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Foreword

The AJ6 4.0 Litre Engine Management System (EMS) is used in 1990 — 1994 model year Sedan
Range vehicles and 1993 - 1994 model year XJS Range vehicles. This system combines the con-
trol of all engine operating and emission related components through a single microprocessor
based Engine Control Module (ECM). The ECM incorporates an On-Board Diagnostics (OBD) sys-
tem that monitors certain ECM control and drive functions for faults. The OBD system is known
as “"OBD level one specification”. OBD I is the common abbreviation.

AJ6 4.0 LITRE ENGINE

S90/F.01




This FOCUS booklet is designed to serve as a single source docu-
ment for all descriptive, diagnostic and reference information relating
to the AJ6 4.0 Litre Engine Management System. The information
is arranged in four tabbed sections:

System Description Section 1
Components Description Section 2
Diagnostics | _ Section 3
Reference Section 4

Each of the sections can be used either to gain an understanding of
the EMS system or to aid in diagnosing a specific fault.

A WARNING: THE OPERATIONS AND PROCEDURES CON-
TAINED IN THIS PUBLICATION ARE INTENDED FOR USE BY
PROFESSIONAL TECHNICIANS WITH KNOWLEDGE OF JAGUAR
VEHICLE SYSTEMS. ALL NECESSARY SAFETY PRECAUTIONS
MUST BE TAKEN WHEN SERVICING ORTESTING SYSTEMS THAT
HAVE THE POTENTIAL FOR CAUSING BODILY INJURY ORDEATH.
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B System Description

Overview

The AJ6 4.0 Litre Engine Management System (EMS) is an integrated engine management sys-
tem, controlled through a digital Electronic Control Module (ECM) containing a microprocessor.
The system maintains optimum performance over the engine operating range by precisely con-
trolling fuel injection, ignition timing and emission control functions. In addition, the ECM provides
various interface outputs and incorporates an on-board diagnostic function.

A summary of EMS function and control includes:
¢ Fuel delivery (fuel pump)

¢ Evaporative emission control (canister purge)
e Fuel injection

e Cold start

e Warm-up

e Exhaust emission

¢ Oxygen sensor feedback

¢ Overrun fuel cut-off

e RPM limitation (engine overspeed)

¢ Wide-open-throttle fuel cut-off

e |gnition timing

¢ |dle speed control

e Air injection

* Exhaust gas recirculation

¢ Adaptive idle fuel metering (1993 MY ON)

¢ On-Board Diagnostics (OBD)

e “Limp home" capability

e Vehicle systems interfaces

* Serial communication (ISO)
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TYPICAL AJ6 4.0 LITRE ENGINE MANAGEMENT SYSTEM
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Engine Control Module (ECM)

The AJ6 4.0L EMS is microprocessor based using the Lucas 15 CU ECM as the heart of the
system. The 15 CU ECM microprocessor runs at 2.0 MHz. The ECM uses discrete components
plus analog-to-digital circuits to interface between the microprocessor and the input sensors and
output devices. Software, programmed into an EPROM, is divided into “control code"” and
“data” (engine calibration). Control code is common to all engine specifications; data is written
for specific market specifications such as US EPA emission regulations.

15 CU ENGINE CONTROL MODULE

YELLOW

BLUE

$90/1.18

The ECM contains two double sided printed circuit boards. One is a low power board and the
other is a high power board. The yellow and blue 25-way connectors are therefore referred to
as the low and high power connectors respectively. Most of the input signals from engine
mounted sensors, and interfaces with other systems are located on the low power (Yellow)
connector. The high power connector (Blue), mainly serves outputs such as fuel injector drive
and relay activation. Inputs and outputs are included with the wiring diagrams. Refer to the
REFERENCE section of this publication.

The ECM receives sensor inputs and feedbacks, which are used to determine the optimum strat-
egy for the prevailing conditions. The ECM'’s strategy has 256 memory locations containing
injector pulse durations and ignition timing angles for 16 different engine loads (engine load sites)
and 16 different engine speeds (engine speed sites). Canister purge, idle speed, air injection and
exhaust gas recirculation are controlled by the ECM from stored strategies.
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System Description

In order to prevent crankcase vapor from escaping to the atmosphere, a closed crankcase emis-
sion control system is employed that maintains a slight vacuum in the crankcase under all engine
operating conditions.

Crankcase Emission Control

Crankcase vapor is collected from the camshaft CRANKCASE EMISSION CONTROL
cover and from the oil filler tube. At part
throttle, the gases are fed into the intake mani-
fold through a coolant heated restrictor. During
full load operation the gases are fed into the
engine through both the coolant heated
restrictor and air intake elbow connection.

HEATING ELEMENT

The necessary crankcase vacuum is balanced
by the part throttle restrictor and the full
throttle orifice in the inlet elbow. The restrictor
and orifice sizes have been carefully chosen to
control the crankcase vacuum while not flow-
ing so much gas that idle speed is affected.
The part throttle restrictor is coolant heated to INTAKE ELBOW
prevent icing during cold weather operation. An
additional electrical breather heater element is
located in the full throttle breather hose. The
electrical heater provides heat to the gases
passing through the hose, preventing ice forma-
tion in the inlet elbow orifice. The electrical
heater element is controlled independently of PART LOAD RESTRICTOR: 25mm; FULLLOAD ORIFICE: 80mm o012
the EMS ECM by an ambient temperature sen-
sor, thermal switch and relay. Starting in the
1994 model year, a throttle housing heated by
engine coolant was introduced.

INTAKE MANIFOLD

TYPICAL ENGINE BREATHER HEATER CIRCUIT

[~

B e UL

ENGINE BREATHER
HEATER

BREATHER HEATER
RELAY

D WU (— _'5/._ I RS

AMBIENT AIR
TEMPERATURE SENSOR

REFER TO THE APPLICABLE ELECTRICAL GUIDE FOR DETAILED INFORMATION 590/1.03
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Fuel Delivery and Evaporative Emission Control

Since the 1990 model year, two fuel delivery and evaporative emission control systems have ‘
been used for all AJ6 4.0 litre installations. The two systems are illustrated below.

FUEL DELIVERY AND EVAPORATIVE EMISSION CONTROL: XJ6 SEDAN RANGE 1990 MY
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$90/1.04

FUEL DELIVERY AND EVAPORATIVE EMISSION CONTROL: XJ6 SEDAN RANGE 1991 - 94 MY; XJS RANGE 1993 - 94 MY
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Fuel Delivery

A recirculating fuel system provides a continuous supply of pressurized, cooled fuel to the fuel
rail. There is sufficient fuel flow to allow full load engine operation at all times.

Fuel pump: XJ6 Sedan 1990 MY

Fuel is drawn from the fuel tank by an electric pump located on the rear subframe and is deliv-
ered to the fuel rail through a renewable filter mounted to the underbody. Unused fuel is returned
to the tank swirl chamber where it passes through a venturi before mixing with the remaining fuel
in the tank. This action cools the returning fuel.

FUEL PUMP: XJ6 SEDAN RANGE 1990 MY

ARMATURE

P

OUTLET

HOUSING ROLLER
INLET TN OUTLET (PRESSURE SIDE)
- O > PERMANENT
MAGNET
\ INLET
ROTOR
' ROLLER CELL PUMP ELEMENT V
A
S )
& e

Wik

NON-RETURN ] =

VALVE >
™ Tt

vg ROLLER CELL
PUMP
RELIEF VALVE

$90/1.06

The in-line fuel pump is a roller type pump driven by a permanent magnet electric motor. An
eccentric rotor mounted on the armature shaft has metal rollers housed in pockets around the
circumference. When the motor is energized, centrifugal force acting on the rollers forces them
outward so that they act as seals. The fuel between the rollers is then forced to the outlet side
of the pump.

System Description 7
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Fuel Delivery and Evaporative Emission Control (continued)
Fuel Delivery (continued) .

Fuel pump module: 1991 MY ON vehicles

The fuel pump is an integral component of an in-tank fuel pump module. The fuel pump module
mounts in a rubber holder attached to the bottom of the fuel tank on brackets. The fuel pump
module and the rubber holder are indexed to ensure correct alignment in the tank.

