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This repair group covers fuel injection component testing
and repair. Special equipment may be necessary for some
of the procedures given in this repair group. If you do not
have tha equipment required to do the job; it is recommend-
ed that these repairs be left to an authorized BMW dealer.
The BMW dealer is equipped with sopnisticated diagnostic
test equipment that is capable of quickly pinpointing hard-to-
find DME fuel injection problems.

NOTE—

= Wiring diagrams for the DME engine management system,
including the electronic throttle control (EML/ADS) circuits,
can be found at the rear of the manual in Electrical Wiring
Diagrams.

= For DME ignition repair information, including tesling the
crankshaft position/rpm sensor and the knock sensors, see
120 Ignition System.

« For fuel supply component testing and repair, including luel
pump relay and electrical circuit, see 160 Fuel Tank and
Fuel Pump.

Principles Of Operation

BMW E32 cars are equipped with one of four versions of dig-
ital motor electronics (DME). The differences among the
systemns are mainly in refinements of certain operations and
additional functions.

DME System Variants
Model/Year Variant (engine code)

735ifL. 1988-1992 DME 1.3 (M30)

740iiL 1993-1994 DME 3.3 (M60)

750iL
1988-1990 DME 1.2 (M70)
1991-1994 DME 1.7 (M70)

The DME system is completely electronic in operation. Air
flow is measured electronically and additional sensors sup-
ply information about engine operating conditions. The en-
gine control module (ECM), also referred to as the DME
control madule, calculates the amount of fuel needed for the
correct air-fuel ratio and actuates the fuel injectors accord-
ingly. The amount of fuel metered to the engine is deter-
mined by how long the injectors are open.

NOTE—

The M70 (V12) engine uses Iwo separale engine manage-
ment systems. This includes iwo DME modules, two mass air
flow sensors, Iwo oxygen sensors, two crankshaft position
sensors, elc. In essence, the V12 engine is managed as it it
were two G-cylinder engines.
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Air Intake. Air entering the engine passes through a pleated
paper air filter in the air cleaner. Air flow into the engine is
regulated by the throttle valve and measured by the air flow
sensor. Various types of air flow sensors are used depend-
ing on the DME version:

Air Flow Sensor Applications

b IS B T T Volume air flow (vane type)
*sDME1.2and DME1.7 ...... Mass air flow (hot wire)
HDMESS o tiniv e e ssan Mass air flow (hot film)
NOTE—

= On cars with Automatic Stability Control+Traction (ASC+T),
throtile valve intervention is controlled by an electronic throt-
tle acluator (called EML or ADS). Special eleclrical testing
equipment is required to service these svslems. See Elec-
trical Wiring Diagrams for traction control electrical cir-
cuits.

« 7351/l models with ASC+T and all 750iL models are fitted
with EML. In this "drive-by-wire" system there is no acceler-
alor cable,

* 740i/iL. models with traction control use ADS, with accelera-
tor cable and secondary throtife housing.

Fuel Metering. The engine control module (ECM), also re-
ferred to as the DME control module, meters fuel by chang-
ing the opening time (pulse width) of the fuel injectors. To
ensure that pulse width is the only factor that determines fuel
metering, fuel pressure is maintained by a fuel pressure reg-
ulator. The injectors are mounted to a common fuel supply
called the fuel rail.

The ECM monitors engine speed to determine the rate of in-
jector openings. Other signals to the ECM help determine in-
jector pulse time for different operating conditions. A
temperature sensor signals engine temperature for mixture
adaption. A throttle position sensor signals throttle position.
An exhaust oxygen sensor signals information about com-
bustion efficiency for control of the air-fuel mixture.

Idle Speed Control. On cars without EML (Electronic Motor
Load Ragulation), idle speed is electronically controlled via
the idle speed control valve, The idle speed control valve
maintains idle speed by bypassing varying amounts of air
around the closed throttle valve. Idle speed is not adjustable.

On cars with EML, idle speed is electronically controlled via
the throttle position actuator(s) which maintain idle speed by
constantly adjusting the positian of the primary throttle plate.
Idle speed is not adjustable.
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Knock Control (M60 engine only). The MB0 engine is
equipped with four knock sensors, two per cylinder bank.
Knock sensors monitor and control ignition knock through
the ECM. The knock sensors function like microphones and
are able to convert mechanical vibration (knock) into electri-
cal signals. The ECM is programmed to react to frequencies
that are characleristic of engine knock and vary the ignition
timing point accordingly.

Basic Engine Settings

Idle speed, idle mixture (%CO), and ignition timing are not
adjustable. The adaptive DME system is designed to auto-
matically compensate for changes in engine operating con-
ditions, although the adaptive range is limited. Once these
limits are exceeded, driveability problems usually become
noticeable.

NOTE—

If the DME adaptive limils are exceeded, the Check Engine
fight wili most likely come on, indicating an emissions-related
faull. For Check Engine light diagnostics, see 100 Engine—
General.

The DME system compensates automatically for changes in
the engine due to age, minor wear or small problems, such
as a vacuum leak. As a result, idle speed and mixture do not
need to be adjusted as part of routine maintenance.

NOTE—

Poar initial driveability may be encountered when the battery
is disconnected and reconnected. When the battery is discon-
nected, the DME adaptive memory is erased. The DME sys-
tem will readapt after about ten minutes of driving.

Fault Diagnosis

The management of engine functions is controlled through a
number of systems—ignition, fuel injection, and emission
control. Because these functions are interrelated, it is diffi-
culi to isolate general driveability problems by examining in-
dividual componentis. For this reason, engine management
and driveability troubleshooting information can be found in
100 Engine—General. This information is organized to help
isolate problems and suggest more specific troubleshooting
steps by taking all of the interrelated systems into consider-
ation.

NOTE—

DME systems have an On-Board Diagnostic (OBD) feature
that detacls engine management malfunctions. When a prob-
lem is identified, a fault code (DTC) is stored in the engine
control moduie (ECM) and the Check Engine lamp in the in-
strument cluster may also illuminate. Always check for fault
codes as the first step in troubleshiooting a driveability prob-
lem. See 100 Engine-General.

GENERAL
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Warnings and Cautions

For personal safety, as well as the protection of sensitive
electronic components, the following warnings and cautions
should be adhered to when working on the DME system.

WARNING —

= The ignition system produces high voltages thal can be
fatal. Avoid contact with exposed terminals. Use extreme
caution when working on a car with the ignition switched
on ar the engine running.

= Do not touch or disconnect any high voltage cables from
the cail, distributor or spark plugs while the engine is run-
ning or being cranked by the starter.

* Disccnnecting the battery will erase fault code(s) stored in
memory. Check for fault codes prior to disconnecting the
battery cables.

* Connect and disconnect the DME system wiring and test
aquipment leads only when the ignition is switched off.

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

* Before making any eleclrical lests that require the engine
to be cranked using the starter, disable the ignition system
as described in 120 Ignition System.

* Gasaline 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 prob-
lems. Have a fire extinguisher available in case of an
emergency.

CAUTION —
= Connect test equipment only as specified by BMW, this
mantal, or the equipment maker.

» Do not atfempt ta disable the ignition system by removing
the center coil wire or by removing the distributor cap
(where applicable). High voltage may arc to other alectri-
cal components causing extensive damage.

« Do nct run the engine with any of the spark plug wires dis-
connecled. Catalyfic converter damage may result.

» Always wait at least 40 seconds after turning off the igni-
tion before removing control module connectors. Residual
power in the system may damage sensitive electronic
components.

« Cleanliness is essential when working on an open fuel
system. Thoroughly clean fuel line conneetions and sur-
rounding areas before loasening. Avoid the use of com-
pressed air, and avold moving the car. Only install clean
parts.

* Fuel system cleaners and other chemical additives other
than those specifically recommended by BMW may dam-
age the catalytic converter, the oxygen sensor or other
fuel supply components.

GENERAL
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E-box
735i/iL/740i/iL

ELECTRICAL CHECKS AND
COMPONENT TESTING

The tesls given under this heading must be made using a
digital multimeter. Always check for On-Board Diagnostic
fault codes (DTCs) as the first step in troubleshooting DME
problems. See 100 Engine—General.

CAUTION —

= Avoid damaging harness conneclors or relay panel sock-
ets. Jumper wires should be fabricated with flat-blade end
connectors that are the same size as the connector or re-
lay terminals being tested.

« Always switch the test meler to the appropriate function
and range before making test connections. Connect and
disconnect test equipment only with the ignition switched
off.

Main DME relay, testing

The main DME relay is energized via the DME engine con-
trol module and supplies plus (+) power to the many of the
DME components and subsystems, including the fuel pump
relay. If this relay is faulty, the engine will not start.

Main DME relay (A) is in the electronics box (E-box) on M30
and M60 engines.

= A: Main relay
* B: Fuel pump relay
= C: Oxygen sensor heater relay (where applicable)

ELECTRICAL CHECKS AND COMPONENT TESTING
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=g 4 Main DME relays (2 and 5) are in the auxiliary relay panel ||
Auxiliary relay in right front of M70 engine compartment.

panel Il (750iL) « With the ignition off, remove main DME relay.
(f "

NOTE—

Relay positions may vary. The main DME relay is normally
white in color. To confirm that the main DME relay has been
correctly identified, check for a large (6 mm?) red wire at ter-
minal 30 of the relay socket.

Oxygen sensor heater relay 5. Main DME relay 2 (cyl. 7-12)

1.
2. Main DME relay 1(cyl. 1-6) 6. Harness connector (8 pin)
3. Fuel pump relay 1(cyl. 1-6) 7. B+ junction post
4. Fuel pump relay 2 (cyl. 7-12)
0017259
( Turn ignition on and check for voltage at terminals 30 and 86
87a of relay socket.
= |f battery voltage is present continue testing
85' 87 | 86 « If battery voltage is not present at either point, check
— T A large red wire in relay socket. See Electrical Wiring
30 | Diagrams.
30 85 8587 87a | |
| NOTE —
| The wiring to terminals 85 and 86 in the main DME relay may
| be reversed. Electrically, the relay functions the same. If volt-
/\-/\ il age Is not present at terminal 86, check for voltage at terminal

S “’

— Reinstall relay and turn ignition on. Gain access to under-
B7661 side of relay socket and check for ground at terminal 85
(brown or brown with color trace wire).

= If ground is present continue testing.

= If ground is not present, the signal from the ECM is
missing. Check wire between ECM and relay. If no
faults can be found, the ECM may be faulty.

= With the ignition on and the relay installed, check for battery
voltage at terminals 87 and 87a.
= |f battery voltage is present, the relay has energized and
is functioning correctly.
= [f battery voltage is not present and all earlier tests are
OK, the relay is faulty and should be replaced.

NOTE —
The relay may be marked with terminal 87 at two of the termi-
nals instead of 87 and 87a.

ELECTRICAL CHECKS AND COMPONENT TESTING
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Oxygen
sensor

Catalytic
converter

Oxygen sensor, testing

4 The oxygen sensor provides an input voltage signal (0-1
VDC) to the ECM based on the oxygen content in the ex-
haust gas. To generate voltage, the sensor temperature
must exceed 600°F. Therefore it is electrically heated. M30
engines use one oxygen Sensor.

M60 and M70 engines are equipped with two oxygen sen-
sors, one for each catalytic converter.

NOTE —

The test given below is not a conclusive tes! of oxygen sensor
efficiency and does not test how quickly the oxygen sensor re-
acts to changing conditions. For the most accurate test, an ex-
haust gas analyzer should be used.

( Connect a digital voltmeter to pins 1 and 2 (black wire, yel-
low wire) in oxygen sensor connector. Leave connector at-
tached.

NOTE—

Oxygen sensor terminal identification can vary. Consult Elec-
trical Wiring Diagrams for detailed terminal identification.

Oxygen Sensor Connector Location (4-pin, Black)

*eM30engine........... rear of engine compartment,
lower left-hand side

= M60 engine........ beneath car, under transmission

* M70 engine. ....... beneath car, under transmission

= Start car and let it idle. The oxygen sensor should start to
produce a fluctuating voltage within a short period. If the
voltage is incorrect, turn the engine off and check the pre-
heater circuit as described below.

WARNING —

Exhaust manifolds and pipes can be hot enough to cause
serious burns. Wear suitable heavy gloves and other appro-
priate protection.

Oxygen sensor
* Voltage atidle........... 0.2 to 0.8 VDC, fluctuating

= To check sensor response to lean and rich mixtures, create
an air leak, or pull vacuum hose off fuel pressure regulator
to increase fuel pressure.

