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Notice

This guide and the accompanying videotapes were prepared for the purpose of providing general advice concerning
the diagnosis and correction of commercial vehicle steering related problems. These materials are intended for use by
properly trained, professional machanics, NOT “Do-it-Yourselfers”. These materials should be used in conjunction
with service manusls provided by vehicle and component manufacturers. Diagnosis and corraction of commercial
vehicle steering related problems should only be handled by properly trained, professional mechanics who have the
proper equipment, tools, instructions and know-how 1o perform the work properly and safely.

© TRV Inc., 1980



Definitions
NOTE: A NOTE gives key infarmation to make a procedure easier or quicker to follow,

CAUTION; A CAUTION refers to those procedures that must be followed to avoid damage to a steering
component or the gear.

WARNING: A WARNING REFERS TO THOSE PROEDURES THAT MUST BE FOLLOWED FOR THE SAFETY
OF THE DRIVER AND THE PERSON INSPECTING OR REPAIRING THE GEAR.

PSSA - (Power Steering System Analyzer)

Some of the tests in this manual require the use of a Power Steering System Analyzer, A Power Steering System
Aralyzer is a combination of a flow meter, shut off valve, and pressure gage. This tool will allow you to measure flow
and pressure, and provide a load on the pump in the hydraulic lines of the steering system  This tool is required to
correctly analyze a steering system, and TRW recommends that vou DON'T BEGIN TROUBLESHOOTING A
STEERING SYSTEM WITHOUT A PSSA.

3

WARNING: THROUGHOUT THIS TROUBLESHOOTING GUIDE, TEST PROCEDURES ARE RECOMMENDED TQ
HELP LOCATE THE CAUSE OF EACH COMPLAINT. WHILE PERFORMING THESE TESTS, TRW ADVISES THAT
YOU TAKE NECESSARY PRECAUTIONS WHEN WORKING WITH INTERNAL VEHICLE COMPONENTS, AND HOT
HYDRAULIC FLUID,
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Introduction

Understanding the Complaint

Steering systems for heavy duty trucks are made up of many components from the steering wheel to the road wheel.
The purpose of the steering system is to give the driver directional control of the vehicle.

When a driver feels the steering control over his vehicle is not like it should be, it is up to you to decide if there is a
problem, and if so, figure out what is causing it. It is always easier to fix something if you really understand the
complaint. Some ways you could do this are:

» Talk to the driver and ask a lot of questions like “what, when, where, and how”
* Make sure you can feel or see the problem. Have the driver show you exactly what he means
* Walk around the truck, looking far anything that may be an obvious cause of the problem

To make your job easier and faster, this manual has a section for each of the 10 most common driver complaints.
Once you have a good understanding of what the complaint is, chaose the section of the book that best matches the
problem. Because there are different ways to say the same thing, our definitions of the 10 complaints used in this
book are on pages 3 and 4, and aiso in the glossary at the end of the manual.

Flow Charts

Flow charts are a quick and easy way to find the cause of a steering system problem. There is a flow chart for each of
the 10 most common driver complaints at the beginning of each section.

Start the flow charts at the BEGIN box. If there is a QUESTION next, answer it either YES or NO, and follow the
arrows to the next step. When you get to a CAUSE/TEST box (or string of boxes) you will begin testing the truck to
confirm the cause of the complaint. A string of CAUSE/TEST boxes means there are several possible causes; you'll
have to do the tests to find out which one is the cause for the vehicle you are working on. These boxes are arranged
in order of likelihood of being the cause of the complaint; it is important to do them in order. The test number in the
lower part of the CAUSE/TEST box will tell you which test to go to in the pages following the flow chart; find the right
test number and follow the test procedure. When you're done with that test, go back to the flow chart, and go on to
the next step.

If you identify a problem through a test procedure, it is impartant that you retest the vehicle to make sure the com-
plaint condition has been corrected.

Warranty

If you have identified that the steering gear on your vehicle needs to be replaced, this doesn't always mean it is
warrantable. Please read your manufacturer's warranty carefully before submitting a steering gear for warranty
consideration.
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Definitions of 10 Most Common Complaints

1.

vi

Hard Steering
Hard Steering is when steering effort at the steering wheel is more than 200 inch pounds (typically 18-22 Ibs at the
rim of the steering wheel). Steering is still possible, but there is not enough power assist.

Common phrases used to describe Hard Steering:

* Won't turn * Hangs-up

* | ocks-up * No assist

¢ Shuts-down * Won't turn unless moving
. Lack of Wheelcut

Commen phrases used to describe Lack of Wheelcut:

* Too great of turning radius required
* Wheelcut restricted
+ Not enocugh turns lock to lock

Steering Wheel Kick
Steering Wheel Kick is when the road wheels hit a bump that the steering wheel reacts to. The kick is usually
dampened out quickly.

Common phrases used to describe Steering Wheel Kick:

s Kickback
* Backlash
* Bump steer

Binding/Darting/Oversteer

Binding is a change or increase in steering wheel effort. Binding will usually not require the effort levels described
in Hard Steering, unless it is severe. Darting and oversteer are words that mean the driver suddenly gets more
turning than he wants.

Directionai Pull
Common phrases used to describe Directional Puil:

¢ Steering pulls to the right (or left)
¢ Truck pulls to the right {or left)
* A constant force is required to keep the truck going straight



6. Road Wander/Loose Steering
Common phrases used to describe Road Wander or Loose Steering:

¢ Lash in steering

¢ | ost motion in steering

* Coentinual corrections are needed at the steering wheel to keep the vehicle from
wandering

7. Non-Recovery
Common phrases used to describe Non-Recovery:

* Wheels don’t return to straight ahead

8. Shimmy
A severe Shimmy condition can be felt at the steering wheel. Typically once something triggers a Shimmy condi-
tion to occur it is sustained until the driver does something (such as slow down) to dampen out the condition.

Common phrases used to describe Shimmy:

+ Shake at steering wheel

9. Noise
Common phrases used to describe Noise:

» Steering is noisy
¢ Clicking or clunking sound is heard when steering

10. External Leakage
Common phrases used to describe External Leaks if they are not obvious:

¢ Loss of steering fiuid
* Continual adding of fluid in reservoir required

Vi
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Hard Steering

Definition and Common Phrases Used

Hard Steering is when steering effort at the steering wheel is more than 200 inch pounds (typically 18-22 Ibs. at the
rim of the steering wheel). Steering is still possible, but there is not enough power assist. Different models of steer-
ing gears have differently designed effort levels. The diameter of the steering wheel will also affect the rim pull
required; be sure the proper size steering wheel is installed. Common phrases used to describe Hard Steering:

* Won't turn ¢ Hangs-up
* Locks-up * No assist
¢ Shuts-down * \Won't turn unless maving

Explanation of Flow Chart Terms

Is the condition present during cold start only? - Does the hard steering occur during initial start-up? This would be

after the vehicle has been sitting long enough to allow the total system, including the fluid, to cool enocugh 1o be the
same as the outside ([ambient) temperature.

Is the condition sensitive to steering wheel speed? - Do you netice a difference in steering effort when turning the

wheel fast only, or slow only?

s the condition intermittent? - Does the hard steering happen randomly? If the problem occurs sometimes but not
always, and it does not seem 1o be related to the steering wheel position, steering direction, or manner of steering, it

is intermittent. Examples of what's not an intermittent condition are if hard steering is noticed in a right turn but not a
left turn, or if the problem occurs when steering fast but not slow.



O ~o

Condition
Intermittent?

Steer Tires

Test #1
Dry or Damaged
5th Wheel or
Trailer Plate
Test #2
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on Steer Axle

Test #3
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Steering
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Intermittent Loss
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King Pins
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Test #5
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O ves
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Test #9
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Hard Steering Tests

Test

#

§2

83

#4

Procedure

Tire Check
1. Lock for: * Tire damage. FIGURE 1.1
* Unaven or extreme tread wear
* Mismatched tires

2. Check tire pressura.

Fifth Wheel and Trailer Plate Check
1. Look for dry fifth-wheel or trailer plate. FIGURE 2.1.

2. Look for damage to fifth-wheel or trailer plate.

3. Inspect fifth-wheel for looseness.

Steer Axle Weight Test
1. Have steer axle weighed at load condition which
praduces complaint and compare to specifications.
FIGURE 3.1.

Steer Axle and Linkage Binding Test
1. With vehicle steer tires on radius plates (turntables) or
equrvalent, disconnect the drag link or pitman arm from
the steering gear (and linkage from assist cylinder if
thaere is one on the vehiclel, FIGURE 4.1.

CAUTION: Do not steer the gear with linkage
removed as mis-adjustment of automatic poppets
may result.

2. By hand, pull the tire to ane axle stop and release
(engine off). The tire should self-return to near straight
ahead, FIGURE 4.2,

3. Repeat the test in the opposite direction
4, If tire does not self-return 1o near straight ahead, a

problem is likely in steer axle king pin bushings/bearings
or linkage.

