.
15 Using the applicator, apply the f i l ler
paste to the prepared area. Draw the applica-
tor across the surface of the filler to achieve
the desired contour and to level the filler sur-
face. As soon as a contour that approximates
the original one is achieved, stop working the
paste. lf you continue, the paste will begin to
st ick to the applicator. Continue to add thin
layers of paste at 2O-minute intervals until the
level of the filler is just above the surrounding
metal.
16 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 18O-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.
17 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.
18 Spray the entire area with a light coat of
primer. This will reveal any imperfections in

the surface of the filler. Repair the imperfec-
tions with fresh filler paste or glaze filler and
once more smooth the surface with sandpa-
per. Repeat this spray-and-repair procedure
until you are satisfied that the surface of the
filler and the feathered edge of the paint are
perfect. Rinse the area with clean water and
allow it to dry completely.
'19 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. lf you are
working indoors, dousing the floor in the work
area with water will help settle the dust which
would otherwise be in the air. lf the repair
area is confined to one body panel, mask off
the surrounding panels. This wil l help mini-
mize 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 newspaper for the masking oper-
ations.
20 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 wehor-dry sandpaper periodically rinsed
as well. Allow the primer to dry before spray-
ing additional coats.
21 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
15 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.

Body repair - major damage

1 Major damage must be repaired by
an auto body shop specifically equipped to
perform these repairs. Most shops have the
specialized equipment required to do the job
properly.
2 l f  the damage is extensive, the body
must be checked for proper al ignment or
the vehicle's handling characterist ics 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
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Ghapter 11 Body 11-3

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.

Hinges and locks - maintenance

Once every 3000 miles, or every three
months, the hinges and latch assemblies on
the doors, hood and trunk should be given a
few drops of light oil or lock lubricant. The door
latch strikers should also be lubricated with a
thin coat of grease to reduce wear and ensure
free movement. Lubricate the door and trunk
locks with spray-on graphite lubricant.

8 Windshield and fixed glass -
replacement

Replacement of the windshield and fixed
glass requires the use of special fast-setting
adhesive/caulk materials and some special-
ized tools. lt is recommended that these oper-
ations be left to a dealer or a shop specializ-
ing in glass work.

9 Hood and rear liftgate support
struts - removal and installation

Refer to illustrations 9.2a and 9.2b
Note: Ihe hood and rear liftgate are heavy
and somewhat awkward to hold - at least two
people should pefiorm this procedure.
1 Open the hood or rear liftgate (Expedi-
tion/Navigator only) and support it securely.
2 Using a small screwdriver, detach the
retaining clips at both ends of the support
strut. Then pry or pull sharply to detach it from
the vehicle (see illustrations).
3 Installation is the reverse of removal.

10 Hood - removal, installation and
adjustment

Note: Ihe hood is heavy and somewhat awk-
ward to remove and install - at least two peo-
ple should perform this procedure.

Removal and installation
Referto illustrations 10.2 and 10.4
'l Use blankets or pads to cover the cowl
area of the body and fenders. This will protect
the body and paint as the hood is lifted off.
2 Make marks or scribe a line around the
hood hinge to ensure proper alignment during
installation (see illustration).
3 Disconnect any cables or wires that will
interfere with removal.
4 Have an assistant support the hood.
Remove the hinge-to-hood nuts or bolts (see
illustration).
5 Lift off the hood.
6 lnstallation is the reverse of removal.

9,2a Use a small screwdriver to pry the
clip out of its locking groove, then detach
the end of the strut from the locating stud

Adjustment
Referto illustrations 10.10 and 10.11
7 Fore-and-aft and side-to-side adjustment
of the hood is done by moving the hinge plate
slot after loosening the bolts or nuts.
8 Scribe a l ine around the entire hinge
plate so you can determine the amount of
movement (see illustratlon 10.2).
9 Loosen the bolts or nuts and move the
hood into correct alignment. Move it only a lit-
tle at a time. Tighten the hinge bolts and care-
fully lower the hood to check the position.
10 lf necessary after installation, the entire
hood latch assembly can be adjusted up-
and{own as well as from side{o-side on the
radiator support so the hood closes securely
and flush with the fenders. To make the
adjustment, scribe a line or mark around the
hood latch mounting bolts to provide a refer-
ence point, then loosen them and reposition
the latch assembly, as necessary (see lllus-
tration). Following adjustment, retighten the
mounting bolts.

10.4 Remove the hinge-to-hood retaining
bolts and lift off the hood with the help of

an assistant

9.2b Have an assistant support the
liftgate before attempting to remove the
support strut - pry the clip (arrow) out,

then detach the end of the strut from the
locating stud

10.2 Before removing the hood, draw a
mark around the hinge plate

1 0.1 0 Scribe a line around the latch to use
as a reference point. To adjust the hood

latch, loosen the retaining bolts (arrows),
move the latch and retighten bolts, then

close the hood lo check the fit
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These photos illustrate a method of repairing simple dents. They are intended to supplement Body repair - minor
damage in this Ghapter and should not be used as the sole instructions for body repair on these vehicles.

1 lf you can't access the backside of the body panel to hammer
out the dent, pull it out with a slide-hammer-type dent puller. In
the deepest portion of the dent or along the crease line, drill or

punch hole(s) at least one inch apart, . ,

3 Using coarse-grit sandpaper, remove the paint down to the
bare metal. Hand sanding works fine, but the disc sander shown
here makes the job faster. Use finer (about 320-grit) sandpaper to

feather-edge the paint at least one inch around the dent area

5 Following label instructions, mix up a batch of plastic filler and
hardener. The ratio of filler to hardener is critical, and, if you mix
it incorrectly, it will either not cure properly or cure too quickly

(you won't have time to file and sand it into shape)

2 , . , then screw the slide-hammer into the hole and operate it.
Tap with a hammer near the edge of the dent to help 'pop' the

metal back to its original shape. When you're finished, the
dent area should be close to its original contour and about

1/8-inch below the surface of the surrounding metal

4 When the paint is removed, touch will probably be more helpful
than sight for telling if the metal is straight. Hammer down the

high spots or raise the low spots as necessary. Clean
the repair area with wax/silicone remover

6 Working quickly so the filler doesn't harden, use a plastic
applicator to press the body filler firmly into the metal, assuring
it bonds completely. Work the filler until it matches the original

contour and is slightly above the surrounding metal

PALMTREESALES1967 - NO RESALE



7 Let the filler harden until you can just dent it with your
fingernail. Use a body file or Suform tool (shown here)

to rough-shape the filler

9 You shouldn't be able to feel any ridge at the transition from the
filler to the bare metal or from the bare metal to the old paint.

As soon as the repair is flat and uniformr remove the dust
and mask off the adjacent panels or trim pieces

11 The primer will help reveal imperfections or scratches. Fill
these with glazing compound. Follow the label instruclions
and sand it with 360 or zrc0-grit sandpaper until it's smooth.

Repeat the glazing, sanding and respraying until the
primer reveals a perfectly smooth surface

8 Use coarse-grit sandpaper and a sanding board or block to
work the tiller down until it's smooth and even, Work down to

finer grits of sandpaper - always using a board or block -

10 Apply several layers of primer to the area. Don't spray the
primer on too heavy, so it sags or runs, and make sure each coat
is dry before you spray on the next one. A professional-type spray

gun is being used here, but aerosol spray primer is available
inexpensively from auto parts stores

12 Finish sand the primer with very fine sandpaper (4{D or 6@-grit)
to remove the primer overspray. Clean the area with water and
allow it to dry. Use a tack rag to remove any dust, then apply

the finish coat. Don't attempt to rub out or wax the repair area
until the paint has dried completely (ai least two weeks)

ending up with 360 ol|{)0 grit
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11-6 Chapter 11 Body

l0.ll Adjustthe hood closing height by
turning the hood bumpers in or out

11 Finally, adjust the hood bumpers on the
radiator support so the hood, when closed, is
flush with the fenders (see illustration).
12 The hood latch assembly, as well as the
hinges, should be periodically lubricated with
white, lithium-base grease to prevent binding
and wear.

11 Hood latch and release cable -
removal and installation

Latch
Rofer to illustration 11.4
1 Scribe a l ine around the latch to aid
alignment when reinstalling the latch assem-
blv.
2 , On Navigator models, remove the hood
latch handle and cable assembly from the
latch assembly.
3 On all models, remove the latch retain-
ing bolts securing the latch to the radiator
support (see illustration 10.'10) and remove
the latch.
4 On Pick-up and Expedi t ion models,
disconnect the hood release cable by disen-
gaging the cable from the back of the latch

12.1 Remove the plastic trim panel
attached to the top of the radiator grille

11.4 Disengage the release cable from the
backside of the hood latch assembly

assembly (see illustration).
5 lnstallation is the reverse of the removal
procedure. Note: AdTustlhe latch sothe hood
engages securely when closed and the hood
bumpers are slightly compressed.

Cable
Refer to illustration 11.8
6 Disconnect the hood release cable from
the latch assembly as described above.
7 Attach a piece of stiff wire to the end of
the cable, then follow the cable back to the
firewall and detach all the cable retaining
clips.
8 Working in the passenger compartment,
remove the fuse panel cover. Then remove
the two release lever mounting bolts and
detach the hood release lever (see illustra-
tion).
9 Pull the cable and grommet rearward
into the passenger compartment until you can
see the wire. Ensure that the new cable has a
grommet attached, then remove the old cable
from the wire and reolace it with the new
cable.
10 Working from engine compartment pull
the wire back through the firewall.
'11 The remainder of the installation is the

12,3 Remove the retaining screws
(arrows) located behind the

headlight assemblies

11 .8 Remove the hood release lever
retaining screws (arrows) and pull the

cable rearward into the
passenger compartment

reverse of the removal Note: Push on the
grommet with your fingers from fhe passen-
ger compartment to seat the grommet in the
firewall correctly.

12 Radiator grille - removal and
installation

Referto illustrations 12.1, 12.3, 12.4 and 12.5
Note: Ihrs procedure applies to Pickup and
Expedition models only.
1 Open the hood and remove the plastic
trim panel covering the top of the grille assem-
bly (see illustration).
2 Detach the headlight housing assem-
blies and remove them from the vehicle (see
Chapter 12).
3 Remove the gril le retaining screws
located in the headlight openings (see illus.
tration).
4 Remove the clips securing the lower half
of the grille (see illustration).
5 Detach the screws securing the upper
half of the radiator grille and remove the grille

12,4 Detach the clips securing the lower
half of the grille

PALMTREESALES1967 - NO RESALE



Chapter 11 Body 11-7

12.5 Detach the
retaining screws
(arows) along

the top edge and
remove the grille
from the vehicle

from the vehicle (see illustration).
6 Installation is the reverse of removal.

13 Bumpers - removal and
installation

Warning 1l The models covered by this man-
ual are equipped with Supplemental Restraint
sysfems (SRS), more commonly known as
airbags. Always disconnect the negative bat-
tery cable, then the positive battery cable and
wait two minutes before working in the vicin-
ity of the impact sensors, steering column or
instrument panel to avoid the possibility of
accidental deployment of the airbag, which
could cause personal injury (see Chapter'12).
Do not use electrical test equipment on any of
the airbag system wiring or tamper with them
in any way,
Warning 2l Some models covered by this
manual are equipped with air suspenslon sys-
tems. Always disconnect electrical power to
fhe suspenslon system before lifting or towing
the vehicle (see Chapter 10). Failure to per-
form this procedure may result in unexpected
shifting or movement of the vehicle which
could cause personal injury.
1 Apply the parking brake, raise the vehi-
cle and support it securely on jackstands.
2 Disconnect the negative battery cable,
then the positive battery cable and wait two
minutes before proceeding any further.

Front bumper
Pick-up and Expedition
3 Working under the vehicle, discon-
nect the fog light electrical connections if
equipped.
4 Working from the backside of the bum-
per, remove the retaining bolts securing the
bumper brackets to each frame rail. Then
remove the bumper from the vehicle.
5 lnstallation is the reverse of removal.

Navigator
6 Working under the vehicle, detach the
bolts and plastic clips securing the plastic air
deflector.
7 Working in the front wheel opening,
detach the retaining nuts securing the bumper
cover to the fender.
8 Remove the retaining bolts at the lower

front edge of the wheel opening.
9 Disengage the release tabs located in
the gri l le opening and remove the bumper
cover.
10 Disconnect any electr ical connections
which would interfere with removal.
11 Working from the backside of the bum-
per, remove the retaining bolts securing the
bumper brackets to each frame rai l .  Then
remove the bumoer from the vehicle.
12 lnstallation is the reverse of removal.

Rear bumper
Pick-up and Expedition
13 Working from the backside of the bum-
per, remove the license plate light bulbs from
the rear bumper.
14 Remove the retaining bolts securing the
bumoer brackets to each frame rai l .  Then
remove the bumoer from the vehicle.
15 lnstallation is the reverse of removal.

Navigator
'16 Working under the vehicle, detach the
plastic clips and screws securing the inner
splash shield.
17 Remove the nuts and bolts securing the
bumper cover the rear quarter panels.
18 Open the liftgate and remove the plastic
clips securing the upper edge of the bumper
cover.
19 Lift upward and pull outward to remove
the bumper cover from the vehicle.
20 Remove the retaining bolts securing the
bumper brackets to each frame rail. Then
remove the bumoer from the vehicle.
21 lnstallation is the reverse of removal.

14.3 Detach the retaining bolts (arrows)
located behind the headlight assemblies

14 Front fender - removal and
installation

Warning: Some models covered by this man-
ual are equipped with air suspenslon sysfems.
Always disconnect electrical power to the sus-
pension sysfem before lifting or towing the
vehlcle (see Chapter 10). Failure to perform
this procedure may result in unexpected shift-
ing or movement of the vehicle which could
cause personal injury.
1 Raise the vehicle, support it securely on
jackstands and remove the front wheel.

Pick-up and Expedition
Referto illustrations 14.3 and 14.9
2 Remove the radiator gri l le (see Sec-
t ion 12).
3  Remove the  fender  re ta in ing  bo l ts
located behind the headlight assemblies (see
illustration).
4 Remove the wheel opening molding i f
equipped.
5 Detach the inner fenderwell bolts and
clips, then remove the inner fenderwell.
6 lf you're removing the passenger side
fender, remove the radio antenna also (see
Chapter 12).
7 Remove the fender-to-rocker panel
bolts.
8 Open the door and remove the fender to
door pillar bolts.
I Remove the remaining fender mounting
bolts (see illustration).

