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100-2 Engine—General

General

Engine specifications

GENERAL

This section covers system descriptions and general information on
engines and engine management systems. Also covered is basic
engine troubleshooting.

For specific repair procedures, refer to the appropriate repair group:
¢ 110 Engine Removal and Installation

* 113 Cylinder Head Removal and Installation

¢ 116 Cylinder Head and Valvetrain

¢ 117 Camshaft Timing Chain

¢ 119 Lubrication System

* 120 Ignition System

¢ 130 Fuel Injection

¢ 170 Radiator and Cooling System

MINI Cooper and MINI Cooper S cars are equipped with variants of
a4-cylinder engine, mounted transversely across the front of the car.
See Engine specifications table.

Engine code, |Displacement |Engine management |Bore/stroke |Compression |Torque Horsepower
Model |type cc (cu. in.) (DME) mm (in.) ratio Ib-ft/rpm |(SAE)/rpm
MINI Cooper
2002 - (W10B16A 1598 (97.5) Siemens 85.8/77 10.6:1 110 /4500 115 /6000
2006 [normally EMS 2000 (3.38/3.03)
aspirated
4-cylinder
MINI Cooper S
2002 - |W11B16A 1598 (97.5) Siemens 85.8/77 83:1 155/4000 |[163/6000
2006 |supercharged EMS 2000 (3.38/3.03)
4-cylinder
MINI Cooper S with John Cooper Works (JCW) kit
2003 - (W11B16A 1598 (97.5) Siemens 85.8/77 n/a 177 /4000 [200/6950
2004  |supercharged EMS 2000 (3.38/3.03)
d-cvli
2005 - | evlinder n/a 181/4500 |210/6950
2006
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Engine Construction

Crankshaft bearings

BentleyPu ers 3
n
] 1 < All MINI Cooper engines use five main bearings. Lubrication is sup-
e e % l plied through holes in the upper shell directly from the main oil gal-
- i 2% lery.

1. Upper shell grooved to transport oil to lower shell
2. Lower shell located in bearing ladder

3. Thrust washer built into center upper main bearing shell to
control crankshaft end float

The connecting rod and main bearing shells are made of an alumi-
num base that is rolled onto a low carbon steel backing.

min100005b

Connecting rods

MINI Cooper connecting rods are manufactured from non-coplanar
powder metal. They are manufactured in one piece and then frac-
tured across the big end journal.

MINI Cooper S connecting rods are manufactured from forged steel
to provide additional strength. They are then fractured.

The big end bearings are of a conventional plain shell design, with oil
supplied from a hole in the crankshaft.

1. Bearing shells

2. Connecting rod assembly
3. Fracture break

4. Bigendcap

5. Connecting rod bolt
Fracture process

Inthe fracture splitting process, the connecting rod and big end bear-
ing cap are designed to separate close to the theoretical center line
with no loss of material. This is achieved by applying a load between
the big end bearing cap and the connecting rod via a wedge in a split
BentleyPublishers mandrel. The big end bore in the connecting rod is premachined with
L0 min100009 a notch introduced at the required joint plane to initiate the fracture.

The separation is accurately determined by careful consideration of
the geometry of the forging and material selection.

Fracturing of the connecting rod takes place immediately before the
bolts are fitted and correctly tightened. This keeps the matching cap
and connecting rod together for subsequent finish machining of the
bore. The fractured surfaces form a unique multifaceted joint which
provides a contact area much greater than that of a normally ground
surface. The multifaceted joint also promotes precise mating be-
tween the big end cap and the connecting rod. No further machining
of the faces is required, and no additional means of locating the big
end bearing to connecting rod is necessary.

The main benefits of the fracturing process are:
* Reduction in manufacturing time and cost

* Each rod and bearing cap with a unique fracture, reducing the
possibility of mismatched pairs

¢ Improved rod weight control
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Engine Construction

MINI Cooper piston
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Pistons

The pistons are of aluminum construction with a Grafal coating ap-
plied to the skirt to reduce noise, friction, and scuffing.

MINI Cooper pistons have flat tops.

MINI Cooper S has a concave piston top with a volume of 1.66 cc
(0.1 cu. in.) to reduce the compression ratio.

Grafal coating

Grafal consists of a fine colloidal graphite which is bonded with resin.
Itis between 10 and 20 micrometers thick (0.010 - 0.020 mm/
0.0004 - 0.0008 in) and is applied by means of a printing process, fol-
lowed by curing. Improved adhesion properties are achieved by a
thin metallic phosphate layer or other proven methods which are ap-
plied prior to coating.

Oil pan

The oil pan is constructed of die cast aluminum. It is secured to the
bearing ladder by 13 bolts.

The oil pan provides a mounting position for the air-conditioner com-
pressor on the right side of the engine (viewed from the crankshaft
pulley) and for the engine stabilizer on the left side of the engine.

The seal between the oil pan and bearing tadder has a washer fitted
to each bolt location to prevent overtightening and distortion of the
seal. A lip on the oil pan seal ensures correct location to the bearing
ladder.

Oil pan removal and installation is covered in
119 Lubrication System.

Cylinder head

The crossflow design cylinder head includes a single overhead
camshaft, two rocker shafts and four valves per cylinder. The valves
are arranged in two inline banks, the intake side facing towards the
radiator, the exhaust facing towards the engine compartment rear
bulkhead.

1. Camshaft pulse generator
Camshaft bore end-plug
Sealing O-ring

Rocker arm shafts

Camshaft bearing cap bolt (M8)
Cylinder head bolt (M10x150 mm)
Intake rocker arms

Coolant temperature sensor

9. Exhaust rocker arm

10. Intake valve assembly

11. Exhaust valve assembly

12. Cylinder head gasket

© N O RN
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MIL
USA models

MIL
Canadian models

emﬂeypubﬂisheﬁ

min100652a

John Cooper Works (JCW) Kit

JOHN COOPER WORKS (JCW) KiIT

The John Cooper Works performance package was initially intro-
duced to the U.S. market in April, 2003. Produced by the John Coo-
per Works Company of England, this package is sold through MiN{
dealers and is covered under MINI’s comprehensive new car war-
ranty. Itis available as an add-on to MINI Cooper S models and can
be retrofitted to earlier Cooper S models.

Engine performance is increased to 200 hp by utilizing a reconfig-
ured cylinder head, uprated supercharger, special engine electron-
ics and a performance exhaust.

Power was further increased to 210 hp in 2005 with the addition of a
new air filter housing and special fuel injectors. The new JCW air fil-
ter housing has an extra intake flap to allow greater airflow at high
revs (above 4500 rpm). This upgrade kit can be installed on engines
that already have the earlier JCW kit.

DRIVEABILITY TROUBLESHOOTING

MINI Cooper vehicles are equipped with a sophisticated self-diag-
nostic engine management system. This system monitors and
stores diagnostic fault information.

If the malfunction indicator light (MIL) comes on or flashes, it indi-
cates that an emissions-related fault has occurred and that fault in-
formation is stored in memory within the ECM. In this situation, the
first diagnostic test should be to connect a dedicated BMW scan tool
and interrogate the fault memory.

The diagnostic capabilities of these systems have the potential to
save hours of diagnostic time and prevent incorrect component re-
placement. See OBD On Board Diagnostics.

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

System voltage

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

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

The DME system operates at low voltage and current levels, making
it sensitive to small increases in resistance. The electrical system is
routinely subjected to corrosion, vibration and wear, so faults or cor-
rosion in the wiring harness and connectors are not uncommon.
Check the battery terminals for corrosion or loose cable connec-

©2006 BentleyPublishers.com—All Rights éesérved






110-1

110 Engine Removal and Installation

General .................. ... ......... 110-2
Specialtools .. ........... .o i, 110-2
Engine Removal and
Installation (Cooper) ................. 110-4
Engine, removing and
installing (Cooper) ..................... 110-4

Engine Removal and
Installation (CooperS) .............. 110-16

Engine, removing and
installing (Cooper S)

© 2006 BentleyPublishers.com—All Rights Reserved







Engine Removal and Installation 110-3

General

new ) 4 Modular front end extensions
118402 (2) (BMW tool no. 11 8 400)

4 Plugs for fuel lines and fittings

135281 (1
52; (BMW tool no. 13 5 280)

13 5 282

4 Service position hood prop extensions

512160
(BMW tool no. 51 2 160)

CAUTION —

* [f the malfunction indicator light (MIL) is illuminated, see OBD
On Board Diagnostics for DME fault code information.

» If other system faults have been detected, as indicated by an
illuminated ABS, SRS or ASC/DSC warning light, see the ap-
propriate repair group in this manual or an authorized BMW
dealer for more information on fault codes.
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Engine Removal and Installation

110-15

Engine Removal and Installation (Cooper)

— Installation is reverse of removal, noting the following:

Replace all gaskets, O-rings and seals.

Models with manual transmission: Refill transmission and check
all other fluid levels. See 020 Maintenance.

Models with CVT: Refill transmission following procedure in 240
Automatic Transmission. Check all other fluids.

Refill and bleed cooling system. See 170 Radiator and Cooling
System.

Check that engine accessory belt properly engages pulley
grooves.

CAUTION —
Check accessory belt for cracks, coolant and oil residue. Re-
place if contaminated by oil.

¢ Install exhaust manifold using new gaskets. Use copper paste on
threads. See 180 Exhaust System.

* After reattaching battery cables, initialize power windows by rais-
ing each window and keeping power window switch in raised po-

sition for about 5 seconds.

