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FOREWORD

This service manusl includes general description, diagnosis, symptoms, snd on-board
service procedures for the fuel control

8nd ignition systems used on GM equipped Marine
Electronic Fuel Injection (MEFI) engines.

INTRODUCTION

The following manual has been prepared for effective disgnosis of the Marine Electronic
Fuel Injection (MEFI) system

All information, illustrations and specifications contained in this manual are based on the

Iatest product information available st the time of publication approval. The right is reserved to
make changes st any time without notice.

This manual should be kept in 2 handy place for ready reference. If propery used, it will
meet the needs of technicians and boat owners.

This Marine Power EFI service manual is intended for use by
professional, qualified technicians. Attempting repairs or service
without the appropriate training, tools, and equipment could cause

injury to you or others and damage to boat that may cause it not
to operate properly.
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MARINE ELECTRONIC FUEL INJECTION (MEFI)
SECTION 1

GENERAL INFORMATION
CONTENTS

Visual/Physical Inspection eoeee... Page-1
Basic Knowledge and Tools
Reqﬁﬁfed ®0 000000000t aoe Page°1
Electrostatic Discharge Damage .... Page-1
Diagnostic information ve.eeo... Page-1
Wiring Harness Service ......... Page-2
Wiring Connector Service ........ Page-3
Metri-Pack Series 150 Terminals .. Page-3
Weather-Pack Connectors ...... Page-3
Engine Control Module (ECM)
*lf’bi.gnoni“ ® 000000000 e Page-3
Malfunction indicater Lamp (MIL) . . Page-4
Intermittent Malfunction Indicator
lep(MlL) Gec0cccscscsnaee P‘g“
Reading Diagnostic Trouble Codes
(DTCS) ececevccccccrcnne Page-4
ServiceMode ccececccccns Page-5
VISUAL/PHYSICAL INSPECTION

A _careful visual and physical inspection must be
rformed as part of any diagnostic procedure. This
can often lead to fixing 3 problem without further
steps. Inspect all vacuum hoses for correct routing,
pinches, cuts, or disconnects. Be sure to inspect hoses
that are difficult to see. Inspect all the wires in the
engine compartment for proper connections, burned or
chafed spots, pinched wires, or contact with sharp
edges or hot exhaust manifolds. This visual/physical

inspection is very important. It must be done carefully
and thoroughly.

BASIC KNOWLEDGE AND TOOLS REQUIRED

To use this manual most effectively, a general
understanding of basic electrical circuits and eircuit
testing tools is required. You should be familiar with
wiring diagrams, the meaning of voltage, ohms, amps,
the basic theories of electricity, and understand what
happens in an open or shorted wire.

To perform system diagnosis, several special tools
and equipment are required. Please become
acquainted with the tools and their use before
sttempting to diagnose the system. Special tools

which are required for system service are illustrated at
the end of this section.

Normal Mode eeevscescacee P.ge's
DLCSC‘“T”'S @evo0ecscscrccsoe Plge-S
MEFI On-Board Diagnostic (OBD)

SystemCheck ceecccocccccan Page-S
Scan Tool Use With Intermittents ... Page-S
How Diagnostic Trouble Codes

AreSel .cceccccccccccccas Page-6
Clearing Diagnostic Trouble Codes

(NOD-SCO") @0 06000000 eroeoe P‘ge's
Clearing Diagnostic Trouble Codes

(Scan) .ceeieeneteeccees.. Paget
Non-Scan Diagnostics of Driveability

Concerns (With No DTCsSet) .... Page-6
Tools Needed to Service the

smem .......O....O.Q... Page’7

Special Tools (1013) eeeeececcass Page-8
ADDreviations ceeeceecccccoccscs Page-11

ELECTROSTATIC DISCHARGE DAMAGE

Electronic components used in control systems are
often designed to carry very low voltage, and are very
susceptible to damage caused by electrostatic
discharge. It is possible for less than 100 volts of static
electricity to cause damage to some electronic
components. By comparison, it takes as much as 4,000
volts for a person to even feel the zap of a static
discharge.

There are several ways for a person to become
statically charged. The most common methods of
charging are by friction and by induction. An example
of charging by friction is a person sliding across a seat,
in which a charge of as much as 25,000 volts can build
up. Charging by induction occurs when a person with
well insulated shoes stands near a highly charged
object and momentarily touches ground. Charges of
the same polarity are drained off, leaving the person
highly charged with the opposite polarity. Static
charges of either type can cause damage, therefore, it
is important to use care when handling and testing
electronic componerits.

DIAGNOSTIC INFORMATION

The diagnostic charts and functional checks in this
manual are designed to locate a faulty circuit or
component through logic based on the process of
elimination.

1993 MARINE



2- MEFI GENERAL INFORMATION

The charts are prepared with the requirement that the
system functioned correctly at the time of assembly
and that there are no multiple failures.

Engine control circuits contain many special
design features not found in standard vehicle wiring.
Environmental protection is used exteasively to
protect electrical contacts and proper splicing methods
must be used when necessary.

The proper operation of low amperage
inputioutput circuits depend upon good continuity
between circuit connectors. It is important before
component replacement and/or during normal
troubleshooting procedures that a visual inspection of
any questionable mating connector is performed.
Mating surfaces should be properly formed, clean and
likely to make proper contact. Some typical causes of
connector problems are listed below.

1. Improperly formed contacts and/or connecto
housing. '

2. Damaged contacts or housing due to improper
engagement.

3. Corrosion, sealer or other contaminants on the
contact mating surfaces.

4. Incomplete mating of the connector halves during
initial assembly or during subsequent
troubleshooting procedures.

5. Tendency for connectors to come apart due to
vibration and/or temperature cycling.

6. Terminals not fully seated in the connector body.

7. Inadequate terminal crimps to the wire.

WIRING HARNESS SERVICE

Wire harnesses should be replaced with proper
part number harnesses. When signal wires are spliced
into s harness, use the same gage wire with high
temperature insulation only.

With the low current and voltage levels found in
the system, it is important that the best possible bond
be made at all wire splices by soldering the splices as
shown in Figure 1.

Use care when probing a connector or replacing
connector terminals. It is possible to short between
opposite terminals. If this happens, certain
components can be damaged. Always use jumper
wires with the corresponding mating terminals
between connectors for circuit checking. NEVER probe
through connector seals, wire insulation, secondary
ignition wires, boots, nipples or covers. Microscopic
damage or holes may result in eventual water
intrusion, corrosion and/or component or circuit
failure.

TWISTED/SHIELDED CABLE

DRAIN WIRE
Y  outersacker ﬁ
MYLAR

1. REMOVE OUTER JACKET.
2. UNWRAP ALUMINUM/MYLAR TAPE. DO NOT
REMOVE MYLAR.

TWISTED LEADS
1. LOCATE DAMAGED WIRE.
2. REMOVE INSULATION AS REQUIRED.

' DE%:

3. UNTWIST CONDUCTORS. STRIP INSULATION AS
NECESSARY.

SPLICE AND SOLDER
— et —~

3. SPUICE TWO WIRE TOGETMER USING SPLICE
QLIPS AND ROSIN CORE SOLDER

T L‘ DRAIN WIRE

4. SPLICE WIRES USING SPLICE CLIPS AND ROSIN CORE
SOLDER WRAP EACH SPLICE TO INSULATE.
5. WRAP WITH MYLAR AND DRAIN (UNINSULATED) WIRE.

T 1\ 3

€. TAPE OVER WHOLE BUNDLE TO SECURE AS SEFORE.

4. COVER SPLICE WITH TAPE TO INSULATE
FROM OTHER WIRES.

S. RETWIST AS BEFORE AND TAPE WITH
ELECTRICAL TAPE AND HOLD IN PLACE.

45 0570-6¢

Figure 1 - Wiring Harness Repair
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1. METRIPACK SERIES
150 FEMALE TERMINAL
2. LOCKING TANG

3. TOOLI35689 ORBT8446
4. CONNECTORBODY

5. SEAL 2.5.90

7S 3213-6¢

Figure 2 - Metri-Pack Series 150 Terminal Removal

WIRING CONNECTOR SERVICE

Most connectors in the engine compartment are
protected against moisture and dirt which could ecreate
oxidation and deposits on the terminals. This
protection is important because of the very low voltage
and current levels found in the electronic system. The
connectors have a lock which secures the male and
female terminals together. A secondary lock holds the
seal and terminal into the connector.

When diagnosing, open circuits are often difficult
to locate by sight because oxidation or terminal
misalignment are hidden by the connectors. Merely
wiggling a connector on a sensor or in the wiring
harness may locate the open circuit condition. This
should always be considered when an open circuit or
failed sensor is indicated. Intermittent problems may
also be caused by oxidized or loose connections.

Before making a connector repair, be certain of the
type of connector. Some connectors look similar but
are serviced differently. Replacement connectors and
terminals are listed in the parts catalog.

Metri-Pack Series 150 Terminals

Some ECM harness connectors contain terminals
called Metri-Pack (Figure 2). These are used at some
of the sensors and the distributor connector.

Metri-Pack terminals are also called "Pull-To-
Seat” terminals because to install a terminal on a
wire, the wire is first inserted through the seal (5) and
connector (4). The terminal is then crimped on the
wire, and the terminal pulled back into the connector
to seat it in place.

To remove & terminal:

1. Slide the seal back on the wire.

2. Insert tool (3) BT-8518, J 35689, or equivalent

as shown in insert "A” and "B” to release the
terminal locking tang (2).

3. Push the wire and terminal out through the
connector.
If the terminal is being reused, reshape the
locking tang (2).

Weather-Pack Connectors

Figure 3 shows 8 Weather-Pack connector and the
tool (J 28742, BT-8234-A or equivalent) required to
service it. This tool is used to remove the pin and
sleeve terminals. If terminal removal is attempted
without using the special tool required, there is a good
chance that the terminal will be bent or deformed, and
unlike standard blade type terminals, these terminals
cannot be straightened once they are bent.

Make certain that the connectors are properiy
seated and all of the sealing rings in place when
connecting leads. The hinge-type flap provides a
secondary locking feature for the connector. It
improves the connector reliability by retaining the
terminals if the small terminal lock tangs are not
positioned properly.

Weather-Pack connections cannot be replaced with
standard connections. Instructions are provided with
Weather-Pack connector and terminal packages.

ENGINE CONTROL MODULE (ECM) SELF-
DIAGNOSTICS

The Engine Control Module (ECM) performs a
continual self-diagnosis on certain control functions.
This diagnostic capability is complemented by the
diagnostic procedures contained in this manual. The
ECM’s language for communicating the source of a
malfunction is a system of Diagnostic Trouble Codes
(DTCs). The DTCs are two digit numbers that can
range from 12 to 51. When a malfunction is detected
by the ECM, a DTC is set and the malfunction
indicator lamp is illuminated.

1993 MARINE
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FEMALE
CONNECTOR
800Y

1. OPEN SECONDARY LOCK MINGE ON CONNECTOR

Ty

2. REMOVE TERMINAL USING TOOL
PUSKH TO
‘ ‘ RECEASE

TERMINAL REMOVAL TOOL
J 28742,1 38125-10 OR BT-8234-A

3. CQUTWIRE IMMEDIATELY BEMIND CABLE SEAL

d‘ﬁm?‘”

4. REPLACE TERMINAL
A SUP NEW SEAL ONTO WIRE
B STRIP S mm (2°) OF INSULATION FROM WIRE
C  CRIMP TERMINAL OVER WIRE AND SEAL

8. PUSH TERMINAL AND CONNECTOR
ENGAGE LOCKING TANGS

6. CLOSE SECONDARY LOCK MINGE 5§ 1555-6¢

Figure 3 - Weather-Pack Terminal Repair
MALFUNCTION INDICATOR LAMP (MIL)

The malfunction indicator lamp is part of the
Marine Diagnostic Trouble Code (MDTC) tool
(TA-06075), or it can be a dash mounted warning light
on some boat models.
® If present it informs the operator that a problem

has occurred and that the boat should be taken for

service as soon as reasonably possible.
¢ ltdisplays DTCs stored by the ECM which help the
technician diagnose system problems.