Figure 1.1

Figura 3.1

Figure 4,1

Figure 4.2



Hard Steering Tests (Continued)

Test Procedure

#5  Steering Gear Mounting Test

1. Look for anything between the steering gear and frame
that could cause a binding problem. For example;
hoses or brackets that have been routed, or are
interfering between the steering gear and frame, frame
flanges or spring mounting points. FIGUARE 5.1
Mounting pads lower than steering gear housing, lack
of clearance between frame and steering gear valve
housing adaptor, sector shaft adjusting screw and nut
mismatched with access adjustment hole in frame,

2. If the steering gear has been mounted 1o the frame in
d way that causes the gear to distort (not be flat), it
may Ccause a steenng problem. The use of spacers is
alright as long as the gear is mounted securely, and the
gear is not distorted when mounting bolts are
tightened. FIGURE 5.2. Checking 1o see if distortion is
present on the vehicle may require the following test:

3. With vehicle parked and turned off, steer the wheal
slowly checking for a hinding-type of feel at the
steering wheel, When binding is felt logsen one
rmaunting bolt, and steer the vehicle again, Continue to
loosen one maunting baolt at a time and chack far
improvernent in the binding condition. If improverment
is made by loasening the bolts, determine by inspection
what interference or condition is causing the gear to
distort and correct the prablem,

#6 Power Steering Pump Test

1. Install temperature gage in reservair. FIGURE 6.1.
Install PS5A in prassure ine with shui-off valve fully
open. FIGURE 6.2. Park the vehicle outside. Record
ambient temparature. Run the engine at governed
RPM tor 40 minutes 10 bring the fluid up to an elevated
testing temperature. Measure and record the fluid
temperature al the start and at 10, 20, 30 and 40
minutes. Do not allow the temperature o exceed 250°

MNOTE: If the temperature goes over 250 °F, or Figure 6.2
150 ° F above the surrounding temperature

{ambient] at any time during the test, stop the test.

This temperature level is considered extreme and

stearing system performance and life will be

seriously affected. Damage to hoses, seals, and other

components may result if operated at extreme

temperature. If the steering system is operating

above the recommended temperatures, the heat

problem may be the root cause of the complaint.

2. Run the engine at idle spaed,



Hard Steering Tests (Continued)

Test Procedure

on

CAUTION: When closing the PS5SA shut off valve, do
so slowly and keep an eye on the pressure gage. Do
not allow the system to exceed 2500 psi for safety of
personnel and to prevent damage to the vehicle.

CAUTION: Do not keep the load valve closed for
more than 5 seconds at a time because damage to
the system may result from excessive heat build-up.

Measure and record the following flow and pressure
readings by adjusting the load valve while listening for
any unusual noises as the valve is being openad and
closed. FIGLRES 6.3-6.7

Ol Temparature DEG
Enginge |dle Speed RiF i
Idie Speed
Pressure Flow (GPMI
Load Valve Open

500 PSI

1000 PSI

1500 PSI

Load Vale Closed

Mow with the load valve fully open, increase the enging
speed to governed RPM and measure and record the
fallowing flow and pressure readings by adjusting the
load valve while istening for any unusual noises as the
valve is being opened and closed: FIGURES6.3-6.7

Ol Temperature DEG

Engine Governed Speed AP

Governed Spead
Pressure Flow [GPM]

Load Valve Open

500 PSI

1000 PSI

1500 PSI

| Lead Vahg Closed

Determine the recommended flow range and maximum
allowable system pressure for the steenng system
being used by referring to your senice manual,

Compare the minimum and maximum flows, and the
relief pressure you measured to gear and purmp
specihcations

If the minimum measured pump flow is less than the
minimum recommendead flow for the staering gear
used, the pump may not be putting out enough flow

Figure 6.3

Frgure 6.5

Figure 6.7



Hard Steering Tests (Continued)

Test Procedure

for an adequate steering speed. If the maximum system
pressure 15 lowwer than that specified for the pump (check
your rmanual), it may not be developing enough pressure to
steer. If sither case exists, the purmp needs to be repaired
or replaced.

#7  Intermittent Loss of Power Assist from Pump Test

1

Install temperatura gage in reservoir, FIGLIRE 7.1
Install PSSA in pressure line with shut-off valve fully
open. FIGURE 7.2. Park the vehicle outside. Record
armbient temperature. Run the engine at governed
RPM for 40 minutes to bring the fluid up to an elevated
testing temperature. Measure and record the fluid
temperature at the start and at 10, 20, 30 and 40
minutes, Do not allow the temperature o excead 250°

NOTE: i the temperature goes over 250 ' F, or

150 ° F above the surrounding temperature

(ambient) at any time during the test, stop the test.
This temperature level is considered extreme and
stearing system performance and life will be seriously
affected. Damage to hoses, seals, and other
components may result if operated at extreme
temperature. If the steering system is operating
above the recommended temperatures, the heat
problem may be the root cause of the complaint.

CAUTION: Do not keap the load valve closed for more
than 5 seconds at a time because damage to the
system may result from excessive heat build-up.

(Do not allow the pressure to exceed 2500 psil. With
the engine at idle, note the flow rate. Fully close the
ioad valve until the flow drops to zero. Quickly open
the load valve observing the flow meter, The flow rate
must instantly return to the reading you noted above.

With the load valve open run the engine to governed
speed and note the flow rate. Fully close the load valve
until the flow drops to zero. Quickly open the load valve
observing the flow meter, The flow rate must instantly
return to the reading noted abovea,

Conduct this pump response test once at idle and
three times at engine governed RPM. If the flow rate
does not return immediately, the pump is
malfunctioning, which can result in momentary loss of
power assist.




Hard Steering Tests (Continued)

Test Procedure

#8  Steering Gear Check

1. Install temperature gage in reservoir, FIGURE 8.1.
Install PSSA in pressure line with shut-off vaive fully
open. FIGURE B.2. Park the wehicle outside. Record
ambient temperature. Run the engine at governed
RPM for 40 minutes to bring the fluid up to an elevated
testing temperature. Measure and record the fluid
temperature at the start and at 10, 20, 30 and 40
minutes. Do not allow the temperature 1o excoed 250°

MOTE: Steering systems that have a pump relief valve
and an integral steering gear relief valve typically will
have the pump relief valve setting approximately 300
PS5l or more above the gear’s relief valve setting.
Check vehicle manufacturer's specifications for correct
relief pressure levels.

2. Try to lecate the problem by steering the vehicle while
parked, Steerin a slow, smooth motion back and forth
batweean axle stops (you may need 1o load the vehicla).
FIGURE 8.3, Hard Steering means 18-22 pounds of
farce at the rim of the steenng wheel that occurs
somewhere between the normal peppet trip points, |
the poppets are set cofrectly, hard steering at the
poppet trip points will be normal within approximanety
1/3 stearing wheel turn from axle stop contact points.

3. When hard steering is noticed, note pressure and flow
reading of PS54, FIGURE 8.4,

I floww 15 under 1 GPM and pressure is the same as relief
prassure measured in the earlier pump test (Test #6) for
a gear without a relief valve, ar pressure without regard
to flow is as specified for a gear with an integral relief
valve, the steering gear is performing comectly.,

It fiow is over 1 GPM and pressure is far below roliof
pressure measured in the earker pump test (Test #6) for
a gear without a relief valve, or below the correct relief
pressure setfing for a gear with an integral relief valve,
proceed to step 4.

Figure 8.4

4. If the steering gear has an integral relief valve, proceed
to step 5. If the gear does not have an integral relief
valve, the steering gear has excessive internal leakaga
and needs 10 be repaired or replaced (sea stap 7).

5. Remove the integral relief valve components {refer o
sleering gear serace manual for procedure) and install a
relief valve plug, special tool J37130, in its place.



Hard Steering Tests (Continued)

Test Procedure

6. Again steer the vehicle back and forth and determine if
hard steering is felt. If so, note pressure and flow
reading of the PSSA. FIGURE B.5.

If hard stearing can no longer be produced, the relisf
valve removed from the gear earlier was not operaling
properhy and should be replaced with one specified for Figure 8.5
the gear you are working on,

If hard steering is again noticed, with a noted fow of
over 1 GPM and pressure level is far below pump relief
as measured during the pump test, the religf valve you
removed is OK but the steenng gear has excessive
internal leakage and needs to be repaired o replaced,

7. One possible source of excessive internal leakage in
steering gears is shutthing poppets. This is onby true of
gears with automatic poppets, and only if the service
poppet adjusting screw and sealing jam nut kit has
been installed in the end opposite the input shaft. This
condition can accur if during the installation of the
service kit, the installation instructions were not
followed carefully, and the adjusting screw was turned
into the housing too far. This will cause the
interference fit poppet mechanisms to be continually
cycled back and forth, thereby losing their interference
fit and set positions within the gear as the vehicle is
stecred lock 10 lock

To test for shutting poppets, determine if the hard
siearing is always noticed at the same wheel cut
pasition rather than at the same steering pressure. As
an oxample, if hard steering occurs 1-1/2 steering wheal
rotations nght of straight ahead at a pressure of GO0 PSI
when you first feel it, try to determine the following:

Bagin steering maneuvers from different positions
{such as 1/2, 1 and 1-1/2 steering wheel rotations lefr of
straight ahead). From each starting point, turn right
until the hard steering cccurs. If the hard steerning is
ahways found at the same 1-1/2 turns nght of straight
ahead but at different pressures, it i5 most likely
shutthing poppets. If it occurs at the same pressure
level but at different wheal cut positions it is caused by
same other internal leak path within the gear. If there
i5 a poppet shuttling problem, the stearing gear needs
to be replaced or rebuilt with new automatic poppet
components.



