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ARTICLE BEGINNING

1993 ENG NE PERFORMANCE
Theory & Operation - Mdtronic

Passat GLX (2.8L VRG6)

INTRODUCTION

This article covers basic description and operation of engine
performance-rel ated systens and conponents. Read this article before
di agnosi ng vehicles or systens with which you are not conpletely
famliar.

COMPUTERIZED ENGINE CONTROLS
ELECTRONIC CONTROL UNIT

The Mdtronic engi ne managenent system uses a single
El ectronic Control Mdule (ECM for fuel injection, idle speed
control, ignition, and em ssion controls. The El ectronic Control
Modul e (ECM continually corrects air/fuel mxture based on signals
fromvarious signals. The ECMis | ocated underneath center of
wi ndshield cow, directly behind engine conpartnent firewall.

NOTE: Conponents are grouped into 2 categories. The first category
covers | NPUT DEVI CES, which control or produce voltage
signals nonitored by the control unit. The second category
covers QUTPUT SI GNALS, which are conponents controlled by
the control unit.

INPUT DEVICES

Engi ne Cool ant Tenperature (ECT) Sensor

Sensor is |ocated on thernostat housing. As engi ne cool ant
tenperature increases, the resistance of the sensor decreases. Engi ne
cool ant tenperature sensor signals are used for control of ignition
timng, injector pulse wdth, and idle speed stabilization. In
addi tion, knock sensors, idle speed control, oxygen sensor and fue
tank venting are activated based on cool ant tenperature.

Engi ne Speed (RPM/ Ref erence Sensor

Engi ne speed (RPM and crankshaft position are regi stered by
a single sensor |ocated on side of engine block. The sensor reads a
t oot hed wheel nmounted on the crankshaft. The wheel has a 2-tooth gap
which is used as a reference point for crankshaft position. The engi ne
speed/reference signal is used to nonitor engine RPM and to identify
TDC position of cylinder No. 1.

Hal | Ef fect Sensor
See ELECTRONI C | GNI TI ON SYSTEM under I GNITION SYSTEM in this
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article.

NOTE: For conponent | ocations, see Fig. 1.
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. Fuel Evaporative (Frequency) Valve
. Mass Airflow Sensor

. Air Intake Hose

CO Tap Tube

Knock Sensor |

. Engine Control Module (ECM)

. Throttle Body

. Throttle Position Sensor

. ldle Air Control (IAC) Valve

10. Ignition Coil

11. Distributor

12. Engine Coolant Temp. Sensor (Brown)
13. Engine Coolant Temp. Sensor (Blue)
14. Engine Coolant Temp. Sensor (Yellow)
15. Intake Air Temp. Sensor

16. Fuel Pressure Regulator

17. Engine Speed (RPM) Sensor

18. Knock Sensor ||

19. Fuel Injectors

20. Fuel Evaporative Canister

21. Air Cleaner
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Fig. 1: Mdtronic Conponent Locations (Passat G.X)
Courtesy of Vol kswagen United States, Inc.

I ntake Air Tenperature Sensor

Intake air tenperature sensor is |ocated on side of intake
mani fol d. The signal fromthis sensor is used for idle stabilization
and as a correction factor for ignition timng. If intake air
tenperature sensor fails, the ECM uses a tenperature of 68gF (20sC) as
a substitute value. If this happens, cold start problens coul d occur
at tenperatures |less than 32gF (0sC).

Knock Sensor (s)
See |GNITION TI M NG CONTROL under IGNITION SYSTEMin this
article.



E - THEORY/OPERATION - VR6
Article Text (p. 3)
1993 Volkswagen Passat
For Volkswagen Technical Site: http://vw.belcom.ru

Copyright © 1998 Mitchell Repair Information Company, LLC
Wednesday, March 22, 2000 10:05PM

Mass Airfl ow Sensor

A hot-wire air mass sensor is used to neasure airflowinto
the engine. The sensor is attached to air filter housing. The hot-wire
in sensor is kept at 356gF (180gC) above air tenperature.

As airflow increases, the wire is cooled and the resistance
of the sensor changes. The resulting current change is converted to a
vol tage signal and is used by the ECMto cal cul ate the volune of air
taken in.

If a fault develops with mass airfl ow sensor signal, the
signal fromthrottle valve potentioneter is used as a substitute in
order for the car to be driveable.

Throttle Val ve Potentioneter

Throttle val ve potentioneter (throttle position sensor) is
connected to throttle valve shaft. It inforns the ECM about the power
requested by the driver (throttle opening). Idle and full throttle
switches are NOT used in potentioneter. Idle speed and full throttle
applications are recognized by the ECM fromthe vol tage out put of the
pot enti onet er.