14.9 Detach the
remaining bolts
located in the
hood opening
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11-8 Ghapter 11 Body

15,2 Use a hooked tool like this to remove
the window crank retaining clip

15.6b Detach the clip located behind the
slde view mirror trim cover

'10 Detach the fender. lt's a good idea to
have an assistant support the fender while it's
being moved away from the vehicle to prevent
damage te the surrounding body panels.
1'l Installation is the reverse of removal.

Navigator
12 Open the hood and remove the plastic
trim panel covering the top of the radiator sup-
port and the hood latch assembly.
13 Detach the headlight housing assem-
blies and remove them from the vehicle (see
Chapter 12).
14 Remove the gri l le opening panels and
the grille opening panel reinforcement nut.
15 Remove the front bumper cover assem-
bly (see Section 13).
16 Remove the fender retaining bolts
located behind the headlight assemblies (see
illustration 14.3).
17 Detach the inner fenderwell  bolts and
clips, then remove the inner fenderwell and
mud shield.
18 l f  your removing the passenger side
fender remove the radio antenna (see Chap-
ter 12).
19 Remove the fender-to-rocker panel
bolts.
20 Open the door and remove the fender to
door pillar bolts.
21 Remove the remaining fender mounting
bolts (see illustration 14.9).

15.3 Using a small screwdriver, pry out
the armrest switch control plate

15.7a On Pick-up models, pry off the door
pi l lar tr im cover. .  .

22 Detach the fender. lt's a good idea to
have an assistant support the fender while it's
being moved away from the vehicle to prevent
damage to the surrounding body panels.
23 Installation is the reverse of removal.

15 Door trim panels - removal and
installation

Refer to illustrations 15.2, 15.3, 15.6a, 1 5.6b,
15.7a, 15.7b, 15.8a, 15.8b and 15.10
1 Disconnect the negative cable from the
battery.
2 On manual window equipped models,
remove the window crank, using a hooked tool
to remove the retainer clip (see illustration).
A special tool is available for this purpose, but
it's not essential. With the clip removed, pull
off the handle.
3 On power window equipped models, pry
out the armrest switch control plate and dis-
connect the electrical connections (see illus-
tration).
4 On Expedition models, detach the retain-
ing screws located behind the armrest switch
control plate and the courtesy lamp housing
5 On Navigator models, pry open the door
pull handle covers, detach the screws and
remove the door pull handle.
6 On Pick-up and Expedition models, pry
off the side view mirror trim cover and the

15.6a Pull straight out to remove the side
view mirror trim cover

15.7b . . . then detach the clip located
behlnd the trim cover

15.8a Pry off the inside handle trim cover
(Pick-up shown)

door panel upper retaining clip (see illustra.
tions).
7 On Pick-up models, pry off the door pillar
trim cover and the door panel upper retaining
clip (see illustrations).
8 On all models, pry off the inside door
handle trim cover, detach the screw and
remove the handle (see illustrations).
9 Using a wide putty knife, a thin screw-
driver or a special trim panel removal tool, pry
out the plastic retaining clip securing the front
edge of the door trim panel.
10 Once all of the clips and screws are dis-
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15.8b Remove the inside handle
retaining nut

16.8 Before loosening the door retaining
bolts (arrows), draw a line around the

hinge plate for a reinstallation reference

engaged, detach the trim panel, disconnect
any eledrical connectors and remove the trim
panel from the vehicle by gently pulling it up
and out (see illustration).
11 For access to the inner door, peel back
the watershield, taking-care not to tear it. To
install the trim panel, first press the water-
shield back into place. lf necessary add more
sealant to hold it in place.
'12 The remainder of the installation is ihe
reverse of removal.

l6 Door - removal, installation and
adjustment

Note: Ihe door is heavy and somewhat awk-
ward to remove and install - at least two peo-
ple should perform this procedure.

Removal and installation
Referto illustrations 16.6 and 16.8
1 Raise the window completely in the door
and then disconnect the negative cable from
the battery
2 Open the door all the way and support it
on jacks or blocks covered with rags to pre-
vent damaging the paint.
3 Remove the door trim panel and water
deflector as described in (Section 15).
4 Unplug all electrical connections, ground

15.10 Liftthe door panel up and outto
remove it, then disconnect any

electrical connections

16.13 Adjustthe door lock striker by
loosening the mounting screws and gently

tapping the striker in the desired
direction (arrows)

wires and harness retaining clips from the
door. Note: lt is a good idea to label all con-
nections to aid the reassembly process.
5 Working through the door opening,
detach the rubber conduit between the body
and the door. Then pull wiring harness through
the conduit hole and remove from the door.
6 Remove the screws securing the door
stop (see illustration).
7 Mark around the door hinges with a pen
or a scribe to faci l i tate real ignment during
reassembly.
8 Have an assistant hold the door. remove
the hinge to door bolts (see illustration) and
lift the door off.
9 lnstallation is the reverse of the removal.

Adjustment
Refer to il I u stration 1 6. 1 3
10 Having proper door to body alignment is
a critical part of a well functioning door assem-
bly. First check the door hinge pins for exces-
sive play. Fully open the door and lift up and
down on the door without lifting the body. lf
a door has 1/16-inch or more excessive play,
the hinges should be replaced.
11 Door to body alignment adjustments are
made by loosening the hinge{o-body or hinge
to door bolts and moving the door. Proper
body alignment is achieved when the top of

16.6 Remove the door stop
retaining screws

door is aligned with the top of the front fender
and rear door or quarter panel and the boftom
of the door is aligned with the lower rocker
panel. lf these goals can't be reached by
adjusting the hinge to body or hinge to door
bolts, body alignment shims may have to be
purchased and inserted behind the hinges to
achieve correct alignment.
12 To adjust the door closed position, first
check that the door latch is contacting the
center of the latch striker. lf not remove striker
and add or subtract shims to achieve conect
alignment.
13 Finally adjust latch striker as necessary
(up and down or sideways) to provide positive
engagement with the latch mechanism (see
lllustration) and the door panel is flush with
rear door or quarter panel.

17 Door latch, lock cylinder
and handles - removal and
installation

Door latch
Refer to illustration 1 7.2
1 Raise the window then remove the door
trim panel and watershield as described in
(Section 15).
2 Remove the screws securing the latch to
the door (see illustration).

17,2 Remove the latch retaining screws
(arrows) from the end of the door, then

detach the locking rods and cable and pull
the latch assembly through the

access hole
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17.10 The outslde handle retainlng nuts (arrows) can be reached
through the access hole In the door frame

3 Working through the large access hole,
position the latch as necessary to disengage
the outside door handle and outside lock cyl-
inder to latch rods and the inside handle to
latch cable.
4 All door locking rods are attached by
plastic clips. The plastic clips can be removed
by unsnapping the portion engaging the con-
necting rod and then by pulling the rod out of
its locating hole.
5 Position the latch as necessary to dis-
engage the door lock actuator hook. Then
remove the latch assembly from the door.
6 lnstallation is the reverse of removal.

Outside handle and door iock
cylinder
Refer to illustration 1 7.1 0
7 To remove the outside handle and door
lock cylinder assembly, raise the window and
remove the door trim panel and watershield
as described in Section 15.
8 Working through the large access hole,
disengage the plastic clips that secure the
lock cylinder to latch rod and door handle to
latch rod.
9 Disconnect any electrical connectors
which would interfere with removal.

10 Remove the outside handle retaining
nuts (see illustration) and pull the handle
and lock cylinder assembly from the door.
11 lnstallation is the reverse of removal.

lnside handle and cable
Refer to illustrations 17.13 and 17.14
'12 Remove the doortrim panel as described
in Section 15 and peel away the watershield.
13 Remove the bolt securing the inside
handle (see illustration). Pull reanryard on
the handle to disengage it from the inner door
panel.
14 Detach the latch rod from the backside
of the handle and remove it from the vehicle
(see illustration).
15 Installation is the reverse of removal.

18 Door window glass - removal and
installation

Refer to illustrations 18.4 and 18.5
1 Remove the door trim panel and the
plastic watershield (see Section 15).
2 Lower the window glass all the way down
into the door.
3 Carefully pry the inner and outer weath-

18.4 Detach the rearglass channel bolt (arrow) and glass channel

erstripping out of the door window opening.
4 Remove the rear glass channel bolt and
glass channel (see lllustration).
5 Raise the window just enough to access
the window retaining nuts through the hole in
the door frame (see illustration).

18.5 Raise the window just enough to
accesa the glass retaining nuts (arrow)

through the hole in the door frame -
remove the nuts securing the glass to

the equalizer arm

17.13 Remove the handle retaining bolt. . .

17.14 ., . then rotate the handle out and dotach the latch rod
retaining clip
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19.4a Detach the window equalizer arm bracket retaining
nuts(arrows). , .

6 Detach the window retaining nuts and
remove the glass by pulling it up and out.
7 lnstallation is the reverse of removal.

19 Door window glass regulator -
removal and installation

Referto illustntions 19.4a and 19.4b
Warnlng: The regulator arms are under
extreme pressure and can cause serlous
injury if the motor or counter balance sping
is removed without locking the sector gear.
This can be done by insefting a bolt and nut
through the holes in the backing plate and
sector gear to lock them together.
1 Remove the door trim panel and the
plastic watershield (see Section 15).
2 Remove the window glass assembly
(see Section 18).
3 On power operated windows, disconnect
the electrical connector from the window reg-
ulator motor.
4 Remove the equalizer arm bracket and
the regulator retaining rivets (see illustra-
tions).

20.3b . . . then detach the mlrror retaining
nuts (arrows) and remove the mirror from

the vehicle

5 Pull the equalizer arm and regulator
assemblies through the service hole in the
door frame to remove it.
6 lnstallation is the reverse of removal.

20 Sideview mirrors - removal and
installation

Referto illustrations 20.3a and 20.3b
1 Remove the door trim panel and the
plastic watershield (see Section 15).
2 Disconnect the electrical connector from
the minor.
3 Peel back the insulator pad, then remove
the three mirror retaining nuts and detach the
mirror from the vehicle (see illustrations).
4 Installation is the reverse of removal.

21 Liftgate - removal, installation
and adjustment

21.4 Loosen the hinge bolts (arrows) to
remove the liftgate

awkward to hold - at least two people should
pertorm this procedure.

Removal and installation
Refer to illustration 21.4
1 Open the liftgate and support it securely.
2 Remove the liftgate trim panels and dis-
connect all wiring harness connectors leading
to the liftgate.
3 While an assistant supports the liftgate,
detach both ends of the support struts. Then
pry or pull sharply to remove them from the
vehicle.
4 Detach the hinge to liftgate bolts (see
illustration). and remove the liftgate from the
vehicle.
5 lnstallation is the reverse of removal.

Adjustment
Refer to illustration 21.7
6 Adjustments are made by loosening the
hinge-to liftgate bolts and moving the liftgate.
Proper alignment is achieved when the edges
of the liftgate are parallel with the rear quarter
panel and the top of the tailgate.

19.4b . . . then drill out the rivets (arrows) securing the window
regulator to the door frame

20.3a Peel back the insulator pad . . .

Note: Ihe liftgate is heavy and somewhat
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21.7 lf the liftgate does not close properly,
it will be necessary to loosen the screws

to adjust the striker plate in the
desired direction

7 Finally, adjust the latch striker assembly
as necessary (up and down) to provide posi-
tive engagement with the latch mechanism
(see lllustratlon)

22 Tail gate - removal, installation
and adjustment

Note: Ihe tailgate is heavy and somewhat
awlward to remove and install - at least two
people should perform this procedure.

Removal and installation
Refer to illustration 22.4
1 Open the tailgate and remove the trim
panels if equipped.
2 Disconnect all wiring harness connectors
leading to the tailgate.
3 Cover the lower bumper area around
the opening with pads or cloths to protect
the painted surfaces when the tailgate is
removeo.
4 While an assistant supports the tailgate,
detach the tailgate support cables (see illus.
tration).
5 Detach the hinge to tailgate bolts and
remove the tailgate from the vehicle.
6 Installation is the reverse of removal.

Adjustment
Refer to illustration 22.9
7 Tailgate adjustments are made by loos-
ening the hinge-to-body or hinge-to-tailgate

bolts and moving the tailgate, Proper align-
ment is achieved when the top of the tail-
gate is aligned with the top of the rear quar-
ter panel. lf these goals can't be reached by
adjusting the hinge to body or hinge to tailgate
bolts, body alignment shims may have to be
purchased and insefted behind the hinges to
achieve correct alignment.
I To adjust the tailgate closed position,
first check that the latch is contacting the cen-
ter of the latch striker assembly. lf not, remove
striker assembly and add or subtract shims to
achieve correct alignment.
9 Finally, adjust the latch striker assembly
as necessary (up and down or sideways) to
provide positive engagement with the latch
mechanism (see illustration) and the outside
of the tailgate is flush with rear quarter panel.

23 Tailgate latch, handle and
lock cylinder - removal and
installation

Refer to illustrations 23.1. 23.2 and 23.5
1 Lower the tailgate and remove the tail-
gate access cover (see illustration).

Latch
2 Remove the latch mounting screws (see
illustration). lt may be necessary to use an
impact-driver to loosen them.
3 Disconnect the control rods from the

22.9 Loosen the striker and adjust as
necessary to provide positive

latch engagemont

23.2 Remove the tailgate latch retaining
screwa (arrows)

latch and remove the latch from the door.
4 Installation is the reverse of removal.

Handle and lock cylinder
5 Disconnect the control rods (see illus-
tration).
6 Detach the retaining nuts and remove
the handle and lock cylinder assembly from
the tailgate.
7 Installation is the reverse of removal.

23.5 Disengage the handle-to-latch rods
(A) and remove the handle

retaining nuts (B)

22.4 Remove the tailgate support cables

23.1 Remove
the cover screws

(arrows) to
access the inside

of the tallgate
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25.4a Remove the screws (arrows)
securing the upper edge of the

instrument clustgr bezel . , ,

24 Genter console (Expedition
and Navigator) - removal and
installatlon

Waming: The models covercd by this manual
arc equipped with Supplemenfa/ Resfnarnf sys-
fems (SRS), more commonly known as air-
bags. Always disconnect the negative battery
cable, then the positive battery cable and wait
two minutes before working in the vicinity of
the impact sensors, steeing column or instru-
ment panelto avoid the possibility of accidental
deployment of the airbag, which could cause
personal injury $ee Chapter 12). Do not use
electrical test equipment on any of the airbag
system wiing or tamper with them in any way.
1 Disconnect the negative battery cable,
then the positive battery cable and wait two
minutes before proceeding any further.
2 Lift up the mat from the floor of the spare
change compartment and remove the retain-
ing screw beneath.
3 Open the console glove box and detach
the retaining screw, then remove the spare
change/drink holder trim bezel.
4 Detach the retaining screws securing the
front half of the console.
5 Working on the outside, at the rear of
the floor console, pry out the trim caps and
remove retaining screws securing the rear
half of the console.
6 Disconnect any electrical connections
and remove the console from the vehicle.
7 Insiallation is the reverse of removal.

