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HF54 Integral Hydraulic Power Steering Gear

This steening pear was specifically designed for mator trucks. Our design experience with
previous models of hydraulic power steering gears have been incorporated into thes product

Design Features

1.

Preloaded Linear Spool Valve—Ths device prowides
TESpOnSVE Steering control

Precision Roller Bearings—~Allow the steering gear 1o
operate with high effcency and reversibility

Unloading Valwes—Funish power sieening pumg
protection and reduse pressure o unload sieenng linkage
a1 the ends of s1eering gear 1ravel

Recirculating Balls—Combines hegh mechanical efficiency
with smooth operation

High Temperature Seals—These specially developed seals
may be operated intermattently a1 250°F (121.1°C)

Manual Steenng Capability—Provides for steering camrol
in the event of hydraolic fadure

Auxiliary Porting Awailable—For auxhary cylinder control

seal Prneciors—Prowide protection from harsh
BAViranment



Definitions

NOTE: A NOTE gives key information to make a procedure easier or quicker to
follow.

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

WARNING: A WARNING REFERS TD THODSE PROCEDURES THAT MUST BE
FOLLOWED FOR THE SAFETY OF THE DRIVER AND THE PERSON
INSPECTING DR REFAIRING THE GEAR.

The product represenied herein s protected by United States patent No. 3, 047, 087

ETHN INC. 1586
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Introduction
Service Manual for Model HF54

This service manual has one purpose: 10 guide you in mantainmg, iroubkeshooting and
servicing the HF54 Hydrapower™ integral power steerng gear.

Material in this manual is organized 50 you can work on the HFS4 and get results without
wasting time or being confused. To get these results, you should review the contents of thes
manual betore you begin any wark on the HF54,

The section of this manual on Geneval Design and Operation, treats the major parts of the
HF5 and explans how they function 1ogether, The knowledpe you acquire from rewiewing
this section should assist you in solving your steering problem.

This manual also containg troubleshooting nformation and checklists. With them, you can
diagnose a stearing problem without removing the HFS4 from the vehicle. If you must
sorvice the HFS4, the checklisis will help you to determing where the problem may be.

The three-column format of the Repairs, Adustments, Dsassembly, Inspection and Assambily
sections will make it easier for you to service the HFB. Column 1 gves a brief key for
each procedure. Column 2 explaing in detail the procedure you should follow. Column 3
ilustrates this procedure with photographs, Pay special attention 1o the notes, cautions and
WAnINgs.

A foldout page with the same typical HF54 exploded assembly view on both sides is
provided in this manual. The companent part names and item numbers assigned on this
axploded assembly view correspond with names and item numbers lin parentheses) used in
the disassembly, assembly and other procedures set forth i this manual. When this exploded
assembly view page is folded out, you can easily identity components and locate ther
relatve position on the exploded assembly view as you follow the disassembly, assembly and
other procedures.

As you gaan experience in senacing the HFS4 you may find that some informataon in this
manual could ba clearer and more complea, IF %o, len us kmow about it. Don't try 10 second
guess the manual; if you are sck, contact us. Senvicing the HF54 should be a safe and
productive procedure.
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Valve Hydraulic Fluid quw lllustration
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HF54: General Design and Operation

Design
Integral Power Steering

The HFS4 power steering gear i one of
the Ross family of integral hydraulic
powver stesring gears. Integral hydrualic
poweer steering means that the gear box
tomaing & manual steering mechanism, &
hydraulic contral valve, and a hydraulic
poweer cylnder, gl in a singhe, compact
package.

Linear Control Yalve

The linear controd valve combines
simphcity of construction with desirable
performance cheracterstics. The speed an
which the driver can wrn the steenng
wheel with power assist 5 dependent
upon the pump flow Imeasured in gallons
per minute—gpm or LitersiMin.} directed
1o & cylinder cavity,

The pressure Imeasured in pounds per
sfuare inch—psi or barl required for the
gear 10 steer the vehicle is created by
the power StEering pump to OVETCOME
resistance &l the steered wheels. The
control valve senses these requirements
and directs fluid 1o the cylinder cavity at
the proper flow rate and pressure,

Pressure Means Work,
Flow Means Speed

The higher pressure a gear can
withstand, the more work it can perionm,
The HFS4 can steer a vehiche with a
front-end weight rating of abour 7,000
pounds (3175 Kgl through & tem at low
vehicle speed and enging idle. As the
driver turns the steering wheel faster or
slower, mare or less fluid will be requeed
by the gear in one manute. For the HFS4,

maximum operating pressure is 1500 psi
(103.4 bar). The absolute maomum flow
rate is 6 GPM (23 lnersiman_). The vehicle
manufacturer’s specifications must be
referred 1o for the maximum flow rate
(GPM or litersimin,| a5 it will be lower
on particular HF54 steering gear
apphcations. NOTE: The recommended
minimum flow at 1% hand wheel
turns/second must be no less than 2.5
gpm (9.6 LitersiMin.). If the HF54
steering gear is controlling an auxiliary
cylinder, increased minimum flow s
required based on the size of the
auxiliary cylinder and the vehicle's
StEering Qeometry.

