Steering - ZF System Fault Tracing & Repair

NO: 64-23

DATE G01-25-2007

MODEL: S60, V70, XC70, S80, XC90

MODEL YEAR:

2003- (XC90)

2004- (all other listed models)

SUBJECT: ZF Power Steering System Fault Tracing and Repair
REFERENCE: TNN 64-24; 64-09; TNN 64-20; TNN 64-21; VIDA

THISTNN SUPERSEDES TNN 64-23 DATED 07-31-2006. A REFERENCE TO TNN 64-24
HASBEEN ADDED, AND THE MODEL YEAR RANGE FOR THE S60/V70 HAS BEEN
CORRECTED. PLEASE UPDATE YOUR FILES.

WARNING: These vehicles have pyrotechnical airbags and seat belt tensioners. The
componentsin the SRS system must be treated very carefully during repair. Thisisto help
prevent: 1.Personal injury when carrying out repairs 2.Damage to or malfunction of the
SRS system.

Refer to VIDA (Information > Repair > General Safety Information) for SRS war nings,
information, and instructions.

MODEL | MODEL YEAR CHASSIS NO.
560 2004- 315000-
VTa 2004 349000-
HOT0 2004- 1 23000-
aril) 2004-2006 335000
fate] 2003- Q00001 -

This Tech Net Note is designed to assist with overall identification and repair of various problems with
ZF-manufactured steering systems. ZF steering gears were factory-equipped on the following models:

This TNN is divided into three major sections:
1. The first section, 'Overview', provides a simple description of the power steering system.

2. The second section, 'Description’, defines the various problems, such as noise, leakage, and
functionality.

3. The third section, 'Repair', defines the specific repairs for each Description.
The purpose of this TNN is to guide the technician through the proper diagnosis and repair of the

ZF power steering system. As a general guideline, a complete customer description of the
concern, followed by confirmation of that concern, are key.



The customer should be asked the following questions:

- What is the specific problem?

- How long has the problem existed?

- Is it intermittent or permanent?

- Is the steering complaint affected by any of the following conditions:
- Stationary vehicle or while driving (and at what speed)?
- Temperature (outdoor temperature and/or vehicle temperature)?
- Condition of the road surface?
- Engine speed?
- Steering wheel position?

Answers to these questions should be incorporated into the text on the Repair Order as much as
possible.

If the complaint is noise-related, athorough check of the vehicle's entire front end is necessary,
with afocus on components which may be worn or loose, before repairing the steering system.

Likewise, afluid leak complaint should be verified by cleaning and testing the affected areafirst,
before any disassembly is begun.

The Section Table of Contents below allows the technician to turn to the appropriate section of this TNN
as needed.

It should not be necessary to read the entire TNN every time a steering-related repair is made.



Section 1

('\_
=/ ¥

ORIRZH Y~

1

|
Power steering system overview
1 Power steering fiuid reservoir 6 Solenoid (ECPS only) 11 Oil cooler
2  Suction line 7  Power Steering Control Unit 12 Bellows

(PSU) (ECPS only)
3 Pump 8 Delivery line 13 Inner tie rod end
4  Steenng gear 9  Return hose 14  Outer te rod end
Vave 10 Returnline

Overview
A simple description of the power steering system.

There are two types of steering gears: Standard power steering or electronically controlled power
steering (ECPS). ECPS adapts power steering assistance based on vehicle speed.



Fluid is suctioned from the fluid reservoir (1) through the suction line (2) to the pump (3), which
isarotary vane pump. Pressureisincreased in the pump through compression and supplies the
steering gear (4) power steering fluid under pressure through the delivery line (8).

The power steering fluid then passes through the return line (10) [and optionally in some models,
to the ail cooler (11)] and the return hose (9) back to the fluid reservoir.

The pump is mounted on the engine and is driven by the auxiliaries belt.
NOTE: The systemis extremely sensitive to contaminants.