Tightening torques

A/C compressor to engine pan mount

25 Nm (18 ft-Ib)

Alternator lead to starter motor

14 Nm (10 ft-Ib)

Crush tubes to front end

100 Nm (75 ft-ib)

Crush tubes to subframe

100 Nm (75 ft-Ib)

CVT shift cable to gearshift lever

12 Nm (9 ft-Ib)

Engine mount bracket to cylinder head

100 Nm (74 ft-Ib)

Engine mount bracket to engine mount

68 Nm (50 ft-Ib)

Engine mount to body

68 Nm (50 ft-Ib)

Fusebox retaining bolts to chassis 5 Nm (4 ft-lb)
Gearshift cable bracket to transmission 22 Nm (16 ft-Ib)
Ground wire to left strut tower 9 Nm (7 ft-ib)
Heat shield to starter motor 9 Nm (7 ft-Ib)

Lower engine vibration damper to holder

100 Nm (74 ft-Ib)

Lower engine vibration damper to oil pan

38 Nm (28 ft-Ib)

Slave cylinder to bracket

24 Nm (18 ft-Ib)

Top engine vibration damper bracket to body 100 Nm (74 ft-Ib)

Top engine vibration damper bracket to engine | 100 Nm (74 ft-Ib)

Transmission mount bolts to gearbox 66 Nm (49 ft-Ib)

Transmission mount bracket to transmission 38 Nm (28 ft-Ib)

Transmission mount retaining bolt
to upper bracket

66 Nm (49 ft-Ib)

Wiring to starter solenoid 8 Nm (6 ft-lb)
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110-26 Engine Removal and Installation

Engine Removal and Installation (Cooper S)

CAUTION —

Check accessory belt for cracks, coolant and oil residue. Re-

place if contaminated by oil.

Tightening torques

]

A/C compressor to engine pan mount

25 Nm (18 ft-Ib

Alternator lead to starter motor

14 Nm (10 ft-Ib

Crush tubes to front end

100 Nm (75 ft-Ib

Crush tubes to subframe

)
)
)
)

100 Nm (75 ft-Ib

Engine mount bracket to engine mount

68 Nm (50 ft-Ib)

Engine mount bracket to transmission

38 Nm (28 ft-Ib)

Engine mount to body

68 Nm (50 ft-Ib)

Fusebox retaining bolts to chassis 5 Nm (4 ft-Ib)
Gearshift cable bracket to manual transmission| 22 Nm (16 ft-Ib)
Gear selector cable to bracket on automatic 12 Nm (9 ft-Ib)
transmission

Ground wire to left strut tower 9 Nm (7 ft-Ib)
Heat shield to starter motor 9 Nm (7 ft-Ib)
Intercooler cover bracket to intercooler 9 Nm (7 ft-Ib)
Intercooler cover to intercooler 9 Nm (7 ft-Ib)
Lower engine vibration damper to holder 100 Nm (74 ft-Ib)
Lower engine vibration damper to oil pan 38 Nm (28 ft-Ib)
Mount bracket to cylinder head 100 Nm (74 ft-Ib)
Slave cylinder to manual transmission bracket | 24 Nm (18 ft-Ib)
Starter to automatic transmission 82 Nm (60 ft-Ib)
Throttle body to intake manifold 9 Nm (7 ft-Ib)

Top engine vibration damper bracket to body

100 Nm (74 ft-Ib)

Top engine vibration damper bracket to engine

100 Nm (74 ft-Ib)

Transmission mount bolts to transmission

66 Nm (49 ft-Ib)

Transmission mount retaining bolt
to upper bracket

66 Nm (49 ft-Ib)

Upper sealing ring bracket to lower bracket

9 Nm (7 ft-Ib)

Wiring to starter solenoid

8 Nm (6 ft-Ib)
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113 Cylinder Head Removal and

Installation
General ............. ..., 113-2 Cylinder Head Removal and Installation
Specialtools . ............ ... ... Ll 113-2 (CooperS)...............oooviii.n 113-20
Diagnostic Testing ................... 1133 Cooper S air intake components. . . ... 113-20
Cylinder compression, testing. . ............ 113-3 Intercooler, removing and |r?staII|r?g """" 13-21
y P! ’ 9 Valve cover, removing and installing
We't compressiontest.................... 113-5 (COOPEIS) - e, 113-22
Cylinder leak downtest................... 113-6 Intake manifold, removing and installing
Cylinder Head Removal and Installation (CooperS)......oooiiiiiiiiiiaaa. 113-24
(Cooper)...............oiiiiiL, 113-6 Cylinder head, removing and installing
Valve cover, removing and installing (CooperS) ..., 113-28
(Cooper). . ..o 113-6
Intake manifold, removing and installing
(Cooper). ...t 113-8
Cylinder head, removing and installing
(Cooper). ...cooi i 113-11
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Cylinder Head Removal and Installation 113-5

Diagnostic Testing

— Release pressure at compression gauge valve, then remove gauge
from spark plug hole. Repeat test for each cylinder and compare re-
sults with values given in Compression specifications table.

Compression specifications

Compression range
Cooper 11.5 - 17.0 bar (167 - 247 psi)
Cooper S 9 - 13.5 bar (131 -196 psi)

Maximum difference between
cylinders 0.5 bar (7 psi)

— Compression readings may be interpreted as follows:

* Low compression in one cylinder indicates a poorly sealed com-
bustion chamber.

» Relatively even pressures that are below specification normally
indicate worn piston rings and/or cylinder walls.

» Erratic values tend to indicate valve leakage.

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

— If readings are within specifications, reinstall spark plugs.

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

Tightening torque

Spark plug to cylinder head 27 Nm (20 ft-Ib)

— Remainder of installation is reverse of removal. Be sure to reattach
coil pack electrical connector.

— Connect BMW service scan tool or equivalent and delete stored
faults.

Wet compression test

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

— Repeat compression test, but 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.

= Ifthis test yields a higher reading than “dry” compression test, there
is probably leakage between piston rings and cylinder walls, due ei-
ther to wear or to broken piston rings.

— Little or no change in compression reading indicates other leakage,
probably from valves.
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Cylinder Head Removal and Installation 113-39

Cylinder Head Removal and Installation (Cooper S)

Tightening torques

Air filter housing to body (M6) 7 -10Nm

(5 - 7 ft-Ib)
Battery cable (- or +) to battery (M6) 5 Nm (44 in-Ib)
Camshaft position sensor to cylinder head (M6) 9 Nm (7 ft-Ib)

Crush tube to subframe (M12 x 1.5 x 85 mm)

100 Nm (74 ft-Ib)

Engine front mounting bracket to top of engine
block (M12)

100 Nm (74 ft-Ib)

Engine splash shield to modular front end
(M6 x 16 mm)

6 Nm (53 in-Ib)

Exhaust manifold to cylinder head (M8)

24 Nm (18 ft-Ib)

Exhaust manifold heat shield to cylinder head
(M8)

13 Nm (10 ft-Ib)

Front bumper to crush tube or to bumper carrier
(M8 x 30 mm)

22 Nm (16 ft-Ib)

Front bumper to modular front end
(M6 x 16 mm)

5 Nm (44 in-Ib)

Hydraulic engine mount to body

100 Nm (74 ft-Ib)

Hydraulic engine mount to body (replace bolt)
Initial torque
Torque angle

56 Nm (41 ft-Ib)
90°

Hydraulic engine mount to engine mounting
bracket

68 Nm (50 ft-lb)

Ignition coil pack to valve cover (M6)

12 Nm (9 ft-Ib)

Intake manifold to cylinder head (M8)

26 Nm (19 ft-Ib)

Intercooler outlet pipe to intake manifold (M7)

16 Nm (12 ft-Ib)

Modular front end to crush tube (M6)

5 Nm (44 in-Ib)

Sealing plug to cylinder head

18 Nm (13 ft-Ib)

Spark plug to cylinder head

27 Nm (20 ft-Ib)

Supercharger outlet pipe to supercharger (M8)

25 Nm (18 ft--Ib)

Throttle valve assembly to intake manifold (M6)

9 Nm (7 ft-Ib)

Upper engine vibration damper bracket to
damper or to engine mounting bracket (M12)

100 Nm (74 ft-Ib)

Valve cover to cylinder head (M6)

12 Nm (9 ft-Ib)

©2006 BentleyPublishers.com—All Right§ Reserved




116-1

116 Cylinder Head and Valvetrain

General........... ... 116-2
Specialtools . ............ .. ..o .. 116-2
Cylinder Head Disassembly........... 116-4
Spark plug sleeve, removing and installing. . .. 116-4
Rocker arm shafts and rocker arms,
removing andinstalling ................. 116-5
Camshaft, removing and installing .. ........ 116-6
Cylinder Head Service ............... 116-13
Cylinder head, inspecting . ............... 116-13
Valves, leaktest ....................... 116-13
Cylinder head, coolant leak test . .......... 116-14

Valves ... 116-14
Valves, removing and installing. .. ... ...... 116-14
Valve stemoilseals ................. ... 116-15
Valveguides ................ ... ... 116-16
Valveseats ... ..........c.cnenneean.. 116-17
Valvesprings. . ...t 116-18

TABLES

a. Valve specifications (Cooperonly) ....... 116-15

b. Valve guide specifications (Cooper only) .. 116-16

c. Valve seat dimensions (Cooper) ......... 116-17

d. Valve seat dimensions (Cooper S)........ 116-17
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116-4 Cylinder Head and Valvetrain

Cylinder Head Disassembly

min116001

CYLINDER HEAD DISASSEMBLY

The procedures described here can be performed without removing
the cylinder head from the engine.

Valves are actuated by hydraulic lifters which are integral with vaive
rocker arms. For information on removing rocker arms and hydraulic
lifters, see Rocker shafts and rocker arms, removing and install-
ing in this repair group.

WARNING —

Due to risk of personal injury, be sure the engine is cold before be-
ginning any of the procedures.

CAUTION —

Cover all painted surfaces before beginning the repair proce-
dure. As an aid to installation, label all components, wires, and
hoses before removing them. Do not reuse gaskets, O-rings or
seals during reassembly.

Spark plug sleeve, removing and installing

4 Spark plug sleeves (arrows) are pressed into cylinder head.

Remove valve cover. See 113 Cylinder Head Removal and Instal-
lation.