Dperation

What Happens During
@ Steering Maneuver

When the driver tumns the steering wheel,
he transmits rotational farce fram the
steenng wheel 1o the steering pear worm
inputl shatt, In response to this
rotational force, the worm shaft, acting
thrawgh the recirculating mechanism, tries
10 mave the rack piston axially through
the gear housing cylinder bore,

The rack peon's axal movement is
ressted by % engagement o the sactor
shaft, whch is connected by linkage to
the steered wheels, Because of this
resstance, an axial movement i5 then
ransmitted (o the worm shafi & valve
spaol, avercoming the hydraulic & spring
forces that center the contral valve,
ihereby actuating the control vake.
Pressurized fluid, directed by the control
valve, assists m moving the rack piston

axially thraugh the cylinder bore. The
rack piston then wrns the seclor shaft to
ster the wvehicle,

Shock Loads to the Gear

If the steered wheels receive a shock
load, the shock lorces are transmitted
throwgh the sector shaft, 1w the rack
piston, and anto the worm shat, The
miennal geomerry of the siesrng qear
cauzses ihe condrol vale 10 sand high-
pressurg fluid to the correct cylinder
cawity 1o resist the shock fornces. By
ahisorhing the shock forces hydraulically,
the steening pear prevents objectionable
kickhack a1 the steering whesl.

Unloading (Poppet] Valves

The HF5A gears are equipped with two
nlgading valees, one at each end of the
rack piston travel, One valve or the other,
depending on the drection of wrn, will
irip a5 the steered wheels approach the
axle stops (which must be se1 according
10 manufaciurer’s specficanon), The
rripped valve reduces pressure in the gear
and helps 1o reduce hear genarated by
the pwmp. At the same time, the vales
glso reduce forces on the sieering

linkage.
Bleed System

Some HF54 gears which are mounted
with the output shaly sbove the rack
piston bore are equpped with a manual
bleed screw.

The procedure for servicing the manual
bleed screw is described under “Filling
and Air Bleeding” Ipage 501 in this
manual.



Troubleshooting Information

Preliminary Checks

When a customer comes 1o you with a problem related to his
fruck’s steenng, you can save a bot of time and wark if you
first werify the prablem. Make sure you're both t1alking the same
language about the same problem. If he says the truck’s hard
to steer, find out exactly what he means. Is it hard stesning
into & nght or left wrn? Only when turning the steering wheel
while the truck i sitting stll? Is there only ntermitient power
steerng? Or = there no power assist at all?

If at all possibke, and if it's =afe 1o do so, test drive the truck.
I you're not familiar with the rig, ket the customer deive it
while you it beside him. Take hold of the wheel while he
drives 1o get @ feel for the problem he's talking about. Since
mast of his drivng will be wath his truck hauling a load,
arrange for a load o ane is requered to reproduce the steering
problem.

Once you've determingd the problem and its symptoms, don't
jamp right in to tear the steerng gear or pump apart. In most
cases, in fact, the gear should be the last companent you
chack, There are many ather components in the steering system
than could be causing the problem fsse FIG. 1), These you
should check first,

TYPICAL STEERING SYSTEM

Figure 1

Begin, then, by checkmg the steered wheels: make sure that
the tires are at correct pressure and egual all around, that they
are properly sized, and that they are not worn or damaged.

Mext, have the front-end alignment checked and look far
abnarmal Inoseness or tightness in the steering linkapge, bal
jpints, and king pans.

A service replacement haosa or fluid line may be misrouted or
may ba 1oo small in diameter, or it may be restricted in some
other way, Reroute any hose that is kinked or bent shanply.
Replace any hoses that are not the same as onginal equipment,

Contine by checking the power stesring fluid reservair 10 make
surg that oil i up to the correct level Also, check the pump
drive bed, if one is used, to sea if it is ghpping, The ball may
be tight, but it may also be glared, and a slipping belt doesn't
ahways squeal, If you adjust the belt, check the specifications,

These are just some of the checks you should make before you
wrn to the steenng gear or pumg. The Troubleshoating Guide
on pages 9 thre 11 explaing what 1o diagnosa for a particular
stearing problem. Match the trouble symptom against the chart
and follow the recommended trovbleshooting sequence. Doing
50 will most likely save you time and may present unnecessary
repairs and costs.

Hydraulic Tests

If the checks described above all prove satsfactory, it & possible
that the cause of the steerng problem can be traced 10 & kack
of pressure or msutficient flow. In ths case, you may have 1o
do more detailed troubleshooting that invalves conducting
hydraulic: Tests.

Preparation for Hydraulic Tests

To conduct the following hydraulic 1ests, first install a flow
meter, pressure gage and load |shut off) valve in the fluid
supply bne 1o the s1eering gear, as indicated by the instructions
that come wath the flow meter, Sieenng system analyzers are
available wath the 3 wnits integral, Place a thermometer in the
reservoir (FIG, 20, You must use & flow meter, and it is
recommanded that vou use a thesmometer, if you are o
traubleshoal the hydraulic sysiem accurataly.

