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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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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
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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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Disassembly

Preparation

& THORDUGHLY CLEAN OFF ALL QUTSIDE DIAT, ESPECIALLY FROM ARDUND
FITTINGS AND HOSE COMNECTIONS, BEFORE YOU REMOVE THE GEAR.

* [rain the steering gear assembly.

* Remaove input and output shaft connections per 1.1 and 2.1, Page 12 and 15.

* Remaove the supply and return lings from the gear, and immediately plug all part
holes and fluid lines,

WARNING: THIS STEERING GEAR WEIGHS APPROXIMATELY B0 POUNDS, 36
KG, DRY. EXERCISE CAUTION WHEN YOU REMOVE, LIFT, OR CARRY IT. DO
NOT POUND THE UNIVERSAL JOINT DR INPUT SHAFT COUPLING ON OR
OFF THE INPUT SHAFT. INTERNAL DAMAGE TO THE STEERING GEAR CAN
RESULT.

* Remove the siearing gear from the vehicle and take it 10 & chean surface la
piece of wrapping paper makes an excellent disposable top).

® (lgan and dry the gear before you start to disassemble i,

® As you disassemble the gear, clean all pans in clean, petroleum-based sobvent,
and blow them dry only,
WARNING: SINCE THEY ARE FLAMMABLE, BE EXTREMELY CAREFUL WHEN

USING ANY SOLVENT. EVEN A SMALL EXPLOSION DR FIRE COULD CAUSE
INJURY OR DEATH.

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

CAUTION: Never steam clean or high-pressure wash hydraulic steering
components. Do not force or abuse closely fitted parts.

* Kepp gach part separate to avoid nicks and burrs.

o [Discard all seals, 0-nings, and paskets removed from the pear. Replace them
with new parts only.

Disassembly

position gear 1. Position the steering gear firmly in a vise,

and sector shaft clamping apgainst the housing (551 mounting flange
or boss, with the worm shaft (23] in & horirantal
diraction and companents accessible For
disassembly. SEE FIGURE 43,

CAUTION CAUTION: Do not clamp against body of the
housing as this could damage housing and
cause disassembly, assembly difficulties. If
housing mounting boss or flange is not
accessible for clamping in vise, fabricate and 3 "
attach a mounting plate to the housing - .
mounting bosses for this purpose.

drain pear and Z Prepare for fluid drainape and unplug hydrawkc

position ports. Lksing appraopriate 304 or 11/16 inch 12

sector shaft point socket on the worm shaft serrateons, rotate
warm shaft (231 through gear travel & few times
10 purge hydraulic flusd from gear. Then rotate Figure 44
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remaowve
protector seal

clean sector
shaft

FEMOVE trunmion
cover bolts

remawe trunnion
cover and
seal package

loosen sector
shaft adjusting
SCTEwW jam nut

the worm shaft until the timing mark on the end
of the sactor shaft (51) & vertical 1o the worm
shaft. This will position the gear for sector shaft
removal. SEE FIGURE 44.

NOTE: If the steering gear does not have a
sector shaft timing mark, position sector shaft
for removal by rotating worm shaft from end
of travel one half of the total worm shaft
rotations, counted when rotating worm shaft
from one end of travel to the other.

Remave protector seal (B1) from trunnion cover
(59). SEE FIGLIAE 45,

Remove any paint or corrosion from the exposed
area of sactor shaft 157) with emary cloth, SEE
FIGLRE 46.

Remave the four trunnion cover screws (B0). A
816 inch 12 point thin wall socket required, SEE
AGURE 47.

Remave the trunnion cover (53], Remove and
discard the seal ring (58, the two peace sector
shatt seal (48] and the *Teflon backup washer
(47) from the trunnion cover. SEE FIGURE 48

Loosen sector shaft adjusting screw jam nut (40).
SEE FIGURE 43, 34 nch socket required.

*Tedlon iz a regeteed rademark of DuPom Corporaton,
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remove side
cover bolts

NOTE

NOTE

remove side
cover and sector
shaft assembly

NOTE

remove seclor
shaft from
side cover

remove side
seal refainer

4

10.

1.

Prepare for fluid 1o drain and remove the four
special bolts (42) and lockwashers (4241 from the
side cover {43). A 58 inch socket required. SEE
FGURE 50. Tap lightly with a soft hammer on
the end of sector shaft (51) w dsengage seal and
let drain.

NOTE: These bolts are special because they
are equipped with either a ring or washer
design on the underside of the head. SEE
FIGURE 51. If you replace one or more balts,
you must use bolts of either design and of the
SAME SPECIAL TYPE AND LENGTH AS
THOSE YOU REMOVED. Da not use a
substitute. You can get these bolts through
your DEM parts distributor.

NOTE: Some units have a flat head Torx drive
bolt (42B) without & lockwasher as one or
two of the side cover bolts. A T-50 Torx
socket required.

Remove side cover |43) and shaft assembly (51)
& @ unit from gear assembly. SEE FIGURE 52.
Remaove and discard seal ring (4341

NOTE: If sector shaft hangs up on housing
face during remowal rotate worm shaft until
sector shaft is positioned for removal.

Remaove am nut (400 and screw sector shaft
adjusting screw (50 out of side cover (430 and
Iift sector shaft [51] out of sde cover. SEE
AGURE 53.

Rameove the side cover retaining ring [62] if there
is one in the unit. SEE AGURE 54.

Figure 50

Figure 51

Figure 53

ﬁgure 54



remove seal

package and
vent plug

NOTE

rEmove retaimer
and adjusting
BCTEW

remove seal
and clean
worm shaft

NOTE:

loosen upper
cover bolts and
adjusting nut

remove adaptor
bolts

12.

13

14.

15

16

Remove the two piece seal (481, the Teflon
backup washer (47) and stesl backup washer (46)
from side cover [43). Dscard the two piece seal
and Teflon washer. SEE FIGURE 55. Remove and
dizscard vent plug (411,

NOTE: Do not remave retaining ring (45) from
side cover (43) unless it must be replaced,

Only if replacement of retainer (45) and or
adjusting screw (5] is required, (sea inspection
procedure #9, page 34.) place the sector shat
51) femly in & soft jawed vise and unstake
retaner using & suitable chesel, Turn retaaner out
of sector shaft pocket and remove adjusting
screw. Discard retaner, SEE FIGURE 56,

Remowe protector seal (1) from worme shatt 23).
Clean exposed area of the worm shalt with a fine
grade of emery paper. SEE FIGURE 57.

NOTE: Secribing or marking a line across the
housing (55) adaptor (18) valve bady (154)
and upper cover (7) before disassembly will
facilitate correct alignment of these
components when reassembled.

Loozen the four upper cover bohs (6) for later
remaval. A 8016 inch socket required. SEE FIGURE
56.

Remove four sdeptor bolts 1170, & 3716 inch 12
point socket required. SEE FIGURE 59.