Fuel is drawn from the fuel tank through a 70 micron filter at the base of the module, then
through a 400 micron filter at the pump inlet. The pump delivers the fuel to the fuel rail through
a renewable in-line filter mounted to the underbody. Unused fuel is returned to the fuel pump
module where it passes through another 70 micron filter. A small portion of the pressurized fuel
flows through a venturi “teed” into the supply side inside the module. This flow enables a “jet
pump” to pick up fuel so that the module remains full at all times.

Both the outlet and return ports through the pump module have check valves. The outlet check
valve reduces back flow from the fuel rail when the pump is off. The return check valve holds fuel
pressure in the return line from the fuel rail and prevents siphoning if a fuel line is disconnected.

FUEL PUMP MODULE: 1991 MY ON VEHICLES
FUEL RETURN FUEL SUPPLY

}____T______.L 1|_ CHECK VALVE

| |

! I
| |
| | _
| |
| ' PUMP
| |
| | e
| |
| |
] |
| |
| |
I ' “JET” PUMP
I : (BEHIND PUMP) >
|
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| )
(— |
9, 5
| |
“JET” PUMP
INLET FILTER / s90/1.07
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Fuel pump control

The electrically powered fuel pump is controlled by the ECM via the fuel pump relay. After the
ignition is turned on (position 1), the pump runs for about 1 second to build fuel pressure for start-
ing. When the ECM receives an engine speed signal from the crankshaft position sensor, it
activates the fuel pump relay, which in turn switches on the fuel pump. The fuel pump will con-
tinue to run either until the ignition is turned off or until approximately 1 second after there is no
speed signal. The ECM monitors the output to the fuel pump relay for on-board diagnostics.

FUEL PUMP

FUEL PUMP CONTROL
IGNITION ON EMS MAIN
RELAY RELAY
FUEL PUMP
’f ? B

IGNITION INERTIA
SWITCH

ENGINE SPEED

(CRANKSHAFT SENSOR)

ENGINE CONTROL MODULE

NOTE: THIS DIAGRAM ILLUSTRATES CONTROL LOGIC FLOW ONLY;
REFER TO THE APPLICABLE WIRING DIAGRAM FOR POWER AND CIRCUIT INFORMATION.

$90/1.08

NOTE: In the event of a vehicle collision, the inertia switch will switch off all ignition powered
circuits, including the EMS main relay. This action will remove power from the ECM and cause
the fuel pump relay to de-energize, switching off the fuel pump.
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Fuel Delivery and Evaporative Emission Control (continued)

Fuel Delivery (continued)

Fuel tank assembly: 1991 MY ON vehicles
The fuel pump module connects to the tank outlet and return ports via flexible hoses. Electrical
connection to the wiring harness is made through the evaporative flange.

FUEL TANK ASSEMBLY: 1991 MY ON VEHICLES

EVAPORATIVE
FLANGE

FUEL PUMP
MODULE

INDEX

FUEL LEVEL

" RUBBER HOLDER TRANSMITTER

$90/1.09
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Fuel rail and pressure regulator

Fuel is pumped to the fuel rail and injectors, where fuel pressure is controlled by the fuel pres-
sure regulator. Excess fuel, above the engine requirement, is returned to the fuel tank. The
pressure regulator spring chamber above the diaphragm is referenced to intake manifold vacuum.
The differential pressure across the fuel injector nozzles is therefore maintained constant at
44 psi (3.0 bar) and the quantity of fuel injected for a given injector pulse duration is also constant.
Fuel pressure measured on a test gauge will vary between 32 psi (2.3 bar) at overrun to 44 psi
(3.0 bar) at full load.

The fuel pressure regulator is located as close as possible to the fuel rail so that good dynamic
control of fuel pressure is achieved. This design provides the same pressure across each injector,
and delivers an equal quantity of fuel to each of the six cylinders.

FUEL PRESSURE REGULATOR VACUUM (INTAKE MANIFOLD)

VACUUM (INTAKE MANIFOLD) ‘

SPRING

q f PRESSURE

VALVE o

\ g//ﬁ DIAPHRAGM
N

| -~
V. FUEL SUPPLY

FUEL SUPPLY

——————2

FUEL RETURN ~ ‘ FUEL RETURN

$90/1.10
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Fuel Delivery and Evaporative Emission Control (continued)

Evaporative Emission Control: XJ6 Sedan 1990 MY

The fuel tank incorporates a plastic vessel that limits the fill level and allows for 10% fuel expan-
sion. Tank venting is via a system of vapor tubes and a liquid / vapor separator in the tank to the
charcoal canister, located in the left front wheel well. Vapor flow to the canister is controlled by
an engine vacuum-operated bypass valve which allows vapor flow to the canister when the
engine is operating. A pressure / vacuum relief valve prevents excessive pressure or vacuum
from building in the fuel tank. Canister purging to the intake manifold is controlled by the ECM
through an electric purge valve located at the canister.

Evaporative Emission Control: All models 1991 MY ON

The fuel tank is designed with a limited fill feature which allows about 10% fuel expansion. The
vapor pipe connected to the filler neck is connected into the tank at the maximum fuel level.
When the fuel covers the bottom of the vapor tube, fuel rises in the filler neck shutting off the
fuel delivery nozzle. Purging and control of vapor flow to the canister are identical to the 1990
model year system.

AJ6 4.0L EMS EVAPORATIVE EMISSION CONTROL (TYPICAL)

INTAKE MANIFOLD

-4

PURGE PORT

CHARCOAL

ECM CANISTER

VACUUM
LINE

VACUUM / PRESSURE
RELIEF VALVE

EVAPORATIVE FLANGE

7 FUEL TANK

$90/1.11
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EVAPORATIVE FLANGE

Evaporative flange

The top of the fuel tank incorporates a remov-
able evaporative flange with three outlets. One CLOSED
outlet is used for the filler neck vent hose on
1991 model year vehicles and is capped-off on
later vehicles. The center outlet incorporates a
2.5 - 3 psi pressure relief valve and is con-
nected to a relief tube that vents to under the
vehicle. The third outlet incorporates a roll-over
valve and connects to the charcoal canister.
Electrical connection to the fuel pump module
is made through the evaporative flange.

CONNECTION TO
CHARCOAL CANISTER

OVERPRESSURE
VENT

$90/1.12

Vacuum / pressure relief valve

The flow of vapor to the canister is controlled by the vacuum / pressure relief valve (Rochester
valve). The valve has three functions: fuel tank pressure relief, fuel tank vacuum relief, and
vapor flow control.

When the vehicle is not operating and fuel temperature in the tank is increasing, vapor is released,
limiting the tank pressure to approximately 1 to 1.25 psi. When the vehicle is not operating and
fuel temperature in the tank is decreasing, a negative pressure is created. The umbrella check
valve in the vacuum / pressure relief valve allows vapor to flow back into the tank from the char-
coal canister, preventing the tank from collapsing. When the engine is operating, a manifold
- vacuum signal, from the intake manifold, opens the valve allowing vapor flow to the canister and
reducing the fuel tank pressure to near zero. An additional fuel tank overpressure safeguard is
provided by a 4 psi relief valve in the fuel cap.

VACUUM / PRESSURE RELIEF VALVE

VACUUM (INTAKE MANIFOLD)

4
\

g
- AN S A= ———
TO FUEL TANK TO CHARCOAL CANISTER

S90/1.13A, B
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L A

Fuel Delivery and Evaporative Emission Control (continued)

Evaporative Emission Control: All models

CHARCOAL CANISTER

PURGE AIR INLET /

FUEL TANK
VAPOR LINE
PURGE LINE

$90/1.14

PURGE VALVE

f\ﬁ)ﬁ/

$90/1.15

PURGE FLOW

Charcoal canister

The charcoal canister contains activated char-
coal that absorbs the fuel tank vapors. As the
chartoal can become saturated, the canister is
purged of the collected vapors during engine
operation. Three ports are provided on the
canister: one for vapor flow in, one for purge
flow to the intake manifold, and one to allow
air to enter the canister during purging.