Remove spark plug.

Fit special tool 11 8 500 to spark plug sleeve to be removed and lock
in place. Attach slide hammer adapter to special tool and pull out
spark plug sleeve.

If spark plug sleeve is removed, always replace with new.

Clean area around spark plug bore.

Apply 3 mm ('&in) thick bead of Loctite® 277 sealing compound at
distance of about 1 mm (0.04 in) from end of new spark plug sleeve.

Screw special tool 12 1 212 or equivalent guide into spark plug hole.

Carefully install spark plug sleeve:
» Fit with special tool 12 1 211 or equivalent driver.
 Drive spark plug sleeve into cylinder head bore.

NOTE —
Sleeve is installed correctly when special tool 12 1 211 makes con-
tact with special tool 12 1 212.

Assemble engine.

Tightening torques

Spark plug to cylinder head 27 Nm (20 ft-1b)
Ignition coil pack to valve cover (M6) 12 Nm (9 ft-Ib)
Valve cover to cylinder head (M6) . 12 Nm (9 ft-lb)
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Cylinder Head and Valvetrain 116-13

Cylinder Head Service

CYLINDER HEAD SERVICE

The procedures described here are performed with the cylinder
head off the engine and on the work bench.

Cylinder head removal and installation is described in 113 Cylinder
Head Removal and Installation.

Cylinder head, inspecting

Remove rocker arm shafts and camshaft. See Cylinder Head Dis-
assembly in this repair group.

Check camshaft carrier bearing surfaces for warpage.
Decarbonize and clean head before inspecting.

Inspect disassembled and cleaned cylinder head for cracks.
¢ Visually inspect cylinder head.

* |f a cracked cylinder head is suspected and no cracks are detect-
ed through visual inspection, have head further tested for cracks
by authorized MINI dealer or ASE certified machinist.

¢ Replace cracked cylinder head.

Use straight edge to check diagonal and horizontal surface even-
ness of cylinder head.

Cylinder head distortion limits

Maximum warpage 0.1 mm (0.004 in)

Check valve guides and valve seats for wear before machining a
warped head.

Machine warped cylinder head.
* Do not remove more than 0.3 mm (0.012 in.) of material.
« |f further machining is required, replace cylinder head.

NOTE —

* Removing more than 0.3 mm (0.012 in.) will reduce the size of the
combustion chamber and adversely affect engine performance.

e The standard thickness of the cylinder head gasket is
0.65 mm (0.026 in). A thicker one of 0.95 mm (0.037in) is avail-
able for machined heads.

Valves, leak test

Remove cylinder head. Disassemble rocker arm shafts and cam-
shaft. See Cylinder Head Disassembly in this repair group.

Install a spark plug in each cylinder.

Place cylinder head on work bench with combustion chamber facing
upward.

Fill each combustion chamber with thin non-flammabile liquid, such
as parts cleaning fluid. After fifteen minutes, check level of fluid. If
fluid level in any cylinder drops, that cylinder is not sealing properly.
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116-14 Cylinder Head and Valvetrain

Valves

Cylinder head, coolant leak test

Remove and disassemble cylinder head. See Cylinder Head Dis-
assembly in this repair group. Clean sealing surfaces.

Place special tool 11 8 431 on sealing surface of cylinder head. Se-
cure with special tool 11 8 433.

Close off coolant opening with special tool 11 8 432.

Connect compressed air supply to special tool 11 8 432. Set test
pressure to 4.5 bar (65 psi).

Immerse cylinder head in a water bath. Check for escaping bubbles.
NOTE—
If necessary, soften the bath water with a cleaning agent.

VALVES

The procedures described here are performed with the cylinder
head off the engine and disassembled on the work bench.

Cylinder head removal and installation is described in 113 Cylinder

Head Removal and Installation. Also see Cylinder Head Disas-
sembly in this repair group.

Valves, removing and installing

Mount disassembled cylinder head on cylinder head assembly
stand (special tool 11 9 000 or equivalent).

Press down on valve springs with special tool 11 8 421 and remove
valve spring keepers.

Remove valve springs.

Use special tool 11 1 480 to remove valve stem seals. Discard
seals.

Remove valves from bottom of cylinder head.

CAUTION —
Label each valve and valve spring assembly as it is removed so
it can be installed in its original position.

Valve dimension specifications are in Table a.

When installing, lightly oil valve stem and valve stem seal.

NOTE —

» Do not reuse valve stem oil seals. If valves are removed, use new
valve stem oil seals.

* BMW special tools are available to remove the valve stem oil
seals. As an alternative, standard valve seal removal tools are
available from most automotive parts stores.
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Cylinder Head and Valvetrain 116-15

Valves

4 Use installation sieeve (special tool 11 1 380) over end of valve to
prevent damage to valve stem seal.

Valve . L . .

stem — Press on valve stem seal with special installation drift 11 1 130 as

seal far as it will go, until flush with surface of cylinder head.

= Install valve springs.

11 1 380 Table a. Valve specifications (Cooper only)

Parameter Specification

Valve length
intake 108.72 - 109.22 mm (4.280 - 4.300 in)
exhaust 117.57 - 118.07 mm (4.629 - 4.648 in)

com min116007

Valve stem dia. 5.934 - 5.952 mm (0.2336 - 0.2343 in)

NOTE—
Cooper S valve specifications were not available from MINI at time
of publication. Contact your MINI dealer for more information.

Valve stem oil seals

The purpose of the valve stem oil seal is to prevent excess oil from
entering the combustion chamber. The sign of faulty valve stem oil
seals is excessive oil consumption and smoke from the exhaust im-
mediately after starting and during deceleration.

NOTE—

* Do not reuse valve stem oil seals. If valves are removed, use new
valve stem oil seals.

* BMW special tools are available to remove the valve stem oil
seals. As an alternative, standard valve seal removal tools are
available from most automotive parts stores.

— Mount disassembled cylinder head on cylinder head assembly
stand (special tool 11 9 000 or equivalent).

— Press down on valve springs with special tool 11 8 421 and remove
valve keepers.

— Remove valve springs.

— Use special tool 11 1 480 to remove valve stem seals. Discard
seals.

— When installing, lightly oil valve stem and valve stem seal.

Valve 4 Use installation sleeve (special tool 11 1 380) over end of valve to

gg{‘ prevent damage to valve stem seal.

= Press on valve stem seal with special installation drift 11 1 130 as
far as it will go, until flush with surface of cylinder head.

111380 — Install valve springs.

BentleyPublishers

.com min116007
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116-16 Cylinder Head and Valvetrain

Valves

BentleyPublishers
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Valve guides

4 Check valve guides for wear using a new valve. Be sure to thorough-
ly inspect the cylinder head to ensure that it can be reused before

reworking the guides.

Valve guide specifications are listed in Table b.

Table b. Valve guide specifications (Cooper only)

Parameter

Specification

Valve guide inside
diameter

5.975 - 6.000 mm (0.2352 - 0.2362 in)

Running clearance
between valve and vaive
guide

intake

exhaust

0.048 - 0.066 mm (0.0019 - 0.0026 in)
0.074 - 0.094 mm (0.0029 - 0.0037 in)

Maximum running
clearance between valve
and valve guide

intake

exhaust

0.076 mm (0.0030 in)
0.101 mm (0.0040 in)

Valve guide wear,
maximum (valve tilt
clearance measured with
new valve)

0.25 mm (0.0098 in)

NOTE—

Cooper S valve guide specifications were not available from MINI at
time of publication. Contact your MINI dealer for more information.
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116-17

Valve seats

Valves

Resurface valve seats whenever new valves or valve guides are in-
stalled. Special cutters are required to resurface seats.

Always check valves for leaks after reconditioning a valve seat as
described above. Table ¢ and Table d list valve seat dimensions.

Table c. Valve seat dimensions (Cooper)

AN e— g 4 IRB
45%° I : _&,
\,/ 2 2 /C ;—
4 75
™ “/ B11110c
Parameter Specification

A Valve seat angle

45°

B Correction angle, outside

15°

C Correction angle, inside

75°

D Valve seat width
intake
exhaust

1.15- 1.48 mm (0.045 - 0.058 in)
1.47 - 1.80 mm (0.058 - 0.071 in)

E Valve seat outside dia.
intake
exhaust

31.9 + 0.1 mm (1.256 + 0.004 in)
25.2 + 0.1 mm (0.992 + 0.004 in)

Table d. Valve seat dimensions (Cooper S)

A”B\ |« E »| |5° B
457\ | | -
' AN L 2"
/S

\’/ / * o/ ;—

Sk 60

1 LY, B14110D

Parameter Specification

A Valve seat angle

45°

B Correction angle, outside

15°

C Correction angle, inside
(not machineable)

60°

D Valve seat width
intake or exhaust

0.900 - 1.300 mm (0.035 - 0.051 in)

E Valve seat outside dia.
intake
exhaust

30.000 mm (1.181 in)
23.000 mm (0.906 in)
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Valves

Valve springs

— Check valve springs for fatigue:
* Line up springs in a row.
* Place straightedge across top of springs.
* Replace any spring that is significantly shorter than others.
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117 Camshaft Timing Chain

General.......................... ..., 117-2
Specialtools ............ . ... 117-2
Timing Chain Housing Cover ......... 117-5
Crankshatt vibration damper,
removing and installing (Cooper).......... 117-5
Timing chain housing cover,
removing and installing (Cooper).......... 117-7

Crankshatft vibration damper,

removing and installing (Cooper S) ....... 117-10
Timing chain housing cover,
removing and installing (Cooper S) ....... 117-12
TimingChain ........................ 117-16
Timing chain, removing and installing. . ..... 117-16
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117-22 Camshaft Timing Chain

Timing chain

— Continue to reassemble engine, paying attention to the following:
* Use new sealing washers when installing threaded plugs at front
of cylinder head.
¢ Use new hose clamps, seals and gaskets, as necessary.
¢ Check DME control module adaptations using diagnostic scan

tool. Check for fault codes and clear and reset control module
memory.