Figure 55

Figure 59 |
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rotate waorm
shaft 1o
lonsen adaptor

TEMOVE WO
shaft subassembly

remave ball
return
guide chip

ramave guides
and balls

NOTE

CAUTION

WARNING

26

18

19.

Rotate worm shaft (231 wnil adapior (V8] moves
away from housing (651, about 34 inch 119 mm|
and et drain. SEE FIGURE BO.

Remove worm shaft 123), upper cover (7] adaptor
{18} rack piston [39] subassembly s a unit from
housing (551 and place on & cloth covered wark
surface, with the ball return guides (351 wp. SEE
FGURE G1. Remove and discard seal ring (18]
and seal ring (16,

Bend the tangs down on the two locking tabs
(37). SEE FIGURE B2, Ramove the rwo hex bolts
[36), Incking tabs and ball retwrn guide clip (36).
TN6 inch socket required. SEE FIGURE B3.
Discard lock 1abs.

Remove the ball return guide halves (35} from the
rack piston (5] With the rack piston ball guide
hodes tilting down, rotate worm shaft (230 o
allow all balls (344, 34B] 1w fall pur, SEE

AGURE 64.

NOTE: The ball return guide is closely fitted
with the rack piston, and you may have to
remave the halves by carefully inserting a
screw driver between the rack and the guide.

CAUTION: The 22 steel balls are & matched
set. Take care not to lose any of them. If you
lose any of the balls, you must replace them
with a complete, new set.

WARNING: INCORRECT MATCHING OF
BALLS, WORMSCREW AND RACK PISTON
CAN RESULT IN LDSS OF STEERING, WHICH
COULD RESULT IN AN ACCIDENT.

Figure B2




remove rack a1,

piston from
subassambly

NOTE

WARNING

remove poppets 2.

cut and 23

FEmOovE Worm
shaft seal

remove retainers 24

and wazhers

Remove rack piston (38) from worm shaft (231
subassambly, SEE FIGURE 65.

NOTE: Do not remove rack piston ring (394
or poppet (31) components from the rack
piston unless replacement is NECEssary.

WARNING: DURING STEP 22 YOU SHOULD
WEAR EYE PROTECTION. AS THE SPRING
LOADED POPPETS COULD EJECT, AND
CAUSE EYE INJURY.

To remaove poppets, place rack piston (391 in a
soft jawed vese and trn poppet seats (301 out of
both ends of rack piwon, Remove two poppets
[31), the nylon spacer rod (3] and spring (32]. A
9716 inch =socket required. SEE FIGURES 66 and
B7.

Haold the seal cup 126) and seal (25] in place with
phiers and cut, remove, and discard the seal cup
and saal from end of worm shaf (73], SEE
HGURE 68

Remaove retaining rng (291 using needle nose
pliers, then remave retamning washer (28] bronze
backup washer (27) and stesl washer (24} from
end of worm shaft 123). SEE FIGURE G9.

Figure 65

Figure BB

Figure &9



Temave upper
cover, bolts,
and washers

FEMave Upper
COVEr rataining

package

remove adaptor
from worm shaft

remove retaining
ring, seal and
backup washer

24

25,

Remove the four loosened wupper cover baolts (6,
washers [GAl and the upper cover (7] assembly.
SEE FIGURE 70, Discard seal ring (8).

Remaove retining ring () from upper cover (7]
with the appropriate retaining ring phers or small
screwy driver. SEE FIGURE 71. Remove backup
washer (3] and zeal (4). SEE FIGURE 72, Discard
sgal.

Hemove adaptor (V8 from worm shaft (231, SEE
FIGURE 73. Remave and discard seal ring (8] and
two s=al rings (16).

Remove retaining ring |221 from adaptor (18). SEE
AGURE 74. Remove and discard seal (211 and
backup washer (201, SEE FIGURE 75.

Figure 70

Figure 71

Figure 77

Figure 73

Figure 74



unstake locking
washer from nut

remove bearing
lock mut

NOTE

remowe washer
and thrust

bearing package

remove valve
assembly

CAUTION

29

.

32

Unstake the tang on bearing lockwasher (101 that
is staked in & shot of bearing lspanner) lock nut
(8} on the worm shaft, valve subassembly. SEE
HGLURE 78

Use & breaker bar and the appropriate 3/4 or
1116 inch 17 point socket on the serrations to
hold warm shat (23] from ratating or clamp
worm shaft carefully in a soft jawed wise, Tum
off the bearing lock mut (3] from the worm shaft
with & hook type spanner wrench or salf grippmg
{proove joint) pliers. SEE AIGURE 77.

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

Remove and discard bearing lock washer [10) and
remove washer [11), thrust washer (121, thrust
bearing [13] and 1hrust washer (14]. SEE FIGLRE
7B.

Carefully remove valve assembly [15] intact from
worm shaft (23 and set aside for inspection and
assembly procedwres. SEE FIGLRE 79.

CAUTION: The valve assembly (15] is the
control center of the hydraulic system. The
major parts, which are the body and spool, are
machined to wery close tolerances and with
precision machined edges. The valve spool and
valve body are selectively fitted at the factory
and therefore these two parts are not
separately replaceable. If either is damaged or
excessively worn, the whale valve assembly
should be replaced - good performance of
power steering is not assured if
“mis-matched” valve spool and valve body are
used. Care should be exercised in the handling
of these parts to prevent damage. Sealing
edges of the valve body bore and the valve
spool should not be broken. This will result in
excessive leakage and reduce hydraulic power.
Should valve spool (158) or other valve
components become disassembled follow the
assembly procedures with care.

Figure 75

Fiqure 76

Figure 77
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remdave second
thrust bearing
package

NOTE

remove and
disassemble
poppet screw
assembly

remove retaining
rng

al

a3

i,

35

Hemowe the second thrist washer (14] and thrus
bearing 1150 from warm shatt (23). SEE AGURE
i

NOTE: HF54 steering gears may be equipped
with one of three alternate types of poppet
screws 85 shown on the exploded assembly
view on pages 21A and 218.

Remave poppet screw assembly of poppel screw
#nd nut assembly from housng (58] as follows:

Remeove nut (541, poppet adusting screw 153] and
o-fing (52). Discard o-nng. 11/16 inch socket
required. SEE FIGLRE 81,

Or remove sealing nut (5441 and adjusting screw
[531. Discard sealing nut. 3/4 and &/16 inch
socket required. SEE FIGURE 82.

Or remove non adjusting hex head poppet screw
[53A) and o-ning |52A). Decard o-nng. 1/2 or
O16 inch socket required, SEE FIGURE B3

Remowve spacer ring 155A1 from bottom of housng
1550 rack piston bore if the housing is 50
equipped. SEE FIGURE B4.
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remove bleed

remove housing
bearing if
nNECessary

CAUTION

press out

UpPPEr CoVer
bearing

ar.

38,

Remove bleed screw (5581 if the housing is 0
equipped. 516 inch socket required, 3EE FIGURE
5.