Throttle val ve potentioneter signals are used for idle speed
stabilization, idle air volune control, fuel after-run shut-off, and
full throttle enrichment. The ECM uses nmass airfl ow sensor signal and
engine RPM signals as substitute values if the potentioneter fails.

NOTE: On automatic transm ssion equi pped vehicles, the throttle
val ve potentioneter is conbined in the housing with the
potentioneter for transm ssion control.

Oxygen (Q2) Sensor
The heat ed oxygen sensor is made from zirconi um di oxi de,
while the inner and outer surfaces are coated with platinum If fue

m xture is | ean (excess oxygen), the oxygen sensor will send a | ow
vol tage signal (about 100 mllivolts) to the ECM If fuel mxture is
rich (lack of oxygen), the oxygen sensor will send a high voltage

signal (about 900 mllivolts) to the ECM
OUTPUT SIGNALS

NOTE: Vehi cl es are equipped with different conbinations of
conputer-control |l ed conponents. Not all conponents |isted
bel ow are used on every vehicle. For theory and operation on
each out put conponent, refer to the systemindicated after
conponent .

EGR Frequency Val ve
See EXHAUST GAS RECI RCULATI ON (EGR) SYSTEM under EM SSI ON
SYSTEMS in this article.

Fuel Evaporative (Frequency) Valve
See FUEL EVAPCRATI VE EM SSI ONS SYSTEM under EM SSI ON SYSTEMS
inthis article.
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Fuel Injectors
See FUEL CONTROL under FUEL SYSTEMin this article.

Fuel Punp
See FUEL DELI VERY under FUEL SYSTEMin this article.

Idle Alr Control/Stabilizer Val ve
See | DLE SPEED under FUEL SYSTEMin this article.

Ignition Coil & Qutput Stage
See DI STRI BUTORLESS | GNI TI ON SYSTEM (DI'S) under | GNI Tl ON
SYSTEMin this article.

Mal function Indicator (CHECK ENG NE) Light
See MALFUNCTI ON | NDI CATOR (CHECK ENG NE) LI GHT under SELF-
DI AGNOSTI C SYSTEM in this article.

FUEL SYSTEM
FUEL DELIVERY

Fuel Punp

A 2-stage fuel punp, located in fuel tank, is used (one notor
drives two separate punps). The stage one vane-type punp draws fuel,
t hrough a screen, frombottomof fuel tank and into an accunul ator.
The vane-type punp acts as a transfer punp. The stage two gear-type
punp draws fuel from bottom of accunul ator and out fuel I|ines.

Fuel Pressure Regul ator
The di aphragm type fuel pressure regulator is attached to

fuel return side of fuel rail. Fuel pressure is regul ated dependi ng on

i ntake mani fold pressure. As intake manifold pressure changes, the

pressure regulator will increase or decrease fuel system pressure.
FUEL CONTROL

Fuel Injectors

Fuel injectors are supplied with battery (system voltage
t hr ough power supply relay and are controlled (grounded) by the ECM
Injectors are opened sequentially in cylinder firing order. Fuel
quantity is determ ned by injector on tine (duty cycle).

IDLE SPEED

Idle Air Control/Stabilizer Valve

The idle air control/stabilizer valve is actuated by the ECM
t horough the valve's ground control circuit. Wen a defect in circuit
i s recogni zed, both output stages are shut-off and the val ve rotates
to a fixed potion. This permits engine to idle at a warmengine idle
speed.

IGNITION SYSTEM
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NOTE: Passat GLX nodel s are equi pped with a Distributorless
Ignition System (DI S).

ELECTRONIC IGNITION SYSTEM

The el ectronic ignition systemconsists of ECM power out put
stage, ignition coil, distributor, mass airflow sensor, throttle valve
pot enti oneter, engine cool ant tenperature sensor, and Hall Effect
sensor.

Ignition systemuses engi ne speed, engine |oad, and throttle
val ve potentioneter signals to calculate ignition timng. Engine
cool ant tenperature signal is used to correct ignition timng when
engine is cold and to activate knock sensor circuit. See KNOCK
SENSCOR(S) under IGNITION TIM NG CONTROL in this article.

Hal | Effect Sensor

On Passat G.X, this sensor is nounted on end of canshaft
(near ignition coil). Sensor consists of a magnetic encl osure and
integrated sem -conductor circuit. A voltage signal is generated when
trigger wheel, turning at canshaft speed, interrupts magnetic field
created by the sem -conductor. Hall Effect sensor and engi ne
speed/reference signals are used to identify TDC position of cylinder
No. 1 for sequential fuel injection and spark knock regul ati on.

DISTRIBUTORLESS IGNITION SYSTEM (DIS)

Hal | Ef fect Sensor
See HALL EFFECT SENSOR under ELECTRONIC | GNI TI ON SYSTEM i n
this article.

