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ARTICLE BEGINNING

1993 ENG NE PERFORMANCE
Vol kswagen Theory & Operation - CIS-E Mtronic

Passat GL (2.0L 4-Cylinder)

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 Electronic Control Unit (ECU) continually corrects
air/fuel mxture, based on signals from oxygen sensor. The ECU sends
signals to differential pressure regulator, |ocated on the fuel
distributor. See Fig. 1.

The CI S-E Mdtronic engi ne managenent system uses a single
control unit for fuel injection, idle speed control, ignition, and
em ssion controls. The oxygen sensor in the CIS-E Mdtronic system can
adjust its range in response to changes in operating conditions. See
Fig. 1.

ECU LOCATI ON
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
Application Locati on

Passat GL .................. Behind Firewall In Rear,
Center O Engi ne Conpart nent
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

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 Sl GNALS, which are conmponents controlled by
the control unit.

INPUT DEVICES

Ai rfl ow Sensor Potentioneter

Airflow sensor potentionmeter is connected to the air sensor
pl ate actuating lever. It returns a voltage signal to the ECU based on
engi ne | oad. The ECU uses this signal to calculate fuel m xture
adj ust ment s.

Cool ant Tenperature Sensor
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Feeds a return signal to ECU for fuel control.

Heat ed/ Exhaust Gas Oxygen Sensor

Located in exhaust manifold, the heated/exhaust gas oxygen
sensor neasures anmount of unburned oxygen in exhaust. |If oxygen is |ow
(rich mxture), higher voltage will be generated by sensor. If oxygen
is high (lean m xture), lower voltage will be generated. Voltage
signal from oxygen sensor is sent to ECU which controls fuel mxture
through the differential pressure regulator. The heated portion is
used to rapidly warmthe oxygen sensor for nore effective em ssion
controls.

Hal | Ef fect Sensor
See | GNI TI ON SYSTEM

Idle Switch
Wth the throttle closed, the idle switch supplies the ECU
i nputs for the follow ng.

Idle Air Stabilizer
Decel erati on Fuel Shutoff
* Electronic Control Unit (ECU)

The idle switch supplies the ECUw th information to cut fuel
during deceleration, and to activate the idle air stabilizer to
control idle speed.

Distributor With Airflow Sensor Cootant
i iometer ~ Temperature 3 A
Hall Sensor With Potentiome Sensfgr \gnition Firing Point

Reference Sensor

O Knock Sensors

Oxygen Sensor l N

Input & Qutput For »

Fault Diagnosis @ l4— A/C Compressor On/Off
Speed Signal From ) ; 4—— Automatic Transmission
Sgeedometer — P CIS-E Motronic control unit Selector Switch

T
A
I i

&’\t@/ Evaporative Emissions
: (Charcoal Canister
St Cold Start Vaive Valves Solenoid)

Difterential Fuel Pump Relay
Pressure
93G81147 Regulator

Fig. 1: Identifying C S-E Mdtronic Conponents
Courtesy of Vol kswagen United States, Inc.

Ignition Coil With
Power Output Stage
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OUTPUT SIGNALS

Idle Air Stabilizer Val ve
See | DLE SPEED

Cold Start Val ve
See FUEL CONTROL under FUEL SYSTEM

Differential Pressure Regul ator
See FUEL CONTROL under FUEL SYSTEM

Fuel Injectors
See FUEL CONTROL under FUEL SYSTEM

FUEL SYSTEM
FUEL DELIVERY

Fuel Punp

Main fuel punp is located to rear of vehicle on frame
crossnenber. A transfer punp is located inside fuel tank. Miin fue
punp assenbly has a pressure danper at the suction end. Fuel punps are
activated during start-up and when engine i s running.

The main electric fuel punp provides fuel system pressure of
88-95 psi (6.2-6.7 kg/cny). The transfer punp pulls fuel fromthe tank
and pushes it to the main fuel punp. Fuel punp control relay prevents
continued operation of fuel punps if engine stalls. To aid in
starting, a fuel accumul ator and check valves in the punp and at fue
filter maintain |ine pressure when engine is not running.

Fuel Pressure Regul ator

System pressure is created by the fuel punp and controlled by
fuel pressure regulator. The fuel pressure regulator returns fuel to
fuel tank when system pressure exceeds need. Systemis self-adjusting.

Fuel Punp Rel ay
Fuel punp relay switches off fuel punps when ignition signa
is cut off.

