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O v e r v i e w o f t h e T a s k L i s t

Suspension and Steering (Test A4)
The fol lowing section includes the task areas and task lists for this test and a writ ten overview o f

the topics covered in the test.
The task list describes the actual work you should be able to do as a technician that you wi l l be

tested on by the ASE. This is your key to the test and you should review this section carefully. We

have based our sample test and additional questions upon these tasks. The overview section wi l l

also support your understanding o f the task list. ASE advises that the questions on the test may not
equal the number o f tasks listed; the task lists tell you what ASE expects you to know how to do and

be ready to be tested upon.
A t the end o f each question in the Sample Test and Addit ional Test Questions sections, a letter and

number wi l l be used as a reference back to this section for additional study. Note the fo l lowing

example: A.3.1

A. S t e e r i n g S y s t e m s D i a g n o s i s a n d R e p a i r (10 Q u e s t i o n s )

Task A.3 Steering Linkage (3 Questions)

Task A.3.1 I n s p e c t and ad jus t (where appl icab le) f r o n t and rea r s tee r ing l i n k a g e
g e o m e t r y ( i n c l u d i n g para l le l i sm a n d veh ic le r ide he igh t )

Example:

Rack-and-p in ion

s teer ing unit

1. An inspection is being performed on the rack and pinion steering system shown in the figure.

A l l o f the fo l lowing should be checked EXCEPT :
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Overv iew o f the Task Lis t Suspension and Steering (Test A4) 15

T a s k A . 1 . 3

hammer, slide-hammer, or knock-off puller to remove the steering wheel. Damage to the column or

column bearings can result.
Disconnect the wir ing harness, bottom steering coupler retaining bolt, and transmission linkage

from the column. Mark the position o f the steering column coupler to the steering gear. Remove, i f

necessary, any dash trim to gain access to the steering column mount under the dashboard. Careful ly

remove the steering column from the vehicle.
Inspect all external components including the flex coupler and lower column U-jo int ( i f equipped).

Many vehicles are designed with an intermediate shaft containing two U-joints. Inspect the U-joints

for wear, looseness and binding. Disassembly o f the steering column wi l l be necessary to inspect

internal components o f the column.

Disarm, enab le , a n d p rope r l y hand le a i rbag sys tem c o m p o n e n t s d u r i n g

veh ic le se rv i ce f o l l o w i n g manufacturers? p rocedu res .

I n f l a t o r

m o d u l e

Combinat ion

Ignition switch
lock cyl inder

Steering
whee l

Steer ing
shaft

The supplemental inflatable restraint system (air bag) must be disarmed properly before any work is

performed on the steering column. Failure to disarm the air bag may result in the accidental deployment

o f the air bag, which can cause personal injury and unnecessary repairs to the air bag system. Always
consult the service manual for recommended procedures on disabling the air bag system.

The fo l lowing is a l ist o f basic procedures and precautions that should be fol lowed when work ing

wi th and around air bag systems.

A lways disable the air bag system before servicing the air bag or any components near or around

the steering column and/or air bag system.

Never subject the inflator module to temperatures greater than 175°F (79.4°C).

I f any air bag component is dropped, it should be replaced.

Never test any air bag component with electrical test equipment unless instructed to do so by

the factory service manual.

When carrying a live (not deployed) air bag, always point the bag and trim cover away from you.

When placing a l ive air bag on a workbench, always face the air bag and t r im cover up.

D i s c a r d e d l i ve a i r bags m u s t b e dep loyed . F o l l o w manufac tu re r?s p rocedu re f o r p r o p e r d isposa l .

Lock the steering wheel in place whenever removing the steering wheel, steering column, or

steering gear to prevent damage to the clock spring. The clock spring maintains a continuous
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controller.

Steering
wheel

spring

Airbag

TaskA.2SteeringUnits(4Questions)

TaskA.2.1Diagnosesteeringgear(non-rackandpiniontype)noises,binding,

vibration,freeplay,steeringeffort,steeringpull(lead),andleakage

concerns;determineneededrepairs.

Conventionalsteeringgearsutilizetherecirculatingballdesign.Manyconventionalsteeringgear

problemsareduetointernalwear.Startyoursteeringinspectionbyturningthesteeringwheelfull
leftandfullright,notinganynoise,binding,roughness,looseness,orneedforexcessiveeffort.

Checklubricationlevel.Inspectthesteeringgearforindicationsoffluidleakagefromthegearandathoseconnectionsforpowersteeringunits.Lossoffluidmaycauseincreasedsteeringeffortand
erraticsteering.Fluidlossonpowersteeringunitsmaycauseawhineorgrowlingnoise.Alooseor

wornpowersteeringbeltmaycauseasquealwhileturningthesteeringwheel,andmayalsocause

erraticsteeringandincreasedsteeringeffort.Onpowersteeringsystems,amissingbeltwillresultin

lossofpowersteeringassist.

Awornsectorshaft,wormshaft,orbearingscancausebindingandroughnesswhileturningthe

steeringwheel.Excessivelywornsteeringgearswillhavetobeeitheroverhauledorreplaced.

Inspectthesteeringgearmountingbolts.Loosegear-to-framemountingboltswillcauseexcessive

freeplay,wandering,andmayevencauseavibration.Inspecttheframewherethesteeringgeari s

mountedforcorrosionandcracks.Rustcanweakentheframeandcausethegeartoflexorpull

awaycausingapotentiallydangeroussituation.

TaskA.2.2Diagnoserackandpinionsteeringgearnoises,binding,vibration,

freeplay,steeringeffort,steeringpull(lead),andleakageconcerns;

determineneededrepairs.

steeringgeari samuchsimplerdesign.Thesteeringcolumni sconnecteddirectlytothesectorshaft,calledthepinion.Thepinionoperatestherackassembly,whichmovesthetie-rodsandthesteering
knuckles.Onpowersteeringrackandpiniongears,acontrolvalvedirectstheflowoffluidfromone

sideoftheracktotheother.

Diagnoseproblemswitharackandpinionsteeringgearfollowingthesamebasicprocedures

aswiththeconventionalsteeringgear.Turnthesteeringwheelfullleftandfullright,notingany
noise,binding,roughness,looseness,orneedforexcessiveeffort.Inspectthemountingbracketsandbushingsforwear,whichcancauselooseorwanderingsteering.Abindingorroughnesswhileturning
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Overview o f the Task List Suspension and Steering (Test A4) 19

Task A.2.8

Task A.2.9

Pe r fo rm p o w e r s tee r ing sys tem pressure and f l o w tes ts ; d e t e r m i n e

needed repai rs .

Increased p o w e r steer ing e f f o r t o r lack o f p o w e r s tee r ing assist can be caused b y p r o b l e m s in the

p u m p or gear. C h e c k i n g system pressure can he lp d e t e r m i n e the cause o f the p rob lem.

B e f o r e s ta r t i ng pressure tes t ing, check f lu id level and f i l l to p rope r leve l . R u n the eng ine u n t i l

n o r m a l opera t ing tempera ture is achieved. M a k e sure the eng ine id le is co r rec t and check belt t ens ion .

O b t a i n m a n u f a c t u r e r s spec i f i ca t ions fo r the v e h i c l e b e i n g tested.

Install a power steering pressure gauge tool on the pressure side between the pump and the gear.

Position the shutoff valve toward the power steering gear. Start the engine and record the pressure in

the straight-ahead position with the gauge valve open. I f the pressure reading is above specification,

check for restricted hoses or a damaged steering gear.

Next, turn the steering wheel ful l left or ful l r ight and hold the wheel against the stop for no more
than five seconds. Record the maximum pressure attained and check factory specification. Typical

pressure readings are generally over 1,000 psi. I f the pressure reading is below specification, position

the steering wheel in the straight-ahead position and slowly close the shutoff valve. I f the pressure
rises to the proper specification with the shutoff valve closed, the pump is working correctly. Look for

problems in the hoses or gear assembly. I f the pressure does not rise with the shutoff valve closed,
the problem is in the pump. Do not leave the shutoff valve closed for more than five seconds. I f the

pressure is okay with the shutoff valve closed, but fails to reach sufficient levels when the steering

wheel is turned ful l left or full right, then the steering gear is faulty.

I nspec t and rep lace p o w e r s teer ing hoses , f i t t i ngs , O-r ings , coo le r s ,
a n d f i l ters.

Power steering hoses are designed to withstand the extreme high pressure developed by the power

steering pump and the high temperatures generated under the hood. Inspect power steering hoses
for leaks, cracks, swelling, and physical damage. Always replace a power steering hose with one

specifically designed for the vehicle on which you are working. Hoses must be routed and mounted

correctly.
Some hose fittings use O-ring seals. Always replace the O-r ing when replacing a power steering

hose. Tighten the new hose to correct specification and check for leaks.
Many power steering systems use coolers to maintain proper fluid temperature. Inspect coolers for

leaks and damage. Filters are often used to trap particles that may damage internal components.

T a s k A . 2 . 1 0 R e m o v e a n d r e p l a c e s t e e r i n g g e a r ( n o n - r a c k a n d p i n i o n t y p e ) .

The fo l lowing are the basic steps to remove and replace a power steering gear.

1. Determine i f the steering column must be removed or loosened inside the vehicle. I f it must

be removed or loosened, proceed as follows. I f not, proceed wi th under-car and under-hood

operations beginning with step 2.

1. Disconnect the battery ground cable or remove the air bag fuse, or fuses, i f equipped. I f the

vehicle has air bags, wait two to five minutes before proceeding.

2. Disconnect electrical connectors from the steering column under the instrument panel.

3. Loosen or remove the steering column mounting bolts from the instrument panel bracket.

4. Disconnect the power steering hoses from the steering gearbox and drain the fluid into a suitable

container.

5. I f necessary for access, remove the power steering pump and any other engine-driven accessories,
as required.

. Disconnect the steering column from the steering gearbox.

. Remove the Pitman arm from the gearbox sector shaft using a suitable puller.

. Unbol t the steering gearbox from the chassis and remove it from the vehicle.

. Reinstallation is the reverse o f removal. Properly torque all retainers to specification.



10. After installing the steering gearbox an
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d reconnecting the hoses, f i l l the pump wi th fluid ang

bleed air from the system.
S e c t o r

e r

F I 311)g n

Bearing B e _ _ = _ J

adjuster Wormshaft Ball nut
nut

Adjus ter

Task A.2.11 Remove and replace rack and pinion steer ing gear; i nspec t and replace

mount ing bushings and brackets.