STEERING GEAR 'T

Figure 2



tart the engine and warm the hydraubc system up by partially
chasing the load valve until the pressure gage reads 1000 psi
(69.0 Barl. When the flud temperature, as indicated on the
thermometer, reaches between 125°F (61.7°C) and 135°F
[57.2°C1, open the load valve. The system is warmed up, and
you can conduct the tests.

CAUTION: Do not close the load valve completely and leave
it closed, or you may damage the pump. At no time allow
fluid temperature to exceed 180 °F (82.2 °C). Run all the
tests at the prescribed temperature range of 1257

(51.7 °C)-135°F (57.2°C).

Power Steering Pump Pressure Test

With the engme wling, close the load velve and read the
pressure gage. If the pressure reads below the minimum
specilied by the pump manufacturer, repair or replace the pump.

CAUTION: Do not keep the load walve closed for longer than
5 seconds to avoid damaging the pump. Closing the load
valve causes the pump to operate at relief pressure and the
fluid temperature to increaze rapidly. Allow fluid 10 cool to
between 125°F (51.7°C) and 135°F (57.2°C) before you
resume with the other tests.

Power Steering Pump Flow Test

WARNING: MAXIMUM FLOW RATE FOR THE PARTICULAR
HF54 STEERING GEAR SYSTEM AS SPECIFIED BY THE
VEHICLE MANUFACTURER MUST NOT BE EXCEEDED.
EXCESSIVE FLOW CAN CAUSE DAMAGE TO INTERNAL
PARTS OF THE STEERING GEAR, WHICH COULD RESULT
IN A LOSS OF POWER STEERING.

NOTE: If methods of checking flow rate are provided by the
vehicle manufacturer, you should follow those instructions
rather than the procedure described below.

With the enging idling and the fluid temperature bamween 125
(51.7°C) and 135°F (67.2°C), check the pump manufacturer’s
specifications for flow rate. Compare these specfications with
the flow rate on the flow meter.

Maowi, fully close the load valve until the pressure gage reqistars
the pressure at which the pump is relieving. When pump refief
is reached, flow rate must be rero. IMMEDIATELY OPEN THE
LOAD VALVE. The flow rate must instantly return to the
arigingl reading. If this rate does not return immediately, the
pumg is malfunctionng, which can result in intermittent power
BSHIS,

Mow, sat the engine &t governed rpm, &nd fully close the lpad
valve again until pump relief is reached. At pump rebef, the
flow rate must be zero. IMMEDIATELY OPEN THE LOAD
VALVE. The Rlow rate must ingtantly return to the aniginal
reading. If this rate does not return immediately, the pump =
malfunctioning, which can result in inermittent power assist.

MOTE: Conduct the pump flow test once at idle rpm and
three times at governed rpm,

CAUTION: Do not allow the fluid temperature to exceed
180°°F (B2.2°C). Aun each phase of this test between
125°F (61.7°C) and 135°F (57.2°C),

Steering Gear Internal Leakage Test

To test the steerng gear for internal leakage, you must first
prevent operation of the gear's internal unoading [poppet]
valves. This will allow full pump refief pressure to develop. To
prevent operation of the poppets, place an unhardened steel
spacer block, about 1 inch thick and long enough 1o keep your
fingers clear, betwesn the axle and stop at one wheel |see FIG,
al.

Faqure 3

With the fluid temperature between 125°F (51.7°C) and 135°5F
(57.2°CI, turn the steering wheel untl the axle stops bottom on
the spacer black (FIG. 3.

CAUTION: When running this test, do not hold the steering
wheel in the full turn position for longer than 5 to 10
seconds at a time to avoid damaging the pump.

WARNING: KEEP YOUR FINGERS CLEAR OF THE AXLE
STOPS AND SPACER BLOCK DURING THIS TEST. MAKE
SURE THAT THE SPACER BLOCK CONTACTS THE AXLE
STOP SOUARELY. CONTACT THAT IS NOT SQUARE COULD
BAEAK THE AXLE STOPS DR DANGEROUSLY THROW OR
EJECT THE SPACER BLOCK.

Apply 20 Ibs. 9.1 KG) to the rm of the steering wheel during
this test 1o be sure that the steening pear control valve is Fully
closed. The pressure gage should now read pump rebef
pressure, &s noted during the pump pressure test. You can now
read steering gear inarmal leakage on the flow meter.

Acceptable intarnal leakage can range from 0 to 1.5 gpm (5.7
Liters/Mun_),

Repeat this test for the opposite direction of turn

If internal leakage is greater than 1.5 gpe (5.7 Livers/Min,| and
there 15 no auxiliary hydraskc cylinder in the system, repair the
pear. If the imernal |eakage is oreater than 1.5 ppm (5.7



Liters/Min.| and there is an auliary hydraulic cylinder in the decannected lines 10 prevent drainage. Repeat the intemal

system, controled by the HFR gear, solme the ausiliary leakage test. |f the imernal leakage is greater than 1.5 gpm
cylnder from the system by disconnecting the auxiliary cylinder 15,7 Liters/Min.) repair the HF54 geas, If it & less than 1.5 gpm
hydraubc lines a1 the HF54 unit's auxiliary ports. Plug those [5.7 Liters/Min ] repair the auxiliary cylinder,

ports with suitable pressure plugs or caps and plug the

Troubleshooting Guide

I.  Normal Noises

* You or the driver may hear & hissing noise from the control valve when it & actuated
during & Steering maneuver,

* You or the driver may hear a noise as flwd bypasses through the poppets at full wrn,

* You or the driver may hear a noise from the system relief valve when it & reguired 1o
gCiuate.