Purge valve

The engine management ECM operates the
purge control valve to allow a regulated vapor
flow to the intake manifold dependent on
engine operating conditions. The purge valve
is a solenoid operated valve that is normally
open. The valve closing and subsequent rate
of vapor flow (opening) is varied by the
“length” of a pulsed electrical signal provided
from the ECM.

14 System Description
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Canister purging

The vapor adsorbed by the activated charcoal in the canister is purged by using engine vacuum
to draw air through the charcoal and into the intake manifold. The conditions during which
vapor is purged and the quantity purged is programmed into the ECM. The purge rate has to be
sufficient to prevent the charcoal canister from venting vapor to the atmosphere. On the other
hand, purge rates that are too high would cause driveability problems.

CANISTER PURGE CONTROL

IGNITION ON EMS MAIN ENGINE CONTROL MODULE
RELAY RELAY

CLOSED LOOP
IGNITION INERTIA FUEL METERING
SWITCH ENABLED

'

COOLANT TEMP. ABOVE 93°F
(COOLANT TEMP. SENSOR)

ENGINE LOAD
(MASS AIR FLOW SENSOR, PURGE CONTROL
THROTTLE POSITION SENSOR) STRATEGY
ENGINE SPEED

(CRANKSHAFT SENSOR)

NOTE: THIS DIAGRAM ILLUSTRATES CONTROL LOGIC FLOW ONLY;
REFER TO THE APPLICABLE WIRING DIAGRAM FOR POWER AND CIRCUIT INFORMATION.

PURGE VALVE

$90/1.16

Canister purge is enabled by the ECM when the engine coolant temperature exceeds 93°F (34°C)
and closed loop fuel metering control is operational. The rate of purge is determined from an
8 x 16 load versus engine speed strategy.

When the ignition is turned ON (engine inop- PURGE VALVE SIGNAL
erative), the valve is fully energized and closed
to prevent vapor flow to the engine. When
the engine is operating at idle and purge flow
is enabled, the purge flow will be small. As
engine load and speed increases, the purge

A
/

»| APPROX. 10 mSec. AT IDLE *

rate will increase proportionally. When the ey <—— BATT. VOLTS e

ignition is turned off the valve is fully energized
and held closed for a short period to prevent
vapor from being drawn into the engine as it APPROX. 140 - 145 mSec.
slows to stop to prevent run-on. Purge valve
operation at idle can be detected by holding
the valve in the palm of the hand. The ECM
monitors the output signal to the purge valve
for on-board diagnostics.

GROUND * This part of the signal increases in length
as the duty cycle / purge rate increases

$90/1.17
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Fuel Injection; Idle Speed Control
Fuel Injection

Fuel metering is obtained by controlling the injector pulse duration during each engine revolution.
The pulse duration is varied by the engine control module (ECM) according to several sensor
inputs. The sensed control inputs form two groups — primary and secondary. Primary control
inputs are intake mass air flow (engine load) and engine speed; secondary control inputs consist
of engine coolant temperature, cranking signal, throttle movement and position and exhaust
oxygen content. The injector pulse is then trimmed for battery voltage. Except during “crank-
ing” and rapid throttle application, all six injectors are pulsed once per engine revolution (twice
per engine cycle). Half of the fuel requirement is delivered at each pulse and the pulse duration
is recalculated before each succeeding injection.

Fuel metering strategies are held in memory (EPROM) in the ECM and form an engine load
versus engine speed matrix. The load and speed range of the engine is divided into 16 loads and
16 speeds (256 memory sites). Digital numbers representing injector pulse duration in millisec-
onds fill each site and cover the entire engine load and speed range.

NOTE: The sites are numbered 0 to 15 (16 total). Site O is less than overrun load, and low
engine speed. Site 15 is higher than full load and high engine speed. The load and speed sites
are purposely chosen to extend beyond the operational envelope of the engine.

INJECTOR WAVE FORM

PULSE .

Al fuel injectors are pulsed simultaneously by
the ECM "output stage”. To reduce power
consumption, the current drawn by the injec-
tors is controlled by the ECM. The injectors
are opened by a relatively large “turn on”
pulse and are held open for the required dura-
tion by a series of smaller “hold on” pulses.

Additional fuel injection controls are used for
overrun fuel cut-off, engine overspeed preven-
tion and wide-open-throttle during cranking
fuel cut-off.

BATT. VOLTS The ECM monitors its output signals to the

DURATION fuel injectors and its input signals from sen-

| TURN ON

sors for on-board diagnostics.

'« »—» CURRENT HOLD *

GROUND

* Current hold section of wave form lengthens, adding more
switching cycles to provide the required pulse duration.

$90/1.19
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Fuel Injection Primary Control

Fuel metering is controlled primarily as a func-
tion of engine load and speed. Engine load is
sensed by a mass air flow sensor located in
the engine air intake before the throttle hous-
ing. Engine speed is sensed by a crankshaft
sensor located behind the engine damper. In
addition to engine speed, the sensor supplies
crankshaft position inputs to the ECM for igni-
tion timing. The ECM processes the input
from the mass air flow meter and the crank-
shaft sensor to access pulse duration from the
fuel metering strategy. Usually, the load and
speed at which the engine is running will be
between sites. A function known as two
dimensional interpolation is used to calculate
the correct pulse duration for the between-
sites engine condition.

FUEL INJECTION PRIMARY AND SECONDARY CONTROL

ENGINE LOAD
(MASS AIR
FLOW SENSOR)

ENGINE SPEED
(CRANKSHAFT
SENSOR)

COOLANT TEMP.
(COOLANT TEMP.
SENSOR)
ACCELERATION
(THROTTLE POSITION
SENSOR)

FULL LOAD
(THROTTLE POSITION
SENSOR)

DECELERATION
(THROTTLE POSITION
SENSOR)

CRANKSHAFT POS.
(CRANKSHAFT
SENSOR)

ENGINE CRANKING
(CRANKSHAFT
SENSOR)

ACCELERATION
(THROTTLE POSITION
SENSOR)

CORRECTION

ENGINE CONTROL MODULE

FUEL INJECTION
STRATEGY

PRIMARY INJECTOR
PULSE DURATION

CLOSED EXHAUST OXYGEN
T

CONTEN
(OXYGEN SENSOR)

COOLANT TEMP.
(COOLANT TEMP.
SENSOR)

CORRECTION
FACTORS

BATTERY

VOLTAGE BATTERY

VOLTAGE

INJECTOR
PULSE DURATION

INJECTORS
TRIGGERED
SIMULTANEOQUSLY

FUEL INJECTORS $90/1.20

LOAD SITES 4 & 12 versus ENGINE SPEED

6

MASS AIR FLOW SENSOR VOLTS
T

LOAD SITE 12

(=]
—

20 25 30 35

11T 1 T 1 1
40 45 50 55 60 65

ENGINE SPEED (RPM X 100) $90/1.21
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Fuel injection; Idle Speed Control (continued)

Fuel Injection Secondary control

Secondary fuel metering control adjusts for engine coolant temperature, cranking signal, throttle
movement and position and exhaust oxygen content.

Cranking and after-start enrichment
The ECM provides fuel metering enrichment for cranking and after-start conditions.

The ECM recognizes engine cranking from the engine speed input (less than 200 rpm) and
increases the injector pulse frequency to three injection pulses per engine revolution. The pulse
duration is determined by engine coolant temperature. Cranking fuel metering is canceled at
250 rpm above a coolant temperature of 107°F (42°C) and at 500 rpm below the same tempera-
ture. At that point, injection reverts to one pulse per revolution and after-start enrichment is then
applied. The pulse duration, and the rate at which the enrichment is decreased back to the warm-
up phase is dependent upon engine coolant temperature.

Warm-up

The programmed warm-up enrichment provides extra fuel during engine warm-up based on the
engine temperature measured by the coolant temperature sensor. The injector pulse duration is
increased above the fully warm requirement when the coolant temperature is less than 186°F (85°C).