25 lnstrument cluster bezel -
removal and installation

Referto illustrations 25.4a, 25.4b and 25.4c
Warning: The models covered by this manual
are equipped with Supplemental Restraint
sysfems (SRS,), more commonly known as
airbags. Always disconnect the negative bat-
tery cable, then the positive battery cable and
wait two minutes before working in the vicin-
ity of the lmpacf sensors, steeing column or
instrument panel to avoid the possibility of

25.4b .. . the screw behind the
headl ightswi tch. . ,

26.2 Garefully pry the center trim panel
from the retaining clips

accidental deployment of the airbag, which
could cause personal injury (see Chapter 12).
Do not use electrical test equipment on any of
the airbag system wiing or tamper with them
in any way.
1 Disconnect the negative battery cable,
then the positive battery cable and wait two
minutes before proceeding any further.
2 Remove the headlight switch (see Chap-
ter 12).
3 Pry out the center trim panel (see Sec-
tion 26).
4 Remove the bezel retaining screws (see
illustrations).
5 Tilt the steering wheel down to the lowest
position. Pull the top of the instrument cluster
bezel outward while disengaging the lower
half. Remove the bezel from the vehicle.
6 lnstallation is the reverse of removal.

26 Dashboard trim panels - removal
and installation

Warning: The models covered by this manual
are equipped with Supplemental Restraint
sysfems (SRS), rnore commonly known as
airbags. Always disconnect the negative bat-
tery cable, then the positive baftery cable and
wait two minutes before working in the vicin-
ity of the fnpacf sensors, steeing column or

25.4c .. . and the screws along
the lower edges

26.6 Detach the fuse panel cover, then
remove the emergency brake and the
hood release handles - position the

handles aslde to allow removal of the
knee bolster

instrument panel to avoid the possibility of
accidental deployment of the airbag, which
could cause personal inJury (see Chapter 12).
Do not use electical test equipment on any of
the airbag system wiing or tamper with them
in any way.
1 Disconnect the negative battery cable,
then the positive battery cable and wait two
minutes before proceeding any further.

Center trim panel
Refer to illustration 26.2
2 Using a small screwdriver, pry out the
clips securing the bottom of the bezel then
unsnap the clips in the top of the trim panel
and remove it from the vehicle (see illustra-
tion).
3 lnstallation is the reverse of removal.

Knee bolster
Referto illustrations 26.6,26.7 and 26.8
4 Remove the center tr im panel as
described above.
5 Detach the passenger compartment fuse
panel cover.
6 Remove the emergency brake handle
and the hood release handle (see illustra-
t ion). Then remove the remaining screws
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26.7 Pty off the floor heater duct
26.8 Remove the remalning screwa (anow) securlng the top of

the knee bolster

26.1 0 Press downward on the door stops
to release the door stop retaining clips

securing the lower edge of the knee bolster.
7 Pry off the floor heater duct (see illus-
tration).
8 Detach the retaining screws securing the
upper edge of the knee bolster and detach it
from the vehicle (see illustration).
9 Installation is the reverse of removal.

Glove box
Refer to illustrations 26.10 and 26.11
10 Open the glove box door. Press down-
ward on the door stops to release the upper

27.3 Use a small wrench to remove the tilt
wheel lever (if quipped)

26.11 Tilt the glove box downward, then
pull up to remove lt

half of the glove box (see illustration).
11 To release the lower half  simply pul l
up and out, then remove the glove box from
the vehicle (see illustration). Note: Some
rhodels may require removing the door hinge
retaining screws along the lower edge of the
glove box.
12 Installation is the reverse of removal.

Radio trim bezel
Refer to illustration 26.13
13 To remove the radio trim bezel, simply

27,4 Detach the screws - then separate
the steering column cover halves to

remove them from the steering column

26.13 Pull the radio trim bezel outward to
disengage the clips

grasp it with two hands and pull the bezel
straight out (see lllustration).
14 Installation is the reverse of removal.

27 Steering column cover - removal
and installation

Referto illustrations 27.3 and 27.4
1 Remove the center trim panel (see Sec-
tion 26).
2 Remove the key lock cylinder (see Chap-
ter 12).
3 Remove the tilt wheel lever (see illustra-
tion).
4 Remove the screws from the lower steer-
ing column cover (see illustration).
5 Separate the cover halves and detach
them from the steering column.
6 lnstallation is the reverse of removal.

28 Instrument panel - removal and
installation

Referto illustrations 28.3a, 28.3b, 28.4,
28.7a, 28.7b, 28.8, 28.9, 28.10, 28.11a,
28.11b and 28.12
Warning: The models covered by this manual
are equipped with Supplemental Restraint
sysfems (SRS), more commonly known as
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28.3a Pry off the driver and passenger
side scuff plates . . .

28.7a Pry out the relay cover. . .

airbags. Always disconnect the negative bat-
tery cable, then the positive battery cable and
wait two minutes before working in the vicin-
ity of the impact sensors, steering column or
instrument panel to avoid the possibility of
accidental deployment of the airbag, which
could cause personal injury (see Chapter 1 2).
Do not use electical test equipment on any of
the airbag system wiring or tamper with them
in any way.
Note: Ihe instrument panel is heavy and
somewhat awlcward to remove and install - at
least two people should perform this proce-
dure.
1 Disconnect the negative battery cable.
then the positive battery cable and wait two
minutes before proceeding any further. Cau-
lion: Always use ertreme care when working
around airbag modules. Neyer strike, pry or
bump airbag modules to avoid the possibility
of accidental deployment.
2 Position the steering wheel in the lock
position. Note: Make sure the steering wheel
remains in the lock position duing the entire
procedure or damage to the airbag sliding
contact will occur.
3 Remove the driver and passenger side
scuff plates and kick panels (see illustra-
tions).
4 Disconnect the ground cables and elec-
trical connectors located behind the kick pan-
els (see illustration).

28.3b ... and kick panels

28,7b ,. , then disconnect the wiring
harness connectors

28.9 Remove the passenger assist handle
(A) and the door pillar trim panel (B)

5 Remove the dashboard trim panels (see
Section 26) and the center floor console (see
Section 24).
6 Disconnect the electrical connectors
leading to the steering column and the trans-
mission indicator cable (if equipped), then
detach the steering column retaining bolts
and lower the column to the floor.
7 Pry out the relay panel cover on the pas-
senger's side of the dashboard and discon-
nect the wiring harness (see illustrations).
8 Remove the passenger side air bag
module (see illustration). Warning: Handle

28.4 Disconnect the ground straps (A)
and electrical connectors (B) located

behind the kick panels

28.8 The passenger side air module
retalning screws can be accessed through

the relay panel cover and the glove

28.10 Remove the nuts and bolts (arrow)
securing the lower edge of the

instrument panel

l
the airbag module with care! Always carry the
module with the trim side facing away from
your body and place the module in a secure
location with the tim side facing up.
9 Remove the passenger side assist han-
dle and door pil lar trim panel (see i l lustra-
tion).
10 Remove the nuts and bolts securing the
lower half of the instrument panel (see illus-
tration).

box openlng
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28.11a Remove the instrument cluster housing
cover screws from the center opening . . .

29.3a Remove the cowl cover retainlng
screws - the end screws are located under

the covers

:
11 Remove the instrument cluster housing
cover (see illustrations).
12 Pry out the defroster grilles and remove
the screws securing the upper edge of the
instrument panel (see illqstration).
13 Detach any electrical connectors inter-
fering with removal, then pull the instrument
panel towards the rear of the vehicle to
remove it.
14 lnstallation is the reverse of removal.

30.2 Detach the trim covers to access the
seat retaining bolts

28.11b ,. . and at the left corner of
the instrument panel

29.3b Pry off the cllpe along
the front edge

29 Gowl cover - removal and
lnstallation

Referto illustrations 29.3a,29.3b and 29.3c
1 Remove the windshield wiper arms (see
Chapter 12).
2 Detach the hood seal from the cowl
cover.
3 Remove the screws and clips securing

30.5 Remove the rear seat cushion
bolts (arrow)

28,12 Pry out the trim covers and remove
the bolts retaining the upper half of the

instrument panel

29.3c Remove the retalning cllps from
each end

the left hand and right hand cowl covers (see
illustratlons).
4 Installation is the reverse of removal.

30 Seats - removal and installation

Front seat
Refer to illustration 30.2
1 Position the seat all the way fonruard or
all the way to the rear to access the front seat
retaining bolts.
2 Detach any bolt trim covers and remove
the retaining bolts (see lllustration).
3 Tilt the seat upward to access the under-
neath, then disconnect any electrical connec-
tors and lift the seat from the vehicle.
4 Installation is the reverse of removal.

Rearseaf
Refer to illustration 30.5
5 Remove the seat-to-floor mounting bolts,
then detach the seat and lift it out of the vehi-
cle (see illustration).
6 lnstallation is the reverse of removal.
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Chapter 12
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General information

Secfron

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
connections, a blown fuse, a melted fusible
link or a failed relay. Visually inspect the con-
dition of all fuses, wires and connections in a
problem circuit before troubleshooting the cir-
cuit.

lf 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 volt-
meter (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. Before attempt-
ing to locate a problem with test instruments,
use the wiring diagram(s) to decide where to
make the connections.

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. lf the bulb of the tester lights,
voltage is present, which 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 pres-
ent, the problem lies between that point and

Secdon
lgnition lock cylinder - removal and installation 10
lgnition switch - check and replacement .................... 9
lnslrument cluster- removal and installation 13
fnstrument panel gauges - check .. 12
Power door lock and keyless entry system -

description and check ............:. 25
Power window system - description and check,...... 24
Radio and speakers - removal and installation 14
Rear window defogger - check and repair.............. 22
Relays - general information and testing...... 6
Steering column switches - check and rep|acement..................... 8
Tum signal/hazard flasher - check and replacement.... 7
Wiper motor - check and replacement 20
Wiring diagrams - general information 28

27
1 5
1 8

c

23
1 9
26
2
3
4
1

1 1
1 7
1 6
21

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 which is charged by the
altemator.

This Chapter covers repair and service
procedures for the various electrical compo-
nents not associated with the engine.

Information on the battery, alternator,
distributor and starter motor can be found in
Chapter 5.

It should be noted that when portions of
the electrical system are serviced, the nega-
tive battery cable should be disconnected
from the battery to prevent electrical shorts
and/or fires.

2 Electrical troubleshooting -
general information

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.
lf several components or circuits fail at one
time, chances are the problem is in a fuse or

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 Aceessory 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. lf
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.

Ground check
Perform a ground test to check whether

a component is properly grounded. Discon-
nect the battery and connect one lead of a
self-powered test light, known as a continuity
tester, to a known good ground. Connect the
other lead to the wire or ground connection
being tested. lf the bulb goes on, the ground
is good. lf the bulb does not go on, the ground
is not good.

Continuity check
A continuity check is done to determine if

there are any breaks in a circuit - if it is pass-
ing electricity properly. With the circuit ofi (no
power in the circuit), a self-powered continuity
tester can be used to check the circuit. Con-
nect the test leads to both ends of the circuit
(or to the "powefl end and a good ground),
and if the test light comes on the circuit is
passing current properly. lf the light doesn't
come on. there is a break somewhere in the
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3.1b The power
distribution box is

mounted to the left inner
fenderwell in the engine

compartment - it contains
miniaturized fuses (A),
cartridge type fusible

links (B) relays (C) and
circuit breakers (D)

3,1a The passenger compartment fuse
block is located under the drivers side

ofthe instrument panel, behind the fuse
panel cover

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.

3.1c The engine fuse block contains
miniaturized fuses and is located directly

behind the power distribution box

3.1d The primary battery fuses are
mounted next to the battery and can be

accessed after removing the cover

Finding an open circuit
When diagnosing for possible open cir-

cuits, it is often difficult to locate them by sight
because oxidation or terminal misalignment
are hidden by the connectors. 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. Intermit-
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
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 - general information

Refer to illustrations 3.1a. 3.1 b. 3.1c 3.1d
and 3.2

The electrical circuits of the vehicle are
protected by a combination of fuses, circuit
breakers and cartr idge-type fusible l inks.
All models covered in this manual have four
fuse blocks; the passenger compartment fuse
block is located under the instrument panel
on the left side of the dashboard. a second
fuse block called the power distribution box is

located in the engine compartment on the left
inner fenderuell, a third fuse block called the
engine fuse block is mounted just behind the
power distribution box and a fourth fuse block
located next to the battery which contains
the primary battery fuses (see illustrations).
Always disconnect the cable to the negative
battery terminal before replacing high current
fuses.

Miniaturized fuses are employed in the
passenger compartment fuse block and the
power distribution box. These compact fuses,
with blade terminal design, allow fingertip
removal and replacement. lf 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. lf 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 different ratings are
physically interchangeable, but only fuses of
the proper rating should bs used. Replacing a
fuse with 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 fuse body.

lf the replacement fuse immediately
fails, don't replace it again until the cause of
the problem is isolated and corrected. In most
cases, the cause will be a short cirbuit in the
wiring caused by a broken or deteriorated
wtre.
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5.2 Perform a continuity test with an
ohmmeter to check a circuit breaker -

infinite resistance indicates a
bad circuit breaker

4 Fusible links - general
information

Some circuits are protected by fusible
links. The links are used in circuits which are
not ordinarily fused, such as the ignition cir-
cuit.

Cartridge type fusible links are located in
the oower distribution box and are similar to a
large fuses (see illustration 3.1 b).

To replace a fusible link, first disconnect
the negative cable from the battery. Unplug
the burned-out link from the fuse block and
replace it with a new unit of the same amper-
age (available from your dealer or auto parts
store). Always determine the cause for the
overload which melted the fusible link before
installing a new one.

5 Circuit breakers - general
information

Refer to illustration 5.2
Circuit breakers protect components

such as power windows, power door locks
and headlights.

On some models the circuit breaker
resets itself automatically, so an electrical
overload in a circuit breaker protected system
will cause the circuit to fail momentarily, then
come back on. lf the circuit does not come back
on, check it immediately (see illustration).
Once the condition is corrected, the circuit
breaker will resume its normal function.