* You or the driver may hear pump growl from some types of power steerng pumps.

Il. Abnormal Moises

® |f the power steering pump i belt driven, 8 sguesling nome may indicate that the belts
should be tightaned or replaced.

® A clicking noise heard during & wrn, or when changing directions, may indicate that some
componant i loosa and shifting under load

* f chanpe in the normal noise of the pump may indicate that air has been indeced o
the system or that fluid level & low.

lll. Possible Steering Problems and Causes

Road Wander
® Tire pressura incorrect or unequal left 1o right.
® [ompanents in steering linkage loose or worn {Steering wheel to road wheel].
® Wheel bearings improperly adjusted or worm.
® Front and abgnment out of specification.
Dry fifth wheel or poor Finish on fifth wheel or trailer plate
Steering pear mounting bohs loose on frame.

Steering pear improperly adjusted.
Looseness in rear axle assemblies or trailer boges,



No Recowvery

Shimmy

® Tire pressure low

* Front end components binding

* Front end alignment ancorrect

* Tight front axe king pins

® [ry fifth wheel or poor finish on fifth wheel or wrader plate
* Sigering column banding

Pump flow insufficient

Steening gear imgroperly adyusied

Steering pear control valve spool sticking

Badly worn or unevenly warn tires

Improperly mounted tirg or wheel

Wheel bearings improperly adjusted or worn
Companents in steering linkage loose or womn
Wheets or brake drurns out of balance

* Frant end alignment inconrect

* Airin the hydraulic system

L]

External Oil Leakage

* Finding the location of a leak may be difficult, since oil may run away from the lesk
source, the fittings, hoses, pump, or pear to a bow point on the pear or chasss.

® A leak from the vent plug at the side cover indicates failure of the sector shaft ol sesl
mside the side cover.

Owversteering or Darting

L]

Ory fifth wheel or poor fnish an fifth wheel or trailer plate
Front end components binding or loose

Steesing column binding

Steering pear improperly adjusied

® Lieering gear control valve spood sticking

® Hear axle mounts (rear steer]

High Steering Effort in One Direction

10

® |Jnequel twe pressure

® Vahicle pverloaded

® |npdequate hydrashe systam pressung

o Excessive internal leakage in one direction of turn only [verify with internal leakage 1es1]



High Steering Effort in Bath Directions
® Low lire pressure
* Vihicle overloated
® |ow hydraubc fhud level
® |ow pressure or flow from pump
® Components of steering system bindang
* Hastriction in return bne, or line oo small in diameter
* Excassve intemal leakapge (verify with miemal leakage tes)
* [Jversine tires (check manufaciurer’s specifications]

Lost Maotion (Lash) at the Steering Wheel
® Steering whesl loose on the shah
® |onse connection betweaen the steering gear, intermedate column, and steenng column
® Sweering gear loose on frame
# Piiman arm loose on output shaf
* [omponens in steering linkage loose or worn
® Stearing gear improperhy adjusted

Excessive Heat [150°F (65.6°C) Over Ambient]
® Excessive pump flow
® Vahicle overloaded
# |nderszed replacement hose or ling
# Rpstricied hose ar ling that is kinked or severely bent or internally blocked

® Restricted recentering of pear valve caused by column bind or side load on the mput
shaft

* Pappet not adjusted properly
* Prolonged stationary vehiche operation

WARNING: IF THE HYDRAULIC SYSTEM FLUID BECOMES OVERHEATED, IT CAN
CAUSE THE SEALS IN THE STEERING GEAR AND PUMP TO SHRINK, HARDEN, OR
CRACK AND LOSE THEIR SEALING ABILITY.



Repairs and Adjustments on Vehicle

When you have conducted the checks and tests described in the troubleshoating
sections, you may find it necessary o repair or adjust the steering gear, Since
remowving the gear from the vehicle & usually difficult and time-consuming, you will
probably find it easier 10 perform the followang repairs and adjustments with the
pear on the vehicle, The photographs in thes section show a gear mounted on 3
mock-up frame for clearer Bustration,

WARNING

CAUTION

remove protector
seal

clean sector
shaft

12

1.1

1.2

13

The Sector Shaft And Trunnion Cover Seal

If @ leak is detected in the trunnion cover anea,
yOu can remowve 1he ruRROn cover on many
installations, 10 gain access 1o the sector shaft
seal package, while the steering gear i on the
vehicle, First check the radial position of the
pitman arm 10 the sector shaft (51] and add
timing marks to the pivman arm and shaft if
MECESSary 10 insure correct alignment al
reassembly. Aemowve the sector shaft nut (65) and
Iockwasher [64) or the pitman arm pinch bolt and
nut assembly. SEE FIGURES 4 OR 5. Remove the
pitman arm from the sector shaft using a suitable
puller as required. SEE FIGURES 6 DR 7,

NOTE: A chisel will hedp you loosen the pinch
bolt type pitman arm. Use only a puller if you
cannat remove the pitman arm with your
hands.

