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Engine-General

Table a. Engine specifications

GENERAL
This section covers system descriptions and general informa-
tion on engines and engine management systams. Also cov-

erad is basic engine troubleshooting.

For specific repair procedures, refer to the appropriate repair

group:

o

E39 models are fitted with a variant of either an inline 6-cylin-

110 Engine Removal and Installation
113 Cylinder Head Removal and Instaliation
116 Cylinder Head and Valvetrain

117 Camshaft Timing Chain

119 Lubrication System
120 Ignition System
130 Fuel Injection

170 Radiator and Cooling System

der or a V-8 engine, See Table a.

Model Engine caode, |Displacement Engine Bore, Compression {Torgue Horsepower

type cc (cu. in.) management Stroke ratio Ib-ft / rpm (SAE) / rpm
mm (in.)

528i M52 2793 (170.4) Siemens B4 (3.307) 10.2:1 206/3,950 |190/5,300

1897 - 1998 |6—cylinder MS 41.1 84 (3.307)

528i M52 TU 2793 (170.4} Siemens B4 (3.307) [10.2:1 206 /3,950 |[193/5,500

1999 - 2000 |6—cylinder MS 42.0 84 (3.307)

525 Ma4 2494 (152.2) Siemens 84 (3.307) |10.5:1 175/3,500 |184/6,000

2001 - 2002 |6—cylinder MS 43.0 75 {2.953)

530i M54 2979 (181.8) Siemens 84 (3.307) |10.2:1 214 /3,500 |225/5,900

2001 - 2002 |6—cylinder MS 43.0 89.6 (3.528)

540i M62 4398 {268.4) Bosch 82.7 (3.26) )10.0:1 310/3,800 |282/5,700

1997 V-8 M 5.2 92 {3.62)

540i mez2 4398 (268.4) Bosch 82.7 (3.26) [10.0:1 310/3,900 |282/5,700

1998 V-8 M 5.2.1 92 (3.62)

54Qi M62 TU 4398 (268.4) Bosch 82.7 (3.26) [(10.0:1 324 /3,600 |(282/5,400

1999 - 2002 | V-8 ME7.2 92 (3.62)

£ BenloyPuliishers.com—Al Rights Reservod
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Engine identifying features

4 The M52 engine (MY97-98 528i) used a single on-off vari-

able intake valve timing system (called VANOS). The cylinder
black is cast iron and the cylinder head is aluminum. The en-
gine management system is Siemens MS 41.1 and fealures
NGK-type (0-5 volt) oxygen sensors.

NOTE
VANOS is an acronym based on the German words Variable
Nockenwellen Steuerung (variable camshait timing).

< The M52 TU engine (MY99-00 528]) and the M54 engines

{MYO1-02 525i/530i) are fitted with double VANOS. The en-
gine blocks are constructed of aluminum alioy with cast iron
cylinder sleeves.

( The double VANOS (variable camshaft control) system incor-

porates true variable control of both the intake and exhaust
camshafts, as compared to the single VANOS system on the
M52 engine {on/off conirol of the intake camshatit only).

The M54 engines use a iully electronic throttle control (drive
by wire). There is no accelerator cable connecting the throttie
pedal to the throttle housing in these cars.

£BentlevPublishern.com=-All Rinhis Resetvad
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4 The M62 90° V8 engine uses four valves per cylinder, double
overhead camshafts and light alloy cylinder head and cylin-
der block engine construction.

On 1997 and 1998 540i models, Bosch engine management
systems are utilized. Table a lists engine management sys-
tem applications.

< For the 1998 model year, the M62 TU VANOS engine was in-
troduced to the 540i medels. This engine is primarily a carry-
over from the earlier M62 engine, but contains many unique
identifying components and technology:

= Variable camshait timing (VANQOS) for the intake valves.

= Bosch ME 7.2 engine management system with electronic
throttle contral. There is no accelerator cable connecting
the throttle pedal to the throttle housing in these cars.

= Compact water-cooled generator {alternator).

DRIVEABILITY TROUBLESHOOTING

E39 vehicles are equipped with sophisticated self-diagnostic
engine management systems. These systems monitor and
store diagnostic fault information. If the malfunction indicator
lamp (MIL) illuminates, the first diagnostic test should be to
cannect a dedicated scan tool for BMW automobiles and in-
terrogate the fault memory.

if the malfunction indicator light (MiL) comes on or flashes, it
indicates that an emissions-related fault has occurred and
that fault information is stared in memory within the ECM.

4 The MIL in E39 cars displays vne of these warning graphics
in the instrument cluster.

The diagnostic capabilities of these systems have the poten-
tial to save hours of diagnostic time and prevent incorrect
. component replacement. See OBD On-Board Diagnostics.

T
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Two commeon causes of driveability problems are incorrect
system voltage and bad grounds.

System voltage

Digital motor electronics (DME) requires that the system (bat-
tery) voltage be maintained within a narrow range of DC volt-
age. DC voltage levels beyond or below the operating range,
ar any A/C voltage in the electrical system can cause havoc.
When troubleshooting an illuminated MIL, make sure the bat-
tery is fully charged and capable of delivering all its power to
the electrical system. An undercharged battery can amplify
A/C alternator output ripple.

To make a quick check of the battery charge, measure the
vollage across the battery terminals with all cables aftached
and the ignition off. A fully charged battery will measure 12.6
volts or slightly more, compared to 12.15 volis for a battery
with a 25% charge.

The DME system operates at low voltage and current levels,
making it sensitive 1o small increases in resisiance, The slec-
trical system is routinely subjected to carrosion, vibration and
wear, so faults or corrosion in the wiring harness and connec-
tors are not uncommon. Check the battery terminais for corro-
sion or loose cable connections. See 121 Battery, Starter,
Alternator for additional information.

If a battery cable connection has no visible faults but is still
suspect, measure the voltage drop across the connection. A
large drop indicates excessive resistance, meaning that the
connection is corroded, dirty, or damaged. Clean or repair the
connection and retest.

NOTE —

For instructions on conducting a voliage drop test and other
general electrical troubleshooting information, see 600 Elec-
trical System—General.

Visually inspect all wiring, connecteors, switches and fuses in
the system. Loose or damaged connectors can cause inter-
mittent problems, especially the smalf terminals in the ECM
connectors. Disconnect the wiring harness connectors to
check for corrosion, and use electrical cleaning spray to re-
move contaminants.

Main grounds

Good grounds are critical to proper DME operation. If a
ground connection has no visible fauits but is still suspect,
measure the voltage drop across the connection. A large volt-
age drop means high resistance. Clean or repair the connec-
tion and retest.

i
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The main grounds for the fuel and ignition circuits of the DME
system are illustrated below; see 610 Electrical Component
Locations for additional ground and component locations.

« Ground for engine management system in right rear of en-
gine compartment on E-box bulkhead (arrow).

4 6-cylinder models: Grounds for ignition coils (arrows).

4 V-8B models: Grounds for ignition coils, at cylinders 3
{arrow) and 7.

4 Fuel pump ground (arrow) below right tail light in luggage
compartment.

NOTE—
Ground location for sedan shown, wagon models may
differ.

F e atlaulE bk Eam=A1 Binlils Bosorved
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GENERAL

Engine removal and installation are covered in this repair
group.

See 100 Engine-General for engine identification details
and engine codes,

Transmission removal is required for all models before the
engine can be removed. This is best accomplished with the
car raised on an automotive lit. For additional pracedures re-
quired during engine removal, refer to the following repair
groups:

» 020 Maintenance

« 121 Battery, Alternator, Starter

¢ 170 Radiator and Cooling System
e 180 Exhaust System

» 230 Manual Transmission

« 240 Automatic Transmission

s 410 Fenders, Engine Hood

Special tools

Some special tools are required for engine removal and in-
stallation. Be sure to have the necessary equipment on hand
before starting the job.

4 Engine lifting tool

{Tool No. BMW 11 0 000)

4 Cogling fan counterhold toal

(Tool No. BMW 11 5 030)

4 Cooling fan wrench

(Tool No. BMW 11 5 040)
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- Engine Removal and Installation

4 Fuel line plugs
(Tool No. BMW 13 5281 /13 5 282)

4 Fuel line removal tool
(Tool No. BMW 16 1 050)

CAUTION—

¢ Disconnecting the battery may erase fault code(s) stored in
memory. Check for fault codes prior to disconnecting the
battery cables.

= [f the MIL (Malfunction Indicator Light, also may be
called “Check Engine” or “Service Engine Soon" light)
is ffluminated, see OBD On-Board Diagnostics for
DME fault code information.

= {f other system faults have been detected, as indicated
by an ifluminated ABS, SRS or ASC/DSC warning light,
see the appropriate repair group in this manual or an
authorized BMVW dealer-for more information on fault
codes.

ENGINE, REMOVAL AND
INSTALLATION {(6—CYLINDER)

NOTE ~-

Engine removal procedures are similar for all 6—cylinder
models. When differences exisi, they are noted at the be-
ginning of each step, Engine are referred to by engine
code. See 100 Engine-General for engine code and appli-
cation information.

Be sure to cover all painted surfaces before beginning the
removal procedure. As an aid to installation, label alf com-
ponents, wires and hoses before removing them. Do not
reuse gaskets, O-rings or seals during reassembiy.

The intake manifold must be removed on 6—cylinder mod-
els befare the engine can be removed.

WARNING —
Due to risk of personal injury, be sure the engine is cold be-
fore beginning the removal procedure.

tBenlteyPubilichers.com-All Finhts Resetved
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Engine Removal and Installation

Disconnect negative {—) cable from battery.

CAUTION-—
Prior to disconnecting the battery, read the baitery discon-
nection cattions in 001 General Cautions and Warnings.

e AHE EYimdein [Ber

Remove engine hood, or place in service position. See 410
Fenders, Engine Hood.

Remove left and right interior ventilation ducts (left side
shown}:

» Release vertilation filter cover latch (A) and remove cover.

» Release plastic locking tab (B} or release locking tabs on
top of duct (later models).

» Rotate duct counterclockwise to unlock from bulkhead and
remove (arrow),

¢ Disconnect electrical harness from hood switch (C).
« Release spring lock {D}.

= Slide filter housing away from inner fender to remove.,
» Removal of right side ventilation duct is similar.

Remove rear bulkhead panel:

» Hemove rubber sealing gasket (arrow).
¢ Remove 3 mounting clips (A).

» Remove 4 retaining screws (B).

Lift off panel.

w

Remove complete air filter housing:
« | oosen intake duct hose clamp {A) at throttle assembly.

= Loosen clamp and remove idle control line irom intake duct
(B) and (where applicable) disconnect idle speed conirol
valve electrical harness connector.

s Disconnect harness connector (C) from mass air flow sen-
sor.

= Remove air filter housing mounting scraw (D).
« Disconnect vent tube (E).

= Loosen air intake duct clamp (F).

o Carefully lift air filter housing out of engine bay.
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- Engine Removal and Installation

< Remove positive battery cable and intake manifold cover:

» Remove protective cover from positive (+) jump start post
(A).

+ Loosen and remove batiery lead rmounting nut.

s Remove lead and push down through intake manifeld.
= Remove trim covers (arrows) from fuel injector cover.
s Remove cover hold down bolts and lift off cover.

4 Working above engine, disconnect the following:
= Vent line from cylinder head cover (A).
« M52 engine: Oxygen sensor connectars (B).

= Electrical harness connector from intake camshaft VANOS
solenoid valve (C).

= M52 engine; Disconnect elecirical harness conneciors at
throttle valve position switch {D}, ASC valve position switch
(E), fuel injector harness (F} and vent valve (G).

CAUTION—

Be sure to mark oxygen sensor harness conneclors so that
they can be reassembled correctly. Do not interchange con-
neclors, - - : : : :

4 M52 TU, M54 engine: Disconnect fuel injector electrical con-
nectors from injectors.

o Use small screwdriver to pry one corner of wire lock clip on
fuel injector 1 connector.

= Repeat for all Injectors.
= Lift off connector loem and lay aside.

#HenfioyPublishors.com=—Al Jights Reserved
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Engine Removal and Installation

4 Where applicable, remove schraeder valve cap (arrow) from
air connaction on fuel rail. Using a tire chuck, blow fuel back
through feed line using a brief burst of compressed air {max-
imum of 3 bar or 43.5 psi).

WARNING —

e Fuelin fuel fine is under pressure (approx. 3 - 5 bar or 45 -
75 psi) and may be expefled under pressure. Do not smoke
or work near heaters or other fire hazards. Keep a fire ex-
tinguisher handy: Before disconnecting fusl hoses, wrap a
cloth around fuef hoses to absorb any leaking fuel. Calch
and dispose of escaped fuel. Plug all open fuel lines.

= Always unscrew the fusl tank cap to release pressure

in the tank before working on the tank or lines.

— BRaise car and support in a safe manner.

WARNING —

Make sure the car is stable and well supported at all times.
Use a professional automotive lift or fack stands designed for
the purpose. A floor jack is not adequate support.

— Working underneath car, remove protective engine splash
guard.

4 Working beneath car {on left side under driver seat), remove
fuel filter cover and clamp fuel hose(s).

4 Disconnect fuel lines by sliding locking coltar in {arrows) and
pulling line apart.

sBerlpyPublishers cotn-Al Fighta Restred
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NOTE—

BMW uses ihree styles of fuel line connections; a one-time
single use clamp, a locking fitting that uses special taol 16 1
050 to release, and a quick release sleeve (arrow) that dis-
cornnects the line when depressed.

WARNING —

Fuel may be expelled under pressure. Do not smoke or work
near heaters or other fire hazards. Keep a fire extinguisher
handy. Before disconnecting fuel hoses, wrap a cloth around
fuel hoses to absorb any leaking fuel, Plug all open fuel lines.

4 M52 engine: Remove throttle valve and ASC throttle
assemblies.

= Disconnect ASC throttle cable (A).

» Remove ASC throttle housing mounting {asteners (B).
= Clamp off, disconnect, and piug coolant hoses (C).

o Disconnect throttle and cruise controt cables (D).

» Remove throttle housing mounting hardware and throttle
valve.

NOTE—
M52 TU, M54 engine: Throltle body is removed with intake
manifold.

4 M52 TU engine: Pull threttle cable out of rubber retainer (A)
and unlock ball end of cable (B) from throttie actuator.

il
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< M52 TU, M54 engine: Remove fasteners (arrows) retaining
wiring harness conduit to throttle body.

4 M52 TU, M54 engine: Working at throttle housing, rotate har-
ness plug {arrow) counterclockwise and remove.

4 M52 TU, M54 engine: Disconnect electrical harness connec-
tor at idle speed control valve (arrowy), directly above throttle

valve.

il
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< M52 TU, M54 engine: Disconnect electrical harness connec-
tor at fuel tank venting valve (A). Disconnect vent hose at fit-
ting (arrow).

— Working under intake manifold, disconnect the following:
* Engine oil dipstick tube suppori.
« Qil separator return iine from dipstick tube.

» Intake air temperature sensor electrical harness connector
(underside of infake manifold near throttle body).

M52 TU, M54 engine: Resonance valve electrical harness
connector.

M52 engine: Fuel tank vent line and harness.

4 Working underneath car, remove lower infake manifold sup-
port mounting bolis (arrows).

K\'V\\ L\""‘),/ | TN . sop113801

M52 TU, M54 engine: Remove fuel rail mounting bolts
{arrows);
= Carefully pry fuel rail off manifold.

= Separatie fuel line support bracket at rear of intake
manifold.

NOTE — .
e M52 TU engine shown. M54 engine is similar.
s M52 engine: Fuel rail is removed with intake rmanifold.

e
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Engine Removal and Installation . .

4 Rermove intake manifold mounting hardware (arrows).

NOTE —
M52 TU engine shown. M52 and M54 engines are similar.

4 Lift up manifold just enough o remove pasitive cables from
starter motor terminal 50 (arrow),

— Remove intake manifold from cylinder head while carefully
checking for electrical connections, tie wraps, and hoses.

CAUTION—
Stuff clean rags into open infake ports to prevent any parts
fromn falling into the engine intake.

4 Remove fastener (A) and harness connector (B} from
alternator.

#HentleyPublishoers.carm-Al Rights Recerved
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4 Remove cylinder head top cover:
* Remove plastic trim caps (arrows).
= Remove cover retaining fasteners and lift off cover.

— Remove alternator coaling tube.

{ Drain engine coolant and remove coolant hoses:
= Remove expansion tank cap on coolart resarvoir.
= Place a 3 gallon pait beneath engine to capture coolant.

* Remove coalant drain plug located on exhaust side of
cylinder 2 of engine block (arrow).

NOTE—
Drain plug for M52 TU and M54 engine shown. Plug for M52
located between cyiinders 4 and 5.

« Drain radiator by removing plastic drain plug {arrow) from
bottom of radiator.

WARNING —

Use exireme caulion when draining and disposing of engine
coofant. Coolant is poisonous and lethal lo humans and pets. :
Pets are aftracted to coolant because of its sweet smell and e
taste. Seek medical attention immediately if coolant is ingest-
ed.

NOTE —
Calch and dispose of drained coolant according to local,
state, and federal laws.

= BentloyPublishors.com-All Rights Reserved
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Engine Removal and Installation . -
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« Remove hoses from thermostat housing by releasing locks

{arrows). If applicable, detach electrical harness connectar
for thermostat housing.

NOTE —

Two different types of hose fasteners are used on the £39
car; fock clarnp type as shown above or standard band
clamps.

On vehicles equipped with mechanical cocling fan: Remove
belt-driven cooling fan and radiator as described in 170 Ra-
diator and Cooling System.

CAUTION—
32 mm radiator fan mouniing nut has left hand threads.

Disconnect coolant hose (arrow) ai rear left side of engine
above starter.

Disconnect coolant hose (arrow) at front left side of engine
mount,

Unbolt power steering fluid reservoir and pull aside without
detaching hoses, Secure to fender with cord or stiff wire.
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4 Working at E-box at right rear of engine compartment:

= Disconnect engine electrical harness connectors
{arrows).

= Lift off harness iooms and lay over engine.

— Remove polyribbed drive belfs. Mark direction of rotation if
belts will be reused. See 020 Maintenance.

— Remove exhaust system and transmission from car. See 180
Exhaust System, 230 Manual Transmission or 240 Auto-
matic Transmission.

NOTE —~-

Detach autormatic transmission cooler fines from radiator, re-
move brackels holding lines to side of engine, and store lines
in a clean environment.

— Remove power steering pump:
< |f necessary, remove steering pump pulley.
= Remove froni and rear pump mounting bolts.
» Suspend pump from body using stiff wire.

Remove A/C compressor mounting bolts (arrows) and A/C
compressor from its mounting bracket without disconnecting,
distorting, or deforming any refrigerant lines. Suspend from
body using stiff wire.

if applicable, remove secondary air pump:

» Remove hose at che-way valve (A},

= Remaove bolts at support bracket on strut tower (arrows). _

* Disconnect elecirical harness from bottom of secondary -
air pump.

= Remove bracket from strut tower.

t:BentleyPulilichers.com-All Rights Reservod
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Engine Removal and Instaliation

« MBE2 TU, M54 engine: Separate oxygen sensor glectrical har-
ness connectors (arrows) and mounting clip (A) on right side
of engine.

CAUTION—
Be sure to mark oxygen sensor connectors so that they can
be assembled correctly, Do not interchange conneclors.

4 Remove chassis ground strap (arrow) at right engine mount-
ing pedestal.

4 Install an engine lifting device (BMW 11 0 000 or equivalent)
to the front and rear engine supports and raise engine until
its weight is supported. Detach left and right engine mounts.

—  Carefully raise engine out of car, checking for any wiring, fuel
lines, or mechanical parts that might become snagged as en-
gine is removed.

na21a72
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- . Engine Removal and Installation

— Insiallation is reverse of removal, noting the following:

Replace all gaskeis, C-rings and seals.
Use new fuel injecior seals.

Check that engine drive belts properly engage pulley
grooves.

Inspect O-ring seal between mass air fiow sensor and air
filter housing. To facilitate reassembly, coat seal with acid-
free grease.

Change engine oil and filter and check all other fluid levels.
See 020 Maintenance.

Redill and bieed cooling system. See 170 Radiator and
Cooling System.

CAUTION—
When reatiaching throttle assembly harness connector, con-
nector is fully tightened when arrows on connector and plug

line up,
Tightening torgues
Coolant drain plug to cylinder block 25 Nm (18 ft-1b)
Engine mount to subframe {M10) 45 Nm (33 ft-1b)
Exhaust manifold to cylinder head
M6 10 Nm (89 in-Ik)
M7 or M8 20 Nm (15 ft-Ib)

Intake manifold to cylinder head
M7
M8

15.Nm (17 ft-Ib)
22 N (16 §t-Ib)

Radiator cooling fan 1o coolant pump

40 Nm (30 ft-b)

Radiator drain screw to radiator 2.5 Nm {22 in-1b)

“HentleyPublishern.com-All Rights Reservad
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Engine Removal and Insiallation -

ENGINE, REMOVAL AND
INSTALLATION (V-8 MODELS)

NOTE—

» Engine removal procedures are similar for ail V-8 models.
When differences exist, they are noted at the beginning of
each step. Engine are referred to by engine code. If neces-
sary, See 100 Engine-General for engine code and appli-
cation information.

e Be sure to cover all painted surfaces before beginning the
removal procedure. As an aid to installation, label alf com-
ponents, wires and hoses before removing them. Do not
reuse gaskets, O-rings or seals during reassembiy.

WARNING —
Due to risk of personal injury, be sure the engine is cold be-
fore beginning the removal procedure.

— Disconnect negative (—) cable from battery.

CAUTION—

Prior to disconnecting the battery, read the battery discon-
nection cautions given in 001 General Caulions and
Warnings.

Remove engine hood or place hood in service position. See
410 Fenders, Engine Hood.

Remove intake manifold cover, version 1:

» Remove plastic trim caps (arrows).
» Remove cover mounting fasteners and lift off cover.

Remove intake manifold cover, version 2: e
» Press down on locking pins (arrows) to release locks. _
« Lift cover straight up to remove. =

86 |
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- Engine Removal and Installation
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« Remaove left interior ventilation duct:

<

= Release duct locking tabs (A). Early models: release lock-
ing strap.

= Rotate duct inward (arrow) to detach.
= Release spring lock (B) to unlock ventilation housing.

= Disconnect electrical harness connector from hood switch
(C).

» Release locking clip and remove ventilation filter cover (D).
* Slide air housing away from inner fender to remove.
= Removal of right side ventilation duct is similar.

Remove rear engine compartment bulkhead panel:
= Remove rubber sealing strip.

+ Remove 3 mounting clips (A).

* Remove harness supperting clip (B).

= Unlock panel retainers (arrows).

Lift out panel.

Separate engine wiring harness (arrow) from electrical box
at right side of engine compartment:

s Remove E-box cover.

* Disconnect electrical harness connectors leading from en-
gine wiring harness (arrow). Connectors are labelled (A,
B, C, b, E) for locating purposes.

= Lay engine harness on top of engine.

Drain engine coolant from engine block and radiator. See 170
Radiator and Cooling System.

= Remaove drain plugs from right and left side of engine block
{between cylinders 2/3 and 6/7).

= After coclant has drained, reinstall drain plugs using new
sealing washers.

= Drain radiator and reinstall drain plug.

Tightening torques

Coolant drain plug to cylinder block (M14) 25 Nm (18 fi-Ib)

Radiafor drain screw to radiator 2.5 Nm (22 in-lb}
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Engine Removal and Installation

WARNING —

Use extrerne caution when draining and disposing of engine

cootant. Coolant is poisonous and lethal fo humans and pets.

Pets are aftracted to coolant because of its sweet smell and

taste. Seek medical attention immediately if coolant is ingest-
ed.

4 Warking at rear of intake manifold:

= Disconnect brake booster vacuum line (A).

+ Disconnect fuel tank vent line (B).

« Disconnect hoses (C and D) at coolant manifold.
» Remove transmission harness support (E).

Remove oil filter housing assembly from fender:
« Remave oil filter housing mounting fasteners.
» Use stiff wire to secure oil filter housing io engine.

NOTE—
Do not disconnect oil lines from filter housing.

Disconnect supply and return fuel lines (where applicable) at
or near fuel rail. Plug open fuel lines.

NOTE —

BMW uses three styles of fuel line connections; a single use
clamp, a locking fitting that uses special ool 16 1 050 to re-
lease, and a quick release sleeve (arrows) that disconnects
the line when depressed.

WARNING —

» Fuelin fuel line is under pressure (approx. 3 - 5 bar or 45 -
75 psi) and may be expefled. Do not smoke or work near
heaters or other fire hazards. Keep a fire extinguisher
handy. Before disconnecting fuel hoses, wrap a cloth
around fuel hoses o absorb any leaking fuel. Calch and
dispose of escaped fuel. Plug all open fuel lines.

= Always unscrew the fuel tank cap to release pressure
in the tani before working on the tank or lines.

Remove air filter housing and mass air flow sensor:

= Disconnect mass air flow sensor (A) and intake air temper-
ature sensor (B} electrical harness connectors,

« Rernove air filter housing mounting fastener (arrow).
« Loosen intake hose clamp (G).

» M62 engine: Remove hose at idle air stabilizer.

« Remove air filter housing with mass air flow sensor,
= Remove intake hose from throtile body.

AnntpuButlichora.com—-Al Rinhlits Reserved
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. Engine Removal and Installation

< M62 engine, remove ASC throttle body.
= Disconnect electrical harness from throttle position sensor,
= Disconnect ASC actuator cable (arrow).
= Remove mounting fasteners and remove throtile body.

« On front of left side cylinder head, disconnect elecirical har-
ness connector (A), and remove and plug fuel tank vent valve
vacuum line (B).

~ Raise car and support in a safe manner.

CAUTION—
Make sure the car is stable and well supported at all times.
Use a professional automotive lift or jack stands designed for

the purpose. A floor jack is not adequate support,

- Working beneath car:

= Remove engine splash shield.

» Remove right-and left heat shield from front suspension
subframe.

4 Working underneath engine compartment, disconnect
ground cable on right side engine mount (arrow).
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Engine Removal and Installation

4 Working at right side of transmission bellhousing, disconnect
electrical harness connections {arrows) from starier. Re-
move starter retaining bolts and remove starter from trans-
mission mount.
= M62 TU engine: Disconnect electrical harness connector

for right oxygen sensor from retaining clip and remove re-
taining clip from transmissian.

~  Working underneath engine compartment at left side:
= Unclip positive battery cable from oil pan.
» Remove alternator cooling duct.

Q MB2 engine: Hemove fastener A and plug connector B from
alternator.

- M62 TU engine: Remove electrical harness connectors from
front of water cooled alternator.

~ Remove exhaust system and transmission. See 180 Ex-
haust System and 230 Manual Transmission or 240 Auto-
matic Transmission.

- Working at front of engine:
+ Remove upper and lower hoses from radiaior.
= Disconneat expansion tank hose from coolant pump.

- Remove belt-driven cooling fan:
= Counterhold fan with special tool 11 5 050.

e Turn fan mounting nut (32 mm) clockwise (left hand
threads) to loosen.

= Rotate fan clockwise to remove. _

{ Remove cooling fan shroud:

» Disconnect electrical connectiors from coolant level sensor
(B) and coolant temperature sensor (C}.

* Remove expansion rivets (A) from each side of shroud.
+ Remove coolant hose (D).

= Slide fan shroud with expansion tank up. Remove radiator
overflow tube from spout of expansion tank. Remove radi-
ator fan shroud with expansion tank.

— Remove radiator. See 170 Radiator and Cooling System.

a2
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4 Remave polyribbed A/C compressor belt:
» Mark direction of beft travel if belts are to be reused.
* Loosen bolts (A).
e Turn adjusting lug (B) clockwise to release belt tension.

~—  Working beneath car, remove power steering pump and air
conditionier compressor. Suspend from body using stiff wire,

- Remove exhaust manifolds. See 180 Exhaust System.

4 Install engine lifting device (BMW 11 0 000 or equivalent) to
front and rear engine supports and raise engine until it's
weight is supported. Detach engine mounts.

= Watch carefully for hoses and elecirical wires that might
snag.

-~ |nstallation is reverse of removal:
= Replace all gaskets, O-rings and seals.

= -8 engine mounts have two sets of mounting holes. E39
cars use front most mounting holes.

« On cars with automatic transmission, use new Q-rings at
ATF cooler lines.

« Use new alignment sleeves when installing transmission.

= Be sure engine drive belts properly engage pulley grooves.
When installing belt, preload tensicner to stop (toward
belt), then tighten tensioner clamping nut.

= Install front exhaust pipes using new gaskets and copper
paste and new mounting hardware. See 180 Exhaust
System.

* Change engine oil and filter. Check all other fluid levels as
described in 020 Maintenance.

= Refill and bleed caoling system as described in 170 Radi-
ator and Cooling System.

CAUTION—
Do not interchange knock sensor harness connectors. Seri-
ous engine damage may resuit.
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Engine Removal and Installation

Tightening torques

ATF cooler lines to radiator
(use new O-rings)

M18 cap nut

M22 cap nut

20 Nm (15 ft-Ib)
22 Nm (17 ft-Ib

Coolant drain plug to cylinder block (M14)}

25 Nm (18 ft-Ib)

Engine mount to engine bracket or
subirame {M10)

47 Nm (35 ft-lb}

Exhaust flange nuts (8 mm)

25 Nm (18 ft-lb)

Radiator cooling fan 1o coolant pump
{left-hand threads)

40 Nm (30 ft-ib)

Radiator drain screw to radiatar

2.5 Nm (22 in-ib)

Wiring fo alternator (M8 niut)

13 Nm (9.5 ft-lb)
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Cylinder Head Removal and Installation
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GENERAL

This group covers cylinder head removal and installation as
well as cylinder head/valve diagnostic procedures.

In the procedures in this repair group, engines are referred to
by engine code. If necessary, see 100 Engine-General for
engine code and application information.

The information given in this repair group assumes that the
engine is installed in the engine bay. On the 6~cylinder en-
gines, the VANOS control unit must be removed in order to re-
move the cylinder head from the engine block. On M52 TU
and M54 engines, camshafts must be removed from the cylin-
der head before the head is removed.

The cylinder head removal and installation procedures for the
M6&2 V-8 are also included, but the procedures for the M62 TU
V-8 with VANOS are not provided.

For cylinder head and valvetrain reconditioning infarmation,
see 116 Cylinder Head and Valvetrain.

For specific repair procedures, refer to the appropriate repair
group:

= 020 Maintenance

+ 116 Cylinder Head and Valvetrain
117 Camshaft Timing Chain

¢ 170 Radiator and Cooling System
« 610 Component locations

NOTE —

If a head gasket problem is suspected, a comprassion test or
leak-down test wilf usually detect the fault. See Diagnostic
Testing later in this group.

Special tools

Special BMW service tools are required to properly remove
and install the cylinder head on engines covered by this man-
ual. The special tools are used fo time the valvetrain to the
crankshaft, and to remove the VANOS conirol unit, the cam-
shafts and the Torx (E12) head bolts. Read the entire proce-
dure through before beginning the job.

4 Compression gauge

(Tool No. BMW 11 0 224/11 2 280)

[in]
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... Cylinder Head Removal and Installation

4 Rotary angle torque dial gauge
(Toal No. BMW 11 2 250/00 9 120Q)

4 E12 Torx sacket for cylinder head bolts
{Tool No. BMW 11 2 250)

4 Crankshaft locking tool
{Tool No. BMW 11 2 300)

4 Camshalft lacking tool set, 6-cylinder
{Tool No. BMW 11 3 240)

‘( Timing chain adjustable tension setup tool, 6-cylinder
(Tool No. BMW 11 4 220)

4 Double VANOS adjusiment plate
{Tool No. BMW 11 6 150)

< Secondary sprocket setup tool for double VANOS
{Tool No. BMW 11 6 180)
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Cylinder Head Removal and Installation

113260 -

11 3270

/
113291

4 Camshaft locking toois (cyl. 5-8), V-8
(Too! No. BMW 11 2 442/11 2 446/11 2 443/11 2 444)

4 Camshaft locking tools (cyl. 1-4), V-8
(Tool No. BMW 11 2 445/11 2 441/11 2 443/11 2 444)

4 Timing chain adjustable tension setup tool, V-8
(Too! No. BMW 11 3 390)

4 Secondary timing chain tensioner locking pin, V-8
{Tool No. BMW 11 3 310)

4 Hydraulic lifter securing plugs
(Tool No. BMW 11 3 250)

4 Camshatft bearing cap tensioner (6-cylinder)
for camshait removal and installation
(Tool No. BMW 11 3 260/11 3 270)

‘( Secondary timing chain tensioner lock set
(Tool No. BMW 11 3 291/11 3 292)

113292 ;
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©.". Cylinder Head Removal and Installation

< Fuel line plugs
{Tool No. BMW 13 5 281/13 5 282)

{ Fuel line removal tool for quick-disconnect fittings
(Tool No. BMW 16 1 050)

< Tensioning bracket (V-8)
(Tool No. BMW 11 7 380)

« Compressed air fitting for testing VANOS operation
{Tool No. BMW 11 3 450)

4 Upper timing cover installation tool set, V-8
{Tool No. BMW 11 1 410)

DIAGNOSTIC TESTING

Cylinder compression, checking

A compression gauge is needed to make a compression test.
For accurate test, the battery and starter must be capable of
cranking the engine at least 300 rpm, and the engine should
be at normal operating temperature.

NOTE—

Performing a compression test may cause a fauli fo set in the
ECM and may illuminate the Malfunction Indicator Light
(MIL). The fight can only be turned out using either BMW
special service scan tools or an equivalent afterrmarket scan
fool. Disconnecting the battery will not erase the fault memo-
ry or turn out the fight. See OBD On-Board Diagnostics.

CRontleyPublighers.cam-All Righis Reserved
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Cylinder Head Removal and Installation = -
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Disable ignition system by removing DME main relay. See
610 Component Locations for relay location.

WARNING —

» The ignition system produces high voltages that can be fa-
tal. Avoid contact with exposed terminals and use extreme
caution when working on a car with the ignition switched on
or the engine running.

» [o not fouch or disconnect ignition components while
the engine is running or being cranked by the starter.

CAUTION—

Failure to remove the DME main relay or attempting to disa-
bie the fuel and ignition systems by other methods may result
in damage to the engine control module (ECM).

Remove plastic cylinder head cover(s}.

< Pull up on spring clips to disconnect ignition coil harness

connectors at each cylinder.

Remove coil grounding straps,

CAUTION—

Note location of alf grounds. Failure to reinstall grounds can
result in permanent damage to engine control module or ig-
nition systern componenis.

Remove coils.

Remove spark plugs from all cylinders.

NOTE —

Check the spark plugs for oil deposits that may indicate poor
cylinder sealing, then set them aside in order. Used spark
plugs should be reinstalled in the same cylinder from which
they were removed.

Install compression gauge in first cylinder spark plug hole,
tight enough to form a good seal.

With parking brake set, transmission in PARK or NEUTRAL,
and accelerator pedal pressed to floor, crank engine with
starter. Record highest value indicated by gauge.

NOTE —

= The compression gauge reading should increase with
each compression stroke and reach near its maximum
reading in about 4-6 strokes.

v Afl eylinders should reach maximum compression in the
same number of strokes. if a cylinder needs significantly
more strokes o reach maximum compression, there is a
problem.

i
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-~ .. Cylinder Head Removal and Installation

Release pressure at compression gauge valve, then remove
gauge from spark plug hole. Repeat test for each cylinder
and compare results with values given in Table a.

Table a. Compression testing specifications

Minimum compression
g-cylinder 10-11 bar (142-156 psi)
V-8 12—14 bar (174-203 psi)

Maximum difference between
cylinders {all engines) 0.5 bar (7 psi)

Compression readings may be interpreied as follows:

« Lpow compression indicates a poorly sealed combustion
chamber.

= Relatively even pressures that are below specification nor-
mally indicate worn piston rings and/or cylinder watls.

« Erratic values tend to indicate valve leakage.

= Dramatic differences between cylinders are ofien a sign of
a failed head gasket, burned valve, or broken piston ring.

If readings are within specifications, reinstall spark plugs and
ignition coils.

NOTE —
Used spark plugs should be reinstalled in the same cylinder
from which they were removed.

Tightening torque

Spark plug to cylinder head 25 Nm (18 ft-tb}

Ignition coils to cylinder head 10 Nm (7.5 ft-Ib)

Remainder of installation is reverse of removal. Be sure to re-
install all wires disconnected during test, especially ground
wires at coils and cylinder head cover (where applicable).

Wet compression test

To further help analyze the source of poor compression, a wet
compression test is the next step.

Repeat compression test, this time squirt a teaspoon of oil
into each cylinder. The oil will temporarily help seal between
piston rings and cylinder wall, practically eliminating leakage
past rings for a short time.

If this test yields a higher reading than “dry” compression
test, there is probably leakage between pisten rings and
cylinder walls, due either to wear or to broken piston rings.

Little or no change in compression reading indicates other
leakage, probably from valves.

#BentieyPublishers.com~All Rights Reserved
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Cylinder Head Removal and Installation

Cylinder leak-down test

The most conclusive diagnosis of low compression symp-
toms requires a cylinder leak-down test. Using a special
tester and compressed air, each cylinder, in turn, is pressur-
ized. The rate at which the airleaks out of the cylinder, as well
as where the air leaks out, can accurately pinpoint the magni-
tude and location of the leakage.

Before attempting any repair that requires major engine dis-
assembly, use a leak-down test to confirm low compression.

CYLINDER HEAD REMOVAL AND
INSTALLATION (M52 ENGINE)

WARNING —
Due fo risk of personal injury, be stre the engine is cold be-
fore beginning the removal procedure.

Cylinder head removal and installation is a time consuming
repair procedure requiring multiple special service fools.
Read the entire procedure before beginning the repair.
This procedure includes the following steps:

« Cylinder head, removing, M52 engine

= Cylinder head, installing, M52 engine

Cylinder head, removing, M52 engine

Disconnect negative (—) cable from battery in luggage com-
partment.

CAUTION—
Prior to disconnecting the battery, read the battery discon-

nection caulions in 001 General Cautions and Warnings.

G:BentioyPublighers.com=All Rights Reservid
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‘( Remove left and right interior ventilation ducts {left shown):
* Helease ventilation filter cover latch (A} and remove cover.

« Release plastic locking tab (B) or release locking tabs on
top of duct (later medels).

« Rotate duct counterclockwise io unlock from bulkhead and
remove {arrow).

= Disconnect electrical connecter from hood swiich (C).
« Release spring lock (D).

= Slide filter housing away from inner fender to remove.
* Removal of right side ventilation duct is simifar.

« Remove rear bulkhead panel:
= FRemove rubber sealing gasket (arrow).
» Remove 3 mounting clips (A}.
= Hemove 4 retaining screws (B).
o Lift out panel.

4 Remove complete air filter housing:
= Loosen intake duct hose clamp (A) at throttle assembly.

= |oosen clamp and remove idle cantrol hose from intake
duct (B) and disconnect idle speed control valve electrical
harness connector.

» Disconnect electrical harness connector {C) from mass air
flow sensar,

» Remove air filter housing mounting screw (D).
« Disconnect vent tube (E).

= Loosen air intake duct clamp (F}.

= Carefully lift air filter housing out of engine bay.

{ Remove positive battery cable and intake manifold cover:
* Remove protective cover from positive {+) jumper post (A).
« |posen and remove battery lead mounting nut.

= Remove battery lead and push down through intake mani-
fold.

= Remove irim caps (arrows) from fuel injector cover.
« Remove cover hold down fasteners and liit off cover.

f=HentleyPublishers.com-All Righla Reserved
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Cylinder Head Removal-and installation -

4 Working above engine, disconnect the following:

» Vent line from cylinder head cover (A).
* Oxygen sensor connectors (B).

« Electrical harness connector from VANOS solenoid
vaive (C).

« Flectrical harness connectors at throttle valve position
switch (D), ASC valve position switch (E), fuel injector har-
ness {F) and vent valve (G).

CAUTION—
Be sure to mark oxygen sensor harness connectors so that
they can be reassembled correctly. Do not interchange con-

nectors.

4 Where applicable, remove schraeder valve cap (arrow) from

air connection on fuel rail. Using a tire chuck, blow fuel back
through feed line using a brief burst of compressed air {max-
imum of 3 bar or 43.5 psi).

WARNING —

= Fuelin fuel line is under pressure (approx. 3 - 5 baror 45 -
75 psi) and may be expelled. Do not smoke or work near
heaters or other fire hazards. Keep a fire extinguisher
handy. Before disconnecting fuel hoses, wrap a cloth
around fuel hoses to absorb any leaking fuel. Catch and
dispose of escaped fuel. Plug open fuel lines.

» Always unscrew the fuel lank cap to release pressure
in the tank before working on the tank or lines.

Disconnect fuel lines by sliding locking collar in (arrows) and
pulling lines apart.

NOTE —

BMW uses three styles of fuel line connections; a one-lime
use clamp; a locking fitting that uses BMW special tool 16 1
050 to release; and a quick release sleeve (above) that dis-
connects the line when depressed.

2/entoviPublishers.com-All Rishts Reserved
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- Cylinder Head Removal and Installation
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4 Remove intake throttle valve and ASC throttle assemblies:

+ Disconnect ASC throttle cable (A).
* Remove ASC throttle housing mounting fasteners (B).

NOTE—

it is not necessary to disconnect coolant hoses (C) or
bowden cables (D).

* Remove intake throttle housing mounting hardware, putt
throttle housing off intake manifold, and set aside,

Working under intake manifold, disconnect the following:

» Engine oil dipstick tube support.
= Oil separator return line from dipstick tube.

» Intake airtemperature sensor electrical harness connector
{(underside of intake manifold near throttle body).

= Fuel tank vent line and electrical harness at canister vent
valve,

Remove lower intake manifold supports (arrows).

Disconnect coolant line retaining bracket at eylinder block.

Remove manifold mounting hardware (arrows).

Remove intake manifold from cylinder head while carefully
checking for electrical connections or hoses.

NOTE —
Fuel rail is removed with iniake manifold,

CAUTION—
Stuff clean rags into open intake poris fo prevent any parts
from falfing into the engine intake.

Drain cooling system (engine block and radiator), then re-
move radiator cooling fan and fan shroud, See 170 Radiator
and Cooling System.

Disconnect coolant hoses from thermastat housing.

i
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Cylinder Head Removal and-Installation:

4 Remove secondary air injection check valve (arrow).

4 Remove cylinder head top cover:
= Remove plastic trim caps (arrows).
= Remove engine oil filler cap.
= Remove cover hold down fasteners and lift off cover.

Remove ignition coils:

= Disconnect igniticn coil harness connectors.
s Remove coil mounting fasteners,

» Remaove coils.

= Remove ground straps.

NOTE—
Make note of ground wire at mourtiing studs arrangement
during removal.

Remove spark plugs.

Remove cylinder head cover mounting fasteners and remove
cylinder head cover.

NOTE —

The cylinder head cover mounting bolt insulators and gas-
keis should be reinstafled in their original locations. Make
note of their arrangement during removal.

T
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- “Cylinder Head Removal and Installation

4 Remove oil baffle cover from above intake camshatt.

Q Unscrew and remova three cylinder head cover studs (ar-
rows) at rear of cylinder head.

4 Set engine to approximate top dead center (TDC) by turning
crankshaft bolt in direction of rotation {clockwise when
viewed from front of engine) until camshait lobes for cylinder
1 face each other (dotted lines) and arrows on camshaft
sprockets face up.

— Set engine to TDC by aligning “OIT" mark of vibration damp-
er with boss cast on lower timing chain cover.

SN Py &
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4 Lock crankshaft at TDC:

= Remove sealing plug from bore on lower left side of engine
block below starter. Secure crankshaft in TDC position with
BMW special tool 11 2 300.

L EunlloyPublishers com-AlF Rinhts Resoreed
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Cylinder Head Removal and Installation
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4 Secure camshatfts in TDC position using BMW special tool
set 11 3 240.

4 Remove access plugs from VANOS control unit in front of
exhaust camshaft sprocket.

¢ Remove 4 bolts (arrows) from exhaust camshaft sprocket
{Torx E10).

CAUTION—
Hold the camshafi stationary (at hex on camshaft) when loos-
ening or tightening sprocket mounting fasteners.

4 Press down on secondary chain tensioner and lock info place
using BMW special tool 11 3 292 or a similar size pin.

NOTE — .
Sorne tensioners may have a single hole for special tool.

— Remove secondary chain tensioner.

— Disconnect harness connector and oil line fitting from bottom
of VANOS control unit.

NOTE—
Wrap the VANOS oil line fitting with a shop rag to absorb
leaking oil.

— Remove VANOS control unit mounting nuts and bolt at front
of cylinder head.
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.. Cylinder Head Removal and Installation
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4 Use a spanner tool to rotate exhaust sprocket until stop on in-
take sprocket is contacted.

—  Slide VANOS controtl unit forward to remove.

4 Remove primary chain tensioner (arrow).

WARNING —
Remove tensioner slowly — it is under spring pressure.

— Working at the intake side of cylinder 1:

= Detach electrical harness connector for camshalt position
sensor and remove Sensor.

= Detach electrical harness connector for coolant tempera-
ture sensor.

- Remove exhaust manifolds. Discard nuts. See 180 Exhaust
System.

4 Discannect heating system hoses (arrows) from back of cyl-
inder head.
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Cylinder Head Removal and Installation

Remove secondary timing chain and sprockets:

« Remove mounting nuts from front of intake camshaft
sprocket. Remove and label shim.

CAUTION—
Hold the camshatt stationary (at hex on camshaft) when loos-
ening or tightening sprocket mounting fasteners.

= Remove mounting nuts from front of exhaust camshatft
sprocket and remove and label thrust washer.

NOTE —
Where applicable, make note of thrust washer positions. The
thicker (0.4 mm) washer is mounied outermost.

= Remove secondary sprockets together with camshaft tim-
ing chain from front of camshafts.

CAUTION—

The camshafts must be locked in the TDC position using the
special service tool as described earlier. The arrows on the
sprockets showld nof be used fo accurately set the engine o
TDC. The tool holds the camshafts parallel to each other and

perpendicular to the cylinder head cover gasiet surface.

NOTE —

Do not remove the sprockets from the chain unless these
parts are being replaced, Wire tie each sprocket to the chain
to keep the sprockets timed to each other.

CAUTION—

The crankshaft must not be aflowed to rotate once the cam-
shaft timing chain is removed. The pistons can contact the
valves.

Unscrew timing chain guide and remave.

Lift off primary sprocket with chain.

= Securs chain with wire to prevent chain from dropping into
lower timing cover.

Unscrew timing case cover to cylinder head bolts (arrows).

NOTE—
Photo shows timing chain guide in place; it should first be re-
moved as described previousiy.

Hemove crankshaft locking tool {(BMW special tool 11 2 300).
Using the crankshaft vibration damper balt, turn engine op-
posite of normal direction of rotation {counterclockwise as
viewed from the front) approximately 30°. This prevents ac-
cidental contact between valves and pistons during installa-
tion.

#BantleyPublishers.com—All Rights Reserved
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4 Cylinder head balt loosening sequence.

— Using BMW special tool 11 2 250 or an equivalent toadl, loos-
en cylinder head bolts in sequence. Discard head bolls.

— Separate the cylinder head from the block and remove head.
Evaluate head as described in 116 Cylinder Head and Val-
vetrain.

Cylinder head, installing, M52 engine

If the camshafts were removed and installed while the cylin-
der head was off, a minimum waiting time is required after in-
gtalling the camshafis. When the camshaits are removed, the
hydraulic lifters can expand. This expansion can cause in-
creased valve lift when the camshafts are bolted down, result-
ingin open valves.

Camshaft installation waiting times

B8°F {20°C) and higher 4 minuies
50-68°F (10-20°C) 11 minutes
32-50°F {0-10°C) 30 minutes |

— Clean cylinder head and gasket surfaces of cylinder block
and all timing chain covers.

CAUTION—

Do not use a metal scraper or wire brush to clean the alumi-
num cylinder head or pistons. If necessary, use a hard wood-
en or plastic scraper. Also available are abrasive discs to be
used in conjunction with an electric drill. Be sire fo use the
carrect disc for the lype of melal being cleaned.

— BRemove all debyris and fluids from bolt holes and clean with a 5
thread chaser. L

— Check gasket surface of cylinder head and cylinder block for
warpage using a straight edge.

NOTE —

If the cylinder head has been machined, a special 0.3 mm
thicker gashet should be instalfed. The thicker gasket is avail-
able from an authorized BMVW dealer.
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< Check that two locating dowels are correctly positioned in
block and are not damaged.

— Apply permanently elastic sealing compound Three Bond
1209 ® to joints where cylinder block joins timing case cover.

— Place new cylinder head gasket on cylinder block.

NOTE—

The word “OBEN" or “TOP", printed on the gasket, should
face up. The cylinder head gasket will fit correctly in only one
orientation.

702113

-~ With camshafts locked in TDC position with BMW special
fools as described during cylinder head removal, set cylinder
head in pasition, guiding primary chain through cylinder head
opening.

NOTE -

« The camshafts must be locked in the TDC position at the
rear of the cylinder head with BMW special tool 11 3 240
before installing the cylinder head.

¢ Make sure the crankshaft, which had been rotfated approx-
imately 30° opposite the direction of engine rotation, is still
in that position before lowering the cylinder head into posi-
tion.

— Lightly lubricate new cylinder head bolts. Loosely install bolts
and their washers, then thread them In until they are finger
tight.

NOTE—

« Torx-type cylinder head bolts should not be reused. They
are stretch-lype bolts and must always be replaced when-
ever loosened.

» Check that all washers for the cylinder head bolts are in
place before installing the bolts. Some of the washers may
be staked to the cylinder head.

CAUTION— e
Cylinder head bolts for a cast iron engine block are different :
length and require different tightening torque than bolts foran
alurminum cylinder block engines (95 mm versus 110 mm =
boits). a

~  Install cylinder head-to-lower timing chain cover bolts finger
tight.

4 Tighten cylinder head bolts in correct sequence to initial
torque value.

il
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4 Use BMW tool 11 2 110 or forque angle gauge to tighten cyl-

inder head bolis in sequence to stage 2 and 3.

Tightening torques

Cylinder head to cast iron biock

Stage 1 30 Nm (22 ft-Ib}

Stage 2 +90°

Stage 3 -80°
Cylinder head to aluminum block

Stage 1 40 Nm (30 ft-lb)

Stage 2 +80°

Stage 3 -80°

Tighten cylinder head-to-lower timing chain cover bolts.

Tightening torgues

Cylinder head io lower timing chain cover 10 Nm (8¢ in-Ib)

Inspect secondary chain guide rail and tensioner rail for
grooves caused by chain contact. Replace any part that is
worn,

NOTE —

* Inspect Hming chain sprockeis, Sprockets that have worn
or missing teeth should be replaced.

= [f any of the sprockels are being replaced due to wear, the
chain should also be replaced.

o [f the crankshaft sprocket requires replacerment, the oil
pump drive spracket and chain must be removed as de-
scribed under 119 Lubrication Sysiem.

CAUTION—

The procedure outfined below assumes that the camshafls
and the crankshaft are locked in the TDC paosition with special
tools.

« Mouni primary timing chain sprocket to primary chain so that

arrow on sprocket faces up. Mount sprocket to camshaft so
that tapped holes in camshaft are on left side of elongated
holes in sprocket.

( Install BMW special tool 11 4 220 into primaty timing chain

tensioner sleeve, Thread center spindle in finger tight until
slack is removed from chain.
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Cylinder Head Removal and Installation

Exhaust Drive

@9.
Diaphragm sprmg@

4mm thrust washer

‘@9 Intake Drive

2mm thrust washer

H0211706A

NOTE—

BMW special tool 11 4 220 is an adjustable primary chain
tensioner and simulates the function of the hydraulic
tensioner.

Check that elongated holes in primary sprocket are now cen-
iered to bolt holes in camshaft and chain is free of slack. If
not, reposition sprocket to chain and reinstall.

Install secondary timing chain guide and secondary chain
tensioner. Tighten mounting bolts (tensioner remains locked
down for now using BMW special tool 11 3 282).

Install cy!indef identification trigger plate to front of intake
camshaft with studs.

Install spacer to front of intake camshaft.
Install secondary chain sprockets and chain as an assembly
so that arrows on sprackets are pointing up. Center mounting

holes in spraockets to bolt holes in camshafis.

Install thrust washers and diaphragm spring to intake cam
sprocket.

Install shim and torx bolts to exhaust camshaft. Tighten fin-
ger tight; do not torgue down.

Tighten intake sprocket nuis.

CAUTION—
Hold the camshatt stationary (at hex on carmshafi) when loos-

ening or tightening sprocket mounting bolts and studs.

Tightening torgque

Intake sprocket nuts to studs 10 +1 Nm {B9 +9 in-lIb)

Turn crankshaft approx. 30° in direction of rotation to bring
engine 1o TDC. Lock crankshaft in TDC position with BMW
special tool 11 2 300.

CAUTION—

The camshafts and crankshaft must be locked in the TDC po-
sition using BMW special tools 11 2 300 and 11 3 240. If the
camshafis and crankshaft are not at TODC, the valves can
contact the pistons.

< BentleyPublishers.com-Al Rights Rezerved
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NOTE —

Be sure the secondary timing chain tensioner is locked down
and the exhaust camshaft mounting bolls are loose before
proceeding.

Install VANOS control unit. See VANOS control unit, install-
ing (M52 engine) in 117 Camshaft Timing Chain.

CAUTION—
Incorrect installation of the VANGS control may result in dam-
age to the engine valvetrain.

Install exhaust manifolds using new gaskets and nuts. Coat
manifold studs with copper paste prior to installing nuts.

Install intake camshaft cover and cylinder head cover.

» Check for correct seating of half-moon seals (A) in back of
cylinder head cover.

= Use a small amount of Three Bond 1209 ® or equivalent
sealant at corners (B) of hali-moon cutouts.

= Seat gasket and seal corners in front of cylinder head at
VANOS unit.

instaliation of remaining parts is reverse of removal, neting
the following:

* Reinstall electrical harness connectors for oil pressure
switch and coolant temperature sensor before installing in-
take manifold.

 Refill cooling system as described in 170 Radiator and
Cooling System.

+ Change engine oil and filter as described in 020 Mainte-
nance.

o |f necessary, adjust accelerator cable.
« Reconnect battery last.

Tightening Torgues

VANOS all line 32 Nm {24 ft-Ib)
VANOS solenoid to control unit 30 Nm (22 {t-ih)
Coolant drain plug to cylinder block 25 Nm (18 ft-Ib}
Cylinder head cover to cylinder head 10 Nm (89 in-Ib}
(M6 bolts)

Intake manifald to cylinder head 15 Nm (11 ft-Ib)
Badiator cooling fan to coolant pump 40 Nm (30 ft-Ib}
Radiator drain screw 1o radiator 2.5 Nm (22 in-lb)

& BesteyPoblishers.com~All Righta Resurved
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Cylinder Head Removal and Installation

CYLINDER HEAD REMOVAL AND
INSTALLATION (M52 TU AND M54
ENGINES)

WARNING —
Due to risk of personal injury, be sure the engine is cold be-

fore beginning the removal procedure.

Cylinder head removal and installation is a time consuming
repair procedure requiring multiple special service toals,
Read the entire procedure before beginning the repair.
This topic includes the following procedures:

» Cylinder head, removing, M52 TU and M54 engines
¢ Cylinder head, installing, M52 TU and 1154 engines

Cylinder head, removing,
M52 TU and M54 engines

Allow engine to cool before beginning this procedure.

Disconnect negative () cable from baitery.

CAUTION-—
Prior to disconnecting the battery, read the batlery discon-
nection cautions in 001 General Cautions and Warnings.

Remove left and right interior ventilation ducts (left side
shown}:

» Release ventilation filter caver latch (A} and remove cover.

» Release plastic locking tab (B) or release locking tabs on
top of duct {later models).

= Turn duct counterclockwise 1o unlock from bulikhead and
remove (arrow).

+ Disconnect electrical harness from hood switch (C).
» Release spring lock fastener (D).

« Slide filter housing away from inner fender to remove.
» Removal of right side ventilation duct is similar.

Remove rear bulkhead panel:

= Lift off rubber sealing gasket {arrow).
» Remove 3 mounting clips (A).

= Remove 4 retaining screws (B).

o Lift off panel.

#HentleyPublishers.com=All Righta Reserved
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... Cylinder Head Removal-and Installation

4 Remove complete air filter housing assembly with mass air
flow sensor:

« Loosen intake duct hose clamp {A) at throtile assembly,

« }.oosen clamp and remove idle contral line from intake duct
(B) and disconnect idle speed control valve electrical har-
ness connector.

» Disconnect electrical harness connector (C) from mass air
flow sensor.

¢ Remove air filter housing mounting screw (D).
» Disconnect vent tube (E).
s Loosen air intake duct clamp (F).

= Carefuily lift air filter housing, mass air flow sensor, and in-
take duct hose out of engine bay.

< Disconnect positive battery cable and remave intake mani-
fold cover:

= Remove protective cover from positive (+) jumper post.
* Loosen and remove batiery lead mounting nut (A).

» Remove lead and push down through intake manifold.
+ Remove trim covers {arrows} from fuel injector cover.
= Remove cover hold down fasteners and lift off cover.

4 Working above engine, disconnect the following:

« Vent line from cylinder head cover. To remove, pinch clips
{(arrows).

« Flectrical harness connector irom VANOS solenoid valve
{A).

— Remove oxygen sensors and exhaust manifolds. See 180
Exhaust System,

CAUTION—
= Femove oxygen sensors before removing exhaust mani-
fold to prevent damage.

« [ abel oxygen sensor harness connectors so that they
can be reassembled correctly. Do not interchange con-
neclors.

NOTE —
Front exhaust manifold must be removed before rear
manifold.

*HentleyPublishors.com=All Rights Reserved
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Cylinder Head Removal and Installation -

— Working at side of intake manifold near left strut tower, dis-
connect intake manifold resonance valve electrical harness
conneactor.

< Disconnect fuel injector electrical harness connectors from
injectors.

o Use small screwdriver to pry out wire lock clip on fuel injec-
tor 1 connector.

= Repeat for remaining injectors.
= Release harness conduit fasteners from injector rail.

= Disconnect intake air temperature sensor electrical har-
ness connection (between intake runners for cylinders 3
and 4).

e Lift off connector assembly and lay aside.

4 Where applicable, remaove schraeder valve cap (arrow) from
fuel rail. Using a tire chuck, blow fuel back through feed line
using a brief burst of compressed air {maximum of 3 bar or
43.5 psi).

WARNING —

¢ Fuelis under pressure {approx. 3 -5 bar or 45 - 75 psi) and
may be expelled. Do not smoke or work near heaters or
other fire hazards, Keep a fire extinguisher handy. Before
disconnecting fuel hoses, wrap a cloth around fuel hoses
to absorb any leaking fuel, Catch and dispose of escaped
fuel. Plug all open fuel lines.

« Always unscrew the fuel tank cap to release pressure
in the tank before working on the tanik or lines.

4 Disconnect manifold vacuum line (arrow).

- Raise car and support in a safe manner.

CAUTION—
Make sure the car is stable and well supported at all fimes.
Use a professional automotive lift or jack stands designed for

the purpose. A floor jack is not adequate support,

-~ Remove protective engine splash guard from below engine.

b e e b limdriarr ey 8 T bt e Fo
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.~ " Cylinder Head Removal and Installation

4 Warking beneath car (on left side under driver seat}, ramove
fuel filter cover and clamp ofi fuel hose(s).

NOTE—
M54 engines use a single fuel line to the non-return fuel rail.

4 Disconnect fuel lines by pressing in on spring lock (arrows).

CAUTION—

Fuel may be expelled under pressure. Do not smoke or work
near heaters or other fire hazards. Keep a fire extinguisher
handy. Before disconnecting fuel hoses, wrap a cloth around
fuel hoses to absorb any leaking fuel, Plug alf open fuel lines.

NOTE —

BMW uses various styles of line connections; a one-time
band clamp; a self-locking connector (that use BMW special
toof 16 1 050 to release); and a quick release connector
{above}.

4 M52 TU engine: Pull throttle cable aut of rubber retainer (A)
and unhook ball end of cable (B) from throtlle actuator.

« Remove fasteners retaining wiring harness at throttle body
and support bracket (arrows),

fBentleyPublishers.com-All Righls Reserved
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4 Working at throttle housing, unscrew and disconnect electri-
cal harness plug (arrow).

4 Disconnect electrical harness connector at fuel tank venting
valve (A) and vent hose at quick disconnect fitting {arrow).

— Working under intake manifold, disconnect the following:
= Engine oil dipstick tube support.
= Qil separator return line from dipstick tube.
« Knock sensor harness connectar from support.

4 Working underneath car, remove intake manifold support
mounting nut {arrow), located adjacent to left engine mount.

st e Fobliskars.com=Al Hinhts Boaonved
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~ .- Cylinder Head Removal and Installation

4 Remove fuel rail mounting bolts (arrows):
o Careiully pry fuel rail off manifold.

s Separate fuel line support bracket at rear of intake mani-
iold.

= Guide fuel line(s) out of rear of engine compartment white
lifting fuel rail out.

4 Remove intake maniiold mounting hardware (arrows).

- Remove intake manifold from cylinder head while carefully
checking for electrical connections or hoses.

CAUTION—
Stuff clean rags into open intake ports to pravent any parts
from falling into the engine intake.

< Remove cylinder head iop cover:
= Remove plastic trim'caps (arrows).
o Remove cover hold down fasteners and liit off cover.

G:BentloyPublishets.com=Al Rights Resarved
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Cylinder Head Removal and Installation

< Drain engine coolant and remove coolant hoses:
= Remove expansion tank cap on radiator.
= Place a 3 gallon pail beneath engine 1o capture coolant.

« Remove coolant drain plug {arrow) located on exhaust
side of cylinder 2 of engine black.

4 Drain radiator into a 3 gallon pail by removing plastic drain
plug (arrow) completely.

WARNING —

Use cautfion when draining and disposing of engine coolant.
Coolant is poisonous and lethal to humans and pets. Pels are
atiracted to coolant because of its sweet smell and faste.
Seek medical attention immedialely if coolant is ingested.

NOTE —
Catch and dispose of drained coolant according to local,
state, and federal laws.

Remove thermostat housing:

= Disconnect electrical harness connector at thermostat
housing.

= Remove hoses from thermostat housing by releasing iocks
(arrows).

= Unbolt (4 bolts) and remove thermostat housing.

Cn vehicles equipped with mechanical cooling fan: Remove
beli-driven cooling fan and radiator shroud as described in
170 Radiator and Cooling System.

CAUTION—
32 mm radiator fan mounting nut has leff hand threads.

Remove fasteners {arrows) from heater bypass tube. Pull
tube out of cylinder head and set to side, leaving heater hose
connected.

Unbolt power steering fluid reservoir and pull aside without

N = T T = 2 N [P

disconnecting hoses. Secure to fender with cord or stiff wire.
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4 If applicable, remove secondary air injection pump:
« Disconnect hose at one-way valve (A).
= Remove bolts at support bracket on strut tower {arrows).

= Disconnect electrical harness fram bottom of secondary
air injection pump.

= Remove mounting bracket from strut tower.

Hemove ignition coils:

« Disconnect ignition coil harness connectors.
* Remove coil mounting fasteners.

* Hemove coils.

» Remove ground straps.

CAUTION—

Note location of all ground wires. Failure o reinstall grounds
can result in permanent damage to engine control module or
ignition system componenis.

= Set coil harness to side of engine compariment.

— Remove cylinder head cover mounting fasteners and remove
cylinder head cover.

NOTE—
The cylinder head cover mounting bolt insulators and gas-
keis should be reinstalled in their original locations. Make
note of their arrangement during removal.

— Hemove spark plugs.

« Hemove oil baffle cover from above intake camshaft.
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Cylinder Head Removal and Installation

4 Disconnect electrical harness connections at exhaust cam-
shaft position sensor and exhaust camshaft VANOS control
valve (arrows).

« Remove banjo bolt from VANOS unit oil pressure line. Use
banjo bolt fo attach BMW special tool 11 3 450 (compressed
air fitting) to VANOS control unit.

CAUTION—
Oit will drain from pressure line. Have a drain conlainer and
rags ready. Do not aflow oil to run onto drive bells.

4 Cover oil hole {arrow) in VANOS unit with shop towe! to cap-
ture oil which will spray when compressed air is applied.

— Connect compressed air line to air fitting. Apply air pressure
set to 2-8 bar (30-115 psi).

4 With cornpressed air line connected, rotate engine at vibra-
tion damper in direction of rotation (clockwise) at least twice,
until cylinder 1 intake and exhaust camshatt lobes face each
other {arrows) in the top dead center (TDC) position for cyl-
inder 1.

CAUTION—

Do not rotate engine counterclockwise to reach the fop dead
center position. If engine rotated beyond top dead center,
complete another fwo complele rofations.

i24
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- ‘Cylinder Head Removal and Installation

4 Remove sealing plug from special ool bore on lower left side
of engine block near flywheel. Secure crankshafi in TDC po-
sition with BMW special toal 11 2 300 (arrow).

4 Unscrew and remove two cylinder head cover studs
(arrows) at rear of cylinder head.

4 Secure camshafts In TPC position using BMW special tool
set 11 3 240.

~  Disconnect compressed alr fine, leaving compressed air fit-
ting attached to VANOS unit.

4 Unscrew sealing plugs (arrows) from VANCS unit.

L EenloyPublishers.com=Aal Rights Recserved
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4 Oil will drain from plugs (arrows) when removed. Have a
container and rags ready. Do not allow il 1o run onto drive
belts.

4 Puli sealing caps straight out of VANOS unit using short nee-
dle nose pliers.

NOTE—
Additional oil may drain from VANOS unit.

4 Remove set screws (left-hand thread) on ends of intake and
exhaust camshafts.

CAUTION— o
Set screws have left-hand threads. Loosen in clockwise di-
rection.

126
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4 Remove VANOS unit:
» Hemove engine lifting eye.

= HRemave VANOS mounting nuts (arrows) and pull VANOS
unit and metal gasket off.

CAUTION—
Do not crank the engine with VANOS unit removed. Pis-
ton/valve interference may result,

NOTE—
The VANOS unit wilf contain a small quantity of oil. Place
shop towel to calch oil as unit is removed or tilted.

CAUTION—

if the VANOS adjustment unit is replaced, or if operations are
completed that may change the fiming of the camshafs, the
camshatt timing must be checked. See 117 Camshatft Timing
Chain.

« Remove primary camshaft chain tensioner cylinder (arrow).

CAUTION—
Primary camshalt chain tensioner is under spring pressure.

« Press down on secondary chain tensioner and lock into place
using BMW special tool 11 3 291, or a thin drift or pin.

oBenfloyPublishers cam=-All Rights Reserved
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Cylinder Head Removal and Installation

4 Remove exhaust camshaft impulse wheel mounting nuts
(arrows). Remove impulse wheel {(A).

4 Remove spring plate {A).

4 Remove intake camshaft sprocket mounting nuts (arrows)
and remove spring plate ([abelled FRONT).

4 Remove torx screws from exhaust camshaft sprocket
{arrows).

RHentovPublichers com-AY Raihilg Rospmver
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< Lift off exhaust and intake sprockets together with secondary
chain, thrust spacer (A), and splined shaft (B).

CAUTION—

Splined shafts share the same part number for both iniake
and exhaust camshafts. Used splined shafis must be rein-
stalled in their original positions.

4 Remove exhaust camshatft splined sleeve (A) and shaft (B).

{ Remove secondary chain tensioner mounting bolts (arrows)
and remove tensioner with retaining pin in piace.

“HentlevPublinhors.com-Allk Riahls Rerprind
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Cylinder Head Removal and Installation _

< Remove sprocket mounting studs {(arrows) from exhaust
camshaft.

{ Lift primary chain sprocket off exhaust camshaft. Remove
sprocket from chain.

4 Place timing chain on end of exhaust camshaft.

Q Spline retaining screws (arrows) should not be removed
from camshaft.
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4 Remove cylinder head cover mounting studs (arrows) from
center of cylinder head.

— Remove crankshait locking tool from transmission bell hous-
ing.