Section 2

Hydraulic noise

Problem Diafinition Repair
Grunting! Lowd hydrawss resonance that is haard whan the steering wheel is turned when
trumpsting tha car is siationary {angine running) ar in sharp turns whan driving slowly. This 1

noise can also occur whien the dhiver releases the sleeng whesl after 3 Wrn,
‘Worsans at high engine spead. This noisa primanly occurs in systems. with
speed-dependent sleering gears (Servalronic; see TR E4-20 Tor idenlifcation),
Tha truempaling noise may cause 2 ighl vibeation in the stesring wheel,

Hydraulic knock Mate! This only applies 1o spesd-dependent Sleeing gears (Servolronic; See
TN 64-20 for dentiication). 2

Oeaurs when the car & stalionay (engine running) and during quick sleering
wihinil mowements back and farth, Lowd Rydrauic knocking.

Ther bypdrawulic knocking can also b Tl in e sheering wheel

Mechanical noisa

Problam Definilion | Repair

Knocking noise Law pitchad metallic knockng/striking when driving cver uneven road surfaces,
pathobes or e like, 3

Tha probsam worsans whan turning right.

Soueaks Metaiic frictan‘equeaking/acrapeng from steering gear area.

e 4
grinding The raise occurs during Sleering whesl movement when the car is stalionary o
during slow driving.
Click High pitchad metallic chicking/airking noise. 5

Occurs whien car is Siationary or during slow driving when (he steering wheel is
mored Back and farth auickly.

Notel This nosa can akso be heard whan the engina s off.
Large stesring wheel movements make the problem worse.




Description - Noise

Section 2
Pump leakage
Problem Definition Fepair
Buclion hose Leakage between suclion hose and purng, &
coupling Alzo appies o leakage babwaen suction hose and reserwr,
Pawer steering Leakage at purmp's output shatt.
pump shalt seal 7

Steering gear leakage

Problem Definition Repair

Internal pipes Fluid leak at steering gear's internal pipes.

Note! Internal pipes move fiuid from the steering gear's valve to its cylinder area,
and are routed alongside the gear assembly (see arrows).

Bellows Fluid leak into steering gear’s rubber bellows at tie rods.
For left-hand drive vehicles, fluid leaks into the right bellows.
Careful removal of the bellows s required to locate and verify this leakage.

Description - Leakage

Section 2

Powar stearing fluid

Problam Drafimition Rapair
Fluid level Flud type: use Valvo synthetic power steesing Buld (Pentosin GHF 11 8] ar
equivalant 10

Flud level in resereoir: Measune when cokd, with engine all,

Fill the ol untid tha lewal is halfaway batwean the ‘cold” and haot” marks on tha
dipstick.




Sluggish steering
Prablem Definition Repair
Parkingdriving The criver must use a ol of Torc (o burn e steering wheel when diving or
jparking o when tha vehice |2 atationary. 11
Insulficient assistanoe Fom the powis sleening syshem,
Freaplay
Preblam Definiticn Reapair
Play Too much stearing wheel movement before the bont wheels 2180 bo .
steering whasel and 12
front wheals.
Play ir le rods Play in sheering gear's ouler or inner steering tie rods thal can be seen or fel, 13
Radial rack har Motal Thera iz no noise associated with this freeplay. 14
play. Hadial rack bar play withowt pley in te rod ends.
Delected by standing beneath the vebicke and puling and pressing on the kel
side steering arm autside of me bellows. If nolse |s neard during Bis check, ses
repair numbar 5,

Description - Functionality
Section 3
Repair — Noise

| Repair | Grunting / Trumpeting

L) Some grunting is natural and unawvoidable in a hydraulic system.

In the event of abnonmal notse, replace the stearing gear.

b specilied Bl
S60; 3E4-400000

WD 2B5-529989

HOT0: 295207999

SB00 VEA-AZ6007

X80 275223993

Sane) WIDA

Fiemawing, replacing, instaling

Suspenaaan, steenng

Steering gear, replacing > Stearing wheel, sleeing wheel lock, steering column, Shah

‘Compare the problem 10 simdar vehicles from the same maded year 1o verify i the nose is
abnormal.

Mote! You must @sa replace the lower sleering shall o e car was buill before the chassis

Hydraul

ic Noise

Section 3
Repair — Noise

Repair

Hydraulic Knock

A Some hydraukc knocking is natural and unavoidable ina hydraulic system.

Campane the problem 1o similar vehickas from the same model year to vernty i the nolsa =
abrarmal.

