
Section 07 ENGINE MANAGEMENT (DI)
Subsection 01 (OVERVIEW)

OVERVIEW

OPERATING PRINCIPLE
The Orbital Combustion Process (OCP) provides
a stratified combustion process resulting from
the direct injection of a finely atomized fuel spray
(less than 10 microns). This is achieved by using
a pneumatically assisted direct injection system,
a unique combustion chamber geometry and a
precise control of the combustion process by the
MPEM (Multi-Purpose Electronic Module).

AIR INDUCTION
Air for combustion is drawn directly at the base
of the engine through two 46 mm throttle bodies.
The air flow is controlled by two throttle plates.
The air continues through the reed valves into the
crankcase.
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TWIN 46 MM THROTTLE BODIES
1. Throttle position sensor (TPS)

AIR COMPRESSOR SYSTEM
The air compressor supplies the compressed air
required for fuel atomization in the air injector. It
is integrated with the engine and mechanically
driven by the counterbalance shaft. It also sup-
plies the air pressure required to operate the RAVE
valves.
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FUEL DELIVERY SYSTEM

BASIC OPERATION
When the piston reaches the correct position,
the MPEM opens the fuel injector and fuel is
discharged into a cavity inside the direct injector.
Next, the direct injector opens and the fuel is dis-
charged into the combustion chamber by the com-
pressed air which breaks the fuel up into a very
fine mist in the process. This air/fuel mixture is
then ignited by the spark plug.
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AIR/FUEL RAIL ASSEMBLY
�
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TYPICAL
1. Air/fuel rail
2. Fuel injector
3. Fuel pressure regulator
4. Air pressure regulator
5. Air inlet hose
6. Fuel inlet
7. Air return
8. Fuel return

The air/fuel rail assembly is mounted on top of the
cylinder head. It provides support for the air/fuel
injectors and both air and fuel regulators. It also
contains passages for the air and the fuel. The
rail is a small reservoir for the injectors that keeps
enough fluid at the proper pressure to supply the
injectors demand.

Fuel Injector
Fuel injectors are used to provide fuel from the
fuel rail to the direct injector.

Fuel Pressure Regulator
A fuel pressure regulator controls the pressure in-
side the fuel rail, and allows the excess of fuel to
return to the fuel tank. The fuel pressure regu-
lator regulates the fuel pressure at approximately
185 kPa (27 PSI) higher than the air pressure in
the fuel rail. The back side of the diaphragm is ex-
posed to the air rail pressure. As the air pressure
increases in the fuel rail, the fuel pressure needed
to open the regulator will increase equally.
The differential pressure regulation utilizes the air
pressure reference signal to maintain constant
pressure drop across fuel injector orifice.
The initial operating pressure of the regulator is
preset by the manufacturer and is not adjustable.

Direct Injector
Also called air injector, two direct injectors (one
per cylinder) are used to inject air/fuel mixture into
the combustion chamber.

Air Pressure Regulator
An air pressure regulator regulates the pressure of
air delivered by the air compressor.
It regulates the pressure developed inside the air
passage to approximately 550 kPa (80 PSI).
The initial operating pressure of the regulator is
preset by the manufacturer and is not adjustable.

FUEL PUMP MODULE

���)���

The fuel pump module is located inside the fuel
tank. The module includes the fuel pump and the
fuel level sensor.

Fuel Pump
It operates at a nominal pressure of approximately
735 kPa (107 PSI).

Fuel Filter
A mesh filter is located at the bottom of the fuel
pump module inside the fuel tank. An inline fuel
filter is also installed on the fuel line going to the
fuel rail.
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ELECTRONIC MANAGEMENT

MPEM (MULTI-PURPOSE
ELECTRONIC MODULE)
The electronic fuel injection is equipped with a
MPEM. It is also called ECU (Electronic Control
Unit). It is the brain of the electrical system/fuel
injection system.
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TYPICAL
1. Multi-purpose electronic module (MPEM)

The MPEM is mounted in the front of the water-
craft.

The MPEM is directly powered by the battery. It
is responsible for the following engine manage-
ment/ electrical functions:
– interpreting information
– distributing information
– start/stop function
– DESS (Digitally Encoded Security System)
– ignition timing maps
– injection maps (fuel injector and direct injector)
– MPEM contains a total of 34 maps (injection

and ignition) for optimum engine operation in all
conditions

– engine RPM limiter
– etc.
The MPEM features a permanent memory that
will keep the programmed safety lanyard(s) active,
fault codes and other vehicle information, even
when the battery is removed from the watercraft.

MPEM — General Functions
Safety Lanyard Reminder
If engine is not started within 5 seconds after
installing the safety lanyard on its post, 4 short
beeps every 3 second interval will sound for ap-
proximately 2 hours to remind you to start the en-
gine or to remove safety lanyard. Afterwards, the
beeps will stop. The same will occur when safety
lanyard is left on its post 5 seconds after engine is
stopped.
Always ensure safety lanyard is not left on its post
after engine is stopped.
IMPORTANT: Leaving the safety lanyard on its
post when engine is not running will slowly dis-
charge the battery.

Antistart Feature
This system allows starting the vehicle only with
safety lanyard(s) that has been programmed to op-
erate a specific watercraft. This functionality is
the DESS system. See below for details.

Digitally Encoded Security System (DESS)
The following components are specially designed
for this system: Multi-Purpose Electronic Mod-
ule (MPEM), safety lanyard cap and safety lanyard
post.
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The safety lanyard cap contains a magnet and a
ROM chip. The magnet actually closes the reed
switch inside the post which is the equivalent
of a mechanical ON/OFF switch. The chip has a
unique digital code.
The DESS circuitry in the watercraft MPEM is ac-
tivated at the factory. Therefore, a safety lanyard
must be programmed to start the engine.
NOTE: Actually, it is the memory of the MPEM
which is programmed to recognize the digital code
of the safety lanyard cap. This is achieved with the
MPEM programmer (P/N 529 035 878) or the VCK
(Vehicle Communication Kit) (P/N 529 035 981).
Refer to their operation manual or help system to
program a safety lanyard.
The system is quite flexible. Up to 8 safety lan-
yards may be programmed in the memory of the
watercraft MPEM. They can also be erased indi-
vidually.
The MPEM also offers a special safety lanyard
– the Sea-Doo LK™ (learning key) – which can
be programmed so that the vehicle can be run
only at a limited speed – approximately 48 km/h
(30 MPH). Such feature is ideal for first time riders
or renters.

� WARNING

When programming a Sea-Doo LK™ (learn-
ing key), use only a lanyard that is identi-
fied for that purpose. Otherwise, a customer
could use a vehicle with a greater speed than
he was expecting.

NOTE: If desired, a safety lanyard can be used on
other watercraft equipped with the DESS. It only
needs to be programmed for that watercraft.
When connecting a safety lanyard cap on the post,
the DESS is activated and will emit audible signals:
– 2 short beeps indicate a working safety lanyard.

Engine starting can take place.
– 1 long beep indicates a wrong safety lanyard

is being used or that something is defective.
Engine starting is not allowed.

The MPEM features a self-diagnostic mode. Re-
fer to DIAGNOSTIC PROCEDURES subsection for
more information.
The memory of the MPEM is permanent. If the
battery is disconnected, no information is lost.

When ordering a new MPEM from the regular
parts channel, the DESS circuitry will be activat-
ed.

Gauges Current Supply
When installing the safety lanyard it activates the
reading of gauges without the engine running. It
will give access to most functions of the informa-
tion center gauge without starting the engine.
NOTE: The fuel pump will be activated for 2 sec-
onds to build up pressure in the fuel injection sys-
tem, only when connecting the safety lanyard cap
to the post.

Engine Starting
If the MPEM recognizes a valid safety lanyard, it
allows engine to start when the start/stop button
is pressed.
If start/stop button is held after engine has started,
the MPEM automatically stops the starter when
the engine speed reaches 1000 RPM.
If start button is activated while the throttle lever
is depressed more than 70%, the engine will not
be allowed to start.

Engine RPM Limiter
The MPEM will limit the maximum engine speed.

Engine Stopping
There are 2 ways to stop the engine.
Press start/stop button or remove the safety lan-
yard cap from its post.

Low-Fuel and Low-Oil Level Warning Device
When the fuel level in the reservoir is low, the fuel
level sensor transmits a signal to the MPEM. The
MPEM sends out signals to the beeper and to the
information center gauge.
When the oil level is low in the reservoir, the
MPEM sends out a signal to the information
center gauge and the pilot lamp on the gauge will
turn on.

Power Distribution
A power supply cut-off relay isolates the battery
from the electrical system to prevent battery drain.
When the safety lanyard is installed, the relay then
supplies current to the MPEM.
The relay is located in electrical box cover.
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The MPEM distributes power from battery to all
accessories (except bilge pump which is connect-
ed to battery power). Accessories are protected
by fuses integrated in the MPEM, in fuse holder(s)
close to MPEM or in the electrical box. Fuses are
identified besides their holder.
IMPORTANT: The sensors and injectors are con-
tinuously powered with the supply from the bat-
tery. The MPEM switches the ground to com-
plete the electrical circuits it controls. Take this
into account when troubleshooting the electrical
system.
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MPEM — ENGINE MANAGEMENT FUNCTIONS
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This engine management system controls both
the fuel injection and the ignition timing.
As shown in the DI CONTROL SYSTEM illustra-
tion, the MPEM is the central point of the fuel in-
jection system. It reads the inputs, makes com-
putations, uses pre-determined parameters and
sends the proper signals to the outputs for proper
engine management.
The MPEM also stores the fault codes and general
information such as: operating conditions, vehicle
hours, serial numbers, customer and maintenance
information.

Electronic Fuel Injection
The MPEM reads the signals from different sen-
sors which indicate engine operating conditions at
milli-second intervals.
Signals from sensors are used by the MPEM to
determine the injection parameters (fuel maps) re-
quired for optimum air-fuel ratio.
The CPS and both TPS are the primary sensors
used to control the injection and ignition timing.
Other sensors are used for secondary input.
NOTE: The EGTS does not provide control inputs
to the MPEM. Its sole purpose is to protect the
exhaust system components by emitting a warn-
ing signal in the event of overheating.

Ignition Timing
The MPEM is programmed with data (it contains
ignition mappings) for optimum ignition timing un-
der all operating conditions. Using engine operat-
ing conditions provided by the sensors, the MPEM
controls the ignition timing for optimum engine op-
eration.

Knock Sensor
A knock sensor is mounted on top of the cylinder
head. It detects specific vibration that would be
typically generated by engine detonation. If deto-
nation occurs, the knock sensor detects it and the
MPEM retards the ignition advance temporarily (it
goes in a specific mode) until detonation stops.