1. Before removing the rack and pinion gear from the vehicle, po in t the front wheels in the

straight-ahead position.

. I f the vehicle is equipped with an air bag, it is important to lock the steering wheel in place. I f

the steering wheel rotates whi le not connected to the gear, damage w i l l occur to the air bag

clock spring.

. Disconnect the steering column coupling or U- jo int f rom the steering gear. M a r k the position of

the steering column shaft and steering gear to ensure correct a l ignment dur ing reassembly.

- Remove the outer tie-rods from the steering knuckle and remove the m o u n t i n g bolts. The rack and

pinion wi l l be either bolted to the frame or to the engine cradle.

- Remove the rack and pinion gear from the vehicle and carefully inspect for signs o f damage
and leakage.

. Check for wear in the rack pinion and inner tie-rods. Inspect the rack bel lows boots.

- Inspect the mounting brackets and bushings for wear. Replace worn or damaged bushings and
b racke t s .

- When reinstalling the rack, torque all retainers to specification. I f the engine cradle was loosened,

make sure i t is aligned properlyd u r i n g reassembly.
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T a s k A . 2 . 1 2

T a s k A . 2 . 1 3

M o u n t i n g

_ ¥ b r a c k e t

0 ) P i n i o n g e a r

© . R a c k g e a r

B u s h i n g

~ o
7 N o

/ ~
7 ~

/
/

<

I n n e r ~~

tie rod 0

Clamp ? Tie-rod

e n d
Rack b d @

ack boot

Clip ?

L o c k n u t

A d j u s t s tee r ing gear (non - rack and p in ion type) w o r m bea r i ng p re l oad
a n d s e c t o r lash.

W o r m bear ing preload affects steering effort. Too litt le bearing preload and the steering w i l l feel

loose. Too much preload and the steering wi l l feel t ight or stiff. To check worm bearing preload,

remove the Pitman arm and the horn pad assembly. With an inch-pound torque wrench, s lowly

rotate the steering wheel to the left and to the right by using the steering wheel retaining nut. Note

the reading whi le rotating the steering wheel and compare with manufacturer?s specification. I f an

adjustment is needed, loosen the worm shaft bearing locknut. To increase bearing preload, tighten

the adjuster nut. To decrease preload, loosen the adjuster nut. Af ter the adjustment is made, turn the

steering wheel to the left and to the right. I f any roughness or binding is felt, the steering gear may be

worn and may have to be replaced. Some systems use shims to adjust preload. Removing shims w i l l

increase preload; adding shims wi l l decrease preload.

S e c t o r s h a f t lash determines h o w m u c h free p l a y there is in the s teer ing whee l , p r o d u c e d b y the

s teer ing gear and n o t by the s teer ing l inkage. To check sector lash, r e m o v e t h e P i t m a n a r m and h o m

pad, as be fo re , a n d de te rmine the exac t center o f the steer ing gear . Ro ta te the s teer ing w h e e l t o the

l e f t o n e - h a l f turn . U s i n g a i n c h - p o u n d torque wrench , measure the steer ing wheel?s res is tance as i t is

t u r n e d to the r igh t , pass ing the center p o i n t , a n d c o n t i n u i n g u n t i l the s teer ing w h e e l i s ro ta ted one f u l l

tu rn . C h e c k y o u r read ing against f a c t o r y spec i f i ca t ion . I f a d j u s t m e n t is requ i red , loosen the sector

sha f t ad jus t ing l o c k nut a n d t u r n the a d j u s t i n g sc rew as requ i red.

I n s p e c t a n d rep lace s tee r ing g e a r ( n o n - r a c k and p in i on t ype ) sea l s a n d
gaske ts .

Leaking steering gears often means that there is considerable wear, and replacement o f the gear

is required. Carefully inspect the steering for excessive wear before recommending seals or gasket

B a a
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+ luspect the entire system for leaks.

* Road test the vehicle and check for correct power steering operation.

+ After the road test, check fluid level and add i f necessary.

Task A.2.17 D iagnose , inspec t , repair , or rep lace c o m p o n e n t s o f v a r i a b l e - a s s i s t

s t e e r i n g s y s t e m s .

In a variable-assist steering system with a steering wheel rotation sensor, the hydraulic boost
increases when the steering wheel rotation exceeds a specified limit. Power steering assist also is

increased at low speeds and decreased at higher speeds.
The system is designed to provide better feel and control at higher vehicle speeds. The variable

steering systems are usually designed to start f i rming up the steering at speeds over 25 mph (40 km/h)

and to reach the maximum firmness between 60 and 80 mph (97 and 129 km/h), depending on design.

On most vehicles, the main input for the variable-assist steering systems is the vehicle speed sensor,

but some manufacturers also use a steering wheel rotation sensor so the vehicle w i l l revert to fu l l assist

during evasive maneuvers. On most vehicles, the system goes to fu l l assist below 25 mph (40 km/h).

Pump pressure is controlled by a variable orifice or pressure control valve. Hydraul ic pressure is

reduced or gradually reduced as vehicle speed increases. Problems within the system may cause a

noticeable change in the amount o f steering effort at different speeds. The steering may feel stiffer at

low speeds or lighter at high speeds. A faulty speed sensor w i l l prevent the system from operating

properly. On computerized systems, the controller w i l l put the system in ful l assist mode at all speeds

and steering maneuvers i f a fault is detected.

Task A.3 S tee r i ng L inkage (3 Ques t ions )

I d le r a r m

Gear box

Outer Center link

i e r o d

Adjust ing
s leeve

tie rod

I n n e r

tie rod

Adjusting Outer
s leeve tie rod

Task A.3.1 I n s p e c t and ad jus t (where app l i cab le ) f r o n t and rear s tee r ing l i nkage

g e o m e t r y ( i nc lud ing para l le l i sm a n d v e h i c l e r ide he igh t ) .

The two most common steering linkage designs in use today are the rack and p in ion system

and the para l le logram design. The parallelogram is a much more complicated system that uses a

conventional steering gearbox.

A variation o f the parallelogram design is the cross steer linkage system used on some

four-wheel-drive vehicles. The cross steer linkage uses one long tie-rod that is connected to both the

left and right steering arm. A drag l ink connects the left steering arm to the steering gearbox. Some

cross steer systems use an adjustable tie-rod drag link, which is used to center the steering wheel.

Bl



Suspens ion and S tee rmg (Test A d )

Task A.3.2

T a s k A . 3 . 3

T a s k A . 3 . 4

T a s k A . 3 . 5

O v e r v i e w o f t h e Task L i s t

On all vehicles, a complete periodic inspectiono f t h e steering linkage is required due to normal

wear and tear ofthe steering components. All nuts and cotter pins should be inplace, and inspected for
leaking grease seals. Excessive wear in a steering linkage component w i l l result in inadequate steering

performance and can cause tires to wear unevenly.

Also, check the steering linkage for bent or damaged components. A bent component, such asa

tie-rod or center link, can affect steering ability and may cause irregular tire wear. Checkvehic le
ride height when performing a routine linkage inspection. On some vehicles equipped wi th torsion

bars. ride height can be adjusted. On most vehicles, i f ride height is incorrect, suspect worn or
broken springs. Many vehicles are equipped with rear linkage systems and are susceptible to the

same problems as in the front linkage system. Perform a complete inspection o f the front and rear

linkage systems. On conventional steering linkage (parallelogram), the steering linkage must be
parallel to the chassis. Assuming the chassis is level, the simplest method is to measure from both

ends of the centerlink to the floor. I f the centerlink is unleveled, the idler arm is usually adjustable to
correct this problem.

I nspec t and replace Pitman arm.

The main reason for changing Pitman arms is vehicle crashes. Pitman arms are very well built and

the splines do not loosen from road shock. The Pitman arms can be bent or broken in vehicle crashes;
but more often sector shafts are bent and broken. I f the Pitman arm has a ball and socket at one end, it

should be replaced when the ball and socket show any looseness.

To remove the Pitman arm, remove the nut and lock washer first. Some Pitman arms are indexed
to the sector shaft. I f not, scribe an alignment mark on the Pitman arm before it is removed. This

wil l ensure proper alignment during reinstallation. Using the appropriate puller, remove the Pitman

arm. When installing the Pitman arm, make sure it is indexed correctly and torque retaining nuts
to specification.

Inspect and replace center l ink (relay rod/drag l ink / in termediate rod.

A bent or damaged center link can cause incorrect toe alignment, front-wheel shimmy, and possibly
tire wear. Inspect the center l ink for worn joints and for physical damage. To remove the center

link, remove the cotter pins and nuts and separate the joints using a separator fork or puller. Af ter
installing the center link, properly torque all retaining nuts and replace the cotter pins. I f the holes

for the cotter pin do not line up after torquing the nuts, continue to tighten the nut until they do. DO
NOT loosen the nut to align the hole.

Inspect , ad jus t (where appl icable), and replace idler arm(s) and
m o u n t i n g s .

The function o f the idler a rm is to hold the r ight side o f the center l ink level with the left side o f

the steering linkage. The idler arm is set at the exact same angle, and is the same length as the Pitman
arm. The weakest point on the idler arm is the bushing. A worn idler arm bushing wi l l cause excessive

movement in the arm, which can cause changes in toe alignment and loose steering. Some idler arms
have replaceable bushings; most w i l l have to be replaced i f wear is excessive.

To remove an id l e r arm, disconnect the a r m f r o m the steering l inkage and u n b o l t i t f r o m the frame.

Some id le r a rms have adjustable slots in the frame. M a r k the id ler a r m p r i o r t o r e m o v i n g i t t o ensure

p r o p e r pos i t i on i ng w h e n re ins ta l l ing . These slots a l l o w adjust ing the cen te r l i nk t o a level pos i t i on .

Inspect, replace, and ad jus t t ie- rods, t ie- rod s leeves/ad justers , c l amps ,
a n d t ie- rod ends (socke ts /bush ings) .

The tie-rods connect the center l ink to the steering knuckle on conventional steering systems. On
rack and pinion steering, the tie-rods connect the steering knuckle to the steering gear. Conventional
steering systems have inner and outer tie-rods coupled by a sleeve on both sides. The inner tie-rods

connect to the center link. On rack and pinion designs, the inner tie-rods connect to the steering gear.