Hard Steenng Tests (Cantinued)

Test Procedura

M Measured Internal Leakage Tast
1. Inatall tempestue gege noeserve ., FHEURE 91.
Install F55A in pressure line with shut-cfl valve fully
gpen. FIGURE 3.2

WrARMING: THIS TEST CAN BE DANGEROLUS [F NOT
PERFORAMED CORRECTLY. KEEP YOUIR FINGERS
CLEAR OF THE AXLE 5TOPS AKD SPACER BLOCK
DURING THIS TEST, MAKE SURE THAT THE SPACER
RLOCK CONTACTS THE AXLE STOF SQUARELY
COMNTACT THAT 1S NOT SCHIARE COULDy BREAK THE
AXLE ETOFS OR DANGERGUSLY THROW OR CJECT
THE SFACER BLODCK

2. Tatestthe steering geer Tor irtemal kegkaga, you must
I ras provent oporaticn of the gear's internal unlaading
[poppar valves or relief velve for both, in some gearsl.
This will aliowe Tull purnp relief pressure ta develop, To
rrevent opsalionat the poppats, plece an Lnhereened
stegl spacar block, 3100t one inch zhick and long
encugh to keep your firgers claar (FIGUBRE 231,
Bl 1he oo 5100 80 o whool. FIGURE 8.4, To
pravant operation of the relist valva, remove the religf
valve zap, oFing and two picce relief vabve, if 2quipoed,
lrom walve hoosong, Discand 12 onrg.  nstall the re et
walra phug, special ool 37120 inits place.

MNOTE: Be sura you rainetall the relief valve and valve
cap with naw o-ring, bach onte the gear after lealinoe
tesh

CAUTION: When running this tast, da nor hald the
steering whaal in the fullturn position for longer than
§ 1o 18 seconds st a fime Lo avaid damaging the pump.

WARNING: KEEF YUUR FINGERS CLEAR OF THE A~LE
STOPS AND SFACER BLOCK DURING THES TEST.
MAKE SURE THAT THE SPACER DLOCK CONTACTS
THE AXLE STOP SQUARELY. CONTACT THAT |E NOT
SCQUARE COULD BREAK THE AXLE 5TOPS OR
DANGERGUSLY THROW OR EJECT THE SPACER
BLOCH,

3 With the flu'd renpesraturs baswaen 125.ard 1367,
turn e steennag wheel vnbl Ihe axle slogs botloan oo
the spacer blozk.

& capol 20 pounds of foroe o the rom of the stoon ng
wihaal during iz 1387 12 ba sure thet the sTeerning gear
conliol valke is fulky dosed. AGURE 9.b. Tha pressure
f@e should novs read purmp relist pressare, as nnred
durineg 178 pUmp pressara 15t (Tast #61,. You Can now
read sleoning poad intomal Icakags on the fiow mctor.

& Repcat Whis test for the opposite cirgction of tum

q



Hard Steering Tests (Continued)

Test Procedure

B, If internal leakage is greater than 1.0 gpm and there
15 0 auxabary hydraulic cylinder in the system, repair or
replace the gear. If the internal leakage is greater than
2 gpm, and there is an auxiliany lydraulic cylinder in the
system, controlled by the TAS gear, isolate the auxiliary
cylinder from thae system by disconnacting the auxiliary
cylinder hydraulic lings at the TAS unit's auxiliary ports,
Flug those ports with suitable pressure plugs or caps.
Connect the disconnected lines together if a rotary
auxiliary cylinder is in the system. Plug the
disconnected lines if a linear auxiliary cylinder is in the
system. FIGURE 9.6, Disconnect the lingar cylinder
from the steering linkage making sure it will clear the
steered axle. FIGLIRE 9.7. Repeat the internal leakage
test. If the internal leakage is less than 1.0 gpm, repair
or replace the auxiliary cylinder. If the internal leakage
is greater than 1.0 gpm, répair or replace the TAS gear.

MNOTE: When hydraulic tests are completed and fluid Figure 9.7
lines are reconnected, check fluid level and bleed th —
air from the hydraulic system.

#10 Steering Column Binding Test
1. With the vehicle parked, the engine off, and the steer
axle jacked-up, slowly stear the vehicle until the binding
position is located.

2. With the steenng gear at this position, remove the
steering column assembly from the steenng gaar, Mote Figure 10.1
the carrect position of the column and steering gear for
reassembhy after test. FIGURE 10.1.

3. Rotate the steering gear input shaft no more than 1/4
turn each direction and check if binding is still present.
FIGURE 10.2. If binding is not felt, correct the steering
column problem.

#11  Intermittent Loss of Power Assist from Gear Test

1. Install temperature gage in reservoir. FIGURE 11.1.
Install PSSA in pressure ling with shut-off valve fully
open. FIGURE 11.2. Park the vehicle outside. Record
ambient temperature. Run the engine at governed
RPM for 40 minutes to bring the fluid up to an elevated
testing ternperature. Measure and record the fluid
temperature at the start and at 10, 20, 30 and 40
minutas. Do not allow the temperature to exceed 2507

10



Hard Steering Tests (Continued)

Test Procedure

NOTE: If the temperature goes over 250 ' F, or

150 ° F above the surrounding temperature

(ambient) at any time during the test, stop the test.
This temperature level is considered axtreme and
steering system performance and life will be seriously
affected. Damage to hoses, seals, and other
components may result if operated at extreme
temperature. if the steering system is operating
above the recommended temperatures, the heat
problem may be the root cause of the complaint,

2. If thi west was stopped because of extreme fluid
tamperature, there may be several causes including
restricted hoses or fittings, faulty filter in reserair,
excess ol flowe, winter fronts, improper components
installed, application of non-approved will-fit components
Tasts #13 and #6 may help you in finding the cause.

If the steering system continuas 1o exceed the
maximum recommended operational temperatures, it
may be necessary to install an auxiliary oil cooler 1o
mantain the proper steering system oil temparatures

NOTE: TRW Commercial Steering Division does not
recommend or suppart the utilization of winter fronts
or othar methods of restricting the radiator air flow.

If vehicle is equipped with winter front or other method
of restricting the cooling system air flow, it may be
necessary 1o conduct the 40 minute temperature test
(Test #6, step 1} with and without the cooling system
restricted to detarmine worst case temperature,

3. Let the enging wdle and then begin steenng the vehicle
whila parked. Steer smoothly from stop to stop with
the palm af your hand back and farth several times
between the normal poppet trip points to allow the
intermittent hard steering to occur. FIGURE 11.3
It hard steering occurs, write down the pressure leval
and flow rate at the time of the hard steenng. FIGURE
11.4. If the flow is above 1 GPM and pressure is far
below the normal steering pressure level at the time of
hard steenng, repair of replacernent of the steenng gear
will Be necassary. If the flow 15 not abowve 1 GPM, :
parfarm Test #6. Figure 121

#12  Ajr in Hydraulic System Check
1. Inspect reservoir for foaming or air bubbles. FIGLURE

12.1. If foaming or bubbles are seen, air is being sucked
nto the system through cracks or loose fittings on the
nlet side of the purnp.  Look for oil level changes
engine off versus engine on_ If fluid level increases
winen the vehicla 1s shut off, thara 15 an air pocket
trappad in the steering gear. The increase may not be
naticeatle, depanding on the size of the packet

11



Hard Steering Tests (Continued)

Test Procedure

2. Bleed the steering gear (if there 15 a manual bleed

screww at the top of the gear). With system at normal
operaiing temperature and engine at proper idle speed
and runming, open the bleed screvw and wart until clean,
clear gil begins to flow from the gear. Close the bleed
screwy and steer the vehicle completely from stop 1o
stop

Repeat the bleeding operation three times, and
rechack oil level in reservoir 1o make sure there is
encugh oil for the system to operate properly

#13 Restricted Hydraulic Line Check

1.

12

Look at the suction line that goes 1o the pumgp (if thera
is one) to check for kinking or any other obstructions or
irregularities an the inside of the hose. FIGURE 13.1

. With the PS5A and temperature gage installed

IFIGURES 13.2 - 13.3), load valve fully open, and ol at
125 to 135 °, determing a test engine spead (RPM) that
causes pump to delrver 3, 4, 5 or 6 GPM (whichever is
easier] and note this speed.

Remove the PSSA and install a low pressure gage (200-
300 P3I maximum with approxirmately 10 P31 per
division) in the preéssure ling to the steering gear at the
purnp end. FIGURE 13.4. Install a temperature gage in
the power steenng resenair

CAUTION: Do not allow system pressure 1o exceed
the rating of the gage during the following procedure
or damage to the gage will result. Extremely high
restrictions may be indicated with the PSSA gage as
installed with load valve fully open.