6 Relays - general information and
testing

General information
1 Several electrical accessories in the
vehicle, such as the fuel injection system,
horns, starter, and fog lamps use relays to
transmit the electrical signal to the compo-
nent. Relays use a low-current circuit (the
control circuit) to open and close a high-cur-

rent circuit (the power circuit). lf the relay is
defective, that component will not operate
properly. The various relays are mounted in
engine compartment (see illustration 3.1b)
and several locations throughout the vehicle
(see Chapter 5). lf a faulty relay is suspected,
it can be removed and tested using the proce-
dure below or by a dealer service department
or other repair shop. Defective relays must be
replaced as a unit.

Testing
Refer to illustration 6.4
2 lt's best to refer to the wiring diagram for
the circuit to determine the proper hook-ups
for the relay you're testing. However, if you're
not able to determine the correct hook-up
from the wiring diagrams, you may be able to
determine the test hook-ups from the informa-
tion that follows.
3 On most relays, two of the terminals are
the relay's control circuit (they connect to the
relay coil which, when energized, closes the
large contacts to complete the circuit). The
other terminals are the power circuit (they are
connected together within the relay when the
control-circuit coil is energized).
4 The relays are marked as an aid to help
you determine which terminals are the control
circuit and which are the power circuit (see
illustration).
5 Remove the relay from the vehicle and
check for continuity between the relay power
circuit terminals. There should be no continu-
ity between terminal 30 and 87.
6 Connect a fused jumper wire between
one of the two control circuit terminals and
the positive battery terminal. Connect another
jumper wire between the other control circuit
terminal and ground. When the connections
are made, the relay should cl ick. On some
relays, polarity may be critical, so, if the relay
doesn't click, try swapping the jumper wires
on the control circuit terminals.
7 With the jumper wires connected, check
for continuity between the power circuit termi-
nals. Now' there should be continuity between
terminals 30 and 87.
8 lf the relay fails any of the above tests,
reolace it.

6.4 Most relays are marked
on the outsade to easily
identify the contro! and

power circuits

|9OO!$12.!.'r HAYrCll

7.1 The electronic flasher unit is mounted
to the right of the steering column under

the instrument panel

7 Turn signal/hazard flasher -
check and replacement

Refer to illustration 7. 1
Warning: The models covered by this manual
are equipped with Supplemental Restraint
sysfe,'ns (SRS), more commonly known as
airbags. Always disconnect the negative bat-
tery cable, then the positive baftery cable and
wait two minutes before working in the vicin-
ity of the impact sensors, steering column or
instrument panel to avoid the possibility of
accidental deployment of the airbag, which
could cause personal injury $ee Section 27).
Do not use electical test equipment on any of
the airbag system wiing or tamper with them
in any way.
1 The turn signal and hazard flashers are
controlled from a single electronic flasher unit
which is mounted to the right of the steering
column under the instrument panel (see illus-
tration).
2 When the f lasher unit  is functioning
properly, an audible click can be heard dur-
ing its operation. lf the tum signals fail on one
side or the other and the flasher unit does not
make its characteristic clicking sound, a faulty
turn signal bulb is indicated.
3 lf both tum signals fail to blink, the prob-
lem may be due to a blown fuse, a faulty
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8.3a Multi-function switch terminal
identification guide

flasher unit, a broken switch or a loose or open
connection. lf a quick check of the fuse box
indicates that the turn signal fuse has blown,
check the wiring for a short before installing a
new fuse.
4 To replace the flasher, simply disconnect
the electrical connectors, then remove the
screw securing the flasher retaining bracket.
5 Make sure that the replacement unit is
identical to the original. Compare the old one
to the new one before installing it.
6 Installation is the reverse of removal.

8 Steering column switches -
check and replacement

Warning: The models covered by this manual

are equipped with Supplemental Restraint
sysfems (SRS), more commonly known as
airbags. Always disconnect the negative bat-
tery cable, then the positive baftery cable and
wait two minutes before working in the vicin-
ity of the r'mpacf sensors, steering column or
instrument panel to avoid the possibility of
accidental deployment of the airbag, which
could cause personal injury $ee Section 27).
Do not use electrical test equipment on any of
the airbag system wiring or tamper with them
in any way.

Mutti-function switch
Check
Refer to illustrations 8.3a, 8.3b, 8.3c 8.3d
and B.3e
1 The multi-function switch is located on
the left side of the steering column. lt incor-

t l - ' .JEl* ' -15

Swltch posttlons Hezerd w.ming Contlnulty between

Neutrel OFF
ON

t a n d 6 ; 1 a n d 8
3 a n d 5 ; 3 a n d 8
3 e n d 2 : 3 e n d 6

Lcfr OFF 4 and 8:4 and 2
Rloht OFF 4 end 8: tl end 5

136059-t 2-A.3b HAYNESI

8.3b Turn signal and hazard switch continuity chart

Swltch posltlons Gontlnulty between
Flaeh to Pasa

hnld lavar ln lhlr mdll^n
12 and 11
9.nd  10

Hlqh beam I and ll
Lowbeam g and 10

136d65:iF{t:3aErFFsl

8.3c Headlight
dimmer switch
continuity chart

Swtlch poeltlone Test termlnals Ohnuneter readlngs (+ or .- t09d
WperoFF
Wesh OFF

13 and 1'l
14 and 15

47.6 K-ohms
103.3 K-ohms

lntermlient 13 and 14 11.3 Kohms
Low 13 and 14 4.08 Kohms
Hldh 13 and 14 0-ohms

Wash ON
lllllmrOFF

14 and 15 0ohms

Delay control knob
rO maxlmum ooslllon

14 and 15 103.3 K{hms

D,elay control knob
6mlnlmrrmmlllan

l'f and 15 3.3 K-ohme

l36osg-t24.3d HAYNE8I

8.3d Windshield wiper switch continuity chart

Switch poeitlons Test terminals Ohmrneter readlngs (+ or - 1096|

UlliperOFF
Wash OFF

7 and 14 2.9 Kohme

lntemitent I 7 and 14 1K-ohms
lntelmitent 2 7 and14 330ohms

Waeh ON 7 and11 06ohms

| 36059- I 2-8.3e HAYNES I

8.3e Rear windshield wiper switch continuity chart (Expedition and Navigator only)

PALMTREESALES1967 - NO RESALE



Chapter 12 Chassis electrical system 12-5

8.6a Remove the retaining
screws(ar rows) , . .

8.6b . . . unplug the electrical connectors,
then remove the multl-function swltch

8.8 Location of the crulse control
amplifier/servo electrical

connector (arrow)

8.13 After the driver's side airbag module
has been removed, remove the cruise

control actuator switch retaining screw
from the rear of the steerlng wheel
(steerlng wheel removed for clarity)

Replacement
Refer to illustration 8.13
11 Disconnect the negative battery cable,
then the positive battery cable and walt two
minutes before proceeding any further.
12 Remove the drivers side airbag module
from the steering wheel (see Chapter 10).
13 Detach the switch retaining screw (see
illustration). Then disconnect the electrical
connections and remove the switch from the
steering wheel.
14 Installation is the reverse of removal.

9 lgnition switch - check and
replacement

Warning: The models covered by this manual
are equipped with Supplemental Restraint
sysfems (SRS), more commonly known as
airbags. Always disconnect the negative bat-
tery cable, then the positive battery cable and
wait two minutes before working in the vicin-
ity of .the impact sensors, steering column or
instrument panel to avoid the possibility of

l 960o0-r 2-8" r ob HAYMSI

8.10b Cruise control actuator swltch continuitji chart

porates the turn signal, headlight dimmer and
windshield wiper/washer functions into one
switch.
2 Remove the multi-function switch (see
Step 4).
3 Using an ohqmeter or self-powered test
light and the accompanying diagrams, check
for continuity between the indicated switch
terminals with the switch in each of the indi-
cated positions (see illustrations). lf the con-
tinuity isn't as specified, replace the switch.

Replacement
Refer to illustrations 8.6a and 8.6b
4 Disconnect the negative baftery cable,
then the positive battery cable and wait two
minutes before proceeding any further.
5 Remove the ignition lock cylinder (see
Section 10) and the steering column covers
(see Chapter 11 ).

6 Remove the retaining screws, discon-
nect the elqctrical connectors, then detach the
switch from the steering column (see illustra.
tions).
7 Installation is the reverse of removal.

C ru ise co ntrol srflifches
Check
Refer to illustrations 8.8, 8.10a and 8.10b
8 Open the hood and locate the cruise con-
trol speed amplifieriservo (see lllustration).
I Disconnect the electrical connector from
the cruise control speed amplifier/servo.
10 Using an ohmmeter and the accom-
panying diagrams, measure the resistance
between the indicated terminals leading to the
speed amplifier/servo with the switch in each
of the indicated positions (see illustrations).
lf the resistance isn't as specified, replace the
switch.

Swltch poeltione Terttermlnalc Ohmmeter readlnge (+ or - 109Q

oFt 5and6 lessthan4Kohms
ON wfth hnithn in RUN Dosition Sand l0 Battery voltase

SET/ACCEL Sand 6 720and 6{ Kohms
COAST 5and6 126and 114Kohms

RESUME 5 a n d 6 2310ard 2GD Kohms

Rotate the steering wheel through fts full nnge of irarel while performing each of the above tests.
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Locr(

9.2b lgnition switch position details9.2a Check the ignition switch terminals for continuity in each of
the indicated positions

9.2c lgnition switch
continuity chart

accidental deployment of the airbag, which
could cause personal injury $ee Section 27).
Do not use electrical test equipment on any of
the airbag system wiring or tamper with them
in any way.

Check
Refer to illustrations 9.2a, 9.2b and g.2c

1 The ignition switch is mounted below the
steering column behind the knee bolster. To
check the switch it must first be removed (see
Step 3).
2 Using an ohmmeter or self-powered test
light and the accompanying diagrams, check
for continuity between the indicated switch
terminals with the switch in each of the indi-
cated positions (see illustrations). lf the con-
tinuity isn't as specified, replace the switch.

Replacement
Refer to illustration 9.6
3 Disconnect the negative battery cable,
then the positive battery cable and wait two
minutes before proceeding any further.
4 Turn the ignition key lock cylinder to the
Run position.
5 Remove the center tr im panel and the
driver side knee bolster (see Chapter 11).
6 Unplug the ignition switch electrical con-
nector and remove the switch retaining screws
(see illustration).
7 Disengage the ignition switch from the
actuator pin and remove the switch from the
vehicle.
8 Make sure the actuator pin slot in the
new ignition switch is in the Run position (see
illustration 9.2b). Note: A new replacement
switch will be set in this position.

9 Place the new switch in position on the
actuator pin and install the retaining screws.
It may be necessary to move the switch back
and forth to line uo the screw holes.
10 The remainder of the installation is the
reverse of removal. Check for proper opera-
tion of the ignition switch in the lock, start and
accessory positions.

10 lgnition lock cylinder - removal
and installation

Refer to illustration 10.3
Warning: The models covered by this manual
are equipped with Supplemental Restraint
syslems (SRS), more commonly known as
airbags. Always disconnect the negative bat-
tery cable, then the positive baftery cable and
wait two minutes before working in the vicin-
ity of the impact sensors, steering column or
instrument panel to avoid the possibility of
accidental deployment of the airbag, which
could cause personal injury $ee Section 27).
Do not use electrical test equipment on any of
the airbag system wiring or tamper with them
in any way.

Removal
1 Disconnect the negative battery cable,
then the positive battery cable and wait two
minutes before proceeding any further.
2 Turn the ignition keyilock cylinder to the
Run position.
3 Insert an 1/8-inch punch into the hole
at the bottom of the steering column cover
surrounding the lock cyl inder. Depress the

9,6 Unplug the electrical connector and
remove the ignition switch retaining

screws (arrows)

punch while pulling out on the lock cylinder to
remove it from the steering column housing
(see illustration).

lnstallation
4 Depress the retaining pin on the side of
the lock cylinder and rotate the ignition key/
lock cylinder to the Run position.
5 Install the lock cylinder into the steering
column housing, making sure it's fully seated
and aligned in the interlocking washer.
6 Rotate the key back to the Off position.
This will allow the retaining pin to extend itself
back into the locating hole in the steering col-
umn housing.
7 Turn the lock to ensure that operation is
correct in all positions.
8 The remainder of instal lat ion is the
reverse of removal.

11 Headlight switch - check and
replacement

Warning: The models eovered by this manual
are equipped with Supplemental Restraint
systems (SRS), more commonly known as

Swltch posftlone Contlnulty betrveen

ACC 85 and A1
LOCK No continuity
OFF No continuity
RUN 85 and ll; 81 and A1

83andA3: 84andA4
82 and A2 (on 1S7 models onlv)

START B4and STA
tr2 arul GNf)

lE6oor-leE.ecfl-mEdl
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10.3 To remove the ignition lock cylinder, place the key in the
"RUN" position, push in on the release tab wlth a screwdriver or a

small punch and pull the cylinder straight out 11.2a Headlight switch terminal identification guide

Str,ltch posltlong Telttemlnals Oh]rm€ilcrrcdlng!

OFF 4 and 5: 10 and 1 ooen chcuit
PARK 4andS cb6ed circuit

ON 4and5:1Oand 1 clced circtit
Dimmer knob rotated to full left D6itlon 6and 7 cloeed circuit

Dlmmer knob rotetlno rlaht from the full left oosltlon 1 and 12 varied resistance
Autolamo knob rctated frcm off to full delav Dosition 1O and 15 rraried resisiance from 3 K to ZD K-ohms

Autohmp knob rotated to off pcitlon 1O and 14 ooen circuit
Autolamp knob rotated to all offier positions tOand t4 closed circuit

lEffi:itii?tFmEq

11.3 Posltlon the headlight switch knob
so that the headlights and the fog lights
are in the ON position, then pry the knob

off where indlcated by the arrow

airbags. Always disconnect the negative bat-
tery cable, then the positive baftery cable and
wait two minutes before working in the vicin-
ity of the lmpacf sensors, steering column or
instrument panel to avoid the possibility of
accidental deployment of the airbag, which
could cause personal injury $ee Section 27).
Do not use electrical test equipment on any of
the airbag system wiing or tamper with them
in any way.

Check
Refer to illustrations 11 .2a and 11.2b
1 To check the switch it must first be

11.2b Headlight switch continulty chart

11.4 Reinstall the knob so that it faces
lS0degrees from the ON position

removed (see Step 3).
2 Using an ohmmeter or self-powered test
light and the accompanying diagrams, check
for continuity between the indicated switch
terminals with the switch in each of the indi-
cated positions (see illustratlons). lf the con-
tinuity isn't as specified, replace the switch.

Replacement
Refer to illustrations 11.3, 11 .4, 11 .5a and
11.5b
Gaution: Failure to follow this procedure will
cause damage to the instrument panel and
the headlight switch.