4 Lift primary chain and hold under tension, then rotate engine
at vibration damper in opposite direction of normal rotation
{counterclockwise) approximately 30°.

CAUTION—
By turning crankshalt 30°, pistons are moved away from top
dead center, to prevent possible valve interference to pisions

during camshaft servicing.

— Remove camshaft locking tools (BMMW special tool set 11 3
240) from rear of cylinder head.

‘( Remove camshaft bearing cap 1 on intake camshafi,

4 Fit BMW special tools 11 3 260 (A) and 11 3 270 (B) to cyl-
inder head and screw long bolts (arrows) into spark plug
threads. Tensioning pins on tool will align with the bearing
caps on the intake camshaft.

CAUTION—
Do not over torque bolts into spark plug holes.

502113850
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Cylinder Head Removal and Installation -

—

]
e
+

502133062

4 Turn eccentric shaft of special tool to pretension intake cam-
shaft bearing caps. Remove nuts on all intake camshait bear-
ing caps.

— Slowly release tension on eccentric shaft and remove BMW

special tools. Remove bearing caps and set aside in order.
Remove camshait and store safely.

—~ Repeat procedure for exhaust camshatft.

4 Secure hydraulic lifters in liter bores using BMW special tool
11 3 250, or remove lifters using a magnetic pick-up tool.
With lifters secure or removed, lift out camshaft bearing car-
riers from cylinder head.

CAUTION--
s Use care to not let hydraulic lifters fall out as camshat car-
tier is removed.

e Hydraulic lifters should be stored in an upright position.

« Used hydraulic lifters must be reinstalled into their orig-
inal lifter bores.

4 Remove intake camshaft position sensor (arrow) from side
of cylinder head.

4 Remove secondary chain lower guide bolts (arrow). Remaove
chain guide.

T
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4 Remove bolts (arrows) holding timing chain cover to cylinder
head. (Photo shows camshafts and camshaft bearing caps in
place).

4 Using BMW special tool 11 2 250 or equivalent, loosen cylin-

3 3 11 13 9 7 1 derhead bolts in several stages, in sequence shown. Discard
\ \ \ / / head bolts.
B NorE—
o O o _0O o 0 BMW special tool 11 2 250 is a thin-walled Torx E12 socket
O OO0 00 with an extended reach. The cylinder head bolts are re-
G O O ®© O O 9 Q cessed into the head below the carnshaft towers with litife
/ ’/ \i \‘ \ \ working space.
/ / \ \ — Lift off eylinder head. Refer to 116 Cylinder Head and Val-
9 8 10 14 12 6 4 vetrain for cylinder head reconditioning information.
502t13857a

Cylinder head, installing, M52 TU and M54
engines

Clean cylinder head and gasket surfaces of cylinder block
and all timing chain covers.

CAUTION-—
Remove foreign matter and liquid from bolt holes. Trapped ol
or coolant in bolt holes can cause damage to block.

CAUTION— "
Do not use a metal scraper or wire brush to clean the aluni- :
num cylinder head or pistons. If necessary, use a hard wood-
en or plasiic scraper. Also available are abrasive discs io be
used in conjunction with an electric drifl. Be sure fo use the
correct disc for the type of melal being cleaned.

I

Evaluate cylinder head as shown in 116 Cylinder Head and
Vatvetrain.

NOTE—

e [fthe cylinder head has been machined, a special 0.3 mm
{0.011 in.) thicker gasket should be installed. The thicker
gasket is available from an authorized BMW dealer and
should be marked accordingly. _

« Cylinder head and valve specifications are covered in 116
Cylinder Head and Valvetrain.
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Cylinder Head Removal and Installation

12 10

O

Lubricate camshafts, camshaft carriers, bearing caps, hy-
draulic lifters, friction washers, splined shafts and spline hubs
with assembly lubricant before installation.

Check that two cylinder head aligning sleeves (arrows) are
correctly positioned in block and are not damaged.

Apply elastic sealing compound Three Bond 1209 ® to cor-
ner joints on cylinder block to timing chain cover.

Piace new cylinder head gasket on cylinder block.

NOTE—

The word “OBEN" or "“TOP", printed on the gasket, should
face up. The cylinder head gasket will fit correctly in only one
orientation.

Set cylinder head in position, guiding primary chain through
cylinder head opening.

CAUTION—

Make sure the crankshaff, which had been rotated approxi-
mately 30° opposite the direction of engine rotation from
TDC, is still in that position before lowering the cylinder head
into position. All pistons must be out of TDC position to pre-
vent valve/piston interference when the camshatts are in-
stafled.

Lightly lubricate new cylinder head bolts and washers with
oil. Install bolts and washers finger tight. Install cylinder head
to lower timing chain cover bolts finger tight.

NOTE —

« Cylinder head bolts should not be reused. They are
stretch-type bolts and must be replaced whenever loos-
ened.

= Aluminum cylinder blocks use different length cylinder
head bolts and torgue values than cast iron blocks.

e Check that all washers for the head bolls are in place be-
fore installing the bolts. Some of the washers may be
staked to the cylinder head.

{ Tighten cylinder head bolts in correct sequence (1-14).

CAUTION—

The bolts should be tightened in three stages as listed below.
The final stages require the use of a BMW special tool 11 2
110 or a suitable protractor to tighten the bolis to a specified

torqgue angle.
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— Secure cylinder head boits by torquing an additional 90°
each for Stage 2 and 3.

Tightening torques

Cyiinder head to engine block
(aluminum biock)

Stage 1 40 Nm (30 ft-1b)
Stage 2 +90°
Stage 3 -90°

4 Install intake camshaft position sensor (arrows).

( install lower secondary chain guide. Tighten taorx bolis to
specifications. The bolt on the intake camshaft side is long
and extends into the engine block.

4 Install and tighten cylinder head-to-lower timing chain cover
bolts (arrows). (Photo shows camshatts in place).

Tightening torque

Secondary chain guide to cylinder head 10 Nm {89 in-Ib)
Cylinder head to lower timing chain cover
MB 10 Nm (89 in-1b)
M7 15 Nm (11 fi-ib)
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4 Before installing camshait carriers, examine bearing points
(arrows) on hydraulic lifter bores for signs of wear.

502113B58)

4 Center camshaft carrier with hydraulic lifters on pins {ar-
rows) at bearing positions 2 and 7.

4 Note marks on carriers: (E) for intake side and (A} for exhaust
side.

—  Lift timing chain and put exhaust cam onto exhaust camshatft
carrier. Place intake camshaft on camshait carrier.

™~

’
402113659




113-43
- Cylinder Head Removal and Installation

« Hotate camshafts until intake and exhaust lobes for cylinder
1 face each other {arrows),

CAUTION—
Be sure that crankshaft is stilf positioned at least 30° away
from TDC.

— Place bearing caps on cams, but do not install retaining nuts.

4 Fit BMW special tool 11 3 260 (A) and 11 3 270 (B) to cylin-
der head over intake camshaft and screw long boits (arrows)
into spark plug threads.

CAUTION—
Do not overtighten bolls in spark plug holes.

502113850

4 Turn eccentric shaft of special tool to pretension bearing
caps. Instali and torque nuts on intake camshaft bearing .
caps.

Tightening torque
Camshaft bearing cap to cylinder head (M7) 14 Nm {10 ft-Ib)

— Reiease tension on eccentric shaft and remove BMW special
tools 11 3 260/270.

~ Repeat procedure for exhaust camshaft.

R EREES

CAUTION—

After the camshafts are installed, a minimum waiting time is
required for the hydraufic lifiers to “bleed down” before bring-
ing the cranikshaft and piston back to lop dead center. When
the camshafis are removed, the hydraulic lifters can expand.
This expansion can cause increased valve lift when the cam-
shafts are bolted down, possibly resulting in piston interfer-
ence. e

Crankshaft / valve timing waiting times

687 F {20°C) and higher 4 minutes
50 ~68°F (10 —20°C) 11 minuies
32 -50°F (0 - 10°C) 30 minutes T
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Cylinder Head Removal and Installation .

4 Secure camshafts in TDC position using BMW special ool
set 11 3 240.

4 In necessary, turn camshait slightly so that special iools are
squarely seated an cylinder head.

4 Lift timing chain and hold under tension.
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- “Cylinder Head Removal and Installation

< While maintaining tension on timing chain, rotate crankshait
at vibration damper from 30° before TDC in direction of rota-
tion (clockwise) until number 1 cylinder is at TDC position
with line between the OIT (arrow) on front pulley lined up
with boss on lower timing chain cover.

{ Secure crankshaft in TDC position with BMW special tool 11
2 300 (arrow).

cifienteyPublishera.com=Afl Righta Reserved
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Cylinder Head Removal and Installation.

0021061

Double VANOS Timing
Chain Components

1.

Ne o R

Impulse wheel mounting nut

Exhaust camshaft impulse
wheel

Spring plate, exhaust
Thrust spacer (T = 3.5 mm)
Splined shait

Torx screw

Exhaust camshaft secondary
sprocket

Secondary timing chain

Splined sleeve

. Primary sprocket

. Threaded locating stud

. Secondary chain tensioner

. Secondary chain lower guide
. Sprocket mounting nut

. Spring plate, intake

. Splined shaft

. Intake camshait sprocket

. Locating stud

. Thrust spacer

20.

Intake camshaft impulse wheel

Double VANOS timing chain componentis,
installing, M52 TU and M54 engines

#HloantnyPublishom enm=Al Riohts Reservedd

4 Slide impuise wheel on intake camshaft, aligning boss with
raised portion on camshaft (arrow).
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- cylinder Head Removal and Installation

4 Fit thrust spacer (A) to intake camshaft (B) and tighten down
with threaded locating studs. Place longer threaded end of
studs into camshaft (arrows).

Tightening torque

impuise wheel studs to intake camshaft) 20 Nrn (15 ft-1b)

B502113845

4 Fit primary sprocket to primary timing chain and instalf on ex-
haust camshaft so that pointer on sprocket (arrow) lines up
with cylinder head sealing suriace.

4 Insert BMW special tool 11 4 220 into timing chain tensioner i
bore and bring center spindle into contact with tensioning rail.
Tighten until slack is remaved, but do not pretension timing
chain.

NOTE—
BMW special tool 11 4 220 is an adjustable primary chain
tensioner and simulates the function of the tensioner.

— Recheck arrow on primary sprocket is aligned with upper -
edge of cylinder head. Reposition sprocket if necessary. =

Insert and tighten down threaded locating studs (arrows} in
end of exhaust camshatft. Note installed position of studs.

Tightening torques
Exhaust camshaft locating stud 20 Nm (15 ft-lb)

¢HenlleyPublishora.cam-All Righla Reserved
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Cylinder Head Removal and Installation

< install secondary chain tensioner on cylinder head (arrows).
Keep tensioner compressed using BMW special tool 11 3
291 or suitable pin.

< Install exhaust camshait splined sleeve. Confirm that gap in
sieeve splines aligns with carresponding gap in camsbaft
splines (arrows).

4 Slide splined shaft onto exhaust camshaft. Be sure that locat-
ing tooth of shaft fits into spline gaps of camshaft and splined
sleeve (arrows).

— Push splined shait in further to rotate splined sleeve until the _
three threaded holes in primary chain sprocket are centered ;
in the small slots of the splined sleeve,

{ Place intake and exhaust sprockets in BMW special tool 11 6
180. Position spline gap on intake sprocket (arrow} as shown :
and place secondary chain on sprockets. b

142
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- Cylinder Head Removal and Installation

< Remove chain and sprockets from tool and slide sprockets
on camshafts. Confirm that gap in intake sprocket splines
lines up with corresponding gap in camshaft splines (arrow).

CAUTION—
Do not alter position of sprockets with respect to chain when

removing from special toof 11 6 180.

4 Align locating tooth of splined shaft with gaps on camshaft
and sprocket. Slide splined shaft onto intake camshaft until
approx. 1 mm (0.04 in) of splines (arrows) are visible.

4 Install intake camshaft spring plate so that FRONT mark is
visible. Install mounting nuts (arrows) finger tight.

Q insert sprocket mounting bolts (arrows) on exhaust side
camshaft assembly.
o Initially tighten to approx. 5 Nm (44 in-lb} and then back off
by half a turn.

:BenlleyPublishers.com-All Rights Reserved
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Cylinder Head Removal and Installation

« Fit thrust spacer (A) on exhaust camshait.

4 Install spring plate (A) to exhaust camshaft. Make sure that
{F) mark is visible.

NOTE —
If F mark is no longer visible, install spring plate as shown in
inset.

4 Install exhaust camshaft impulse wheel, aligning pointer (B)
with top edge of cylinder head (A). Install mounting nuts (ar-
rows) finger tight.

EBentleyPublishers com—All Rights Reserved
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- Cylinder Head Removal and Installation

4 Pull out exhaust camshatft splined shait to stop.

— Press down on secondary chain tensioner and remove ten-
sioner lock-down tool.

< Preload primary chain:

« Tighten adjusting screw on BMW special tool 11 4 220 to
specified torque.

Tightening torque

Primary chain tensioner preload 0.7 Nm (6 in-Ib)

4 Preload exhaust camshaft spring plate by pressing on im-
puise wheel while tightening mounting nuts {arrows) finger
tght. =

4 Install BMW special tool 11 6 150 (VANOS setup bracket) to —
front of cylinder head timing case. Install nuts (arrows) finger L
tight, then tighten down uniformly until special tool is in full
contact with cylinder head.

cavrion—
Make sure all gasket material is removed from face of eylin- -
der head. Clean sealing face and keep free of oil. If any for-
eign material is present on the sealing surface, the camshaft
timing will be incorrect.

% BentleyPublishars, com-All Rights Resened
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Cylinder Head Removal and Installation

4 Secure camshaft sprockets and impulse wheels:

« Tighten mounting screws (A) on exhaust camshaft impulse
wheel to approx. 5 Nm (44 in-Ib}.

+ Tighten mounting nuts (B) on exhaust and intake sprocket
assemblies to approx. 5 Nm (44 in-Ib).

+ Torque down mounting screws (A) and nuts (B} to final
specifications.

Tightening torques

Sprocket assembly to camshaft

initial torque 5 Nm (44 in-Ib)
Sprocket assembly wheel o camshaft
M7 torx screws (A) 20 Nm (15 fi-ib}
M6 mounting nuts (B) 10 Nm (8 ft-ib}

Remove crankshaft locking tool from transmission bell hous-
ing sa that crankshafi is no longer secured in TDC position.

Remove camshatft locking tools from cylinder head.

< Turn engine cver twice in direction of rotation until cylinder 1

intake and exhaust camshaft lobes (arrows) face each other.

Secure crankshaft in TPC position with BMW special tool 11
2 300.

4 Place BMW special tool set 11 3 240 over camshatfts and

measure clearances.

CAUTION—

e |fthe exhaust side of the tool (A) is not flush with the head,
camshaft fiming is incorrect. Reset camshaft liming as de-
scribed in 117 Camshaft Timing Chain.

e Due to flexible sprocket design, VANOS unit folerances
and play in the VANOS splines, when the camshaft tim-
ing is set correctly, the intake side of special tool 11 3
240 (B) may be up to 1 mm (0.04 in.) above the surface
of the oylinder head. This is normal. Reassemble en-
gine. Otherwise, reset camshaft timing as described in

117 Camshaft Timing Chain.

Remove BMW special tool 11 6 150 from front of cylinder
head.

t:BantteyPublishers.com=All Righis Reserved
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. Cylinder Head Removal and Instaliation

< Clean contact edges of cylinder head face and VANOS unit
and apply a thin coat of permanently elastic Three Bond
1209 ® or equivalent to surfaces.

CAUTION—
¢ Check locating dowel (A) and dowel sieeve (B) at top of
cylinder head for damage or incorrect installation.

« Make sure all gasket material is removed from face of
eviinder head. Clean sealing face and keep free of oil.
If any foreign material is present an the sealing surface,
the camshatft timing will be incorrect.

— Install new steel gasket to front of cylinder head and install
VANOS unit,

NOTE—

If VANOS control unit is being repiaced, be sure to check and
adjust camshaft timing as described in 117 Camshaft Tim-
ing Chain.

— Reinstall engine lifting eye.

Tightening torgue

VANOS unit to cylinder head
M6 nut 10 Nm (89 in-Ib)
M7 nut 14 Nm (10 ft-b)

— Reconnect electrical harness connectors to camshaft posi-
tion sensors and VANOS solenoid valves.

4 Insert and tighten down VANOS hydraulic pision set screws
in spiined shafts on intake and exhaust camshafis.

CAUTION—
Set screws have left hand thread. Tighten counterclockwise,

Tightening torgue

Hydraulic piston to splined shaft 10 Nm {89 in-Ih)

4 Replace sealing caps inside VANOS unit with short needle
nose pliers.
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Cylinder Head Removal and Installation

4 Insert and secure VANOS sealing plugs (arrows) with new
sealing O-rings.

Tightening torque
Sealing plug 1o VANOS 50 Nm (37 ft-Ib)

4 install coclant pipe fasteners at base of eylinder head and
tighten fasteners {arrows).

NOTE —
Use naw sealing O-ring on coolant pipe.

— Install VANOS oil line banjo bolt with new seals. Attach oil
line to VANOS unit.

{5 y Tightening torque
e " I Oil line to VANOS unit
(banjo bolt) 32 Nm (24 ft-lb)

— Remove adjustable timing chain tensioner tool and reinstall
chain tensioner.

Tightening torque

Primary chain tensioner cylinder to
cylinder head 70 Nm (52 fi-Ib)

— Remove flywheel locking tool from transmission bell housing.
Replace special tool bore sealing plug.

— Remove camshatft locking tools from cylinder head.

@ install intake camshaft cover and cylinder head cover.

= Check for correct seating of half-moon seals (A) in back of
cylinder head cover.

= Use a small amount of Three Bond 1209 ® or equivalent
sealant at corners (B) of half-moon cutouts.

+ Seatf gasket and seal corners in front of cylinder head at
VANOS unit.

Tightening torque
Cylinder head cover to cylinder head (M8) 10 Nm (89 in-Ib)
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.. _-Cylinder Head Removal and Installation

a L2847

Install exhaust manifolds using new gaskets and nuts. Coat
manifold studs with copper paste priar to installing nuts.

Tightening torque

Exhaust manifold to cylinder head {(M7) 20 Nm (15 ft-Ib)

Install electrical harness connectors for oil pressure sender
and coolant temperature sensor before installing intake man-
ifold.

tnstall intake manifold:

Martifold mounting nuts: tighten to 15 Nm (11 fi-lb)
Fuel pipe bracket

Fuel pipe bracket

Vacuum pump bracket

Manifold mounting bracket

Tank venting valve bracket

Mounting bracket to manifold boit (M6)

Mounting bracket to cylinder block nut (M10), tighten to
47 Nm (33 ft-Ib)

© N Do ® N

tntake manifold installation is reverse of removal, noting the
following:

» Use new fuel injector seals.

* Carefully check intake manifold gasket and replace if nec-
essary.

* Inspect O-ring seal between mass air flow sensor and air
filter housing. To facilitate reassembly, coat seal with acid-
free grease.

o Use new fuel injector seals.

» Carefully check intake manifold gasket and replace if
necessary.

CAUTION—

When reattaching throttle assembly harness connector, con-
nector is fully tightened when arrows on connector and plug
fine up.

Tightening torque

Intake maniiold to cylinder
head (M7} 15 Nm (11 fi-Ib)

Mounting hrackel io cytinder block {(M10) 47 Nm (33 ft-Ib}

Mounting brackei to intake manifold (M6) 10 Nm {89 in-ib})
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Cylinder Head Removal and Installation

installation of the remaining parts is reverse or removal, not-
ing the following:

= Refill cooling system as described in 170 Radiator and
Cooling System.

» Change engine oil and filter as described in 020 Mainte-
nance.

o |f necessary, adjust accelerator cable.
* Reconnect battery.

CAUTION—
To prevent damaging the engine electronic systems, insitail all
ground wire previously removed, including the ground wires

for the ignition coils.

Tightening torque

Coolant drain plug to cylinder block 25 Nm (18 ft-l}
Radiator cooling fan to coolant pump 40 Nm (30 ft-Ib)
Radiator drain screw to radiator 2.5 Nm {22 in-ib}
Spark plug to cylinder head 25 Nm (18 ft-Ib}

CYLINDER HEAD REMOVAL AND
INSTALLATION (M62 ENGINE)

This procedure covers cylinder head removal and installation
for the M62 V-8 engine. Procedures for the M62 TU VANOS
engine are not covered in this manual.

intake manifold, left cylinder head, and right cylinder head re-
maval and installation are written as separate procedures.
The intake manifold must be removed before the cylinder
heads can be removed.

WARNING —
Due to risk of personal injury, be sure the engine is cold be-
fare beginning the removal pracedure.

Cylinder head removal and installation requires muitiple spe-
cial service tools. Read the entire procedure before beginning
the repair.

intake manifold, removal and installation,
M62 engine

Disconnect negative (-} bafiery cable.

CAUTION—
Prior to disconnecting the battery, read the battery discon-
nection cautions in 001 General Cautions and Warnings.
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- Cylinder Head Removal and Installation

4 Hemove top engine cover by releasing quick release fasten-
ers (arrows) by pressing down.

NOTE—
Earlier models may have an engine cover with pry off caps
and fasteners in place of guick release fasteners.

Remove left and right interior ventilation ducts (left side
shown):

» Release locking tabs (A} or locking strap (early models, not
shown).

* Release spring lock (B).
= Rotate duct inward (arrow) to remove.
* Disconnect electrical harness from hood light switch (C).

= Release locking clip and remove ventilation housing cover
(D}.

o Lift out housing from inner fender.
* Hemoval of right side ventilation housing is similar. -

Air filter housing assembly, removing:

» Disconnect electrical harness connectors from mass air
flow sensor {A) and temperature sensor (B).

* | oosen hose clamp (C).

= Remove filier housing mounting fastener (arrow) and re-
move filter housing with mass air flow sensor.

£ BentleyPublabers.com—All Rights Reserved
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Cylinder Head Removal and Installation

4 Fry out ignition coil cover trim caps, remove fasteners and
covers from left and right sides.

4 Disconnect throttle cables from throttle shaft {A) and remove
cables from support bracket (B).

4 Disconnect cable from jump start post {arrow} on left cylinder
head cover.

#HonlfeyPubiistiers.com=All Righis Resomved
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‘Cylinder Head Removal and Installation

« Disconnect the following electrical harness connectors:
» Knock sensors (A).

Thermostat (B).

» Throttle position sensor and idle valve (C).

= Camshait position sensor (D).

* Ignition coils (E).

« Remove mounting nuis (arrows) from wiring harness ducis.

« Release fuel injector cannectors by releasing spring clip
{arrow) on each injector.

e Lift up and remove electrical ducts and set to one side.

Z8enlleyPubliohers.cam=-Al Rights Reserved
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Cylinder Head Removal and Installation

4 Labe! and disconnect fuel lines from fuel rail by pressing lock-
ing sleeves (arrows) in to release lines.

NOTE —

BMW uses three styles of fuel line connections; a single use
clamp, a locking fitting that uses special tool 16 1 050 fo re-
lease; and a quick release sleeve (arrow) that disconnects
the line when depressed.

CAUTION—

* Fuel may be expelled under pressure. Do not smoke or
work near heaters or other fire hazards. Keep a fire extin-
guisher handy. Before disconnecting fuel hoses, wrap a
cloth around fuel hoses to absorb leaking fuel. Plug all
open fuel fines.

= Always unscrew fuel tank cap to refease pressure in
tank before removing fuel lines.

— Cap fuel lines and fuel rail inlets.

< Disconnect vacuum lines (A, B and C} from rear of intake ,
manifoid.

4 Working at rear of intake manifold, disconnect crankcase
ventilation vailve from pipe by prying up on lock (A) and slid-
ing tube forward (B).
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- Cylinder Head Removal and Installation

4 Remove intake manifold fasteners (A).

~  Carefully lift intake manifold off engine while checking that all
hoses and harnesses have been disconnected.

Left cylinder head, removing, M62 engine
— Remove intake manifold as described earlier.

— Remove left side exhaust manifold. See 180 Exhaust Sys-
tem.

- Drain engine coolant, then remove viscous clutch codling
fan. See 170 Radiator and Cooling System,

WARNING —

Use exirerme caution when draining and disposing of engine

coolant. Coolant is poisonous and lethal to hurnans and pets.

Pets are aitracted fo coolant because of its sweet smelf and

laste. Seek medical attention immediately if coolant is ingest-
ed.

4 Remove coolant manifold mounting fasteners and careiully
remove manifold.

NOTE —
Engine shown ramoved from engine bay.

4 Remove ignition coil {asteners and coils {noling location of
ground strap).

~ Remove spark plugs.
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Cylinder Head Removal and Installation:

4 Remove cylinder head cover fasteners (arrows) and remove
covers from left and right cylinder heads.

4 Remove oil distribution tubes from camshaft bearing caps
from left and right cylinder heads.

< Using crankshaft center bolt, turn crankshaft clockwise until
number one cylinder (passenger side front cylinder) is in
TDC overlap position {arrowy}.

NOTE —

Number one cylinder is at valve overlap when both the intake
and exhaust valves are starting to open {camshaft lobes fac-
ing down).

< Working at right cylinder head, loosen three accessible cam-
shaft sprocket fasteners {arrows) on boih intake and exhaust
camshafts approximately !/, turn.

CAUTION—

To prevent valve to piston contact when loosening camshatt
sprocket fasteners, caunterhold camshaft with 27 mm open-
end wrench, If necessary, grind outer side of wrench jaws lo

prevent damaging cylinder head,

2 EBlantleovaticiirnes cramadll Binkle FRorarune
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- Cylinder Head-Removal and Installation

4 Rotate crankshaft vibration damper to TDC position. Right
head camshaft lobes for number one cylinder should be in
position shown (arrows).

4 Working at right cylinder head {passengers side} loosen re-
maining sprocket fasteners (arrows) on both intake and ex-
haust camshafts approximately '/, turn.

4 Loosen and remove primary tirming chain tensioner {(arrow)
from upper timing chain cover an right head.

1)
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Cylinder Head Removal and Installation .

« Remove upper timing chain cover fasteners (A) and cover
from left cylinder head.

4 Remove fasteners from intake camshait sprocket {arrows)
on left cylinder head.

— Remove primary timing chain sprocket and suspend timing
chain using mechanics wire to prevent chain from dropping
into lower housing.

4 Turn crankshaft counterclockwise until 45 mark on crank-
shafi is aligned with boss on front fiming chain cover (arrow).

~BanllevPublichorm com-=Al Rights Rosnreee]
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~.Cylinder Head Removal and Installation

4 Loosen chain rail set screw (arrow) 3 full turns (do not re-
move).

NOTE —
Allen screw secures erankcase vent tube in cylinder head.

4 Loosen and remove chain guide rail fasteners (arrow).

4 Slide oil separator (A) out of crankcase vent connecting
bracket (arrows).

CAUTION—
When removing the cylinder head carefully press oil separa-

for outwards.

Q Loosen cylinder head bolts in sequence 1-10 as shown (ar-
rows} and discard used head bolts.

- Lift cylinder head off engine block while pressing out on oil
separatar.

CAUTION—
Be careful not to damage oil separator while removing cylin- -
der head. 5
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Cylinder Head Removal and Installation

502113381

Evaluate cylinder head as described in 116 Cylinder head
and valvetrain,

Left cylinder head, installing, M62 engine

Clean cylinder head and block sealing surfaces of gasket
debris, making sure no debris drops into coalant or oil pas-
sages.

Clean cylinder head bolt holes and check condition of
threads.

4 Check cylinder head locator sleeves (arrows) for damage.

CAUTION—

If the cyviinder head has been machined, a special 0.3 mm
thicker gasket should be instafled. The thicker gasket is avail-
able through an authorized BMW dealfer and should be
marked accordingly.

Place new cylinder head gasket over locating sleeve on
block.

4 The word "OBEN" or “TOP" {(arrow} printed on the gasket,

must face up.

Set left side cylinder head in position on cylinder bleck while
pressing oil separator outward.

CAUTION—

Make sure the crankshaft, which had been rotated approxi-
mately 45° opposite the direction of engine rotation from
TDC, is stillin that position before installing the cylinder head.
All pistons must be out of TDC position to prevent valve/pis-
fon contact.

Install new cylinder head bolts and washers finger tight. Be
sure not to remove coating from new cylinder head bolts.

4 Tighten cylinder head bolts in correct sequence (1-10) to

stage 1 forgue values.

A BEinhic 8ae
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... Cylinder Head Removal and Installation

< Using a torque angle gauge, tighten cylinder head boits to
specified torque angle in stages 2 and 3.

Tightening torques

Stage | 30 Nm (22 fi-Ib)
Stage [l +80°
Stage i +80°

If possible, confirm oil return pipe at bottom of separator is
correctly seated {(arrow).

NOTE —-
Fhoto shows lower timing case cover removed.

Remove old O-ring and install new O-ring (arrow) in angle
section.

Fress oil separator into angle section and install guide rail re-
taining screws.

Tighten allen screw (arrow) just until it makes contact with
crankcase vent tube angle section without play.

T

NOTE—
Allen screw secures crankcase vent tube in place. Do not
torque down.
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Cylinder Head Removal and Instaliation

< Using BMW special tool 11 3 430, or a 27 mm open-ended
wrench, rotate camshafts to cylinder 1 TDC position (until
markings point upwards).

< Install camshaft locking tool set (BMW special tool set 11 2
11 2 445 11 2 441 440) on right cylinder head (cylinders 1—4). Fit on cylinder
head without gaps.

Cylinders 1-4

rrn i

502116428a

( Install camshaft locking tool set (BMW special tool set 11 2
11 2 446 440) on left cylinder head (cylinder head 5-8). Fit on cylinder
T head without gaps.

11 2 242

Cylinders 5-

L {4 5021164253

4 Using crankshaft center bolt, rotate engine clockwise from
the 45° mark te TDC position (OIT aligns with casiing mark
on cylinder block).

i
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Cylinder Head Removal and Installation

4 Lock crankshaft in TDC position with BMW special tool 11 3
200 (arrow).

NOTE—
Boss for special tool 11 3 200 located at rear of engine oil

pan.

5021135811

4 Working at left cylinder head {driver's side) fit primary sprock-
et and chain to camshaft flange, centering threaded bores.

» |nsert bolts (arrows) and hand tighten.

502116833

< Install BMW special tool 11 3 390 into right timing case cover.
« Using BMW special tool 00 8 250, tighten adjusting screw .~
on 11 3 390 10 0.7 Nm {6.3 in-Ib).

NOTE —
BMVW special tool 00 8 250 is a flexible shaft torque wrench.

00 9 250 — Tighten sprocket retaining bolts in the following order:

All bolts on left eylinder head exhaust carnshaft
= 3 accessible bolts on right eylinder head exhaust camshaft
All baolts on left cylinder head intake camshaft

« 3 accessible bolts on right cylinder head intake camshaft
502113676 S
Tightening torques -

Sprocket bolts to camshaft flange 15 Nm (11 fi-lb) ==

— Remove camshaft and crankshaft locking tocls from engine.

— Using crankshaft center bolt, turn engine clockwise to access
remaining sprocket retaining bolts of right cylinder head cam-
shafts. Tighten remaining bolts.

Tightening torques -

Sprocket bolis to camshaft flange 15 Nm {11 fi-Ib)
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Cylinder Head Removal and Installation

P I T DS ¥ TR « TP T - T

Remove adjustable timing chain tensioner tool from timing
case cover and install primary timing chain tensioner with
new sealing washer.

Tightening torque

Chain tensioner cylinder to timing cover 65 Nm (48 ft-ib}

install oil supply lines and mounting nuts (arrows) to both
heads.

Tightening torque

Oil supply line nuts 10 Nm (7.5 ft-1b)

Remove old gasket from left timing cover, and clean gasket
surface.

Apply Three Bond 1209 ® sealant to joint between cylinder
head and timing cover (arrows).

Using a new gasket, install left timing cover with lower inner
fastener inserted in cover (arrow). Position cover in place
and iighten cover fasteners finger tight.

NOTE—
It is not possiblfe to install lower inner fastener after cover is
in place.
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. Cylinder Head Removal and instailation

‘( Remove left cylinder head cover gasket and install spacing
tool (BMW 11 1 412} in place of gasket.

— Install left cylinder head cover fasteners and tighten uniformly
in !/, turn steps.

Tightening torque
Cylinder head cover nuts 10 Nm (7.5 ft-Ib)

—~  Tighten left upper timing cover retaining bolts in two passes.

Tightening torgue
Timing chain cover to head 10 Nm (7.5 ft-Ib)

502113304

— Remove left cylinder head cover and BMW special tool 11 4
412,

4 Reinstail cylinder head covers to left and right cylinder heads
using new gaskets.

» Check for correct seating of half-moon seals {A) in back of
cylinder head cover.

» Use a small amount of Three Bond 1209 @ or equivalent
sealer at corners (B) of half-moon cutouts.

— Install left cylinder head cover fasteners and tighten uniformly
in '/, turn steps.

— Install exhaust manifolds using new gaskets and fasteners.
See 180 Exhaust System.
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Cylinder Head Removal and Installation

Remainder of installation is reverse of removal, noting the fol-
lowing:
« Use new gaskets when mounting intake manitold. Tighten

nuts finger tight first, then torque to specification in stages
warking diagonally from center out.

= Be sure to reinstall ignition coil ground straps at cylinders
no. 3 and no. 7. See 120 Ignition System.

* Reinstall cooling fan and shroud. See 170 Radiator and
Cooling System.

» Reiill and bleed cooling system as described in 170 Radi-
ator and Cooling System.

« Change engine oil and filter as described in 020 Mainte-
nance.

CAUTION—
To prevent damaging engine electrical systems, be sure to in-

stall all ground wires previously removed.

Tightening torques

Camshaft sprocket to camshaft 15 Nm (11 fi-lb)
Coolant manifold to cylinder head 10 Nm (7.5 ft-Ib})
Cylinder head cover nuts 10 Nm (7.5 ft-Ib)
Exhaust manifold to head 22 Nm (17 ft-Ib)
Engine mounts to subframe 42 Nm (30 fi-Ib)
Spark plugs to cylinder head 22 Nm (17 ft-Ib)

Right cylinder head, removing, M62 engine

Remaove left side exhaust manifold. See 180 Exhaust Sys-
tem.

Remove intake manifold. See intake maniiold, removal
and installation, M62 engine.

Drain engine coolant. See 170 Radiator and Cooling Sys-
tem.

WARNING —

Use extreme caution when draining and disposing of engine

coolant. Coofant is poisonous and lethal fo humans and peis.

Pets are attracted to coolant because of its sweet smell and

taste. Seek medical attention immedialely if coolant is ingest-
ed.

Remove engine coolant manifold mounting fasteners and
carefully remove manifold.

NOTE —
Engine is shown removed for clarity.

11
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.. Cylinder.Head Removal and Installation

= Remove viscous cluich cooling fan. See 170 Radiator and
Cooling System.

< Hemove ignition coil fasteners and coils (noting location of
ground strap).

* Remove spark plugs.

4 Remove cylinder head cover fasteners (arrows) and remove
covers from right and left cylinder heads.

< Hemove oil distribution tube fasteners and remove tubes
from both cylinder heads.

4 Using crankshaft center bolt, turn crankshaft clockwise until
number one cylinder (front cylinder right side) is in TDC (ar-
rows).
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Cylinder Head Removal and Installation

el b E L.

4 Work at left side cylinder head loosen three accessible cam-
shaft sprocket fasteners (arrows) on both intake and exhaust
camshafts approximately '/ turn.

CAUTION—

To prevent valve to piston contact, counterhold camshalt with
27 mm open-end wrench whenever loosening or tightening
camshaft sprocket fasteners. If necessary, grind outer side of
wrench jaws fo prevent damaging cylinder head.

4 Rotate crankshaft one complete rotation to TDC overfap.
Right (passenger's side of engine) side camshaft lobes for
number one cylinder should be in overlap position as shown
{arrows).

« Working at left cylinder head, loosen remaining sprocket fas-
teners (arrows) on both intake and exhaust camshafts ap-
proximately '/, turn,

|
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Installation

Cylinder Head Removat ant

4 Loosen and remove primary timing chain tensioner (arrow)
from right cylinder head.

4 Remove camshaft position sensor (arrow) from upper timing
chain cover on right cylinder head.

— Hemove dip stick tube support fastener.

4 Remove upper timing chain cover fasteners (A) and remove
cover from right cylinder head.

502113409
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4 Remove fasteners from intake camshaft sprocket {arrows)
on right cylinder head.

— Remove primary timing chain sprocket and suspend timing
chain using mechanics wire to prevent chain fram dropping
into iower housing.

“5021156A8

< Turn crankshaft counterclockwise until 458° mark on crank-
shaft is aligned with boss on front timing chain cover (arrowy).

4 Loosen cylinder hiead bolis in sequence 1—10 as shown (ar-
rows) and discard used head bolts.

—  Evaluate cylinder head. See 116 Cylinder head and val-
vetrain.
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- Cylinder Head Removal and Installation

Right cylinder head, installing, M62 engine

— Ciean cylinder head and block sealing surfaces of gasket de-
bris, making sure no debris drops into coolant or oil passag-
es.

CAUTION—

To prevent valve fo piston contact when tightening camshaft
sprocket fasteners, counterhold camshaft with 27 mm open-
end wrench. If necessary, grind outer side of wrench jaws fo

prevent darmaging cylinder head.

— Check cylinder head bolt holes and condition of threads. Re-
move debris and liquids from holes.

4 Check cylinder head locator sleeves {arrows) for damage.

CAUTION—

If the eylinder head has been machined, a special 0.3 mm
{0.011 in.) thicker gasket should be instalted. The thicker gas-
ket is available through an authorized BMW dealer and
should be marked accordingly.

— Place new cylinder head gasket over locating sleeve on
block.

4 The word “OBEN" or "TOP” {arrow} printed on the gasket,
must face up.

CAUTION—

Male sure the crankshafi, which had been rofated approxi-
malely 45° opposite the direction of engine rotation from
TOC, is still in that position before instafling the cylinder head.
All pistons rmust be out of TDC position to prevent valve/pis-
fon contact.

— Install new cylinder head bolts and washers finger tight. Be
sure not to remove coating from bolts.

4 Tighten cylinder head belts in correct sequence {(1-10) to
stage 1 torgue values,

+BenllpyPublishers com-All Rights Reserved
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Cylinder Head Removal and Installation .~

4 Using a torgue angle gauge, tighten cylinder head bolts to
specified torque angle in stages 2 and 3.

Tightening torques

Stage | 30 Nm {22 ft-Ib)
Stage 11 +B0°
Stage It +80°

4 Using BMW special tool 11 3 430, or a 27 mm open-ended
wrench, rotate camshafts until marker bores (drilled holes)
point upwards (arrows).

CAUTION—

Do not damage cylinder head with wrench. If necessary,
grind auter side of wrench jaws to prevent damaging cylinder
head.

, 4 Install camshatft locking tool set (BMW special toof sef 11 2
11 2 445 11 2 441 440) on right cylinder head. Fit tools on cylinder heads with-
out gaps.

§502116429a

4 Install camshatt locking tool set (BMW special fool set 11 2
112 242 1 % 446 440) on left cylinder head. Fit tools on cylinder head without
gaps.

Cylinders 5-8
It 1w

5021164258
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. .Cylinder Head Removal and Installation

4 Using crankshaft center boif, rotate engine clockwise from
the 45° before TDC up to TDC position (OIT aligns with cast-
ing mark on cylinder block).

4 Lock crankshaft in TDC position with BMW special tool 11 3
200 (arrow).

NOTE—
Special tool boss located at the rear of upper engine oil pan.

~  Working at right cylinder head (cylinder 5-8) fit primary
sprocket and chain to camshaft flange.

< Press timing chain tensioner rail agéfnst timing chain (white
arrow) to check that fastener holes are centered in sprocket
slots (black arrows).

NOTE—
If necessary, remave sprocket and realign position.

4 Fit sensor gear with mark pointing up (arrow).

— Insert boits and hand tighten.
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Cylinder Head Removal and Installation .

4 Install BMW special tool 11 7 380.

502113512

4 Install special tool 11 3 380 into special tool 11 7 380 and
tighten tensioner (11 3 390) to 0.7 Nm (6.3 in-Ib) using spe-
cial tool 00 9 250,

NOTE—

— Tighten sprocket retaining bolts in the following order:
» 3 accessible bolts on left exhaust camshaft
= All bolts on right exhaust camshaft
s 3 accessible bolts on left intake camshaft

i1 7380 s All bolis on right iniake camshaft

5021136513

Tightening torque

BMW special tool 00 9 250 is a flexible shaft torque wrench.

Sprocket bolts to camshait flange 18 Nm (11 fi-Ib)

— Remove camshaft and crankshaft locking tools from engine.

- Using crankshaft center bolt, turn engine clockwise to access
remaining sprocket retaining bolts of left cylinder head cam-
shafts. Tighten remaining bolts.

Tightening torque

Sprocket bolts to camshaft flange 15 Nm (11 ft-ib)

— Bemove BMW special tool 11 3 390 and 11 7 380 irom right
cylinder head.

— Remove used gasket from right timing chain cover, ciean
gasket suriace.

Q Install new gasket and apply three Bond 1209 ® sealant to
joint between cylinder head and timing cover (arrows).

£ BentleyPublishers.com-All Rights Roserved
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4 Reptace sealing O-ring (arrow) in right cylinder head before
installing upper timing chain cover.

4 Install il supply lines and mounting nuts on both heads (ar-
rows).

-~ Using a new gasket, install upper timing chain cover on right
head and tighten cover fasteners finger tight.

4 Remove right cylinder head cover gasket and insiall spacing
tool {BMW 11 1 411) in place of gasket.

-~ Install right cylinder head cover fasteners and tighten uni-
formly in /5 turn steps.

Tightening torgue

Cylinder head cover fasteners 10 Nm (7.5 ft-Ib)

— Tighten right upper timing cover retaining fasteners in two
passes.

1 S i) ‘ e
\ ﬁ 3 B2 113674

Tightening torque

Upper timing chain cover 10 Nm (7.5 tt-b) —

-~ Reinstall primary timing chain tensioner with new sealing
washer.

Tightening torque

Chain tensioner to timing cover 65 Nm (48 fi-Ib) -----

— Remove right cylinder head cover and remove special spac- j
ing tool 11 4 411. —
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Cylinder Head Removal and Installation

( Reinstall cylinder head covers to right and left cylinder heads

using new gaskets.

» Check for correct seating of half-moon seals (A) in back of
cylinder head cover.

» Use a small amount of Three Bond 1208 ® or equivalent
sealer at corners (B) of half-moon cutouts.

Install cylinder head cover fasteners and tighten uniformly in
l/, turn steps.

Tightening torgue

Cylinder head cover fasteners 10 Nm (7.5 fi-Ib)

Install exhaust manifolds using new gaskets and fasteners.
See 180 Exhaust System.

Refill and bleed cooling system as described in 170 Radiator
and Cooling System.

Change engine oii and filter as described in 020 Mainte-
nance.

CAUTION—
To prevent damaging engine electrical systems, be sure to in-
stall all ground wires previously removed.

Tightening torgues

Camshaft sprocket to camshaft 15 Nm (11 fi-Ib)
Coaolant manifold to cylinder head 10 Nm {7.5 ft-Ib)
Cylinder head cover nuts 10 Nm (7.5 ft-Ib)
Exhaust manifold to head 22 Nm (17 fi-ib)
Engine mount to subframe 42 Nm (30 ft-b)
Spark plugs to cylinder head 22 Nm {17 ft-Ib)
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Cylinder Head and Valvetrain

GENERAL

This group covers cylinder head and valvetrain service and
repair. Some of the repair procedures described here require
thai the cylinder head first be removed as described in 113
Cylinder Head Removal and Installation.

NOTE—
= For timing chain and VANOS repalr information, see 117
Camshaft Timing Chain.

o |f it js determined that the cylinder head will require signif-
icant reconditioning work, a remanufactured cylinder head
may be a good alternative. Remanufactured cylinder
heads are available from an authorized BMW dealer.

The information given in this repair group is organized ac-
cording to engine code. For engine application information,
see 100 Engine-General.

For specific repair procedures, refer to the appropriate repair
group:

s 020 Maintenance

= 100 Engine-General

¢ 113 Cylinder Head Removal and Installation
= 117 Camshaft Timing Chain

170 Radiator and Cooling System

Special Tools

Special BMW fools are required for most cylinder head setr-
vice described in this repair group. Many of these tools are ex-
pensive and only available through an authorized BMW
dealer. Ii the special tools are not available, have the cylinder
head removed and disassembled by an authorized BMW
dealer. Be sure to read each procedure thoroughly before
starting a job to determine which special tools and equipment
will be necessary.

Most of the repairs to a cylinder head require precision ma-
chine work to specific tolerances. This type of work should be
periormed by an authorized BMW repair facility or an ASE
certified machinist.

4 Torque wrench with flex shaft

{Tool No, BMW 00 9 250}
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- Cylinder Head and Valvetrain

112443

113270

4 Upper timing cover seal seat tool set
(Tool No. BMW 11 1 410)

@ Crankshatft locking tool
(Tool No. BMW 11 2 300)

4 Camshaft locking tools set (V-8, cyl. 1-4)
(Tool No. BMW 11 2 440)

< Camshaft locking tools set (V-8, cyl. 5-8)
{Tool No. BMW 11 2 440)

4 Camshait locking tools set {6-cylinder)
(Toot No. BMW 11 3 240)

< Camshaft bearing cap tensioning jig (6-cylinder)
(Tool No. BMW 11 3 260/270)

©RentleyPyblishers.com=All Rights R d
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Cylinder Head and Valvetrain .=~

113281 ; D

113282 ?
\

Fat =P 1o A

< Secondary timing chain tensioner locking pin set {6-cylinder)
{Tool No. BMW 11 3 290)

« Secondary timing chain tensioner locking pin (V-8)
(Tool No. BMW 11 3 310)

4 Adjustable primary timing chain tensioner tooi {V-8)
(Tool No. BMW 11 3 3580)

4 Camshaft installation tool (V-8)
{Tool No. BMW 11 3 430)

« VANOS compressed air fitting
{Tool No. BMW 11 3 450)

4 Adjustable primary timing chain tensioner tool (6-cylinder)
(Tool No. BMW 11 4 220)

ram=-All Rinbkte Rpes
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- Cylinder Head and Valvetrain

4 Double VANOS set-up bracket
(Tool No. BMW 11 6 150)

4 Double VANOS secondary timing chain/camshait sprocket
satup tool (Tool No. BMW 11 6 180)

/

4 Timing chain tensioner bracket (V-8)
% (Tool No. BMW 11 7 380)

CYLINDER HEAD

This section provides the specifications and special recondi-
tioning information necessary to repair the cylinder heads
covered by this manual.

The disassembled cylinder head should be inspected for
warpage and cracks. Check the valve guides and valve seats
for wear before machining a warped head. Always decarbon-
ize and clean the head before inspecting it.

Visually inspect the cylinder head for cracks. If a cracked cyl-
inder head is suspected and no cracks are detected through

the visual inspection, have the head further tested for cracks
by an authorized BMW dealer or an ASE certified machinist.

A cracked cylinder head must be replaced.

NOTE —

When disassembling and inspecting the cylinder head, be
sure to check the camshatt carrier bearing surfaces using a
straight edge for warpage, and check the lifter bores for wear.

A high-guality straight edge can be used to check for
warpage. A warpage of 0.05 mm (0.002in.) is acceptable
without machining. A warped cylinder head can be machined
provided no more than 0.3 mm (0.012 in.} of material is re-
moved. [f further machining is required, the head should be
replaced. Removing more than this amount will reduce the
size of the combustion chamber and adversely affect engine
performance. A 0.3 mm thicker head gasket for machined
heads is available from an authorized BMW parts depart-
ment.

HentleyFublishers.com-All Hinhts Reserved
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Cylinder Head and Valvetrain -

4 Before machining the head to correct for warpage, measure

the total height (A) {thickness of the cylinder head). Minimum
height specifications are given in Table a. Cylinder head
height.

NOTE —
6 cylinder and V-8 engines share cylinder head height spec-
ifications.

Table a. Cylinder head height

New Minimum height (A}
140.0 mm (5.512 in.) 139.7 mm (5.500 in.)

Valves, leak test

To test the valves for leakage, the cylinder head must be dis-
assembled with camshafts and camshaft carriers removed.
With valve assemblies and spark plugs installed, place the
cylinder head on a workbench with the combustion chamber
facing upward. Fill each combustion chamber with a thin non-
flammable liguid. After fifteen minutes, check the level of the
fluid. If the fluid level in any cylinder dreps, that cylinder is not
sealing properly.

Camshaft wear

Camshaft wear is usually caused by insufficient lubrication.
Visually inspect camshaft lcbes and journals for wear. Cam-
shaft wear specifications are given in Table b. Camshaft
wear specifications.

CAUTION—
If the camshaft is being replaced due to cam lobe wear, it is
recommended that the corresponding fifters should also be

replaced to avoid damaging the new camshaft.

Table b. Camshaft wear specifications

6 cylinder engines V-8 engines
Axial play 0.150-0.33C mm 0.200-0.360 mm

(0.0060-0.013 in.) (0.008 - 0.014 in.)
Radial ptay 0.020-0.054 mm 0.040-0.074 mm

(0.0008-0.0021 in.} (0.016 - 0.029 in.)
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0012518

Hydraulic lifters, checking and replacing

4 Seli-adjusting hydraulic lifters {A) keep the valve clearances

within a limited working range. Hydraufic lifters are sealed
units and require no maintenance. Section view of camshaft
(B) and valve with conical valve spring (C) shown.

Under some circumstances, such as a cold start, the cam fol-
lowers may emit noise. Hydraulic lifter noise is usually a high-
pitched tapping or chattering noise. In most instances, this is
considered normal as lang as the noise goes away in a few
minutes (maximum 20 minutes). If the noise does not go
away, either the lifter is fauity or the oil pressure to the lifter is
low. Hydraulic lifter replacement requires that the camshaft
first be removed.

NOTE —

Before checking hydravulic lifters, make sure engine oil is
fresh and at the proper level. Slicky lifters can be the result of
sludge build up in the cylinder head and liffers.

Run engine until it reaches normal operating temperature.
Shut off engine.

Working inside luggage compartment, disconnect negative
battery cable.

CAUTION-- e

» Prior fo disconnecting battery cable, read the batlery dis-
connection cautions given in 001 General Cautions and
Warnings.

« Disconnecting the battery may erase fault code(s)
stored in control modufe memaory. Checlk for fault codes
using special BMW diagnostic equipment ptior to dis-
conneciing the battery.

Remove left and right interior ventilation duct (left side

shown):

» Felease plastic locking tab (A) or release locking tabs on
top of duct (later models).

¢ Rotate duct counterclockwise to unlock from bulkhead and
remove (arrow).

ERonttinvPuldishers com=All Rinkty Resoreed
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Cylinder Head and Valvetrain

Q 8-cylinder models: remove plastic top covers:
= Pry out caps (arrows).
= Remove fasteners and covers.

4 V-8 madels: remove plastic top covers:

* Press down on locking pins (arrows) to release locks and
remove top cover.

= Pry out caps (A) from covers.
» Remove fasteners and covers.

4 Lift metal latch on coil harness connectors and disconnect
harness connectors from coils. 6-cylinder shown, V-8 similar.

— Remove coil grounding straps.

NOTE —
Make note of ground wire at mounting studs arrangement
during removal.
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4 Remave ignition coils and spark plugs.

4 V-8 models: remove mounting nuts (arrows) from wiring har-
ness ducting.

4 V-8 models: disconnect fuel injector electrical connectors
from injectors:

= Pry ane corner of wire lack clip (arrow) on first injectar.
* Repeat for all injectors.
= Lift wire ducts off and set aside,

— V-8B models: disconnect battery jump start post terminal from
left cylinder head cover.

—  @-cylinder models: remove oil filler cap and unclip ventcon- 7

nection from cylinder head caver.

— Remove cylinder head cover mounting fasteners and re-
move cylinder head cover(s).

S 502113785

NOTE—

The cylinder head cover mounting bolt insulators and gas-
kets should be reinstalled in their original locations. Make
note of their arrangement during removal.
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< Remove oil baffie cover from above intake camshafi(s).

rama A Rinhts P

Rotate engine at crankshait vibration damper center bolt in
normal direction of rotation {clockwise) until camshaft lobe of
litter to be tested points away from the lifter, allowing valve to
be completely closed.

Use a plastic or wooden stick to press down on top of lifter
with approximately 3.5 Nm (2.25 fi-Ib) of force.

= If the lifter collapses slightly as though spring loaded, air
may be trapped in the lifter.

NOTE —

Air trapped in hydraclic lifters may result from oil foaming (air
being drawn in by the oil pump). This may be caused by a
faulty ofl pump controf valve O-ring; leaking oil pump pickup
gasket; or by oif starvation to pump.

Press doWh on top of lifter for 10 to 15 sedbnds using apprbk—
imately 6 to @ Nm (4.5 to 6.75 ft-lb} of force.
 |f any clearance is created between the lifter and the cam-

shaft lobe, the check valve in the lifter is not closing. Re-
place lifter,

To replace a hydraulic lifter, remove appropriate camshaft.
Refer to camshaft removal procedures given in Camshaft
and lifter removal and installation.

Once camshaft is removed, withdraw faulty lifter{s) and re-
pltace with new lifter(s). Inspect lifter bores for wear and scor-
ing at arrows.

Reinstall camshafis. See Camshaft and lifter removal and
installation.

T
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4 Install intake camshaft oil baffle cover and eylinder head cov-
er:

« Check for correct seating of half-moon seals (A) in back of
cylinder head cover.

= Use a small amount of Three Bond 1209 ® or equivalent
sealant at corners (B} of half-moon cutouts and corners in
front of cylinder head at joint to timing chain cover.

» Align cover at front and rear, then alternatively tighten fas-
teners from inside o outside.

Tightening torque

Sparik plug to cylinder head 25 Nm (18 fi-Ib)
Ignition coils 1o cylinder head 10 N (7.5 ft-Ib)
Cylinder head cover to cylinder head 10 Nm (89 in-Ib)
(M6 screws)

CAMSHAFT AND LIFTER REMOVAL.
AND INSTALLATION

The camshafts can be removed with the cylinder heads
modnted on the engine (in the car).

On 8-cylinder engines there are two different procedures giv-
en, depending on whether the engine is equipped with single
YANOS {M52 engine) or double VANOS (M52 TU or M54 en-

For V-8 engines, camshaft removal and installation proce-
dures are only inciuded for the non-VANOS (M62) engine.
Camshatft removal and instailation for the VANOS equipped
V-8 (M62 TU) is not covered in this manual.

Special BMW service tools should always be used {o remove
and install the carnshafts. Removal of the camshafts without

the special tools can result in cylinder head damage and cam-
shaft breakage.
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Camshaft and lifter removal and installaiion
(M52 engine)

Camshafts and lifters, removing (M52 engine)

WARNING —

= The process of evenly loosening the camshaft bearing cap
nuts is NOT an acceptable method of removing the cam-
shafts. Special tools should always be used to remove the
camshafts. Be sure to read the procedure through before
starting a job.

= Allow engine to cool befare beginning this procedure.

—~ Disconnect negative {(—) cable from battery.

CAUTION—

Prior to disconnecting the baftery, read the battery discon-
nection cautions given in 001 General Cautions and
Warnings.

-~ Remaove VANOS control unit from cylinder head. See 117
Camshaft Timing Chain.

< Remove loosened bolts {arrows) from front of exhaust
sprocket.

4 Remove retaining nuts (arrows) from intake camshaft
sprocket.

T
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4 Remove outer thrust washer, spring plate, and inner thrust
washer.

/-@2 502116403

4 Remove both camshait sprockets with secondary timing
chain.

NOTE —
Keep chain and sprockets together as an assembly for easier
installation.

4 Remove thrust washer studs {arrows) and remove thrust
washer,
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4 Remaove sensor gear {arrow).

4 Remove secondary timing chain tensioner retaining bolis
{arrows) and remove tensioner.

4 Remove timing chain guide retaining bolis (arrows) and
remove guide,

A
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« Remove primary timing chain tensicner plug (arrow) and pri-
mary tensioner.

CAUTION-—
Primary timing chain tensioner is under spring pressure.

« Remove primary timing chain sprocket and timing chain from
exhaust camshaft.

— Remove crankshafi locking tool (BMW 11 2 300) from
fiywheel (instalted during VANOS removal).

4\ Lift timing chain (hotding under tension) and rotate engine
counterclockwise 30° fromTRC, L.

* Suspend timing chain with mechanic’s wire.
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4 Remove cylinder head cover retaining studs (arrows) from

center and rear of cylinder head.

4 Remove spark plugs and install BMW special tool 11 3 260

(A) and 11 3 270 (B) to cylinder head. Tighten toof retaining
bolts in spark plug bores. Do not avertighten bolts.

Tightening torque

BMW special tool 11 3260/11 3270 1o 23 Nm (17 ft-Ib)
cylinder head

Remove intake camshaft bearing cap for cylinder number T,

CAUTION—

Intake camshaft bearing cap 1 is centered with adapter
sleeves. To-avold camshaft:damage, it must be removed be-
fore any other caps.

« Turn eccentric shaft on special tool until pressure is applied

e M e htte Bs

to camshaft bearing caps.
Remove remaining bearing cap mounting nuts.
Slowly release pressure on camshaft bearing caps by turning

eccentric shaft. Remove bearing caps and camshaft. Repeat
procedure on remaining camshatft.

CAUTION-—
Camshaft bearing caps must be reinstalled in their original lo-
cations.

NOTE—

= The camshaft bearing caps are coded with a letter and a
number. For example, “A1" is the first exhaust camshaft
bearing cap at the front of the engine, and "E1"is the intake
camshaft bearing cap at the front of the engine.

» The camshafts are stamped with a code letter - "E” for the
intake side and "A” for the exhaust side.

e "E"js for Einfafl, (German for intake) and "A” is for Auspuff,

 (German for exhalist).

19
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4 Secure hydraulic lifters in lifier bores using BMW special tool
11 3 250, or remove lifters using a magnetic pick-up {ool.

{ Remove camshalt bearing cartier from cylinder head.

J é CAUTION—

Camshaft bearing carriers must ba reinstalled in their original
locations (E for intake and A for exhausi).

NOTE—

« Do not let hydraulic lifters fall out as the carnshaft carrier is
removed.

= Hydraufic lifters should be stored in an upright position.

* Used hydraulic lifters must be replaced into original lifter
bores.

13 e

Camshafts and lifters, installing (M52 Engine)

Lubricate camshafts, camshatft carriers, bearing caps, hy-
draulic lifters, friction washers, splined shafts and spline hubs 3
with assembly iubricant before instaliation. "*"”

CAUTION—

Make sure the crankshaft, which had been rotated approxi-
mately 30° opposite the direction of engine rotation from
TDC, is stifl in that position before lowering the camshafis into
position. All pistons must be out of TDC position o preveni
valve/piston interference when the camshafts are installed.

T

4 Before installing camshait carriers, examine bearing bores
(arrows) on hydraulic lifter beres for signs of wear,

O

noziozel e

f:BentleyPublichers.com=All Righta Reserved



116-18

Cylinder Head and Valvetrain

0021082

< 502113904a

P RN - TS

« Install camshaft carriers with hydraulic litters inta cylinder
head. Note marks on carriers: (E) for intake side and (A) for
exhaust side.

{ Center camshafi carrier on pins (arrows) at bearing posi-
tions 2 and 7.

4 Install camshafts with number 1 cylinder camshatft lobes fac-
ing each other (arrows).

CAUTION—

A minimum waiting time is required for the hydraulic lifters to
“bleed down” after insialling the camshafis into the cylinder
head, before bringing the pistons to TDC. When the cam-
shafts are removed, the hydraulic lifters can expand. This ex-
pansion can cause increased valve lift when the camshafis
are bofted down, possibly resulting in piston interference.

Camshaft installation waiting times

68°F (20°C) or above 4 minutes
50--68°F {10—-20°C}) 11 minuies
32-50°F (0-10°C) 30 minutes

o RH M kb [lons
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~ Remainder of installation is reverse of removal, noting the
following:

¢ See 117 Camshaft Timing Chain for VANOS conirol unit
installation.

Tightening torques

Camshait bearing caps to cylinder head (M7) 15 Nm (11 ft-Ib)
Cylinder head cover to cylinder head {ME) 10 Nmi (89 in-ib)
Spark plugs (M12) 23 Nm (17 ft-Ib)

Camshaft and lifter, removal and
installation (M52 TU and M54 engine)

Camshafits and lifters, removing
(M52 TU and M54 engine)

WARNING —
Allow engine to cool before beginning this procedure.

— Disconnect negative (—) cable from battery.

CAUTION—
Prior to disconnecting the baltery, read the baitery discon-
nection cautions in 001 General Cautions and Warnings.

~  Remove VANQS control unit. See 117 Camshait Timing
Chain.

4 Remove primary timing chain tensioner (arrow).

CAUTION—
Primary fiming chain tensioner is under spring pressure.

CHanteuPuhbicherm. enm—All Rinhin Rnanread
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{ Press down on secondary chain tensioner and lock into place
using BMW special tool 11 3 292, or a thin driit or pin.

{ Remove exhaust camshafi impulse whee! mounting nuts
(arrows). Remove impulse wheel (A).

4 Remove spring plate (A).

'( Remove intake camshaft sprocket mounting nuts {arrows)
and remove spring plate (labelled FRONT),

19!%
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« Remove torx screws from exhaust camshaft sprocket
(arrows).

< Lift off exhaust and intake sprockets together with secondary
chain, thrust spacer (A) from exhaust camshaft, and splined
shaft (B} from intake camshaft.

CAUTION—

Splined shafts share the same part number for both intake
and exhaust camshafts. Used splined shafts must be rein-
stalled in their original locations.

( Place intake and exhaust sprockets in BMW special tool 11 6
180. Position spline gap on intake sprocket (arrow) as
shown.

4 Remove exhaust camshafl splined sleeve (A) and shaft (B). -

FrHanlouPoliehnm cam=Af Bisbds Rrean,
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< Remove secondary chain tensioner mounting bolts (arrows)
and remove tensioner with locking tool in place.

4 Remove primary chain sprocket mounting studs (arrows) on
exhaust carmnshaft.

NOTE — ;
Counterhold camshafts when loosening. ’

4 Lift primary chain sprocket off exhaust camshaft. Remove
sprocket from chain.

190
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4 Place timing chain on end of exhaust camshaft.

« Do not remove end spline retaining screws from camshafts
(arrows).

CAUTION—-
The end spline retaining screws precisely locate the end
spfines to the camshafts. Do not loosen these screws.

4 Hemove locating siuds {arrows) from intake camshafi. Lift
off intake camshaft thrust spacer (A) and impulse wheel (B).

- %502113845

4 Remove cylinder head cover mounting studs {(arrows) from
center of cylinder head.

— Remove crankshaft locking tool (BMW special tool 11 2 300)
from crankcase.

= BoenttoyPubbinhors.com-AH Hinhts Respives
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4 Lift primary chain and hold under tension, rotate engine

against direction of rotation (counterclockwise) approximate-
ly 30°.

CAUTION—
To prevent damaging valves while working on camshatts, no
pistons should be in the TDC position.

Remove BMW special tool set 11 3 240 from rear of cylinder
head.

4 Remove retaining nuts (arrows) and bearing cap 1 of intake

camshaft.

CAUTION—
Intake camshaft bearing cap 1 is centered with adapler
sleeves. To avoid camshaft damage, it must be removed be-

fore any other caps.

4 Fit BMW special tools 11 3 260 (A) and 11 3 270 (B) to cylin-

der head-and screw long bolis (arrows) into spark plug
threads. Tensioners wilt align with the bearing caps on the in-
take camshaft.

CAUTION—
Do not over torque bolls info spark plug holes.

4 Turn eccentric shaft of special tool to pretension intake cam-

shaft bearing caps. Remove nuts on remaining bearing caps.

Slowly release tension on eccentric shaft and remove BMW
special tools. Remove bearing caps and set aside in order.
Remove camshaft and store safely.

CAUTION—
Carnshalt bearing caps must be installed irt their original lo-
cations.

20
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NOTE —

« The camshaft bearing caps are coded with a letter and a
number. For example, "A1" is the first exhaust camshaft
bearing cap at the front of the engine, and “E1” is the intake
cammshaft bearing cap at the front of the engine.

» The camshafts are stamped with a code letter - "E" for the
intake side and “A" for the exhaust side.

e “E”is for Einiap, (German for intake)} and "A" is for Auspuff,
(German for exhaust).

Repeat procedure for exhaust camshatft.

Secure hydraulic lifters in lifter bares using BMW special tool
11 3 250, or remove lifters using a magnetic pick-up tool.

CAUTION—
Used hydraulic lifters must be reinstalied in original lifter
bores.

0021081

Remove lower camshaft bearing carriers from cylinder head.

CAUTION—
Camshaft bearing carriers must be reinstalfed in their original

locations (E for intake and A for exhaust).

N - .

NOTE —
¢ Do not allow hydraufic lifters to fall ouf of camshaft carriers.

e Hydraufic lifters should be stored in an upright position.

Camshaits and lifters, installing (M52TU and M54 engine)

Lubricate camshafts, camshait carriers, bearing caps, hy-
drauiic lifters, friction washers, splined shafts and spline hubs
with assembly lubricant before instaliation.

CAUTION—

Make sure the crankshaft, which had been rotated approxi-
maltely 30° opposite the direction of engine rotation from
TDC, is stilfin that position before lowering the camshatis into
pasition. Afl pistons must be out of TDC position to prevent
valve/piston interference when the camshafts are installed.

Lift timing chain and place exhaust cam onto exhaust cam-
shaft carriers. Place intake camshaft on camshaft carrier.

ST
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0821072
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0021082

« Before installing camshatt carriers, examine bearing bores
(arrows) on hydraulic lifter bores for signs of wear.

4 Install camshait carriers with hydraulic lifters into cylinder
head. Note marks on carriers: (E} for intake side and (A) for
exhaust side.

4 Center camshatft carrier on pins {arrows} at bearing
positions 2 and 7.

2
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502113850

502113851

4 Rotate camshaits so that intake and exhaust lobes for cylin-
der 1 face each other {(arrows).

CAUTION—

A minimum waiting time is required for the hydrauic fifters to
‘bleed down” after instalfing the camshafis into the cylinder
head, before bringing the piston to TDC. When the camshafts
are removed, the hydraulic lifters can expand. This expan-
sion can cause increased valve lift when the camshafts are
bolted down, possibly resuiting in pistont interference.

- Place bearing caps on cams, but do not install retaining nuts.

4 Fit BMW special tool 11 3260 (A) and 11 3 270 (B) to cylinder
head over intake camshaft and screw long bolts {arrows)
into spark plug threads.

CAUTION—
Do not overtighten bolts into spark plug holes.

<«

S Turn eccentric shaft of special tool to pretension bearing
caps. Install and torque nuts on intake camshaft bearing
caps.

Tightening torque

Camshatft bearing cap 1o cylinder head (M7) 14 Nm (10 #t-Ib)

- Release tension on eccentric shaft and remove BMW special

tools 11 3 260/270.

- Repeat procedure for exhaust camshatt,

NOTE—
Observe waiting time for lifter bleed down before continuing
with camshaft insialiation.

Crankshaft / valve timing waiting times

68° F {20° C)} and higher 5 minutes
50 —-68°F (10 -~ 20°C) 15 minutes
32 -50°F {0~ 10°C) 30 minutes

& BonlleylPublishors. cam=-All Righte Reserved
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DA21061

Double VANOS timing
chain componentis

Impulse wheel mounting nut

2. Exhaust camshaft impuise
wheel

3. Spring plate, exhaust

4. Thrust spacer (T = 3.5 mm)

5. Splined shaft

6. Torx screw

7. Exhaust camshait secondary

sprocket
Secondary timing chain
Splined sleeve
10. Primary sprocket
11. Threaded stud
12. Secondary chain tensioner
13. Secondary chain lower guide
14. Sprocket mounting nut
15. Spring plate, intake
16. Splined shaft
17. Intake camshaft sprocket
18. Locating stud
19. Thrust spacer
20. Intake camshaft impulse wheel

T
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Doubie VANOS secondary timing chain components,
installing (M52 TU, M54 engine)

< Secure camshafts in TDC position using BMW special tool
set 11 3 240.