NOTE: Be sure that the steering gear input shaft is
not being restrained from recentering because this will
cause a false steering gear pressure drop. If there is
any question, conduct this test with the steering
column removed.

Bring the power steering fluid temperature to 125- 1367
at engine idle, with no steenng force applied 10
the steering wheel. FIGLURE 13.5.

At the test engine speed selected from step 2 above,
measure and record the gage reading and shut off the
enging. This measuras total system prassure

Figure 13.1

Figure 13.5



Hard Steering Tests (Continued)

Test Procedure

6. Remove the pressure and return ines from the steenng
gear and connect them together with a fitting that will
niot restrict the flow. FIGURE 13.8.

F. Start the engine, and run at the RPM identified in step 2
with the fiuid temperature between 125135 ",

B. Measure and record gage reading and shut off engine.
This is hydraulic lingfreservoir pressurea.

8. The difference betweean the total system pressure
gage reading and the hydraulic ingfreservoir prassura
gage reading is the steering gear pressure drop. For a
TASES steering gear, at a flow of 3, 4, 5 or 6 GPM, the
drop should not be greater than 30, 40. 55 ar 70 P5I
respectively. The lingfresenoir pressure drop for a flow
of 3, 4, § or 6 GPM should not be greater than 20, 20,
25 or 25 PSI respectively

Comments

A

Some power steering pumps have a temporary state
during which the pumping element vanes do not extend.
Usually increasing engine speed brefly will correct the
problam.

The maximum speed of steer with power assist for a
power steering gear is limited by the pump flow and
internal leakage. Recommended minimum flow for a new
TASES steering gear is 3.0 gallons per minute, and is based
on a steering speed capability of 1.5 steering wheel turns
pef second.

-
Figure 136
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Reduced Wheelcut

Common Phrases Used
* Too great of turning radius required

* Wheelcut restricted
* Not enough turns lock to lock

15
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Reduced Wheelcut Tests

Test Procedure

#14 Axle Stops Setting Check
1. Put vehicle steer tires on radius plates (urntables)
Check to make sure axle stops ana set 1o
manufacturer’s specifications. FIGURE 14.1

#15 Pitman Arm and Output Shaft Alignment Check
1. Look to make sure the output shaft timing mark is lined
up with the pitman arm timing mark. Some pitman arms
have maore than one mark, so make sure the right one
isused. FIGURE 15.1

#16 Misadjusted Drag Link Check
1. The length of the drag link must be correct for the
steenng sysiem. Check the length after you make sure
the pitman armyshaft timing marks are aligned, the gear
15 at its center position, and the road wheels are
straight ahead. FIGURE 16.1.

#17 Poppet Setting Procedure
1. If you are working on a newly-installed TAS steering
gear, refer to the service manual to correctly set the
poppets.

2. To set poppets using the adjustable senvice kit refar to
your steering gear service manual,

Figure IE.
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Steering Wheel Kick

Definition and Common Phrases Used

Steering Wheel Kick is when the road wheels hit a bump that the steering wheel reacts to. The kick is usually damp-
ened out quickly. Common phrases used to describe Steering Wheel Kick:

* Kickback
s Backlash
* Bump steer

19
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Steering Wheel Kick Tests

Test Procedure

#6  Power Steering Pump Test

1

Install temperature gage in reservoir, FIGURE B.1.
Install PSSA in pressure line with shut-off valve fully
open. FIGURE 6.2, Park the vehicle outside. Record
ambient temperature. FAun the engine at governad
RPM for 40 minutes 1o bring the fluid up to an elevated
testing temperature. Measure and record the fluid
temperature at the start and at 10, 20, 30 and 40
minuies. Do not allow the temperature 10 excead 250°

MOTE: I the temperature goes over 250" F, or

150 °* F above the surrounding temperature

{ambient] at any time during the test, stop the test.
This temperature level is considered extremea and
steering system performance and life will ba seriously
affected. Damage to hoses, seals, and other
components may result if operated at extreme
temperature. If the steering system is operating
above the recommended temperatures, the heat
problem may be the root cause of the complaint.

Hun the enging at idle spaed,

CAUTION: When closing the PSSA shut off valva, do
s0 slowly and keep an eye on the pressure gage. Do
not allow the system to exceed 2500 psi for safety of
personnel and to prevent damage to the vehicle.

CAUTION: Do not keep the load valve closed for more
than 5 seconds at a time because damage to the
system may result from excessive heat build-up.

Measure and record the following flow and pressure
readings by adjusting the load valve while listening for
any unusual noises as the valve is being opened and
closed. FIGURESE.3-6.7.

il Temperature DEG
Engine Idie Speed AP M
Idle Speed

Fressurg Flows (GPMI

| Load Valve Open
500 P5|
1000 PSI

1500 PSI

Load Valve Closed

Mow with the Ioad valve fully open, increase the engine
spead to governed RPM and measure and record the
tollowing flow and pressure readings by adjusting the
load valve while listening for any vnusual noises as the
valva is being opened and closed: FIGURES6.3-6.7.

Figure 6.2

Figure 6.3

Figure 6.5




Steering Wheel Kick Tests (Continued)

Test Procedure
il Temperature DEG
Engine Governed Speed BFh

Governed Speed
Prassure Flavwy [GPM)

Load Valve Open =
500 PSI
1000 PSI
1500 P51
Load Valve Closed

5, Determing the recommended flow range and maximum
allowable system pressure for the steerning system
being used by referring 1o your service manual,

E. Compare the minimum and maximum flows, and the
relief pressure you measured to gear and pump
specifications,

7. If the manimum measured pump flow is less than the
rrinimum recommended flow for the steenng gear
used, the pump may not be putting out enough flow
for an adequate steering speed. If the maximum
systam pressure is lower than that specified for the
pump {check your manuall, it may nat be developing
enough pressure (o steer. If either case exisis, the
pump needs to be repared or replaced,

#7  Intermittent Loss of Power Assist from Pump Test

1. Install temperature gage in reservoir, FIGLIRE 7.1
Install PSSA in pressure ling wath shut-off vabve fully
open. FIGURE 7.2. Park the vehicle putside. Record
ambient temperature. Run the engine at governad
RPM for 40 minutes 1o bring the fluid up to an elevated
testing temperature, Measure and record the fluid
termnperature at the start and at 10, 20, 30 and 40
minutes, Do not allow the lemperature 10 exceed 2507,

MNOTE: If the temperature goes over 250" F, or
150 * F above the surrounding temperature =
{ambient) at any time during the test, stop the test. Figure 7.2
This temperature level is considered extreme and

steering system performance and life will be seriously

affected. Damage to hoses, seals, and other

components may result if operated at extrame

temperature. If the steering system is operating

above the recommended temperatures, the heat

problem may be the root cause of the complaint.
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Steering Wheel Kick Tests (Continued)

Test Procedure

CAUTION: Do not keep the load valve closed for more
than 5 saconds at a time because damage to the
system may result from excessive heat build-up.

2. (Do not allow the pressure to exceed 2500 psi). With
the engine at idle, note tha flow rate. Fully close the
lpad valve until the flow drops to zero. Quickly open Figure 12.1
the load valve observing the flow meter, The flow rate
must instantly return to the reading you noted above.

3. With the load valve open run the engine to governed
speed and note the flow rate. Fully close the load valve
until the flow drops to zero. Quickly open the load valve
observing the flow meter. The flow rate must instantly
return 1o the reading noted abowve,

4. Conduct this pump response test once at idle and three
timas at engine governed RPM, If the flow rate does
not return immediately, the pump is malfunctioning,
which can resull in momentary loss of power assist

#12  Air in Hydraulic System Check
1. Inspect reservoir for foaming or air bubbles, FIGURE

12.1. If foaming or bubbles are seen, air is being sucked
into the system through cracks or loose fittings on the
inlet side of the pump. Look for oil level changes
enging off versus engine an. If fluid level increases
when the vehicle is shut off, there is an air pocket
trapped in the steernng gear. The increase may not be
noticeable, depending on the size of the pocket.

2. Bleed the steering gear (if there is a manual bleed
screw at the top of the gearl. With system at normal
operating temperature and engine at proper idle speed
and running, open the bleed screw and wait until clean,
clear oil begins to flow from the gear. Close the bleed
screw and steer the vehicle completely from stop to
stop.

3. Repeat the bleeding operation three times, and
recheck ol level in reservair to make sure there is
enough oil for the system 1o operate properly.

#18 Lash in S5teering System Check
1. Two people are needed for this test. One person will
turn the steering wheel back and forth one-quarter turn
each way from center with the engine idling. The other
parsan should check for looseness at each of the
following areas from steering wheel to road wheals:
FIGURES 18.1 - 18.5.