FUEL CONTROL

Cold Start Val ve

Cold start valve, nmounted on intake manifold, sprays fuel to
enrich mxture during starting so engine will start easily. The cold
start valve is powered through starter circuit and grounded through
therno time switch. It operates for 3-10 seconds when cold engine is
bei ng cranked.

Differential Pressure Regul ator (DPR)

The DPR, nounted on side of fuel distributor, is an
electrically operated plate valve. Conbined with fixed outlet orifice,
t he DPR governs pressure in |ower chanber. Pressure change in |ower
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chanmber noves di aphragm and adjusts fuel volunme flow to injectors.
Actuating signal comes from ECU and ranges from 9-15 mA (after idle
stabilization) with engine at an idle condition. The actuating signal
wi || change dependi ng upon engi ne operating conditions.

Fuel Distributor

The fuel distributor mechanically controls fuel to the
injectors. Air being drawn over the sensor plate raises or lowers the
fuel distributor control plunger. Differential pressure is the
di f ference between upper (injector supply) and | ower (fuel return)
chanbers of the fuel distributor, controlled by the differential
pressure regulator. This controls the pressure differential at the
fuel distributor nmetering ports, which determnes the fuel flowto the
injectors and air/fuel mxture.

Fuel Injectors

Fuel injectors in ClS-E systemopen at a preset pressure.
Fuel is always present in lines between fuel distributor and injectors
to ensure good response. As pressure fromfuel distributor increases
(when engine is started), valves open and spray constantly. Anount of
fuel injected will be determ ned by position of control plunger in
fuel distributor and anpbunt of voltage to differential pressure
regul at or.

Therno Time Swi tch

The thernmo tine switch energizes the cold start valve to
provi de cold start enrichnment when engine tenperature is | ess than
86gF (30eC) .

IDLE SPEED

Idle Air Stabilizer Valve

The electronic idle air stabilizer valve adjusts the anount
of air by-passing the throttle valve to control engine idle speed
under all operating conditions. The stabilizer valve receives signals
from ECU based on engine RPM idle switch and other inputs. Adjustnent
is not necessary with idle air by-pass adjusting screw. The idle air
by- pass adjusting screw should be turned in all the way against its
st op.

IGNITION SYSTEM
ELECTRONIC IGNITION SYSTEM

The hall effect sensor in the distributor uses a shutter
wi ndow wheel nounted on the distributor shaft. The shutter bl ades pass
in and out of the air gap of the hall effect sensor resulting in
signal pulses. There is one shutter w ndow for each engine cylinder.
Signals fromdistributor hall sensor are sent to the ECU
The ECU sends a switching voltage signal to the ignition coil primry
circuit to discharge secondary spark voltage.
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IGNITION TIMING CONTROL SYSTEM

Ignition Tim ng Control

The Transistorized Coil Ignition with Hall Sensor ignition
system uses engi ne | oad, engine RPM ignition quality (knock) and
cool ant tenperature to control ignition timng. Two knock sensors are
used to control spark knock. Using 2 knock sensors, the ECU is able to
determ ne which pair of cylinders is knocking and adjust ignition
timng appropriately.

EMISSION SYSTEMS

Evaporati ve Em ssions Systens

As fuel expands in fuel tank, vapor is forced out of the fue
tank to the expansion tank. In the expansion tank, liquid fue
condenses and returns to fuel tank as tenperature drops. Fuel vapor
then flows from expansion tank through gravity/vent valve and into the
charcoal canister

When engine is running, solenoid valve | (closest to
charcoal canister) operates as a duty sol enoid. The ECU varies the on-
off time of solenoid valve | according to engi ne operating conditions.

Sol enoid valve Il (farthest fromcharcoal canister) functions as a
sinmple on-off valve. Wth engine speed greater than 300 RPM sol enoi d
valve Il opens allow ng charcoal canister to purge. Canister vapor is

drawn from cani ster through solenoid valve | and sol enoid valve |1
into intake manifold for burning.

MISCELLANEOUS CONTROLS

NOTE: Al t hough not considered true engi ne perfornmance-rel ated
systens, some controlled devices may affect driveability if
t hey mal functi on.

COOLING FAN

NOTE: If detonation is a problem it is possible that the cooling
fan is not comng on at proper tenperature and shoul d be
consi dered as a possi bl e cause.

Cool i ng Fan Mot or

The cooling fan is a 2-speed nmotor. Low speed of cooling fan
shoul d conme on at 198-207gF (92-97¢C) and will shut off at 183-196gF
(84-91¢C). Hi gh speed cones on at 210-221gF (99-105¢C) and will shut
of f at 196-208gF (91-98¢C).

END OF ARTICLE