As a bulb and system check, the light will come
“ON™ with the key "ON™ and the engine not running.
When the engine is started, the light will turn "OFF.”
If the light remains "ON,” the self-diagnostic system
has detected a problem. If the problem goes away, the
light will go out in most cases after 10 seconds, but a
DTC will remain stored in the ECM.

When the light remains "ON" while the engine is
running, or when a malfunction is suspected due to a
driveability problem, "MEFI On-Board Diagnostic

N
A
s
<
®
¢
M‘RINE DATA LINK CONNECTOR (DLC)
6-18-93
MS 13554

Figure 4 - Marine DLC

(OBD) System Check” must be performed. These
checks will expose malfunctions which may not be
detected if other diagnostics are performed
prematurely. :

Intermittent Malfunction Indicator Lamp
(MIL)

In the case of an “intermittent” problem, the
malfunction indicator lamp will light for ten (10)
seconds and then will go out. However, the
corresponding Diagnostic Trouble Code (DTC) will be
stored in the memory of the ECM. When DTCs are set
by an intermittent malfunction they could be helpful
in diagnosing the system.

An intermittent DTC if cleared may or may not
reset. it is an intermittent failure. consult th
~Di stic Aids” the facing the DT art
corresponding to the intermittent DTC. “Symptoms”
also covers the topic of "Intermittents.” A physical
inspection of the applicable sub-system most often will
resolve the problem.

Reading Diagnostic Trouble Codes (DTCs)

The provision for communiecating with the ECM is
the Data Link Connector (DLC) (See Figure 4). It is
part of the MEFI engine wiring harness, and is a 10
pin connector, which is electrically connected to the
ECM. It is used in the assembly plant to receive
information in checking that the engine is operating
properly before it leaves the plant. The DTC(s) stored
in the ECM's memory can be read either through scan
tool, a hand-held diagnostic scanner plugged into the
DLC or by counting the number of flashes of the MIL
when the marine diagnostic trouble code tool is
installed and “Service” mode is selected.

Once the marine diagnostic trouble code too! has
been connected, the ignition switch must be moved to
the "ON" position, with the engine not running. At
this point, the MIL should flash DTC 12 three times
consecutively.

1993 MARINE
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MEFI GENERAL INFORMATION -5

This would be the following flash sequence: “flash,
pause, flash-flash, long pause, flash, pause, flash-flash,
long pause, flash, pause, flash-flash.” DTC 12
indicates that the ECM’s diagnostic system is
operating. If DTC 12 is not indicated, a problem is
present within the diagnostic system itself, and should
be addressed by consulting the appropriate diagnostic
chart in the "Diagnosis” section.

Following the output of DTC 12, the MIL will
indicate a DTC three times if 2 DTC is present, or it
will simply continue to output DTC 12. If more than
one DTC has been stored in the ECM's memory, the
DTCs will be output from the lowest to the highest,
with each DTC being displayed three times.

Service Mode

When the marine diagnostic trouble code tool is
installed at the DLC and the switch is selected to
“Service,” the system will enter what is called the
Service Mode. In this mode the ECM will:

1. Display @ DTC 12 by flashing the MIL

(indicating the system is operating correctly).

2. Display any stored DTCs by flashing the MIL.
Each DTC will be flashed three times, then
DTC 12 will be flashed again.

3. The ignition timing is controlied to a fixed
timing degree programmed in the ECM. This
will allow base timing to be adjusted on
distributor ignition engines.

4. The 1AC valve moves to its fully extended
position on most models, blocking the idle air
passage. This is important to remember, as an
attempt to run the boat while in "Service”
mode will most likely result in an abnormally
low idle speed.

Normal Mode

The normal mode will have no effect on engine
operation.

DLC SCAN TOOLS

The ECM can communicate a variety of
information through the DLC. This data is
transmitted at a high frequency which requires a scan
tool for interpretation.

With an understanding of the dats which the scan
ool displays, and knowledge of the cireuits involved,
the scan tool can be very useful in obtaining
‘nformation which would be more difficult or
mpossible to obtain with other equipment.

A scan tool does not make the use of diagnostic
:harts unneeessary, nor can they indicate exactly
where a problem is in a particular circuit. Tree charts
ncorporate diagnosis procedures using a scan tool

where possible or a marine diagnostic troub]e code tool
(non-scan) if a sean tool is unavailable.

MEFI ON-BOARD DIAGNOSTIC (OBD)
SYSTEM CHECK

After the visuai/physical inspection, the “On-
rd Diagnostic System Check” is the starting point
r all diagnostic procedures. Refer to “Diaanosis”
gection.
The correct procedure to diagnose a problem is to
follow two basic steps.

1 e _on-board diagnostics working? This is
determined by performing the “On-Board
Diagnestic (OBD) System Check.” Since this is the
starting point for the diagnostic procedures,
always begin here. If the on-board diagnostics
aren’t working, the OBD system check will lead to
a diagnostic chart in "Diagnosis” section to correct
the problem. If the on-board diagnostics are
working correctly, the next step is:

2. er T red? If a DTC is stored, go
directly to the numbered DTC chart in "Diagnosis”
section. This will determine if the fault is still
present.

SCAN TOOL USE WITH INTERMITTENTS

The scan tool provides the ability to check, (wiggle
test) of wiring harnesses or components with the
engine not running, while observing the scan tool
readout.

The scan tool can be plugged in and observed while
driving the boat under the condition when the MIL
turns "ON” momentarily or when the engine
driveability is momentarily poor. Kf'the problem seems
to be related to certain parameters that can be cheecked
on the scan tool, they should be checked while driving
the boat. If there does not seem to be any correlation
between the problem and any specific circuit, the sean
tool can be checked on each position, watching for a
period of time to see if there is any change in the
readings that indicates intermittent operation.

The scan tool is also an easy way to compare the
operating parameters of a poorly operating engine
with those of a known good one. For example, a sensor
may shift in value but not set a diagnostic trouble
code. Comparing the sensor’s readings, with those of
the typical scan tool data readings, may uncover the
problem.

The scan tool has the ability to save time in
diagnosis and prevent the replacement of good parts.
The key to using the sean tool successfully for
diagnosis lies in the technician’s ability to understand
the system he is trying to diagnose as well as an

understanding of the scan too! operation and
limitations.

1993 MARINE



6- MEFI GENERAL INFORMATION

The technician should read the tool manufacturer's
operating manual to become familiar with the tool's
operation.

HOW DIAGNOSTIC TROUBLE CODES ARE SET

The ECM is programmed to receive calibrated
voltage signals from the sensors. The voltage signal
from the sensor may range from as low as .1 volt to as
high as 4.9 volts. The sensor voltage signal is
calibrated for engine application. This would be the
sensor’s working parameter or "window.” The ECM
and sensors will be discussed further in the "ECM and
Sensor” section. :

If a sensor is within its working or acceptable
parameters (Figure 5), the ECM does not detect a
problem. When & sensor voltage signal falls out of this
“window,” or an open or short occurs in the wiring to
the sensor, the ECM would not receive the "window”
voltage for that sensor. When the ECM does not
receive the "window” voltage for a programmed length
of time a DTC will be stored. The MIL will be
illuminated and a known default value will replace the
sensed value to restore engine performance.

CLEARING DIAGNOSTIC TROUBLE CODES
(NON-SCAN)

1. Install Marine Diagnostic Trouble Code (MDTC)

tool.

Turn ignition switch to "ON,” engine not running.

Select "Service” mode on MDTC tool.

Move the throttle from 0% (idle) to 100% (WOT)

and back to 0%.

5. Select "Normal” mode on MDTC tool. (If this step
is not performed, the engine may not start and
run.)

6. Startengine and run for at least 20 seconds.

7. Turn ignition switech to "OFF” for at least 20
seconds. .

8. Turn ignition switch to "ON.” Engine not

o

running.

9. Select "Service™ mode on the MDTC tool and verify
DTC 12 only. Remove MDTC tool.

10. If original DTCs are still present, check "Notice”
below and repeat the DTC clearing procedure.

11. If new DTCs are displayed, perform On-Board
Diagnostic (OBD) system check.

NOTICE: When clearing DTCs without the use of
a scan tool, the battery must be fully charged and
cranking speed must be at least 200 RPM. The
ability to clear DTCs is directly dependent on
battery being fully charged and able to crank
engine with adequate cranking RPM.

SVOLTS

AAXXXXXXXXXXXXX DEFAULTXXXXX XXX XXX
4.6v

T

TYPICAL SENSOR RANGE
“WINDOW”

|

0.7v
XXXXXXXXXXXXXXX DEFAULTXXXXXXXXXXX

mOP-4r-o<

0 VOLTS 65-93
MS 13553
Figure 5 - Example of Sensor Normal Operation

CLEARING DIAGNOSTIC TROUBLE CODES
(SCAN)

Install sean tool.

Start engine.

Select clear DTCs function.

Clear DTCs.

Turn ignition "OFF” for 20 seconds.

Turn ignition "ON” and read DTCs. If DTCs are
still present, check "Notice” below and repeat
following from Step 2.

LN o S

NOTICE: When clearing DTCs with the use of a
scan tool, the battery must be fully charged and
cranking speed must be at least 200 RPM. The
ability to clear DTCs is directly dependent on
battery being fully charged and able to start
engine with adequate cranking RPM.

A poorly charged battery or engine cranking
problem may result in an ECM "reset™ and may not
allow stored DTCs to be cleared from EEPROM
memory.

If this condition exists, be sure battery is fully
charged and repair charging/starting system before
attempting to clear DTCs from memory.

NON-SCAN DIAGNOSIS OF DRIVEABILITY
CONCERNS (WITH NO DTCs SET)

If a driveability concern still exists after following
the diagnostic circuit check and reviewing the
"Symptoms” section, an out of range sensor may be
suspected. Because of the unique design of the MEFI
system, fail safes have been programmed into the
ECM to replace a sensed value with a default value in
the case of a sensor malfunction or sensor wiring
concern. By allowing this to occur, limited engine
performance is restored until the vehicle is repaired.

1993 MARINE



MEFI GENERAL INFORMATION -7

A basic understanding of sensor operation is necessary
to be able to diagnose an out of range sensor. LOW-5 vOLTS

If the sensor is out of range, but still within the
operating “Window” of the ECM, the problem will go XXX DEFAULTXXXXX XXX XXX
undetected by the ECM and may result in a
driveability concern.

A good example of this would be if the coolant
sensor was reading incorrectly and indicating to the
ECM that coolant temperature was at 50°F, but actual
coolant temperature was 150°F (Figure 6). This would
cause the ECM to deliver more fuel than was actually
needed and result in an overly rich, rough running —=—150"- 1.7V ACTUAL COOLANT TEMPERATURE
condition. This econdition would not have caused a
DTC to set as the ECM interprets this as within it's XXXXRXXIKXX XXX X DEFAULTXXXXXX XXX XX
“Range.”

To identify a sensor which is out of range, you may HIGH -0 VOLTS M‘s'f?sasz
unplug it while running the engine. After . - .
approximately 2 minutes, the DTC for that sensor will Figure 6 - Example of Shifted Sensor Operation
set, illuminate the MIL, and replace the sensed value
with a default value. If at that point a noticeable
performance increase is observed, the non-scan DTC
chart for that particular sensor should be followed to
correct the problem.

—50°-42V OUT OF RANGE SENSOR

MRBCAPDMmOTm-

NOTICE: Be sure to clear each DTC after
disconnecting and reconnecting each sensor.
Failure to do so may result in a mis-diagnosis of
the driveability concern.