Figure 184
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Steering Wheel Kick Tests (Continued)

Test Procedure

Steering wheel to steening column

U-jgints, or slip-joint and/or miter boxes

Steering column 10 steenng gaar input shaft
Steening gear input shaft to steenng gear output
shaft

Fitman arm o cutput shaft

Drag link to pitman arm connection

Drag link ends (seckets) and adjustable areas
Axle arm to drag link connection

King pin axle connecticns (bushings)

Tie rod arms to tie rod connaction

Tie rod ends (sockets) and adjustable areas
Steering spindle

Wheel beanngs

Lug nuts

Spring 1o spring pin connectors

Front axle

Front axle u-bolts

Spring hanger brackets/rear shackles Figure 18.6

MNOTE: Cracked or broken components Can cause
symptoms similar to loose components but may be

more difficult to find.

Figure 18.5

# @ @® @® #® ® ® ® # ® # ® & @

MOTE: Be sure to check rear drive axles for any
lsoseness. FIGURE 18.6.

#19 Steering Gear Adjustment Check
1. Check and adjust per service manual if necessary, Figure 20.1

#20 Shock Absorber Check
1. Look 1o see if shocks have been removed. Also look
for external oil leak on shocks. Make sure existing
shocks are not worn out. FIGURE 20.1.

Comments

c Vehitle linkages are designed to minimize the effect at the
steenng wheel during normal steered axlefsuspension
movements. Be sure that linkage used is as specified by
vehicle manufacturer.

24



Definition

Binding is a change or increase in steering wheel effort. Binding will usually not require the effort levels described in
Hard Steering, unless it is severe. Darting and oversteer are words that mean the driver suddenly gets more turning
than he wants.

Explanation of Flow Chart Terms

Ls cvelic binding felt at the steering wheel? - While steering in a slow, smooth manner, is a torque variation encoun-

tered which repeats for a given amount of steeting wheel rotation. An example would be a hard spot or "lump” felt at
the steering wheel ance every revolution at the same spot.
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Binding/Darting/Oversteer Tests
Test Procedure

#2  Fifth Wheel and Trailer Plate Check

1

2. Look for damage to fifth-wheel or trailer plate.

3. Inspect fifth-wheel for looseness

#4  Steer Axle and Linkage Binding Test

1

#5  Steering Gear Mounting Test
1.

. Repeat the test in the gpposite direction.

Look for dry fifth-wheel or railer plate. FIGURE 2.1

With vehicle steer tires on radius plates (turntables) or
equivalent, disconnect the drag link gr pitman amn from
the steering gear (and linkage from assist cylinder if
thiere is ong on the vehiclel. FIGURE 4.1

CAUTION: Do not steer the gear with linkage
removed as mis-adjustment of automatic poppets may
result.

By hand, pull the tire to one axle stop and release
{engine offl. The tire should self-return to near straight
ahead. FIGURE 4.2,

It tire does not self-return to near straight ahead, a
probiem is likely in steer axe king pin bushings/bearings
or linkage

Figure 4.2

Look for anything between the steering gear and frame
that could cause a binding problem. For example:
hoses or brackets that have been routed, or are
interfenng between the steering gear and frame.
FIGURE 5.1. Frame flanges or spring mounting points,
mounting pads lower than steering gear housing, lack
of clearance between frame and steenng gear valve
housing adaptor, sector shaft adjusting screw and nut
mismatched wath access adjustment hola in frame.

If the steering gear has been mountad to the frame in

a4 way that causes the gear to distort (not be flatl, it
may cause a steenng problem. The use of spacers is
alnght as long as the gear is mounted securely, and the
gear is not distorted when mounting bolts are tightened
FIGURE 5.2. Checking io see if distortion is presant

on the vehicla may require the following test;

Figure 5.2



Binding/Darting/Oversteer Tests (Continued)

Test Procedure

3. With wehicle parked and turned off, steer the wheel
slowly checking for a binding-type of feal at the
steenng wheel. When binding is felt loosen ona ;
maunting bolt, and steer the vehicle again. Continue 1o
loosen one mounting bolt at a time and check for 1-} v
improverment in the binding condition. If improvement o JES
iz mada by loasening the bolts, determine by inspection Figure 10.1
what interference or condition is causing the gear 1o
distort and correct the problam

#10 Steering Column Binding Test
1. With the vehicle parked, the engine off, and the steer
axle jacked-up, slowly steer the vehicle until the binding
pasition is located.

2. With the steering gear at this position, remove the
steernng column assembly from the steering gear, Mote
the correct position of the column and steering gear for
reassembly after test. FIGURE 10.1.

3. RAotate the steering gear input shaft no mone than 1/4
tuin each direction and check if binding is still present.
FIGURE 10.2. If binding is not felt, correct the steering
column problem.

#19 Steering Gear Adjustment Check
1. Chack and adjust per service manual if necessary.

#21 U-Joint Phasing and Lubrication Check
1. Make sure u-joints are properly lubricated

2. Steering column assemblies with more than one
universal joint (cardan typel can cause a cyclic binding
feel or torgue variation at the steering wheal if the
u-jints are not in phase with each ather, Optimum
phasing of a two u-joint system is achieved by placing 4
the yoke at each end of the intermediate shaft in ling Figure21.2
with the plane of the corresponding uHoint angle
FIGURES 21.1 -21.2. If a steering column assembly
with multiple u-joints is taken apart, it must be
reinstalled with the timing marks for slip mechanisms
aligned. This is true for both the cross-type and the
splined-type two-piece intermediate shaft,
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Binding/Darting/Oversteer Tests (Continued)
Test Procedure

#22 Steering Column Interference Test
1. Position column assembly at the location whera
interference is noticed, and look for somathing
interfering or rubbing on the rotating column assembly
such as brackets, bolts, flogrboard, boot, horn ware, turn
signal, etc. FIGURE 221

#23 Slip Column Travel Test
1. Chick the slip column by looking to make sure there is
proper travel allpwance when in use. FIGURE 23.1

2. Look for wear or galling, FIGURE 23.2

3. Check shp column for too much slip force.

#24 Miter Box Misadjusted (i equipped) Test

1. Check and adjust par manufacturer’'s instructions.
FIGURE 24.1

Comments

D A single u-joint operating at an angle will cause a cyclic
torgue varation at the steenng wheel, The amount of
lorque varation increases with the amount of oparating
angle. A secondary binding movement that side loads the
input shaft also increases with increased u-joint angles.
L-joint operating angles of 15 degrees or less will minimize
the tergue vanation felt at the steering wheel

Figure 23.2

Figure 24.1
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Directional Pull 5

Common Phrases Used

Common phrases used ta describe Directional Pull:

s Steering pulls to the right {or left},
* Truck pulls to the right (or left)
* A constant force is required to keep the truck going straight.
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Directional Pull Tests

Test Procedure

#1 Tire Check
1. Look for: * Tire damage. FIGURE 1.1
¢ Uneven or extreme tréad wear
* Mismalched tires

2. Check tire pressure
Figure: 1.1

#3  Steer Axle Weight Test
1. Have steer axle wanghed al load condifion which
produces complaint and compare 1o specifications.
FIGURE 3.1

#6 Power Steering Pump Test

1. Install temperature gage in resanvoir. FIGURE 6.1
Install PSSA in pressure ing with shut-off vahee fully
open. FIGURE 6.2. Park the vehicle outside. Record
ambient temperature, Fun the enging at governed
RPM for 40 minutes o bring the fluid vp to an elevated
testing temperature. Measure and record the fluid
temperature at the start and at 10, 20, 30 and 40
minutes. Do not allow the temperatune 1o excead 250°

NOTE: I the temperature goes over 250" F, or

150 ° F above the surrounding temperature

[ambient) at any time during the test, stop the test.
This temperature level is considered extreme and
stearing system performance and life will be seriously
affected. Damage to hoses, seals, and other
components may result if operated at extreme
temperature. If the steering system is operating
above the recommended temperatures, the heat
problem may be the root cause of the complaint.

2. Run the engine at wdle speed

CAUTION: When closing the PSSA shut off valve, do
50 slowly and keep an eye on the pressure gage. Do
not allaw the system to exceed 2500 psi for safety of
personnel and to prevent damage to the vehicle.

CAUTION: Do not keep the load valve closed for more
than 5 seconds at a time because damage to the
system may result from excessive heat build-up.

3. Measure and record the following flow and pressure
readings by adjusting the lpad valve while listening for
any unusual noises as the valve is being openad and
closed. FIGURES 63-6.7

Figure 6.3



Directional Pull Tests (Continued)

Test Procedure

Qil Tempetatura DEG,

Engine Idle Spead AP

Il ':?l:u:ed
Frossuro Flow (GPM)

Load Valve Elpen

500 PS5l
1000 P5I
1600 PS5

Load Valve Clased

4, Now with the load valve fully open, increase the engine
speed to governed RPM and measure and record the
iollcwing flow and presswe readings by adjusting the
load valve while listening for any unusual noises as the
valve is being opened and closed: FIGURES 6.3-6.7.