4 If necessary, turn camshaft so that special tools are squarely
seated on cylinder head.

4 Lift timing chain and hold under tension.

T HentieyPubishers com=-All Rights Reserved
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4 While maintaining tension on timing chain, rotaie crankshait
at vibration dampener from 30° before TDC in direction of ro-
tation (clackwise) until number 1 cylinder is at TDC position
with fine between the OIT mark {arrow} on front pulley
aligned with boss on lower timing chain cover,

4 Secure crankshait in TDC position with BMW special tool
11 2 300 {arrow).

< Slide impulse wheel on intake camshaft, aligning boss with
raised portion on camshaft {arrow).

4 Fit thrust spacer (A) to intake camshaft and tighten down with
threaded locating studs (arrows). Place longer threaded por-
tion of studs into camshatt.

Tightening torque

Impulse wheel studs to intake camshaft (M7) 20 Nm (15 fi-Ib)

L8enllovPublishars.com~All Rinhis Roserved
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< Install primary timing chain on timing chain sprocket and
place on exhaust camshaft so that pointer on sprocket
(arrow) lines up with cylinder head sealing surface.

« Insert BMW special tool 11 4 220 info timing chain tensioner
bore and bring center spindle into contact with tensioning rail.
Tighten until slack is removed, but do not pretension timing
chain.

NOTE —
BMW special tool 11 4 220 is an adjustable primary chain
tensioner and simulates the function of the tensioner.

— Recheck arrow on primary sprocket is aligned with upper
edge of cylinder head. Reposition sprocket if necessary.

4 tnsert and tlghten threaded Iocatlng studs (arrows) in ex-
haust camshait. .

Tightening torques
Exhaust camshaft locating stud 20 Nm (15 fi-Ih)
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4 Insiall secondary chain tensioner (arrows). Keep tensioner
compressed using BMW special toof 11 3 292 or suitable pin.

4 Fit exhaust camshaft splined sleeve. Confirm that gap in
sleeve splines afigns with corresponding gap in camshaft
splines {arrows).

4 Slide splined shaft onto exhaust camshaft so that locating
tooth of shaft fits into spline gaps of camshaft and splined
sleeve (arrows).

- Push splined shaft in further to rotate splined sleeve until the
three threaded holes in primary chain sprocket are centered
in the small slots of the splined sleeve.

~HnrntnuvBPuklichorm com-All Richty Beconved
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< Place intake and exhaust sprockets in BMW special tool
11 6 180. Position spline gap on intake sprocket (arrow) as
shown and place secondary chain on sprockets.

502113868

<

Remove chain and sprockets from ool and slide sprockets
on camshafts. Conffirm that gap in intake sprocket splines
lines up with corresponding gap in camshaft splines {arrow).

CAUTION—
Do not alter position of sprockets with respect to chain when
removing from special too! 11 6 180.

While aligning locating tooth of shaft with spline gaps on
camshaft and sprocket, slide splined shaft onto intake cam-
shaft until approx. 1 mm (0.04 in.) of splines (arrows) are
visible.

4 Install intake camshaft spring plate so that FRONT mark is
visible. Install mounting nuts {arrows) finger tight.

o
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4 Insert sprocket mounting bolis (arrows} on exhaust side
camshaft assembly.

= [nitially tighten to approx. 5 Nm (44 in-Ib) and then back off
by half a turn.

4 Fit thrust spacer {A) on exhaust camshaft.

< instal spring plate (A) to exhaust camshaft. Make sure that
(F) marlk is visible.

NOTE—
If F mark Is no longer visible, instafl spring plate as shown in
inset,

' 5027138754
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4 Install exhaust camshaft impulse wheel, aligning pointer {B)

with top edge of cylinder head (A). Install mounting nuts (ar-
rows) finger tight.

4 Full out exhaust camshaft splined shaft io stop.

~ Press down on secondary chain tensioner and remove ten-
sioner lock-down tool.

4 Preload primary chain:

¢ Tighten adjusting screw on BMW special tool 11 4 220 to
speacified torque.

Tightening torque

Primary chain tensioner preload 0.7 Nm {6 in-Ib}

&BenlloyFublishers.com-All Foghts Resorved
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< Preload exhaust camshaft spring plate by pressing on im-
puise wheel while tightening mounting nuts (arrows) finger
tight.

4 Install BMW special tool 11 6 150 (VANOS setup bracket) to
front of cylinder head timing case. Install nuts (arrows) finger
tight, then tighten down uniformly until special tool is in full
contact with cylinder head.

CAUTION—
Make sure all gasket material is removed from face of cylin-
der head. Clean sealing face and keep free of oil.

A

% Sacure camshaft sprockets and impulse wheels:

» Tighten mounting screws (A) on exhaust camshaft impulse
wheel! to approx. 5 Nm (44 in-lb).

= Tighten mounting nuts (B} on exhaust and intake sprocket
assemblies to approx. 5 Nm (44 in-Ib).

e Torgue down mounting screws (A) and nuts (B) to final
specifications.

Tightening torques

Sprocket assembly to camshaft initial torque 5 Nm (44 in-lb)
Sprocket assembly wheel to camshait
M7 torx screws {A} 20 Nm (15 fi-lb)
M6 mounting screw (B) 10 Nm {8 fi-Ib)

— Remove crankshaft locking tool from crankcase.

— Remove camshaft Jocking tools from cylinder head.

cHentlovBPubliighero.com=-All Rights Reservod
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11 3 240

4 Turn engine over twice in direction of rotation untit cylinder 1

intake and exhaust camshatft lobes (arrows) face each other.

Lock crankshaft in TDC pesition with BMW special tool
11 2 300.

Place BMW special tool set 11 3 240 over camshafts and
measure clearances.

NOTE—

= [f the exhaust side of the tool (A} is not flush with the head,
camshalt liming is incorrect. Reset camshaft timing as de-
scribed in 117 Camshaft Timing Chain.

¢ Due io flexible sprocket design, VANOS unit tolerances
and play in the VANOS splines, when the camshaft timing
is set correctly, the intake side of special tool set 11 3 240
(B) may be up to 1 mm (0.04 in.) above the surface of the
cylinder head, This is normal. Reassemble engine. Other-
wise, reset camshaft timing as described in 117 Camshaft
Timing Chain.

Remove BMW special tool 11 6 150 irom front of cylinder
head.

Clean coniact edges of cylinder head face and VANOS unit
and apply a thin coat of Three Bond 1209® or equivalent
sealing compound to surfaces.

CAUTION—
¢ Make sure all gasket material is removed from face of cyl-
inder head. Clean sealing face and keep free of ofl,

e Check locating dowel (A) and dowel sleeve (B} at top
of cylinder head for damage or incorrect installation.

Using a new steel gasket, install VANOS unit to front of cyl-
inder head. See 117 Camshaft Timing Chain.

NOTE —

IFVANOS controf unit is being replaced, be sure to check and
adjust camshaft liming as described in 117 Camshaft Tim-
ing Chain.

Reinstall engine lifting eye.

Reconnect electrical harness connectors to camshaft posi-
tion sensors and VANOS solenoid valves.

#BonllayPublishers.com-AH Rights Rosored
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Remove adjustable primary timing chain tensioner tool and
reinstall primary chain tensioner cylinder to cylinder head.

Tightening torque

Primary chain tensioner cylinder to 70 Nm (52 fi-Ib)
cylinder head

Remove flywheel locking tocl from crankcase. Replace spe-
cial tool bore sealing plug.

Remove camshaft locking tools from cylinder head.

Install intake camshait cover and cylinder head cover.

« Check for correct seating of hali-moon seals (A) in back of
cylinder head cover,

= Use a small amount of Three Bond ® 1209 or equivalent
sealing compound at corners (B) of half-moon cutouts.

+ Seat gasket and seal corners at VANOS unit with Three
Bond ® 1208.

Tightening torque

Cylinder head cover to cylinder head (M86) 10 Nm (89 in-Ib)

Installation of the remaining parts is reverse or removal, not-
ing the following:

+ Change engine oil and filter as described in 020 Mainte-
nance.

+ Reconnect battery.

CAUTION—

To prevent damaging the engine electronic systemns, install
alf ground wire previously removed, including the ground
wires for the ignition coils.

Tightening torque

Radiator cooling fan to coolant pump 40 Nm (30 f-1b)
Spark plug to cylinder head 25 Nm (18 fi-Ib)
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Camshaft removal and installation
(M62 engine)

Camshafts, removing {62 engine)

Special BMW service tools should always be used to remove
and install the camshaits. Removal of the camshafts without
the special tools can result in personal injury and for cylinder
head damage.

NOTE—

Cylinder bank 1-4 is referred fo as the right cylinder bank
and is located on the passenger side. Cylinder bani 5-8 is
referred to as the left cylinder bank and is located on the driv-
ers side.

WARNING —
Allow engine to cool before beginning this procedure.

Disconnect negative {—) cable from battery.

CAUTION—
Prior to disconnecting the battery, read the battery discon-
nection cautions in 001 General Cautions and Warnings.

Drain coolant. See 170 Radiator and Cooling System.

Remove plastic engine covers: |

= Press down on locking pins (arrows) and remove top
cover.

s Pry out trim caps (A} from covers.

« Remove fasteners from beneath trim caps and remove
side covers.

Remove left and right interior ventilation filter housing (left
side shown):

« Release locking tabs (A) or locking strap (early models,
not shown).

= Rotate duct inward (arrow) to disconnect.

* Release spring lock (B) to unlock ventilation housing.

= Disconnect electrical harness from hood switch (C).

» Release locking clip and remove ventilation filter cover (D).
« Remove filter housing.

« Removal of right side ventitation duct is similar.
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4 Bemove air filter housing and ducts:

» Loosen hose clamps as necessary and disconnect electri-
cal harnesses.

= Remove air filter housing mounting fastener (arrow).
= Loosen hose clamp at throttle body.

* Remove air filter housing with mass air flow sensor and
duct.

4 Disconnect the following electrical harness connectors.
« Knaock sensors (A).
= Thermostat housing (B).

= Throttle position sensor/throttle position swiich and idle
valve (C).

» Camshaft position sensor (B}.
= |gnition coils (E).

4 Remove mounting nuts (arrows} from wiring harness
ducting.

21
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< Disconnect fuel injector electrical connectors from injectors.
= Pry corner of wire lock clip (arrow) on first injector.
= Repeat for all injectors.
= Lift wiring ducts off and set aside.

« Remove right and left side ignition coil mounting nuts {ar-
rows) and cails.

NOTE —
Make note of location for ground straps (arrow A).

- Remove spark plugs.

— Disconnect positive (+) jumper junction from top of left cylin-
der head cover.

< Remove right and left cylinder head cover cap nuts {arrows)
and remove covers.

— Remove belt driven cooling fan, see 170 Radiator and Cool-
ing System.

< Remove retaining nuts (arrows) and remove oil lines from
left and right cylinder heads.
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« Using crankshait center bolt, rotate engine clockwise one
complete rotation until the first cylinder is at TDC.

DA116956

4 Coniirm TDC position. L.obes of camshafts for cylinder head
1—4 (passengers side) should point up {(arrows).

4, Remove timing chain tensioner (arrow) from right side upper
fiming chain cover.

— Remove secondary air injection pipes in front of upper timing
chain covers.

— Remove left and right coolant hoses from coolant pump
housing.

— Detach dipstick tube from upper right timing cover.

el alen P Bt A el 1Y
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502116466
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4 Remove camshaft position sensar (A) from timing chain cov-
er. Remove bolts {arrows) from timing chain covers and re-
move covers from right and left cylinder heads.

4 Counterhold intake camshafi on right cylinder head.

« Counterhold right intake camshaft and remove sprocket
mountiing bolts (arrows) from right cylinder head.

= Remove camshaft impulse wheel and primary chain
sprocket.

= Slide primary timing chain off sprocket and suspend chain
with stiff wire to prevent it from dropping into lower timing
chain cover.
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4 Counterhold left intake camshaft and remove sprocket
mounting bolts (arrows) from left cylinder head.
= Remove primary chain sprocket.

= Slide primary timing chain off sprocket and supend timing
chain with stiff wire to prevent it from dropping into lower
timing chain cover.

5021136873

« Using crankshaft center bolt, rotate engine counterclockwise
to 45° before TDC position. 45° V.OT mark on pulley will
align with boss cast on engine block {arrow).

4 Compress secondary chain tensioners and lock (arrows)
using BMW special tool 11 3 310 or a stiff wire.
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4 While counter holding camshaft, remove exhaust camshaft
sprocket bolis (arrows) from left cylinder head. Remove
sprockets with chain.

4 While counter holding camshaft, remove exhaust camshaft
sprocket bolts {arrows) from right cylinder head. Remove
sprockets with chain.

4 Use BMW special tool 11 3 430 to rotate camshatt into disas-
sambly position.

« l.oosen camshaft bearing caps nuts in correct sequence =
(1-10) (left cylinder head shown).

NOTE —
Keep camshaft bearing caps in order. Used caps must not be
interchanged. b

-~ Remove exhaust camshaft by repeating process.
+ Remove camshafis from cylinder head.

— Repeat camshaft removal process for right cylinder head.

£BenlleyPubfichers.com=-All Rights Renerved



116-46

Cylinder Head and Valvetrain

SuR116%41

Camshafts, installing, right cylinder head (M62 engine)

Camshafts are marked at rear. Install camshafts into cam-
shaft bearing saddles of cylinder heads.

= |ntake camshaft for right cylinder head (1-4) is labelled
E 1-4.

= Exhaust camshaft for right cylinder head (1-4) is labelled
Ai1-4.

Rotate camshafts so that recesses in intake and exhaust
camshafts point upward 30 to 40° above sealing surface for
valve cover (arrows).

Bearing caps are marked with a code for location.

NOTE —

The camshaft caps are stamped with a code lefter - “E" for
the intake side and "A” for the exhaust side. Number code is
for position on head, with number 1 being the front bearing
cap.

CAUTION—
Do not mix up camshaft bearing caps between cylinder
banks.

ARupllvEublishiers com=Al Rinhils Sesprved
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« Evenly tighien down bearing cap nuts in i/; turn steps start-
ing at number 1.

Tightening torque
Camshait bearing cap 14 Nm (10 ft-Ib)

4 Install BMW special tool 11 3 430 on camshalft.

4 Rotate camshafts uniil marker bores {arrows) point up-
wards.

I
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Cylinders 1-4

112445 112 441

502116580
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4 Secure camshafts in TDC position using BMW special tools:

= Align camshafts with open-end 27 mm wrench so BMW
special tools fit on cylinder heads without gaps. Secure
tool using number 4 cylinder spark plug hole.

CAUTION—
Do not damage the cylinder head. If necessary, machine
open-end wrench fo fit.

Left side (cyl. 5-8) camshafts, installing (M62 engine)

4 Camshaits are marked for location at rear. Install camshatfts
into camshaft bearing saddles of cylinder heads, noting the
following:
= [ntake camshaft for left cylinder head (5-8) is labelled

E 5/8.

+ Exhaust camshaft for left cylinder head (5-8) is labelled
A 5/8.

‘( Rotate camshafts so that recesses in intake and exhaust
camshafts point downward 30 to 40° {arrows} from cylinder
head cover sealing surface.

T
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4 Bearing caps are marked with a code for location.

NOTE—

The camshatt caps are stamped with a code letter - “E" for
the intake side and "A” for the exhaust side. Number code is
for position on head, with number 1 being the front bearing
cap.

CAUTION—

Do not mix up camshaft bearing caps.

4 Instail and evenly tighten down bearing cap nuts in '/, furn
steps starting at number 1.

Tightening torque
Camshaft bearing cap 14 Nm {10 ft-1b}

« Install BMW special tool 11 3 430 on camshaft.
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4 Rotaie camshafts until marker bores (insets) peint upwards.

< Secure camshafts in TDC position using BMW special tools:

Cylinders 5-8 + Align camshafts with open-end 27 mm wranch so BMW
special tools fit on cylinder heads without gaps. Secure
11 ? 542 11 ? 446 tool using number B cylinder spark plug hole.

CAUTION—
Do not darmage the cylinder head. if necessary, machine
open-end wrench fo fit.

5021164252 Timing chains and tensioners, installing {M62 engine)

4 Fit secendary sprockets and chain to camshafts on right cyl-
inder head. Center slots in sprockets to threaded bores in
end of camshafts (arrows).

T
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4 fnstall exhaust camshaft bolts (arrows) finger tight.

— Hemove secondary timing chain tensioner locking tool.

Q Fit secondary sprockets and chain to camshafts on left cylin-
der head. Center slots in sprockets to threaded bores in end
of camshafts {(arrows).

4 Insert exhaust camshaft bolis (arrows) finger tight in exhaust
camshaft on left cylinder head.

— HRemove secondary timing chain tensioner locking tools from
chain tensioners.

T
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< Rotate engine clockwise {arrow) from 45° before TDC to
TDC position.

— Secure crankshait in TDC position with BMW special tool
11 2 300.

< Fit sprocket with primary chain o intake camshatt on right
cylinder head:
= Press timing chain tensioner rail against timing chain
{white arrow) to check that fastener holes are centered in

sprocket slots {black arrows) whean slack is removed from
timing chain.

= |f necessary, remove sprocket and reposition.

< Fit sprocket with chain to intake camshaft on cylinder head
5-8 with long bores aligned centrally.

= [nstall bolts (arrows) and finger tighten.

P RantaruPoblichnes comaedl iatite Faairosd
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4 Fit sensor gear with mark (arrow) pointing upwards. Install

bolts and finger tighten.

4 Attach BMW special tool 11 7 380 to right cyiinder head in

place of upper timing case cover.
* Install BMW special tool 11 3 390 into 11 7 380.

= Using BMW special tool 00 9 250, tighten adjustable ten-
sioner screw on 11 3 390 t0 0.7 Nm {6.3 in-Ib}.

Tighten camshaft sprocket bolts in the following order:
1. Exhaust camshaft, left head.

2. Exhaust camshaft, right head.

3. Intake camshaft, left head.

4. Intake camshaft, right head.

Tightening torques

Sprocket to camshatft flange 15 Nm (11 ft-Ib}

Remove camshaft locking tools from both cylinder heads.

Remove crankshaft locking tool.

4 Install oil lines to left and right cylinder heads.

Remove adjustable liming chain tensioner tool and sefup
block from right cylinder head.

FaonllavFublishore comsi- Al Ridhio Retervod

]




116-54

Cylinder Head and Valvetrain

50211367

502113754

502113674
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4 Replace primary timing chain tensioner O-ring (arrow) in

right cylinder head.

Install right upper timing cover to engine:
» Remove old gasket from right timing cover.
= Clean gasket groove and install new gasket.

* Apply Three Bond 1209® sealant to joint between cylinder
head and timing cover. Instalt remaining tirming cover bolts
finger tight.

tnstall left upper timing chain cover to engine:
= Remove old gasket from right timing chain cover.
« Clean gasket groove and install new gasket.

¢ Insert lower cover timing chain cover retaining bolt {arrow)
to cover, then fit cover to cylinder head.

« Apply Three Bond 1209® sealant {o joint between cylinder
head and timing chain cover. Install upper timing cover
bolts finger tight.

Remove cylinder head cover sealing gaskets from right cyl-
inder head cover. Install BMW special tool 11 1 411 into gas-
ket groove of cylinder head cover.

= Install right cylinder head cover with BMW special tool 11
1 411 to right cylinder head. Fit cylinder head caover retain-
ing nuts to cylinder head cover studs at cylinders 1 and 2
{first two cylinders on right cylinder heady).

» Tighten nuts uniformly in /5 turn steps.
NOTE —

BMW special tool 11 1 411 presses upper timing chain cover
to leve! of eyfinder head.

Tightening torgue
Cylinder head cover nuts 10 Nm (7.5 fi-Ib)

Tighten right upper timing cover refaining bolts in two passes.

Tightening torque
Timing chain cover o head 10 Nm {7.5 fi-Ib)

2
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4 Remove cylinder head cover sealing gaskets from left cylin-

der head cover. Install BMW special tool 11 1 412 into gasket
groove of cylinder head cover.

* |nstall [eit cylinder head cover. Fit cylinder head cover re-
taining nuts o cylinder head cover siuds at cylinders 5 and
6 (first two cylinders on left side cylinder bank).

= Tighten nuts uniformly in '/2 turn steps.

NOTE —
BMW special tool 11 1 412 presses upper liming chain cover
fo fevel of cylinder head.

Tightening torque

Cylinder head cover nuts 10 Nm {7.5 ft-Ib)

Tighten left upper timing chain cover retaining bolts in two
passes.

Tightening torque

Tirming chain cover to head 10 Nm (7.5 ft-Ib)

Remove cylinder head covers and remove BMW special
tools 11 4 411/412 from cylinder head covers.

Fit new gasket to cylinder head cover without strain.

Apply Three Bond® 1209 sealant to joints between cylinder
head and timing cover.

Make sure half-moon cutouts (A) at rear of cylinder heads fit
correctly to cylinder head sealing surface, Apply Three
Bond® 1209 sealant at corners of half-moon cutouts {B}.

Remainder of installation is reverse of removal.

eRanltovRPublinhers.cam=A Finhls Beaprve
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VALVES

This section covers valve removal and reconditioning, includ-
ing valve guides, seats, springs, and valve stem oil seals.

Valves, leak test

To test the valves for leakage, the cylinder head must be dis-
assembled with camshafts and camshaft carriers removed.
With valve assemblies and spark plugs installed, place the
cylinder head on a workbench with the combustion chamber
facing upward. Fill each combustion chamber with a thin non-
flammable liguid. After fifteen minutes, check the level of the
fluid. if the fluid level in any cylinder drops, that cylinder is not
sealing properly.

Valves, removing and installing

Remave cylinder head as described in 113 Cylinder Head
Removal and Installation.

CAUTION—

= (M52 TU /M54 engines only} Do not let the hydraulic lifters
falf out as the camshatft carrier is removed, Special suction
cups are available from BMW to hold the hydraulic lifters in
place during carrier remmoval,

e Hydraulic cam lifters should be stored in an upright po-
sition. If necessary, use a magnetic tool to aid in remov-
af of the lifters.

Remove valves using a valve spring compressor.

CAUTION—
Label each valve assembly as it is removed so it can be in-
stalled in its original position.

Remove and discard valve stem oil seals from valve guides.
See Valve stem oil seals later in this section.

Valve installation is reverse of removal. Remove carbon de-
posits from the valves using a wire brush or wire wheel.

Valve specifications are listed in Table ¢. Valve specifica-
tions.

P
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Table c. Valve specifications

M52 TU 2.8 engines
(1989 - 2000}, M54 2.5/3.0 M62, M62 TU engines

Specification M52 engine (1997-1998) engines (2001-2002) (1997-2002)

Valve head diameter

intake 33.0 mm 33.0 mm 35.0 mm

Exhaust 30.5 mm 30.5 mm 30.5 mm

Valve stem diameter - Standard

Intake 6.0 mm 0025 . 6.0 mm 0025 oo 6.0 mm 095 ;0
Exhaust 6.0 mm 0040 6.0 mm 0040 , oo 6.0 mm 0890 .o
Valve stem diameter - Oversize 1 (identified an stem as R1)

intake 6.1 mm 0025 o0 6.1 mm 0025 6.1 mm 0025 o0
Exhaust 6.1 mm 0040 oo 6.1 mm 0040 o 8.1 mm 0040 o
Valve stem diameter - Oversize 2 {identified on stemn as R2)

Intake 6.2 mm 0925 g 6.2 mm 0925 o 6.2mm 0025
Exhaust 6.2 mm 240 oo 6.2 mm 0010 6.2 mm 0040 o

Valve guides

BMW does not supply valve guides as replacement parts. If a
valve guide is excessively worn, it should be reamed to ac-
cept oversized valve stems. Valve guide specifications are
listed in Table d. Valve guide specifications.

Valve guides should be checked for wear using a new valve.
Be sure to thoroughly inspect the cylinder head to ensure
that it can be reused before reworking the guides.

NOTE—

¢ [nternational Organization for Standardization (I50) foler-
ance classes are listed in Table c. 1SO allowances are
based on nominal sizes and should be used to determing
proper fit. Most machine shops should have this informa-
tion available.

= Replacement vaive guides may be available through after-
market suppliers. Valve guide replacement requires spe-
cial tools and a press. It is also necessary to heat the
cylinder head and chill the valve guides when replacing the
guides.

« BMW supplies oversize valves. See Table d. Valve guide
specifications for additional information.

4 BertleyPublishers.com~A# Highta Reseved
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Table d. Valve guide specifications

Specifications All engines (1997-2002)

Valve guide wear, maximum
{valve tilt clearance measured
with new valve)

0.5 mm (0.020 in)

Valve guide inside diameter, installed
{tolerance per 1ISO allowance H7)

Standard 6.0 mm (0.236 in)
Oversize 1 6.1 mm (0.240 in}
Oversize 2 6.2 mm (0.244 in)

Valve stem oil seals

The purpose of the valve stem oil seal is to prevent excess ol
from entering the combustion chamber. The sign of fauliy
valve stem oil seals is excessive oil consumption and smoke
from the exhaust immediately after starting and during decel-
eration.

NOTE —
Valve stem oil seals should not be reused. If valves are re-
moved, new valve stern oil seals should be insialled.

Valve stem ol seal replacement requires that the cylinder
head be disassembled and the valves removed as described
above under Valves, removing and installing.

NOTE —

BMW special tools are available to remove the valve stem oil
seals. As an alternative, standard valve seal rernoval tools
are available from most automolive paris stores.

Lubricate new seal and install using hand pressure only. Be
sure to install valve spring seat(s} before installing seal.
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Valve seats

4 The valve seats should be resurfaced whenever new valves
or valve guides are installed. Cutters are required to resur-
face the seats. Always check the valves for leaks afier recon-
ditioning a valve seat as described above. Table e. Valve
seal specifications lisis valve seat dimensions.

A A °B
. i ] 1S L
450 ] & Tahle e. Valve seat specifications (refer to figure)
IS i pigtl
—— *}}\ = — All 6 cylinder All B cylinder
P / & f engines (1997- engines (1997-
\5/ Y 600 ( C Specification 2002) 2002)
i
DA%, Y B11110¢ A - Valve seat angle  45° 45¢
B - Correction angle, 15° 15°
outside
C - Correction angle, 860° 60°
inside

D - Valve seat width

intake 1.68 +0.25 mm 1.25 +£0.25 mm
{0.065 £0.010in)  (0.049£0.010 in)
exhaust 1.65 +0.25 mm 1.65 £0.35 mm

(0.065£0.010in)  (0.065 +0.014 in)

E - Valve seat ocutside diameter

intake 32.4 mm (1.276 in) 34.5 mm (1.358 in)
exhaust « M52:28.4mm  30.0 mm (1.181 in)
(1.157 in)
= M52TU,
Mb54: 30.0 mm
(1.181 in)
NOTE—

Standard size replacement valve seals are not available from
BMW. Replacement valve seals are only available from BMW
in 0.4 mm oversize (oversized in both height and diameter).
The manufacturer does not provide specifications for valve
seat replacement far the engines covered by this manual.

G HenlleyPublishers.com-All Righls Reserved
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Valve springs

The valve springs should be checked for fatigue. To quickly
check the springs, line them up in a row. Place a straight edge
across the top of the springs. Any spring that is significanily
shorter than the others is worn and should be replaced.

Valve spring specifications and wear limits are not available
from BMW.

BortevEublshnm cam=All Rinhia Heserved
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GENERAL

This repair group covers timing chain and VANOS repair
information for the following engines:

« M52 (Single VANOS 6-cylinder engine)
e M52 TU and M54 {Double VANOS engines)
« M62 (Non VANOS V-8 engine)

NOTE —
The M62 TU V-8 engine with VANOS Variable Camshaft
Timing repair informaiion is not included.

NOTE —
See 100 Engine General for engine code and application
information.

Worn timing chains and sprockets can lead to noisy operation
and erratic valve timing. A faulty tensioner can also cause tim-
ing chain noises.

For specific repair procedures, refer to the appropriate repair
group:

020 Maintenance

113 Cylinder Head Removal and Installation
119 Lubrication System

121 Ignition System
170 Radiator and Cooling System

Special tools

Special BMW service tools are needed to perform the service
and repairs procedures covered in this repair group. Many of
these tools are expensive and only available through an au-
thorized BMW dealer. Be sure to read each procedure thor-
oughly before starting a job to determine which special tools
will be necessary.

In addition, Double VANOS systemn diagnaosis can only be
carried out by using BMW specific electronic scan tools, such
as BMW DISplus, MoDiC or equivalent.

« Torque wrench w/ flex extension

(Toal No. BMW 00 9 250)

BRontipyPubfishers.com=All Rights Resasved
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4 Crankshaft seal installation bushing, V-8
(Toal No. BMW 11 1 220)

« Upper timing cover installation tool, V-8
(Toal No. BMW 11 1 411/412)

4 Crankshaft hub locking tools (6-cylinder engine with 2 piece
vibration dampener) (Tool No. BMW 11 2 150 /11 2 410)

4 Crankshaft locking tool
(Tool No. BMW 11 2 300}

Q Seal extractor tool set
{Tool No. BMW 11 2 380)

<« Grankshaft holding tool (V-8 engines)
(Tool No. BMW 11 2 450)

#:HentleyPublichers cam-All Mights Reserved
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« Camshaft locking tool set, 6-cylinder
{Tool No. BMW 11 3 240)

« Crankshaft seal installation bushing, 6—cylinder
{Tool No. BMW 11 3 280)

4 Secondary chain tensioner locking pin set, 6—cylinder
{Tool No. BMW 11 3 290)

< Secondary chain tensioner locking pin, V-8
{Tool No. BMW.11 3 310)

4 Ajr line fitting
{Tool No. BMW 11 3 450)

4 Protractor
(Tool No, BMW 11 3 460}

tBentteyPublishers.cam-All Righls Reserved

[

o



117-5

. Camshaft Timing Chain|

( Primary chain tensioner tool, V-8
(Tool No. BMW 11 3 390)

Q Primary chain tensioner tool, 6—cylinder
{Tool No. BMW 11 4 220)

4 VANOS sprocket wrench
(Tool Na. BMW 11 5 490)

< Double VANOS setup bracket, M52 TU/M54 6-cylinder
(Tool No. BMW 11 6 150)

4 Double VANOS sprocket setup tool, M52 TU/M5B4 6—cylindar
(Tool No. BMW 11 6 180)

4 Tensioner bracket, V-8
(Tool No. 11 7 380)
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4 Crankshait hub locking tool, M54 engine

(Tool No. BMW 11 8 190 /11 8 200)

4 Puller ior crankshaft hub

(Tool No. BMW 11 8 219)

« VANOS test lead, M52 6-cylinder

(Tool No. BMW 12 6 410)

CRANKSHAFT OIL SEAL, FRONT

Crankshaft oil seal, front,
replacing (M52 engine)

The crankshaft front seal is located in the lower timing cover,
behind the vibration damper.

Disconnect negative (-} cable from battery.

CAUTION—

= Disconnecting the battery may erase faulf code(s) stored in
control module memory. Check for fault codes using spe-
cial BMW diagnostic equipment,

= Prior to disconnecting the battery, read the batlery dis-
conneclion cautions given in 001 General Cautions
and Warnings.

Remove splash guard from beneath engine.

Remove engine cooling fan assembly. See 170 Radiator
and Cooling System.

NOTE —
Cooling fan nut {32 mm wrench) has left-hand threads.

- Hem‘ov:e drive belts. See 020 Maintenance.
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112 385

11 2 383}
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NOTE—
Mark direction of belt rotation if reusing belt.

Remove vibration damper mounting bolts and remove vibra-
tion damper and pulley from hub.

NOTE—
The M52 6—cylinder engine uses a 2-piece vibration damper
and hub assembly,

tnstall crankshaft holder (BMW special tools 11 2 150
and 11 2 410).

NOTE —
Be careful while afigning locator pin hole in special tool 11 2
410 with vibration damper locator pin,

While counterholding crankshait, loosen and remove crank-
shaft center bolt.

CAUTION—

Do not use flywheel locking tool to hold crankshaft stationary
to loosen or tighten crankshalt hub center bolt. Use only the
special tools specified, or equivalent hub holding tool,

NOTE —
The crankshaft hub center bolt is torqued to 410 Nm
(300 ft-ib).

Remove damper hub and special tools.

4 Install cap (BMW special tool 11 2 383) on end of crankshaft.

4 Install seal guide {(BMW special tool 11 2 385) over end of

crankshaft. Be sure to align tool with keyway on crankshaft
(arrow).
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< Install oil seal puller (BMW special ool 11 2 380) and screw
in bady of puller until it contacts seal. Tighten center screw to
draw seal out of cover.

0021427

4 Coat new seal with oil and position in timing chain cover. Use

"g BMW special tocl 11 3 280 and crankshait center bolt to draw
seal in flush with timing case cover.

‘(

« Align hub with keyway and tap inio place. insert new center

bolt with washer shoulder (arrow) facing hub.

CAUTION—
Inspect woodruff key for damage before installing hub.

—  Reinstall crankshaft holder tool.

NOTE —
Be careful while aligning focator pin hole in special tool 11 2
410 with vibration damper locator pin.

502117401 — While counterholding crankshaft, tighten crankshaft center

bolt.

Tightening torgue

Vibration damper hub to crankshaft 410 Nm (302 ft-Ib)
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4 Install vibration damper mounting boits. Note hub locating
dowel (arrow).

Tightening torque
Vibration damper to crankshait hub (M8) 22 Nm (16 ft-Ib}

— Inslallation is reverse of removal noting the following:
» |nstalling drive belts. See 020 Maintenance.

= [nstall cooling fan. See 170 Radiator and Cooling Sys-
tem.

Crankshaft oil seal, replacing
(M52 TU and M54 engines)

The crankshait front seal is located in the lower timing cover,
behind the vibration damper.

— Disconnect negative (-) cable from batiery.

CAUTION—

= Disconnecting the baltery may erase fault code(s) stored in
control modute memory. Check for fault codes using spe-
cial BMW diagnostic equipment.

» Prior to disconnecting the battery, read the baitery dis-
connection cautions given in 001 General Cautions
and Warnings.

- Remove splash guard from beneath engine.

— Remove engine cooling fan assembly. See 170 Radiator
and Cooling System,

NOTE —
Cooling fan nut (32 mm wrench) has left-hand threads.

- Remove drive beits. See 020 Maintenance. -

NOTE—
Mark direction of belt rotaiion if reusing bett.

~ Install crankshafi holding tool (BMW special tocl 11 8 180/11
8 200). Make sure tool locks into place in openings in damper
assembly. While counterholding crankshait with special tool,
remove crankshait center bolf.

CAUTION—

= Do not use flywheel locking tool fo hold crankshaft station-
ary to locsen or tighten crankshaft hub center boft. Use
only the special tools specified, or equivalent hub holding
fool.

» Use care when removing damper/hub assembly, asitis
easy o damage the radiator.
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NOTE—
The crankshaft hub center bolt is forgued to 410 Nm
(300 ft-1b).

~  |nstall crankshaft damper puller (BMW special tool 11 8 210)
to 11 8 200. Use bolt to remove damper from crankshait.

— Oil seal replacement:

502117567

< Install seal guide (BMW special tool 11 2 385) over end of
crankshaft. Be sure to align groove with keyway on crank-
shaft (arrow).

¢¢¢¢¢¢ A
OO TTAAR AL
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4 Install off seal puller (BMW special tool 11 2 380} and screw
in body of puller until it contacts seal. Tighten screw in center
of tool to draw seal out of cover.

021427 | |
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« Install cap (BMW special fool 11 2 383) on end of crankshaft.
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4 Coat new seal with oll and position in timing chain cover. Use

BMW special tool 11 3 280 and crankshaft center boli to draw
seal in flush with timing case cover.

Align vibration damper assembly with keyway and tap into
place. Insert new center bolt with washer.

CAUTION—
inspact woodruff key for damage before installing hub

assembly.

Install crankshait holding tool making sure tool locks into
place in openings in damper assembly. While counterholding
crankshaft, tighten crankshaift center bolt.

Attach special tools 11 8 200/11 8 190 to damper assembly.
Counterhold damper with 11 8 190 while tightening center
bolt.

Tightening torque
Vibration damper hub to crankshaft 410 Nm ({302 ft-Ib)

Installation is reverse of removal noting the following:
« [nstall drive belts. See 020 Maintenance,

= Install cooling fan. See 170 Radiator and Cooling Sys-
tem.

Crankshaft oil seal, replacing
(M62 and M62 TU engines)

Disconnect negative (-) cable from battery.

CAUTION—

 Disconnecting the battery may erase fault code(s) stored in
control module memory. Check for fault codes using spe-
cial BMW diagnostic equipment.

= Prior to disconnecting the battery, read the battery dis-
connection cautions in 001 General cautions and

warnings.

Remove splash guard from beneath engine.

Remove engine cooling fan assembly. See 170 Radiator
and Cooling System.

NOTE —
Cooling fan nut (32 mm wrench} has left-hand threads.

Removea drive belts. See 020 Maintenance.

NOTE—

Mark direction of belt rotation if reusing belt.

#HentleyPublishers.com-Alk Rights Reserved
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« Remove all vibration damper perimeter mounting bolts (ar-
row) and remove vibration damper.

4 Install crankshaft holding tool (BMW special tool 11 2 450)

and remove and discard crankshaft center bolt.

NOTE—
Be careful to align hub locator pin to hole (arrow) in special
tool 11 2 450.

— If needed, use a puller (BMW 11 8 219) to remove hub from
end of crankshalft.

< Instali end cap (BMW special tool 11 2 383) on end of crank-

shaft.

502117667
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N

502117880

e

502117891

11 2 450

502110052
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< Install seal removing tool (BMW special tool 11 2 380) and
screw in body of puller until it makes firm contact with seal.
Tighten center screw in end of tool to draw out seal.

‘4 Coat new seal with oil, and use BMW special tool 11 1 220
and crankshaft center bolt te draw seal in flush with timing
Case cover.

— Install damper hub and tighten new center bolt finger tight.

< Install angle gauge BMW special tool 11 3 460 as shown.
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502117571
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« Mark 0° location on socket {arrow). Tighten hub bolt in four

stages.

Tightening torque

Vibration damper hub to crankshaft

Stage 1 100 Nm (74 fi-lb)
Stage 2 60° Torgque angle
Stage 3 60° Torque angle
Stage 4 30° Torgue angle

Install vibration damper and mounting bolts.

NOTE—
Make sure to align vibration damper with locating dowel pin
in hub.

Tightening torque
Vibration damper to crankshaft hub (M8) 22 Nm (16 ft-Ib)

tnstall drive belts. See 020 Maintenance.
[nstall cooling fan. See 170 Radiator and Cooling System.

Replace under engine splash shield, then reconnect nega-
tive battery cable.

VANOS CONTROL UNIT AND
TIMING CHAIN (M52 ENGINE)

VANOS conirol unit, removing (M52 engine)

NOTE—

* Special BMW service tools are required to remove and in-
stall the VANOS conirof unit. Read the procedure through
before starting the job.

= [f the camshafts are not properly timed, the pistons can
corifact the valves.

Disconnect negative (-} cable from battery.

CAUTION—

e Disconnecting the battery may erase fault code(s) stored in
control module memory. Prior to disconnecting the battery,
checik for fault codes using special BMW diagnosiic equip-
meant.

= Prior to disconnecting the battery, read the battery dis-
connection cautions giver: in 001 General Cautions
and Warnings.
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— Remove viscous cluich cooling fan. See 170 Radiator and
Cooling System.

CAUTION—
The radiator cooling fan nut (32mm wrench) has left— hand
threads.

Remove engine trim covers:
= Pry out plastic trim caps (arrows).
< Remove cover fasteners and covers.

Remove ignition coils:

= Disconnect ignition coil electrical harness connectors.
s Remove coil mounting fasteners and remove coils.

* Remove spark plugs.

NOTE —
Make note of ignition coil ground strap locations.

Disconnect VANOS electrical harness connecior (A) and oil
line fitting (B) from VANOS control unit.

NOTE —
Wrap the VANQS oil line fitting with a shop rag to absorb
feaking oil,

Disconnect crankcase breather by squeezing at arrows.

Remove cylinder cover mounting iasteners and remove
cylinder head cover.

NOTE —

The cylinder head cover mounting bolt insulators and gas- :
kets should be reinstalled in their original positions. Make —
note of their arrangement during removal. ‘
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« Remove oil baffle cover from intake camshaft.

4 Remove front engine lifting bracket fasteners {(arrows A) and
remove bracket,

— Hemove cable duct clips (arrows B) from front of VANQOS
control unit.

502117673

4 Rotate engine clockwise and set camshafts to Top Dead
Center {TDC). Cylinder 1 camshaft lobes will point towards
each other (arrows).

4 Remove plug from below starter and install crankshaft lock-
ing tool (BMW special tool 11 2 300).

RAnntinvBullinliem cnm=-Al0 Rinhte Boaanropd
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.. Camshaft Timing Chain

4 Unscrew and remove cylinder head cover siuds (arrows) at
rear of cylinder head.

4 Secure camshafts in TDG position using BMW special tool
set 11 3 240.

< Remove access plugs (arrows) from VANOS control unit.

&HentlayPublishers.com-All Righls Reservad
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Camshaft Timing Chain

0013056

012574

4 Loosen 4 bolts {arrows) frem exhaust camshaft sprocket
(Torx E10).

{ Press down on secondary chain tensioner and lock into place
using BMW special tool 11 3 292 or a similar size pin.

NOTE —

Two types of secondary timing chain tensioners are used;
one with two holes, and one with a single hole for the locking
pin tool.

— Remove VANQOS control unit mounting fasteners at front of

cylinder head.

4 Install sprockst rotating tool (BMW special tool 11 5 490) on
exhaust camshaft,

— Rotate exhaust camshaft sprocket clockwise while sliding

VANQS control unit forward to remove from cylinder head.

£ BenteyPubliohers.com-Al Rights Resernved
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Camshaft Timing Chain

502117574

VANOS conirol unit, installing (M52 engine)

CAUTION—
Incorrect instaflation of the VANOS control unit may result in
damage to the engine.

— Make sure camshafts and crankshaft are locked in TDG po-
sition with BMW special tools as described during VANOS
removal.

4 Rotate exhaust camshaft sprocket clockwise (as viewed from
front of engine) using BMW special tool 11 5 480, until detent
position stop is reached.

4 Apply a small amount of liquid gasket sealer (Three Bond
1209 @ or equivalent) to VANOS housing alignment dowels
on iront of cylinder head. Install a new gasket.

{ Push VANOS piston gear cup {arrow) into VANOS housing
until it bottoms out. Position VANOS control unit in front of
camshafts, but do not engage splines on gear cup.

& BentieyPublishyrs.com—-All Rights Reserved
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Camshaft Timing Chain =

11 5490

4 install BMW special tool 11 5 490 on exhaust camshaft,

— Insert the helical-toothed splined shaft {arrow) intc the heli-
cal-toothed sprocket while rotating gears and chain counter-
clockwise with special tool.

CAUTION—

Ensure that the first available iooth engages. It is important
that the exhaust camshalt sprociet be turned only the mini-
mum amount necessary to engage the gear cup. If this pro-
cedure is done incorrectly, the VANOS system may not fully
function.

— Install and tighten down VANOS control unit fastenars.

Tightening torques

VANQOS conirol unit to cylinder head
M6 nuts 10 Nm (89 in-Ib)
M8 bolts 22 Nm (17 ft-Ib)

— Press down on secondary timing chain tensicner and remove
lock toal.

4 Remove primary timing chain tensioner (arrow).

Al

5021317800

CAUTION—
Timing chain tensioner is under spring tension.

4 Install adjustable primary chain tensioner (BMW special tool

11 4 220) and preload timing chain by tightening to 1.3 Nm
(11 in-lb).

fFRemtlovPullizhois.com=All Riaghls Reseryes
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.. -Camshaft Timing Chain

4 Tighten exhaust camshaft sprocket mounting bolts (arrows)

alternaiely in two stages.

Tightening torques
Secondary timing chain sprockets to camshafis

Stage 1 5 Nm (44 in-lb)
Stage 2 22 Nm (17 {#t-Ib)

Remove crankshaft locking tool and camshaft locking tool
set.

Install camshaft gear bolt access plugs using new sealing
washers and tighten.

Remave timing chain tensioning tool from side of cylinder
head. Install primary chain tensioner with new sealing wash-
er and tighten.

Tightening torques
Access plugs to VANOS control unit 50 Nm (37 ft-1b}

Primary timing chain tensioner plug to 70 Nm (52 fi-th)
tensioner sleave

Check adjustment VANOS system, see VANOS timing,
checking and adjusting (M52 engine).

SRonlleyPublishars.com-All Righta Reserved

I HI




117-22
Camshafi Timing Chain

VANOS timing, checking and adjusting
(M52 engine)

NOTE —

= Special BMW service tools are required to remave and in-
stall the VANOS control unit. Read the procedure through
before starting the job.

e [f the camshafts are not properly timed, the pistons can
contact the valves.

— Disconnect negative () cable from battery.

CAUTION—

= Disconnecting the battery may erase fault code(s) stored in
controf module memory. Prior to disconnecting the battery,
check for fault codes using special BMW diagnostic equip-
ment.

= Prior to disconnecting the battery, read the battery dis-
connection cautions given in 001 General Cautions
and Warnings.

—  Remove viscous clutch cooling fan. See 170 Radiator and
Cooling System.

CAUTION—
The radiator cooling fan nut (32 mm wrench) has left-hand
threads.

< Remove engine trim covers:
o Pry out plastic irim caps {(arrows).
» Remove cover fasteners and covers.

4 Remove ignition cails:

1

= Disconnect ignition coil electrical harness connectors.
* Remove coil mounting fasteners and remove cails.
= Remove spark plugs.

NOTE -~
Make note of ignition coil ground sirap locations.

2
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4 Disconnect VANOS electrical harness connector (A} and oil
line fitting (B} from VANOS control unit.

NOTE —
Wrap the VANOS oil line fitting with a shop rag to absorb
leaking oil.

» Disconnect crankcase breather by squeezing at arrows.

— Remove cylinder cover mounting fasteners and remove
cylinder head cover.

NOTE —

The cvlinder head cover mounting bolt insulators and gas-
kets should be reinstalled in their original positions. Make
note of their arrangement during removal.

'< Remove oil baffle cover from intake camshait.

4 Secure crankshaft in TDC position with BMW special tool @~ -
11 2 300 (arrow).

L HenlteyPublishers.com—All Righta Reserved
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Camshaft Timing Chain ..

« Remove banjo bolt from VANOS unit oil feed line and install
BMW speciai tool 11 3 450.

NOTE —
Oil will drain from oil feed line.

— Connect compressed air line (with pressure set io 2-8 bar or
30-110 psi.) to air fitiing.

{ Measure gap (A) between secondary timing chain tensioner

and intake camshaft sensor wheel. Make note of distance.

< Connect cable test (BMW special tool 11 6 410) to VANOS
connector. Cennect positive clip to positive battery terminal.

— Connect negative clip to battery negative terminal.

CAUTION—
Reversing terminals on special tool will damage diode on
VANOS solenoid valve.

//“-\ (D il >
/'/"’—"‘\‘—\\ y &\ 1 502717544
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4 Measure gap (B) between secondary timing chain tensioner
and intake camshaft sensor wheel. Make note of distance.

— To determine VANOS conirol travel:
= Distance B — distance A = a minimum of 8.5 mm.

CAUTION—

if the adjustment fravel is less than 8.5 mm, the VANOS ad-
Jjustment unit must be removed and readjusted. See VANOS
control unit, removing (M52 engine) and VANQOS con-
trol unit, installing (M52 engine).

- m-~ (53 . — e »Taw| — Hemove special tools:
s Crankshaft locking tool.
* Camshaft locking tool set.
= Air fitting.
+ VANOS cable adaptor.

- Install VANOS oil line with new seal.

— Install oil baffle cover above intake camshaft.

- Install cylinder head cover mounting studs to rear of head.
— Install cylinder head cover.

Tightening torgues

Cylinder head cover 10 Nm (89 in-Ib)
VANQS oil line 32 Nm {24 #t-Ib)
VANOS solenoid to control unit 30 Nm (22 fi-Ib)

— Installation of remaining parts is reverse of removal.
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Camshaft Timing Chain

0013511

Timing chains, removing (M52 engine)

Camshaft timing chain removal on M52 engines requires en-
gine oil pan removal.

Special BMW service tools are needed for iiming chain re-
moval and insiallation procedures. The special tools assure
proper timing of the valvetrain. Precise marks to set the timing
on the camshafis are not provided for reassembly. Read the
procedures through before beginning the job.

NOTE —
If the camshafts are not properly timed, the pistons can con-
tact the valves.

Remoave VANOS control unit. See VANOS control unit, re-
moving (M52 engine).

Remove radiator cooling fan and shroud. See 170 Radiator
and Cooling System.

Drain cooling system. See 170 Radiator and Cooling Sys-
tem.

Remove coolant hoses from thermostat housing and remove
thermostat housing from front of cylinder head.

Loosen bolts for coolant pump pulley.

Remove drive belts for alternator and A/C comprassor. See
020 Maintenance.

Remove coolant pump pulley.

Remove drive belt tensioner mounting bolts (arrows) and re-
move tensioner from front of angine.

Remove engine speed sensor from lower timing chain cover.

2
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< With crankshaft at TDC position, remove vibration damper
bolts {arrows) and remove vibration damper.

502147501

{ Mount crankshaft holding toal (BMW special tool 11 2 150
and 11 2 410) to crankshaft hub. Counter hold crankshaft and
loosen crankshaft hub retaining bolt.

CAUTION—

Crankshaft hub retaining bolt is torqued to 410 Nm (300 f-Ib).
Do not use flywheel locking tool to hold crankshaft stationary
to loosen or tighten crankshaft hub center bolt. Use only the
special tools specified, or equivalent hub holding tool.

— Remove crankshaft hub.

— Remove cylinder cover mounting fasteners and remove cyl-
inder head cover. o

NOTE —

The cylinder head cover mounting bolt insulators and gas-
kets should be reinstalled in their original positions. Make
nofe of their arrangement during removal,

- Drain engine oil, remove oil pan. See 119 Lubrication Sys- :
tem. —

4 Remove primary timing chain tensioner {arrow).

CAUTION—
Timing chain tensioner is under spring tension.

— Remove VANGOS centrol unit. See VANOS control unit, re-
moving (M52 engine).

— Remove fasteners from intake and exhaust camshaft
sprocket.
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Camshaft Timing Chain .~

4 While pressing down on secondary timing chain tensioner

install lacking too! (BMW 11 3 292} or a similar pin.

NOTE—

Two types of secondary timing chain tensioners are used,
with either two holes (shown) or a single hole for the locking
pin tool.

Remove intake and exhaust sprockets together with
secondary chain.

Remove secondary timing chain tensioner bolts (arrows)
and remove tensioner.

Remove primary timing chain sprocket from exhaust
camshaft.

Remove sprocket and hang timing chain from end of exhaust
camshaft.

4 Remove secondary chain guide bolts (arrows) and remove

guide.

i
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.- Camshaft Timing Chain

‘( Remove lower timing chain cover to cylinder head belts
(arrows).

L_)/ h—— TR ~—~ / 4 Using a drift, drive two locating dowels (arrows) in lower
r ,-1 fiming cover toward rear of car.

! @ J

B |

4 Ramoave timing cover mounting balis (arrows;).

« Carefully slide cover with water pump forward to remove.

CAUTION—

¢ Use care when removing the cover from the cylinder head
gasket. If the cover is stuck, use a sharp knife 1o separate
it from the head gasket.

e If cylinder head gasket is damaged, remove cylinder
head and replace head gasket. See 113 Cylinder
head and valvetrain.

— Remove timing cover locating dowels by driving them
forward.

502117203

— Lift primary chain sprocket off crankshaft sprocket and
remove chain.

“BenlleyPublishers com-All Rights Reserved
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Timing chain, installing (M52 engine)

CAUTION-—

The procedure outlined below assumes that the camshafis
and the crankshaft are locked in the TDC position with BMW
spacial tools.

~  Inspect timing chain and sprockets and guide rails for wear.
Replace worn parts,

NOTE—
If any of the sprockets are being replaced due to wear, the
chain should also be replaced.

4 Install primary iiming chain to crankshaft sprocket and hang
on exhaust camshaft.

4' Apply a small bead of silicon sealer (Three Bond 1209 ® or
equivalent) to corners where timing cover meets cylinder
head (arrows).

y 502117204

2%
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4 Tap locating dowels into cover until they protrude 2 to 3 mm
from sealing suriace.

— Using new gaskets, install lower timing chain cover:
= Tap cover into position to engage doweis.

Install timing chain cover fasteners and tighten to 5 Nm (44
in-ib).

s Drive dowels in flush to front of cover.

= Tighten cover mounting bolts alternately and in stages.

o Install cylinder head to timing chain cover fasteners and
tighten.

502137380 Tightening torques

Lower timing chain cover to block
M7 15 Nm (11 {1
Me 20 Nm {15 ft-lb)

— Replace front crankshaft radial seal. See Crankshaft oil
seal, front, replacing {M52 engine).

— Install engine oil pan using a new gasket. See 119 Lubrica-
tion System.

4 Mount primary timing chain sprocket to primary chain so that
arrow on sprocket faces up. Mount sprocket to camshaft so
that tapped holes in camshatft are on left side of elongated
hoies in sprocket.

4 Install adjustable timing chain {ensioner (BMW special tool
11 4 220). Thread tool in finger tight until slack is removed
from chain.

NOTE —
BMW special tool 11 4 220 is an adjustable timing chain ten-
sioner that simulates the function of the hydraulic tensioner.

— Check that elongated holes in primary sprocket are centered —
to bolt holes in camshaft and chain is free of slack.

- Install secondary timing chain guide and secandary chain
tensioner. Tighten mounting bolts {tensioner remains locked
down).

tHenteyPublishers com~-All Rights Rosered
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Camshaft Timing Chain .

Tngge{‘ plate

Exhaust Drive

aﬁ' ' @ @% h
Spring plate

Intake Drive

2mm thrust washer
4mm thrust washer
502117068

/ 5
N \ Y 502117401

Install cylinder identification trigger plate fo front of intake
camshaft.

Install spacer to front of intake camshaft.
Instali secondary chain sprockets and chain as an assembly
so that arrows on sprockets are pointing up. Center mounting

holes in sprockets to bolt holes in camshaits.

Install thrust washers and spring plate to intake cam
spracket.

Tighien intake camshaft sprocket nuts.

Instalt VANOS controf unit, see VANOS control unit, instali-
ing {M52 engine),

Tightening torque

Intake camshaft sprocket nuts to studs
(Me) 10 £1 Nm (B9 £9 in-ib)

Unlock and release secondary chain tensioner.

Preload primary timing chaln by torguing adjustable primary
chain tensioner (BMW special tool 11 4 220) to 1.3 Nm

(11 in-Ib).

Tighten exhaust camshaft sprocket bolts in iwo stages.

Tightening torgue

Exhaust camshaft sprocket bolis (M7)
Stage 1 5 Nm (44 in-Ib)
Stage 2 22 Nm (17 ft-lb)

Remove crankshaft locking tool and camshaft locking tools,

Align hub with keyway and tap into piace. Insert new center
bolt with washer shoulder (arrow) facing hub.

CAUTION—
inspect woodruiff key for damage before instalfing hub.

Attach crankshaft holding tool (BMW special tools 11 2
150/11 2 410) to hub. Counterhold hub with tool while tight-
ening center bolt.

& BentleyPublishera.com-Al Hights Heserved

CAUTION—

Do not use flywheel locking toof to hold crankshaft stationary
to loosen or tighten crankshaft hub center bolt. Use only the
special tools specified, or equivalent hub holding tool.
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... .Camshaft Timing Chain

Tightening tarque

Vibration damper hub to crankshatt 410 Nm (300 ft-lb}

Install crankshaft hub and vibration damper while aligning
locating hole (arrow) in damper with dowel pin in hub.

Tightening torque

Vibration damper and puliey to
crankshaft hub 22 Nm (17 ft-lb)

502117381

Turn engine over by hand in direction of rotation at least two
full rotations. Reinstall camshaft and crankshaft locking tools
to recheck engine timing. Remove locking tools if no faulis
are found.

Remove BMW special toal 11 3 390 (dummy tensioner} from
side of cylinder head.

Install primary chain tensioner so that cutout in tensioner pis-
ton engages chain rail.

Tightening torque

Tirming chain tensioner to tensioner sleave 70 Nm (52 ft-Ib)

install cylinder head cover mounting studs, camshaft cover,
and cylinder head cover.

Tightening torgue

Cylinder head cover to cylinder head
M6 nut 10 Nm (89 in-Ib)
M8 bolt 22 Nm {17 ft-Ib})

Installation of remaining parts is reverse of removal, noting
the following:

o When installing thermostat, make sure arrow or vent hole
faces up, if applicable.

= Refill cooling system as described in 170 Radiator and
Cooling System.

= Fill engine with ol and install new oil filter as described in
020 Maintenance.

Tightening torque

Upper timing chain cover ta cylinder head

ME nut 10 Nm (89 in-Ib)
M8 boli 22 Nm (17 ft-Ib)
VANOS oil supply pipe to VANGS control
unit banjo bolt 32 Nm {24 {-Ib)
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Camshafi Timing Chain

DouBLE VANQOS SYSTEM
(M52 TU AND M54 ENGINES)

Double VANOS system function

The M52 TU and M54 6-cylinder engines are equipped with a
Double VANOS system that varies intake and exhaust cam-
shaft timing.

The main components of the Double VANOS system are:

= |ntake and exhaust camshafts with helical spline inserts.
« Camshaft sprockets with adjustable gears.

s VANOS actuators (two position piston housing with inter-
nal/fexternal helical spline cup).

¢ Three-way solenoid switching valves.
= Camshaft position impulse wheels.
= Hall effect camshatft position sensors.

Camshaft position is varied based on engine rpm, throttle po-
sition signal, intake air and coolant temperature.

Double VANOS
components
Impulse
wheel
ECM
Camshaft \

pasitian

W :\‘..\\‘\
LR
VANOS FRRNNA
actuator W }
TN y
Battery (+) TR — \lmpulss
terminal 15 G

@ wheel

A 2P0 Camshaft
position
KL 15 sensar
Qil
ECM tempreature
sensor

Solenoid
Solenocid
Engine

oll

supply 00210063
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ECM Piston out ‘f}
camshaft retarded Engine ECM

VANOS

deactivated gc Y\ Exhausl
s % s Tamshaft

Piston in camshaft = @ )}

adlvsagce gﬁf CBQQ{ ‘ﬁ ey

- Inlake
msilaﬂ

femp.
sensar

{ ‘ 1S N S
Ty NN

ol supply 0021053

VANOS

Piston out

camshaift relarded

camshaft

i,

) Intake
camshaf!
.L

s il
temp

activated  ECM ,‘, & \Exhaus:

Piston in

camshait advanced Q021084
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« When engine is started, camshafis are in deactivated

position:

* |ntake camshaft is held in RETARDED position by oil
pressure.

= Exhaust camshaft iz held in ADVANCED position by
preload spring and oil pressure.

Within 2 - 5 seconds (50 engine revolutions), the ECM bagins
monitoring and controlling camshaft positions.

The Double VANQS system allows full variability of camshait
timing up to the limits of the system. When the ECM detects
that the camshafts are in optimum position, the solenoids are
maodulated at approximately 100 - 220 Hz to maintain oll pres-
sure on both sides of the actuator pistons o maintain timing.

in models with DME MS 43.0 (model year 2001 and newer),
the engine control module (ECM) detects camshait position
before the engine siarts, thereby adjusting camshatft timing

immediately upon start-up.

NOTE —

* VANOS system troubleshooting and diagnostics is best
accomplished using a scan tool.

= Diagnostic Trouble Codes (DTCs) pertaining to the
VANOS system are listed in the following table. See also
OBD On-Board Diagnostics.

= FElevated oil temperatures can cause VANQS to deactivate.
Oif that is too thick {high viscosity} may cause a DTC to be
set in the ECM. If VANOS is deactivated (limp-home
maode), there will be a noticeable loss of power.

VANOS fauli codes

BMW code P-code Fault description

19 P1529 VANQOS solenoid valve activation,
exhaust

21 P1525 VANOS solenoid valve activation,
intake

103 P1519 VANQS faully reference value
intake

104 P1520 VANOS fauilly reference value
exhaust

105 Pi522 VANOS stuck (Bank 1) intake

106 P1523 VANQOS stuck (Bank 2) exhaust
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Double VANOS control unit

Bolt M6

2. Exhaustcamshaft position
sensor

Sealing ring

Camshaft end sealing plug

~tighten to 50 Nm (37 ft-Ib)
5. Camshafi seal cap

6. VANOS hydraulic piston set
screw -CAUTION: left hand
thread -tighten to 10 Nm

(89 in-Ib)
7. Nut M7 -tightento 14 Nm
\ (10 ft-Ib)
\ E) 8. Engine lifting hook
’ " Stud M7
10. Nut M6 -tighten to 10 Nm
{89 Ib-in)
11. Gasket

12, Cylinder head

13. Sealingring

14. intake camshaft sensor
15. Bolt M6

16. VANOS control unit

17. Copper sealing ring

18. VANOS oil feed line

19. Banjo bolt -tighten to 32 Nm '}
(24 1t-1b) -

I

,,,,,
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.Camshaft Timing Chain

i

502117069

VANOQOS control unit, removing
(M52 TU and M54 engines)

This procedure includes removal of the Double VANQOS con-
trol unit.

NOTE —

if the Double VANQOS control unit is being replaced, camshaft
timing must be checked. This procedure requires multiple
special tools. Be sure to read the procedures through before
beginning the repair.

Working inside luggage compartment, disconnect negative
() battery cable.

CAUTION—

Prior o disconnecting the battery, read the battery discon-
nection cautions given in 001 General Cautions and
Warnings.

Remove engine cooling fan assembly. See 170 Radiator
and Cooling System.

Remove engine trim covers,
= Pry out plastic trim caps (arrows).
» Remove cover fasteners, oil filler cap, and covers.

4 Remove ignition coils:

= Disconnect ignition coil electrical harness connectors.
s Remove coil mounting fasteners and coils.

NOTE —
Make note of ignition coil ground sirap locations.

Remove spark plugs.
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Camshaft Timing Chain

4 Disconnect electrical harness connector (A}, ol ling fitting
(B), and crankcase vent tube (squeeze at arrows).

NOTE—
Qil will drain from VANQOS unit fitting. Use shop rags to keep
oil off drive belis.

-~ Remove cyiinder head cover fasieners, and caver.

{ Remove oil haffle cover from intake camshaft.

« Disconnect electrical connections from exhaust camshaft po-
sition sensor and VANOS control valve (arrows).

4 Using banjo bolt from VANOS control unit ail line, insiall test
fitting (BMW special tool 11 3 450) to VANOS control unit.
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4 Caver oil hole in VANOS control unit {arrow) with shop towel
to capture oil which will spray when compressed air line is
connected.

- Connect compressed air line to air fitting. Apply air pressure
setio 2 - 8 bar {30 - 110 psi).

{ With compressed air line connected, turn engine clockwise
using crankshaft center bolt at least two rotations, until cylin-
der 1 is at (TDC) position (intake and exhaust camshaft lobes
as shown arrows).

CAUTION—

Do not rotate engine counterclockwise to reach the top dead
center position. Instead, complete another two complete
rotations.

4 Remove sealing plug from bore under starter. Lock crank-
shaft in TDC position with BMW special tool 11 2 300
(arrow).

4 Unscrew and remove threaded studs (arrows) at rear of
cylinder head.

fHanlloyPublishers com=-Al Righls Resened
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< Secure camshafts in TDC position using BMW special tool
set 11 3 240.

— Disconnect compressed air line, leaving compressed air fit-
ting attached to VANOS control unit.

NOTE —
Qil will drain from pressure line. Have a container and rags
ready.

Unscrew sealing plugs from VANOS control unit (arrows).

NOTE —
Oil will drain from sealing plug bores. Have a confainer and
rags ready.

Pull sealing caps straight out of VANOS control unit with
BMW special tool 11 6 170, or with short nose pliers.

NOTE —
Additional oif may drain from VANOS control unit.

Remove set screws (left-hand thread) on ends of intake and =
exhaust camshafis.

NOTE —
Set screws have left hand threads. Remove with a clockwise
motion.

S 5 TN
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4 Remove VANQOS unit:
* Hemove fasteners from engine support eye.

¢ Remove VANGOS mounting nuts (arrows) from cylinder
head. Slide VANOS control unit and metal gasket off.

NOTE —

¢ The VANQS conirof unit will contain residual oil. Place
shop towels benealh adjustment unit when removing.

» Ifthe VANOS control unitis replaced, or if repair operations
are completed that may change camshaft timing, the cam-
shaft timing must be checked as described in VANOS tim-
ing, checking and adjusting (M52 TU and M54
engines).

CAUTION—
Do not crank the engine with VANOS unit removed,
Piston/vaive inferference may resul.

VANOS control unit, installing
(M52 TU and M54 engines)

4 Clean contact edges of cylinder head face and double
VANOS control unit and apply a thin coat of sealing com-
pound (Three Bond 1209 @& or eguivalent) to surfaces.

CAUTION—

¢ Make sure all gasket material is removed from face of
cylinder head. Clean sealing face and keep free of ofl.

= Check locating dowel (A} and dowel sleeve {B) at top of
cylinder head for damage or incorrect installation.

NOTE -~

¢« If the Double VANOS control unit is being replaced, be
sure to check and adjust camshatft timing, see VANOS
timing, checking and adjusting (M52 TU and M54 en-
gines). ;

 If work being carried out has no effect on camshatft timing, -
it Is not necessary to rechack the fiming. It is recommend- :
ed, however, that the VANOS operation be checked using
a compatible scan tool once the engine is running. —
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— Using new gasket, install VANOS control unit to cylinder
head.

= Reinstall engine support eye.

Tightening torques

VANGS control unit to cylinder head
M6 nut 10 Nm {89 in-lb)
M7 nut 14 Nm {10 fi-ib}

Inseri and tighien VANOS hydraulic piston set screws on
intake and exhaust camshafts.

CAUTION—
Set screws have left hand thread. Tighten counterclockwise.

Tightening torque

Hydraulic piston to splined shait 10 Nm (89 in-Ib)
(set screw)

Replace sealing caps inside VANOS control unit with BMW
special tool 11 6 170, or short flat nosed pliers.

Insert and secure VANOS sealing plugs (arrows), using new
sealing O-rings.

Tightening torque
Sealing plug to VANOS contrel unit 50 Nm (37 ft-Ib)

Remove compressed air fitting from VANOS contro! unit.

Fit VANOS oil line banjo bolt with new seals. Attach oil line to
VANOS control unit.

Tightening torque
Ol line to VANOS control unit (banjo bokt) 32 Nm (24 ft-Ib)
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_ - ‘Camshaft Timing Chain

— Connect electrical harness connectors to camshaft position
sensors and VANOS solenoid valves.

— Remove BMW special locking tools from rear of cylinder
head.

— Remove crankshaft locking tool and replace sealing plug.

« Install intake camshaft baffle and cylinder head cover.

= Check for correct seating of half-moon seals (A) in back of
cylinder head cover.

= Use a small amount of Three Bond 1209 ® or equivalent
sealant at corners (B) of hali~moon cutouts.

= Similarly, seat gasket and seal corners in front of cylinder
head, at VANOS control unit.

Tightening torque
Cylinder head cover to cylinder head (M&) 10 Nm (89 in-Ib}

~  Bemainder of installation is reverse of removal.

Tightening torques

Radiator fan (viscous clutch) to
coolant pump 40 Nm {30 ft-Ib)

Spark ptug to cylinder head 25 Nm (18 ft-lb)

VANQOS timing, checking and adjusting
(M52 TU and M54 engines)

Use this procedure to check and, if necessary, adjust cam-
shaft timing. This procedure assumes that the cylinder head
cover and intake camshalft plastic baffle have been removed.
Alsa, be sure the cooling fan and the spark plugs have been
removed.