The housing bearing assembly (57] should only be
remaved if you determing that only the bearing
must be replaced after following housing
inspection procedures G, 7, and 8, Place a
suitable bearing mandred that will clear the
retaining ring (56) ngide diameter 10 apply
pressure from the side cover opening and press
the bearing assembly out through the trunnion
cover opening. SEE FIGURE BE. Maintain a good
$quara contact betwean housing and press base
to avoid damaging the housing bearing bare,
Discard bearing. Do not remove retsining ring (56
nless it must be replaced.

CAUTION: If the bearing is cocked while you
press it out, it will burnish the bore, causing it
to become oversized. You will then have to
replace the gear housing.

Press bearng (5] out of upper cover [7) with a
bearng mandrel against seal end of beanng and
only if it & to be replaced, Discard bearng. SEE
AGURE B7

This completes the disassembly of HFS4 steering gear.

£y

Figure BY
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Inspection

* [heck to make sure thet all seahng surfaces and seal cavities are free from
nicks and corrosion. If any part is nicked or coroded where sealing occurs, you
must replace the part to insure proper sealing.

* Wash all parts in clean petroleum-based solvent. Blow them dry with air only.

WARNING

WARNING

inspect rack
piston teeth

inspect ball
track grooves
on rack piston
and worm shaft

NOTE

inspect worm
shaft

32

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

WARNING: WEAR EYE PROTECTION AND BE
SURE TO COMPLY WITH DSHA DR OTHER
MAXIMUM AIR PRESSURE REOUIREMENTS.

Inspect rack piston (38| weeth for cracks and
wear, If you can detect a step by running your
fingernail horizontally across the teeth surface,
you must replace the rack peston, sector shaft
151} and set of 22 balls (34). SEE FIGURE BB.

Inspect the rack piston internal ball-track grooves
for brinelling [dens] or spaling (fiaking). SEE
FIGURE BY. If either condition exists, you mis!
replace the rack piston (39), worm shaft (23] and
use @ et of service balls (34).

NOTE: I a ball {34A) (34B) is lost during
service procedures all 22 balls must be
replaced with a service ball kit. Damaged balls
would require a matched worm shaft, rack
piston and ball set replacement.

Inspect the worm shatt (23) ball track grooves for
brinelling or spalling. SEE AGURE 90. If esther
condition exists, you must replace the warm
shaft, rack piston (39), and the ser of service
balls (341, Visually inspect the sealing surface on
the worm shaft for nicks, and run your fingernail
edge across the sealing surface 1o detect s1Eps.
These conditions would require worm shaft
replacement and & service ball kit |f discoloration
from excess heat is detected replace worm shaft,
valve rack piston, adaptor and upper cover
assembly. SEE FIGURE 91,

Figure B8

Figure B9

Figure 90

Figura 81



inspect valve
assembly

CAUTION

inspect thrust
washers and
bearing

inspect housing
cylinder bore

NOTE

.

B.

Inspect valve spool |158] and vakee body (15A]
bore for broken sealing edges. SEE FIGURE 92,

CAUTION: The valve assembly (15] is the
control center of the hydraulic system. The
major parts, which are the body and spool, are
machined to very close tolerance and with
precision machined edges. The valve spool and
valve body are selectively fitted at the factory
and therefore these two parts are not
separately replaceable. |f either is damaged or
excessively worn, the whole valve assembly
should be replaced - good perfarmance of
power steering is not assured if
“mis-matched” valve spoal and valve body are
used. Care should be exercised in the handling
of these parts to prevent damage. Sealing
edges of the valve body bore and the valve
spool should not be broken. This will result in
excessive leakage and reduce hydraulic power.
Should valve spool (158) or other valve
components become disassembled, follow the
assembly procedures with care.

Inspect the thrust beanng (13) rollers for any
deterioration, Inspect the thrust washers (121 and
(14} for beinelling, spalling, or cracks. SEE FIGURE
93. Replace the part if you detect these
conditians.

Inspect the housing (551 cylinder bore, SEE
FIGURE 94. You will probably notice normal
scoring marks running lengthwise through the
bare. Since this scoring & normal, you should not
compare it 1o the scorng considered detrimental
in the cylinder bores of an imermal combustion
engne. Replace the housing only if you've 1ested
it for internal leakage las described in the
troubleshoating section on pape 7) and you've
determined that the scoring, and nat damaged
sagls, i responsible for the peceszive internal
leakage, greater than 1.5 GPM (5.7 liters/min,],

NOTE: In running the internal leakage test
after reassembly of the unit, make sure that
internal leakage exceeding 1.5 GPM (5.7
liters/min.} can only be attributed to the
housing and not to the improper assembly of
the new seals in the worm shaft, rack piston,
and valve assembly, before you replace the
housing.

Fiqure 53

Figure 34

33



inspect housing 1.
faces

inspect housing B.
and side cover
bearings

ingpact sector L
shaft assembly

inspect 10.

adjusting screw
and retainer

NOTE

Inspact the housing (55 faces for mcks that
would prevent proper sealing. Replace the gear
housing if these nicks are prasent and cannot be
easily removed with a fine-toothed flar file
without changing the dimensional characterisiics.
SEE FIGLIRE 85,

Inspect the housing bearing [57) and the sde
cover bearing for brinelling or spallng. SEE
FIGURES 96 & 47. If erther condition exts,
replace the damaged housing bearing 157, For
the housing bearing, folow disassembly step 37
and assembly step 1, pages 31 and 35. It the
sde cover bearing o damaged, replace side cowver
assembly (43,

Inspect the sector shaft [51] bearng and sealing
areas and sector 1eeth contact surfaces for
brinelling or spalling. SEE AGURE 98. Run your
fingernail edge across these Breas 10 DRIECT S1EPS.
Inspect also for cracks. Remove any masking tape
from the shaft serrations and inspect for twisted
or atherwise damaged serrations. If any of these
conditions gas1, replace the sector shaft,

Inspect the sector shaft assembly for damaged
adjusting screw (50] threads. The staked retainer
(491 must be locked in place, and have no cracks.
The adjusting screw must rotate by hand with no
perceptible end play ilashl. Aeplace adjusting
screwy, if damaged. Replace the retainer, if
damaged, or if the adusting screw requires
replacement ar adjustment.

NOTE: A service shaft assembly will have the
adjusting screw (50) and retaines (48)
assembled into it. The screw (50) and retainer
{49) can be serviced separately if required.

This completes inspection of HFS4 steering pear.

Figure 87

Inspection Area

Pl By

Figure &6




Assembly

Preparation
» Wash all parts in clean petroleumn-based sobvent. Blow them dry only.
WARNING WARNING: SINCE THEY ARE FLAMMABLE, BE

EXTREMELY CAREFUL WHEN USING ANY
SOLVENT. EVEN A SMALL EXPLOSION OR
FIRE COULD CAUSE INJURY OR DEATH.