Tightening torques
Battery cable (- or +) to battery (M6) 5 Nm (44 in-Ib)

Camshaft position sensor to cylinder head (M6} 9 Nm (7 ft-lb)

Engine front mounting bracket to top of engine | 100 Nm (74 ft-Ib)
block (M12)

Hydraulic engine mount to body 100 Nm (74 ft-Ib)

Hydraulic engine mount to body
(replace Torx bolt):

Initial torque 56 Nm (41 ft-Ib)
Torque angle 90°
Hydraulic engine mount to engine mounting 68 Nm (50 ft-Ib)
bracket

Ignition coil pack to valve cover (M6) 12 Nm (9 ft-Ib}
Sealing plug to cylinder head 18 Nm (13 ft-Ib)
Spark plug to cylinder head 27 Nm (20 ft-Ib)
Upper engine vibration damper bracket to 100 Nm (74 ft-Ib)
damper and to engine mounting bracket (M12)

Valve cover to cylinder head (M6) 12 Nm (9 ft-Ib)
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119 Lubrication System

General .............................. 119-2
Specialtools . .......... ..., 119-2
Engine lubrication. .. ........... ... ... .. 119-3

Troubleshooting...................... 119-4
Oil pressure, checking ................... 1194
Oil pressure warning system, testing . ....... 119-5

CrankshaftSeal ...................... 119-6
Crankshatft front seal,

removing and installing . ................ 119-6
Crankshatt rear seal,
removing and installing ................. 119-7

EngineOilPan........................ 119-8
Oil pan, removing and installing . ........... 119-8
Component Replacement............ 119-10
Oil pressure warning switch, replacing . . . . .. 119-10
Oil pump, removing and installing. . ........ 119-10
Oil pressure relief valve,
removing and installing ................ 119-11
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120 Ignition System

General ............. ... ... 120-1
Specialtools .. ......................... 120-2
Enginemanagement. .................... 120-3
Ignitionsystem .......... ... ... L., 120-3
Troubleshooting ............ ...ttt 120-4
Oscilloscope diagnostic diagrams. .......... 120-5
Warningsand cautions . .. ................ 120-7

Ignition System Service .............. 120-8
Ignition firingorder ........... ... ... ... .. 120-8
Disabling ignition system . ................ 120-8

Ignition wire, replacing ................... 120-9
Ignition coil assembly, replacing ........... 120-9 8
Crankshatft position sensor, replacing ...... 120-10 il
Camshaft position sensor, replacing ....... 120-11
Knock sensor, replacing . . ............... 120-12
TABLE
a. Ignition secondary voltage diagnostics .. ... 120-5
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Ignition System 120-5

General

Oscilloscope diagnostic diagrams

One way to diagnose a faulty coil assembly is to use an oscilioscope
to analyze spark quality with the engine running.

See Table a for a list of common ignition coil voltage faults and relat-

ed causes.

Table a. Ignition secondary voltage diagnostics
Secondary Secondary

Test point voltage low voltage high

Spark plug electrode gap | Too 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

< The illustration shows normal ‘scope trace of spark at idle.

1. Start of ignition voltage peak

2. Level of ignition voltage

3. Level of combustion voltage

4. Period of combustion

5. Combustion curve characteristics

BentleyPublishers - MS 6. Start of decay process
2 7. Termination oscillations

18] 130 < Ignition spark at idle speed.
] C 1. Normal ignition voltage peak indicates spark plug is good.
K ' Y ' 20 2. Low voltage peak indicates plug gap too narrow.
] I {1 C 3. High voltage peak indicates plug gap too wide.
1 e -
oM I3

Benﬂeypub"shergw 90 8¢ 70 60 S0 4 30 20 10 90
il 502120775

< Long combustion period indicates spark plug gap too narrow.

=
C:llllalll|8IlI08I

1)1

BentleyPublisherd® % ® 70 & 8 & 3 2 10 ©
00 502120777

©2006 BentleyPublishers.com—Ali Rights Reserved



120-6 Ignition System

General
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< Short combustion period indicates spark plug gap too wide.

< Normal combustion period at idle.

< Normal oscilloscope pattern for ignition system at idle.

< Ignition voltage peaks at idle.
1. Normal ignition peaks.

2. Downward peak (arrow) is shortened (ignition coil is defec-
tive).

3. Downward peak (arrow) is missing completely (ignition coil is
defective).

< Defective ignition coil.
1. Short spark period.
2. Spark voltage line (arrow) is very slight.
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General
C < Defective ignition coil.
15 30 1. Normal combustion period.
i - i. . . 520 2. Absence of spark voltage line (arrow).
% O @ 3
; o
BentleyPublishe@r}}”° 0 6 70 ®0 O B X K

4 Normal secondary voltage patterns.
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< Ignition voltage peaks in response to sudden acceleration load:

1. Normal ignition pattern: Beginning of dying out pattern is not
much higher than ignition voltage peak.

2. Faulty ignition system: Beginning of dying out pattern consid-
erably higher than ignition voltage peak. Possible causes:
¢ Lean fuel mixture
¢ Defective fuel injector

gttt b ¢ Low compression in cylinder

502120789
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Warnings and cautions

The ignition system produces dangerous high voltage. In addition,
sensitive electronic components can be damaged if proper precau-
tions are not adhered to.

WARNING —
¢ Do not touch or disconnect any cables from the coil assembly
while the engine is running or being cranked by the starter.

e The ignition system produces high voltages that can be fatal.
Avoid contact with exposed terminals. Use extreme caution
when working on a car with the ignition switched on or the en-
gine running.

» 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 ex-
ample when making a compression test) always disable the ig-
nition. See Disabling ignition system in this repair group.

AU
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120-12 Ignition System

Ignition System Service

D
min120005h|

Knock sensor, replacing

Read out engine control module (ECM) fault memory. Then switch
off ignition.

Cooper: Remove intake manifold. See 113 Cylinder Head Remov-
al and installation.

Cooper S: Remove supercharger. See 130 Fuel Injection.

Working at center of engine block just below cylinder head seam,
unlock and detach knock sensor electrical harness connector.

Note knock sensor orientation before removal. Unscrew sensor
mounting bolt (A) and remove sensor (B).

When installing:
* Clean knock sensor and crankcase contact surfaces.

» Orient knock sensor in relation to engine block with tilt of 20° from
horizontal. Refer to insert in illustration.

Tightening torque
Knock sensor to crankcase (M8) 22 Nm (16 ft-Ib)

After reassembling engine, clear ECM fault memory.

A
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121 Battery, Starter, Alternator

General .............................. 121-2
Specialtools .. ......................... 121-2
Engine electrical system ................. 121-2
Battery safety terminal (BST) .............. 121-3
Troubleshooting ........................ 121-3
Warnings andcautions .................. 121-4

Battery ... 121-5
Batterycapacity ............... ... ... .. 121-5
Battery maintenance. . ... ................ 121-6
Batterytesting ............. ... ... .. ... 121-7
Hydrometertesting . ..................... 121-7
Battery open-circuit voltage test . . . ......... 121-8
Battery load voltagetest ................. 121-8
Battery, removing and installing (Cooper). . . .. 121-9
Battery box, removing and installing

(Cooper). . .ovv v 121-10
Battery, removing and installing

(CooperS)......coiiiiiiiii i, 121-11
Battery safety terminal (BST) replacement

(CooperS)......coiiiiiii i 121-11

Alternator (Generator)

oo

Charging system troubleshooting
Charging system quick check

Charging system, checking ............

Alternator, removing and installing

(Cooper). ....cvvviiiiiiii i

Alternator, removing and installing

(CooperS)..........coiiiiiiien..

Starter
Starter troubleshooting . ... ............
Starter, removing and installing .........
Starter solenoid, removing and installing . . . .

TABLES

Battery, starter and alternator

troubleshooting ....................

Specific gravity of battery electrolyte

at27°C (80°F) ... vv it
Open-circuit voltage and battery charge . . ..
Battery load test - minimum voltage . ...
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121-4 Battery, Starter, Alternator

General

Warnings and cautions

WARNING —
e Wear goggles, rubber gloves, and a rubber apron when working
around the battery or battery acid (electrolyte).

e Battery acid contains sulfuric acid and can cause skin irrita-
tion and burning. If acid is spilled on your skin or clothing,
flush the area at once with large quantities of water. If elec-
trolyte gets into your eyes, flush them with large quantities of
clean water for several minutes and call a physician.

e Batteries that are being charged or are fully charged give off

explosive hydrogen gas. Keep sparks and open flames away.
Do not smoke.

CAUTION —
e Only use a digital multimeter when testing automotive electrical
components.

» If a repair procedure specifies disconnecting the battery, fol-
low the instruction for safety reasons.

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

» Before disconnecting battery, switch ignition OFF. If the igni-
tion is not turned off when the battery is disconnected, diag-
nostic troubles codes (DTCs) may be set in some electronic
control modules.

» Disconnecting the battery cables may erase DTCs stored in
ECM memory.

» Disconnecting the battery erases the radio presets. There-
fore, note stored stations and restore them after connecting
the battery.

» Stored settings of the on-board computer and clock will also
be lost.

» Always disconnect the negative (—) battery cable first and re-
connect it last. Cover the battery post with an insulating ma-
terial whenever the cable is removed.

» Do not disconnect battery, alternator or starter wires while
the engine is running.

* Never reverse the battery cables. Even a momentary wrong
connection can damage the alternator and other electrical
components.

» Do not depend on the color of insulation to tell battery posi-
tive and negative cables apart. Label cables before remov-
ing.

 After disconnecting battery, reinitialize power windows and
electric sunroof. See 512 Door Windows and 540 Sunroof.