4 Remove primary camshaft chain tensioner cylinder (arrow).

CAUTION—
Primary camshaft chain tensioning piston s under spring i
pressure. —
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Camshaft Timing Chain
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4 Inseri BMW special tool 11 4 220 in cylinder head and bring

adjustment screw into contact with tensioning rail.

NOTE —
BMW special tool 11 4 220 is an adjustable primary chain
tensioner that simulates the function of the tensioner.

Preload primary chain tensioner raik:
« Tighten adjusting screw on BMW special tool 11 4 220.

Tightening {orque

Primary chain tensioner preload 0.7 Nm (6 in-Ib})

Unscrew oil pressure pipe from VANOS control unil. Remove
banjo bolt from oil pressure line and install BMW special tool
11 3 450.

CAUTION—

Cover top of VANOS controf unit with lint-free shop cloth. Al-
tachment of compressed air line will force oil to spray out of
bore.

P YIY . TR NP - 28

Connect compressed air line 1o air fitting. Apply air pressiire
setto 2 - 8 bar (30 - 110 psi).
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4 With compressed air line connected, turn engine at least
twice in direction of rotation until cylinder 1 intake and ex-
haust camshaft lobes (arrows) face each other.

CAUTION—

Do not rotate engine counterciockwise to reach the top dead
center pasition. Instead, complete another two complete ro-
tations.

4 Remove sealing plug from bore at bellhousing. Secure crank-
shaft in TDC position with BMW special tool 11 2 300 (ar-
row).

- Remove cylinder head cover studs at rear of cylinder head.

Place BMW special tool 11 3 240 over camshafis ends and
measure clearance of tool to cylinder head surface.

NOTE —
e [fthe exhaust side of the tool (A) is not flush with the head,
adjust camshatft timing as described below.

= Due to flexible sprocket design and VANOS control unit tol-
erances and play, the intake side of special fool 11 3 240
(B) may be up to 1 mm (0.04 in) above the surface of the
cylinder head. This is normal. Reassemble engine. Other-
wise, adfust camshatft timing as described below.

Remove double VANOS control unit. See VANQS control
unit, removing (M52 TU and M54 engines).

Press down on secondary chain tensioner and lock into place
using BMW special tool 11 3 292 or equivalent pin or drift.

HI
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Camshaft Timing Chain _

« Loosen intake camshaft sprocket mounting nuts (arrows) by
1 turn.

< Loosen exhaust camshaft sprocket mounting bolts:

e Release bolts (A} 1/2 turn
° Release nuts (B) 2 turns

< Pull out intake camshaft splined shaft out approx. 1 mm
(0.04 in) of splines (arrows) can be seen.
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4 Pull out exhaust camshaft splined shait to stop.

— Make sure camshafts are secured in TDC position using
BMW special tools 17 3 240 and 11 3 244,

4 Preload primary chain tensioning rail:
» Tighten adjusting screw on BMW special tool 11 4 220.

Tightening torque

Primary chain tensioner preload 0.7 Nm (6 in-1)

4 Preload exhaust camshaft spring plate by pressing on im-
pulse wheel. Tighten mounting nuts (arrows) by hand. Do
not tighten fully.

e

“BenlleyPublishers.com~All Righta Reaoved



117-48

4 Install BMW special tool 11 6 150 (VANOS setup bracket) fo
front of cylinder head timing case. Tighten nuts (arrows) by
hand, and then tighten down uniformly until special tool is in
full contact with cylinder head.

CAUTION—
Make sure alf gasket material is removed from face of cylin-
der head. Clean sealing face and keep free of oil.

4 Secure camshaft impulse sprockets and wheels:

= Pretighten Torx screws (A) on exhaust camshaft impulse
wheel to approx. 5 Nm {44 in-Ib}.

= Pretighten mounting nuts (B) on exhaust and intake
sprocket assemblies to approx. 5 Nm (44 in-Ib}.

= Torgque down Torx screws {A) and nuts {B) to final
specifications.

Tightening torques

Sprocket assembly to camshait

initial torque 5 Nm {44 in-1b)
Sprocket assemnbly to camshatft
M7 Torx screw (A) 20 Nrn (15 ft-Ib)
M6 mounting nut'(B) 10 Nm (89 in-lb)

Remove flywheel locking tocl from fransmission bellthousing
s0 that crankshaft is no longer locked.

— Remove camshaft locking tools from rear of cylinder head.
— Crank engine over twice by hand in direction of rotation until
cylinder 1 intake and exhaust camshatft lobes face each other

again.

- Secure crankshaft with BMW special tool 11 2 300.

4 Place BMW special tool 11 3 240 over camshaft ends and
measure clearance of tool to cylinder head surface.

NOTE—

= |f the exhaust side of the tool (A) is not flush with the head,
camshalt timing is incorrect. Repeat camshalt timing pro-
cedure.

= Due to flexible sprocket design and VANQGS control unit tol-
erances and play, the intake side of special tool 11 3 240
{B) ray be up to 1 mm (0.04 in) above the surface of the
cylinder head, This is normal. Otherwise, repeat camshaft
fiming procedure.
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Remove camshaft locking tools from rear of camshaits.

Rermove BMW special tool 11 4 220 (adjustable primary
chain tensioner). Reinstall primary chain tensioner.

Tightening torgue

Primary chain tensioner to cylinder head 70 Nm (52 ft-1b)

Remove crankshaft locking tool from transmission belihous-
ing. Reinstall sealing plug.

Remove VANOS setup bracket from front of cylinder head.
Install VANOS control unit as described earlier in this group.

Remove compressed air fitting (BMW special tool 11 3 450)
from VANOS control unit,

Fit VANOS ail fine banjo bolt with new seals. Attach il line to
VANOS control unit.

Tightening torque
Oil line to VANCS control unit {banjo bolt) 32 Nm (24 fi-Ib)

Remainder of installation is reverse of removal, noting the fol-
lowing:
o Install spark plugs.

= |nstalt intake camshaft plastic baffle prior to installing cylin-
der head cover. Install ignition coil packs and connect elec-
trical harness connectors.

e |nstall radiator cooling fan.
 Install air filier housing and top engine cover.

Tightening torque

Radiator cooling fan {viscous clutch) to 40 Nm (30 ft-Ib)
coolant pump

Cylinder head cover to cylinder head 10 Nm (89 in-Ib)
Spark plug ta cylinder head 25 Nm (18 ft-Ib)
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Camshaft Timing Chain
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Timing chains assembly
(M52 TU and M54 engines)
Impulse wheel mounting nut
Camshaft impulse wheel (exh.)
Spring plate
Thrust spacer (T = 3.5 mm)

1.

2.

3

4

5. Primary chain tensioner
6. Torx screw

7. Exhaust secondary sprocket
8. Splined shaft

9. Secondary timing chain

10. Splined sleeve

11. Primary sprocket

12. Threaded stud

13. Secondary chain tensioner
14. Sprocket mounting nut

15. Spring plate

16. Splined shait

17. Intake camshaft sprocket

18. Secondary chain lower guide
19. Thrust spacer

20. Camshaft impulse wheel
(intake)

21. Chain tensioner rail
22. Crankshaft sprocket
23. Threaded stud

24. Primary chain

25. Threaded stud

26. Guide rail

27. Threaded stud

28. Woodruff key

%
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Timing chains, removing
(M52 TU and M54 engines)

Camshaft timing chain removal requires that the oil pan be re-
moved. See 119 Lubrication System. Also required is re-
moval of the VANOS control unit and disassembily of the
intake and exhaust camshaft sprocket assemblies as de-
scribed earlier in this repair group.

Special BMW service tools are needed for timing chain re-
moval and installation. The special tools assure proper timing
of the valvetrain. Precise marks to set the timing on the cam-
shafts are not provided for reassembly. Read the procedures
through before beginning the job.

CAUTION—
If the camshatts are not properly timed, the pistons can con-
tact the valves.

— Disconnect negative (-} cable from battery.

CAUTION—

¢ Disconnecting the battery may erase fault code(s) stored in
control module mermory. Checl for fault codes using spe-
cial BMW diagnostic equipment.

= Prior to disconnecting the battery, read the battery dis-
connection cautions given in 001 General Cautions

— Remove VANOS control unit. See VANOS control unit, re-
moving (M52 TU and M54 engines).

< Remove sealing plug from crankcase below startier and se-
cure crankshaft with BMW special tool 11 2 300,

— Drain engine cooling system. See 170 Radiator and Cool-
ing System.

— Remove belt driven cooling fan, fan shroud, and thermostat
housing. See 170 Radiator and Cooling System.

— Remove drive belts. See 020 Maintenance.

NOTE—
Mark direction of belt rotation if reusing belt.

— Remove waler pump pulley fasteners and pulley.

- Drain engine oil and remove oil pan as described in 119
L.ubrication System.
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4 Remaove primary camshaft chain tensioner (arrow) from tim-
ing chain cover.

CAUTION—
Primary camshaft chain tensioning piston is under spring
pressure.

4 Press down on secondary chaintensioner and lock into place
using BMW special tool 11 3 292 or a similar size wire.

3 « Remove exhaust camshaft impulse wheel mounting nuts {ar-
rows). Remove impulse wheel {A).

4 Remove spring plate (A).

28
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~“Camshaft Timing Chain

« Remove intake camshaft sprocket mounting nuts (arrows)
and remove spring plate (labelled FRONT).

4 Remove torx screws from exhaust camshait sprocket
{arrows).

4 Liit off exhaust and intake sprockets with secondary chain,
thrust spacer (A) and splined shait (B). '

CAUTION—

Splined shafts for both intake and exhaust camshafts share
the same part number. Remove and mark used spfined
shafts in order to reinstall in original locations.

< Remove exhaust camshaft spfined sleeve (A) and shaft (B).
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Camshaft Timing Chain

4 Remove secondary chain tensioner mounting bolis (ar-
rows). Remove tensioner while keeping locking pin in place.

4 Remove primary chain sprocket mounting studs (arrows) on
exhaust camshafi,

4 Lift primary chain sprocket off exhaust camshaft. Hemove
sprocket from chain.

T
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« Set timing chain on exhaust camshatt end.

4 Working in cylinder head cavity, remove timing chain cover
bolts (arrows).

4 Remove secondary chain lower guide bolts (arrows). Re-
move chain guide.

NOTE— :
Bolt on intake camshalt side is long and exiends into timing -
chain cover.

— Remove crankshaft locking tool from transmission bellhous-
ing.

1
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Camshaft Timing Chain =~~~

4 [nstall crankshaft holding tool {(BMW special tool 11 8 180/11
8 200). Make sure cut outs in tool engages openings in
damper assembly. While counterholding crankshaft with
special tool, remove crankshait center bolt (A).

CAUTION—

Do not use flywheel locking tool to hold crankshatt stationary
fo loosen or tighten crankshaft hiub center bolt. Use only the
special tools specified, or equivalent hub holding tool.

NOTE —
The crankshart hub center bolt is tightened to a torque of 410
Nm (300 ft-Ib).

118190

Install crankshaft damper puller (BMW special tool 11 8 210)
to 11 8 200. and (A) remove damper from crankshaft.

CAUTION—

The crankshaft must not be allowed to rotaie when the timing
chains are loosened or removed. The pistons can contact the
valves. Use appropriate crankshaft holding tool when loosen-

ing crankshaft hub center bolt.

Using a drift of less than 5 mm diameter, drive two locating
dowels in left and right sides of lower timing chain cover to-
ward engine. Remove cover mounting bolts (arrows} and
carefully lift cover off.

CAUTION—

« Lise care when removing the cover from the cyfinder head
gasket. If the cover is stuck, use a sharp knife to separate
it frorn the head gasket.

¢ [f cylinder head gasket is damaged, remove cylinder
head and replace head gasket. See 113 Cylinder
head and valvetrain.

502117203

NOTE—

= The chain cover can be removead with the coolant pump in-
stalfed.

= Use care when removing the cover from the coofant pipe
at rear.

- Push primary chain tensioner guide rail aside and ramove
chain.
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~ Camshait Timing Chain

Primary timing

chain assembly

oo21085
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Timing chains, installing
(M52 TU and M54 engines)

CAUTION—

The procedure outlined below assumes that the camshafts
are locked in the TDC installation position with special locking
tools as shown earfier.

Inspect tfiming chain sprockets. Inspect guide rall and ten-
sicner rail for damage. Replace any part that is worn or dam-
aged.

NOTE—
If any sprockets are being replaced due to wear, the chain
should also be replaced.

Primary timing chain assembly

Primary chain tensioner
Chain tensianer rail
Crankshaft sprocket
Exhaust camshaft sprocket
Primary chain

Anchor bolt

Guide rail

Anchor bolt

Woodruff key

e T A L S A

Install primary timing chain to erankshaft sprocket and hang
upper end from exhaust camshaft.

If necessary, replace crankshaft radial seal in cover, See
Crankshaft oil seal, replacing (M52 TU and M54 engines).

I
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Camshaft Timing Chain

To install lower timing case cover:

= Clean cover and cylinder block sealing suriaces.

» Use new gaskets and coolant pipe O-ring.

« Remove timing chain cover dowel pins from engine block.

¢ Drive timing cover dowels in until they just protrude slightly
from sealing surface.

s Apply a small bead of silicon sealer (Three Bond 1209 ®
or equivalent) to corners of cylinder head where timing
cover meets cylinder head and engine block.

= Tap cover into position until firmly seated.

« |nstall all bolts hand tight, including two Torx bolts from
above.

» Install secondary chain lower guide.
» Tighten cover mounting bolts alternately and in stages.

Tightening forque

Lower timing cover to cylinder block (M6) 10 Nm (89 in-Ib)

Install oif pan with new gasket. See 119 Lubrication Sys-
tem.

Tightening torque

Qil pan to engine block (MG)
8.8 grade 10 Nm (89 in-ib)
10.9 grade 12 Nm (9 ft-Ib)

Align damper assembly with keyway and tap into place. In-
sert new center bolt with washer,

CAUTION—
Inspect woodruff key for damage before installing hub
assembly,

Attach special tools 11 8 200/11 8 190 to damper assembly.
Counterhold damper with 11 8 180 while tightening center
boli.

CAUTION—

+ Do not use BMW special ool 11 2 300 to hold crankshaft p—
stationary to tighten crankshaft hub center bolt. Use only
the special tools specified, or equivalent hub holding toal.

s Have a second person hold special tool 11 8 190 while
tightening center crankshaft bolt.

Tightening torgque —

Crankshalfi hub to crankshaft 410 Nm (300 fi-Ib)
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- “Camshaft Timing Chain

<
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Remove BMW special tool 11 2 300.

Fit top sprocket to primary timing chain and install on exhaust
camshaft so that pointer (arrow) on sprocket lines up with
cylinder head sealing surface.

Pasition sprocket so that chain slack is on tensioner rail side.

Insert BMW special toal 11 4 220.in.cylinder head and screw
in adjustment screw by hand just until it contacts tensioning
rail and chain slack is removed.

NOTE —
BMW special tool 11 4 220 js an adjustable primary chain
tensioner that simulates the function of the tensioner.

Make sure arrow on top primary sprocket is still lined up with
upper edge of cylinder head. Reposition sprocket if neces-
sary.
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4 Install and fighten down threaded locating studs (arrows} in
end of exhaust camshaft.

Tightening torgque
Exhaust camshatft locating stud 20 Nm (15 ft-Ib)

4 Instali secondary chain tensioner on cylinder head.

= Make sure tensioner is [ocked in compressed position as
described earlier.

4 Fit exhaust camshaft splined slesve, aligning gap in sleeve
splines with corresponding gap on camshaft splines
(arrows).

T
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- Camshaft Timing Chain

4 Slide splined shait onio exhaust camshaft, aligning larger
tooth with corresponding gap of splined sleeve (arrows).

* Slide splined shaft in further until 3 small or elongated slots
in splined sleeve are centered to 3 threaded holes in
sprocket.

« Place intake and exhaust sprockets in BMW special tool 11 6
180. Position spline gap on intake sprocket (arrow) as shown
and place secondary chain on sprockets.

T p021821

« Carefully ramove chain and sprockets from tool and slide
onto camshafts, Align gap in intake sprocket splines with cor-
respaonding gap in camshaft splines (arrow).

Do not after position of sprockets with respect to chain when
removing from special tool 11 6 180.

4 Slide spiined shaft onto intake camshaft untit approx. 1 mm
{0.04 in.) of splines can still be seen, (-
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« install intake camshaft spring plate so that FRONT mark is
visible. Instalt mounting nuts (arrows) finger tight.

{ Working at exhaust side, insert sprocket mounting Torx
screws into threaded holes (arrows).

¢ Initially tighten screws to approx. 5 Nm (44 in-lb}, then back
off one-half turn.

« Fit thrust spacer {A) on exhaust camshaft.
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4 Install spring plate (A) to exhaust camshaft, Make sure that
F mark is visible.

NOTE —
If F mark is no longer visible, install spring plate as shown.

« Install exhaust camshaft impulse wheel, aligning mark (B)
with top edge of cylinder head (A). Instali mounting nuts (ar-
rows) finger tight.

( Pult out exhaust splined shait until it stops.

—  Press down on secondary chain tensioner and remove ten-
sioner lock-down tool.
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« Preload primary chain:

« Tighten adjusting screw on BMW special tool 11 4220 to
specified torgue.

Tightening torgue

Primary chain tensioner preload 0.7 Nm {8 in-Ib}

4 Preload exhaust camshaft spring plate by pressing on im-
pulse wheel while tightening mounting nuts {arrows} finger
tight.

4 Install BMW special tool 11 6 150 (VANOS setup bracket) to
front of cylinder head timing case.

« Tighten tool mounting nuts {arrows) by hand, then tighten
down uniformly until special tool Is firmly contacting cylin-
der head.

CAUTION~
Male sure all gasket material is removed from face of cylin-
der head. Clean sealing face and keep free of oil.

,,,,,
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o0t Camshaft Timing Chain

< Secure camshaft sprockets and impulse wheels:

* Tighten mounting screws (A) on exhaust camshaftimpulse
wheel fo approx. 5 Nm {44 in-[b}.

= Tighten mounting nuts (B) on exhaust and intake sprocket
assemblies to approx. 5 Nm (44 in-Ib).

= Torque down mounting screws (A) and nuts (B) to final
specifications.

Tightening forques

Sprocket assembly to camshaft

initial torque 5 Nm (44 in-Ib}
Sprocket assembly to camshaft
M7 Torx screw (A) 20 Nm {15 ft-lb)
WME mounting nut (B) 10 Nm {89 in-lb)

— Remove flywheel locking tool from transmission bellhousing
so that crankshait is no longer secured.

— Hemove camshaft locking tools from rear of camshaits,

Crarik engine over by hand twice in direction of rotation until
cylinder 1 intake and exhaust camshaft lobes (arrows) face a
each other.

Secure crankshatft in TDC position with BMW special ool 4
112 300.

Place BMW special tool 11 3 240 over camshaft ends and
measure clearance of tool to cylinder head surface.

NOTE— L

¢ [fthe exhaust side of the tool is not flush with the head (gap
A), retime the camshalts as described later in this repair ~ —
group,

* Due to flexible sprocket design and VANOS controf unit tol- P
erances and play, the intake side of special tool 11 3 240 -
may be up to 1 mm (0.04 in) above the surface of the cyl- o—
inder head (gap B). This is normal. Otherwise, refime the
camshalfts as described in VANOS timing, checking and
adjusting (M52 TU and M54 engines).

— Remove VANOS setup bracket from front of eylinder head. L __

— Install VANOS control unit. See VANOS control unit, in-
stalling (M52 TU and M54 engines).

— Install intake camshatft oit haffle,
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Camshaft Timing Chain -

4 [nstall cylinder head cover:

= Check for correct seating of half-moon seals (A) in back of
cylinder head cover.

* Use a small amount of Three Bond 1209 ® or equivalent
sealant at corners (B) of half-moon cutouts. Seal corners
in froni of cylinder head at VANOS control unit.

Tightening torque

Cylinder head cover to cylinder head 10 Nm (89 in-lb}

Hemainder of reassembly is reverse of removal, noting the
following:

« Secure all coolant hoses, thermostat housing, engine cool-
ant drains.

s+ Install new engine ail filter and cil. See 119 Lubrication
System,

« Refill and bleed cooling system as described in 170 Radi-
ator and Cooling system.

« lse scan tool to check VANCS operation with engine
idling.

Tightening torques

Coaolant drain plug to cylinder black 25 Nm (18 ft-ib}
Radiator cooling fan {viscous clutch)

{0 coolant purmnp 40 Nm (30 ft-ib}
Radiator drain.screw to radiator 2.5 Nm (22 in-ib}
Vibration damper hub to crankshaft 410 Nm (300 ft-Ib)

TiMING CHAIN
(M62 ENGINE TO 9/1998)

Timing chains, removing
(M62 engine to 9/1998)

Camshalft timing chain removal requires that the engine oll
pan be remaoved.

Special BMW service tools are needed for timing chain re-
moval and installation procedures. The special tooks assure
proper fiming of the valvetrain. Precise marks to set the timing
on the camshaits are not provided for reassembly. Read the
procedures through before beginning the job.

CAUTION—

Special BMVV service tools are needed for this procedure.
Read the procedure through before beginning the job. If the
camshafis are not properly timed, the pistons can contact the
valves,

e
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— Disconnect negative cable (-) from battery.

CAUTION—

Prior to disconnecting the battery, read the baitery discon-
nection cautions given in 001 General Cautions and
Warnings.

4 Removing top and side engine covers:

» Press down on locking pins (arrows) to release locks, Lift
intake manifold cover straight up to remove.

* Pry out caps from side covers.
» Remove fasteners and covers,

NOTE —
Some early models use pry out irim caps and fasteners fo
hold the top cover in place.

* Disconnect electrical harness connectors at ignition coils
(A).

= Remove left and right side ignition coil mounting fasteners
and calls.

NOTE —
Make note of location of ground strap (arrow).

* Hemove spark plugs.

— Hemove paositive (+} terminal cable from ieft cylinder head
cover.

— Unbolt left and right side cable ducts from fuel rail.

Remaove air filter housing and mass air flow sensor:

o Disconnect mass air flow sensor and intake air tempera-
ture sensor electrical harnesses (A and B).

= Remove air filter housing mounting fastener (arrow).
= Loosen intake hose clamp {C).

=« Remove air filter housing with mass air sensor and intake e
duct from throttle body assembly.
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Camshaft Tin

4 Remove left and right side ignition coils and spark plugs:

— Remove positive {+) terminai cable from left cylinder head
cover.

—  Unbolt left and right side cable ducts from fuet rail.

< Disconnect fuel injector electrical connectors:

= Pry corner of wire lock clip to release connector from injec-
tor (arrow).

« Repeat for all injectors.
o Lift off wiring ducts.

4 Remove Fasteners {arrow) from left and right cylinder head
cover fasteners and remove cavers.

T

T B



117-69

. Camshaft Timing Chain

4 Remove qil lines from camshaft supports (arrows).

— Remove radiator cooling fan and fan shroud. See 170 Radi-
ator and Cooling System.

NOTE —
The radiator cooling fan nut (32 mm wrench) has left-hand
threads.

— Remove engine drive beits alternator and A/C compressor.
See 020 Maintenance.

4 Remove vibration damper bolts {(arrows) and remove
damper. '

502117111

4&' Mount BMW special tool 11 2 450 to crankshaft hub while
aligning damper locator pin with hole {arrow) in special tool.

CAUTION—
Crankshalt center bolt is torqued fo 410 Nm (300 fi-Ib} use
BMW special tool 11 2 450 to secure crankshaft when remov-

ing center bolt.

— Loosen and remove crankshait center bolt.

& BenlleyPublishems.com~-All Rights Reserved
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Camshaft Timing Chain =

< Using speciai tool 11 2 450, rotate engine clockwise to TDC
with number one cylinder cam lobes facing each other {ar-
rows) as shown,.

4 Lock crankshaft in TDC position with BMW special tool 11 3
200 (arrow),

— Remove BMW special tool 11 2 450 and remove hub.
~ Hemove Upper engine oil pan. See 119 Lubrication.
— HRemove alternator. See 121 Battery, Starter, Alternator,

— Remove retaining bolt for oil dipstick tube from upper timing
502113511 chain cover on right side.

- Remove camshaft position sensor from right upper timing
chain cover.

4 Remove right upper timing chain cover:
= Remove chain tensioner (A).

CAUTION—
Tensioner is under spring lension. Release slowly.

» Release fasteners (arrows) and remove cover.

LHenioyPublishois.com~AH Rinhls Recerved
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‘Camshaft Timing Chain

502116480

4 Remaove Automatic Stability Control (ASC) throttle body:
= Disconnect electrical harness from throttle position sensor.
= Disconnect ASC actuator cable (arrow).
= Remove 3 mounting fasteners and remove throttle body.

4 Disconnect fuel tank vent valve line and cap off line (arrow).

-« Drain engine coolant and remove hoses from thermostat

housing. See 170 Radiator and Cooling System.

~ Remove water pump and thermostat housing. See 170 Ra-

diator and Cooling System.

— Remove left side upper timing chain cover retaining bolts and

remove cover,

4 Counter hold right intake camshait.

CAUTION—

Counter hold camshalt with a 27 mm open-end wrench while
loosening sprocket bolts. Grind wrench if necessary to pre-
vent damage to head.

EBenttoyPublishers.com-All Rights Roserved
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112 442
112 443
11 2444
112 446

11 2 441
112443
11 2444
11 2 445

502113681

< Working at right side cylinder head loosen intake camshaft

sprocket bolts (arrows).

4 Secure left and right side camshafts in TDC position:

¢ Use BMW special tool set 11 2 440.

= If necessary, turn camshaft so that special tools are
squarely seated on cylinder head.

« Working at left cylinder head loosen intake camshaft

sprocket bolts (arrows).

CAUTION—
Counter hold camshalit with a 27 mm cpen-end wrench while
loosening sprocket bolts. Grind wrench if necessary to pre-

vent damage to head,

Remove BMW special tool 11 2 300 from crankshaft locking
tool bore.

S HenieyFublishem.cam~All Rights Reserved
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-~ Camshaft Timing Chain

4 Secure right side timing chain and guide rails together with a
plastic wire ties (arrow).

4 Remove lower timing chain cover bolts (arrows) and cover.

-~ Remaove wire ties supporting guide rails,

| < Remove sprocket from i'riték'e' caméhafts énd refnové timing
chain.

= If necessary, remove tensioning rail (A), reversing rail (B),
and guide rail {C) to remove timing chain.
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Camshaft Timing Chain

Timing chains, installing
(M62 engine to 9/1998)

: < The procedure outlined below assumes that the camshafts
Cylinders 144 are locked in the TDC installation position with special lock-
E L ing tools as shown earlier.

112442
112443
112444
112 446

112441 1]
112 443
112 444
112 445

(02117 957

4 Inspect timing chain sprockets and chain. Inspect guide rail
and tensioner rail {arrows) for grooves caused by chain con-
tact. Replace any part that is worn or damaged.

NOTE—

If any sprockets are being replaced due to wear, the chain
should also be replaced. If the crankshalt sprocket requires
replacement, the oil pump drive sprocket and chain must be
removed. See 119 Lubrication System for oil pump removal
information.

— If removed, reinstall timing chain tensioning rail, reversing
rail, and guide rail.

= [|ftensioning rail was removed, replace O-ring at tensioning
rail oil guide.

Tightening torque

Reversing rail to engine blaclk 14 Nm {10 fi-Ib)

€ Install timing chain and intake sprocket to intake camshaft on
left cylinder head. Cenier bores of camshaft flange in sprock-
et mounting slois. Install two mounting bolts finger tight.

3
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‘Camshaft Timing Chain

4 Install ttiming chain and intake sprocket to intake camshatlt on

&HentleyPublishers.com-Al Rights Reoerved

right cylinder head. While pressing in on chain tensioner rail,
confirm camshaft flange bores (arrows) are centered in
sprocket mounting slots.

NOTE —
Pressing i on raif will remove slaclk and reposition sprockels.
If necessary, remove sprockets and align bores centrally.

[nstail intake camshaft sensor gear with notch upward (ar-
row) at right cylinder head.

Finger tighten mounting screws.

Install remaining sprocket bolts to intake camshafi finger tight
at left cylinder head.

Press timing chain tensioning rail against timing chain. Install
plastic wire tie, to hold rail against chain.

Install lower timing chain cover:
» Clean sealing surfaces and check sleeves are properly
seated.

= Apply a thin coat of Three Bond 1209 @ to front and back
of new seal. Also coat joints where block meets cylinder
heads and oil pan.

= Initially hand tighten bolts in alternate sequence to firmly
seat cover.

= Tighten fasteners to final specification in alternate
sequence.

Tightening torgues

Lower timing caver

MG bolts 10 Nm (89 in-Ib)
M7 bolts 15 Nm {11 ft-ib)
M8 bolts 22 Nm {16 fi-Ib)
M10 bolis 47 Nm (35 fi-Ib)

Replace radial seal in lower timing chain cover, then reinstall
crankshaft hub, center boli, and vibration damper. See
Crankshatt oil seal, replacing (M62 and M62 TU engines).

Install oif pan with new gasket. See 119 Lubrication Sys-
tem.

Lock crankshatt in place with BMW special tool 11 2 300.

I
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Camshaft Timing Chain

00 8 250

< Attach BMW special tool 11 7 380 to right side oylinder head.
Install special tool 11 3 390 and 00 9 250 into 11 7 380. Tight-
en to 0.7 Nm (0.5 ft-b).

02116853,

4 Secure sprocket to intake camshaft flange on left cylinder

head.
¢ Repeat for intake sprocket on right cylinder head.

Tightening torque

Sprocket to camshaft flange 15 Nm (11 ft-Ib)

= Hemove BMW special tools 11 2 444/ 443/ 441/ 445 from
right cylinder head.

-  Remove BMW special tools 11 2 444/ 443/ 421/ 446 from left
cylinder head.

{ Install oil lines on left and right cylinder head.

Tightening torque

Oil lines {o camshaft bearing caps 6 Nm (4 fi-ib)

— Relieve load on BMW special tool 11 3 390 and remove along —
with special toal 11 7 380. f

— Remove BMW special ool 11 2 300 from bore at transmis- ‘
sion bellhousing and release crankshaft. =

3t
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.~ Camshaft Timing Chain

4 Replace primary timing chain tensioner oil supply seal (ar-
row) in right cylinder head.

— Install right upper timing chain cover to engine:
» Remove old gasket from left timing cover.
» Clean gasket groove and install new gasket.

« Apply Three Bond 1208 ® sealant to joint between cylinder
head and timing caver.

« Fit timing cover into position on engine and install lower in-
side cover retaining bolt

= Timing cover retaining bolts finger tight.

4 Remaove cylinder head cover sealing gaskets from right cylin-
der head cover. Install BMW special tool 11 1 411 into gasket
groove of cylinder head cover.

e Install right cylinder head cover with BMW special tool 11
1 411 to right cylinder head. Fit cylinder head cover retain-
ing nuts to cylinder head cover studs at cylinders 1 and 2
{first two cylinders on right side cylinder bank).

= Tighten nuts uniformly in !/, turn steps.

NOTE —

BMW special tool 11 1 411 presses upper timing cover to cyl-
inder head to aid in proper sealing of timing chain cover fo the
cylinder head gasket.

ﬁ 502113674

Tightening torque

Timing case cover to head 15 Nm (11 it-Ib)

- Remove special tool 11 1 411 and install new gaskets to cyl-
inder head cover:

= Clean gasket groove and install new gasket.

» Apply Three Bond 1209 ® sealant to joint between cylinder
head and timing cover and at half-moon shaped cut-outs. —

= Tighten cylinder head cover nuts.

Tightening torque
Cylinder head cover to head 15 Nm (11 ft-ib} -
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Camshaft Timing Chain

502113304
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« Remave cylinder head cover sealing gaskets from left cylin-

der head cover. Install BMW special tool 11 1 412 into gasket
groove of cylinder head cover.

« |nstall left cylinder bead cover. Fit cylinder head cover re-
taining nuis to cylinder head cover studs at cylinders & and
6 {first two cylinders on left side cylinder bank).

» Tighten nuts uniformly in !/, turn steps.

Tightening torque

Timing case cover o head 15 Nrm (11 fi-Ib)

Remaove special tool 11 1 412 and install new gaskets 1o cyl-
inder head cover:

» Clean gasket groove and install new gasket.

» Apply Three Bond 1209 ® sealant to joint between cylinder
head and timing cover and at half-moon shaped cut-outs.

» Tighten cylinder head cover nuts.

Tightening torque
Cylinder head cover to head 15 Nm {11 fi-in)

Remainder of installation is reverse of removal, noting the fol-
lowing:

= Where applicable remove protective film from gaskets.

= Use new gaskets when mounting intake manifold. Tighten
nuts finger tight first, then torgue to specification in stages
working diagonally from center out.

» Ground straps for ignitfon coil harnesses are at cylinders
no. 3 and no. 7. See 120 Ignition System.

« Refill and bleed cooling system as described in 170 Radi-
ator and Cooling System.

» (Change engine oil and filter as described in 020 Mainte-
nance,

CAUTION—
To prevent damaging engine electrical systems, be sure to in-

stall alf ground wires previously removed.

Al Blinhin
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- Camshait Timing Chain

Camshaft timing, checking and adjusting
(M62 engine)

WARNING —
Allow engine to cool before beginning this procedure.

— Working inside luggage compartment, disconnect negative
battery cable.

CAUTION—

Prior to disconnecting battery cable, read the battery discon-
nection cautions given in 001 General Cautions and
Warnings.

« Removing plastic top covers:

= Press down on locking pins (arrows) to release lacks. Lift
intake manifold cover straight up to remove.

s Pry out caps from side covers.
« Hemove fasteners from beneath caps. Lift off covers.

Remove air filter housing and ducts:

« [isconnect mass air flow sensor and intake air tempera-
ture sensor electrical harnesses (A and B).

= Hemove air filter housing mounting fastener (arrow).

+ Release hose clamp at intake air duct on base of air filter
housing.

« | oosen intake hose clamp (C} and release hose from
mass air flow sensor.

* Hemove hose at idle air stabilizer.
= Release hose clamp at throtile body and remove hose.
» Remove upper air filter housing with mass air flow sensor.

— Unbolt left and right side cable ducts from fuel rail.

LBanltoyPublizshere.cam-All Rightas Roserved

11




117-80
Camshaft Timing Chain

4 Remove left and right side ignition coils and spark plugs:

+ Disconnect electrical harness connectors at ignition coils
(A).

« Remove left and right side ignition coil mounting fasteners
and coils.

NOTE —
Marke note of location of ground strap (arrow).

* Remove spark plugs.

— Remove positive {+) terminal cable from lefi cylinder head
cover,

— Unbolt cable ducts from fuel rail at left and right sides.

4 Disconnect fuel injector electrical connectors from injectors:
= Pry corner of wire lock clip (arrow) to release connecior.
» Repeat for remaining injectors.
= Lift off wiring ducts.

502113785

4 Remove right and left cylinder head cover fasteners (arrows)
and remove covers,

-~ Remove viscous clutch cooling fan, see 170 Radiator and L
Cooling System. —

316!
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« Using crankshaft center balt, turn engine clockwise until
number one cylinder (right head) is in TDC overlap position,
as shown (arrows).

NOTE —
Number one cylinder is at valve overlap when both the intake
and exhaust valves are starting to open.

4 Loosen accessible bolts (arrows) on right exhaust and
intake camshafts (cylinders 1-4) approximately !/ turn.

NOTE—

When loosening bolls on camshalt sprocket, counterhold
camshaft using an 27 mm open-end wrench. If necessary,
machine wrench accordingly to prevent damage to head.

* Repeat for accessible bolts of left exhaust and intake
camshafts (cylinders 5-8).

4 Using crankshaft center bolt, rotate engine one complete ro-
tation to TDC position. Lobes of camshafts for right cylinder
head (cylinders 1-4) should point to each other (arrows).

— Loosen remaining intake and exhaust camshait sprocket
bolis approximately '/, turn.
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Camshaft Timing Chain

Cylinders 1-4

112445 11?441

502116429a

Cylinders 5-8

‘[1."2242 11112446

502116425a

502113676

4 Secure right side camshafts in TDC position using special

BMW tool 11 2 445 and 11 2 441.

If necessary, turn camshaft with 27 mm wrench so that spe-
cial toals are squarely seated on cylinder head.

Fit BMW special tool 11 2 44310 11 2 441/445. Secure 11 2
443 to cylinder head with 11 2 444 installed into spark plug
hore.

Secure right side camshafts in TDC position using special
BMW tool 11 2 442 and 11 2 446.

If necessary, turn camshaft so that special tools are squarely
seated on cylinder head.

Fit BMW special tool 11 2 443 to 11 2 442/446. Secure 11 2
443 to cylinder head with 11 2 444 installed into spark plug
bore.

Lock crankshaft in TDC position by inserting BMW special
tool 11 3 200 through tool bore at transmission bellhousing.

Remove primary timing chain tensioner piston from right cyl-
inder head upper timing cover.

Attach BMW special tool 11 3 380 into right cylinder head in
place of primary chain tensioner.

* Using BMW special tool 00 9 250, tighten adjusting screw
on 11 3 390 f0 0.7 Nm (6.3 in-lb).

NOTE—
BMW special tool 00 9 250 is a flexible shaft torque wrench.

RentlesPobdinhors com=~A11 Rintiln Roeney o
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Camshaft Timing Chain

Tighten accessible sprocket retaining bolts in the following
order:

s |eft exhausi camshaft
= Right exhaust camshait
= Left intake camshaft

= Right intake camshait

Tightening torgue
Sprocket bolts to camshaft flange 15 Nm {11 ft-1b)

Remove BMW special tool 11 2 300 from tool bore at bell-
housing and remove camshaft locking tools from cylinder
heads.

= Using crankshait center bolt, turn engine over clockwise at
least one completie rotation so that remaining camshaft
sprocket retaining bolis are accessible.

Tighten remaining camshaft sprocket retaining bolts.

Tightening torque

Sprocket bolts to camshait flange 15 Nm (11 ft-Ib)

Remove BMW special tool 11 3 390 from primary timing
chain tensioner bore and reinstall primary chain tensioner.

Remainder of installation is reverse or removal, noting the fol-

lowing:

» Hemove gasket residue from cylinder head sealing sur-
face.

= Apply a thin bead of Three Bond 1209 ® sealing com-
pound to joints at cylinder head cover and timing case cov-
er and at half-moon sections at rear of cylinder heads.

= Heplace cylinder head cover gaskets if necessary.

CBuntleyPublishers.com-All Rights Reserved




#:HenteyPublishers com~All Rights Reservnd

gent

Fee



119-1

Lubrication System

General ......... ... ... ... ... ... 119-2
Specialtools ........... ... ... .. 119-2
Engine lubrication . ............ ... ... 119-3
Troubleshooting.................... 119-3
Oil pressure, checking ................. 119-4
Oil pressure warning system, testing ...... 119-5
Crankshaft Rear Main Seal .......... 119-6
Crankshaft rear main seal,

replacing (6-cylinder) .................. 119-6
Crankshaft rear main seal, replacing (V-8) . .119-8
Engine OilPan..................... 119-10
Oil pan, removing and

installing (6-cylinder) . . ................ 119-10
Lower oil pan, removing and

installing (V-8) ... ......... ... ..t 119-13
Upper oil pan, removing and

installing (V-8) ... ........ ... .. ... ... 118-15

Component Replacement . .........
Oil pressure warning switch, replacing
(B-cylinderand V-8) . .................
Qil level warning switch, replacing
(B-cylinderand V-8) ............... ...
Oil pump, removing and

installing (6-cylinder) .................
Oil pump, removing and installing (V-8} ..
Ol pressure relief valve (6-cylinder) .. ...
Qil pressure relief valve (V-8) ..........
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Lubrication System

Pl i PPUAY RN . N Y T

GENERAL

This repair group covers lubrication system troubleshooting
as well as oil pan removal and oil pump replacement.

In 6-cylinder models, removal of the ail pan requires the re-
moval of the exhaust system and some front suspension
components. Thase procedures are fully coverad in:

* 180 Exhaust System

e 210 Clutch

o 230 Manual Transmission

= 240 Automatic Transmission

» 310 Front Suspension

= 320 Steering and Wheel Alignment
NOTE—

Oil change procedure and ail filter replacement are covered
in 020 Maintenance.

CAUTION—

V8 engines: The oil pump fasteners (including the sprocket
relaining nui} are known to vibrate loose. This can result in oil
starvation and engine failure. Be sure to check oil bolts and

nut tightness whenever the oil pump is accessible. If any fas-
teners are found to be loose, remove them and reinstalf with

Loctite ® and iorque to specificalions.

Special tools

The engine needs to be properly supperted while the front
suspension subframe is lowered to access the oil pan.

A standard oil pressure gauge may be used for measuring oil
pressure.

4 Engine support bracket

(Tool No. BMW 00 0 200/201/202/204/208)

« 6-cylinder crankshaft rear main seal tools

(Tool No. BMW 00 5 500/11 1 260)

e ramed Biabia Reesuned

Py

32



119-3
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4 V-8 crankshaft rear main seal tool
{Tool No. BMW 11 1 230)

4 V-8 crankshaft rear main seal guide
{Tool No. BMW 11 2 380)

4 Adapter for BMW oil pressure gauge
{Tool No. BMW 11 4 050)

Engine lubrication
Oil pressure is generated by a gear-type pump bolted to the
bottorn of the engine block: The oil pump is chain driven off-
the front of the crankshaft.

Tahle a. Engine oil capacity (includes oil filter replacement)

6-cylinder 6.5 liters (6.9 US gt}
V-8 7.5 liters (7.9 US qgt)
TROUBLESHOOTING

The oil pressure warning system consists of an oil pressure
switch mounted in the oil circuit and an instrument panel
warning light. Other safely ieatures include:

= A filter bypass to provide lubrication should the oil {ilter be-
come clogged.

= An oil pump pressure relief valve to prevent excessive sys-
tem pressure.

CAUTION—

If the red oif pressure warning light comes on or fiashes on
while driving, always assume that the oil pressure is low. Stop
the engine immediately and make arrangements 1o test oif
pressure.

SBontinyPublishers.com=-AH Rights Reservad




1194

Lubrication System -

R

. Ty el
b} g2 dg s
‘G-cylinder medels

Oil pressure, checking

The ail pressure warning switch is located at the base of the
oil filter housing.

In B-cylinder engines access io oil pressure warning switch
connector (arrow) is extremely restricted (intake manifold re-
moved for the purpose of illustration).

V-8 engine oil pressure warning switch (arrow) is at base of
oil filter housing on left engine comparimant inner fender.

Oil pressure is tested by removing cil pressure switch and in-
stalling oil pressure gauge in its place.

Unscrew oil filter cap in order to allow engine oil to drain back
down into ol pan.

Disconnect harness connector from oil pressure switch and
remove switch.

NOTE —

» Thoroughly clean around the oil pressure switch before
removing it.

» Be prepared lo catch leaking oil with a shop towel,

Install pressure gauge in place of oil pressure swiich.

With gauge installed, start engine and allow to reach operat-
ing temperature. Check oil pressure. See Table b.

NOTE —
For the most accurate test results, the engine oif and filter
should be new. The oil should be the correct grade.

Table b. Engine oil pressure

At idle 0.5 bar (7 psi)

At elevaied speed
6-cylinder engine
V-8 engine

4.0 bar (59 psi)
4.5 bar (66 psi)

I
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- Lubrication System

Hemove pressure gauge and reinstall pressure switch with
new sealing washer.

Tightening torgue

Qil pressure switch to oil filter housing 27 Nm (20 it-Ib)

if testing shows low ail pressure, one or more of the following
conditions may be indicated:

= Warn or faulty oil pump or faulty pump pressuire relief valve
= Worn or damaged engine bearings
* Severe engine wear

Any of these conditions indicate the need for major repairs.

Oil pressure warning system, testing

When the ignition is turned on, the ail pressure warning light
comes on. When the engine is started and the oil pressure
rises slightly, the oil pressure switch (arrow) contact opens
and the warning light goes out. Make sure the oil level is cor-
rect before making tests.

Turn ignition switch on.
» Warning light on instrument panel must light up.

Remove connector from oil pressure switch.
« Warning light on instrument panel must go out.

NOTE —

if the light does nof go out, the wiring fo the switch is most
likely grounded somewhere between the switch terminal and
the warning light. See ELE Electrical Wiring Diagrams for
electrical schematics.

If warning light does not light when ignition is on, remove con-
nector from oil pressure switch and use a jumper wire to
ground connector terminal to a clean metal surface. The oil
pressure warning light should come on.,

NOTE —
If there are two wires to the oil pressure switch, ground the
brown/green wire that carries the signal to the warning light.

I the warning light comes on, check the switch as described
in the next step. If the warning light does not come on, the
wiring to the instrument cluster or to the light iiself is faulty.
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502118556

4 To test switch, connect an ochmmeter between terminal in

swiich body (arrow) and ground. With engine off, there
should be continuity. With engine running, oil pressure
should open switch and there should be no continuity. Re-
place a faulty switch.

CAUTION—

Keep in mind that fow oil pressure may be preventing the
switch from turning the light out. If the light remains on while
the engine is running, check the oil pressure as described
earlier. Do not drive the car untif the problem s corrected. The
engine may be severely damaged.

CRANKSHAFT REAR MAIN SEAL

Crankshaft rear main seal replacement requires removal of
the transmission and flywheel.

Crankshaft rear main seal, replacing
(6-cylinder)

Remove transmission. See 230 Manual Transmission or
240 Automatic Transmission.

Manual transmission vehicles: Remove clutch pressure plate
and disc. See 210 Clutch.

Remove flywheel. See 210 Cluich or 240 Automatic Trans-

mission.
Dyain engine oil,

Hernove seal carrier bolts from oil pan (arrows). Loosen all
oil pan bolts.

CrT
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4 Remove remaining seal carrier bolts (arrows) and carefuily
remove seal carrier without damaging the oil pan gaskst.

CAUTION—

After remmoving seal carrier, check oil pan gasket for damage.
If gasket is damaged during removal, remove oil pan (as de-
scribed later) and replace gasket.

4 Remove old seal and install new seal into seal carrier using
BMW special tocis 11 1 260 and 00 5 500.

NOTE —

= A new radial seal is used from 4/98 production, and is the
only version available from BMW as a replacement. The
new seal no longer uses a spring to support the sealing lip.
Do not kink or damage the sealing fip. Do not touch with
fingers.

= BMW offers the rear main seal carrier and seal in a kit. A
plastic support bushing, required for sliding the seal over
the crankshatt, is included with the kit.

CAUTION—

Do not use BMW special tool 11 2 213 (installation guide)
with the new siyle seal. Use oniy the spec:a! tool supplred
with the.seal kif, - o

— When reinstalling seal carrier to crankcase:
» Check locating sleeves for damage.

» Raplace gasket between rear main seal carrier and crank-
cese.

= Apply thin coat of 3 Bond ® 1209 or equivalent sealant to
oil pan gasket sealing surfaces.

| ubricate crankshaft seal contact surface.

4 Use plastic support bushing (A) that comes with seal kit as
an installation guide, fitting seal over end of crankshait. Use
care to push seal carrier and support bushing on straight,
without tilting sideways. Remove support bushing.

— Install seal carrier bolts and torgue to specifications.

4 Use new bolts {arrows) at base of seal carrier. Coat threads
with sealing compound heiore installing.

— Install and tighten oil pan bolts.

= AN it bt e 5o e
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5021103064

Remainder of assembly is reverse of disassembly.

= [nstalt flywheel, clutch or torque converter and
transmission.

» Fill engine with oil.
* Run engine and check for leaks.

Tightening torques

Oif drain plug to oil pan (M12) 25 Nm (18 ft-Ib]
Oif pan to engine block
M6 (8.8 grade) 10 Nm (89 in-lb}
M6 (10.9 grade} 12 Nm (9 fi-ib)
M8 (8.8 grade) 22 Nm {16 ft-lh)
Rear main seal carrier to crankcase
Me 10 Nm (89 in-lb)
M8 22 Nm (16 ft-Ib)

Crankshaft rear main seal, replacing (V-8)

Remove transmission. See 230 Manual Transmission or
240 Automatic Transmission.

Manual transmission vehicles: Remove clutch pressure plate
and disc. See 210 Clutch.

Remove flywheel. See 210 Clutch.
Drain engine oil.

Rermove bolts (A) retaining rear main seal carrier, including
bolts at {arrows) cil pan.

¢ Carefully separate seal carrier from oil pan gasket and re-
move carrier.

| caution—

Do not damage oil pan gasiket.

Remove old seal and reinstall new seal into seal carrier using
BMW special tools 11 1 230 and 00 5 500.

NOTE —
BMW offers the rear main seal carrier and seal in a kit.
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502119305

When reinstalling seal carrier to crankcase:
= Check locating sleeves for damage.

* Replace gasket between rear main seal carrier and crank-
case.

= Apply thin coat of 3 Bond ® 1209 or equivalent sealant to
oil pan gasket sealing surfaces.

o | ubricate crankshaft and seal contact surfaces.

Use BMW special tool 11 2 390 as an installation guide in fit-
ting seal over end of crankshaft. Use care to push seal carrier
and support bushing on straight, without tilting. Remove in-
stallation guide carefully.

Replace sealing washers under seal carrier mounting bolfs,

Install seal carrier mounting bolts and torque to specifica-
tions.

Install oil pan bolts.

Remainder of assembly is reverse of disassembly.

= |nstall flywhee! tsing new balts,

* Install clutch or torque converter and transmission.
« Fill engine with oil.

= Run engine and check for leaks.

Tightening torques

Flywheel to crankshaft (use new bolts) 120 Nm (89 ft-Ib)
Qil drain plug to oil pan {M12) 25 Nm (18 ft-Ib)
Qil pan to engine block
M6 (8.8 grade) 10 Nm (89 in-1b}
M6& (10.9 grade) 12 Nm (9 ft-Ib}
M8 (8.8 grade) 22 Nm (16 ft-Ib)
Rear main seal carrier to crankcase
M6 10 Nm (89 in-Ib)
MB 22 Nm (16 ft-1b}
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ENGINE OIL PaN

Oil pan, removing and installing
(6-cylinder)

The engine oil pan removal procedure requires that the en-
gine be supported from the top and the front suspension sub-
frame he lowered.

Raise car and place securely on jack stands.

WARNING —
Make sure the car is stable and well supported at all times.
Use a professional autornotive lift or jack stands designed for

the purpase. A floor jack is not adeguate support.

Remove splash shield from under engine.
Drain engine oil as described in 020 Maintenance.

Remove oil dipstick guide fube:
= Disconnect fuel lines and wiring harness from bracket (A).
» Disconnect oil separator hose (B) from base of guide tube.

« Remove mounting bolt (C) from left engine mounting
bracket and remove tube from oil pan.

NOTE—
« [f necessary, remove air fifter assembly for better access to
dipstick tube.

¢ The dipstick guide tube is sealed in the block using an O-
ring. Checl that the O-ring comes out with the tube.

Lift hood into assembly position:

« While supporting the hood, disconnect hoed support
struts.

= Raise hood and install locking balts (arrowy} in right and left
hinges.

WARNING —
Be sure to support hood while disconnecting support strufs.

Bl Bahhichore cam=Al Binkis Ronsruned
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4 Install engine lifting tool at front of engine and raise engine
approximately 5 mm (1/4 in).

ﬂﬂ/zﬂﬁj

4 Remove pinch boli {arrow) at steering column universal joint
near steering rack. See 320 Steering and Alignment.

-~ Remove power steering pump, leaving hydraulic lines con-
nected to pump. Suspend pump using strong wire. See 320
Steering and Wheel Alignment.

NOTE —
For better access to power steering assembly, unbaolt fluid
reservoir and suspend with wire.

Loosen upper nuts (arrow) in right and left engine mounts.

Remove right and ieft lower engine mount nuts (arrow).

On cars with automatic transmission, remove ATE cooler line
brackets from engine oit pan.

Disconnect electrical harness connector at oil level sensor on
il pan.

H8anlloyPublishers.com-All Rights Reserved
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4 Support subframe from below using BMW special tool 31 2
220 and appropriate shop lift. Remove subframe mounting
bolts and lower subframe as far as possible.

« Remove oil pan screws (arrows) af cylinder block and trans-
mission bellhousing. Lower and remove oil pan,

NOTE —
if oil pan will not sfide backwards, disconnect stabilizer bar
links and lower front axle support further.

CAUTION—

If the oil pan does not separate easily from the engine cylin-
der block, a few taps with a rubber mallet should brealk it free.
Do not pry the oil pan loose.

ne2iee

When installing oil pan:

« Thoroughly clean all old gasket material from mating sur-
faces and use a new gasket,

= Apply a small amount of non-hardening sealer (3 Bond
1209 ® or equivalent) to oil pan gasket directly below joints
(arrows) for end cover and front timing case cover. Apply
a bead 3 mm wide by 2 mm high.

= Install all oit pan bolts finger tight. Tighten oil pan bolts to-
ward front of engine first, then pan bolts at transmission
end.

Tightening torques

Qil drain plug to cil pan {(M12) 25 Nm (18 f-lb)
Oil pan to engine block
M6 (8.8 grade) 10 Nm (89 in-lb)
M6 (10.9 grade) 12 Nm (9 fi-Ib)

M8 (8.8 grade) 22 Nm (16 fi-lb)

& BentleyPublishera.com-Al Righls Reserved
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— Remainder of installation is reverse of removal.
* Replace seli-locking nuts when reinstalling front suspen-
sion components.
= Lse new oil dipstick tube sealing O-ring.

= After adding engine oll, start and run engine. Raise engine
speed to 2,500 rpm until oil pressure warning light goes out
(about 5 seconds).

NOTE—
BMW does not specify a front end alignment following this
procedure.,

Tightening torques

Front subframe to body rail
(M12, use new bolts)

8.8 grade 77 Nm (57 ft-Ib)
10.9 grade 105 Nm (77 fi-Ib)
12.8 grade 110 Nm (81 fi-lb)
Stahilizer bar link to stabilizer bar 65 Nm (48 fi-Ib)

Steering shaft universal joint clamping bolt
(use new boit) 19 Nm (14 fi-Ib)

Lower oil pan, removing and installing (V-8)

— The V-8 engine is equipped with a 2-piece oil pan. The fas-
ieners in V-8 engine oil pump assembly, including the
sprocket retaining nut, are known to loosen and fall off into
the oil pan. Be sure to install these fasteners with Loctite ®
or equivalent thread locking product and torque to specifica-
tions.

CAUTION—

it is recommended that the oil pump retaining bolts and oil
pump drive sprocket retaining nut tightening torgue be
checked any time the oif pan is removed.

— Raise car and place securely on jack stands.

WARNING —
Malke sure the car is stable and well supported at all times. —
Use a professional automotive lift or jack stands designed for n
the purpose. A floor jack is not adequate support.

— Remove splash shield from under engine.

- Drain engine ail.

— On cars with automatic transmission, remove ATF cooler line
brackets from oll pan.

#BenteyPublishers.com-All Rights Reservod
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4 Disconnect electrical harness connector (arrow) at ail level
sensar,

4 Remove lower oil pan mounting bolts (arrows).

CAUTION—

If the lower pan does not separate easily from upper pan, a
few taps with a rubber mallet should brealk it free. Do not pry
the oil pan lcose.

—  When installing oil pan:

» Thoroughly clean all old gasket material from mating sur- :
faces and use a new gaskel. -

4 Install threaded guide studs at locations marked by arrows
to guide new oil pan gasket and oil pan into position and to
prevent damage to sealing lip.

° Install new oil pan mounting belts (threads coated with
sealer).

* Remove guide studs and install remainder of oil pan bolis.
— Remainder of reassembly is reverse of disassembly. -
— Aiter adding engine oil, start and run engine. Raise engine

speed to 2,500 rpm until oil pressure warning light goes out
(about 5 seconds).

Tightening torques =

Lower oil pan to upper oil pan

M6 (8.8 grade) 10 Nm (B9 in-Ib}

(6 {10.9 grade) 12 Nm (9 ft-1b) -

M8 (8.8 grade) 22 Nm (16 ft-Ib)
Oit drain plug to oil pan (M12) 25 Nm (18 ft-Ib}) .

133-*.j
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Upper oil pan, removing and installing (V-8)

The engine oil pan removal procedure requires that the en-
gine be supported from the top and the front suspension sub-
frame be lowered.

— Disconnect negative (-) battery cable.

4 Lift hood into assembly position.
= White supporting hood, disconnect support struts.

» Open hood fully and lock in place by installing belts
(arrow) in left and right hinges to lock hood in place.

4 Remove engine top cover:
= Early version: Pry off caps (arrows) and remove fasteners.
« Late version: Depress fasteners (arrows) and iift cover.

4 Hemove air filter housing and mass air flow sensor:

= Disconnect mass air flow sensor (A} and intake air temper-
ature sensor (B) electrical harness connectors. ..

= Remove air filter housing mounting fastener (arrow).
= Loosen intake hose clamps (C and D).

* Remove air filter housing with mass air flow sensor.
* Remove intake hose from throtile body.

HenlleyPublishers com=All Rigghts Reserved
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4 Remove oil dipstick support from right cylinder head.,

4 Remove upper nuts (arrow) from teft and right motor mounts.

« Attach BMW special tool 00 0 200 with tools
201/202/204/208 (engine support bracket).

NOTE —

Side support members (BMW special tool 00 0 208) must
make contact with fender mounting bolts.

4 Attach engine lifting chains to front and rear liiting eyes.
- Lift engine approximately 6-8 mm (0.25-0.32 in).

— Loosen oil filter cover, then drain engine oil. See 020 Main-
tenance.

i 33t
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« Disconnect electrical harness connector (arrow) at oil level
SENSsOT.

4 Remove lower oil pan bolts (arrows) and pan.

CAUTION—

If the lower pan does not separate easily from upper pan, a
few laps with a rubber mallet should break it free. Do not pry
the oil pan loose.

4 Remove A/C drive belt tensioner.
= Remove adjustment bolt (B).

» Remove retaining bolt (A) and remove tensioner from ail
pan.

— Remove power steering pump from engine block, leaving hy-
draulic lines connected. Suspend from chassis using stiff
wire. See 320 Steering and Wheel Alignment. —
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502119706

502119707

4 Working at left side of engine, remove oil dipstick guide tube
mounting bracket and remove dipstick tube.

NOTE—
Replace dipstick O-ring seal.

4 Working at right side of engine, remove oil return line from
upper section of oil pan.

« Separate lower steering column from steering box;

* Remaove retaining bolt (arrow) from lower steering column
universal joint,

» Slide lower steering column up and off of connection at
steering box.

- Femove support bracket for hydraulic line at subframe.
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—

502118710

< Support subframe from below using BMW special tool 31 2
220 and appropriate shop lift.

4 Remove subframe mounting bolts {arrows) and lower sub-
frame as far as possible,

« Working through lower oil pan opening, remove pump mount-
ing bolts {arrows).

+ Hemove oil pump. See Oil pump, removing and install-
ing (V-8).

B antinulbnblicihiare rom—All Rictts Boaesresnd
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Lubrication System

5021168713

« Working at lower rear of engine, remove ail pan retaining

bolts (arrows).
If necessary, remove oil cooler bracket from oil pan.

Remove remaining oil pan bolts. Slide upper section of oil
pan forward to remove.

Installation is reverse of removal, noting the following:
« Clean sealing surfaces of debris.

¢ Coat joints with Three Bond 12098 ® sealant.

< Use new gaskets.

= |nstall all oil pan belts first, installing bolts at transmission
end without preload.

= Tighten oil pan bolis at front end, then tighten bolis at rear
of engine.

CAUTION-~

Be sure to reinstall all oif pump fasteners, including the
sprocket retaining nut, using Loctite ® or equivalent thread
locking product. Torque to specifications.

Aiter adding engine oil, start and run engine. Raise engine
speed to 2,500 rpm uniil oil pressure warning light goes out
{about 5 seconds).

Tightening torques

A/C drive belt tensioner

M6 10 Nm (7.5 it-lb)
M8 24 Nm (18 ft-Ib)
Front axle subframe to chassis
{Use new fasteners) 77 Nm (57 ft-lb)
Oil drain line to upper oil pan 30 Nm (22 ft-lb)
Oil pump to crankcase 34 Nm (25 ft-Ib)
Oil pan fasteners (upper/lower}
M6 B.8 10 Nm (7.5 fi-Ib)
M6 10.9 (replace) 12 Nm (9 ft-1b)
M8 8.8 22 Nm {16 ft-Ib)

Steering column universal joint to
steering box (replace) 19 Nm (14 ft-1b)

COMPONENT REPLACEMENT

Qil pressure warning switch, replacing
(6-cylinder and V-8)

tn all models, the ofl pressure warning switch is located at the
base of the ail filter housing.

T
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- :“\ &
-~ B-cylinder models ')

e e m Ed

{ 6-cylinder models: Remove intake manifold to access oil

pressure switch (arrow).

4 V-8 models: Oil pressure warning switch (arrow) is located

under oil filter housing mounted to left inner fender panel.

NOTE —
Any time the oil pressure warning switch is removed, be sure
lo replace the sealing washer.

Tightening torque

Oil pressure switch to oil filter housing 27 Nm (20 ft-Ib}

Oil level warning switch, replacing
(6-cylinder and V-8)

Oll level warning switch is located at bottom of the engine oil
pan.

= Drain engine oil before attempting to remove level warning
switch.

= Be sure to refill engine and check for leaks after work is
completed.

NOTE —
Any time the oil level warning switch is removed, be sure to
replace the sealing O-ring between switch and oil pan.
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Oil pump, removing and installing
(6-cylinder)

CAUTION—
Olf pump sprocket nut has lefi-hand threads. Turn clockwise
fo loosen.

4 Version 1, M52 oil pump assembly.

Oil pump pressure relief control valve

Qil pump suction tube

Suction tube suppart bracket

Oil pump assembly

Oil pump drive sprocket

Oil pump drive chain

Oil pump drive sprocket nut (left hand threads)

No gD

502118775

4 Version 2, M52 TU oil pump assembly.

Oil pump pressure relief control valve assembly
Oil pump suction pick-up and seal

Qil pump

Qil pump drive sprocket

Qil pump shaft locking nut (left-hand thread)

Oil pump drive chain

@Mk N

502118774

Oil pump assembly 4 Version 3, M54 oil pump assembly,

(6-cylinder from 9/98) 1. Drive chain

2. M10 x 1 nut
Tighten to 25 Nm (18 ft-Ib)

3. Qil pump sprocket

4. Inner pump rotor

5. Quter pump rotor

6. Qil pressure relief valve assembly
7

M8 bolt.
Tighten to 23 Nm (17 ft-Ib)

8. Qil pump housing

0021375

8. locating dowels
10. Pickup tube sealing O-ring
11. Pickup tube

12. M6 pickup tube mounting bolts
Tighten to 10 Nm (89 in-Ib)
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— Lower front suspension and remove cil pan, as described
earlier, to gain access to oil pump.

4 Remove oil pump sprocket mounting nut {left-hand thread)

{arrow). Lift sprocket off together with drive chain.

= Engines produced to 8/38: Remove oil pump with pick-up
tube. Pick-up tube is bolted to side of oii pump.

= Engines produced from 2/98 to 01/00: Remove pick-up
* tube, scraper tray and cil pump as a unit.

7 * Engines produced from 01/00: Remove oil pump pick-up
tube bolts and remove pick-up tube before removing pump.

« Hemove mounting boits from oft pump. Withdraw pump.

NOTE—
° Record location of any spacers between pump and engine
block. Note positions of locating dowels.

B11186

— Remove cover from oil pump and check for wear or scoring.
Spin oil pump shaft and checlk that gears turn smoothly. Re-
place pump if gears spin with difficulty or any wear is present.

— Inspect oil pressure relief valve as described later.

— Installation is reverse of removal, noting the following:
« Replace pick-up iube O-ring (if applicable).
= Align sprocket splines to oil pump shait splines before
lightening sprocket nut.

— After adding engine oil, start and run engine. Raise engine
speed to 2,500 rpm until oil pressure warning light goes out
(about 5 seconds).

Tightening torques

Qil drain plug to oil pan 25 Nm (18 ft-Ib)

Qil pan to engine block :
M6 (8.8 grade) 10 Nm (89 in-Ib} —
M6 (10.9 grade) 12 Nm (9 ft-b} '
M& (8.8 grade) 22 Nm (16 ft-Ib}

Qil pump sprocket to oil pump shait

(M10 x 1) {left hand thread) 25 Nm (18 ft-ib} —

Qil pump to crankcase (M8} 22 Nm (16 fi-lb) :

Qil pump pickup tube to crankcase (M) 10 Nm (89 in-lb)
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Oil pump, removing and installing (V-8)

CAUTION—

V8 engines: The oil pump fasteners (including the sprochet
retaining nut) are known to vibrate loose. This can resuft in oil
starvation and engine failure. Be sure to check oil bolfs and
nut tighness whenever the oil pump is accessible. If any fas-
teners are found to be locse, remove them and reinstall with
Loctite ® and torque (o specifications.

— Remove upper oil pan, as described earlier, to gain access to
oil pump.

« fif fitted, remove il pump sprocket cover fasteners (arrows),
Remove cover.

+ Unclip oil return line (A).

4 Remove oil pump sprocket nut (arrow) and sprocket together
with drive chain.

4 Unboli oil pump mounting fasteners {(arrows) and remave
pump.

— Remove oil pressure relief valve and inspect as described
later.
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4 Replace O-ring seals {arrows) on engine oil pipes. Cil seals
tightly.

CAUTION—

During reinsiallation, do not damage O-rings on sharp edges
of engine block.

o7z

4 Replace sealing O-ring (A) in oil pump.
« Turn threaded spacer on pump fully to stop (arrow).

aniis1g

« Reinstall pump. Coat pump mounting fasteners (arrows)
with Loctite ® or equivalent thread locking product. Insiall
and tighten.

—  Coat pump sprocket shaft threads with Loctite ®. Reinstall
pumnp sprocket with drive chain and tighten mounting nut.

Tightening torques —

Qil pump cover to oil pump (M6) 10 Nm (89 in-Ib)
Qil pump sprocket to shait (M10) 45 Nm (33 ft-Ib}

Cil pump te engine block
M8 (8.8 grade) 22 Nm (16 ft-1b)

1
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Oil pressure relief valve assembly
{6-cylinder engine) 4

-

£02107:4

4 Use Allen wrench to adjust chain slack (B} by turning thread-

ed spacer (A).

Qil pump chain adjustment
Slack B 10 £2 mm {0.394 £0.079 in)

Coat remaining oil pump meunting fastener with Loctite ®. In-
stall and tighten,

Remainder of assembly is reverse of disassembly.
After adding engine oil, start and run engine. Raise engine

speed to 2,500 rpm until oil pressure warning light goes out
{about 5 seconds).

Tightening torques
Lower oll pan to upper ail pan
M6 (8.8 grade) 10 Nm (89 in-Ib)
M6 (10.9 grade) 12 Nm (9 ft-Ih)
Ma (8.8 grade) 22 Nm (18 ft-b)
Qil drain plug to oit pan (M12) 25 N (18 fi-b)
Qil pump cover to ail pump (M86) 10 Nm (89 in-Ib)
Oll pump sprocket to shaft (M10) 45 Nm (33 fi-Ik)

Qil pump to engine block
M8 (8.8 grade) 22 Nrn (16 ft-ib)

Oil pressure relief valve (6-cylinder)

Remove oil pump as described earlier. The oil pump pressure
relief valve is held in the side of the oil pump with a circlip.

inspect oil pump relief valve components and bore for scor-
ing or other damage.

1. Control plunger

2. Spring
3. S8ealing O-ring
4. Sleeve
5. Circlip

Install using a new circlip.
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502119307

Qil pressure relief valve
(V-8 engine)

502119308

Oil pressure relief valve (V-8)

Q Remove oil pressure relief valve retaining circlip.

« Use a suitable drift to remove relief valve assembly from
pump.

CAUTION—
There is high spring pressure in the relief valve.

« Inspect ail pump relief valve components and bore for scor-

ing or other damage.

1. Contiol plunger
2. Spring
3. Sleeve
4. Circlip

Install using a new circlip.
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Ignition System

=S

(GENERAL

This repair group covers component troubleshooting and re-
placement information for the ignition sysiem.