Acceleration enrichment

When the ECM senses that the throttle is opening (throttle position sensor input), the injector pulse

duration is lengthened by an amount dependent upon the rate at which the throttle is opened and

on engine coolant temperature. This acceleration enrichment prevents a momentary lean condi-

tion that can cause driveability or exhaust emission problems. If the throttle is opened rapidly, a

single “extra” injector pulse of about 5 milliseconds is generated to improve engine response. .

Full load enrichment
If the ECM senses a full throttle input from the throttle position sensor, full load enrichment is
applied and closed loop operation is temporarily canceled.

Deceleration leaning

When the ECM senses that the throttle is closing (throttle position sensor input), the injector
pulse duration is shortened dependent on the rate at which the throttle closed. This action pre-
vents a momentary rich condition that can cause exhaust emission problems.

Summary of ECM functions based on throttle position sensor input:
Throttle Position ECM Function

Throttle closed (signal 0.25 — 0.75 volts) Idle speed control function
Ignition idle strategy
Overrun fuel cut-off
Idle fuel trim (adjustable mass air flow sensor
potentiometer only)
Adaptive idle fueling trim

Part throttle (signal above closed throttle Main fuel metering strategy
voltage and below full throttle voltage) Main ignition strategy
EGR enabled

Opening throttle (signal voltage increasing)  Acceleration enrichment

Closing throttle (signal voltage decreasing) Deceleration leaning

Full throttle (signal greater than 3 volts) Full load enrichment (load dependent)

NOTE: Other sensor inputs are required for the initiation of most of the above listed ECM functions
as described in Fuel Injection, Idle Speed Control, Ignition, EGR and Adaptive Idle Fuel Metering.
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Closed loop operation

In order to significantly reduce exhaust emis-
sion, the exhaust system incorporates 3-way
catalytic converters that oxidize CO and HC,
and reduce NOx. These converters operate
efficiently only if engine combustion is as com-
plete as possible. It is generally accepted that
optimum combustion occurs with an air / fuel
ratio of 14.7 : 1 (Lambda = 1). A closed loop
system between fuel injection, ECM control
and exhaust oxygen content feedback is used
to maintain the air / fuel ratio as close to 14.7 : 1
as possible.

In response to the oxygen sensor voltage, the
ECM continuously drives the air / fuel ratio
rich-lean-rich by adding to, or subtracting from,
the injector pulse duration determined from
the main fuel metering strategy.

Note that the oxygen sensor voltage switches
abruptly at an air / fuel ratio of 14.7 : 1 (Lambda = 1).

Closed loop operation is canceled by the ECM
during the following functions:

full load enrichment
after-start enrichment
warm-up (below 95°F [35°C])
deceleration fuel cut-off

System Description

OXYGEN SENSOR CHARACTERISTIC (HO2SRAW)

800mV—

OUTPUT VOLTAGE

200mV—

RICHER

LEANER

$90/1.22
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Fuel injection; Idle Speed Control (continued)

Fuel Injection Secondary Control (continued)

Oxygen sensor feedback

Oxygen sensor feedback is an ECM output voltage that is used for technician monitoring of
closed loop operation. Oxygen sensor feedback can only be accessed through serial communi-
cations using JDS or PDU. The dampened or “average"” feedback voltage is used to measure
the amount of “dynamic” correction applied by the ECM to the fuel metering strategy in
response to exhaust gas oxygen content.

NOTE: Oxygen sensor feedback may also be called Lambda feedback or integrator voltage.

The range for oxygen sensor feedback is O — 5 volts, representing a fuel metering strategy cor-
rection of -22% to +22%. The normal “average"” feedback voltage is 2 - 3 volts.

Average oxygen sensor feedback voltage  Correction (dynamic) applied by ECM

2.5 volts  No correction is being applied. When
closed loop operation is canceled, the ECM
holds feedback at 2.5 volts.

Less than 2.5 volts ~ The ECM is correcting for a rich condition
by subtracting from the injector pulse
duration held in the engine load / speed site.

Greater than 2.5 volts  The ECM is correcting for a lean condition by
adding to the injector pulse duration held in
the engine load / speed site.

OXYGEN SENSOR FEEDBACK

IDLE FUEL MIXTURE

2 3
Average Oxygen Sensor Feedback (V)

$90/1.23

Battery voltage correction
Because the time to achieve full lift of the injector pintle decreases as voltage increases, the
amount of fuel delivered by the injector for a given pulse duration is dependent upon the injec-

tor operating voltage. ‘

The ECM is programmed with a voltage correction strategy. The supply voltage is monitored by
a software routine and the correction applied to the pulse duration.

20
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Additional Fuel Injection Controls

Overrun fuel cut-off

In order to improve fuel economy and aid in
controlling exhaust emission, the ECM cancels
fuel injection during engine overrun conditions.
The ECM determines overrun conditions from
inputs received from the throttle position sen-
sor, crankshaft sensor and coolant tempera-
ture sensor.

With the throttle closed and the engine speed
above 1100 rpm, the ECM cancels fuel injec-
tion, provided that the coolant temperature is
above 86°F (30°C). The engine speed must
always reach 1500 rpm first for overrun fuel
cut-off to occur. In order to smooth the tran-
sition back to power, the ECM retards the
ignition timing and shortens the injector pulse
duration as the throttle opens and fuel injec-
tion is reinstated.

Engine overspeed control

An engine overspeed control function limits
the maximum engine speed to 6300 rpm by
canceling fuel injection. Fuel injection is rein-
stated at a slightly lower engine speed.

Wide-open-throttle during cranking

If the ECM senses that the throttle is wide
open (throttle position sensor input) during
cranking (less than 200 rpm), fuel injection is
canceled to help clear a flooded engine.

OVERRUN FUEL CUT-OFF
ENGINE CONTROL MODULE

THROTTLE CLOSED

(THROTTLE POSITION SENSOR) IF ENGINE SPEED

FIRST REACHES

COOLANT TEMP. ABOVE 86°F 1500 RPM

(COOLANT TEMP. SENSOR)

FUEL INJECTION

ENGINE SPEED ABOVE 1100 RPM CANCELLED

(CRANKSHAFT SENSOR)

NO FUEL INJECTION

$90/1.24

ENGINE OVERSPEED CONTROL

ENGINE CONTROL MODULE

FUEL INJECTION
CANCELLED

ENGINE SPEED 6300 RPM
(CRANKSHAFT SENSOR)

NO FUEL INJECTION

$90/1.26

WIDE-OPEN-THROTTLE DURING CRANKING

ENGINE CONTROL MODULE

THROTTLE WIDE OPEN
(THROTTLE POSITION SENSOR)

FUEL INJECTION
CANCELLED

ENGINE SPEED LESS THAN 200 RPM
(CRANKSHAFT SENSOR)

NO FUEL INJECTION

$90/1.26
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Fuel Injection; Idle Speed Control (continued)

Idle Speed Control

Idle speed is regulated by the motorized idle speed control valve that controls throttle bypass air.
The control valve is driven by the ECM. The ECM uses inputs received from ignition ON, the
crankshaft sensor, coolant temperature sensor and throttle position sensor as well as inputs for
gear position, air conditioning compressor operation and road speed to control idle speed.

ECM idle speed control occurs at closed throttle when road speed is less than 3 mph. The pro-
grammed idle speed accounts for engine temperature and the loads placed on the engine by the
transmission (gear position N, D, etc.), and air conditioning compressor clutch operation.

Typical controlled engine idle speeds
Cold engine (68°F [20°C]) / Neutral ~ 800 rpm
Cold engine (68°F [20°C)) / Drive 650 rpm
Warm engine (193°F [90°C]) / Neutral 700 rpm
Warm engine (193°F [90°C]) / Drive 580 rpm

An ECM software function allows for a correction to the idle speed "base line” as the engine
base idle changes with age. The automatic adjustment values are held in RAM within the ECM
and will be retained or updated as long as the ECM is connected to battery voltage. If battery
voltage is removed for any reason, the stored correction values will be lost. The values will be
relearned only after the battery is reconnected, the engine operated from cold to normal oper-
ating coolant temperature at idle, and the vehicle driven for approximately 50 yards above 3 mph.