Engine Modes of Operation
The MPEM controls different operation modes of
the engine to allow proper operation for all pos-
sible conditions: Cranking, start up, idle, warm
up, normal operation, Sea-Doo LK™ (learning
key) (limited vehicle speed), engine speed limiter,
flooded engine and limp home (see below).

Flooded Engine (drowned mode)
If the engine does not start and it is flooded, pro-
ceed as follows:
Remove spark plug cables and connect them on
the grounding device.
Remove spark plugs and dry them using a rag.
Cover spark plug holes with a rag.
While engine is stopped, depress and HOLD the
throttle lever at full throttle position for cranking.
Crank the engine several times.
A 1 second beep every second indicates the
drowned mode is active.
NOTE: Proceeding in this order, no fuel is injected,
no ignition occurs and the accumulated fuel in the
engine will be expelled.
In case of water-flooded engine, if water does not
completely go out, it may be necessary to remove
the air intake silencer then to lean the vehicle so
that water can flow out from throttle bodies.
Reinstall spark plugs and connect cables.
Start engine normally without applying the throt-
tle.

Monitoring System
The MPEM monitors the electronic components
of the fuel injection system and some compo-
nents of the electrical system. When a fault oc-
curs, it sends visual messages through the in-
formation center and/or audible signals through a
beeper to inform you of a particular condition. Re-
fer to the DIAGNOSTIC PROCEDURES subsec-
tion for the displayed messages and the beeper
coded signals chart.

Limp Home Modes
Besides the signals as seen above, the MPEM
may automatically use default parameters for the
engine management to ensure the adequate oper-
ation of the watercraft if a component of the fuel
injection system is not operating properly.
Depending on the severity of the malfunction, the
watercraft speed may be reduced and not allowed
to reach its usual top speed.
The engine RPM may be limited to idle if some
critical components fail. In this case, removing
and reinstalling the safety lanyard on its post may
allow retrieving normal operation.
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These performance-reduced modes allow the rid-
er to go back home which would not be possible
without this advanced system. Refer to the DIAG-
NOSTIC PROCEDURES for a complete chart.
If a fault occurs and involves a limp home mode
operation, the DI system will reduce engine RPM
gradually to the proper level.

Diagnostic Mode
The malfunctions are recorded in the memory of
the MPEM. The memory of the MPEM can be
checked using the VCK (Vehicle Communication
Kit) (P/N 529 035 981) to see the fault codes. Re-
fer to the DIAGNOSTIC PROCEDURES subsec-
tion.

IGNITION SYSTEM
The ignition system consist of different sub-sys-
tems where some are interrelated.
Unregulated AC current is produced by the mag-
neto. Part of the AC current is rectified and regu-
lated for the charging system.
A 12 volts battery supplies the Multi-Purpose Elec-
tronic Module (MPEM) with DC current.
Refer to CHARGING SYSTEM.
The following type of ignition system is used:
– Digital Inductive System.

Magneto System
The magneto is the primary source of electrical
energy. It transforms magnetic field into electric
current (AC).
The magneto has a 3 phase-delta wound stator on
18 poles. Capacity is 270 watts.

Ignition Coil
Ignition coil induces voltage to a high level in the
secondary windings to produce a spark at the
spark plug.
Two separate ignition coils receive input from the
MPEM. Each coil provides high voltage to its cor-
responding spark plug.
This ignition system allows spark plugs to spark
independently.

CAUTION: Do not interchange spark plug ca-
bles. The white tape on the ignition coil should
match the white tape on the high tension cable.
Both coils are located inside the electrical box.

���8�9�
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TYPICAL
1. PTO side ignition coil
2. MAG side ignition coil
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COMPONENT INSPECTION AND
ADJUSTMENT
GENERAL
Engine problems are not necessarily related to the
electronic fuel injection system.
It is important to ensure that the mechanical in-
tegrity of the engine/propulsion system is present:
– good jet pump/drive system operation
– good engine compression and properly operat-

ing mechanical components, no leaks etc.
– fuel pump connection and fuel lines without

leaks.
Check the chart in TROUBLESHOOTING section
to have an overview of problems and suggested
solutions.
When replacing a component, always check its
operation after installation.

� WARNING

Air compressor hose may be hot. Use a rag
or gloves or let hose cool down.

FUEL SYSTEM
� WARNING

The fuel system of a fuel injection system
holds much more pressure than on a car-
bureted watercraft. Prior to disconnecting
a hose or to removing a component from
the fuel system, follow the recommendation
described here. Note that some hoses may
have more than one clamp at their ends. En-
sure to reinstall the same quantity of clamps
at assembly.

– Use the VCK (Vehicle Communication Kit)
(P/N 529 035 981) to release the fuel pressure
in the system. Look in the Activation tab of
the B.U.D.S. software.

� WARNING

Fuel lines remain under pressure at all times.
Always proceed with care and use appro-
priate safety equipment when working on
pressurized fuel system. Wear safety glasses
and work in a well ventilated area. Do not
allow fuel to spill on hot engine parts and/or
on electrical connectors. Proceed with care
when removing/installing high pressure test
equipment or disconnecting fuel line connec-
tions. Use the VCK (Vehicle Communication
Kit) to release fuel pressure prior to removing
a hose. Cover the fuel line connection with an
absorbent shop rag. Slowly disconnect the
fuel hose to minimize spilling. Wipe off any
fuel spillage in the bilge. Fuel is flammable
and explosive under certain conditions. Al-
ways work in a well ventilated area. Always
disconnect battery prior to working on the
fuel system. After performing a pressure
test, use the valve on the fuel pressure gauge
to release the pressure (if so equipped).

– Always disconnect battery properly prior to
working on the fuel system.

When the job is done, ensure that hoses from fu-
el rail going to fuel pump are properly secured in
their support. Then, pressurize the fuel system.
Perform the high pressure test as explained in this
section and pressurize the fuel tank and fuel lines
as explained in FUEL SYSTEM section.
Properly reconnect the battery.

� WARNING

Ensure to verify fuel line connections for
damage and that NO fuel line is disconnect-
ed prior to installing the safety lanyard on
the DESS post. Always perform the high
pressure test if any component has been
removed. A pressure test must be done be-
fore connecting the safety lanyard. The fuel
pump is started each time the safety lanyard
is installed and it builds pressure very quick-
ly.
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CAUTION: Never use injector cleaning prod-
ucts. They may contain additive that could
damage injector components. A copper wire
brush may be used to clean the tip of the direct
injectors if necessary.
To check air/fuel rail for leaks, first pressurize the
system then spray soapy water on all hose con-
nections, regulators and injectors. Air bubbles will
show the leaking area. Check also for leaking fuel
or fuel odor.

� WARNING

If any gasoline leak and/or odor are present,
do not start the engine. Repair the leak.

� WARNING

Never use a hose pincher on high pressure
hoses.

ELECTRICAL SYSTEM
It is important to check that the following electrical
system components are functioning properly:
– battery
– fuses
– DESS
– ignition (spark)
– ground connections
– wiring connectors.
It is possible that a component seems to operate
in static condition but in fact, it is defective. In
this case, the best way to solve this problem is
to remove the original part and replace it with one
which is in good condition.
Never use a battery charger to replace temporari-
ly the battery, as it may cause the MPEM to work
erratically or not to work at all. Check related-cir-
cuit fuse solidity and condition with an ohmmeter.
Visual inspection could lead to false results.

� WARNING

All electrical actuators (injectors, fuel pump,
RAVE solenoid, ignition coil and starter sole-
noid) are permanently connected to the bat-
tery positive terminal, even when the safety
lanyard is removed. Always disconnect the
battery prior to disconnecting any electric or
electronic parts.

To perform verifications, a good quality multimeter
such as Fluke 111 (P/N 529 035 868) should be
used.
Pay particular attention to ensure that terminals
are not out of their connectors or out of shape.
The troubleshooting procedures cover problems
not resulting from one of these causes.

� WARNING

Ensure all terminals are properly crimped on
wires and connector housings are properly
fastened.

Before replacing a MPEM, always check electrical
connections. Make sure that they are very tight
and they make good contact and that they are cor-
rosion- free. A “defective module” could possibly
be repaired simply by unplugging and replugging
the MPEM. The voltage and current might be too
weak to go through dirty wire terminals. Check
carefully if posts show signs of moisture, corro-
sion or if they look dull. Clean terminals proper-
ly and then coat them with silicon-based dielectric
grease or other appropriate lubricant (except if oth-
erwise specified) when reassembling them. If the
newly replaced MPEM is working, try the old one
and recheck if it works.
NOTE: Ensure that all electronic components
are genuine — particularly in the ignition system.
Installing resistive caps, non-resistive spark plug
cables (or modified length) or non-resistive spark
plugs may lead to generate fault codes or bad
operation.
NOTE: Diagnostic can be done through the VCK.
See DIAGNOSTIC PROCEDURES section.
After a problem has been solved, ensure to clear
the fault(s) in the MPEM using the VCK. Refer to
DIAGNOSTIC PROCEDURES section.
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Resistance Measurement
When measuring the resistance with an ohmme-
ter, all values are given for a temperature of 20°C
(69°F). The value of a resistance varies with the
temperature. The resistance value for usual re-
sistor or windings (such as injectors) increases
as the temperature increases. However, our tem-
perature sensors are NTC types (Negative Tem-
perature Coefficient) and work the opposite which
means that the resistance value decreases as the
temperature increases. Take it into account when
measuring at temperatures different from 20°C
(69°F). Use this table for resistance variation rel-
ative to temperature for temperature sensors.

TEMPERATURE RESISTANCE (OHMS)

°C °F NOMINAL LOW HIGH

- 30 - 22 12600 11800 13400

- 20 - 4 11400 11000 11800

- 10 14 9500 8000 11,000

0 32 5900 4900 6900

10 50 3800 3100 4500

20 68 2500 2200 2800

30 86 1700 1500 1900

40 104 1200 1080 1320

50 122 840 750 930

60 140 630 510 750

70 158 440 370 510

80 176 325 280 370

90 194 245 210 280

100 212 195 160 210

110 230 145 125 160

120 248 115 100 125

CONVERSION CHART FOR TEMPERATURE SENSORS

The resistance value of a temperature sensor may
test good at a certain temperature but it might be
defective at other temperatures. If in doubt, try a
new sensor.

Also remember this validates the operation of the
sensor at ambient temperature. It does not val-
idate the over temperature functionality. To test
it, the sensor could be removed from the engine/
muffler and heated with a heat gun while it is still
connected to the harness to see if the MPEM will
detect the high temperature condition and gener-
ate a fault code.
When working with injectors, the resistance value
might test good while the complete current would
not flow through the wire when pulsating current
is supplied to the injector in its normal operation.
A solution would be to use a jumper wire to direct-
ly supply the injector from the MPEM. If it now
works, replace the defective wire. A Noid light
(available from after-market tool/equipment sup-
pliers) may also be used to validate the injector
operation.