11.5a Turn the knob back to the
OFF positlon

3 Disconnect the negative battery cable,
then tum the headlight switch to the ON posi-
tion and pull the knob outward to the fog light
ON position. Using a small screwdriver pry
the knob off the headlight switch (see illustra-
tion).
4 Turn the knob 180-degrees from the ON
position and reinstall it back onto the head-
light switch (see illustration).
5 Turn the headlight switch to the OFF
position (see illustration). Then rotate the
knob clockwise as far as possible and hold it.
This will enable the locking tab on the back of
the switch to retract and the headlight switch
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13.3 The
instrument

cluster is held in
place by screws
(arrows) at both

sides ofthe
housing

11.5b Rotate the knob clockwise while
pulling outward on the headlight switch

to be removed from the instrument panel (see
illustration).
6 Unplug the electrical connector from the
back side of the switch, then remove it from
the vehicle.
7 lnstallation is the reverse of removal.

12 Instrument panel gauges - check

Warning: Some models covered by this man-
ual are equipped with airbags. Always disable
the airbag syslem (see Section 27) before
working in the vicinity of the impact sensors,
steering column or instrument panel. Failure
to follow these procedures may cause acci-
dental deployment of the airbag, which could
cause personal injury. The airbag circuits are
easily identified by yellow insulation covering
the entire wiring hamess. Do not use electri-
cal test equipment on any of these wires or
tamper with them in any way.

Fuel, oil and temperature
gauges
1 All tests below require the ignition switch
to be tumed to ON position when testing.
2 ll the gauge pointer does not move from
the empty, low or cold positions, check the
fuse. lf the fuse is OK, locate the particular
sending unit for the circuit you're working on
(see Chapter 4 for fuel sending unit location,
Chapter 2 for the oil sending unit location or
Chapter 3 for the temperature sending unit
location). Connect the sending unit connector
to ground momentarily. lf the pointer goes to
the full, high or hot position replace the send-
ing unit. lf the pointer stays in same position,
use a jumper wire to ground the sending unit
terminal on the back of the gauge. lf neces-
sary refer to the wiring diagrams at the end
of this Chapter. lf the pointer moves, the prob-
lem lies in the wire between the gauge and
the sending unit. lf the pointer does not move
with the sending unit terminal on the back of
the gauge grounded, check for voltage at the
other terminal of the gauge. lf voltage is pres-
ent, replace the gauge.

13 lnstrument cluster - removal and
installation

Refer to illustration 13.3
Warning: The models covered by this manual
are equipped with Supplemental Restraint
systems (SRS), more commonly known as
airbags. Always disconnect the negative bat-
tery cable, then the positive battery cable and
wait two minutes before working in the vicin-
ity of the impact sensors, steering column or
instrument panel to avoid the possibility of
accidental deployment of the airbag, which
could cause personal injury $ee Section 27).
Do not use electical test equipment on any of
the airbag system wiring or tamper with them
in any way.
1 Disconnect the negative battery cable,
then the positive battery cable and wait two
minutes before proceeding any further.
2 Tilt the steering wheel to its lowest posi-
tion and remove the instrument cluster bezel
(see Chapter 11 ).
3 Remove the instrument cluster retaining
screws (see illustration).
4 Pull the instrument cluster out and unplug
the electrical connectors from the backside,
then remove the cluster from the instrument
panel.
5 On models equipped automatic transmis-
sions, detach the transmission range indicator.
6 lnstallation is the reverse of removal.

14 Radio and speakers - removal
and installation

Warning: The models covered by this manual
are equipped with Supplemental Restraint
sysfems (SRS), more commonly known as
airbags. Always disconnect the negative bat-
tery cable, then the positive baftery cable and
wait two minutes before working in the vicin-
ity of the impact sensors, steering column or
instrument panel to avoid the possibility of
accidental deployment of the airbag, which
could cause personal injury $ee Section 27).
Do not use electrical test equipment on any of
the airbag system wiring or tamper with them
in any way.
1 Disconnect the negative battery cable,
then the positive battery cable and wait two
minutes before proceeding any further.

Radio
Refer to illustration 14.4
2 Remove the radio trim bezel from the
center of the instrument panel (see Chapter 'll ).
3 For theft protection, the radio receiver
is retained in the instrument panel by spe-
cial clips. Releasing these clips requires the
use of two sets of removal tool. available at
most auto parts stores, or two short lengths
ofcoat hangerwire bent into U-shapes. lnsert
the tools into the holes at the corners of the
radio assembly until you feel the internal clips
retease.
4 With the clips released, push outward
simultaneously on both tools and pull the
assembly out of the instrument panel, discon-
nect the antenna and electrical connectors
and remove the unit from the vehicle (see
illustration).
5 Install by plugging in the electrical con-
nectors, then sliding the radio along the track
and into the instrument panel until the clips
can be felt snapping in place.

Speakers
Refer to illustration 14.7
6 Remove the door trim panel (see Chap-
ter  11) .
7 Remove the mounting screws, withdraw
the speaker, unplug the electrical connec-
tor and remove the speaker from the vehicle

14.4 Insert the tools until they seat, then
push outward simultaneously on both

tools to release the clips and wiihdraw the
radio from the dash

PALMTREESALES1967 - NO RESALE



Chapter 12 Chassis electrical system 12-9

14.7 After removing the door trim panel,
the speaker retaining screws (arrows) are

easy to reach

15.3c Remove the retaining screws
(arrows) securing the antenna base to the

front fender

(see illustration).
8 Installation is the reverse of removal.

15 Antenna - removal and
installation

16.2 Disengage the headlight housing
retaining clips by pushing the clips
rearward - then pull up and out to

remove them

under the dash to remove it.
7 lnstallation is the reverse of removal.

16 Headlights - replacement

15.3b Cover the fender with a rag or tape
before prying off the antenna trim cap to

avoid damaging the paint

16.4 Rotate the headlight bulb retaining
ring counterclockwise and pull the bulb

socket assembly out of the housing -
when installing the new bulb, don't touch
the surface; clean it with rubbing alcohol

if you do

clockwise as viewed fr6m the rear (see illus-
tration).
5 Withdraw the bulb assembly and retain-
ing ring from the headlight housing.
6 Remove the bulb from the socket assem-
bly by pulling it straight out.
7 Without touching the glass with your bare
fingers, insert the new bulb into the socket
assembly and then into the headlight housing,
install and tighten the retaining ring.
8 Reposit ion the headlight housing back
into place and instal l  the housing retaining
clips. Test headlight operation, then close the
hood.

Navigator
9 Open the hood.
10 Remove the headlight bulb cover from
the back of the headlight housing.
11 Disconnect the electrical connector from
the bulb holder.
12 Rotate the headlight bulb retaining ring
counterclockwise as viewed from the rear.
13 Withdraw the bulb assembly and retain-
ing ring from the headlight housing.
14 Remove the bulb from the socket assem-

Refer to illustrations 15.3a, 15.3b and 15.3c
1 Remove the right front tire and the right
front inner fenderwell  as described in the
fender removal Section in Chapter 11 .
2 Working in the inner fenderwell opening,
detach the antenna cable from the antenna
base.
3 lf your replacing the antenna, use a small
wrench to remove the mast. Then pry off the
antenna tr im cap and remove the screws
securing the antenna to the body (see illus-
trations).
4 l f  you're replacing the antenna cable,
remove the cable retaining clip securing the
cable to the inner fender. Then push the cable
and grommet assembly into the passenger
compartment.
5 Detach the radio and disconnect the
antenna lead from the rear side of the radio
(see Section 14).
6 Remove any remaining cable retaining
cl ips, then pul l  the antenna cable out from

Warning: Halogen gas filled bulbs are under
pressure and may shatter if the surface is
scratched or the bulb is dropped. Wear eye
protection and handle the bulbs carefully,
grasping only the base whenever possib/e.
Do not touch the surface of the bulb with your
fingers because the oil from your skin could
cause it to overheat and fail prematurely. lf
you do touch the bulb surface, clean it with
rubbing alcohol.

F-1 50/250 and Expedition
Refer to illustrations 16.2 and 16.4
'l Open the hood.
2 Push the headlight housing retaining
clips reanvard, then pull upward on the clips
to release the headlight housing (see illustra-
tion).
3 Pull the headlight housing out and away
from the vehicle to access the bulb retaining
ring located on the backside.
4 Rotate the bulb retaining ring counter-

15,3a Use a small wrench to remove the
antenna mast
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17.1 The headlight adjusting screws (arrows) are located at the
rear of the headlight housing

bly by pulling it straight out.
15 Without touching the glass with your bare
fingers, insert the new bulb into the socket
assembly and then into the headlight housing,
install and tighten the retaining ring.
16 Plug in the electrical connector. Test
headlight operation, then close the hood.

17 Headlights - adjustment

Referto illustrations 17.1 and 17.3
Note: Ihe headlights must be aimed cor-
rectly. lf adjusted inconectly they could blind
the driver of an oncoming vehicle and cause
a serlous accident or seriously reduce your
ability to see fhe road. The headlights should
be checked for proper aim every 12 months
and any time a new headlight is installed or
front end body work is performed. lt should
be emphasized that the following procedure
is only an interim step which will provide tem-
porary adjustment until the headlights can be
adjuded by a properly equipped shop.
1 The headlights have two adjusting
screws each, one inboard and one outboard.
Both adjusters are accessible from the rear of
the headlight assembly and are turned using
a small wrench or pliers (see illustration).
Noter On Navigator models, turn the horizon-
tal adjustment shafts only (they run parallel
with the front edge of the vehicle) to adjust the
headlights.
2 There are several methods of adjusting
the headlights. The simplest method requires
masking tape, a blank wall and a level floor.
3 Position masking tape vertically on the
wall in reference to the vehicle centerline and
the centerlines of both headlights (see illus-
tration).
4 Position a horizontal tape line in refer-
ence to the centerline of all the headlights.
Note: /f 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 parked 25 feet from the wall, sitting
level, the gas tank half-full and no unusually
heavy load in the vehicle.
6 Starting with the low beam adjustment,
position the high intensity zone,so it is two
inches below the horizontal line and two inches
to the right of the headlight vertical line. Adjust
ment is made by tuming the top adjusting screw

clockwise to raise the beam and counterclock-
wise to lowerthe beam. The adjusting screw on
the side should be used in the same manner to
move the beam left or right.
7 With the high beams on, the high inten-
sity zone should be vertically centered with
the exact center just below the horizontal line.
Note: /f may not be possib/e to position the
headlight aim exactly for both high and low
beams. lf a compromise must be made, keep
in mind that the low beams are the most used
and have the greatest effect on safety.
8 Have the headlights adjusted by a dealer
service deoartment or service station at the
earliest opportunity.

18 Bulb replacement

Front turn signal and side
marker lights
1 Remove the headlight housing (see Sec-

1 8.1 Remove the screw that secures the
top of the lamp housing

tion 16), or on some early models, remove the
scew at the top of the housing (see illustra.
tlon).
2 Twist the bulb socket a quarter turn coun-
terclockwise, then remove the bulb assembly
from the housing.
3 The defective bulb can then be removed
from the socket and replaced.
4 Installation of the headlight housing is
the reverse of removal.

Rear turn signal, brake, tail
and back-up lights
Refer to illustrations 1 8.6a, 18.6b and 1 8.7
5 Open the tailgate or liftgate.
6 Detach the retaining screws securing
the rear tail l ight housing, then pull the tail
light assembly outward to access the tail light
bulbs (see illustrations).
7 Twist the bulb socket a quarter turn coun-
terclockwise, then remove the bulb assembly
from the housing (see illustration).

18.6a Taillight housing bolt locations for
the F-150/250 (arrows)

17,3 Headlight
adjustment details
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18.6b Expedition/Navigator tail light
housing screw locations

8 The defective bulb can then be removed
from the socket and reolaced.
9 Installation of the tail light housing is the
reverse of removal.

Lrcense plate light
Refer to illustration 1 8.10
10 The l i cense p la te  l igh t  bu lbs  can be
accessed from the rear of the bumper (see
illustration). Simply twist the bulb socket a
quarter turn counterclockwise, then remove
the bulb assembly from the housing.
11 The defective bulb can then be oul led
straight out of the socket and replaced.
12 Installation is the reverse of removal.

H igh-mou nted brake light
Referto illustrations 18.14a and 18.14b
13 On F-150/250 models the high mounted
brake light bulbs can be accessed from the
truck bed. On Expedit ion/Navigator models
the high mounted brake l ight bulbs can be
accessed from the inside of the liftgate.
14 On F-150/250 models, simply remove
the lens retaining screws and pul l  the lamp
assembly outward to access the bulbs (see
illustrations). On Expedition/Navigator mod-
els, open the liftgate. Remove two acorn nuts

18.14b Twist the bulb holder
counterclockwise to remove the high

mounted brake light bulbs

18.7 Rotate the bulb holder
countercloclrwise and withdraw it from the

tai l  l ight housing

from the inside of the liftgate, then pull the
lamp assembly outward to access the bulbs.
15 On al l  models, twist the bulb socket a
quarter turn counterclockwise, then remove
the bulb assembly from the housing.
16 The defective bulb can then be pul led
straight out ofthe socket and replaced.

Dome light
Refer to illustration 1 8.17
17 Using a small  screwdriver, remove the
lens and replace the bulb (see illustration).

I n stru ment cl u ster i I I u m i n ation
Refer to illustration 1 8.1 B
18 To gain access to the instrument cluster
i l lumination l ights, the instrument cluster wi l l
have to be removed (see Section 13). The
bulbs can then be removed and reolaced from
the rear of the cluster (see illustration).

19 Daytime Running Lights (DRL)
- general information

The Daytime Running Lights (DRL) sys-

18,17 Use a small screwdriver to pry out
the interior domelight lens

18.10 The license plate light bulbs (arrow)
can be accessed from the rear ofthe

bumper assembly

18,14a Remove the screws and detach
the lamp assembly to access the high
mounted brake light bulbs (F-150/250)

tem illuminates the headlights whenever the
engine is running. The only exception is with
the engine running and the parking brake
engaged. Once the parking brake is released,
the lights will remain on as long as the ignition
switch is on, even if the parking brake is later
applied.

The DRL system supplies reduced power
to the headlights so they won't be too bright for
daytime use, while prolonging headlight life.

18.18 To remove an instrument cluster
bulb, depress the bulb and rotate it

counterclockwise
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20.2 Windshield wiper motor terminal guide details

I

a

?