4 Separate sensor harness connector from sensor. Check for
battery voltage between terminals 3 and 4 in harness side
of connector with engine running. If voltage is not present,
check that oxygen sensor heater relay is functioning cor-
rectly. See 610 Electrical Component Locations.

ELECTRICAL CHECKS AND COMPONENT TESTING
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NOTE—

= The oxygen sensor heater relay is energized with positive (+)
battery voltage from the main DME relay and a switched
ground from the ECM. See Electrical Wiring Diagrams.

* On some DME systems, the oxygen sensor heater circuil is
not controlled by a relay. See 610 Electrical Component
Locations for more specific relay location information.

= Check heater element resistance between terminals 3 and
4 in sensor side of connector. If element is electrically open
(no continuity), replace sensor.

= |f oxygen sensor isn’t producing a fiuctuating voltage and
preheater circuit is OK, replace sensor.

Tightening Torque
« Oxygen sensor to exhaust pipe . . ... 55 Nm (41 ft-Ib)

NOTE—
If not already applied, coat oxygen sensor threads with anti-
seize compound before installation. Do not get compound on
sensor ip.

FUEL PRESSURE TESTS

Checking fuel pressure is a fundamental part of trouble-
shooting and diagnosing the DME system. Fuel pressure di-
rectly influences fuel delivery. An accurate fuel pressure
gauge will be needed to make the tests.

There are two significant fuel pressure values:

» System pressure—created by the fuel pump and main-
tained by the pressure regulator

* Residual pressure-the pressure maintained in the
closed system after the engine (and fuel pump) is shut off.

Relieving fuel pressure and
connecting fuel pressure gauge

— To prevent fuel from spraying on a hot engine, relieve sys-
tem pressure by wrapping a shop towel around fuel supply
line and then disconnecting it from fuel rail.

NOTE—
The supply line connecls to the fuel rail at the opposite end
from where the fuel pressure regulator is connected.

4 Connect a length of fuel line and a T-fitting to the fuel rail and
reconnect the supply line to the T-fitting. Connect the fuel
gauge to the Tfitting.

FUEL PRESSURE TESTS
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NOTE—

Use BMWV pressure gauge (special tool no. 13 3 060) or an
equivalent. The fuel pressure gauge should have a range of 0
to § bar (0 to 75 psi) and must be securely connected with
hose clamps to prevent it from coming loose under pressure.

System pressure, testing

Fuel system pressure is created by the fuel pump and regu-
lated by the pressure regulator. System pressure is not ad-
justable.

Fuel pressure deflects diaphragm in fuel pressure regula-
tor(s) (A) to return fuel to tank when pressure reaches de-
sired limit (M70 engine shown).

Relieve fuel pressure and connect a pressure gauge as de-
scribed =arlier.

Operate fuel pump by bypassing fuel pump relay as de-
scribed in 160 Fuel Tank and Fuel Pump.

CAUTION —

The fuel pump is capable of developing a higher pressure than
that regulated by the pressure regulator. If the fuel pump check
valve malfunctions (stuck closed), make sure the fuel pressure
does not rise above 6.0 bar (87 psi). Damage to the fuel lines
or fuel system components could result.

Compare fuel pressure to specifications.

System Fuel Pressure Specifications

Engine Fuel pressure

M30 3.0+0.06 bar (43.5 + 0.9 psi)
M60 3.5+0.06 bar (51 + 0.9 psi)
M70 3.0+0.06 bar (43.5 + 0.9 psi)

When finished testing, disconnect pressure gauge and re-
connect fuel line. Tighten hose clamp.

If system pressure is too high, check the return line from the
pressure regulator to the fuel tank. Check for kinks in the re-
turn hose. Blow compressed air through the line to check for
blockages. If no faults can be found, the pressure regulator
is faulty and should be replaced.

CAUTION—
Do not use compressed air above 40 psi to blow out lines or
components. Internal damage to components may result.

If the system pressure is too low, repeat the pressure test
while gradually clamping off the fuel return line. The fuel
pressure should quickly rise. If the pressure does not re-
spond and no leaks can be found, the fuel pump may be
faulty. Test the fuel pump delivery rate as described in 160
Fuel Tank and Fuel Pump.

FUEL PRESSURE TESTS
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FUEL PRESSURE TESTS

0017240

<

Residual pressure, testing

For quick restarts and to avoid vapor lock, the fuel system is
designed to retain fuel pressure after the engine has been
turned off. This residual pressure is primarily maintained by
a check valve at the fuel pump outlet and the fuel pressure
regulator.

NOTE—
On some models, the fuel pump check valve may be available
as an individual replacement part.

Fuel pressure gauge attached to fuel supply line (arrow).

Relieve fuel pressure and connect a pressure gauge as de-
scribed earlier.

WARNING —

Fuel will be discharged. Wrap a shop towel around the fuel
line fitting when disconnecting the fuel line. Do not smoke or
work near healers or other lire hazards. Keep an approved
fire extinguisher handy.

Operate fuel pump for approximately one minute by bypass-
ing fuel pump relay as described in 160 Fuel Tank and Fuel
Pump.

Observe fuel pressure gauge after 20 minutes. Pressure
should not drop off more than 0.5 bar from system pressure
listed earlier.

When finished testing, disconnect pressure gauge and re-
connect fuel line. Tighten hose clamp.

If fuel system does not maintain pressure, check visually for
leaks in fuel lines or at unions. Leaks can also be due to a
leaking injector or a faulty fuel pump check valve.

Check pump check valve by repeating test, but before turn-
ing fuel pump off pinch off return line at fuel rail. if pressure
is now maintained, the fault is most likely at the fuel pump
check valve.

Fuel pressure regulator response
to engine load, testing

With fuel pressure gauge connected, reinstall fuel pump re-
lay. Start engine and allow it to idle.

NOTE—

The fuel pressure should be slightly lower than the specifica-
tions listed earlier. Engine vacuum acting on the fuel pressure
regulator diaphragm reduces the fuel pressure.

With engine idling, remove vacuum hose (A) from regulator.
Pressure should increase. (M70 engine shown)

Reconnect hose and check that pressure drops.
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= When finished testing, disconnect pressure gauge and re-
connect fuel line. Tighten hose clamp.

If any faults are found, either the fuel pressure regulator or
the vacuum hose at the pressure regulator is faulty.

NOTE—
A cracked or leaking pressure regulator vacuum hose may
cause an erratic idle.

DME 1.3 (M30 ENGINE)

The 6-cylinder M30 engine uses DME 1.3. This system is
equipped with On-Board Diagnostics (OBD). Be sure to
check for diagnostic fault codes (DTCs) as the first step in di-
agnosing DME faults. To activate DTC output, see 100 En-
gine-General.

Volume air flow sensor,
testing and replacing (M30 engine)

DME 1.3 uses a vane-type air flow sensor.

4 Disconnect harness connector (arrow) from air flow sensor.

4 Using a digital voltmeter, test for voltage at terminal 3 in con-

nector. With ignition on there should be approximately 5
=\ =2\ volts.

Ifj ﬁ E'le_“l L":] = Turn ignition off and remove intake air boot. Connect a digi-
tal ohmmeter across sensor terminals 2 and 3. Swing air
flow sensor vane through its range of travel. Resistance

i O i Rl O o R 2 =l should change steadily without interruption.
1 23 45
001152¢

DME 1.3 (M30 ENGINE)



130-14 FUEL INJECTION

4 To replace sensor, disconnect intake air boots (A) and har-
ness connector (B) from sensor.

4 Working underneath sensor, remove sensor retaining clips
(arrows) and lift sensor off mount.

— Reinstallation is reverse of removal.

DME 1.3 (M30 ENGINE)
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A. Throttle switch
B. ECT sensor
C. Temperature gauge sender

B1107

D. Crankshatft position sensor
E. Cylinder identification sender

Engine coolant temperature (ECT) sensor,
testing and replacing (M30 engine)

The engine coolant temperature (ECT) sensor sends contin-
uous engine coolant temperature information to the ECM.
The ECT sensor is of the NTC (negative temperature coeffi-
cient) type; as temperature increases sensor resistance de-
creases.

Disconnect harness connector from ECT sensor (B).

ECT Sensor Location
= M30 engine. ....... front of engine in coolant flange
(blue plug)

Turn ignition on. Using a digital voltmeter check for 5 volts
(VDC) between supply voltage wire in connector and
ground. If voltage is not present, test ECM inputs/outputs as
described later.

With harness connector detached use a digital ohmmeter to
test resistance across sensor terminals.

Engine Coolant Temperature Sensor

(M30 engine)
Test temperature Resistance (k Ohms)
14 £ 2°F (<10 1°C) 7-11.6
68 + 2°F (20 £ 1° C) 2128
176 £+ 2°F (80 + 1°C) 0.27-0.40

If any faults are found replace sensor.

» Use a new copper sealing washer when installing a new
Sensor.
= Replace any lost coolant.

WARNING —
Allow engine to cool to room temperature before removing
Senscr.

Tightening Torque (M30 Engine)
* ECT sensor to coolant flange . . ... .. 18 Nm (13 fi-Ib)

DME 1.3 (M30 ENGINE)
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0011526

Man. Transmission Auto. Transmission

0011524 0011525

DME 1.3 (M30 ENGINE)

Intake air temperature (IAT) sensor,
testing and replacing (M30 engine)

The intake air temperature (IAT) sensor is used by the ECM
to modify/correct the intake air signal from the air flow sensor
based on the temperature of the intake air. The IAT sensoris
integrated into the air flow sensor housing and is not sepa-
rately available as a replacement part.

Using a digital voltmeter, test for voltage across terminals 1
and 4 in volume air flow sensor connector.

Compare resistance value to values listed below.

Intake Air Temperature Sensor
(M30 Engine)

Test tamperature Resistance (k Ohms)
14£2°F (-10£1°C) 7-11.6

68 + 2°F (20 £ 1° C) 21-29

176 + 2°F (80 + 1° C) 0.27-0.40

If any faults are found, replace air flow sensor.

Throttle position switch (TPS), testing
and adjusting (M30 engine w/o EML)

On the M30 engine without EML (electronic throttle control),
a throttle position switch (TPS) provides an idle and full throt-
tle position signal to the ECM. The idle position signal is
used mainly for activation of the idle speed control valve.
The full throttle position signal is used for A/C compressor
cutout and fuel enrichment.

The TPS is mounted to the side of the throttle housing. The
switch can be checked with the throttle housing installed.

NOTE—

On 735ifiL models (M30 engine) with traction control (ASC),
the EML control module provides the throttle position signal to
the ECM.

Disconnect harness connector (arrow) from throttle switch.

With ignition on, check for supply voltage (VDC) to switch. If
voltage is not present, check wiring from ECM,

TPS test terminals (M30 engine)
* Manual transmission

Idleposilion. -« v avevis v fanssa 2and 18

Full throttle position. ... ......... ... ... 3and 18
= Automatic transmission

1dle eSO «Jism s bigs b svas Fes ki 4and6

Full throttle position. .. .. ...ovvin v 4and5
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= Check for continuity at switch terminals with throttle at idle
and at full open positions. Adjust or replace switch if any
faults are found.

= To adjust throttle switch, loosen switch screws and connect
an ohmmeter across switch terminals. With throttle at idle,
rotate switch just until there is continuity. Tighten mounting
screws. Seal mounting screws using paint or lacquer.

Idle speed control valve, testing and
replacing (M30 engine w/o EML)

4 On the M30 engine without EML (electronic throttle contral),
idle speed is maintained through the idle speed control
valve (arrow). The idle control function compensates for en-
gine load and engine operating conditions. Idle speed is
adaptive through the ECM and no idle speed adjustments
can be made.

NOTE—
» Before checking the valve, confirm that the throttle position
switch is working correctly.

* 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 or is sluggish in operation, substituting
a known good valve is the best way to check it.

= On 735ViL. models with traction control (ASC), an idle speed
control valve is not used. Instead, idle speed is controlled via
the EML electronic throttle position actuator. See EML (M30
or M70 engine) later in this repair group.

= With engine running, check that idie speed control valve is
buzzing.

= Turn on A/C or shift car into Drive. Idle snould remain steady
or increase slightly.

= If valve is not buzzing or if idle decreases, stop engine and
disconnect harness connector from valve.