AMP CONNECTOR PIN-OUT
Use this diagram to locate the terminal numbers
on the AMP connector no. 3 and no. 4 of the
wiring harness when performing tests.

��+���
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AMP CONNECTOR PIN-OUT (WIRING HARNESS SIDE)

QUICK FUEL PRESSURE TEST
� WARNING

Read PRESSURE TEST under AIR/FUEL RAIL
further in this section for precautions and set-
up to take care of, before performing this test.
The procedure here is a quick summary.
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Disconnect outlet hose (the one with the fuel fil-
ter) from fuel pump using tool (P/N 529 035 714).
Connect adapter to pressure gauge as shown.
NOTE: Remove seat and rubber plug underneath
to gain access to fuel pump and hoses.

���8�*�

�

�

1. Pressure gauge (P/N 529 035 709)
2. T-adapter (P/N 529 035 710)

Install pressure gauge between disconnected
hose (inline installation).

�

�
�

���8���

TYPICAL
1. Fuel filter
2. Fuel line going to air/fuel rail
3. Pressure gauge between disconnected hose (inline installation)

Install safety lanyard and observe fuel pressure.
Do not crank engine.

FUEL REGULATOR PRESSURE
(when installing safety lanyard)

185 ± 14 kPa (27 ± 2 PSI)

If pressure is within limits, air/fuel rail is working
adequately. Proceed with the fuel pressure test
below.
If pressure is out of limits, refer to FUEL DELIV-
ERY below and proceed with the tests described
there.
Crank or start engine and observe fuel pressure.

FUEL PRESSURE
(when cranking engine or when

engine is running)

738 ± 14 kPa (107 ± 2 PSI)

If pressure is good, fuel and air systems are work-
ing adequately. No subsequent tests are neces-
sary for the air/fuel system.
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Remove pressure gauge and reinstall fuel hose.
At installation apply engine oil on O-ring.
If pressure is out of limits, proceed with all the
tests.

AIR INDUCTION SYSTEM

THROTTLE BODY

Mechanical Inspection
Check that the throttle plates moves freely and
smoothly when depressing throttle lever. Take
this opportunity to lubricate the throttle cable.
IMPORTANT: The throttle bodies are designed to
be tamper proof. Changing the idle stop or mod-
ifying them in any way will not increase perfor-
mance or change the idle speed.
Before replacing any parts, check the following as
these could be causing the fault. Perform the test
while the engine is not running.
– Throttle cable adjustment too tight. Not return-

ing fully to idle stop.
– Throttle body idle set screw is loose or worn.
– Throttle linkage between the two throttles has

moved.
– TPS is loose.
– Corroded or damaged wiring or connectors.
– Throttle body has been replaced and the closed

TPS reset has not been performed.
– MPEM has been replaced and the closed TPS

reset has not been performed.

Electrical Inspection
Refer to THROTTLE POSITION SENSOR (TPS) in
ELECTRONIC MANAGEMENT below.

Replacement
Removal
To remove throttle bodies from engine, proceed
as follows:
– Remove air intake silencer. Refer to AIR IN-

TAKE section.
– Disconnect TPS connectors.
– Disconnect throttle cable and oil injection pump

cable.
– Detach hoses and remove fasteners retaining

throttle bodies and pull out together.

If only one throttle body replacement is required,
detach them and remove the sealant on idle set
screw head. Gently remove the plastic cap from
the synchronization screw.
Remove TPS, throttle lever, spring and guide from
the old throttle body.

Installation
Reinstall removed parts on the new throttle body.
For TPS replacement procedures, refer to THROT-
TLE POSITION SENSOR (TPS) in ELECTRONIC
MANAGEMENT below.
Properly attach throttle bodies together if previ-
ously detached.

Adjustment
Throttle Body Synchronization
NOTE: If both throttle bodies are replaced togeth-
er with new ones, no synchronization is required
as it has already been set at the factory. Howev-
er, proceed with throttle cable and closed TPS ad-
justments as described below. If only one throttle
body is replaced, proceed with the complete fol-
lowing adjustments. Ensure to perform all the ad-
justments prior to starting the engine. Otherwise,
engine may run at a limited RPM in limp home
mode.
IMPORTANT: The throttle body synchronization is
required only when replacing one throttle body.
Otherwise, do not tamper with it as this is NOT
a regular maintenance procedure.
The master throttle body is the one driven by the
throttle cable. The slave throttle body follows the
master and must be synchronized with the mas-
ter.

smr2004-Complete Line Up 33913



Section 07 ENGINE MANAGEMENT (DI)
Subsection 02 (COMPONENT INSPECTION AND ADJUSTMENT)

����8�>�  * , � �

+�

1. Throttle cable attachment
2. Master throttle body
3. Master throttle plate
4. Slave throttle body
5. Slave throttle plate
6. Idle set screw
7. Lock nut
8. Synchronizing screw with its tamper proof cap

NOTE: In the following illustrations, the lower link
plate has been removed for clarity purposes only.
It does not have to be removed to perform the
adjustment.
Loosen lock nut of idle set screw.
Unscrew idle set screw so that master throttle
plate completely closes in the throttle body. En-
sure screw end clears the lever stopper.

����8�%� �
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1. Unscrew until master throttle plate is fully closed in throttle body
2. Unscrew here
3. Gap here

Remove synchronizing screw and spring between
levers.
NOTE: The 175 resistance mentioned below is
used to open the throttle plates the same amount
on each throttle body to obtain the proper synchro-
nization. It is the equivalent of using a drill bit in
the throttle bore to open throttle plate on carbure-
tors.

Master TPS
Snap throttle plate a few times to ensure it is com-
pletely closed.
Using an ohmmeter, measure resistance between
terminals 2 and 3. Note the resistance value. Add
175 to that value.
Turn idle set screw clockwise until ohmme-
ter reading reaches the computed value above
± 20 .

���8��� ��

1. Measure resistance between terminals 2 and 3
2. Turn screw clockwise to increase resistance

Tighten lock nut.

� WARNING

Do not apply any threadlocker on the screw
threads. The threadlocker may leak off the
screw and onto the throttle mechanism and
cause the throttle to stick.

Recheck reading and readjust as necessary.
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Slave TPS
Install a new synchronizing screw. Screw in and
ensure screw end clears the lever stopper. En-
sure also to keep slave throttle plate completely
closed in the throttle body.

� WARNING

Ensure to use a new screw which is coated
with the proper threadlocker to avoid further
loosening. Do not use the removed screw
even if you were applying any threadlocker.
The threadlocker may leak off the screw and
flow onto the throttle mechanism and cause
the throttle to stick.

�

���8�)�

�

1. Gap here
2. Spring removed

Snap throttle plate a few times to ensure it is com-
pletely closed.
Measure resistance between terminals 2 and 3.
Note the resistance value. Substract 175 from
that value.
Properly reinstall the spring. Ensure that master
throttle plate is still closed.
Turn synchronizing screw clockwise until read-
ing reaches the computed value above ± 20 .

�

����8���

1. Measure resistance between terminals 2 and 3
2. Turn screw clockwise to decrease resistance

Ensure spring is still well positioned on stoppers.
Properly reinstall the plastic cap on the synchro-
nization screw.
Apply Loctite 5900 (P/N 293 800 066) RTV silicone
sealant on idle set screw head.

�

���8���

�

�

1. Plastic cap
2. Wider spaced tabs here
3. Loctite 5900 flange sealant
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� WARNING

Ensure no Loctite product protrudes screw
head.

Throttle Cable Adjustment
Mechanically adjust the throttle cable using the
adjusting device as shown. Slacken lock nut to
allow adjuster rotation. Free-play on lever should
be between 2 and 3.5 mm (1/16 and 1/8 in). When
done, tighten lock nut.

���*8��� �

1. Loosen nut
2. Turn adjuster

CAUTION: Improper cable adjustment will
cause strain on cable and/or damage cable
bracket or throttle lever at handlebar.
Use the vehicle communication kit (VCK) with the
B.U.D.S. software to perform this adjustment.
Choose the Monitoring tab.
Press throttle lever to reach full throttle.
Turn cable adjusting device until throttle opening
meter indicates between 95% and 99%.

Closed TPS Adjustment
Perform the CLOSED TPS ADJUSTMENT as de-
scribed in THROTTLE POSITION SENSOR (TPS)
in ELECTRONIC MANAGEMENT further in this
section.

Injection Oil Pump Cable Adjustment
As oil injection cable is throttle dependent, always
proceed with the oil injection pump cable adjust-
ment after throttle cable adjustment. Refer to LU-
BRICATION SYSTEM.

CAUTION: Improper oil injection pump syn-
chronization with throttle bodies can cause
serious engine damage.

AIR COMPRESSOR

PRESSURE TEST
The pressure test will show the available pressure
from the air compressor.
First ensure there is no leak from compressor
gaskets, hoses and fittings. Soapy water can be
sprayed on components. Repair any leak.
Disconnect hose outlet from air compressor.

���8���

Connect adapters and pressure relief valve to
pressure gauge as shown.
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1. Pressure gauge (P/N 529 035 709)
2. Adapter for air compressor (P/N 529 035 712)
3. T-adapter (P/N 529 035 710)
4. Pressure relief valve (P/N 529 035 711)

CAUTION: Make sure to install pressure relief
valve to allow excess pressure to escape and
to point valve arrow as shown above. Note the
arrow on the valve. Otherwise, air compressor
components might be damaged.
Install pressure gauge to air compressor.
NOTE: To prevent fuel from being injected and
from going out the disconnected hose, use the
drowned engine mode to crank engine. While en-
gine is stopped, depress and HOLD the throttle
lever at full throttle position to crank engine.
Ensure the battery is in good condition to get the
normal cranking speed.
Crank engine and observe air pressure.
NOTE: A 1 second beep every second indicates
the drowned mode is active.

� WARNING

Be careful with pressure relief valve outlet as
compressed air may flow out from it.

MINIMUM AIR PRESSURE
(at cranking)

621 ± 14 kPa (90 ± 2 PSI)

If pressure is within limits, air compressor is work-
ing adequately.

If pressure is below limits, ensure inlet hose is not
obstructed, bent or kinked. Otherwise, repair the
air compressor.
Remove pressure gauge and reinstall air compres-
sor hose.

REPAIR

Top End
Remove retaining screws.
Lift cover then remove compressor head.
Clean all parts in a solvent and visually inspect for
corrosion damage.
Check reed valve plates for cracks, deformation,
dirt or other defects. The reed plates must lie
completely flat against the reed valve body.
Inspect plane surfaces for warpage.
If reed valve is found defective, it is suggested
to replace it then to temporarily reassemble the
compressor to then make a pressure test. If it
fails, check bottom end.
When changing reed valve, ensure to position ring
plate opening so that 2 holes align inside the open-
ing. Holes must not be obstructed by the opening
edges.