B Adjuat the yole as necessary. Sea TRN 64-21.

c N Step B does nol hidp, replace the steering gear,
Maotal You must also replacs tha lower stearing shaf if the car was buit befpne the chassis
numbers specilied below:

Se0 EH4-499099

WO 2E5-529539

HKCTO: 205207000

580 184-426007

HCOD: 275223990

Soa: WIDA

Famoving, replacing. inatalling

Suspension, sheering

Staerng gear. replacing = Staering wheel, stearing wheel lock. staaring column, shaft




Hydraulic Noise

Section 3
Repair — Noise
Repair Knocking Noise
a A Saome strking nolse |s normal.
Corrpare the probibem bo simitar vehiches Fom he Same moded year (o verily il the noise is
abnonmal,
B Before focusing on the steenng sysbern, perfarm a complete Inspaction of the front end for

oiwious machanical problems. Confirm the source of the noise bafore any disassembly or
ripin, As a gereral guideSoe, lolow the checklisl in Slep G

c i. Chack the from suspension, including al bushings and mounting paints.
ii. Chack the drive shafs.

iii, Check b lower sleering shall and ils coupling 1o he stearing gear,
iv. Check e sleering colma, inchiding universad joinls and beaings,
Hotel Refer bo THN 6409,

v, Chieck (b B and oules lie rods of e steesing gear (lake care when rermaving the
rubber bellows of the inner be rads).

i It ary loose, worn, or broken components are faund during the above checks, make
the neaded repairs frst bedore continuing with the steering diagnasis.

i] If there = canfirmation of & knocking nolse In the steering gear, adjust the yoke as described
in TN G4-21.

E If Steps A-D do not halp, replaca tha steering gear.

Mote! You must elso replace the lower steesing shatt i the car was built befare the chasals
rumbers specified balow:

S60;  3B4-499999

V70 2BE-G2H999

HOTO 295-207999

SA0; 1B4-43E007

HoA0: 2TE-223099

Sae: VIDA

Risraving, replacing, instaling

Suspersion, stearing

Sigering pear, replacing » Steering wheel, steenng wheel lock, sleering colurn, shaft




M echanical Noise
Section 3

Repair — Noise

Repair | Squeak/ Grinding

A Before focusing on the steering system, perform a complete inspection of the front end for
4 obvious mechanical problems. Confirm the source of the noise before any disassembly or
repair. As a general ine, follow the checklist in B:
B i. Check the front suspension, including all bushings and mounting points.

ii. Check the drive shafts.
iii. Check the lower steeting shalt and its coupling to the steering gear.

iv. Check the steering column, including universal joints and bearings.
Note! Refer to TNN 64-09.

v. Check the inner and outer tie rods of the steering gear (take care when removing the
rubber bellows of the inner tie rods).

vi. If any loose, worn, or broken components are found during the above checks, make
the needed repairs first before continuing with the steering diagnosis.

] Check the seal in the firewall. Repair as necessary.

D Loosen the center boit (located at arrow) which secures the steering gear to the subframe. If
the squeak/grinding noise lessens with the bolt loose, add a washer to the bolt between the
steering gear and the subframe.

E Detach the steering gear from the steering column and wheel spindies.

Warning! Normally, the steering wheel should be locked when making repairs or replacing
components. If it is necessary to unlock the steering wheel in order to locate the source of
the noise, ensure that the steering wheel is not turned more than two full turns in either
direction, or the SRS contact reel may be damaged.

Locate the problem. Make necessary repairs.
Note! Ensure that the steering wheel is centered when reattaching the steering column.




M echanical Noise

Section 3
Repair — Noise
Repair | Click
5 A | Some clicking molse s normal

Comparg the problem o similar wehicles lom the same model year to werify iT e noise is
alnormiel.

B | Before focusing on the stearing system, pesdorm & complete inspection of the fant end for obwlous

machanical problems. Confrm the sowrca of the noesa bafore any dsassembly or repair. A5 a

ral guickedine, follow the checklist in Slep C:

o L Check the front suspansion including a8 bushings and maunting points.

i. Gheck e drive shalls.

i, Gheck the lowar sleering shall and ils coupling (o Bw Sheering gear,

. Check the steering column including universal joints and bearings.
Male’ Aeler o TMM 64-09,

mubier belows of the inner te roda).

. Chick thi nner and auter tig rods af the sleeding gear (bake care when remaving the

wi. if any loose, worn, or brokan compaonants am found during the above checks, make tha
needed repairs frst bedore ¢ g with ihe steering diagnosis.