Park switch terminal
lgnition terminal
Park switch ground terminal

4 Low speed terminal
5 High speed terminal

20.7 Use a small screwdriver to pry off the cover (arrow) - remove
the nui, then pull straight up to remove the wiper arm assembly

20 Wiper motor - check and
replacement

Wiper motor circuit check
Refer to illustration 20.2
Note: Refer to the wiring diagrams for wire
colors and locations in the following checks.
Keep in mind that power wires are generally
larger in diameter and brighter colors, where
ground wires are usually smaller in diameter
and darker colors. When checking for vohage,
probe a grounded lz-volt test light to each
terminal at a connector until it lights; this veri-
fies voltage (power) at the terminal.
1 lf the wipers work slowly, make sure
the battery is in good condition and has a
strong charge (see Chapter 1). lf the battery
is in good condition, remove the wiper motor
(see below) and operate the wiper arms by
hand" Check for binding l inkage and pivots.
Lubricate or repair the linkage or pivots as
necessary, Reinstall the wiper motor. lf the
wipers still operate slowly, check for loose or
corroded connections, especially the ground
connection. lf all connections look OK, replace
the motor.
2 lf the wipers fail to operate when acti-
vated, check the fuse. lf the fuse is OK, con-
nect a jumper wire between the wiper motor
and ground, then retest. lf the motor works
now, repair the ground connection. lf the
motor still doesn't work, turn the wiper switch
to the Hl position and check for voltage at the
motor (see illustration). lf there's voltage
at the motor. remove the motor and check it
off the vehicle with fused jumper wires from
the battery. lf the motor now works, check
for binding linkage (see Step 1 above). lf the
motor still doesn't work, replace it. lf there's
no voltage at the motor, check for voltage at
the wiper control module. lf there's voltage at
the wiper control module and no voltage at
the at the wiper motor, check the switch for
continuity (see Section 8). lf the switch is OK,
the wiper control module is probably bad.
3 lf the interval (delay) function is inop-
erative, check the continuity of all the wiring
between the switch and wiper control module.
lf the wiring is OK, check the resistance of the
delay control knob of the multi-function switch

(see Section 8). lf the delay control knob is
within the specified resistance, replace the
wiper control module.
4 lf the wipers stop at the position they're
in when the switch is turned off (fail to park),
check for voltage at the park feed wire of the
wiper motor connector when the wiper switch
is OFF but the ignition is ON. lf no voltage is
present, check for an open circuit between the
wiper motor and the fuse panel.
5 lf the wipers won't shut off unless the
ignition is OFF, disconnect the wiring from
the wiper control switch. lf the wipers stop,
replace the switch. lf the wipers keep running,
there's a defective limit switch in the motor;
replace the motor.
6 lf the wipers won't retract below the
hood line, check for mechanical obstructions
in the wiper linkage or on the vehicle's body
which would prevent the wipers from parking.
lf there are no obstructions, check the wiring
between the switch and motor for continuity. lf
the wiring is OK, replace the wiper motor.

Wiper motor replacement
Refer to illustrations 20.7 and 20.10
7 Remove the windshield wiper arms (see
illustration).
8 Removethe cowl cover(see Chapter 11).
9 Disconnect the electrical connector from
the wiper motor.
10 Remove the wiper  motor  mount ing
bracket retaining bolts (see illustration).
11 Turn the mounting bracket over to
access the motor retaining bolts. Remove
the bolt securing the wiper arm linkage to the
backside of the motor, then remove the motor

from the mounting bracket.
12 Installation is the reverse of removal.

21 Horn . check and replacement

Check
Refer to illustration 21.3
Note: Check fhe fuses before beginning elec-
trical diagnosis
1 Disconnect the electrical connector from
the horn.
2 To test the horn, connect battery volt-
age to the two terminals with a pair of jumper
wires. lf the horn doesn't sound, replace it.
3 lf the horn does sound, check for volt-
age at the terminal when the horn button is

21,3 Gonnect a voltmeter to the horn wire
and ground - test for voltage while the

switch is depressed
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21.9 Disconnect the electrical connector,
remove the bolt (arrow) and detach

the horn(s)

depressed (see illustration). lf there's volt-
age at the terminal, check for a bad ground at
the hom.
4 lf there's no voltage at the horn, check
the relay (see Section 6). Note that most horn
relays are either the four-terminal or externally
grounded three-terminal type.
5 lf the relay is OK, check for voltage to the
relay power and control circuits. lf either of the
circuits is not receiving voltage, inspect the
wiring between the relay and the fuse panel.
6 lf both relay circuits are receiving voltage,
depress the hom button and check the circuit
from the relay to the horn button for continuity
to ground. lf there's no continuity, check the
circuit for an open. lf there's no open circuit,
replace the horn button.
7 lf there's continuity to ground through the
horn button, check for an open or short in the
circuit from the relay to the horn.

Replacement
Refer to illustration 21.9
8 The horn(s) are"mounted behind the
radiator grille.
9 Disconnect the electrical connectors and
remove the bracket bolt (see illustration).
10 lnstallation is the reverse of removal.

22 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
Referto illustrations 22.4. 22.5 and 22.7
3 Turn the ignition switch and defogger
system switches to the ON position.
4 When measuring voltage during the
next two tests, wrap a piece of aluminum foil
around the tip of the voltmeter negative probe
and press the foil against the heating element
with your finger (see illustration).

22.4 When measuring the voltage at the
rear window defogger grid, wrap a piece

of aluminum foil around the negative
probe of the voltmeter and press the foil

agalnst the wire with your finger

22.7 To find the break, place thc voltmeter
positive lead agalnst the defogger positive

terminal, place the voltmeter negative
lead with the foil strip against the heat

wire at the positive terminal end and slide
It toward the negatlve termlnal end - the

point at which the voltmeter deflects from
zero to several volts is the point at which

the wire is broken

5 Check the voltage at the center of each
heating element (see illustration). lf the volt-
age is 6-volts, the element is okay (there is no
break). lf the voltage is 12-volts, the element
is broken between the center of the element
and the positive end. lf the voltage is 0-volts
the element is broken between the center of
the element and ground.
6 Connect the negative lead to a good body
ground. The reading should stay the same.
7 Fo find the break, place the voltmeter
positive lead against the defogger positive ter-
minal. Place the voltmeter negative 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 deflects from zero to several volts is
the point at which the heating element is bro-
ken {see illustration).

22,5 To determine if a wire has broken.
check the voltage at the center of each
wire. lf the voltage is 6-volts, the wire is
unbroken; if the voltage is 12-volts, the

wire is broken between the center of the
wire and the positive end; if the voltage

is 0-volts, the wire is broken between the
center of the wlre and ground

22.13 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

Repair
Refer to illustration 22.1 3
8 Repair the break in the element using a
repair kit specifically recommended for this
purpose, such as Dupont paste No.4817 (or
equivalent). lncluded in this kit is plastic con-
ductive epoxy.
9 Prior to repairing a break, turn off the sys-
tem and allow it to cool ofi for a few minutes.
10 Lightly buff the element area with f ine
steel wool, then clean it thoroughly with rub-
bing alcohol.
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 illus-
tration).
14 Al low the reoair to cure for 24 hours
before removing the tape and using the system.
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23,5 Make sure the cruise control and accelerator linkage
mounted on the throttle body are not damaged and that they

operate smoothly together when the throttle is opened

24.12 lf no voltage is found at the motor with the switch
depressed - check for voltage at the switch

23 Cruise control system -
description and check

Refer to illustration 23. 5
1 The cruise control system maintains
vehicle speed with a servo motor located in
the engine compartment on the driver's side
fenderwell. which is connected to the throttle
linkage by a cable. The system consists of the
servo motor, brake switch, control switches,
speed sensors and relays. Some features of
the system require special testers and diag-
nostic procedures which are beyond the scope
of this manual. Listed below are some general
procedures that may be used to locate com-
mon problems.
2 Locate and check the fuse (see Sec
tion $).
3 Have an assistant operate the brake
lights while you check their operation (voltage
from the brake light switch deactivates the
cruise control).
4 lf the brake lights don't come on or don't
shut off, correct the problem and retest the
cruise control.
5 Check the control cable between the
cruise control servo/amolifier and the throttle
linkage and replace as necessary (see illus-
tration).
6 The cruise control system uses a speed
sensing device. The speed sensor is located
in the transmission. To test the speed sensor,
see Chapter 6, Section 4.
7 Test drive the vehicle to determine if the
cruise control is now working. lf it isn't, take it
to a dealer service department or an automo-
tive electrical specialist for further diagnosis.

24 Power window system -
description and check

Refer to illustration 24.1 2
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 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 which is reversible. The position of
the control switch determines the polarig and
therefore the direction of operation.
3 The circuit is protected by a fuse and a
circuit 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
operate when the ignition switch is ON. 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 facil-
ity.
6 lf the power windows won't operate,
always check the fuse and circuit breaker
first.
7 lf 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 lf only one window is inoperative from
the master control switch, try the other con-
trol switch at the window. Note: Ihis doesn't
apply to the drivers door window.
10 lf the same window works from one
switch, but not the other, check the switch for
continuity.
11 lf the switch tests OK, check for a short
or open in the circuit between the affected

switch and the window motor.
12 lf one window is inoperative from both
switches, remove the tr im panel from the
affected door and check for voltage at the
switch (see i l lustrat ion) and at the motor
while the switch is operated.
13 lf voltage is reaching the motor, discon-
nect the glass from the regulator (see Chapter
11). Move the window up and down by hand
while checking for binding and damage. Also
check for binding and damage to the regula-
tor. lf the regulator is not damaged and the
window moves up and down smoothly, replace
the motor. lf there's binding or damage, lubri-
cate, repair or replace parts, as necessary.
14 lf voltage isn't reaching the motor, check
the wiring in the circuit for continuity between
the switches and motors. You'll need to con-
sult the wiring diagram for the vehicle. lf the
circuit is equipped with a relay, check that the
relay is grounded properly and receiving volt-
age.
15 Test the windows after vou are done to
confirm proper repairs.

25 Power door lock and keyless
entry system - description and
check

Refer to illustration 25.9
'1 The power door lock system operates
the door lock actuators mounted in each door.
The system consists of the switches, actua-
tors, and associated wir ing. Diagnosis can
usually be limited to simple checks of the wir-
ing connections and actuators for minor faults
which can be easily repaired.
2 Power door lock systems are operated
by bi-direct ional solenoids located in the
doors. The lock switches have two operating
positions: Lock and Unlock. On later models
with keyless entry the switches activate a
module which in turn connects voltage to the
door lock solenoids. Depending on which way
the switch is activated, it reverses polarity,
allowing the two sides of the circuit to be used
alternately as the feed (positive) and ground
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25.9 Gheck for voltage at the lock
solenoid while the lock switch is operated

side. On earlier models with out keyless entry
the switches directly activate the door lock
motors.
3 lf you are unable to locate the trouble
using the following general steps, consult
your a dealer service department.
4 Always check the circuit protection first.
On these models the battery voltage passes
through the 20 amp circuit breaker located in
the passenger compartment fuse block.
5 Operate the door lock switches in both
directions (Lock and Unlock) with the engine
off. Listen for the faint click of the door lock
solenoid (motor) or relay operating.
6 lf there's no click, check for voltage at
the switches. lf no voltage is present, check
the wiring between the fuse block and the
switches for shorts and opens.
7 lf voltage is present but no click is heard,
test the switch for continuity. Replace it if
there's no continuity in both switch positions.
8 lf the switch has continuity but the sole-
noid doesn't click, check the wiring between
the switch and solenoid for continuity. Repair
the wiring if there's not continuity.
9 lf all but one lock solenoids operate,
remove the trim panel from the affected door
(see Chapter 1 1 ) and check for voltage at the
solenoid while the lock switch is operated
(see illustration). One of the wires should
have voltage in the Lock position; the other
should have voltage in the unlock position.
10 lf the inoperative solenoid is receiving
voltage,, replace the solenoid. Note: /f's com-
mon for wires to break in the portion of the
harness between the body and door (opening
and closing the door fatigues and eventually
breaks the wires).

Keyless entry sysfern
Referto illustrations 25.13 and 25.14
11 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.
12 Replace the transmitter batteries when
the red LED light on the side of the case
doesn't light when the button is pushed.
13 Use a small screwdriver to carefully sep-
arate the case halves (see illustration).

25.13 Use a small screwdriver to separate
the transmifter halves

14 Replace the two 3-volt 2016 lithium bat-
teries (see illustration).
15 Snapthecase halvestogether.

26 Electric slde view mirror.s -
description and check

1 Most electric rear view mirrors use
two motors to move the glass; one for up
and down adjustments and one for left-right
adjustments.
2 The control switch has a selector portion
which sends voltage to the left or right side
mirror. With the ignition ON but 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 r4irrors.
3 Listen carefully for the sound of the elec-
tric motors running in the mirrors.
4 lf 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. Remove and disassemble the mirror to
locate the oroblem.
5 lf the mirrors don't operate and no sound
comes from the mirrors, check the fuse (see
Section 3).
6 lf the fuse is OK, remove the mirror con-
trol switch from its mounting without discon-
necting the wires attached to it. Turn the igni-
tion ON and check for voltage at the switch.
There should be voltage at one terminal, lf
there's no voltage at the switch, check for an
open or short in the wiring between the fuse
panel and the switch.
7 lf there's voltage at the switch, discon-
nect it. Check the switch for continuity in all
its operating positions. lf the switch does not
have continuity, replace it.
8 Re-connect the switch. Locate the wire
going from the switch to ground. Leaving
the switch connected, connect a jumper wire
between this wire and ground. lf the mirror
works normally with this wire in place, repair
the faulty ground connection.
9 lf the mirror still doesn't work. remove
the mirror and check the wires at the mirror

25.14 Replace the lithium
bafteries (arrows)

for voltage. Check with ignition ON and the
mirror selector switch on the appropriate side.
Operate the mirror switch in all its positions.
There should be voltage at one of the switch-
to-mirror wires in each switch position (except
the neutral "off' position).
'10 lf there's not voltage in each switch posi-
tion, check the wiring between the mirror and
control switch for ooens and shorts.
11 lf there's voltage, remove the mirror
and test it off the vehicle with jumper wires.
Replace the mirror if it fails this test.

27 A,irbag - general information

Refer to illustrations 27.1a and 27.1b
All models are equipped with a Supple-

mental Restraint System (SRS), more com-
monly known as an airbag. This system is
designed to protect the driver, and the front
seat passenger, from serious injury in the
event of a head-on or frontal collision. lt con-
sists of an airbag module in the center of the
steering wheel and the right Side of the instru-
ment panel, two crash sensors mounted at the
front of the vehicle and a diagnostic module
which also contains a safing sensor is located
inside the passenger compartment (see illus-
trations).