Qil Temperature DEG

Engine Governed Speed RP

Governed Spead
Pressure Flow (GPM)

Load Valve Qpen

500 PS|
1000 F3l
1500 FSl

Load Valve Closed

5. Detarming the recommeanded fiow range and maximum
allowable system pressure for the stecring systam
being used by referring 1o your senvice manual

6. Compare the minimum and maximum flows, and the
relel pressure you measured to gear and pump
specifications.

7. If the minimum measured pump flow is less than the
minimum recommended flow for the steenng gear
used, the pump may not be putting out enough flow
for an adequate steering speed. |f the maximum
sysiem pressura is lower than that specified for tha
pump {check your manual), it may not be developing
enaugh pressure to steer. If either case exists, the
pump neads to be repaired or replaced

#25  Alignment Check
1. Check alignment of steered axle and rear drive axles,
and trailer axles (if problem only exists with trailer)
FIGURE 25.1.

Figure 6.5

Figure 25.1



Directional Pull Tests (Continued)

Test

826

227

#28

Procedure

Wheel Bearing Check

1

Vienfy that adjustment is per manulacturars
specification. FIGURE 26.1.

Air Suspension Adjustment Check

1.

Check and set to manufacturer’s specifications
FIGURE 27.1

Gear Cantrol Valve Imbalance Check

1

Install a low pressure gage (200-300 PSI maximum with
appraxamately 10 PSI per doasion) in the pressure ling
fram pump to gear, FIGURE 28.1.

CAUTION: Do not allow system pressure to exceed
the rating of the gage in the following procedure or
damage to the gage will result.

At engine idle, shghtly turn the steenng column by
hand in one direction until 8 pressure rise is observed at
thie gage. FIGURE 28.2

Stop steenng and gently allow the steenng column to
recenter

Mext shightly turm the steéefning Column Dy hand i he
oppasite dvacthion while obsarving the gage and
determineg if pressure initially rises or falls with initiation
of a turn

Repaat test a few nmes in aach direchion
If a consistent fall in pressure 15 associated with the

initiation of 8 turn in one direction, the steenng gear's
control valve 15 unbalanced and neads 1o be replaced

#29 Unequal Brake Force Check

1

2

Visually inspect brake assemblies for oiligrease on
traking surfaces, and overall condition of brake surfaces
FIGURE 29.1

Adjust or replace brakes if necessary

Figure 29.1




Directional Pull Tests {Continued)

Test #Procedure

Comments

E

36

Deflections in the suspension and linkage, front and rear,
due to high engine generated torque levels can cause a
steering effect. This most often occurs at lower vehicle
speeds while accelerating.

The location of the axle arm ball center is important during
spring wind-up conditions such as severe braking. A
steering arm different from that specified by the
manufacturer could cause a steering effect while braking.



__ Road Wander/Loose Steering

Common Phrases Used

Common phrases used to describe Road Wander or Loose Steering:

» Lash in steering
¢ Lost motion in stearing.
* Constant correction is needed at the steering wheel to keep the vehicle from wandering
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Road Wander/Loose Steering Tests

Test

#1

#2

#18

Procedure

Tire Check
1. Look for: = Tire damage. FIGLURE 1.1.
* Lingven or extreme tread weaar
* Mismatched tires

2. Check tire pressure

Fifth Wheel and Trailer Plate Check
1. Look faor dry fifth-wheel or trailer plate. FIGURE 2.1,

2. Look for damage to fifth-wheel or trailer plate

J. Inspect filth-wheal for looseness.

Lash in Steering System Check
1. Two people are needed for this test. One person will
turn the steering wheel back and forth one-guarter tum
each way from cenler with the engine idiing. The other
person should check for looseness at each of the
following areas from steering wheel to road wheels:
FIGURES 18.1 - 18.5

steenng wheel to steering column

U-joints, or slip-joint andfor miter boxes
ateering column to steering gear input shaft
Steering gear input shaft 1o steering gear output
shafl

Pitman arm to output shaft

Lrag link 1o pitman anm connection

Drag link ends {sockets) and adjustable areas
Axle arm to drag link connection

King pin axle connactions (bushings)

Tie rod arms to tie rod connaction

Tie rod ends (sockets) and adjustable areas
Stearing spindle

Wheel beanngs

Lug nuts

Spring to spring pin connectors

Front axle

Front axle u-bolts

Spring hanger brackets/rear shackles

w @ ® @

" R O R & & F 8 O " " " W W

NOTE: Cracked or broken components can cause
symptoms similar to loose components but may be
mare difficult to find.

NOTE: Be sure to check rear drive axles for any
looseness. FIGURE 18.6.

Figure 1.1

Figure 2.1

Figure 18.3
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Road Wander/Loose Steering Tests (Continued)
Test Procedure

#19 Steering Gear Adjustment Check
1. Check and adjust per service manual if necessary.

#24 Miter Box Misadjusted (if equipped) Test
1. Check and adjust per manufaciurer’s instructions.
FIGURE 24.1,

#25 Alignment Check
1. Check alignment of steered axle and rear drive axles,
and trailer axles (if problem only exsts with trailer),
FIGLIRE 25.1.

#26 Wheel Bearing Check
1. Verfy that adjustment is per manufacturer's
specification. FIGURE 26.1

Comments

G Soft or loosely supported rear suspensions may allow the
rear driving axles to become non-sguare with the
centerling of the chassis during load shifting or trailer roll
which will tend to produce a steering effect.

N
Figure 18.6

Figure 24.1

Figure 25.1 Figure 26.1
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Non-Recovery

Common Phrases Used

Common phrases used to describe Non-Becovery:

+ Wheels don't return to straight ahead.
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MNon-Recovery Tests

Test Procedure

21 Tire Check

b
I

2. Check tire pressure

- b Fifth Wheel and Trailer Plate Check

2

-
wd

a4 Steer Axle and Linkage Binding Test

1

]

B

&5  Steering Gear Mounting Taest

Look for: = Tire damage. FIGURE 1.1
& Ungven ofF exiremea tread wear
= RAismatched tires

Figure 1.1

Look for dry fifth-wheel or trader plate. FIGURE 2.1
Look for damage 1o fifikewheel or irailer plate

inspect fifth-wheel for looseness

With vehicle siaar tires on radws plates (rntables) or
equivalent, dsconnect the drag ink gf petrman arm from
the steenng gear [and hnkage from assist cylinder i
thare 15 one on the vehiclel, FIGURE 4.1

CAUTION: Do not steer the gear with linkage
removed as mis-adjustment of automatic poppets may
result.

By hand. pull the tire to one axle stop and release
(engine off). The tire should self-return 1o near straight
ahead, FlIGURE 4.2

Repeat the test in the opposite direction

Il wre does not self-return 10 near straight ahead, a
problem is kely in steer axle king pin bushings/beanngs
of inkage

Look for anything between the stoenng goar and framie
that could cause a binding problem.  For cxample Figure 4.2
hoses or brackets that have boen routed, or arg
mtertenng between the steenng gear and frama
FIGURE 5.1. Frame Hlanges or spring mounting paints,
mounling pads lower than steenng gear housing, lack
of clearance between frame and s1eering gear

walvg housing adaptor, sector shaft adjusting screw and
nul mismaichad wath access adjusiment hole in frame

H.tluré 5.1



Mon-Recovery Tests (Continued)

Test Procedure

2. If the steering gear has been mounted to the frame in
a way that causes the gear to distort (not ba flat), it
may cause a steering problem. The use of spacers is
alright a5 long &5 the gear is mounted securely, and the
gear 15 not distorted when mounting bolts are
tightened. FIGURE 5.2. Checking to see if distortion is
prasent on the vehicle may require the following test:

3. With vehicle parked and turned off, steer the wheel
slowly checking for a binding-type of feel at the
steering wheel. When binding is felt loosen one
mounting bolt, and steer the vehicle again, Continue to
loosen one mounting bolt at a time and check for
improvameant in the binding condition. If improvement
i made by loosening the bolts, detarming by inspection
what interference or condition is causing the gear to
aistort and correct the problem,

#6  Power Steering Pump Test

1. Install termperature gage in reservoir. FIGURE 6.1,
Install PSSA in pressure ling with shut-off vahve Tully
open. FIGURE G.2. Park the vehicle outside. Record
ambient temparature. Run the engine at governed
RPM for 40 minutes to bring the fluid up to an elevated
testing temperature. Measure and record the fluid
temperature at the start and at 10, 20, 30 and 40
minutes. Do not allow the temperatune 1o excesd 250°

MNOTE: if the temperature goes over 250° F, or T e
150 * F above the surrounding temparature

{ambient) at any time during the test, stop the test.

This temperature level is considered extreme and

steering system performance and life will be seriously

affected. Damage to hoses, seals, and other

components may result if operated at extreme

temperature. If the steering system is operating

above the recommended temperatures, the heat

problem may be the root cause of the complaint.

2. Run the engine at idle speed

CAUTION: When closing the PSSA shut off valve, do
so slowly and keep an eye on the pressure gage. Do
nat allow the system to exceed 2500 psi for safety of
persannel and to prevent damage to the vehicle.

CAUTION: Do not keep the load valve closed for more

than 5 seconds at a time because damage to the
system may result from excessive heat build-up.
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MNon-Recovery Tests (Continued)

Test Procedure

3.

