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SAFETY NOTICE

CAUTION

ALL SERVICE AND REBUILDING INSTRUCTIONS CONTAINED HEREIN ARE APPLICA-
BLE TO, AND FOR THE CONVENIENCE OF, THE AUTOMOTIVE TRADE ONLY. Al test
and repair procedures on components or assemblies in non-automotive applications
should be repaired in accordance with instructions supplied by the manufacturer of the
total product.

Proper service and repair is important to the safe, reliable, operation of all motor vehicles. The
service procedures recommended and described in this publication were developed for the
professional service personnel and are effective methods for performing vehicle repair. Following
these procedures will help assure efficient economical vehicle performance and service relia-
bility. Some of these service procedures require the use of special tools designed for specific pro-
cedures. These special tools shoukd be used when recommended throughout this publication.

Special attention should be exercised when working with spring or tension loaded
fasteners and devices such as E-Clips, Circlips, Snap rings, etc., as careless removal
may cause personal injury. Always wear safety goggles whenever working on vehicles or
vehicle components.

It is important to note that this publication contains various Cautions and Wamnings. These
should be carefully read in order to minimize risk of personal injury, or the possibility that
improper service methods may damage the vehicle or render it unsafe. It is important to note that
these Cautions and Wamings cover only the sifuations and procedures Chrysler Motors has
encountered and recommended. Chrysler Motors could not possibly know, evaluate, and advise
the service trade of ali conceivable ways that service may be periormed, or ofthe possible
hazards of each. Consequentty, Chrysler Motors has not undertaken any such broad service
review. Accordingly, anyone who uses a service procedure, or tcol, that is not recommended in
this publication, must assure oneself thoroughly that neither personal safety, nor vehicle safety,
be jeopardized by the service methods they select.

WE SUPPORT
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CERTIFICATION
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COMPONENT LOCATION CHART

COMPONENT LOCATION

AJCThemostat — . — On evaporator housing

AlCSwitch . Instrurment panel

Coolant Temperature Sensor— — — . . — Left side of cylinder block just below
exhaust manifold

ECU e e — Under instrurnent panel above
accelerator pedal

EGRSolenoid — — — . Left inner fender panal next fo air Cleaner

Exhaust Grné OxygenSensor_ Bxhcust manifold just above exhanst pipe

Exhaust Gas Oxygen SensorRelay . — — — Right inner fender pane!

Fuel Injectors— — —— ———— — e —_——— — Between fuel rail and intake manifold

FuelPump_. _ _ . In fuel tank

Fuel PumpRelay_. . _ Right inner fender panel

fuelRall On infake manifold |

Seqar Shift Indicator Ligcht— — —— — — — — — Left side of instrument panel

Idle Speed StepperMotor _ _ ____ . _ front of throttle body

ignition PowerMadule _ . Right inner fender panel Behind battery

lIn-ine Fuel Blter — Left frame rail ahead of fuel tank

KNock Sensol — o — o — — — e Left side of cylinder block just above the
oll pan

Manifold Air Temperature Sensor_ Intake manifold behind body

MAPSENS ——— — — ————— —_— — — — Dash Panel above enging valve cover

Pressure Regulcttor _ . . Front end of fuel rail

PowerlatchRelay Right inner fender panel

Speed SeNSor — — — — Igggside of fransmission bell housing near

Sync SignalGenerater__ . In distritoutor

TrotteBody Top of Infake manifold

Throtile Position Sensof — — — — — — — — — — Front of throttle Body
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INTRODUCTION

The 4.0 liter englne used in Jeep Cherokee.
Wagoneer, and Comanche models is
equipped with sequential multi-point fuei
injection. The sequential muti-point fuel in-
jection systemn has as many fuel injectors asif
does cylinders. These injectors are mounted
i the infoke manifold near the cylinder head.
The advantages of multi-point fuel injection
are that all of the cylinders receive an equal
ameount of fuel, and the problem of fuel
condensation and puddiing Is efiminated.

Engine operdtion is managed by a micro-
processor controlied device called the Eec-
fronic Conirel Unit (ECU). The ECU is @ micro-
computer that receives signals from engine
sensors and provides signals to control en-
gine subsystems. Asaresuli of theinputsand
the ECU’S operatfion of actuators, engine
performance is confrolled by the program
residing in the ECU.

The fuel injection system is centrolled by the
ECU. Based on the information recetved
regarding present engine conditions, the
ECU Is programmed to provide Q precise
amount of fuel and the correct ignition fim-
ing fo meet existing engine speed and load
requirements. :

The ECU calculates igniiion fiming and pro-
vides a control o the ignition power module.
Ignition timing is varied by the ECU as needed
to meet present engine oparating require-
ments. Information such as infake manifold
yacuum, engine speed, ‘manifold cir fern-
perature, and/or the presence of spark kinock
are used when calculating correct ignition
fiming.

Because the ECU controls the Engine’s op-
eration, it is often dlugnfosed as the faulty

component during vehicle sefvice, when
actually an input sensor or an output actuo-
tor is ot fault,

AIR/FUEL MIXTURE

The air/fuel mixture is the rafie of air that is
mixed with the fuel before it is bumed inthe
combusfion chamber. A proper airffuel
mixture 15 essential 1o achieve desired per-
formance , fuel economy. and emissions
requirements.

An airffuet mixture, ideal for conirolling erigine
emissions and performance s 14.7 parts of air
to 1 part of fuel (measured by weight).

The proper airffuel mixture is detemnined by
the ECU which inturn, conirols the fuel injec-
fors. The fuel Injectors provide pressurized
fuel to the intake manifold.

FEEDBACK

The 14.7 to 1 airffuel mixture is crifical 10
maintain optimum perfomance, fuel econ-
omy, and emission reguirernents. To ensure
that the proper dir/fuel mixiure is mainfained.
fhe vanous sensors provide feedback to the
£CU for calculation of the fuel injector pulse
width, The MAP sensor provides information
required for fuel injector pulse widih by
measuring fhe pressure (vacuum) in the in-
take manifoid. The Engine Speed Sensor
provides the crankshaft position and engine
speed information required for fuel infecior
energization and ignifion meduie fiming. The
Manifold Air Temperaiure Sensorand Engine
Coolant Temperature Sensors provide the
signais required fo adjust engine speed and
airffuel mixture for operaiion throughout
various termperature ranges. Based upon
the information received from dit of these
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INTRODUCTION

sensors, the ECU is able to calculate a base
injector pulse width.

OPEN LOOP VS CLOSED LOOP

Air fuel conirol is achieved by two opera-
tional slrategies: QPEN LOOP and CLOSED
LOOP coniral. In OPEN LOOP operation, the
dirffuel mixture is determined primarily by the
MAP, engine speed. and engine coolant
temperature sensors,

in CLOSED L OO operatlon, the above sen-
sors provide informatfion forthe ECUto estab-
lish a base injector pulse width, but the Ex-
haust Oxygen Sensor signal is used to indk-
cate whether or not the calculated injector
pulse resultsin the proper air/fuel ratio of 14.7
part air to 1 part fuel. By monitoring the
exhaust oxygen content with the bdaust
Oxygen Sensor, the base injector pulse widih
can be modified t¢ achieve the opfimum
air/fuel ratio. An example of CLOSED LOOP
operction is a thermosiatically confroiled
household hedafing system. Asthe temperc-
tureinthe house falls below the setiing ofthe
thermostat, a signal is sent to the furnace.
The furndce is tumed ON, and heat is pro-
vided. Asthe temperciure of the house rises
past the themostat setting, the signalis inter-
rupted and the furnace shuis off.

OPEN LOOP CR CLOSED LOCP
DETERMINATION

Operaiing temperature is determined by the
ECU a5 a result of Engine Coclant and Mani-
fold Air Temperature Sensor signals. The
engine is In CLOSED LOOP operationif it is at
sufficient operating femperature and either
in an idie or cruise condition. At these con-
difions, the Exhaust Oxygen Sensoris afactor
in determining the proper dirffuel mixtare.

When the engine is not at a calibrated
operating termpercture, fuel calcuiations are
based on an OPEN LOOP strategy.

WIDE OPEN THROTHLE

The ECU determines a wide open throtile
condition by interpreting signals from the
Throthe Pasition Sensor. A wide cpen throtile,
the engine will operate in OPEN LOORP.

DECELERATION

When the ECU senses a closed throftle con-
dition through the Throttie Position Sensor
and engine speed over 1200 rem, the en-
gine isin a deceleration state ond fuel injec-
tion isshut off, Fuel injection is resurned when
engine speed decreases below 1200 rprn or
if the accelerator peddl is depressed. The
engine operates in OPEN LOOP during de-
celeration.

PULSE WIDTH MODIFICATION (ALFACL)

ALFACL is the correction factor used by the
ECU o vary the fuel injector pulse width as a
result of the Exhaust Oxygen Sensor input.
Exhaust Oxygen Sensor vaiues are used in
pulse width calculations only during CLOSED
LOOP operation. ALFACL variesfrom 010255
units and represents the degree of comec-
tion to the base puise width,

If the Exhoust Oxygen Sensor repotts a rich
air/furl mixture, the ECU will vary ALFACL to
modify the base injector pulse width 10
decrease the amount of fuel being supplied
1o the engine. If the Exhaust Oxygen Sensor
reports a clean gir/fuel mixture, the ECU will
vary the ALFACL fo increase the amount of
fuel being suppliedto the engine. Control of
the gir/fuel midure is optirnurn during CLOSED
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INTRODUCTION

LOOP operation where ALFACL is varying <f
the vicinity or 128 units (rmidpeint of The soale).
When the systern goes into OPEN LOGP
operation, the ALFACL will retum 1o 128 units
and remain fixed. When: ALFACL units are
increasing. the airffuel midure is being en-
riched. When the ALFACL units are decreds-
ing, the air/fuel mixture is being leaned out.
The ALFACL will seldorn decraase to 0 (zero)
units or increase fo 255 units because the
Exhaust Oxygen Sensor will usually react to
the change in exhaust gas before this oc-
curs. If the ECU cannot control the airffuel
mixture (due to component matfunction of
mechanical fautis), ALFACL will gradualiy
ramptoone extreme of the scale (Oiftoorch
and 255 if too lean). If one of these values is
reached, the system will default o OPEN
LOQOF operation.

If ALFACL contfinues to operate below 128
units and does not increase, the following

condifions may be suspecied:

- Fuel pressure higher than 39 psi, which
could be caused by ¢ faully fuel pressure
regulcror or fuel pump.

- Dirty air fiiter

- leaky fuel injectors

- Faulty Exhaust Oxygen Sensor/circuit

- Faulty EGR valve operation/circult

if ALFACL continues to operate above 126
and does not decrease, the following condi-
tions may be suspected:

- Fuel pressure to the injectors is below speci-
fication, which could be caused by faulty
fuel pressure regulator or fuel pump.

- Clogged fuel injector(s)

- Faulty Exhaust Oxygen
Sensor/circuit
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FUEL SYSTEM

FUEL PUMP (Fig. 1)

The fuel pump/fsending unit assembiy is in-
stalled inside the fuel tank. A large flange
opening on top of the fual fank provides the
necassary electrical connections and fuel
ine connections. When installed, the flange
seats against the synthetic rubber seal andis
held in position by alockring. The fuel pump
is an electtic rotor-cell type. The seties wound
pemanent magnet motor is connected to
batery power through arelay. The pumping
element contains five roller chambers that
alffemately draw fuel frorm the tank and force

Fuel Tank
Sending Uniy

it info the fuel lines. Because it is a positive
displacement design. the pump requires G
pressure regulation device. A pressure regu-
lator located on the fuel rail maintains: the
proper fuel pressure at dll fimes. The pump
itself contains a pressure relief valve that will
bypass fuel if the pressure in the supply line
exceeds approximately 90 psi. Fuel drain-
back through the pump is prevented by a
check valve instailled in the fuel outlet. The
fuel pump utilizes a ballast resistor to reduce
voltage to the fuel pump which reduces fuel
pump speed and nolse. The ballost reslstoris
mounted on the left inner fender in front of
the EGR solenoid.

Fuel Pump

0))

Figure 1 - FUEL PUMP

¥l
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FUEL SYSTEM

FUEL PRESSURE REGULATOR {Fig. 2)

Systern prassure is maintained by the pres-
sure regulator mounted ai the forward end
of the fuel rall. The Fuel Pressure Reguictor
contains ¢ digphragm and a calibrated
spring. Fuel pressure operates on one side of
the dlaphragm while spring pressure and
intfake manifold vacuum operate on the
other side. The spring above the diaphragm
is constarntly trying to close the outlet ¢ the
fuel refum line. Fuel acting onthe bottom of
the diagphragm will open the oullet against
the spring pressure. The spring is calibrated
to open the fue! outlet when the pressure
differential between the - injector and the
intake ranifold reaches approximately 39
st

The Fuel Pressure Regulator is also connected
tointake manifold vacuum. The connection
tointake manifold is necessary to maintain g
constant pressure differenfial between the
fuel injector ond the intake manifold. The
holding pressure of the spring will vary ac-
cording o the amount of assist it receives
frorn the intcke manifoid vacuum. With low
vacuum, such as full throttle, very little vac-
uurn assistisavailable and the fullforce of the
springisexerted toseal the outlet. thus raising
positive fuel pressure, With higher vacuum,
such as idie, fuel pressure on the botiom of
the diaphragm is assisted by intake manifold
vacuum, thus reducing ‘pesitive fuel pres-
sure,

Because Glesser volume of fuel isbeing used

at idle, a greater amount of fuel must be by-
passed to the tank to maintain the corect
fuel pressure differential, At higher speeds
and loads, a gredater volume of fuel is being
drawn from the fuel rail. Under these condi-
tions, the flow bock o the fank must be
restricted or a drop in pressure and volume
would occur. Inshort, the pressure regulator
maintains o constant pressure differential by
controlling the amount of fuel alowed fo
enter the fuel retum line. As intake manifold
vacuurn changes, the differential pressure
between the positive pressure in the fuel rail
and the negative pressure (vacuum) in the
intfake manifoid also changes.

A Pressure Mainfenance Example:

When intake manifold vacuum is asteady 20
inches Hg -10psi}, the fuel pressure regulator
st maintain a posttive 29 psi fuel pressure.,
S0 under these conditions the fuel system
{regulated by the pressure regulator) is push-
ing fue! through the injecior and info the
intake rmanifold ot 29 psi.

In addition, 20 inches Hg (-10 psi) of intake
rmanifold vacuum s assisting the fuel supply
system by pulling the fuelinto the manifold at
a negative pres- sure of -10 psi. Therefore,
with the positive fuef pressure pushing at 29
psi and the negative intake manifold pres-
sure (vacuum) pulling at -10 psi.the comect.
fuel pressure of 39 psiinto the infake maonifold
is established.
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FUEL SYSTEM

REGULATOR VALVE CLOSED

' MANIFOLD VACULM

SPHING

DIAPHRAM

o WH FUEL

J-——,, INLET

VALVE
CLOSED

FUEL REGULATOR VALVE OPEN
' AETURM

‘ MANIFOLD VACULUM

SPRING

DIAF‘HHAM\_%
AL | D/

VALVE
OPEN

FUEL
IMLET

FUEL

' RETURN

Figure 2 - Fuel Pressure Regulator
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FUEL SYSTEM

FUEL RALL (Fig. 3)

The fuel rail is @ manifold with he necessary
fitings for connecting fuel nes, injectors,
and the pressure regulator. Because it sup-
plies fuel fo the injectors, an adequcate vol-
urne of fuel under a constant pressure differ-
ential must be maintained in the fuel rail.