WARNING: WHEN USING A CHISEL TO
SPREAD THE PITMAN ARM BOSS IN ORDER
TO LOOSEN THE PITMAN ARM FOR
REMOVAL FROM THE SHAFT, MAINTAIN A
FIRM GRIP ON THE CHISEL AT ALL TIMES.
FAILURE TO DO THIS MAY RESULT IN THE
CHISEL FLYING LDOSE WHICH COULD CAUSE
AN INJURY. NEVER LEAVE THE CHISEL
WEDGED IN THE PITMAN ARM BOSS. IF YOU
CANNOT REMOVE THE PITMAN ARM FROM
THE SHAFT WITH A CHISEL AND YOUR
HANDS, REMOVE THE CHISEL FROM THE
PITMAN ARM AND USE A PULLER OMLY TO
REMOVE THE PITMAN ARM.

CAUTION: Do not use a hammer on the
pitman arm to remove it from sector shaft as
internal damage to steering gear could result,

Remove protector seal (61) from sector shaft (51)
and trunnion cover (591 if included.,

Clean the sector shaft [51) with a fine grade of
emery paper. Be sure to remave any paint.
SEE FIGURE 8.




remawe trunmion
cover and seal
package

clean and inspect
trunnion cover

WARNING

install a new
teflon washer
and seal package

WARNING

install mew
seal ring

tape sector
shafi

NOTE

14

15

1.6

1.7

18

Mest, remove the four trunnean cower screws (BO),
and trunnion cover (58], SEE FIGURE 9. A 5N6"
12 point thin wall socke1 required. Be prepared
for flsd loss, Than remove and discard the secior
shafl seal package consisting of the two-piece
sector shaft seal (48], the *Teflon backup washer
|47), and the trunmion cover seal ring 158). SEE
FIGUIRE 10.

[aan the trunnion cover (591 with petroleum
based solvent and inspect the seal cawity and
sealing face for nicks or corrosion, Replace the
tronnion cover with a new one if thess conditions
B,

WARNING: SINCE THEY ARE FLAMMABLE, BE
EXTREMELY CAREFUL WHEN USING ANY
SOLVENT. EVEN A SMALL EXPLDSION OR
FIRE COULD CAUSE INJURY OR DEATH.

Install @ new teflon washer (47] and then & new
2 piece seal (48] into trunnion cover (53] so that
the surface marked “oil side” is facing out of the
counter bore.

WARNING: THE WORDS “DIL SIDE" MUST
BE VISIBLE ON THE SEAL AFTER IT IS IN
PLACE IN TRUNNION COVER. THE SEAL WILL
NOT FUNCTION IF THE SEAL IS REVERSED
AND A LDSS OF POWER STEERING ASSIST
MAY OCCUR.

Grease the new trunnion cover seal ring |58) and
ingtall it into the cover ring groove. SEE
FIGLIRE 11.

Cover the semrations of the sactor shaft (570 with
tape il necessary 10 avoid damaging the seal
during installation. SEE FIGURE 12.

NOTE: Use only one layer of tape.

*Tallon & & registened vademark of ODuPom Coporasan

Figure 12

13



install trunnion
cowver and screws

assemble
pratector
seal

ingtall pitman arm

WARNING

install sector shaft
nut and lockwasher
or pitman arm

bolt and nut

CAUTION

fill and bileed
system

1.8

1.10

m

1.12

1.13

Apply clean high temperature industrial grease per
Ross specification 045231, Mabil Temp_ 1 or 2,
or equivalent to sector shaft seal erea and install
the trunnion cover [59] and four trunnion screws
[60]. Torgue screws 1o 13-23 f. tbs. 118-31 N mi
if dry or 11-16 fi. tbs. (15-22 N m) if ubricated.
SEE AGURES 13-14. Remove tepe from sactor
shaft.

Pack clean high temperature indusiral grease per
Aoss specification 0456231, Mobil Temp. 1 or 2 or
equivalent 1o new protector seal [61) cup and
inztall protector seal to sector shaft 151) and
trunnion cover (591, SEE FIGURE 15.

Reconnect the pitman anm, making sure the
timing mark on the prtman arm aligns with the
timing mark on the sector shaft, SEE FIGURE 16.

WARNING: WHEN USING A CHISEL TD
SPREAD THE PINCHBOLT TYPE PITMAN ARM
BOSS FOR ASSEMBLY ONTO THE SECTOR
SHAFT (51), MAINTAIN A FIRM GRIP ON THE
CHISEL AT ALL TIMES. FAILURE TO DD THIS
MAY RESULT IN THE CHISEL FLYING LOOSE
WHICH COULD CAUSE AN INJURY. NEVER
LEAVE THE CHISEL WEDGED IN THE PITMAN
ARM BOSS.