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

+ Replace all seals and seal rings with new ones each time you disassembile .u.r @‘L—J E

the gear. A & o T ol
=11

* Ross Gear does provide individual seals, seal rings, a5 well as complete and c:::-ﬂ = .

partial ssal kits. SEE FIGURE 99, These parts should be available through most OEM T @@

parts distributors, iContact yvour local dealer for availability. |

Assembly
install housing 1. W you are installing @ new housing bearing (571,
bearing and first ing1all the retainng ring (56 into the groove
retaining ring in the housing bearing (550 bore if it was
removed. Flace the housing, side cover face down
on @ wooden block if necessary 1o protect the
cover face. Carefully press the bearing into the
housing from the trnnion cover side until the
bearing contacts the retaining rng. SEE FIGURE
100. During this procedure be sure the hausing is
square with the press basa and the bearing & not
cocked. Lubricate bearng and set housing aside.
install bearing 2 If you are installing @ new needle bearing (5} inta
into upper the upper cover (7], a suitable pressing mandrel
COver muzt be fabricated which will pilot on the inner

diameter of the needie beanng and have
chagrance in the bearing bore. Place the mandrel
against the lenered end of bearing and press
bearing o upper cover bearing bore from the
valve face side until the bearing & positianad 1.13
inch (28 mm) from upper cover vabve lace, After :
the bearing assembly is pressad in upper cover Figure 101
the bearng rollers must orbit and rotate frealy in
bearing shell. Lubricate bearing. SEE FIGURE 101,

clamp valve body 3. Assemble a hydraulic fitting securely in valve hody

or assembled valve [154) hydraulic port, Clamp valve body assembled

body in vise or disassembled securely in a vise, clamping
aganst the hydraulic fiting or port bosses.
Position valve body in the vise so that worm
shaf, adapior and upper cover can be assembled.
SEE FIGURE 102,

Figura 102
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CAUTION

CAUTION

CAUTION

NOTE

assemhly of
valve spool

plungers and
spring sets

NOTE

NOTE

36

CAUTION: Use only the correct size standard
3/4-16 or 9/16-18 JIC-SAE hydraulic fitting in
the valve ports. The use of a wrong fitting
such as pipe fitting will damape the valve port
and require replacement of the complete valve
assembly,

CAUTION: Clamp valve body only as directed
and use care not to clamp against machined
valve faces or sides of valve body. This could
damage sealing surfaces or distort valve bore.
When clamping against valve port bosses do
not tighten vise with extreme force as this
could distart valve ports.

CAUTION: The valve assembly is unique to the
particular HF54 steering gear flow rate
application. Use only the specified valve
assembly replacement to ensure proper
operation.

NOTE: If walve assembly components are not
disassembled go 1o assembly procedure #7.

If valve assembly 115) & disassembled, refer 1o
the enlarged exploded view, on pages 21A &
218, Assemble valve spool (158) into valve body
(15A). The end of the valve spool with
identification grooves in the bore or in the
undercut or relief on the outside diameter must
be toward the adaptor side or face of vale body
after assembly. The adaptor side or face of the
valve body has two (blind) cylinder feed holes
that do not extend throwgh to the opposite side
or face. On some valve bodies the cast
identification # boss is pointed on the end toward
the adaptor side or face. SEE FIGURE 103

Agsemble & plunger [15C) & spring (150] and
another plunger [15C) in that order in six through
holes in the valve body (15A) as shown in the
entarped exploded wview on fold out pages. SEE
AGURE 104

NOTE: The two oil transfer holes designated
in the enlarged view are too small 1o accept
plunpers.

NOTE: Some valve assemblies (15) may have
one inactive (longl plunger instead of the set
of two active plungers (150) and a spring
(150) in four of the plunger holes in the valve
body (15A). Assemble these inactive flong)
plungers evenly as possible among the active
plungers (150) sets in the circle of plunger
holes if their original positioning was not noted
during disassembly.

Figure 106



assemble check
valve, plungers
and spring

assemble first
thurst bearing
package on
worm shaft

asgemble worm
subassembly
into valve
agsembly

assemble thrust
bearing packape

lockwazher
and nut

torgue bearing
lock nut

10.

1.

Assamble a ball (15F) and conical spring [15G),
small end firs1, into the two check valve plungers
(15E] it they became disassembled. Assemble one
check valve plunger assembly, & spring (150 and
then the other check wvalve plunger assembly into
the remaaning valve body plunger hole as shown
in the exploded view. The spring end of the
check walve plungers must face sach ather when
assembled in valve body. SEE FIGURE 105,

Assemble thurst bearing (13 and a thrust washer
114} on the input |serrated| end of worm shaft
123} and against worm shaft shoulder. SEE
FIGURE 106.

Assemble the input (serrated) end of the worm
shaft (23) with bearing packape into the adaptor
end of the valve spool [15B8) bore as described in
procedure #4, until shaft and bearing assembly
stops against the spoal. SEE FIGURE 107,

Assambile the other thrust washer (14), thrust
bearing (131 and thrust washer (12) onto the
input {serrated) end of worm shaft (23) and
against the valve spoal [158), SEE FIGURE 104

Assemble washer (11) then a new bearing bock-
washer [10) onio worm shaft (231, The intermal
washer tangs must enier slof in worm shaft and
the external tangs of bearing lock-washer must
face out. SEE FIGURE 109. Assamble bearing Iock
nut 19), large chamfer side in, onto threaded
diameter of worm shaft until components are at
solid height and snug against valve spool (1581,

Torque the bearing nut {90 1o 30 fi, s, 41 N
m| 1o $aat the components. Back the nut off and
then torque 1o 15-20 ft. Ibs. (20-27 N ml. SEE
FIGURE 110, Back the nut off approximately 20
degrees and bend one tang of lock-washer (10]
into & matching nut slot. SEE FIGURE 111, A
haok type spanner wrench, a 34 ar 1116 inch
12 point socket and & ft. |b. (N m| 1orgue
wrench required.

Figure 111
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check worm
shaft rotation

NOTE

assemble

washer seal
and retainer
into adapior

assemble seal
rings

assemble
adaptor on
worm assembly

34

12

13

4.

15,

Check for free rotation of worm shaft (23] in
valve assemnbly 115) and for perceptible end play.
SEE FIGURE 112,

NOTE: The worm shaft in the above assembly
should rotate at 3 to 5 inch Ibs. (.34 to 57 N
m). No end play should be evident.