Toe alignment adjusters are located on the tie-rod assembly. Toe must be checked after replacement
o f a t i e - rod .
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T a s k A . 3 . 6

T a s k B.1

Wom tie-rods can cause front-end shimmy, loose steering, incorrect toe, and may cause tires to

wear. Inspect the tie-rod for excessive up and down movement at its ball j o i n t socket. Also check for

movement where the tie-rod threads into the adjustment sleeve. Tie-rods wi th excessive movement

w i l l cause changes in toe, affect steering performance and should be replaced.

The tie-rod sleeves must be rotated to adjust front-wheel toe and center the steering wheel.

Replacing the inner tie-rod ends must be done careful ly to prevent damage to the pinion teeth on

rack and pinion steering. F i rmly hold the rack whi le loosening the socket threads from the threads
o f the rack.

I f the tie rod sleeve clamp is not positioned correctly before tightening, the clamp wi l l not exert

enough force to hold the threads together. The constant motion whi le the vehicle is in operation wi l l

wear the threads involved. The two pieces wi l l pu l l apart, resulting in loss o f steering control. On

some vehicles, i f the tie-rod sleeve clamp is not positioned wi th the proper orientation, the sleeve bolt

could rub against a cross member or a suspension part or wear through a power steering hose.

I n s p e c t a n d rep lace s tee r ing l inkage damper(s) .

A worn steering damper may transmit road shock to the steering wheel.

Steering linkage dampers (sometimes called steering linkage shock absorbers) are found on

vehicles wi th conventional steering systems. The damper is secured on one end to the vehicle frame

and is connected at the other end to the center link.

Steering l inkage dampers are designed to help the steering and suspension systems keep road

shock and tire vibrations under control. High-speed vibrations are mostly caused by tire and wheel

imbalance. Steering linkage dampers work l ike a shock absorber and are checked the same way one

would check for a bad shock.

B. S u s p e n s i o n S y s t e m s D i a g n o s i s a n d R e p a i r (13 Q u e s t i o n s )

Front Suspensions (6 Questions)

S t a b i l i z e r
B r a c k e t b a r

- 4 Nut
Strut 3 ? ?

Retainer

i n s u l a t o r

I n s u l a t o r

S < ? ? R e t a i n e r
S t r u t

b r a c k e t f ? B o i t

M a c P h e r s o n

s t r u t

Steering g e a r

S ?
C r o s s m e m b e r

Lower control

arm
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WORN NEW
U p p e r

T a s k B . 1 . 5

ball joint

W e a r

s u r f a c e s

0.050" R u b b e r

1.27 m m pressure
ring

Lower When ball jo in t w e a r causes

ball jo in t wear indicator shoulder to recede
within the socket housing,

rep lacement is required

I n s p e c t a n d rep lace u p p e r and lower bal l j o i n t s (w i th o r w i t h o u t w e a r
ind ica to rs ) .

When a coil spring is mounted between the lower control arm and the chassis, position a jack under

the lower control arm to unload the ball joints.

Do not place the safety stands under the frame to check for play in the load-carrying ball j o i n t

because the front spring tension would make it impossible to measure actual free play. Placing the

safety stands under the lower arms on vehicles equipped with MacPherson struts would make ball

j o i n t free play impossible to measure because the ball joints would be supporting the weight o f the

front of the vehicle.

Ball joints carrying the majority o f the vehicle weight are known as load-car ry ing bal l jo in ts .

Af ter correctly positioning the jack stand, check the ball joints for excessive wear. Consult the factory

manual for specifications. Some ball joints are designed with a wear indicator at the threaded portion

o f the grease fitting. I f the grease fitting shoulder is receded flush wi th the outer surface o f the ball

jo int , replace the ball joint.

Worn ball joints can cause alignment problems, t ire wear, hard steering, and wheel shimmy. On

vehicles with upper and lower ball joints, the load-carrying ball jo in t usually wears first, but always

inspect both. Ball joints must be properly unloaded to check for wear. When the coi l spring is located
between the lower control arm and the frame, position a jack under the lower control arm. Raise the

jack unti l there is clearance between the floor and the tire. The ball jo in t is now unloaded. Wear is

determined by the amount o f axial (up and down) movement o f the ball joints. Check the appropriate

service manual for vehicle specifications. On MacPherson strut designs, raise the vehicle by the frame

unti l the tire is o f f the ground and let the lower control hang down.

To replace a ball joint, make sure the control arm is properly supported, either on the control arm or

frame, so that the ball jo in t is not under tension from the spring.

Remove the cotter pin ( i f equipped) and the ball jo in t retainer nut. Using a ball jo in t fork, separate

the ball jo int . Ball joints can be threaded, riveted, pressed, or bolted in place on the control arm. Use

the correct tool, depending on the design. A new threaded ball j o i n t must be torqued to specification.

A riveted ball j o i n t w i l l be replaced wi th a new ball j o i n t supplied wi th a hardware kit containing

bolts, nuts, and washers. Torque the nuts or bolts accordingly. Tighten the ball jo in t retaining nut to

specification and replace the cotter pin. I f the hole for the cotter pin does not line up after torquing

the nut, continue tightening unti l it does. Never loosen the nut to align the hole. Grease the ball

jo in t i f equipped wi th a grease fitting.
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Task B.1.8 I n s p e c t a n d rep lace f r o n t s u s p e n s i o n sys tem co i l s p r i n g s a n d s p r i n g

i n s u l a t o r s (s i lencers) .

C o i l sp r i ngs are located between the ax le ( o r con t ro l a r m ) and the f r a m e or inco rpo ra ted on a s t ru t

and shock assembly . T h e s p r i n g w i l l compress to suppo r t the veh ic le at spec i f i c r ide he igh t . T h e s p r i n g

w i l l also compress and rebound in a con t ro l l ed m a n n e r as the veh ic le t ravels over u n e v e n roads. As

the sp r ings wear , r ide h e i g h t and r ide qua l i t y w i l l d im in i sh . Inspect v e h i c l e fo r s ignso f l e a n i n g to one

side, w h i c h w o u l d ind ica te a w e a k or b roken spr ing. A l s o , check the insu la to rs at the top or b o t t o m

o f the s p r i n g seats. O n MacPhe rson strut des ign, check the upper strut m o u n t and bear ing . A l w a y s

rep lace spr ings in pairs, e i t he r f r o n t o r bo th rear.

To r e m o v e a co i l sp r ing , raise the veh ic le o f f the g r o u n d and remove the wheel . D i s c o n n e c t al l

s tee r ing and brake componen ts necessary to ga in access to the spr ing . C o m p r e s s the s p r i n g u s i n g the

appropr ia te spr ing compressor . Suppor t the l o w e r c o n t r o l a r m and separate the l o w e r b a l l j o i n t . It

m a y be necessary t o remove the shock absorber. L o w e r the cont ro l a r m and r e m o v e the spr ing .

With the spring removed, inspect insulators and spring seats for wear. The new spring wi l l have to

be compressed to install it. Make sure the new spring is positioned correctly so that i t sits correctly

on the control arm and/or spring seat. Reinstall all components; drive the vehicle over a bumpy

surface to settle the suspension then check the front-end alignment; and road test the vehicle. On

MacPherson strut designs, the entire strut and shock assembly is removed as a unit from the vehicle.

The spring is compressed and the upper spring mount is removed. Remove the spring and inspect
the upper mount, strut bearing, and insulators.

T a s k B . 1 . 9 I n s p e c t a n d r e p l a c e f r o n t s u s p e n s i o n s y s t e m l e a f s p r i n g ( s ) , l e a f s p r i n g

i n s u l a t o r s ( s i l e n c e r s ) , s h a c k l e s , b r a c k e t s , b u s h i n g s , a n d m o u n t s .

Removing and replacing front leaf springs are basic mechanical repair operations. Generally, leaf

springs are replaced only when a leaf is broken or when they sag noticeably. Spring are usually

replaced in pairs.

A leaf spring is mounted with a rubber bushing and bolt through the eye at one end and by rubber

bushings and bolts on shackles at the other end. The shackles at one end o f the spring let the spring
length change as it flexes. I f the spring were mounted directly to the frame at both ends, it would

bind and eventually break.

Inspect shackles and bolts for damage and excessive wear. Inspect rubber bushings for wear,

deterioration, and damage from grease and oil. Special removal and installation tools often make

bushing replacement easier.

Task B.1.10 Inspect , replace, and ad jus t f r o n t s u s p e n s i o n sys tem t o r s i o n ba rs a n d
m o u n t s .

A torsion bar performs the same function as a coil o r leaf spring. Its function is to support the

vehicle weight and al low the wheels to fol low the changes in the road surface and also absorb shock.

The difference is, unlike a coil spring which compresses, the torsion bar uses a twist ing action.

Removing and replacing torsion bars, like springs, are basic repair operations. Torsion bars also are

generally replaced only when damaged. Unlike coi l and leaf springs, torsion bar stiffness is adjustable
on the vehicle; this is what establishes the ride height o f the vehicle.

One end o f the torsion bar is splined or clamped to a suspension control arm. The other end is

secured in a bracket on the chassis. The chassis end o f the torsion bar has a short arm and adjusting

bolt to set ride height and bar stiffness. Checking the ride height and adjusting it i f necessary is a basic

part o f wheel al ignment service. Carmakers? ride height specifications and measurement points vary,
so you should check manufacturers? instructions and specifications for this procedure.

Some vehicles are equipped wi th torsion bars mounted transversely.

I f the torsion bars are removed, make sure they are reinstalled on their original side. When
replacing torsion bars, check for indicating marks: left and right.
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Task B.1.11

O v e r v i e w o f t h e T a s k L i s t

I n s p e c t a n d rep lace f r o n t s tab i l i ze r bar ( sway bar) b u s h i n g s , b racke t s ,
a n d l inks .

Stabilizer bars?also called anti-roll bars or sway bars?min im ize body roll, o r sway, during

cornering. Stabilizer bars do not affect spring stiffness or vehicle spring rate, ride height, or shock

absorber action. A stabilizer bar is mounted in brackets wi th bushings on the car underbody or frame.
L inks attach each end o f the bar to the front or rear control arms or axle housing. Dur ing cornering, the

bar and its links transfer vehicle loads from the inside to the outside o f the suspension. This reduces

the tendency o f the outside suspension to l i f t and thus reduces body roll.