NOTE: At road speeds above 3 mph, the idle speed control valve is opened to limit overrun
intake manifold pressure. The amount that the valve is opened is based on engine speed and
throttle opening.

The ECM monitors its output signal to the idle speed control valve for on-board diagnostics.
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IDLE SPEED CONTROL
ENGINE CONTROL MODULE
THROTTLE CLOSED PARK; NEUTRAL
(THROTTLE POSITION SENSOR) (TRANS. CONTROL MODULE)
COOLANT TEMPERATURE IDLE SPEED A/C CLUTCH OPERATION

(COOLANT TEMP. SENSOR) STRATEGY (A/C CLUTCH CIRCUIT)
ENGINE SPEED

(CRANKSHAFT SENSOR)

ROAD SPEED 3 MPH OR LESS
(ROAD SPEED SENSOR)

STEPPER MOTOR DRIVE

$90/1.27

Engine start-up

ECM idle speed control begins shortly after the engine is started, provided the throttle is closed
(throttle position sensor at idle) and the road speed is less than 3 mph. The stepper motor in the
control valve is closed in stages until the target idle speed is reached.

Gear position , :
When the gear selector is moved to Park or Neutral from drive, the engine management ECM
receives a ground signal from the transmission rotary switch (XJS) or transmission decoder (XJ6
Sedan). The ECM then closes the idle speed control valve a predetermined number of steps in
anticipation of the reduced engine load. When the engine is at normal operating temperature,
the ECM maintains idle speed at 700 rpm in P or N and at 580 rpm in R, D, 2 or 3.

Air conditioning compressor clutch operation

When the air conditioning compressor clutch is energized, a parallel circuit inputs battery voltage
to the engine management ECM. The ECM opens the idle speed control valve a predetermined
number of steps to anticipate the change in engine load.

Ignition switched OFF

When the ignition is switched OFF, the control valve indexes to a known parked position. On
1990 model year vehicles, the reference is from the fully opened position. On later vehicles, the
reference is from the fully closed position, 7 seconds after the ignition is switched OFF.
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Fuel Injection; Idle Speed Control (continued)
Idle Trim (1990 - 1992 MY) .

In order to compensate for slight differences from one vehicle to another, the ECM baseline to the
idle fuel metering strategy can be adjusted with the mass air flow sensor idle trim potentiometer.

IDLE TRIM ADJUSTMENT

$90/1.28
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Adaptive Idle Fuel Metering (1993 MY ON Systems)

In order to ensure optimum performance, the ECM contains an adaptive idle fuel metering soft-
ware function that automatically makes a baseline correction to the idle fuel metering strategy,
throughout the life of the vehicle. The total available trim to the nominal injector pulse duration
is + 10%. Adaptive idle fuel metering is performed by the ECM at idle, only when diagnostic
trouble codes (DTC) are cleared, and certain preconditions are met. If the DTCs are cleared and
the preconditions are met, the ECM cancels purge flow and adapts the fuel metering strategy.
Between adaptations, there is a delay of approximately eight minutes. The correction is applied
across the entire engine speed and load range.

NOTE: With the incorporation of adaptive idle fuel metering, the idle trim potentiometer was
removed from the mass air flow sensor.

Adaptive idle fuel metering preconditions:

¢ throttle is closed

* engine speed is below 1000 rom

* road speed is below 3 mph (6 kph)

¢ engine coolant temperature is above 170°F (76°C)

¢ idle speed adaptive delay is complete (vehicle speed reached 3 mph for approx1mately
100 yards traveled)

e closed loop air / fuel ratio control is operating and in control
¢ oxygen sensor feedback (HO2SFB) voltage outside of the normal range (2 — 3 volts)

If the ECM loses its battery voltage supply for any reason, the stored correction will be lost and
fueling will revert to the programmed values.
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IGNITION TIMING PRIMARY AND SECONDARY CONTROL

ENGINE CONTROL MODULE

ENGINE LOAD

(MASS AIR FLOW SENSOR) IGNITION TIMING
STRATEGY
ENGINE SPEED
(CRANKSHAFT SENSOR)
PRIMARY

CRANKSHAFT POSITION IGNITION TIMING
(CRANKSHAFT SENSOR)
INTAKE AIR TEMPERATURE
(INTAKE AIR TEMP. SENSOR)

THROTTLE MOVEMENT CORRECTION
(THROTTLE POSITION SENSOR) FACTORS

TRANSMISSION SHIFT
(TRANS. CONTROL MODULE)

BATTERY
VOLTAGE

i

ENGINE SPEED
(CRANKSHAFT SENSOR)

IGNITION MODULE

$90/1.29

ECM IGNITION OUTPUT SIGNAL TO IGNITION MODULE

46V -

PIN 1
(BLUE)

GROUND

$90/1.30

Ignition Timing Control
Ignition Timing

Ignition timing is controlled by the engine con-
trol module (ECM) according to sensor inputs.
As with fuel injection, the sensed control
inputs form two groups: primary and second-
ary. Primary control inputs are intake mass air
flow (engine load) and engine speed; secondary
control inputs consist of engine intake air tem-
perature, throttle movement and position and
transmission upshift (automatic transmission).

Ignition timing strategies are held in memory
(EPROM) in the ECM and form an engine load
versus engine speed matrix. The load and
speed range of the engine is divided into 16
loads and 16 speeds (266 memory sites).
Digital numbers representing ignition timing
values fill each site. The resulting 256 ignition
timing values cover the entire engine load and
speed range. Ignition timing is then calculated
from the ignition timing strategy according to
secondary input correction factors.

The ECM drives the ignition module to switch
the ignition coil low tension circuit and moni-
tors the output signal for on-board diagnostics.

Ignition Timing Primary Control

Ignition timing is controlled primarily as a func-
tion of engine load and speed. Engine load is
sensed by a mass air flow sensor located in
the engine air intake before the throttle hous-
ing. Engine speed is sensed by a crankshaft
sensor located behind the engine damper. In
addition to engine speed, the sensor supplies
crankshaft position inputs to the ECM for igni-
tion timing. The ECM processes the inputs
from the mass air flow meter and the crank-
shaft sensor and accesses ignition timing from
the ignition timing strategy. Usually, the load
and speed at which the engine is running will
be between load and speed sites. Two
dimensional interpolation is used to calculate
the correct ignition timing for the between-
sites engine condition.
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Ignition Timing Secondary Control

Secondary ignition timing control inputs consist of engine intake air temperature, throttle move-
ment and position, battery voltage and transmission upshift {automatic transmission).

Intake air temperature

Ignition timing is corrected by the ECM for engine intake air temperature measured by the air
temperature sensor mounted in the air inlet elbow. A portion of the ignition strategy (load sites
6 through 15; speed sites 4 through 15) is programmed with the temperature at which ignition
retard commences for each load / speed site. In general, light loads / low speeds have retard
thresholds set to a high temperature {approximately 212°F [100°C]) while high loads / high speeds
have retard thresholds set about 86°F (30°C). Above the threshold temperature, ignition timing
is retarded at the rate of 2.25° per 10°C.

Dwell angle

The-dwell angle and peak coil current are controlled by the ignition module, located in the engine
compartment near the ignition coil. A feature called “stall turn-off” is used to prevent coil over-
heating and battery discharge. If the ignition switch is left on without the engine running, the
ignition module switches the coil current off.