27,'la The front crash sensors are
mounted behind the front grille
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1211'6 Chapter 12 Ghassis electrical system

Airbag module
Steering wheel-mounted

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, inflgt-
ing the bag almost instantaneously when an
electrical signal is sent from the sy,stem. Acoil
assembly on the steering columi under the
module canies this signal to the module.

This coil assembly can transmit an
electrical signal regardless of steering wheel
position. The igniter in the air bag converts
the electrical signal to heat and ignites the
sodium azidelcopper oxide powder, producing
nitrogen gas, which inflates thd bag.

Instrument panel-mounted
The airbag is mounted above the glove

compartment and designated by the letters
SRS (Supplemental Restraint System). lt
consists of an inflator containing an igniter, a
bag assembly, a reaction housing and a trim
cover.

The air bag is considerably larger that
the steering wheel-mounted unit (8 cu ft vs.
2.3 cu ft) and is supported by the steel reac-
tion housing. The trim cover is textured and
painted to match the instrument panel and
has a molded seam which splits when the bag
inflates. As with the steering-wheel-mounted
air bag, the igniter electrical signal converts to
heat, converting sodium azideliron oxide pow-
der to nitrogen gas, inflating the bag.

Sensors
.The system has three sensors: two for-

ward crash sensors at the front of the vehicle
and a safing sensor mounled inside the airbag
diagnostic module which is located behind the

right kick panel.
The fonrvard and passenger compart-

ment sensors are basically pressure sensitive
switches that complete an electrical circuit
during an impact of sufficient G force. The
electrical signal from these sensors is sent
to the electronic diagnostic monitor which

" then completes the circuit and inflates the ,
airbag(s).

El ectro n ic di ag n ostic m o n ito r
The electronic diagnostic monitor sup-

plies the current to the airbag system in the ,
event of the collision, even if battery power is
cut off. lt checks this system every time the
vehicle is started, causing the "AlR BAG" light
to go on then off, if the system is operating
properly. lf there is a fault inlhe system, the
light will go on and stay on, flash, or the dash
will make a beeping sound. lf this happens,
the vehicle should be taken to your dealer
immediately for service.

Disabling the system
Whenever working in the vicinity of the

steering wheel, steering column or near other
components of the airbag system, the system
should be disarmed. To do this, perform the
following steps: ;'

a) Tum the ignition switch to Otr.
b) Detach the cable hom the negative bat-

tery terminal then detach the positive
cabte. Wait 2 minuites for'the electronic
module backup power supply to be
depleted.

Enabling tle system,
a) Turn the ignition switch to the Off posi-

tion.
b) Connect the positive battery cable first,

then connect the negative cable.'

27.1b The airbag diagnctic module as
mounted behlnd the rlght klck panel

28 Wiring dlagrams - general
informatlon

Since it isn't possible to include all wir-
ing diagrams for every year covered 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 checkittg a circuit, make sure that
all connectors are clean. wilh no broken or
loose terminals. When unplugging a connec-
tor, do not pull on the wires. Pull only on the
connector housings themselves.
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12-22 Ghapter 12 Chassis electrical system
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IND.1

Index

About this manual, 0-2
Accelerator cable, removal, installation and adJustment, 4{
Accumulator/drier, removal and installation, 3-i 3
Acknowledgements, 0-2
Air cfeaner housing, removal and installation,4-7
Air conditioning and heating system, check and

maintenance, 3-11
Air conditioning clutch control, 6.11
Air filter check and replacement, 1-23
Airbag, general information, 12-15
Alignment, general information, 1 0-21
Alternator

components, replacement, 5-8
removal and installation, 5-8

Antenna, removal and installation, 12-9
Antifreeze, general information, 3-2
Anti-lock brake system, general informatlon, 9.2
Automatic transmission, 78.1 through 78.6

diagnosis, general, 7B-1
fluid and filter change, 1-24
fluid level check, 1-11
general information, 78-1
removal and installation, 7B,4
shift cable, removal, instrallation and adjustment, 7B-3
shift indicator cable adjustm ent, 7B-2
shift interlock system, description, check and actuator

replacement, TB4
shift lever, removal and installation,TB-2
transmission control switch, description, check and

component replacement, 7B-2
Transmission Range (TR) sensor, description, adjustment

and replacement, TB-3
Automotive chemicals and lubricants, 0-13
Axle, removal and installation

front, S-21
rear,8-16

Axles, descriptlon and check, 8-14
Axleshaft bearing (rear), replacement, 8-15
Axleshaft oil seal (rear), replacement, 8-15
Axleshaft (rear), removal and installation, 8-15

Balance shaft and bearings, removal, inspection and
installation (V6 engine), 2A-13

Balljoints, check and replacement, 10-7
Baftery

cables, check and replacement. 5-2
check, maintenance and charging, 1-15
emergency jump starting, 0-12
removal and installation, 5-2

Body, 11-l through 11-16
bumpers, removal and installation, 11-T
center console (Expedition and Navigator), removal and

installation. 11-13
cowl cover, removal and installation, 11-16

dashboard trim panels, removaland installation, 11-13
door latch, lock cylinder and handles, removal and

installation, 11-9
door, removal, installation and adjustment, 11-g
door trim panels, removal and installation, 11-8
door window glass

regulator, removal and installation, 11-11
removal and installation, 11-10

front fender, removal and installation, 11-7
general information, 1 1 -1
hinges and locks, maintenance, 11-3
hood and rear liftgate support struts, removal and

installation, 11-3
hood latch and release cable, removal and installation, 11-6
hood, removal, installation and adjustment, 11-3
instrument cluster bezel, removal and

installation, 11-13
instrument panel, removal and installation, 11-14
liftgate, removal, installation and adjustment, 11-11
maintenance, 11-1
radiator grille, removal and installation, 11-6
repair

major damage,'11-2
minor damage, 11-1

seats, removal and installation, 11-16
sideview mirrors, removal and installation, 11 -11
steering column cover, removal and installation, 11-14
tailgate latch, handle and lock cylinder, removal and

installation, 11-12
tailgate, removal, installation and adjustme nt, 11 -12
upholstery and carpets, maintenance, 11-1
vinyl trim, maintenance, 11-1
windshield and fixed glass, replacement, 11-3

Booster battery (jump) starting, 0-12
Brake fluid change, l-26
Brake On/Off (BOO) switch, 6-13
Brakes, 9-l through 9-22

Anti-lock brake system, general information, g-2
brake disc, inspection, removal and installation, 9-6
brake light switch, check and replacement, 9-17
check, 1-20
disc brake

caliper, removal, overhaul and installation, 9-5
pads, replacement,9-2

drum brake shoes, replacement, 9-7
general information, 9-1
hoses and lines, check and replacement, 9-16
hydraulic system, bleeding, 9-17
master cylinder, removal, overhaul and installation, 9-14
parking brake

cables, replacement, 9-1 8
shoes (models with rear disc brakes), replacement, 9-21

power brake booster, check, removal and
installation, 9-18

wheel cylinder, removal, overhaul and installation, 9-'i3
Bulb replacement, 12-10
Bumpers, removal and installation, 11-7
Buying parts,0-6
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IND-2 lndex

Gamshaft position sensor, 6-12
Gamshaft(s), removal, inspection and installation

(V8 engines),28-10
Camshaft, balance shaft and bearing, removal, inspection

and installation (VG engine), 2A-13
Catalytic converter, 6-i 8
Center console (Expedition and Navigator), removal and

installation, 11-13
Gharging system

check, 5-6
general information and precautions, 5-6

Ghassis electricalsystem, l2-l through 12-38
airbag, general information, 12-15
antenna, removal and installation, 12-9
bulb replacement, 12-10
circuit breakers, general information, 12-3
cruise control system, description and check, 12-14
Daytime Running Lights (DRL),

general information, 12-1 1
door lock and keyless entry system, power, description and

check,12-14
electric side view minors, description and check, 12-15
electrical troubleshooting, general information, 12-1
fuses, general information, 12-2
fusible links, general information, 12-3
general information, 1 2-1
headlight switch, check and replacement, 12-6
headlights, adjustment, 1 2-1 0
headlights, replacement, 12-9
horn, check and replacement, 12-12
ignition lock cylinder, removal and installation,12-6
ignition switch, check and replacement, 12-5
instrument cluster, removal and installation, 12-8
instrument panel gauges, check, 12-8
radio and speakers, removal and installation, 12-B
rear window defogger, check and repair, 12-13
relays, general information and testing, 12-3
steering column switches, check and

replacement, 12-4
turn signal/hazard flasher, check and

replacement, 12-3
window system, power, description and check, 12-14
wiper motor, check and replacement, 12-12
wiring diagrams, general information, 12-16

Chassis lubrication, 1 -13
Gircuit breakers, general information, 12€
Glutch

components, removal, inspection and installation, 8-5
description and check, 8-2
hydraulic system, bleeding, 8-7
master cylinder, removal, inspection and

installation, 8-2
pedal position switch, check and replacement, 8-8
release bearing, removal, inspection and

installation, 34
release cylindel removal, inspection and

installation, 34
Clutch and driveline, 8-l through 8-22
Clutch Pedal Position switch

(manual transmission), 6-1 5

Coil spring (2WD models), removal and
installation, 10-10

Coil spring/air spring (rear), removal and
installation, l0-15

Compressor, removal and installation, 3-14
Condenser, removal and installation, 3-15
Conversion factors, 0-1 4
Coolant temperature sendlng unlt, check and

replacement,3-5
Cooling system

check, 1-18
servicing (draining, flushing and refilling), 1-23

Gooling, heating and air condltionlng systems,
3-l through 3-16
accumulator/drier, removal and installation, 3-13
air conditioning and heating system

check and maintenance, 3-11
antifreeze, general information, 3-2
compressor, removal and installation, 3-14
condenser, removal and installation, 3-1S
coolant temperature sending unit, check and

replacement,3-5
engine cooling fan and clutch, check, removal and

installation, 3-3
engine oil cooler, removal and installation, 3-5
evaporator, removal and installation, 3-16
general information, 3-1
heater and air conditioning

blower motor and circuit, check, 3-7
blower motor, removal and installation, 3-8
control assembly, removal and installation, 3-9

heater core, removal and installation, 3-10
radiator and degas boftle, removal and installation, 3.4
thermostat, check and replacement, 3-2
water pump

check,3-6
removal and installation, 3-6

Cowl cover, removal and lnstallation, li-i6
Grankshaft

inspection, 2C-18
installation and main bearing oil clearance

check,2C-20
removal,2C-13

Crankshaft oil seals, replacement
V6 engine,2A-16
V8 engines, 2B-19

Grankshaft position sensor (CKP), 6-i2
Crankshaft pulley, removal and installatlon,

V8 engines, 2B-{
Cruise control system, descrlption and check, i2-14
Gylinder compression check, 2G-0
Cylinder head

cleaning and inspection, 2C-9
disassembly, 2C-8
reassembly, 2C-11

Gylinder Head Temperature (CHT) sensor
(V8 models),6-14

Gylinder heads, removal and installation
V6 engine,2A-8
V8 engines, 2B-15

Cylinder honing, 2C-16
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Index IND'3

Dashboard trim panels, removal and installation, 11-13
Daytime Running Lights (DRL), general

information, 12-11
Differential lubricant

change, 1-30
level check, 1-22

Differential pinion seal (rear), replacement, 8-15
Disc brake

caliper, removal, overhaul and installation, 9-5
pads, replacement,9-2

Door latch, lock cylinder and handles, removal and
installation, 11-9

Door lock and keyless entry system, power, description
and check, 12-14

Door, removal, installation and adjustment, 11-9
Door trim panels, removal and installation, 11-8
Door window glass

regulator, removal and installation, 11-11
removal and installation, 1 1-10

Driveaxle (4WD models), removal and installation, 8-17
Driveaxle boot replacement (4WD models), 8-17
Drivebelt check and replacement, 1-27
Driveline' inspection, 8-9
Driveshaft sllp yoke boot and center bearing

(two-piece driveshafts), replacement, 8-13
Driveshaft, removal and installation, 8-9
Driveshafts and universal joints, general

information, 8-8
Drum brake shoes, replacement, 9-7

Electric shift motor, replacement, 7G-2
Electrical troubleshooting, general information, 12-l
Emissions and engine control systems,

6-l through 6-18
Engine block

cleaning,2C-15
inspection, 2C-15

Engine Goolant Temperature (EGT) sensor, 6-7
Engine cooling fan and clutch, check, removal and

installation, 3-3
Engine electrical systems, 5-i through 5-10

alternator components, replacement, 5-B
alternator, removal and installation, 5-8
baftery

cables, check and replacement, 5-2
emergency jump starting, 0-1 2
removal and installation, 5-2

charging system
check,5-6
general information and precautions, 5-6

ignition coil, check and replacement, 54
ignition system

check, 5-3
general information, 5-2

ignition timing, check, 5-5

starter motor
and circuit, in-vehicle check, $9
removal and installatlon, 5-10

starter solenoid, replacement, $1 0
starting system, general inforrnation and

precautions, 5-9
Engine mounts, check and replacemcnt

V6 engine,2A-19
V8 engines, 28-20

Engine oil and filter change, 1-12
Engine oil cooler, removaland inttrHelion, 3.5
Engines

general engine overhaul procedures,
2C-1 through 2C-24
crankshaft

inspection, 2C.18
installation and main bearing oil.clearancg

check,2C-20
removal,2C-13

cylinder compression cheok, 2C-4
cylinder head

cleaning and inspection, 2C-9
disassembly, 2C-8
reassembly, 2C-11 :

cylinder honing, 2C-16 '
engine block .