4 Check resistance of valve across its terminals. Test values
are listed below.

Idle Speed Control Valve Coil Resistance Values

(M30 engine)

R T=E e o 0 B A e D T S 20 + 2 ohms
sTerminals 2and 3. .. .« - vvsvie v sy 20 + 2 ohms
STarminals Tand 3 c.n tne v e emn crwels 40 + 4 ohms
NOTE—

11250

If you suspect an intermittent fault, lightly tap the valve while

testing resistance.

DME 1.3 (M30 ENGINE)
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= With valve harness connector disconnected, check for bat-

tery voltage at red/white wire in connector with ignition on,

» |f there is no voltage, check wiring between connector
and main DME relay. See Electrical Wiring Diagrams.

NOTE—
The idlz speed control valve receives positive (+) battery voli-
age from the main DME relay.

If voltage is present as described above, check wiring be-
tween ECM and valve. If no wiring faults are found, check
ECM output signal to valve,

NOTE—

There are some additional inputs to the control module that af-
fect idle speed, such as throtile position, A/C-on signal or au-
tomatic transmission Drive position. Check these signals if idle
problems persist. See ECM Pin Assignments.

4 To replace idle speed control valve turn off ignition and dis-

connect harness connector (A).

= Detach rubber retaining strap (B) from support bracket.
» Loosen hose clamps (C) and remove valve from hoses.
= Installation is reverse of removal.

NOTE—

Poor driveability and inconsistent idle may be noticed immedi-
ately after replacing idle speed control vaive. Drive car for 10
minutes under varying conditions to allow the DME to adapt.
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Fuel injectors, testing and replacing
(M30 engine)

The fuel injectors are switched on and off (opened and
closed) by the ECM. The injectors are connected to a com-
mon fuel supply called the fuel rail.

M30 Engine

x "" 7 8
ff((( > (’((ﬂﬁ'(g @
o @ :

3 )

1 2 4 [il 5 6 7
0017299
1. Fuel injectar 3. Harness connector 5. Fuel return line 7. Fuel supply line
2. O-ring 4. Fuel pressure regulator 6. Fuel rail
NOTE—

The informalion given here is an electrical test only. The test
does not check spray patterns or fuel supply to the injectors.

- Disconnect and remove intake air boot between throttle
housing and air filter housing.

4 Remove plastic trim covers (arrows). Remove injector har-
ness cover mounting screws, and then remove cover.

0011527

DME 1.3 (M30 ENGINE)
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4 Connect digital voltmeter to wiring in injector housing.

= Operate starter or run engine.
= Check for pulsed voltage (approx. 0.3-1.0 VDC).

CAUTION —

Use a digital multimeter only. Analog meters or test lights may
damage the ECM.

NOTE—

To quick-check a single injector, place a screwdriver or stetho-
scope on the injector with the engine running. If the injector is
operating, there should be an audible buzz.

= If there is no voltage, check for power (+) at red/white wire
of each injector connector with ignition key on. If voltage is
not present, check main DME relay and wiring to injector us-
ing wiring diagrams listed in Electrical Wiring Diagrams.

NOTE—

If there is positive (+) battery voltage at injector harness con-
neclor, but no response at voltmeter during cranking, check
the wire(s) from ECM to injectors. If no wiring faults can be
found, the pulsed ground signal from the control module may
be missing. Check outputs from ECM.

— If power is present as described in above step, unplug injec-
tor connectors and check injector electrical resistance. Re-
place injector if resistance is incorrect.

Fuel Injector Coil Resistance
eM30engine.........cociiinnnn. 16 ohms at 20°C

NOTE —
Injector resistance will vary depending on temperature. In
general, the range should be beiween 10 and 20 ohms.

= |If no faults are found up to this point, check pulse-time reg-
ulation function of ECM with engine cold.

4 Connect digital voltmeter to wiring in injector housing as
shown.

CAUTION—
Use a digital multimeter only. Analog meters or test lights may
damage the ECM.

» Start engine.
* Check that voltage decreases as engine warms up.

= If any faults are found, check ECM inputs and outputs as de-
scribed later.

— To replace injectors, disconnect negalive (-) battery cable
as described in 020 Maintenance.

DME 1.3 (M30 ENGINE)
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CAUTION—
Prior to disconnecting the battery, read the battery disconnec-
tion cautions given at the front of this manual on page viii.

— Disconnect and remove intake air boot between throitle
housing and air filter housing.

( Remove plastic trim covers (arrows). Remove injector har-
ness cover mounting screws, and then remove cover.

— Remove fuel rail mounting bolts.

= Pry up on fuel rail and remove fuel rail and fuel injectors as
an assembly.

0011527

4 Remove injector retaining clip (1) and pull injector from rail
(2).

WARNING —
Fuel will be discharged. Do not disconnect any wires that
could cause electrical sparks. Do not smoke or work near
heaters or other fire hazards. Keep an approved fire extin-
guisher handy.

= Installation is reverse of removal.

* Fit new O-rings when installing injectors.
= Lightly lubricate O-rings with SAE 90w gear lube.

NOTE—
Be sure injector electrical connectors are correctly fitted and

injectors are fully seated prior to installing fuel rail mounting
0011527 bolts.

0011527

Tightening Torque (M30 Engine)
¢ Fuel rail to cylinder head. .. ....... 10 Nm (89 in-Ib)

DME 1.3 (M30 ENGINE)
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Engine control module (ECM),
testing and replacing (M30 engine)

DME 1.3 ECM pin assignmentis are given later in Table c.
This pinout information can be helpful when diagnosing
faults to or from the ECM. If all inputs and wiring are OK but
operational problems still exist, the ECM itself may be faulty.

Test resulls with incorrect values do not necessarily mean
that a component is faulty. Check for loose, broken or cor-
roded connections and wiring before replacing components.
If the results are still incorrect, test the component itself. For
electrical schematics of the DME system, see Electrical
Wiring Diagrams.

CAUTION —

« Always wait at least 40 seconds after turning off the igni-
tion before removing the connector from the engine con-
trol module (ECM). If the connector is removed before
this iime, residual power in the system relay may damage
the ECM.

= Always connect or disconnect the control module connec-
tor 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 har-
ness connector housing can be separated so that electrical
checks can be made by back-probing the connector.

4 The engine control module (ECM) is mounted in the right
rear of the engine compartment, inside the electronics box
(E-box) (arrow). Terminal numbers are identified on the har-
ness connector and/or on the ECM.

CAUTION —
= Use only a digital mullimeter when making electrical
checks at ECM or other solid state DME components.

« Control modules and relay locations may vary within the
E-bex. Consult 610 Electrical Component Locations or
Electrical Wiring Diagrams for supplemental informa-
tion.

NOTE—

Electrical parts are not returnable. Before replacing an ECM,
run all tests and check harness and connections for possible
malfunctions.

— Disconnect negative (—) battery cable. See 020 Maintenance.

CAUTION—
Prior fo disconnecting the battery, read the battery disconnec-
lion cautions given at the front of this manual on page vili.

DME 1.3 (M30 ENGINE)
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— Remove cover from electronics box (E-box). The cover is re-
tained with four captive screws. Peel back weather stripping
from body for improved access.

= Unplug ECM harness connector by releasing fastener and
pivoting connector up and off ECM.

— Remove ECM retaining nuts or clips and lift out ECM.

= Installation is reverse of removal.

CAUTION—

Poor driveability may be noticed immediately after replacing
the ECM. Drive for at least 10 minutes under varying condi-
tions to allow ECM to adapt.

DME 3.3 (M60 ENGINE)

DME 3.3 systems are equipped with advanced On-Board Di-
agnostics (OBD). Be sure to check for diagnostic fault codes
(DTCs) as the first step in diagnosing DME faults. To acti-
vate fault code output, see 100 Engine-General for fault
codes.

Mass air flow sensor,
testing and replacing (M60 engine)

< The DME 3.3 system uses a hot film mass air flow sensor.
When the engine is running, a current is used to heat a thin
film in the center of the meter. The current used to heat the
film is electronically converted into a voltage measurement
corresponding to the mass of intake air.

NOTE—
A burn-off cycle is not used on hot film sensors.

If the hot film breaks or if there is no output from the air flow
sensor, the ECM automatically switches to a “limp-home”
mode and turns on the Check Engine light. The engine can
usually be started and driven.

The mass air flow sensor has no internal moving parts and
cannol be serviced or adjusted.

= Discorinect harness connector from mass air flow sensor.

DME 3.3 (M60 ENGINE)
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0017319

DME 3.3 (ME0 ENGINE)

4 Turn ignition on and check for voltage and ground at con-
nector. There should be ground at pin 1 and positive (+) bat-
tery voltage at pin 3.

— |If any faults are found, check for wiring breaks between air
flow sensor and ECM and between mass air flow sensor
and main DME relay.

= Also check operation of main DME relay.

— To remove mass air flow sensor, detach electrical harness
connector and loosen air duct clamps.

— Instaliation is reverse of removal.

NOTE—
Use only acid free grease or silicone lubricant on gasket and
air boot.

Engine coolant temperature (ECT) sensor,
testing and replacing (M60 engine)

The engine coolant temperature (ECT) sensor sends cool-
ant temperature information to the ECM. The ECT sensor is
of the NTC (negative temperature coefficient) type; as tem-
perature increases sensor resistance decreases.

4 Detach data link (diagnostic) plug (A) from holder and un-
bolt coolant expansion reservoir (B) and set aside.
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4 Working at right rear of engine, disconnect harness connec-
tor from the ECT sensor (white plug) (arrow).

= Turn ignition on. Using a digital voltmeter check for 5 volts
(VDC) between supply voltage wire in connector and
ground. If voltage is not present, test ECM inputs/outputs as
described later.

CAUTION —

Use only a digital multimeter when testing any part of the DME
systern. Use of an analog meter or test light may damage con-
trol medules and sensors.

0017196 = When replacing ECT sensor, use a new copper sealing
washer. Replace any lost coolant.

Tightening Torque (M60 Engine)
= ECT sensor to crosspipe . ......... 18 Nm (13 ft-Ib)

Intake air temperature (IAT) sensor,
testing and replacing (M60 engine)

- Remove top engine cover.

4 Disconnect harness connector from intake air temperature
(IAT) sensor (arrow).

IAT Sensor Location
* MB0 engine........... in intake manifold, right front

= Turn ignition on. Using a digital voltmeter check for 5 volts
(VDC) between supply voltage wire in connector and
ground. If voltage is not present, test ECM inputs/outputs as
described later.

IAT Sensor Voltage Supply
¥ MBDENGING. i oo wa v 0 sibsnics wi yellow/red wire

= With harness connector disconnected, test resistance
across sensor terminals. If any faults are found, replace IAT

SEensor.
Intake Air Temperature Sensor
(M60 Engine)
Test temperature Resistance (k Ohms)
14+ 2°F (-10+1°C) 7-11.6
68+2°F(20+1°C) 2.1-29
176 +2°F (80 + 1°C) 0.27-0.40

DME 3.3 (M60 ENGINE)
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0013235

Throttle position sensor (TPS),
testing (M60 engine)

4 The throttle position sensor (arrow) is mounted on the side
of the primary throttle housing and is directly connected to
the throttle valve shaft. The ECM sends a voltage signal to
the potentiometer-type sensor and monitors the voltage that
comes back. Resistance decreases (voltage increases) as

the throttle opens.

NOTE—

Do not confuse the TPS on the primary throttle housing with
the throttle switch on the ADS secondary throftle housing.

4 Check throttle position sensor function by disconnecting har-
ness connector and checking across terminals.

Throttle position sensor (M60 engine)

test conditions terminals test value
Harness connector 1in har- 5 VDC (approx.)
disconnected, igni- ness con-
tion on nector and
ground
Hamess connector 1and 3 at 4.0 k ohms (approx.)
disconnected, igni- sensor ter-
tion off minals
Throttle plate rotat- 1and 2 at Ccontinuously variable
ed from idle to full sensor ter- from 1.0-4.0 k ohms
throttle position minals (approx.) without inter-
ruption
NOTE—

The throttle position sensor is not adjustable. If test results are

incorrect, the sensor should be replaced.
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Idle speed control valve,
testing and replacing (M60 engine)

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 working 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 or is sluggish in operation, substituting a
known good valve is the best way to check it.

4 With engine running, check that idle speed control valve (ar-
row) is buzzing.

— Turn on A/C or shift car into drive. Idle should remain steady
or increase slightly.

— [f valve is not buzzing, or if idle decreases in step above,
stop engine and disconnect harness connector from valve.