Measure and record the fellowing flow and pressure
readings by adjusting the load valve while listening for
any unusual noises as the valve is being opened and
closed. FIGURES 6.3-6.7

il Temperature DEG

Engine |die Speed RER

Idle Speed
Prassure Flow {GPW)

Load Valve Open

500 PSI
1000 PSi
1500 PSI

Load Valve Closed

Now with the load valve fully open, increase the engine
speed to governad RPM and measure and record the
following flow and pressure readings by adjusting the
load vahoe while listening for any unusual noises as the
walve is being epened and closed: FIGURES 6.3-6.7.

il Temperature DEG

Engine Governed Speed AP

Governed Spaed
Pressure Flaw [GPM)

Load Vale Cpen

500 PS
1000 PSI
1500 PSI

Load Valve Closed

Determine the recommended flow range and maximum
aliowable system pressure for the steering system
being used by referring to your service manual.

Compare the minimum and maximum flows, and the
relief pressure you measured to gear and pump
specifications.

If the minimum measured pump flow is less than the
minimum recommended flow for the steering gear
used, the pump may nat be putting out enough flow
for an adequate steering speed. If the maximem
system pressure 15 lower than that specified for the
pump (check your manual), it may not be developing
enough pressura to steer. If either case exists, the
pump needs to be repaired or replaced.

Figure 6.5

Figure 6.7
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Non-Recovery Tests (Continued)
Test Procedure

#10 Steering Column Binding Test
1. With the vehicle parked. the engine off, and the stear
axle jacked-up. slowly steer the wehicle until the
binding position is located.

2. With the steening gear at this position, remove the
steenng column assembly from the steering gear. Note
the correct position of the column and steenng gear for
reassembly after test. FIGURE 10.1.

3. Rotate the steering gear input shaft no more than 1/4
turn each direction and check if binding is still present.
FIGURE 10.2. W banding is not felt, comect the steenng
column problem.

#19 Steering Gear Adjustment Check
1. Check and adjust per service manual if necessary,

#23 Slip Column Travel Test
1. Check the slip column by looking 1o make sure thera s
proper traval allowance when in use. FIGURE 23.1.

2. Look for wear or galling. FIGURE 23.2,

3. Check slip column for too much slip force

#24 Miter Box Misadjusted (if equipped) Test

1. Check and adjust per manufacturer’s instructions.
FIGURE 24.1.
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Non-Recovery Tests (Continued)
Test Procedure

#25 Alignment Check
1. Check alignment of steered axle and rear drive axles,
and trailer axles (if problem only exists with trailer)
FIGURE 25.1.

#28 Gear Control Valve Imbalance Check
1. Install a low pressure gage (200-300 PSI maximumm with
approximately 10 PSI per division] in the pressure line
from pump to gear. FIGURE 28.1.

CAUTION: Do not allow system pressure to exceed
the rating of the gage in the following procedure or
damage to the gage will result.

2. Arengine idle, shghtly turn the steering column by
hand cne direction until a pressure rise is observed at
the gage. FIGURE 2B.2.

3. Stop steering and gently allow the steanng column to
recenter.

4. Next slightly turn the steering column by hand the
opposite direction while observing the gage and
determine if pressure initially rises or falls with initiation
af a purn,

5. Repeat test a few times in each direction

6. If a consistent fall in pressure is associated with the Figure 282
initiation of a turn in one direction, the steering gear's
contrel valve is unbalanced and needs 10 be replaced.
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Definition and Common Phrases Used

A severe Shimmy condition can be felt at the steering wheel. Typically, ence something triggers a Shimmy condition
10 occur, it is sustained until the driver does something {such as slow down) 10 dampen out the condition.

Common phrases used to describe Shimmy:

* Shake at steering wheel
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Tire, Wheael,
Brake Balance, or
Run Out

Test #30

Air in System

Test #12

Looseness in
Mechanical System

Test #18
Test #19
Test #24
Test #26

Vehicle
Alignment

Test #25




Shimmy Tests

Test Procedure

#12  Airin Hydraulic System Check
1. Inspect reservoir for foaming or air bubbles. FIGURE

12.1. If foaming or bubbles are seen, air 15 beng sucked
into the system through cracks or loose fittings on the
inlet side of the pump. Look for oil level changes
engine off versus engine on. If fluid level increases
when the vehiche is shut off, thare is an air pocket Figura 12.1
trapped in the steering gear. The increase may not be
noticeable, depending on the size of the pockel.

2. Bleed the steering gear (if there 15 a manual bleed
screww at the top of the gear). With sysiem at normal
operatng lempearature and enging al propar idle speead
and running, open the bleed screw and wait untl clean,
clear oil begins 1o flow from the gear. Close the bleed
screw and steer the vehicle completely from stop to
stop

3. Hepeat the bleeding operation three imes, and
recheck ail level in reservoir 1o make sure there 15
enough oil for the system to operate properly

#18 Lash in Steering System Check
1. Two people are needed for this test. One person will
turn the steering wheel back and fanh one-quarter turn
each way from canter with the engine iding. The other
parson should check for loosensss at each of tha
following areas from steenng wheal 10 road wheels:
FIGURES 18.1-18.5

steering wheel to steenng column

U-joints, or slip-point andfor miter boxes
Steering column to steenng gear input shalt
Steering gear input shaft 1o steening gear oulput
shaft

Fitrman arm 1o output shaft

Drag link to pitman arm connaction

Drag ink ends (sockets) and adjustable areas
Axle arm 1o drag hnk connection

King pin axle connecbions (bushings)

Tie rod arms to te rod connection

Tie rod ends (sockets) and adjustable areas
Steerning spindle

Wheel bearings

Lug nuts

Spring 1o Spring pin conneclons

Front axle

Frant axle u-bolts

Spring hanger brackets/rear shackles

MOTE: Cracked or broken components can cause
symptoms similar to loose componants but may be
mare difficult to find, Figure 18.4
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Shimmy Tests (Continued)

Test Procedure

NOTE: Be sure to check rear drive axles for any
looseness. FIGURE 18.6.

819 Steering Gear Adjustment Check
1. Check and adjust per serice manual if necessary,

#24 Miter Box Misadjusted (if equipped) Test
1. Check and adjust per manufacturer’s instructions.
FIGURE 24.1.

#25 Alignment Check
1. Check alignment of steered axle and rear drive axles,
and trailer axles (if problem only exists with trailer).

#26 Wheel Bearing Check
1. Verify that adjustment is per manufacturer's
specification. FIGURE 26.1.

#30 Road Wheel Rotating Assembly Check
1. Hawve wheel assemblies balanced and checked for lateral
and radial run gut per manufacturer’s specifications.
Preferred method for checking balance is with wheels
still on the vehicle. Balance includes total rotating
assembly. FIGURE 30.1.

T il i o

e -

Figure 30.1
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Common Phrases Used

Common phrases used to describe Noise:

* Steering is noisy
* Clicking or clunking sound is heard when steering.
* Moaning or grunching at steering gear
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NORMAL

Hissing Noise
when Control
Valve is Actuated

NORBRMAL

Noise when Fluid

Bypasses Poppets
J

\

rNORMAL N
Noise from
Actuated System
\Relief Y.
rNORMAL .
Pump Growl from
some Power
\Steerlng Pumps J

Air in System

Test #12

Low Fluid Level

Test #31

Restrictions at
Pump Inlet or
Plumbing Lines

Worn Gut Pump or
Purmp Belt Sgueal

Test# 13

Test #6

Loose Components
Clicking

Test #18




MNoise Tests

Test Procedure

#6  Power Steering Pump Test

1. Install temperature gage in reservoirr, FIGURE 6.1.
Install PSSA in pressure line with shut-off valve fully
apen. FIGURE 6.2. Park the vehicle outside. Record
ambient termperature. Run the engine at governed
RFPM for 40 minutes to bring the fluid up 10 an elevated s
{esting temperature. Measure and record the fluid Figure .1
ternperatura at the start and at 10, 20, 30 and 40 i
minutes. Do not allow the temperature to exceed 250°

MOTE: If the temperature goes over 250 F, or

150 * F abowve the surrounding temperature

jambient) at any time during the test, stop the test.
This temperature level is eonsiderad extrame and
steering system performance and life will be seriously
affected. Damage to hoses, seals, and other
components may result if operated at extreme
tamperature. If the steering system is operating
above the recommended temperatures, the heat
problem may be the root cause of the complaint.

2. RBun the engine at idle spaad

CAUTION: When closing the PSSA shut off valve, do
g0 slowly and keep an eye on the pressure gage. Do
not allow the system to exceed 2500 psi for safety of
persaonnel and to prevent damage to the vehicle.

CAUTION: Do not keep the load valve closed for more
than 5 seconds at a fime because damage to the
system may result from excessive heat build-up.