� ����8���

1. Reed valve opening
2. Rotate opening to align 2 holes inside without

obstructing the holes

Ensure to position O-ring, around top of cylinder
sleeve.
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1. O-ring on top of cylinder sleeve

Ensure to position screw from the bottom up as
shown. Torque nut to 2.7 N•m (24 lbf•in).

���)���

�(+	
3�
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�

1. Screw from bottom up

CAUTION: Failure to properly position screw
head will lead piston to hit it.
If pressure is still low then continue with BOTTOM
END. Otherwise, remove components again. In-
stall a new gasket, new O-ring, compressor head
and cover. Apply synthetic grease below screw
head and Loctite 243 on threads. Install screws
and torque to 5 N•m (44 lbf•in), then retorque to
11 N•m (97 lbf•in).

Bottom End
To gain access to piston, rings and connecting rod,
engine PTO flywheel must be removed. Refer to
ENGINE section.
Remove engine support and slightly lift engine to
allow access. Block engine in this position.
Remove top end as explained above.
Remove access plug of air compressor connecting
rod.
Remove connecting rod retaining screw.
As a puller, use a M7 x 1.0 x 50 mm screw to
release connecting rod “crankpin”.

����8�,�

1. Use a M7 x 1.0 x 50 mm screw as a puller

Push piston upward with or without the cylinder
sleeve.
Remove rubber plug then push piston pin end to
remove from connecting rod.

Inspection
Clean all parts in a solvent and visually inspect for
corrosion damage.
Clean piston ring grooves with a groove cleaner
tool, or a piece of broken ring.
Check bearings and terminals for wear and heat
discoloration. Check connecting rod for straight-
ness. Replace damaged components.
Inspect piston for damage. Light scratches can be
sanded with a fine sandpaper.
If you find aluminum dust or debris in this area,
some may have traveled toward the injection oil
reservoir. In this case, the oil reservoir and lines
must be flushed and the filter replaced.
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CAUTION: Failure to properly clean the oil sys-
tem will result in serious engine damage.
The inspection of top end should include the fol-
lowing measurements.

TOLERANCES
ENGINE

MEASUREMENT NEW PARTS
(min.) (max.)

WEAR
LIMIT

Piston/cylinder
wall clearance

0.12 mm
(.005 in) N.A. 0.2 mm

(.008 in)

Ring end gap 0.1 mm
(.004 in)

0.25 mm
(.010 in)

0.5 mm
(.020 in)

N.A.: NOT APPLICABLE

Piston/Cylinder Wall Clearance
Clearance can be quickly checked with a feeler
gauge. Insert feeler gauge in cylinder then slide
piston (without piston rings installed). If clearance
exceeds tolerance, check cylinder top area with
your finger to feel if there is a ridge. If so, the
cylinder sleeve is worn and needs replacement.
Otherwise, replace piston.

Ring End Gap
Position ring close to top of cylinder top.
NOTE: In order to correctly position ring in cylin-
der, use piston as a pusher.
Using a feeler gauge, check ring end gap. If gap
exceeds specified tolerance, rings should be re-
placed.

� ����8�+�

1. Top of cylinder
2. Ring end gap

Assembly
Apply injection oil in cylinder and on rings prior to
installing.
Install the oil ring with the “TOP” marking on top.
Identify the correct position by looking at beveled
edge of oil ring and while installation, make sure
that the beveled edge is towards the top of the
piston.

�

���8�0�

�

1. Beveled edge

Position ring openings 180° apart.

����8��

�

1. Ring openings 180° apart
2. TOP marking on this side

Use ring compressor (P/N 529 035 713) and insert
piston in cylinder.
NOTE: Cylinder may be removed from crankcase
to install piston more easily from the bottom.
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When attaching connecting rod to “crankpin”,
strictly follow this procedure:
– Block counterbalance shaft to prevent any rota-

tion.
– Install the “crankpin” (bushing) so that its

grooved end is on the screw head side.

�

��*8���

1. Groove here

– Install a NEW screw and torque to 6.5 N•m
(58 lbf•in). Do not apply any thread locker prod-
uct.

– Turn the screw clockwise an additional 80 de-
grees ± 5 degrees.

CAUTION: Failure to strictly follow this pro-
cedure may cause screw to loosen and lead
to engine damage. The bushing grooved end
must be against the screw head. Besides, as
the “crankpin” screw has been stretched from
the previous installation, it is very important
to use a new screw at assembly. Also, the
new screw will have the proper threadlocking
coating.
Ensure to correctly position O-ring on access cov-
er and install cover.
Reinstall remaining removed parts. Ensure to
check engine alignment.

FUEL DELIVERY

FUEL PRESSURE REGULATOR

Pressure Test
The pressure test will show the available pressure
at the air/fuel rail. It validates the pressure regula-
tor and leaks in the system.

IMPORTANT: Before checking air/fuel rail pres-
sure, make sure the fuel pressure from the fuel
pump and the air pressure from the air compres-
sor are within specifications. See the procedures
elsewhere in this section.
Also ensure there is no leak from hoses and fit-
tings. Repair any leak.
Ensure there is enough gas in fuel tank.
Release the fuel pressure in the system.
NOTE: Remove seat and rubber plug underneath
to gain access to fuel pump and hoses.
Disconnect outlet hose (the one with the fuel fil-
ter) from fuel pump using tool (P/N 529 035 714).
Connect T-adapter to pressure gauge as shown.

���8�*�

�

�

1. Pressure gauge (P/N 529 035 709)
2. T-adapter (P/N 529 035 710)

Install pressure gauge between disconnected
ends (in-line installation).
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�

�
�
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1. Fuel filter
2. Fuel line going to air/fuel rail
3. Pressure gauge between disconnected ends (in-line installation)

Install safety lanyard and observe fuel pressure.
Do not crank engine.

FUEL REGULATOR PRESSURE
(when installing safety lanyard)

185 ± 14 kPa (27 ± 2 PSI)

If pressure is good, fuel pressure regulator is
working adequately.
A rapid pressure drop indicates leakage either
from the air/fuel rail or the fuel pump check valve.
Check air/fuel rail for leaks. If it occurs while
installing safety lanyard on DESS and air/fuel rail
is not leaking, then replace fuel pump.
A slow pressure drop indicates leakage either
from the fuel injector or from the fuel pressure
regulator. Check fuel injector for leaks (see be-
low). If it is not leaking then replace fuel pressure
regulator.
NOTE: Fuel in air compressor outlet line is an in-
dication of a leaking fuel pressure regulator di-
aphragm.
Remove pressure gauge and reinstall fuel hose.
At installation apply engine oil on O-ring.

� WARNING

Wipe off any fuel spillage in the bilge. Fu-
el is flammable and explosive under certain
conditions. Always work in a well ventilated
area.

Fuel Pressure Regulator Replacement
Removal
Release the fuel pressure in the system.
Disconnect spark plug cables from spark plugs.
Disconnect the fuel injector wires, if necessary.

�

���8�)�

1. Push clip toward injector to release connector

Unscrew rail retaining screws.

���8���

� �

1. Retaining screws
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Gently pull rail up by hand, working each side
slightly at a time.
Pull rail out.
Unscrew retaining plate screws.

�

����8��� � � � �

� 

1. Retaining plate
2. Screws
3. Fuel injector
4. Fuel pressure regulator and cover
5. Air pressure regulator

NOTE: If needed, use a small screwdriver to lift
the fuel pressure regulator.
To remove fuel pressure regulator, pull the fuel
regulator and the cover out of rail.

Installation
For the installation, reverse the removal procedure
but pay attention to the following.
If the same regulator is reinstalled, it is recom-
mended to change the O-rings.
Insert the fuel pressure regulator into the cover
then install both regulators together in place with
your hand. Do not use any tool.
NOTE: A thin film of injection oil may be applied
on O-ring to ease insertion in rail.
Apply Loctite 243 on rail retaining screws then
torque to 25 N•m (18 lbf•ft).

FUEL INJECTOR

Leakage Test
Testing the fuel injector operation can be per-
formed with the air/fuel rail installed.
The leakage test is validated when performing the
FUEL DELIVERY SYSTEM DIAGNOSTIC FLOW
CHART elsewhere in this section.

Electrical Test
Safety lanyard must be on DESS post.
Using the vehicle communication kit (VCK) with
the B.U.D.S. software, energize the fuel injector
from the Activation tab.
If the injector does not work, disconnect the con-
nector from the injector.
Install a temporary connector to the injector with
wires long enough to make the connection out-
side the bilge and apply voltage (12 V) to this test
harness.
This will validate the injector mechanical and elec-
trical operation.
If it does not work, replace it.
Otherwise, check the resistance of the fuel injec-
tor circuit.
Reconnect the injector and disconnect the AMP
connector number 4 on the MPEM.
Using a multimeter, check resistance value be-
tween terminals as follows.

COMPONENT TERMINAL LOCATION

Fuel injector MAG 7 and 13

Fuel injector PTO 8 and 14

The resistance should be between 1.7 and 1.9 .
If resistance value is correct, try a new MPEM.
Refer to MPEM REPLACEMENT procedures else-
where in this section.
If resistance value is incorrect, repair the wiring
harness/connectors between AMP connector and
fuel injector.

Fuel Injector Replacement
When any fuel injector is defective, while replac-
ing it, make sure to check the other one as well.
Also check direct injectors. Replace if defective.

Removal
See FUEL PRESSURE REGULATOR REPLACE-
MENT above for procedure. However, do not
remove any regulator.
To remove fuel injector, pull it out of rail.

Installation
For the installation, reverse the removal proce-
dure. Paying attention to the following details.
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If the same injector is reinstalled, carefully inspect
O-ring condition before reinstalling fuel injector.
Replace O-ring with a new one if damaged.
Insert the fuel injector in place with your hand. Do
not use any tool.
NOTE: A thin film of injection oil may be applied
to O-ring to ease insertion in rail.
Apply Loctite 243 on rail retaining screws then
torque to 25 N•m (18 lbf•ft).

AIR/FUEL RAIL

Pressure Test
Crank or start engine and observe fuel pressure.

FUEL PRESSURE
(when cranking engine or when

engine is running)

738 ± 14 kPa (107 ± 2 PSI)

If pressure is within limits, fuel and air systems
are working adequately. No subsequent tests are
necessary for the air/fuel system.
Remove pressure gauge and reinstall fuel hose.
At installation apply engine oil on O-ring.
If pressure is out of limits, check air/fuel rail for
leaks. If it is not leaking then replace air pressure
regulator.
A higher pressure may be an indication of a
pinched or clogged air pressure regulator outlet
line.

Air Pressure Regulator Replacement
Removal
See FUEL PRESSURE REGULATOR REMOVAL
above for procedure.
Remove the fuel regulator then the air pressure
regulator.

Installation
For the installation, reverse the removal procedure
but pay attention to the following.
NOTE: A thin film of injection oil may be applied
to O-ring to ease insertion in rail.
Apply Loctite 243 on rail retaining screws then
torque to 25 N•m (18 lbf•ft).