When diagnosing engine management problems, including
an-board diagnostics (OBD 1I) fault code analysis, also refer
to these repair groups:

= 130 Fuel Injection

» ELE Electrical Wiring Diagrams
s 0BD On-Board Diagnostics
Special tools

System diagnosis and testing of the ignition system requires
special test equipment.

< LED test light
(Tool No. Baum 1115)

4 Automotive digital multimeter

4 Primary voltage test harness
(Tool No. BMW 12 7 020)

4 Secondary voltage test harness
{Tool No. BMW 12 7 030)

4 Ignition coil test adapters
{Tool No. BMW 12 7 040)

AR
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Warnings and cautions

The ignition system produces dangerous high voltage. [n ad-
dition the sensitive electronic components can be damaged if
proper precautions are not adhered to.

WARNING —
= Do not touch or disconnect any cables from the coils while
the engine is running or being cranked by the starter.

= The ignition system produces high voltages that can be
fatal. Avoid contact with exposed terminals. Use ex-
ireme caution when working on a car with the ignition
switched on or the engine running.

* Connect and disconnect the DME system wiring and
test equipment leads only when the ignition is OFF.

» Before operating the siarter without starting the engine
(for example when making a compression test) always
disable the ignition.

CAUTION—
» Do not attempt to disable the ignition by removing the coils
from the spark plugs.

s Connect or disconnect ignition system wires, multiple
wire connectors, and ignition test eguipment leads only
while the ignition is off. Switch mullimeter functions or
measurement ranges only with the test probes discon-
hecied.

¢ Do not disconnect the battery while the engine is run-
ning.

e A high impedance digital multimeter should be used for
all voltage and resistance tests, An LED test light
should be used in place of an incandesceni-type test
famp.

= [n general, make test connections only as specified by
BMW, as described in this manual, or as described by
the instrument manufacturer.

Engine management

BMW E39 engines use an advanced engine management =
system known as Digital Motor Electronics (DME). DME in-
corporates on-board diagnostics, fuel injection, ignition and
other engine control functions. DME variants are listed in
Table a. Engine management systems.

Second generation On-Board Diagnostics (OBD [1) is incor-
porated into the engine management systems used on the
cars covered by this manual. Use a BMW-specific electronic
scan tool, or a “Generic” OBD |l scan tool to access Diagnos-
tic Trouble Cades (DTCs). DTCs can help pinpoint ignition
~and other engine management problems.
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Additional information about DTCs and engine management
system electronic system diagnosis is provided in OBD On-
Board Diagnostics.

Table a. Engine management systems

Year Engine Engine type |DME system
1997-1998 M52 6-cylinder Siemens MS 41.1
1998-2000 M52 TU B-cylinder Siemens MS 42.0
2001-2002 M54 6—cylinder Siemens MS 43.0
1897 Me2 V-8 Bosch M 5.2
1998 MB2 V-8 Bosch M 5.2.1
1999-2002 M2 TU V-8 Bosch ME 7.2

ignition system

All engines use a distributoriess ignition system with individ-
ual ignition coils for each cylinder. There is no distributor cap
or ignition rotor.

« Each coil is controlled and monitored by the Engine Control

————————— ™ [ttt [ . . .
I S - Lt Module (ECM) on a cylinder-by-cylinder basis.
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4 The positive {+) power supply to the ignition coils comes to
s """;;nmon switch thg lgn]tlon switch via an unloader relay. Wﬁen the ignition

: switch is turned on, the relay clases, to provide voliage to the
ignition coils. The coils are then actuated at the negative side
by the engine contrel medule.

NOTE —
Ta ECM Schematic diagrams shown are for iflustrative purposes only.
A4 See ELE Electrical Wiring Diagrams for engine manage-

l/; % l”"“’m' rofay ment specific wiring infarmation.

Smation ot

WARNING —
» o not fouch or disconnect any cables from the coils while
sz the engine is running or being cranked by the siarter.

e The ignition system produces high voitages that can be
fatal. Avoid contact with exposed ferminals. Use ex-
treme caution when working on a car with the ignifion
switched on or the engine runing.

s Connect and disconnect the DME system wiring and
test equipment leads only when the ignition is OFF.

= Before operating the starter without starting the engine
(for example when making a compression test), always
disable the ignition.

Knock sensors (arrows) monitor the combustion chamber for
engine-damaging knock. Six-cylinder models (shown) use .
two sensors with each sensofr monitoring three eyiinders, V-
8 models use four sensors, each monitaring two cylinders. If -
engine knock is detected, the ignition point is retarded by the
ECM.

ignition advance 4 tgnition timing is electronically mapped and not adjustable.

The ECM uses engine load, engine speed, coolant tempera-
ture, knock detection, and intake air temperature as the basic
inputs for fiming control. A three dimensional map similar to
the one shown is digitally stored in the ECM.

— The initial ignition point is determined by the crankshaft 4
Ll speed sensor during cranking. Once the engine is running, e
M{I : timing is continually adjusted based on operating conditions.

e

0011535 —_

e .5“;4‘]@!;‘!\
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502120898

Ignition system, troubleshooting

Troubleshooting ignition system faults should begin with an
interrogation of the On-Board Diagnostics {OBD 11) system.
The OBD |l system detects ignition system misfire and other
related faulis. When faults are detected, the OBD |l system
stores a Diagnostic Trouble Code (DTC) in the Engine Con-
trol Module (ECM) along with other pertinent fault information.

In addition, the Malfunction Indicator Light (MIL} will come on
if an emissions related fault is detected. Additionat OBD il in-
formation, including a DTC lookup table, can be found in
OBD On-Board Diagnostics.

NOTE —
BMW models covered in this manual were equipped with one
of three versions of MIL warning lights (as showr).

Misfire detection

Engine misfire in.one or more cylinders, may be caused by a
variety of malfunctions in various subsystems. The OBD ll
system incorporated into the engine management systems is
designed to detect and warn of misfire faults during engine
operation. See OBD On Board Diagnostics.

WARNING —

lgnition misfires can cause high hydrocarbon exhaust emis-
sions and calalytic converter damage. For this reason, if a se-
vere misfire is detected, the fuel injector will be turned off to
the specific cylinder and the MIL will be ifluminated. A misfire
may also produce an overheated catalytic converter, which
can be a fire hazard.

Oscilloscope diagnostic diagrams

One way to diagnose a faulty coil is to use an oscilloscope to
analyze spark quality with the engine running.

See Table b. Ignition secondary voltage diagnostics for
list of common ignition coil voltage faults and related causes.
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Table b. Ignition secondary voltage diagnostics

Secondary Secondary
voltage low voltage high
Spark plug electrode gap | Toa small Too big
Spark plug electrode Worn/burnt
condition
Spark plug electrode Too high Too low
temperature
Engine compression Too low Too high
Spark plug wires Faulty
Fuel air mixture Too lean

Q The illustration shows normal scope trace of spark at idle.

g 1\\ 2] a5 1. Start of ignition voltage peak
2 / - 2. Level of ignition voltage
Kv;s_‘“ \ & 3. Level of combustion voltage
7 Ty 4, Period of combustion
i A L 5. Combustion curve characteristics
- 6. Start of decay process
7. Termination oscillations

= 0 < ignition spark at idle speed.

N A - Normal ignition voltage peak (spark plug is good). |
? B - L ow voltage peak is an indication of a closed plug gap.

o

C - High voltage peak indicates an open plug gap.

R e e e R
Wo B o D S B 3 A 10 0

1) 20 « Long combustion period {indicates small spark plug gap). .
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< Normal combustion period at idle.

4 Normal oscilloscope pattern for ignition sysitem at idle.

4 ignition voltage peaks at idle.
1.  Normal ignition peaks.

2. Downward peak (arrow) is shortened (ignition coil is
defective).

3. Downward peak (arrow) is missing completely (ignition
coil is defective).

4 Defective ignition coil.
1. Short spark period.
2. The spark voltage line (arrow) is very slight.

4 Defective ignition coil.
1. Normal combustion period.
2. Absence of spark voltage fine {(arrow).
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4 Normal secondary voltage patterns
{(4~cylinder pattern shown).

4 ignition voltage peaks in response to sudden acceleration
load:

1. Normatl ignition pattern. Beginning of dying out pattern
is not much higher than ignition voltage peak.

2. Beginning of dying out pattern considerably higher than
ignition voltage peak. Fault in injection system:

= | ean fuel mixture
= Defective fuel injector
» Low compression in eylinder

IGNITION SYSTEM SERVICE

Ignition firing order
< Each ignition coil is mounted above the corresponding spark
plug.

— Number one cyiinder is located at the front on 6-cylinder
models.

{ Number one cylinder is located at the right (passenger side)
front on V-8 models, Cylinder firing order is shown.
Firing order
M52 - M52 TU - M54 6—cylinder 1-5-3-6-2-4
MB2 - M62 TU V-8 1-5-4-8-6-3-7-2
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Disabling ignition system

The ignition system operates in a |lethal voltage range and
should be disabled any time engine service or repair work is
being done that requires the ignition to be switched on.

The engine management system can be disabled by remov-
ing the DME main relay. The relay is located in the electronics
box (E-box) in the left rear of the engine compartment, be-
neath the interior microfilter housing.

CAUTION—
Relay focations may vary. Use care when identiifying refays.
See 610 Electrical Component Locations.

Checking for spark

CAUTION—
if a spark test is done incorrectly, damage to the Engine Con-
frol Module (ECM) or the ignition coils may resuit.

NOTE—
Spark plug replacement is covered in 020 Maintenance.

Checking for spark is difficult on engines with distributorless
ignition systems.

Try removing the spark plugs and inspecting for differences
between them. A poor-firing plug may be wet with fuel and/or
black and sooty, but not always. If a coil is not operating, the
engine management system will electrically disable the fuel
injector to that cylinder. The key is to look for differences be-
tween cylinders.

Ignition coil assembly, testing and
replacing

CAUTION—
Use a digital multimeter for the following tests.

Remove plastic engine cover from top of valve cover by pry-
ing off bolt covers and removing cover mounting bolis.

Raise car siowly while constantly checking position of jack
and car.

Disconnect harness connector from coil. Connect multimeter
between terminal 15 {+) in connector and ground.

4 Terminal identification are typically molded into connector. In

photo, terminals are from left to right: 1, 4a, 15.
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Turn ignition on and check for battery voltage.

« If battery voltage is not present, check wire between termi-
nal 15 and the unloader relay. See ELE Elecirical Wiring
Diagrams.

Turn ignition off.

Remove coil and inspect coil housing for haitline cracks or
leaking casting material. Replace any cracked or leaking cofi.

NOTE —
A leaky coil may indicate a faulty Engine Control Module
{ECM). Check ECM before instalfing a new cofl.

CAUTION—
Note location of coil ground straps before coif removal; rein-
siall in the same focation.

Use a multimeter to test:
* Coil primary resistance at coil terminals.
+ Spark plug connector resistance.

« Compare results to specification in Table c. Ignition coil
resistance.

Table c. Ignition coll resistance

Component Terminal Resistance

Cail primary 1({-yand 15{(+} ~ |0.8 chms

resistance

Coil secondary N/A N/A

resistance

Spark plug connector:
Bosch 1.0 k ohm = 20%
Beru 1.8 k ohm = 20%

Replace ignition coil or spark plug connector if resistance
readings do not meet specifications.

Remove ignition coil to be tested.

= [nstall BMW special tool 12 7 030 {A) on coil {o be tested.

= Connect ground jumper between cail mounting point (B)
and engine ground point (C).

= Clip scope high pick-up lead (D) around ignition lead.

= Start engine.

¢ Compare scope pattern with diagrams in Oscilloscope di-
agnostic diagrams.

NOTE—

When replacing ignition coils, ensure that the replacements

are from the same manufacturer with the same part/code

numbers. If individual coils with the correct specifications are
not available, all coils should be replaced,
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Crankshaft speed sensor

Crankshaft speed sensor, replacing (M52, M52 TU and
M54 engines)

Crankshaft speed sensor for 6—cylinder engine is mounted in
the |eft rear side of the cylinder block below the starter (ar-
row). The sensor reads a toothed pulse wheel mounted to
the end of the crankshaft.

if the Engine Controf Module (ECM) does not recsive a signal
from the crankshaft speed sensor during cranking, the en-
gine will not start.

[f the OBD 1l system misfire detection protocol detects a cat-
alyst damaging fault due to a malfunction in crankshaft speed
sensor components, the Check Engine light (Malfunction In-
dicator Light or MIL) will be illuminated.

NOTE —

If the crankshaft speed sensor pulse wheel is damaged, the
engine will have to be disassembled down o the crankshaft
to replace the wheel.

Make certain ignition has been turned off.

Raise car and support in a safe rmanner, |

WARNING — :
Make sure the caris stable and welfl supported at all fimes. -
Use a professional automotive fift or fack stands designed for
the purpose. A floor fack is not adequale support.

FRemove under engine splash guard.

Working underneath starter:

= Cui off wire tie securing crankshaft speed sensor harness —
connector {arrow) to sensor.

» [isconnect harness connector.

Remove sensor mounting fastener (arrow) and remove sen- -
sor fram cylinder block. —

Installation is reverse of removal, noting the following:

* Use a new O-ring when installing sensor.

» Be sure wiring is routed in same orientation.

» Secure sensor using new wire ties.
+ Ljse scan tool to read out and clear ECM fault memory. '
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Crankshaft speed sensor, replacing (M&62 and M&62 TU
engines)

The crankshaft speed sensor reads a toothed pulse wheel
mounted on the flywheel. If the Engine Control Module (ECM)
does not receive an impulse signal from the crankshaft speed
sensor during cranking, the engine will not siart. If the OBD [l
system misfire detection protocol detects a catalyst damag-
ing fault due to a malfunction in the crankshaft speed sensor
components, the Check Engine light (Malfunction Indicator
Light or MIL) will be illuminated.

The crankshaft speed sensor (arrow) is mounted in the right
tower side of the bell housing.

Remove speed sensor by disconnecting electrical harness
connector and unbolting sensor from bell housing. Do not
discard shims, if present.

Installation is the reverse of removal. Clean mounting surface
before Installing new sensor, and install shims, if present.

If the flywhee! was replaced, the speed senscr must be
checked for correct instaliation depth.

= Crank engine in direction of rotation using crankshait bolt
until a full pulse tooth is centered in the opening for the re-
moved speed sensar.

* Measure depth to top of tooth from speed sensor pulse
generator mounting surface on transmission.

Measure length of pulse generator from mounting surface to
end (A).

Subtract tength of pulse generator (A) from distance to pulse
tooth from mounting area on transmission. This measure-
ment is the gap between the pulse sensor and flywheel. Use
shims available from BMW to increase gap as needed to
reach specification.

Pulse sensor gap

End of sensor fo flywheel teeth 0.55 + 0.2 mm
(0.0217 = 0.00B in)

T
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Camshaft posiiion sensors

The camshaft position sensors are used by the engine man-
agement system for VANOS control, sequential fuel injection
and knock control.

intake camshaft position sensor, replacing (M52, M52 TU
and M54 engines)

Make certain ignition has been turned off.

Remove plastic cover from above fuel injectors by prying off
bolt covers and removing cover mounting bolts.

Remoave complete air filter housing:

» Disconnect electrical harness connectar on mass air flow
sensor (A).

» Detiach vacuum [ine at intake boot (B).

» Loosen hose clamp at intake boot and detach air duct con-
nections (C).

= Disconnect cold air duct tube (D).
= Remove filter housing mounting screws (E).

Disconnect harness connector from VANOS solenoid and
unscrew solenoid from VANOS control unit. Be prepared with
shop rags to catch oil released from VANOS unit.

Remove camshaft sensor (arrow) from leit front of cylinder
head, next to top of ail filter housing.

Disconnect camshaft sensor harness from under intake
manifold. Prior to removal, attach a stiff piece of wire to the
harness connector end to preserve proper routing of harness
for reinstallation.

Installation is reverse of removal, noting the following:

* Use new O-rings when installing sensor and solenoid.
* Be sure wiring is rerouted in same orientation.

 Use scan tool o read out and clear ECM fauift memory.

Tightening torques

Inlake camshaft sensor to cylinder head 10 Nm {7 {t-lb)
VANOS solenoid to VANOS controf unit 30 Nm {22 ft-Ib)
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Exhaust camshaft position sensor, replacing
(M52 TU and M54 engines)

Make sure igniticn has been turned off.
Working at front of engine on exhaust (right) side, detach ex-
haust camshaft position sensor electrical harness conneclor

(arrow) and remove sensor.

Installation is reverse of removal, noting the following:
» Jse a new O-ring when installing sensor.
= {Jse scan tool to read out and clear ECM fault memory.

Tightening torque

Exhaust camshaft sensor to cylinder head 10 Nm (7 ft-lb}

Intake camshaft position sensor, replacing
(M62 and 4i62 TU engines)

Make sure ignition has been turned off.

Remove top engine cover by releasing quick release fasten-
ers (arrows) by pressing down,

Remave air filter housing and mass air flow sensor:

» Disconnect mass air flow sensor and intake air tempera-
ture sensor electrical harnesses (A and B).

= Remove air filter housing mounting fastener {arrow).
» Loosen hose clamps (C and D).

= Remove hose at idie air stabilizer.

« Remove air filter housing with mass air flow sensor,
« Remove intake hose from throttle body.

£ onlPublisherm.com-All Finhts Hesewved
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< Remove camshaft sensor (arrow) from front of right cylinder
head.

— Disconnect camshaft sensor harness from cable duct above
right cylinder head.

— Installation is reverse of removal, noting the following:
= Use new O-ring when installing sensor.
« Be sure wiring is rerouted in same orientation.
« Use scan tool to read out and clear ECM fault memory.

Tightening torque

intake camshaft sensor to timing chain 5 Nm (3.5 fi-Ib)
cover

Knock sensors

Knock sensors, replacing (M52, M52 TU and M54
engines)

The knock sensors are bolted to the left side of the cylinder
block under the intake manifold.

— Remove intake manifold as described in 113 Cylinder Head
Removat and Installation.

4 Disconnect knock sensor electrical harness connector (A) on
left side of engine cylinder block.

= Remove knock sensor mounting bolts (arrows) on side of
cylinder block. Remove sensors.

CAUTION—

Note the installed angle of the knock sensar on the block be-
fore removing it. Reinstall the sensor in the same posifion. Be
sure lo use a forque wrench when tightening the sensor ;
mountinig bolt. —

< Clean knock sensor contact surface on engine block and -
sensor (arrows) before installing knock sensor.

Tightening torque =
Knock sensor to head 20 Nm (15 fi-lb)

— Use scan tool to read ouf and clear ECM fault memory.

Knock sensors, replacing (M62 and M62 TU engines) .

The knock sensors are boited to the side of the cylinder block
under the intake maniiold.

B
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— Remove intake manifold as described in 113 Cylinder Head
Removal and Installation.

< Remove knock sensor mounting bolts (arrows) on side of
cylinder block. Remove sensors.

CAUTION—
Note the installed angle of the knock sensors on the block be-
fore removal it. Reinstall the sensors in the same position. Be

sure to use a torque wrench when tightening the sensor
mounting bolis.

— Clean knack sensor contact sufaces on engine block and
sensors before installing.

Tightening torque

Knock sensar to engine block 20 Nm (15 ft-Ib}

el
£02120008

~ Use scan tool to read out and clear ECM fault memary.

— Installation is reverse of removal.
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GENERAL

This section covers the battery, alternator, starter and associ-
ated components of the electrical system.

Troubleshooting information for these components is found in
Table a. Battery, alternator and starter troubleshooting.

For additional electrical troubleshooting information, see
600 Electrical System—General.

Special iools

« Alternator pulley nut removal tool
{Tool No. BMW 12 7 110)

4 Automotive digital multimeter

CAUTION—
Only use a digital muftimeter when festing automotive electri-
cal components.

4 Closed-circuit current measurement adaptor
(Tool No. BMW 61 2 300)

Engine electrical system

The aiternaior and starter are wired directly to the battery. To
prevert accidental sheris that might blow a fuse or damage
wires and electrical components, always disconnect the
negative (-} battery cable before working on the electrical
system.

Various versions of alternators, voltage regulators, starters,
and batteries are used in E39 cars. Replace componenis ac-
cording to the original equipment specification.

I3 T



121-3
-Battery, Starter, Alternator

Battery Safety Terminal

MAS
module

A
Battery positive
(+) terminal :

contact

Igniter :
paint

capsule

Q021254

Table a. Battery, alternator and starter troubleshooting

4 A Battery Safety Terminal (BST) controlled by the Multiple
Restraint System (MRS) control unit was introduced for mad-
el year 1998 vehicles. The system will discannect electrical
power to the engine compariment in the event of a significani
impact. The MRS system fires an encapsulated pyrotechnic
device in the positive {+) battery terminal that disconnects
power to the engine compartment, but maintains powar to
the exterior lights and interior of the vehicle.

Symptom

Probable cause

Corrective action

Engine does not crank

Fault in immabilizer system (EWS)

Try another ignition key. If problem persisis, contact
your authorized BMW dealer.

Engine cranks slowly or
not at all, solenoid clicks
when starter is operated.

Battery cables loose, dirty or corroded.

Clean or replace cables. See 020 Maintenance.

Battery discharged.

Charge batiery and test. Replace if necessary.

Battery to bady ground cable in trunk loose,
dirty or corroded

Inspect ground cable. Clean, tighten or replace i
necessary.

Paor connection at starter motor terminal 30.

Check connections, test for voltage at starter. Test for
voltage at neutral safety or clutch interlock switch.

Starter motor or solenoid faulty.

Test starter.

Battery will not stay
charged more than a few
days.

Short circuit draining battery.

Test for excessive current drain with everything
electrical off.

Short driving trips and high electrical drain on
charging system does not allow battery to
recharge.

Evaluate driving style. Where possible, reduce
electrical consumption when making short trips.

Drive belt(s) loose, worn or damaged.

Inspect or replace ribbed belt{s). See 020
Maintenance.

Battery faulty.

Test battery and replace if necessary.

Battery cables loose, dirty or corroded.

Clean or replace cables. See 020 Maintenance,

Alternator or voltage regulator faulty.

Tes! alternator and voltage regulator.

LBentleyPublishim com~All Rights Reserved
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Warnings and cautions

WARNING —
s Wear goggles, rubber gloves, and a rubber apron when
working around the battery or batlery acid (elecirolyte).

s Batlery acid contains sulfuric acid and can cause skin
irritation and burning. If acid is spilled on your skin or
clothing, flush the area at once with large quantities of
water. If electrolyte gets info your eyes, flush them with
large quantities of cfean water for several minutes and
call a physician.

« Batteries that are being charged or are fully charged
give off explosive hydrogen gas. Keep sparks and open
flames away. Do not smoke.

CAUTION—
= Only use a digital multimeter when testing automotive elec-
trical components,

* [f a repair procedure specifies disconnecting the bat-
tery, follow the instruction for safely reasons.

» Prior to disconnecting the battery, read the battery dis-
connection cautions in 001 General Cautions and
Warnings.

¢ Modsls with M543 engine management: Allow at least
3 minutes to elapse after turning ignition key to OFF po-
sition before disconnecting battery. This wilf alfow suffi-
cient time to complate the DMTL (fuel tank pressure)
test.

= Disconnecting the battery cables may erase fault codes
stored in ECM memory.

» Afways disconnect the negative (~) battery cable first
and reconnect it last. Cover the battery post with an in-
sulating material whenever the cable is removed.

= Do not disconnect battery, alternator or starfer wires
whife the engine is running.

o Never reverse the batlery cables. Even a momeniary
wrong connection can damage the afternator or other
electrical components.

« Do not depend on the color of insulation to telf battery
positive and negative cables apart. Label cables before
removing.

* The slide-tilt sunroof may fail to function properly aiter
disconnecting and reconneciing the battery. Reinitial-
ize sunroof as described in 540 Sunroof.

< BentinyPublishers.com=AH Rights Reserved
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BATTERY

The battery is mounted in the right side of the luggage com-
partment, concealed behind a trim panei. Battery capacity is
determined by the amount of current needed 1o start the vehi-
cle and by the amount of current consumed by the electrical
system. This will vary from model to model.

« BMW hatteries are rated by ampere/hours (Ah) and cold
cranking amps (CCA) rating, which are listed on the battery.
The Ah rating is determined by the average amount of cur-
rent the battery can deliver over time without dropping below
& specified voltage. The CCA is determined by the batlery's
ahility to deliver starting current ai 0° F (-18° C) without drop-
ping below a specified voltage. Always replace the battery
with one having the same or higher ratings.

Battery testing

Battery testing determines the state of battery charge. On
conventicnal or low-maintenance batteries, the most com-
mon method of testing the battery is that of checking the spe-
cific gravity of the electrolyte using a hydrometer. Before
testing the battery, check that the cables are tight and free of
corrosion.

Hydrometer testing

Before hydrometer testing, load the battery with 15 amperes
for one minute. If the hattery is installed in the vehicle, this can
be daone by turning on the headlights without the engine run-
ning. The state of battery charge based on specific gravity
values are given in Table b. Specific gravity of battery elec-
trolyte at 27°C (80°F).

The hydrometer indicates the specitic gravity of the electro-
lyte. The more dense the congentration of sulfuric acid in the —
electroiyte, the higher the state of charge. ‘

NOTE — ‘
Electrolyte temperature affects hydrometer reading. Checic —
the electrolyte termperalure with a thermometer. Add 0.004 to .
the hydrometer reading for every 6°C (10°F) that the electro-
lyte is above 27°C (80°F). Subtract 0.004 from the reading
for every 6°C (10°F) that the electrolyte is below 27°C

(80 DF). ..........

& BontfeyPublishers com-All Rights Reserved
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Table b. Specific gravity of battery electrolyte at 27° C (80°F)

Specific gravity State of charge
1.265 Fully charged
1.225 75% charged
1.190 50% charged
1.155 25% charged
1.120 Fully discharged

If the specific gravily is at or above 1.225, but the battery lacks
power for starting, determine the battery's service condition
with a load voltage test. If the average specific gravity of the
six cells is below 1.225, remove the battery from the luggage
compartment and recharge.

Battery open-circuit voltage test

Before testing, load battery with 15 amperes for one minute
with battery load-tester or turn on headlights for about one
minute without engine running. Connect digital voltmeter
across battery terminals. Open-circuit voltage levels are giv-
en in Table ¢. Open-circuit voltage and battery charge.

If open-circuit voltage is OK but battery still lacks power for
starting, perform a load voltage test.

If open-circuit voltage is below 12.4 volts, recharge battery
and retest.

Table ¢. Open-circuit voltage and battery charge

Open-circuit voltage State of charge
12.6 V or more Fully charged
12.4 ¥V 75% charged
12.2V 50% charged
120V 25% charged
11.7 V or less Fully discharged

Battery load voliage test

A battery load tester is required for a load voltage test. The
testis made by applying a high resistive load to the battery
terminals and then measuring battery voltage. The battery
should be fully charged for the most accurate results. The bat-
tery cables must be disconnected before making the test. Re-
place the battery if the voliage is below that listed in Table d.
Battery foad test - minimum voltage.

+BenloyPublizhers.com-All Rights Reservaed
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WARNING —
Always wear protective goggles and clothing when perform-
ing a load test.

Table d. Battery load test - minimum valtage

Ambient temperature Voltage*
27 °C (80° F) 96V
16° C (60° F) 95V
4° C (40° F) 8.3V
-7° C (20° F) 8.9V
-18° C (0° F) B5YV

* Measura aftar applying a 200 amp load for 15 seconds.

Closed-circuit current measurement

If the vehicle battery is discharged for an unknown reason,

perform a closed-circuit current measurement as the first test.
For diagnostic purposes, it is important to not disconnect the
battery. Disconnecting the battery may reset a faulty control ‘\
unit, preventing proper diagnosis.

The following test is generally completed overnight using a
multimeter with a closed circuit current measurement adaptor
with a recording function,

— Check that battery voltage is 12 volts or higher. If lower,
recharge battery.

- Switch off elecirical consumers (interior lights, telephone,
aftermarket equipment, or others).

-« QOpen luggage compartment and remove battery trim panel. L
Use screwdriver to lock latch on trunk lid or hatch, simulating
closed luggage compartment. Close other doors.

— Open driver's door, then close it, simufating driver entering L
vehicle. —

— Switch ignition to RUN position for at least five seconds, then
turn ignition to OFF position. This simulates driving vehicle.

— Open and close driver's door, simulating driver leaving
vehicle.

- |ock car and arm alarm.

—  Wait at least 16 minutes ior consumer cut-off. —

BenlleyPublichers.com=~All Fphts Roserved
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B602121032

B502121030

B5021210031

‘—

NOTE—
Automnatic transmission cars: amber shifter LED will go out at
consumer cut-off.

Attach ciosed-circuit current measurement adaptor
{BMW special tool 61 2 300):

= Connect red clamp (marked A -BATT (+)) to positive bat-
tery terminal.

¢ Connect black clamp (marked B -CHASSIS) to chassis
ground point.

NOTE—
Green LED will light up to indicate correct installation of
closed-circuit current measurement adaptor.

Connect black clamp {marked B - BATT (-}) to negative bat-
tery terminal. Green LED light will go out.

NOTE —

Any electrical overloading will be indicated at this point by
lighting the red LED. If the red LED lights up, check the adap-
tor connections.

Set multimeter (A) to 10 amp measuring range and cannect
it to adaptor.

NOTE —
¢ Set multimeter to record average readings.

= [f possible, turn off powersaving features of muftimeier
which prevent a long term (overnight) test by automatically
powering down metear.

Disconnect battery ground strap {B) at chassis mounting
paint.

Measure closed-circuit current using multimeter.

Typical average closed-circuit current for E39 vehicles is
40 mA. Readings cver 50 mA must be further investigated.

ERantinvFublishoe. cam-All Richts Reserved
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Battery charging

Discharged batteries can be recharged using a battery charg-
er. Remove the battery from the trunk during charging.

Prolonged charging causes electrolyie evaporation to a level
that can damage the battery. It Is best to use a low-current
charger (6 amperes or less) to prevent battery damage
caused by averheating.

WARNING —

Hydrogen gas given off by the baltery during charging is ex-
plasive. Do not smoke. Keep open flames away from the fop
of the baftery, and prevent electrical sparks by turning off the
baftery charger before connecting or disconnecting it.

CAUTION—

= Battery electrolyte (sulfuric acid) can damage the car. If
glectrolyte is spifled, clean the area with a solution of bak-
ing soda and water.

» Always allow a frozen battery to thaw before atternpting
to recharge it

= Always disconnect both battery cables and remove bat-
tery from vehicle during battery charging. Do not ex-
ceed 16.5 charging voltage at the battery.

Battery safety terminal, replacing

If the battery safety terminal has been triggered, investigate
and correct the cause prior to replacement.

— Working in right side of luggage compartment, remove bat-
tery trim panel.

— Disconnect negative (-) battery terminal and cover with
insulator.

— Disconnect positive (+) cable from battery.

- Release paositive (+} cable from cable brackets on luggage
compartment wall. Lay new repair cable paraltel to positive
cable.

T

— Mark off length of new cable on old cable. Allow 10 cm
(2.5 in) of slack.

— Saw through old cable. —

CAUTION—

Do not use bolt cutters or similar tools io cut through cable.
A cable end that has been squashed flat will not fit info the
clamping sleeve of the new cable.

4 BentleyPubtichers.com-All Hights Reserved
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Batiery safety
terminal harness

Shrink insutation

Terminal connector

502123013

502121025

«—  Strip approximately 15 mm (0.6 in) of insulation from cable
end.

« Push terminal connector of new cable over stripped end of
old cable. Tighten clamp.

—  Slip shrink-fit insulation over positive cable. Attach new safie-
ty harness to end of positive cable. Shrink insulation with hot
air blower.

— Reinstall cable in cable bracket and attach to batiery.

— Reattach negative battery cable. Reinstall luggage compart-
ment irim pieces.

— Use BMW scan tool DISplus or equivalent to read out airbag
control module fault memory. Correct faults, then clear mem-
ory.

ALTERNATOR {(GENERATOR)

4 Various versions of alternators have been used in E39
vehicles. See Table e.

Table e. Alternator application chart

iiodel Aiternator type
&28i
19971998 Air cooled, 90 amp or 120 amp
19992000 Air cooled, with multi-junction control
{MFR), 120 amp or 140 amp
525i, 530i Air cooled with multi-function controtl
(MFR), 120 amp or 140 amp
540i
1997 Air cooled, 120 amp or 140amp
1998 Air cooled, with integrated muiti-
function control (MFR)}, 120 amp 140
amp
1999-2002 Whater cooled, with integrated multi-

function control {MFR), 80-150 amp
(variable output)

Il
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Alternator, basic

On 1997-1998 6-cylinder and 1997 V-8 models, the charging
system indicator light is supplied voliage (+) to one side of the
light bulby, and the other side of the bulb is connected to the
voliage regulator.

With the engine off and the key in the run position, voliage
from the ignition switch flows through the regulator to ground,
completing the circuit and illuminating the charge indicator
bulb.

When the vehicle is started and the alternator begins to pro-
duce voltage, the output of the dicde tric increases and the
light is turned off.

Alternator with multi-function control
(MFR)

The multi-function controlled alternator is used on:

* 1999-2002 6-cylinder models
= 1998-2002 V-8 models

On cars with multi-function control alternator, the charge in-
dicator lamp is activated by means of an electronic switch in-
tegrated in the alternator controller. This swilch receives its

voltage supply from terminal 15 on the 3—pin connector at the
rear of the alternator. The contraller measures internally the
voltage difference between terminal 30 and terminal 15 and
signals the DME ECM to turn the charge indicator lamp on.

The controller features integrated fault detection. The battery
charge indicator lamp will come on in the event of:

» Failure of belt drive

= No charge due to an electrical/electronic fault

= Interruption in excitation circuit

¢ QOver-voltage due to a defective controller output stage
= Fault or break in charge line

= No charge due io alternator fault

& BanlleyPublishers.com~All Righls Reserved
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rBanlinePoblinae

Water-cooled alternator

« The water-cooled alternator, used on 1999 and later M62 TU

engines, is a sealed unit housed inside the engine block wa-
ter jacket. It is cooled via the engine cooling system. ltis a
“brushless” sealed unit that cannot be serviced. Maintaining
consistent alternator temperatures increases the life span of
the alternator, and elimination of the alternator cooting fan re-
duces alternator noise significantly.

The M62 TU water-cooled alternator incorporates load start
reduction. This function is intended to shorten the duration of
engine starting, particularly at low ambient temperatures. The
current load is limited to 20 amps during starting in order to re-
duce alternator braking torgue on the engine. Following the
current limiting phase, full power output is then progressively
reached.

CHARGING SYSTEM
TROUBLESHOOTING

Charging system diagnostics requires special test equip-
ment. If the test equipment is not available, charging system
fault diagnosis can be performed by an authorized BMW
dealer or other qualified repair shop. See Table a. Battery,
alternatar and starter troubleshooting for general electri-
cal component troubleshoeting.

Before checking the alternator, make sure the battery is fully

charged and capable of holding a charge. Check that the bat-
tery terminals are clean and tight and the alternator drive belt
is properly tensioned and not severely worn.

NOTE—
Sormme model require up to 15 second to reach full alternator
otdput.

CAUTION—

if the charge indicator light it the instrument cluster remains
on, the charge warning circuit in the instrument cluster may
be faufty. Check that the ground lead is securely attached to
the grounding stud on the cylinder head (A). Replacing the
instrument cluster before repairing the ground lead wilf both
damage the instrument cluster and cause the failure to
reoccur.

o ram=All Rinhto Rivesrund
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Charge indicator
lamp 502620805

Charging system quick-check

Use a digital multimeter to measure voltage across the bat-
tery terminals with key off and then again with engine running.
Battery voltage should be about 12.6 volts with key off and be-
tween 13.5 and 14.5 volts with engine running.

NOTE —

The regulated voltage {engine running) should be between
13.2 and 14.5, depending on temperature and operaling con-
ditions. If the vollage is higher than 14.8, the voltage regula-
tor or mulitfunction controfler is most likely faulty.

Check for clean and tight battery cables. Check ground cable
running from negative {—) battery terminal to chassis and
ground cable running from engine to chassis. Check alterna-
tor drive belt condition and tension.

Charging system, checking

CAUTION—

= Do not disconniect the battery while the engine is running.
Damage to the alternator and/or engine electronic systems
may resull.

* Only use a digital muftimeter when testing charging
system components.

4 Turn ignition key on. Check that batiery warning light comes
on.

NOTE —
if the warning light does not come on, repair bulb or wiring
faulis before continuing o check the charging system.

6—cylinder engines only, remove complete air filter housing:
« Loosen intake duct hose clamp (A) at throttte assembly.

« [oosen clamp and remove idle control hose from intake
duct (B) and disconnect idle speed control valve electrical
harness connector.

= Disconnect electrical harness connector (C) from mass air
flow sensor.

+ Remove air filter housing mounting screw (D).
o Disconnect vant tube (E).

= |oosen air intake duct clamp (F).

= Carefully lift air filter housing out of engine bay.

€ HenlleyPublishers.com=All Rights Reserved
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61E

0022132

4 Check for battery voltage at alternator termina! 30 {B+) (ar-

row);

= Pull back rubber insulating cover at terminal 30 at rear of
alternator.

» Connect voltmeter between terminal 30 and ground and
check for battery voltage. |f voltage is not present, check
wiring for faults.

NOTE—

On V-8 engines, access to the rear of the alternator is limited.
Check for battery voltage between the jump start post on the
left eylinder head and ground.

Disconnect harness connector from alternator. Turn ignition
on and check for battery voltage between terminal 15 and
ground. If voltage is not present, check wiring and fuses for
faults.

Reconnect connector to alternator.

Lacate the blue wire coming from terminal 61E of the aiter-
nator connector. Carefully connect the positive (+) test lead
to the wire using a piercing test lead end.

Turn ignition key on and check for voltage. Voltage should be
less than 1.5 VDG and charge indicator lamp should light.

Making sure all test equipment and tcols are clear, start en-
gine. Voltage should increase to 8.0 VDC ar higher. The
charge indicator light should go out.

¢ If voltage does not increase and system is not charging,
the fault is in alternator.

= |f voltage does not increase, but system is charging, inter-
rogate system for faults using an appropriate BMW scan
ool and reset fault memaory,

if a load tester is not available, a quick alternator output test
can be done by running engine at about 2000 rpm and turn-
ing on electrical loads (fans, lights, rear window defroster,
and wipers). With all accessaries on, battery voltage should
be above 12.6 V.

ZBentlevPuldishers.com=-All Rinlys Hesered
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Alternator, removing and installing
(6—cylinder engine)

A replacement alternator should have the same rating as the
original. Alternator manufacturer and ampere rating are nor-
mally marked on the alternator housing.

Disconnect negative (-) battery cable.

CAUTION—

Prior to disconnecting the battery, read the battery discon-
nection cautions given in 001 General Warnings and Cau-
tions.

Remaove complete air filter housing:
= Loosen intake duct hose clamp {A) at throttle assembly.

= [oosen clamp and remove idle control hose from intake
duct (B) and disconnect idle speed control valve electrical
harness connector.

= Disconnect electrical harness connector (C} from mass air
flow sensor.

= Remove air filier housing mounting screw (D).
= Disconnect vent tube (E).

* Loosen air intake duct clamp (F).

= Carefully lift air filter housing out of engine bay.

Remove alternator drive beit. See belt removal procedures in
020 Maintenance.

Remove radiator cooling fan and fan shroud. See 170 Radi-
ator and Cooling System.

NOTE —
The radiator cooling fan nut (32 mm wrench) has left-hand
threads.

Unbolt power steering fluid reservoir and bracket. Suspend to
one side without detaching fluid hoses,

Disconnect alternator air cooling iube.
Disconnect wiring from rear of alternator.

Remove upper and lower mounting bolts (arrows) and lift out
alternator.

NOTE —
If idler pufley for belt interferes, remove pulley cover and
retaining bolt to remove pulley.

i~BentieyPublishera.cam-All Riglila Reserved
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Installation is reverse of removal.

Tightening torques

Belt tensioner to engine block

M8 (8.8 grade) 22 Nm (18 fi-tb)
Fan clutch to coolant pump
with BMW special tool 11 5 040 30 Nen (22 fi-lb)
without BMW special tool 11 5 040 40 Nm (289 fi-Ib}
Pulley to alternator 70 Nm {44 fi-Ib}
Terminal 30 {B+)} wire to alternator (M8) 13 Nm {10 fi-Ib}

Alternator, removing and installing
(M62 engine, air cooled)

A replacement alternator should have the same rating as the
original. Alternator manufacturer and ampere rating are nor-
mally marked on the aliernator housing.

Disconnect negative () battery cable.

CAUTION—
Prior fo disconnecting the battery, read the battery discon-
nection cautions 001 General Warnings and Cautions.

Remove cooling fan and alternator drive balt. See 020 Main-
tenance.

Pry out trim caps and remove fasteners from plastic cover on
left head. Lift off cover.

« Disconnect positive (+) lead from jump start post (arrow).

Raise car and support in a safe manner.

WARNING —
Make sure the car is stable and well supported at all times.
Use a professional automolive lift or jack stands designed for

the purpose. A floor jack is not adequate support.

#BenlleyPublishers com-All Hights Reserved
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— Remove engine splash shield from underneath car.

4 Working underneath car at rear of alternator, loosen alterna-
tor air cooling duct clamp (arrow) and remove duct.

Q Remove three alternator mounting fasteners (arrows).

—  Pull alternator forward and disconnect wiring from rear of
alternator.

+ Release clip retaining wiring harness to alternator.

— Rotate alternator forward and then up and out of engine com-
partment, using care to not damage radiaior.

CAUTION—
Protect radiator with heavy cardboard or sheet melal.

— [nstallation is reverse of removal.

0017123 Tightening torques

Fan clutch to coolant pump

with BMW special tool 11 5 040 30 Nm (22 fi-Ib)
without BMW special tool 11 & 040 40 Nm (29 ft-1b)
Pulley to alternator 70 Nm (44 it-Ib)
Terminal 30 {B+) wire to alternator (M8) 13 Nm (10 fi-Ib}

£BentloyPublishers.cam=-All Rights Renorved
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Alternator, removing and installing
(M62 TU engine, water cooled)

V-8 models produced after 9/98 are equipped with a water
cooled alternator.

CAUTION—
Allow engine to coof before removing alfernator as coolant
will escape from the alfernator water jackel.

Disconnect negative (—) battery cable.

CAUTION—
Prior to disconnecting the battery, read the battery discon-
nection cautions given in 001 General Warnings and Cau-

tions.

Water-cooled

alternator
\ o
P

5

Sealing
O-ringg

502121015

Remove radiator cooling fan and fan shroud. See 170 Radi-
ator and Cooling System.

Drain engine cooling system. See 170 Radiator and Cool-
ing System.

Remove alternator drive belt. See 020 Maintenance.

Disconnect battery lead {terminal 30 or B+) and two-pin har-
ness connector from front of alternator.

Remove bolts securing alternator to water jacket and remove
alternator.

NOTE—

o [f necessary, raise car and remove engine compartment
splash shield to access lower alternator mounting bolts.

s The upper coolant hose can also be removed to assist al-
ternator removal.

mBontlevFubliskors.com=All Hinhls Reaereeed
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— Installation is reverse of removal, noting the following:
= Heplace alternator rubber sealing O-ring.

¢ Fill and bleed cooling system as described in 170 Radiator
and Cooling System.

Tightening torques

Fan clutch to coolant pump

with BMW special tool 11 5 040 30 Nm (22 fi-ib}

without BMW special tool 11 5 040 40 Nm (29 #t-Ib)
Terminal 30 (B-+} wire io alternator {M8) 13 Nm (10 ft-b)
STARTER

Starter troubleshooting

4 Typical starter wiring terminal identification is shown. Large
wire at terminal 30 (not shown in photo) is direct hattery volt-
age. Smaller wire at terminal 50 operates starter solenoid via
ignition switch.

— i starter turns engine slowly when ignition is in start position:
= Check battery state of charge.

= |nspect starter wires, terminals, and ground connections
for good contact. In particular, make sure ground connec-
tions between battery, body and engine are completely
clean and fight. AN s

iFicld terminal

= |f no faults are found, starter may be faulty and should be
replaced.

-~ |f starter fails to operate, check EWS (drive-away protection
system). Try another ignition key. If no faults can be found,
have the EWS systemn checked using BMW scan toal equip-
ment.

= Check cluich pedal aperated starter lock-out switch or gear —
position switch {automatic).

NOTE—

* A factory-installed drive-away protection systemn, also re-
ferred fo as EWS, is used on E39 cars. This system pre-
vents operation of the slarier if a specially coded ignition .
key is not used.

e On cars with automatic transmission, the transmission
gear position switch signals EWS lo prevent the engine
from starting in gear positions other than PARK or NEU-
TRAL. .

» On cars with manual transmissions, a starter immobiliza-
lion swifch at the cluich pedal is used to prevent the starter
from operating unless the clutch pedal is pushed fully to
the floor.
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Check for battery voltage at terminal 50 of starter motor with
key in start position. If voltage is not present, check wiring be-
tween ignition switch and starter terminal. Check the EWS
system and other inputs that disrupt terminal 56 to the start-
er. See ELE Electrical Wiring Diagrams. |f voltage is
present and no other visible wiring faults can be found, prob-
lem is most likely in starter motor.

Starter, removing and installing
(6—cylinder engine)

The starter is removed from below. Access to starter bolis is
difficult. Be sure to have the proper tools on hand before pro-
ceeding.

NOTE—
Access to the starter wiring is very fimited. For better access,
it may be necessary to remove the intake manifold.

Disconnect negative (-) battery cable.

CAUTION—
Prior to disconnecting the battery, read the battery discon-
nection cautions in 001General Cautions and Warnings.

Remove complete air filier housing:
* Loosen intake duct hose clamp (A) at throttle assembly.

= Loosen clamp and remove idle control hose from intake
duct (B) and disconnect idle speed control valve electrical
harness connector.

= Disconnect electrical harness connector (€) from mass air
flow sensor.

* Remove air filter housing mounting screw (B).
* Disconnect vent tube (E).

= |oosen air intake duct clamp (F).

» Carefully lift air filter housing out of engine bay.

Disconnect throttle cable.

-=  Raise vehicle and support safely.

WARNING —

Make sure the car is stable and well supported at all times.
Use a professional automotive ift or jack stands designed for
the purpose. A floor fack is not adequate support.

-~ Working underneath car, remove engine splash shield.

— Disconnect fuel lines and harness connectors from retaining

Rl Boublinbare

remeAl Finhie Ta

brackets, as necessary.
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— Disconnect wiring from starter.

4 Note routing for cables. Routing varies depending on model
and fransmission. When reinstalling, make sure cables do
not chafe.

- Using a long extension and universal joint from output end of
transmission, remove bolts fastening starter to transmission
bell housing and engine block.

—  Remove starter from befow.

502121034

v ( Check starter pinion gear and flywheel teeth for damage.

- Installation is reverse of removal.

Tightening torques
Starter to engine 47 Nm (35 it-Ib)
\ Starter support bracket to starter 5 Nm (44 in-Ib)
/’/\ Starter support bracket to engine 47 Nm (35 ft-Ib)
Wire terminals to starter
e SR N (44 indy
Q MB 7 Nm {62 in-lb)
/7 \\ M8 13 Nm (10 ft-lb)
<7\

N

502121036

Starter, removing and installing
(V-8 engine)

The starter is on the right (passenger) side of the engine, and
is rernoved from below. Access to starter bolts is difficult. Be —
sure to have the proper tools on hand before proceeding.

-~ Disconnect negative (=) battery cable.

CAUTION— —
Prior to disconneciing ihe baftery, read the battery discon-
nection cautions in 001General Cautions and Warnings.

— Raise vehicle and suppori safely.

WARNING —

Make sure the car is stable and well supported at all times.
Use a professional automotive lift or jack stands designed for
the purpose. A floor jack is not adequate support. —
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— Working underneath car, remove engine splash shigld.
- Remove heat shield from starter,

4 Remove starter wire mounting nuts (arrows). Disconnect
wires from starter terminals and retaining clip.

= Disconnect main positive cable and bracket from suspen-
sion.

» |f necessary for access, remove right side oxygen sensor
harness connector from retaining clip.

4 Working from end of fransmission, use suitable exiensions
and universal joint to remove starter mounting bolts (arrows)
at transmission bellhousing.

- Remove starter from below.

— Check starter pinion gear and flywheel! teeth for damage.

- |nstallation is reverse of removal.

Tightening torgues

Starter to engine 47 Nm (35 ft-Ib)
Wire terminals to starter
M5 5 Nm (44 in-liz)
M5 7 Nm (62 in-Ib)
Mma 13 Nm {10 fi-lh)

[

THenltevPublishers.com-All Rinhts Reserved



121-23

‘Battery, Starter, Alternator

Solenoid switch, removing and installing
Remove starter as described previously.

Disconnect field winding strap between starter motor and
solencid switch.

NOTE —
If the field winding strap is darmaged or burned, a new or
rebuilt starter motor is needed.

Remove solenoid switch mounting screws {arrows}, and
separate solencid from starter.

¢ Unhook solencid plunger from lever in starter drive.

Installation is reverse of removal. Lubricate solenoid piston
with light grease.

CAUTION—
When installing field winding strap to starter, position it 5o that
it does not contact the starter body.

Tightening torque
Field strap 1o starter 13 Nim (10 fi-Ii)

tBontley Publishera.cam-All Rights Reserved
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Fuel Injection

GENERAL

This repair group covers service and repair of the Bosch and
Siemens engine management systems used on 1897
through 2002 E32 models. Additional engine management
service and repair inforration may also be found in the fol-
lowing repair groups:

020 Maintenance

120 Ignition System

160 Fuel Tank and Fuel Pump

610 Electrical Component Locations
OBD On Board Diagnostics

NOTE—
Camshalt position sensor, crankshaft speed sensor and
knock sensors are covered in 120 Ignition System.

Table a. Engine management system appiications

NModel/model year |Engine DME System

528i, 1997-1998 M52, 2.8 liter Siemens M3 411

528i, 1999-2000 M52 TU, 2.8 liter Siemens MS 42.0

525i, 2001-2002 M54, 2.5 liter Siemens MS 43.0
530, 2001-2002 M54, 3.0 liter Siemens MS 43.0
540, 1987 M62, 4.4 liter . Bosch M5.2

540i, 1998 M6E2, 4.4 liter Bosch M5.2.1

502120880

5401, 1999-2001 M62 TU, 4.4 liter Bosch ME 7.2

OBD Il software and hardware is incorporated in the engine
management control systems. The OBD 1! system monitors
components that influence exhaust and evaporative emis-
sions. If a problem is detected, the OBD Il system stores the
associated fault code and condition.

If vehicle emission levels exceed 1.5 times Federally mandat-
ed criteria, the OBD |l system illuminates a malfunction indi-
cator light (MiL) in the instrument cluster.

NOTE—

e For the E39 cars covered by this manual, three different
MiL symbois were used, depending on year and model.
See iflustration.

When faults arise, or if the malfunction indicater lamp (MIL} is
illurminated, begin troubleshooting by connecting BMW ser-

vice tester DISplus, MoDIC, GT1 or equivaleni scan tool. The
capabilities of OBD i software has the potential to save hours
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of diagnostic fime and to help avoid incorrect component re-
placement and possible damage to system components.

NOTE —

* Professional diagnostic scan tools available at the time of
this printing include the BMW factory tools and a small
number of aftermarket BMW-specific tools. The C52000
from Baum Tools Unlimited, the Retriever from Assenma-
cher Specially Tools, and the MT2500 from Snap-on are
three examples.

= In addition fo the BMW-specific professional line of scan
lools, there are inexpensive generic OBD I scan tool soft-
ware programs and handheld units available. Although
these tools have limited capabilities as compared fo the
dedicated tools, they are powerful diagnosiic fools,

= Forthe DIY owner, simple aftermarket DTC reader is avail-
able through hitp://www.peakeresearch.com. This too! is
capable of checking for DTCs as well as turning off the if-
luminated MIL and resetling the service indicator lights.

Tools and test equipment

I the equipment required to do the job is unavailable, it is rec-
ommended that these repairs be left to an authorized BMW
dealer or other qualified BMW repair facility.

« Fuel pressure gauge
{Tool No. Baum 1318)

Q Automative digital multimeter

< Low current test light ("noid"} pe
(Tool No. Baum 1115a)

L HenleyPubkahers.com—Al Rinhln Rezerved
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« Factory DTC scan tool
(Tool No. BMW DISplus / GT1 / MoDiC 111}

« Fuel line plugs
(Tool No. BMW 13 5 281/ 13 5 282)

4 Aftermarket DTC scan tool
{Tool No. Baum C52000)

4 Fuel line clamp
(Tool No. BMW 13 3 010)

4 Fuel rail to pressure gauge fitting
{Tool No. BMW 13 5 220}
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Warnings and cautions

For personal safety, as well as the protection of sensitive
electronic components, adhere to the warnings and cautions
on the following pages.

WARNING —

= (Gasoline is highly flammable and its vapors are explosive.
Do not smoke or work on @ car near heaters or other fire
hazards when diagnosing and repairing fuel systemn prob-
lems. Have a fire extinguisher available in case of an emer-
gency.

* Renew fuel system hoses, clamps and O-rings any
lime they are removed.

* When working on an open fuel system, wear suitable
hand profection, as prolonged contact with fuel can
cause ifinesses and skin disorders.

« The ignition system produces high voltages that can be
fatal, Avoid contact with exposed terminals. Use ex-
treme caution when working on a car with the ignition
switched on or the engine running.

CAUTION—

» Disconnecting the battery may erase faulf code(s) stored in
memory. Checi for faull codes prior fo disconnecting the
battery cables. Read the battery disconnection cautions in
001 General Warnings and Cautions.

e Connect and disconneci the DME system wiring and
test equiprent leads only when the ignition is switched
off.

= Wait at least 1 minute after turning off the ignition be-
fore removing the engine control module (ECM) con-
nector, If the connector is removed before this time,
residual power in the system relay may darnage the
control module,

= Fuel system cleaners and other chemical additives oth-
er than those specifically recommended by BMW may
damage the calalytic converter, the oxygen sensor or
other fugl supply components.

* Do not connect any test equipment that delivers a 12-
volt power supply to terminal 15 (+) of the ignition coll,
The current flow may damage the ECM. In general,
connect test equipment only as specified by BMW or
the equipment maker.

¢ Only use a digital multimeter for electrical tests. Only
use an LED test light for quick iests.

£BenlloyPublishers.com-All Righla Resorved
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FUEL SUPPLY

Fuel supply to the injection system is provided by a high pres-
sure electric pump mounted inside the fuel tank. The pump is
powered via the fuel pump relay. If the relay is faulty, the fuel

pump wilt not run and the engine will not start.

NOTE—

= Fuel delivery volume and fuel pressure are crilical 1o prop-
er operation. Fuel pressure directly influences fuel defiv-
ery.

= Fuel pump relay, fuel pressure and fuel volume tests are
given in 160 Fuel Tank and Fuel Pump.

Relieving system fuel pressure

The fuel system retains fuel pressure in the system when the
engine is oif. To prevent fuel from spraying on a hot engine,
system fuel pressure should be relieved before disconnecting
fuel fines. One method is to tightly wrap a shop towel around a
fuel line fitting and ioosen or disconnect the fitting. Cleani-
ness is essential when working with fuel components. Thor-
oughiy clean the unions before disconnecting fuel lines.

SIEMENS MS 41.1

When system faulis are detected, a diagnostic trouble code
(DTC) is stored in the engine control module (ECM). The MIL
also illuminates if an emissions-relaied fauit is detected.

When faults arise, or if the malfunction indicator lamp (MIL) is
illuminated, begin troubleshooting by connecting BMW ser-
vice tester DISplus, MaDIC, GT1 orequivalent scan tool. The
capabilities of OBD 1l software has the potential to save hours
of diagnastic time and to help avoid incorrect component re-
placement and possible damage to system components.

CAUTION—

= The tests in this section may set fault codes (DTCs) in the
ECM and illuminate the MIL, After all testing is completed,
access and clear DTC fault memory using an OBD I or
BMW compatible scan tool. See OBD On-Board Diag-
nostics.

= Only use a digital multimeter for electrical tests.

¢ Relay positions can vary. Be sure to confirm relay posi-
tion by identifying the wiring in the socket using the wir-
ing diagrams found in ELE Electrical Wiring
Diagrams.

£ AentiuiPublishara.com=Al Riahls Reserved
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e NOTE—

= OBD |l fault memory (including an illuminated MIL) can
only be reset using an electronic scan tool. Removing the
connector from the ECM or disconnecting the battery will
not erase the fault memory.

« The BMW-dedicated 20-pin diagnostic link connector
(DLC) is in the right rear of the engine compartment.

y » The 16-pin OBD Il diagnostic connector (arrow) is located
: inside the car on the lower left dash panel,
w'\:;::
(é 0013208 )
ECM relay, testing

5 ‘< The engine control module (ECM) relay is energized via the

‘8 J ESAA ECM and supplies battery positive (B+) power to many of the

L2 engine management components and subsystems. If this re-

lay is faulty, the engine will not start.

I Ignition switch
é & ECM Relay n.'!‘f‘ N Mf’é) CAUTION—

H Relay positions can vary. Be sure to confirm relay position by
b identifying the wiring in the socket using the wiring diagrams
in ELE Electrical Wiring Diagrams.

NOTE—
Al The ECM relay is also referred to as the DME main relay.

XB680

S
g

Ay
I
g

R N i
3]
saWpS

Fuses for EC'M in E-box 502130468

4 Working in right rear of engine compartment:

= Release interior venfilation filter cover latch (A) and re-
move cover.

Release plastic locking tab (B).

Rotate duct inward (arrow) to unlock from bulk head and
remove duct.

» Release spring lock {C) to remove lower filter housing.

Slide filier housing away from inner fender io remove. . ==

— Remove electrical box (E-box) cover fasieners and remove
COVEr.

&BenlleyPublishams.com-M Rights Reserved
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4 2
Graund from B..__\l’

B5sbs  B7¢ 301 B6
- B]/ il

I md from Ignition key

[hot with key in
ECM an position)
to Fuel pump R/t Bd from Battery
and other

system gomponents

502130ralay
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4 With ignition off, remove main relay (K6300) (arrow) in

E-box.

{ Check for voltage at terminal 8 (30) on relay socket.

+ [f battery voltage is present continue testing.

» If battery voltage is not present, check fuse 109 (80-amp
fusible link) under passenger seat carpet. See ELE Elec-
trical Wiring Diagrams.

Reinstall relay and turn ignition on. Gain access to back side
of relay socket and check for ground on terminal 4 (85).

o If ground is present continue testing.

= [f ground is not present, signal from ECM is missing. Check
wire between ECM and reiay.

With ignition on and relay installed, check for battery voltage
on terminal 2 (87).

« |f battery voltage is present, relay has energized and is
functioning correctly.

* |f battery voltage is not present and all earlier tests are OK,
relay is faulty and should be replaced.

NOTE—

If no faults are found during testing buf power is not reaching
the ECM or other components, check the fuses in the fuse
carrier X8680 in the E-box.

o
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Mass air flow (MAF) sensor,
checking and replacing

The hot film mass air flow (MAF) sensor (arrow) sends a
varying voltage (approx. 0.5 - 4.5 vdc) to the ECM represent-
ing the measured intake air. The air mass input signalis pro-
duced electronically by the MAF sensor using a heated metal
film in the air flow stream.

The ECM relay provides the operating voliage to the MAF
sensor. As air flows through the MAF senscr, the film is
cooled. To maintain the film at a constant temperature, addi-
tional heating currentis necessary. ltis this additional current
that is the basis far the input signal.

If there is no output signaf from the MAF sensor, the ECM ap-
erates the engine using throttle position and engine rpm in-
puts. A faulty MAF sensor illuminates the MIL.

A faulty MAF sensor can produce the following problems:

= Difficult to restart when engine is hot.
o Engine staris then stalls.

¢ Engine starts and runs only with accelerator pedal de-
pressed.

Disconnect electrical harness connector from MAF sensor
(arrow).

Turn ignition on and check for voltage and ground at connec- -
tor.

+ There should be ground at pin 1 and battery voltage at pin
3.

= [f any fauits are found, check for wiring breaks between
MAF sensor and ECM and between MAF sensorand ECM
relay.

NOTE —

Visually inspect the sensor for damage, missing or blocked
screens. The screens affect air flow calfibration. Also inspect
the sealing O-rings where the sensor inserts into the air filter
housing and intake bool. Ensure the pin connections are
clean and tight.

4 Connect a BMW-compatible scan tool ar an OBD |f generic
sean tool. Check air mass signal {load signal) with the engine
at idie. Raise idle speed and check that load signal changes
with rpm. e

CAUTION—
Be sure ignition is OFF before disconnecting or reconnecting -
DME systern componenis.

“BentleyPublishers.com=-Al Righls Reserved
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4 Remove MAF sensor:
= Release clips from air filter housing (A).
» Disconnect harness connector (B).

= | oosen intake boot clamp (C) and remove MAF sensor.
Note large sealing O-rings.

— Installation is reverse of removal.
» No adjustment to MAF sensor is possible.
o Check intake hoses for cracks and vacuum leaks.

Engine coolant temperature (ECT) sensor,
testing and replacing

< The ECT sensor is located below cylinder 1 intake port.

The ECT sensor is a dual temperature sensor. One circuit
provides coolant temperature information to the ECM while
the other circuit provides coolant temperature information to
the instrument cluster.

To Instrumsnt
Cluster

The ECM determines the correct ignition timing and air/fuel
mixture required for the engine by monitoring an applied volt-
age (5 vdc) to the sensor. The voltage drop across the sensor
varies asthe coolant temperature {sensor resisiance) chang-
es.

NOTE—

The ECT sensor is an NTC {negative temperature coeffi-
cient) type sensor. In other words, as the temperature rises,
resistance through the sensor decreases.

If the ETC sensor input is faulty or non-plausible, the MiL is il- -
luminated when OBD Il fault eriteria are exceeded. The ECM !
assumes a substitute value {80° C/ 176°F) to maintain engine
operation. The ignition timing is set to a conservative/safe ba-
sic setting.

— Check ECT sensor resistance using a muitimeter at sensor

terminals.

ECT sensor resistance @ 20°C (68°F) 2.2-2.7 Kk}

Termperature gauge sensor resistance @ 20°C (66°F) 6.7 k&)
WARNING —
Due to risk of personal injury, be sure the engine is cold be-
fore disconnecting or reconnecting ECT sensor. I~

Rt
£ HentieyPublisherg com—All Rights Reserved
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CAUTION—
Be sure ignition is OFF before disconnecting or reconnecting
DME system components.

« Remove engine coolant temperature sensor:
s Unclip crankecase vent hose {C) from cylinder head cover.

= Hemove plastic cover (B} from atop intake manifold run-
ners.

= Working under front of intake manifoid, disconnect ECT
harness.

= Unscrew ECT sensor (C) from cylinder head.

- Installation is reverse of removal:
* Use new copper sealing washers when installing sensor.
= Replace any engine coolant lost,

Tightening torque

Temperature sensor to cylinder head 13 Nm (10 it-Ib)

Intake air temperature (IAT) sensor,
testing and replacing

4 The intake air temperature (IAT) sensor (arrow) signal is
used by the ECM to monitor intake air temperature for fuel
and ignition adaptation. The sensor is located in the intake
manifold behind the throtile housing.

The ECM monitors an applied voltage (5 vdc) to the sensor,
The voltage drop across the sensor varies as the intake air
temperature (sensor resistance) changes.

NOTE —

The IATsensor is an NTC (negative temperature coefficient)
type sensor. In other words, as the temperature rises, resis- —
tanece through the sensor decreases.

aoE7z4

If the IAT sensor input is implausible, a fault code is set. The ‘
MIL is illuminated when OBD |l fault criteria are exceeded. —

The ECM then operates the engine using only the engine e
coolant temperature (ECT) sensor input. ]

The intake air temperaiure sensor can be tested using a mul-
timeter across its terminals:

IAT sensor resistance @ 20°C (68°F) 22-27 k{l' e

CAUTION—
Be sure ignition is OFF before disconnecting or reconneciing —
DME system componenis. :

ZBuntleyPublishers.com-Al Rights Resenved
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— Disconnect intake air boot from throttle housing. Unbott throt-
tle housing and lay aside. It is not necessary to disconnect
throttle cable or electrical harness connectors from throttle
housing.

— HRemove electrical harness connector from |AT sensor.
- Unclip temperature sensor and remove from intake manifold.

— Installation is reverse of removal. Use a new gasket at throtlle
housing.

Throttle position sensor (TPS),
testing and replacing

4 The throttle position sensor (arrow) is located on top of the
throttle valve housing and provides the ECM with a voitage
value that represents throtile position (angle) and rate of
movement.

The TPS is non-adjustable. If the throttle position sensor is re-
placed, the previous ‘learned’ TPS settings must be cleared
from the ECM using a BMW-compatible scan tool.

If the throttle position sensor signal is defective, a fault code is
stored and the MIL is illuminated when OBD il fault criteria are
exceeded. The ECM still operates the engine using the mass
air flow (MAF) sensor and engine rpm inputs.

—  Check throttle position sensor function by disconnecting har-
ness connector and checking continuity across terminals. If
test results are incorrect, replace throttle position sensor. The
sensor is non-adjustable.

Throttle position sensor testing values

Terminals Test values

1 and ground in harness 5 vdc {approx.) .E.m
connector, key on :

1 and 3 at sensor 4.0 k2 (approx.) a
1 and 2 at sensor Throtile plate rotated from idle to

{ult throttle, continuously variable —
from 1.0 - 4.0 kQ

CAUTION—
Be sure ignition is OFF before disconnecting or reconnecting
DME system components.

#:BanlleyPublishes.com-All Righta Reserved
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4 Unplug harness connector (arrow) from sensor.

CAUTION—
Be sure ignition is OFF before disconnecting or reconnecting
DME system componerits,

NOTE—

Do not confuse the throttle position sensor on the main throt-
tle body with the throttie position switch on the secondary
throttle body, where applicable.

— Remove iwo mounting screws holding sensor to throitle
housing.

— installation is reverse of removal. Clear adaptation settings
from ECM using BMW-compatible scan tool.

NOTE —
Poor idle quality may be noticeable for a period if the adapta-
tion settings are not cleared after installing new TPS.

Idle speed control valve,
checking and replacing

The idle speed control valve regulates idle speed by redirect-
ing airaround the throttle vaive.The idie speed control valve is
mounted on the underside of the intake manifold adjacent to

the dipstick tube bracket. Accessing the valve is best accom-
plished by first removing the air filter housing and the throtile
body assembly.

The valve is supplied with battery voltage from the ECM relay.
The idle speed control valve incorporates a two-coil rotary ac-
tuater, The ground sides of each ceil are pulsed simulta-
necusly by the ECM. The duty cycle of each cireuit is varied to
achieve the required idle speed.

Afaulty ldle speed control valve sets a fault code and the MIL
isilluminated when OBD il fault criteria are exceeded.

Before checking the idle speed control valve, confirm that the
throttle position sensor is working correctly.

— With engine running, check that idle speed control valve is
buzzing.

— Turn on A/C system or shift transmission into drive. ldle
should remain steady or increase slightly. e

&BenlleyPublishors.com-All Rights Reserved
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Mourting
bracket

Vacuum hose io
intake manifald

Electrical
connector

0013185

- |f idle speed valve is not buzzing, or if idle decreases when
A/C is turned on, stop engine and disconnect harness con-
nector from idle speed valve.

CAUTION—
Be sure ignition is OFF before disconnecting or reconnecting
DME system components.

< Check resistance of valve across valve terminals.

Idle speed contrel valve resistance

Terminals 1 and 2 2012Q
Terminals 2 and 3 2020
Terminals 1 and 3 40 +40

The idle speed contral valve is mounted under the intake
manifold. Accessing the valve is best accompiished by first
removing the air filter housing and the throttle housing.

« Disconnect intake air boot from throtile housing. Unbolt throt-
tle body and lay aside. Do not disconnect throttle cable or
electrical harness connectors to throttle body.

NOTE—
For additional working room, unfasten and lift out the com-
plete air filter housing.