UL
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121-6 Battery, Starter, Alternator

Battery

— Before charging battery, test battery as described in Battery open-
circuit voltage test in this repair group.

 If voltage is 10 vdc or less, one or more cells may be faulty or bat-
tery may already be damaged.

* In this case, remove battery from vehicle to recharge, because
escaping battery gases could damage interior equipment and
trim.

* Remove battery cap covers and top up cells with distilled water.
Leave caps off while charging.

* Attempt to revive faulty cells with low charging current.

WARNING —

» Hydrogen gas given off by the battery during charging is explo-
sive. Do not smoke. Keep open flames away from the top of the
battery, and prevent electrical sparks by turning off the battery
charger before connecting or disconnecting it.

* When charging battery in the Cooper, make sure battery box
cover is off,
e When charging battery in the Cooper S, make sure the cargo

compartment door is open and battery trim cover in bottom of
compartment is lifted up.

CAUTION —

* Battery electrolyte (sulfuric acid) can damage the car. If electro-
lyte is spilled, clean the area with a solution of baking soda and
water.

» Always allow a frozen battery to thaw before attempting to re-
charge it

» Ifaquick charger is used to charge the battery, disconnect bat-
tery from vehicle electrical system and remove. This prevents
damage to paintwork and upholstery.

Battery maintenance

Check battery acid level at least once a year. If necessary, top up
with distilled water.

Electrical consumers require power supply from the battery even
when the vehicle is not being driven. The battery also self-discharg-
es. Battery self-discharging time is dependent on vehicle model and
vehicle equipment.

If along time passes without the battery being recharged, it will even-
tually result in concealed damage. This will in turn lead to early fail-
ure of the battery.

— If battery is connected to vehicle circuits: Recharge every 6 weeks.

— If battery is not connected to vehicle circuits: Recharge every 12
weeks.

— For vehicle in continual but light use, use cigarette lighter trickle
charger, BMW special tool 61 2 410, to maintain optimum battery
charge. This charger, with electronic circuitry for controlling voltage
and current, switches charge voltage off at 13.8 vdc and back on
again at 12.6 vdc. Charge current is no greater than 5.5 A.

nileyPublishers
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Battery, Starter, Alternator 121-7

Battery

Battery testing

Battery testing determines the state of battery charge. On conven-
tional or low-maintenance batteries, the most common method of
testing the battery is to check the specific gravity of the electrolyte
using a hydrometer. Before testing the battery, check that the cables
are tight and free of corrosion.

NOTE—

In several battery tests given below, it is assumed that the battery
cell caps are removed. This is not possible in some “maintenance-
free” batteries.

Hydrometer testing

Before hydrometer testing, load the battery with 15 amperes for one
minute. If the battery is installed in the vehicle, this can be done by

turning on the headlights without the engine running. The state ofthe
battery charge based on specific gravity vaiues are given in Table b.

The hydrometer indicates the specific gravity of the electrolyte. The
more dense the concentration of sulfuric acid in the electrolyte, the
higher the state of charge.

NOTE —

Electrolyte temperature affects hydrometer reading. Check the elec-
trolyte temperature with a thermometer. Add 0.004 to the hydrome-
ter reading for every 6° C (10° F) that the electrolyte 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° F).

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 electrolyte specific gravity is at or above 1.225, but battery lacks
power for starting, determine battery service condition with a load
voltage test. See Battery load voltage test in this repair group.

If average specific gravity of battery cells is beiow 1.225, recharge
battery.

After charging several hours, if electrolyte specific gravity remains
low or battery lacks starting power, replace battery.

. i
©2008 BentleyPublishers.com-—All Rights Reserved


















Battery, Starter, Alternator 121-13

Alternator (Generator)

Charging system, checking

CAUTION —

* Do not disconnect the battery while the engine is running.
Damage to the alternator and/or engine electronic system
may result.

» Only use high impedance electronic test equipment when test-
ing charging system components.

— Read out engine control module (ECM) fault memory.

— Connect BMW diagnostic scan tool or oscilioscope to check alter-
nator function.

NOTE —
An alternator output pattern other than “normal” indicates that the
alternator needs rebuilding or replacement.

< Normal alternator
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Starter, Alternator

121

14 Battery,

Alternator (Generator)

< Open circuit in negative diode

< Short circuit in positive diode

< Open circuit in positive diode

< Open circuit in exciter diode
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121-18 Battery, Starter, Alternator

Starter

<

Remove mounting bolts and remove alternator.

1. Bolt M8 x 100 mm
-tighten to 25 Nm (18 ft-Ib)

Alternator

Spacer bushing
Regulator connector
B+ connector

AN S A\

Installation is reverse of removal.

Tightening torques

Alternator to engine block (M8) 25 Nm (18 ft-Ib)

10 Nm (7 ft-Ib)

Alternator harness to aiternator B+
connector (M6)

After reassembling engine, clear ECM fault memory.

STARTER

Starter troubleshooting

Large wire at starter terminal 30 is direct battery voltage. Smaller
wire at terminal 50 operates starter solenoid via ignition switch.

If starter turns engine slowly when ignition is in START position:
Check battery state of charge.

Inspect starter wires, terminals and ground connections for good
contact. In particular, make sure ground connections between
battery, body and engine are completely clean and tight.

If no faults are found, starter may be faulty.

If starter fails to operate:

* Check EWS (drive-away protection system). Try another ignition
key. If no faults can be found, have the EWS system checked us-
ing BMW scan tool equipment.

Check clutch pedal operated starter lock-out switch or gear posi-
tion switch (automatic).

NOTE—

» A factory-installed drive-away protection system or EWS is used
on MINI cars. This system prevents operation of the starter if a
specially coded ignition key is not used.

See 515 Central Locking and Anti-theft.

On automatic transmission cars, the transmission gear position
switch signals EWS to prevent the engine from starting in gear
positions other than PARK or NEUTRAL. See 240 Automatic
Transmission.

On manual transmission cars, a starter immobilization switch at
the clutch pedal is used to prevent the starter from operating un-
less the clutch pedal is pushed fully to the floor. See 612 Switch-
es.
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130 Fuel Injection

General....................... .. ...... 130-2 Sensor Replacement................. 130-42
Specialtools .. ........ .. ... ... 130-3 T-MAP sensor, replacing (Cooper) .. ....... 130-42
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130-6  Fuel Injection

General
The ECM also has an interface with the following systems:
* Air-conditioning (IHKS/IHKA)
* Automatic stability control (ASC)
* Dynamic stability control (DSC)
¢ Immobilizer (EWS)
Air: Fuel: Ignition:
* Electronic Throttle * Fuel Supply * Direct Ignition
* T-Map Sensor * NonReturn System * Knock Control
* Map Sensor (COOPER S) * Fuel Injection + Secondary Ignition Monitoring
I
/
Engine control
module (ECM)
EMS2000
b 1
— }4{t
I— ! _ _ ]
Emissions: Performance Controls:
» 0BD Il Compliant * Output of Injection Signal (Ti) for OBC
* Pre and Post Oxygen Sensors * Output of Engine RPM (TD) for Tachometer
» Oxygen Sensor Heating * A/C Compressor Control
* Misfire Detection * Electric Cooling Fan
» Evaporative Emission Control and Leak » CAN Bus Communication
Detection * ASC/DSC Interfacing
* Fuel Tank Monitoring * EWS
* Malfunction Indicator Light/SERVICE * Cruise Control
ENGINE SOON * ECM Programming
» Generator Output
B entﬂeyPubﬂisheﬁ + Automatic Transmission Controls __|

Principles of operation

_~ KL 15 Power supply

Q§E= q |

'—%&%’L— :g When ignition switch is placed in KL15 (ignition ON) or KL50

[B=3 - 1 Main rolay (START) positions, fuse 34 is provided with power. Fuse 34 supplies

TR iain KL o1 wake up or ON signal to ECM. Upon receipt of_ON sngpal, ECM sup-

Eeﬁ;a“; l L. Pow‘ir plies a ground signal to main relay. This energizes main relay,‘ sup-

Cperaiing power supply plying operating power to engine compartment fuses and engine
& monior management components.

BentleyPuinsheﬁ min130002|

At this point the engine is ready to start.
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Air management

ECM detects that the engine is cranking via crankshaft sensor sig-
nal.

Accelerator pedal sensors (PWG) signal 0.5 vdc, indicating a re-
quest for idle. Feedback potentiometers in the electronic throtile
control (EDRY) are checked to confirm closed throttle valve position.
Signals of 0.5 vdc from potentiometer 1 and 4.5 vdc from potentiom-
eter 2 indicate that the throttle valve is in LL or idle position.

With engine cranking, ECM monitors input from T-MAP (and MAP
sensor, if Cooper S). T-MAP output drops from 4 vdc (low vacuum)
to 1 vde (high vacuum).

Airvolume and density are calculated from T-MAP sensor signal and
intake air temperature.

Fuel management

When ECM detects engine revolutions, it provides ground signal to
fuel pump relay.

Fuel pump relay is fused. In early models, fuel pump circuit is further
protected by inertia switch. If inertia switch is not triggered (triggered
= open) power is provided to fuel pump relay.

NOTE—
The inertia switch is eliminated and its functions are assigned to the
multiple restraint system (MRS) control module.

Fuel pump is mounted in left side of saddle type fuel tank. When fuel
pump receives power, it picks up fuel through fuel filter and passes it
to right side tank.

Fuel at 3.5 bar (51 psi) is pumped to engine mounted fuel rail assem-
bly. Fuel rail contains pressure regulator and damper to smooth out
fluctuations in fuel pressure during high load situations.

Based on volume and density of air, engine load, engine rpm and
temperature, the ECM calculates correct volume of fuel for injection.

The ECM monitors crankshaft and camshaft sensors to time fully se-
quential fuel injector pulses.