O | Try to reproduce tha ngise by tugging and pulling the steering arm an the valwe (left) sida. If

reproducad, adjust the yoke a5 describad in THNM 64-21. Clicking nosa, if reproduced inthis
rhanner, Wil be repaived via the yoke adjusiment,

M echanical Noise

Section 3

Repair — L eakage

Repair | Suction Hose Coupling
& A | Check the flud baval in the meservoe. Sea Repair 10

B | Cean the pump. resarvair and hose be confirm the lecabion and sourca of the lesk.

G | Make gure that the hose clamps are properly Bited. Aeplace clamps if necessary.

D | Check he condilion of the suclion hose, Replace hose | necessary,

E | Do nat replace he pump of reservoir unbess thare ane cear defects in the pump, purmp nipgle, or
FEEETDT,

Power Steering Pump Shatt Seal

Repair mp
7 A Check the ld level in he reservoir, See Repair 10,

B | Verify that tha pump leakage is from the purmp shaft, Clean the pump and pulley to confinm the
location and source of the leak, Apply heak fraces Valvo part #1161580 an The pumg, St he
engine and turn the steering wheel back and torth.

T Mote! Do nod rephace the pump unless e &S veilied eakage.

Aeplaca the pump if shaft leakage has been vedifiad,

O | i noshalt seal leakage can be baund, check the hose connecliong and other patential leakage

points around the pump,




Pump L eakage

Section 3

Repair — L eakage

Repair | Internal Pipes
8 A | Check the fluid level in the reservoir. See Repair 10.
B | Verify that the leakage is from the internal pipes (see photo on page 4).
C | If the leakage is from the internal pipes, replace the internal pipes, by following steps I. through v.

below:

i. Remove the steering gear, see VIDA: Removing, replacing and installing > Suspension, steering >
Steering gear > Steering gear, replacement

ii. Note! Seal the inlet and outlet connections from the servo pump with plastic plugs iImmediately
after removal.

ii. To remove the old pipes: Remove the protectve plate from over the pipes. Seal the inlet and
outlet connections using plastic plugs. Carefully clean around the oil pipe connections and biow dry.
Remove the pipes. Carefully check that there is no residue of the old sealing rings in the

connections on the steering gear.

. To install the new pipes: Install the new sealing rings on the oil pipes. Lubricate the sealing rings

using power steering fluid. Carefully install the new pipes with the sealing rings to the steering gear.

Note! Use a new bolt for the pipe’s holder. Tighten the pipe nuts to 7 Nm (5 Lb-Ft) and the holder
scew to 12 Nm (9 Lb-Ft). Install the protective panel over the pipes.

v. A support must be installed on the longer of the two oil pipes as illustrated. The illustration shows
the location of the support on the steerning gear: it should be installed a minimum of 110 mm
(4 3/8in.) and a maximum of 132 mm (5 3/16 in) from the point indicated in the illustration.

Note! Only one support must be used, the illustration shows the support in its minimum and
maximum positions.

MAX 132 ——e
-——MIN 110 —=

o




Steering Gear Leakage

Section 3

Repair — Leakage

Repair | Bellows
g A | Check the flud level In the regendor. See Aeper 10
B | erity that flud |s leaking into the beliows. by carefully detaching the right side beliows.
C [ Mt is obvious keakage of Buid ino the belows, replace the steering gear,

Hote You must also replace the lower staaring shaft if the car was built before the chassis
rurnbers specifed below,

SE0: 3E4-4950999

WTD:  PAE-525990

HCTO: 295207999

SB0;  1B4-426007

KOO 275225999

Sea: VIDA

Aamawing. replacing. Instaling

Suspansion, skering

Steering gaar, replacing = Stesring wheal, staerng wheel lock, stesrng column, shaft

Steering Gear Leakage

Section 3

Repair Functionality

| __Repair | Fluid Level
10 A | Fill the fuid if it i balow specificaban,

Fluld type: use Volvo syntnetic power steering fluld (Pentosin CHF 11 5} or equivelent.
Fluid kvl in reserecis Measune when cold, with engine ofl,
Fill the ol urail the lewved ts hattway betwesn the "coid” and 'hot marks on the dpstick.