Closed Throttle / Idle

ENGINE CONTROL MODULE

There are separate closed throttle ignition
strategies for gear positions Neutral and Drive,

CLOSED THROTTLE / IDLE IGNITION TIMING CONTROL

; X . EUTRAL
each with 8 spegd bregk points for engine "m.gohlmo'_
speed versus timing. With the engine at nor- MODULE)
mal operating temperature, the Ignition timing CLOSED THROTILE
at idle will be 10° BTDC in N (700 rpm) and e ReOR)
16° BTDC in D (580 rpm). COOLANT TEMP,
(COOLANT TEMP.
SENSOR)
Ignition Secondary Circuit R ANKSHaEY
SENSOR)
iqniti U ; CRANKSHAFT POS.
T.he'lgnltlon secondary circuit consists of. a (CRANKSHAFT
distributor and a standard ignition coil. The dis- SENSOR)
tributor contains only a rotor arm and a cap. BATTERY
The distributor must be correctly positioned to VOLTAGE
index the rotor to the-cap; however, it has no ‘
affect on ignition timing. ENGINE SPEED
(CRANKSHAFT
SENSOR)

IGNITION MODULE

(TRANS. CONTROL
MODULE)

CLOSED THROTTLE
(THROTTLE POS.
SENSOR)

COOLANT TEMP.
(COOLANT TEMP.
SENSOR)

ENGINE SPEED
(CRANKSHAFT
SENSOR)

CRANKSHAFT POS.
(CRANKSHAFT
SENSOR)

$90/1.31
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Air Injection
Air Injection Operation

Air injection is used to promote reaction in the exhaust down pipe catalyst, reducing the time
required for the catalyst to reach working temperature. The air pumped into the exhaust mani-
folds mixes with exhaust gas and oxidation takes place. The heat generated in this process
reduces the time required for the catalyst to reach operating temperature.

Air injection is enabled by the ECM following each cold start and remains on until the engine
coolant temperature reaches 95°F (34°C). At 95°F the air injection circuit is switched off and
closed loop air / fuel ratio control is enabled. If the engine speed exceeds 2500 rpm while air
injection is enabled, the ECM will switch off the circuit.

On 1993 - 94 MY vehicles, air injection is also enabled for approximately 30 seconds after each
hot start.

AIR INJECTION

ENGINE START

IF ENGINE SPEED
REACHES 2500 RPM AIR INJECTION
COOLANT TEMP. BELOW 95°F RELAY
(COOLANT TEMP. SENSOR)
AIR INJECTION
ENGINE SPEED CANCELLED

(CRANKSHAFT SENSOR)

ENGINE CONTROL MODULE

=4
MANIFOLD VACUUM ] # —

DELAY
VALVE SOLENOID VACUUM
VALVE =
{—c—m |
AIR CUT-OFF
CHECK VALVE VALVE AIR PUMP —

$90/1.32

The ECM switches the air injection relay, which in turn switches both the air pump clutch and the
air injection solenoid vacuum valve. The solenoid vacuum valve controls the vacuum signal to the
air switching valve. The air switching valve performs two functions. It backs-up the air injection
check valve and it prevents air from being sucked through the pump and check valve into the
exhaust. Such leakage would cause an air / fuel ratio error at the oxygen sensor. The vacuum
supply to the air switching valve is sourced from the intake manifold through a delay valve. The
delay valve is used to ensure that the air switching valve is held open during short periods of high
engine load.

The ECM monitors its output to the air injection relay for on-board diagnostics.
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Exhaust Gas Recirculation

EGR Operation

Exhaust gas recirculation (EGR) is used to reduce the "oxides of nitrogen” (NOx) in the exhaust
during periods of high engine combustion temperatures (high loads and engine speeds). The
introduction of exhaust gas into the combustion chambers lowers the peak combustion tempera-
ture by reducing the volume of air / fuel mixture to be combusted.

The ECM both controls and monitors the operation of the system.

EXHAUST GAS RECIRCULATION
VACUUM (CONTROL)

J \ w
EGR VALVE %
l H \w

1

A

EXHAUST GAS

EXHAUST MANIFOLD

INTAKE MANIFOLD

EGR SOLENOID

VAcUUM VACUUM VALVE

A

: I I
EGR TEMPERATURE
SENSOR EGR ADAPTOR

N

EGR CONTROL
STRATEGY

TRANSMISSION IN

ON-BOARD
DIAGNOSTICS

ENGINE CONTROL MODULE

COOLANT TEMPERATURE ABOVE 140°F
(COOLANT TEMPERATURE SENSOR)

ENGINE SPEED BETWEEN 1000 - 4000 RPM
(CRANKSHAFT SENSOR)

ENGINE LOAD NOT IDLE OR FULL LOAD
(MASS AIR FLOW SENSOR)

(DECODER MODULE [XJ6];
ROTARY SWITCH [XJS])

DRIVE GEAR

$90/1.33
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Exhaust Gas Recirculation (continued)
EGR Operation (continued)

EGR is enabled by the ECM when the following conditions exist:
¢ The engine coolant temperature exceeds 140°F (60°C)

¢ The engine is within a load / speed envelope that excludes idle and full load in the engine
speed range 1000 — 4000 rpm

e The transmission is in a driving gear (not P or N)

EGR OPERATING ENVELOPE
40
[ 307
8
S
;
=
o«
<
4
2 30
[ £Gr GAS TEMPERATURE CHECK
0 T T T T T T |
0 10 15 20 25 30 35 40
ENGINE SPEED (RPM X 100)
$90/1.34

" The ECM controls EGR by switching the EGR solenoid vacuum valve, which in turn, controls

vacuum application to the EGR valve. The vacuum operated EGR valve controls the flow of
exhaust gases between the exhaust and intake manifolds. Flow through the valve is proportional
to exhaust back pressure, which is itself proportional to engine load. Vacuum is applied to the
EGR valve via the ECM switched solenoid vacuum valve.

The ECM monitors its output to the EGR solenoid vacuum valve for on-board diagnostics.
The temperature of the exhaust gas flow to the intake manifold is also monitored by the ECM

for on-board diagnostics. Monitoring takes place over a load / speed range within the EGR
operational envelope.
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On-Board Diagnostics (OBD)
On-Board Diagnostic Facility (OBD 1)

The ECM includes a fault diagnosis facility that continuously monitors the operation of the engine
management sensors and components. If a fault is detected, the OBD system will activate the
Malfunction Indicator Lamp (MIL) (CHECK ENGINE) warning in the instrument pack and flag a
diagnostic trouble code (DTC) in the ECM memory. The ECM can be interrogated through the
instrument pack LCD display (XJ6 Sedan Range) or center console LCD display (XJS Range). To
display the code, switch the ignition OFF; wait 5 seconds, then switch the ignition ON (do not
crank the engine). On Sedan Range vehicles, press the VCM button. On XJS Range vehicles,
a code is automatically displayed 5 seconds after the ignition is switched ON. The CHECK EN-
GINE warning will display and the DTC.will appear 5 seconds later. If two or more DTCs are
flagged in memory, only the highest priority code will be displayed. If the vehicle battery is dis-
connected, all stored codes will be cleared from the ECM’s memory. DTCs can also be accessed
via serial communication. Refer to the DIAGNOSTICS section of this publication for more infor-
mation on retrieving codes.

Limp Home Default

In order to allow vehicle operation if a malfunction occurs, “limp home" default values are incor-
porated as an ECM facility. If a sensor fault is detected by the OBD system, the ECM will
substitute a nominal value for the missing input(s) as follows:

Missing Sensor Input  Default value
Engine coolant temperature  78° F (25° C)
Intake air temperature  86° F (30° C)

Mass air flow  Throttle position (voltage) Vs. pulse duration
matrix; ignition timing = 8° BTDC @ idle,
20° BTDC above idle

Throttle position 1.5 volts
EGR temperature  Switches off EGR

Oxygen sensor voltage Closed loop operation canceled
(feedback = 2.5 volts)

Idle trim adjustment (1990 — 1992 MY only) 2.5 volts
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On-Board Diagnostics (OBD) (continued)

Diagnostic Trouble Code Summary (listed in order of priority )