TOOLS NEEDED TO SERVICE THE SYSTEM

The system requires 2 scan tool or Marine
Diagnostic Trouble Code (MDTC) tool, inductive pick-
up timing light, fuel pressure test gauge, tachometer,
test light, digital volt chmmeter with a minimum of 10
megohms impedance (J 34029-A or equivaler?),
vacuum pump with gage and jumper wires for
diagnosis. A test light or DVOM must be used when
specified in the procedures. See the end of this section
for special tools needed to diagnose or repair a system.
For more complete information on the operation of
these tools, consult the tool manufacturer's
instructions. ‘

1993 MARINE

23333322232 IDIDIDIDDD



8- MEFI GENERAL INFORMATION

HIGH IMPEDANCE MULTIMETER
(DIGITAL VOLT-OHMMETER-DVOM)

VOLTMETER - Voitage position measures magnitude
of voltage when connected in parallel to an existing
circuit. A digital voltmeter with a 10 megohm input
impedance is used because this type of meter will
not load down the circuit and result in faulty

readings. Some circuits require accurate low voltage
readings because they have a very high resistance.

AMMETER - When used as an ammeter, this meter
accurately measures extremely low current flow.
Refer to meter instructions for more information.
® Selector must be set properly for both function
and range. DCis used for most measurements.

OHMMETER - Measures resistance of circuit directly

in ohms. Refer to meter instructions for more

information.

¢ OLdisplay in all ranges indicates open circuit.

® Zerodisplay in all ranges indicates a short circuit.

® An intermittent connection in a circuit may be
indicated by a digital reading that will not

stabilize on the circuit.

® Range Switch - Automatic and Manual.

2002 - Reads ohms directly

2K, 20K, 200K - Reads ohmsin thousands

2M, 20MgQ, 200Mq - Reads ohms in millions

J 34029-A
( S$6d1se E
J 23738-A

VACUUM PUMP WITH GAGE (20 IN. HG. MINIMUM)
Use the gage to monitor manifold engine
vacuum and use the hand pump to check vacuum
sensors, solenoids and valves.

J34142-B

UNPOWERED TEST LIGHT

Used for checking wiring for complete circuit,
short to ground, or voltage.

TACHOMETER :
Must have inductive trigger signal pick-up.

4-14-92
NS 14574

Figure 7 - Special Toois (1 of 3)
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MEFI GENERAL INFORMATION -9

METRI-PACK TER!MINAL REMOVER
Used for removing 150 series Metri-Pack “puli-to-
seat” terminals from connectors. Refer to wiring
harness service in MEFI General Information Section
for removal procedure.

/ 135689

J 28742-A/BT-8234-A

WEATHER PACK TERMINAL REMOVER
Used for removing terminals from Weather Pack
connectors. Refer to wiring harness service in MEFI
General Information Section for removal procedure.

MARINE DIAGNOSTIC TROUBLE CODE (MDTC) TOOL
A hand held diagnostic tool that is used to diagnose
fuel and emission systems. It will flash a code when a
problem is detected.

FUEL PRESSURE GAUGE
Used for checking fuel system pressure on T8I engines.

FUEL PRESSURE GAUGE
Used for checking fuel pump pressure on MFi engines.

=

J34730-2C & J 34730-350/BT 8329

INJECTOR HARNESS TEST LIGHT

A specially designed light used to visually indicate
injector electrical impulses from the ECM.

TK 00450

TECH 1 SCAN TOOL (Optional)

A hand held diagnostic tool that is used to diagnose
fuel and emission systems. It will display various
parameters. (A cartridge is required: TK 01940.)

7-6-93
NS 15871

Figure 8 - Special Tools (2 of 3)
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J 33031

IDLE AIR CONTROL (IAC) WRENCH

Used for removing and installing the thread
mounted IAC vaive on the throttie body.

(@

J 35632/BT-8514A

IDLE AIR CONTROL REMOVER
Used to remove idle air control assembly on
port fuel injection engine.

135616

HARNESS TEST ADAPTER KIT

Used to make electrical test connections in
current Weather Pack, Metri-Pack, and
Micro-Pack style terminals.

20° DIAGNOSTIC CONNECTOR EXTENSION
CABLE

Extension cable to go between the “Tech 1”
and the DLC on the engine harness.

TA 06076
FUEL LINE QUICK-CONNECT SEPARATOR
Used to release fuel line quick-connect
fittings.
J37088-A/BT-9171

439021

INJECTOR TESTER
Separately energized each injector to

compare for equal impulses over a constant
time interval.

TIMING LIGHT
Must have inductive signal pickup.

7-6-93
MmS 13617

Figure 9 - Special Tools (3 of 3)
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ABBREVIATIONS
BARO - BAROMETRIC PRESSURE
BAT - BATTERY, BATTERY POSITIVE TERMINAL, BATTERY OR SYSTEM VOLTAGE
Be « BATTERY POSITIVE
xp « CRANKSHAFT POSITION SENSOR
T - QRCUIT
CMFI = CENTRAL MULTIPORT FUEL INJECTION
CONN - CONNECTOR
(948 « CYUNDER
DEG - DEGREES
DI - DISTRIBUTOR!GNITION
DIAG + DIAGNOSTIC
DIST - - DISTRIBUTOR
oLC - DATA LINK CONNECTOR
DTC - DIAGNOSTIC TROUBLE CODE
DVOM - DIGITAL VOLT OHMMETER
ECM - ENGINE CONTROL MODULE
ECT = ENGINE COOLANT TEMPERATURE SENSOR
EEPROM - ELECTRONIC ERASABLE PROGRAMMAGBLE READ ONLY MEMORY
& - ELECTRONICIGNITION
EM! « ELECTROMAGNETIC INTERFERENCE
ENG - ENGINE
E-STOP - EMERGENCY STOP
GND - GROUND
GPH = GALLONS PER HOUR
IAC - IDLEAIR CONTROL
IAT + INTAKE AIR TEMPERATURE
Ic + IGNITION CONTROL
IGN - IGNITION
INJ » INJECTOR
vo - INPUT/OUTPUT
kPa « KILOPASCAL
KS = KNOCK SENSOR SYSTEM
KV - KILOVOLTS
MaP = MANIFOLD ABSOLUTE PRESSURE
MDTC . MARINE DIAGNOSTIC TROUBLE CODE TOOL
MEF! » MARINE ELECTRONIC FUEL INJECTION
MEFI = MULTIPORT FUEL INJECTION
MiL = MALFUNCTION INDICATOR LAMP
MSEC . MILLSECOND
1/ - NORMALLY CLOSED
N/O + NORMALLY OPEN
08D = ON-BOARD DIAGNOSTIC SYSTEM CHECK
OPT - OPTIONAL
PROM - PROGRAMMABLE READ ONLY MEMORY
PWM = PULSE WIDTH MODULATION
RAM » RANDOM ACESS MEMORY
REFH!I . REFERENCE HIGH
REFLO - REFERENCE LOW
ROM » READ ONLY MEMORY
SLv - SLAVE
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sw
TACH
T8I
TERM

VAC
wWoT
“HG

ABBREVIATIONS (CONT)

SWITCH

TACHOMETER

THROTTLE BODY INJECTION
TERMINAL

THROTTLE POSITION SENSOR
VOLTS

VACUUM

WIDE OPEN THROTTLE
INCHES OF MERCURY
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MEFI| ENGINE CONTROL MODULE (ECM) AND SENSORS -1

MARINE ELECTRONIC FUEL INJECTION (MEFI)
SECTION 2
ENGINE CONTROL MODULE (ECM) AND
SENSORS
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GENERAL DESCRIPTION

‘The Marine Electronic Fuel Injection (MEFI)
system is equipped with a8 computer tha: provides the
operator with state-of-the-art control of fuel and spark
delivery. Before we discuss the computers on the
Marine applications, let's discuss how computers use
voltage to send and receive information.

COMPUTERS AND VOLTAGE SIGNALS

Voltage is electrical pressure. Voltage does not
flow thru circuits. Instead, voltage eauses current.
Current does the real work in electrical circuits. It is
current, the flow of electrically charged particles, that
energizes solenoids, closes relays and lights lamps.

Besides causing currents in circuits, voltage can be
used as 8 signal. Voltage signals can send information
by changing levels, changing waveform (shape), or
changing the speed at which the signal switches from
one level to another. Computers use voltage signals to
communicate with one another. The different sections
inside computers also use voltage signals to talk to
sach other.

There are two kinds of voltage signals, analog and
digital. Both of these are used in computer systems.
It's important to understand the difference between
them and the different ways they are used.

ANALOG SIGNALS

An analog signal is continuously variable. This
means that the signal can be any voltage within a
certain range.

D.n’ity seccsescccscscscccccss

ECM Inputs and Sensor Descriptions

MEFI Inputs and OUPULS e eevcccee
Engine Coolant Temperature (ECT)

Page-3
Page-3
Page-4
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Manifold Absolute Pressure (MAP)
“n’or e ® O O 9 OO 00 0OOOOOTOGTTS
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Knock Sensor (KS) Medule
Throttie Position (TP)SeNSOr e e e o
intake Air Temperature (IAT) Sensor
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ignition Control (IC) Reference ... .
rim Position Sensor (Optional) ...
Discrete Switch Inputs (Optional) ..
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Page-6
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ECM

TYPICAL
SENSOR

VOLTAGE OUT

= SIGNAL INPUT

ob b
N 4
—+

4-24-91
MS 11697

Figure 1- Three Wire Sensors

An analog signal ususally gives information about
a condition that changes continuously over a certain
range. For example, in a Marine engine, temperature
is usually provided by an analog signal. There are two
general types of sensors that produce analog signals:
the 3-wire and the 2-wire sensor.

Three-Wire Sensors

Figure 1 shows a schematic representation of a
3-wire sensor. All 3-wire sensors have a reference
voltage, a ground and a variable "wiper.” The lead
coming off of the “wiper™ will be the signal to the
Engine Contro! Module (ECM). As this wiper position
changes, the signal voltage returned to the computer
also changes.

1993 MARINE
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‘ ECM
TYPICAL v DIGITAL BINARY SIGNAL
SENSOR SENSOR o
e — . SIGNAL N
Vg: —& J:w-sv T
& A
SENSOR
—— jr‘suouup G
4
4-24-91 *
MS 11698 \1‘.':‘1.1.:;6
Figure 2 - Two Wire Sensors Figure 3 - Digital Voltage Signal
Two-Wire Sensors Switch Types

Figure 2 is the schematic of a 2-wire type sensor.
This sensor is basically a variable resistor in series
with a fixed-known resistor within the computer. By
knowing the values of the input voltage and the
voltage drop across the known resistor, the value of the
variable resistor can be determined. The variable
resistors that are commonly used are called
thermistors. A thermistor's resistance varies with
temperature.

DIGITAL SIGNALS

Digital signals are also variable, but not
continuously. They can only be represented by distinet
voltages within a range. For example, 1V, 2V or 3V
would be allowed, but 1.27V or 2.65V would not.
Digital signals are especially useful when the
information can only refer to two conditions - "YES”
and "NO,” "ON" and "OFF,” or "High” and "Low."
This would be called a digital binary signal. A digital
binary signal is limited to two voltage levels. One
level is a positive voltage, the other is no voltage (zero
volts). As you can see in Figure 3, a digital binary
signal is a square wave.

The computer uses digital signals in a code that
contains only ones and zeros. The high voitage of the
digital signal represents a one (1), and no voltage
represents a zero (0). Each zero and each one is called
8 bit of information, or just a "bit.” Eight bits together
are called a "word.” A word, therefore, contains some
combination of eight binary code bits: eight ones, eight
zeros, five ones and three zeros, and so on. ‘

Binary code is used inside a computer and between
a computer and any electronic device that understands
the code. Buy stringing together thousands of bits,
computers can communicate and store an infinite
variety of information. To a computer that
understands binary, 11001011 might mean that it
should turn an output device "ON” at a slow speed.
Although the computer uses 8-bit digital codes
internally and when talking to another computer, each
bit can have a meaning.

Switched inputs (also known as discretes) to the
computer can cause one bit to change, resulting in
information being communicated to the computer.
Switched inputs can come in two types; they are “pull-
up” and "pull-down” types. Both types will be
discussed.