The rubber bushings on stabilizer bars and links tend to deteriorate over time and also can be

damaged by grease and oil. Worn or damaged bushings should be replaced. Mount ing bolts and l ink

bolts may become loose and occasionally break. These should be tightened or replaced as necessary.

Upper

T D mount ing

i ) ? © _ _ plate

( = Insulator

Upper

spring seat

r u b b e r s e a t

Strut (upper)

Task B.1.12 I n s p e c t a n d rep lace f r o n t s t ru t ca r t r i dge or a s s e m b l y .

T a s k B . 1 . 1 3

A new cartridge may be installed in some front struts wi th the strut installed in the vehicle. Other

struts must be removed to al low cartridge installation. Prior to strut removal f rom the vehicle, remove

the upper strut mounting nuts and the strut-to-steering knuckle bolts. Use a spring compressor to
compress the spring before the spring is removed from the strut.

MacPherson struts are not only a suspension part, but also serve as a shock absorber and help

control vehicle bounce. When replacing just the cartridge and not the outside housing, oil is lef t in

the old housing to help transfer heat.

I n s p e c t a n d rep lace f r o n t s t r u t bea r i ng a n d m o u n t .

A defective upper strut mount may result in strut chatter whi le cornering, poor steering wheel

return, and improper camber or caster angles on the front suspension.

The caster and camber adjuster plates wou ld make noise i f someone had lef t the bolts loose.

The bearings and support plates support the weight o f the front o f the chassis, the engine, and the

transaxle, and have to withstand the weight-shi f t ing forces o f braking and the rotating forces o f

steering the vehicle.

When the steering wheel wants to return to a posit ion other than center, this is known as memory

steer. M e m o r y steering occurs when a steering component or bushing binds and prevents the steering
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Suspens ion and S t e e n ( l e s t Ad)

T a s k B .2 .3

Task B.2.4

T a s k B . 2 . 5

Task B.2.6

Overv iew o f the Task Lis t

With the springs removed, inspect the spring insulators and spring seats. Replace worn or cracked
msulators. Cheek for rusted or damaged spring seats. When installing the coil springs, make sure

the spring is aligned properly in the spring seat. After the springs are installed, check vehicle ride
height and road test the vehicle.

It may be necessary to compress the springs and to disconnect the shock absorber and other

components to remove the springs.

Inspect and replace rear suspension system lateral l inks/arms (track
bars), control (trailing) arms, stabilizer bars (sway bars), bushings, and
mounts.

D i f f e r e n t rear suspension designs u t i l i ze a va r ie t y o f componen ts . Genera l l y , rea r suspens ions use

co i l spr ings. l ea f spr ings, o r MacPhe rson struts. W h e n co i l spr ings are used, systems o f c o n t r o l a rms ,

l inks . and. o r t rack bars are used to ma in ta in s tab i l i t y and a l i g n m e n t o f the rear ax le assemb ly . T h e

c o n t r o l arms. lateral l i nk , and t rack bar p i v o t po in ts are insu lated b y rubbe r bush ings . Inspec t al l

bush ings fo r wea r and check al l componen ts fo r damage, t w i s t i n g , o r bend ing .

W h e n rep lac ing suspension bushings, i t is i m p o r t a n t tha t the w e i g h t o f the v e h i c l e is o n the

bush ings befo re t igh ten ing . T igh ten all bush ings at the i r no rma l s tand ing r ide he igh t . D a m a g e t o the

bush ings w i l l o c c u r i f t hey are not t i gh tened in the i r no rma l res t ing p o s i t i o n . Th i s p rocedu re app l ies

to t rack bars and lateral arms also. I t may be necessary to use a press or su i tab le too l to ins ta l l rea r

suspens ion bushings. O n l y lubr ica te rubbe r bush ings w i t h an a p p r o v e d lubr ican t . N e v e r l ub r i ca te

w i t h o i l o r grease.

Some rear suspensions have adjustable driveline (pinion) angles. Before instal l ing control arms,

check with the factory manual. On some vehicles, an eccentric washer on the control arm adjusts
the driveline (pinion) angle.

The rear stabilizer bar (or sway bar) helps to control body roll on turns. The twist ing action o f the

bar counteracts body sway on turns and holds the vehicle closer to a level r iding position. Inspect the

connecting links, l ink bushings, and mounting bushings for wear. I f the sway bar is bent or damaged,

replace it. As with other bushings, tighten only at their normal resting position.

I nspec t and replace rear s u s p e n s i o n sys tem lea f spr ing(s ) , leaf s p r i n g
insu la to rs (s i lencers) , shack les , brackets , bush ings , a n d m o u n t s .

Inspect the leaf springs, bushings, insulators, shackles, and mounts for wear and damage. The

most common failure point on a rear leaf suspension is the spring bushings. Check the vehicle ride

height to determine the condition o f the springs. Leaf springs may sag or break over time. Careful ly

inspect each leaf in a multiple leaf design for broken leaves, worn insulators, and broken spring

retaining clips. On older vehicles, inspect the frame for rot where the spring shackles and mounts

bolt up to it. I f the springs are not aligned properly with the rear axle or i f the rear axle has shifted,
check for a broken spring center bolt.

To remove the rear springs, raise the vehicle o f f the ground, support the rear axle assembly, and
remove the wheels. Disconnect the shock absorbers; unbolt the rear shackles and the front mount f rom

the frame. Remove the attaching U-bolts from the axle and remove the springs from the vehicle.

Replace all worn bushings and other components, as required. A f te r reinstalling the springs, t ighten all
bushings wi th the vehicle weight on the springs and at normal ride height.

I n s p e c t a n d rep lace rear r e b o u n d a n d j o u n c e b u m p e r s .

The rear rebound and jounce bumpers serve the same purpose as in the front. When the wheel hits

a bump, the control arms pivot upward causing the spring and shock to compress. Rubber bumpers

cushion the blow, should the control arms reach their l imit o f travel. Inspect the rebound or jounce

bumpers for wear and cracks. In some cases, the bumper may actually be missing.

Inspect and replace rear strut cartridge or assembly and upper moun t
a s s e m b l y .

Rear struts are serviced similarly to front struts, except that rear struts do not have a steering

knuckle. The coi l spring on the strut must be compressed to separate it from the strut assembly. Some
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T a s k B . 2 . 7

T a s k B . 2 . 8

Task B.2.9

T a s k C.1

struts can be serviced by replacing an internal cartridge that contains the shock absorber. Others

require replacement oft h e entire strut.

When reassembling the strut, be sure that the spring is seated securely in its mounting brackets.

Inspect the upper mounting location on the car body. Replace any worn or damaged fasteners or other

parts. I f the body structure is damaged, more extensive repairs w i l l be required.

I n s p e c t n o n - i n d e p e n d e n t rear ax le a s s e m b l y f o r bend ing , wa rpage ,

a n d m i s a l i g n m e n t .

A n o n - i n d e p e n d e n t rear ax le m a y be c h e c k e d fo r b e n d i n g , warpage , a n d m i s a l i g n m e n t b y m e a s u r i n g

the rear -whee l t r ack ing . Th i s opera t ion m a y be p e r f o r m e d w i t h a t r ack ba r o r c o m p u t e r w h e e l a l i g n e r

w i t h f o u r - w h e e l capab i l i t i es . A t rack ba r measures the p o s i t i o n o f the rear whee ls in r e l a t i o n to t h e

f r o n t whee ls . A c o m p u t e r whee l a l i g n e r d i sp l ays the thrust ang le , w h i c h is the d i f f e r e n c e b e t w e e n t h e

v e h i c l e th rus t l ine and geomet r i c center l ine o f the veh ic le . Rea r ax le of fse t m a y cause s t e e r i n g pu l l .

On vehicles with rear leaf springs, check the center bolt. I f the center bolt is broken, the rear

axle assembly may shift, causing misalignment. This would show up while performing a wheel

alignment. The thrust angle and rear toe wi l l not be correct. (Thrust angle and toe wi l l be covered in

the wheel alignment tasks.)

I n s p e c t a n d rep lace rear bal l j o i n t s and t ie - rod / toe l ink assemb l i es .

Many ball joints have a wear indicator. In these ball joints, the shoulder o f the grease fit t ing must

extend a specific distance from the ball jo in t housing. I f this distance is less than specified, replace the

ball joint. There is no clearance between the grease fit t ing shoulder and the ball jo in t housing.

A worn ball jo in t may cause improper position o f the lower end o f the rear knuckle, wheel, and

wheel. This action may result in improper rear-wheel camber.
I f a rear-wheel tie-rod is longer than specified, the rear-wheel toe-out w i l l be excessive. The length

o f the tie-rod determines the rear-wheel toe setting.

Rear load-carrying and non-load-carrying ball joints are tested l ike the front ball joints. Rear t ie-rod

ends are checked in the same manner as the front tie-rod ends. The rear ball joints and rear tie-rod

ends usually last much longer than the front because the rear does not rotate and these components

carry much less weight. Some rear ball joints and rear tie-rod ends have to be lubricated.

I n s p e c t and rep lace rear knuck le / sp i nd le assemb ly .

The steering knuckle or wheel spindle is the mounting point for the wheel and brake assemblies.

The wheel rotates on the spindle shaft via a set o f bearings. The steering knuckle/spindle is held in

place by control arms and/or the suspension strut. To replace a knuckle/spindle, remove the wheel
assembly and disconnect the ball joints, control arms, steering linkage, springs, and/or strut assembly

from the spindle assembly. Af ter reinstallation, align the wheels.

C. Related Suspens ion and Steer ing Serv ice (2 Q u e s t i o n s )

Inspect and replace shock absorbers, mounts, and bushings.
The function o f the shock absorber is to control and dampen spring oscillations. Since shock

absorbers are sealed units, no servicing is required. Inspect the shock bushings and mounts for wear.

On most designs, the shock absorber w i l l have to be replaced i f the shock bushings are worn. Check

for broken mounts and for physical damage to the shock.

When one side o f the bumper is pushed downward wi th considerable force and then released, the

bumper should only complete one free upward bounce i f the shock absorber or strut is satisfactory.
More than one free upward bounce indicates defective shock absorbers, loose shock absorber

mountings, or defective struts.