Ignition Coil & Qutput Stage

The distributorless (direct) ignition systemconsists of ECM
power output stage, 3 double-ended ignition coils and secondary
ignition wires. The ECM operates each ignition coil through the power
out put stage. The power output stage and heat sink are |ocated behind
ignition coils. The ignition coils are |ocated on |eft side of
cylinder head. Wen the power output stage fires an ignition coil, a
spark is supplied to 2 spark plugs at one tinme. One spark plug fires
during the conpression stroke, and the other spark plug fires during
t he exhaust stroke (waste spark).

IGNITION TIMING CONTROL

Knock Sensor (s)

The knock sensor(s) work(s) like a mcrophone to "listen" for
spark knock (detonation). Wen detonation occurs, ignition timng is
retarded until the knock is elim nated.

On Passat GX, 2 knock sensors are nounted on side of engine
bl ock. Knock sensor | nonitors cylinders No. 1, 3 and 5. Knock sensor
Il monitors cylinders No. 2, 4 and 6.
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EMISSION SYSTEMS
AIR INJECTION SYSTEM

The air injection systemconsists of electrically operated
air punp, inlet valve, shut-off valve (nounted between intake ports
for cylinders No. 2 and 4), and air punp control relay.

The El ectronic Control Mdule (ECM control operation of air
injection systemair punp by conpleting the ground circuit of the air
punp control relay (located above brake master cylinder). In addition,
the relay operates the secondary air injection inlet valve.

EXHAUST GAS RECIRCULATION (EGR) SYSTEM

The EGR system consi st of EGR val ve, ECR frequency val ve, and
EGR tenperature sensor. Only Passat (X nodel sold in California use
the system The EGR systemis sw tched on when engi ne cool ant
tenmperature reaches 122gF (500C). The systemrecircul ates a snal
portion of exhaust gas into the intake air/fuel mxture to reduce
ni trous oxi de em ssions (NOx).

EGR Frequency Val ve

The EGR frequency valve is nmounted on back of intake
mani fol d. The frequency val ve controls the anobunt of vacuum supplied
to the EGR val ve. The ECM dependi ng on engi ne speed and | oad,
controls the frequency valve's ground circuit. In doing so, the ECM
controls the anobunt of recircul ated exhaust gas entering the engine.

EGR Tenperature Sensor

Sensor is located in EGR val ve exhaust gas recircul ation
channel . The EGR tenperature sensor mneasures exhaust gas tenperature.
The el ectrical resistance of the sensor decreases as the tenperature
of the exhaust gas increases. The signal generated by the EGR
tenmperature sensor is ONLY used for diagnosis of the EGR system

FUEL EVAPORATIVE EMISSIONS SYSTEM

Fuel Evaporative (Frequency) Valve

The ECM determ nes the duty cycle of the frequency valve to
regul ate the flow of fuel vapors fromfuel evaporative (carbon)
cani ster into engine. Wen no current is supplied to valve, it remins
in the open position. The valve is closed (100% duty cycle) when the
engine is started cold. A spring operated check valve inside the
frequency val ve cl oses when the engine is off. This prevents fue
vapors fromentering i ntake manifold and causing a rich m xture during
engine restart.

Fuel Tank Venti ng

The engi ne speed, engi ne | oad, engine cool ant tenperature,
and throttle valve potentioneter input signals are used by the ECMto
control fuel tank venting. Fuel vapors fromfuel tank are vented to
fuel evaporative (carbon) canister. \When engine is warm and above idle
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speed, the vapors will be drawn into intake manifold. Depending on
engi ne | oad and oxygen sensor signal, the fuel evaporative (frequency)
valve will regul ate the amount of vapors entering the intake manifold.

SELF-DIAGNOSTIC SYSTEM

The El ectronic Control Mdule (ECM recognizes faults (open
circuits, short circuits, mssing signals, or a continuously applied
signal voltage) in the follow ng circuits/conmponents.

EGR Frequency Val ve

EGR Tenperature Sensor

Engi ne Cool ant Tenperature Sensor
Engi ne Speed (RPM/ Ref erence Sensor
Fuel Evaporative (Frequency) Valve
Hal | Effect Sensor

Idle Air Control/Stabilizer Valve
I ntake Air Tenperature Sensor
Knock Sensor (s)

Throttle Val ve Potentioneter
Oxygen Sensor

* X X X X X X X X X X

MALFUNCTION INDICATOR (CHECK ENGINE) LIGHT

Al'l California nodels are equi pped with a mal function
i ndicator (CHECK ENG NE) light. If CHECK ENG NE |ight cones on and
remai ns on during vehicle operation, cause of malfunction nust be
determ ned. See the G - TESTS W CCDES articl e.

END OF ARTICLE