0017312

4 Check resistance of valve across its terminals. Test values

are listed below.

Idle Speed Control Valve Coil Resistance Values

(M60 Engine)

ETEIINAIR Y AR o md oo et s o 20 + 2 ohms

eTerminals2and 3......c.00nveeeinn. 20 £ 2 ohms

eTerminalstand3............c.o0nuue 40 + 4 ohms
11250 NOTE—

If you suspect an intermittent fault, lightly tap the valve while

testing resistance.

DME 3.3 (M60 ENGINE)
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00115008

= With valve harness connector disconnected, check for bat-

tery voltage at red/white wire in connector with ignition
turned on.

e If there is no voltage, check wiring between connector
and main DME relay. See Electrical Wiring Diagrams.

NOTE—
The idle speed control valve receives positive (+) battery volt-
age from the main DME relay.

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.

NOTE—

= The idle speed control valve signal can b= checked using a
duty cycle meter (or dwell meter). Connect the meter to the
valve following the manufacturer’s instructions. Tum on the
A/C or create a large air leak and check that the valves duty
cycle reacts while the idle speed remains steady.

* There are some additional inputs to the control module that
affect idle speed such as throtile positior,, A/C-on signal or
automatic transmission Drive position. Check these signals
if idle problems persist. See ECM Pin Assignments.

When replacing idle speed control valve, clean and inspect
all sealing areas.

* Inspect sealing ring in throttle body and replace if nec-
essary.

Camshaft position (CMP) sensor,
replacing (M60 engine)

The camshaft position (CMP) sensor is located in the front of
the right cylinder head, next to the oil dipstick guide tube.

Remove plastic cover from top center of engine.

* Pry out plugs (arrows) from covers.
* Remove nuts and bolts from beneath plugs
= Lift off cover.

Detach CMP sensor electrical harness connector and pull
harness away from brackets.

If necessary, remove air intake duct to gain access to front
of right cylinder head.
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4 Remove CMP sensor (arrow) from front of right cylinder
head by unscrewing mounting bolt.

— Installation is reverse of removal,

» Reattach CMP sensor harness with wire ties.
= Check and clear fault memory.

Fuel injectors, testing (M60 engine)

The fuel injectors are switched on and off (opened and
closed) by the ECM. The injectors are connected fo a com-
mon fuel supply, called the fuel rail.

NOTE—
The test below is an electrical check only. The test does not
check spray patterns or fuel supply to injectors.

— Remove plastic engine covers from top of engine and pry off
cover from injector wiring duct.

4 Connect digital voltmeter to wiring in injector housing as
shown.

CAUTION—
Use a digital multimeter only. Analog meters or test lights may
damage the ECM.

= Operate starter or run engine.
» Check for pulsed voltage (approx. 0.3-1.0 VDC).

NOTE—

To quick-check a single injector, place a screwdriver or stetho-
scope on the injector with the engine running. If the injector is
operating, there should be an audible buzz.

— If there is no voltage, check for power to injector. There
should be battery voltage (+) at red/white wire of each injec-
tor connector with ignition key on. If not, check main DME
relay and wiring to injectors. See Electrical Wiring Dia-
grams.

DME 3.3 (M60 ENGINE)
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NOTE—

If there is positive (+) batlery voltage at conneclor, but there
was no response during cranking, check the wire(s) from the
ECM to the injectors. If no wiring faulls can be found, the
pulsed ground signal from the control module may be missing.
Check the oufputs from the ECM.

If no faults are found up to this point, check pulse-time reg-
ulation function of ECM with engine cold. Connect a voltme-
ter to wires in connector. Start engine. Check that voltage
decreases as engine warms up.

If any faults are found, check the ECM inputs and outputs as
described later,

Fuel rail and injectors,
removing and installing (M60 engine)

The fuel injectors are remaved by first removing the com-
plete injector/fuel rail assembly and then unclipping the in-
jectors from the fuel rail.

Cleanliness is essential when working with fuel circuit com-
ponents. Thoroughly clean the unions before disconnecting
any fuel lines. Use clean tools.

WARNING —

Fuel wilf be expelled when fuel lines are disconnected. Do
not smoke or work near healers or other fire hazards. Keep
a fire extinguisher handy:.

Disconnect negative (—) battery cable. See 020 Maintenance.

CAUTION—
Prior to disconnecting the battery, read the battery disconnec-
tion cautions given at the front of this manual on page viii.

Remove plastic engine covers from top of engine and pry off
cover from injector wiring duct,

Unplug ignition coils and fuel injectors.
Disconnect throttle cable(s) and lay aside.
Detach wiring ducts and lay aside.

Disconnect fuel lines from fuel rail and fuel pressure regula-
for.

WARNING —
Fuel will be discharged. Do not disconnect any wires that
could cause electrical sparks. Do not smoke or work near
heaters or other fire hazards. Keep an aporoved fire extin-
guisher handy.

4 Remove fuel rail mounting bolts (arrows).

— Pry up fuel rail and remove with injectors.
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4 Remove injector retaining clip (1) and pull injector from rail

(2).

— Installation is reverse of removal.

= Fit new O-rings when installing injectar. For ease of in-
stallation, lightly lubricate O-rings with SAE 90w gear
lube.

= Checx that injector electrical conneclions are correctly
fitted and that injectors are fully seated prior to installing
fuel rail mounting bolts.

» Replace any missing wire ties.

= Install new hose clamps.

Tightening Torque (M60 Engine)
= Fuel rall to cylinder head. . . ........ 10 Nm (89 in-Ib)

0011527

Fuel pressure regulator, replacing
(M60 engine)

— Disconnect negative (=) battery cable. See 020 Maintenance.

CAUTION —
Prior lo disconnecting the batlery, read the battery disconnec-
tion cautions given al the front of this manual on page viii.

— Detach coolant expansion tank and data link (diagnostic)
connector and lay aside.

— Remove top engine cover.

4 Disconnect fuel pressure regulator vacuum line (arrow).

— Note installed position of regulator then remove fuel pres-
sure regulator retaining circlip.

— Wrap a shop rag around regulator. Pull regulator from fuel
rail.

WARNING —
Fuel will be discharged. Do not disconnect any wires thal
could cause eleclrical sparks. Do not smoke or work near
healers or other fire hazards. Keep an approved fire extin-
guisher handy.

— Installation is reverse of removal.

s Tabs on circlip must engage slots in fuel rail.
« Always replace O-rings.

0017076

NOTE—
Be sure the part number on the new presstire regulator match-
es that of the old regulator.

DME 3.3 (M60 ENGINE)
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Engine control module (ECM),
testing and replacing (M60 engine)

DME 3.3 ECM pin assignments are given later in Table d.
This pinout information can be helpful when diagnosing
faults to or from the ECM. If all inputs and wiring are OK but
operational problems still exist, the ECM itself may be faulty.

Test results with incorrect values do not necessarily mean
that a component is faulty. Check for loose, broken or cor-
roded connections and wiring before replacing components.
If the results are still incorrect, test the component itself. For
electrical schematics of the DME system, see Electrical
Wiring Diagrams.

CAUTION —

* Always wait at least 40 seconds after turning off the igni-
tion before removing the connector from the engine con-
trol module (ECM). If the connector is removed before
this time, residual power in the system relay may damage
the ECM.

= Always connect or disconnect the control module connec-
tor 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 har-
ness connector housing can be separated so that electrical
checks can be made by back-probing the connector,

4 The engine control module (ECM) is mounted in the right
rear of the engine compartment, inside the electronics box
(E-box) (arrow). Terminal numbers are identified on the har-
ness connector and/or on the ECM.

CAUTION —
Use only a digital multimeter when making electrical checks at
ECM or other solid state DME componenis.

NOTE—

Electrical parts are not relurnable. Before replacing the ECM,
run all tests and check harness and connections for possible
malfunctions.

= Disconnect negative () battery cable. See 020 Maintenance.

CAUTION —
Prior to disconnecting the batlery, read the battery disconnec-
tion cautions given at the front of this manual on page viil,

— Remove cover from electronics box (E-box). The cover is re-
tained with four captive screws. Peel back weather stripping
from boay for improved access.

— Unplug ECM harness connector by releasing fastener and
pivoting connector up and off ECM.

DME 3.3 (M60 ENGINE)
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= Remove ECM retaining nuts or clips and lift out ECM.

= Installation is reverse of removal.

CAUTION—

Poor dniveability may be noliced immediately after replacing
the ECM. Drive for at least 10 minutes under varying condi-
tions to alfow ECM to adapt.

DME 1.2 AND DME 1.7
(M70 ENGINE)

DME systems are equipped with On-Board Diagnostics
(OBD). Be sure to check for diagnostic fault codes (DTCs) as
the first step in diagnosing DME faults. See 100 Engine-
General for fault codes,

NOTE —

* M70 V12 engines are managed by iwo separate 6 cylinder
DME systems. Cylinders 1-6 (right bank) use DME conlrol
module 1, IAT sensor 1, etc. Cylinders 7-12 (left bank) use
DME control module 2, IAT sensor 2, efe.

» Fach DME control module will store its own fault codes.

Mass air flow sensor,
testing and replacing (M70 engine)

NOTE—

The left mass air flow sensor supplies air to the right bank of
cylinders (cyl. 1-6) and the right mass air flow sensor supplies
air to the left bank (cyl 7-12).

The mass air flow sensor is not adjustable. Diagnosis of the
sensar should be done using specialized diagnosis equip-
ment. The mass air flow sensor operation is monitored by
the DME On-Board Diagnostics.

4 When the engine is running, a current is used to heat a thin
wire. The current in the wire is regulated to maintain a tem-
perature of 155°C more than air passing over it. The current
is electronically converted into a voltage measurement cor-
responding to the mass of intake air.

The mass air flow sensor is self-cleaning via the DME control
module. Upon engine shut down, the wire is quickly heated
to about 1000°C (1830°F) for one second. This “burn-off’ cy-
cle takes place automatically.

If the hot wire breaks or if there is no output from the air flow
sensor, the ECM automatically switches to a “limp-home”
mode and turns on the Check Engine light. The engine can
usually be started and driven. The air flow sensor has no in-
ternal moving parts and cannot be serviced.

DME 1.2 AND DME 1.7 (M70 ENGINE)
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DME 1.2 AND DME 1.7 (M70 ENGINE)

0017237

< Disconnect air flow sensor from air filter duct only (A).

» Leave sensor connected to intake manifold duct (B).
* Leave wiring harness connected (C).

Start engine and run to normal operating temperature.

Rev engine to at least 2,500 rpm, then shut it off. Look
through front of meter. After approximately 2 to 4 seconds
hot wire should glow brightly for one second.

NOTE—
If the wire glows as specified, then the air flow sensor and
ECM are probably operating correctly.

If glow was not observed, remove air flow sensor and check
carefully for a broken wire. If wire is not intact, sensor should
be replaced.

Detach narness connector and test electrical terminals with
ignition ey in ON position.

Mass Air Flow Sensor Electrical Checks (M70 Engine)
« Left sensor (cyl. 1-6)

Terminal 2 (red/blue) and ground . . . . . battery voltage

Terminal 3 (grey/white/yellow) and ground . ... 5 VDC

Terminal 4 (brown) and ground. . ......... continuity
» Right sensor (cyl. 7-12)

Terminal 2 (red-blue) and ground . . . .. battery voltage

Terminal 3 (grey/white) and ground ......... 5VDC

Terminal 4 (brown) and ground. . ......... continuity

If any faults are found, check wiring to sensor harness con-
nector from ECM and main DME relay. See Electrical Wir-
ing Diagrams.

To replace mass air flow sensor, loosen air duct clamps (A
and B) and detach electrical harness connector (C), then lift
out sensor, removing mounting fasteners as necessary.
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Engine coolant temperature (ECT) sensor,
testing and replacing (M70 engine)

The engine coolant temperature (ECT) sensor sends cool-
ant temperature information to the engine control module
(ECM). The ECT sensor is of the NTC (negative temperature
coefficient) type; as temperature Increases sensor resis-
tance decreases. The ECT sensor housing contains two
sensors, one for each DME systemn.

Detach harness connector from ECT sensor (1) at right rear
of engine on coolant cross pipe.

NOTE—
The coolanl reservoir tank may need to be ramoved to access
the ECT sensor.

ECT Sensor Location
sM70engine. ......counvvinnn. right rear of engine
in coolant cross pipe (3-pin)

Turn ignition on and check for 5 volts (VDC) between supply
voliage wire in connector and ground. If voltage is not
present, test ECM inputs/outputs as described later.