Air/Fuel Rail Replacement
Removal
Release the fuel pressure in the system.
Disconnect air compressor supply hose from rail.
Disconnect fuel hoses (supply and return) at their
inline connectors.
Temporarily connect these hose ends together to
prevent rail draining.
Disconnect spark plug cables from spark plugs and
fuel injector wires. Cut locking ties of wiring.
Unscrew rail retaining screws.

� � � �
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1. Air/fuel rail
2. Air supply hose
3. Fuel supply hose
4. Retaining screws
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1. Push clip toward injector to release connector

Gently pull rail up by hand, working each side
slightly at a time.
Pull rail out.
Disconnect hose ends at their inline connectors
and drain fuel rail.
Disconnect air and fuel hoses from rail.

�

�
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1. Air and fuel return hoses
2. Fuel supply hose

NOTE: When lifting/removing air/fuel rail, we rec-
ommend replacing carbon dams on direct injec-
tors that have been running for 50 hours or more.
Remove fuel injectors, fuel pressure regulator and
air pressure regulator.

Installation
For installation, reverse the removal process but
pay attention to the following.
NOTE: A thin film of injection oil may be applied
on O-rings of fuel injectors to ease rail installation.
Apply Loctite 243 on rail retaining screws then
torque to 25 N•m (18 lbf•ft).
When connecting fuel or air hose fittings to the air/
fuel rail, use Loctite Krylox (no. 29-719).

DIRECT INJECTOR
When any direct injector is defective, while replac-
ing it make sure to check the other one as well.
Also check fuel injectors. Replace if defective.
The direct injectors can be replaced by lifting the
air/fuel rail.

Leakage Test
If direct injector leaks through its large top O-ring,
there will be an air/fuel leak between the injector
and the air/fuel rail. Replace O-ring of both injec-
tors.
If there is an injector internal leak, the high tem-
perature from the combustion chamber will make
visible overheated area. Replace damaged com-
ponents.

Electrical Test
Using the vehicle communication kit (VCK) with
the B.U.D.S. software, energize the direct injector
in the ACTIVATION section.
If the injector does not work, disconnect the con-
nector from the injector.
Install a temporary connector on the injector with
wires long enough to make the connection out-
side the bilge and apply voltage (12 V) to this test
harness.
This will validate its mechanical and electrical op-
eration.
If it does not work, replace the direct injector.
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Otherwise, check the resistance of the direct in-
jector circuit.
Reconnect the injector and disconnect the AMP
connector number 4 on the MPEM.
Using a multimeter, check resistance value be-
tween terminals as follows.

COMPONENT TERMINAL LOCATION

Direct injector MAG 5 and 15

Direct injector PTO 6 and 21

The resistance should be between 1 and 1.6 .
If resistance value is correct, try a new MPEM.
Refer to MPEM REPLACEMENT procedures else-
where in this section.
If resistance value is incorrect, repair the wiring
harness/connectors between AMP connector and
direct injector.

Direct Injector Replacement
IMPORTANT: Do not remove direct injectors
needlessly. They are sealed with a carbon dam
that may expand when pulled out. A special tool
is required to compress it prior to reinstalling.
Otherwise, sealing efficiency might be affected.
Remove air/fuel rail retaining screws. Partially lift
rail to allow direct injector removal.
Disconnect direct injector connector then pull in-
jector out of cylinder head.

�
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1. Air/fuel rail
2. Disconnect and pull injector out

Compress the carbon dam using tool (P/N 529 035
716).
Carefully install direct injector in cylinder head
paying attention to carbon dam insertion. Ensure
to position connector pointing toward bottom of
cylinder head.
NOTE: A thin film of injection oil may be applied
to carbon dam if necessary to ease insertion in
cylinder head.
Reconnect electrical connector.

���8�;� �
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1. Carefully insert direct injector
2. Connector pointing toward bottom of cylinder head

Reinstall air/fuel rail.

Carbon Dam Replacement
Remove direct injector. See procedure above.
NOTE: When replacing a carbon dam, it is rec-
ommended to replace it on both injectors. It is
also recommended to replace all O-rings. When
servicing air/fuel rail or direct injectors, we recom-
mend replacing carbon dams that have been run-
ning for 50 hours or more.

CAUTION: Never reuse a carbon dam after it
has been removed from the injector. Always
install a new one.
Remove carbon dam and O-ring using a small pick.
Install seal guide (P/N 529 035 715) on end of injec-
tor. Carefully slide carbon dam in injector groove.
Use carbon dam compressor (P/N 529 035 716) to
compress carbon dam evenly.
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FUEL PUMP

Pressure Test
The pressure test will show the available pressure
from the fuel pump.
Ensure there is no leak from hoses and fittings.
Repair any leak.
Ensure there is enough gas in fuel tank.
Use the VCK (Vehicle Communication Kit) to re-
lease the fuel pressure in the system. Look in the
Activation tab of the software B.U.D.S.
Disconnect inlet and outlet hoses from fuel pump
using tool (P/N 529 035 714).
Connect T-adapter and pressure relief valve to
pressure gauge as shown.

� �

�
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1. Pressure gauge (P/N 529 035 709)
2. T-adapter (P/N 529 035 710)
3. Pressure relief valve (P/N 529 035 711)

CAUTION: Make sure to install pressure relief
valve to allow excess pressure to escape and
to point valve arrow as shown above. Note the
arrow on the valve. Otherwise, air compressor
components might be damaged.

Install pressure gauge between disconnected
hoses on fuel pump side (closed-loop installation
on fuel pump). Make sure the pressure-relief
valve is installed on the fuel pump return line side.

�

�

�

�
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1. Fuel pump outlet hose (fuel filter side)
2. Fuel pump return line
3. Fuel relief valve on the return line side
4. Pressure gauge between disconnected hose (inline installation)

Install safety lanyard and observe fuel pressure.

MINIMUM FUEL PUMP PRESSURE
(when installing safety lanyard)

721 kPa (105 PSI)

If pressure is within limits, fuel pump is working
adequately.
If pressure is below limits, ensure fuel filters are
not obstructed. There is one in-line fuel filter at
the fuel pump outlet hose and one filter at the
inlet underneath the pump. Otherwise, replace
the fuel pump.
Remove pressure gauge and reinstall fuel hoses.
At installation apply engine oil on O-ring.
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Electrical Test
When connecting the safety lanyard to the DESS
post, the fuel pump should run for 2 seconds to
build up the pressure in the system.
If the pump does not work, disconnect the con-
nector from the fuel pump.
Install a temporary connector on the fuel pump
with wires long enough to make the connection
outside the bilge and apply voltage (12 V) to this
test harness.

CAUTION: Running pump a few minutes with
reverse polarity can damage the pump.
If pump does not run, replace the fuel pump.
Otherwise, check the continuity of the fuel pump
circuit.
Disconnect the AMP connector number 4 on the
MPEM.
Using a multimeter, check continuity between ter-
minals of circuits 24 and 26.
If wiring harness is good, try a new MPEM. Refer
to MPEM REPLACEMENT procedures elsewhere
in this section.
Otherwise, repair the wiring harness/connectors
between AMP connector and fuel pump.

Fuel Pump Replacement
Ensure fuel pressure has been released in the sys-
tem using the VCK (Vehicle Communication Kit).

Removal
Open front storage compartment cover.
Remove the storage basket.
Remove glove box (see HULL/BODY section).
Remove front vent tubes.
Remove rear access panel.
Referring to DIRECT ACTION SUSPENSION de-
tach shock absorber to allow tilting of seat for-
ward.
Remove access plug.

��*8���

Disconnect electrical connector.
Disconnect vent tube from fuel pump.
Disconnect inlet and outlet hoses from fuel pump
using tool (P/N 529 035 714).
Remove fuel pump retaining nuts.
NOTE: Hold the studded C-ring while removing
the last fuel pump retaining nut. C-ring may fall
inside the fuel tank.

��*8��

CAUTION: While pulling out the fuel pump, pay
attention to fuel sensor float arm. Float arm
can get stuck and bend which can reduce the
fuel sensor capabilities.
Pull fuel pump out. Wipe off any fuel spillage in
the bilge.
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� WARNING

Always wipe off any fuel spillage from the wa-
tercraft. While dealing with fuel or fuel sys-
tem always work in well ventilated area.

��*8�,�

Installation
For installation, reverse the removal process but
pay attention to the following.
Install the studded C-ring, if it had to be removed
during fuel pump removal procedure. Check for
cracks, bends or damage, replace if necessary.

� WARNING

Always install new rubber washers under-
neath the nuts while installing the fuel pump.

Apply Loctite 243 on nut threads.
Install fuel pump on fuel tank and torque nuts to
2.5 N•m (22 lbf•in).
Ensure to align the arrow with the dot on the gas-
ket towards the LH side of fuel tank.
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TORQUE AS PER SEQUENCE

FUEL FILTERS

Fuel Pump Filter
Removal
The fuel pump assembly has to be removed from
the fuel tank to have access to the fuel filter. Refer
to the section above for more detail.
Remove fuel pump.
Turn fuel pump up side down. Using a small flat
screwdriver, remove the fuel filter by prying the
inner plastic ring.
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1. Fuel filter
2. Inner plastic ring

Inspection
Check if particles are present in fuel filter. If so,
replace it.
NOTE: The fuel pump filter does not require
replacement under normal operating conditions.
Replace only if permanently clogged or damaged.

Installation
For installation, reverse the removal process but
pay attention to the following.
New filter can be pressed back on by hand. En-
sure it is fully seated for complete filtering of the
fuel.
Reinstall fuel pump.

External Fuel Filter
A replaceable in-line filter is located near the fuel
pump.

����8�7� �

TYPICAL
1. Fuel pump
2. Fuel filter

Using low compressed air, check if the fuel filter
is clogged.
NOTE: Respect the fuel filter flow (check the ar-
row).

� WARNING

The in-line filter needs to be replaced only
with 4 Oetiker clamps (2 on each side).

CAUTION: A pressure test needs to be complet-
ed after replacement.
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ELECTRONIC MANAGEMENT

MPEM REPLACEMENT

General
NOTE: Prior to replacing a suspected MPEM, en-
sure that all the recommendations in the general
introduction of this section have been followed.
NOTE: When MPEM is replaced, the TPS closed
position and the ignition timing setting must be re-
set. Refer to their specific section for adjustment.
To allow transferring the previous recorded in-
formation from the old MPEM to the new one,
use the vehicle communication kit (VCK) with the
B.U.D.S. software. Use MPEM Replace in the
Module menu. Follows instructions in its help
system.
NOTE: If the old MPEM is working, it must be
read inside B.U.D.S. prior to removing it from the
vehicle to carry vehicle information and history to
the new MPEM. Besides, select the Setting tab
and note the Offset Angle in the Ignition box.
When installing the new MPEM, re-use this angle
as a preliminary setting. Then, proceed with the
regular procedure for the ignition timing setting.
If the old MPEM is not working, try to find a previ-
ous saved file from B.U.D.S. Otherwise, perform
the operations described in IF THE PREVIOUS
MPEM WAS NOT READ WITH B.U.D.S. below.