Check the systern for leakage. See Repars 6, 7. 8, and @




Power Steering Fluid

Repalir

Parking ! driving

11

A

Compare the problem b similer vehicles from the ssme model year ta werity if the effon |s abnoemnal.
Mote] Determina first f vehick has speed-sensitive staerng, See THN E4-20

Check e fluid level in he resenver. See Aepar 10,

I the Buld leved s low, chack for leeks nthe systemn. See Flepass 6, 7, B, and 9.

Check the belt tenssoner and the belt that drdves the purip. Fepar if neceasary.

m | |0 |3

Check tha steering column and other wheel suspension components that move during staaring.
ake sure that nothing is binding or seing.

l

W ricdhing is binding ar seizing, detach the stearing gear rom the steering column and wheel
spindles.

Warning! Mormafy, Bue sleering wheel shouid Be [ocked when making repairs or neplacing
components. Tl s necessany 1o urlock: he sheering wheel in order b kacale the Source of 1h
sluggishness. enaure that e steeng whesl i not burned maore than two full tums: inoelther
diraction, or tha 5AS contact real may ba damaged.

Esxamine the systems and components separately ta locate any potential probbam.

Hote] Engure thal he sleering wihesl is cenlered when reallaching he steaering eolumn,

Wt stearing gear is speed sensilive [See THN 64-20), check the cables and conneclions between
the PSL) and the steering gear. Repal &s necessany.

Megsure the current etrength of the signal from the FSU tothe steering gear. Make the
maasuwrements at the cabde connectiors on the steerng gear valwe. When tha wehicle is stationary,
currenl strength should be 860 md (AC). Replace the PSL T the currenl strength is nol within e
ranfe of 830-290 mA [ A

Megsure pump prassure, See VIDA;

Cleaning, checking and adjusting = Suspersion, sleeing = Serve balancepurng pressune, chicking
Pumps marked 110 bar (on black label on pumg): Max showd be between 93 and 110 bar

Fumnps merked 120 bar (on black lebel on pung): Mex shouwd be between 102 and 120 bar.

Hote! Al XCH0s, all SE0RNTIR, and 580 MY04 use 120 bar pump, Al olbes wehickes rferenced
Inthis THN use 110 bar pump.

Replace the pump il pressare leses lie bealow he specilication,

Sluggish Steering

Section 3

Repair — Functionality

Repair | Freeplay belween sleering wheel and front wheels
A | Compare the problem b similar vehisies Fom the same medel year o verily i he Tesplay is
12 abnotmal,

Ralse the vehicle on a front end alignment rack or similar, so that the front tires are loaded. with
ter enginge off. Have anather techniclean assist by turning the steering wheel back and forth. Check
1w piliay in Wb moving parls berweath e vebiche and in he shiering column, including the wheel
suUspEnsion and lower shisering shahl,

Remedy any problems found. If the problem remains. corbinue to step C below.

Detach the stearing gaar from the slearing column and wheal spindias.

Warning! Narmaly, the steering whee| should be locked when making repairs or neplacing
componerts. I it & necessany to unbock the steering wheel in order to kcate the source of the
fraeplay, ensure that the steerng wheal i not turnad mare than twa full tuns n either diraction, or
Ihe BRE contacl reel may be damaged,

Examne the gyaberns &nd components separately bo locate any potertiel probem.
Mote! Ensure (hal the sleering wiel is centered when realaching lhe steering column,

Maotel Do nat replace the steering gear if radkal play (s found In the steering gears rack. See Fepalr 14.




Repair | Freaplay in tie rods

A | Werity the problem using Steps B and G in Repas 12,
13 Aemowe the rubber bellows to comectly assess the Inner te rods.

B | Replace the tie rod in question.

Repair Radial rack bar play

A | Some radial rack bar movernent on te kit elde, without an aseociated nolee. s normal. This will
14 not ablect steerng function. Compans the play bo similer vehicies irom the same model year bo
warify if tha rack bar play is abnoomal.

B | Werily that hese & no play in the sleedng gears e rods, sleedng column, lower Sleeing shall or
ativer front assembly components. Sea Irs 12 and 138,

C | Some elashc play inthe steering geacs rack |8 design related. Do not replace the sheerng gear
becausa of this type of play. If there is a clicking noise during thes check. see Repair 5.