Shocks should be inspected for oil leakage. I f oi l is dripping from the shock, replace it. The

procedure to remove a rear shock absorber is:

1. L i f t the vehicle on a hoist and support the suspension on safety stands so the shock absorbers

are not fu l l y extended.

2. Disconnect the upper shock mounting nut and grommet.



3 4 . O v e r v i e w o f t h e T a s k L i s t
Suspens ion and Steening ¢ Test \ 4 )

Yo R e m o v e the tower shock m o u n t i n g nut o r bol ts,

4. R e m o v e the shock absorber .
: i t rubber mount inWhen remstalling, do not over-tighten the mounting hardware to the point tha g

bushings expand past the washer.
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Task C.2 D i a g n o s e and s e r v i c e f r o n t a n d / o r rea r -whee l b e a r i n g s .

The wheel bearings perform a major role in effective brake function and steering performance.

There are two different types o f wheel bearing designs used on modern automobiles: the adjustable

tapered rol ler bearing and the non-adjustable sealed rol ler or ball bearing.

Worn wheel bearings can cause a growl ing noise and vibrat ion when the vehicle is driven.

Checking for loose or worn wheel bearings should always be part o f a complete steering/suspension

inspection. A worn or improper wheel bearing adjustment can cause poor brake performance, poor
steering, and rapid wheel bearing wear.

Tapered wheel bearings can be disassembled, cleaned, re-greased, and adjusted. Sealed ro l ler or

ball bearing wheel bearings cannot be serviced and are replaced as a unit.

Tapered rol ler bearings are generally used on non-drive axles. The wheel bearings are mounted

between a hub anda fixed spindle. To gain access to tapered wheel bearings, remove the wheel, brake
rotor or drum, dust cap, cotter pin, spindle nut, and the outer wheel bearing. Remove the hub/rotor or

hub/drum assembly. Pry the wheel bearing seal and remove the inner wheel bearing. Thorough ly

clean the wheel bearing, hub assembly, spindle shaft, and races. Careful ly inspect the wheel bearings,

spindle, and races for signs o f wear. Discard bearings showing any signs o f wear, chipping, gal l ing, or
discoloration f rom overheating. I f the race is loose in the hub, the hub is w o r n and the hub must be

replaced. Repack the wheel bearings wi th high temperature grease. Never repack a wheel bearing

wi thout first removing all the old grease. Insert the inner bearing into the hub and l igh t ly lubricate the

new wheel seal w i th grease. Tap the seal in place using a seal driver. Careful ly instal l the hub/rotor or

hub/drum assembly onto the spindle. Install the outer wheel bearing, washer, and spindle nut.

I f the wheel bearings need to be replaced, it w i l l be necessary to replace the bearing races also.

Remove the bearing race from the hub using a bearing race installer. I f using a dr i f t punch, tap the

races a litt le at a t ime, moving the punch around the race to avoid cocking. Use a soft steel dr i f t , o r a

brass dri f t , never a hardened punch. When instal l ing the new race, drive the race in unt i l the sound

changes, becomes a dul l thud, this indicates the race is fu l l y seated.

I t is very important to properly adjust tapered wheel bearings. A lways check the manufacturer?s

recommended procedure for the specific vehicle being serviced. There are t w o wide ly used methods

for adjust ing wheel bearings: the torque wrench method and the dial indicator method.



Overview of the Task List Suspension and Steering (Test A4) 35

T a s k C . 3

In the torque wrench method, rotate the wheel in the directiono f t igh ten ing whi le the spindle nut is

tightened to the specified torque. This init ial torque setting seats the bearings in the races. The nut is

then loosened unti l it can be rotated by hand. The nut is then re-torqued to a lower specified value.

Back the nut. i f necessary. to install the cotter pin, and l ight ly tap on the dust cap.

To adjust the wheel bearings using the dial indicator method, start by tightening the spindle nut

whi le spinning the wheel, to ful l seat the bearings. Loosen the spindle nut unti l it can be rotated by

hand. Mount a dial indicator so the indicator point makes contact to the machined outside face o f

the hub. Fi rmly grasp the sides o f the rotor or tire and pull in and out. Adjust the spindle nut unti l

the end play is within manufacturer?s specification. Typical end play ranges from .001 inch to 0 0 5

inch. Install the cotter pin and dust cap.

Sealed ball and rol ler bearings are not serviceable and must be replaced when they are worn,
defective, or have damaged grease seals. Removing this type o f bearing involves pressing the bearing

from the hub o f the spindle or knuckle assembly. Careful ly inspect the bearing, hub, and spindle

assembly for wear. Press the new bearing into the spindle/knuckle assembly and torque the axle nut

fo l lowing the manufacturer's procedure. Torquing this nut seats the drive axle in the hub. Note, some

bearings are now a self-contained unit and the assembly bolts into the steering knuckle.

Diagnose , inspec t , adjust , repair, o r rep lace c o m p o n e n t s ( i n c l u d i n g
s e n s o r s , sw i t ches , and ac tua to rs ) o f e l ec t r on i ca l l y c o n t r o l l e d

s u s p e n s i o n s y s t e m s ( inc lud ing p r ima ry and s u p p l e m e n t a l air

s u s p e n s i o n a n d r ide con t ro l sys tems .

Automat i c level con t ro l systems are designed to maintain correct vehicle ride height under

different load changes. Level control systems use air pressure that is pumped into air shocks or air bag

springs in response to different load changes. A i r pressure is developed by an electrically operated

pump. Some systems use a dryer assembly to absorb moisture from the system. This reduces the

chance o f corrosion damage to internal components. Some vehicles have a manual shutoff switch to

disable the automatic level control system. On these vehicles, the switch must be turned o f f whenever

the vehicle is raised o f f the ground from the frame wi th the wheels hanging.

Once the air suspension system has been shut down for an hour, it becomes inactive. I f there are

leaks, the vehicle ride height w i l l decrease when the vehicle is parked and not in use. I t is normal for

an air suspension system to drop a l i tt le overnight, especially when there is a significant temperature

change. I f the system is functioning properly, the vehicle w i l l level i tsel f soon after startup. Most air

suspension systems, both primary and supplemental, are automatic and have height-level sensors, air

control solenoids, relays, an electric air pump, and a module to make the system work. Most modern

systems w i l l store fault codes to help wi th diagnosis. Some systems have a function test that allows
each corner o f the vehicle to be raised and lowered to ver i fy operation.

CVRSS

S t e e r i n g contro l
sensor modu le ELC

air c o m p r e s s o r

Struts Front Rear Shock
2) position sensor position sensor absorbers

(2) (2) 2)
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Use a scan tool for diagnosing the electronic suspension. Refer to the scan tool manufacturer?s

s t r u c t i o n s for specific information.

An inspection o f an automatic level control system should inclu

hoses, hose connections, air shocks (or air struts), electrical connec

harness, electrical components, dryer, and pressure regulator. Consult

in format ion on various systems. . . i

The computer ized r ide con t ro l system is another automatic suspension design.T h e s e Suspensions

are computer controlled and can adapt to different road condit ions and dr iv ing situations. Hydrau ic
pressure is redirected and controlled by the use o f actuators wi th in the shockabso rbe r or strut. Inthis

way. the suspension can be altered from a soft ride to a stiffer ride. Some systems w i l l a l low the driver

to select the type o f ride desired for the particular road conditions. For example, a f i rmer, more

controlled setting would be more desirable on a winding road. For h ighway cruising, a softer mode

wou ld be more applicable. On many systems, the computer may override any pre-set modes. If the }

vehicle is under a hard braking situation, the control ler w i l l stiffen up the front shocks to help maintain

vehicle control. The same wi l l be true under heavy acceleration. The control ler w i l l st i ffen the rear

shocks to min imize rear-end squatting. When the driver turns hard into a turn, the control ler w i l l

stiffen the outside shocks and reduce body roll. .

Typical computerized ride control systems incorporate a control module, brake Sensors, steering

sensors, acceleration sensors, mode select switch, actuators, and height sensors. Diagnos ing a

computerized suspension system varies for different manufacturers. I t w i l l be necessary to fo l l ow the

diagnostic procedures in the appropriate service manual. I f the computer recognizes a problem wi th in

the system, it w i l l alert the driver by i l luminat ing a warning light on the dashboard. A trouble code

may be stored in the memory o f the computer, which w i l l aid in the diagnostic process.

de: the compressor, height sensors,

tors, relays, solenoids, w i re

the factory manuals for detailed

I n s p e c t a n d r e p a i r f r o n t a n d / o r r e a r c r a d l e ( c r o s s m e m b e r / s u b f r a m e )

m o u n t i n g s , b u s h i n g s , b r a c k e t s , a n d b o l t s .

On unibody vehicles, a subframe is used to help support and locate the drivetrain. On vehicles wi th

a frame and some unibody vehicles, a cross member is used to support the engine and/or transmission.

Proper al ignment o f the drivetrain is crit ical to the handling o f the vehicle and the operat ion o f

many systems o f the vehicle. As an example, i f the cross member or subframe is not secure to the

vehicle or i f the mounting?s bushings are worn, the driver may experience shift ing problems due to

the misal ignment o f the shift linkage.

When servicing these units, relieve the weight o f the engine and/or transmission before per forming

any service. This is often done by securing the engine on a hoist.

D i a g n o s e , i nspec t , ad jus t , repai r , o r r e p l a c e c o m p o n e n t s ( i n c l u d i n g

s e n s o r s , s w i t c h e s , and a c t u a t o r s ) o f e l e c t r o n i c a l l y c o n t r o l l e d s t e e r i n g
s y s t e m s ; in i t ia l ize s y s t e m as requ i red .

The most common electronical ly controlled steering employs a conventional steering pump and

utilizes an electr ical ly operated pressure control assembly on the pump or steering gear. In fo rmat ion

from various sensors such as vehicle speed sensor and steering shaft speed sensor are sent to the

controller. Steering effort and steering performance is greatly improved. I f the cont ro l le r detects a

fault in the system, the steering usually returns to conventional steering assist. A warn ing l i gh t w i l l

i l luminate should a fault occur; a trouble code may be stored in the computer, depending on the system.

Two new electronical ly control led steering system designs are the electro-hydraul ic and al l-electr ic

steering. These systems are fu l l y computerized and are part o f total vehicle management control.