Ignition management

The ECM relies on previously analyzed sensor inputs to time ignition
coil firing. As each cylinder approaches TDC, ECM grounds corre-
sponding ignition output stage and fires ignition coil.

The ECM monitors knock sensors for variations in engine sound. If
preignition knock is detected, ignition timing is retarded until the
knocking stops.

Spark plugs introduce ignition energy into combustion chambers.
High voltage arcs across air gap in spark plug, creating spark which
ignites air/fuel mixture.

foa

RO
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General

Emission management

Oxygen sensor heating. As soon as engine starts, pulse-width-
modulated ground signal from ECM is supplied to oxygen sensor
heaters. Duty cycle is increased to approximately 98% until oxygen
sensors are fully heated. Afterwards duty cycle is varied to maintain
sensor temperature. Example: During engine deceleration, duty cy-
cle is increased to compensate for decrease in exhaust tempera-
tures.

Once fully heated, oxygen sensors provide information about oxy-
gen content in exhaust.

Pre-catalyst oxygen sensor. ECM adjusts injector ON-time based
oninput from pre-catalyst oxygen sensor. High voltage reading from
pre-catalyst sensor indicates low oxygen content in exhaust (rich
mixture). ECM reduces injector ON-time until voltage reading drops.
Injector ON-time is then increased again. This oscillation is referred
to as “closed loop”.

Post-catalyst oxygen sensor. ECM monitors catalyst condition us-
ing post-catalyst oxygen sensor signai during closed loop operation.
Oscillations in oxygen content, detected by precatalyst oxygen sen-
sor, are dampened by oxygen storage capacity of catalyst. Normal
post-catalyst sensor has fairly stable signal, indicating oxygen has
been consumed.

See OBD On Board Diagnostics for additional information on cata-
lyst monitoring.

Evaporative emissions monitoring. ECM also monitors fuel tank
evaporative losses via fuel tank leak diagnosis pump (LDP or
DMTL).

Adaptation. ECM adapts to driving conditions in order to maintain a
stoichiometric air/ fuel ratio (14.7 : 1). Itis capable of adapting to var-
ious environmental conditions encountered while the vehicle is in
operation (changes in altitude, humidity, ambient temperature, fuel
quality, etc.). These ECM adaptations can only make slight correc-
tions and can not compensate for large changes which may be en-
countered as a result of incorrect airflow or incorrect fuel supply to
engine.

Within allowed adaptation range, ECM modifies injection rate during
these states of engine operation:

* During idle and low load mid range speeds (additive adaptation)

* During operation under normal load to higher load at higher en-
gine speeds (multiplicative adaptation)
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Performance controls

EWS Interface. ECM communicates with immobilizer (EWS) mod-
ule prior to releasing injection and ignition.

Upon receiving correct rolling code from EWS, ECM allows fuel in-
jectors and ignition coils to operate.

Automatic transmission control. As driver moves shift selector le-
ver from PARK, ECM checks for brake pedal sensor signal before
releasing shift interlock relay. Upon receiving a valid brake pedal
sensor input, shift interlock relay is released and gear shift lever may
be moved into DRIVE position.

ECM uses inputs from crankshaft sensor, transmission temperature
sensor and transmission output speed sensor as well as gear shift
lever switches to determine gear selection and programming. In-
structions for gear control are transmitted from ECM through trans-
mission control module (GIU) to transmission.

A/C compressor control. A request from the IHKS or IHKA is
passed via the K-bus to the instrument cluster (IKE) and then over
the CAN-bus to ECM. ECM checks signal from A/C pressure trans-
ducer and, if within range, activates compressor relay. ECM signals
IHKS/IHKA that compressor is ON.

In response to compressor activation, ECM increases idle speed
slightly to compensate for increased engine load.

Torque management. To prevent adversely affecting catalyst life or
raising combustion chamber and piston temperatures, engine
torque is changed by altering only ignition timing or throttle position.

Ignition timing can be altered rapidly and gives an instant torque
change because under normal circumstances ECM always ensures
that engine runs at peak efficiency.

Throttle position (airflow) change can increase or decease engine
torque. If airflow is increased or decreased, ECM automatically
maintains correct fuel mixture by balancing fuel input.

Unlike rapid torque change achieved by altering ignition, changesin
throttle position take longer to achieve torque variation. Each system
can demand either a slow or fast torque variation.

Torque control. EMS2000 can vary engine torque output in re-
sponse to several conditions.

* Engine running demands. Torque variation is requested internally
from within ECM to support the following:
Idle control
Catalyst 'light up' and overheat protection
Limp home control
« Powertrain and chassis demands. Torque variation is requested
externally from the following:
Dynamic Stability Control (DSC)
Automatic Stability Control + Traction Control (ASC)
Automatic transmission (ECVT)
Cruise control

¢ Driver demand.

©2006 BentleyPublishers.com--All Rights Reserved
























130-18 Fuel Injection

General

Brake light switch

Brake light switch is clipped to pedal cluster bracket above brake
pedal.

Two separate Hall effect brake switch inputs into ECM aliow redun-
dant integrity checking. Main brake switch signal is used to control
both cruise control and drive-by-wire systems.

If brake is applied, ECM suspends cruise control, but retains cruise
target speed in memory.

Second switch is used in safety plausibility check. If at any time the
two brake signals are inconsistent, a fault condition is assumed and
any accelerator demand will resuit in no throttle change. Engine wilt
remain at idle.

For more information on brake light switch, see 612 Switches.
Clutch switch

Clutch switch module is clipped to clutch master cylinder above
clutch pedal.

Clutch switch is Hall effect device used in manual transmission vehi-
cles. Clutch switch signal to ECM is used as follows:

* Prevents starting of engine uniess clutch pedal is pressed to floor.
» Suspends cruise control when clutch is operated.

For more information on clutch switch, see 612 Switches.
Automatic transmission (CVT) sensors

CVT has a dedicated secondary speed sensor located in differential
housing and a two wire temperature sensor in valve body, both con-
nected to ECM.

For more information about automatic transmission control, see 240
Automatic Transmission.

Alternator (generator)

Dedicated output from alternator is provided to ECM to determine
electrical load on engine. When electrical loads are switched on, al-
ternator is required to generate more electrical energy, which in turn
creates greater load on engine. If alternator signal fails engine may
exhibit poor idle speed stability as electrical loads are increased.

For more information on alternator, see 121 Battery, Starter, Alter-
nator.
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General

immobilizer (EWS)

ECM communicates with immobilizer system (EWS) to provide theft
protection for vehicle.

On vehicles with automatic transmissions, there is a park / neutral in-
hibit signal that EWS control module receives directly from transmis-
sion. EWS allows engine to crank only if automatic transmission is in
N or P position.

For more information on EWS system, see 515 Central Locking
and Anti-Theft.

Transmission control module (GIU)

Transmission control module (GIU) functions are as follows:

* Converts inputs from gear selector lever switches (and steering
wheel switches if fitted) into CAN instructions for ECM.

* [lluminates LEDs to display transmission mode.

* Converts CAN instruction for ECM into electrical signals to drive
transmission ratio control motor and clutch and secondary pres-
sure solenoids.

For more information about GIU, see 240 Automatic Transmis-
sion.

ABS/ASC/DSC

ECM receives road speed signals from ABS/ASC/DSC control mod-
ule for cruise functions (if equipped) and maximum vehicle speed
limiting. Road speed signals arrive at ECM over CAN-bus. Requests
for torque modification are also received from ASC/DSC module
over CAN-bus.

For more information about ABS/ASC/DSC, see 340 Brakes.
AJ/C pressure transducer

Pressure transducer protects A/C system from extremes of system
pressure. In conjunction with engine coolant temperature (ECT)
sensor, transducer controls engine cooling fan speed. Transducer is
fitted in high pressure/temperature line of refrigerant circuit, on AC
pipe connecting condenser and thermostatic expansion valve, in left
rear corner of engine compartment.

For more information about A/C system controls, see 640 Heating
and Air-conditioning.

Electronic instrument cluster (IKE)

Instrument cluster (IKE) communicates with ECM over CAN-bus.
Low fuel level signal is passed to ECM for evaluation of misfires. IKE
also transfers requests for the A/C compressor from IHKS/IHKA to
the ECM. Any vehicle system not on CAN-bus that communicates
with ECM does so through IKE.

For more information about IKE, see 620 Instruments.
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General

Troubleshooting

Troubleshooting and fault diagnosis on the engine management
system (EMS) is best performed using an electronic scan tool. How-
ever, it may be necessary to perform basic tests of EMS main com-
ponents, fuel system or wiring.

Checking fuel delivery volume and fuel pressure is a fundamental
part of troubleshooting and diagnosing the engine management sys-
tem. Fuel pressure directly influences fuel delivery. Procedures for
measuring fuel pressure and fuel volume are given in 160 Fuel Tank
and Fuel Pump.

Warnings and cautions

For personal safety, as well as the protection of sensitive electronic
components, adhere to the following warnings and cautions.

WARNING —

¢ QGasoline is highly flammable and its vapors are explosive. Do not
smoke or work on a car near heaters or other fire hazards when
diagnosing and repairing fuel system problems. Have a fire extin-
guisher available in case of an emergency.

* Renew fuel system hoses, clamps and O-rings any time they
are removed.

» When working on an open fuel system, wear suitable hand
protection, as prolonged contact with fuel can cause illnesses
and skin disorders.

» The ignition system produces high voltages that can be fatal.
Avoid contact with exposed terminals. Use extreme caution
when working on a car with the ignition switched on or the en-
gine running.
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Component Replacement

entﬂeyPubﬂﬁsheﬁ

Sealing O-ring

mini13001c

Throttle housing (EDR), removing and
installing (Cooper)

Read out engine control module (ECM) fault memory. Then switch
off ignition.

Remove air filter housing. See Air filter housing, removing and
installing (Cooper) in this repair group.