It required assemble the sector shaft nut (65) and
lockwasher (64] and torque nut to 300-315 f
Ibs. (407-427 N m), 1-13116" socken required.
SEE FIGURE 17,

If required assemble the pitman arm clamp nut
and balt and torque to 220-240 fi. Ibs. (298-325

M ml if dry and unplated or torque to 160-160 fi.

lbs. (217-244 N ml if balt is lubricated or plated

CAUTION: Be sure there is no spreading
wedge left in the pitman arm boss before
lorquing pitman arm clamp baolt.

Before operating the steering gear, fill the system
with the recommended fluid and bleed air from
the system by follawing the Filling and A
Bleeding mstructions on page 50

e

Figure 13

Fagure 17



rEmove input
coupling; clean
input shaft

WARNING

remove and
plug the return lne

remowe
retaining ring

apply air
pressure to port

WARNING

2.1

22

2.3

4

The Worm (Input) Shaft Seal

If these is a leak in the shaft seal, you can
usually replace the input shaft seal assembly (4)
with the gear on the vehicke, Start by removing
the input coupling per the vehicle manufacturers
instructions. SEE FIGURE 18. Remave seal
protector (11 and clean the area around the worm
shaft (23] with & fine grade of emery paper. SEE
HGURE 14

WARNING: DD NOT DRIVE OR PRY COUPLING
FROM SHAFT. INTERNAL DAMAGE TO THE
STEERING GEAR CAN RESULT. IF COUPLING
IS TIGHT, INSERT SCREWDRIVER INTD SLOT
TO RELEASE.

Remave and plug the return line in the upper
cover [7]. SEE FIGURE 20.

Remave the seal retaning rng (21 from the upper
cover (71, SEE FIGURE 27.

Hold & shop rag over the worm shaft (231 and
apgly shop air pressure 10 the return port in
upper cover (7). SEE AIGURE 22.

WARNING: WEAR EYE PROTECTION AND BE
SURE TO COMPLY WITH OSHA OR OTHER
MAXIMUM AIR PRESSURE REQUIREMENTS.

Figure 2

15



remove seal 2h
and washer

install seal 26

Qrease worm 2.1

shaft and

protector seal

assemble 28

protector seal

reconnect line 24
reconnect input 2.10
coupling

WARNING

fill and bleed n
system

The e pressure will force the input shafi seal (4|
and the stesl backup washer {3} 1o pop ou of
the gear, and some fluid will leak from the pear.
Discard the seal. Disconnect the shop air as soon
as the seal assembly 15 out. SEE AGURE 23.

Tape the worm shaft serations if necessary 1o
protect seal and assembly new seal |41 onio
worm shaft (23] and into wpper cover (7] with
seal lip facing the upper cover bearing (5). SEE
AGURE 24. Apply the special high temperature
industrial grease per Ross specification (45231,
*Mobil Temp. 1 or 2 or equivalent to back up
washer (3| and install it against saal (4).
Assemble retaining ring (2). SEE FIGURE 25

Apply more of the special grease in the saal area
of worm shaft 123) and 10 the new protecior seal
i1]. SEE AGURE 26.

fssemble new seal protector (1) onto worm shati
(231 and wpper cover |7]. SEE FIGURE 27,

Remove the plug and reconnect the ratwern ling.

Remove tape from worm shaft (23) and reconnect
the input couphng. If the input coupling male
assembly slides free of the female end during
assambly, realign the tming marks o ensure
proper phasing of the U-joints. Refer 1o vehicle
manufacturer for recommendad torque.

WARNING: MISTIMED U-JOINTS CAN RESULT
IN & BUMPY SENSATION AT THE STEERING
WHEEL AND POSSIBLY AFFECT STEERING
CONTROL.

Before operating the steering gear, fill the system
with the recommended flusd and bleed air fram
the system by following the Filling and A
Bleeding instructions on page 5

higure 27




Adjustments

You can make three adjusiments 1o the gear while it is mounted on the vehicle:
the worm shaft and vabve thrust bearing preload adjustment, the poppet valve
adustment, and the sector shaft adjusiment,

3 Worm Shaft, Valve Thrust Bearing

Preload Adjustment
[With Vehicle Engine OFf)

TBMOVE input 31 Remove input couphing and protectar (1) and
coupling; clean clean worm (inputl shaft (231 by folawing
worm [mput} shaft procedure 7.1 and its succeeding warning

remove and plug 32  Remaove and plug the return fne. SEE FIGURE 20,
return line. Tape page 15 Tape serrations with one layer of tape if
SErrations NECessary 1o protect seal (4).

remove upper cover 33  Remove four wpper cover bolts 18] and washers

bolts and washer |6A). SEE AGURE 28. %16 inch socket required
TEMOVE Upper 34 Carefully remove upper cover [7) assembly from
cover assembly warm shaft (23) while maintaning the valve

assembly (151 position. SEE FIGURE 29

reassemble one 35  Reassemble one balt (G) with a spacer or spacers

balt about the wadth of the upper cover (7) bol
flange and torque balt enough to hold assembled
components in position. SEE FIGURE 30

unstake bearing 36  Unstaka the beasing lockwashes 1100 tang that s

lockwasher staked into @ slot in bearing lock nut (9). SEE
FIGURE 31. Remove tape from worm shafi
Serrations.

remove bearing 3.7  Pace a 34 or 1116 inch 12 point socket as

lockwasher and nut required on worm shatt serrations and & hook

type spanner wrench or self gripping |oroave
jaint| pliers on bearing lock Aot 190 and turn ot
off of worm shaft (731, Remove and decard
bearing lockwasher (10). SEE FIGURE 32,

NOTE NOTE: The 12 point socket must have sharp
points to effectively fit the serrations and
rotate the worm shaft.