Assemble back up washer (0] and then new seal
[21] into adaptor (1B} so that seal Bp is facing
out of seal cavity. SEE FIGURE 113. Assembla
retaining ring (22). SEE FIGURE 114

Coat each new zeal ning liberally with clean
grease for retention and assemble new seal ring
(8], three new seal rings (16, new seal ring (18]
in the appropriate recesses provided in adaptor
[18). SEE FIGLRE 115,

Assemble the adaptor (18] onto the rack piston
end of worm shaft [23) assembly with the side
with four threaded hales against the face of the
velve assembly and the cylinder feed hales in
adaptor and valve body (15A1 aligned, SEE
FIGURE 116,

Figure 112

Figure 113

Figure 114

Figure 116



assemble
UPPET COVET
seal, spacer,
retaining
ring and
seal ring

tape worm
shaft
serrations

install wpper
cover

assemble

upper cover
otz and

washer

16.

17,

18.

18,

On & chean work surface, assemble new seal (4]
into upper cover (7] wath the seal lip facing the
uoper cover bearing. Grease and assemble new
spacer (3). SEE FIGURE 117. Install retaming ring
12| securefy into the upper cover retaining ring
groove. SEE FIGURE 118, Rewining ring pliers or
small screw driver required. Apply clean grease
liberally 10 mew seal ring (B) and assemble it into
the upper cover recess provided.

Tape the worm shaft (23) serrations and ghtly
coatl the remaming portion of the worm shaht
with oil. SEE FIGURE 119.

Install wpper caver [7] assembly carefully oves
warm shaft (23] serrations, aligning the upper
cover, valve body (1641 and adaptor (180 in their
original positions. SEE FIGURE 1210.

NOTE: If a line was scribed across these
components before disassembly you can now
utilize the line 1o align these components.

Assemble four upper cover balts (6] and washers
(BAJ. Carefully ughten the bohs while checking
that the adaptor (1B} valve assembly (15] and
upper cover 7] faces are properly piloted and
positioned with all saal rings in place. Torque
bolts 1o 25-35 fr. Wb, (34-47 N mi if dry, or
21-27 f1. Ibs. 128-37 N m) if lubricated. 3/16 inch
socket required, SEE FIGURE 121,

Figure 117

Fagure 118

Fagure 118

Figure 120

Figure 121
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assemble seal

COmponents
on wWorm
shaft

ring on
waorm shaft

install
piston
ring

clean and

apply locquic
to rack piston

and poppet

apply studlock
and assemble

poppet seat

2.

2.

23

24,

Assamble onto the rack end of worm shafi (23)
steel washer [24], new saal (25), with sharp
corner side toward steel washer, new seal cup
[26) with counter bore toward sesd, bronze back
up washer (27} and retaining washer (28) with
counter bore out, SEE FIGURE 122,

Compress the seal compaonents st assembled on
worm shaft 123) and assemble retaining ring (281
Be sure the retaming nng is properly seated in its
groove in the worm shaft and in the rataming
washer (28] counter bore, SEE FIGURE 173.
Remove subassembly from vise.

Mace rack piston 139) in & soft jawed vise in a
horizontal position. Carefully expand piston ring
(39A) over end of rack piston and mstall in the
ring groove. SEE FIGURE 124,

If poppe1s were ramoved, clean the two threaded
poppet seat holes in the end of the rack piston
139] with cleaniclear sovent and blow dry. Apply
Locquic grade “T" primer to the threaded holes
and 1o the two poppet seat (30) threads and
allow 1o dry for ten minutes. SEE FIGURE 126,

When the Locquic primer has dryed for 10
minutes, apply Stud Lock 10 poppen seat (30)
threads and threaded popper hole a1 one end of
rack pston 139). Assemble the popper sear into
that end of the rack piston and torgue 1o 20-25
fr. Ibs. 127-34 N m). 916 inch socket regured.
SEE FIGURE 126 AND 127.

Figure 123

Figure 126



assemhle 25,

poppet
components

azsemble worm 26.

shaft assembly
into rack
piston

NOTE

assemble 16 7.

balls into
rack piston

WARNING

Insert a poppet (31), spring (321, rod (33| and
another poppet (311 a1 the apposite end of rack
pestan poppet hole. Apply Stud Lock 1o the
socond poppet seat (301 threads and its" threaded
hale in the rack piston. Assemble the second
poppet sean (301 and torque to 20-25 fi. lbs.
(27-34 N ml. SEE FIGURE 128, Allow Stud Lock
w0 dry 20 minutes before adding hydraukc fluid.
Famave the rack piston from vise and place on &
clean cloth covered work surface with the ball
return guide holes wp.

Lubricate the rack piston (38} worm bore and
worm shaft seal |25) with clean greasa. And
assemble worm shaft [23) as assembled into rack
peston bore 30 that the rack piston ball guide
holes are ahgned over the worm shafi ball rack
groaves and the worm seal is positioned in the
rack pistan worm bare. SEE FIGURE 129

MOTE: If the original set of 22 balls are being
reassembled, they must be segregated by
micrometer measurement into a group of 11
large balls (34A) and a group of 11 smaller
spacer balls (348). The small spacer balls
were originally colored black for identification
as are the spacer balls in a service ball kit.
The set of original large (working) balls will
measure 0005 inch (01270 mm) larger than
the spacer balls. SEE FIGURE 130,

Imsart the eraser end of & pencil into one ball
return quide hale m the rack piston (39) as far es
it will go. Alernately insert one large ball [34A)
then one small ispacer] ball 1348} into the other
ball return guede hole while slowly turning the
waorm shaft (23) 10 work each ball down the
same ball groave path an one side of the worm
shaft and up and around toward the other ball
return guide hode. When 16 balls are inserted,
remove pencil. A ball showld be wsible a1 each
ball return guide hobe. SEE FIGURE 131,

WARNING: BE SURE EACH BALL INSERTED
STARTS DOWN THE BALL GROOVE ON THE
CORRECT SIDE OF THE WORM SHAFT. DO
NOT ALLOW THE WORM SHAFT OR RACK
PISTON TO ROTATE AFTER THE PENCIL IS
REMOVED UNTIL THE BALL RETURN GUIDES
ARE RETAINED IN THE RACK PISTON. SUCH
ROTATION COULD MOVE A BALL OR BALLS
INTO THE DEAD TRACK BEYOND THE BALL
RETURN GUIDE LOOP [PASSAGE) RESULTING
IN A STEERING LOCKUP WHICH COULD
CAUSE AN ACCIDENT.

Figure 128

Figure 131
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install ball 28,

return guide
halves and
balls

CAUTION

WARNING

assemble ball 2.

return guide
clip

WARNING

WARNING

position an.

housing

in wige

a3

Coat a ball return guade half (35) berally with
preaze and insert the remaining 6 balls alternately
large (34A1 and small (348) (blackl into the
preased guade half. SEE FIGURE 132. Jain the
puides halves together and firmly seat this
subassembly into the rack peston (39) ball retum
puide hokas,

CAUTION: The grease must hold the balls in
the return guides until the guides are seated in
the rack piston.

WARNING: DO NOT SEAT THE BALL RETURN
GUIDES WITH A HAMMER. DAMAGE TO THE
GUIDES CAN RESULT IN SUBSEQUENT LOCK-
UP OR LOSS OF STEERING.