Replacement
Disconnect battery cables.

� WARNING

Battery BLACK negative cable must always be
disconnected first and connected last.

Disconnect AMP connectors from MPEM.
Remove MPEM.
Install the new MPEM on the vehicle.
Reconnect AMP connectors to MPEM then bat-
tery cables.

If the previous MPEM was read with B.U.D.S.
Transfer the data from the previous MPEM to the
new one using B.U.D.S. then proceed with the
required resets after following the procedure in
VALIDATING TPS SYNCHRONIZATION below.

If the previous MPEM was NOT read
with B.U.D.S.
– Enter the vehicle and engine serial numbers in

the Vehicle tab.
– Enter the old MPEM serial number in the Part

Replacement under History tab. Click on Add
part in History.

– Reprogram safety lanyard(s).
NOTE: The MPEM serial number can be found on
the MPEM sticker that also shows the P/N.
Continue procedure as per VALIDATING TPS SYN-
CHRONIZATION below.

Validating TPS Synchronization
Select the Activation tab.
Point the mouse cursor over the PTO TPS. Check
the ADC reading. It must be between 23 and 45.

����������

#4

�

����8�A� �

1. “Activation” tab
2. Point on PTO TPS
3. ADC reading

Point the mouse cursor over the MAG TPS. Check
the ADC reading. It must be between 37 and 59.
If either readings are not within those parameters,
they are out of range and the MPEM will be unable
to initialize. Proceed with THROTTLE BODY SYN-
CHRONIZATION as detailed in THROTTLE BODY.
If the ADC's are within range, proceed with the
required resets.
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After performing the required resets, ensure to
clear all faults from the newly replaced MPEM.
Now, all faults must be inactive (except the Diag-
nostic Cap Missing fault).
Start the engine and increase engine speed above
5000 RPM to be sure no fault appears.

THROTTLE POSITION SENSOR
(TPS)

General
The throttle position sensor (TPS) is a potentiome-
ter that sends a signal to the MPEM which is pro-
portional to the throttle shaft angle. On the DI sys-
tem, two sensors are used for redundancy purpos-
es. The MPEM compares the signals from both
sensors and determines if there is an error and
uses the most appropriate sensor to operate the
system.

������� �

1. Throttle position sensor (TPS)

IMPORTANT: Prior to testing the TPS, ensure
that mechanical components/adjustments are
adequate according to THROTTLE BODY in AIR
INDUCTION SYSTEM above.
The MPEM may generate two types of fault codes
pertaining to the TPS. Refer to DI SYSTEM FAULT
CODES in DIAGNOSTIC PROCEDURES section
for more information.

Wear Test
While engine is not running, activate throttle and
pay attention for smooth operation without physi-
cal stops of the cable.

Using the vehicle communication kit (VCK) with
the B.U.D.S. software, use the Throttle Opening
display under Monitoring.
Slowly and regularly depress the throttle. Ob-
serve the needle movement. It must change
gradually and regularly as you move the throttle.
If the needle “sticks”, bounces, suddenly drops
or if any discrepancy between the throttle move-
ment and the needle movement is noticed, it
indicates a worn TPS that needs to be replaced.
NOTE: In this particular case, by comparing the
signals from both sensors, the MPEM will gener-
ate a fault code when the TPS is malfunctioning
due to specific “spots”.
To isolate the faulty TPS, disconnect one and test
the other.

Voltage Test — Both TPS
Check the MPEM voltage output on the desired
throttle position sensor.
Disconnect connector from throttle position sen-
sor and connect a voltmeter to the wiring harness.
Check the voltage readings on the PTO side as
follows.

CONNECTION VOLTAGE

Terminal 1 with engine ground 5 V

Terminal 2 with engine ground 0 V

Terminal 3 with engine ground 0 - 0.5 V

Check the voltage readings on the MAG side as
follows.

CONNECTION VOLTAGE

Terminal 1 with engine ground 5 V

Terminal 2 with engine ground 0 V

Terminal 3 with engine ground 4.75 - 5 V

If voltage test is good, replace the TPS.
If voltage test is not good, check the resistance of
the TPS circuit.

Resistance Test
Reconnect the TPS.
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NOTE: Resistance values are different at idle on
each TPS.

MAG Side
Disconnect the AMP connector number 3 on the
MPEM.
Using a multimeter, check resistance value be-
tween terminals 10 and 14.
The resistance should be 1600 - 2400 .
Check the resistance between terminals 5 and 14
with the throttle plate in idle position.
The resistance should be 2500 .
Check the resistance between terminals 5 and 10
with the throttle plate in idle position.
The resistance should be 1200 .

PTO Side
Disconnect the AMP connector number 4 on the
MPEM.
Using a multimeter, check resistance value be-
tween terminals 3 and 18.
The resistance should be 1600 - 2400 .
Check the resistance between terminals 1 and 3
with the throttle plate in idle position.
The resistance should be 1000 .
Check the resistance between terminals 1 and 18
with the throttle plate in idle position.
The resistance should be 2500 .

Test Results — Both TPS
If resistance values are correct, try a new MPEM.
Refer to MPEM REPLACEMENT procedures else-
where in this section.
If resistance values are incorrect, disconnect the
TPS and perform the resistance measurement di-
rectly to the TPS terminals. If TPS is good, repair
the wiring harness/connectors between AMP con-
nector and the TPS.

Replacement
Remove the air intake silencer.
Remove the air duct.
Disconnect the TPS connector.
Loosen two Allen screws retaining the TPS.
Remove TPS.

�

���8���

�

MAG SIDE THROTTLE BODY
1. Allen screws
2. Throttle position sensor (TPS)

Apply Loctite 243 on screw threads, install the
new TPS.
NOTE: Both TPS do not need to be replaced at the
same time.
Reinstall remaining removed parts.
Proceed with the CLOSED TPS ADJUSTMENT.
See below.

Closed TPS Adjustment
Although this operation is called “adjustment”, it
is not really an adjustment. Rather, it performs a
reset of the values in the MPEM.
This reset is very important. The setting of the
TPS will determine the basic parameters for all
fuel mappings and several MPEM calculations.
Reset must be done each time the TPS is loos-
ened or removed or throttle body(ies) is(are) re-
placed or MPEM is replaced.

CAUTION: An improperly adjusted TPS may
lead to poor engine performance and emission
compliance could possibly be affected.
Use the vehicle communication kit (VCK) with the
B.U.D.S. software to perform this adjustment.
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Ensure the throttle body plate stop lever rests
against its stopper. Open throttle approximately
one quarter then quickly release. Repeat 2 - 3
times to settle throttle plate. If stopper does not
rest against its stop lever, perform throttle cable
adjustment. Refer to THROTTLE BODY in AIR IN-
DUCTION SYSTEM above.
Push the Reset button in the Setting tab of
B.U.D.S.
NOTE: There is no idle speed adjustment to per-
form. The MPEM takes care of that. If TPS are
not within the allowed range while resetting the
closed TPS, the MPEM will generate a fault code
and will not accept the setting. To solve that, per-
form the Validating TPS Synchronization in the
MPEM REPLACEMENT section above.
Start engine and make sure it operates normally
through its full engine RPM range. If fault codes
appear, refer to DI SYSTEM FAULT CODES in DI-
AGNOSTIC PROCEDURES section for more infor-
mation.

CRANKSHAFT POSITION
SENSOR (CPS)

�

���8�0�

�

1. Magneto cover
2. CPS connector

Check for RPM display at the information center
while cranking engine (first ensure information
center is in tachometer mode). If it displays ap-
proximately 300 RPM, the CPS circuitry is proper-
ly working.

Otherwise, validate the information center is
working by activating the tachometer using the
software B.U.D.S. under Activation (first ensure
information center is in tachometer mode). If
it does not display 3000 RPM, the information
center may be faulty and needs to be tested.
If the information center correctly displayed
3000 RPM, perform the following tests.
Take into account that a CPS fault can be trig-
gered by bent or missing encoder wheel teeth.
Check the teeth condition. Also, bad connections
in magneto connector could generate electrical
noise that would make you wrongly think the CPS
is faulty. Check terminals and wires.

Encoder Wheel Inspection
To check the encoder wheel for bent teeth, pro-
ceed as follows.
Remove magneto cover. Refer to MAGNETO
SYSTEM in ENGINE section.
Install a dial indicator on crankcase. Position
the gauge on a tooth and set it to zero (0). Ro-
tate flywheel and check needle movement. The
maximum allowed difference between teeth is
0.15 mm (.006 in). Otherwise, straighten the
tooth or replace the encoder wheel.

���8�;�

�

�

1. Encoder wheel
2. Dial indicator

Properly reinstall cover.
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The encoder wheel can also be inspected for bent
teeth by the following alternative method.
Remove magneto cover. Refer to MAGNETO
SYSTEM in ENGINE section.
Install a pointer wire on one of the threaded hole
of crankcase with the screw as shown in the fol-
lowing illustration.

�
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1. Pointer wire
2. Screw in the threaded hole

Rotate the flywheel one time and adjust the point-
er so that it slightly touches the highest tooth. Us-
ing a feeler gauge, check and measure the clear-
ance between each tooth and pointer.

�

���8�
�

�

1. Pointer wire
2. Feeler gauge

The maximum allowed difference between teeth
is 0.15 mm (.006 in). Otherwise, straighten the
tooth or replace the encoder wheel.
Properly reinstall cover.

Voltage Test
Unplug magneto connector.
Check connector terminals for corrosion or dam-
age.
Check the voltage readings on the harness side as
follows:

CONNECTION VOLTAGE

Terminal 4 with engine
ground

0 V ± a small mV
tolerance

Terminal 5 with engine
ground 12 V

Terminal 6 with engine
ground 5 V

If voltage tests good, the CPS is defective and
needs replacement.
If voltage does not test good, perform the follow-
ing tests.

Resistance Test
Check the continuity of the wiring harness.
Disconnect the AMP connector number 2 on the
MPEM.
Using a multimeter, check continuity of circuits 6,
7 and 14.
If wiring harness is good, it could be either the CPS
or the MPEM. Try a new part one at a time. When
trying a new MPEM, refer to MPEM REPLACE-
MENT procedures elsewhere in this section.
Otherwise, repair the wiring harness/connectors
between AMP connector and the CPS.

Replacement
Remove tuned pipe.
Unscrew front engine support and slightly lift en-
gine to have access to magneto cover screws.
Block engine in this position.
Disconnect connector and remove magneto cov-
er.
Remove CPS.
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1. CPS inside magneto cover

Apply Loctite 243 on screw threads then install the
new CPS.
Reinstall remaining removed parts.