14



assemble new 38  Assamble a new bearng lockwasher (10) onto

bearing lockwasher, worm shaft (23] with the internal washer tang in

then mut the worm shaft ot and the external tangs facing
out. Reassemble bearing lock nut (9], large
chamfer side in, onto threaded diameter of worm

shaft until components are at solid height (snugl.
SEE FIGURE 33.

torque bearing 39  Torque the bearing lock nut 191 to 30 f. Ibs. 4]

lock nut N ml 1o ensure companents are seated. Back the
nut off and torgue nut to 15-20 fi. lbs. (20-27 N
ml. SEE AGURE 34. Back rut off approxmanely
20 degrees and bend one tang of bearing
Iockwasher (101 firmly mto a mating slot in lock
nut. SEE FIGURE 35.

remove balt 310 Remaove the one balt (6] and spacers used 10
and spacers contain companents during adjustment. Tape
waorm shafi serrations.

NOTE NOTE: It is recommended that seal (4) in the
removed upper cover (7) be replaced per the
disassembly and assembly procedures in this
manual before upper cover is reassembled.

Figure 35

assemble upper 311 Grease and install @ new seal nng (8] i uppes
COVEr cover (7) and assemble upper cover assembly
onto the warm shaft (23], SEE FIGURE 36.

assemble and 312 Assemnble the four boks (6) and washars [BA) im0

torque bolts upper cover |7). Carefully torque the bolts while
checking that the adaptor (18], valve assembly
(15] and upper cover |71 are properly pdated and
positioned with all seal nngs in place. Torque
bolts 10 26-35 ti. lbs. (34-47 N m) if dry, or
2127 . Ibs. (28-37 N m) if lubricated. SEE

HGURE 37.
complete the 113 Complete the steenng pear reassembly by
gear reassembly following procedures 2.7 through 2.11. Figure 37

18



set axle slops

NOTE

install flow
meter

rotate sector
shaft to
position rack
piston

CAUTION

NOTE

loosen sealing nut
and adjusting
SCrew

set adjusting
screw & tighten
sealing nut

4.1

43

44

4.5

Poppet Valve Adjustment
[With vehicle engine on)

Before you adpust the poppert, ser the axle stops
accarding to the manufacturers specifications.

NOTE: Not all HF54 steering gears have an
adjustable poppet screw. Only the poppet on
the lower end (closed end] of the housing may
be adjustable.

Install & pressure gage or a flow mates/pressure
gage package into the supply hine from the pump
to the gear. Make sure that the flow meter can
be pressurized. Bring the flwid tempersture to
between 125°F and 135°F (51.7°C and 57.2°C),
using the method to warm the system up
describiedd in the troubleshoating section, page B.

To position the rack piston for poppet adustment,
observe the end of sector shaft 1510 for direction
af travel wath the engine at idle. Have the
stegring wheel ratate in the direction that wall
rotate the sectar shaft to the end of its travel
faxda against axa stop) clockwise (CW) or
counter-clockwise (CCW) as mdicated by the shaft
rotatsan arrow placed as shown in FIGURE 38 or
39 and pointing toward the adjustable poppet and
tlosed end of howsing 1550,

CAUTION: If relief pressure is reached while
the steering wheel is at full lock (axle against
axle stop), release the steering wheel from this
position. At no time should relief pressure be
maintained for longer than 5 seconds as
damage to the pump may result.

NOTE: You must maintain enough force on the
steering wheel to assure that the steering gear
control valve is completely closed when
reading pressure gage.

Onca you have the steering wheel in full lack
faxle agamst axle stopl in the correct direction,
lonsen the poppet adpsting scresy nut (54) or
{54A1 and the poppet adjusting screw (531 o
{5381, until the pressure gage reads maximum
pump reliel pressure. SEE AIGURE 40. 1116 inch
box end and slot screw driver or 34 inch box
end and 516 inch hex socket reguired.

Screw in the poppet adjusting screw (531 or
(5381 until the pressura gage shows less than
500 P8l wath the steering wheal in full Inck
Tighten the poppet adusting nut 154) 10 17-72 f1
lbs. 173-30 N m. Tighten poppet adjusting nut
(544 10 25-30 fr. lbs. (34-41 N m).

Figure 38

Figure 39

Figure 400
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5
locate B.1
adjusting nut
NOTE
remove the 5.2
drag link
CAUTION
NOTE
center the 5.3
sector shafit
check for lash 6.4

pasition adjusting 6.5
strew

check for lash 5.6

eliminate lash 5.7

Gross-shaft or Sector-shaft Adjustment
With vehicle enging off)

If the sector shaft adjusung screw jam nut (40
located on the side cover (431, is not sccessible,
the steermg gear must be removed pror to
adjustment.