With a "pull-up” type switch, the ECM will sense a
voltage when the switch is CLOSED. In the case of the
"pull-down,” the ECM “sees” the voltage when the
switch is OPEN.

Pulse Counters

For the computer to determine frequency
information from a switched input, the computer must
measure the time between voltage pulses. As s
number of pulses are recorded in a set amount of time,
the computer can calculate the frequency. The
meaning of the frequency number can have any
number of meanings to the computer.

An example of a pulse counter type of input is the
distributor reference pulse input. The computer can
count a train of pulses, a given number of pulses per
engine revolution. In this way, the computer can
determine the RPM of the engine.

ENGINE CONTROL MODULE (ECM)

The Engine Control Module (ECM) (Figure 4) is
the control center of the fuel injection system. It
constantly monitors information from various sensors,
and controls the systems that affect vehicle
performance.

The ECM also performs a diagnostic function
check of the system. It can recognize operational
problems and store 2 Diagnostic Trouble Code(s) which
identify the problem areas to aid the technician in

making repairs. )
ECM Function

The ECM supplies 5 or 12 volts to power various
sensors or switches.
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o-r " Y

MS 12852
Figure 4 - Engine Control Module (ECM)

This is done through resistances in the ECM which are
80 high in value that a test light will not light when
connected to the circuit. In some cases, even an
ordinary shop voltmeter will not give an accurate
reading because its resistance is too low. Therefore,
the use of a 10 megohm: or greater input impedance
digital voltmeter is required to assure accurate voltage
readings.

Memory

There are three types of memory storage within
the ECM: ROM, RAM and EEPROM.

ROM

Read Only Memory (ROM) is a permanent memory
that is physically soldered to the circuit boards within
the ECM. The ROM contains the overall control
programs. Once the ROM is programmed, it cannot be
changed. The ROM memory is non-erasable, and does
not need power to be retained.

RAM

Random Access Memory (RAM) is the
microprocessor “scratch pad.” The processor can write
into, or read from this memory as needed This
memory is erasable and needs a constant supply of
voltage to be retained. If the voltage is lost, the
memory is Jost.

EEPROM

Electronic Erasable Programmable Read Only
Memory (EEPROM) is the portion of the ECM that
contains the different engine calibration information
that is specific to each marine application.

SPEED DENSITY SYSTEM

The Marine Electronic Fuel Injection (MEFI)
system is a speed and air density system. The system
is based on "speed density” fuel management.

Sensors provide the ECM with the basic
information for the fuel management portion of its
operation. Signals to the ECM establish the engine
speed and air density factors.

Speed

The engine speed signal comes from the Ignition
Control (IC) module to the ECM on the IC reference
high circuit. The ECM uses this information to
determine the “speed” or RPM factor for fuel and
ignition management.

Density

One sensor contributes to the density factor, the
Manifold Absolute Pressure (MAP) sensor.

The Manifold Absolute Pressure (MAP) sensor is a
3-wire sensor that monitors the changes in intake
manifold pressure which results from changes in
engine loads. These pressure changes are supplied to
the ECM in the form of electrical signals.

As intake manifold pressure increases, vacuum
decreases, the air density in the intake manifold also
increases, and additional fue) is required.

The MAP sensor sends this pressure information
to the ECM, and the ECM increases the amount of fuel
injected, by increasing the injector pulse width. As
manifold pressure decreases, vacuum increases, and
the amount of fuel is decreased.

These two inputs MAP, and RPM are the major
determinants of the air/fuel mixture, delivered by the
fuel injection system.

The remaining sensor and switches provide
electrical inputs to the ECM which are used for
modification of the air/fuel mixture, as well as for
other ECM control functions, such as Idle Air Control
(1AC).

ECM INPUTS AND SENSOR
DESCRIPTIONS

Figure 5 lists the data sensors, switches, and other
inputs used by the ECM to control its various systems.
Although we will not cover them all in great detail,
there will be a brief deseription of each.
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6-9-93
MS 11699

Figure S - ECM Inputs and Sensor Descriptions (Typical)
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1 HARNESS CONNECTOR
2 LOCKING TAB

3 SENSOR 55 1640-6¢

Figure 6 - Engine Coolant Temperature (ECT) Sensor

Engine Coolant Temperature (ECT) Sensor
Figure 6

The Engine Coolant Temperature (ECT) sensor is
a thermistor (a resistor which changes value based on
temperature) immersed in the engine coolant stream.
Low coolant temperature produces a high resistance,
while high temperature causes low resistance.

The ECM supplies a § volt signal to the ECT
through a resistor in the ECM and measures the
voltage. The voltage will be high when the engine is
cold, and low when the engine is hot. By measuring
the voltage, the ECM knows the engine coolant
temperature. Engine coolant temperature affects mos:
systems the ECM controls.

A failure in the ECT circuit should se: DTC 14.
Remember, this DTC indicates a failure in the coolan:
temperature sensor eircuit: so proper use of the chart
will lead to either repairing a wiring problem or
replacing the sensor to repair a probiem.

Manifold Absclute Pressure (MAP) Sensor
Figure?7

The Manifold Absolute Pressure (MAP) sensor
(Figure 7) is a pressure transducer that measures the
changes in the intake manifold pressure. The pressure
changes as a result of engine load and speed change,
and the MAP sensor converts this to a voltage output
(Figure 8).

A closed throttle on engine coastdown would
produce a relatively low MAP output voltage, while a
wide open throttle would produce a high MAP output
voltage. This high output voltage is produced because
the pressure inside the manifold is the same as outside
the manifold, so you measure 100% of outside air
pressure. Manifold Absolute Pressure (MAP) is the
OPPOSITE of what you would measure on a vacuum
gage. When manifold pressure is high, vacuum is low.
The MAP sensor is also used to measure barometric
pressure under certain conditions, which allows the
ECM to automatically adjust for different altitudes.

The ECM sends a § volt reference signal to the
MAP sensor. As the manifold pressure changes, the

1 SENSOR

2 ELECTRICAL CONNECTOR
65 2648-6¢

Figure 7 - Manifold Absolute Pressure (MAP) Sensor

electrical resistance of the MAP sensor also changes.
By monitoring the sensor output voltage, the ECM
knows the manifold pressure. A higher pressure, low
vacuum (high voltage) requires more fuel, while a
lower pressure, higher vacuum (low voltage) requires
less fuel. The ECM uses the MAP sensor to control
fuel delivery and ignition timing.

A failure in the MAP sensor circuit should set a
DTC33.

MAP
kPaj1c0fso1sojjecjsojafsofaolin] o
Hg 129.6]26.6123.7020.7|17.7[ 148|118 89 | 59|29 ] 0
vV iasjes|3sfssjarja2]17)11]o6]jo03]os3

Figure 8 - MAP to Voltage
KNOCK SENSOR (KS)
35 00236¢
Figure 9 - Typical Knock Sensor
Knock Sensor

Figure 9

The knock sensor is mounted in the engine block,
depending on engine application.
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NS 15481

Figure 10 - KS Module

When abnormal engine vibrations (spark knock)
are present, the sensor produces a voltage signal which
is sent to the KS module and then onto the ECM.

The ECM uses this signal to aid in calculating
ignition timing.

Knock Sensor (KS) Module
Figure 10

The KS module contains solid state circuitry which
monitors the knock sensor's AC voltage signal and
then supplies a 8-10 volt signal, if no spark knock is
present, to the ECM. If spark knock is present, the KS
module will remove the 8-10 volt signal to the ECM.

It is extremely important that the correct KS
module be used for the engine application. Using an
incorrect KS module can result in unrecognized spark
knock and engine damage or cause poor performance
by too much spark retard.

The KS module terminal "B” is powered by 12
volts from the ignition switch. If the 12 volt power
source was not present, the KS module could not send
an 8-10 volt signal to the ECM and a false constant
spark retard would result. Terminal "E” of the KS
module is the signal line from the knock sensor. If this
circuit is open or shorted to ground, the KS module
would never remove the 8-10 volt signal from terminal
“C” to the ECM and no spark retard would occur. The
ground circuit for the KS module is connected to
terminal "D”. If the ground circuit became open, the
KS module would not be able to remove the 8-10 volt
signal to the ECM and spark knock could not be
controlled.

Throttle Position (TP) Sensor
Figures 12and 13

The Throttle Position (TP) sensor (Figure 13) is 2
potentiometer connected to the throttle shaft on the
throttle bedy. The TP sensor has one end connected to
S volts from the ECM and the other to ECM ground.

|

“KS

ECM o MODuULE

mOoNnS

L =8
' KNOCK S!:SOI t

6793
MS 8698-6¢

Figure 11 - Knock Sensor System

1 SENSOR .- THROTTLE POSITION (TP)

2  SCREW - TP SENSOR ATTACHING

MP 1224-A$
Figure 12 - Typical Throttie Position (TP) Sensor

A third wire is connected to the ECM to measure the
voltage from the TP sensor. As the throttle valve
angle is changed, the voltage output of the TP sensor
also changes.

At a closed throttle position, the voltage output of
the TP sensor is low (approximately .5 volt). As the
throttle valve opens, the output increases so that at
wide open throttle, the output voltage should be near 5
volts.

By monitoring the output voltage from the TP
sensor, the ECM can determine fuel delivery based on

* throttle valve angle (operator demand). A broken or

loose TP sensor can cause the ECM to interpret this as
throttle movement and cause intermittent bursts of
fuel from the injector and an unstable idle.

If the TP sensor circuit is open, the ECM will seta
DTC 21. If the TP sensor circuit is shorted, the ECM
will think the vehicle is at WOT, and a DTC 21 will be
set. A problem in any of the TP sensor circuits will set
a DTC 21. Once a DTC is set, the ECM will use a
default value for TP sensor.
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CONTROL
MODuULE
1 THROTTLE POSITION (TP) SENSOR
2 THROTTLE VALVE
9P 0394.8Y

. - e ——
Figure 13 - Typica! Throttie Position (TP) Sensor

1 AT SENSOR MS 11788

Figure 14 - intake Air Temperature (IAT) Sensor
Intake Air Temperature (IAT) Sensor

(Big Block Only)
Figure 14

The Intake Air Temperature (IAT) sensor is a
thermistor (a resistor which changes value based on
temperature) mounted on the underside of the plenum
in the rear. Low temperature produces a high
resistance, while high temperature causes a low
resistance.

The ECM supplies a 5§ volt signal to the sensor
througk a resistor in the ECM and measures the
voltage. The voltage will be high when the intake air
is cold, and low when the intake manifold air is hot.

Ignition Control (IC) Reference

The ignition control reference (engine speed
signal) is supplied to the ECM by way of the "IC Ref"
line from the ignitior. module. This pulse counter type
nput ereates the timing signal for the pulsing of the
‘uel injectors, as well as the Ignition Contro! (I1C)
‘unctions This signal is used for a number of contro!
ind testing functions within the ECM.

Trim Position Sensor (Optional)

The trim position sensor is a 3-wire sensor that
sends degree or trim angle information to the ECM.
The sensor is physically mounted to the outdrive.

Trim position information is used by the ECM
primarily to identify if trim angle is too high. If the
ECM detects an abnormally high trim angle, an
overtrim protection (or RPM reduction mode) will be
entered by the ECM.

Discrete Switch Inputs (Optional)

Several discrete switch inputs are utilized by the
MEF] system to identify abnormal conditions that
may affect engine operation. Pull-up and pull-down
switches are currently used in conjunetion with the
ECM to detect critical conditions to engine operation.

If a switch changes states from its norma) at rest
position, that is normally closed to open, or normally
open to closed, the ECM senses a change in voltage and
responds by entering RPM reduction mode.

This engine protection feature allows the operator
normal engine operation up to OEM specifications
(approx. 2000 RPM), but disables half the fuel injectors
until the engine drops below 1200 RPM. Then normal
engine operation is restored until the RPM limit is
exceeded.