ECT Sensor Voltage Supply (M70 Engine)
SDME Y sqpaisasaiag ay brown/red wire and ground
TDMEZ:5 23 svierss brown/red/yellow wire and ground

ECT Sensor Terminal Identification (M70 Engine)

P EOTEBNSOTT & com cnsnww s s s o W pin 1
o ECTSBNS0r 2. oo oiv s ciiieins s sier a 3 amaes s 54 pin 3
SOOI 5 s v o S e A e e e SRt A pin 2

With harness connector detached, check resistance across
sensor terminals.

» Compare readings to specifications listed.
= If any faults are found, replace sensor.

Engine Coolant Temperature Sensor

(M70 Engine)
Test temperature Resistance (k Ohms)
14 + 2°F (<10 = 1° C) 7-11.6
68 +2°F (20 £1° C) 2.1-2.9
176 £ 2°F (80 = 1° C) 0.27-0.40

DME 1.2 AND DME 1.7 (M70 ENGINE)
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Sk

DME 1.2 AND DME 1.7 (M70 ENGINE)

NOTE—

The test values listed represent only three lest points from a
conlinuous resistance NTC sensor. For a more accurale test,
the sensor can be removed and lested in a bath of hot water
using a thermometer.

Use a new copper sealing washer when replacing sensor.
Replace any lost coolant.

Tightening Torques (M70 Engine)
* ECT sensor to crosspipe ........ . 18 Nm (13 ft-Ib)

Intake air temperature (IAT) sensor,
testing and replacing (M70 engine)

The intake air temperature (IAT) sensor sends intake air
temperature information to the ECM. The IAT sensor is of
the NTC (negative temperature coefficient) type; as temper-
ature increases sensor resistance decreases.

4 Detach harness connector from IAT sensor (arrow).

IAT Sensor Location
*M70engine........ rear of left/right intake manifola.

= Turn ignition on and check for 5 volts between supply volt-

age wire in connector and ground. If voltage is not present,
test ECM inputs/outputs as described later.

= With harness connector detached, check resistance across

sensor terminals. Compare resistance readings to specifi-
cations listed, If any faults are found, rzplace sensor.

Intake Air Temperature Sensor
(M70 Engine)

Test temperature Resistance (k Ohms)
14+ 2°F (<10 £ 1° C) 7-11.6
68+ 2°F (20 1°C) 2.1-2.8
176 £ 2°F (80 £ 17 C) 0.27-0.40
NOTE—

The test values listed represent only three lest poinits from a
continuous resjstance NTC sensor. For a more accurate test,
the sensor can be removed and lested in a bath of hot water
using a thermometer.

— When replacing IAT sensor, install using a new seal.

Tightening Torque (M70 Engine)
= |AT sensor to intake manifold ... ... 13 Nm (9.5 fi-Ib)
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Fuel injectors, testing (M70 engine)

The fuel injectors are switched on and off (opened and
closed) by the ECM. The injectors are connected to a com-
mon fuel supply called the fuel rail.

NOTE—
The test below is an elecirical check only. The test does not
check spray patterns or fuel supply to the injectors.

Remove plastic engine cover from top of engine.

* Remove plastic trim covers.
* Remove four retaining screws (arrows).

Pry off connector boot (arrow) to access fuel injector elec-
trical connector terminals (connector attached to injector).
Connect digital voltmeter to wiring in injector housing as
shown.

Operate starter or run engine and check for pulsed voltage
(approx. 0.3-1.0 VDC).

CAUTION —
Use a digital multimeter only. Analog meters or test lights may
damage the ECM.

NOTE—

To quick-check a single injector, place a screwdriver or stetho-
scope on the injector with the engine running. If the injector is
operating, there should be an audible buzz.

If there is no voltage, check for power (+) at red/white wire
of each injector connector with ignition key on. If voltage is
not present, check wiring from main DME relay or fuel pump
relay and wiring to injectors using wiring diagrams See
Electrical Wiring Diagrams.

DME 1.2 AND DME 1.7 (M70 ENGINE)
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NOTE—

« On most M70 motors with DME 1.2 (late production 1988-
1991), the fuel injectors get positive (+) battery power from
the fuel pump relay. On all other models, the fuel injectors
get pasitive (+) battery power from the DME main relay See
Electrical Wiring Diagrams.

« If there is positive (+) battery voltage at injector harness con-
nector, but no response at voltmeter during cranking, the
pulsed ground signal from the ECM may be missing. Check
oulputs from ECM.

— |f power is present as described in above step, unplug injec-
tor connectors and check injector electrical resistance. Re-
place injector if resistance is incorrect.

Fuel Injector Coil Resistance
*M70engine. ............. 16 ohms at 68°F (20°C)

NOTE—
Infector resistance will vary depending on temperature. In
general, the range should be between 10 and 20 ohms.

< If no faults are found up to this point, check ECM pulse-time
regulation function of ECM with engine cold. Peel back rub-
ber boot from injector connector (arrow) and connect volt-
meter to wires in connector. Start engine. Check that
voltage decreases as engine warms up.

— [fany faults are found, check ECM inputs and outputs as de-
scribed later.

Fuel rail and injectors,
removing and installing (M70 engine)

The fuel injectors are removed by first removing the com-
plete injector/fuel rail assembly and then unclipping the in-
jectors from the fuel rail.

Cleanliness is essential when working with fuel circuit com-
ponents. Thoroughly clean the unions before disconnecting
any fuel lines. Use clean tools.

= Disconnect negative (-) battery cable. See 020 Maintenance.

CAUTION—

Prior to disconnecting the battery, read the baltery disconnec-
tion cautions given at the front of this manual on page viii.

— Remove coolant reservoir tank and top engine cover.

DME 1.2 AND DME 1.7 (M70 ENGINE)
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= Unplug fuel injectors and throttle positicn actuators.

» Label and disconnect other wiring as necessary.
* Remove wiring duct from above fuel injectors.

M70 Fuel rail assembly

0017293

1. Fuel pressure regulators 4. Circlip 6. Fuel injector 9. Fuel return line
2. O-ring 5. Fuel injector harness con- 7. Fuel supply line
3. Fuel rail necior 8. O-ring

— Disconnect fuel lines from left and right fuel rails.

WARNING —

Fuel will be discharged. Do not disconnect any wires that
could cause electrical sparks. Do not smoke or work near
heaters or other fire hazards. Keep an approved fire extin-
guisher handy.

= Remove fuel rail mounting bolts and pry up fuel rail.

= Remove individual injectors by removing injector retaining
clip and pulling injector from rail.

= Installation is reverse of removal.

* Fit new O-rings when installing injectors.

» For ease of installation, lightly lubricate O-rings with
SAE 90w gear lube.

« Check that injector electrical connections are correctly
fitted and that injectors are fully seated prior to install-
ing fuel rail mounting bolts.

DME 1.2 AND DME 1.7 (M70 ENGINE)
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Tightening Torque
= Fuel rail to cylinderhead. . ......... 10 Nm (89 in-Ib)

Engine control module (ECM),
testing and replacing (M70 engine)

NOTE—

The M70 engine has two identical engire control modules
(ECMs). Before beginning work, identify the module to be re-
placed. When experiencing ECM problems, try switching the
ECMs as an aid to diagnosis.

ECM pin assignments are given in Table e, Table f, and Ta-
ble g. The pinout information can be helpful when diagnos-
ing faults to or from the ECM. If all inputs and wiring are OK
but operational problems still exist, the ECM(s) may be
faulty.

Test results with incorrect values do not necessarily mean
that a component is faulty. Check for loose, broken or cor-
roded connections and wiring before replacing components.
If the results are still incorrect, test the component itself. For
electrical schematics of the DME system, see Electrical
Wiring Diagrams.

CAUTION—

= Always wait al least 40 seconds after turning off the igni-
tion before removing the connector from the engine con-
trol module (ECM). If the connecior is removed before
this time, residual power in the system relay may damage
the ECM.

* Always connect or disconnect the control module connec-
tor and meter probes with the ignition off.

When testing the ECM itself, a breakout box should be used
to allow tests to be made with the connector attached to the
ECM. This prevents damage to the small terminals in the
connector. As an alternative, the harness connector housing
can be separated so that electrical tests can be made by
back-probing the connector.

4 The ECMs are mounted in the right rear of the engine com-
partment, inside the electronics box (E-box). Terminal num-
bers are identified on the harness connector and/or on the
ECM.

CAUTION—

« Use only a high-quality digital multimeter (DVOM) when
making eleclrical checks at ECM or other solid state DME
components.

* Prior to disconnecting the battery, read the battery discon-
nection cautions given at the front of this manual on page
viii.

1. ABS/ASC control module 3. EML control module
2. ECM2 4. ECM1

= Disconnect negative (—) baltery cable. See 020 Maintenance.

0017257

DME 1.2 AND DME 1.7 (M70 ENGINE)
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— Remove cover from electronics box (E-box). Cover is re-
tained with four captive screws, Peel back E-box weather
stripping for improved access.

— To remove ECM, unplug control module harness connector
by releasing fastener and pivoting connector up and off
ECM.

+ On 1988-1990 models; Remove ECM retaining nuts
and lifi ECM from its holder.

* On 1991 and later models: Pry out ECM retaining clips
and lift ECM out.

— Installation is reverse of removal.

ELECTRONIC THROTTLE
CONTROL SYSTEMS

Most E32 models are equipped with one of two versions of
electronic throttle control.

» EML- Electronic motor load regulation (M30, M70 engines)
* ADS~ Automatic throtile valve system (M60 engines)

This section provides basic descriptions of the two systems
and some component replacement procedures. System
fault diagnosis should be carried out using special BMW
dealer test equipment.

EML (M30 or M70 engine)

3 4 M30 engines with ASC and all M70 engines are equipped

Electronic motor with EML (electronic motor load regulation). The EML con-

- trol module, AEGS (transmission) control module and DME

load regmatlon (EM L) control module(s) are part of an engine management sys-

Power supply —— Pedal position tem allowing communication between control modules. The

EML system eliminates the need for idle stabilizer valves

AEGS ; !
pmgram_l [_C’”'SB Ronel cruise control servos and throttle cables.

_;> EML EML is a “drive-by-wire" system. There are no throttie ca-

control module bles. The EML electronic control module controls idle speed,

throttle position and throttle synchronization. Adjustments

l’ are not possible.
Wiy WARNING —
gt BMW strictly warns that the external safety path must be

checked any lime repairs or component replacement are
ECM 2 ECM 1 carried out on the EML system. The procedure is described

below.

]
M70 Engine
(V12) —
/ Laft Right
cylinder cylinder
= bank bank
(7-12) (1-6) on17317

ELECTRONIC THROTTLE CONTROL SYSTEMS
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Gear reducer

= Throttle valve

4 An EML actuator-driven throttle housing assembly is mount-

ed to each manifold (750iL models are equipped with two
EML throttle housings). The throttle housing assembly is
comprised of two parts, a conventional throttle body and a
throttle position actuator or motor.

CAUTION —

Do not disassembie EML throttle housings. Individual throtife
housing parts are not available. Throitla housings must be
replaced as a complete assembly. Tamper-proof screws are

ELECTRONIC THROTTLE CONTROL SYSTEMS

used to assemble throttle housings.

NOTE—

On 75CiL models, each intake manifold supplies the opposite
bank of cylinders. Cylinders 1-6 (passenger side) use the left
intake manifold, left air filter, left mass air Now sansor and left
EML throltle housing. Cylinders 7-12 (driver side) use the right
intake manifold, elc.

EML warning light

lllumination of the EML warning light signals that the system
has detected a fault and one or more fault codes have been
stored in the EML control module. Fault code information
can be read using BMW diagnostic equipment or an appro-
priate aftermarket scan tool.

The EML warming light also signals that the EML control
module has switched to fail-safe operation. In this condition
functions including throttle opening will be limited.

NOTE—

The EML system is highly sensitive to voltage fluctuations.
Low baMtery voltage will set a faull code and turn on the EML
warning light.

if the warning light is on, check to see if the battery or elec-
trical charging system are causing the problemn.

» Check battery connections and battery condition (voltage
and specific gravity).
= Checx charging system.

NOTE —

If battery is not properly charging due to driving patterns, con-
sult an authorized BMW paris department for an modified al-
ternalor pulley. This will help to keep the battery charge at low
engine speeds.)