c leaning,2C-15
inspection, 2C-15

engine overhaul
general information, 2C-4
reassembly sequence, 2G:19

general information, 2C-4
initial start-up and break-in after overhaul,2C,24
main and connecting rod bearings,

inspection, 2C-18
piston rings, installation, 2C-19
pistons/connecting rods

inspection, 2C-17
installation and rod bearing oil clearance

check,2C-22
removal,2C-12

vacuum gauge diagnostic ohecks, 2GS
valves, servicing, 2C-11

VG engine, 2A-1 through 2A-20
camshaft, balance shaft and bearings, removal,

inspection and installation, 2N13
crankshaft oil seals, replacement, 2A-16
cylinder heads, remov.al and inptallation, 2A-8
exhaust manifqlds, removal and insbllatio n, 2A-7
fl ywheel/driveplate, removal and installation, 2A-1 8
general information, 2A-2
intake manifold, removal and installation, 2A-5
mounts, check and replacement, 2A-19
oil pan, removal and instal{ation,2A-'1,4
oil pump, removal and instrallation, 2A-'15
repair operations possiblewith the engine in the

vehicle,2A-2
rocker arms and pustnods, rernoval, inspegtion and

installation, 2A-3
timing chain and sprockets, inspeclion, removaf and

installation, 2A-10
timing chain cover, removal and installation,2A-9
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Top Dead Center (TDC) for number one piston,
locating,2A-2

valve covers, removal and installation, 2A-3
valve lifters, removal, inspection and

installation, 2A-12
valve springs, retainers and seals, replacement, 2A-4

VB engines, 2B-1 through 29-20
camshaft(s), removal, inspection and

installation, 2B-10
crankshaft oil seals, replacement, 2B-19
crankshaft pulley, removal and installation, 2B-4
cylinder heads, removal and installation, 2B-15
exhaust manifolds, removal and installation, 2B-15
fl ywheel/driveplate, removal and installation, 2B-1 8
intake manifold, removal and installation, 2B-1 4
mounts, check and replacement, 28-20
oil pan, removal and installation,29-17
oil pump, removal and installation,28-17
repair operations possible with the engine in the

vehicle,2B-2
rocker arms and valve lash adjusters, removal,

inspection and installation, 2B-9
timing chain cover, removal and installation, 2B-5
timing chains, tensioners and sprockets, removal,

inspection and installation, 28-6
Top Dead Center (TDC) for number one piston,

locating, 2B-3
valve covers, removal and installation, 2B-3
valve springs, retainers and seals, removal and

installation, 2B-12
Evaporative Emissions Control System (EVAP), 6.17
Evaporator, removal and installatlon, 3-16
Exhaust Gas Recirculation (EGR) system, 6-15
Exhaust manifolds, removal and installation

V6 engine,2A-7
VB engines, 2B-15

Exhaust system check, l-16
Exhaust system servicing, general information, 4-14

Fluid levelchecks, 1-7
brake and clutch fluid, 1-8
engine coolant, 1-8
engine oil, 1-7
windshield washer fluid. 1-9

Flywheel/driveplate, removal and installation
V6 engine, 2A-18
V8 engines, 2B-18

Front fender, removal and installation, 11-T
Front wheel bearlng check, repack and

adjustment,1-25
Fuel and exhaust systems,4-l through 4-14

accelerator cable, removal, installation and adjustment, 4-8
air cleaner housing, removal and installation, 4-7
exhaust system servicing, general information, 4-14
fuel injection system

check, 4-9
general information, 4-8

fuel level sending unit, check and replacement,4-7
general information, 4-1
ldleAir Control (lAC) valve, check, removal and

adjustment,4-13
lntake Air Systems, 4-13
lines and fittings, general information, 4-4
pressure relief procedu re, 4-2
pump! removal and installation,4€
pump/fuel pressure, check, 4-2
Sequential Electronic Fuel lnjection (SEFI) system,

component check and replacement, 4-9
tank

cleaning and repair, 4-6
removal and installation, 4-5

Fuel filter replacement, l-19
Fuel injection system

check, 'l-18, 4-9
general information, 4-8

Fuel tank pressure (FTP) rensor,6.11
Fuses, general Informatlon, l2-2
Fuslble llnke, general Informatlon, 12€

Gear, steerlng, removal and Inrtalletlon, 10-18
General englne overhaul procedurct,

2G-l through 2C.2tl
crankshafi

inspection, 2C-18
installation and main bearing oilclearance

check,2C-20
removal,2C-13

cylinder compression check, 2C-4
cylinder head

cleaning and inspection, 2C-9
disassembly, 2C-8
reassembly, 2C-11

cylinder honing, 2C-16
engine block

cleaning,2C-15
inspection, 2C-15

engine overhaul
disassembly sequence, 2C-8
general information, 2C-4
reassembly sequence, 2C-1 9

engine rebuilding alternatives, 2C-7
engine removal, methods and precautions, 2C4
engine, removal and instrallation, 2C€
general information, 2C-4
initial start-up and break-in after overhaul,2C-24
main and connecting rod bearings, inspection,2C-18
piston rings, installation, 2C-19
pistons/connecting rods

inspection, 2C-17
installation and rod bearing oil clearance

check,2C-22
removal,2C-12

vacuum gauge diagnostic checks, 2C-5
valves, servicing, 2C-11
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Headlights
adjustment, 12-10
replacement, 12-9

Headlight switch, check and replacement, 12{
Heater and air conditioning

blower motor and circuit, check, 3-7
blower motor, removal and installation, 3-8
control assembly, removal and installation, 3-9

Heater core, removal and installation, 3-10
Hinges and locks, maintenance, 11€
Hood and rear liftgate support struts, removal and

installation, l1€
Hood latch and release cable, removal and

installation, l1€
Hood, removal, installation and adjustment, 11-3
Horn, check and replacemenl, 12-12
Hub and bearing assembly (4WD models),

replacement, 10-10

I
I
ldle Air Gontrol (lAG) valve, check, removal and

adjustment,4-13
lgnltion coll, check and replacement, 54
lgnition lock cylinder, removal and installatlon, 12.6
lgnition switch, check and replacemen-t, 12-5
lgnition system

check, 5-3
component check and replacement, 1-29
general information, 5-2

lgnltion timlng, check, 5-5
Informatlon sensors, 6-7

air conditioning clutch control, 6-11
Brake On/Off (BOO)switch, 6-13
camshaft position sensor, 6-12
Clutch Pedal Position switch

(manual transmission), 6-1 5
crankshaft position sensor (CKP), 6-12
Cylinder Head Temperature (GHT) sensor

(V8 models),6-14
Engine Coolant Temperature (ECT) sensor, 6-7
Fuel Tank Pressure (FTP) sensor, 6-14
knock sensor, 6-14
Mass Airflow Sensor (MAF), 6-9
oxygen sensor, 6-8
power steering pressure switch, 6-12
Throttle Position Sensor (TPS), 6-9
Transmission Range (TR) sensor

(automatic transmission), 6-1 0
Vehicle Speed Sensor (VSS), 6-11

lnitial start-up and break-in after overhaul, 2G-24
Instrument cluster

bezel, removal and installation, 11-13
removql and installation, 12-8

Instrument panel
gauges, check, 12-8
removal and installation. 11-14

Intake Air Systems, 4-13
Intake Air Temperature (lAT) sensor, 6-11
lntake manifold, removal and installation

V6 engine,2A-5
V8 engines, 2B-14

Introduction to the Ford F-,|50, F-250, Expedition and
Lincoln Navigator, 0.4

J
Jacking and towing, 0-12

K
Knock sensor,6-14

Leaf spring/air sprlng, removal and installation, 10-13
Liftgate, removal, installation and adjustment, 1l-11
Lower control arm, romoval and installation, 10{

Main and connecting rod bearings, inspec'tlon,2G-{8
Maintenance schedule, ,|{

Maintenance techniques, tools and working facllities, 06
Manual transmission, 7A-1 through 7A-6

general information, 7A-1
lubricant change, 1-30
lubricant level check, 1-22
mount, check and replacement, 7A-3
oil seal, replacement, 7A-2
overhaul, general information, 7A-6
removal and installation, 7 A-4
shift lever, removal and installation, 7 A-2

Mass Airflow Sensor (MAF), 6-9
Master cylinder, removal, overhaul and

installation, 9-14

Oil pan, removal and installation
V6 engine, 2A-14
V8 engines, 2B-17

Oil pump, removal and installation
V6 engine, 2A-15
V8 engines, 2B-17

On Board Diagnosis (OBD) system and trouble codes, 6-1
Oxygen sensor,6-8
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Parklng brake
cables, replacement, 9-18
shoes (models with rear disc brakes),

replacement, 9-21
Pilot bearing, inspection and replacement, 8-7
Pistons/connecting rods

inspection, 2C-17
instaflation and rod bearing oil clearance check,2C-22
removal,2C-12

Piston rings, installation, 2G-19
Positive Crankcase Ventilation (PGV) system, 6-lg
Positive Crankcase Ventilation (PCV) valve check, i-2g
Power brake booster, check, removal and installation, 9-ig
Power steering

fluid level check, 1-11
pressure switch, 6-12
pump, removal and installation, 10-19
system, bleeding, 10-20

Powertrain Control Module (PCM), replacement, 6.6

Radiator and degas botfle, removal and
installation, 3.{

Radiator grille, removal and installation, 1i.6
Radio and speakers, removal and installation, 12€
Rear window defogger, check and repair, 12-13
Relays, general information and testlng, 12-3
Repair operations possible with the engine

in the vehicle
V6 engine,2A-2
V8 engines, 2B-2

Rocker arms and pushrods, removal, inspection
and installation
V6 engine, 2A-3
V8 engines, 2B-9

Safety first!, 0-15
Seat belt check, 1-17
Seats, removal and installation, i1.16
Sequential Electronic Fuel Injection (SEF|) system,

component check and replacement, 4-g
Shift cable, removal, installation and adjustment, 7B.3
Shift indicator cable adjustment, ZB-2
Shift interlock system, description, check and actuator

replacement, TB4
thift lever, removal and installation

automatic transmission, 7A-2
manual-shift models, 7C-2
manual transmission. 7B-2

thift range selector switch (electric+hift manuats),
replacement, 7G-2

Shock absorber, removal and installation
front, 10-6
rear,10-12

Sldeview mirrors
electric, description and check, ,12-15
removal and installation, 11-11

Spark plug, check and replacement, 1.2g
Stabilizer bar, removal and installailon

front, 10-7
rear,10-14

Starter motor
and circuit, in-vehicle check, S-9
removal and installation, 5-10

Starter solenold, replacement, 5-10
Starting system, general informafion and precaqllone, b€
Steering and suspenslon check, 1-1g
Steering column

cover, removal and installation, 11-14
switches, check and replacement, 12.4

Steering knuckle, removal and Inshllalbn
2WD models, 10-10
4WD models, 10-11

Steering linkage, inspection, rcmevel and
installation, 10-16

Steering system
alignment, general information, 10-21
power steering

pump, removal and installation, 10-1g
system, bleeding, 10-20

steering gear, removal and installation, 10-19
steering linkage, inspection, removal and

installation, 10-16
steering wheel, removal and instailation, 10-15
wheels and tires, general information, 10-21

Steering wheel, removal and installailon, l0-li
Suspension and steering aystsms, 10.1 through f0.22
Suspension arms, removal and installa$on, iO-lf
Suspension Load Levellng Control/Vehlcla Dynamlc

Suspension systeme, general intorma$on, 10.t2
Suspension system

balljoints, check and replacement, 10-7
coil spring (2WD modets), removal and

installation, 10-10
coil spring/air spring (rear), removal and

installation, 10-15
hub and bearing assembly (4WD models),

replacement, 10-10
leaf springiair spring, removal and installation, 10-1Q
lower control arm, removal and installation, 10-g
shock absorber, removal and installation

front,10-6
rear,10-12

stabilizer bar, removal and installation
front,10-7
rear,1O-14

steering knuckle, removal and installation
2WD models, 10-10
4WD models, 10-11

suspension arms, removal and instailation, 10-14
Suspension Load Leveling Control System, general

information, 10-12
torsion bar (4WD models), removal and

installation, 10-11
track bar, removal and installation, 10-14
upper control arm, removal and installation. i0-7
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Tailgate latch, handle and lock cylinder, removal and
installation, 11-12

Tailgate, removal, installation and adJustment, 11'12
Thermostat, check and replacement, 3'2
Throttle Position Sensor (TPS), 6-9
Timing chain cover, removal and installation

V6 engine,2A-9
V8 engines, 2B-5

Timing chains, tensioners and sprockets, removal,
inspection and installation
V6 engine,2A-10
V8 engines, 28-6

Tire and tire pressure checks, {-9
Tire rotation, 1-16
Tools,0{
Top Dead Center (TDC) for number one piston, locatlng

V6 engine, 2A-2
VB engines, 2B-3

Torcion bar (4WD models), removal and
installation, 10-11

Track bar, removal and installation' 10-14
Transfer case, 7C-1 through 7C.f

4WD indicator switch (manual-shift models),
replacement, 7C-2

electric shift motor, replacement, 7C-2
general information, 7C-1
lubricant change (4WD models), 1-30
lubricant level check, 1-22
oil seal, replacement, 7C-2
removal and installation, 7C-3
shift lever (manual-shifi models), removal and

installation, 7C-2
shift range selector switch (electric-shift manuals),
I replacement,TC-2

Transmlsslon Range (TR) sensor
(automatic transmission), 6-10

Transmission, automatic, 7B-l through 7B-o
diagnosis, general, 78-1
fluid and filter change, 1-24
fluid level check, 1-11
general information, 7B-1
removal and installation, 7B.4
shift cable, removal, installation and adjustment, 7B-3
shift indicator cable adjustm enl, 7 B-2
shift interlock system, description, check and actuator

replacement, TB4
shift lever, removal and installation,TB-2
transmission control switch, description, check and

component replacement, 7B-2
Transmission Range (TR) sensor, description, adjustment

and replacement, TB-3
Transmission, manual, 7A-1 through 7A-6

general information, 7A-1
lubricant change, 1-30
lubricant level check. 1-22
mount, check and replacement, 7A-3

oil seal, replacement, 7A-2
overhaul, general information, 7A-6
removal and installation, 7 A4
shift lever, removal and installation,TA-2

Troubleshooting, 0-16
Tune-up and routine maintenance, 1-i through 1-32
Tune-up general information, l-7
Turn signal/hazard flasher, check and

replacement, 12-3

Underhood hose check and replacement, 1-17
Universal joints, replacement, 8-10
Upholstery and carpets, maintenance, 11-,|
Upper control arm, removal and installation, 10-7

Vacuum gauge diagnostic checks, 2C-5
Vacuum shift system (4WD models)' description' check

and component replacement, 8-20
Valve covers, removal and Installation

V6 engine,2A-3
V8 engines, 2B-3

Valve lifters, removal, inspection and installation,
V6 qngine, A-12

Valve springs, retainers and seals, replacement
V6 engine,2A-4
V8 engine,2B-12

Valves, seruicing, 2G-11
Vehicle identification numbers, 0-5
Vehicle Speed Sensor (VSS), 6-11
Vinyl trim, maintenance, 1{-l

Water pump
check,3-6
removal and installation, 3-6

Wheel cylinder, removal, overhaul and
installation, 9-13

Wheels and tires, general information, l0-21
Window system, power, description and check, 12-14
Windshield and fixed glass, replacement, 11-3
Windshield wlper blade inspection and

replacement, 1-16
Wiper motor, check and replacement,12'12
Wiring diagrams, general information, 12-16
Working facilities, 0-11
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