Each injector is instalied in-a separate fitting
extending from the rall andis held in position
with a push on spring clip. O-fingsare usedfio
prevent fuel leakage between the injector
and the intake manifold.

Fuel Aail

NOTE: The injector O-rings are different cok-
ors o distinguish their posifion on the fuel
injector. The brown O-ing musi be instalied
on the infake rmanifold end of the injector.,
The remaining black O-ing isinstalled on the
fuel rafl end of the injector.

A quick connect coupler is used to attach
the fuel lines to the fuel rail. There is also a
quick connect coupler that connects the
retum line flexible hose 1o fhe metal refum
iine. The quick connect fuel coupler CONSIsts
of aplastic retainer. two O-rings and aplastic
spacer, The refainet engages and locksinto
position on a raised bead on the fuel line.

Leakage through the connection s prevented
by the dual Q-ing arrangement and the
plastic spacer, To disconnact a fuel ine,
press in on the ends of the plastic refainer
and disconnect the fuel line. Before recon-
necting the fuelline, the O-ring seqis MUSTbe
repiaced.

Fuel |wjeciar
Refaining Glip

Fued
Pressure
Regulator

Figure 3 - Fuel Rail

7
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FUEL SYSTEM

QUICK CONNECT FUEL LINE O-RING
REPLACEMENT (Fig.4 & 5)

Warning: Fuel systern pressure must be re-
leased before disconnecting the fuel ne
couplings. See Systemn Diagnosis section of
this book for details.

To disconnect the fittings. the refainer has
fwo tabs that must be squeezed against the
fuel fube and then pulled outward to discon-
nect the fuel ube from the Quick connect
coupling. The retainer will stay on the fuel
iube when the tube is disconnected. The O-
rings and spacer will remain in the connec-
tor.

A repair kit consisting of repiacement Q-
rings, spacer, and refginer are available
through the parts department. The replace-
ment parts are installed on a disposable

REPLACEMENT KIT

@ —EE )

CRICK-COMNNECT DISPOSABLE PLUG

Figure 4 - Replacement Kit
Installation

plastic phug.

1. Push kif/disposable plostic phig assembly
info quick connect fitling untit a “elick””
sound is heard.

2. Grasp the end of the disposable plug and
pull outward to remove it from the fitling.

3. Push the fuel fube into the quick connect
fitting until a “'click’” is heard.

4. Verify that the connection is secure by
firrnly puliing back on the fuel fube. The
tube should be locked in place.

Inspect dli hoses/clamp connections for
compileteness and ensure that no leaks cre
present.

CANCK CONMECT
FITTING

m

FUEL TUBE

<,

Figure 5 - Installing Fuel Tube
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ELECTRONIC CONTROL UNIT

ELECTRONIC CONTROLUNIT(ECU) (Fig. 6 & 7)

The eiectronic conirol unit ECUY manages
the operation of the engine control systerm.
4 receives information from input sensors
that measure engine conditions. After proc-
essing this information. the ECU controls
number of outputs which regulate engine
perfornance. The input. processing and
output cycle ensures the engine wil meet
emission, fuel economy and driveability
requirerments. The ECU is located under the
instrument panel just above the accelerator
peddal. -

The ECU receives information from the fol-
lowing inputs:

- Battery voltage signal

- Manifold absolute pressure (MAP) sensor
- Coolant temperature sensor

- Manifold qir temperature sensor
- Exhaust oxygen sensor

- Speed sensor

- Injector sync signal

- Engine crank signal

- Throtftle position sensor (TPS

- Air conditioning select signal

- Air conditioning request signal

- Gear indicator signal

- Knock sensor

Trne information from these sensors arives af

the ECU in the forrn of voltage signals. From
these signals, the ECU is able fo measure
engine performance at any given moment
cnd calculate a response.

The ECU contains numerous integrated cir-
cuits that include two microprocessors. When
the ECU responds. one ormote of the follow-
ing output circuits will be used:

- Fuel injectors

- Fuel pump relay

- Idle speed stepper motor

- Power iatch relay

- 02 heater relay

- EGR solenoid

- ignition power module

- Shift indicater light

- Air condifioning clutch relay

The ECU can use these outputs to respond
efther directly or indirectly joengine condi-
tions reported by the sensors. For example,
if the oxygen sensor detects a rich qir/fuel
mixiure., the ECU can directly redluce injector

pulse width o produce d leaner airffuel

midure. indirectly the FCU can control EGR
operation by confroling a sclencid that opens
and clioses a vacuum passage fo the EGR
valve diophragm.
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ELECTRONIC CONTROL UNIT

SCREWS

Figure 7 - Elecironic Condrol Unit Mounting Screws

3G
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ECU INPUTS

MAP (MANIFOLD ABSOLUTE PRESSURE)
SENSOR (Fig. 8)

The Manifold Absolute Pressure (MAP) Sensor
is mounted on the dash pane! above the
valve cover. The MAFP sensor is the main
signal used by the ECU to calbrate the amount
of fuel supplied to the engine. This sensor
measures manifold absolute pressure and
ambient barometric pressure. It providesa 0
o 5 volt signal to the ECU. The MAP sensor
receives its input signal from a vacuum hose
connected to the throttle body. The MAP
sensor puts out alow voltage signal {0.510 1.8
volts) ot idie when manifold vacuum is high.
and a higher voltage signai (3.9 1o 4.8 volts)
at deep throtie when manifold vecuum is
jow. Input voltage to the MAP sensor ranges

from 4.8 to 5.1 volts. Adjusiments rmadie as d
result of this input will usually affect oufputs
relcted 1o

- injector puise width
- spark iming

- idle speed

- EGR flow

- shift light

- 02 neater relay

Barometiic Pressure Reading - The baromet-
ric Pressure Value can be used to test MAP
sensors. A good MAP sensor will read within
0.60 inches (14 millibars) of the cumrent Baro-
metric pressure after it is adjusted fo seq
level. To adjust 1o sea level, subtract 0.1
inches for every one hundred feet or (1.1
millibars for every ten meters) above seq
level,

Manilald Aksakne
Presaxe Sensor [Map)

s
Q
&
@
o
=
>
o

N

1\

Y
%
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N3
L]

1
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ECU INPUTS

MAP SENSOR (Fig. 9

The MAP Sensor is 0 three-wire pressure sen-
sitive variable resistor. One wire carries an
input voltage to the sensor.  Another wire
provides the sensor with a ground. The last
wire carries o retum signal from the sensor.

With low intake manifold pressure (high
vacuum - usually at idle and cruiss condi-
tions), the sensor’s resistance is high, Wih

+ HIGH VACLUM
=« HIGH RESISTANCE
= LOW QUTPUT VOLTAGE

GROUND A
OUTPUT B
VOLTAGE

5 VORTS

L

HIGH VACUUM
{LOW MANIFOLD PRESSUAE)

L

MANIFOLD
VACLIUM

high intake manifold pressure Jow vacuum -
usually at wide open throtile of aggressive
throttle conditions), the sensor’s resisfance is
low.

Although the input to the MAP Sensor re-
mains constant, changes In air density cause
the MAP Sensor's resistance fo change. This
change inresistance causesachange inthe
voltage output frorn the MAP Sensor to the
ECU.

« 10w VAL LUUM
« LOW RESISTANCE
+ HIGH OUTPUT VOLTAGE

A
B

GAROUND

OUTPUT
VOLTAGE

5 VOLTS

g

LOW VACLUUM
(HIGH MANIFOLD PRESSURE}

\,

MANIFOLD
VACLIUM

Figure 9 - MAP Sensor Concept Schematic
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ECU INPUTS

COMPONENT TESTING

MANFOLD ABSOLUTE PRESSURE
(MAP) SENSOR

Moy Senzor Testing

INSPECT FOR COLLAPSED MAP SENSOR
VACULM HOSE, INSPECT HOSE FOR TEARS, L R
HOLES, AND LOW SPOTS. MAP SENSOR HOSE ||

KEY ON

SHOULD BE A STRAKSHT LIME FEED FROM SENSOR TO —
INTAKE MAMNFCLD 5
REPAIR AS NECESSARY

UNPLUG MAP SENSOR CONNECTOR,
TEST VOLTAGE FROM CONNECTOR .
TERMINAL C TO TERMINAL A
(HARNESS SIDE} WITH A HIGH
IMPEGANCE DHSITAL VOLT-OHMBETER A. GROUND

ASTO 50 VOLTS

. 5 YOLTS

i YES

B

TEST THE VEHICLE USING THE
DRB A DIAGNCSTIC TESTER

RECONNECT MAP SENSOR
CONNECTOR

BACKPROBE MAP SENSCR
USING A HIGHHMPEDANCE
DAGITAL VOLT-OHWMMETER ARG TEST
OUTPUT VOLTAGE AT TERMINAL B

4570 5.0 VCATS

- - ! 1 YE§

AR SENSOR 15 DEFECTIVE
AMD SHOULD BE REPLACED

AR SENSOR 15 DEFECTIVE
AND SHLD BE REPLACEL

A

c

B. OUTPRUT VOLTAGE

T STABLTEZE, AND
RETEST wOLTAGE AT
TERMINAL B

START ENGINE. ALLGW |

IELE

0.5 TO 1.5 VOIS

i YES

MAP SEMNSOR B OK

12
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ECU INPUTS

MAP SENSOR CIRCUIT SCHEMAITIC

ELECTRONIC CONTROL UNIT (ECUY CONNECTOR
UNDER I/P TO RIGHT OF STEERING COLUMN

[(moo jm
3 on
a0
=)

-

u
oD MAFR
oo f input

Sensar
ground
T T
S wolt
supply

MAP SENSOR CONNECTOR
@ @ @i CENTER REAR OF ENGINE COM-

PARTMENT

14
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ECU INPUTS

ENGINE SPEED SENSOR (Fig 10 & 11)

The magnetic speed sensor is rmounted on
e transrmission belthousing where it detecis
the passing of the toothed flywheel, The
signal generated provides engine speed and
crankshaff position information to the ECL.
The ECU uses this informattion to detemine
proper fuel injection and ignifion timing.

Wwhen a fiywheel tooth nears the sensor’s
magnet. the magnetfield beginstoshiff. The
fleid then snaps back to its original posiiion
when the trigger notch is aligned with ihe
sensor, inducing a voltage in the sensor’s
pickup coil. This voltage s sent To the ECU.

Avoltageisgeneratedeachtime one ofthe
nofches passes the sensor. These voltoges
allow the ECU fo actually *"count™ the pass-
ing teeth. Because the ECU knows that top
dead centeroccurs 12teetn afterthe tigger
notch, it can adjust the ignition fiming by
counting these teeth. The ECU diso uses

information from the speed sensor fo deter-
mine when fo energize the injectors for fuel
deliveryto the propercyiinders. The toothed
flywheel rotating paost the speed sensol,
contdins three notches 120 degrees apart.,
Each notch is separated by tweniy teeih
and is used 1o locate the posliion of two
pistons. Pistons one and six approach TDC ai
the sarme fime and use the same flywheel
notch. Pistoniwo is matched with piston five
while piston three is motched wilh piston
tour. From the speed sensor, the ECU knows
two pistens are approaching 1DC. The sync
sighal generator provides this informcition.

NOTE: The noiches are located on the
fywheel to relate precise piston posifion fc
the ECU. When one of the nofches passes
the speed sensor, the ECU is informed that
the position of a particular set of pisfons -
such as 1 and 6 - is 60 degrees before TDC.
The fwelfth tooth afterthe nofch is top dead.
center

Engine Speed $ensor

Figure 10 - Engine Speed Sensor
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ECU INPUTS

SMALL TOOTH TRIGGER TOOTH
g‘ s W
MAGNETIC FIELD

FIELD STRENGTH
INCREASING
POSITIVE PULSE

\
FIELD COLLAPSING \/

NEGATIVE PULSE

Figure 11 - Engine Speed Sensor Magnetic field Waveform Patiem
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ECU INPUTS
COMPONENT TESTING
ENGINE SPEED SENSOR (1DC)
$PEED SENSORTESTING
UNPEUG SPEED SENSOR
CONNECTOR
MEASURE RESISTANGE

QETWEEN SENSOR TERRAINAL
A AN TERMEMAL B WITH A
HGHHIMPEDANCE DIGITAL
VOLT-OHMMETER

200 +f- 75 OHMS

YES

; o '~

?
Engire Speed Sewsot

SEMSCR 15 OK

SENSOR 15 QEFECTIVE AND
SHOULD BE REPLACED

NOTE: THE SENSOR CAN ALSO BE TESTED USING AND A/C VOLTMETER OR
AN OSSILLISCOPE WiTH THE ENGINE CRANKING.

17
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ECU INPUTS

ENGINE SPEED SENSOR CIRCUIT SCHEMATIC

ELECTRONIC CONTROL UNIT (ECL) CONNECTOR
UNDER I/P TO RIGHT OF STEERING COLUMN

ména cCis

ENGINE SPEED SENSOR CONNECTOR
LEFT REAR OF CYLINDER HEAD

1

18
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ECU INPUTS

SYNC SIGNAL GENERATOR (Fig. 12 - 15)

The sync signal generator, located in the
distributor works with the speed sensor 1o
provide the inputs the ECU needsto establish
and maintain the proper fuel injector firng
order. Proper fiing order is maintained by
locating pistons one and six. Asthe pulse ring
rotates in the distributor i passes through a
magnetic field ignal generator). When the
pulse ring enters the signal generator, the
magnetic fieldbecomes weaker - indicating
the postiion of piston number one. Whenthe
rng leaves the signai generator, the mag-
netic field becomes stronger - indicaling the:
position of piston nurmnber six. The ECU re-
ceives this inforration and is able to deter-
mine the proper order of injection sequence.

PULSE RIMG

The sync signal generator, is used 1o locate
positions of pistons one and six. The pulse ring
rotates through the signal generator for 180
degrees with its leading and trailing edges
locating pistons one and six. Whenthe pulse
ring enters the generator, the ECU will see
the leading edge of the sync pulse teling it
ihat cylinder number one is beginning ifs
exhaust siroke. At approximcriely 76 degrees
before top dead centeronifs exhaust stroke,
fuelis Injected into the injake rmanifold atthis
cyiinder, When the pulse ring leaves the
generator , the ECU sees the trailing edge of
the sync pulse telling it piston number six is
beginning s exhaust stroke. At approxl-
mately 76 degrees before top dead center
on its exnaust stroke, fuel is injected into the
nanifold af this cylinder.

DISTRIBLITOR
HOUSRG

Figure 12 - Sync Signal Generator
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ECU INPUTS

By looking ot both the speed sensor input
and the sync signal generator input, the ECU
can establish the necessary reference point.
When it receives a piston position signal, the
ECU then defermines the position of the
pulse ring. If the pulse ing’s leading edge
has just passed info the field of the signal
generator, the ECU has identified piston
nurnber one. if the pulse ring’s raiing edge
has just left the field of the signal generater,
the ECU has dentified piston number six. it
can now begin firing the injectors in the
proper sequence and at the proper fime.