= Check 50A fusible link near battery (encased in heat
shrink tubing).

» Check positive (+) junction under pedal assembly.

= Check grounds (-) and multi-pin connectors for damage or
corrosion.

* Check engine oil for proper viscosity for climate. Make
sure starter current is not excessive.
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External safety path, checking
(M30 or M70 engine)

The external safety path is a safety function built into the
EML control module. In the event of an EML malfunction, ap-
plying the brake pedal will return the engine speed to idle.
BMW recommends that this test be carried out any time an
EML component is replaced.

NOTE—

* A spacial EML safety path test adapler kit is required to make
this tesi:
-BMW special tool 12 7 010: harness with control dial used
to manually control engine speed.
-BMW special tool 12 7 011: adapter for the 20-pin EML har-
ness connector.
-BMW special tool 12 7 012: adapter for the 25-pin EML har-
ness connector.

* The BMW special tool numbers are not the part numbers.
The above tools can be ordered by adding 88 88 6... to the
tool number.

< Switch ignition off and disconnect EML harness connector

0017229
(arrow).

< Install EML safety path test adapter toals.

* On cars with 20 pin plug use BMW special tools no. 12
7010 and 12 7 011.

» On cars with 25 pin plug use BMW special tools no. 12
7010and 127 012.

— Turn knob on test harness fully to (=) position.

= Start engine and turn knob to (+) until engine runs at 2,500
rpm.

— Step on brake pedal. Engine speed should immediately
drop.

— Remove adapter. Erase fault codes.

EML throttle synchronization,
(M70 engine)

— Disconnect battery for at least 1 hour. See 020 Mainte-
nance.

CAUTION —
Prior to disconnecting the battery, read the battery disconnec-
lion cavtions given at the front of this manual on page viil.

— Reconnect battery and start engine. Let engine reach oper-
ating temperature without touching accelerator pedal.

CAUTION—
Obey traffic laws. Perform remaining steps in an isolaled area.

ELECTRONIC THROTTLE CONTROL SYSTEMS



130-44 FUEL INJECTION

0017294

Knurled
stop
screw

0017281

ELECTRONIC THROTTLE CONTROL SYSTEMS

— With transmission in first gear accelerate until engine speed
is over 5,000 rpm. Release accelerator pedal and coast until
engine is at idle.

— Repeal above operation two conseculive times.
— Allow engine to idle in neutral or park for at least 5 minutes.

= Turn engine off. EML throttles should now be synchronized.

Pedal position sensor, checking
and adjusting (M30 or M70 engine)

4 Loosen pedal position sensor arm retaining nut (arrow).

‘/\! Set gap of 3 mm (0.118 in.) between accelerator pedal
bracket and idle stop.

~— Support arm and tighten nut. Idle position is now set.

= Adjust pedal travel stop: Press accelerator pedal down by
hand just until kickdown pressure point is felt.

= Manual transmission: Adjust knurled stop screw so that
pedal travel is stopped (limit stop) at this point. Tighten
locknut.

= Automatic transmission: Adjust knurled stop screw so
that there is a 6 mm gap between pedal and top of stop
screw. Tighten locknut.
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4 To check adjustment, peel back rubber boot from EML har-
ness connector (arrow) and connect digital voltmeter be-
tween specified pin in connector and ground.

EML Connector Pedal Position Test Pin

= M30 (DME 1.3)(bluetbrown) . ............... pin 20
* M70 (DME 1.2)(brown/violet) ................ pin 1
* M70 (DME 1.7)(blue/brown) . ............... pin 20
NOTE—

Terminal numbers are molded in the EML connector face.
These numbers are very small and may be difficult to read

= Turn ignition on.
* Check signal from pedal position sensor while moving
accelerator pedal.

EML Pedal Position Sensor Test
* Pedal at idle position

Manual transmission. . . ... ......... 0.34-0.43 VDC

Automatic transmission. . .. ......... 0.35-0.45 VDC
¢ Pedal at full throttle

Manual transmission. . ............... 3.1-3.3 VDC

Automatic transmission. . ............. 3.7-3.8VDC

Pedal position sensor, replacing
(M30 or M70 engine)

The pedal position sensor is mounted above the accelerator
pedal and provides pedal position to the EML control mod-
ule. An accelerator cable is not used.

CAUTION—
The throttle position sensor must be adjusted after installation.

— Switch off ignition.

— Remove driver's side knee bolster as described in 513 Inte-
rior Trim.

— Disconnect pedal position sensor lever from accelerator
pedal.

4 Remove sensor lever clamping nut (arrow) and carefully pry
lever from pedal position sensor.

W

= Unplug harness connector from sensor.

— Remove sensor mounting screws, noting location of spac-
ers,

0017294

ELECTRONIC THROTTLE CONTROL SYSTEMS
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< Rotate sensor while removing from pedal console. Note
eyelet (arrow) fits in oval opening of pedal console.

— Installation is reverse of removal.

= Once installation is complete, adjust pedal position sen-
sor as described earlier.

= Check external safety path as described earlier.

= Synchronize throttles if necessary.

—

0017295

EML throttle housing, testing
and replacing (M30 or M70 engine)

An actuator-driven throttle plate is used for each bank of cyl-
inders. The actuator is controlled via the EML control mod-
ule. Individual parts for throttle housing assemblies are not
available..

CAUTION —

= DO NOT disassemble the throtlle housing assembly. In-
dividual parts are not available from BMW and BMW
wamns that the EML throttle actuator housing must never
be disassembled from the throttle body.

= The throttle plates in the actuator-driven EML throttle
housings may move without warning. Never put fingers or
tools in throttle housing.

— Remove mass air flow sensor and intake boot on EML throt-
tle housing so that throttle plate is visible.

— Turn on ignition. EML throttle position actuator should hum
and throttle plate should flutter.

= Turn ignition off.

4 Peel back boot at EML throttle actuator harness connector
(arrow).
= Connect digital frequency meter between pins 3 and 5

at back of connector.
= Turn ignition on. Meter should read frequency.

— Using a digital multimeter, test for ground and reference
voltage at throtile actuator harness connector:

Throttle Position Actuator Check

*sPin8andground ............... 0 ohms (approx.)
s Pin7and 8. «.qvncmana assmeas 5.0 VDC (approx.)
*Pin2and 8

(M30 engineonly).............. 5.0 VDC (approx.)

0017240
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— If test fails check wiring and connectors. See Electrical Wir-
ing Diagrams.

— Turn ignition off. Disconnect air intake boot from EML throt-
tle housing.

‘( Disconnect harness connector from EML actuator (B) and
remove 4 bolts (A) and remove EML throttle housing as-
sembly.

= Installation is reverse of removal,

= Always replace gaskets.
» Synchronize EML throttles and check external safety
path as described earlier.

EML control module, replacing

- M30 or M70 engine
I/iL E=box ( gine)

. : _ = EML control module pin assignments are listed in Table a or

! b @ B9 Table b. This information can be helpful when diagnosing
B8 confrol il LR faults to or from the EML system. If all inputs and wiring are
ML control ' & | , OK but operational problems still exist, the EML control mod-

ule may be faulty.
CAUTION—

The EML control module and ECMs must be maiched. Under
no circumstances may early and late versions of EML and DME
be mixed. See an authorized BMW parts department for the lat-
est information.

< When replacing EML control module (3), switch ignition off.

0011635 NOTE —
In sorme models the cruise control module is in the 3 position.

WARNING —
Wait at least 1 minute before disconnecting harness connec-
tor. Residual voltage may damage the conirol module.

— Remove cover from E-box in right rear of engine compart-
ment.

— Release clip and pivot connector up and off EML control
module. Remove retaining nuts or clips and remove EML
control module.

— Installation is reverse of removal.
» Check external safety path as described earlier.

0017309
1. ABS/ASC control module 3. EML control module
2. ECM2 4. ECM1

ELECTRONIC THROTTLE CONTROL SYSTEMS
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ADS components

ADS throttle housing
Bowdan cable

ADS throttle actuator

0017318

ELECTRONIC THROTTLE CONTROL SYSTEMS

<

<

Auxiliary Throttle Valve (ADS)
(M60 engine only)

740i/iL models with ASC+T (traction control) are fitted with
a motor-driven auxiliary throttle valve and housing ahead of
the standard throttle housing. The ADS throttle valve con-
trols engine throttle intervention based on signals from the
DME control module if road conditions (slipping driven
wheel) warrant reduced engine power.

ADS throttle housing, replacing

NOTE—
Before replacing the ADS throttle housing read fault codes.

Switch off ignition and disconnect electrical connector on
ADS throttle body.

Remova hose from idle control valve.

Loosen hose clamps and remove throttle housing air intake
boot.

Disconnect bowden cable and remove from ADS throttle
body.

Unscrew 3 bolts and remove ADS throttle body.

Installation is reverse of removal.

» Replace gasket.
= Adjust cable to zero backlash.

ADS throttle switch, replacing

NOTE—
Before replacing ADS throttle housing read fault codes.

Switch off ignition and remove harness connector from ADS
throttle switch (A).

Remove mounting screws and remove switch.

Installation is reverse of removal.

* Clear fault codes and test drive.
+ Recheck fault codes.
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EML PIN ASSIGNMENTS

EML control module pin assignments are listed in Table a or
Table b. The control module is located in the E-box. See
EML control module, replacing (M30 or M70 engine) ear-
lier in this section.

Table a. EML Pin Assignments-DME 1.3 (M30 engine)

Pin Signal Component Signal/function
1 output Throltle position sensor Square wave
2 vacant —_ —
3 input Instrument cluster Vehicle speed sensor
4 output DME control module Idle signal
5 input Engine coolant temp sensor 0-5 VDC
8 in&uﬁout— Diagnostic connector (Txd) Diagnosis
p
7 input Pedal position sensor 0.4 VDC-4.5 VDC (Approx.)
8 input A/C relay/DME 12VDC
9 output Diagnostic connector (Rxd) Diagnosis
10 input Throttle housing assembly Square wave
11 output Electronic ground Component ground
12 output Instrument cluster EML warning lamp
13 output ASC/EGS Square wave
14 ground Ground Ground point
15 input Pedal position sensor 0.4-4.0 VDC
16 input Throttle body Throttle position sensor
17 output Throttle body 5.0 VDC (approx.)
18 Input DME control module P/N identifier
19 Input/out- FGR switch 0-5.0VDC
put
20 input Brake light switch 12 VDC (on)
21 input Throttle housing assembly, 9 switch 5 VDC (on)
22 input Throttle housing assembly, 17 switch 5VDC (on)
23 ground Component ground Ground
24 input DME control module Square wave
25 input Main relay 12 VDC (approx.)
26 input Clutch pedal switch 0 VDC (approx.)
27 output EGS control module Kick down signal
28 output DME control module Full load signal, approx. 0 VDC
29 input DME control module Square wave

EML PIN ASSIGNMENTS
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Table a. EML Pin Assignments—-DME 1.3 (M30 engine)

Pin Signal Component Signal/function
30 vacant — =
31 input EGS contral module approx 0 VDC
32 output PWG potentiometer approx. 5 VDC (not short circuit proof)
a3 input AJC compressor clutch approx. 12 VDC (on)
34 input ABS/ASC control module Square wave
35 input ABS/ASC control module Square wave
36-55 | vacant - iy
Table b. EML Pin Assignments—DME 1.2 and DME 1.7 (M70 engine)

Pin Signal Component Signal/function
1 oulput Throttle position sensor Ignition coil primary control
2 ground Ground Ground
3 vacant - ==
4 input Slip control module Square wave
5 output Full load signal DME control unit 1
6 output Idle signal DME control unit 1
7 input Throttle position sensor 0.4 VDC-4.5 VDC (Approx.)
8 input Instrument cluster Road speed signal
9 output Throttle position sensor 5VDC
10 input Cylinder 7-12 throttle body Electronic ground
11 output Cylinder 7-12 throttle body 5VDC
12 output Cylinder 1-6 throttle body 5VDC
13 output Diagnostic connector (RxD) Diagnostic RxD (receive) signal
14 ground Ground Ground point
15 output EML warning lamp, ignition on EML lamp control

input ignition off Voltage supply for defect code memory
16 output Cylinder 7-12 throttle body Drive throttle (DK) actuator
17 ouiput Cylinder 1-6 throttle body Drive throttle (DK) actuator
18 input Engine control module relay cylinder 1-6 Power supply (terminal 15)
19 ground Ground Ground paint
20 input Transmission control medule Kick down signal
21 vacant - —
22 input Slip control module DK angle increase (DKE)
23 oufput ASC/EGS Throttie position signal (DKV)