Remove throttle housing:

* |Loosen or remove air duct clamp at throttle assembly. Detach air
duct.

» Disconnect electrical harness connector (A).
* Detach fuel tank vent line (B).

* Loosen and remove throttle assembly mounting screws
(arrows).

» Lift off throttle assembly.

When reinstalling, replace sealing O-ring.

Tightening torque

Throttle housing to intake manifold (M6) 9 Nm (7 fi-Ib)

Reinstall air filter housing.

Tightening torque

Air filter housing to body (M6) 7 -10 Nm
(5 -7 ft-Ib)

NOTE —
If throftle housing is replaced, be sure to reset DME control unit ad-
aptation values using diagnostic scan tool.
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130-48 Fuel Injection

Electrical Components

Table b. EMS2000 ECM pin assignments, connector X6000 (81-pin)

Pin (Signal Function Component

1 not used

2 not used

3 Output Signal, ignition coil 2-3 Plug connector, ignition coils X6150
5 Input Oxygen sensor heater (precatalyst)

6 Ground Oxygen sensor (precatalyst)

7 Ground Knock sensor

8 Input Knock sensor

9 Input Oxygen sensor (precatalyst)

10 Input Throttle potentiometer 1 Throttle housing (EDR)
11 Input Throttle potentiometer 2 Throttle housing (EDR)
12 Ground Throttle position sensor Throttle housing (EDR)
13 Output Voltage supply, throttle position sensor Throttle housing (EDR)

14 not used

15 not used

16 not used

17 not used

18 not used

19 Output Cyl. 4 fuel injector
20 Output Cyl. 2 fuel injector
21 Output Cyl. 1 fuel injector
22 Output Cyl. 3 fuel injector

23 not used

24 Output Solenoid valve Fuel tank ventilation valve

25 Input Transmission fluid temperature sensor Transmission control module (GIU)
26 Input Engine coolant temperature sensor

27 Input Intake air temperature T-MAP sensor

28 not used

29 not used

30 not used

31 Input T-MAP sensor

32 not used

33 not used

34 not used

35 not used

36 not used

37 not used
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Electrical Components

Table b. EMS2000 ECM pin assignments, connector X6000 (81-pin)

Pin |Signal Function Component

38 not used

39 not used

40 not used

41 not used

42 Input Leakage diagnosis pump (LDP) Engine plug connector | (X6011)
43 Input Oxygen sensor heater (post-catalyst)

44 not used

45 Ground Transmission fluid temperature sensor Transmission control module (GIU)
46 Ground Electronic ground, coolant temperature sensor

47 Ground T-MAP sensor

48 Ground Shield, knock sensor

49 not used

50 not used

51 Output Voltage supply, T-MAP sensor

52 Input Terminal 61 Alternator (generator)

53 Input Engine cooling fan, camshaft sensor

54 Input Engine speed sensor signal Transmission rpm sensor

55 Input Crankshaft position sensor

56 not used

57 not used

58 not used

59 not used

60 not used

61 Ground X6454

62 Ground X6454

63 Output Throttle valve Throttle housing (EDR)

64 Output Throttle valve Throttle housing (EDR)

65 Output Throttle valve Throttle housing (EDR)

66 Output Throttle valve Throttle housing (EDR)

67 not used

68 Input Coolant outlet temperature Coolant temperature sensor, radiator outlet
69 Ground Coolant outlet temperature Coolant temperature sensor, radiator outlet
70 not used

71 Ground Catalytic converter

72 Input Ground signal, engine cooling fan, camshaft sensor

73 Input Engine speed sensor signal ground Transmission rpm sensor

74 Ground Crankshaft position sensor
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Electrical Components

Table b. EMS2000 ECM pin assignments, connector X6000 (81-pin)

Pin |[Signal Function Component
75 not used
76 not used
77 not used
78 not used
79 not used
80 Ground X6454
81 Ground X6454
Table c. EMS2000 ECM pin assignments, connector X60004 (40-pin)
W.D. [ECM
pin |pin |Signal Function Component
1 82 Output Voltage supply, driver's wish sensor 1 Pedal position sensor
2 83 Output Voltage supply, driver's wish sensor 2 Pedal position sensor
3 84 Not used
4 85 Input Signal, clutch pedal position switch Clutch switch module
5 86 Output Electronic ground, pedal position sensor 1
6 87 Output Electronic ground, pedal position sensor2
7 88 Output Activation, engine cooling fan Relay, engine cooling fan
8 89 Not used
9 90 Input Pressure sensor signal, air-conditioning system
10 91 Input Pressure sensor signal, air-conditioning system
11 92 Not used
12 93 Input Leakage diagnosis pump (LDP)
13 94 Output Compressor enable from main relay AJ/C compressor
14 95 Output Activation, engine cooling fan stage 2 Switch unit, 2-speed blower relay, fan, steering control
module
15 96 Output Gearshift lock Shiftlock relay
16 97 Output Activation, main relay (K6300)
17 98 Input Brake light Brake light switch
18 99 Input Brake light test signal Brake light switch
19 100 |Input Electronic ground, A/C pressure sensor Pressure sensor, A/C system
20 101 [Output Volute spring (101002) speed signal
21 102 [Not used
22 103 [Not used
23 104 |Not used
24 105 |Input Activation, fuel pump relay (K96)
25 106 |Input Signal, immobilizer control module (EWS)
(A836)
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Electrical Components

Table c. EMS2000 ECM pin assignments, connector X60004 (40-pin)

w.D. |ECM

pin |pin |Signal Function Component
26 107 |input Pedal position sensor

27 108 |Input Pedal position sensor

28 109 |Input Oxygen sensor (post-catalyst)

29 110 |Input/ output| CAN-bus high (X8090)

30 111 [Input/ output| CAN-bus low (X8091)

31 112 |Ground Oxygen sensor (post-catalyst)

32 113 |input/ output| OBDII diagnostic link connector (X19527)
33 114 |Ground Ground

34 115 |[Ground Ground

35 116 |Not used

36 117 |Input/ output|Diagnostic link connector (X9397)

37 118 |Output Terminal 15 Fuse F34

38 119  |Not used

39 120 |Input Terminal 87 Fuse F02

40 121 |Input Terminal 30 Fuse FO1
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160 Fuel Tank and Fuel Pump
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General

Evaporative system troubleshooting

Start troubleshooting and testing of evaporative system by access-
ing DTCs using a diagnostic scan tool (DiSplus, GT1, MoDiC or
equivalent).

The ECM sets a diagnostic trouble code (DTC) when it detects a leak
in the evaporative system. The malfunction indicator light (MIL) is ii-
luminated upon a second recurrence of the fault. See OBD On-
Board Diagnostics for further details.

BMW recommends that an independent pressure test of the fuel sys-

tem be conducted with a chemical leak detector to confirm the pres-
ence of the fuel system leak.

Warnings and cautions

Observe the following warnings and cautions when servicing the fuel
system.

WARNING —

» The fuel system is designed to retain pressure even when the
ignition is off. When working with the fuel system, loosen the
fuel lines slowly to allow residual fuel pressure to dissipate.
Avoid spraying fuel. Use shop rags to capture leaking fuel.

» Before beginning any work on the fuel system, place a fire ex-
tinguisher in the vicinity of the work area.

* Fuel is highly 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
lank before working on the tank or lines.

¢ Do not use a work light with an incandescent bulb near any fu-
el. Fuel may spray on the hot bulb, causing a fire.

» Make sure the work area is properly ventilated.
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160-10 Fuel Tank and Fuel Pump

Fuel Tank and Fuel Lines

FUEL TANK AND FUEL LINES

The plastic fuel tank is mounted beneath the center of the car (under-
neath the rear seat). Mounted in the fuel tank are the fuel pump and
fuel level sending units. Connecting lines for the evaporative emis-
sion control system and expansion tank are also attached to the
tank.

Fuel tank capacity

Cooper, Cooper S
Fuel tank 50 liters (13.2 US gal)
Reserve capacity 8 liters (2.1 US gal)

Fuel tank, draining

Except for a small remainder, most of the fuel can be drawn off from
the left and right tank halves via the fuel filler pipe. The residual
amount is drawn off after removal of the left and right fuel tank units.

Drain fuel tank into a safe storage unit using an approved fuel pump-
ing device.

WARNING —

e Before draining tank, be sure that all hot components, such as
the exhaust system, are completely cooled down.

» Fuel may be spilled. Do not smoke or work near heaters or oth-
er fire hazards.

Start engine and allow to run 10 - 15 seconds to fill fuel compensat-
ing siphon assembly. This will allow both lobes of fuel tank to be
drawn off through fuel filler pipe.

Disconnect negative (—) cable from battery.

CAUTION —
Prior to disconnecting the battery, read the battery disconnection
cautions given in 001 General Warnings and Cautions.

Remove fuel tank filler cap.

Slide suction hose into filler neck about 90 cm (35 in), twisting as
necessary. Withdraw fuel into storage unit.

Remove left fuel sender. See Fuel level sender (left side) and fuel
pump, removing and installing in this repair group.

Remove right fuel sender. See Fuel level sender (right side), re-
moving and installing in this repair group.

Draw off residual fuel quantity through openings.
If siphoning mechanism is faulty, drain left lobe via filler neck. Drain
right tank lobe separately by removing sender cover and pumping

fuel directly out of right lobe.

Remove suction hose from tank filler neck carefully to avoid damag-
ing filler neck baffle plate.
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Fuel Tank and Fuel Lines

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 you run it without fuel.

After reconnecting battery, be sure to reinitialize power windows:
Raise window and keep power window switch in raise position for
about 5 seconds.

Fuel tank, removing and installing

Drain fuel tank. See Fuel tank, draining in this repair group.

WARNING —
e Before draining tank, be sure that all hot components, such as
the exhaust system, are completely cooled down.

e Fuel may be spilled. Do not smoke or work near heaters or oth-
er fire hazards.