The ECU wili always opeh aninjector when a
piston Is on the exhaust stroke. Opening the
injector while the pisfon is still on the exhaust
stroke allows fime for the fuel to enter the
intake manifold and thoroughiy mix with the
incoming <ir during the infake stroke.

SPEED SENSOR

BACKE OF FLYWHEEL

The sequence of injector fiming canbe Hlus-
trated by following the number one piston
through two complete engine revoluiions
{(720°.

EXAMPLE:

-The cycle starts with the nurnber one piston
at top dead center between its compres-
sion and power strokes (0. At this fime, the
ECU checks the forthe possibility-of a spark
knock. The ECU also checks the sync signal
from the distibutor and determines that the
pulse ring Is not passing through the signal
generator,

- Asthe number one piston movesihroughits
powet stroke (0°-- 1809, the &CU checks the
sync signal and determinas that the pulse
ring is not passing through the signal genara-
tor. Near the end of the power sitoke, the
number one cylinder exhaust valve begins
1o open.

PISTONS 1 AND &
APPROACHING
TOC

Figure 13
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ECU INPUTS

- Dusing the exhaust stroke(180°- 360, the
ECU again checks the sync signal. This fime.
however, the ECU defemnines that the pulse
ring is passing through the signal generator.
This inforrms $he ECU that the piston approach-
ing top dead center on ifs exhaust stroke Is
the number one piston - NGt nuMmber six pis-
ton. (Although both the number one and
the number six pistons are approaching top
dead center, the ECU has now determined
which fuel Injector 1o energize). As the numioer
one piston  recches approximately 76° be-
fore top dead center, the ECU energizes the
number one fuei injector. Fuel begins 1o
spray into the intake manifold of the riurnber
ohe cylinder intake valve. The duratfion of
the spray (njection pulse wicth) varies de-
pending on the input signalstecelved by the
ECU.

- As the numbet one pisfon reaches top
dead center between the exhaust and in-
take sitokes (360%), the exhaust valve startsto
close and the intake valve starts 1O open.

-On Hsintake stroke (360°- 540°). the numier
ohe piston draws a precise air/fuel mixture
into ifs cylinder.

- During the compression stroke (540° - 720°),
the number one cylindert intake valve closes
and the plston compresses the air/fuel mix-
ture. As the piston approaches top dead
center between ihe compression ond power
strokes, the ECU signals The ignifion powet
module to fire the number one spark plug.
ignition timing vories depending on input
signails recelived by the ECU.

CYLINDER ¥%

t A

a—

Figure 14
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- When the number one piston reaches top
dead centerbetween the compression and
power sirokes (720° or 09, a new cycle begins.

NOTE: While the sequence of every cycle will
remain the same. fuel injection pulse width
and injection fiming will vary with changing
input signals received by the ECU.

Just as the new cycle begins, a snapshot
taken of the 4.0L engine cylinders would
reveal the following.

- Cyfinder number 1 - Piston number oneis af
fop dead center hatween its compression
strokes, The spark piug is firng.

- Cylinder number 2 - Piston number two is 60
degrees (120° BTDC) info its exhaust siroke.

FUEL
INJECTED AT
FIRING 76° BTDC

T
//ﬂ 2t
|| 7

60° INTO 120° INTO
EXHAUST INTAKE
STROKE STROKE

34

BTWN
cP

(Fuel injection wil begin as the piston is
approximately 76° before top dead center.

- Cylinder number 3 - Piston number three is
120 degreesinto itsintake stroke drawingthe
fuel/air mixture into the cylinder.

- Cylinder number 4 - Piston number four is
120 degrees into its power stroke.

- Cylinder number 5 - Piston number five is &0
degrees (120¢ BIDC) into ifs compression
stroke.,

- Cylinder nurnber 6 - Piston nurnber six is at
top dead center between its exhaust and
intake strokes. Near the end of the injection
pulse widih, fuel is still entering the intake
manifold ot the number six cylinder infake
vGlve.

FUEL
iNJECTED

s} st %%

1200 INTO 60 INTO BTWN
PFOWER COMPRESSION E-
STROKE STROKE

Figure 15
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COMPONENT TESTING

SYNC SIGNAL GENERATOR TEST

The Sync Signat Generator can be tested
using an analog veitmeter.

1. Insert the positive (+) voltmeter lead into
the Blue wire trerminal B) of the distributor
connecior.

2. Insert the negative (<) volimeterleadinto
the Gray W/ wire (terminal C) of distribou-
for connector.

NOTE: Do not remove the disiributor con-
nectorfrorn the distributor. Insertthe volime-
for leads into the backside of the disfributor
connector to make contact with the termi-
nes.

3. Set the volmeter on a 15 volt DC scale.
Tum the key to the "ON™" position.

4, The voltmeter should show approximately
5.0 volts,

If there is noO voltage:

a. check the votimeter leads for a good
connection. Siill no Voltage? Procead o
step b.

b. Remove ECU and check forvolfage atpin
C-16 of the ECU connector and ground
with the hamess connected, Still no Volt-
age? Proceed to step C.

c. Perform g diagnostic test using the DRB Il
and the Jeep/Eagle adaptor.

If voltage is present:

a. Check continuity between the blue wire
(tesminal BY at the distibutor connector

and terminai C-16 of ECU connector.

If there is no continuity, repair the hamess as
necessary.

b. Check for continuity between the Gray
W/t wire (terminal ©) ot the disfributor
connector, and terminal C-5 of the ECU
conhector.

if there is no continuity, repair the harness as
NEeCeSSary.

c. Check for continuity behween the black
wire derminal A) ot the distributor con-
nector and ground.

It there is no continuity, repair the hamess as
NeCessany.

While observing the voltmeter, crank ihe
engine: the volimeter needle should fluctu-
ate back and forth while the engine is crank-
ing. This verifies that the stator in the disiribu-
tor is operating property.

If there is no sync signal generated, replace-
ment of the stator is necessary.
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ECU INPUTS

SYNC PULSE SIGNAL CIRCUIT SCHEMATIC

DrEo ot
oa 5
o
ano
oo
ng
oo
ab
oo
on
[a ) ]
oo
[ = =]
B0 D z
sync supply
. 7.1 volts
sync signal]
irput
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ECU INPUTS

THERMISTORS

A themnistor is o resistor in which resistance varies
shamply and predictably with temperature. The ther-
mistor's resstance decreases s femperaiure INcreasas,
ond Increases os femperaiure decreases. The chang-
ing resistance daffects the voltage drop across the
sensor's temmninals ond provides 4 signal to the ECU
camaspondng to femperahure.

The change in resistance In not lineary related to the
change intemperature. Inotherwords, a change of
one degree does not aways cause the same chonge
in resistance. There is, howeaver, & definite and pre-
dictable relaflonship between changes In temperg-
ture and the sensor's change in resistance. The
themistor Characiernsfics Curve shows fypical ther-
ristor resistance ve. ternperaiure values.

Themnistor sensors must be connecied into a voltage
divider network. Afive-volt refarence Bfirstappliedto
a fixed resistor Jocated in the BECU) that s wired in
series with the thermistor. The ECL then cheacis the
voltage just after or “*downsiream’” of the fixed resis-
tor.

If the fhemmistor’s resistance s high, there is not much
of avoltage drop across the fixed resistor in the ECU.

THEAMISTOR CHARACTERISTICS CURAVE.
RESISTANCE [K-OMmis)
—

\

AN

e

"'-\________

™ T T
Ll B0

TEMPERATURE {DEGREES C)

e,

T

B

rrrrrrrrrrrrrrrrrrrrrr

Typical Thermistor TemperatureJo-Resistance Curve

With ¢ small voltage crop, the ECL senses semething
close to reference voltoge just after the ficed resistor.
I fact, if ihe themistor's resistance is infinite (open
circui), the signal veltage will be equal to the refer
ence voltoge. (Resistance should never octually
recich Infinity in o properly working sensor.

If the thermistor's resstance is low, there s a lorge
voltage drop across the fixed resistor in the ECLL. With
a large volioge drop, the ECU senses a much lower
volfage just affer the fixed resistor, Should the themmis-
for's resistance go fo zero (short circuit), the signal
voltage would be equdal fo the reference voltage
minus the vofiage drop across the fixed resktor inthe
ECU . (Again. resistance should never actually go to
zero in a propedy working senson.

TEMPERATURE | + }
THERMISTOR RESISTANCE | 4
FIXED VOLTAGE OROP { ¥ }
SIGRAL VOLTAGE | ¢ {
5y
FIXED ecu
RESISTOR
SIGHAL
THERMISTOR

z
i

Thermistor Yoltage Network
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AIR TEMPERATURE SENSOR (Fig.- 18)

The Manifold Air Temperaiure Sensor is lo-
cated in the infake manifold where it meocs-
ures the femperariure of the air entering the
intake manifold. It provides an anaiog volt-
age signal fo the ECU. The signai is used o
compensate for changes in the air density
due to temperaiure.

f Z \\\\ \

TN ke

The air temperature sensor is @ NTC thermis-
tor-type sensor, (ntemal resistance varies
oppostte with temperature), At cold fem-
peratwres, the resistance is high. As the
temperature of the air increases, the resis-
tance decreases.

Air Temperature
Sensor

|

Figure 16 - Air Temperature Sensor
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ECU INPUTS

AIR TEMPERATURE SENSOR CIRCUIT SCHEMATIC

ELECTRONIC CONTROL UNIT (ECL) CONNECTOR
UNDER If/P TO RIGHT OF STEERING COLUMN

1
)

n
4 |
\sa
0
oo ﬁ
[ m g

0 G 8
o

DH£

an
oa l
Do n 18
air temip

SCSOr Inp-n-
ground

[/L
{m
-t
aoo

gon
[+ 3=]+]

®0)

L

AIR TEMPERATURE SENSOR CONNECTOR
MNEXT OT THROTILE BODY
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ECU INPUTS
COMPONENT TESTING
MANIFOLD AlR TEMPERATURE
MANIFOLD AR TEMPERATURE SENSOR TESTING
MAMIFOLD AIR/FUEL TEBMPERATURE SENSOR
DISCONMECT THE TEMPERATURE-TO-RESISTANCE VALUES
MANIFOLD AIR (APPROXIMATE)
TEMPERATURE SENSOR
CONMESTOR of oc OHMS
B 212 100 1%
TEST THE SENSOR'S
REEISTAMCE WITH A 150 FL] AS0)
HIGH-IMPEDAMNCE
DIGTAL VOLT OHMMETER 100 38 1,400
7a 20 2400
SENSOR'S RESISTANCE &0 4 7.500
V. MATCH VALUES IN
AL CHART 20 7 13,500
: 1] -18 25,000
YES ; KO
' 4D A0 100,700
SEMSOR 15Ol SEMSOR 15 DEFECTIVE
AMNMD SHOULD BE

REFLACED
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COOLANT TEMPERATURE SENSOR (Fig. 17)

The Coolant Tempercature Sensor is located
inthe engine block coolingjacketonhe left
side of the engine. It provides an analog
signal to the ECU. This signal is used to
calculate injector pulse widih when the
engine is cold. Inpuf from the cootant term-
perature will also affect idle speed stepper
motor position, spark advance and EGR sys-
tem operation.

The coolant tfemperature sensor is a NTC
thermistor-type  sensor,(nfernal resistance
vanes opposite with temperaiure). At cold
temperaiures, its resistance is high. As the
temperature of the coolant increases, ifs
resistance will decrease.

2
H)\ § Engine A
) \N

Coolant

Temperature
Senser

Mount

Figure 17 - Coolant Temperafure Sensor
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ECU INPUTS

COMPONENT TESTING
COOLANT TEMPERATURE SENSOR

COOLANT TEMPERATIIRE SENSOR TESTING
COOLANT TEMPERATURE SENSCR

DISCONMECT THE TEMPERATURE-TO-RESISTANCE VALUES
COOLANT tAPPROXIMATE)
TEWPERATURE SEMSOR
CONMECTOR
°F o QHMS
212 100 185
TEST THE SEMSOR'S -
TESISTANCE WITH A 160 70 450
HKGHAMPEDANCE .
DIGITAL VOLT-CHMMETER 100 a8 1,600
70 0 3,400
SEMSCOR'S RERETANCE 40 4 7500
YALUES MATCH VALUES IN
CHART .1 =7 ¥3,500
: [ -18 25,000
YES . ND
-40 -4D 100,700
SEMSOR 15 QK SEMSOIR 5 DEFECTVE
AND SHCAR D BE
REPLACED
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ECU INPUTS

COOLANT TEMPERATURE SENSOR CIRCUIT SCHEMANC

ELECTRONIC CONTRCOL UNIT (ECLD CONNECTOR
UNDER I/P TO RIGHT OF STEERING COLUMN

oo ct
3 og
& B

o

10

gooeann
ﬂﬂﬂﬂﬂﬂrﬂﬂﬂﬂu

coclant fernp
ineut

SEMEOr
ground

®&E

COOLANT TEMPERATURE SENSOR CONNECTOR
BEHIND LEFT HAND ENGINE MOUNT
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THROTTLE POSITION SENSOR (TPS) (Fig. 18)

The Throttle Posiiion Sensor is rnounted onthe
throtie body. IF contains a potentiometer
operated by the opening and closing of the
throfile piate. The sensor input o the ECU
allows the ECU to determmine precise throttle
pesition under all operating conditions.

NOTE: The throtle body on an automdatic
transmission equipped vehicle uses a dual
function throttle position sensor, This duat
function sensor provides a throttie posifion
signal for both the fuel systern and the auto-
matic transmission computers.

Procedures for adjusting the throttte position
sensors on manual frTansmission equipped
vehicles and automatic  fransmission
equipped vehicles are different.

Power to the throtlle position sensor is sup-
plied through teminal A" with avohage of
approximately 5.0 volts, Terminal 7B is the
ground.

‘\C "35-7 \\
f-"'l '--_:L_...r\
”~ __,..-—
Z } ad P
"? i A= -

"‘—-.._

-t

""" |tie Speed =¥
Stepper Motor

As the throttle plate moves, the sensor pro-
vides variable vobltlage signals to the ECU
throughtemninal **C**. The voltage is directly
proporiional o the throttle angle. When the
throttie plate is closed., the voltage is low.
When ihe throtte plate is fully open. the
voltage is high. Al wide open throtile, the
system goes inte open loop (ignores oxygen
sensor activity) and inferrupts the signal to
the A/C clutch relay to tum off the A/C
compressor clutch, (ifit wason). Ifthe proper
RPM and closed throttle positions are met
(hard decel), the ECU will enfer a fuel cut-off
sirategy. The ECU will not supply power 10
the injectors. If a hard decel condition does
not exist, the ECU determines the proper
ignition pulse width and energizes each in-
jector.

NOTE: A clear flood operafion can be ob-
fained by depressing the accelerator fo the
floor and cranking the engine. This will allow
the engine fo cronk with ouf fuel delivery
fromm the injectors.

v

1

Throttle \
Position
Sensor

Figure 18 - Throtlle Position Sensor
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POTENTIOMETERS

Poteniometers are typicaily three-wire vari-
abje resistors that act as voltage dividers.
Two wires provide a voltage and ground to g
resistor elerment. A third wireis connected to
a wiper that sweeps across the resistor be-
tween the two exireme conditions - source
and ground. This wiper effectively divides
the input vohage depending on its position
on the resistor and provides ¢ refurn signal
voitage.