Install the ball return guide clip (36] 50 that the
bolt hole faces are in full contact with the rack
piston {39} swurface. Install the two new lock tabs
[37) and the two hex head screws (3B]. SEE
FIGUAE 133. Torque screws to 8-10 ft. lhs.
(11-14 N m). Bend up lock tabs against the
screw heads. 7116 inch socket reguired. SEE
FIGLIRE 134,

WARNING: ROTATE THE WORM SHAFT
WHILE HOLDING THE RACK PISTON, FROM
END OF TRAVEL TO END OF TRAVEL, TO
MAKE CERTAIN THAT YOU HAVE INSTALLED
THE BALLS PROPERLY. IF YOU CANNOT
ROTATE THE WORM SHAFT, YOU WILL HAVE
TO REMOVE THE BALLS AND REASSEMBLE
THEM. IF YOU INSTALL THE GEAR ON A
VEHICLE WITH THE SHAFT UMABLE TO
ROTATE, THE GEAR WILL NOT FUNCTION.
SEE FIGURE 135.

WARNING: DO NOT ALLOW RACK PISTON TO
ROTATE TO THE EXTREME LOWER END OF
WORM TRAVEL BY IT'S OWN WEIGHT WHILE
THIS SUBASSEMBLY 15 NOT CONTAINED IN
THE GEAR HOUSING. THIS COULD DESTROY
THE SEAL PACKAGE AT THE LOWER END OF
WORM, CAUSING LOSS OF POWER STEERING
IN ONE DIRECTION.

Position housing (55 firmly in vise positioned a3
it was for the disassembly procedures. SEE
AGURE 136.

Figure 133

Figure 134

Figure 135

Figure 136



assemble
ey
ring

gssemble and
install

poppel
assembly

grease
piston ring
and housing
bore

insert the
assambled rack

piston assembly

position adaptor
against housing

NOTE

3.

3.

3.

5.

If @ spacer ring [95A) was removed from the
houging (55) assembile and sast the spacer ring in
the battom of the housing rack piston bore. SEE
FIGURE 137.

If you removed a non adjustable hex head poppet
screw |534) and o-ring (524 from the housing,
assemble @ new o-ring 152A) on the poppet
screwy. Install the poppet screw assembly in
housing (55 and torque screw to 15-20 fi. |bs.
120-27 N ml. SEE AGURE 138. 172 or 316 inch
hex socket required.

If you removed nut (541, poppet adjusting screw
(53) and o-ring 152), amemble a new o-ring (57
and the nut on the adjusting screw and tum the
screw assembly into the housing (551 wil 7/8
inch 122 mm| of screw thread protrudes from the
housing.

If you removed sealing nut i54A) and poppet
adyusting screw (538), tumn the threaded end of
the adjusting screw into the end of a new saaling
nut [54A] away from is seal so that the seal will
face the hausing. Turn the screw assembly a few
tums into the housing. The final adjustment of
gither type of adjustable poppet screw must be
made after the reassembled gesr i mstalled on
the vehicle.

Apply & generous amount of clean grease 1o the
piston ring (39A) on assembled rack piston and to
the housing (55) rack pston bore. SEE AGURE
134,

Insart the assembled rack piston (38) into housing
(551 and position rack teeth to be wvisible through
the side cover opening and the popper 131} in line
with pappet scréw in the housing. As the rack
pistan enters the |ubricated housnp bare
compress piston ring (33A1 and work the rack
pstan into assembled position. SEE AGURE 140.

Move the adaptor (18] agaanst housing 1551 with
their balt holes aligned and their cylinder feed [oil
transfer) hole aligned. The poppet recess in the
adaptor must align with poppet 131} and seal ring
119} and seal ring 116) must be in place. SEE
AGURE 141.

NOTE: The lines scribed before disassembly
can again be used to insure correct assembly
alignment.

Figure 141
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adaptor
bolts and
washers

adpusting
screw and
retainer

WARNING

grease side
cover bearing

CAUTION

assemble
retaining

ring

assemble side

cover seal
pack

WARNING

LL)

36.

.

38

.

40.

Assemble four bolts (17) through adaptor (18] into
housing (55). Torgue bolts to 45-56 f1. Ibs. [61-75
N ml if dry or 42-52 fi. Ibs. (57-71 N mi if
lbricated, A 7116 inch 12-poim socket required.
SEE FIGURE 142

If the adjusting screw (50] has been remaoved
from the sector shaft (511, clamp the sector shatt
into @ sofi-faced vise by grippang the serrated
end. Coat the expanded end of the new adjusting
screw with @ suitable grade of wheel bearing
prease and insert into recess in end of sector
ghaft, Thread @ new sector shaft screw retainer
(491 imo the sector shaft and adjust to permit
free rovating of sector shaft adpsting screw by
hand without perceptible end play, 000 to 002
n. [.05 mml lopse, Siake the new retainer into
the two slots provided using a suitable punch and
again check freedom of adjustng scraw
movement and end play. SEE FIGURE 143.

WARNING: USE CARE IN SECURELY STAKING
THE RETAINER (49 INTD THE SECTOR
SHAFT SLOTS. A RETAINER THAT IS
BROKEN OR CRACKED DURING THE STAKING
PROCEDURE MUST BE REPLACED AS IT
COULD RESULT IN THE SECTOR SHAFT NOT
BEING RETAINED AND THE LOSS OF
MANUAL AND POWER STEERING CONTROL.

Apply & generous amount of clean wheel bearing
grease |do not substitute another type of greasel
to the bearing in side cover (431, SEE FIGLIRE
144,

CAUTION: Use only wheel bearing grease. This
bearing is sealed and will receive no lubrication
from the hydraulic fluid in the gear. Without
wheel bearing grease, the bearing could wear
prematurely.

Mesemble retaining ring (45) into sde cover (43
fing graove closest 1o the baaring, if the retaining
fng was removed.

fAssemble the steel backup washer (46) into side
cover (43), Assemble & new Teflon washer (47
then a new two piece seal 481 ino the side
cover, such that the words "Dilside” are visible
after the seal is astembled. SEE AIGURE 145.
Grease and assemble new seal nng [434) into
side cover. SEE FIGURE 146.

WARNING: THE WORDS "DIL SIDE” MUST
BE VISIBLE ONCE THE SEAL IS IN PLACE.
OTHERWISE, THE SEAL WILL NOT FUNCTION,
WHICH COULD RESULT IN A LOSS OF POWER
STEERING ASSIST,

Figure 142

Figure 143

Figure 144

Figure 145

Figure 146



NOTE

install
sector shaft
into side
cover

CAUTION

NOTE

assemble seal
ring and steel
and Teflon
washers into
side cover

retaining ring
and seal

4.

47,

44,

Assemble retsining ring (62) into its’ ring groove
in side cover [43). SEE FIGURE 147.

NOTE: Retaming ring (62) is not included in all
HF54 steering gears.