This feature allows the operator a safe
maneuvering speed while removing the possibility of
high RPM engine operation until the problem is
corrected.

Switches which may be used with the MEF]
system to detect critical engine operation parameters
are.

Normal State

® Transmission temperature N/O
o Oil level N/O
¢ Oilpressure N/O
® Emergency stop N/0
® L/Pfluid leve!l N/0
® Water flow N/C
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MARINE ELECTRONIC FUEL INJECTION (MEFI)
SECTION 4

SPARK MANAGEMENT SYSTEMS

This section will describe how the spark management systems operate and description of components used on
the Marine Electronic Fuel Injection equipped engines. There are two types of spark management systems used.
The Distributor Ignition (DI) System is used on all engines except on the LT 1 engine. On the LT 1 engine an
Electronic Ignition (El) System is used.
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SPARK MANAGEMENT
DISTRIBUTOR IGNITION (DI) SYSTEM
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GENERAL INFORMATION

All Distributor Ignition (DI) systems include these
essential components: battery, distributor, ignition
coil, ignition switch, spark plugs, and primary and
secondary wiring. The Distributor Ignition (DI)
system is connected to the Engine Control Module
(ECM). The ECM monitors from various engine
sensors, computes the desired spark timing and
signals the ignition control module in the distributor
to change timing. The distributor does not contain
centrifugal advance weights, springs, or vacuum
advance units.

DELCO REMY DISTRIBUTORS
Figures 1and 2

Page-1

The distributor used on the marine electronic fuel
injected equipped engine is designed for the marine
environment. The base plate of the distributor is
equipped with two special vents to prevent any fuel
vapors from igniting. The pickup coil is sealed to keep
out moisture and prevent electromagnetic
interference. With the high voltage produced by the
Delco Remy distributor, a special material is used for
the distributor cap and rotor. It is a thermoplastic,
injection-molded, glass-reinforced polyester. This
material provides the dielectric and insulation
property needed and also prevents carbon tracking.
The posts in the distributor cap are made up of
different metals to prevent corrosion.

Distributors with a separate coil, are used on the
MEF] engine (Figures 1 and 2). The ignition coil
connects to the distributor cap through a high tension
wire.

There is no scheduled maintenance or periodic
lubrication required. Engine oil lubricates the lower
bushing and the upper bushing is pre-lubricated and
sealed.

The distributor uses an internal magnetic pickup
assembly that consists of a permanent magnet, pole
piece with internal teeth, and pickup coil When the
rotating teeth of the timer core line up with the teeth
of the pole piece, voltage is induced in the pickup coil.

Engine Contro! Module (ECM) ....... Page-3
Modes of Operation «.cceeveo.... Page3
IGRItIONTIMING ceveececscccnaan Page-4
IC Operation - Module Mode (Cranking) Page-&
IC Operation - ignition Control (Running)  Page-4
Results of Incorrect Operation ....... Page.4
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COIL TRIGGER SIGNAL
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HIGH TENSION WIRE TO COIL

MIGH TENSION WIRE TO SPARK PLUG

NS N b W N

S 18668
Figure 1 - Distributor with Separate Coil

This voltage signals the ignition control module to
trigger the primary ignition circuit. Current flow in
the primary circuit is interrupted and a high voltage of
up to 35,000 volts is induced in the ignition coil
secondary winding. This high voltage is directed
through the secondary ignition circuit to fire the spark
plugs. ‘
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Figure 2 - Typical V8 Distributor

The number of teeth on the stationary pole piece
and shaft rotating teeth reflects the number of
cylinders in the engine that it is to be used on (eight
teeth for eight eylinders). Although there are minor
differences between applications, all DI systems
operate the same.

IGNITION COIL
Figure 1

The design construction of the ignition coil affects
its output. The DI system ignition coil was designed to
produce greater spark voltage, longer spark and
operate at higher RPMs. The DI system coil has the
secondary winding wrapped around the primary
winding and the primary winding is wrapped around
the iron core. The coil is not oil filled, the windings are
covered in an epoxy compound for protection against
moisture and arc over.

There is an iron laminsted square frame around
the coil windings. This is to increase magnetic flux
path and store energy to produce higher secondary
spark voltage. The eoil's mounting bracket is attached
to the frame.

The coil generates a high secondary voltage (up to
35,000 volts) when the primary circuit is broken. It is
connected to the distributor by a high tension wire
connected to the post mounted in the top of the coil.
There are two, two terminal connectors on the coil
used for. battery voltage input, primary voltage sent t¢

the distributor ignition control module, trigger signal
from the ignition control module, and for tach output
signal.

IGNITION CONTROL (IC) MODULE
Figure 3

The Ignition Control (IC) module is located in the
distributor (Figure 3). It is mounted by two screws and
they are used for ground. The IC module is a solid
state unit with transistorized relays and switches for
controlling circuits. The IC module has several
functions:

¢ It changes the voltage signal of the pickup coil

to a square digital signal.
® It sends the digital signal as a reference signal
(REF HI) to the ECM for ignition control.

® It provides a ground reference (REF LO).

® [t provides a means for the ECM to control
spark advance (BYPASS AND IGNITION
CONTROL) called IGNITION CONTROL
MODE.

® It provides a limited means of controlling
spark advance without ECM input, called
MODULE MODE. ,

® It provides the trigger signal for the ignition

coil.
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-

DISTRIBUTOR IC MODULE

2 ECM TERMINALS
3 IGNITION COIL TERMINALS
4 PICK-UP COIL TERMINALS

MS 13632
Figure 3 - iC Module Terminal Identification

POLE PIECE AND COIL ASSEMBLY
Figure 4

The pole piece and plate assembly (often referred
to as the pickup coil assembly) consists of a stationary
pole piece with internal teeth, a pickup coil and
magnet that are located between the pole piece and a
bottom plate (Figure 4).

The pickup coil produces an alternating signal
voltage as the teeth pass the magnet. Thereisa signal
produced for each engine cylinder during one
revolution of the distributor.

.The pickup coil is connected to the IC module by a
two wire connector. As with all marine electrical
devices, the pickup coil must be approved for this
application.

SPARK PLUG WIRES

The spark plug wires are a carbon-impregnated
cord conductor encased in an & millimeter diameter

PckuUP COIL

MS 8488-6¢

Figure 4 - Pickup Coil

silicone rubber jacket. Silicone wiring will withstand
very high temperature and is an excellent insulator for
the higher voltages. The silicone spark plug boots
provide a tight seal on the spark plug.

Silicone is soft, pliable and therefore, more
susceptible to scuffing and cutting. It is extremely
important that the spark plug cables be handled with
care. They should be routed so as not to cross each
other or to be in contact with other parts of the engine
to prevent rubbing.

Do not force anything between the boot and wiring
or through the silicone jacket. Connections should be
made using an appropriate adapter.

ENGINE CONTROL MODULE (ECM)

The engine control module conzrols spark advance
and fuel injection for all driving conditions. The ECM
monitors input signals for the following components as
part of its ignition control function to determine the
required ignition timing:

® Ignition Contro! (IC) module.

® Engine Coolant Temperature (ECT) sensor.

® Manifold Absolute Pressure (MAP) sensor

® Throttle Position (TP) sensor.

MODES OF OPERATION

There are two "modes” of ignition system
operation. MODULE MODE (eranking), and
IGNITION CONTROL MODE (running). In
MODULE MODE, the ignition system operates
independently from the ECM. The ignition control
module maintains a base ignition timing of 10 degrees
BTDC and is able to change this ignition timing
slightly with increased engine speed. MODULE
MODE is in effect whenever an IGNITION CONTROL
fault is detected while the engine is running, and it
will have a noticeable effect on engine operation.
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In IGNITION CONTROL MODE, the ECM
controls the ignition timing. The ECM calculates the
desired ignition timing based on information it gets
from its input sensors.

IGNITION TIMING

In order to change base timing on a DI system the
ECM has to be entered into the service mode by usinga
scan tool or MDTC tool. The IC module not receiving
voltage on the bypass circuit from the ECM will gointo
MODULE MODE. The IC module will go to base
ignition timing of 10 degrees before top dead center.
At this time, the base timing can be adjusted by
turning the distributor.

The ECM incorporates a permanent spark control
override, which allows base ignition timing to be
lowered electronically if spark knock (detonation) is
encountered during normal operation due to the use of
low octane fuel. Based ignition timing can be lowered
using this override down to 6 degrees BTDC.

IC OPERATION - MODULE MODE (CRANKING)
Figure5

The following describes IC operation during
cranking and when the engine starts running. To help
understand how IC circuits operate, a relay with a
double set of contact points is shown in the IC module.
Solid state circuitry is used in the module, but adding
the relay makes it easier to visualize how IC functions.

During cranking, the relay is in the de-energized
position (Figure §). This connects the pickup coil to
the base of the transistor. When the pickup coil
applies a positive voltage to the transistor, it turns
“"ON.” When voltage is removed, the transistor turns
"OFF.” When the transistor turns "ON,” current flows
through the primary winding of the ignition coil.
When it turns "OFF," the primary current stops and a
spark is developed at the spark plug. A small amount
of advance is built into the IC module via a timing
circuit, in case the engine remains in the ignition
module timing mode.

With the relay de-energized, a set of contacts
(shown "closed”™) would ground the IC line signal.

IC OPERATION - IGNITION CONTROL MODE
(RUNNING)
Figure 6

When the engine RPM reaches a predetermined
value (for this example: 400 RPM), the ECM considers
the engine running and applies five volts on the bypass
line to the IC module. This energizes the relay and
causes the points from the pickup coil as well as the
grounding points for the IC line to open (Figure 6).

This connects the IC line to the base of the power
transistor, and bypasses the ignition module timing
control.

Tne DI system is now controlled by the IC signal
from the ECM and the time at which the spark occurs
can be determined by a variable time circuit in the
ECM. This is called the ignition control mode.

RESULTS OF INCORRECT OPERATION

An open or ground in the bypass circuit or

connector to ECM will cause the engine to run on the
IC module timing. This will cause reduced
performance and poor fuel economy.
Open IC line from the ECM to the IC module - While
the engine is cranking, the ECM expects to see the IC
signal pulled to virtually zero because it is grounded in
the IC module. Since the IC line is open, it cannot be
grounded by the module and the IC signal will be able
to rise and fall, or do what is called “toggling.” The
ECM recognizes the “toggling” as an abnormal
condition, and will not apply bypass voltage to the IC
module when the engine reaches run RPM.

Since bypass voltage is not applied to the relay, it
remains open and the engine continues to run on the
pickup coil triggering in the ignition module timing
mode.

If this condition were to occur while the engine was
running, the engine would stop, but it would restart
and run in the ignition module timing mode with
reduced power.

. Grounded IC line - During cranking, the IC voltage

would be at virtually zero so the ECM would not
recognize a problem. When engine RPM reaches the
value for the run conditions, the ECM would apply
bypass voltage to the IC module. Bypass voltage on
the module switches the IC power transistor to the IC
line. Because the IC line is grounded, it would have no
voltage applied so it could not operate the power
transistor to enter the IC mode.

If the IC line should become grounded, while the
engine was being operated, the engine would stop and
be difficult to restart.

rounded or open b s line - While the engine is
cranking, the IC line would be grounded and the ECM
would not notice a+ -hing abnormal. When run RPM
is reached, the ECM would apply bypass voltage to the
bypass line but because of the ground or open, it would
not be able to energize the relay. Therefore, the relay
would stay de-energized and the IC line would remain
grounded.

When the ECM sees the IC line not “toggling,” it
will not enter the IC mode. Since the relay is de-.
energized, the engine would continue to run in the
ignition module timing mode.

If this condition were to occur while the engine was
running, it would simply operate in the ignition
module timing mode.