ECU

Ground

Reference A

For Throttle Position Sensor applications, the
potentiometer’s wiper is mechanically con-
nected to the throtile plate. As the throtle
plate changes position, the potentlometer’s
wiper is moved across the resistor. Theretore,
the value of the retum volfage signal directly
coresponds to any changes in the throttle
plate’s position.

TPS

o
<
o In
g

Refumn Signai

Throfle Position Sensor Circuit
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COMPONENT TESTING

THROTTLE POSITION SENSOR - ADJUSTMENTS

MANUAL TRANSMISSION

This throtie position sensor adjustment uses g
digital volimeter. The TPS can be adjusted
using the DRB Il diagnostic tester, (lecom-

mended method). Refer to the tester manucat
for instructions).

1. Tum the ignition key jo the ON position.

Do not disconnect the sensor wire harness
connecior from the sensor. insert the volt-
meder testieads through the back of the wire
hamess connectorio moke contactwith the
sensor femrninals.

2. Check the sensor Input voltage. Insert the
negative (-) voltmeter lead into the back
of terminal B. insert the posifive (+) volt
meter lead into the back of terminal B.
Be sure that the throtie plate isin the
completely closed posifion against the
idle stop. Note the input voltage.

3. Check the sensor output voltage.
Rernove the positive (1) volimeter lead
from sensor tferminal A and insert it in the
back of terminal C. Be sure the throdtle is
ciosed. Note the sensor ouiput voltage
reading on the voltreter.

4. Divide the ouiput voltage reading by the

input reading. The desired ratio is . 170.
EXAMPLE: If the input voltage is 5 voits
and the output vottage is .85 volfs; divide
B5by &5=.17 or 17%.

5. If necessary, adjust the TPS sensor uniil the

corect value s obtained. To adjustinput
and output voltages, loosen the sensor
bottom mounting screw and pivot the
sensor for alarge adjustment. Loosen the
top sensor mounting screw and pivot the
sensor for a fine adjustment. Adjust the
TPS until the correct value is chiained.

6. Tighten sensor mounting screws securely.

Remove the voltrmeter,
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COMPONENT TESTING

THROTTLE POSITION SENSOR ADJUSTMENT

AUTOMATIC TRANSMISSION

This throttle position sensor adiustment uses g
digital volimeter. The TPS can be adjusted
using the DRB Il diagnosiic tester, (recom-

mended method). (Refer fo the tesier manual
for instructions).

For this TPS adjustrment, you must use the
square four terminal connector that is at-
tached to the throttle position sensor. The
terminals are marked A, B, C, and D on the
connecior,

1. Tum the ignition key to the ON paosition.

Do not disconnect the sensor wire hamess
connector from the sensor. Insert the voll-
metertestleads through the back of the wire
hamess conpeciorto make contactwiththe
sensor terminals.

2. Checkthe senscrinput voltage. insertthe
negative (-) volimeter lead into the back
of terminal D. Insert the positive (+) volt-
meter lead into the back of ferminal A.
Be sure that the throffle plate sin the
completely closed position against the
idle stop. Note the input voltage.

3. Check the sensor output voitage. Re-
move the positive (+) volirneter lead from
sensor terminal A and insert it in the back
offerminal B. Besure the throtteis closed.
Note the sensor output voltage reading
onthe voltmeter.(voltage reading across
terminals B and ).

4. Divide the oulput voltage reading by the
input reading. The desired value is .4.15
vohis, EXAMPLE: If the input voitage is S
volis and the output voltage: is 4.15 volts;
divide 4.15 by & = .83 or 83%.

5. If necessary, adjust the TPS sensor until the
correct value is oblained. To adjust input
and output voitages, loosen the sensor
bottorn mounting screw and pivol the
senser for alarge adjusiment. Loosen the
top sensor mounting screw and pivot the
sensor for a fine adjusiment. Adjust the
TPS untit the comrect value is obtained.

6, Tighten sensor mounting screws securely,
Remove the voltmeter.
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COMPONENT TESTING

THROTTLE POSITION SENSOR TESTING

THROTTLE POSITION SENSOR (FPS)
(MANUAL TRANSMISSION)

1.
2,

Tum ignition switch ¢ the ON position.

Unplug the Throttle Posttion Sensor con
nector.

. Measure voltage at connecior pin temni-

nal C. (hamess side) with a digital volime-
ter. Meter should register approximdcrtely
Svolts, Ifvoltage is incorrect, test the ve-
hicle using the DRB i diagnostic tester.

4, Turn the ignition switch o the CFH posilion.

5,

Test for continuity between the throttle
position sensor connector pin B and ground

using a high impedance digital voltohm-
meter. if the circuit is open, test the ve-
hicle with the DRB 1l diagnostic tester.

. Reconnect the Throtie Position Sensor

connector,

7. Tum the ignition switch to the ON position.

8. Backprobe the TPS connectorwith ¢ high

Impedance digital volt-ohmmeier. Meos-
ure volfage from pin Cto ground. Voitme-
ter snoutd register approximcriely 0.8 volts.
If voltage is incomect, attempt to adjust
the TFS using the procedures cutlined in
this manual or use the DRB Il diagnostic
tester.
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THROTILE POSITION SENSOR CIRCUIT SCHEMATIC

ELECTRONIC COMNTROL UNIT (ECU} CONNECTOR
UNDER /P TO RIGHT OF STEERING COLUMN

D1gg c1
3 oo
(a7
oD
oo
oo L}
T oo |7
OOCF
o
oo
2 [
sersor no l--“5
ground o
D18o N Icu
5 volt
supply

input

@ O®)
]

THROTILE POSITION SENSQR COMNECTOR
NEXT T2 THROTILE BODY
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RELAYS
Theory of Operation

Arelayls an elector-mechanical device thar
congists of a coil, a resistor or a diode, and
electrical contacis. The electrical contacts
ae held in the deenergized position by spring
praessure, When volfage and ground are
providad 1o the coll, the coll becomes and
electromagnet and pulls the contactsto the
energized position. When eitherthe voltage
source or the ground is removed from the
coll, the magnetic field collgpses and spring
pressure retums jthe confacts o their de-
energized position. The resistor or diode is
Included in the relay to help dissipare voli-
age spikes which may be produced when
the coil is de-energized.

Terminal 30 is usually connected to battery
voltage. This batiery voltage source can be

(1| 30

87A (3)
() T3 (5)||86

|:“|
87

BOTTOM VIEW OF RELAY

E.l

DE-ENERGIZED RELAY

switched (ON and QOFF by the ignition switch}
or un-switched (connected directly to the
battery).

Terminal 87A is connecied to terminal 30 In
the de-energized position.

Terminal 87 is connected to terminal 30in the
energized posiion. Onece energled. the
relay supplies battery voltage to of removes
battery voltage fromn an operated device
connected to teminal 87,

Terminal 8% Is connected o the electro-
rmagnet and usually connected to a switched
battery voltage source.

Terminal 85 is conneclad to ihe electro-
magnet and is usually connected to a
switched or un-switched ground.

RELAY CONNECTOR

i

ENERGIZED RELAY
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ECU INPUTS
COMPONENT TESTING
RELAY TESTING
REMCVE RELAY
MEASURE RESISTANCE
BETWEEN TERMINA4L30
AND TEMINAL B7A
AFPROXBMATELY 0 OHMWS
NO [ YES
RELAY |5 DEFECTIVE MEASURE RESISTAMCE BETWEEN
AND SHOULD BE TERMINAL BS AND 86 (ACTHOSS
REPLACED THE ELECTRC-AGNET)
75+ 5 OHMS
NO ] YES

RELAY |5 DEFECTIVE AND
SHOULD BE REPLACED

NO

- |

APPLY A 12 VOIT SOURCE

TO TERMIMAL 84 AND A GROUMD

TO TERMINAL 85 ¢ A § VOLT TRANSISTOR
BATTERY WORKS WELL FOR THIS)

CHECK FOR CONTINUTY BETWEEN
FIN 30 AND FIN 87 WITH RELAY ENERGIZED

CORTINUITY

RELAY 1S DEFECTIVE
AND SHOULD BE REFLACED

YE=

RELAY 15 CK
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ECU INPUTS

ENGINE CRANK SIGNAL (Fig. 19)

The engine crank signalfrcm the siarferrelay
provides a signal to the ECU to indicate
when the engine starter is engaged.

When the ECU determines that the starter is
angaged, it starts looking at the inputs from
ihe speed sensor and the syne signal gen-
erator. The ECU uses these signals 1o deter-
rmine spark timing and whether the first fuel

FUEL PUMP
BALLAST RESISTOR
TERMINAL

IGNITION
TERMINAL

injection should occur at cylinder number
one or cylinder number sik. Once synchron--
ization has been established, the ECU ener-
glzes the proper injecior and provides the
ignifion output needed to start the engine.

NOTE: If the ECU defennines that enough
iywhee! teeth have passed without receiv-
Ing a synchronization signal, it will randomiy
select a sequence 1o starf the engine.,

BATTERY
TERMINAL

STARTER
SOLENOCID
TERMINAL

GROUND
TERMNIAL

Figure 19 - Starter Relay
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ECU INPUTS

OXYGEN SENSOR (Fig. 20 & 21)

The Exhaust Gas Oxygen Sensor used on the
4.0 liter engine is NOT a vollage generatiing
device, This sensor detects exhaust oxygen
content by acting as a varable resistor. The
exhaust gas oxygen sensor provides the ECU
with < feedback signal. By measuring the
amaount of oxygen in the exhaust gases, the
Q2 sensor tells the ECU how well its output
signals are properly controlling the air/fuet
ratio. Based on this feedback, the ECU can
adjust lts outputs to produce the comect air/
Tuel radia.

Variations in the voltage signal from the O2
sensor serve Qs air/ffuel ratio indicators,
changes occur because the O2 sensor acts
as avarable resistor. When oxygen content
is low (rich mixture), the volfage signal willbe
less than 2.5 volts. A lean mixture (high
oxygencontent), the voltage signaiisabove
2.5 volts.

The resistance element in the O2 sensor is a
smdll, fitania semiconductor, The titania

A<
T

N

)

oxygen sensor must be connected into a
voltage nefwork, A 5 volt reference is ap-
plied To a fixed resistor (located in the ECU}
that is wired in series with the 02 sensor. The
ECU then checks the volfage between the
fixed resistor ond the O2 sensor and then
relates that voltage to oxygen content,

The exhaust gas oxygen sensor used on the
4.0 liter engine contains a heater in the sen-
sor housing. The heater is a ceramic, resis-
fance-fype element that operctes on 12
volis supplied through a relay controlled by
the ECU. The heater is needed fo maintain
the titania semiconductor at its operafional
ternperature of approxirnately 1475 degrees
F. (850 degrees C.)

The oxygen sensor hedter relay is contfrolled
by the ECU, When the ECU determines high
exhaust gas rates and exhaust gas oxygen
sensor hedting is no longer required, the ECU
completes the relay il ground circuit, When
the ground circuit is complete, the relay
contacis open, andthe exhaust gas oxygen
sensor hedter is disabled.

Y -
.

EGA
Valve

Eﬂtausi és Dmenl Se,mr

Figure 20 - Exhaust Gas Oxygen Sensor
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ECU INPUTS

COMPONENT TESTING

EXHAUST GAS OXYGEN SENSOR TESTING

EXHAUST GAS OXYGEN SENSCR

The DRB 1 Diagnostic tester, Jeep/Eagle
adaptor and the Powertrcin Diagnosiic
manuals must be used to test BExhaust Gas
Oxygen Sensor opearation.

OXYGEN SENSOR HEATING ELEMENT TEST

The oxygen sensor heaiing element can be
tested by using an ochmmeter.

1. Disconnect the Oxygen Sensor connector

2. Connect the ochmmeter test leads bet-
ween ferminals A and B of the oxygen
$ensor connecior,

The resistance value should be between 5

and 7 ohms. Replace the sensorifohmmeter
displays an infinite reading.

HEATER GHID

B+ FOR HEATER ——T ” —

GROUND

SMGNAL

TITAMIA ELEMENT

(RESISTANCE VARIES WITH O; CONTENT)

Heated Titania Oxygen Sensor

v

FIXED ECU
RESISTOR SIGNAL
VOLTAGE

GROUND

B+ FOR

HEATER GRIC

L

O, SENSOR

YOLTAGE DROP ACROSS FIXED RESISTOR

[EnGiNE LEAN| ENGINE RICH
EXHAUST O, CONTENT } t
0, SENSOR RESISTANCE

4 t
t ¢
{ ¥

SIGNAL YOLTAGE

Figure 21 - Vollage Nefwork
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ECU INPUTS

EXHAUST GAS OXYGEN SENSOR CIRCUIT SCHEMATIC

ELECTRONIC CONTROL UNIT CONNECTOR

relay ground UNDER I/P TC RIGHT OF STEERING COLUMN
7
OXYGEN SENSOR HEATER RELAY CONNECTOR - -

NEXT TG RIGHT HAND SHOCK TOWER Sbonnndooodd
ooooundnobiann

| L B3 Bt2

4
2 Ej -1

=+ 2

J

B+ for 02 sensor hecher

i

ELECTRONIC CONTROL UNIT CONNECTOR
UNDER {/P TO RIGHT OF STEERING COLUMMN

a
-l
ARg
Qdada

0
=]

oo
oo
9 ona
EE | OXYGEN SENSOR
CONNECTOR
og A
aa ©® @ BEHIND LEFT HAND
oveo g ]m J L ENGINE MOUNT
O, sensor input




4.0 L MULTI-POINT FUEL INJECTION SYSTEM

ECU INPUTS

KNOCK SENSOR (Fig. 22)

The Knock Sensor is threaded into the left
side of the engine block, It provides a signal
to the ECU that indicates any knock present
during engine operction, The knock sensoris
made up of a thin pigzo-elecinc ceramic
disc bonded to a metal diaphragm. when
knock occurs, the dicphragm vibrates along
with the piezo-slectic disc, producing an
electrical signal,

\

O

—~

O

| Ly

to"\(

As the intensity of vibrations increase, the
voltage from the knock sensor also increcses.
Based on this voltage, the ECU can deter-
mine if an engine knockis present. Ifaknock
is present, the ECU will retard ignition fiming
by a predetermined value on any one cylin-
der or a combination of cylinders, After 1010
15 seconds, the ignifion fiming will progres-
sively retum o its vaiue prior o when the
spark knock was detected.

Qil Pan

|

&

.

A

Knock
Sensor

— I
Viewed From Under Vehicle

——

Figure 22 - Knock Sensor

44



4.0 L MULTI-POINT FUEL INJECTION . SYSTEM

ECU INPUTS

COMPONENT TESTING

KNOCK SENSOR

KNOCK SENSOR TESTING

COMNMECT THE CRB 1
DIAGNOSTIC TESTER TCO
THE VEHICLE

—_ CERAMIC

SC GENERATED
VOLTAGE

PROCEED 10 STATE
LEPLAY MEIDE

i 7

e o o

START ENGINE AND
CBSERVE KNOCK UNIT
VALUE WITH ENGINE

AT 2500 RPM e

Knock Sensor

KMNCHCTH WALLIE
SHOULD BE MORE
THAMN 10 KNCRZK
URITS AND LESS THAM
100 KNGCK UNTS

¥MOCK LINITS
WITHIN
SPECIFCATIONS?