NOTE: If there is not a timing mark on the
end of sector shaft (51) a timing mark must
be scribed across the end of the sector shaft
perpendicular to the worm shaft (23) while the
vehicle's steered wheels are in the straight
ahead position and the drag link is in place.
The timing mark will indicate the sector shaft
“center of travel” position.

If the sector shafi adjusting screw (501 is
accessibbe, remove the drag link from the pitman
arm

CAUTION: This adjustment must be performed
with the sector shaft on its center of travel.

NOTE: Because of pitman arm or internal
stops or poppet adjustment the “center of
travel” for this adjustment may not be the
center of sector shaft or handwheal rotation.

To position the sactor shaft (570 on “center of
travel” for this adjustment rotate steening wheel
[warm shaftl wntil the tming mark across the end
of the sector shaft is perpendicular to the warm
shafi (23). SEE AIGURE 41.

With the sector shaft (511 in the center positian,
grasp the pitman arm and gently try to move this
arm back and forth in the direction of travel.
Fnger-tip force & adequate 1o detect lash of a
loose sector shafi. There must be no mowement
of the input Iworm) shaf or sector shaft. H no
lash 15 detected, do not adjus1. SEE FIGLRE 42

It lash is detecied, loosen jam nut (400 with &
34 inch socket and move the adpsting screw
1501 clockwize until the sector shaft (51) and rack
pistan [39) are n contact. [Use no more than 10
ft. Ihs. {14 N ml of torquel. Then tum the
adjusting screw counterclock-wis2 one turm.

A1 this paint, there should be kash felt through
the petman arm,

To adjust, slowly wrn the adjustng screw (G0)
clockwize untll no lash & felt a1 the pitman arm.
Hold the adjusting screw in place, and tighten the
Em nut [40). Fnal nut torque i 40-45 §1 lbs
(54-61 N mi.

Figure 42




recheck
for lash

connect
drag link

b8 Recheck through the pitman arm for kash. Turn
the steering wheel 14 turn each side of center.
Mo lash should be feh. If lash exists, repeat

adpustments 5.3-5.6.

5.9  Reconnect drag link 10 pitman arm.

Torgue Chart

Part Name

Upper Cover Bolts

Upper Cover Bolts

Popper Seat

Adaptor Bolt

Adaptor Bolt

Side Cover Bohs

Sude Cover Bolis

Trunnion Cover Screws
Trunnion Cover Screws
Screw-Return Guide

Poppet Screw

Popper Adj. Nut

Popper Adj. Nut

Ad). Nut (Sector Shafil
Sector Shaft Mut

Pstman Arm Baolt & Nut Ass'y.
Pstman Arm Bolt & Mut Ass'y.
Bleed Seraw

Locknut

Item Number Torque
B 25 35 fr bs. | 34- 47 N ml
B if Lubricated 21- 27 fr. bbs. | 28- 37 N ml
30 20- 25 fr. bbs. | 27- 34 N m)
17 45- 55 fr. bs. | B1- 75 N ml
17 if Lubricated 472- 52 fr. bs. | 57- 71 N ml
47 45- 55 fr. bs. | B1- 75 N m|
47 it Lubricated 33- 40 fi. bbs. | 45- 54 N m)
B0 13- 23 ft. lbs. | 18- 31 N m)
B0 if Lubricated 11- 16 ft. los. | 18- 22 N m)
38 B- 10 f. Tbs. | 11- 14 N m
B3A 15 20 ft. lbs. | 20- 27 N m|
Bl 17- 22 ft. bbs. | 23 30 N mi
BdA 25 30 fr. bbs. | 34- 41 N m|
40 40- 45 ft, s, | 54- 61 N ml
65 300-315 fr. bs. (407427 N m]
220240 fr, Mbs, [298-325 N m]
Lubricated/Pated 160180 fr. bs. 1217-244 N m|
] 27- 33 in. Ibs. 13.1-3.7 N m]
9 15- 20 ft. os. | 20- 27 N m)

Universal joint bofts—1orque 1o vehicle manufacturer's specifications.
Al torques specified in this manual are for dryfunplated pars unless otherwise specified,

Tools and Materials Required for Servicing

Senvice Manual

Masking Tape or Special Clip
Grease—"Mabi Temp 1 or 2 or equivakam
Wheel Bearing Grease
Adjusiable Wrench

Pocket Knife

Torque Wrench—in lbs. [N m)
Torque wrench—1t. |bs. IN mi
Soft Punch

Rubber Mallet

Vise

17 or 25 mm Micrometer
Emery Paper

Retaining Ring Pliers

Bregker Bar

Ratchet

Sockers: 142, 916, 58, 1-13116 inch

Allen Sockets: 1/4, 3/8 inch

12-Point Sockets: 314, 1116, G/,
7116 inch

Tort Socket T-60

Pitman Arm Puller

Screw Driver

Slot Type Screwdriver Socket

Chisal

3147 10 2" Adjustable Hook Spanner Wranch

Small Neadla Nosa Pliers

Loguic Grade “T* Pramar

"Stud Lock”

Loctite Hydrauhc Sealant
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