A n electro-hydraul ic steering system uses a pump driven by an electric motor. The control ler w i l l

vary pump pressure and f low resulting in varying steering efforts for di f ferent d r i v i ng condit ions.

The pump can be regulated to run at low speed with low pressure for straight-ahead driving, where
full power assist is not needed. During a parking maneuver, pump output w i l l increase, providing
increased steering assist where it is needed the most. By controlling the steerin
performance is enhanced and energy is saved.

A l l electr ic steering systems use an electric motor that is attached to and operates the steering

linkage, steering gear, or steering rack. A variety o f motor designs and gear dr ives are possible,

g assist, steering
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depending on the vehicle. As with the electro-hydraulic steering system, steering effort can be

controlled, reducing steering assist whi le dr iv ing straight ahead and increasing steering assist at

low speeds.

Typical electronic steering systems incorporate a microprocessor, steering Sensor, electric motor,
vehicle speed sensor, differential sensor, and other sensors. Inputs from the sensors are sent to the

steering control unit and evaluated. Depending on the input from various sensors, the computer w i l l

send out the appropriate command to the power unit, which wi l l then control the steering motor.

Steering assist w i l l change as the vehicle increases speed, decreases speed, and when the vehicle

1s turning left or right.
Diagnosing electronically controlled steering starts wi th a complete visual inspection o f the unit,

motor, and sensors. Electronic steering systems have the capabil i ty o f storing diagnostic trouble codes,

which w i l l help in analyzing a fault within the system. I f a problem does occur, the control uni t w i l l

shut down the system and employ a fail-safe mode. Steering wi l l revert to manual mode. A warning

light w i l l i l luminate on the dash panel to alert the driver. Fo l low the appropriate service manual for

diagnostic procedures and for obtaining trouble codes.

Steering

sensor

= control unit

Vehicle Speed
speed sensor
sensor

Diagnose , i nspec t , repair , or rep lace c o m p o n e n t s o f p o w e r s t e e r i n g

id le speed c o m p e n s a t i o n s y s t e m s .

Power steering pumps, as in other accessories, put a load on the engine. When the wheels are

turned during a parking maneuver and held against the wheel stop, the load increases significantly.

Most newer computerized vehicles use a sensor that sends a message to the PCM when power steering

pressure is high. The computer wil l increase the idle to compensate for the load from the power

steering pump and prevent stalling.

D. Wheel Al ignment Diagnosis, Adjustment, and Repair
(12 Questions)

Diagnose vehicle wander, drift, pull, hard steering, bump steer (toe
curve), memory steer, torque steer, and steering return concerns;
determine needed repairs.

Whee l a l ignment is the process o f measuring and correcting steering and suspension angles.

Proper wheel alignment is desired in order to control the vehicle in a safe and predictable manner.

Incorrect wheel alignment can cause hard steering, premature tire wear, pul l ing to one side, wandering,

and decreased steering performance. Before a wheel alignment is performed, a complete inspection

should be done on the suspension and steering system. Worn steering components or bent suspension

parts w i l l prevent the vehicle from being aligned properly. Sagging springs, broken springs, worn

wheel bearings, or loose wheel bearings wi l l also affect the wheel alignment.
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The first step in the alignment process starts wi th a road test. Take notice o f pul l ing, wandering,

Wheel shimmy. and any other steering problems. Does the problem seem to change duringb rak ing?

Does the vehicle track wel l in a straight line but feel ?loose? when turning? Does it turn better in one

direction than the other? These are all items you should be taking in when youa r e dr iv ing the vehicle.

Develop a test route and drive it each time to duplicate all kinds o f dr iv ing condit ions and turns. Check

and adjust tire pressure whi le the vehicle is at the correct ride height. Setting the caster, camber, and

toe without correcting ride height may not cure tire wear and handling problems. Incorrect r ide he igh t

in front-wheel drive vehicles may cause vibrations, especially during acceleration. A l l steering linkage

parts, except the idler arm (in some cases), should have zero free play and should be replacedi f a n y

looseness is felt or measured during inspection. Incorrect idler arm adjustment can cause bump steer.

In all vehicles. the rear al ignment must be correct before any corrections are made to the f r o n t . For

vehicles with rear-wheel steering, the rear steering system must remain in its centered posi t ion whi le

the front adjustments are being checked and adjusted.

-
T e r m Descr ip t ion P o s s i b l e C a u s e s

EEEe e e e e e e e e e e e

Wander , D r i f t ,

and P u l l

Torque Steer

men

These terms really describe varying degrees o f the
same thing. Wander describes a condit ion in which

the vehicle w i l l not travel in a straight l ine over time.

I t is usually caused by incorrect settings o f caster or

toe out. The vehicle w i l l ?wander? around the road.

Dr i f t is more o f a directional wander when a vehicle

has a tendency to wander more in one direction.

Pull is when a vehicle really leads in a direction
as i t is moving. Pull may be alignment-related

and happens statically (at all times), or may be an

intermittent condit ion that occurs during braking on

part icular road surfaces. Sometimes switching the

tires from side-to-side can help in diagnosing a pul l

to one side caused by a tire. I f the pull goes away

or pulls to the other side after switching tires, the

problem is wi th the tires, not the alignment.

Since the steering pulls to the side wi th the least

positive caster, excessive posit ive caster on the left

f ront wheel may cause steering pul l to the right. Low

tire pressure on the r ight front w i l l cause the vehicle

to pul l to the right. Excessive front-wheel toe-in

causes feathered tire wear; this problem does not

affect steering pull. The steering tends to pull to the

side wi th the most posit ive camber,

This condit ion is caused by uneven application o f

engine power to the wheels. In front-wheel-drive

vehicles, one drive axle is usual ly shorter than the

other. Under acceleration, the vehicle w i l l tend to

steer toward the shorter axle. Torque steer can occur

in rear-wheel drive and 4 W D vehicles when either

contro l arm bushings or spring eye bushings wear and

deflect. Torque steer is associated w i t h acceleration

or the application o f power.

Tire wear

Tire cord damage

Tire design

Inadequate caster setting
Incorrect side-to-side

caster setting
E x c e s s i v e f r o n t o r rea r

t o e - o u t

Worn suspension

bushings

Loose or w o r n steering

components
Bent steering/ suspension

components

Loose wheel bearings

Damaged leaf spring
bushings
Damaged leaf spring
U-bolts

Thrust angle problems
Incorrect caster/toe
settings

Worn sway bar bushings
(some FWD)
Worn radius arm

bushings (some FWD)
Worn control arm

bushings

(Continued)
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T e r m

B u m p Steer

( T o e C u r v e )

Memory Steer

(hard steering

and poor

steering return)

Descr ipt ion

This is a dramatic change in the toe settings o f the

vehicle on one or both wheels when the vehicle

encounters a bump or sometimes in the rebound from
a bump. The vehicle w i l l demonstrate everything
from a small squirm on the road to a dart into the next

lane. Bump steer is usually the result o f a damaged

component in the steering. For example: i f a t ie-rod

is bent on only one side, the toe on that side may

change dramatical ly on a bump. Watch for bump

steer on vehicles wi th altered or sagged ride-height.

This is a term for the steering wheel fa i l ing to return

to center after a turn. Memory steer can be caused by

steering or suspension components that are binding or

worn. Many older trucks demonstrated memory steer

when their k ing pins or spindle ball joints were not

lubricated regularly. To determine i f the problem is in

the steering system or the suspension, disconnect the

tie-rods from the steering knuckles and manually turn

the suspension to isolate the binding component. The

failure is almost always in a load-carrying component.

Poss ib le C a u s e s

Loose rack bushings

Loose steering gear

Bent steering rod(s)

Loose inner tie-rods

Sagged springs al lowing

excessive travel or

moving steering out o f

the designed toe curve.

Upper strut bearing
failure

Seized/dry ball joints or

k ing pins

Inadequate posit ive

caster

Steering rack or gear

adjustment too t ight

Power steering control
valve failure

Steering column bearing
failure

E E EEE E E E E E E ? ? ? ? ? ? ? ? ? ? ? ? ?

M e m o r y steering occurs whena steering component or bushing binds and prevents the steering

gear from smoothly rotating back to center. That is why it is important that all steering components be

tightened in their normal resting position. Possible causes for memory steering are: binding upper

strut mounts, steering gear, linkage, ball joints, tie-rods, and idler arm. Removing the steering linkage

f rom the steering knuckles can help in isolating a binding component.

Sometimes the control valve in the steering gear fails and bypasses f lu id into one side or the other

o f the boost cylinder piston causing the steering to want to turn i tsel f to one side. To check this

condit ion, raise the vehicle o f f the ground and start the engine. I f the wheels want to turn to one side

wi th the engine running, suspect a faulty control valve or steering gear.

M e a s u r e v e h i c l e r ide height ; d e t e r m i n e needed repai rs .

V e h i c l e r ide h e i g h t is an i m p o r t a n t spec i f i ca t i on and mus t be c h e c k e d before the a l i g n m e n t is

performed. Ride height is usually adjustable on a vehicle wi th torsion bars.
Ride height can vary significantly on a single model o f a l ight truck with various spring and

wheel-and-tire combinations. As ride height varies, so does the front camber angle. Many trucks have

dif ferent camber specifications for different ride heights. Most truck manufacturers publish tables o f

vary ing ride height specifications that should be checked during the alignment operation.

Ride height measurement points vary f rom one vehicle to another. Some are measured between the

lower contro l arm and the ground; still others have the technician measure between two points o f the

vehicle chassis. Others are measured between a point on the fender wel l o r under body and ground.

A lways ver i f y the vehicle manufacturer?s measurement points, as wel l as the specifications.

I f r ide height is out o f l imi ts on a vehicle wi th coil o r leaf springs, the springs or other suspension

parts may require replacement. Springs are normally replaced in sets.
M o s t vehicle manufacturers call for wheel alignment adjustments w i t h the vehicle unloaded and at

a specified ride height. Some carmakers, however, specify precise weight loads to be placed in a car

dur ing alignment. Trucks are often aligned wi th specified loads.
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Measure f ront - and rear-wheel camber; determine needed repairs.

Camber is the outward or inward tilt o f the wheel as viewed from the topo f the tire. The more

inward the top of the wheel is from true vertical, the more negative the camber. The more outward the

wheel is from true vertical, the more positive the camber. Incorrect camber may cause increased road

shock and pul l ing to one side. Also. incorrect camber can lead to rapid t ire wear.