MO YES
SENSOR 15 DEFECTIVE SENSOR
ANL SHOULD BE REPLACED BOX
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ECU INPUTS

KNOCK SENSOR CIRCUIT SCHEMATIC

ELECTRONIC CONTROL UNIT (ECL) COMNECTOR
UNDER I/F TO RIGHT OF STEERING COLUMM

pi1o0 o
o
oo
=]

=1
D1egmo Lex ! ]

knack sersor
around

knock sensor
inpuf

KMNOCK SENSOR CONMNECTOR
BEHIND LEFT HANE ENGINE MOUNT
JUST ABOVE THE OIL PAN
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ECU INPUTS

AIR CONDITIONING SELECT SIGNAL

This Input provides a signal to indicate when
the air conditioning switch is activated by
the driver. Thisinformation Is used by the ECU
t¢ determine the idle speed.

AIR CONDITIONING REQUEST SIGNAL

Afferthe driverhasselected airconditioning.
the air conditioning request signal provides
information the ECU from the air condition-
ing thermnosict (evaporator swifch). This sig-
nal indicates that the evaporator tempera-
ture is in an acceptable range for air condi-
tioning application.

This information is used by the ECU to deter-
mine the required idle speed stepper motor
position and to activate or deactivate the air

conditioning clutch. Whenihe ECUreceives
an air conditioning request signal, it reposi-

fions the idie speed stepper motor o in-
creose idle speed. The increased idle speead
compensates forthe additional engine load
caused by the A/C compressor.

NOTE: Whenever the FCU receives the A/C
select andrequest signails, the ECU energizes
the eleciric cooling fan by energizing fhe
A/C clufch relay - thus sending system volt-
age fo the A/C clutch and the engineg cool
ing fan relay. Under these conditions, the
cooling fan relay & closed regardiess of engine
temperaiure.

+
AlC
B+ SELECT ECU
T A/C REQUEST —
AIC TO IDLE SPEED
- | MODE AJC CLUTCH STEPPER
- SELECT CONTROL MOTOR
SWITCH
b
EVAFPDRATOR
L4 SWITCH
AT
LOW A B+ FROM FUEL
PRESSURE 0589, > PUMP RELAY
SWITCH . > TO A/C CLUTCH
AJC CLUTCH -
RELAY

1

TO ENGINE COOLING
' * FAN RELAY

A7
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ECU INPUTS

GEAR INDICATOR SIGNALS

On vehicles with automafic transmissions. a
gear indicator signal is sent 1o the ECU when
the gearselectorleverhasbeenmovedioa
dive range. This signal comes from the
neulral safety switch and allows for iclle speed
compensation by the ECU. Manual fransmis-
sions do not provide o gear indicartor signal
to the ECU.
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ECU OUTPUTS

ECU QUTPUTS

Based upon information received from the
various sensors, the ECU conirols the follow-
ing components:

Fuel Injectors

Fuel Pump Relay

ldle Speed Stepper Motor
Power Latch Relay

Oxygen Sensor Heater Relay
EGR Scienoid

Ignition Power Module

Shift Indicator Light

Air Conditioning Clufch Relay
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ECU QUTPUTS

FUEL PUMP RELAY (Fig. 23)

The fuel purnp relay is located on the right
ihnerfender panel. Thefeedside ofthe relay
coll is powered by the ignition switch. The
relay is energized by the ECU by grounding
the other side of the coil. The relay contacts
are homnally open and will close when the
ECU provides a ground path for the reloy
coil. Battery voltage 1o the relay coit is sup-
plied from the ignition switch -1 terminal.
Battery voltage through the relay contacts
originates at a power splice that is con-
nected directly 1¢ the battery through a
fusible link focated at the starter relay.

The fuel pump circult is completed during
cranking and whenever the engine is run-
ning. if the ignition key is tumed to the “‘run’”
pasition, the pump will operate for one to
three seconds and then shut off. If the ECU
does not recelve a crank or run signal, it
deactvates the pump by opening the relay
coil ground circuit, The one to three second
time limit is used to prevent unnecessary
operation of the pump once the system is
pressurized. If the engine were running, the

ECU would maintcin the coll ground allow-
ing confinuous operation of the pump.

The fuel pump relay is an electro-mechani-
cal switch used 1o connect the electric fuel
pump 1o battery voltage. Inside, the relay
contains a coill and a set of elecitical con-
tacts. Externally, the coli and contacts are
connected to the battery, ignition switch,
Electronic Control Unit (ECL) and the fusl

pump.

When connected to the battery through the
ignition switch and to ground through the
ECU, the coil becomes an electro-magnet.
The magnetic field generated by the coil
attracts and moves the relay amature.
Movement of the amnature closes the relay
confacts. When the contacts close, the
battery circuit to the pump is complete and
the pump operates. When the ECU opens
the relay coil Circuit, the magnetic field col-
lapses and spring pressure opens the relay
contacts.
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ECU OUTPUTS
Ignitign
Power
) Module
Diagnostic
sanneclar 01
\ Starter
—f Motor
7 7
Pump =
Relay
\ = c,..3.--"""
252 g0
@ g:ﬂ - Oxygen
] i Sensor
Heater
Relay
P Sl
Power
Latch *f
Diagnostic AC Fielay

Gonnector D2 Clulch

/" Relay

Figure 23 - Fuel Pump Relay
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ECU OUTPUTS

FUEL PUMP RELAY CIRCUIT SCHEMATIC

injector feed

2 g
o BATTERY EEED EROM
L"J 3 Ei— FUSE LINK
1
BATTERY FEED FROM
IGNMION SWITCH
relay
ground
DIn0 C1

oo
oo
oo
190
5 fugx]
G0
Do
10 oo

Al AT2 10 11

DOooOoAnNOOUDOO o

DooODaUoUNGo 2o
B1 B12 . pno
E gn

DIS O 16

ELECTRONIC CONTROL UNIT (ECU CONNECTORS
UNDER P TO RIGHT OF STEERING CTOLUMN




4.0 L MULTI-POINT FUEL INJECTION SYSTEM

ECU OUTPUTS

POWER LATCH RELAY (Fig. 24)

The system power latch relay is located on
theright-hand inner fender. The powerlatch
relay is energized during key on and confin-
ues to be energized by the ECU for 3to 5
seconds dfter the key has been turned off.
The time delay allows the ECU fo reposition
the idle speed stepper motor in anficipa-
fion of the next starf up. The ECU then
disengages the power latch relay.

Ignition
Power
) Mudule
Diagnoslie )
Connector D1 \
——
Fuel -
Pump
Relay

oA g0
222 .
[~
"
.--""'—.
-
Power
Latch -
Relay

Eiagnnstic AT
Cannector D2 Eﬂlutnh

/-' Relay

Oxygen
Sensor
Healer
Relay

Figure 24 - Power Latch Relay

Starter
Motor
Relay

53
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ECU QUTPUTS

POWER LATCH RELAY CIRCUIT SCHEMATIC

latch

reioy
ground

B+ LATCH RELAY CONNECTOR
MNEXT TO RIGHT HAND SHOCK TOWER

2

3
1

4q

L

G
I

Y

TO DIAGNOSENIC COMNECTOR 2 - 5

)

BATTERY VOLTAGE FAROM

FUSE LINK

Al =1]

Al2
aonooonunooDon

opaoaooouoaloog

g1

312

i0

Iztched

ELECTRONIC COMTROL UNIT (ECU}
UNDER I/P TO RIGHT GF STEERING COLUMMN
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ECU OUTPUTS

FUEL INJECTORS (Fig. 25}

The fuel injectors are mounted on the intfake
manifold. They are controfled electronicaily
and exclusively by the ECU. Because each
injector is connected to a pemanent ground,
theinjector is energized when connectedto
battery voltage through the ECU. The ECU
also controls the amount of time the injector
is energized. This is refemed to as “pulse
width™, Pulse width is based on various
inpufs and calculated by the ECU. The six
fuel infjectors are energized in g specific
sequence, or fifing order. by the ECU.

with the injector connected to a pressurized
fuel supply, a fine mist will spray from the
injector nozzle into the intake manifold. The
injector uses eleciro- magnetism and spring
pressure to open and ciose the fuei metering
piunger. When connected 16 battery voli-
age. he coil of wire in the injector becomes

an electromagnet. The moagnetic field
generated in the coil is sufficient to raise the
plunger off its seat against spring pressure.
When the injector circult is opened by the
ECU. the magnsiic field will collapse and
spring pressure forces the plunger against its
sedat,

Whenever an injector is opened, it wiil al-
ways spray Q consistent amount of fuel for g
given amount of pressure. Because the
pressure drep across the injector is fixed and
the fuel low rate is constant, the only re-
maining variable is the amount of ime the
injectorls open andspraying fuel. By control-
Iing the time the injector is open (puise width),
the ECU can provide the smaller amount of
fuel for engine idle or it can increase pulse
width to meet maximum fuel demand situ-
ations such as wide open throttie,

Fusl Foel Injectors Fael Infechors Fuel o L,
Pressare” . m 5 - ] Injeciars WY e ! il
Resr YT }"‘ |\m'.rn'|'] TR ‘ - ey | l £

/;ﬁkﬁ!\ﬂ ,l:"[ ...:___[._1,:-4"1 ! !}'.llj!}|T!. 'II"I' 11.rIIrlililulll_l_ﬁ_rl!"lll"llll*jfl- i{#‘%\

M

.I,__u_I

(G

;o — T

W)

-F'-__":'
—

: A
ram: Batty f‘};{]’?/!é

/\ LA

27 4\)

Assemily Jlert

Figure 25 - Fuel Injactors
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ECU OUTPUTS

ELECTRICAL

CONNECTOR
SEAT
w2l
FLUNGER

Fuel Injector Cut-a-way View

PRESSURIZED
FUEL
INLET
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ECU QUTPUTS

COMPONENT TESTING

FUEL INJECTOR DIAGNOSIS AND TESTING

INSPECT THE DISTRIBLITCR
CAP, SPARK PLUGS, AND SPARK
PLUG WIRES FOR FRACTURES OR

INGLLATION LEAKS

REPLACE ANY DEFECTIVE
TOMPOMENTS

ZHECK FUEL SLUFPLY SYSTEM
PRESSURE WITH A FRESSURE
GALKGE

|

15 AEL PRESSURE
KEN N |

NO

- =

REPAN: ALE_SUFRPLY START VEHICLE

SYETEM PER TECHMICAL DECONNECT INJECTOR
SERAVICE MANUAL CONNECTORS ONE

AT A TIME WHILE CHECKING

ENGINE SPEED AND PERFORANCE

THE INJECTOR THAT IS NOT
OPERATING WILL CAUSE NO
CHANGE IN ENGINE SPEED
QR PERFORMANCE

MEASURE RESISTANCE BETWEEN
THE SUSPECT INJECTORS TWO
TERMIMALS WITH AN CHMMETER

APPROMIMATELY 16 OHMS
RESSTAMNCE AT20P C. (6B F)7

O T YES

L
CONNECT A 12 VOLTS TEST
INJECTOR IS DEFECTIVE LANP ACROSS THE INJECTOR
AND SHOULD BE REFLACED CONNECTOR TERMINALS (WIRING
HARNESS SIDE). OBSERVE THE TEST
LAMP WHILE CRANKING ENGINE

TEET LAMP HLASHES?

0

a7
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ECU QUTPUTS

FUEL INJECTOR DIAGNOSIS AND TESTING

NG

@

YES

REMOVE THE SUSPECT
CHECK THE FOWER AND INJECTOR FROM THE ENGINE,
GROUND GIRCUITS TG CHECK THE INJECTORS FUEL
THE INJECTOR. REFER TO INLET FOR Bl OCKAGE
SERVICE MAMUIAL FOR WIRE
ROUMING CaOLOR CODES, INLET PLLKSGED?
AND TERMIMAL PIN NUMEERS
vES L NO
CIRCINTS OK?
INJECTOR 15 DEFECTIVE CHECK THE FUEL SUPPLY
| AND SHOULD BE REFLACED LINE OR FUEL RAL FOR ANY
OBSTRUCTIONS THAT MAY
RESTRICT FJEL FLOW TG THE
_REPAIR OR REPLACE TEST THE VEHICLE WITH INECTOR
- WIRING HARMESS AS THE DREB il (HAGNOSTIC
NECESSARY TESTER
CBSTRUCTION FOUND?
YES
[ = RO
REPAIR/REPLACE FUEL | [COMNECT A 12 VOLT SOURCE TO
SUPPLY LUNE OR RUEL ONE TERMINAL ON THE INJECTOR
RAJL
REPEATEDLY COMMECT AND
DISCONMECT A GROUND TO THE
CTHER TERMINAL ON THE IMJECTOR
INJECTOR "CLICKS" EACH TIME THAT
THE GROUND IS PROVIDED?
m I
I G
INJECTOR 15 DEFECTIVE | INJECTOR 1S OK |
AND SHOULD BE
REPLACED
il
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ECU OUTPUTS

FUEL INJECTOR DIAGNOSIS AND TESTING

NO

0

YES

CHECK THE FOWER AND
GROUND CIRCUTS 10

REMOWVE THE SUSPECT
INJECTOR FROM THE ENGINE,
CHECK THE INJECTORS FLEL

THE INJECTOR. REFER TO
SEFAYICE MAMLAL FOR WIRE
ROUTING COLOR CODES,
AN TERMELAL PIM WILVIBERS

CIRCINTS OK?

MO |

YES

_REPAIR O REPLACE
- WWIRING HARMESS AS

NECESSARY

TEST THE VEHICLE WITH
THE ERB il DAAGNOSTIC
TESTER

INLET FOR BLOCKASE
IMLET PFLAKZSEDR?
L
NO
YES
INJECTOR B DEFECTIVE CHECK THE FUEL SUPPLY
AN SHOULD BE REPLACED LINE GR FUEL RAR FOR ANY
OBSTRUCTIONS THAT MAY
RESTRICT FUEL FLOW TG THE
MECTOR
OBSTRUGTION FOUND?
YES
I L | NO
REPAIRMEPLACE FUEL COMECT A 12 VOLT SOURCE 10
SUPFLY LINE OR FUEL CINE TERMIMAL ON THE INJECTOR
RAIL
REFPEATEDLY COMMECT AND
DISCONNECT A GROUND TO THE
CTHER THRWINAL (2N THE INJECTOR
INJECTOR "CUICKS' EACH TIME THAT
THE GROUND IS PROVIDED?
m I
I P YES
INJECTOR 15 DEFECTIVE | INJECTOR 15 OF |
AND SHOULD BE
REPLACED
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ECU OUTPUTS

INJECTION TIMING (Figg-26)

The 4.0iter fuel injection system is sequential.
The ferm sequential means the injectors have
a specific firng order and fuel injection is
iimed to piston movement. Alihough its a
fuel system, sequential injection is more eqs-
ily undetstood if it is compared to an ignition
systemn. Ignition fiming malches spark plag
firng to pisfon position and spark plugs are
firedinaspecific order. Infact, onthe 4.0liter
engine, the spark plugs and fuet Injectors are
fired in the some order - 1-5-3-6-2-4.