1993 MARINE
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Open or grounded “REF HI” line . This line provides

the ECM with engine speed information. If this line
were open or grounded, the ECM would not know that
the engine is cranking and would not make any
attempt to control spar

&0 _Or grounded “REF LO” line -
grounded in the ignition module an
reference ground from the ignition module to the
ECM. The ECM compares reference ground with
reference high voltage. If this cireuit s open, or
grounded at any other location than through the
module, it may cause poor performance.

This wire is
d provides a

1993 MARINE
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MARINE ELECTRONIC FUEL INJECTION ( MEFI)
SECTION 3

FUEL METERING SYSTEMS

This section will describe how the fuel metering systems operate and description of components used on
the Marine Electronic Fuel Injection equipped engines. The three fuel metering systems used are. Multipornt
Fuel Injection (MFI), Throttie Body Injection (TBI), and Central Multiport Fuel Injection (CMFI).

To distinguish what fuel system is used on what engine the following rules spply. On the MF! system,
there are separate injectors for each cylinder and they are located in the intake manifold and fueled by a
fuel rail. On the TBI there are two injectors and they are mounted st the top of the throttie body assembly.
On the CMFI system there is one injector assembly located inside of the lower intake manifold with tubes
running to independent poppet nozzles
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MFI FUEL METERING SYSTEM -1

FUEL METERING SYSTEM

MULTIPORT FUEL INJECTION (MFI)
CONTENTS

General Description eeeeeccesesees Page-1
Pufpose 0 ev00ecsecocsssossoae Page'1
Modes of Operation eeeeeesseeqs Paget

Sta"tithode 000 ccessovces Page’l'
C‘eaf ;lood MOde e0 000000 sceoe P‘ge"
RUI’\MOGQ ® 00000000 Pag"‘
AcceleratonMode ..oeees.... Page-l

‘Uel cuto*f Mode ® o e 00000000 Page"

RPM ReductionMode ......... Page-1
" GENERAL DESCRIPTION
PURPOSE

The function of the fuel metering system is to
deliver the correct amount of fuel to the engire under
all operating conditions. Fue! is delivered to the
engine by incdividual fuel injectors mounted in the
intake manifold near each cyvlinder.

MODES OF OPERATION

The ECM looks at inputs from several senzors to
determine how much fuel to give the engine The fue!
is delivered under one of several corditions. called
“modes.” All the modes are controlled by the ECM and
are described below.

Starting Mode

When the igritior switch is turned to the crank
position, the ECM turns "ON™ the fuel pump relay and
the fuel pump builds up pressure. The ECM then
checks the Engine Coolant Temperature (ECT) sensor
and Throttle Position (TP) sensor and determines the
proper air/fuel ratio for starting. The ECM controls
the amount of fuel delivered in the starting mode by
changing how long the injectors are turned "ON" and
"OFF." This is done by “pulsing” the injectors for very
short times.

Clear Flood Mode

If the engine floods, it can be cieared by opening
the throttle to 75% of its travel. The ECM then shuts
down the fuel injectors so no fuel is delivered The
ECM holds this injector rate as long as the throttle
stays at 75%. and the engine speed is below 400 RP)\
If the throttle position becomes slightly greater than

Fuel Metering System Components ... ‘Page-2
Fuel Supply Compenents (Typical) «.. Page-2
Fuel Pufﬂp Electrical CIP(Uit ecev s Page'z

Fuel Rail Assemb!y seceecsevescr e Page'B
FUQI’ﬂjenofs et v ceeecssescencce Fage'B
Pressure Regulator Assembly ...+ Page-3

Throttle Body Assembly «oceeeceeee Page-d
Idle Air Control (IAC) Valve ...+ Page-4

5%, or slightly less than 75%. the ECM returns to the
starting mode.

Run Mode

Wher. the engine is first started and RPM is above
400. the system operates in the run mode. The ECM
will calculate the desired air/fuel ratio based on these
ECM inputs: RPM. Manifold Absolute Pressure
(MAP) sensor, and Engine Coolant Temperature
(ECT) sensor. Higher engine load (from MAP; and
colder engine temperature (from ECT) requires more
fuel, or a richer air/fuel ratio

Acceleration Mode

The ECM looks at rapid changes in Throttle
Position (TP) sensor and manifold pressure iMAP),
and provides extra fuel by increasing the injector pulse
width

Fuel Cutoff Mode

No fuel is delivered by the injector when the
ignition is "OFF.,” to prevent dieseling. Also, fuel
pulses are not delivered if the ECM receives no
distributor reference pulses, which means the engine
is not running The fuel cutofl mode is also enabled at
high engine RPM, as an overspeed protection for the
engine. When cutoff is in effect due to high RPM,
injector pulses will resume after engine RPM drops
below the maximum OEM RPM specification (Rev.
limit).

RPM Reduction Mode

The ECM recognizes change of state in a discrete
switch input that identifies an abnorma! condition
that may affect proper engine operatior.

1963 MARINE (LTY)



2- MFI FUEL METERING SYSTEM

As an engine protection feature (optional), RPM
reduction mode allows normal fuel injection up to
OEM specification (approximately 2000 RPM). Above
the OEM specified RPM limit, fuel delivery is limited
to half the fuel injectors until the engine drops below
1200 RPM Then normal engine operation is restored
until the RPM limit is exceeded.

This feature allows maneuverability of the boat
while removing the possibility of high engine speed
operation until the problem is corrected.

FUEL METERING SYSTEM COMPONENTS

The fuel metering system (Figure 1) is made up of
the following parts:

® Fuel supply components (fuel tank, pump,

lines, water separator).

® Fuel pump electrical circuit.

® Fuelrail assembly, including

- Fuelinjectors.

- Pressure regulator assembly.

® Throttle body assembly, including'

- Idle Air Control (IAC) valve.

- Throttle Position (TP) sensor.

FUEL SUPPLY COMPONENTS (TYPICAL)
Figures 1and 2

The fuel supply is stored in the fuel tank. An
electric fuel pump (Figure 2), located near the water
separator assembly, pumps fuel through an in-line fuel
filter to the fuel rail assembly The pump is designed
to provide fuel at a pressure greater than is needed by
the injectors. The pressure regulator, part of the fuel
rail assembly, keeps fuel available to the injectors at a
regulated pressure. Unused fuel is returned to the fuel
tank by a separa:e line.

FUEL PUMP ELECTRICAL CIRCUIT

When the ignition switch is turned "ON.” the ECM
turns the fuel pump relay "ON" for two seconds
causing the fuel pump to pressurize the MEFI fuel
system.

When the ignition switch is turned to the crank
position, the ECM turns the fuel pump relay "ON"
causing the fuel pump to run.

If the ECM does not receive ignition reference
pulses (engine cranking or running), it shuts "OFF"
the fuel pump relay, causing the fuel pump to stop.

An inoperative fuel pump relay will result in an
“Engine Cranks But Won't Run" condition.

WATER )
' SEPARATOR ‘ #
FUEL
FUE
PUMD TANK

FUEL
FILTER PRESSURE
REGULATOR

FUEL RAIL ASSEMBLY

ENGINE
CONTROL
MODULE

(ECM)

!

NETWORK
Of
ENGINE

SENSORS 11-1.91

MS$ 13611

Figure 1. Fuel Metering System (Typical)

f\ PUMP OUTLET

l (TO FUEL FILTER)
.

|

1

PUMP ELECTRICAL
CONNECTOR

VAPOR RETURN

MS 1385S

Figure 2 - Electric Fuel Pump
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MFIFUEL METERING SYSTEM .3

FUEL RAIL ASSEMBLY
Figures3and 4

The fuel rail (Figure 3 and 4) is mounted to the
engine intake manifold, and performs several
functions: it positions the injectors in the intake
manifold, distributes fuel evenly to the injectors. and
integrates the fuel pressure regulator into the fuel
metering system.

[3] FuEL PRESSURE CONNECTION ASSEMBLY
[3] werinsecTor assimaLy
[3] PRESSURE REGULATOR ASSEMBLY  \15 1209 a6

Figure 3 - Fuel Ra:l Assembly (LT1)

1 PRESSURE REGULATOR ASSEMBLY
2 MFIINJECTOR ASSEMBLY

. PS 19062
Figure 4- Assembly (Big Biock) Fuel Rail

Fuel Injectors

Figure §

The Multiport Fuel Injection (MFI) injector
assembly is a solenoid-operated device, controlled by
the ECM, that meters pressurized fuel to a single
engine cylinder (Figure 5). The ECM energizes the
injector solenoid. which opens a ball valve. allowing
fuel to flow past the ball valve, and through a recessed
flow director plate. The director plate has six
machined holes that control the fuel flow. generating a
comcal spray pattern of finely atomized fuel at the

injector tip. Fuel is directed at the intake valve,
causing it to become further atomized and vaporized
before entering the combustion chamber.

An injector that is stuck partly open would cause
loss of pressure after engine shut down. Consequently,
long cranking times would be noticed. Dieseling could
also occur, because some fuel could be delivered to the
engine after the ignition is turned "OFF ." :

Pressure Regulator Assembly
Figure 6

The pressure regulator is a diaphragm-operated
relief valve with fuel pump pressure on one side, and
regulator spring pressure and intake manifold vacuum
on the ¢*~«r (Figure 6). The regulator's function is to
maintai- z constant pressure differential across the
injectors at all times. The pressure regulator
compensates for engine load by increasing fuel
pressure as engine vacuum drops.

1 SOLENOID ASSEMBLY 7
2 SPACER AND GUIDE

HOUSING - SPRAY

ASSEMBLY 8 SPRING-CORE
3 CORE SEAT 9 HOUSING - SOLENOID
4 VALVE-BALL 10 SOLENOID
5 SPRAYTIP 11 FILTER - FUEL INLET

6 PLATE - DIRECTOR

9P 04135y

Figure 5- MF! Injector Assembly
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4- MFIFUEL METERING SYSTEM

With the ignition "ON,” and engine "OFF” (zero
vacuum), fuel pressure at the pressure test connection
should be 284.325 kPa (41-47 psi). If the pressure is
too low, poor performance could result.

THROTTLE BODY ASSEMBLY
Figures7and 11

The throttle body assembly is attached to the
intake manifold air plenum, and is used to control air
flow into the engine, thereby controlling engine output
(Figure 7). The throttle plates within the throttle body
are opened by the driver through the throttle controls.
During engine idle, the throttle plates are almost
closed, and air flow control is handled by the Idle Air
Control (IAC) valve, described below.

The throttle body also provides the location for
mounting the Throttle Position (TP) sensor and for
sensing changes in engine vacuum due to throttle
plates position.

Idle Air Control (IAC) Valve
Figures 8 through 11

The purpose of the IAC valve assembly (shown in
Figures 8 and 10) is to control engine idle speed, while
preventing sta.is due to changes in engine load.

There are two types of IAC valves, thread mounted
or flange mounted. Depending on production date, an
ergine could be equipped with one or the other.

The IAC valve, mounted in the throttle body,
controls bypass air around the throttle plates (Figure
§). By moving a conical valve known as a pintle, IN,
towards the seat (to decrease air flow); or OUT. away
from the seat tto increase air flow), a controlled
amount of air moves around the throttle plates. If
RPM is too low, more air is bypassed arourd the
throttle piates to increase it. If RPM is too high. less
air is bypassed around the throttle plates to decrease
it.

The ECM moves the IAC valve in small steps.
These can be measured by scan too! test equipment,
which plugs into the Data Link Connector (DLC).

During idle, the proper position of the IAC valve is
calculated by the ECM, based on battery voltage,
coolant temperature, and engine RPM. If the RPM
drops below specification and the throttle plates are
closed, the ECM senses a near stall condition and
calculates a new valve position to prevent stalling.
® Engine idle speed is a function of total air flow into

the engine based on IAC valve pintle position +

throttle plates opening.
® “Controlled” idle speed is programmed into the

ECM. which determines the correct IAC valve

pintle position to maintain the desired idle speed

for all engine operating conditions and loads.

® The minimum idle air rate is set at the factory
with a stop screw. This setting allows enough air
flow by the throttle plates to cause the IAC valve
pintle to be positioned a calibrated number of steps
(counts) from the seat, during “controlled” idle
operation.