Apply a generous amount of clean grease 1o the
short bearing area of the sector shaft (51). Insert
the sector shaft carefully into the side cover (431,
Screw in the sector shaft adjusting screw (50|
counter-clockwise into the sde cover until the
screw reaches sold height, Then, rotate the
adjusting screw clockwise one wn, so that the
side cover will rotate freely on the sector shefr.
SEE FIGURE 148.

CAUTION: Be sure the two piece seal remains
cormectly assembled and that the vent plug
{41) has been removed during these
procedures.

NOTE: If the side cover two piece seal (48]
cannot be maintained in position when the
shaft (51) is assembled into the shaft side
cover {43) using procedures #40, #41, and
ﬁ go to alternate procedures #43, #44, and

Grease and assemble sead nng (43A). Assemble
the steel backup washer [46] and then the new
Teflon washer (47 into the side cover (43)
hearing bore. SEE FAIGURE 149.

Slide retaining ring (62) if required onto the cover
end of sector shaft (5], Assamble the new 1wo-
piece seal (48] onto the end of the sector shaft
ghout 1 inch |25.4 mm). The words “0il Side” on
the seal must face toward the sector shaft. SEE
FGURE 150.

Figura 147

Figure 148

Figure 14§

Figure 150



install 45,

seclor
shaft into
gide cower

CAUTION

install jam 486,

nut

assemble vent 47,

plug

WARNING

center rack 44,

piston

46

Be sure the sde cover beanng, the sector shaft
bearing diametar and seal are weall greased, then
ingert sactor shaft (57) assembly into the sde
cover (43) bearing and T the adsting screw
(501 into the side cover about 8 twms. Slowly and
carefully work the two piece seal (48) down the
sector shaft and sguarely into the side cover until
it is past the retaining ring groove. Then wark
the retaining ring 162) if included into the
retaining ring groove. Use an appropriate blum
end punch ar punches, SEE FIGURE 151, Carefully
wrn the adjusting screw (501 through side cover
until it reaches solid height then back screw ana
wrn, 50 that the side cover rotates freely on
sector shaft.

CAUTION: Be sure the two piece seal remains
cormectly assembled and that the vent plug

{41) has been removed during these
procedures.

Install the sector shaft adjusting screw jam nut
{400 onto the sactor shaft adsting screw (50) a
fenw threads. Final adjusiment will be made later.
SEE FIGURE 152.

Press @ new vent plug (41) o the hole provided
in the side cover (43) until the plug is fush, SEE
FIGUIRE 153.

WARNING: DO NOT WELD DR OTHERWISE
PLUG THIS HOLE IN ANY PERMANENT
MANNER. THIS IS A SAFETY VENT WHICH
FUNCTIONS ONLY IF THE SIDE COVER SEAL
FAILS. IF THE SEAL FAILS AND THE PLUG
CANNOT VENT, THE STEERING GEAR MAY
LOCK UP DR OTHERWISE MALFUNCTION.

There are five full teeth on the rack piston [39).
SEE FIGURE 154. Rotate the worm shaft (23] to
postion the center rack piston tooth (third tooth
fram large end) in line with the center of the
housing sector shaft bore. SEE FIGURE 155,

Figure 151

Figure 157

Figure 153




WARNING

add timing 49

mark to
sector shaft

install sector &0,

shaft and side
cover assembly

CAUTION

install side bl.

cover bodis

NOTE

install trunnion 82,

cover washer
and seal

WARNING

WARNING: IF THE RACK PISTON IS NOT
CENTERED WHEN SECTOR SHAFT 15
INSTALLED, GEAR TRAVEL WILL BE
SEVERELY LIMITED IN ONE DIRECTION. THIS
COULD RESULT IN AN ACCIDENT.

It there is nat & timing mark on the end of sector
shaft (51 add a timng mark with chalk or
marking pencil on the end of the sector shaft in
line with the center of the center 100th space.
SEE AGURE 156.

Remove any old tape from sactor shaft (51)
sarrations and apply one layer of new tape 1o
shaft serrations and bolt groove if necessary to
protect saal. Install sector shaft and sde cover
assembly into housing (55). The sector shaft
center 1ooth space as indicatad by the timing
mark on the end of sector shaft must engage the
rack piston (39| center tooth. SEE FIGURE 157.

CAUTION: Be sure seal ring (43A) is in place.

Inztall the four special side cover bals (421 sand
washers [42A) into the side cover and 10rgue
them to 45-55 fr. los. 161-76 N mi if dry or
33-40 fr, b, (4554 N m) if lubricated. 58 inch
or T-50 Torx socker required. SEE FIGURE 156.

NOTE: One or more of the side cover bolts
may be flat head TORX bolts (428) for
clearance purposes.

Place the trunnion cover (53] exterior face down
on a banch and install the mew Teflon backip
washer |47] and then the new two piece seal
[4B]. The words "0il Side” on the seal must be
visibda after assembly. SEE FIGUIRE 158

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

Figure 155

bigure 156

Figure 158

Figure 158

4]



install seal

install
trunnion cover
and balts

assemble
sectar shaft
protector seal

assamble worm
shaft protector
seal

assemble
bleed screw

&3.

04,

B,

56.

Bl

Grease the new trunnion cowver seal ring (56) and
nstall it mo the trunnion cover (931 s=al ring
groove.

Pack seal area of sector shatt (511 with clean
high temperature industrial grease per Aoss
specification 045231, Mobil Temp 1 or 2 or
equivalant, Carefully install the trumnion cowver
(58] SEE HGURE 160. Install the four trunnion
cover screws (601 and torque them to 13-23 fi.
ke, (18-31 N ml if dry or 11-16 ft. |bs. (1522 N
ml if lubricated. A 516 inch 12 pont thin wall
socket required. SEE FIGLRE 161

Add mare of the special grease 1o the cupped
side of protector seal (61) and assemble over
sactor shafi (51) and trumnion cover (58], SEE
FIGURE 162.

Add the special grease 1o cupped sde of
protector seal |1] and assamble sesl over warm
shaf (23] and upper cover (7). SEE FIGURE 163,

If bieed screw 15581 was removed from housing
[95) reassemble and torque 10 27-33 in. Ibs.
[3.1-3.7 N m), SEE FIGURE 164.

This comphetes assembly of the HFS4 steering gear. Before you install the gear
oritn the vehicle, make final adjusiments described on page 48. ANl ports should
be plugged until unit is installed in wehicle.

48

Figure 164




Final Adjustments

center steering
fear

NOTE

tighten
adjusting screw

adjusting screw
and note torgue

adjust
adjusting
SCrew

1.

To center the steening pear, rotate worm shaft
(23} until the tming mark on the end of sactor
shaft [51) & perpendicular to the worm shaft,
SEE FIGURE 165, A 12 paoint 11/16 or 34 inch
box end or socket required.

NOTE: Worm, valve thrust bearing preload

adjustment was accomplished in assembly
procedura 11, page 37.