I f camber is not adjustable. inspect the struts, suspension, and steering system for bent components.

Replace damaged or bent components as needed, and recheck camber angles.

Center l ine

of whee l

on

Nega t i ve Posi t ive

c a m b e r c a m b e r

A d j u s t f r o n t - a n d / o r rea r -whee l c a m b e r o n s u s p e n s i o n s y s t e m s w i t h a
c a m b e r a d j u s t m e n t .

V e h i c l e m a n u f a c t u r e r s p r o v i d e m a n y d i f f e ren t w a y s t o ad jus t f r o n t and rear c a m b e r :

+ S h i m s m a y be p l a c e d be tween v a r i o u s suspens ion c o m p o n e n t s a n d the f r a m e . ( S h i m s areu s u a l l y

used be tween c o n t r o l a r m p i v o t shaf ts and t h e i r m o u n t i n g b racke ts o n the f r a m e . )

* An eccentric cam lobe may be turned to move the control arm pivot point inward or outward
on the chassis.

» Sleeves may be adjusted on control arm linkage.

+ Strut mounts may be moved.

Vehicle manufacturers publish wheel alignment specifications annually. Most computerized

alignment equipment contains an on-board database o f specifications and adjustment instructions

Typical ly a vehicle w i l l have a posit ive camber setting, and cross camber (side-to-side camber) should
not vary more than 0.5 degrees.

Some vehicles have slightly more positive camber on the left front wheel than on the right

to min imize vehicle pul l caused by the crown o f the road. More often, however, road crown
compensation is done wi th sl ight ly different caster angles.

Front-wheel camber and caster are adjusted simultaneously on some vehicles that provide

adjustment. Before adjusting camber and caster, jounce the vehicle to relieve any binding or stress
suspension parts and let it settle at its normal ride height. When either angle is adjusted, the other >

should be checked because changing one w i l l affect the other. The front-wheel toeangle is adjusted
after caster and camber adjustments are done. Toe w i l l not change caster and camber settings e e

E E R
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M e a s u r e c a s t e r ; d e t e r m i n e n e e d e d r e p a i r s .

Caster is the t i l t ing o f the spindle support centerline from true vertical. Measuring the position o f
the lower ball jo in t in relation to the upper ball joint, or the top o f the MacPherson strut, determines

the casterangle. The spindle support centerline is an imaginary line drawn through the center o f the
upper ball jo in t and lower ball jo int , or the ball jo in t and the center o f the upper strut mount on a

MacPherson strut design. I f the lower ball jo in t is positioned more forward than the upper ball jo int ,

the caster angle is positive. I f the lower ball jo in t is set more rearward than the upper ball jo int , the

caster angle is negative. On a MacPherson strut design, i f the ball jo in t is positioned more forward

than the center o f the upper strut mount, the caster angle is positive.

Caster helps improve steering effort, high-speed stability, and steering wheel returnability. Correct

caster angles wi l l keep the vehicle traveling in a straight l ine going forward. On most vehicles, caster
IS Set positive and is usually set at the same degree on both sides or wi th sl ightly more on the right

side o f the vehicle to compensate for the drainage crown built into most roads. Too much positive

caster w i l l cause hard (heavy) steering, road shock, and wheel shimmy. Caster set too negative wi l l

cause wandering. Caster usually should not vary more than 0.5 degrees from one side to the other.

I f caster is not wi th in specification and no adjustments are provided, inspect the suspension and

steering for bent or damaged components. Also, i f the vehicle was involved in a coll ision, check for

frame damage. A vehicle w i l l tend to pull to the side that has the least positive caster. Incorrect
caster w i l l not cause tire wear.

? ?
Negat ive - e ? og ? » Posit ive

2010 910

[ 1

T r u e

v e r t i c a l

A d j u s t c a s t e r o n s u s p e n s i o n s y s t e m s w i t h a c a s t e r a d j u s t m e n t .

For vehicles wi th adjustable caster, consult the service manual for specifications and procedures.

Before making caster adjustments, perform a complete steering and suspension inspection. On some

vehicles, the caster is adjusted by moving the lower strut rod. By lengthening or shorting the lower

strut rod, caster can be brought into specification. On some MacPherson strut vehicles, loosening the

upper strut mount and sliding i t forward or backward adjusts caster. Vehicles wi th S L A (short/ long

arm suspension) often provide caster adjustments. Shimming or sliding the upper control arm w i l l

adjust caster. Some upper control arms are designed with eccentric cams that are rotated to adjust

caster. Adjust ing caster by moving the upper control arm can also incorporate camber adjustment.

Some l ight trucks have an offset upper ball jo in t bushing that w i l l provide caster adjustment. Bushings

come in different sizes that correspond to different degree changes in caster. For example, i f you want

to change caster 0.5-degrees positive and the bushing in the original upper ball jo in t bushing is 0

degrees, remove the old bushing and install a 0.5-degree bushing. Make sure the bushing is inserted in

the correct posit ion to achieve positive 0.5 degrees. Consult the service manual for procedures on

removing and instal l ing the bushing. There are other methods o f adjusting caster. Check the service

manual for a specific vehicle.
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« + ? ? T o e o u t

Measure and ad jus t f ron t -whee l toe.

Setting front toe is performed after camber, caster (front and rear), and rear toe have been checked

and /or adjusted. Turn the steering wheel from side-to-side, center it, and then lock it in place

using the appropriate tool. I f the vehicle is equipped wi th power steering, have the engine running

when centering the steering wheel. Measure front toe and check factory specifications. Front toe is

adjusted by turning the toe rods until correct toe is attained. On conventional steering systems, loosen

the tie-rod sleeve clamps and turn the sleeve to change toe. For rack and pinion steering, loosen
the locknuts and rotate the inner tie-rods. Some vehicles only have one adjusting tie-rod. On these

vehicles, the steering wheel is not locked in place. Fol low recommended procedures for adjusting toe

and centering the steering wheel on these vehicles. On vehicles with adjusting sleeves, make sure

the adjusting clamps are re-tightened in the correct position so as not to interfere wi th other steering

linkage or other components when the wheels are turned. A f te r toe has been adjusted, road test the

vehicle. The steering wheel should be straight w i th the wheels in the straight-ahead position.

C e n t e r s tee r ing whee l .

I f front toe is set correctly, the steering wheel should be centered correctly. I f the steering wheel

is not straight, it may be necessary to recheck toe. Remember to bounce the suspension and to idle

vehicles with power steering after toe adjustments to be sure they are correct. Also, make sure the

vehicle is tracking correctly. A misaligned rear suspension or twisted frame w i l l affect steering wheel

centering. I f the steering is not straight, be sure to recheck the rear set t ings?part icular ly thrust line.

Measure toe-ou t on tu rns ( tu rn ing rad ius /ang le) ; d e t e r m i n e n e e d e d
repa i rs .

The turning radius o f the wheel on the inside o f the turn is several degrees more than the turning

radius on the outside o f the turn. When the turning radius is not wi th in specifications, a steering
arm may be bent.

Turn the front o f the right wheel inward 20 degrees and read the turn table indicator on the left

wheel. I t should be slightly more than 20 degrees. Perform the same procedure by turning the front

o f the left wheel inward 20 degrees. Compare these readings and check the service manual for

exact specifications. Turning radius angles (toe-out turns) are built into the steering arm design. I f

the angles are not correct, check the steering arms, steering knuckles, and suspension for bent or

damaged components.

M e a s u r e SAI /KPI (s teer ing axis i nc l i na t i on / k i ng p in inc l i na t i on ) ;
d e t e r m i n e needed repai rs .

Steering axis inc l ina t ion (SAI ) is not adjustable, but should be measured and used to analyze

handling problems or tire wearproblems. Before checking steering angleinc l inat ion, completely

inspect steering and suspension along with a wheel alignment. SAI is the imaginary line formed by the
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inward t i l t o f the upper ball jo in t or strut mount. The angle is measured in degrees f rom true vertical.

I f SAL is incorrect, check for a bent component or frame.

Included Vertical
angle reference

Steering axis
inclination

(SAI)

T a s k D.11 M e a s u r e i n c l u d e d a n g l e ; d e t e r m i n e n e e d e d r e p a i r s .

The included angle is determined by adding the camber and steering angle inclination together on

any one wheel. A large difference from side-to-side is an indication o f a bent suspension component,

steering knuckle, or even frame damage. The included angle is not adjustable and is used to determine

steering or tire wear problems.

Task D.12 Measure rear -whee l toe; d e t e r m i n e needed repa i rs o r a d j u s t m e n t s .

Rear toe is usually adjusted by eccentric cams or threaded rods. On some models, rear toe is

adjusted by loosening a lock bolt and moving the suspension unt i l the correct toe is attained. Shims
installed between the rear axle flange and the wheel bearing can be used to adjust toe when no adjusters

are provided. Check wi th shim manufacturers for specific procedures and application. On models wi th

no adjustments, inspect the rear suspension for misaligned, bent, or damaged components.
On vehicles wi th four-wheel steering, check the appropriate service manual for specific

procedures. Usually a special tool is needed to lock the rear steering gear in place whi le rear toe and

rear camber adjustments are made. The tool is removed when the front camber and caster is set, but

re-installed to adjust f ront toe.
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The subframe is a critical part o f the vehicle suspension and affects the steering. I t must be properly

centered in its designated location before the mounting bolts are tightened. Vehicle collisions can

cause damage to the subframe, which wi l l show up as excessive setback. Subframes must be centered

properly wi th the chassis before the bolts are torqued.

E. Wheel and Tire Diagnosis and Service (5 Questions)

D i a g n o s e t i re wear pat terns; de te rm ine needed repai rs .

Feathered tire wear may be caused by improper toe adjustment. Wear on one side o f the tire

tread usually indicates an improper camber setting. Cupped tread wear may indicate improper wheel

balance, worn shocks, or worn suspension components.

Tires wear excessively because the tire tread is not contacting the road surface properly. A l ignment

adjustments correct most o f that problem. Normally, vehicles are aligned with no extra loads in the

cargo area or passenger compartment. There are special circumstances, like large drivers or drivers

who do not distribute cargo weight properly, that require the vehicle be similarly loaded whi le the

alignment is made.

I n s p e c t t i re c o n d i t i o n , size, and app l i ca t i on ( load and speed ra t ings) .