DTC Limp Home Fault Area JDS / PDU Description
Default
29 ECM self test Lucas injection ECM
44 X Oxygen sensor circuit HO2S / circuit
24 Ignition drive circuit |A drive circuit
12 X Mass air flow sensor circuit Mass air flow sensor / circuit
33 Injector drive circuit Fuel injector / circuit
34 Rich condition during Fuel injector leakage
overrun fuel cut-off
14 X Coolant temperature ETC Sensor / Circuit
sensor circuit
17 X Throttle position sensor circuit TP potentiometer / circuit
18 Throttle position sensor and TP / potentiometer / calibration 1
mass air flow sensor
(high throttle pos. voltage;
low air flow voltage)
19 Throttle position sensor and
mass air flow sensor TP / potentiometer / calibration 2
(low throttle pos. voltage;
high air flow voltage)
89 Purge valve drive circuit EVAP valve / circuit
26 Oxygen sensor feedback (lean) Air leak
37 EGR drive circuit EGR valve / circuit
39 X EGR temperature sensor circuit Exhaust gas temperature sensor
22 Fuel pump drive circuit Fuel pump / HO2S relay / circuit
- 23 Oxygen sensor feedback (rich) Fuel supply
46 Idle speed control valve IACV circuit, coil 1
(coil 1 drive circuit)
47 Idle speed control valve IACV circuit, coil 2
(coil 2 drive circuit)
48 Idle speed control valve IACV position error
[N X Idle fuel trim (1990 - 92 MY XJ6)
68 Road speed sensor circuit Vehicle speed sensor / wiring
69 Drive / Neutral input circuit PNPS / circuit
16 X Intake air temperature circuit IAT Sensor / Circuit
66 Air injection pump drive circuit AIR relay / circuit

NOTE: 1992 MY ON systems (ECM part no. DBC 9622 ON): In order to prevent incorrect flag- .

ging of DTCs related to low fuel supply, fuel metering diagnostics are canceled when the fuel tank
level falls below approximately 2.5 gallons (11 litres).
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On-Board Diagnostics (OBD) (continued)

Diagnostic Trouble Code Summary (listed in order of priority )

DTC Limp Home
Default

Fault Area

JDS / PDU Description

29
44 X
24
12 X
33
34

14 X

17 X
18

19

89
26
37
39 X
22
- 23
46

47

48
11 X
68
69
16 X
66

ECM self test

Oxygen sensor circuit
Ignition drive circuit

Mass air flow sensor circuit
Injector drive circuit

Rich condition during
overrun fuel cut-off

Coolant temperature
Sensor circuit

Throttle position sensor circuit

Throttle position sensor and
mass air flow sensor

(high throttle pos. voltage;
low air flow voltage)

Throttle position sensor and
mass air flow sensor

(low throttle pos. voltage;
high air flow voltage)

Purge valve drive circuit
Oxygen sensor feedback (lean)
EGR drive circuit

EGR temperature sensor circuit
Fuel pump drive circuit

Oxygen sensor feedback (rich)

Idle speed control valve
(coil 1 drive circuit)

Idle speed control valve
(coil 2 drive circuit)

Idle speed control valve

Idle fuel trim (1990 — 92 MY XJ6)

Road speed sensor circuit
Drive / Neutral input circuit
Intake air temperature circuit

Air injection pump drive circuit

Lucas injection ECM

HO2S / circuit

|A drive circuit

Mass air flow sensor / circuit
Fuel injector / circuit

Fuel injector leakage

ETC Sensor / Circuit

TP potentiometer / circuit

TP / potentiometer / calibration 1

TP / potentiometer / calibration 2

EVAP valve / circuit

Air leak

EGR valve / circuit

Exhaust gas temperature sensor
Fuel pump / HO2S relay / circuit
Fuel supply

IACV circuit, coil 1

IACV circuit, coil 2

IACV position error

Vehicle speed sensor / wiring
PNPS / circuit

IAT Sensor / Circuit

AIR relay / circuit

NOTE: 1992 MY ON systems (ECM part no. DBC 9622 ON}): In order to prevent incorrect flag-
ging of DTCs related to low fuel supply, fuel metering diagnostics are canceled when the fuel tank
level falls below approximately 2.5 gallons (11 litres).
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Vehicle Systems Interfaces

The engine management system interfaces with the transmission control module, the instrument pack and
the air conditioning compressor clutch circuit to provide operational control, sensor input and data input.

Transmission Control Module Interface

Engine torque reduction

The ECM receives two ignition timing retard inputs from the TCM: transmission shift “up /
down" signal (IGNITION SELECT) (pulsed signal), and transmission “shift in progress” signal
(IGNITION RETARD) (pulsed signal). Refer to Ignition Timing, page 27, for a detailed explanation.

Engine speed and load
The ECM outputs engine load and speed signals (PULSED SIGNALS) to the TCM. The TCM uses the
engine load and speed data to determine shift patterns and torque converter clutch apply and release.

Engine idle speed

The transmission decoder module (XJ6), rotary switch (XJS) outputs gear position signals to the ECM.
When the gear selectoris in R, D, 2 or 3, the signal is 5 volts; when the gear selector is in P or N, the
signal is ground or 0 volts. The ECM uses the gear position inputs to control idle speed and for DTC 69.
Refer to Ignition Timing, page 27, and Idle Speed Control, pages 24 — 25, for a detailed explanation.

Instrument Pack Interface

Vehicle road speed
The instrument pack outputs a road speed signal (pulsed signal) to the ECM. The ECM uses the
signal to determine idle speed control functions.

Low fuel level (1992 MY ON [ECM part no. DBC 9622 ON])

The instrument pack outputs a fuel level voltage signal to the ECM. When the voltage drops
below 5.7 volts (2.5 gallons [11 litres] fuel remaining), fuel metering diagnostics (OBD) are can-
celed. Cancelling the fuel metering diagnostics prevents the ECM from flagging DTCs caused
by the vehicle running out of fuel.

Engine speed

Engine speed is output to the instrument pack for operation of the tachometer. Engine speed
is sensed from the ignition coil primary circuit (1990 — 92 MY Sedan and XJS). The ECM outputs
an engine speed signal (pulsed signal) to the instrument pack (1993 MY ON Sedan).

Fuel metering pulse.
The ECM outputs a fuel metering pulse to the instrument pack for use by the trip computer
(average fuel consumption, instantaneous fuel consumption).

Fuel fail warning
If the OBD system detects a fault, the ECM outputs a fuel fail warning signal (ground) to the
instrument pack. Refer to On-Board Diagnostics, page 33.

Air Conditioning Compressor Clutch Interface

When the air conditioning compressor clutch is operating, a parallel circuit applies battery voltage
to the ECM. The ECM uses this signal to determine the need for idle speed control compensation.

Serial Communication

Serial communication between the engine management system and JDS or PDU is available.
Serial communication is used for engine setup, accessing stored DTCs, fault diagnosis and eras-
ing DTCs. Refer to the DIAGNOSTICS section of this publication for detailed information.
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EMS Components Installed on Engine
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EMS Components Installed on Vehicle
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RELAY

EMS MAIN
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Fuel Pump (XJ6 Sedan 1990 MY)

The in-line fuel pump is a roller type pump driven by a permanent magnet electric motor. An
eccentric rotor mounted on the armature shaft has metal rollers housed in pockets around the
circumference. When the motor is energized, centrifugal force acting on the rollers forces them
outward so that they act as seals. The fuel between the rollers is then forced to the outlet side
of the pump. A replaceable non-return valve is threaded into the pump outlet. The non-return
valve prevents fuel pressure loss when the pump is not running. The pump is located on the rear
suspension subframe.

FUEL PUMP: XJ6 SEDAN RANGE 1930 MY
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Fuel Pump Module (1991 MY ON vehicles)

The fuel pump is an integral component of an in-tank fuel pump module. The fuel pump module
mounts in a rubber holder attached to the bottom of the fuel tank on brackets. The fuel pump
module and the rubber holder are indexed to ensure correct alignment in the tank.

Fuel is drawn from the fuel tank through a 70 micron filter at the base of the module, then
through a 400 micron filter at the pump inlet. The pump delivers the fuel to the fuel rail through
a renewable in-line filter mounted to the underbody. Unused fuel is returned to the fuel pump
module where it passes through another 70 micron filter. A small portion of the pressurized fuel
flows through a venturi “teed” into the supply side inside the module. This flow enables a “jet
pump” to pick up fuel so that the module remains full at all times.