In order for the ECU to fire the injectors in a
specific ordertimed fo cronkshaft and piston
movement, it has to establish o reference
point. Establishing the reference point re-
quires ECU inputs from the speed sensor and
the sync signat generator.

The speed sensor located on the transmis-
sioh belhoudng, provides the ECU with crank-
shaft angle and speed. The ECU converts
crankshaft speed Nto englne rpm and cronik-
shaft angle into pisten position. The toothed

SPEED SENSOR

EALCK OF FLYWHEEL

7

flywheal, rotafing past the speed sensor,
contains three notches 120 degrees apart.
Each notch is separated by twenty feeth
and is used 1o locate the position of two of
the pistons.

NOTE: Speed Sensor operation is detailed in
the ECU INPLIT section of this book.

Pistons one and six approach T at the
same time and use the same fiywheel notch.
Piston two Is matched with piston five while
piston three is matched with piston four.
From the speed sensor, the ECU knows two
pistons are approcaching TDC, What is does
not know is which pair of pistons is approach-
ing TRC. The sync signail generator provides
this information.

NOTE: The nofches are locafed on the fiy-
wheel o relate precise piston posifion: to the
ECU., When one of the nofches passes the
speed sensor, the ECU Is informed thaf the
position of a parficular set of pisfons - such as
1 and 6 - is 80 degrees before fop dead cen-
ter. The fwelffh tooth affer the noifch is fop
dead center.

PISTOMNS 1 AND 5
APPROACHING
L1

7

PSTON 1 AND &
AT TOR DEAD CENTER

Figure 26 - Injection Timing
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ECU OUTPUTS

IGNITION POWER MODULE (Fig. 27)

The ECU receives inputs from the appropri-
ate sensors, Based on thisinformcttion, it then
determines the proper ignition fiming and
provides the ignition power module Jocated
on the right inner fender) with the signal 1c

trigger the ignition coil. The ECU calculates
and confrols all igniticn operatfion. if spark
knock is detected, the ECU will vary spark
tirning on a single cylinder or ¢ combination
of cylinders, Once the knock has been
elimingted the ECU will progressively returm
fiming fo the setting prior to when knock
occurred,

Ignition
Power
) Module
Diagnostic
Connector 01
\ ) Sharter
- —~ Mutar
Fuel / Aelay
uel —
Fllmll “"'"""--...___
Relay
e - C3
\ -
s
oo
232 - N\
el Oxygen
o Sensor
Heater
Relay
&
Power
Latch *f
Diagnostic AL Relay
nnector 02 Clutch

/" Relay

Figure 27 - Ignition Power Module

&1
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ECU QUTPUTS

IGNITION POWER MODULE CIRCUIT SCHEMATIC

ECU
o
i ]
i KGMITION
DWELLSPAAK {h . POWER
g UQOULE
1
. A —
IGMITION a
% —t
L_l v —
DISTRALTOR TACH TG ENGINE
v '~.l' W W o Wl g«IAEN'I'EFlI.UHEHT GROUND
IGNITION FUEL [ [3 5 21 6} [4]
SWITCH FUNP
HELAY SPARK PLIMGS




4.0 L MULTI-POINT FUEL INJECTION SYSTEM

ECU OUTPUTS

EGR SOLENOID (Fig. 28)

The EGR Solenoid is located on the left inner
fender panel. The EGR solenoid valve is an
electro-mechanical device that consists of
an electro-magnet, a vacuurm passage, and
a valve. With key “"ON’", the EGR solenoid
vaive recelves constani botbiery voltage.
During engine conditions in which EGR is not
desired (warm up, idle. wide open throfile,
and rapid acceleration/decelerafion), the
ECU provides the EGR solenoid valve with @
ground. With a voltage source and ground
provided to the electro-magnet, the scle-
noid is energized, the valve is pulled closed,
and vacuum is not permitted {6 reach the
EGR valve. SOLENOID ON = EGR OFF.

Fan Control
Relay
\ EGR Valve
\sﬂlt&nuid

Figure 28 - EGR Solenoid

During engine conditions in which EGR is
desired (warrn cruise), the ECU opens the
ground circuit. With the ground circuit open,
e electromagnet is de-energized, the valve
opens. and the vacuum is applied to the
EGR valve. SOLENCID CFF = EGR ON.

NOTE- if the EGR solenoid electrical connec-
tor becornes ciisconnected, vacuum fo the
EGR valve will be supplied all the time.

Left Frond
Fender

/

Fue! Pump
Ballast
Resistor

—pe- 10 r!t
@ ol Vehicle

&3
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ECU OUTPUTS
COMPONENT TESTING
EGR SOLENOID VALVE
EGR SQOLENDID YALVE TESTING '
& WENT TO ATMDSFHERE
UNPLUG THE SOLENOID A
VAIVE ELECTRIC AL
CONNECTOR []
e prenn B
CONNECT A 12 VOLT fT~| '8 CONTROLLED
SOURCE TO ONE DEVICE :
SOLFNOID TERMINAL
CONMECT AND
DISCONNECT A
SROUND TO THE OTHER . >
SOLENOID VALVE - 6" SOURCE
TERMINAL VACUUM \
[n]
SOLENCHD "CLICKS"
EACH THE THE
GROUND IS PRCYIDED?
7 ] DE-ENERGIZED: B’ I5 CONNECTED TO "C™
A" 1S CUT OFF FROM B"" & '™
SOLEMCOID WVALYE SOLENCHD WALVE ENERGIZED- B 1S CONMECTED TO <A
15 OK 15 DEFECTIVE AND “C" IS CUT OFF FROM “B" & "A"
SHOULD BE
REFLACED

Naode: Using o hand hald vacuum pump and the funclion charf above, yvou can determineg if the soleniod s
shiffing ports when i becornas energized. A properly working sofenoid will work as fallows:

De-enargized Solencid - with vacuum appied to port B, vacuum shaould vent to port C. and with vacuumn
appied to port A, the solenald should hold vacuum.

Energlzed Solenoid - with vacuum applied to port B, vacuum should vent to port A, and with vacuum appied
to port C, the solenokd should hald vacuum.
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ECU OUTPUTS

EGR SOLENOID CIRCUIT SCHEMATIC

EGR SOLENQID CONNECTOR
AT LEFT HAND INNER FENDER PANEL

=

[:] EGR solenoid

ground

FUEL FUMP RELAY CONNECTOR
MNEXT TO RIGHT HANE SHOCK TOWER

A
Al Al12
oaopoaooodoon
ocooooaanoaaon

B1 812

ELECTRONIC CONTROL UNIT {ECU) CONNECTOR
UNDER I/P TO RIGHT OF STEERING COLUMN
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ECU CUTPUTS

IDLE SPEED STEPPER MOTOR (Fg. 29)

The idle speed siepper motor is mounted on
the throtile body and is used by the ECU to
control enging idle speed. The throtile body
i5 a cast aluminum housing confaining two
alr flow control valves. One vaive, the throtile
valve, is mechanically opercted by a cable
connected to the ocelerator pedal. The
remdaining valve is reguiated by ¢ stepper
rmotor controlled by the ECLU.

The throttle valve regulates off idle engine
speed by controling the amount of cir al-
iowed to enter the infake manifold. The
stepper motor conirols engine idie speed.

i

_—

idie Speed ' Pusition
Stepper Motor

The ECU and idle speed stepper motor con-
frol engine idle by regulating the size of an air
bypass passage that roules arr past the closed
throttle piate. The amount of air flowing
through the bypass circuit depends on en-
gine operaling conditions at idie. When the
engine is cold, the ECU increases englne
speed by retracting the stepper motor pin,
thus dliowing more qgir to enter the infake
manifold. To mainicin the proper airffuel

mixture, more fuel is also injected inte the
infake manifold. The increased airffuel mix-
ture, In tum, raises the engine idle speed. As
the engine warms up, the ECU will extend
the stepper motor pin inte the dir passage to
recluce the amount of air by-passing the
throttle plate.

N
rultie

Sensor

Figure 29 - Idle Speed Stepper Motor
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COMPONENT TESTING

IDLE SPEED STEPPER MOTOR (rig. 3)

The idle speed stepper motor can be tested
using the Miller fool # 7558 (formerly Ele. CT-
1} exerciser.

CAUTION: Proper safety precautions must
be taken when testing the idle speed step-
per motor.

- Set the parking brake and block the drive
wheels,

- route all tester cables away from the cool
ing fans, drive belfs, pulleys, and exhaus?
components,

- Provide proper ventilation while operaling
the engine.

1.With the engine OFF, disconnect the idie
speed stepper motor wire connector at
the throtte body,

2.Plug the exerciser connector into the idle
speed stepper motor.

3.Connectthered cliptothe battery posiiive
{+) temincl. Connectthe black cliptothe
battery negative (<) terminal.

4.5tart the engine.

When the switch is in the HIGH or LOW posi-
tion, the light on the exerciser will flash indi-
cating that voltage pulses are being sent to
the stepper modor.

5.Move the switch to The HIGH paosition, the
engine speed should increase. Move the
switch to the LOW posttion, the engine
speed should decrease.

a.lf the engine speed changes while using
the exerciser tool, the idle speed stepper
rmotor is funchoning propery. Disconnect
the exerciser ool and connectthe stepper
motor hamess wire connector fo the step
per motor.

b.Ifthe engine speed does not change, tum
the ignition OFF and proceed to step é. Do
not disconnect the exerciserfromthe step-
per motor.

é.Remove theidle speed stepper motorfrom
the thratie body.

CAUTION: When checking the idie speed
sfepper motor operation with the stepper
motor removed from the throttle body, DO
NOT EXTEND the pintle more than 6.35mm
{0.250in). if the pinte is extended more thon
this amountitmay separate from the siepper
motor. Theidle speedsteppermotor mustbe
replaced if the pintle separates from the
motor.

7.With the ignition OFF, cycle the exerciser
tool switch between LOW and HIGH posl-
fions and observe the pintle. The pintle
should move in and out of the motor.

a.lf the pintle does nof move, replace the
idle speed stepper motor. Startthe engine
and test the replacement stepper motor
as outlined in step &.

b.i the pintle operates property, check the
stepper motor bore in the throtile body for
blockage and clean as necessary. Re-in
stall the stepper motor.

Figure 30 - Idle Speed Stepper Motor

of
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ECU QUTPUTS

IDLE SPEED STEPPER MOTOR CIRCUIT SCHEMATIC

Al - A12
noopDooasoooon
oogn naonaon
g1 TT 812

A
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ECU OUTPUYS

AIR CONDIMIONING CLUTCH RELAY (Fig. 31)

The ECU controls the dir conditioning com-
pressor ciutch through arelay. Thisallows the
ECU to receive an A/C select signal when
the driver positions the mode lever in the air
conditioning posifion. The ECU aisoreceives
a request signal from the air conditioning
temperaiure contrel thermmostat, The ECLU
then adjusts idle speed using the idle speed
stepper motor. Only then can the ECU acti-
vate the air conditioning clutch through the

""-"""‘“‘li \"- \ \ fgnition
A ‘\ —

c.?i?.i“nfn@ A

ey ‘
((( &((g \!

Diagnoslic ] ASG
Connector D2 {lutch

A

air conditioning clutch relay. The increased
idle speed will compensate for the addi-
tional load caused by the AfC compressor.

The system prevents idle speed undershoot-
ing and overshoofing due to the changing
load on the engine caused by the A/C
COMETessor,

NOTIE: Whenever the A/C clufch Is ener-
gized, the ECU also energizes the eleciric
coofing fan relay. This occurs regardiess of
engine cociant temperature.

1

(

Figure 31 - Air Conditioning Clutch Relay

&9



A O I RSINTI BAIRIT EHED IMIEATIOWM CVCTERA
. ECUOUTPUIS

AIR CONDITIONING CLUTCH RELAY OUTPUT SCHEMAITIC

AIC
—+.] | moDE
~ | SELECT
SWITCH

5
AIG
saeer ECU
A/C REQUEST [—>

TO IDLE SPEED
A/C CLUTCH STEPPER
CONTROL MOTOR

B+ FROM FUEL

m-—i PUMP RELAY

-

» TO A/C CLUTCH

TO ENGINE COOLING
FAN RELAY
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ELECTRIC COOLING FAN

ELECTRIC COOQLING FAN

An electric cooling fan, in addition to the
engine driven fan, 5 used on vehicles
equipped with air conditicning or heavy duty
cooling. Nomal operation of the fan is
controlied by coolant temperature through
a radictor mounted termperature switch. It
will also operate whenever the A/C clutch is
aclivated regardless of coolant tempera-
ture.

When the engine coolant temperature is
below approximately 190°F (88°C) - the ra-
diator switch is open and wlll not allow bart-
tery voltage to the cocling fonretay. The fan
does not eperate becguse the relay con-

B+ FROM FUEL

__I_

B+

tacts are cpen. Whenthe coolaniternpera-
ture reaches approximcately 190°F(88°C) the
radiator switch closes and dllows battery
voltage from the ignition switch to reach the
relay coil and to ground, thus energizing the
relay and dllowing battery voltage to the
coolng fan motor.

If AfC is selected, regardiess of coolant
temperature, the ECU provides a ground for
the A/C relay coil. With-the A/C relay coil
energized, the circuit is cfosed from baitery
voltage to the A/C clutch and to the engine
cocling fan relay, Since the engine cooling
fan relay has a permanent ground. the relay
is energized and battery voltage is applied
to the engine cooling fan motor from the
ignition switch.

TO IGNITION
SWITCH

RADIATOR
S"i\'ITCH

RELAY

~
ASC SELECT !

PUMP RELAY
%

ECU

|~

=
TO

.

SWITCH
N

—

EVAPORATOR
L SWITCH

I

-

AGC LOW
— PAESSURE
SWITCH

IGNITION
SWITCH

ENGINE
COOLING
FAN RELAY

i

ENGIKRE
COOLING
FAN
MOTOR

CLUTCH
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EGR SYSTEM

EGR VALVE (Fig. 32)

The EGR valve is mounted on the infake
manifold. it is conirelled by a EGR fransduc-
erand an EGR solenoid. When required, the
fransducer and the solenocid allow intcke
manifold vacuum to pult the EGR valve open.
Exnaust back pressure also helpsto openthe
EGR valvre.

EGR TRANSDUCER (Ag. 32 & 32A)

The EGR transduceris mounfedinline above
the EGR valve. It controls the operation of
the EGR valve,

The ECR solencid, when energize by the
ECU, restricts vacuum o the EGR franscucer.
When the EGR solenoid is not energized, if
ailows vacuum to the EGR fransducer.

The EGR fransducer consists of a digphragm
and three pors.

- ohe pori receives an exhausi back pressure
signal from c vent in the EGR vaive
housing.

- one port receives a vacuurm signal from
the infake rmanifold.

- one port routes controlled vacuum out to
the EGR valve diagphragm,

The transduceris controlied by exhaust back
pressure, When back pressure is high enough.
itwill close a bleedinthe fransducerallowing
vacuum to actuate the EGR valve.