—  Working under intake manifold, disconnect electrical harness
connector from idle speed conirol valve.

‘Q Unbolt dipstick tube bracket (A) from intake manifold.

— Remove two bolts (B) retaining idle speed controf valve to un-
derside of intake manifold. Remave valve from intake mani-
fold. Remove hose clamp and disconnect hose.

- |nstallation is reverse of remaval. Use new gaskets when in-
stalling.

CRentloePubbshorm rom=-Al Rictis Hoserved
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Fuel injectors, checking and replacing

The fuelinjectors are electronically controlled solenoid valves
ihat provide precisely metered and atomized fuel into the en-
gine intake ports.

The injectors receive voltage from the ECM relay. The ECM
controls the opening by activating the ground circuit for the in-
jector valve solenoids. The ECM varies the duration {in milli-
seconds) of “opening” time to regulate the airfiuel ratio.

For a guick check of the injectors, run the engine and touch
each injector with a screwdriver or stethoscope. You should
feel a vibration or hear a buzzing.

Remove fuel injection harness from injectors by unclipping
tacking clip at each injector. Lift harness oif injectors.

CAUTION—
Be sure ignition is OFF before disconnecting or reconnecting

DME system components.

Use a multimeter to test injector coil resistance between in-
jector terminals.

Fuel injector coil resistance 160 at 20°C (68° F)

Disconnect negative (-} battery cable.

CAUTION—

Prior to disconnecting the battery, read ihe battery discon-
nection cautions given in 001 General Warnings and Cau-
tions.

< Remove plastic trim plugs (arrows) and fasteners, then re-
move cover from above fuel injectors.

— Disconnect vacuum line from fuel pressure regulator.

— Remove wiring harness duct mounting fasteners.

ZRentlayPublishers com-All Hights Reserved
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4 Release injector lacking clips at each injector and pry injector
wiring duct up off injectors.

— Clamp off fuel supply line and fuel return line at end of fuel
rail. Disconnect fuel supply fuel return lines from fuel rail.

WARNING —

« Clamp off the fuel fines and then wrap a clean shop fowel
arotind the lines before removing themn. Residual fuel pres-
sure is present in the lines.

° Fuelis discharged. Do not disconnect any wires that
could cause elecirical sparks. Do nof smoke or work
near heaters or other fire hazards. Keep an approved
fire extinguisher handy.

— Remove fuel rail mounting fasteners.

- Pull up on fuel rail and remove individual injectors by remov-
ing injector retaining clip and pulling injector from rail.

— |nstallation is reverse of removal. Fit new O-rings when in-
stalling injectors. Far ease of installation, lighily lubricate in-
jector O-ring with SAES0 gear lube.

Tightening torque

Fuel rail to intake manifold 10 Nm (89 in-ib)

Evaporative emissions, overview

On E39 MS 41.1 cars, the evaporative emissions system is

combined with the tank ventilation system. The evaporative
system is monitored by the ECM for correct purge operation
and leak detection.

The carbon {purge) canister is purged using engine vacuum :
via the purge valve. The purge valve (located next to the mass -
air flow sensor) is ECM controfled and regulates the purge
flow into the intake manifold. The valve is powered open and -
closed by an internal spring.

lf the evaporative emission valve circuit is faulty, a fault code
is set and the MIL is illuminated when OBD |l fault criteria are
exceeded. If the valve is mechanically faulty, poor driveability
may result and a mixture adaptation fault is stored in the
ECM.

The leak diagnosis pump (LDP) is activated by the ECM and
pressurizes the fuel tank and evaporative system as apart of
the OBD Il leak detection menitor. Ii the LDP orthe LDP circuit
is defective, a fault code is set and the MiL is illuminated when _
OBD Il fault criteria are exceeded. The LDF is mounted the o
left rear wheel well behind the fender liner.
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NOTE —

The 1998 5281 with MS 41.1 requires a baromeiric pressure
sensor input signal for activation of the LDP check. This sen-
sor is located on the passenger side strut tower forward of
ABS/ASC hydraulic unit.

OPERATING FOWER

FNOM ECM MAIN RELAY
i

CONDENSATE

Evaporative emissions

1 ENGINE VAGUUM 1. ECM

Purge valve

il

Leak detection pump (LDP) (in
left rear wheel housing)

Filter

Liquid vapor separator

Purge canister

DHAIN LINE

N G os

Fuel tank

Secondary air injection, overview

The secondary air system pumps ambient air into the exhaust
stream after a cold engine start to reduce the warm up time of
the catalytic converters and to reduces HC and CO emis-
sions. The ECM controls and monitors the secondary airin-
jection system. The secondary air pump cperates at a start
temperature of between 10°C (50°F) and 40°C (104°F) and
continues to operate for a maximum of 2 minutes at idle
speed.

The electric air pump draws in ambient alr and supplies it to
the diverter valve. The vacuum vent valve (solenocid) switches
vacuum to open the diverter valve when activated by the
ECM. Onece opened, the diverter valve allows air to be
pumped into the exhaust stream.

% BentleyPublishors.com-All Rights Reserved
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Secondary air injection
1. Secondary air pump (in right
front wheel housing)

2. Secondary air vacuum vent
valve solenoid (on intake mani-
fold)

Secondary air check valve
Intake manifold

Exhaust manifolds

o oA W

Diverter valve (at exhaust mani-
fold)

[H R
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Engine conirol module (ECM),
removing and installing

The ECM uses stored functions and processing programs to
process the input signals from the sensers. These input sig-
nals are used to calculate the control {output) signals to the
actuators (e.g., ignition coils, injectors).

NOTE -
Consult an authorized BMW dealer before replacing the
ECM.

Disconnect negative (-) battery cable. Wait approximately
one minute.

CAUTION--
Prior to disconnecting the battery, read the battery discon-
nection cautions in 001 General Warnings and Cautions,

4 Access engine control module (ECM):

» Release interior ventilation filter caver laich {A) and re-
move cover.

= Helease plastic locking tab (B).

= Rotate alr duct inward (arrow) to unlock from bulk head
and remove duct.

* Release spring lock (C) to remove lower filter housing.
= Slide filter housing away from inner fender to remove.

Remove elecirical box {E-box) cover fasteners and remove
cover.

If testing ECM or connected components, use breakout box
to allow tests to be made with connecior attached to the
ECM. This prevents damage to small terminals in connector.

A Y leen T
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Table b. Siemens MS 41.1 ECM pin assignments

As an alternative, harness connector housing can be sepa-
rated so that electrical checks can be made from back of con-
nector.

If replacing ECM, disconnect control module harness con-
nector (arrow) by releasing fastener and pivoting connector
up and off ECM.

CAUTION—
Be sure ignition is OFF before disconnecting or reconnecting
DME system components.

Remeve ECM irom retaining brackets and lift off holder.
Installation is reverse of remaval,

Before attempting to start engine, use BMW service tester
DISplus, MoDiC, GT1 or equivalent:

» (Code replacement ECM with application information (i.e.
engine code, transmission type, etc.).

= Align ECM to EWS (electronic immobilizer).

Siemens MS 41.1 ECM pin assignments

ECM pin assignments are given in Table b. For engine man-
agement system schematics, see ELE Electrical Wiring Di-
agrams.

CAUTIGN-

« Always wait at least one minute after turning off the ignition
before removing the connector from the ECM, If the con-
nector is removed belfore this time, residual power in the
system refay may damage the ECM.

¢ Always connect or disconnect the control module con-
nector and meter probes with the ignition off.

When making checks at the ECM itself, a breakout box
should be used to allow tests to be made with the connector
attached to the ECM. This also prevents damage to the small
terminals in the connector. As an alternative, the harness
connectar housing can be separated so that electrical checks
can be made from the back of the connector.

Pin Signal Component/function Notes

1 ouiput Ignition coil control, cyl. 2 Primary signal, ignition coil 2
2 output Ignition coil control, cyl. 4 Primary signal, ignition coil 4
3 output Ignition coil control, cyl. 6 Primary signal, ignition coil 6
4 ground Ground Ground
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Table b. Siemens MS 41.1 ECM pin assignments (continued)

Pin Signal Component/function Notes

5 output Fuel injector control, cyl. 2 Pulsed ground (pulse width in ms), cyl. 2

6 output Fuel injector control, cyl. 1 Pulsed ground (pulse width in ms}), cyl. 1

7 ground Mass air flow sensor Mass air flow sensor signal

8 input Mass air flow sensor Mass air flow sensor signal

g output Instrument cluster Fuel consumption signal

10 input Engine coolant temp. (ECT) sensor ECT signal

11 - Not used

12 input Throttle position sensor (TPS} Throttle position signal

13 - Mot used

14 input Intake air temp. sensor {{AT) Intake air temperature signal

15 input Traction control {rear engine speed signal) ABS/ASC module

16 input Automatic climate control

17 - Not used

18 input Electronic immobilizer contral (EWS)

19 input Auto, climate control {A/C on input) Automatic climate control

20 output Instrument cluster Instrument cluster (CARB signal)

21 oufput Camshaft actuator control (VANOS) Camshaft actuator (VANOS), switched ground

22 output Fuel injector control, cyl. 3 Pulsed ground (pulse width in ms), cyl. 3

23 ouiput Fuel injector control, cyl. 6 Pulsed ground {pulse width in ms), cyl. 6

24 ouiput Fuel injector control, cyl. 4 Pulsed ground {pulse width in ms), cyl. 4

25 ground Oxygen sensor heater {no. 1 in front of catalytic | Oxygen sensor heater ground
converter)

26 input Power supply (terminal 30} Battery voltage (B+) at all times

27 ouiput Idle speed control valve Pulsed ground-open signal (See pin 53}

28 ground Ground Ground

29 oulput Ignition coil contral, cyt. 1 Primary signal, ignition coil 1

30 oulput Ignition coil control, cyt. 3 Primary signal, ignition coil 3

31 output Ignition coil control, cyl. 5 Primary signal, ignition coil 5

3z ground Ground Ground

33 ouiput Fuel injector control, cyl. 5 Pulsed ground (pulse width in ms), cyl 5

34 ground Ground Ground

35 output Secondary air injection Secondary air inj. pump refay control

36 output Engine speed output Engine speed signal

37 - Not used

38 ground Knock sensor Shielding for knock sensor

39 output Intake air temp (IAT} sensor and Voltage supply to |1AT sensor and ECT sensor
Engine coolant temp (ECT) sensor
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Table b, Siemens MS 41.1 ECM pin assignments (continued)

Pin Signal Component/function Notes
40 ground Crankshaft position sensor Crankshaft position sensor controi
41 ground Carmshalft position sensor (CMP) Shielding for CMP senscr
42 ground Throttle position sensor (TPS) TPS ground
43 ground Camshaft position sensor (CMP) Camshaft position/rpm sensor control
44 output Throttle position sensor {TPS) Voltage supply to TPS (5 vdc)
45 output Throtile position sensor {traction control) ABS/ASC module
46 output Instrument cluster Instrument cluster, fuel reserve signal
47 - Not used
48 oufput Crankshaft position sensor (Hall effect) Crankshaft position senser control
49 input Power supply (terminal 15) Battery voltage with key on or engine running
50 - Not used
51 - Not used
52 - Not used
53 ouiput Idie speed control valve Pulsed ground-close signal (see pin 26)
54 input Power supply Battery voliage from main relay (terminal 87)
55 ground Oxygen sensor heater (no. 2 in front catalytic  |Oxygen sensor heater ground
converter)
56 ground ignition circuit Ignition circuit menitoring signal
57 output Knock sensor (cyl. 1-3} Knock sensor
58 input Knock sensor (cyl. 1-3} Knock sensor signal
59 output Knock sensor (cyl 4-6) Knock sensor
60 input/output Data link connector (TxD) Diagnostic TxD (transmil) signal to pin 18 in daia link
connector
61 ground Oxygen sensor heater (no. 2 behind catalytic  |Oxygen sensor heater ground
converter)
62 ouiput Secondary air injection Secondary air injection control valve
63 input Knock sensor (cyl. 4-6) Knock sensor signal
64 input Camshaft position/rpm sensor Camshalft position/rpm sensor control
65 input Camshaft position/rpm sensor Camshaft position/rpm sensor conirol
66 Not used
67 ground Oxygen sensor (no. 1 in front of calalytic Oxygen sensor signal ground
converter)
68 output Evaporative purge valve control Pulse ground with engine at normat temperature with
varying engine load
69 output Fuel pump relay control Fuel pump relay energizes with engine running
70 ground Oxygen sensor signal {no. 2 in froni of cafalytic | Oxygen sensor signal ground
converter)
71 ground Oxygen sensor signal (ne. 1 behind catalytic Oxygen sensor signal ground

converter)

CBentleyPublivhers.com=-All Righla Reserved
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Table b. Siemens MS 41.1 ECM pin assignments (continued)

Pin Signal Component/function Notes

72 ground Oxygen sensor signal (no. 2 behind cat. conv.) |Oxygen sensor signal ground

73 input ECM relay control ECM relay activation (terminal 85}

74 output A/C compressor control A/C compressor relay contro

75 input Oxygen sensor signal (no. 1 in front of catl. conv.)| Oxygen sensor signal

76 input Oxygen sensor signal (no. 2 in front of cat. conv.)| Oxygen sensor signal

77 input Oxygen sensor signal {no. 1 behind cat. conv.) |Oxygen sensor signal

78 input Oxygen sensor signal (no. 2 behind cat. conv.} |Oxygen sensor signal

79 ground Oxygen sensor heater (no. 1 behind cat. conv.) 1Oxygen sensor heater ground

80 input Ignition delay (traclion control} ABS/ASC module

81 input Ignition timing adjustment (traction control) ABS/ASC module

82 input Increase idle speed {traction control) ABS/ASC module

83 input Cranishaft position sensor (Halt effect} Crankshatft position sensor control

84 Mot used

85 input/output CAN-Bus low Automatic transmission control module (AGS)
86 input/output CAN-Bus high Automatic transmission control module (AGS)
87 input Power supply Battery voltage from main relay terminal 87
a8 input output Diagnostic connector (TxD) Diagnostic TxD signal to pin 17 in data link connector

2RBenteyPubtishers com=All Jighils Reperverd
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: g 0013208

SIEMENS MS 42.0 AND MS 43.0

When sysiem faults are detected, a diagnostic trouble code
{DTC) is stored in the engine control module (ECM). The MIL
also illuminates if an emissions-related fault is detected.

When faults arise, or if the malifunction indicator lamp (MIL) is
illuminated, begin troubleshooting by connecting BMW ser-
vice tester DISplus, MoDiC, GT1 or equivalent scan tool. The
capabilities of OBD Il software has the potential to save hours
of diagnostic time and to help avoid incorrect component re-
nlacement and possible damage to system components.

CAUTION—

= The lesis in this section may set fault codes (DTCs) in the
ECM and illuminate the MIL. After all testing is completed,
access and clear DTC fault memory using an OBD If or
BMW compatible scan tool. See OBD On-Board Diag-
nostics.

e Only use a digital multimeter for electrical tesis.

¢ Relay pasitions can vary, Be sure fo confirm relay posi-
tion by identifying the wiring In the socket using the wir-
ing diagrams found in ELE Electrical Wiring
Diagrams.

NOTE—

= OBD If fault memary. (including an illuminated MIL) can
only be reset tising the special scan lool. Removing the
connector from the ECM or disconnecting the battery will
not erase the fault memory.

» The BMW-dedicated 20-pin diagnostic fink connector
(DLC) is in the right rear of the engine compartment. The
2o-pin DLC is discontinued on models after 6/2000.

= The 16-pin OBD Il diagnostic connector {arrow) is located
inside the car on the lower left dash panel.

The MS 42,0 and MS 43.0 systems manage the following
functions.

Air:

° |die speed valve

¢ Electronic throtile

= Mot film mass air flow {MAF) sensor
» Resonance-turbulence intake coniral

Fuel:

= Fuel supply

s Running losses/non return
= J-uel injection

& BenlleyFublishers.com-All Righls Reservet
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— lIgnition:
= Direct ignition
« Knock conirol
= Primary/ secondary ignition monitoring

— Emissions:
» OBD Il compliance
« Secondary air injection
« Pre- and post-catalyst oxygen sensors
= Electrically heated DME-mapped thermostat
o Misfire detection
= Evaporative emission control and leak detection
¢ Malfunction indicator light (MIL)

Performance controls:

s Dual VANOS control

= Qutput of injection signal (T} for fuel economy gauge

= Qutput of engine rpm (TD) for tachometer

« A/C compressor control

» Electric radiator cooling fan

+ CAN-Bus communication

= Stability and traction system (ABS/ASC/DSCY) interface
« Electronic immobilizer (EWS)

s Cruise control

« ECM programming

#rBenlleyPublishers.com-All Hights Ressved
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ECM relay, testing

The engine conirol module (ECM) relay is energized via the
ECM and supplies battery positive {B+} pawer to many of the
engine management components and subsystems. If this re-
fay is faulty, the engine will not start.

NOTE —
The ECM relay is alsa referrad to as the DME main refay.

ECM refay powers:

s ECM

° Ighition coils

o Fuel injection

¢ Evaporative leak detection pump
= |dle air actuator

s Camshaft sensors

= Evaporative emissions valve

= Hot film mass air flow sensor

v Fuel pump relay

= Oxygen sensor heaters

Working in right rear of engine compariment:

» Release interior ventilation filter cover latch (A} and re-
move COVer

» Release plastic locking tab (B).

= Rotate duct inward (arrow) to unlock from bulk head and
remove duct.

+ Release spring lock {C) to remave lower filter housing.
= Slide filter housing away from inner fender to remove.

Remove electrical box {E-box) cover fasteners and remove -
Cover. '

With ignition off, remove ECM relay (arrow) in electronics
box (E-box) at rear of engine compartment, right side. —

NOTE— =
Relay locations can vary. Confirm relay identification by
matching wiring colors and terminal numbers.

% BentieyPublithers.com=All Righla Reserved
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4 Check for voltage at terminal 6 (30) at retay socket.

; -
ggggg | 2| Eta o If battery voltage is present continue testing.
(fj "|~| = |f battery voltage s not present, check fuse 109 {80-amp
I I fusible link) under passenger seat carpet. See 610 Electri-
AL cal Component Locations.
“% |ECM Relay N
PR .""J’" ] — Reinstall relay and turn ignition on. Gain access to back side
r of relay socket and check for ground at terminal 4.

s {f ground is present continue testing.

e |Fground is not present, signal from ECM is missing. Check
wire between ECM and relay.

Al
w — With ignition on and relay installed, check for battery voltage
’ ' |xesso at terminal 2.

i

o |f battery voliage is present, relay has energized and is

F2

f
F3

‘ﬂ?zzcm ?zcu ‘l?

o

1 T

Fuses for ECM In E-box 502130468

functioning correctly.
« |f battery voltage is not present and all earlier tesis are OK,

relay is faulty and should be replaced. ‘
NOTE —
If no faulis are found during testing but power is not reaching
the ECM or other components, check the fuses in the fuse !
carrier X8680 in the E-box. ...........
Mass air flow (MAF) sensor, checking and
replacing 4

ECM Relay 4 The hot film mass air flow (MAF) sensor sends a varying volt-

age (approx. 0.5 - 4.5 vdc) to the ECM representing the mea-
sured intake air. The air mass input signal is produced
electronically using an electrically heated metal fiim in the air
flow stream.

The ECM relay provides the operating voltage ta the MAF
sensor. As air flows through the sensor, the film is cooled. To
maintain the film at a constant temperature, additional current
is necaessary. It is this additional current that is the basis for
the input signal.

Mass air
flow sensor

If there is no output signal from the MAF sensor, the ECM op- g
erates the engine using the throttle position and engine rpm —
inpuis. A faulty MAF sensor llluminates the MIL.

B antlavihbhebnm rome Al BHirtile Sorarenad
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A faulty MAF sensor can produce the following problems:

« Difficult to restart when engine is hot
= Engine staris then stalls

» Engine starts and runs only with accelerator pedal de-
pressed

( Disconnect electrical harness connector from MAF sensor
(B).

— Turnignition on and check for voltage and ground at connec-
tor.

¢ There should be ground at pin 1 and battery voltage at pin
3.

= [f any faulis are found, check for wiring breaks between
MAF sensor and ECM and between MAF sensor and main
DME relay.

NOTE—

Visually inspect the sensor for damage, missing or blocked
screens. The screens affect air flow calibration. Also inspect
the sealing O-rings where the sensor inserts into the air filter
housing and intake boot. Ensure the pin connections are
clean and tight.

4 Connect a BMW-compatible scan tool or an OBD |l generic
scan tool. Check air mass signal {load signal) with the engine
atidle. Raise idle speed and checlk that load signal changes
with rpm.

CAUTION—
Be sure ignifion is OFF before disconnecting or reconnecting
DME sysiem componenis.

< Remove MAF sepser:
« Loosen intake boot clamp (A).
* Disconnect harness connecior (B). o
o Release clip from air filter housing (C) and remove sensor. -

— Installation is reverse of removal.
¢ No adjustment to MAF sensor is possible.
« (Check intake hoses for cracks and vacuum leaks.

EBenlleyPublishers.com-Afl Rights Resared
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Engine coolant temperature (ECT) sensor,
testing and replacing

To Instrument
Cluster

4 The ECT sensor is located below cylinder 6 iniake port at the
rear of the engine (1).

The ECT sensoris a dual temperature sensor. One circuit
provides coolant temperature information to the ECM whiie
the other circuit provides coclant temperature information to
the instrument cluster.

[

The ECM determines the correct ignition timing and air/fuel
mixture required for the engine temperature by monitoring an
applied voltage (5 vdc) to the sensor. The voltage drop across
the sensor varies as the coolant temperature {sensor resis-
tance) changes.

NOTE —

The ECT sensor is an NTC (negative temperaiure coeffi-
cient) type sensor. In other words, as the temperature rises,
resisiance through the sensor decreases.

If the ETC sensorinput is faulty or non-plausible, the MiL is il-
luminated when the MIL is illuminated when OBD Il fault crite-
ria are exceeded. The ECM assumes a substitute value

{(80° C/176°F) to maintain engine operation. The ignition tim-
ing is set to a conservative/safe basic setling.

- Remove intake manifold to access ECT sensor on the M52
TU and the M54 engines. See 113 Cylinder Head Removal
and Installation.

— Check ECT sensor resistance using a multimeter at sensor
terminals.

ECT sensor resistance @ 20°C (68°F) 22-27 in

WARNING —
Due to risk of personal injury, be sure the engine is cold be-
fore removing ECT sensor connector.

CAUTION—
Be sure ignition is OFF before disconnecting or reconnecting
DME systern componenis.

4 Disconnect ECT sensor harness connector (arrow). Un-
screw ECT sensor from cylinder head.

“ntinvPublchers.cam~All Riokts Roserved
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installation is reverse of removal:
* Use new copper sealing washers when installing sensor.
= Replace any lost coolant.

Tightening torque

Temperature sensor to eylinder head 13 Nm {10 ft-Ib}

Intake air temperature (IAT) sensor,
testing and replacing

The intake air temperature (IAT) sensor, located at the fop of
the intake manifold, adapts (fine tunes) the fuel mixture and
engine timing based on varying intake air temperatures.

If the intake air temperature signal is implausible, a fault code
is set and the MIL is illuminated when OBD |l fault criteria are
exceeded. The ECM then operates the engine using the ECT
sensor signal input as a back up.

NOTE—

The IAT sensor is an NTC (negative temperaiure coefficient)
lype sensor. In other words, as the temperalure rises, resis-
fance through the sensor decreases.

The IAT sensor can be tested using a multimeter:

|IAT sensor resislance at 20° C {88°F) 02-27 kQ{

« Remove engine cover by prying off plastic trim caps (arrows)

EiRentieyFublishars.com--All Rights Reserved
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« Remove electrical harness connector (arrow) from IAT sen-
sor.

CAUTION—
Be sure the ignition switch is in the off position before replac-
ing the intake temperature sensor.

— Depress locking clip on side of temperature sensor and pull
straight out of intake manifold.

— Installation is reverse of removal.

- Use a new sealing O-ring at base of sensor and |ubricate with
assembly lubricant for ease of installation.

MS 42.0 throttle valve assembly, replacing

Q The motor driven throitle valve for the MS 42.0 system is re-
ferred to as MDK {maotor driven throttle valve). The MDK unit
is electronically operated to regulate intake air flow by the
ECM.

The MS 42.0 system uses a throtile cable from the accelera-
tor pedal to the MDK unit. The throttle cable is connected di-
rectly to the integral pedal position sensor (PWG) in the MDK
unit. This sensor communicates pedal position to the ECM,
which in turn electronically reguiates throttie plate posiiion.
The MDK pulley is linked to the throttle shaft by springs to al-
low ASC intervention to override the driver's pedal position.

NOTE —

e The MDK unit is non-adjustable and must be replaced as
a complete unit if found to be faulty.

 If replacing the MDK unit, the adaptation values stored in
the ECM must be cleared and the new unit inifialized using
BMW special service fools.

CAUTION—
If the adaplation process is not completed correctly, the en-
gine will not start.

— Disconnect battery negative {-) cable in luggage compart- —
mert.

CAUTION-
Prior to disconnecting the baftery, read the battery discon- :
nection cautions in 001 General Warnings and Cautions. —

4
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< Remove complete air filter housing:

« Disconnect electrical harness connector on mass air flow
sensor (A).

« Disconnect vacuum line at intake boot (B).
¢ |oosen intake air duct clamp (C).
e Remove filter housing mounting screws.

= Disconnect air duct and {ift complete air filter housing and
MAF sensor out of engine compartment, pulling it forward
away from throttle housing.

- Pull throtile cable upwards out of rubber retainer and unhook
ball end of cable from throttle actuator.

< Remove nuts and bolts (arrows) retaining wiring harness to
throttle housing.

— Working at throttle housing, turn harness plug counterclock-
wise and remove plug.

4 Working at side of intake manifold, disconnect electrical har-
ness conneciors;

= |dle control valve (A)
« |ntake manifold resonance valve (B)

- Disconnect electrical harness connectors at oil pressure
sender and oil temperature sender at base of oil filter hous-

ing.

[T
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4 Remove dipstick guide tube:

¢ Disconnect wiring harness brackets from tube (A).
s Unclip fuel lines from dipstick tube (B).

= Hemove lower guide tube mounting bolt (C}. Pull out dip-
slick guide tube,

4 li necessary, disconnect electrical harness connector at fuel
tank venting valve (A). Discannect hose at quick disconnect
fitting {arrow).

< Working at throttle housing, turn harness plug counterclock-
wise and disconnect. Remove throttle assembly mounting
fasteners {(arrows) and pull assembly off manifold.

— Installation is reverse of removal.

» Heplace sealing ring between throtile assembly and intake
manifold.

= Reattach throttle assembly harness connector with care.
Arrow on fully tightened connector must line up with corre-
sponding arrow on throttle assembly housing.

= Connect BMW test equipment or equivalent and carry out
throttle plate adaptation following the on-screen directions.

o Reattach throttle cable and check cable adjustment as de-
scribed under Throttle cable, adjusting (MS 42.0).

= HuniteyFublishers.cam~-All Righis Reserved
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MS 43.0 throttle valve assembly, replacing

The electronic throtile valve assembly for the MS43.0 system
is referrad to as EDK {electronic throttle valve). There is no
mechanical {cable) link between the accelerator pedal and
the throttle plate.

4 The accelerator pedal module (PWG) at the pedal assembly
comrmunicates the pedal position directly to the ECM. The
module provides two variable voltage signals (via two Hall
sensors) to the ECM for pedal position and rate of movement.

NOTE—
s The EDK unitis non-adjustable and must be replaced as a
complete unit if found fo be faulty.

« {f replacing the EDK unit, the adaptation values stored in

ﬁ Zwesrefr?;o?“‘?ﬁ“ : E the ECM must be cleared and the new unit initialized using
(TEEETELR BMW special service tools.
PE HIELEE
[Tefll X
| e sse CAUTION—

If the adapiation process is not completed correcitly, the en- a
gine will not start.

- Disconnect battery negative (-) cable in luggage compart-
ment.

CAUTION— e

Prior to disconnecting the batfery, read the battery discon-
nection cautions given in 001 General Warnings and Cau-
tions.

Remove complete air filter housing:

« Disconnect electrical harness connector on mass air flow
sensor {A).

= Disconnect vacuum line at intake boot (B).
= Loosen intake air duct clamp (C).

= HRemove filter housing mounting screws.

= Disconnect air duct and [ift cormnplete air filter housing and
MAF sensor out of engine compartment, puiling it forward
away from throttle housing.

All Finhte Fae,
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4 Remove nuts and bolts (arrows) retaining wiring harness to
throttle housing.

— Working at throttle housing, turn harness plug counterclock-
wise and remove,

4 Working at side of intake manifold, disconnect electrical har-
ness conneciors:

e Idle control valve (A)
» Intake manifold resonance valve (B)

— Disconnect electrical harness connectors at oil pressure
sender and oil temperature sender at base of oil filter hous-

ing.

« Remove dipstick guide tube:
» Disconnect wiring harness brackets from tube (A).
¢ Unclip fuel lines from tube (B).
= Remove lower guide tube mounting bolt {C}.
= Puil out dipstick guide tube.
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4 If necessary, disconnect electrical harness connector at fuel
tank venting valve (A). Disconnect hose at quick disconnect
fitting (arrow).

{ Working at throttle housing, turn harness plug counterclock-
wise and disconnect. Remove throitle assembly mounting
fasteners (arrows) and pull assembly off manifold.

— Installation is reverse of removal,

» Replace sealing ring between throttle assembly and intake
manifold,

= Reattach throtile assembly harness connector with care.

= Arrow on fully tightened connector must line up with corre-
sponding arrow on throttle assembly housing.

= Use BMW scan tool to reset ECM adaptation values.

S BontlevPublishors.com-All Rinkls Besenvod
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Throttle cable, adjusting (MS 42.0)

The throttle assemnbly on MS 42.0 cars uses a throttle cable.
The cable should be adjusted any time it is disconnected or
replaced. This procedure requires the factory scan tool or an
equivalent to read and adjust throttle angle. it is recommend-
ed the procedure be done by an autharized BMW dealer ser-
vice department.

Basic adjustment:

« Ensure that at idle {accelerator pedal in rest position) throt-
tle cable has detectable play at throttle lever attaching
point. Play must not exceed maximum allowable.

= Adjust by turning knurled adjuster (arrow) on end of throt-
tle cable sheath at throttle housing.

Max. play at throttle plate lever | 3 mm (0.125 in}

NOTE —
Faully throttle adjustiment values must be reset using the
BMW service tester DISplus, MoDIC, GT1 or equivalent.

Idie speed control valve,
checking and replacing

The idle speed conirol valve regulates idle speed by redirect-
ing air around the throttle valve. The idle speed control valve
is mounted directly above the throtile housing. Accessing the
valve is best accomplished by first removing the air filter
housing and associated ducting.

The valveis supplied with battery voltage from the ECM relay.
The idle speed control valve incorporates a two-coil rotary ac-
tuator. The ground sides of each coil are pulsed simulta-
neously by the ECM. The duty cycle of each circuitis varied to
achieve the required idle speed.

A faulty idie speed control valve sets a fault code and the MIL
is iluminated when OBD || fault criteria are exceeded,

Before checking the idle speed control valve, confirm that the
throtile position sensor is working correctly.

With engine running, check that idle speed control vaive is
buzzing.

Turn on A/C system or shift fransmission into drive. Idle
should remain steady or increase stightly.

If idle speed valve is not buzzing, or if idie decreases when
A/C is turned on, stop engine and disconnect harness con-
nector from idle speed valve.
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< Check resistance of valve across valve terminals.

Icle speed control valve coil resistance

Terminals 1 and 2 20 £2Q
Terminals 2 and 3 20+20
Terminals 1 and 3 40 +40
CAUTION—
Be sure ignition is OFF before disconnecting or reconneciing
DME system components.

- To remove valve, remove cable bracket mounting boit and
idle speed control valve mounting bracket bolis from front of
ihrottle housing and remove idle speed control valve with at-
tached bracket.

NOTE —

When installing idle speed control valve, remove intake boot
sealing ring from valve and install into intake air boot. Then
install valve into sealing ring.

Evaporative emissions control diagrams

MS 42.0 (L.DP) MS 43.0 (DM-TL) A san e
LARGE

TANE VENT
L U

A e iid
naTon

fiMALL LINE OHLY
UDED FON DETECTING
LEAKT AT FLUEL CAR

DUNHNG LBP
(M3 HEVAPDI RETUAN

2N
LanpeFuzlL ’
FILLEA HECK

502130880,

Evaporative emissions control,
(MS 42.0, MS 43.0)

E39 models with MS 42.0 or MS 43.0 engine are equipped L
with & fuel system evaporative pressure feak diagnosts sys- —
tem. The main component of this system is the leak diagnosis =
pump (LDP or DM-TL). The function of either system is to |
pressurize the fuel tank and the evaporative emission system
for the purpose of detecting leaks.
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Engine control module (ECM),
removing and installing

The ECM uses storad functions and processing programs io
process the input signals from the sensors. These input sig-
nais are used to calculate the control {ouiput) signalsto the
actuators (e.g., ignition coils, injectors).

NOTE—
Consult an authorized BMW dealer before replacing the
ECM.

- Disconnect negative (-) battery cable. Wait approximately
one minute.

CAUTION—
Prior to disconnecting the battery, read the battery discort-
nection cautions in 001 General Warnings and Cautions.

4 Access engine cantrol module (ECM): .

= Release interior ventilation filter cover latch (A) and re-
move cover.

= Release plastic locking tab {B).

« Rotate air duct inward {arrow) to unlock from bulk head
and remove duct.

« Release spring lock (C) to remove lower filter housing.

« Slide filter housing away from inner fender to remove.

— Remove electrical box (E-box} cover fasteners and remove
cover.

— If testing ECM or connected components, use breakout box
to allow tests to be made with connector attached to ECM.
This prevents damage to small terminals in connector.

- As an alternative, harness connector housing can be sepa-
rated so that electrical checks can be made from back of con-
necior.

4 If replacing ECM, disconnect conirol module harness con- =

nector (arrow) by releasing fastener and pivoting connector
up and off ECM.

FRenllovBubilichors cam=All Riahits Hoserved
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| = Always wait ait least one minute after turning off the ignition

4 Working inside E-box, disconnect ECM harness connector

(arrow) by releasing fastener and pivoting connector up and
off ECM.

CAUTION—
Be sure ignition is OFF before disconnecting or reconnecting
DME system components.

Remove ECM from retaining brackets and lift off holder.
Installation is reverse of removal,

Before attempting to start engine, use BMW service tester
DISplus, MoDiC, GT1 or equivalent:

+ Code replacement ECM with application information (i.e.
engine code, transmission type, eic.).

= Align ECM to EWS (electronic immabilizer).

Siemens MS 42.0 and MS 43.0
ECM pin assignments

ECM pin assignments are given in Table c. For engine man-
agement system schematics, see ELE Electrical Wiring Di-
agrams.

CAUTION—

 before removing the connector from the ECM. If the con-
niector is removed before this time, residual power in the
system relay may damage the ECM.

+ Always connect or disconnect the conitrol module con-

nector and meter probes with the ignition off.

When making checks at the ECM itself, a breakout box
should be used 1o allow tests to be made with the connector
attached to the ECM. This also prevents damage to the small
terminals in the connector. As an alternative, the harness
connector housing can be separated so that electrical checks
can be made from the back of the connector.

Table ¢. Siemens MS 42.0 and MS 43.0 ECM pin assignments

Pin

Signal

Component/function

Notes

Connector X6000% 9-pin black

1 Output Terminal 15 Unloader relay terminal 15
2 Not used

3 Not used

4 Ground Ground Ground point

i BenllayPuldishers com-All Rights Reserved




130-42

Fuel Injection - -

Table c. Siemens MS 42.0 and MS 43.0 ECM pin assignments (continued)

Pin Signal Component/function Notes

5 Ground Ground Ground connector

6 Ground Ground Ground connector

7 Input Terminal 30 B+ terminal

8 Input Voltage supply Fuse carrier, engine electronics
9 Input Voltage supply Fuse carrier, engine electronics

Connector X60002 24-pin

1 Input Heater, precatalyst oxygen sensor 1 Heated oxygen sensor 1 in front of cat. conv.
2 Not used

3 Input-output CAN-Bus signal, low Transmission control module

4 Input-output Can-Bus signal, high Transmission control module

5 Not used

6 Input-cutput Transmit diagnosis line (TXD) data link signal Transmission control module

7 input Heater, post-catalyst oxygen sensor 1, ground Heated oxygen sensor 1 behind cat. conv.

8 Not used

8 Not used

10 Not used

11 Not used

12 Input Signal, 3/2-way valve, running losses {MS 42.0) |3/2 way valve, running losses (MS 42.0)

13 Input Heater, precataiyst axygen sensor 2 Heated oxygen sensor 2 in iront of cat. conv.
14 Input Heater, precatalyst oxygen sensor 1 Heated oxygen sensor 1 in front of cat. conv.
15 Input Heater, precatalyst oxygen sensor 2 Heated oxygen sensor 2 in front of cat. conv.
16 Input Heater, post-catalyst oxygen sensor 1 Heated oxygen sensor 1 behind cat. conv.
17 Not used

18 Input Heater, post-catalyst oxygen sensor 2 Heated oxygen sensor 2 behind cat. conv.
19 Input Heater, post-catalyst oxygen sensor 2 Heated oxygen sensor 2 behind cat. conv.
20 Ground Ground, precatalyst oxygen sensor 1 Heated oxygen sensor 1 in front of cal. conv,
21 Ground Ground, precatalyst oxygen sensor 2 Heated oxygen sensor 2 in front of cal. conv.
22 Ground Ground, post catalyst oxygen sensor 1 Heated oxygen sensor 1 behind cat. conv.
23 Input ECM {DME main) relay signal activation ECM

24 Ground Ground, post catalyst oxygen sensor 2 Heated oxygen sensor 2 behind cat. conv.

Connector X60003 52-pin

1 Input Signal, mass air flow sensor Hot film mass air flow sensor
2 Input Signal, exhaust camshaft sensor Gamshaft position sensor

3 Not used

4 Output Throttle valve supply (MS 42.0) Throttle valve (MS 42)

5 Input Signal, intake camshaft position sensor Camshaft position sensor 1
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Table c. Siemens MS 42.0 and MS 43.0 ECM pin assignments {continued})

Pin Signal Component/function Notes

6 Not used

7 Output Throtile valve supply potentiometer 2 Throttle valve

8 input Signal, crankshalft position sensor Crankshatft position sensor
9 input Signal, pedal position sensor 2 (MS 42.0) Throtile valve (MS 42.0)

10 input Signal, throttle position sensor 1 Throtile valve

11 Not used

12 Input Feedback signat, engine start Starter

13 Input Signal, battery charge indicator lamp Alternator (generator)

14 Ground Ground, throtile position sensor (MS 42.0} Throttle valve (MS 42.0)

15 Ground Ground, exhaust camshait sensor 1 Camshait position sensor |
16 Input Signal, pedal position sensor 1 (MS 42.0) Throttie valve (MS 42.0)

17 Ground Ground, mass air flow sensor Hot film mass air flow sensor
18 Ground Ground, intake camshaft sensor 1 Camshait position sensor |
19 Input Signal, throtlle potentiometer 1 Throttle valve

20 Ground Ground, throttle pasition sensor Throttle valve

21 Ground Ground, crankshaft position sensor Crankshaft position sensor
22 Output Signal, intake air temperature Intake air temperature sensor
23 Ground Ground, intake air temperature sensor Intake air temperalure sensor
24 Output Signal, coolant temperature sensor Coolant temperature sensor
25 Ground Ground, coolant temperature sensor Coolant temperature sensor
26 input Signal, oil pressure Oil pressure switch

27 Output Signal, engine oil temperature sensor Oil temperature sensor

28 Ground Ground, engine oil temperature sensor Ol temperature sensor

29 Qutput Signal, knock sensor Knock sensor

30 Qutput Signal, kneck sensor Knock sensor

31 Output Signal, knock sensor Knock sensor

32 Output Sigral, knock sensor Knock sensor

33 Input Signal, cylinder 1 fuel injecior Cylinder 1 fuel injector

34 Input Signal, cylinder 2 fuel injector Cylinder 2 fuel injector

35 Input Signal, cylinder 3 fuel injector Cylinder 3 fuel injector

36 Input Signal, cylinder 4 fuel injector Cylinder 4 fuel injector

37 Input Signal, cylinder 5 fuel injector Cylinder 5 fuel injector

38 Input Signal, cylinder 6 fuel injector Cylinder 6 fuel injector

39 Inpu Signal, oil level sensor Oil tevet sensor

40 Input Signal, VANGS iniet valve VANOS intet valve

41 Input Signal, VANOS outlet valve VANOS outlet valve
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Table c. Siemens MS 42.0 and MS 43.0 ECM pin assignments {continued}

Pin Signat Component/function Notes

42 Input Signal, evaporalive emissions valve Evaporative emissions valve

43 Inpui Signal, throttle valve drive Throttle valve

44 Input Signal, throttle valve drive Throitle valve

45 Inpui Signal, engine coolant thermaostat Engine coolant thermostat {map controlled)
46 Input Signal, close idle speed control valve Idle speed control valve

47 Input Signal, open idle speed control valve Idie speed control valve

48 Ground Signal, shield knock sensor Shield, knock sensor

49 Input Signal, resonance valve intake system Resonance valve intake system
50 Not used

51 Not used

52 input Signal, secondary air injection pump valve Secondary air injection valve

Connector X60004 40-pin

Pin Signal Component/function MNoies
1 tnput Signal, battery charge indicator lamp Instrument cluster control unit
2 Input Feedback signal, engine start instrument cluster control module
3 Input Signal, secondary air injection pump Secondary air injection pump relay
4 Input Signal, electric cooling fan Electric (auxiliary) fan motor
b Not used
6 Not used
7 Pedal position sensor (FWG) (MS 43.0) Pedal position sensor (PWG) (MS 43.0)
g Signal, pedal position sensor (PWG) (MS 43.0) |Pedal position sensor (PWG) (MS 43.0)
9 Pedal position sensor (PWG) {MS 43.0} Pedal position sensor (FWG) (MS 43.0)
10 Input Signal, fuel pump relay 1 Fuel pump refay 1
11 Input Signal, oil pressure switch Instrument cluster control module
12 Pedal position sensor (PWG) {MS 43.0) Pedal position sensor (PWG) (M5 43.0)
13 Signal, pedal position sensor (PWG) {MS 43.0) |Pedal position sensor {PWG} (MS 43.0)
14 Pedal posilion sensor (PWG) (M3 43.0) Pedal position sensor {(PWG) (MS 43.0)
15 Not used
16 Not used
17 Input Speed signal (MS 42.0 up to 6/2000) Data link connector

{MS 42.0 from 6/2000 and all MS 43.0) OBD Il 16 pin connector
18 Noi used
19 Noi used
20 Cutput Diagnostic modute tank leak (DM-TL} detection  |Leak detection (DM-TL) {MS 43.0)

{MS 43.0)
21 Input Signal, oil levet sensor Instrument cluster control module
22 Input Signal, processed wheel speed, right rear ABS/ASC module, ABS/DSC module

SRt Pyblichors eom=AR Ristits Resepened
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Tabie c. Siemens MS 42.0 and MS 43.0 ECM pin assignments {continued)

Pin Signal Component/function Notes

23 Qutput Signal, clutch pedal position switch Clutch pedal pesition switch

24 Input Signal, brake light switch l.ight switching center controt unit

25 Not used

26 Input Terminal 15 Fuse F29

27 Qutput Voltage supply, multifunction steering wheel Volute spring

28 Input Signal, brake light switch Brake light switch

29 Input Signal, relay A/C comprassor A/C compressor relay

30 Signal, leakage diagnosis pump (MS 42.0) Leakage diagnosis pump
Signal, diagnostic module (MS 43.0) Leakage detection (M3 43.0)

31 Not used

32 [nput-output Transmit diagnosis line (TXD) data link signal Data link connector (MS 42.0)

OBD It connector (MS 43.0)

33 Input Electronic immobilization {(EWS)} Electronic immobilizer (EWS) control module

34 Signal, leakage diagnosis pump (I.DP} (MS 42.0) |Leakage diagnosis pump (LDP) (MS 42.0)

a5 Not used

36 Input-output CAN-Bus signal, high Connector, CAN bus

37 Input-output CAN-Bus signal, low Connector, CAN hus

38 Ground Ground, coolant outlet temperature sensor Temperalure sensor

39 Qutput Signal, coolant outlet temperature sensor Temparature sensor

40 Not used

Connector X60005 9-pin

1 Input Signal, ignition coil 3 Ignition ceil 3

2 Inpust Signal, ignition coil 2 Ignition coil 2

3 input Signal, igniticn coit 1 fgnition coil 1

4 Not used

5 Ground Ground Ground connector

6 Ground Ground Ground connector

7 input Signal, ignition coil 6 Ignition coil 6

8 Input Signal, ignition coil 5 Ignition coil 5

9 Input Signal, ignition coll 4 Ignition coil 4

= BanttayPublishers.com—-All Righis Resorved
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BoscH M5.2 (M62 1o 9/1997)
BoscH M5.2.1 (M62 9/1997 TO
9/1998)

When system faults are detected, a diagnostic trouble code
{DTC) is stored in the engine control module (ECM). The MIL
also illuminates if an emissions-related fault is detected.

When faults arise, or if the malfunction indicator lamp {MIL) is
illuminated, begin troubleshooting by connecting BMW ser-
vice tester DISplus, MoDiC, GT1 or equivalent scan tool. The
capabilities of OBD || software has the potential to save hours
of diagnostic time and to help avoid incorrect component re-
placement and possible damage to system components.

E (013208

CAUTION—

= The tests in this section may set fault codes (DTCs) in the
ECM and illuminate the MIL.. After all lesting is compleled,
access and clear DTC fault memory using an OBD | or
BMW compatible scan tool. See OBD On-Board Diag-
nostics.

= Only use a digital multimeter for electrical tests.

e Relay positions can vary. Be sure to confirm relay posi-
tion by identifying the wiring in the socket using the wir-
ing diagrams found in ELE Electrical Wiring
Diagrams.

NOTE—

« OBD Il fault memory (including an ilfluminated MIL) can
only be reset using the special scan tool. Removing the
connector frorm the ECM or disconnecting the battery will
not erase the fauft memory.

¢ The BMiWdedicated 20-pin diagnostic fink connector
(DLC) Is in the right rear of the engine compartment.

s The 16-pin OBD Il diagnostic connector (arrow) is located
inside the car on the lower left dash panel,
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Mb5.2 sysiem features

The Bosch M5.2 system used on 1997 540i models uses an
88-pin control unit. The M5.2 system has the following func-
tions and capabilities:

Fully sequential cylinder-individual fuel injection.
Integrated adaptive knock control.

Oxygen sensor fuel mixture control.

Seli-diagnosis and emergency operation characteristics.
CAN-Bus link.

OBD Ii functions (misfire detection, cafalytic converter
monitoring, oxygen sensor moniter, and fuel tank ventila-
tion system).

Electronic vehicle immobilization via EWS.
One-touch starter function.
Control of characteristic map thermostat,

M5.2.1 system features

The Bosch M5.2.1 system is used on 1998 540i models. The
M5.2.1 control module utilizes the SKE (standard sheli con-
struction housing) with 5 connectors and a combined total of
134 pins.

The M5.2.1 syslem has the following functions or capabilities:

rd e A ST pn bt e B9 evr,

Separate power supply relay for ignition cails.

Leak diagnosis pump (LDP} control and feedback monitor-
ing for evaporative system leak testing.

Fuel evaporative system providing ORVR {(on-board refuel-
ing vapor recovery) compliancy.

Battery/alternator charge logic {idle speed varied with the
battery state of charge).

CAN-Bus communications with the instrument cluster.
EWS Ill "rolling code” ISN interface.
More sensitive ignition knock sensors.

Pulse width modulated (P-W-M) Heating and A/C (IHKA)
status signal.

Running loss {3/2-way) solencid valve.
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ECM relay, testing

The engine control module (ECM) relay is energized via the
ECM and supplies battery positive {B+) power to many of the
engine management components and subsystems. If this re-
lay is faulty, the engine will not start.

CAUTION—

Relay positions can vary. Be stre to confirm relay position by
identifying the wiring in the socket using the wiring diagrams
in ELE Efectrical Wiring Diagrams.

NOTE ~
The ECM relay is also referred to as the DME main relay.

ECM relay powers:

= ECM

o [gnition coils

s Fuel injection

» Evaporative leak detection pump (5.2.1 only)
¢ |dle air actuator

s Camshaft sensors

= Evaporative emissions valve

= Hot film mass air flow sensor

* Fuel pump relay

o Oxygen sensor heaters

Working in right rear of engine compariment:

* Release interior ventilation filter cover latch (A) and re-
move cover,

= Release plastic locking tab (B).

= Rotate duct inward (arrow) to unlock from bulk head and
remove duct,

» Release spring lock {C) to remove lower filter housing.
= Slide filter housing away from inner fender to remove.

Remove elecirical box (E-box) cover fasteners and remove
COVEr.

ity Binhees cem=All Rinhls Raoorvod
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6530130400

Bosch M5.2
ECM relay

Hot at all limes
[T Fuse carrier,

" iengine electronics | :

Hot at ali times

‘Ja Engine control
maodule relay

an | RineG

{47 |Engine V. " Fuse carrier
ix1 __icontrol ¥ | we iengine
{ BEimodule T electronics
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" Engine control
';T’ - T module relay
14 2 5

I—E'l:lgiﬁ'é control
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e .
k=] i
Fuse carrier,
engine electranics

4 With igniticn off, remove ECM relay (arrow) in electronics

box (E-box) at right rear of engine compartment.

NOTE —
Relay locations can vary. Confirm relay identification by
matching wiring colors and terminal numbers.

Check for voltage at terminal 8 of main relay socket {(30-red
wire). On M5.2 cars also check for battery voltage at terminal
8.

= |f battery voliage is present, continue testing.

= If battery voltage is not present, check large red wire(s} in
relay socket. See ELE Electrical Wiring Diagrams.

Reinstall relay and turn ignition on. Gain access to underside
of relay socket and check for ground at terminal 4 {85-brown
wire).

= [f ground is present, continue testing.

= [fground is not present, signal from ECM is missing. Check
wire between ECM and relay.

With ignition on and relay installed, check for battery voltage
at terminal 2 (87-red/white wire). On M5.2.1 cars alsa check
for battery voltage at terminal 5.

 |f battery voltage is present, relay has energized and is
functioning correctly.

= |f battery voltage is not present and all earlier tests are OK,
relay is faulty and should be replaced.




130-51
Fuel Injection

Oxygen sensors, checking

The oxygen sensor provides an input voltage signal [0.2 vde
(lean) to 0.8 vdc (rich}] to the ECM based on the oxygen con-
tent in the exhaust gas. To generate voltage, the sensor tem-
perature must exceed 575° F (300° C). Therefore the sensor
is electrically heated.

NOTE —

= The test given below is noi a conelusive test of oxygen sen-
sor gfficiency and does not test how the oxygen sensor re-
acts to changing conditions. Pin numbers and wire colors
can vary. Always check the wiring diagrams fo confirm wire
color and pin assignment.

e The oxygen sensor connector plugs are located next to the
catalytic converters,

4 With connector attached to sensor, connect digital voltmeter
between A and B wires in connector.

WARNING —
Exhaust manifolds and pipes can be hot enough to cause se-
rious burns. Wear suitable heavy gloves and othar appropri-
ate protection.

NOTE —
Connector style may vary depending on system application. —
Consult wiring diagram for system-specific wiring. See ELE '
Electrical Wiring Diagrams.

- Start engine. A fluctuating voltage signal should show on the
meter. If voltage is incorrect, turn engine off and check pre-
heater circuit as described below.

Oxygen sensor voltage at idle 0.2 to 0.8 vdc fluctuating

NOTE —
To check sensor response o lean and rich mixtures, create
an air leak.

— Connectdigital voitmeter between sensor heater wires (white :
wires, C and D). Start engine and check for battery voltage. e
If voltage is not present, check oxygen sensor heater fuses.

NOTE —

The oxygen sensor heater is powered via fused positive (+)
battery voltage and a switched ground from the ECM. See
ELE Electrical Wiring Diagrams for specific circuit informa-
tion.

—  The ground side of the oxygen sensor heater circuit is pulsed —-
on and off by the DME control module. :

T RealleyPoblishers com-All Rights Reservid
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NOTE—

With engine off, disconnect harness connector and check
heating element resistance between white wires on the sen-
sor side of harness. If the element is electrically open (no
conlinuity), replace sensor.

If oxygen sensor does not produce a fluctuating voltage and
preheater circuit is OK, replace sensar,

NOTE—

If not already applied, coat oxygen sensor threads with anti-
seize compound before installation. Do not get the com-
pound on the sensor fip.

Tightening torque

Oxygen sensor to exhaust system 55 Nm (41 ft-Ib)

Fuel injectors, checking and replacing

The fuel injectors are switched on and off (opened and
closed) by the ECM. The injectors are connected to a com-
mon power source. A ground signal from the ECM is used to
open and close the injeciors.

CAUTION—

Use only a digital multimeter or an LED infector tester when
testing injectors or wiring. Use of an analog VOM or incan-
descent test light may darmage the engine conirol module,

Remove fuel rail cover. See 110 Engine Removal and in-
stallation.

With the engine running, place the point of a long screwdriver
on each injector and check for a clicking vibration. If no vibra-
tion is found do the voltage check shown below.

Injector electrical loom removal:

= | posen mounting nuts A.

= HRemove ground wire C.

o Disconnect ignition coil harness D.
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4 Release spring clips (arrows) from fuel injectors and pull in-
jector electrical loom straight up to remove.

502130856

4 Check that ECM signal is present at injector connectors.
= Connect digital voltmeter to fuel injector harness plug.
= Operate starter and check for voltage pulse.

= Hepeat for each injector.

- Remove fuel injectors by removing retaining clips.

— Installation is reverse of removal:

= Fit new O-rings when installing injectors. For ease of instal-
lation, lightly lubricate all fuel system O-rings with assem-
bly lubricant,

= Check that injector electrical connections are correctly fit- L.
ted and'that ifjectérs aré fully seated prior to installing fuel
rail mounting bolts.

Mass air flow sensor (MAF), replacing

The MAF sensor is provided with operating power from the
ECM relay. Based on calculated intake air mass, the MAF
generates a varying veltage (approx. 0.5 - 4.5 vdc) as an input D
signal to the ECM. e

<« Remove MAF sensor: —
= Remove upper air filter housing locking clips.
» Unscrew and remove MAF sensor harness (A). —
= Disconnect intake air temperature sensor harness (B). -
» Loosen hose clamp {C).
= Remove upper filter housing with sensor.

— Installation is reverse of removal.

< HentleyPublishers.com—All Righta Reserved
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Idle speed control valve,
testing and replacing

Idle speed is maintained by the ECM through the idle speed
control valve. The idle control function compensates for en-
gine load and engine operating conditions. Idle speed is
adaptive through the ECM and no adjustments can be made.

Before checking valve, confirm that throttle position sensor is
waorking correctly.

NOTE —

The test given below is an electrical check only. It does not
check the mechanical operation of the valve. If the valve is
sticking, hanging up oris sluggish in operation, substituting a
known good valve is the best way fo check it.

With engine running, check that idle speed control valve is
buzzing.

Turn on A/C or shift car into drive. [dle should remain steady
or increase slightly.

If valve is not buzzing, orif idle decreases in step above, stop |
angine and disconnect harness connector from valve. -

Check resistance of valve across its terminals. Test values
are listed below.

Idie speed control valve coil resistance

Terminals 1 and 2 2020 g
Terminals 2 and 3 20120 T
Terminals 1 and 3 40 +40
NOTE —

If you suspect an intermittent fauft, lightly iap the valve while
lesiing resistance.

I

With valve harness connector disconnected, check for bat-
tery voltage at red/white wire in connector with ignition on. If
there is no voltage, check wiring between connector and
ECM relay. See ELE Electrical Wiring Diagrams.

NOTE —
The idle speed control valve receives positive (+) baitery volt-
age from the ECM (DME main) relay.

e P N YT R SR S T
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— If voltage is present as described above, check wiring be-
tween ECM and valve. If no wiring faults are found, check
ECM signal to valve.

—~  When replacing idle speed control valve, clean and inspect
all sealing areas.
» [nspect sealing ring in throttle body and replace if neces-
sary.

Throttle position sensor (TPS),
testing and replacing

‘( The throttle position sensor (arrow) is mounted on the side
of the primary throttle housing and is directly connected to
the throtile valve shaft. The ECM sends a voliage signal to
the potentiometer-type sensor and monitors the voltage that
comes back. Resistance decreases (voliage increases) as
the throttle opens.

NOTE —
Do not confuse the TFS on the primary throfife housing with i~
the throttle switch on the ASC secondary throtife housing.

Check throttle position sensor function by disconnecting har-
ness cannector and checking across terminals. If any faults
are found, replace throtile position sensor.

Throttle position sensor {(M62 engine)

Test conditions  |Test Terminal Test value T
Harness connector [Term. 1 at harness 5 vdc (approx.)

disconnected, connector and ground

ignition on

Harness connector [Term. 1 and term. 3 at |4.0 kL2 (approx.)

disconnected, sensor

ignition an .
Throtile plate Term. 1 and term. 2 at | Continuously variable [
rolated from idle to |sensor from 1.0 to 4.0 k2
full throttle position without interruption 5

Engine coolant temperature (ECT) sensor, —
testing and replacing o

The ECT sensor is located on the front of the engine in the
coolant/thermostat flange. The ECT sensor is a dual tempera-
ture sensor. One circuit provides coolant temperature infor-
mation to the ECM while the other circuit provides coolant .
temperature information to the instrument cluster.

The ECM determines the correct ignition liming and air/fuel
mixture required for the engine by monitoring an applied volt-
age (5 vdc) to the sensor. The voltage drop across the sensor

£BonttoyPublishers.com-All Righitn Roservod
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varies as the coolant temperature (sensor resistance) chang-
es.

NOTE—

The ECT sensor is an NTC (negative lemperature coeffi-
cient) fype sensor. In other words, as the temperalure rises,
resistance through ihe sensor decreases.

{f the ETC sensor input is faulty or non-plausible, the MIL is il-
luminated when OBD |l fault criteria are exceeded. The ECM
assurmes a substitute value (80° C/176°F) to maintain engine
operation. The ignition timing is set to a conservative/safe ba-
sic setting.

Q Disconnect ECT sensor harness {A).
— Check ECT sensor resistance using a multimeter at sensor

terminals 3 and 4. Peel back protective boot (B) to ID termi-
nal numbers on connector housing.

ECT sensor resistance @ 20° C (B8°F) 22-27 kQ;

WARNING —
Due to risk of personal injury, be sure the engine is cold be-
fore disconnecting ECT harness connector.

4 Sensor replacement; Disconnect ECT sensor harness (A). ----------

— Unscrew ECT sensor from cylinder head and install new sen-
50T,

= Use new copper sealing washers when installing sensor.
* Replace any lost coolant.

Tightening torque ——
ECT sensor to coolant flange 13Nm (10 #tb)y

2
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Intake air temperature (IAT) sensor,
testing and replacing

« Disconnect harness connecter from intake air temperature
sensor (A) at air filter housing.

- Turn ignition on. Using a digital voltmeter, check for & volts
between supply voltage wire in connector and ground. If volt-
age is not present, test ECM inputs/outputs as described lat-
er.

— With harness connector disconnecied, test resistance across
sensor terminals. If any faults are found, replace [AT sensor.

IAT test resistance

@ 10° £1°C {50° £2°F) 7-11.6 kQ
@20° +1°C (68° +2°F) 2.1-2.9 kO
@B0O° +1°C (176° +2°F) 0.27-0.40 k2

Auxiliary throttle valve (ADS) -
(M62 and M62 TU engine), replacing

4 540i models with ASC and DSC are fitted with a motor-driv-
en auxiliary throttle valve and housing ahead of the standard
throttle housing. The ADS throttle valve controls engine throt-
tle intervention based on signals from the DME control mad-
ule if road conditions, such as slipping driven whes!, warrant
reduced engine power. i

ADS componentis

ADS throttle housing
Bowden cable

NOTE—
Before replacing the ADS throtile housing, read DME fault
codes.

ADS throlile aciualor

0a17318

— ADS throttle housing replacement:

= Switch off ignition and disconnect electrical connectar on —
ADS throttle body.

= Remove hose from idle control valve.

* | oosen hose clamps and remove throttle housing air in-
take boot. -

= Disconnect cable from ADS throtile body. =
o Unscrew 3 belts and remove ADS throtile body.
« |nstallation is reverse of removal.

* Adjust cable so that no free play is present.

THontleviFublishors com=AlE Riahls Resorvod
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Evaporative fuel system pressure leak
diagnosis, overview (V15.2.1 only)

1998 540i models are equipped with an evaporative fuel sys-
tem pressure leak diagnosis system. The main component of
this system is the leak diagnosis pump (LDP). The function of
the LDP is to pressurize the fuel tank and the evaporative
emission system for the purpose of detecting leaks. This sys-
tem is capable of detecting a leak as small as 0.5 mm.

The LDP, located in the leit rear wheel housing, is a unitized
compaenent that contains the following:

» Vacuum chamber.
o Pneumatic pump chamber.

DME activated vacuum solenoid.

Reed switch (provides switched voltage feedback signal to
ECM).

The vacuum supply line is in the wiring harness from the en-
gine comparniment and runs down the driver’s side of the vehi-
cle.

The canister vent valve is integrated into the |.DP, which is
electrically controlled by the ECM. The canister vent valve is
opened to provide fresh air entry into the fuel system only dur-
ing purge operation.