EML PIN ASSIGNMENTS
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Table b. EML Pin Assignments—-DME 1.2 and DME 1.7 (M70 engine)

Pin Signal Component Signal/function

24 vacant — =

25 vacant e =

26 input Throttle body, cylinder 1-3 Electronic ground

27 input Throttle body, cylinder 1-3 throttle position

28 input Throttle body, cylinder 7-12 Throttle position

29 vacant _ —_

30 ground Ground Ground point

a1 input Cruise control switch Electronic ground

32 output DME control module, cylinder 7-12 Idle signal

33 output DME control module, cylinder 7-12 Full load signal

34 output Throttle body, cylinder 7-12 Drive throttle (DK) actuator

35 output Throttle body, cylinder 1-6 Drive throttle (DK) actuator

36 input Engine control module relay, cylinder 7-12 | 12 VDC (terminal 15)

37 input Engine control module relay, cylinder 1-6 | 12 VDC (terminal 15)

38 inpult Throttle body, cylinder 1-6 Throttle (17° switch)

39 vacant — —

40 input Throttle body, cylinder 7-12 Throttle (17° switch)

41 input A/C relay A/C switch

42 inpul Autornatic transmission (A/T) range A/T park or neulral position signal

switch

43 rﬂut!ou!- Cruise control switch Cruise control switch

44 input EML control module AJC compressor on

45 input Engine temperature sensor Engine coolant temperature (0-5 V, temperature dependent)

46 input Cruise control switch Cruise control

47 input DME control module, cylinder 1-6 Engine speed signal

48 vacant S = =

49 input DME control module, cylinder 1-6 Injection signal

50 input DME control module, cylinder 7-12 Injection signal

51 vacant — —

52 input Transmission control module S-program identifier

53 input Brake light switch Brake light switch)

54 vacant —_ —_

55 inp;ub‘oul- Diagnostic connector (TxD) Diagnostic TxD ({transmit) and RxD (receive) signal
pu
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ECM PIN ASSIGNMENTS

ECM control medule pin assignments are listed in Table ¢
through Table g. This information can be helpful when diag-
nosing faults to or from the ECM. If all inputs and wiring are
OK but operational problems still exist, the ECM control
module may be faulty.

Table c. ECM Pin Assignments—-DME 1.3 (M30 Engine without EML)

Pin Signal Component Signal/function

1 output Ignition coil Ignition coil primary control

2 ground Ground Chassis ground

3 oulput Fuel pump relay (terminal 85) Fuel pump relay control (crankshaft position signal must be present for
relay to switch)

4 oulput Idle speed control valve Pulsed ground (duty cycle) close signal (see also ierminal 22)

5 oulput Evaporative purge valve Pulsed ground (mapped) with engine running at normal temperature and
varying engine load

6 oulput Instrument cluster RPM signal to instrument cluster

7 input Volume air flow sensor Voltage signal from volume air flow sensor (0-5 VDC, varies with en-
gine load)

8 input Cylinder identification sensor Voltage pulse (VAC) between pin 8 and pin 31 when cylinder no. 6 fires
(for ignition control)

9 vacant — =

10 ground Oxygen sensor Ground for oxygen sensor signal

11 vacant — —_—

12 output Volume air flow sensor Voltage supply (5 VDC) to volume air flow sensor

13 input Diagnostic connector (RxD) Diagnostic RxD (receive) signal to pin 15 in data link connector

14 ground ground distribution Ground for fuel injectors output stage

15 output Check Engine lamp Check engine lamp control

16 output Fuel injectors, cyl. 1,3,5 Pulsed ground (injection pulse width in ms)

17 output Fuel injectors, cyl. 2, 4, 6 Pulsed ground (injection pulse width in ms)

18 input Power supply (terminal 30) Battery voltage (B+) at 2ll times (terminal 30)

19 ground Shielding ground Ground for ECM and sensor shielding

20 vacant - ==

21 vagant — s

22 output idle speed control valve Pulsed ground (duty cycle) open signal (see also terminal 4)

23 vacanl — —

24 ground Ground Ground for output stages other than injectors and ignition

25 vacant - —_

26 ground Volume air flow sensor Ground for volume air flow sensor

27 input Power supply (terminal15) Battery voltage (B+) with key in on or start position
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Table c. ECM Pin Assignments-DME 1.3 (M30 Engine without EML) (continued)

Pin Signal Component Signal/function

28 input Oxygen sensor Oxygen sensor signal wire (0-1 VDC fluctuating with engine running)

29 input Instrument cluster Vehicle speed signal from instrument cluster

30 vacant — —_

N input Cylinder identification sensor Voltage pulse (VAC) between pin 8 and pin 31when cyl. no. 6 fires (for

ignition control}

32 oulput Instrument cluster Fuel consumption output (KVA signal) to instrument cluster

33 vacant — —_

34 vacant - —

35 vacant - -

36 output Main relay (terminal 85) Main relay activation

a7 input Main relay (terminal 87a) Voltage supply from main relay to DME control unit

38 input On-board computer Drive-away protection enable

39 input Data link connector Programming voltage

40 input AJC compressor on) A/C refrigerant pressure switch and compressor clutch

4 input AJC on Auxiliary fan or signal

42 input Automatic transmission [A/T) range A/T park or neutral position signal
switch

43 vacant — —

44 input Intake air temperature Intake air temparature via volume air flow sensor (0-5 V, temperature

dependant)

45 input Engine temperature Engine coolant temperature (0-5 V, temperature dependent)

46 vacant - —

47 input Engine speed and crankshaft position Crankshaft position/rpm (voltage (VAC) between pins 47 and 48)
sensor

48 input Engine speed and crankshaft position Crankshaft position/rpm (voltage (VAC) between pins 47 and 48)
sensor

49 vacant — =

50 vacant - —

51 input Ignition timing intervention from Automatic transmission control module

52 input Throtile position switch Ground with throttle in idle position via throttle position switch

53 input Throttle position switch Ground with throttle in full open position via throttle position switch)

54 input Electronic transmission control unit Torque converter clutch WK

55 input/out- Diagnostic conneclor (TxD) Diagnostic TxD (transmit) and RxD (receive) signal to/from pin 20 in

put Data link connector

ECM PIN ASSIGNMENTS



130-54 FUEL INJECTION

Table d. ECM Pin Assignments—-DME 3.3 (M60 Engine)

Pin Signal Component Signal/function

1 output Fuel pump relay (terminal 85) Fuel pump relay switches with engine running or cranking (crankshaft
position signal must be present for relay switchover)

2 output Idle speed control vaive Pulsed ground—close signal (see also pin 29)

3 output Fuel injector, cyl. 1 Pulsed ground (injection pulse width in ms) cyl. 1

4 output Fuel injector, cyl. 4 Pulsed ground (injection pulse width in ms) cyl. 4

5 output Fuel injector, cyl. 6 Pulsed ground (injection pulse width in ms) cyl. 6

6 ground Ground Ground point X6452

7 output Fuel injectar, cyl. 7 Pulsed ground (injection pulse width in ms) cyl. 7

8 output Check Engine lamp Instrument cluster, Check Engine lamp

9 vacant — —_

10 vacant - —

11 output Electronic throttle control module Throttle angle signal to traction control module

12 input Oxygen sensor #2, (cyl. 5-8) Oxygen sensor #2 signal (0-1 VDC fluctuating with engine running)

13 input Oxygen sensor #1, (cyl.1-4) Oxygen sensor #1 signal (0-1 VDC fluctuating with engine running)

14 ground Mass air flow sensor Ground for mass air flow sensor

15 input Ignition circuit Ground for ignition circuit monitering

16 input Crankshaft position/rpm sensor Voltage pulse (VAC) between pin 16 and 43)

17 input Camshaft position sensor Voltage pulse (VAC) between pin 17 and 44)

18 vacant — =

19 vacant — —

20 vacant — —

21 vacant —_ -

22 output Ignition coil, cyl. 7 Primary signal, ignition coil 7

23 oulput Ignition coil, cyl. 6 Primary signal, ignition coil 6

24 oulput Ignition coil, cyl. 4 Primary signal, ignition coil 4

25 oulput Ignition coil, cyl. 1 Primary signal, ignition coil 1

26 input Power supply (terminal 30) Battery voltage (B+) at all times

27 output Main relay (terminal 85) Main relay activation

28 ground Ground Ground for ECM and sensor shielding

29 output |dle speed control valve Pulsed ground—open signal (see also pin 2)

30 vacant — ==

3 oulput Fuel injector, cyl. 5 Pulsed ground (injection pulse width in ms) cyl. &

32 output Fuel injector, cyl. 8 Pulsed ground (injection pulse width in ms) cyl. 8

33 oulput Fuel injector, cyl. 3 Pulsed ground (injection pulse width in ms) cyl. 3

34 grcund Ground Ground for remaining output stages
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Table d. ECM Pin Assignments—-DME 3.3 (M60 Engine) (continued)

Pin Signal Component Signal/function

35 output Fuel injector, cyl. 2 Pulsed ground (injection pulse width in ms) cyl. 2
36 output Evaporative purge valve control ljg;s:d ground with engine at normal temperature and varying engine
a7 output Oxygen sensor relay (terminal 85) Oxygen sensor relay control

38 vacant -_ e

39 ground Oxygen sensor #2 (cyl. 5-8) Oxygen sensor #2 signal ground

40 ground Oxygen sensor #1 (cyl.1-4) Oxygen sensor #1 signal ground

41 input Mass air flow sensor Mass air flow voltage signal (0-5 VDC, varies with engine load)
42 input Instrument cluster Road speed signal from instrument cluster

43 input Crankshaft position/rpm sensor Voltage pulse (VAC) between pin 16 and 43)

44 input Camshaft position sensor Voltage pulse (VAC) between pin 17 and 44)

45 ground Ignition signal shield Ground for ignition circuit monitoring

46 output Instrument cluster Fuel consumption output to instrument cluster

47 output Instrument cluster Engine speed (TD) signal to instrument cluster
48 output A/C compressor control relay A/C compressor disable via A/C compressor relay
49 output Ignition coil, eyl. 2 Primary signal, ignition coil 2

50 output Ignition coil, cyl. 3 Primary signal, ignition coil 3

51 output Ignition coil, cyl. 8 Primary signal, ignition coil 8

52 output Ignition coil, cyl. 5 Primary signal, ignition coil 5

53 vacant — =g

54 input Main relay (terminal 87) Battery voltage from main relay

55 ground Ground Ground point (X6452)

56 input Power supply (terminal 15) Battery voltage with key in on or start position

57 vacant — =

58 vacant - —t

59 output Throttle position sensor (TPS) Voltage supply to TPS (5 VDC)

60 input Data link connector Programming vollage via data link connector

61 vacant — —

62 input Traction control module Throtlle control signal

63 vacant - —

64 input A/C relay (terminal 87a) A/C ready signal

65 input A/C pressure switch from integrated climate control module via A/C pressure switch
66 input On-board computer Drive-away protection enable

67 input Knock sensor #4 (cyl. 7-8) Knock sensor #4 signal

68 input Knock sensor #3 (cyl. 5-6) Knock sensor #3 signal
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Table d. ECM Pin Assignments—-DME 3.3 (M60 Engine) (continued)

Pin Signal Component Signal/function

69 input Knock sensor #2 (cyl. 3-4) Knock sensor #2 signal

70 input Knock sensor #1 (cyl. 1-2) Knock sensor #1 signal

71 ground Ground Ground for analog signals and knock sensors

72 vacant — -_

73 input Throttle position sensor (TPS) Throttle position signal

74 vacant — —

75 vacant = .