MANIFOLD AIR TEMPERATURE
SENSOR (MATS)

����8���

PTO SIDE THROTTLE BODY
1. Manifold air temperature sensor (MATS)

Resistance Test
Disconnect the connector from the MATS and
check the resistance of the sensor itself.
The resistance should be between 2280 and
2740 .
Otherwise, replace the MATS.

If resistance tests good, reconnect the MATS and
disconnect the AMP connector number 4 on the
MPEM.
Using a multimeter, recheck resistance value be-
tween terminals 16 and 19.
If resistance value is correct, try a new MPEM.
Refer to MPEM REPLACEMENT procedures else-
where in this section.
If resistance value is incorrect, repair the wiring
harness/connectors between AMP connector and
the MATS.

Replacement
Remove the air intake silencer.
Remove the air duct.
Disconnect the connector of the MATS.
Pull MATS out while turning right and left.
Install the new MATS.
Reinstall remaining removed parts.

WATER TEMPERATURE
SENSOR (WTS)

����8�6�

1. Water temperature sensor (WTS)

Resistance Test
Disconnect the connector from the WTS and
check the resistance of the sensor itself.
The resistance should be between 2280 and
2740 .
Otherwise, replace the WTS.
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If resistance tests good, reconnect the WTS and
disconnect the AMP connector number 4 on the
MPEM.
Using a multimeter, recheck resistance value be-
tween terminals 9 and 11.
If resistance value is correct, try a new MPEM.
Refer to MPEM REPLACEMENT procedures else-
where in this section.
If resistance value is incorrect, repair the wiring
harness/connectors between AMP connector and
the WTS.

Replacement
Remove air/fuel rail retaining screws.
Cut locking ties as necessary to allow lifting of
air/fuel rail in order to give access to the tempera-
ture sensor.
Disconnect WTS connector and remove WTS.
Apply Loctite 518 on WTS threads then install it.
Reinstall remaining removed parts.

MANIFOLD AIR PRESSURE
SENSOR (MAPS)

���8��� �

MAG SIDE THROTTLE BODY
1. Manifold air pressure sensor (MAPS)

NOTE: This sensor is a dual function device.
When engine is started and it runs at idle speed,
the sensor takes the atmospheric pressure and
stores it in the MPEM. Thereafter, it takes the
manifold air pressure at operating RPMS.

Ensure sensor is correctly installed in elbow adap-
tor. Otherwise, the MAPS could generate a fault
code for an unexpected sensor range at idle when
it reads the atmospheric pressure. Ensure the cor-
rect connector is plugged and not mixed with the
MAG TPS. Remove sensor and check for oil or dirt
on its end and if problem persists, check throt-
tle plate condition/position and the wiring harness.
Perform the following tests.

Voltage Test
Check the MPEM voltage output to the manifold
air pressure sensor (MAPS).
Disconnect connector from MAPS sensor and
connect a voltmeter between terminal 1 and 3
and also between terminal 1 and 2 of wiring har-
ness.
If voltage test is good, replace the MAPS.
If voltage test is not good, check the continuity of
the MAPS circuit.

Resistance Test
Disconnect the AMP connector number 3 on the
MPEM.
Using a multimeter, check continuity of circuits
3-3, 3-6 and 3-7.
If wiring harness is good, try a new MPEM. Refer
to MPEM REPLACEMENT procedures elsewhere
in this section.
Otherwise, repair the wiring harness/connectors
between AMP connector and the MAPS.

Replacement
Remove the air intake silencer.
Remove the air duct.
Disconnect MAPS connector and remove the
MPAS.
Install the new MAPS paying attention to index its
tab into the adaptor notch.
Reinstall remaining removed parts.
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EXHAUST GAS TEMPERATURE
SENSOR (EGTS)

����8���

�

1. Muffler
2. Exhaust gas temperature sensor (EGTS)

Resistance Test
Disconnect the connector from the EGTS and
check the resistance of the sensor itself.
The resistance should be between 2280 and
2740 .
Otherwise, replace the EGTS.
If resistance tests good, reconnect the EGTS and
disconnect the AMP connector number 4 on the
MPEM.
Using a multimeter, recheck resistance value be-
tween terminals 10 and 12.
If resistance value is correct, try a new MPEM.
Refer to MPEM REPLACEMENT procedures else-
where in this section.
If resistance value is incorrect, repair the wiring
harness/connectors between AMP connector and
the EGTS.

Replacement
Disconnect EGTS connector and remove EGTS.
Apply Loctite 518 on threads of the EGTS then
install.
Replug connector.

KNOCK SENSOR (KS)

����8�?�

1. Knock sensor (KS)

Dynamic Test
Using the vehicle communication kit (VCK) with
the B.U.D.S. software, monitor the knock sensor
using the FAULTS section.
Start the engine and bring engine RPM above
4500 RPM. If no fault code occurs, the knock
sensor is good.
Otherwise, do the following.
Ensure sensor and cylinder head contact surfaces
are clean and mounting bolt and washer are cor-
rect and properly torqued down.
Check the knock sensor resistance.
Disconnect the AMP connector number 4 from
the MPEM.

Static Resistance Test
Using a multimeter, check the resistance between
terminals 2 and 17 on the connector.
The resistance should be approximately 5 M .
Otherwise, check the continuity of the knock sen-
sor circuit 4-2 and 4-17.
If wiring harness is good, try a new MPEM. Refer
to MPEM REPLACEMENT procedures elsewhere
in this section.
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Otherwise, repair the wiring harness/connectors
between AMP connector and knock sensor.

Replacement
Unscrew and remove knock sensor.
Clean contact surface, apply Loctite 243 in thread-
ed hole then install the new knock sensor.
Torque screw to 20 N•m (15 lbf•ft).

CAUTION: Improper torque might prevent sen-
sor to work properly and lead engine to severe
damage of internal components.
Re-plug connector.

RAVE SOLENOID
A quick check can be done as follows. When en-
gine is being stopped, the RAVE valves will open
and close. This can be heard or seen by carefully
removing the caps and feeling the movement with
a hand.
Another test can be done using the vehicle com-
munication kit (VCK) with the B.U.D.S. software,
using the Monitoring tab. Start engine and bring
its RPM to approximately 6000 and look at the
RAVE solenoid LED. It should turn on, indicating
the RAVE system is working on the electronic
side. However, pneumatic test still has to be
performed to validate the mechanical operation.

Leakage/Voltage Test
NOTE: The solenoid activates both RAVE valves
at the same time.
Unplug the RAVE solenoid supply hose from air
compressor.

���8�8� � �

1. Air compressor
2. Disconnect RAVE solenoid supply hose

Install leak test pump (P/N 529 021 800) on hose
end and pressurize air line to 69 - 103 kPa (10 -
15 PSI). Wait some time to see if pressure drops.
If so, check line for leaks. Otherwise, the solenoid
is defective and needs to be replaced.
Using the vehicle communication kit (VCK) with
the B.U.D.S. software, energize the RAVE sole-
noid from the Activation tab.
The pressure should drop when the solenoid is ac-
tivated. If the solenoid does not work, disconnect
the connector from the solenoid.
Install a temporary connector on the solenoid with
wires long enough to make the connection outside
the bilge and apply voltage (12 V) to this test har-
ness.
If it does not work, replace the solenoid. Other-
wise, proceed with the resistance test below.
Reconnect hose to compressor.
Unplug the outlet hose from RAVE solenoid.
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1. RAVE solenoid
2. Supply hose from air compressor
3. Check valve
4. Outlet hose to RAVE valves

Install leak test pump on hose end and apply pres-
sure. If pressure can not be held, check hoses for
leaks. If hoses test good, connect pump directly
to each RAVE valve nipple and pressurize. If pres-
sure drops, replace the defective seal inside RAVE
valve.
Take into account that the RAVE may be mechan-
ically stuck in the cylinder slot. Open the RAVE
valve and check for free operation. Refer to EN-
GINE section and look in TOP END subsection.

Pressure Relief Circuit
When RAVE valve is released, the pressure es-
cape from this vented hose. If the RAVE valves do
not return when the solenoid is released, ensure
the return spring is in good condition, this hose is
not kinked or plugged and that the solenoid allows
pressure to bleed there.
Although it is not related with RAVE valve opera-
tion, we suggest to verify the check valve opera-
tion which prevents the pressure from going down
into the crankcase. Install a hose pincher after the
T-fitting to adequately pressurize the check valve
portion.

���8�/� �
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1. RAVE solenoid
2. Pressure relief hose
3. Install hose pincher here

Resistance Test
Reconnect the solenoid and disconnect the AMP
connector number 4 on the MPEM.
Using a multimeter, check resistance value be-
tween terminals 20 and 23.
The resistance should be 24 .
If resistance value is correct, try a new MPEM.
Refer to MPEM REPLACEMENT procedures else-
where in this section.
If resistance value is incorrect, repair the wiring
harness/connectors between AMP connector and
solenoid.

IGNITION COIL
NOTE: The MPEM energizes the primary side of
each ignition coil individually. It can detect open
and short circuit in the primary winding but it does
not check the secondary winding.
Using the vehicle communication kit (VCK) with
the B.U.D.S. software, energize the ignition coil
from the Activation tab.
You should hear the spark occurring. In doubt, use
an inductive spark tester or a sealed tester — avail-
able from after-market tool/equipment suppliers
— to prevent spark occurring in the bilge. Other-
wise, perform the following checks.
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� WARNING

Never make a spark test with spark plug re-
moved. Flammable vapors may be present
in the bilge and ignited which could cause an
explosion.

Primary Winding
Disconnect the connector from the ignition coil
and check the resistance of the primary circuit.

����8�9� �
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1. PTO side ignition coil
2. Mag side ignition coil
3. Primary winding connector

The resistance should be between .45 - .55 at
20°C (68°F).
Otherwise, replace the ignition coil.
If resistance tests good, reconnect the ignition
coil connector and disconnect the AMP connector
number 3 on the MPEM.
Using a multimeter, recheck resistance value be-
tween terminals 21 and 22 for MAG side and ter-
minals 20 and 23 for PTO side.
If resistance value is correct, try a new MPEM.
Refer to MPEM REPLACEMENT procedures else-
where in this section.
If resistance value is incorrect, repair the wiring
harness/connectors between AMP connector and
the ignition coil.

Secondary Winding
Static Test
NOTE: An ignition coil with good resistance mea-
surement can still be faulty. Voltage leak can oc-
cur at high voltage level which is not detectable
with an ohmmeter. A dynamic test is more effec-
tive.
Remove high tension lead from ignition coil.
Using a multimeter, check the resistance between
the terminals C and the coil post.
The resistance should be between 6800 and
10200 at 20°C (68°F).
If not within specification, replace the ignition coil.
Otherwise, perform the DYNAMIC TEST below.
Measure resistance of the high tension leads.
They must be as follows. Otherwise, replace the
lead.
NOTE: It is not necessary to remove the spark
plug cap.
IMPORTANT: Always replace leads with genuine
parts. Otherwise, fuel injection system operation
may be impaired.