COVER

VACUUM CHAMBER
(VACUUM SOURCE TUBE NOT SHOWN)

SEAL - O-RING

VALVE - FUEL PRESSURE REGULATOR
SASE ASSEMBLY

FILTER - SCREEN (if EQUIPPED)
OIAPHRAGM

SPRING

BN 9 N Ve W N

NA 0493.SY

Figure 6 - Pressure Regulator Assembly (Typical)

07 casxer

[3] erotTLEBOOY ASSEMBLY

3] sour :

(4] toueamcontroL ac) vaLve

[5] T™ROTTLE POSITION SENSOR(TPS) 40 12300

Figure 7 - Throttle Body Assembly (LT1)
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A DISTANCE OF PINTLE EXTENSION
8 DIAMETER AND SHAPE OF PINTLE

A ASKET
€ IACVALVE GASKE 9P 1058-A8

1 O-RING-IAC VALVE

2  SCREW ASSEMBLY - IAC VALVE ATTACHING
A DISTANCE OF PINTLE EXTENSION
]

DIAMETER OF PINTLE
LP1220-48

Figure 8- Thread Mounted Type IAC valve

Figure 10- Flange Mounted Type IAC Va.ve
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2 BODY ESSEMEB.Y - THROTTLE

3 VALVE. TRROTTLE
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AIR INLET

NA Da594.5Y

1 VALVE ASSEMBLY - IDLE AIR CONTROL (1AC)

2 SENSOR.THROTTLE POSITION (TP)
MP 1314.4%§

Figure 9- IAC Vaive Air Fiow Diagram
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1 THROTTLE BODY ASSEMBLY 6 FUELRAIL 10 MFIINJECTOR

2 UPPERINTAKE (PLENUM) 7  O-RING 11 FUEL PUMP

3 IATSENSOR 8 LOWERINTAKE 12 FUEL FILTER

& PUELPRESSURE REGULATOR 9 ECTSENSOR 13 QUICK CONNECT FITTING

S  DISTRIBUTOR ’6{?‘:'39‘36

Figure 12 - Big Block Fuel Rail and Throttle Body Assemblies
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MARINE ELECTRONIC FUEL INJECTION (MEFI)
SECTION 5

DIAGNOSES

This section will be used to perform diagnostic procedures on the Marine Electronic Fuel Injection
equipped engines. The section describes system circuits and flow charts used to diagnose the circuits. 1t
will be used to correct Diagnostic Trouble Codes (DTCs) by following flow charts for elther non scan or scan
tool use. This section contains the On-Board Diagnostic (OBD) System Check that is the first step 1o
perform before any further diagnoses or before repsirs are made to the MEF| system.

The assumption is made that on all diagnosis charts, the engine is equipped with GM Marine
ECM, sensors, wiring hamess, fue! components, and ignition components. The wiring schematics
and circuit identifications are for the GM MEF! originally equipped wire hamess.

The voltages shown and charts are prepared with the requirement that the system functioned
correctly at the time of assembly and that there are no multiple failures.
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MFI DIAGNOSIS .3

ECM
INTAKE AIR
TEMPERATURE
(1AT) SENSOR
A 472 TAN —{ 11-24 | INTAKE AIR TEMPERATURE (1AT)
Z SENSOR SIGNAL
,,,,, .

THROTTLE
POS!TION (TP) - [ 417 DK BLY —ln.w TRROTTLE POSITION
SENSOR {TP)SENSOR SIGNAL
416 GRY -|J1-1S +SVOLTS
REFERENCE

LN
8 910 WHT -ln-zs TRIM SIGNAL
ar 813 8LK
e B13BLK
813 BLK -|n-13 SENSOR GROUND
e 813BiK
';’:;‘éf?,%? ¢ Q16E GRY = J1-31 | <5 VOLTS REFERENCE
n(azgnz [2:5 432LTGRN =1 J1-5 | MaP SIGNAL
S!NSO)ﬁ A |- glaBLx

MANIFOLD

vacuum 814 8Lk 41-29 | SENSOR GROUND

l &4 P 814 BLK
ENGINE COOLANT
TEMPERATURE (ECT)
SENSOR _i

g 410 YEL J1-2 | ENGINE COOLANT TEMPERATURE
‘ N SIGNAL

6-17-93
MS $1194-6E

Figure 2 - MFI Wiring Diagram (2 ot 4)
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MFI DIAGNOSIS .5

ECM

TO IGN COIL TERM “B*
MEFISYSTEM RELAY

PPL I
FROM IGN — ?3“ 86 2000 T o} 15081k TO FUEL PUMP RELAY FUSE
o INJECM FUSE
P 2RED =] 30 [——2 _»- 87 [~ S02RED 439 PN BLK ~] 51-11 | IGNITION FEED
2RED
439 PNKBLK 439 PNKBLK
TO INJECTORS TO kS MODULE

440 ORN J1.32 | BATTERY FEED

440 ORN —l J1-16 | BATTERY FEED

FROM
FUSE

™

NOT
A Juseo
)

KSMODULE =1 [t 1 knocxs: v
c 285 BLK —1 J1-1 | KNOCK SIGNAL (KS) SYSTEM
O p—— 486 BRN
-E- 1 ENGINE

= 496 DX BLU 1 = GROUND
o

KNOCK
SENSOR

450 BLK WHT —E £CM GROUND
4SO BLKWHT —E ECM GROUND

8-13.93
MS 11185.-6¢

Figure 4 - MFI Wiring Diagram (4 of &)

T34 MARINEG MF,
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™
™
™
™
™
i
™
& J-2
™ ECM 32 WAY OUTPUT CONNECTOR
ECMPIN CKT (WIRE)
™ NUMBER NUMBER CKT (WIRE) COLOR CIRCUIT DESCRIPTION
fm 2.1
(W\ -2
32-3
M’“ J) -8
s J2-5% 468 LY GRN INJECTORDRIVER (CYL'S 1,4.6.7)
~ i2-6 453 BLK RED DISTRIBUTOR REF LOW
Ja-? 901 WHT PORT FUEL JUMPER
m\ J2-8 430 PPLW=T DISTRIBUTOR REF MIGH
™ 12-9 a6s DK GRN WHT FUEL PUMP RELAY DRIVE
m J2-10
3211 112 DR GRN COOLANT LAMP OUTPUT (OPTIONAL)
@ 12-12 914 PPL RPM REDUCTION WARNING BU22ER (OPTIONAL)
™ 2-13 aa2 BLU BLK IDLE AIR CONTROL (1AC) COWL A" LOW
e i2-18 443 GRN WHKT IDLE AR CONTROL IAC) COIL "B™ MIGH
™ 12-15 aso BLKWHT FUEL INJECTOR GROUND
J2-16
™ 1217
™ $a-18
o~ 12-19
12-20 450 BLX WHT FUEL INJECTOR GROUND
@' n”-1 467 DX BLU INJECTORDRIVER (CYL'S 2.3.5.8)
™ 3222 . 901 WHT PORT FUEL JUMPER
P 12-23 a23 WHT IGNITION CONTROL (1)
J2-28 424 TAN BLK 1ICBYPASS
™ J2-28
o J2-26 912 DK BLL 10°LUID WATER ELOW LAMP - QUTPUT (OPTIONAL)
(m 312-27 3 TaN Ol PRESSURE LAMP QUTPUT (OPTIONAL)
M J2-28 as1 Bil WHT IDLE AIR CONTROL {(1AC) COIL “A" HIGH
12-29 444 GRN BLK IDLE AIR CONTROL (1aC) COIL “B” LOW
™ 1230 930 GRY i LEVEL LAMP OUTPUT (OPTIONAL]
) -3 819 BRN WHT M. FUNCTION INDICATOR LAME QUTPUT (OPTIONAL)
J2- 3
™
6.22.93
™ MS 11766
™
™
™
i



8- MFI DIAGNOSIS

TYPICAL SCAN TOOL DATA DEFINITIONS

ECM DATA DESCRIPTION

A list of explanations for each data message
displayed on the scan tool begin's below.

This information will assist in tracking down
diagnostic problems, since the displays can be viewed
while the vehicle is being driven. See the “On-board
Diagnostic (OBD) System Check” for additional
information.

ENGINE SPEED - Range 0-9999 RPM - Engine speed is
computed by the ECM from the reference input. It
should remain close to desired idle under various
engine loads with engine idling.

DESIRED IDLE - Range 0-3187 RPM - The idle speed
that is commanded by the ECM. The ECM will
compensate for various engine loads to keep the engine
at the desired idle speed.

ENGINE COOLANT TEMP - Range -40° to 151°C, -40° to
304°F - The Engine Coolant Temperature (ECT) sensor
is mounted in the coolant system and sends engine
temperature information to the ECM. The ECM
supplies § volts to the ECT sensor circuit. The sensor
is a thermistor which changes internal resistance as
temperature changes. When the sensor is cold
(internal resistance high), the ECM monitors a high
signal voltage which interprets it as a cold engine. As
the sensor warms (internal resistance decreases), the
voltage signal will decrease and the ECM will
interpret the lower voltage as a warm engine.

MAP - Range 11-105 kPa/0.00-5.10 Volts - The
Manifold Absolute Pressure {MAP) sensor measures
the change in the intake manifold pressure which
results from engine load and speed changes. As intake
manifold pressure increases, the air density in the
intake manifold also increases and additional fuel is
required.

KNOCK RETARD - Range 0° to 45° - Indicates the
amount of spark advance the ECM is removing from
IC in response to the Knock Sensor (KS) signal

KNOCK SIGNAL - Scan Tool Displays “YES” or “NO" -
Indicates whether or not a knock signal iz being
detected by the ECM. Should display "NO" at idle.

BARO - Range 11105 kPa/0.00-5.10 Volts - The BARO
reading displayed is measured irom the MAP sensor at
the "ON," engine "OFF” and WOT cond:tions The
BARO reading displayed represents barometric
pressure and is used to compensate for altitude
differences.

THROT POSITION - Range 0-5.10 Volts - Used by the
ECM to determine the amount of throttle demanded by
the driver. Should read .36-.96 volt at idle to above 4
volts at wide open throttle.

THROTTLE ANGLE - Range 0 - 100% - Computed by the
ECM from TP sensor voltage (Throttle Position) and
should read 0% at idle and 100% at wide open throttle.
Refer to DTC 21 if TP sensor angle is not 0% at idle.

SPARK ADVANCE - Tech 1 Range -90° to 90° - This is a
display of the spark advance (IC) calculation which the
ECM calculates and then provides all spark advance to
the ignition system. The ECM computes the desired
spark advance using data such as engine temperature,
RPM, load, vehicle speed. and operating mode. There
is no adjustment for spark advance.

IDLE AIR CONTROL - Range 0-255 - Displays the
commanded position of the idle air control pintle in
counts. The higher the number counts. the greater the
idle air passages opened.

INJECTOR PULSE WIDTH - Scan Tool - Range 0.0 to
999.9 - Indicates in milliseconds the time the injectors
remain "ON.” When engine load is increased, injector
pulse width will increase

PROM ID . Range 0 to 99999 - The PROM
identification describes the particular PROM being
used in the ECM. The scan tool display number is not
the service part number.

SYSTEM VOLTAGE - Range 0.0 to 25.5 Volts - This
represents the system voltage measured by the ECM.

TIME FROM START - Range 0:00:00 to 18:12:15
HR.MINSEC - A measure of how long the engine has
beer running. \When the engine stops, it is reset to
zero.

INT AIR TEMP (IAT) - The ECM converts the resistance
of the irtake air temperature sensor to degrees. Intake
Air Temperature 'IAT) can be used by the ECM to
adjust fue! delivery and spark timing according to
oncoming uir density

7-6-93
PS 18345

1994 MARINE MFI



MFI DIAGNOSIS .g

those times and may not pertain to all engines.