76 vacant — =

77 input Intake air temperature sensor Intake air temperature signal (0-5 VDC, temperature dependent)

78 input Engine coolant temperature sensor Engine coolani temperature signal (0-5 VDC, temperature dependent)

79 vacant — —

80 vacant —_ =

81 input Light switch Headlights on signal

82 input Traction control module Engine coasting signal

83 input Traction control module Traction control regulation signal

84 output Ground, EGS shield CAN shield to A/T transmission control module

85 inr::t!out— Aulomatic transmission control module A/T transmission control module connection, data signal
p

86 input/out- Automatic transmission control module, Data link connector
put electronic throttle control module

87 input Diagnostic connector (RxD) Diagnostic RxD (receive) signal to Data link connector

88 inpl:b‘oul- Diagnostic connector (TxD) Diagnostic TxD (transmit) signal to Data link connector
pu
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Table e. ECM Pin Assignments—DME 1.2 early (M70 Engine)

Pin Signal Component Signalffunction
1 output Ignition coil Ignition coil primary control, Diagnostic connector
2 ground Ground Chassis ground
3 oulput Fuel pump relay control Fuel pump relay switches with engine running or cranking (crankshaft
position signal must be present for relay to switch)
4 vacant — _
5 oulput Evaporative purge valve control Pulsed ground (mapped) with engine running at normal temperature
and varying engine load
6 output Engine speed RPM signal to EML control module and instrument cluster
7 input Mass air flow sensor Vloogz?a signal from Mass air flow sensor (0-5 VDC, varies with engine
8 input Cylinder identification Voltage pulse (VAC) between pin 8 and pin 31 for cylinder identification
9 vacant == s
10 ground Oxygen sensor Ground for oxygen sensor signal
11 vacant — —
12 vacant = —
13 input Diagnostic connector (RxD) Diagnostic RxD (receive) signal to pin 15 in data link connector
14 ground Fuel injectors Ground for fuel injectors oulput stage
15 vacant —_ -—
16 output Fuel injectors, cyl, 1,3,5 (control unit 1) Pulsed ground (injection pulse width in ms)
Fuel injectors, cyl. 7,9,11 (control unit 2)
17 oulput Fuel injectors, cyl. 2, 4, 5 (control unit 1) | Pulsed ground (injection pulse width in ms)
Fau)el injectors, cyl. 8, 10 12 (control unit
18 input Power supply (terminal 30) Battery voltage (B+) at all times (terminal 30)
19 ground Shielding ground Ground for ECM and sensor shielding
20 vacant - =
21 vacant —_ —
22 vacant _ —
23 oulput Oxygen sensor relay control Oxygen sensor heater
24 ground Output stage ground Ground for output stages other than injectors and ignition
25 input Mass air flow sensor —
26 ground Mass air flow sensor Ground for Mass air flow sensor
27 input Power supply (terminal15) Battery voltage (B+) with key on or engine running (terminal 15)
28 input Oxygen sensor Oxygen sensor signal wire (0-1 VDC fluctuating with engine running)
29 vacant — —
30 vacant - -
31 input Cylinder identification sensor Voltage pulse (VAC) between pin 8 and pin 31when cyl. no. 6 fires (for

on no. 6 and no.12 plug wires

ignition control)
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Table e. ECM Pin Assignments—-DME 1.2 early (M70 Engine)

Pin Signal Component Signal/function

a2 oulput Fuel consumption Fuel consumption output to instrument cluster

33 vacant — —_

34 vacant - s

35 vacan! - -

36 output Main relay Main relay activation (relay terminal 85)

37 input Main relay Voltage supply from main relay to ECM (relay terminal 87)

38 input On-board computer, anti-theft system Drive-away protection enable

39 input Data link connector Programming voltage

40 vacant — =

41 vacant - —

42 input Automalic transmission (A/T) range AT park or neutral pasition signal
switch

43 input Mass air flow sensor 0-5VDC

44 input Intake air temperature Intake air temperature via Mass air flow sensor (0-5 V, temperature de-

pendent)

45 input Engine coolant temperature Engine coolant temperature (0-5 V, temperature dependent)

46 vacant - —

47 input Engine speed and crankshaft position Crankshaft position/rpm (voltage (VAC) between pins 47 and 48)
sensor

48 input Engine speed and crankshaft position Crankshaft position/rpm (voltage (VAC) between pns 47 and 48)
sensor

49 vacant — Z s

50 not used control units 1 and 2 connected not used

51 input Ignition timing intervention from Electronic transmission control module

52 input Throttle position Ground with throttle in idle position from EML control module

53 input Throttle position Ground with throttle in full open position from EML control module

54 input Torgue converler clutch WK Electronic transmission control module

55 input/out- | Diagnostic connector (TxD) Diagnostic TxD (transmit) and RxD (receive) signa’ to/from pin 20 in

put Data link connactor
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Table f. ECM Pin Assignments—-DME 1.2 late (M70 Engine)

Pin Signal Component Signalffunction
1 output Ignition coil Ignition coil primary control, Diagnostic connector
2 ground Ground Chassis ground
3 input Switched voltage from main relay Battery voltage through 1K resistor, approx. 10 VDC
4 vacant = =
B output Evaporative purge valve control Pulsed ground (mapped) with engine running at normal temperature
and varying engine load
6 output Engine speed RPM signal to EML control module and instrument cluster
7 input Mass air flow sensor \:c;g:aj?a signal from Mass air flow sensor (0-5 VDC, varies with engine
8 input Cylinder identification Voltage pulse (VAC) between pin 8 and pin 31 for cylinder identification
9 vacant = ==
10 ground Oxygen sensor Ground for oxygen sensor signal
11 vacant - s
12 vacant = —
13 input Diagnostic connector (RxD) Diagnostic RxD (receive) signal to pin 15 in data link connector
14 ground Fuel injectors Ground for fuel injectors output stage
15 vacant = —
16 output Fuel injectors, cyl. 1,3,5 (control unit 1) Pulsed ground (injection pulse width in ms)
Fuel injectors, cyl. 7,9,11 (control unit 2)
17 output Fuel injectors, cyl. 2, 4, 6 (control unit 1) | Pulsed ground (injection pulse width in ms)
F;IE| injectors, cyl. 8, 10, 12 (control unit
18 input Power supply (terminal 30) Battery voltage (B+) at all times (terminal 30)
19 ground Shielding ground Ground for ECM and sensor shielding
20 vacant —_ —
21 vacant —_ —
22 vacant —_ —
23 output Oxygen sensor relay control Oxygen sensor heater
24 ground Output stage ground Ground for output stages other than injectors and ignition
25 output Mass air flow sensor Burn off after engine stops
26 ground Mass air flow sensor Ground for Mass air flow sensor
27 input Pawer supply (terminali5) Battery voltage (B+) with key on or start position (terminal 15)
28 input Oxygen sensor Oxygen sensor signal wire (0-1 VDC fiuctuating with engine running)
29 vacant - —
30 vacant —_ =—
3 input Cylinder identification sansor Voltage pulse [VAC) between pin 8 and pin 31when cyl. no, 6 fires (for

on no. 6 and no.12 plug wires

ignition control)
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Table f. ECM Pin Assignments—DME 1.2 late (M70 Engine)

Pin Signal Component Signal/function

32 output Fuel consumption Fuel consumption output to instrument cluster

33 vacant — —

34 vacant — _

35 vacant — —_

36 output Main relay Main relay activation (relay terminal 85)

37 input Main relay Voltage supply from main relay to ECM (relay terminal 87 or B7a)

38 input On-board computer, anli-theft system Drive-away protection enable

39 input Data link connector Programming voltage

40 ground - —_—

41 vacant — —_

42 input Automatic transmission (A/T) range A/T park or neutral position signal
switch

43 input Mass air flow sensor 0-5VDC

44 input Intake air temperature Intake air temperature via Mass air flow sensor (0-5 V, temperature de-

pendent)

45 input Engine coolant temperature Engine coolant temperature (0-5 V, temperature d2pendent)

46 vacant — —

47 input Engi:grspeed and crankshaft position Crankshaft position/rpm (voltage (VAC) between pins 47 and 48)
sen

48 input Engine speed and crankshait position Crankshaft position/rpm (voltage (VAC) between gins 47 and 48)
sensor

49 vacant — -

50 nol used control units 1 and 2 connected not used

51 input Ignition timing intervention from Electronic transmission control module

52 input Throttle position Ground with throttle in idle position from EML control module

53 input Throttle position Ground with throttle in full cpen position from EML control module

54 input Torque converter clutch WK Electronic transmission control module

55 input/out- | Diagnostic connector (TxD) Diagnostic TxD (transmit) and RxD (receive) signal to/from pin 20 in

put Data link connector
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Table g. ECM Pin Assignments-DME 1.7 (M70 Engine)

Pin Signal Component Signalffunction

T Qutput Fuel pump relay, terminal 85 Fuel pump relay control

2 Not used — -

3 Qutput Fuel injectors 2, 4, 6 DME control unit 1 or Pulsed ground for fuel injection control
Fuel injectors 8, 10, 12 DME control unit 2

4 Not used — —

5 Not used — —

6 Ground Ground, fuel injection valve output stages Ground peint

7 Not used - —

8 Output Instrument cluster “Check engine” indicator control

9 Not used - =

10 Not used —_— =

11 Output Transmission control module (EGS) DKV potentiometer signal

12 Input EML control module Throttle position signal (full throttle)

13 Input Mass air flow sensor -

14 Input Mass air flow sensor Mass air flow sensor (signal ground)

15 Not used — —

16 Input Cylinder 6 spark plug wire Spark plug wire sensor (cylinder identification)

17 Output Instrument cluster Measurement signal (fuel consumption)

18 Not used — —

19 Not used — L

20 Not used _ —

21 Not used - —

22 Not used —_ —_

23 Notused | — —

24 Notused | — Cyl. 3 ignition coil

25 Output Ignition coil terminal 1 lgnition coil control

26 Input B + junction point Battery voltage

27 Output Main relay, terminal 85 Main relay control

28 Ground Ground for electronics and shielding of sensors | Ground peint

29 Not used —_ —_

30 Not used —_ —

31 Not used —_ -_

32 Quiput Fuel injectors 1, 3, 5 (DME control unit 1) or Pulsed ground
Fuel injectors 7, 9, 11 (DME control unit 2)

33 Not used — —_

ECM PIN ASSIGNMENTS




130-62 FUEL INJECTION

Table g. ECM Pin Assignments—DME 1.7 (M70 Engine)

Pin Signal Component Signal/function
34 Ground Ground, output stages (except for ignition and Ground point
fuel injection valves)
35 Notused | — i
36 Output Evaporative emission valve Evaporative emission valve control
37 Notused | — —
38 Not used — -
39 Not used — —_—
40 Not used — —
41 Input Mass Air Flow sensor Mass air flow sensor (voltage varies with engine load)
42 Not used —_ —
43 Ground Ground for sensors Engine coolant temperature sensor, intake air lemperature sensor
44 Input Spark plug wire sensor Spark plug wire sensor (cylinder identification)
45 Notused | — —_—
46 Notused | — —
47 Not used — —
48 Notused | — 1
49 Notused | — et
50 Not used — —_—
51 Not used — _
52 Notused | — —
53 Not used e —
54 Input Main relay terminal 87 or 87a Battery voltage from main relay
55 Ground Ground point Ground, ignition
56 Input Ignition switch, terminal 15 12V with ignition switch in start or run position
57 Not used —_ —
58 Notused | — —
58 Not used — =
60 Input Data link connector Programming voltage
61 Notused | — —
62 Input Throtlle position sensor Closed throttle
63 Input Electronic transmission control unit Electronic transmission control
64 Input Electronic transmission control unit —_—
65 Input Automatic transmission range switch 12V in park or neutral
66 Notused | — —
67 Input Crankshaft position/RPM sensor Crankshaft position/RPM

ECM PIN ASSIGNMENTS




FUEL INJECTION

130-63

Table g. ECM Pin Assignments-DME 1.7 (M70 Engine)

Pin Signal Component Signal/function
68 Ground Crankshaft position/RPM sensor Crankshaft position RPM sensor ground
69 Not used — —
70 Input Oxygen sensor signal 0-1v
71 Ground Heated oxygen sensor Oxygen sensor signal ground
72 Not used -_— sl
73 Input Instrument cluster Vehicle speed sensor
74 Output Instrument cluster, EML control unit Engine speed signal
75 Nol used —_ -
76 Input Mass air flow sensor 0-5v
77 Input Intake air temperature sensor (IAT) Intake air temperature sensor (IAT)
78 Input Engine coolant temperature sensor Engine coolant temperature
79 Not used -— -
80 Not used — —
81 Input On-board computer, anti-theft module Drive-away protection signal (code)
82 Input Automatic stability control (ASC or ASC+T) Automatic stability control (ASC or ASC+T)
83 Input Automatic stability control (ASC or ASC+T) Automatic stability control (ASC or ASC+T)
84 Not used —_ -_
85 Ground Ground point Ground
86 Nolused | — —
87 Output RxD diagnosis data line Data link connector
88 f)urftul TxD diagnosis data line Data link connector
np
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