Tighten sector shaft adjusting screw (501 10
provide 20-25 inch Ibs. (2.3-2.8 N ml of torque
required to rotate the worm shaft (230 throwgh
80 degrees each sade of center. SEE FIGURE 166.

MOTE: This procedure will properly mesh and
seat the rack piston teeth and sector shaft
teeth for final adjustments.

Loozen sector shaft adjusting screw (50] one turm
and nate maximum torque required to rotate the
worm shaft (231 through 90 degrees each side of
CENET,

Adjust sactor shaft adpsting screw (301 1o

INCTEAse maximum forgue noted in procedwe #3
by 2 o 4 inch Ibs. 1.23 to .45 N ml. Torque jam

nut (401 using & 34 inch socket, o 40-45 fr. s,

|54-61 N m| and check worm shaft 1orque again,
Readjust if worm shaft torque exceeds 16 inch
bs. (1.7 N m).

This completes the fingl adusiments of the HF54 gear to be made before it is
mstalled into the vehicle's steering system. Install the gear by following
instructions in the vehicle shop manual. Then follow the swoceeding sections of
this service manual HF54 an "HYDRAULIC FLUID™ and “FILLING AND AIR
BLEEDING THE SYSTEM™ which also mcludes instruchans for edjustment of the

adjustable poppet valve.

Figure 166

43
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Hydraulic Fluid

Keep the sieering system filled with ane of the following fluids:
AUTOMATIC TRANSMISSION FLUID TYPE "E" or “F"
FORD SPEC. M2C136LC
AUTOMATIC TRANSMISSION FLUID DEXRON I

SHELLROTELLAT ... e SAE 30
MOBIL ...l SAE 10W30
ASHLAND . ... ... SAE 10W40
UNION ... SAE 10W40
TEXACD ... i SAE 10W40
MOBIL ... el SAE 10W40

WARNING: COMPLETELY FLUSH THE STEERING SYSTEM WITH ONE OF THE
RECOMMENDED FLUIDS ABOVE ONLY. DD NOT MIX DIL TYPES. ANY MIXTURE
OR ANY UNAPPROVED QIL COULD LEAD TD SEAL DETERIORATION AND
LEAKS, A LEAK COULD ULTIMATELY CAUSE THE LOSS OF FLUID, WHICH
COULD RESULT IN A LOSS OF POWER STEERING ASSIST.

Filling and Air Bleeding the System

CAUTION: For steps 1 and 2, do not tum the steering wheel. Otherwise, air may
be induced into the system.

1. Fill the reservoir nearly full. Crank the engine for 10 seconds without, if possible,
allowing it to start. If the engne does start, shut it down immediately. Check and
refill the reservoir. Repeat &t least three times, each time checking and refilling the
TRSETVO,

CAUTION: Do not allow the fluid to drop significantly or run out of the reservair.
This may induce air into the system.

2. Start the engine and let it wle for 2 minwtes. Shut the engine off and check the fluid
level o the resarvoir,

3. Start the engine agean. Steer the vehicle from full left to full right wrn several times.
Add fluid, as necessary, to the fill Bne on the dipstick.

NOTE: Poppets, equipped on the gear, must be adjusted so that they relieve
pressure at full left and right turns to aid in the removing of air from the
system. At this time, make sure any poppets are properly adjusted. If they are
not, adjust them in accordance with section 4 (page 19] and repeat step 3.

The above procedures should remove 2l the air from the steering system, unless the pear &
mownted m an inverted pasition snd is equipped with the manual bleed screw (558) |Ses
FIG. 164, Page 4B). If this is 50, refer 10 step 4.



Ramove the air from a gear mounted in an invered position and eguipped with a
manual bleed screw (658 by following steps 1, 2 and 3 above. Then, with the engine
idling, steer the gear from full left tumn 1o full nght tumn several tmes. Loosen the
manual bleed screw sbout one turn, with the steering gear in neutral [no steering
action|, allowing air and aerated fluid 1o "bleed owt” around the bleed screw umtil only
chear (non aerated) flusd is bleeding out then closa the bleed screw. 516 inch socket
required. Check and refill reservoir.

Repeat this procedure 3 or 4 times starting with the steenng maneuver with bleed
screw clogad, until only clear [non aerated) fluid & discharged when bleed strew is
loosened. Torque the manual bleed screw 10 27-33 in. bbs. 13.1-3.7 N m), Check and
refill reservoir.

CAUTION: Do not turn steering wheel with bleed screw loosened as this could
induce air into the system.

Warnings for Proper Steering Gear Operation

WARNING: DD NOT WELD, BRAZE OR SOLDER ANY STEERING GEAR OR
SYSTEM ARM COMPONENTS.

WARNING: MAXIMUM FLOW UNDER ANY CONDITIONS MUST NOT EXCEED
VEHICLE MANUFACTURER'S SPECIFICATIONS.

WARNING: MAXIMUM OFERATING PRESSURE MUST MOT EXCEED 1500 PSI
(103.4 barl.

WARNING: ALWAYS CAREFULLY INSPECT ANY STEERING COMPONENT WHICH
HAS BEEN [OR 1S SUSPECTED TO HAVE BEEN| SUBJECTED TO IMPACT.
REPLACE ANY DAMAGED DR QUESTIDNABLE COMPOMNENT.

a1



Steering System Maintenance Tips

52

—Pravent internal batioming of the steerng gear. Carafully check gxde stops to be
sure that they meet the manufacturer’s specifications.

~Regularly check the fld and the fluid level in the power steering reservair.
=Keep tires inflated 10 correct pressurg.
—Always use a puller, never a hammer or torch, 10 remove priman arms.

—Investigate and immediately correct the cause of any play, rattle, or shimmy in any
part of the steering linkage or steering mechanism.

—Remove the cause of steering column misalignment.

—Encowrage al drivers to report any malfunctions or accidents that could have
damaged steering components.

—Do not amempt to weld any broken steening compaonent. Replace the companent
with original aquipment anly,
=Do not cold straighten, hot straighten, or bend any s1eering system companent.

—Always clean off around the reservoir filler cap before you remove it. Prevent dirt or
other foreign matter from emering the hydraulic systems.

—Investigate and correct any external leaks, no matter how minor,

—Replace filters and pumps in compliance with specification.

—If extended stationary use of vehicle iz developing excessive hydraulic fluid
temperatures consult vehicle manufacturer for auxikary cooling methad.

—Maintain grease pack applhied behind the input and output shafts protector seal as a
general maintenance procedure,






HF54 Series Service Procedure

WHITE OR CALL FOR IFORMATION AND ADDED DETARLS
CONCERNMG YOUR INSTALLATION ARD APPLICATIONS.

PHISE: W7 ARSI
TELEX: 175413
WRITE: THW RO3S GEAR DIVISION
BOD HEATH STREET
LAFAVETTE. INOIANS 47902 HEEA- 108