Both the outlet and return ports through the pump module have check valves. The outlet check
valve reduces back flow from the fuel rail when the pump is off. The return check valve holds fuel
pressure in the return line from the fuel rail and prevents siphoning if a fuel line is disconnected.

The inlet filter must not be folded or damaged and must be squarely mounted on its neck. If the
filter is damaged in any way, the fuel pump module must be replaced.

Fuel Pump Specifications
Speed 7000 rpm

Flow rate 640 ml / 20 sec. @ 36 psi
Current 8-9A @ 13.2 volts and 36 psi

FUEL PUMP MODULE: 1991 MY ON VEHICLES
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Fuel Pressure Regulator

Fuel is pumped to the fuel rail and injectors, where fuel pressure is controlled by the fuel pres-
sure regulator. Excess fuel, above the engine requirement, is returned to the fuel tank. The
pressure regulator spring chamber above the diaphragm is referenced to intake manifold vacuum.
The differential pressure across the fuel injector nozzles is therefore maintained constant at
44 psi (3.0 bar) and the quantity of fuel injected for a given injector pulse duration is also constant.
Fuel pressure measured on a test gauge will vary between 32 psi (2.3 bar) at overrun to 44 psi
(3.0 bar) at full load.

The fuel pressure regulator is located as close as possible to the fuel rail so that good dynamic
control of fuel pressure is achieved. This design provides the same pressure across each injector,
and delivers an equal quantity of fuel to each of the six cylinders.

FUEL PRESSURE REGULATOR VACUUM (INTAKE MANIFOLD)
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The main component of the pressure regulator is the diaphragm, below which a steel ball valve
is mounted on a disc. The upper side of the diaphragm incorporates a spring retaining cup.
"Spring length is set during manufacturing by deforming the top cover until the fuel pressure at
which the diaphragm lifts at atmospheric pressure is set at 44 psi (3.0 bar). A filter screen pre-
vents any small pieces of debris from the fuel rail becoming trapped under the disc.

The tube on the top of the upper case is connected to the intake manifold. During engine
operation, intake manifold vacuum “assists” the pressurized fuel to lift the diaphragm against the
spring. When fuel pressure exceeds the control value, the valve lifts off the seat allowing a
portion of the fuel to be directed to the outlet port, thereby maintaining fuel pressure at the con-
trol value. The excess fuel is returned to the fuel tank.
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The engine management ECM operates the purge control valve to allow a regulated vapor flow
to the intake manifold dependent on engine operating conditions. The purge valve is a solenoid
operated “duty cycle” valve that is normally open. The valve closing and subsequent rate of
vapor flow (opening) is varied by the “length” of a pulsed electrical signal provided from the ECM.
The resistance of the purge valve coil is approximately 42 ohms. The purge valve is located in
the left front fender arch, next to the charcoal canister.

Purge Valve
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Fuel Injectors (1990 - 1992 MY)

The fuel injectors are solenoid operated valves that are pulsed by the ECM. The mechanical .
design of the injectors incorporates a pintle valve with a waisted shape tip passing through the

orifice at the bottom of the injector body. The waisted shape of the pintle tip and orifice cause

the fuel flow to form a cone-shaped spray of small fuel particles. The fuel inlet at the top of the

injector has a small filter to trap any debris that may be present in the fuel. “O" Rings are used

to seal the injector between the fuel rail and intake manifold.

PINTLE-TYPE FUEL INJECTOR

SOLENOID WINDING

NOZZLE VALVE

$90/2.05A, B

INJECTOR WAVE FORM The electrical pulses applied to the |njeqtor coil
by the ECM attract the head of the pintle to
the coil armature. This action overcomes
spring pressure and allows fuel to flow
through the annulus between the pintle tip
and the orifice. Full valve lift (approximately
0.006 in) is reached in about 1 millisecond.
The resistance of the fuel injector coil is
approximately 2.5 ohms.

____________________ BATT. VOLTS
PULSE
'DURATION
TURN ON
1.3 mSec.
----------------- < » > CURRENTHOLD *
GROUND * Current hold section of wave form lengthens, adding more
switching cycles to provide the required pulse duration.
$90/2.06
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The basic design and operation of the fuel injectors is similar to the earlier type; however, the
injector tips use a plate-type, twin-spray design. This design has several benefits: it aims a fuel spray
a each intake valve throat, it is quieter in operation, and the tip is less prone to contamination. The
injectors are secured to the fuel rail with custom clips that ensure the twin jets of fuel are directed
to the intake valve throats. A green band is used to identify the plate-type, twin-spray injector.

Fuel Injectors (1993 MY ON)

TWIN-SPRAY FUEL INJECTOR
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Mass Air Flow Sensor

The mass air flow sensor, located in the intake tract downstream of the air cleaner, measures the ‘
volume of air flow into the engine intake. The sensor has a cast alloy body with an integral elec-
tronic module. Some of the air flows through a bypass channel containing two small wire coils:
a sensing coil and a compensating coil. The sensing coil is electrically heated by the electronic

module; the compensating coil remains unheated.

MASS AIR FLOW SENSOR

‘COMPENSATING SENSING
CoiL ColL

—

2

$90/2.08A, B

Intake air volume is determined by measuring
the electrical current required to keep the tem-
perature differential of the two coils constant.
This measurement occurs in the circuitry of the

LOAD SITES 4 & 12 VERSUS ENGINE SPEED
6—

LOAD SITE 12
s e sensor. The sensor then provides a voltage sig-
.................... nal representing air flow to the ECM. The
................. theoretical full range of the signal is 0 - 5 volts.
I N Idle voltage is normally 1.10 — 1.40 volts and

torgue converter stall (full throttle; 1850 — 2150
rpm) voltage is normally 3.00 — 3.30.

On 1990 to 1992 MY vehicles, an adjustable
potentiometer is incorporated into the mass air
P flow sensor to provide for idle fuel trim adjust-
ment during initial engine setup. This
; potentiometer operates independently of the
1- air flow elements and provides a constant volt-
age signal to the ECM. The idle trim
potentiometer has an adjustment range of
— T T T T T T T T T T T approximately 0 — 1000 ohms, measured be-
oo R ZI:IES:;’,‘;E::PM“ % 50 %% 60 6 tween pins 1 and 6 of the mass air flow
© (RPM X 100 $9012.09 sensor connector. The ECM applies a 5 volt
reference to pin 6 and a ground to pin 1. With
the mass air flow sensor connected, the reference measured at pin 6 must be less than 4 volts

or DTC 11 will be flagged. Typically, the voltage is between 2 and 3 volts.

MASS AIR FLOW SENSOR VOLTS
i

o

During 1994 MY, gold-plated connector pins were introduced to prevent corrosion and resistance
build-up. The gold-plated pins can be identified by their color.

A CAUTION! Tin-plated pins and gold-plated pins must not be matched; they are not compatible.
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Crankshaft Sensor

The crankshaft sensor provides both engine
speed and crankshaft position signals to the
ECM. The sensor is a variable reluctance
device, consisting of a bobbin coil with a mag-
netic core. The resistance of the coil is
approximately 1.35 kilo ohms. The steel teeth
on the crankshaft timing ring are used as a
rotor. As the rotor teeth pass by the crank-
shaft sensor, pulses are generated.

The rotor has 60 tooth positions set at 6° inter-
vals with three teeth missing. The gaps
identify the TDC position of the 6 cylinders
during one complete engine cycle (two crank-
shaft revolutions). The rotor thus provides both
engine speed and crankshaft position informa-
tion to the ECM. The missing pulses identify
crankshaft position. Each tooth pulse after the
missing pulse represents 6° of crankshaft rota-
tion. Thus the frequency of the toothed
pulses are a measure of engine speed. The
sensor is mounted to the timing cover on the
front of the engine.

CRANKSHAFT SENSOR

$90/2.10

CRANKSHAFT SENSOR SIGNAL
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CRANKSHAFT SENSOR SIGNAL AT VARIOUS ENGINE SPEEDS
10

AC VOLTAGE

AC VOLTAGE

AC VOLTAGE

(r)nSEC 2500 RPM
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