When the engine is running, vacuum is appled
10 the solenoid from a vacuum port in the
throttle body. If the ECU has energized the
EGR solenoid, vacuum will not flow fhrough
the solencid or the fransducer. If the sole-
noid has not been energized by the ECU.
vacuum will fow through the solenoid and
the transducer. If the exhaist back pressure
is high enough to close the vacuum bleedin
the transducer, vacuum will flow fo the EGR
valve. Ifthe back pressureis nothigh enough
the vacuum wil bleed off. When the vac-
uum reaches the EGR valve, the diaphragm,
is pulled up causing the EGR vaive pintel to
move off it's seat allowing exhaust gases fo
enter the intake manifold and finally the
combustion chambers.
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EGR SYSTEM

Figure 32 - EGR Valve/Transducer

73



4.0 L MULTI-POINT FUEL INJECTION SYSTEM

EGR SYSTEM
LOW BACK PRESSURE
A ICTOR EGR VALVE DIAPHRAGM
VACUUM SIGNAL
iN FROM EGR —
SOLENOID
.y VENTED
VENTED VACUUM : W;UUM
AL B ! SIGNAL EGR VALVE
DIAPHRAGM
\- — 3 L
EXHAUST IN
SIGNAL {FROM EXHAUST
MANIFDLD]
HIGH BACK PRESSURE
CONTAQLLED
O e AL EGR VALVE DIAPHRAGM
VACUUM SIGNAL ouT )
INFROMEGR === == i - —
SOLENOID P[kr‘\:
DIAPHRAGM
EXHAUST r[ \
g%c'scrf ESSURE EXHAUST IN 4§ EXHAUST (EGR) OUT

ROM EXHAUST TO INTAKE MANIFOLD
ﬁﬁNIFDLD} {ONLY WITH VALVE OPEN)

Figure 32A - EGR Transducer Operation
' 74
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EVAPORATIVE EMISSION SYSTEM

CHARCOAL CANISTER (Fig. 33)

The evaporative Emission Control System
prevents the release of unburned hydrocar-
bons (rom liquid gasoline or gasoline vapor)
inta the amosphere. The 4.0 liter engine
utilizes aventuri inthe air cleaner assembly as
a purge line vacuum source. The effect of
the ventur increcses the speed of theintake
air flowing by the purge inlet slots. Asintake
diris accelerated past the purge inlet slots in

the inner walls of the venturl,  vacuum Jow
pressure area) s creagted between the inner
and outer walls of the air cleaner assembly.
This vacuum is applied through the canister
purge lines and purges the vapor storage
canigter into the fresh Gir stream running 1o
the throttle body. As engine air flow in-
creqses, so does the vacuum dapplied to the
vapor storage canister. An extemal nipple
on the outer wall of the alr cleaner assembly
provides a connection for the canister purge
line.

LINE INTAKE AlR | O !
ACCELERATED '
7 BV VENTUR AL
AREA OF
VACLIUM

Figure 33 - Evaporctive Emission System
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MODES OF OPERATION

INTRODUCTION

In this section or the book the separate cormponents
are combined into a funchioning systerm. The inputs
the ECU receive and how It reccts with the outputs
are expigined in the following rmodes of oparatian:

-Key ON

- Crank;

- Warm-up

- Idie Mode - Operating Temperaiure

- CruEe Mode - Operating Ternperature
- Decelerdiion

-Wide Cpen Throttle

- Key OFF

KEY “ON" MODE

Wwhen the ECU is tumed to the ON posiion the ECU
receives informertion from the following inpufs:

- Codlant termiperature sensor

- Air ternperature sensor

- Memifold closolute pressure (MAF) sensor
- Throthe posifton sensor

Voltage issupplied to the fugl pump relay andthe ECU
completes the pumnp reloy ground circuil for 116 3
saconds to primathe fuel line, The sysiern power latch
relaylsenetgzadior 1 todseconds. The ECUstoresthe
MAF sensor baromettic pressure input in anticipation
cf a stat up. The healing element in the oxygen
sensar 5 activated by the ECL through the nomatly
closed hedter

relay.

The EGR solencid is energized by the ECU which
resiictsoperation. Onmanualtransmission equipped
vehicies, the shiftindicator lightis lluminated to check
the lomp cperation.

N vew eeuts
INPUTS FROM PREVKILS MODE
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MODES OF OPERATION

CRANK MODE
QOPEN LOOP

During engine cranking, the ECU recelves informa-
tion from the following Inputs:

- Coolont temperature sensor

- Manifold cir temperature sensor _

- Manifoid absolute pressure (MAP) sensor
- Throtile position sensor

- Starter relay

- Engiine speed sensor signal

- Sync signal generator

- Battery voltage

The engine crankinput from the starfer relay provides
a signal to the ECU to energize the fuel purnp relay
andiobeginthe startsequence. The ECU determines
the comect cranking speed (approximately 300 rpm)
by counting the flywheel teeth passing the speed
sensor. With the proper cranking Input the ECU wil
synchronize the fuel injector Qpening and the spark
plug fiing. The ECU determines the comect injector

% MEW INPUTS

g FUTE FROM PREVHIUS WODE

pulse width and opens the injectors n the roper
order by supplying a baftery voltage signal; '

Thesyncsignalinput from the distributor provides the
signal needed by the ECU to locate number one or
number six piston. When the nurmber one or number
six piston s onits exhaust shioke, and the ECU recelvas
alil other crank rmode inpuls, the ECU energizes the
injectorfor that piston. The ECU wses eitherplstonone
or piston six as the number one in the firing order.

It the ECU does not recelve a sync signal inpurt, i will
randomly select an injector as number one in the
firing order and use it fo sequence the fuel injectors.
The englne will probably start, but perforrmance wil
be noliceably poor. o

NOTE: If the ECU detects awide open throthe cond-
tion. the ECU cssurnes that a flooding condition exists.
It will open i cireuits to the injectors and will not
fresume el infectar apening uril engine speed reaches
approximately 400 .

The EGR solencid is energized by the ECU to reskict
oparation.

_ QUTPLITS FROM PREVICUS MODE
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MODES OF OPERATION

WARM-UP MODE
OPEN LOOP

Durng warm up the ECU receives information from
the following inputs:

- Coolant termperaiure sensor

- Marifzld air ternpercture sensor

- Manifiold absoiute pressure (MAP) sensor

- Throtile position sensor

- Engine speed sensor signal

- Sync signal generator

- Battery voliage

- Gear indlcator signda (autornatic only)

- Air condiioning select signal f equipped?
- Air condifioning reguest signal {f equipped)
- Knock sensor

- Cygen sensor

Battery vaottageissupplied to the appropriate injector
- with the comect sequence and pulse widih - by the
ECL. The properpulse width s bosed onthe fallowing
ECU inputs:

- Coglant termnperahure sensor

- Marifld air termnperahare sensor

- Manifold absolute pressure (WAP) sensor
- Throtle pogtion sensor

- Engine speed sensor signal

- Oy gen sensor

The sync Input is monifared by the ECU to keep the
injector fiing sequence in proper order. The oxygen

MmO
ARRORLTE
T
THwasA

ale Yl

sensor input is monifored by the ECU. The ECU
detemines the proper idle speed based on coolant
ternperature sensor and sends a conirol signal to the
idle speed stepper motar. The throitie position sensor
provides the ECU with information on the throttie
position, This information is used In conjunction with
the other sensors to detenmine the proper injector
pulse width and spork advance.

The ECU operates the air conditioning clutch through
the clutch relay if air conditioning has been selected
by the driver and requested by the A/C thamnostat,
The: ECLU detemrmines and contrals the proper ignifion
tirming. On vehiclkes equipped with manuadl fransmis-
siors, the shift indicator ight is operated by the ECU
bosed on englne speed and lead,  This indicates To
the driver that a gear change is suggested. | the
suggested shifi 1s not performed, the ECU wil tum the
light out affer 3 to 5 seconds.

The EGR solencld is energized by the ECU to restrict
EGR operation. Based on englne coclant temperc-
ture and a timer, the ECU determines the duration.of
the warm up period. When the ECU determinas that
the engine has reached cperating temperature,
input from the exhaust oxygen sensoris checked and
the system goes info closed loop operation.  This
signifies the end of the Warm-up mode.

NOTE: If the ECL doss not receive an input from the
coclant temperahwa sensor, it willsimulate the sensar
Input by defauiing fo the inpuf from the dirtfempera-
fure sensor and add 1/2 degree C. every 85 engine
revejufions.

g\\@ NEW INPUTS

INPUTS FROM
PAEVHRIS WODE
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MODES OF OPERATION

IDLE MODE
CLOSED LOOP

At idle speed. the ECU receives iInfarmction from the:
following Inputs:

- Coolant temperature sensor
- Manifold oir temperature sensor
- Manifald absolute pressure (MAP) sensor
- Throttie position sehsor
- Engine speed sensor signal
- Sync slgnal generator
- Battery voltoge:
- Gear indicator signat {automatic only)
- Alr condfioning select signd (f equipped:
- Alr conditioning request signal (f equipped)
- Knocl sensor
- Jxygen sensor
The ECU detamines the required icle speed and
sends o control signal to the idle speed stepper
motor. The ECU operates the air conditioning cluich
through the clutch relay If air condiioning has been

N wew meuTs

salected by the driver and requested by the AJC
thermnostat,

The ECU determines and conifrals the proper Ignition
timing. Halknock kdetectedinone ormore cylinders.
the ECUretarcs Ignition timing. After 10to 15seconds.
ignition timing will progressively refum to fts prior valus
orca the knock conditicn has been elminated.

The cxygen sensor input informeation is used by the
ECU to deterrnina the proper girffuel ratio.

The Sync signal is monftored by the ECU 1o keep
Imjector operation in the proper sequence.

Voltage is supplled by the ECU fo the opprogpricte
injectar. The ECU uses this volioge signal o control
the pulse width ¢on*” time) of each injector.

The EGR solenaidis energized by the ECU. This action
disables the EGR systarn by totally resticting vacuum
to the EGR valve. '
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MODES OF OPERATION

CRUISE MODE
C1OSED LOCP

At crulsing speed, the: ECU receives Informetion from
the following npuis:

- Cociant femperature sensor

- Manifold alr ternperatura sensor

- Manifold absolute pressure (MAP) sensor

- Throte: position sensar

- Engine speed sensor signal

- Sync signal generator

- Battery valtage

- Gear indicator signai utomatic only)

- Air conditioning select signaol f equipped)
- Air condifioning request signal (f aquipped)
- Knock sensor

- Ovygen sersor

The axygen sensor input Information is used by the
ECU to detemine the proper air/fuel ratio. Voltageis
supplled by the ECU 1o the appropricte injector. The
ECU usesthis voltage signal to control the pulse wicih
Clon™ fime) of each injector. The throttle position
sensor prowvides the ECU with information on the
throtile postion. This sensor will tell the ECUIf o closed

throthle, wide open throtile, or any posifion in be-
tween i present. The ECU uses this informnation in
conjunction with other sernsors 1o detemnins the proper
injector pulse width, spark advance and dle speed
stepper motor posliion.

The Sync signal is monitored by the ECU 1o kesp
injector operation in the proper sequence. The ECU
determings cnd controk the proper ignifion fiming. ¥
aknockis detected inone ormore cylinders, the eCU
retards ignition iming. After 1010 15 seconds, ignifion
fiming will progressively refum te its prior value once
e knock conditfon has been eliminoted,

The BECU breaks the ground for the EGR solancid
allowing vacuum to pass, and exhaust gases are cir-
culdatedthrough the combustion chambers.

The ECU operates the air conditioning ciutchthrough
the clutch relay if air conditioning hos been selectad
by the driver and recpested by the ASC thermostart,

On vehicles with o manual rensmisson, the shift
indicator light Is coeratad by the ECU based on
engine speed and load, This indicates o ihe driver
that o gear change & suggested for maxirnum fuel
BCONOITY,
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MODES OF OPERATION

DECELERATION MODE
CLOSED LOOP

buring deceleration, the ECU receives infomnction
from the following inputs:

- Coolant temperahre sensor

- Manifald air tempercfurs sensor

- Manifold absolute pressure (MAP) sensor

- Thratfle position sensor

- Engine speed sensor signal

- Sy signal generator

- Battery voltage

- Geqr indicatar signal {cutomatic only)

- Air conditioning select signal §f equipped)
- Air conditioning request signal Jf equipped)
- OXYQJEn Sensor

SRR

&I HEW INPUTS

] INPUTS FROM PREVIOUS MOOE

¥ the proper ipm and closed throtile conditions are
met thard decel). the ECU will enter a fuel culk-off
shrategy. The ECU will not supply power to the injec-
tors. [f ahard decei condition does not exdst, the ECLU
determines the proper injection pulse width ond
energizes each injector.

The ECU determines the required idle speed ond
sendks a signal 1o the idle speed stepper motor. The
ECU determines proper ignition

fiming. The ECU provides a ground circuit fortha EGR
solenokd. The energized solencid infermupts the vac-
uum sigral and EGR functions stop.

2 nEW OUTPUTS

] OUTPUTS FROM PREVIOUS MODE
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MODES OF OPERATION

WIDE CPEN THROTILE MODE
OPEN LOOP

Curng Wide Open Throttle, the ECU receivesinforma-
fion from the following inputs:

- Coolant temperature sensor

- Manifold dir ternperature sensor

- Manifold alesclute pressure {MAP) sensor
- Throtile paosition sensor

- Engine speed sensor signal

- Sync signal generator

- Battery voltage

- Knock sensor

The ECU controls the lencth of injection by contralling
each inactor’'s power circuit,

The 3ync Input s monitored by the ECU fo keep
infector operation in the proper sequence.

ﬁ HEW IHMITE

INPUTS FRON PAEYXIUS MODE

When the ECU detemines that @ wide apen throttie
condifion exisls, it completes the ground 1o the ESR
sclenoid. The relay infermupits the vacuum sigrnda and
This functlon stops.

The ECU deternines properignifiontiming. If alnock
conditionis detected, the ECU retards igniflon fiming
and progressively returrs the timing o notmal once
the knock condition has baen elimincied.

The ECU ignores the oxygen sensor Input signal and
provides apredetemired amount of additiona fuel.

The ECU energizes the exhaust oxygen sensor heater
relay, opens the reloy’s contacts, and teminctes
power to the sensor’s heating elemeant,

The air conditioning clutch relay is disengaged by the:
BCU via the clubch relay for approxdmately 15 sec-
onds.

Onvehiclas equipped with rnanual fransrissions, the:
shift indicator light is operated by the ECU fo Indlcate
thot a geoar change is suggested,

WA TION
POWER

WLECTOAS p5)  MMOIMLE

!:'oumnsmmmwmlsm
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MODES OF OPERATION

KEY OFF MODE The fuel pump relay is de-energized and the fuel
pUmp $ops.

When the Key is furned 1o the OFF position, the ECU | d ste In

stops supplying power o the injectors. The ECU posiions the Kle spee pEer motor
anficipotion of the next start up.

ignitton systern power is shut OFF, The ECU de-energizes the systemn power katch relay.