Disconnect negative (—) cable from battery.

CAUTION —
Prior to disconnecting the battery, read the battery disconnection
cautions given in 001 General Warnings and Cautions.

Cooper S: Detach rear half of battery positive lead.
Remove rear center console. See 513 Interior Trim.
Remove mounting bracket for rear center console.

Disconnect parking brake cables at rear brake calipers. See 340
Brakes.

Remove rear seat. See 520 Seats.
Remove trim panels above fuel tank.

Remove fuel tank unit covers. Disconnect wiring harness connector
from left tank unit. Detach fuel line from right tank unit.

Detach parking brake cables from parking brake lever. Use special
tool 34 6 310 to squeeze cable tips and push out through bottom of
car.

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 pur-
pose. A floor jack is not adequate support.
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170-2 Radiator and Cooling System
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GENERAL

This section covers component repair information for the engine
cooling system.

Heater core replacement is covered in 640 Heating and Air Condi-
tioning.

Special tools

Special tools may be needed for some radiator and cooling system
procedures.

Modular front end extensions
(BMW tool no. 11 8 400)

Plugs for fuel lines and fittings
(BMW tool no. 13 5 280)

Cooling system pressure tester and adapters
(BMW tool no. 17 0 000)

Cooling system overview
Coolant pump

Cooper models use a coolant pump mounted to the front of the en-
gine. Cooper S models use a pump mounted on the rear of the su-
percharger. These belt-driven pumps circulate coolant through the
system whenever the engine is running.

Thermostat

All models use a conventional mechanical thermostat that relies on
coolant temperature to operate. While coolant is cold, the thermostat
remains closed, and circulating coolant bypasses the radiator for
rapid engine warm up. At higher coolant temperature, the thermostat
progressively opens to allow coolant flow through the radiator, thus
controlling engine temperature.
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General

Radiator and expansion tank

The radiator is a crossflow design. An expansion tank provides for
coolant expansion at higher temperatures and easy monitoring of
the coolant level.

Transmission fluid cooler

Models with Continuously Variable Transmission (CVT) have a
transmission fluid cooler mounted to the front of the radiator. Lines
from the CVT to the transmission cooler circulate transmission fiuid
for additional cooling. Airflow across the cooler is used to cool the
transmission fluid.

Models with automatic transmission (Agitronic) have a small trans-
mission fluid cooler mounted on the top of the transmission. Engine
coolant lines run to the cooler to keep the transmission fluid cool. En-
gine coolant and transmission fluid are kept separate in the cooler.

Electric cooling fan

An electric cooling fan mounted behind the radiator operates at two
speeds (low and high) depending on conditions. The fanis controlled
by the ECM through two relays, a low speed relay and a high speed
relay. The low speed relay is mounted in the engine compartment
fuse box and is energized any time the fan is operating. The high
speed relay is mounted on the fan housing in the relay pack. The re-
lay pack contains the High speed relay and a voltage reducing resis-
tor.

The cooling fan operates on low speed when the A/C is switched on
and the system pressure reaches 8 bar.The fan switches to high
speed should the AC system pressure rise above 18 bar. For the en-
gine cooling system, the fan operates on low speed at 105°C
(221°F). When the temperature drops to 101°C (214°F) the fan will
switch off. The fan switches to high speed at 112°C (234°F) and re-
mains on high until the system coolant temperature drops by 4°C
(7°F) at which point the system reverts to low speed.

Engine coolant temperature sensor

The engine coolant temperature sensor is located in the cylinder
head next to the thermostat housing. The sensor is a two wire type
whose signal is sent to the ECM and used as input for the radiator
fan, fuel control, ignition timing, and coolant temperature gauge.

Coolant temperature gauge

A dash mounted display incorporating a warning lamp illuminates at
an e(pgine temperature equal to or greater than

120 C (240 F). Engine temperature data is provided to

the instrument cluster (IKE) by the engine control module (ECM) via
the CAN-bus.

© 2006 BentleyPublishers.com-—All Rights Reserved



170-4 Radiator and Cooling System

General

Warnings and cautions

Observe the following warnings and cautions when working on the
cooling system.

WARNING —

At normal operating temperature the cooling system is pres-
surized. Allow the system to cool as long as possible before
opening (a minimum of one hour), then release the cap slowly
to allow safe release of pressure.

Releasing cooling system pressure lowers the coolant boiling
point and the coolant may boil suddenly. Use heavy gloves
and wear eye and face protection to guard against scalding.

Use extreme care when draining and disposing of engine cool-
ant. Coolant is poisonous and lethal to humans and pets. Pets
are attracted to coolant because of its sweet smell and taste.
Seek medical attention immediately if coolant is ingested.

CAUTION —

Avoid adding cold water to the coolant while the engine is hot
oroverheated. If itis necessary to add coolant to a hot system,
do so only 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
low silicate antifreeze.

If oil enters the cooling system, the radiator, expansion tank
and heating circuit must be flushed with cleaning agent.
When working on the cooling system, cover the alternator to
protect it against coolant drips.

Prior to disconnecting the battery, read the battery disconnec-
tion cautions given in 001 General Warnings and Cautions.
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Troubleshooting

TROUBLESHOOTING

Begin diagnosing cooling system problems with a thorough visual in-
spection. If no visual fauits are found, check the engine control mod-
ule (ECM) for stored diagnostic trouble codes (DTCs).

Common cooling system faults can be grouped into one of four cate-
gories:

¢ Cooling system leaks

¢ Poor coolant circulation

* Radiator cooling fan faults
* Electrical/electronic faults

Cooling system inspection
Check condition of accessory drive belt.

Check that accessory drive belt tensioner is functioning properly
and that belt tension is correct.

Check coolant hoses for cracks or softness. Check clamps for
looseness. Check coolant level and check for evidence of coolant
leaks.

Check that radiator fins are not blocked with dirt or debris. Clean out
radiator using low-pressure water or compressed air. Blow outward,
from engine side out.

To check coolant pump (Cooper):

¢ Remove drive belt from coolant pump pulley. See 020 Mainte-
nance.

* Firmly grasp opposite sides of pulley and check for play in ali di-
rections.

¢ Spin pulley and check that shaft runs smoothly without play.

NOTE—

» Cooper S: Coolant pump shaft is concealed within supercharger.
Physical inspection is not possible.

» Cooper: Coolant provides lubrication for the pump shaft, so an
occasional drop of coolant from the pump is acceptable. If coolant
drips steadily from the vent hole, replace the pump.

At normal engine operating temperature, cooling system is pressur-
ized. This raises the boiling point of coolant. Leaks may prevent sys-
tem from becoming pressurized. If visual evidence is inconclusive,

pressure test cooling system. See Cooling system pressure test

in this repair group.

If cooling system is full of coolant and holds pressure:

* Use an appropriate scan tool to interrogate the ECM for DTCs re-
lated to radiator fan or other cooling system
components.

* Check for loose or worn accessory drive belt.
* Check for failed thermostat or coolant pump.
* Check for clogged/plugged radiator or coolant passages.

©2006 BentleyPublishers.com—Ali Rights Reserved



170-6  Radiator and Cooling System

Troubleshooting

Cooling system pressure test

A cooling system pressure tester is used to test for coolant leaks, in-
cluding internal ones. Common sources of internal coolant leaks are
afaulty cylinder head gasket, a cracked cylinder head, or a cracked
engine block.

WARNING —

At normal operating temperature the cooling system is pressurized.
Allow the system to cool before opening. Release the cap slowly to
allow safe release of pressure.

With the engine cold, install pressure tester (BMW special tools 17

0 002/17 0 009 or equivalent) to radiator fill neck (Cooper) or expan-

sion tank (Cooper S). Pressurize system to specification listed be-

low.

¢ Pressure should not drop more than 0.1 bar (1.45 psi) for at least
two minutes.

¢ If pressure drops rapidly and there is no sign of external leakage,
cylinder head gasket may be faulty. Perform compression and
leak-down tests. See 113 Cylinder Head Removal and Installa-
tion.

* Test radiator cap using pressure tester with correct adapter
(BMW special tool 17 0 001 or equivalent). Replace faulty cap or
cap gasket.

Cooling system test pressures
Component Test pressure
Radiator 1.5 bar (21.75 psi)
Radiator cap 0.95 - 1.24 bar
(14 - 18 psi)
CAUTION—
Exceeding the specified test pressure could damage the radiator
or other system components.

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 coolant at the expansion
tank.

CAUTION —

» Use an extension tube above the reservoir neck to maintain
distance between the top of the coolant and the gas analyzer
nozzle. The gas analyzer is easily damaged if it is allowed to
inhale liquid coolant.

» While running engine to check for causes of overheating, ob-
serve coolant temperature carefully in order to avoid engine
damage.
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180-6 Exhaust System

Exhaust System Diagrams

EXHAUST SYSTEM DIAGRAMS

Exhaust manifold and
catalytic converter
(all models)

Exhaust manifold

1. Catalytic converter
2. Gasket

3. Heatshield

4. Gasket

5.

6.

Oxygen sensors
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Cooper exhaust system

Muffler (rear)
Bracket

Washer

Vibration absorber
Support

Gasket

Rubber mounting
Bracket
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Muffler clamp (lower)

-
e

Muffler clamp (upper)
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. Rear hanger
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Rubber ring

-
w

. Tailpipe extension
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Exhaust System Diagrams

Cooper S exhaust system

Right muffler

Left muffler
Connecting clamp
Support

Gasket

Rubber mounting
Hanger bracket
Rubber ring
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Muffler clamp (upper right)

-
e

Muffler clamp (lower right)

-—h
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. Hanger bracket

-
g

Muffler clamp (upper left)
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. Tailpipe extension

John Cooper Works exhaust
system

Rubber mounting

1. Right muffler

2. Left muffler

3. Connecting clamp
4, Support

5. Gasket

6.

7.

Tailpipe extension
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