Purge operation characteristics:

« Off idle through full throttle: purge valve opened by pulse
width modulated (FWM) control of the ECM. PWM duty cy-
cle varies by engine operating conditions (e.g. warm idle,
purge valve opened slighily; cold idle/decel with engine
temp < 67° C, purge valve always closed).

|
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Table d. Bosch M5.2 ECM pin assignments

Bosch M5.2 ECM pin assignments
(M62 up to 9/1997)

Pin | Type Compaonent/function Note

1 output Oxygen sensor heater signal [DME heated oxygen sensor 1 splice

2 output Idle speed control - closing winding Idle speed control valve (cycled ground)

3 autput Cyl. 1 fuel injection valve Cyl. 1 fuel injection valve (cycled ground)

4 output Cyl. 4 fuel injection valve Cyl. 4 fuel injection valve {cycled ground)

5 output Cyl. 5 fuel injection valve Cyl. 5 fuel injection valve (cycled ground)

6 ground Fuel injection valve ground Ground

7 output Cyl. 6 fuel injection valve Cyl. 6 fuel injection valve (cycled ground)

8 output Malfunction indicator light (MIL) {(USA only) Hiuminated for exhaust gas related diagnostic trouble code

g input Start signat Starter relay

10 | input Electronic immobilizer (EWS) Electraonic immobilizer (EWS) control unit

11 | output A/C compressor signal Heating and A/C control madule

12 | input Terminal 50 signal Ignition switch

13 | input Knock sensor signal Knock sensor

14 Not used

15 Not used

16 | output intake air temperature Intake air temperature sensor {voltage value)

17 | ground Hot film mass air flow (MAF) sensor ground Hot film mass air flow (MAF) sensor ground

18 | input Heated oxygen senscr signal Heated oxygen sensor || in front of catalytic converter
(0.1-1.0 V with engine running at operating temperature)

19 | input Heated oxygen sensor signal Heated oxygen sensor | in front of catalytic converter
{0.1-1.0 V with engine running at operating temperature)

LHenlleyPublishern.com=-AH Rightc Reaerved
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Table d. Basch M5.2 ECM pin assignments

Pin | Type Component/function Note

20 | output Crankshaft position sensor (speed and position) | Crankshaft position/rpm sensor

21 | output Camshaft position sensor {cylinder reference) Hall efiect camshait pasition sensor

22 | output Cyl. 6 ignition signal {primary signat} Cyl. 6 ignition coil (RZV adapter)

23 | output Cyl. 3 ignition signal {primary signal) Cyl. 3 ignition coil (RZV adapter)

24 | output Cyl. 7 ignition signal (primary signal) Cyl. 7 ignition coit (RZV adapter)

25 | output Cyl. 2 ignition signal {primary signaf) Cyl. 2 ignition coit (RZV adapter)

26 | input Terminal 30 Fuse carrier, engine electronics

27 | output Engine control module relay Engine control module relay

28 | ground Ground for electronics and sensor shield Ground splice

29 | output ldle speed control - opening winding idie speed control valve (cycled ground)

30 | output Oxygen sensar heater signal Heated oxygen sensor | in front of catalytic converter,
Heated oxygen sensor 1l in front of catalytic converter

31 | output Cyl. 5 fuel injection valve Cyt. 5 fuel injection valve (cycled ground)

32 | output Cyl. 8 fuel injection valve Cyl. 8 fuel injection valve (cycled ground)

33 | ouiput Cyl. 3 fuel injection valve Cyl. 3 fuel injection valve (cycled ground)

34 | ground Femaining output stages ground Ground point

{not ignition and fuel injecticn valves)

35 |output Cyil. 2 fuel injection valve Cyl. 2 fuel injection valve (cycled ground)
36 |output A/C compressor relay signal Heating and A/C control module {ground - compressor OFF)
37 Not used

38 Not used

39 Not used

40 | input Knock sensor signal Knock sensor

41 | input Knock sensor signal Knock sensor

42 | input Fuel reserve signal Instrument cluster

43 Not used

44 | input Throttle position sensor signal (0.4-4.2 V) Throtile position sensor

45 | outpui Hot film mass air flow sensor signal {0-5 V} Hot film mass air flow sensor

46 | ground Heated oxygen sensor signal {voltage 0.1-1.0 V} | Oxygen sensors

47 Not used

48 Not used

49 | output Cyl. 1 ignition signal (primary signal) Cyl. 1 ignition coil (RZV adapter)
50 | output Cyl. 5 ignition signal (primary signal) Cyl. 5 ignition coil (RZV adapter)
51 | output Cyl. 4 ignition signal (primary signal) Cyl. dignition coil (RZV adapter)
52 |output Cyl. 8 ignition signal (primary signal) Cyi. 8 ignition coil (RZV adapter)
53 |outpul Throttle position sensor (+ 5 V voltage supply) Throttle position sensor

54 | input Terminal 87 (> 10 V} Fuse F1

55 | ground Ignition ground Ground point

56 |input Terminal 15 (> 10 V} Ignition switch

,,,,,
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Table d. Bosch M5.2 ECM pin assignments

Pin | Type Component/function Note

57 Not used

58 Not used

59 | input Heated thermostat {characteristic map, cooling) | Characteristic map, cooling

60 |input Programming voltage input (voliage value) Data link connector

61 |input Signal input Evaporative emission valve Evaporative emission valve

62 Not used

63 | input Fuel pump relay (ground) Fuel pump relay

B4 Not used

65 Not used

66 Not used

67 Not used

68 iNot used

69 |input A/C system standby signal (> 10 V) Healing and A/C control module

70 | input Knock sensor signal Knock sensor

71 | ground Contrat medule ground Ground splice

72 Not used

73 Not used

74 | input Coolant temperature Dual temperature switch

75 Not used

76 |input Heated oxygen sensor sigrial (voliage 0.1-1.0 V) | Heated oxygen sensor Ii behind catalytic converter

77 )input Heated oxygen sensor signal (voltage 0.1-1.0 V) | Heated oxygen sensor | behind catalytic converter

78 | input Crankshalft position sensor signal (speed and Crankshaft position/rpm sensar
position, AC voltage)

79 | input Right rear wheel speed signal ABS/ASC control module

80 | ouiput TD signal (engine speed) TD signal splice

81 Not used

82 Not used

83 | output Injection signal Integrated instrument cluster contrel module (IKE)

84 Not used

B5 | input-output| CAN-Bus low Transmission control module (AGS)

86 | input-output| CAN-Bus high Transmission control module (AGS)

a7 Not used

88 | input-output| Data link TxD Data link connector
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Table e. Bosch 5.2.1 ECM pin assignments

Bosch M5.2.1 ECM pin assignments
(M62 from 9/1997 to 9/1998)

Pin |Signal Description | Note
Connector X60001
1 Not used
2 Not used
3 Not used
4 Ground Ground Ground point right-hand drive
Ground connectar X6460
5 Not used
Ground Ground Ground point right-hand drive
Ground connector X6460
7 input Terminal 30 voltage supply Fuse F4
8 Input Terminal 87 Fuse F1
g Not used
Connector X60002
1 Qutput Oxygen sensor heater signal Heater oxygen sensor |l behind catalytic converter
2 Input Mot used Back up light switch
3 Input Qutput |CAN-Bus low Transmission control module (AGS)
4 input Output {CAN-Bus high Transmission contral medule {AGS)
5 Ground Ground Ground connector X6480
] Not used
7 Output Oxygen sensor heater signal Heater oxygen sensor ! behind catalytic converter
8 Ground Oxygen sensor heater ground Heater oxygen sensor |l behind catalytic converter
9 Ground Oxygen sensor heater ground Heater oxygen sensor 1 in front of catalytic converter
10 |(Ground Oxygen sensor heater ground Heater oxygen sensor |l in front of catalytic converter
11 |Ground Oxygen sensor heater ground Heater oxygen sensor | behind catalytic converter
12 Mot used
13 jOutput Oxygen sensor heater ground Heater oxygen sensor I in front of catalytic converter
14 |Input Oxygen sensor heater ground Meater oxygen sensor |l behind catalytic converter
15 |Input Oxygen sensor heater ground Heater oxygen senser 1 in front of catalytic converter
16 |Input Oxygen sensor heater ground Heater oxygen sensor i in front of catalylic converter
17 |Input Oxygen sensor heater ground Heater oxygen sensor | behind catalytic converter
18  [Output Signal, running losses Fuel changeover (3/2 way valve) circuit
19 |Output Oxygen sensor heater ground Heater oxygen sensor 1 in front of catalytic converter
20 Not used
21 Not used
a2 Not used
23 |Output Terminal B5 controt Engine control module relay
24 Mot used

,,,,,
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Table . Bosch 5.2.1 ECM pin assignments

Pin |Signal Description Note

Connector X60003

1 Qutput Injection signal

2 Output Injection signal

3 Output Signal, evaporative emission valve Evaporative emission valve

4 Not used

5 Not used

6 Ground Ground for electronic components Ground point right-hand drive
Ground connector X6460

7 Not used

8 Not used

9 Ground Hot film mass air flow sensor ground Hot {itm mass air flow sensor

10 |Output Throttle position sensor voltage supply Throttle position sensor

11 |Output Signal, secondary air injection pump valve Secandary air injection pump valve

12 |Input Terminal 30 voltage supply Starter

13 |Input Alternator D+ (terminal 61) signal Alternator (generator)

14 Injection signal Cylinder 7 fuel injection valve

15 Injection signal Cylinder 6 fuel injection valve

i6 Not used

17 Not used

iB Not used

19 Mot used

20 |Input Camshaft position sensor signal Camshaft position sensor (Hall effect)

21 [Ground Ground Dual temperature switch

22 |input Signal, engine coolant temperature sensor Dual temperature switch

23  |Input Hot film mass air flow sensor signal Hot {ilm mass air flow sensor

24 |lnput Throftle position sensor slider voltage Throtile pesition sensor

25 |Ground Shield, throttte potentiometer {DK) Throtile position sensor

28 Not used

27 |Output Injection signal Cylinder 8 fuel injection valve

28 |Output Injection signal Cylinder 5 fuel injection valve

29 Mot used

30 Mot used

31 |Cuiput Signal, cooling characteristic map Characteristic map, cooling

32 |lnput Crankshait position sensor signal Crankshaft position/rpm sensor

33 Not used

34  |Input Intake air temperature Intake air temperature sensor

35 |Ground Shield, knock sensor Knock sensor

36 |Input Signal, sensor 2 Knock sensor

37 {lnput Signal, sensor 4 Knock sensor

mHontipyPoblizhom com-All Riahls Roeserved
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Table e. Bosch 5.2.1 ECM pin assignments

Pin [Signal Description Note

38 [Ground Shield, knock sensar Knock sensor

39  |Input Oil level - thermal Oit level sensor

40 | Output Injection signal Cylinder 4 fuel injector valve
41 (Output Injection signal Cylinder 1 fuel injector vaive
42 {Output Idle speed control - opening winding Idle speed control valve

43  |Quiput Idle speed control - clasing winding Idle speed control valve

44 Not used

45  [Ground Ground Shield, crankshafi sensor

46 [Input Cranksbaft position sensor Crankshaft position/rpm sensor
47 |Ground Ground Intake air iemperature sensor
48 |Ground Shield, knock sensor Knock sensor

49  (Input Shield, sensor | Knock sensor

50 (Ground Shield, sensor 3 Knock sensor

51 |Ground Shield, knock sensor Knock sensor

52 Not used

Connector X60004

1 Cutput Alt. charge indicator signal, terminal 61 Instrument cluster

2 Input Terminal 30 voltage supply Integrated instrument cluster control module (IKE)
3 Not used

4 Not used

5 Not used

6 Input Start signal lerminal 50 Ignition switch

7 Not used

8 Not used

g Not used

10 | Output Activation of relay for fuel pump Fuel pump relay

11 Not used

12 Not used

13 Not used

14 Not used

15 Not used

16 Not used

17  |Ouiput Engine speed signal output {TD) Cruise control module (Tempomat})
18 Not used

19 Not used

20 [Quiput CARB signal Daia link connector

21 [Quiput Washer fluid level, brake fluid level Light module

22 |Input Right rear wheel speed signal ABS/ASC or ABS/DSC control module
23 Not used

PR 11 I o [P SR o
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Table e. Bosch 5.2.1 ECM pin assignments

Pin [Signal Description Note
24 Not used
25 Not used
26 |Input Voltage supply, terminal 15 Fuse Fi4
27 Mot used
28 Not used
29  |input Compressor ON signal from engine control module [Heating and A/C controt module
{DME}
30 |Ground Ground Leakage diagnosis pump
3 Not used
32  |Output Biagnosis signal TXD Data link connector
33 |Input- output |Communication link (EWS) Electronic immobilizer (EWS)
34 |Qutput Signal, leak diagnaosis pump Leakage diagnosis pump (LDP)
35 Not used
36 |Input- output |CAN-Bus high CAN link
37 |Input- output |CAN-Bus fow CAN link
38 Not used
39 Not used
40 {Output Start signal Starter relay
Connector X60005
Qutput Terminat 1 signal - Cylinder 7 ignition coil
2 Cutput Terminal 1 signal Cylinder 8 ignition coil
3 Output Terminal 1 signal Cylinder 2 ignition coll
4 Ouiput Terminal 1 signal Cylinder 3 ignition coil
5 Ground Ground Ground point
B Qutput Terminal 1 signat Cylinder 1 ignition coil
7 Output Terminal 1 signal Cylinder 4 ignition coil
8 Cutput Terminal 1 signal Cylinder 5 ignition coil
9 Output Terminal 1 signal Cylinder 6 ignition coil

el =TI >
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BoscH ME 7.2

When system faulis are detected, a diagnostic trouble code
{DTC) is stored in the engine control module (ECM). The MIL
also illuminates if an emissions-related fault is detected.

When faults arise, or if the malfunction indicator lamp (MIL) is
dluminated, begin troubleshooting by connacting BMW ser-
vice tester DISplus, MoDiC, GT1 or equivalent scan tool. The
capabilities of OBD H software has the potential to save hours
of diagnostic time and to help avoid incorrect component re-
placement and possible damage to system componenis.

CAUTION—

» The tests in this section may set fault codes (DTCs) in the
ECM and illuminate the MilL.. After all testing is completed,
access and clear DTC fault memory using an OBD I ar
BMW compatible scan tool. See OBD On-Board Diag-
nostics.

e Only use a digital multimeter for electrical tests.

e Relay positions can vary. Be sure to confirm relay posi-
tion by identifying the wiring in the socket using the wir-
ing diagrams found in ELE Electrical Wiring
Diagrams.

NOTE —

e QBD Il fault memory (including an ifluminated MIL) can
only be reset using the special scan tool. Removing the
connector from the ECM or disconnecting the battery will
not erase the fault memory.

« The BMW-dedicated 20-pin diagnostic link connector
(DLC) is in the right rear of the engine compartment. The
20-pin DLC was eliminated on models after 6/2000.

= The 16-pin OBD Il diagnostic connector (arrow) is located
inside the car on the lower left dash panel.
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DME conliz)

DME Harness Connector

| Conirol

ME 7.2 system overview

The Bosch ME 7.2 system is used on 1999 - 2002 540i mod-
els.

4 The ME 7.2 engine control module {ECM), located on the
right side of the engine compartment in the E-box, utiizes the
SKE (standard shell housing) construction with 5 connectors
and a combined total of 134 pins.

L

9 pin connector
24 pin connector
52 pin connector
40 pin connecior
9 pin connector

The ME 7.2 system has the following functions or capabilities:

Electronic throttle control (EDK) integrates idle and cruise
control functions. ECM carries out all throttle and idie con-
trol functions directly via EDK system.

Leak diagnosis pump (LD} control and feedback monitor-
ing for evaporative system leak testing.

Battery/aiternator charge logic {idle speed varies with bat-
tery state of charge).

CAN-Bus communications with instrument cluster.
EWS 111 (3.3) “rolling code” 1SN interface.

Ignition knock sensors.

DSC (dynamic stability control) torque reduction.

Monitoring and control of VANOS {camshait timing} with
active Hall sensor for camshaft position monitoring.

Integrated altitude sensor.
One touch engine start control,
Single speed secondary air injection system.

Electrically heated {characteristic map) cooling system
thermostat.

Long life spark plugs.
IHKA auxiliary {electric) cooling fan control.

All emissions-related ME 7.2 electrical components are mon-
itored for faults. If driveability complaints are encountered or

the malfunction indicator light (MIL) is illuminated, interrogate
fault memory using a compatible scan tool.

Q Use a break-out box for ME 7.2 system testing and diagnosis
at the conirol module (break out box set: BMW special teal
80 88 6 121 300).
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4 The ME 7.2 uses a non-return fuel rail. The fuel pressure reg-

ulator is integrated into the fuel filier.

NOTE —

The fuel fifter is available as a replacement part without the
fuel pressure regufator. When replacing the fuel filter, frans-
fer the fuel pressure regulator from the old fifter to the new fil-
ter.

The M62 TU engine uses a continuously variable VANGS
system at each intake camshaft. This system enhances en-
gine performance and reduces tailpipe emissions. Both cam-
shafts are adjusted simultaneously within 20° {maximum} of
the camshafts rotational axis. This equates te a maximum
span of 43° crankshait rotation.

4 The M62 TU engine uses an electrically controfled throttle

valve called EDK. The throttle plate is positioned by a DC
gear reduction motor based on inputs signals to the ECM
from the pedal position sensor (PWG@).

When the accelerator pedal is moved, the PWG provides a
change in the manitored signals. The ME 7.2 control module
compares the input signal {o a programmed map and appro-
priately activates the EDK motor via proportional pulse width
modulated control signals. The control module self-checks its
activation of the EDK motor via the EDK feedback potentiom-
eters.

Engine idle speed control is a function of the EDK. The M&2
TU engine does not use a separate idie control valve.

T
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4 The PWG potentiometers provide DC voltage signals as in-
put to the ME 7.2 conirol module for throttle and idle control
functions. Potentiometer signal 1 is the primary signal, poten-
tiometer 2 is used for a plausibility cross-check.

1. Potentiometer 1 ground
Potentiometer 1 power
Potentiometer 2 ground
Potentiometer 2 power
Potentiometer 1 signal to ECM
6. Potentiometer 2 signal to ECM

oA

if errors are detected between potentiometer 1 and 2, the
ECM calculates the engine intake air mass (from MAF sensor
signal) and only utilizes the potentiometer signal that closely
maiches the detected intake air mass. The ECM control mod-
ule uses the air mass signal for a comparative source to pro-
vide fail-safe operation. |f the ECM cannot calculate a
plausible conclusion from the monitored potentiometer the
EDK motor is switched off and fuel injection cut-out is activai-
ed (no fail-safe operation possible).

EDK is continuously monitored during all phases of engine
operation. If faults are detected, the EDK motor is switched off
and fuel injection cut off is activated. The engine continues to
run extremely roughly at idle speed.

EDK adaptation

When the EDK throttle-assembly is replaced, the adaptation

values of the previous EDK must be cleared from the ME 7.2
ECM using the BMW service tester or an equivalent scan tool.
Once the old adaptation values have been cleared, the new

EDK assembly should be installed and adapted as follows:

* Switch ignition OFF for 10 seconds,

= Switch ignition ON. After approximately 30 seconds, the
EDK Is briefly activated indicating that the replacement unit
is now adapted to the ME 7.2 system.

NOTE—

This EDK adaptation procedtre is also necessary after re-
placing the ME 7.2 engine control module, However, the ad-
aptation values do nof require clearing since they have not
yet been established.

ECWM relay, testing

The engine control moedule (ECM) relay is energized via the
ECM and supplies battery pasitive (B+) power ta many of the
engine management components and subsystems. If this re-
lay is faulty, the engine will not start.

NOTE —
The ECM relay is also referred to as the DME main relay.
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CAUTION—
Relay positions can vary. Be sure to confirm relay position by
identifying the wiring in the socket using the wiring diagrams

in ELE Electrical Wiring Diagrams.

Bosch ME 7.2
ECM relay =

: Engine
| E-box
|

£5 ‘ 87 a7
— s S aa e T
A T T L %6300
0.5 BRAN 4.0 BED/WHT 4.0 RED/WHT

4 Working in right rear of engine compartment:

» Release interior ventilaiion filier cover latch {A) and re-
move cover,

¢ Melease plastic locking tab (B).

= Rotate duct inward (arrow)} to unlock from bullkc head and
remove duct.

= Helease spring lock (C} to remave lower filter housing.
= Slide filter housing away from inner fender to remove.

Remove electrical box (E-box) cover fasteners and remove
COver.

With ignition off, remove main relay {arrow) in electronics
box (E-box} at right rear of engine compartment.

NOTE —
Relay locations can vary. Confirm relay identification by
matching wiring colors and terminal numbers.

Check for voltage at ierminal 6 of main relay socket (30-red
wire).
« |f battery voltage is present, continue tesling.

« |f batiery voltage is not present, check large red wire in re-
lay socket. See ELE Electrical Wiring Diagrams.

Reinstall retay and turn ignition on. Gain access to underside
of relay socket and check for ground at terminal 4 (85-brown
wire).

« |f ground is present, continue testing.

= |f ground is not present, switched ground signal from ECM
is missing. Check wire between ECM and relay.

With ignition on and relay installed, check for battery voltage
at terminal 2 (87-red/white wire}.

+ |If battery voitage is present, relay has energized and is
functioning correctly.

s if battery vollage is not present and all earlier tests are OK,
relay is faulty and should be replaced.
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Engine coolant temperature (ECT) sensor,
testing

To Iastrumem
Cluster

4 The ECT sensor is located en the front of the engine in the
coolant/thermostat flange. The ECT sensor is a dual temper-
ature sensor. One circuit provides coolant temperature infor-
mation to the ECM while the other circuit provides coolant

P temperature information to the instrument cluster.

K
% The ECM determines the correct ignition timing and air/fuel
[ % % mixture required for the engine by monitoring an applied volt-

age (5 vdc) to the sensor. The voltage drop across the sensor
varies as the coolant temperature (sensor resistance) chang-
es,

NOTE—

The ECT sensor is an NTC (negative temperature coeffi-
cient} type sensor. In other words, as the temperature rises,
resistance through the sensor decreases.

If the ETC sensor input is faulty or non-plausible, the MIL is il-
juminated when OBD |l fault criteria are exceeded. The ECM
assumes a substitute value (80° C/176°F) to maintain engine
operation. The ignition timing is set to a conservative/safe ba-
sic setting.

< Disconnect harness from ECT sensor (A) at coolant flange at
front of engine.

- Check ECT sensor resistance using a multimeter at sensor
terminals 3 and 4. Peel back protective boot (B) to 1D termi-
nal numbers on connector housing.

| ECT sensor resistance @ 20°C (68°F) | 22-27 I<Q{

Engine coolant temperature (ECT) sensor,
replacing

WARNING —
Due fo risk of personal injury, be sure the engine is cold be-
fore replacing ECT sensor.

— Disconnect ECT sensor harness,

- Unscrew ECT sensor from cylinder head and install new sen-
sor.

= lUse new copper sealing washers when installing sensor.
= Replace any lost coolant.

Tightening torque

ECT sensor to coolant flange 13 Nm {10 ft-Ib)
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Oxygen sensors, replacing

4 Four Bosch oxygen sensors (2 precatalytic converter sen-

sors and 2 posi-catalytic converter sensors) provide a vary-
ing voltage signal {0.2 vdc (max. fean) to 0.8 vde (max. rich)]
to the ME 7.2 ECM representing oxygen content in the ex-
haust gas.

WARNING —
Exhaust manifolds and pipes can be hot enough to cause se-
rious burns. Wear suitable heavy gloves and other appropri-

ate protection.

Using a special oxygen sensor socket, remove the threaded
sensors from the exhaust system.

If not already applied, coat the new oxygen sensor threads
with an anti-seize compound before installation. Do not get
compound on the sensor tip.

Tightening torque

Oxygen sensoer to exhaust system 50 Nm (37 §t-ib}

Fuel injectors, removing and installing

The ME 7.2 system uses ball seat type fuel injectors. This de-
sign provides precise sealing when the injector is closed
thereby eliminating raw HC (unburned fuel) formation in the
intake. The fuel injectors are switched on and off by the ECM
at the ground side.

Remove plastic cover from above fuel rail. See100 Engine
Removal and Installation.

Disconnected battery negative {-) cable.

CAUTION—

Prior to disconnecting the battery, read the battery discon-
nection cautions given at the front of this manual. See 001
General Warnings and Cautions.

Remove both ignition coil covers.
= Disconnect ignition coil connactors.
» Hemove left and right ignition coil ground wires.

Remove fuel injector [oom boxes.
* | oosen mounting fasteners (A).
= Disconnect electrical plugs (B and D).

i€
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4 Release fuel injector locking clips (arrow).
— Remove fuel injector loom boxes and lay to one side.

— Remove 4 fuel rail mounting fasteners.

Q Disconnect fuel line at quick-disconnect. To disconnect,
press in plastic collar {(arrow) and separate fuet line.

WARNING —

Fuel may be expefled under pressure. Do not smoke or work
near heaters or other fire hazards. Keep a fire extinguisher
handy. Before disconnecting fuel hoses, wrap a cloth around
fuel hose to absorb any lfeaking fuel. Piug afl open fuel lines.

-~ Liff fuel rail and injectors straight up to remove.

— Installation is reverse of remaval. Use new injector seals and
clamps during installation.

Mass air flow (MAF) sensor,
removing and installing

4 The MAF sensor is provided with operating power from the

Mass Air Flow Sensor ECM retay. Based on intake air mass, the MAF sensor gen-
_ > Intake alr temp. (NTC) erates a varying voltage (approx. 0.5 - 4.5 vdc} as an input .
Sensor ground signal back to the ECM. A separaie intake air temperature —
Reference voliage sensor is not used.
+ i __— Air mass signal -
a }‘i ) -~ Femoving MAF sensor:

= Remove upper air filter housing locking clips. —
o Unscrew and remove sensor harness. _

« Disconneci air temperature sensar harness.

» Loosen hose clamp.

« Remove upper fiter housing with sensor.

— installation is reverse of remaoval.
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Evaporative system pressure leak
diagnosis, overview

The M62 TU engine is equipped with an evaporative fuel sys-
temn pressure leak diagnosis system. The main component of
this system is the leak diagnosis pump {LDP). The function of
the LDP is to pressurize the fuel tank and the evaporative
emission system for the purpose of detecting leaks.

This system is capable of detecting aleak as smallas 0.5 mm.
The LDP, located in the left rear wheel housing, contains the
following:

s Vacuum chamber.
» Pneumatic pump chamber.
« DME activated vacuum solenoid.

= Reed switch {provides switched voltage feedback signal to
DME).

The vacuum supply line is in the wiring harness from the en-
gine compartment and runs down the driver's side of the vehi-
cle.

The canister vent valve is integrated into the LDP, which is
electrically controlled by the ECM. The canister vent valve is
opened o provide fresh air entry into the fuel systerm only dur-
ing purge operation.

Purge operation characteristics:

« Off idle through full throtile: purge valve opened by pulse
width modulated (PWM) control of the ECM. PWM duty cy-
cle varies by engine operating conditions {(e.g. warm idle,
purge valve opened slightly; cold idle/decel with engine
temp < 67° C, purge valve always closed).
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Secondary air injection, overview

The secondary air system pumps ambient airinto the exhaust
stream after a cold engine start to reduce the warm-up time of
the catalytic converters and to reduces HC and CO emis-
sions. The ME 7.2 ECM controfs and monitors the secondary
air injection system. The secondary air pump operaies ata
start temperature of between 10°C (50°F) and 40°C {104°F).
and continues to operate for a maximum of 2 minutes at idle
speed.

The electric air pump draws in ambient air and supplies it to
the check valve. The vacuum vent valve (solenoid) switches
vacuum 1o open the check valve when activated by the ECM.
Once opened, the check valve allows air to be pumped into
the exhaust stream.

The secondary air injection system consists of the following
components:

Secondary air pump relay
Cxygen sensors

Catalytic converters
Electric air pump
Non-return valve

Vacuum vent valve

oo~
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Fuel Injection

Bosch ME 7.2 ECM pin assignments

Bosch ME 7.2 ECM connectors

X6000t 9-pin, Black

X60002 24-pin, Black

X60003 52-pin, Black

XG60o04 40-pin, Black

XB0005 9-pin, Black

502130DME
Table e. Bosch ME 7.2 ECM pin assignments
Connector X60001
Pin Type Description/function Notes
1 Not used
2 Not used
3 Not used
4 Ground Ground Ground connector X6460
5 Ground Ground Ground connector X6460
6 Ground Ground Ground connector X6460
7 Input Terminat 30 voltage supply Fuse F4
8 Input Terminal 87 voltage supply Fuse Fi
9 Not used
Connector X60002
Pin Type Descriptionffunction Notes
1 Ground Heated oxygen sensor, heater ground Heated oxygen sensor || behind catalytic converter
2 Input Back-up light signal Back-up light switch
3 Input/ CAN-Bus Low Automatic transmission control module {AGS}
Qutput
4 Input/ CAN-Bus High Automatic transmission control module {AGS)
Qutput

5 Not used
6 Not used
7 Ground Heated oxygen sensor, heater ground Heated oxygen sensor | behind catalytic converter
8 Ground Heated oxygen sensor ground Heated oxygen sensor [| behind catalytic converter
9 Ground Heated oxygen sensor ground Heated oxygen sensor | in {ront of catalytic converter
10 Ground Heated oxygen sensor ground Heated oxygen sensor |l in front of catalyiic converter
11 Ground Heated oxygen sensecr ground Heated oxygen sensor { behind catalytic converter
12 Not used
13 Ground Heated oxygen sensor, heater ground Heated oxygen sensor |l in front of catalytic converter

FantbarBoblickheen cam—-All Richig Rosprened
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Fuel Injection

Connector X60002 (continued)

14 Input Heated oxygen sensor signal Heated oxygen sensor il behind calalytic converter
15 input Heated oxygen sensor signal Heated oxygen sensor | in front of catalytic converter
16 Input Heated oxygen sensor signal Heated oxygen sensor Il in front of catalytic converter
17 Input Heated oxygen sensor signal Heated oxygen sensor | behind catalytic converter
18 Not used

19 Ground Heated oxygen sensor, heater ground Heated oxygen sensor | in front of catalytic converter
20 Not used

21 Not used

22 Not used

23 Cutput Terminal 85 contral Engine control module relay

24 Not used

Connector X60003

Pin Type Description/function Notes

1 Cutput Injection signal Cylinder 2 fuel injector valve

2 Quiput Injection signal Cylinder 3 fuel injector valve

3 Output Signal evaporative emission valve Evaporative emission valve

4 Output Temperature signal, E-box fan E-box fan

5 Not used

6 Ground Ground for electronic components Ground connector X6460

7 Output Voltage supply for hot film mass air flow sensor Hot film mass air flow sensor

8 Input Signal EDK (electrie throttle aciuator) Electric throttle actuator

9 Ground Hot film mass air flow sensor, ground Hot film mass air flow sensar

10 Output Electric throtlle actuator Electric throitle actuator, voltage supply

11 Not used

12 Input Voltage signal, terminal 30h Starter

13 Input Alternator D+ {terminal 61) signal Alternator (generator}

14 Output injection signal Cylinder 7 fuel injection valve

15 Output Injection signal Cylinder 6 fuel injection valve

16 Input VANOS valve, signal VANQOS valve, cylinder 5-8

17 Not used

18 Not used

19 Not used

20 Input Camshafi position sensor signa Hall effect sensor, camshaft 2

21 Ground Ground Dual temperature sensor

22 Input Signal, coolant temperature Dual temperature sensor

23 Input Hot film mass air flow sensor, signal Hot film mass air flow sensor

24 tnput Electric throttle actuator, signal Electric throttle actuator
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Fuel Injection .~

Connector X60003 (continued) .

25 Input Ground, electric throttle actuator Electric throtlle actuator
26 Not used
27 Output Injection signal Cylinder 8 fuel injection valve
28 Output Injection signal Cylinder 5 fuel injection valve
29 Input VANOS valve, signal VANOS vaive, cylinders 1-4
30 Not used
31 Output Thermostat characterisiic map, signal Characteristic map
32 Input Crankshaft positicn sensor, signal Crankshaft position/rpm sensor
33 Not used
34 input Hot film mass air flow sensor, signal Hot film mass air flow sensor
35 Ground Knock sensor, shield Knock sensar
36 Input Knack sensor 2, signal Knock sensor
37 Input Knock sensor 4, signal Knock sensor
38 Ground Knock sensaor, shield Knock sensor
39 Input Qil level (thermal) Qil level sensor
40 Qutput Injection, signal Cylinder 4 fuel injection valve
41 Qutput Injection, signal Cylinder 1 fuel injection valve
42 Input Electric throttle actuator, signal Electric throttie actuator
43 Input Electric throttle actuator, signal Electric throttle actuator
44 Not used
45 Ground Ground Crankshaft sensor shield
46 Input Crankshait position sensor, signal Crankshaft position/rpm sensor
47 Not used
48 Ground Knock sensor, shield Knock sensor
49 Input Knock sensor 1, signal Knock sensor
50 Input Knock sensor 3, signal Knock sensor
51 Ground Knock sensor, shield Knock sensor
52 input Secondary air injection pump vaive, signal Secondary air injection pump valve
Connector X60004
Pin Type Deascription/signal type Notes
1 Qutput Charge indicator signal {terminal 61) Instrument cluster
2 Output Voltage signal, terminal 30h Integrated instrument cluster control
3 Output Secondary air pump relay, aclivation Secondary air Injection pump relay
4 {nput Signal, electric (auxiliary) cooling fan, signal Electric (auxiliary) cooling fan
5 Not used
5] Input Start signal (terminal &0, siart detection) Ignition switch
7 Ground Pedal position sensor (PWG), ground Pedal position sensor
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Connector X60004 (continued)

8 Input Pedal position sensor (PWG), signal Padal position sensor

9 Cutput Pedal positicn sensor {(PWG), power supply Pedal position sensor

10 Output Fuel pump relay, activation Fuel pump relay

LA Output Oii pressure indicator Instrument cluster

12 Ground Pedal position sensor {(PWG), ground Pedal position sensor

13 Input Pedal position sensor (PWGQ), signal Pedal position sensor

14 Output Pedal position sensor (PWG), power supply Pedal paosition sensor

15 Net used

16 Not used

17 Quiput Engine speed signal output (TD} OBD 1l plug

18 Not used

19 Signal back-up light Integrated instrument cluster control module {IKE)
20 Input DM-TL (diagnostic medule, tank leakage)

21 Qutput Signal oil level sensor Light module

22 input Right rear wheel speed, signal ABS/DSC control module

23 Input Clutch pedal position switch, signal Cluteh pedal posiiion switch

24 Input Brake light switch, signal Brake light switch

25 Not used

26 Input Voltage supply, terminal 15 Fuse F14

27 input Data link, MFL {multi-function steering wheel} Airbag contact coil spring

28 Input Brake light test signal Brake light switch

29 input A/C compressor signal Heating and A/C control module
30 fnput DM-TL {diagnostic module, tank leakage)

a1 Not used

32 Output Diagnosis signal TxD CBD Il plug

33 Input/~output |Communication link (EWS) Electronic immabilizer (EWS)
34 Not used

35 Mot used

36 Input/-output |CAN-Bus high CAN-Bus fink

37 Inpuy/-output {CAN-Bus fow CAN-Bus link

38 Ground Ground Coolant outiet temperature sensor
39 Input Signal Coolant outlet temperature sensor
40 Output Start signal Starter relay

Connector X60003

Pin Type Description/signal type Notes

1 Ouiput Terminal 1 signal Cylinder 7 ignition coil

2 Qutput Termiral 1 signal Cylinder 8 ignition coil

£BemloyPulilishors. com-Al Rights Resarved




130-80

Fuel Injection -

Connector X60005 (continued)

Output

Terminal 1 signal

Cylinder 2 ignition coil

Output

Terminal 1 signal

Cylinder 3 ignition coil

Ground

Ground

Ground point

Output

Terminal 1 signal

Cylinder 1 ignition coil

Qutput

Terminal 1 signal

Cylinder 4 ignition coil

Cutput

Terminat 1 signal

Cylinder 5 ignition coil

O o N ®| O B W

Output

Terminat 1 signal

Cylinder 6 ignition coil
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Fuel Tank and Fuel Pump

GENERAL

This repair group covers service information specifically for
the fuel supply system. Information on the fuel injection sys-
tem s covered in 130 Fuel Injection.

In the descriptions and procedures given below, engine and
engine management (DME) sysiems are referred to by man-
ufacturer code. If necessary, see 100 Engine-General for
model year, engine cade, and DME applications.

NOTE —
Fuel filter replacement is covered in 020 Maintenarnice.

Special tools

Some of the procedures in this group require the use of
special tools.

4 Fuel pressure gauge

(Tool No. 1318 [Source: Baum Tools Unlimited])

4 Fuel line clamp

{Tool No. BMW 13 3 010)

4 Fuel pressure gauge T-fitting with shut-off valve

{Tool No. BMW 13 5 220)

Q Fuel tank threaded collar spanner

(Tool No. BMW 16 1 022)
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- Fuel Tank and Fuel Pump

Fuel tank evaporative
control system

{models with DME MS42.0}
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Fuel pump

The electric fuel pump is mounted in the fuel tank in tandem
with the right side fuel level sender. The fuel pump delivers
pressurized fuel to the fuel injection system. A pressure regu-
lator maintains system pressure. The quantity of fuel supplied
exceeds demand, so excess fuel returns to the fuel tank viaa
return line. See 130 Fuel Injection ior more information,

NOTE—
Fuel pump removal procedures are given under Fuel level
sender (right side) and fuel pump, removing and install-

ing.
Fuel tank evaporative control system

Evaporative control, also referred 1o as running losses con-
trol, is designed to prevent fuel system evaporative losses
from venting into the atmosphere.

The components of this system allow control and monitoring
of evaporative losses by the on-board diagnostic {OBD [f)
software incorporated into the engine control module (ECM).

NOTE—
1997 V-8 models (540§} with Bosch DME M5.2 are not
equipped with an OBD I running losses monitoring system.

< The main cempenents of the evaparative control system and

their functions:
= Fuel overflow tank acis as a liquid/vapor separator.
» Carbon canister stores evaporated fuel.

= Plumbing duets vapors from fuel tank to canister and from
canister to intake manifold.

= Carbon canister purge valve is controlled by engine control
module (ECM).

= Running losses or 3/2-way valve {not shown) shunts ex-
cess fuel volume directly back to fuel tank before it circu-
lates through injector fuel rail {models with Siemens M342
or Bosch M5.2.1 engine management only).

= Leak detection unit (LDP or DMTL) pressurizes fusl tank
and evaporative system to monitor system leaks {models
with Siemens MS42 or Bosch M5.2.1 and later).

Leak detection systems vary among models and years, and
are further described in 130 Fuel Injection.

NOTE —
“3/2-way valve”, ‘running losses valve” and "fuel changeover
valve" are used interchangeably in BMW technical literature.
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Fuel Tank and Fuel Pump

Evaporative system troubleshooting

- Start by accessing diagnostic trouble codes (DTCs) using a
BMW or BMW compatible aftermarket scan tool.
= For purposes of OBD il emissions compliance, the DME
system sets a diagnostic trouble cede (DTC) when it de-
iects a leak that is equal or larger than minimum leak
sensed by system.

« Malfunction Indicator Light (MIL) is illuminated upon sec-
ond recurrence of fault. See OBD On-Board Diagnostics.

— When leak testing, observe following conditions to obtain
plausible results:
Fuel tank '/, to %/, full.

Vehicle parked for at least 2 hours to allow fuel to reach
room temperature. Ideal fuel temperature is 10°- 20°C
{50° - 68°F).

Do not refuel immediately before leak test.

L4

— If a leak is detected, check the following areas:

Fuel filter cap (leaking or off).

Fuel tank ventilation lines leaking at fuel tank or activated
carbon canister.

= Tank ventilation valve leaking {in engine compartment).
= Fuel level sensor/fuel pump cap leaking.

Evaporative system component replacement is covered later
in this group in Fuel Tank and Fuel Lines,

#HantlpuBghtiehem come- A Biohte Reseved
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- Fuel Tank and Fuel Pump

Warnings and cautions

Observe the following warnings and cautions when servicing
the fuel system.

WARNING —

» The fuel system is designed to refain pressure even when
the ignition is off. When working with the fuel system, loos-
en the fuel lines slowly to allow residual fuef pressure to
dissipate. Avoid spraying fuel. Use shop rags io capiure
feaking fuel.

» Before beginning any work on the fuel system, place a
fire extinguisher in the vicinity of the work area.

= Fuelis highty flammable. When working around fuel, do
not disconnect any wires that could cause electrical
sparks. Do not smoke or work near heaters or other fire
hazards.

¢ Always unscrew the fuel tank cap to release pressure
in the tank hefore working on the tank or lines.

s When disconnecting a fuel hose, wrap shop rag around
end of hose to prevent spray of fuel under pressure.

* Do not use a work light with an incandescent bulb near
any fuel, Fuel may spray on the hot bulb causing a fire.

» Make sure the work area is properly ventilated.

CAUTION—

s Prior to disconnecting the batiery, read the battery discon-
nection cautions given in 001 General Cautions and
Warnings.

* Before making any electrical tests with the ignition
turned on, disable the ignition system as described in
120 Ignition System. Be sure the battery is discon-
nected when replacing components.

« To prevent damage lo the ignition system or other DME
componenis, including the engine control modufe
(ECM), always connect and disconnect wires and test [
equipment witft the ignition off.

s Cleanliness is essential when working with the fuel sys-
tern. Thoroughly clean the fuel fine unions before dis- -
conneciing any of the lines. =

= Lse only clean tools. Keep removed parts clean and
sealed or covered with a clean, lint-free cloth, especial-
ly if completion of the repair is delayed.

e Do not move the car while the fuel system is open.

« Avoid using high pressure compressed air o blow out
lines and components. High pressure can ruplure inter-
nal seals and gaskets.

» Always replace seals, O-rings and hose clamps.
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Fuel pump relay
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Wiring

| colar code |
BLK =bleck
BLU =hlue
BRN = brown
GRN =qgraan
GRY =qray
ORG = arange
PNK =pink
HED =ved
VIO = vipkat
WHT =white
YEL =yaliow

Fuel
pump
relay

S40FP

FUEL SYSTEM TROUBLESHOOTING

Fuel pump fuse and relay

Troubleshooting of any fuel pump fault should begin with
checking the fuel pump fuse and the fuel pump relay. The
DME main relay should also be checked. The fuel pump relay
is located behind right side luggage compartment interior
panel.

NOTE—
Special tools are required for some of the tests described
here.

Fuel pump circuit is fuse-protected.

o g-cylinder models with Siemens DME MS41.1, M842, V-8
models with Bosch DME M5.2, M5.2.1 engine manage-
ment: Fuse F54, 15A (luggage compartment fuse panel)

= g-—gylinder models with Siemens DME MS43 engine man-
agement: Fuse F22, 25A (glove compartment fuse panel)

= \/-8 models with Bosch DME M7.2; Fuse F54, 25A (lug-
gage compartment fuse panel)

Fuse 31 in glove compartment fuse panel supplies power to
coil side of fuel pump relay. Engine control module (ECM)
supplies switched ground to retay. During starting, fuel pump
runs as long as ignition switch is in START position and con-
iinues to run once engine starts. If electrical system fault in-
terrupts power o fuel pump, engine will not run.

Operating fuel pump for tests

To operate fuel pump for testing purposes without having to
run engine, bypass fuel pump relay to power pump directly.

4 To run fuel pump, open luggage compartment and release

right side trim panel.
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- Fuel Tank and Fuel Pump

4 Remove fual pump relay (arrow).

4 Connect relay socket terminal 6 (red/violet wire) to relay
socket terminal 2 {white/blue wire) with a fused jumper wire.
After completing tests, remove jumper harness.

CAUTION—

o Relay locations may vary. Use care when identifying relays
and making electricat checks at the fuse/relay panel. See
610 Electrical Component Localions for additional re-
lay information.

o The fuel pump relay has a 1.5 mm?® red/violet wire at

terminal 6 in the relay socket. Terminal 2 has a 2.5 mn¥
white/blue wire. See ELE Electrical Wiring Diagrams

for additional wiring information.

= The fuel pump will run as soon as the jumper wire is at-
fached.

e The jumper wire should be 1.5 mm? (14 ga.) and include
an in-line fuse holder with a 15A fuse. To avoid fuse/relay
panel damage from repeated connecting and disconnect-
ing, also include a foggle switch in the jumper harness.

— If pump does not run with jumper installed, fault could be In
fuel pump, fuses F31 or F22 / F54, or wiring to pump. Check
pump, fuses and its wiring as described below.

Fuel pump electrical circuit, testing

~  The test given below assumes that the fuel pump relay circuit
is functioning correctly as described earlier. Access to the
pump is from below the rear seat bottom cushion.

- Remove rear seat lower cushion by lifting front edge off left
and right catches.
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Fuel Tank and Fuel Pump

4 Disconnect harness connector from tank sending unit by
sliding connection lock {0 release connector.

502160012

Q Connect voltrmeter between fuel pump terminals on
connector.

NOTE —
Fuel pump power (+) is supplied through the white/blue wire.
Ground (-) is supplied by the brown wire.

4 With jumper wire connected in place of fuel purmp relay as
described above, check for battery voltage at fuel pump
harness connector terminals.

— If voltage and ground are present, fuel pump is probably
faulty. If there is no voltage, check wiring between fuel pump
and relay.

e A ol b e
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- Fuel Tank and Fuel Pump
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Fuel pump power consumption, testing

To achieve accurate test results, the battery voliage at the
fuel pump connecter should be 12.6 volts. Charge the battery
as necessary.

A higher than normal power consumption may indicate a
worn fuel pump, which may cause intermittent fuel starvation
due to pump cverheating and seizure. The only remedy is
pump replacement. A lower than normal power consumption
may indicate a blockage. Be sure to check that the return line
and the pump pickup are not obstructed before replacing the

pump.

Expose right side access cover:
* Peel forward lip of carpet.

= Release rubber grommet from center of access cover insu-
lation.

= Pael back insulation at perforations to expose fuel tank ac-
CESS cover.

= Remove right side cover to expose electrical harness con-
nector.

Disconnect harness connector from tank sending unit by slid-
ing lock back. Lift off connector.

Test fuel pump far current draw by attaching digital ammeter
between pump and harness (terminal 2, white/blue wire) and
connect a jumper wire between pump and harness (terminal
1, brown wire} as shown,

CAUTION—
Do not allow the fest leads fo short to ground.

NOTE —

See 600 Electrical System-General for information on elec-
trical tests using a digital multimeter,

Run pump as described in Operating fuel pump for tests.

Compare ammeter reading with specification listed in ac-
companying table.

Fuel pump current

Current consumption (average) 9.5 amps

IR
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Fuel pressure gauge, installing
(6—cylinder models)

4 Remove fuel rail cover by prying off trim covers (arrows) and
removing nuts.

< If equipped, remove schraeder valve cap {arrow). Blow fuel
back through feed line using a brief burst of compressed air
{maximum 3 bar or 43.5 psi).

WARNING —

= Fuel in fuel line is under pressure (approx. 3 - 5 bar or 45 -
75 psi) and may be expelled under pressure. Do nof smoke
or work near heaters or other fire hazards. Keep a fire ex-
tinguisher handy. Before disconnecling fuel hoses, wrap a
cloth around fuel hoses to absorb any leaking fuel. Catch
and dispose of escaped fuel. Plug all open fuel fines.

= Always unscrew the fuel lank cap to release pressure
in the tank before working on the Iani or lines.

4 Attach fuel pressure gauge to BMW special tool 13 5 220
{T-fitting) or equivalent and attach to schraeder vaive.

WARNING —
The fuel pressure gauge must be securely connected io pre-
vent it from coming loose under pressure.

CAUTION—

When using the BMW special tool, use care when furning the
T-handle in fo open the schraeder valve. Screw the handle in
just until the schraeder valve apens. Turning the handle in too

far will damage the schraeder valve.

NOTE —

= The schraeder valve must be opened o the fuel pressure
gauge connection. Either remove the valve using a stan-
dard tire valve removal tool or use the BMW special tool
15 5 220.

* The fuel pressure gauge should have a minimum range of
0 to & bar (0 to 75 psi).

— For vehicles without the schraeder valve on the fuel rail, ai-
tach the fuel pressure gauge in line with the fuel supply line
to the fuel rail.
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Fuel pressure gauge, installing
(V-8 models)

( Remove engine cover by pressing down on pins (arrows) to
release cover locks.

« Disconnect and remove fuel supply line from left side of fuel
rail by sliding locking collar in {arrows) and pulling lines
apart.

NOTE—

e M&2 TU and M543 vehicles (1899 and later models) use a
non-return fuel line with only one line to the fuel rail.

= BMW uses three styles of fuel line connections; a one-use
clamp, a locking fitting that uses BMW special fool 16 1 050
to release, and a quick release sleeve (above) that discon-
nects the line when depressed.

WARNING —

e Fuelin fuel line is under pressure {approx. 3 - 5 bar or 45 -
75 psi) and may be expelled under pressure. Do not srmoke
or work near healers or other fire hazards. Keep a fire ex-
tinguisher handy. Before disconnecting fuel hoses, wrap a
cloth around fuel hoses fo absorb any leaking fuel, Catch
and dispose of escaped fuel. Plug all open fuel lines.

¢ Always unscrew the fuel tank cap to release pressure
in the tank before working on the tank or lines.

Q Install inline fuel pressure gauge.

WABNING —
The fuel pressure gauge must be securely connected fo pre-
vent it from coming loose under pressure.

NOTE—
The fuel pressure gauge should have a minimum range of 0
to 5 bar (0 to 75 psi).
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Fuel Tank and Fuel Pump

Fuel pressure regulator

502160681

Fuel delivery, testing

Checking fuel delivery is a fundamental part of troubleshoot-
ing and diagnosing the DME system. Fuel pressure directly
influences fuel delivery. An accurate fuel pressure gauge will
be needed to make the tests.

There are two significant fuel delivery values to be measured:

s System pressure — created by fuel pump and maintained
by pressure regulator

¢ Hesidual pressure — pressure maintained in closed sys-
tem after engine and fuel pump are shut off

If proper system pressure and residual pressure are present,
also check for problems in fuel delivery volume, which can be
affected by restrictions such as clogged fuel filter or fuel pick-
up portin the fuel tank.

System pressure, testing

System pressure is creaied by the fuel pump and mainiained
by the pressure regulator, System pressure is not adjustable.

Fuel pressure regulator outer seal.
Vacuum iine connection.

Fuel pressure regulator inner seal.
Fuel flow back to fuel tank.

Fuel flow from fuel pump.

S e

Fuel pressure regulator locations

M52 In fuel injector rail, in engine
compartment

Me2 TU in 3/2 way valve, below vehicle under
driver seat

Ma4 In fuel filter

M62 0 9/97 In fuei injector rail, in engine
compartment

MB2 from 9/97 {0 9/98 In 3/2 way valve, below vehicle under
driver seat

MB2 TU from 9/98 In fuel filter, below vehicle under driver
seat
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4 Relieve system pressure and atiach a fuel pressure gauge as
described in Fuel pressure gauge, installing (6—cylinder
models) or Fuel pressure gauge, installing (V-8 models).

WARNING —

= Fuel in fuel line is under pressure (approx. 3 - 5 bar or 45 -
75 psi) and may be expelled under pressure. Da not smoke
or work near heaters or other fire hazards. Keep a fire ex-
tinguisher handy. Before disconneciing fuel hoses, wrap a
cloth around fuel hoses to absorb any leaking fuel Caitch
and dispose of escaped fuel. Plug all open fuel lines.

» Always unscrew the fuel tank cap to release pressure
in the tank before working on the tani or lines.

- Qperaie fuel pump as described in Operating fuel pump for
tests. Compare fuel pressure io specifications in accompa-
nying tabie,

Fuel pressure specification
All £38 vehicles 3.5 +0.2 bar (50.76 £2.9 psi)

— |f pressure is low, repeat test while gradually pinching off re-
turn hose to fuel tank. Pressure should rise rapidly. i not, fuel
pump is maost likely faulty. If pressure rises, the fuel pressure
regulator is mast likely faulty,

— If pressure is ioo high, check return iine from pressure regu-
lator to tank. Check for kinks in hose. If no faults can be ;
found, pressure regulator is most likely faulty. —

CAUTION—

The fuel pump is capable of developing a higher pressure
than that reguiated by the pressure regulator. In the event the
fuel pump check valve is faully (stuck closed), malke sure the
fuel pressure does not rise above 6.0 bar (87 psi). Damage
fo the fuel lines or fuel system components could result.

— Reassemble engine, noting the following:
= Remove fuel pressure gauge and fittings.
* Replace schraeder valve, if removed.
= Replace fuel pump relay. —
« Replace fuel filer cap.

Residual pressure, testing

For quick restarts and to avoid vapor lock when the engine is -
hoi, the fuel injection system retains fuel pressure after the 5
engine Is shut off. This residual pressure is primarily main-
tained by the fuel pressure regulaior and a check valve at the
fuel pump outlet.

t=HontieyFublishers.com—All Righls Roserved
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{ Relieve system pressure and attach a fuel pressure gauge as
described in Fuel pressure gauge, installing (6—cylinder
models) or Fuel pressure gauge, installing {V-8 models).

WARNING —

* Fuelin fuel line is under pressure (approx. 3 - 5 bar or 45 -
75 psi) and may be expelled under pressure. Do not smoke
or work near heaters or other fire hazards. Keep a fire ex-
tinguisher handy. Before disconnecting fuel hoses, wrap a
cloth around fuel hoses to absorb any leaking fuel. Caich
and dispose of escaped fuel. Plug alf open fuel lines.

= Always unscrew the fuel tank cap to release pressure
in the tank before working on the tank or lines

S02166300

- Start engine allow it to run for approximately one minute.
Note fuel pressure reading.

-~ (Observe fuel pressure reading after approximately 20 min-
utes. The pressure should not drop mere than 0.5 bar from
system pressure listed in fuel pressure specifications in ac-
companying table.

Fuel pressure specification
All E39 vehicles 3.5 £0.2 bar (50.76 £2.9 psi)

— When finished, disconnect pressure gauge and fitting, and
replace schraeder valve, if removed.

— |f fuel system does not maintain pressure:
= Visually check for leaks in fuel lines and unions.
= Check for leaking injector(s).
« Check for faulty fuel pump check valve.

-~ To test fuel pump check valve:

s Repeat residual pressure test.

= |mmediately after shutiing off engine, pinch off fuel delivery :
line using a fuel hose pinch clamp (BMW 13 3 010 or e
equivalent).

= |f pressure is now maintained, fault is most likely at fuel
pump check valve. =

= |f pressure again drops below specifications, fault is most
likely in fuel pressure regulator.

4



160-15

. Fuel Tank and Fuel Pump

FUEL PUMP AND FUEL LEVEL SENDER

E38 models use a two-lobed fuel tank. Each lobe of the tank
has its own fuel level sending unit. Each sender has a float
connected to a variable resistance wiper contact. To equalize
fuel level between the two tank lobes, a siphon pump is in-
stalled in the left lobe.

When replacing a sender or fuel pump, always replace hose
clamps, gaskets and C-rings.

WARNING —

When removing the fuel level sender or the fuef pump, the
fuel tank should be drained fo 1/4 capacity or below as de-
scribed later in this repair group.

NOTE—

The compensating siphon pump maintains the fuel leve! be-
tween the right and left tank lobes. If fuel level sender resis-
fances are not approximately the same on left and right,
remove the senders and visually inspect the level in each
lobe. If the levels are different, check ihe siphon pump.

Fuel level sender resistances

Float paosition Test results ()
Down {empty} 50— 70
Up {ful) 401 — 415

Fuel level sender (right side) and fuel
pump, removing and installing

Drain fuel from tank as described later.

Disconnect negative cable from battery.

CAUTION—

Prior to disconnecting the battery, read the battery discon-
nection catitions given in 001 General Cautions and
Warnings.

To access top of fuel tank, remaove rear seat lower cushion by
lifting front edge off catches.

EunlteyPublinh
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Fuel Tank and Fuel Pump

- Expose right side access cover:

* Peel forward lip of carpet.

= Release rubber grommet from center of access cover insu-
lation.

o Paal back insutation at perforations to expose fuel tank ac-
CESS COVer.

« Remove right side cover to expose electrical harness con-
nector.

WARNING —
= Fuel may be spifted. Do not smake or work near heaters or
other fire hazards.

= When disconnecting fuel hose, wrap shop rag around
end of hose to prevent spray of fuel under pressure.,

4 Remove tank sending unit:

= Release electrical harness by sliding lock back, then lifting
off connactor.

« Disconnect hose (arrow).
« Unscrew threaded collar from fuel pump/fuel level sender.

NOTE

BMW special spanner 16 1 020 should be used to remove
and install the threaded collar. Damage to the collar may re-
sult if the special tool is not used.

« Slowly withdraw assembly from tank, allowing fuel to drain
off. If necessary, push level sender arm toward sending
unit o facilitate removal.

502160340

CAUTION—
Do not bend fuel level sender arm.

4 To remove fuel pump, press locking tabs (arrows) towards
purmp body. Lift cut pumgp, using care not to damage hoses.

S02160338
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.2 Fuel Tank and Fuel Pump

~ To reinstali:
* Use new sealing ring at tank collar.

* Align tab of sending unit with matching recess in opening
of tank.

e Be sure that fuel line connections paint in same direction
as they came out.

= Reconnect harness connector and hose.
= Fill iank and check for leaks by running engine.
= [Install access cover and its mounting fasteners.

CAUTION—

After finishing repairs but before starting engine, be sure
there is at least 5 liters (1.5 gallons) of fuel in the tank. The
fuel pump will be damaged if run without fuel.

NOTE —
It is common practice to replace the fuel filter when the fuel
pump unit is replaced. See 020 Maintenance.

Tightening torque
Tank collar locking ring to tank 35 Nm {26 [b-it)

Fuel level sender (left side),
removing and installing

The proggdiire Tof Femoving afd Teplacing the et sidetuel
level sender is similar to that used for the right side. Thereis
no fuel pump on the left side.

— Remove rear seat lower cushion by lifting off catches at front.

— Expose left side access cover:
¢ Peel forward lip of carpet.

= Release rubber grommet from center of access cover —
insulation.

» Peel back insulation at perforations {o expose fuel tank
A&CCESS cover.

o Remove cover o expose electrical harness connector. —

waARNING— | =
= Fuel may be spifled. Do not smoke or worl near heaters or
other fire hazards. .

= When disconnecting fuel hose, wrap shop rag around "
end of hose o prevent spray of fuel under pressure.

SHentleyPublishers.com-All Rights Reserved
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Fuel Tank and Fuel Pump =~ . -

4 Remove tank sending unit:
* Disconnect electrical harness connector.
» Disconnect hose (arrow}.
= Unscrew threaded collar from fuel level sender.

NOTE—

BMW special spanner 16 1 020 should be used to remove
and install the threaded collar. Damage to the collar may
resuit if the special tool is not used.

» Slowly withdraw assembly from tank, allowing fuel to drain
off. If necessary, push level sender arm toward sending
unit to facilitate removal.

CAUTION—
Do not bend fuel level sender arm.

Once level sensor unit has been lifted partially cut of tank,
disconnect tank siphon hose by pressing tabs (arrows).

Installation is reverse of removal.
= Attach tank siphon hose to sender unit firmily.
» Use new sealing ring at tank collar.

» Be sure that fuel sender float points in same direction as
during removal.

¢ Reconnect harness connector.
» Fill tank and check for leaks by running engine.

CAUTION—

After finishing repairs but before starting engine, be sure
there is at least 5 liters (1.5 gallons) of fuel in tank. The fuel
pump will be damaged if run without fuel.

Tightening torque

Tank collar locking ring to tank 35 Nm ({26 |b-ft)

ZRonevPublichem com-~ Al Rinhite Roasoryod
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7.7 Fuel Tank and Fuel Pump

Siphon pump, removing and installing

The fuel compensating siphon pump equalizes fuel level
between the two fuel tank lobes.

-~ Drain fuel tank as described later.

WARNING —
Fuel may be spilled. Do not smake or work near heaters or
other fire hazards.

-~ Remove left and right fuel level sensors and fuel pump as
described earlier.

Once left side level sensor unit has been lifted partially out
of tank, disconnect tank siphon hose by pressing tabs
{arrows).

The tank lobe siphon pump is held to baffle in bottom of right
tank lobe. Release retainer and lift out pump.

installation is reverse of removal.

= Aftach siphon pump to right side baffle.

= Attach tank siphon hose to left sender unit firmly.

= Use new sealing ring at tank collars.

« Be sure that fuel sender floats point in same direction as
during removal.

= Reconnact harness connectors.

« Before starting engine, fill fuel tank with at least 5 liters
(1.5 gallons) of fuel.

« Check for leaks by running engine.

CAUTION—

After finishing repairs but before starting engine, be sure
there is at least 5 liters (1.5 gallons) of fuel in tank. The fuel
pump will be damaged if run without fuel,

FRapllevPubbichers com=All Rinkts Reoores
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Fuel Tank and Fuel Pump =~ -

FUEL TANK AND FUEL LINES

The plastic fuel tank is mounted underneath the center of the
car (underneath the rear seat). Mounted in the fuel tank are
the fuel pump and fuel level sending units. Connecting lines
for the evaporative emission control system and expansion
tank are also attached to the {ank.

Fuel tank capacity for E3% models

Tank capacity 70 liters (18.5 gal)

Reserve capacity B liters (2.1 gal}

Fuel tank, draining

Drain fuel tank into a safe sterage unit using an approved fuel
pumping device.

WARNING —
» Before removing lank, be sure that ail hot componenis,
such as the exhaust system, are completely cooled down.

= Fuel may be spilted. Do not smoke or work near heat-
ers or other fire hazards.

Start engine and allow to run 10 - 15 seconds to fill fuel com-
pensating siphon assembly. This will allow both lobes of fuel
tank to be drawn off through iuel filler pipe.

Disconnect negative cable from battery.

CAUTION-

Prior to disconnecting the battery, read the battery discon-
nection cautions given in 001 General Warnings and Cau-
tions.

Remove fuel tank filler cap.

Slide suction hose into filler neck about 130 cm (51 in.), twist-
ing as necessary. Withdraw fuel info 'storage unit.

Monitor fuel level reduction in both lobes:

¢ Remove rear seat cushion and access both fuel tank send-
er harness connectors.

« Use multimeter io measure resistance at both senders.
Resistance should drop as fuel level drops.

li siphoning mechanism is faulty, drain left tank lobe sepa-
rately by removing sender cover and pumping fuel direcily
out of left lobe.
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" “Fuel Tank and Fuel Pump

Remove suction hose from tank filler neck carefully to avoid
damaging filler neck baffle plate.

CAUTION—

After finishing repairs but before starting engine, be sure
there is at least 5 liters (1.5 gallons) of fuel in tank. The fuel
pump will be damaged if run without fuel,

Fuel tank, removing and installing

Remove fuel tank filler cap and drain tank as described
earlier.

Disconnect negative cable from battery.

CAUTION—

Prior to disconnecting the battery, read the battery discon-
nection cautions given in 801 General Cautions and
Warnings.

/507150020

Remove rear seat bottomn cushion. Peel forward lip of carpet
from beneath seat cushion and carefully peel back insulation
to expose fuel tank access cover on left and right sides. Re-
move covers.

Disconnect right side supply hose and electrical harness
connector (arrows).

Disconnect left side return hose and electrical harness
connector.

Working Inside car, disconnect parking brake cable ends
from parking brake lever. See 340 Brakes.

Lift car and support safely.

CAUTION-—

Make sure the car is stable and well supported at all times.
Use a professional automotive lift or jack stands designed for
the ptirpose. A floor jack is not adequate support.

Remove complete exhaust system and heat shield. See 180
Exhaust System.

Remove drive shaft. See 260 Driveshaft.
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Fuel Tank and Fuel Pump

4 Working underneath car, pinch off supply and return fuel hos-
es (arrows), then disconnect hoses from rigid metal lines.

— Remove right rear wheel and wheel housing splash shield.

4 Working at right rear wheel housing, loosen hose clamp
(arrow) and disconnect filler pipe from tank.

— Support tank from below, Remove tank strap mounting bolts.
Lower and remove tank, disconnecting right side vent and
other hoses/electrical connectors as necessary.

= Always use new seals, gaskets, O-rings, and hose clamps.

= Inspect hoses and replace any that are chafed, dried out or -
cracked.

» Inspect heat shield and replace if corroded.

 Inspect rubber buffers and liners on fuel tank, support

straps and on underside of body. Replace rubber parts that
are hardened or damaged.

— After finishing repairs but before starting engine, fill fuel tank
with at least 5 liters (1.5 gallons) of fuel.

CAUTION—
= The fuel pump will be damaged if run without fuel.

= {f the filler neck has been removed from the body, be ,
sure to reattach the neck grounding screw (where ap- b
plicabie}. Check elecirical resistance between the
ground tab and wheel hub. The resistance should be
no higher than 0.642

Tightening torques =

Fuel tank to body 23 Nm (17 ft-1b)
Hose clamp 8 -13 mm dia. 2 Nm (18 in-1b)
Hose clamp 13 - 16 mm dia. 3 Nm (27 in-Ib) ......
Hose clamp 42 - 48 mm dia. 4 Nm (36 in-ib) -
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" Fuel Tank and Fuel Pump

Fuel expansion tank, removing
and installing

— PRaise rear end of car and support safely.

CAUTION—

Make sure the car is stable and well supporied at all times.
Use a professional automative lift or jack stands designed for
the purpase. A floor jack is not adequate support.

— Remove left rear wheel and wheel housing inner shield.

{ Remove plastic nut {A) and disconnect hose (B).

4 Tilt vent tank down and loosen or cut off hose clamps [~
(arrows). Pull hoses off fittings.

-~ Release vacuum line locking clips and remove tank.

— |nstailation is reverse of removal. Use new hose clamps.

Tightening torques

Hose clamp 8 - 13 mm dia. 2 Nm {18 in-1b)
Hose clamp 13 - 16 mm dia. 3 Nm (27 in-lb) m
Mose clamp 42 - 48 mm dia. 4 Nm (38 in-b) :
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Fuel Tank and Fuel Pump =~

5021850778

Activated carbon canister / fuel tank leak
detection unit (LDP or DMTL), removing
and installing

Raise rear end of car and support safely.

CAUTION—

Make sure the car is stable and well supported at alf iimes.
Use a professional automotive fift or jack stands designed for
the purpose. A floor jack is not adequate support,

Remove left rear wheel and inner fender panel.

Remove carbon canister/fuel tank leak detection unit
(V-8 model shown):

= Disconnect electrical harness connector (A} from fuel tank
leak detection unit.

« Pinch and remove quick-disconnect fittings at intake line to
air filter housing (B} and hose to expansion tank {C).

= Hemove mounting clamp and lower canister with fuel tank
teak detection unit.

Installation is reverse of removal.

Tightening torgues

Hose clamp 8 - 13 mm dia. 2 Nm (18 in-Ib)
Hose clamp 13 - 16 mm dia. 3 Nm (27 in-Ib)

Running losses (3/2—-way) valve,
removing and installing

The running losses (3/2—way) valve is located under the car
beneath the driver's seat, just ahead of the fuelfilter. A protec-
tive cover shields fuel system components from road hazards
and dirt.

The engine control module (ECM) controls the operation of
the 3/2—way valve (pulse-width modulated). On engine start
up, the valve solenaid is energized for 20 seconds in order to
supply full fuel volume 1o the fuel rail. After 20 seconds, the
solenoid is deactivated and sprung closed (the bypass is
opened). This reduces the amount of fuel circulating through
the fuel rail and diverts the excess to return to the fuel tank
through the fuel pressure regutator.

The fuel injectors are supplied with pressurized fuel, but ex-
cess fuel is diverted to the fuel tank without first passing
through the fuel rail. This prevents the excess fuel from ab-
sorbing heat in the engine compariment, thus lowering the
temperature and amount of vaporization in the fuel tank.
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--Fuel Tank and Fuel Pump

The 3/2-way valve is also activated briefly if an engine misfire
is detected. This provides full fuel flow through the fuel rail to
determine if the misfire was caused by a lean fuel condition.
The valve is monitored by the ECM for faults.

— Using BMW or compatible scan tool, read out fault memory.
See OBD On-Beard Diagnostics.

— Turn off ignition.

— Raise car and support safely.

CAUTION—

Make sure the car is stable and well supported at all times.
Use a professional automotive lift or jack stands designed for
the purpose. A floor jack is not adequate support.

~  Working under car beneath driver's seat, remove protective
panel from fuel filter and 3/2—way valve.

- Clamp off fuel lines at 3/2—way valve.

< To remove 3/2-way valve (V-8 model shown):
= Disconnect electrical harness connector (A) from valve.
* Remove vacuum hose (B) from fuel pressure regulator.
* Hemove hose clamps (arrows) and disconnect fuel lines.
* Hemove M6 mounting nuts and lower 3/2-way vaive.

WARNING —
Fuel will be spifled. Use shop rags to capiure fuel as fuel fines
are disconnected. Do not smoke or work near heaters or oth-
er fire hazards.

— Installation is reverse of removal. Use new hose clamps.

NOTE —
Install protective cover and seals correctly to keep moisiure
and road dirt out of underbody fuel system components. —

Tightening torgues

Hose clamps 8 - 13 mm dia. 2 Nm (18 in-b) —
Heose clamps 10 - 16 mm dia. 2 Nm (18 in-Ib} T
Hose clamps 18 mm dia. 3 Nm (27 in-Ib)

Hose clamps 42 - 48 mm dia. 4 Nm (38 in-Ib)
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Radiator and Cooling System

GENERAL

This section covers component repair information for the en-
gine cooling system.

Heater core replacement is covered in 640 Heating and Air
Conditioning.

Special tools

Special tools are necessary for belt-driven fan clutch removal
and also for pressure testing the cooling system.

11 5 030

4 Cooling fan counterhold wrench

. (Tool No. BMW 11 5 030)

« Cooling fan wrench
(Tool No. BMW 11 5 040)

17 0 007

4 Expansion tank cap test adaptor

% (Tool No. BMW 17 0 007)

17 0002
17 0 005

4 Cooling system pressure tester set
{Tool No. BMW 17 0 002/17 0 005)
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. Radiator and Cooling System

Cooling sysiem overview
(M52 TU shown, others similar)

Cooling system
(DME MS 42.0)

Radiator outlet

temperature sensor ™ ‘ea

Engine
coolant
temperature
£ e~ Sensor (ECT)

AlHomalic
transmission

Automatic
transmission
cooler lines

8021208

Coolant pump

A centrifugal coolant pump is mounted to the front of the en-
gine. The belt-driven pump circulates coolant through the
system whenever the engine is running.

Thermostat

Two types of thermostats are used in the cars covered by this
marnual. 6—cylinder models built up to 9/1398 (M52 engine)
use a conventional mechanical thermostat. All V-8 models
and 6—cylinder models from /1998 use an electrically heated
thermostat.
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Radiator and Cooling System

502170807

Electrical

Heating
Connection

element

Mechanical thermostat (M52 engine)

4 The mechanical thermostat relies on coolant temperature to

operate. While coolant is cold, it remains closed, and circu-
lating coolant bypasses the radiator for rapid engine warm
up. At higher coolant temperature, the thermostat progres-
sively opens to allow coolant flow through the radiator, thus
controlling engine temperature. Port A restricts coolant flow
from radiator, and port B restricts coolant flow to radiator.

Electrically heated thermostat

The electrically heated ithermostat is DME map-controlled.
The engine control module (ECM) activates the thermostat to
maintain engine coolant temperature within a narrow range.

In case of failure of the electronics, the mechanical function of
the thermostat acts as a fail-safe.

Radiator and expansion tank

The radiator Is a crossflow design. An expansion tank pro-
vides for coolant expansion at higher temperatures and easy
monitoring of the coolant level.

On cars with automatic transmission, ATF is circulated
through an additional heat exchanger (ATF cooler).

Mechanical cooling fan with viscous clutch

The mechanical caoling fan is belt-driven via a viscous fluid
coupling (clutch) atiached to the front of the coolant pump.
The fan clutch controls the speed of the fan based on the tem-
perature of the air flowing through the radiator core.

Electric (auxiliary) cooling fan

The electric cooling fan is mounted on the bumper side of the
radiator.

in models manufactured up to 9/1998 (M52 or 1997 M62 en-
gine), the electric cooling fan is controlled by a dual tempera-
ture fan switch mounted in the side of the radiator.
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.. - Radiator and Cooling System

123

~

>
(o]

ECM

AIC compressor
cut-out signal

Fan Auto. climaie control

controf inpuls via CAN bus
signal
B Eleciric
: coolng fan
4 i
Powar output /

final stage

Radlator
oullet femp.
Senser

-
0021675

Fan switch calibration (M52, M62 engine)

Electric fan activation:
91°C (196°F)
104°C (219°F)

* Low speed

» High speed

In models manufactured aiter 9/1998 (M52 TU engine, M54
engine, M62 TU engine), the electric cooling fan is controlied
by the engine control module (ECM) via the output final
stage.

The output final stage is mounted on the fan housing, next to
the fan motor, The fan is operated using a pulse width modu-
lated signal. Fan circuii wiring is protected by a 50-amp fuse.
Electric fan activation is based on the following inputs to the
ECM:

s Radiator outlet temperature
Calculated catalytic converter temperature

» Vehicle speed
» Battery voliage
Calculated A/C pressure

When the vehicle is first started, the ECM activates the elec-
tric fan briefly at 20% of its maximum speed, then switches
off. This is for diagnostic monitoring. The voltage generated
by the fan when it slows down (acting as a generator) must
match the sitored rpm values in the fan output stage to confirm
that the fan is operating correctly.

NOTE —

» [fthe ECM fault memory indicates a cooling fan fault, check
that the fan is not selzed and that it spins freely,

¢ When A/C is switched ON, the electric fan is not immedi-
ately turned on.

» After the engine is switched OFF, the fan may continue to
run at varying speeds for up to 10 minutes, based on cal-
culated catalyst temperalure.

Transmission fluid heat exchanger

Automatic transmission fluid lines circulate transmission fluid
{ATF) to and from a heat exchanger at the radiator,

All 8—cylinder models and V-8 models produced to 9/1998 are
equipped with a transmission cooler located in a cooling cas-
seite in front of the radiator.

o
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Radiator and Cooling System

5026406983

Fram engine

To transmissiony

heat exchanger*
502170805

502170947

< The cooling cassette incorporates cooling coils for various

vehicle sysiems:

1. Steering fluid cooler
2. Transmission oil cooler
3. AJC condenser

4 In V-8 cars produced after 9/1998 {M62 TU engine), the en-

gine radiator is divided into an upper chamber (about 80%)
and a lower chamber {about 20%). The ATF heat exchanger
is coupled to the lower chamber.