SELECT
REQUEST
=g
SENBOR
7
EXHMST
QXYGEN
SENSCR
SHIFF
|{'.}| DHCATOR
LSHT

i Al CONDITIONMG
M CLUTCH RELAY

O YGER SENSOR IGNITION
HEATER RELAY POWER

WIECTORS () MOOULE

MKEW INPUTS

2.1 INPUTS FROM PREVIOUS MODE

NEW QTPUTS

© | ouTPUTS FROM PREVIOUS MODE




4.0 L MULTI-POINT FUEL INJECTION SYSTEM

SYSTEM DIAGNQSIS

ECU ON BOARD DIAGNOSTICS

Fedatures have been provided in the ECU 1o
test and monitor some of its various inputs
and outputs., Testing is performed ot differ-
ent fimes during ECU operation.

POWER UP: During “'power up’ (Key ON,
Engine not running), the ECU checks for faulls
in e igndion module (MPA) circuit, fuel
injector(s) circuits, EGR sclencid circult, A/C
relay circuit, Exhaust Oxygen Sensor haater
circuit B+ latch relay circuit, and the shift
lamip circuit, It s possible, as a consequence
of these tests, thaithe DRB Il diagnostic tester
may even determine whetherornofthe ECU
is defective, Faults reported via the DRB |
diognostic tester, resulfing from these

ECU power up®” fests, are generally perma-
nent faults and are unlikely 16 be intemit-
tent.

Faults generated during the “‘power up™
tests will remain stored until the ECU is pow-
ered down (key off).

RUNNING: While the engine is urnning, the
ECU continually tests various sensors to deter-
mine whether or not they are perfoming
within a proper opercting range. The ECLU
determines the type of fault that occurred
and how long ago (number of engine starts)
is occurred, The following sensors are tested
by the ECU when the engine is running:

SENSOR TEST INTENT
Manifold Air Check that sensor voltage is
Tempercture between upper and lower limits

(open cr short circuit conditions)

Engine Coolant

Same conditions as Manifolcd Air

Pressure (MAP)

Temperchure Temperature

Throttle Peosition Checiks that throtile position lies

Sensor between acceptable limits (open or short
circuit conditions)

Manifold Absclute Checks that sensor voltage is between

upper and lower limifs (open or short
circuit conditions}




4.0 L MULTI-POINT FUEL INJECTION SYSTEM

SYSTEM DIAGNOSIS

While the engine is running. the ECU also
monitors fransitions between the RICH and
LEAN aqirffusel sicte during CLOSED LOOP
operation, If a failure is sensed Gack of
transtion), the system is forced inte OPEN
LOOP and a fault is stored indicating whether
the sensor failed RICH or LEAN.

Fauits stored in Keep Alive Memory (KAM)
from tests performed while the engine is
running will remain stored affer the ECU is
powered down (Key OFF), A fault must be
present for ¢ period greater than two sec-
onds 1o be stored.

KAM faults will remain stored while the prob-
lem is present or until a pre-programmed
nurnber of engine starfshave occuned since
the ECU has recognized the problem. Once
a fault has been stored. the ECU will keep
count ofthe number oftimesthat the engine
has been started and the number of systermn
attempts to enter CLOSED LGOP. If the
countreaches apreset limit and the fault has
not recurred, it is erased from the ECU,

Notfe that faulis reported as a resuit of ECU
testing while the engine is running, are in
many cases, intermittent, and as such, may
or may not be present during the normal DRB
i vehicle fests. Further, in all cases where a
fault is reported through the ECU tests, a
complete DRB i vehicle test should be per-
formned to determine whether the fault is
present while diagnostics cre being per-
formed. If the same fault is not reported
during a DRB Il diagnostic test. an intermit-
tent fault can be assumed.

It must be emphasized that an infermnittent
fault may o may not be the cause of
sympiom or performance complaint as re-
ported by an owner. These faulis should only

give direction s to which circuil or circuits fo
investigate (ypically. by inspecting and/or
“wiggling”” the wiring harness and connec-
tors in an affernpt to isolate broken wires,
frayved insutation, or defective contacts), if
the DRB Il vehicle test do not report any
Taults.

ENGINE STATE DISFLAY FUNCTION

The Engine State Display function encbies
the technician to view what the Electranic
Control Unit (ECU) actuadlly is monitorng at
the input and output circuits. The Sicte Dis-
play provides the inforrnation convered 1o
A value scale familiar to the technician,

The State Display function s selected from
the MAIN MENU by pressing the correspond-
ing number next 1o the State Display. Data
can be viewed at any time with the key ON
{(even if the engine Is not running). Pressing
the () ves key will cause the tester to move
down through the following informction. The
“+) no key will move up through the list of
data. Continuing beyond the last item (by
pressing successive () yes's) or backing up
(by pressing successive {1 no's) will result in
looping through the display items.




4.0 L MULTI-POINT FUEL INJECTION SYSTEM

SYSTEM DIAGNOSIS

STATE DISPLAY

Vehicle Program and Cdlitzration Code
Battery

Engine Coolont Temperciure (H2O)
Manifold Air Temperature

Throtte Pasition Sensor Status (TPS)
AJC BEL PRE® CL CO " AJC Reqguestonlaiermodels)
EER+ LATCH+ FUEL+

Barcrnehic Pressire

Vacuum (MAFP)

RPM

BExhaust Oxygen Sensor

lgrtlon Advance

Knock infomnalion

Syne Signal

Injector Pulse Width (MS)

AlfaCl,

ADGAIN - Adapdive Gain™

ADZEROD - Adaptive Offset™

Closed Throttie Average (CTAV)
KAN - 2

KAM - MAP

KAM -TFS

KAM - AR TEMPERATURE

Kam - COOLANT TEMPERATURE

Warraniy

" g value wed by the ECU fo adiust to diiving
condifians, ar base engine condifions fo gef ro Siai-

chiometfry foster.

KAM (Keep Alive Memory)

Faults are displayed in the formar of: Device
xx vy where Device is a designation of the
sehnsor monitored, k¢ is a one or two dight
number indicating the value stored for “'low””
value failures, and yy is a one or two digit
number indicating value stored for “high™
value faiures. If the ECU detects a low or
high value faulf in one of the sensors moni-
tored, the respective KAM sensor vaiue will
be set to 15. if the engine is starfed and
C1LOSED LOOGP operation is attempted and
the fault is no longer present, the respective
KAM value will be decreased by one. Ifthe
fault is still present, the vaiue willremain at 15.
Values of zero are an indication that no

“low™ or “high’” value fault has been de-
tected for a spectic test bythe ECU. Values
lessthon 15 and greater than 0 are anindica-
tion that the ECU has detected ¢ fault at
some time, but that fault is not present
during this sfart cycle.

KAMS Fault Displayed are:

Exhaust Oxygen (O2) Sensor

MAP Sensor

Throttle Positton Sensor

Manifold Alr Temperature Sensor
Engine Coolant Termmperature Sensor

MIN/CUR/MAX

This display opfion dgliows the technicicn to
observe the operaiion of up to six different
enging sensor values overfime. Information
is displayed s three separate two-digit
numeric values. The first value displays the
minimum reading. The second value dis-
plays the current reading. The 1ast value
displays the moximum reading. The six
components that can be monitored are:

-MAP Sensor

-Exhaust Oxygen Sensor

-Throttle Position Sensor

-Engine Coolant Temperaiure Sensor
-Manifold Air Termperdature Sensor

-CATV (Average leamed closed throtle value

The Min/Cur/Mox display can be used to
observe the effects of intermittent faults in-
troduced either through @ road test or through
q T'wiggle test”’. Typical values for sensors
range from 2 to 252, Values less than 2 or
greater than 252 usually indicate that a sensor
is shorfed or disconnected. In using the Min/
Cur/- Max dispiay, one should lock for sud-
den changesin either the minimurm or moxi-
murn values, Sudden changes are usually an
indication af infermittent faults.




4.0 L MULTI-POINT FUEL INJECHON SYSTEM

SYSTEM DIAGNOSIS

ECU CHECKQUT PROCEDURE

The condition of the ECU is detemined by
the elimination of other potentially defec-
tve components or wling faultsin a specific
circuit, Even though the ECU is detemined
1o be faulty by process of eimination, it should
not be replaced until it has been retested
after some basic screening procedures have
been perfomed.

Most electrical/electronic devices are incor-
rectly diagnosed as faulty due 1o problems
with connectors. even though the actual
component or device Is in working condi-
tion. Aside from the possibiliies of a poor
mechanical connection between compo-
nents and harnesses, poor contact is fre-
quently the consequence of the insulating
properties of surface oxides and cther con-
taminants, Offen the mere act of discon-
hecting and re-connecting a component
will abrade contact points sufficiently o
provide for proper conductivity between
mating connectors.

Before an ECU is replaced, all other compo-

nents and wiring relevant to a circuit must be
examined by following the steps ouflined in
Q diggnostic faulf free. if the ECU Is suspect:

1. Carefully disconnect the ECU from the
hamess.

Inspect the hamess connector and ECU
Tor foreign material on the connector pins.
Wipe the connector pins with a standard
contact cleaner to remove any oxides,
contamination, etfc,

. Inspect the ECU hamess connector for
bent or missing pins. broken wires, missing
wires, improper or missing insulation. efc.
Repair or replace as necessary.

Inspect the ECU for bent or missing pins.
Replace as necessary.

Carefully connect the ECU 1o the ECU
harness and refest using the DRB | diag-
nostic tesfer.

if the vehicle does not pass the test, and
Tails with the SAME fault rmessage s expe-
rienced earier, replace the ECU.

a7
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SYSTEM DIAGNOSIS

MECHANICAL

FUEL PRESSURE TEST (Fig. 34)
1. Remove the cap from the pressure test
port on the fuel rail.

. Connect the §-60 psi fuel gauge from the
MS 1942 FUEL GAUGE SET or equivalent. to
the pressure fitfing on the fuel rail.

. Start the vehicle, the fuel pressure should
be approximately 31 ps with the vacuum
hose connected fo the pressure regula-
jor. The fuel pressure should be approxi-
rmately 39 psi with the vacuurmn hose dis-
connected from the pressure regulator,

D414 KPA

{0-60 P&I)
e PRESSURE

([ ‘I.E =

iy
FUEL PRESSURE N

S T

N

Figure 34 - Fuel Pressure Test

FUEL SYSTEM PRESSURE RELEASE PROCEDURE

The A0 liter fuel system is under constant
pressure of 1910 39 psi. This pressure must be
released before servicing any fuel supply or
retum system componenit.

1. Disconnect the battery negative cable.

2. Remove the fuel tank filler neck cap 1o
relecse fuel tank prassure.

3. Remove the cap from the pressure test
port on the fuel rail,

WARNING: DO NOT ALLOW FUEL TO SPILL

ONTO THE ENGINE INTAKE MANIFOLDS. PLACE

SHOP TOWELS UNDER THE PRESSURE PORT TO

ABSORB FUEL WHEN THE PRESSURE IS RELEASED
FROM THE FUEL RAIL.

4. Place shop towels under the fuel pressure

test port.

Using a smdall screwdriver of pln punch,
push the test port schrader vaive in to
relieve the pressure, Absorb spilled fuel

with shap towels.

Rermove shop towels and dispose of
properly.

7. Install cap over pressure test port,

8. Install fuel fcnk filer neck cap.

5.

b.

ELECTRICAL
DRB Il DIAGNQSTIC TESTER

Use the DRB Il diagnostic tesier along with
the Jeep/Eagle adapior # 0153122 on all
1987 - 1990 fuelinjected models. Refertothe
Powertrain Diagnostic Procedure manucis
for fault codes and test procedures,

The DRB || diagnostic fester and adaptor will
be able to perform Systemn Tests, State Dis-
play,and Throttle Position Sensor (TPS) adjust-
ments on the fuel systemn. The DRB Il will Qlso
be able to display fautts that can be storedin
the ECU’S “"ON BOARD'” diagnostics.

IDLE SPEED STEPPER MOTOR TESTING

Refer to the Idle Speed Stepper Motor com- -

ponent testing section of this book.
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4.0 L MULTI-POINT FUEL INJECTION SYSTEM

SYSTEM DIAGNOSIS

DIAGNOSTIC CONNECTOR PIN

CONNECTOR B

1987 - 88 MODELS

CONNECTOR D1

TACH SiGNAL
NOT USED
ECU GROUND
NOT USED
BATTERY (+)
FUEL PUMP (+)

RS S

CONNECTOR D2

ECU OUTPUT (TX)
RX DATA (ECL)
LATCH RELAY
IGNITION

LATCHB +

- AJC CLUTCH

7. IGNITIGN GROUND
8. SEMNSOR GROUND
¥, OXYGEN SENFOR HEATER
10. NOT USED

11, SHIFT LAMF

12, MOTUSED

13, NOT USEE

14. NOTUSED

N

15 AUTOMATIC TRANSMISSION DIAGNOSIS

LOCATION

CONNECTOR D2

1989 - 90 MODELS

CONNECTOR D1

R SE RSO S

TACH SIiGNAL

NOT USED

ECU GROUND
ANTHLOCK BRAKES
BATTERY (4}

FUEL PUMP (+)

CONNECTOR D2

LW R Y

8.

. ECL GUTPUT (1
. RX DATA (ECU)

. LATCH RELAY

. ISNITION

ANI-LOCK BRAKES

. AfC CLUTCH
. IGNTION GROUND

SENSOR GROUND
OXYGEN SENSOR HEATER

. NOT USED

. SHIFT LAMP

. B+ LATCH

. NOT USED

. CHECK ANTHLOCK BRAKES

AUTOMATIC TRANSMISSION DIAGNOS!IS
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SYSTEM DIAGNOSIS

ECU CONNECTOR PIN
LOCATION 1987 - 90 MODELS

»

WSO AN

Q2

Al A‘E
oaoooouoaonn

ogaanoaanooaoa
B1 Bi2

INJECTOR # 3

INJECTOR # &

INJECTOR # 2

INJECTOR # 4

FUEL PUNP RELAY

NOT USED

OXYSEN SENSOR RELAY
SHIFT LAMP

LATCH RELAY

10, EGR/EVAP SOLENOID

11

. NOT USED

12, AJC RELAY

O

Lo O bbb

SPEED SENSOR (+)

AJC REQUEST

START

P/N SWITCH

SYNC.

MAP SENSOR

TPS SENSOR

AIR TEMPERATURE SENSOR
NOT USED

. COOLANT TEMPERATURE SENSOR
. INJECTION SUPPLY

T (SEMAL DATAY

. NOT USED

MAP SENSOR SUPPLY (+3

. TPS SUPPLY (+)
. SYMNC. ()

vENeOhA LR

INJECTOR # 1
INJECTOR # 5
AlS A

AlS Al

AlS C

Als C1
BATIERY (+;
IGNITION
MNOT USED

10, LATCHED B+

11.

GROUND

12. GROUNLD

VPN OB BN

SPEED SENSOR (-

AJC SELECT

SENSOR GROUND

NOT USEE

NOT USED

NCT USELD

NOCT USED

KNOCK SENSOR GROUND
QOXYZEN SENSOR INPUT

. INJECTION SUPPLY
. R (SERIAL DATA)

. NOT USED

. SPARK/DWELL

. NOT USED

. NOT USED

. KNOCK SENSOR
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WIRING SCHEMATIC
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