Tires play a vital role in braking performance, handling ability, and ride quality. Defective tires,

improper inflation, or installing the wrong tires can have a negative effect on overall vehicle steering

and handling.

Dif ferent vehicles wi th different suspensions are designed to be driven wi th a specific tire

construction, tire size, and tire pressure. The load exerted on the tires o f a pick-up truck used for

hauling heavy cargo is quite different than a small compact sedan. Using the wrong tires on a vehicle

or not inf lat ing the tires correctly can cause serious results, tire damage, and may affect steering abil i ty.

Always install the correct tire size and adjust pressure to specification. Tire load information labels

can generally be found on the door pillar, driver?s door, or inside the glove box. The label w i l l have

specific information on tire size, inflation pressure, and the maximum vehicle load.

A l l tires? ratings are determined by a series o f numbers located on the tire. The rating system

identifies the size, wheel size, type o f construction, speed rating, and load rating. A typical tire may

have the fo l lowing designation: P 225/70 H R 15. The letter P indicates that this tire is designed for

passenger vehicles and some light trucks. Other designations are T for temporary use, L T for l ight
truck, and C for large trucks or commercial. The number 225 indicates the width o f the tire measured

in mill imeters. The higher the number, the larger the tire size. The number 70 is the aspect ratio o f the

tire?s height to its width. The higher the aspect ratio number, the taller the tire. The letter H designates

the speed rating. The rating specifies the maximum speed at which the tire can be driven safely. The

rating range is from B (31mph) to Z (over 149 mph). The letter R indicates radial-ply construction.

Bias-ply tires are marked B. The number 15 is the r im diameter in inches.

Tires are also graded for temperature resistance, t ract ion and t read wear. Temperature resistance

is graded on three levels: A, B, and C. ?A? provides the greatest resistance to heat; ?C? provides the
least. Traction is also rated on three levels: A, B, and C. ?A? wi l l provide the best traction, especially

on wet roads. A ?C? rating wi l l give the least amount o f traction. Tread wear ratings use a numbering

system ranging from 100 to approximately 500. The higher the number, the more mileage can be

expected from the tire. A rating o f 150 should yield about 50% more mileage thana tire rated at 100.

For safety reasons, a periodic t ire inspection should be performed. Check for cuts, bulges,

abrasions, stone bruises, and objects embedded in the tire. Most tires have tread wear indicators bui l t

into the tread. When the wear indicators appear at t w o adjacent treads at three or more locations

around the tire, replace the tire. I f the inner cord or fabric is exposed, the tire must be replaced.
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P 215 65 R 15 89 H

SPEED SYMBOL

TIRE TYPE

FP - Passenger
T - Temporary
LT - Light truck

RIM DIAMETER

SECTION WIDTH (Inches)
(millimeters) 14

205 15
215 16
etc.

CONSTRUCTION TYPE

R - Radial
S c h o n H e i g h t

Section Weith B - B i a s B e l t e d )

6 0 D - D i a g o n a l ( B i a s )

65

70

Section
idth

S e c t i o n w i d

he igh t

M e a s u r e a n d a d j u s t t i re a i r p ressu re .

Overinflat ion causes wear on the center o f the tire tread; underinf lat ion causes wear on the edges o f

the tread. Underinflat ion may also cause wheel damage. Adjust t ire pressure when the tires are cool.

Vans, trucks, and sport ut i l i ty vehicles commonly require more pressure in the rear tires because o f

the loads they carry and to minimize sway. Putt ing more air in the tires on one side o f the vehicle is

never recommended.

A l l air pressure specifications on passenger cars and trucks are to be measured w h i l e the tire is

cold. A cold tire is one that has been driven less than three miles. I f the tires have been driven for

more than three miles, they must be allowed to cool for two to three hours. A lways refer to the vehicle

manufacturer?s specifications for the tire inflation pressure.

D i a g n o s e whee l l t i r e v ib ra t i on , s h i m m y , a n d n o i s e c o n c e r n s ; d e t e r m i n e

n e e d e d repa i rs .

Tire and wheel vibration problems vary, depending upon the particular problem with the tire and/or
wheel. Understanding the characteristics o f a road test will help in the diagnosis.

Tire-induced vibrations, occur at all speeds. A tire wi th excessive radial runout (out o f round) w i l l

cause a low-speed vibration that w i l l seem to go away at highway speeds. A tire w i t h lateral runout

w i l l tend to shimmy, especially at low speeds. A bent wheel may also cause a sh immy at all speeds.

Also, inspect the wheels for damage, cracks, and elongated mount ing holes. A vibrat ion at 55-65

mph is an indication o f a wheel-balance problem.

Problems wi th in the tire, shifting cords, and damaged tires can cause tires and wheels to become

unbalanced. Sometimes a thumping noise can be heard from the tires when the tread becomes

damaged or chopped. Wheel t r a m p is the term used when the tire hops up and d o w n as it rotates.

Wheel sh immy refers to the side-to-side shaking that occurs when a tire is not proper ly balanced.
Replace damaged tires, and damaged or bent wheels.

Rotate t i res/wheels and torque fasteners accord ing to manufacturers?
recommendat ions.

Most vehicle manufacturers recommend tire rotation at specified intervals to obtain maximum
tire life. The exact tire rotation procedure depends on the model year, the type o f tire, and whether
the vehicle has a conventional or compact spare. For proper tire rotation procedures ve h e n
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vehicle manufacturers service manual or owner's manual. There are several different recommended
rotation patterns.

?Most manufacturers use the modified *X? method which states ?cross the non-drive and movet h e

drive tires straight.? When rotating tires, inspect the sidewalls o f the tires for directional indicators;

some tires are designed to rotate in a specific direction. Directional tires are typical ly rotated front to

rear to keep the tires rotating in the correct direction. Some vehicles have directional wheels that are
designed to work only on one side or one location on the vehicle. Directional tires offer better handling

and response when they rol l in the intended direction. They are also constructed wi th a part icular tread

design that channels away water more effectively, reducing the chances o f hydroplaning.

Tighten all lug nuts to proper torque and sequence. Consult the service manual for specifications.

Over t ightening the lug nuts can cause damage to the wheel, distort the wheel studs, or warp the

hub/bearing assembly.

M e a s u r e whee l , t ire, ax le f lange, a n d h u b r u n o u t (radia l a n d latera l ) ;

d e t e r m i n e needed repai rs .

Excessive rear chassis waddle may be caused by a shifted steel belt in a tire, or a bent rear hub

flange. Tire and wheel runout can be checked by using a runout gauge that fol lows the tire tread (radial

runout), or the gauge can be placed on the sidewall o f the tire (lateral runout).

I f technicians carefully check runout o f all o f the parts involved and marks all o f the high and low

spots, they can correct excessive runout. New parts may not be necessary to correct the problem.

Because front-wheel drive cars are lighter and smaller, they transmit noises, vibrations, harshness, and

out-of-round conditions more than larger rear-wheel drive cars and trucks.

D i a g n o s e t i re pul l ( lead) p rob lems ; d e t e r m i n e c o r r e c t i v e ac t i ons .

Steering pull may be caused by front tires with different types, sizes, inflation pressure, or tread |

designs, or a front tire with a concentricity defect.

Concentricity is a term used in the tire industry when a tire bead is not centered on the tire body.

The bead forms a cone, which causes the vehicle to pull in the direction o f the small side o f the |

cone. This condit ion is more commonly referred to by the technician as tire lead. An out-of-round ?

condit ion in the rear w i l l cause a vehicle to shake side-to-side. A front out-of-round tire w i l l cause the

steering wheel to shake, typical ly at lower speeds.

D i s m o u n t a n d m o u n t t i r e o n w h e e l .

Tires are mounted and dismounted from a wheel using a tire changer. A good tire changer al lows

the tire to be removed without damaging the tire?s beads or the edges o f the wheel.

When removing or mounting the tire, apply an approved tire lubricant to the bead area. Otherwise

excessive strain may be put on the tire bead, resulting in damage to the tire. Clean the sealing area

and inspect the wheel for cracks, dents, and burrs. Use a clip-on air chuck whi le inflating the tire

and stand back. Wear safety glasses. Do not exceed 40 psi in an effort to seat the tire bead. I f the

bead w i l l not seat, deflate the tire and examine the tire for the cause. A f te r the tire is inflated, adjust

to recommended pressure and check for leaks.

B a l a n c e w h e e l a n d t i re a s s e m b l y .

Dynamic wheel balance refers to the balance o f a wheel in motion. Cupped tire treads, wheel

shimmy, or excessive steering linkage wear may be caused by dynamic wheel imbalance.

A wheel and tire assembly that is statically unbalanced w i l l bounce up and down. A wheel and

tire assembly that is dynamical ly unbalanced wi l l cause the wheel to shake from side-to-side. This is

called a shimmy.
To br ing a tire in static balance, weight is added to the rim opposite o f the heavy side. The amount

o f we igh t necessary is determined by the weight o f the heavy section o f the tire. The added weight w i l l

compensate for the heavy part o f the tire and bring the tire into correct static balance.

To be in dynamic balance, the tire must also be in static balance. The tire must be spun to check

for dynamic imbalance. The wheel-balancing machine wi l l detect any side-to-side imbalance and
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oo. i . Af te r the weight isdetermine the location and weight to bring the tire in correct dynamic balance g

added, the tire should be spun again to check for accuracy. . equipped wi th

There are many different types o f wheel designsused today . a e e n e w r o n g

aluminum wheels. A lways use the correct wheel weight designed for p v h o e ] weight may also

weight may result in damage to the bead surface and wheel. TheN G : g
fai l because it may not f i t correctly to the contour o f the wheel bead area.

Test and diagnose tire pressure moni tor ing system; determine needed
repairs.

The Tire Pressure Mon i to r System has a sensor in each tire attached to the jnside o f the nim t o

moni tor the pressures. A light on the dash informs the driver i f there i s a pro o n l l a e

pressures. When tires are rotated or loss o f pressure occurs, the l o w air pressure lig d the L i s t reset
reset by putt ing the computer into diagnostic mode according to themanufac tu re r a n o e ! e et

according to manufacturer?s procedures. Most cars have a reset mode that al lows y o u ! a a y 2
by turn ing the key on and lett ing a small amount o f air out o f each tire. There are als

reset tools that are designed to reset the lights the way a manufacturer would.