On cold engine start-up, the engine coolant is heated more
quickly than the transmission fluid. Heat from engine coalant
is used to warm up the ATF faster, reducing drag in the trans-
mission and improving fuel mileage.

Once the ATF has reached normal operating temperature,
the ATF heat exchanger acts as cooling device. The lower
20% of the radiator stays cooler than the upper chamber, so
the ATF is cooled more effectively.

M62 TU cocling system ducting at radiator:

Coolant distribution housing connection
Thermostat connection

Water cooled alternator connections
Transmission fluid heat exchanger connections

W
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~.° " Radiator.and Cooling System

Warnings and cautions

Observe the following warnings and cautions when working
on the coaling system.

WARNING —

= At normal operating temperature the cooling system is
pressurized. Allow the system to coof as long as possible
before opening (a minimum of one hour), then release the
eap slowly to allow safe refease of pressure.

= Releasing the coolant system pressure lowers the cool-
ant boifing point and the coofant may boil suddenly. Use
heavy gloves and wear eye and face protection to
guard against scalding.

» Use extreme care when draining and disposing of en-
gine coolant. Coofant is poisonous and lethal to hu-
mans and pets. Pats are attracted to coolant because
of its sweet smell and taste. Seek medical attention im-
maediately if coolant Is ingested.

CAUTION—

= Avoid adding cold water to the coolant while the engine is
hot or overhealed. If it is necessary to add coolant to a hot
systemn, do so onfy with the engine running and coolant
pump turning.

» To avoid excess silicate gel precipitation in the cooling
system and loss of cooling capacity, use BMW coolant
or equivalent fow silicate anlifreeze.

= [f oil enters the cooling system, the radiator, expansion
lank and heating circuit must be flushed with cleaning
agent. BMW recormmends removal of the radiator and
expansion tank to flush.

= When working on the cooling system, cover the alter-
nator to protect it against coolant drips.

= Prior to disconnecting the battery, read the battery dis-
connection cautions given in 001 General Warnings
and Cautions.

TROUBLESHOOTING

Begin the diagnesis of cooling system problerms with a thor-
ough visual inspection. if no visual faults are found, itis rec-
ommend that the engine control module (ECM) fault memory
be checked for stored diagnestic trouble codes (DTCs) using
BMW scan tool DISplus or equivalent.
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Radiator and Cooling System

Common cooling system faults can be grouped into one of 4
categories:

» Cooling system leaks

» Poor coolant circulation

« Radiator cooling fan faults
= Electrical/elecironic faults

Cooling system inspection

Check that coolant pump drive belt tensioner is functioning
properly and that belt tension is correct. Belt tensioner sys-
tems for the different models are shown In 020 Maintenance.

Check condition of coolant pump drive belt.

Check coolant hoses for cracks or softness. Check clamps
for looseness. Check coolant level and check for evidence of
coolant leaks from engine.

Check that radiator {fins are not blocked with dirt or debris.
Clean radiator using low-pressure water or compressed air.
Blow outward, from engine side out.

To check coolant pump:

» Remove mechanical cooling fan. See Mechanical {vis-
cous cluich) cooling fan, removing and installing.

= Remove drive belt from coolant pump pulley. See 020
Maintenance.

« Firmly grasp opposite sides of pulley and check for play in
all directions.

= Spin pulley and check that shaft runs smoothly without
play.

NOTE —

The coolant provides lubrication for the pump shaft, so an oc-
casional drop of coolant leaking from the pump is acceplable.

If coolant drips steadily from the vent hole, replace the pump.

At normal engine operating temperature, cooling system is
prassurized. This raises boiling point of coolant. Leaks may
prevent system from becoming pressurized. If visual evi-
dence is inconclusive, pressure test coeling system as de-
scribed later to help pinpoint hard-to-find leaks.

If cooling system is full of coolant and holds pressure:

« {se an appropriate scan toal to interrogate engine conirol
module (ECM) for radiator fan or DME control circuit faults.

» Check for loose or worn drive belt.

s Test for failed thermostat or coolant pump impaeller. Some
pumps may be fitted with plastic impellers.
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17 0 002 ——

17 0 005

0021663

s Check for clogged/plugged radiator or coolant passages.

Cooling system pressure test

A cooling system pressure tester is used to test for caoolant
leaks, including internal ones. Common sources of internal
coolant leaks are a faulty cylinder head gasket, a cracked cyl-
inder head, or a cracked engine block.

WARNING —

At normal operating temperature the cooling system is pres-
surized. Alfow the system to cool before opening. Release
the cap slowly to aflow safe release of pressure.

With engine cold, install pressure tester (BMW special tools
17 0 002/17 0 005 or equivalent) io expansion tank. Pressur-
ize system to specification listed in Table a. Cooling system
test pressures.

+ Pressure should not drop more than 0.1 bar (1.45 psi) for
at least two minutes.

= [f pressure drops rapidly and there is na sign of external
leakage, cylinder head gasket may be faulty. Perform com-
pression and leak-down tests.

« Test expansion tank cap using pressure tester with correct
adapter (BMW special tool 17 0 007 or equivalent). Re-
place faulty cap or cap gasket.

Table a. Cooling system test pressures

Component Test pressure

Radiator 1.5 bar {21.75 psi)

Radiator cap 2 bar (29 psi)
CAUTION—

Exceeding the specified test pressure could damage the ra-
diator or other systerm components.
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Combustion chamber leak test

— If you suspect that combustion chamber pressure is leaking
into the cooling system past the cylinder head gasket, use an
exhaust gas analyzer to test the vapors rising from the cool-
ant at the expansion tank.

CAUTION—

» Use an extension tube above the reservoir neck to main-
{ain distance between the iop of the coolant and the gas
analyzer nozzle. The gas analyzer is easily damaged if it is
allowed fo inhale liquid coolant.

= While running engine to check for causes of overheat-
ing, observe coolant temperature carefully in order fo
avoid engine damage.

Thermostat

If the engine overheats or runs oo cool and no other cooling
system tests indicate trouble, the thermostat may be faulty.

in V-8 models and 6-cylinder models produced after 9/1998
(M52 TU or M54 engine), the electrically heated thermostat is
monitored by the OBD H diagnostic software. The fauli may lie
in the DME software or hardware, or it may lie in the wiring to
the thermostat. See OBD On-Board Diagnostics.

COOLING SYSTEM SERVICE

Coolant, draining and filling
(6-cylinder models)

WARNING —
Allow the cooling system to coal before opening or draining ,
the cooling system. .

— Raise front of car and support safely.

WARNING —

Make sure the car is stable and well supported at all times.
Use a professional autornotive iift or jack stands designed for
the purpose. A floor jack is not adequate support.

— Remove splash shield from under engine.
4 Loosen radiator bleed screw at top radiator fitting (arrow).

— Remove cap from radiater expansion tank. Set temperature
controls to full warm. -

- P{ace 3-galion pail underneath radiator.

50

ZRBeplovPutishor com=AH Riohis Resered



170-11
- ’Radiator and Cooling System

< Remove drain plug (arrow) at bottom of radiator.

WARNING —

Coolant is poisonous. It is especially lethal o pets. Clean up
spills immediately and rinse the area with water, If coolant is
ingested, immediately seek medical attention.

-~ Place a 3—gallon pail beneath the engine block. Remove en-
gine block coolant drain plug and drain coolant.

4 M52 TU / M54 engine: Block drain plug is located on exhaust
side of engine block at cylinder 2 {arrow).

¢ M52 engine: Block drain plug is located on exhaust side of
engine block between cylinders 3 and 4.

- Reinstall radiator and engine block drain plugs using new
sealing washers.

— Before refilling radiator:
= Switch ignition to ON. (Do not start engine).
» Set temperature controls to full warm.
= Set blower control to low.

—~  Using a coolant mixture of 50% antifreeze and 50% distilled
water, fill expansion tank slowly. Continue until coolant
emerges from bleed screw. Cooling system capacity is listed
in Table c. Cooling system capacity (6~cylinder maodels).

NOTE—

¢ Be sure radiator bleed screw is loose when filfing cooling
system.

= Tap waler may cause corrasion of radiator, engine and
coolant hoses.

e Coolant can be reused provided it is clean and less than
two years old. Do not reuse coolant when replacing dam- -
aged engine parts.

— Bleed cogling system. See Cooling system, bleeding.

Table c. Cooling system capacity (6—cylinder models)

Engine Capacity e
M52, M52TU, M54 10.5 liters (11.1 US gls)

SHentleyPublizhom. com=All Rights Roserved
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Tightening torques
Block drain plug to block 25 Nm (18 ft-Ib)
Radiator drain plug to radiator 2-3 Nm (18-27 in-Ih)

Coolant, draining and filling (V-8 models)

WARNING —
Allow the cooling system to cool before apening or draining
the cooling system.

- Raise front of car and support safely.

WARNING —

Make sure the caris stable and well supported at alf times.
Use a professional automaotive fift or jack stands designed for
the purpase. A floor jack is not adequate stpport.

- Remove splash shield from under engine.
Loosen radiator bleed screw at top radiator fitting (arrow).

Remove cap from radiator expansion tank. With ignition (
switch in ON position, set temperature controls to full warm. =

Place 5-gallon pail underneath radiator.

Remove drain plug (arrow) on bottom of radiator and allow m
coolant to drain. '

NOTE —
For radiators without drain plug, remove lower hose to drain i
radiator. —

WARNING —

Coolant is poisonous. It is especially lethal to pets. Clean up
spills immediately and rinse the area with watler. If coolant is .
ingested, immediately seel medical attention.

56
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4 V-8 engine block drain plugs (one shown at arrow) are locat-
ed on each side of engine block {exhaust manifold removed
for photo).

— Place 5—gallon pail underneath engine block coolant drain
plugs.

— HRemove engine block cooclant drain plugs and drain coolant.

— Reinstall radiator and engine block drain plugs using new
sealing washers.

— Before refilling radiator:
» Switch ignition to ON. (Do not start engine).
« Set temperature controls to full warm.
= Set blower control to low.

— Using a coolant mixiure of 50% antifreeze and 50% distilled
water, fill expansion tank slowly. Continue until coolant
emerges from bleed screw. Cooling system capacity is listed
in Table d. Cooling system capacity (V-8 models).

NOTE—
+ Be sure radiator bleed screw fs loose when filling cooling
system.

= Tap water may cause corrosion of radiator, engine and
coolant hoses.

* Coolant can often be reused provided it is clean and less
than iwo years old. Do not reuse coolant when replacing
damaged engine parts.

- Bleed cooling system. See Cooling system, bleeding.

Table d. Cooling system capacity (V-8 models)

Engine Capacity
Me2, MGz TU 12.0 liters {12.7 US gis})

Tightening torques
Block drain plug 25 Nm (18 fi-Ib)
Radiator drain plug 2-3Nm (18 - 27 in-Ib)
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Cooling system, bleeding

Trapped air in the cocling system can prevent proper caolant
circulation and overheating. Whenever the coclant is drained
and filled, bleed the cooling system to remove trapped air.

4 Loosen bleed screw (arrow) on radiator expansion tank.
— Set temperature controls in passenger compartment to full

warm, set blower to low setting and turn ignition to ON posi-
tion (do not start engine).

CAUTION—
On late mode! cars with latent heat pump, do not turn ignition
to ON position.

-~ Slowly add coolant/distilled water mixture to expansion tank
until it spills from bleed screw. When coolant spilling from
bleed screws is free of air bubbles, tighten screw and replace
cap on expansion tank.

» Run engine until it reaches operating femperature.
= After engine has cooied, recheck coolant level.
= Top up so that coolant level indicator is at MAX.

— |f trapped air cannot be bled manuzlly, pressure-bleed sys-
tem using cooling system pressure tester.

CAUTION—
Always use genuine BMW coolant or its equivalent fo avoid
the formation of harmiful, clogging deposits in the cooling sys-
temn.

Tightening torque

Radiator bleed screw to radiator 2.5 Nm (22 in-Ib)

Mechanical {(viscous clutch) cooling fan, .
removing and instailling

The procedure given here describes the removal of the me- -
chanical fan and fan shroud. It is possible to remove the fan -
without the shroud. i

4 Working at iop of fan shroud:

* Remaove expansion tank bleed screw (arrow) and expan-
sion tank locking tabs.

= Push top of expansion tank toward engine and liit to free —
from lower mounts. ;

— Remove two expansion rivets in upper corners of fan shroud.
Unclip expansion tank bleed hose located under shroud.

E ah ' U SRR TN TY U SRR 1 | [ or [0 I )
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— Remove rubber trim strip between top of shroud and radiator.

4 Using 32 mm wrench {(BMW special tool 11 5 040) on fan
clutch nut {arrow), turn wrench in a clockwise direction
(working from front of car) while counterholding pulley with
BMW special tool 11 5 030. Spin fan off coolant pump.

NOTE—
The radiator cooling fan nut (32 mm wrench) has left-hand
threads.

— Unclip AUC (air quality) sensor from shroud.

— M54 engine: Disconnect auxiliary coolant pump from base of
fan shroud.

4 Lift fan and shroud together out of engine compartment.

— To replace fan cluich, remove fan mounting bolts and sepa-
rate viscous cluteh from fan.

-~ Installation is reverse of removal.

Tightening torques

Clutch nut to pump

« Without BMW tool 11 5 040 40 Nm (29 t-Ib)
= With BMW tool 11 5 040 30 Nm {22 fi-Ib)
Fan to viscous clutch 10 Nm (89 in-ib)

Electric cooling fan, removing and
installing

The electric cooling fan is mounted behind the iront bumper, |
in front of the A/C candenser. -

— Remove front bumper. See 510 Exterior Trim, Bumpers.
— Remove left and right headlights. See 630 Lights.

- Where appiicable, detach horizental air ducts behind front —
bumper and fold to side.

- Disconnect fan electrical connector on right side of radiator
shroud and lay aside.

-~ Detach wire loom from air duct in front of cocling fan.

— Pry out expansion rivets holding air duct. Slide air duct down- ;
ward to remove. —
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Remove fan and fan shroud mounting fasteners. Slide fan
and fan shroud downward io remove.

Reinstallation is reverse of removal.

Thermostat, removing and installing
(M52 engine)

The coolant thermostat is installed in a housing at the front of
the engine.

Drain coolant from radiator and engine block. See Coolant,
draining and filling (6—cylinder models).

WARNING —
Allow the cooling system to cool before opening or draining
the system.

Aemove mechanical cooling fan and fan shroud. See Me-
chanical (viscous clutch) cooling fan, removing and in-
stalling.

Disconnect coolant hoses from thermostat housing.
Remove thermostat housing from front of engine.

Hemove thermostat. Note thermostat direction and orienta-
tion before removing.

Installation is reverse of remaval, noting the following:

= Use new O-ring and gasket(s) when installing thermostat
and housing.

NOTE —

Some thermostats have a direction arrow or vent hole near
the edge. Install the thermoslat so that either the arrow or
hole are at the top.

= Fill system with coolant as described in Coolant, draining
and filling (6—cylinder models).

CAUTION—
Be sure fo reconnect ground wire(s) at thermosiat housing
mounting bolt, where applicable.

L HentloyPublishers com—All Fights Heserved
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Tightening torques

Block drain plug io block 25 Nm (18 ft-Ib}
Coolant hose clamp (32 — 48 2.5 Nm (22 in-b}
mm hose diameter)

Radiator drain plug to radiator 2 -3 Nm (18 - 27 in-b}
Thermostat housing to cylinder 10 Nm (89 in-lb)
head

Thermostat, removing and installing
(M52 TU or M54 engine)

Coolant thermostat housing assembly-~" 4 The electric map-controlled therm_ostat is part of the thermo-
& , stat housing at the front of the cylinder head.
‘X\\ Vs
2 3 4 7 1. Bolts (M8)
[
o 2. Bolt (M8)

3. Housing with thermostat
4. (asket

If a faulty thermosiat is suspected, use appropriate scan ool
to interrogate ECM for stored {ault codes.

Drain radiator and engine block. See Coolant, draining and
filling (6~cylinder models).

CAUTION—
Allow cooling system o cool before opening or draining the
system.

Remove cooling fan and fan shroud. See Mechanical (vis-
cous clutch) cooling fan, removing and installing.

Disconnect electrical harness connector from thermostat
housing.

Lever out retaining clips (arrows) and pull hose fittings off
thermostat housing.

Unbolt and remove thermostat housing from front of engine.
L.oosen nut at top of engine liting eye 1o facilitate removal. -

installation is reverse of removai, noting the following:
» Keep sealing faces free of oil.
+ Use new sealinggasket. L. .

= When reinstalling hose to thermostat housing, install clip
on hose end fitting, then push hose onto housing unil it
clicks into place.

= Fill system with coolant. See Coolant, draining and fill-
ing (6-cylinder models). —
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Tightening torgques

Block drain plug to block 25 Nm (18 fi-ib)
Radiator drain plug to radiator 2 -3 Nm {18 - 27 in-Ib)
Thermostat housing to 10 Nm (BZ in-lb)

eylinder head

Thermostat, removing and installing
(V-8 models)

The electrically-heated thermostat is an integral part of the
thermostat housing. The operation of the thermostat is moni-
tored by the engine control module (ECM).

— Ifafaulty thermostat is suspected, use appropriate scan toaol
fo interrogate ECM for stored fault codes.

- Drain radiator and engine block. See Coolant, draining and
filling (V-8 models).

WARNING —
Allow coolfing system to cool before opening or draining the
system.

— Disconnect mass air flow {(MAF) sensor electrical harness i
connector. Remove air intake duct together with MAF sensor. P

~ Remove mechanical cooling fan and fan shroud. See Me-
chanical (viscous clufch) cooling fan, removing and in-
stalling.

Disconnect elecirical harness connector (arrow) from ther-
maostat housing.

Remove coolant hose from thermostat housing.

NOTE— —

¢ M62 engine: Hose is clamped on.

« M62 TU engine: Hose is altached with quick-disconnect fit-
ling. Remove clip to disconnect hose,

T FantloyPublishers.com=~All Rinhis Resarved
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4 Remove thermostat housing fasteners (arrows} and remove
thermostat housing.

— Installation is reverse of removal, noting the following:
= Keep sealing faces clean and iree of oil.
= Use new sealing gasket.

= Fill systemn with coolant. See Coolant, draining and fill-
ing (V-8 models).

Tightening torques

Biock drain plug to block 25 Nm (18 fi-lb)
Coolant hose clamp (32 — 48 2, 5 Nm (22 in-th}
mm hose diameter)

Radiater drain plug to radiator 2-3Nm (18 - 27 in-lb)
Thermostat cover to 10 Nm {89 in-Ib)

coolant pump

Coolant pump, replacing (6—-cylinder

models)
Coolant pump / < The engine coofant pump is mounted in the front of the en-
assembly = -t gine in the timing chain cover,
N -
- Drain cooling system as described earlier. See Cooiant,
draining and filling (6-cylinder modeis).
WARNING —
Allow cooling system to cool before opening or draining sys-
tern.

— Remove cooling fan and fan shroud. See Mechanical (vis-
cous clutch) cooling fan, removing and installing.

— Remove coolant pump drive belt, See 020 Maintenance.

0021213

Remave coolant pump pulley bolts (arrows) and remove pul-
ley from pump.

Remove nuts retaining pump to engine block. L

NOTE —
The coolant purnp is mounted on studs and retfained by nuts.

FRantlanDklinhoers com A Blalie Bannod
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« Insert two M6 screws (arrows) in tapped bores and tighien
uniformly until pump is free from timing chain cover {thermo-
staf and hoses have been removed for purposes of visual
clarity).

— Installation is reverse of removal, noting the following:
* Be sure to replace sealing O-ring and gaskets.
= Coat O-ring with water-based lubricant during installation.

= Reafill with coolant. See Coolant, draining and filling (6—
cylinder models).

Tightening torques =

Coolant pump to timing chain 10 Nm {89 in-lb)
cover
Coolant pump puliey to coolant 10 Nm (89 in-lb
pump
Engine block drain plug 1o block 25 Nm (18 ft-lb)
Radiator drain plug to radialor 2-3 Nm (18 - 27 in-b)

Coolant pump, replacing (V-8 models)

« The engine coolant pump is mounted in the front of the en-
gine in the timing chain cover.

1. Thermostat housing *
“3\ 2. Thermostat .....
B 3. Thermostat sealing O-ring |
) = 5/ 4. Water pump
G/ 5. Water pump gasket
M om7iz2a

— Drain cooling system. See Coolant, draining and filling (V-
8 models).

— Remove cooling fan and fan shroud. See Mechanical (vis- w
cous clutch) cooling fan, removing and installing. :

— Remove engine drive belts: See 020 Maintenance.

NOTE— =
Mark direction of drive bell rotation if reusing bell. _

-  Remove vibration dampener. See 117 Camshaft and Tim-
ing Chain.

— Disconnect mass air flow {MAF) sensor elecirical harness
connecior. Remove air intake duct together with MAF sensor.

—~ Disconnect coolant hoses from thermostat housing and cool- :
ant pump housing. —
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Disconnect thermostat and cooling system temperature sen-
s0r plug connectors.

Remove thermostat housing fasteners and remove hausing.

Remove coolant pump pultey bolts and remove pulley from
pump.

Remaove fasteners A and B (arrows).

NOTE—
» The coolant pump is retained to the block using different
length bolts.

¢ Bolts A: ME X 105 mm
e Bolts B: M6 X 35 mm

Slide coolant pump away from coolant pipes (arrows) while
being careful not to dislodge pipes from fittings at rear of en-
gine.

Instaliation is reverse of removal, noting the following:
» Replace all sealing O-rings and washers.
= Coat O-rings with water-based [ubricant during installation.

« Fill system with coolant. See Coolant, draining and fill-
ing (6-cylinder modeis) or Coolant, draining and filling
(V-8 models).
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Tightening torgues

Coolant pump to timing chain 10 Nm (89 in-lb)
cover

Coolant pump pulley to coolant 10 Nm (B9 in-Ib
pump

Engine block drain plug to block 25 Nm (18 ft-ib)
Radiator drain plug to radiaior 2-3Nm{18-27 in-lb)
Thermostat cover to coolant 10 Nm (89 in-1b)

pump assembly

Radiator, removing and installing

Removal of the radiator is similar for V-8 and 6-cylinder mod-
els.

Raise {ront of car and support safely.

WARNING —

Make sure the car is stable and well supported at all times.
Use a professional autornotive Jift or jack stands designed for
the purpose. A floor jack is not adequale support.

Remove splash shield from under engine.

Drain radiator and engine block. See Coolant, draining and
filling (V-8 models).

WARNING -
Allow cooling system fo caol before opening or draining sys-
fem.

Remove air filter housing:
« Disconnect electrical harmess connectors {A and B).
* Loosen clamps (C and D).

» Remove mounting fastener {arrow) and remove air filter
housing together with mass air flow (MAF) sensor.
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4 Pry oui expansion rivets (A) on leit and right side of fan

shroud. Loosen hose clamp (B) and remove hose from ex-
pansion tank.

Remove expansion {ank;

» Remove expansion tank cap, vent plug (A) and tank retain-
ing clips (arrows).

e Lift expansion tank upward and off lower retaining lugs.

« Push shroud back to expose expansion tank vent line. Re-
rmove line.

Using 32 mm wrench {(BMW spacial taol 11 5 040) on fan
clutch nut (arrow), turn wrench in a clockwise direction
(working from front of car) while counterholding pulley with
BMW special tool 11 5 030. Spin fan off coolant pump.

NOTE—
The radiator cooling fan nut (32 mm wrench) has left-hand
threads.

Disconnect electrical harnesses from AUC (air quality) sen-
sor and coolant level sensor.
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" 22951

4 Lift fan and shroud together out of engine compartment.

-~ Detach upper and lower radiator hoses.

NOTE —
Later models use retaining clips to fasten coolant hoses to
expansion tank and radiator.

~ Disconnect temperature sensor harness connector.

< Remove radiator support bolts and supports (arrows). 6-cyl-
inder shown,

~  Slide right side of radiator back toward engine and pull radi-
ator up to remove.

— Installation is reverse of removal, noting the following:

e [Fill radiator and cooling system. See Coolant, draining
and filling (6—cylinder models) or Coolant, draining
and filling (V-8 models).

Tightening torgques

Engine block drain plug to block 25 Nm (18 fi-Ib)

BAantanBuklinham cam-AH Rinhte fon

Radiator drain plug to radiator 2 -3 Nm (18 - 27 in-Ib}

Expansion tank, removing and installing

— Raise front of car and support safely.

WARNING —

Make sure the car is stable and well supporied ai alf limes.
Use a professional automotive lift or jack stands designed for
the purpose. A fioor jack is not adequate support.

— Remove splash shield from under engine.

— Drain radiator as described earlier. See Coolant, draining
and filling (6-eylinder models) or Coolant, draining and
filling (V-8 models).

WARNING —
Allow cooling system to cool before opening or draining sys-
tem.
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4 Disconnect expansion tank:
» Remove expansion tank bleed screw and support clip (A).

= Loosen hose clamp (B} and disconnect coolant hose from
expansion tank.

» Disconnect harness connector from coolant level sensor
(C).

= Push top of expansion tank toward engine and disconnect
hleed hose.

« Lift expansion tank to free it from lower mounts, then lift
straight up to remove.

— Installation is reverse of removal, noting the following:

o Fiif radiator and cooling system as described earlier. See
Coolant, draining and filling (6-cylinder models) or
Coolant, draining and filling (V-8 models).
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Exhaust System

GENERAL

The exhaust system is designed to be maintenance free, al-
though regular inspection is warranied due to the harsh oper-
ating conditions. Under normal conditions, the catalytic
converter does not require replacement unless itis damaged.

EXHAUST SYSTEWM

New fasteners, clamps, rubber mounts and gaskets should
be used when replacing exhaust components. A liberal appli-
cation of penetrating oil to the exhaust system nuts and bolts
in advance may make removal easier.

WARNING —

e The exhaust system and calalylic converter operate at
very high temperaiures. Allow components to cool before
servicing. Wear protective clothing to prevent burns.

Da not use flammable chemicals near a hot calalytic
converter.

« Corroded exhaust system components crumble easily
and ofterr have exposed sharp edges. To avoid injury,
wear eye protection and heavy gloves when working
with old exhaust parts.

Exhaust system, removing and installing

The remaoval and installation procedures given here are gen-
eral procedures for all models. The removal of the exhaust
system as a complete unit is recommended. Once the com-
plete system is removed from the car, individual pipes and
mufflers can be more easily replaced.

WARNING —

Exhaust gases are colorless, odorless, and very toxic. Run
the engine only in a well-venlilaied area. Immedialely repair
any leaks in the exhaust system or structural damage (o the
car body that might allow exhaust gases to enter the passen-
ger compartment.

CAUTION—
Use care not to drag or bang oxygen sensors. Oxygen ser-
sors can be easily ruined.
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— With exhaust system fully cold, raise and support car for ac-
cess to exhaust systam.

WARNING —

Do not work under a lifted car uniess it is solidly supported on
jack stands designed for that purpose. Never work under a
car that is supported solely by a jack.

— Disconnect axygen sensor cennector(s).

4 Loosen and remove bolts holding front exhaust pipes to ex-
haust manifolds (arrows). Right side of V8 model shown.

— Support exhaust system.

— Where applicable, disconnect exhaust support bracket as-
sembly from transmission.

4 Remove hangers by prying off bracket (arrows).

- Lower exhaust system as a single unit to ground.

NOTE—
If the catalytic converter/front exhaust pipe assembly is to be
repiaced, transfer the oxygen sensors to the new pipe(s).

Tightening torque
Oxygen sensor 55 Nm (41 ft-ib)

— Installation is reverse of removal.

= NMake sure there is at least 20 mm (3/4 in.} clearance be-
tween exhaust system and car body at every point.

= Loosely install all exhaust system mounting hardware and
hangers before tightening fasteners to their final torgque.

e Coat manifold studs with copper paste beiore installing
nuts.

NOTE—
Where applicable, tighten front pipe with semi-fiexible com-
pensator last when installing front pipe to manifolds.

Tightening torques

Exhaust manifolds to cylinder head 22 Nm (17 it-Ib)
Front exhaust pipe to manifolds 30 Nm (22 fi-1h)

To prevent exhaust system ratties and vibration, the system
should be slightly preloaded by pushing the rear clamping
brackets forward about 7 mm (1/4 in).

&:BenileyPublishers.com-Al Rights Redoved
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Exhaust System

Q0621220

0023221

Muffler, replacing

BMW offers individual mufflers as replacement parts for the
original one-piece assembly. Replacement of a rear muffier
may be possible with the system installed on the car. Re-
placement of the front or middle muffler should only be done
with the exhaust removed from the car.

Mark length of new muffler pipe(s) on old system.

Use exhaust pipe cutter to cut pipe(s). Deburr cut pipe
end(s).

Use clamping sleeves to join new pipe(s) to old.
= Make sure pipe ends are centered inside sleeve.
¢ Point clamping sleeve bolt threads (arrows) down.

Reinstall exhaust system.

£:8onlleyPublishets.com-All Hights Reserved
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o Exhaust System

502180961

EXHAUST MANIFOLDS

Exhaust manifold removal procedures are organized accord-
ing to engine code. If necessary, see 100 Engine-General
for engine code and application information.

Exhaust manifolds, removing and installing
(M52 engine)

Exhaust manifolds for the M52 engine.

Always use new retaining nuts and gaskets when removing
and installing the exhaust manifolds.

With exhaust system cold, raise and suppori car for access
to exhaust system.

WARNING —
Do not work under a lifted car uniess it is solidly supported on
jaci stands designed for that purpose. Never work under a

car that is supported solely by a jack.

Disconnect secondary air check vaive and pipe from exhaust
manifold.

Unbolt front exhaust pipe(s) irom exhaust manifold{s).
Remove exhaust support bracket from transmission.

Loosen and remave nuts from exhaust manifolds and remove
manifolds, Discard nuts and gaskeis.

NOTE—

On cars with oxygen sensors mounted in the exhaust mani-
folds, use care when removing manifolds. To be safe, remove
the sensors from the manifolds before removing manifolds.

Installation is reverse of removal.

» Coat exhaust manifold mounting studs with copper paste
before installing new nuts.

= Install manifold gaskets with arched side facing manifolds.

Tightening torque
Exhaust manifolds o cylinder head 20 Nm {15 ft-Ib}

ST
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Exhaust System

Exhaust manifelds with converiers

Precatalyst oxygen sensons —,
S
A li” Q
o =
k— v/

Post-catalyst
oxygen

sensors __ Catalytic

converlers

oo2ooe

Exhaust manifolds, removing and installing
(M52 TU and M54 engines)

< The exhaust manifolds incorporate the catalytic converters.

Two precatalyst and two post-catalyst oxygen sensors are
mounted in the exhaust manifold assembly.

Under normal conditions, the catalytic converters do not re-
quire replacement unless damaged. Always use new retain-
ing nuts and gaskets when removing and installing the
exhaust manifalds.

Using engine support equipment (BMW special tools 00 0
200, 00 0 201, 00 0 202, 00 0 204, 00 0 208 or equivalent),
connect to lifting eye on front of engine. Raise engine approx.
5 mm (1/4 in).

With exhaust system cold, raise and support car ior access
to exhaust system.

WARNING —

Do not work under a lifted car unless it is sofidly supported on
jack stands designed for that purpose. Never work under &
car that is supported solely by a jack.

0012718

L0210 -
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in order to avoid damaging oxygen sensors:
+ Detach oxygen sensor harness connectors.

« Remove axygen sensors from exhaust manifolds as de-
scribed later in this group.

CAUTION—
Take care that the front and rear oxygen sensor connectors
are not mixed up.

Unbolt and remove secondary air check valve and pipe from
right front of cylinder head/exhaust manifold.

Working underneath car, unbolt front exhaust pipes from ex-
haust manifolds.

4 With engine supported from above, remove right engine

mount bracket and right engine mount (arrow).

{ oosen and remove niuts from exhaust manifolds and remove
manifolds. Discard nuts and gaskets.
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- Exhaust System

NOTE—
The front exhaust manifold must be rermoved before the rear
manifold.

Installation is reverse of removal.

= Coat exhaus! mounting studs with GRC or equivalent cop-
per paste.

« Use new gaskels and seif-locking nuts.

Tightening torques
Exhaust manifold to cytinder head 20 Nm (15 fi-ib)

Front exhaust pipe to manifold 30 Nm (22 ft-Ib)
Oxygen sensor to manifold 50 Nm (37 ft-Ib)

Exhaust manifolds, removing and installing
(M62 engine)

Always use new retaining nuts and gaskets when removing
and installing the exhaust manifolds.

NOTE —

Access to manifolds is extremely limited. If removing exhaust
manifolds as part of additional engine worlk {such as cylinder
head removal), it may be easier to first remove engine.

With exhaust system cold, raise and support car for access
to exhaust system.

WARNING —

Do not work under a lifted car unless it is solidly supported on
Jjack stands designed for the purpose. Never work under a car
that is supported solely by a jack.

=

’_l ==, —

soztidor2l.
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Remove exhaust system. See Exhaust system, removing
and instatling.

Removing right side exhaust manifolds {cylinder bank 1—4):

= Remove heat baffle plate.
= Disconnect plug connection to oxygen sensor.

Remove nuts securing exhaust manifolds to head.
* Hemove manifolds towards bottom.

instaliation is the reverse of removal.

* Coat exhaust mounting studs with CRC or equivalent
copper pasie.

« |Use new gaskets and self-locking nuts.
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Exhaust System

502117078

502180013

— Removing left side exhaust manifolds (cylinder bank 5-8):
» Remove heat baffle plate on left side.

« Remave oxygen sensor using BMW special tool 11 7 030
or similar oxygen sensor socket.

4 Install BMW special tools 00 0 200, 00 0201,000202,000
204, and 00 0 208 or other suitable engine lifting support
above engine and attach to lifting eye on left head.

NOTE—
The supports on special tool 00 0 208 must rest on the
screws on the fenders.

— Remove nut at top of engine suppori on left side.

- Raise engine at front suspension lug a maximum of 25 mm
{1.0in).

4 Release clamping bolt and nut {arrow) and slide universal
joint off steering gear.

4 Remove nuts securing left exhaust manifold to head.

» Raise front of manifold as high as possible past end posi-
tion of steering gear and feed out towards bottom.

— Installation is reverse of removal.

« Coat exhaust mounting studs with CRC or equivalent
copper paste.

« Use new exhaust gaskets and self-locking nuts.

 |nstall new self-locking nuts on engine mount and steering
shaft bolt.

LBantipyPublishern com—Al Rights Reserved
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OXYGEN SENSORS

Oxygen sensors (precatalyst), replacing
(M52 TU and M54)

The precatalyst oxygen sensors are insialled at the top of the
exhaust manifolds.

WARNING —
Allow components to cool before servicing.

— Using BMW scan tool DISplus (Diagnostic Information Sys-
tem} or equivalent, read out and clear ECM fault codes.

Waorking at right side of engine above exhaust manifolds,
remove front or rear oxygen sensor harness connector
{(arrows) from bracket, then separate plug.

NOTE—
In photo, secondary alr pump has been removed for clarily.

Remove oxygen sensor using special oxygen sensor
removal socket.

Installation is reverse of removal.
« New sensor threads come coated with anti-seize paste.

< | reusing a sensar, apply thin coat of anti-seize paste to
threads only. Do not contaminate tip of sensor with paste
or lubricanis of any sort.

= |Install harness and connector in original location.

Tightening torque

Oxygen senser to manifold 50 Nm (37 ft-Ib)

Oxygen sensors (post-catalyst), replacing
(M52 TU and M54)

The post-catalyst oxygen sensors are installed at the rear of
the catalytic converters.

WARNING— | =
Allow componenis to cool before servicing. :

— Using BMW scan tool DISplus or equivalent, read out and
clear ECM fault codes.

- Remove large cover from above fuel railfintake manifold.

SBentnyPubishers com-All Rights Resetved
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{ Label and disconnect sensor harness connectors {arrows).

CAUTION—
Label connectors so that front and rear connectors are not
mixed up.

— Detach harness from guides and brackets.

— Remove oxygen sensor from exhaust manifold using special
tool 11 7 030 or equivaient.

— Insiallation is reverse of removal.
« New sensor threads come coated with anti-seize paste.

= |f reusing old sensar, apply thin coat of anti-seize paste to
threads only. Do net contaminate tip of sensor with paste
or lubricants of any sort.

» |nstall harness and connector in ariginal location.

oZcann

Tightening torque

Oxygen sensor {o manifold 50 Nm (37 ft-Ib)

Oxygen sensor, replacing
(M52 and M62 engine)

The sensors are installed ai the front and rear of the catalytic
converiers.

WARNING —
Allow componenis to cool before servicing.

Using BMW scan tool BISplus or equivalent, read out and
clear ECM fault codes.

Detach harness from guides and brackets.

Remove axygen sensors (arrows) from exhaust using spe-
cial tool 11 7 030 or equivalent.

Installation is reverse of removal.
» New sensor threads come coated with anti-seize pasie, =

= |f reusing a sensor, apply thin coat of anti-seize paste to =
threads only. Do not contaminate tip of sensor with pasie
or lubricants of any sort.

« [nstall harness and connectar in original location.

Tightening torque -

Oxygen sensor to manifold 50 Nm (37 ft-Ib)

= BontieyPublishers.cam-All Rights Reserved
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Exhaust System

ExHAUST SYSTEM DIAGRAMS

502180885
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M52 engine
(528i 1997-1998)

1
2
3.
4

o

14.
15.
16.

Exhaust manifolds
Sealing washer
Plug

Gasket (manifold to cylinder
head)

Clamping sleeve

Post-catalytic converter oxygen
sensor

Pre-catalytic converter oxygen
sensor

Hanger

Rear muffler

. Vibration dampener
. Center support bracket
. Clamping sleeve

. Front pipe with catalytic

converters
Hanger
Center mufiler

Gasket (front pipe to manifold)
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Exhaust System

502180976
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M52 TU and M54 engines
{528i 1999-2000
and 525i 2001-2003)

1.
2

3

4

5
6.
7

8

9
10.

1.

12,

Transmission bracket
Cenier support bracket
Front muffler
Clamping sleeve
Vibration dampener
Hanger

Rear mufiler

Hanger

Center muffler

Oxygen sensors, post-catalytic
converter

Oxygen sensors, pre-catalytic
converter

Exhaust manifold/catalytic
converter assemblies
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Exhaust System

502180877
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Sh

M54 engine

(530i 2001-2003)
Clamping sleeve
Front muffler

Rear muffler
Hanger

Vibration dampener
Clamping sleeve
Center mufiler
Hanger

Gasket {front pipe to manifold)

= @ & N @ ;o kW

0. Exhaust manifold/catalytic
converter assemblies

11. Oxygen sensors, post-catalytic
converter

12. Oxygen sensors, pre-catalytic
converter
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Exhaust System

502180978
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M62 engine
(540i 1997-1998)

O N ;R b=

10.
11.
12.
13.
14.
15.
16.

Right side catalytic converters
Support bracket

Support bracket

Center muffler

Hanger

Rear muffler

Clamping sleeve

Oxygen sensors, post-catalytic
converter

Oxygen sensors, pre-catalytic
converter

Left side catalytic converter
Sealing rings
Left front exhaust manifold

Left rear exhaust manifold

Gasket -

Exhaust manifold, right front

Exhaust manifold, right rear
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Exhaust System

M62 TU engine
(5401 1999-2003)

1. Oxygen sensors, pre-catalytic
converter {2)

2. Oxygen sensors, post-catalytic
converter (2)

Hanger

Rear muffler

Clamping sleeve

Hanger

Center muffler

Clamping sleeve

Catalytic converter, left side

. Catalytic converter, right side

T e e N o s

- 2

. Exhaust manifold/catalytic
converter, left side

502180080

-
1]

. Gasket (2)
. Gasket (2)

. Exhaust manifold/catalytic
canverter, right side

-t
£

[—
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Transmission-General

ZF manual transmission

oaied
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GENERAL

This repair group covers general application information for
the cluich, manual and automatic transmissions, shift linkag-
es and driveshalft.

Drivetrain

BMW E39 models are equipped with a longitudinal drivetrain.
The transmission is bolted directly to the rear of the engine. A
driveshait connects the output shaft of the transmission to the
rear final drive. Individual drive axfes with integrated constant
velocity joints transfer rotational power from the final drive
unit to the rear wheels.

MANUAL TRANSMISSION

Due to different power characteristics and performance re-

quirements, various manual transmissions are used in mod- ;
els covered by this manual. Manual transmission
applications are given in the table below.

For manual transmission specifications ar repair procedures,
refer to 230 Manual Transmission.

Manual transmission models use a single disc clutch with
dual-mass flywheel. For further information, see 210 Cluich,

The manual transmission metal ID plate is mounted on side of

transmission. Do not rely on numbers cast on transmission
case for identification.

Manual transmission applications

Model Year Engine Transmission
525i 2001 — 2002 MB2TU, M54 Getrag S5D 250G m
5281 1997 —2002 M52 ZF 55D 320Z :
530i 2001 — 2002 M54 ZF 55D 3202

540i 1997 — 2002 MB2 ZF 865 420G

PR 11 I & 11 19
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AUTOMATIC TRANSMISSION

Different automatic transmissions are used, depending on
model and model year and/or production date. All of the auto-
matic transmissions are electrohydraulically controlled with
five forward speeds. Automatic transmission applications are
given in the table below.

Automatic transmission applications

Model Year Engine Transmission
528i o 9/1999 M52 A4S 310R
528 from 9/1998 M52 TU A5S 360R
525i to 3/2601 M54 A5S 390R
525i from 3/2001 M54 AS5S 3252
530 to 3/2001 M54 AS5S 390R
5301 from 3/2001 M54 ABS 3257
540i to 11997 Me2 A58 5607
540i from 1/1997 Me2 TU A5S 4407

Automatic transmission identification metal 1D plate is mount-
ed to body of transmission.

{ GM transmission |D tag (arrow) is on left side of transmission
housing, behind transmission selector cable, just above
transmission pan.

4 ZF transmission ID tag (arrow} is on left rear of transmission, —
just above transmission pan.

HonticvFublishers cam~-M| Binkts Reosereerd
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TRANSMISSION LUBRICANTS

The lubricant used varies, depending on transmission and
madel year. Fluid application information is clearly marked on
a label on transmission.

On manual transmission, either ATF {orange label reads
ATF-0il) or a special BMW lubricant (yellow label reads MTF-
LT 1) is used. See 230 Manual Transmission.

Automatic transmission is filled with either Dexren i ATFE
{black transmission D plate reads ATF-OIl), or special life-
time oil {green transmission 1D plate reads Life-Time Qil). See
240 Automatic Transmission.

CAUTION—

if in doubt as to the type of fluid installed in a particular irans-
mission, consult an authorized BMW dealer service depart-
mentf for the latest in operating fluids.

i meverrm 841 Einhbe oo
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General ................... ... .... 210-2
Specialtools . . ... ... ... . Lo 210-2
Clutch Hydraulics .................. 210-4
Clutch hydraulic system,

bleeding and flushing .................. 210-4
Clutch master cylinder, replacing ......... 210-6
Clutch slave cylinder, replacing .......... 210-8
Clutch Mechanical .................. 210-9
Clutch variations . ..................... 210-9
Clutch, removing ......... .. ... ..., 210-11
Clutch components, inspecting ......... 210-11

Flywheel, removing and installing
(Beylinderengine) ...................
Flywheel, removing and instatiing
(V-Bengine) ..........oiiiuien.n,
Transmission pilot bearing, replacing .. ..
Cluich, installing (non-SAC components)
Clutch, installing (new SAC components)
Clutch, installing (used SAC componenis)
Self-adjusting clutch (SAC), breaking in . .
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Cluich

112070

112170

GENERAL

This repair group covers replacement of clutch mechanical
and hydraulic companents.

BMW 5 Series models with manual transmission use a single
disc hydrautically actuated cluteh. Two versions of the cluich
are used:

= 1997 528i {6 cylinder) uses traditional clutch components.

o All 540i (V-8) and 1998 and later 6 cylinder models use a
self-adjusting clutch (SAC).

NOTE —
See 200 Transmission-General for fransmission applica-
tion information.

Special tools

Some special tools and techniques are required for clutch re-
pairs. Be sure to read a procedure through before beginning a
job.

« Flywheei locking tool (V-8 models)

{(Tool No. 11 2 070)

<« Fiywheel locking tool (6 cylinder models)

{Tool No. 11 2 170)

‘« Pilot bearing removal tools

(Tool No. 11 2 340)

4 Filot bearing installation tool

(Tool No. 11 2 350)

L:BentloyPublishers.com~All Rinhts Reserved
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oo Cluteh

114180

(s

4 Torx T60 socket for V-8 flywheel bolt removal
{Tool No. 11 4 180)

1330

4 Hose clamping tool
(Tool No. 13 3 010)

4 Clutch disc lining gauge
(Tool No. 21 2 080)

4 Clutch disc centering mandrels (non-SAC clutch)

% (Tool No. 21 2 141, 21 2 142, 21 2 200, 21 2 201)

212142

21214

00 5 500

4 Clutch dise afignment tools (SAC clutch)
{Tool No. 00 5 500 (handle), 21 2 130 (drift))

4 SAC tensioning tool
(Tool No. 21 2 170)

4 SAC locating ring
(Took No. 21 2 180)

£ BentleyPublishers.cor-All Rights Reoerved
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4 Tool for bleeding clutch hydraulics (Tool No. 21 5 030)

215030

CLuTCcH HYDRAULICS

The clutch is hydraulically actuated by the master and slave
cylinders. With the self-adjusting clutch (SAC), clutch disc
wear s automatically taken up through the self-adjusting
pressure plate springs, making pedal feel consistent through-
out the life of the clutch.

A soft or spongy feel to the clutch pedal, long pedal free-play,
or grinding noises from the gears while shifting can all indi-
cate problems with the clutch hydraulics. In these circum-
stances it is best to start with a clutch fluid flush, followed, if
necessary, by replacement of the hydraulic parts.

NOTE —
The clutch hydraulic sysfem shares the fluid reservoir and ffu-
id with the brake hydraulic system.

Clutch hydraulic system, L
bleeding and flushing

If the clutch/brake fluid is murky or muddy, or has not been
changed within the last two years, flush the system and
change the fluid. Flushing the old fluid from the cluich fines is
done using a brake system pressure bleeder.

Remove brake fluid reservoir cap. Using a clean syringe, re-
mave brake fluid from reservoir. Refill reservoir with clean
DOT 4 brake fluid. b

Working inside engine compartment, remove left interior ven- """
tilation filter housing: '

« Release 3 plastic taps (A) on duct. Earlier models use a »
single release laich. —

= Rotate duct inward to remove.
= Disconnect electrical harness to hood position switch.
s Hemove filter housing cover.

= Release spring lock (B} on interior ventilation housing and
remove housing. —

AR artbuTibbchare e S Fimbne T gy el
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4 Aftach pressure brake bleeder to fluid reservoir and pump
bleeder a few times to pressurize hydraulic fluid system.

CAUTION—
* Do not exceed 2 bar (29 psi) pressure at the fluid reservoir
when bleeding or flushing the hydrautic system.

* Brake fluid is poisonous, highly corrosive and danger-
ous.to the environment. Wear safety glasses and rub-
ber gioves when working with brake fluid. Do not siphon
brake fluid with your mouth. Immediately clean away
any fluid spilled on painted surfaces and wash with wa-
ter, as brake fluid will remove pain.

e Always use new brake fluid from a fresh, unopened
container. Brake fluid will absorb moisture from the air.
This can lead to corrasion problems in the clutch and
brake hydraulic systems, and will also lower the brake
fluid boiling point. Dispose of brake fluid properly.

— Raise and safely support vehicle.

WARNING —

Make sure the car is stable and well supported at alfl times.
Use a professional attornotive lift or jack stands designed for
the purpose. A Hoor jack is not adequate support,

- |f necessary, remove transmission splash shield.

Hydraulic system, bleeding

Working underneath transmission, connect a hose from
clutch slave cylinder bleeder valve (arrow) to a container.

e Open bleeder valve and allow brake {luid to expel until
clean fluid comes out, free of air bubbles.

« Close bleeder valve and disconnect pressure bleeding
equipment from fluid reservoir,

= Slowly operate clutch pedal about 10 times. Filt reservair
with clean fluid as necessary.

8 antinPublishprs ram-All Richts Raoarad
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Clutch -

Slave cylinder 21 5030

502810500

Hydraulic system, bleeding
{using BMW special tool 21 5 030)

Working underneath transmission, remove slave cylinder
mounting nuts (arrow) from clutch housing and remove
eylinder. Leave fluid line aitached.

Use BMW special tool 21 5 030 fo press slave cylinder push-
rod completely into slave cylinder.

» Hold slave cylinder so that bleeder valve is at highest point,

» Open bleeder valve and allow brake fluid to expel until
clean fluid comes out, free of air bubbles.

« Close bleeder valve and disconnect pressure bleeding
equipment from fluid reservoir.

« Slowly unscrew and detach special toal 21 5 030 from
slave cylinder.

CAUTION—

Do not remove tool if hydraulic system is pressurized,

Reinstall slave cylinder.

Tightening torque

Slave cylinder to transmission case 22 Nm (16 ft-ib)

Slowly operate clutch pedal about 10 times. Fill reservoir with
clean fluid as necessary.

Clutch master cylinder, replacing

The clutch master cylinder is mounted to the pedal assembly
directly above the clutch pedal.

Working inside engine compartment, remove left interior
ventilation filter housing:

» Release 3 plastic taps {A) on duct. Earlier models use a
single release latch.

= Rotate duct inward {o remove.

« Disconnect electrical harness {o hood position switch.
Remove filter housing cover.

= Release spring lock (B} on interior ventilation housing and
remove housing.

I T
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- Clutch

=

502210400

Iy

9C

502210401

- Hemove brake fluid reservoir cap. Using a clean syringe,
remove brake fluid from reservoir to below level of clutch
hydraulic supply hose.

~  Detach clutch hydraulic supply hose from brake iluid reser-
voir. Piug reservair outlet and hose.

< Remove lower dash trim panel fasteners (A) and (B).

e Lower trim panel and disconnect wiring harnesses on back
side of panel.

= Remove trim panel.

< Working under dash, remave cluich master cylinder pushrod
retaining clip (arrow} and pin from clutch pedal.

4 Remove master cylinder mounting bolts (arrows),

FRordpvPubichernm com-AH Riahta Hoooread
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Cluich

502210402

=

502210403

e P VT

‘( Remove hydraulic line locking clip (1} and pull line {2) off
master cylinder.

CAUTION—

» To prevent brake fiuid spill, wrap clutch master cylinder with
shop rags when removing hydraulic fluid lines from master
cylinder.

» Brake fluid damages paint and stains carpets. Clean off
any brake fluid on or in the car immediately.

— Remove master cylinder with supply hase.

4 Remove switch module from master cylinder.
+ Press locking button (A) to release harness connecior.
= Pull harness connector (B) off switch module.
e Use screwdriver to lever off switch module {C).

— Installation is reverse of removal.

CAUTION—
Switch module must snap firmly into place on the master cyl-
inder during instaflation.

Tightening torques

Clutch master cylinder to pedal cluster 10 Nm (89 in-lb)

Fiuid line to master cylinder or slave cylinder 17 Nm (13 fi-Ib)

—  Fill fluid reservair with clean fluid. Bleed clutch hydraulics as
described earlier.

Clutch slave cylinder, replacing

4 Working inside engine compartment, remove left interior ven-
tilation filter housing:

+ Helease 3 plastic taps (A) on duct. Early models: release
latch.

» Rotate duct inward to remove.
» Disconnect electrical harness to hood position switch.

» Release spring lock (B) on interier ventilation housing and
remove housing.

— Pinch off brake fluid supply hose to clutch master cylinder us-
ing BMW special tool 13 3 010 or equivalent hose clamping
tool.
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— Raise and safely support vehicle.

WARNING —

Make sure the car is stable and well supported at all imes.
Uise a professional automotive lift or jack stands designed for
the purpose. A floor jack is not adequate support,

-~ I necessary, remove fransmission splash shield.

— Disconnect fluid line from slave cylinder on left side of trans-
mission. Place pan under hose to catch dripping fluid.

Warking underneath transmission, remove slave cylinder
mounting nuts (arrow) from clutch housing and remove
cylinder,

[nstallation is reverse of removal, noting the following:

e Check for wear on slave cylinder. Any wear except on tip is
caused by misalignment of clutch components. .

¢ Lightly coat pushrod tip with molybdenum disulfide grease
{Molykote® Longterm or equivalent).

= During installation be sure pushrod tip engages recess in
clutch release lever.

o Fill fluid reservoir with clean fluid.
= Bleed clutch hydraulics as described earlier.

Tightening torques

Clutch slave cylinder to transmission 22 Nm (16 f-lh)

Fluid line to slave cylinder 17 Nm (13 fi-Ib)

CLUTCH MECHANICAL

The transmission must be removed from the engine to access P
the cluich mechanical components. It is recommended that -
the clutch disc, pressure plate and release bearing be re-
placed during a clutch overhaul.

Be sure to check the bottom of the bellhousing for oil. If engine
oil is found, check for a faulty rear crankshaft main oil seal. -
See 119 Lubrication for rear main seal replacement. i

Clutch variations
Two versions of the cluich are used:

v 1097 528i (6 cylinder) uses traditional clutch companents.

« All 540i (V-8) and 1998 and laier 6 cylinder models from
use a self-adjusting clutch (SACG). -

& BenilovPublinhers.com-Alt Rinhts R
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Clutch

Installing the non-SAC clutch (1997 528i model) reguires the
use of only a flywheel lock and traditional clutch disc align-
ment tool.

Installing the self-adjusting clutch (SAC) requires several
special tools for aligning and assembling the clutch, as well as
locking the flywheel in place. In addition, the procedure for re-
installing a previously used SAC differs from the procedure
for installing a new SAC. Be sure to read the SAC installation
procedure through before starting the job.

The pressure plate of the SAC uses a spring-loaded wedge
ring to compensate for clutch disc wear. The wedge ring ad-
justs by means of spring tension, so special tools must be
used to apply and relieve spring tension as the cluich pres-
sure plate is installed.

Self adjusting clutch (SAC)
and clutch hydraulics

Pressure plate
assembly \

Engine |

flywheel Release

hearing

=l

Pushred

Pressure plate Release
release lever lever

Transrmission

finpul shait

From brake
fluid reservoir

Clutch
master
cylinder

7
/ Bulkhead

Bleeder
valve

Slave
cylinder

502210004
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Clutch, removing

The procedure given here applies to both non-SAC and SAC
clutch assemblies.

— Remove transmission from engine. See 230 Manual Trans-
mission.

< Lock engine flywheel in position using BMW special tool
11 2 170 (6 cylinder engine), or 11 2 070 (V-8 engine}.

4 Loosen 6 clutch mounting bolts {arrows) evenly.

— Remove pressure plate and clutch disc.

WARNING —

The clutch disc contains ashestos. Inhaling or ingesting as-
bestos dust can cause severe health problems. Always wear
an approved respirator and protective clothing when handling
componenis containing asbesios, Do not use compressed
air to clean components. Do not grind, heat, weld, or sand on
or near any asbestos materials.

< Pull release bearing off transmission input shaft. Remove
clutch release lever by sliding it out of spring clip in direction
of arrow.

Clutch components, inspecting

— Inspect clutch disc for wear, cracks, loose rivets, contamina-

tion or excessive runout (warping). Replace if necessary.

— Measure clutch disc fining thickness at shallowest rivet head.

Cluich and pressure plate wear limits

Minimum ciuteh disc lining thickness (at rivels) 1.0 mm (0.04 in)

Maximum lateral runout
{diaphragm springs to pressure plate) 0.6 mm {0.02 in}

tHantieyPublnhers. com—-All Riohia Reserved
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Clutch
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Release bearing
balt stud

7

-
Release bearing
retainer

/

502210015

112170

SN

C
ﬁ
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Inspect flywheel for scoring, hot spots, cracks or loose or
warn guide pins. If any faults are found, replace flywheel as
described later.

Inspect transmission pilot bearing in end of crankshaft. The
bearing should rotate smooihly without play. If necessary,
replace as described later.

Inspect and clean release bearing lever. Apply a thin coat of
grease to release bearing lever lubrication points (arrows).
Clean and lightly lubricate clutch disc splines and transmis-
sion input shaft splines.

Check release bearing ball stud and spring retainer. Replace
if damaged or worn.

CAUTION—
On 865 420G transmission, always replace release bearing
ball stud and relainer spring.

Clean release bearing guide sleeve.

CAUTION—
Do not grease guide sleeve. If guide sleeve is greased,
release bearing may stick to it.

Flywheel, removing and installing
(6 cylinder engine)

Inspect flywheel for scoring, hot spots, cracks or loose or
worn guide pins. Replace flywheel if any faults are found.

Lock flywheel with BMW special tool 11 2 170. Remove
pressure plate and clutch disc as described earlier.

Loosen and remove flywheel mounting bolis. Remove
flywheel.

Clean flywheel bolt threads in crankshaft.




210-13

“Clutch

4 Check fiywheel location dowel sleeve (arrow) for damage
and correct installation.

SR 00

4 When installing dual-mass flywheel, position dowel sleeve
next to twa locating notches (arrows).

— Install flywheel using new self-locking bolts.

Tightening torque

Flywheel to crankshait
{use new self-locking bolts) 120 Nm (89 ft-Ib)

CAUTION—
Use new self-locking bolts to install fiywheel. Do not reuse the .
old stretch-type bolts. Do not install bolts with Loclite® or sim- I

502210006

itar thread locking compound,

Flywheel, removing and installing
(V-8 engine)

— Inspect flywheel for scoring, hot spots, cracks or loose or
worn guide pins. Replace flywheel if any faults are found.

4 Lock flywheel with BMW special ool 11 2 070. Remove pras-
sure plate and cluich disc as described earlier.

—  Use BMW special toal 11 4 180 (Torx T60) to loosen and re- —
move flywheel mounting bolts, Remove flywheel,

— Clean flywheel bolt threads in crankshait.

502210003
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4 Check flywheel location dowel sleeve (arrow) for damage
and correct installation.

Dowel sleeve { When installing dual-mass flywheel, position dowel sleeve
location next to two locating notches (arrows).

— Lightly oil flywheel mounting bolt threads and torgue to ‘
specification. :
Tightening torque '
N\ Flywheel to crankshaft 105 Nm (77 ft-Ib)
% CAUTION—
/3 Do not reinstall flywheel bolts with Loctite® or similar thread e
' O locking compound.
502210008

— Install transmission as described in 230 Manual Transmis-
sion.

{ If flywheel was replaced, check pulse sensor (arrow) for cor-
rect installation depth.

~ Remove pulse sensor. "

S antouihlichare com~Al Rigkts Reseried
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- Clutch

02210012

11 2 340

0022417

« Use crankshaft pulley balt to rotate engine in direction of ro-
tation until a {full pulse toath (arrow) is centered in pulse sen-
sor opening.

— Measure depth from pulse sensor mounting surface on trans-

mission to top of tooth.

4 Measure length (A} of pulse sensor from mounting surface to
end.

— Subtract length of pulse sensor (A) from distance to pulse

toath from mounting area on transmission. This resulting
measurement is the pulse sensor air gap. Use shims avail-
able from BMW to adjust air gap to specification.

Pulse air sensor gap

End of sensor to flywheel teeth 0.55+0.2 mm
{0.0217 £0.0078 in)

Transmission input shaft pilot bearing,
replacing

— Remove clutch as described earlier.

4 Remove pilot bearing from end of crankshaft using BMW
special tool 11 2 340 or equivalent puller.

i
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Clutch

11 2 350

Clutch
dis¢

Dual mass ,
flywheel =

Clutch
pressure
plate

Q02026

212120
212130

!

%

£
£
ﬁf

0012008

4 Press new bearing into place using BMW special tool
11 2 350 or equivalent driver.

Clutch, installing (non-SAC)

CAUTION—
Avoid contaminating clutch friction stirfaces with oif or grease.
Do not touch these surfaces.

— Install flywheel lock, BMW special tool 11 2 170.

4 Install pressure plate and clutch disc to flywheel. Install and
tighten bolts hand-fight.

CAUTION—
Be sure cluich disc is facing the correct way. The disc should
be marked “engine side" or ‘transmission sidg”.

4 Center clutch disc on flywheel using centering tool.
» S-gpeed transmission: Special tool 21 2 130

- Tighten each clutch bolt one turn at a time until pressure
plate is fully seated. Torque to specification.

Tightening torques

Clutch to flywheel
= M8 (8.8 grade) 24 Nm (18 ft-lb)
= M8 (10.9 grade) 34 Nm (25 ft-lb)

- Remove clutch disc centering tool.

#BnntisyPublishers.com=All Rights Reserved
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sleeve

0022113

212144
21 2142
212201

Remove flywheel locking tool.

4 Inspect and clean release bearing lever. Apply a thin coat of

grease to release bearing lever lubrication points. Install re-
lease bearing. Bearing tabs {A) align with contact points (B)
on release lever.

CAUTION—
Do not grease release bearing guide sleeve. If guide sleeve

is greased, release bearing may stick to it.

Clean and lightly lubricate clutch disc splines and transmis-
sion input shaft splines.

Install transmission. See 230 Manual Transmission.

Tightening torques

Transmission o engine

« M8 (Torx) 22 Nm (16 fi-Ib)
= M10 (Torx) 43 Nm (32 ft-Ib)
+ M12 {Torx) 72 Nm (53 ft-Ib}

Clutch, instaliing (new SAC components)

V-8 models and 1998 and later 6 cylinder models are
equipped with the self-adjusting ciuich (SAC) pressure plate.
The SAC pressure plate, when new, comes from the factory
with a lock plate at the center which maintains spring tension
on the self-adjusting springs. This locking ring must not be re-
moved untif the pressure plate is securely installed on the fly-
whee! with the clutch disk in place.

CAUTION—
Avoid contaminating clutch friction surfaces with oil or grease.
Do not touch these surfaces.

4 Center clutch disc on flywheel using centering tool.

. plate.

« S~speed transmission: Special tool 21 2 142
= B-speed transmission: Special tool 21 2 141
= (365-37BZ transmission: Special tool 21 2 201

CAUTION—
Be sure ciutch disc is facing the correct way. The disc should

be marked “engine side” or “transmission side".

NOTE—

The large bolt in the clutch disc centering fool is used to in-
stalf and remove the tool only. Once the disc is in place on the
flywheel, remove the bolt to make room for the SAC pressure

+:BentleyPublishern.com—-All Rights Resenoed
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Clutch - -

502210009

sleeve

Q022113

Install flywheel lock, special ool 11 2 170 (6 cylinder model)
or 11 2 070 (V-8 model).

Install SAC pressure plate on dowel pins at flywheel. Install
clutch mounting bolts and tighten each one turn at a time until
pressure plate is fully seated. Torque to specification.

Tightening torques

Clutch to flywhee!
= M8 (8.8 grade) 24 Nm (18 ft-1b)
« M8 (10.9 grade} 34 Nm (25 ft-1b)

Use 14 mm Allen wrench to unscrew (clockwise or counter-
clockwise) lock plate in center of pressure plate.

NOTE—
The spring lock plate may make snapping noises while being
unscrewed.

Using large bolt, pull cut clutch centering tool.

Remove flywheel locking tool.

Inspect and clean release bearing lever. Apply a thin coat of
grease to release bearing lever |ubrication points. Install re-
lease bearing. Bearing tabs (A) align with contact points (B)

on release lever.

Clean release bearing guide sleeve.

CAUTION—
Do not grease guide sleeve, If guide sleeve is greased, re-
lease bearing rmay stick to it.

Clean and lightly lubricate clutch disc splines and transmis-
sion input shaft splines.

Install transmission. See 230 Manual Transmission.

Tightening torques

Transmission o engine

+ M8 (Torx) 22 Nm (16 ft-1b)
¢ M10 (Torx) 43 Nm (32 ft-Ib)
s M12 (Torx) 72 Nm (53 ft-Ib)

CBantleyPubhkchern.com=-Al Righls Ressrved
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Clutch, installing (used SAC components)

When reinstalling a previously used self-adjusting clutch
{SAC), special tools are needed to reset the self-adjusting
ring to its original position.

CAUTION—
Avoid contaminating clutch friction surfaces with oil or grease.

Do not touch these suraces.

Place SAC pressure plate on clean work surface.

Place BMW special tool 21 2 180 on pressure plate.

= Note that locating hooks of special tool engage pressure
plate adjusting ring openings {inset).

« Grip tool firmly and squeeze special tool handies together.
 Tighten down special tool knurled screws (arrows).
= SAC adjustment ring is now in its original position.

Install BMW special tool 21 2 170 on SAC pressure plate.
= Fit fingers of special tool in slots above dowel pin bores.
« Tighten down knurled nut (arrow) finger-tight.

= Screw in T-handle until pressure plate diaphragm spring is
pretensioned fo stop.

Center clutch disc on flywheel using centering tool.
= B.gpeed transmission: Special tool 21 2 142

¢ G-speed transmission: Special tool 21 2 141

= (565-37BZ transmission: Special tool 21 2 201

CAUTION—
Be sure cluteh disc is facing the correct way. The disc should
be marked “engine side” or “fransmission side”.

NOTE —

The large bolt in the clutch disc centering tool is used to in-
stall and remove the tool only. Once the discis in place on the
flywheel, remove the bolt to malke room for the SAC pressure
plate.
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Cluich

02243

Install flywheel lock, special tool 11 2 170 {6 cylinder model)
or 11 2 070 (V-8 madel).

Install SAC pressure plate on dowel pins at flywheel. [nstall
clutch mounting bolts and tighten each one turn at a time uniil
pressure plate is fully seated. Torgue to specification.

Tightening torgues

Clutch to flywheel
= M8 (8.8 grade) 24 Nm (18 ft-1b)
= M8 (10.9 grade) 34 Nm (25 ft-1b)

Slip out clutch centering tool using large bolt.

Remaove flywheel locking tool.

Inspect and clean release bearing lever, Apply a thin coat of
grease to release bearing lever lubrication peints. Install re-
lease bearing. Bearing tabs (A) align with contact points (B)
on release lever.

Clean release bearing guide sleeve.

CAUTION—
Do not grease guide sleeve, If guide sleeve is greased, re-

lease bearing may stick io iL.

Clean and lightly lubricate cluich disc splines and transmis-
sion input shaft splines.

Install transmission. See 230 Manual Transmission.

Tightening torques

Transmission to engine

+ M8 (Torx) 22 Nm (16 ft-1b}
s M10 (Torne) 43 Nm (32 ft-Ib}
« M12 (Torx) 72 Nm (53 ft-1b)
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- Clutch

Self-adjusting cluich (SAC), breaking in

With normal driving, 800 to 1000 gearshifts are required to
break in the clutch.

Break in the SAC gradually, with light to medium loads, to en-
sure correct operation and long life. Fast sports driving ma-
neuvers may destroy a new clutch.The following break-in
procedure helps to create the correct coefficient of friction.

¢ Drive normally on level grade. Starting speeds on level
grade may be up to 2000 rpm.

= Upshift and downshift through all the gears at 3500 - 4000
rpr.

= On medium grades (approx. 12% and up), start off at ap-
prox. 2500 rpm for the first 5 or so times.

Tightening torques

Clutch slave cylinder to transmission case 22 Nm (16 it-Ib)

Clutch master cylinder to pedal cluster 10 Nm {83 in-Ib)

Brake fluid line to clutch master or slave cyfinder 17 Nm (13 fi-lb)

Transmission to engine

= M8 (Torx) 22 Nmi (16 1t-Ib)
« M10 (Torx) 43 Nm (32 ft-Ib)
« M12 (Torx) 72 Nm {53 ft-lb}

Flywheel 1o crankshaft

* & cylinder engine (use new self-locking balts} 105 Nm (77 fi-Ib}

* V-8 engine 105 Nm (77 fi-lb)
Clutch to fiywheel

« M8 (B.B grade) 24 Nm (18 {t-lb)

= M8 (10.9 grade) 34 Nm (25 ft-Ib)
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