DIAGNOSTIC TROUBLE CODE (DTC) IDENTIFICATION

The Malfunction Indicator Lamp (MIL) will be "ON" if the malfunction exists under the condition listed below.
If the malfunction clears, the lamp will go out and the Diagnostic Trouble Code (DTC) will be stored in the
ECM. Any DTCs stored will be erased if no problem reoccurs within 50 engine starts.

NOTICE: There are time periods (instantly or up to 1 minute) that can be programmed in the ECM before
the MIL comes "ON" or the DTC will set if a probable cause from below continues. In doing diagnosis for
an intermittent, a wiggle of a wire or connector might not set the DTC. The times below are an example of

DTCAND CIRCUIT

PROBABLE CAUSE

DTC 14 - Engine Coolant temperature (ECT) Sensor
Circuit. High or low temperature indicated.

Sets if the sensor signal line becomes grounded or
connections or wires opened for 3 seconds.

DTC 21 - Throttle Position (TP) Sensor Circuit. Signal
too low or too high.

TP signal inconsistent with RPM and MAP,or a
shorted to ground or opened signal circuit.

DTC 23 - Intake Air Temperature tIAT) Sensor
Circuit. High or low temperature indicated.

Sets if the sensor, connection, or wires open or shorted
to ground for 3 seconds.

DTC 33 - Manifold Absclute Pressure (MAP) Sensor
Circuit. Signal voltage too high or too low.

MAP sensor output too high for 3 seconds or ar. open
signal circuit, or low or no output from sensor with
engine running, MAP inconsistent to RPM and
throttle position. '

DTC 42 - Ignsuor Control (JC) System. 1C not
receiving correct voltage.

ECM has seen an opened or grounded IC or bypass
cireuit.

DTC 43 - Krock Sensor tKS) Circuit. High volts or low
volt signal indicated

KS circuit has been opened or grounded for 58 seconds

DTC 51 . Fault EEPRO)N

Faulty EEPROM or EC)M.

CLEARING DIAGNOSTIC TROUBLE CODES
(NON-SCAN)

tool

Turn ignitior. switch to "ON." engine not running
Select "Service” mode o MDTC 00!

Move the throttie 0% (idle) to 100% (WOT) and
back to 0%%. ,

5. Select "Normal” mode on MDTC tool. (If this step
is not performed, the engine may not start and
run)

e W 1O

6. Swartengine and runfor at leas: 20 seconds.

7 Turn ignition switch to "OFF" for at least 20
secencs

8 Turn igrition switch to "ON.” Engine not

running.

9 Select "Service” mode cr the MDTC teol and verify
DTC 12a=!v Remove MDTC tool

If orizira! DTCs are still present. cneck "Notice”
below anc repeet the DTC clearing precedure

il IV new DTCs ore dispiaved. perform On-Board
D.agrostc-OBD :vstem crneck

-
Qo

1 Ins:tall Marine Diagnostic Trouble Code 'MDTC) .

CLEARING DIAGNOSTIC TROUBLE CODES
(SCAN)

Irstall scan tool.

Start engine

Select ciear DTCs function

Clear DTCs

Turn ignition “"OFF" for 20 seconds

Turn ignition "ON" and read DTCs If DTCs are
siill present, check "Notice” below and repeat
following from Step 2.

DU W N -

NOTICE: When clearing DTCs with or without the
use of 3 scan toal. the hattery must he fully charged
and cranking speed must be a1 least 200 RPM The
ability to clear DTCs is directly dependent on battery
being fully charged and able to crank engine with
adequate cranking RPM.

7-6-93
o5 18408
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10- MFI DIAGNOSIS

MEFI ON-BOARD DIAGNOSTIC (OBD) SYSTEM CHECK

The On-Board Diagnostic (OBD) System Check is an organized approach to ident
an electronic engine control system malfunction. It must be the starting point for

diagnosis, because it directs the service technician to the next logical step in diagnosing the complaint.

The scan tool data listed in the table may be used for comp
finding the on-board diagnostics functioning properly and n
Values™ are an average of display values recorded from norm
what a normally functioning system would typically display.

A SCAN TOOL THAT DISPLAYS FAULTY DATA SHOULD NOT BE USED, AND THE PROBLEM
SHOULD BE REPORTED TO THE MANUFACTURER. THE USE OF A FAULTY SCAN CAN RESULT IN
MISDIAGNOSIS AND UNNECESSARY PARTS REPLACEMENT.

Only the parameters listed below are u
values are not recommended for us

"Symptoms” section.

sed in this manual for diagnosing. If a scan reads other parameters, the
e in diagnosing. If all values are within the range illustrated, refer to

SCAN TOOL DATA
Idle /Warm Enqgine / Closed Throttie / Neutral

ifyingq problem created by
any driveability compiaint

arison, after completing the OBD system check and
o diagnostic trouble codes displayved. The “Tvpical
ally operating vehicies and are intended to represent

Time From Start

0:00-1092.00 Hrs

Scan Position Units Displayed Typical Data Value
-E'ngme Speed RPM 650-700 RPM
Desired Idle RPM 655-700 RPM
Coolant Temp CF 65-75°C
Intake Arr Temg. N/A N/A
MAP kPa, v 1- 3 Volts (Depends on Vacuum ang Baro Pressure)
| Baro kP3 V. 3-5 Volts (Depends on Alutude and Baro Pressure)
Throt Position Volts .78 volts
|Throttie Angle 0-100% 0-1009:
Fuel Consumption GPH 1.7GPH
Inj Pyise Width mSec. 25-35 mSec.
Spark Agvance # of Degrees 6-26°
KS Enabled No/Yes Yes
Knock Retard Degrees of Retard 0*
Knock Signal No/Yes No
Igie Air Control Counts (Steps) 0-30
M:n 1AC Posit:on Counts (Stens) 0-60
Trim Sensor Volts 0.00 volts
Batv!IGN Volts Volts 120-14 5Volts
Matfuncuion indicator 0#/0n Off
Lamp
|Fuel Pump Relay O#/On On
RPM: Reduction No/Yes No
Engine Speed RPM 650 - 700 ’/PM
Overneat Detected No/Yes NoO
Lo Ol Pressure Sw. OK/Low Pressure oK
Lo Oul Level Sw. OK/Low oK
Lo Water Flow Sw. OK/Low Flow OK
Trans Temp Sw. OK/Hot oK
YO Flu'd Level OK/Low oK
Emerg Stop Mode No/Yes NO
Over Trim Detect No/Yes No —
ECM Master/SLV Slave/Mlaster Master (Lsapie For Twin Engine Diagnos:s)
Eng Hour Meter Hrs-Min (Desendent on Engine Run Time)
Fue! System Config. MFI/T8I MF: (Depends On Fue! System Configurat.on)

0000 Hr:Min (Dependent on Engine Run Time)

7-13-93
MS 12853
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12- MFI DIAGNOSIS

IN-LINE CONNECTOR
{TWIN ENGINE APPLICATION ONLY)

ECM

461 ORN.BLK J1-18 | SERIALDATA

’ 4SO BLKWHKT J1-14 | ECM GROUND
%._C |
DATA LINK
CONNECTOR (DLC) 450 BLKWHT

31-30 | ECM GROUND

FROM ECM I . _4
IME! (X ]a 450 BLKWH?T I
il 451 WHT.BLK 117 | DIaGNOSTIC
o “TEST- TERMINAL
H]C
Glo
T_ 440 ORN —rfe 419 BRN.WHT 12-31 mg}c’g;‘g'&"m (L)
-q FROM o .
MARINE /@‘ wy F3oM 439 PNK BLK 51-11 | IGNITION FEED
DIAGNOSTIC
TROUBLE CODE
(MDTC) TOOL
“MIL

C 440 ORN 11-32 | BATTERY FEED
440 ORN 11-16 | BATTERY FEED

ALELAE [ A

6-22-93
MS$ 11675

CHART A-1
NO MALFUNCTION INDICATOR LAMP (MIL)

[MARINE DIAGNOSTIC TROUBLE

Circuit Description:

CODE (MDTC) TOOL INSTALLED]

When the Marine Diagnostic Trouble Code (MDTC) tool is ins:alled, it plugs into the DLC terminals “F" and
“E" Itreceives voltage through CKT 440 terminal “F" Termiral “E" is ground through CKT 419 from the ECM
termirai "J2.31" There should always be a steady Malfunction Indicator Lamp «MIL) when the ignition is "ON"
and engire not running. The ECM will control the light and turn it "ON™ by providing ground.

Chart Test Description: Numberts! below refer

te circled numberts: on the diagnostic chart. They are

reference numbers, not steps to perform chart.

1. This step ensures that battery voltage is available
to terminal “F" of the DLC and to supply voltage
tothe ECM.

2 This step checks for ground present in DI.C
terminal "E”. This indicates that the ECM is
capable of completing the graund t the MIL

3 This step isolates the cause of ircomplete ground
to either a wiring or ECM circuitry

Diagnostic Aids: Engine runs OK, check.

® Faulty light bulb.

® CKTd419open.

Engine cranks but will not run, check:

® Continuous battery feed circuit breaker open.
ECM fuse open.

Battery circuit to ECM open.

Ignition circuit to ECM open.

Poer conrection to ECM.

Faulty ECM ground circuit(s)

Perform MEFI system relay check.

1994 MARINE *°¢°
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14- MFI DIAGNOSIS

IN-LINE CONNECTOR
(TWIN ENGINE APPLICATION ONLY) ECM
461 ORN.BLK —E SERIAL DATA
450 BLKWHT —E ECM GROUND
l’{ |
CONNECTORIDLE) 450 BLKWHT —E ECM GROUND
FROM ECM —e
OME! k| a 450 BLKWHT —4|l
1{s 451 WHT/BLK —E DIAGNOSTIC
“TEST" TERMINAL
Hjc
Glo
+_ 440 ORN Fle 419 BRN.WHT _E méféﬂ?él‘&"mp (ML)
FROM e 439 PNKBLX —E IGNITION FEED
MARINE @ INJ ECMF
DIAGNOSTIC = FCMFuSE
TROUBLE CODE
(MDTC) TOOL
MiL C 440 ORN —E BATTERY FEED
480 ORN =1 )1-16 | BATTERY FEED
6-22-93
MS 11575

CHART A-2

NO DLC DATA OR WILL NOT FLASH DTC 12

MALFUNCTION INDICATOR LAMP (MIL) “ON” STEADY
(MARINE DIAGNOSTIC TROUBLE CODE (MDTC) TOOL INSTALLED]
Circuit Description:

When the Marine Diagnostic Trouble Code (MDTC) tool is installed, it plugs into the Data Link Connector
(DLC) terminals "F” and "E". It receives voltage through CKT 440 terminal “F". Termina! "E"” is ground
through CKT 419 from the ECM termiral "J2-31". There should always be a steady Malfunctior Indicator Lamp
(MIL) when the ignition is "ON" and engine not running. The ECM will control the light and turn it "ON" by
providing ground.

When the diagnostic “test” terminal on the DLC is grounded by jumping terminal “B” to termina! "A", the
ground circuit is completed. The MIL will flash a DTC 12 followed by any DTCs stored in memory.

A steady light suggests CKT 419 is shorted to ground or an open in CKT 451 from the ECM to DLC.

Chart Test Description: Number(s) below refer 2. If the light goes "OFF.” when the ECM connector

to circled number(s) on the diagnostic chart. Theyv are is disconnected. CKT 419 is not shorted to ground
reference numbers, not steps to perform chart 3 This step will check for an open diagnostic CKT
1 Ifthereis a problem with the ECM that prevents a 451.
scan tool from reading serial data. the FCM will 4. At this point, the MIL wiring is OK. If DTC :2
not flash a DTC 12. If DTC 12 is flashing, check does not flash, the ECM should be replaced.
CKT 451 for short to ground. If DTC 12 does flash,
make sure that the scan tool is working properly NOTICE: Before replacing ECM. check the
on another vehicie MDTC tool on another engine to mahe sure it is

working properly.

1992 MARINE MF!
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