3. Measure and record the following flow and pressure
readings by adjusting the load valve while istening for
any unusual noises as the valve is being opened anad
closed. FIGURES63-6.7

Qil Temperature DEG,
Engine Idle Spead AP
Idle Speed
Pressure Flow (GPM]
Load Vahe Open
500 PS5
1000 P5i

1500 PSI

Load Vahe Closed

4. Now with the load valve 1L.|:'|.' open, ncrease the enging
speed to governed RPM and measure and record the
following flow and prassure readings by adjusting the
lgad valve while istening for any unusual noises as the
valve is being opened and closed: FIGLIRES 6.3 -6.7

Figure 6.5



Maoise Tests (Continued)

Test Procedure

Oil Temperature DEQ
Engine Governed Speed alil
ﬁgvﬂrn
~ Pressure Flow (GPM)
Load VYahe Open
500 PSI
1000 PSI
1500 P51

L Valve Ll

5. Determine the recommendad flow range and maximum
allowable system pressure for the steering system
being used by referring to your service manual

6. Compare the minimum and maxsimuom flows, and the
rehefl pressure you measured to gear and pump
specifications.

7. I the minimum measured pump flow is less than the
minimum recommended flow for the steering gear
used, the pump may not be putting out enough flow
for an adequate steering speed. If the maximum
system pressure 15 lower than that specitied for the
purmp {check your manuall, it may not be developing
enough pressure to steer. |f either case exists, the
pump neads 10 be repaired or replaced.

#12 Airin Hydraulic System Check
1. Inspect reservair for foaming or air bubbles. FIGURE Figure 12.1
12.1. If fpaming of bubbles are seen, air is baing sucked
into the system through cracks or loose fitings on the
intet side of the pump. Look for oil level changes
engine off versus engine on. If fluid level increases
when the vehicle is shut off, there is an air pocket
trapped in the steering gear, The increase may not be
noticeable, depending on the size of the pocket,

2. Bleed the steering gear (if there is a manual bleed
screw at the top of the gearl. With system at normal
operating temperature and engine at proper idle speed
and runming, open the bleed screw and wait until clean,
clear oil begins to flow from the gear. Close the bleed
screw and steer the vehicle completely fram stop 1o
Stop.

3. Repeat the bleeding operation three times, and

recheck oil level in reservoir 10 make sure there is
engugh ail for the system 1o operate properly
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MNoise Tests [Continued)

Test Procedure

#13 Restricted Hydraulic Line Check

1.

Look at the suction ling that goes to the pump Gif there
is ang) to check for kinking or any othar obstructions or
irregulanties on the inside of the hose. FIGURE 13.1.

. With the PSSA and temperature gage installed

(FIGURES 13.2 - 13.3), load valve fully open, and oif at
125 to 135 degrees, determing a test enging speed
{RPMI that causes pump to delwer either 3, 4, S 0r B
GPM (whichever 5 easier] and note this speed

Rermnove the PSSA and install a low pressure gage (200-
300 PSI| masamum with approximately 10 PS5l per
drvision] in the pressura ling 1o the steering gear at the
pump end. FIGURE 13.4. Install a temperalure gage in
the power sieering resanegdn

CAUTION: Do not allow system pressure to exceed
the rating of the gage during the following procedura
or damage to the gage will result. Extreamaly high
restrictions may be indicated with the PSSA gage as
installed with load valve fully open.

MOTE: Be sure that the steering gear input shaft is

not being restrained from recentering because this will
cause a false steering gear pressure drop. If there is
any question, conduct this test with the stearing
column remowved.

Bnng tha power steenng fiuid temperature 1o 125 1o
135 ° a1 enging idle, with no steering force
apphed (o the steenng wheeol, FIGURE 13.5

At the test engine speed selected from step 2 above,
measure and record the gage reading and shut off the
enging. This measures 1013l system pressure

Remaove the prassure and return nes from the steening
gear and connect them tagethar with a fitting that will
not restrict the flow. FIGURE 13.6

Start the enging, and run at the RPM dentified in step
2 with the fluid termperature bebween 125-135°

Measure and record gage reading and shut off engine
This i hydraubic ing/fesemnvoir pressurg.

. The difference between the total system pressure

gage reading and the hydraulic nefreservor pressura
gage reading is the steering gear pressure drop. Fora
TASEGS steering gear, at a flow of 3, 4, 5 or 6 GPM,

drop should not be greater than 30, 40, 55 or 70 PS5l
respectively. The lingfresersoir pressure drop for a flow
of 3, 4, b or 6 GPM should not be greater than 20, 20,
25 or 25 P3l respectvely

Figure 13.1

Figure 13.5
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Noise Tests (Continued)

Test Procedure

#18

58

Lash in Steering System Check

1:

Two people are needed for this test. One parson will
turn the stearing wheeal back and forth one-quarter turm
each way from center with the engine idling. The other
person should check for loosenass at each of the
fallowing areas from steering wheel to road wheels:
FIGURES 18.1-18.5.

Steering wheel 1o steering column

U-joints, or slip-point andfor miter boxes
Stearing column 1o steering gear input shaft
Steering gear input shaft to steering gear output
shaft

Pitrman arm to output shaft

Drag link 1o pitman arm connection

Drag link ends (sockets) and adjustable areas
Axle arm to drag link connection

King pin axle cannections (bushings)

Tie rod arms 1o tie rod connection

Tie rod ends (sockets) and adjustable areas
Steering spindle

Wheel bearings

Lug nuts

Spring to spnng pin connaectors

Front axle

Front axle u-bolts

Spning hanger brackets/rear shacklas

- = & &

® B & & & & @8 &4 8 8 5 8 ®F W

MNOTE: Cracked or broken components can causa
symptoms similar to loose components but may be
more difficult to find.

MNOTE: Be sure to check rear drive axles for any
laosenass, FIGURE 18.6.

MY

Figure 13.6

3

Figure 18.1

Figure 18.4



Moise Tests (Continued)

Test Procedure

#31 Power Steering Fluid Level Check
Check reservoir and make sure there is enough fluid
FIGURE 31.1

Figure 18.5

Figure 1B.6

Figure 31.1

59



Notes

60



External Leakage

Comments and Common Phrases Used

The actual source of external leakage may be difficult to locate because of visual obstruction of components, fan blast,
road grime and the fact that fluid tends to run and drip from the lowest point which may not be close to the leakage
source. Some leakage may only occur with the engine off while other leakage may require pressure to cause it to
occur. The system may have to be cleaned and dried to find the source. The source of the leak needs to be found
before removing or changing parts.

Common phrases used to describe Externat Leaks:

¢ Loss of steering fluid

Continual adding of fluid in reservoir required
Cil on compgonents

Qil puddle under vehicie after being parked
iLeaks at gear box
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Correct the
Problem

CInO
o Pump/Reservoir/ '
Fittings Hoses Coolor Steering Gear
Check for: Check for: Check for; Check for:
ONot Tight OcClamps Loose [ Broken or Cracked Oporosity in
Brackets, Filler Housing, Side
[lbefective (| Hgat or Age Tops, Connector Cover, Valve Hsg
racked
Covertightened [dPiugged Vent O Iné)uv'Output
O Twisting or Hole in Filler sals*
Obamaged Sealing Abraision Cap
Surface (Wear) Oside Cover Seal,
Oimproper Ol Vent Plug, Bolts,
Omismatched O Misassembled Level in Side Cov. Gask.
Fitting/Hose End Reservoir
Connection [Jvalve Housing
OLocse O Foaming due to Sealing Areas
Connection Missing or
Misplaced Comp. Oroppet Screw
or Sealing Nut
O brive Shaft
Seal
Ocooler

*NOTE: If Input Shaft Seal Appears Hardened

from

aat, Canduct the 40 Minute

Temperature Test (Test #6, Step 1).




Glossary of Terms

Ambient .. Surrounding on all sides. The temperature around the vehicle.

Binding .. Hindered from free operation. Binding is a change or increase in steering wheel effort. Binding will usually
not require the effort levels described in Hard Steering, unless it is severe.

Cyclic .. Happening or appearing at regular intervals.

Cyclic Binding .. While steering in a slow, smooth manner, is a torque variation encountered which repeats for a given
amount of steering wheel rotation. An example would be a hard spot or “lump” felt at the steering wheel
once per revolution.

Darting .. To move suddenly or rapidly. Darting is when the driver suddenly gets more turning than he wants from his
vehicle.

Distort .. Twist out of original shape.

Hard $teering .. When steering effort at the steering wheel is more than 200 inch pounds (typically 18-22 lbs at the
rim of the steering wheel). Steering is still possible, but there is not enough power assist.

Oversteer .. The tendency of a vehicle 1o steer into a sharper turn than intended.

PSSA .. Power Steering System Analyzer. A Power Steering System Analyzer is a combination of a flow meter, shut
off valve, angd pressure gage. This teol will allow you to measure flow and pressure, and provide a toad on the
pump in the hydraulic lines of the steering system.

Shimmy .. Abnormal shake or vibration. A severe Shimmy condition can be felt at the steering wheel. Typically once
samething triggers & Shimmy condition to occur, it is sustained until the driver does something (such as slow
down) to dampen out the condition,

Steering Wheel Kick .. Steering Wheel Kick is usually triggered when the road wheels hit a bump that the steering
wheel reacts to. The kick is ususally dampened out Guickly.
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