SIDE VALUE OHM

MAG 5700

PTO 4300

Check continuity between ignition coil ground cir-
cuits and engine.

Dynamic Test
Use an ignition coil tester, available from after-mar-
ket tool/equipment suppliers.

� WARNING

Do NOT use coil tester on metal work bench.
Follow manufacturer instructions.

– With ignition coil removed from craft, hook high
tension leads from tester to ignition coil high
tension cable.

– Connect 2 smaller tester leads to the primary
winding of ignition coil.
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TYPICAL
1. Lead to high tension cable
2. Leads to primary winding

– Turn power switch to 12 volts and you should
observe spark jumping at a predetermined gap
of 7 to 8 mm (.276 to .311 in).

If there is no spark, if it is weak or intermittent, the
coil is defective and should be replaced.

� WARNING

Always reconnect spark plug cable to its orig-
inal spark plug. The cable coming out the
edge of the electrical box must be connect-
ed to the MAG side spark plug. Otherwise,
severe backfire may occur with possible
damage to exhaust system components.
The white tape on the ignition coil should
match the white tape on the high tension
cable.

���8�9�

���

1. MAG side ignition coil at bottom
2. Mag side ignition coil wire on edge of electrical box
3. Edge of electrical box

NOTE: PTO ignition coil is replaced, ensure to re-
install the white tape on the new coil if it is not
present.

IGNITION TIMING

General
Before checking ignition timing setting with a stro-
boscopic timing light (dynamic test), it is manda-
tory to scribe a timing mark on the PTO flywheel
(static test) corresponding to the engine specifica-
tion.

CAUTION: The relation between the PTO fly-
wheel mark position and crankshaft position
may change as the PTO flywheel might move
on crankshaft when engine is ran. This will
result in a false ignition timing reading. Al-
ways verify PTO flywheel mark position before
checking ignition timing with an appropriate
timing light. If mark does not align with tool,
repeat static test to ensure flywheel has not
moved before changing the ignition timing.
Normally, ignition timing setting should not be re-
quired. It has been set at factory and it should re-
main correctly set since every part is fixed and not
adjustable. The only time the ignition timing set-
ting might have to be changed would be when re-
placing the crankshaft, the magneto rotor, the CPS
or the MPEM. If the ignition timing setting is found
to be incorrect, you should first check for proper
crankshaft alignment. This might be the indication
of a twisted crankshaft.
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With this ignition system, the ignition timing set-
ting can be checked with either the engine hot
or cold. Also, the ignition timing setting is to be
checked at any RPM with the timing light. The ig-
nition timing setting is best checked at idle speed
as it is more accurate and easier than at higher
speed, also it will keep the engine temperature
lower for a longer time. Ensure to properly cool
the engine through the flushing fitting.
NOTE: When checking the ignition timing setting,
the spark advance has to be locked to allow prop-
er verification of the timing mark. See IGNITION
TIMING ADJUSTMENT below.

Static Test
– Disconnect MAG side spark plug wire and

connect wire to grounding device then remove
spark plug.

CAUTION: Never crank engine with spark plugs
removed unless spark plug cables are connect-
ed to the grounding device.
– Remove PTO flywheel guard.
– Remove middle screw securing the engine to

the rear engine mount. Reinstall screw with
timing mark pointer tool.

�
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1. Timing mark pointer tool (P/N 295 000 135)

– Install and adjust a TDC gauge (P/N 414 104
700) in MAG side spark plug hole.

– Ensure to install its roller to allow proper reading
of the gauge. Proceed as follows:

– Rotate magneto flywheel clockwise until piston
is just Before Top Dead Center.

�
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TYPICAL
1. Outer ring
2. Adaptor lock nut
3. Adaptor
4. Roller
5. Roller lock nut

– Install roller on dial gauge end. Ensure to posi-
tion roller edge parallel with the dial gauge face.
Secure in this position by tightening roller lock
nut. This will keep the roller in the proper axis
for measurement accuracy.

– Loosen adaptor lock nut then holding gauge
with dial face directed toward you when you
are in line with the crankshaft, screw adaptor
in spark plug hole.

– Slide gauge far enough into adaptor to obtain a
reading then finger tighten adaptor lock nut.

– Since we are working with an indirect measure-
ment, ensure that dial gauge face is positioned
in the same direction as the connecting rod.

– Rotate magneto flywheel clockwise until piston
is at Top Dead Center.

– Unlock outer ring of dial and turn it until “0”
(zero) on dial aligns with pointer.

– Lock outer ring in position.
– From this point, rotate magneto flywheel back

1/4 turn then rotate it clockwise to reach
7.87 mm (.310 in).
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NOTE: This specification is of the type “indirect
measurement” relative to the piston movement
since we are measuring at a 45° angle through the
spark plug hole.
– Scribe a thin mark on PTO flywheel aligned with

timing mark pointer tool.
NOTE: This mark becomes the reference when
using the stroboscopic timing light.

CAUTION: The static test cannot be used as an
ignition timing setting verification, therefore,
always check the ignition timing setting with a
stroboscopic timing light.
– Remove TDC gauge.
– Reinstall spark plug and connect wire.

Dynamic Test
To check ignition timing setting, use a timing light
(available at local facilities).
NOTE: Ensure to use a timing light capable to
work with – stroke engines.
– Connect timing light pick-up to MAG side spark

plug wire.

�
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TYPICAL
1. Timing light pick-up

IMPORTANT: To check the ignition timing setting,
the spark advance curve must be locked first. This
allows to verify ignition timing setting at any RPM
by keeping the ignition timing “frozen” so that it
does not vary with engine RPM. See IGNTION
TIMING ADJUSTMENT below for more informa-
tion.

CAUTION: If the spark advance curve is not
locked using B.U.D.S. then a wrong ignition
timing will be seen as the ignition curve does
not match the locked ignition timing.
– Start engine and check mark at idle speed.

Point beam of timing light straight in line with
timing mark pointer.

NOTE: Look at the mark at the same angle as it
was scribed so that parallax error is minimized.

F06H07A

1

1. Timing light straight in line with pointer

CAUTION: If engine is to be run more than a
few seconds, engine must be cooled using the
flush kit.
NOTE: If mark on PTO flywheel is perfectly
aligned with timing mark pointer, no adjustment
is required. If mark does not align with pointer,
recheck PTO flywheel mark before changing the
ignition timing setting to ensure PTO flywheel has
not loosen or tightened.

Ignition Timing Adjustment
General
To correct the ignition timing setting, the data
of the MPEM is changed using the VCK (Vehicle
Communication Kit) (P/N 295 035 981). Look in
Setting tab of the software B.U.D.S.
NOTE: For more information on the VCK, refer to
its online help. The MPEM programmer will not
work to perform this operation on the DI engines.

CAUTION: If the ignition timing setting is ad-
justed too advanced, this will cause serious
damage to the engine.
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Adjustment
In this operation, the ignition timing light and
B.U.D.S. are used to synchronize the MPEM TDC
reference with the engine crankshaft. This timing
adjustment will affect the timing of ignition as
well as direct injector timings. The aim of the
adjustment is to align the mark on the flywheel
with the pointer at idle using the timing light and
B.U.D.S. When this is achieved, then the MPEM
TDC reference is synchronized with the engine
crankshaft.
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1. “Setting” tab
2. Ignition section
3. “Locked” box
4. Current angle in MPEM
5. Arrows to change the angle

– Choose the Setting tab and look under Ignition.
– Check the Locked box to “freeze” the timing at

the correct value.
– The VCK displays the number that is stored in

the MPEM.
– Now click the up or down arrow to change the

number of the current angle so that the set-
ting marks align when checking with the timing
light. Each step makes an adjustment of 1/4 de-
gree.

NOTE: Each time the setting is changed on the
screen, the new value is also changed in the
MPEM, so there may be a slow response, do not
make changes too quickly.
– When marks align, uncheck the Locked box to

finish.

NOTE: This will write the new value immediately
in the MPEM. There is no need to press the “Write
data” button to transfer the data to the MPEM un-
less other changes were made. However, we rec-
ommend to reset the service hours when you per-
form a service action such as the ignition timing
setting.
NOTE: The MPEM features a permanent (non-
volatile) memory and keeps the ignition timing set-
ting programmed even when the watercraft bat-
tery is disconnected.

Engine Start/Stop Switch Verification
A quick operation test can be done using the ve-
hicle communication kit (VCK) with the B.U.D.S.
software, using the MONITORING section. Press
the start button and look at the Start button LED.
It should turn on, indicating the starting system
is working on the input side (start button, MPEM
and wiring). You know now the problem is on the
output side (MPEM output signal to starting sole-
noid, wiring harness going to the solenoid, starter
motor. Refer to STARTING SYSTEM for testing
procedures). Otherwise, check the input side as
follows.
Disconnect the YELLOW/RED wire of the start/
stop switch. Using an ohmmeter, connect test
probes to YELLOW/RED wire and to ground.
Measure resistance, it must be an open circuit
(switch is normally open). Depress and hold
switch, the ohmmeter should read close to
0 ohm. Otherwise, replace switch.
If the switch tests good, check continuity of cir-
cuits 2-8 and 2-12 using a multimeter.
If wiring harness tests good, it could be the
MPEM. Try a new MPEM referring to MPEM
REPLACEMENT procedures elsewhere in this
section.

Safety Lanyard Switch Verification
If 2 short beeps are not heard when installing
the safety lanyard, refer to DIAGNOSTIC PROCE-
DURES.
The following continuity tests can also be per-
formed using an ohmmeter:
Disconnect switch wires.

smr2004-Complete Line Up 371



Section 07 ENGINE MANAGEMENT (DI)
Subsection 02 (COMPONENT INSPECTION AND ADJUSTMENT)

Safety Lanyard Removed
Connect test probes to switch BLACK and
BLACK/YELLOW wires. Measure resistance,
there should be NO continuity (open circuit).
Connect one test probe to the WHITE/GRAY wire
and the other test probe to the switch terminal.
Measure resistance, it must be close to 0 ohm.
Connect one test probe to the BLACK wire and
the other test probe to the switch ring. Measure
resistance, it must be close to 0 ohm.

Safety Lanyard on Switch
Connect test probes to switch BLACK and
BLACK/YELLOW wires. Measure resistance,
it must be close to 0 ohm.
As the DESS switch also controls the signal wire
to the power supply cut-off relay, it should be
checked as described below.

Power Supply Cut-Off Relay Verification
When the safety lanyard is on its post, the relay al-
lows current to be supplied from the battery to the
RED/PURPLE wire which supplies the MPEM and
all the electrical components (except bilge pump
which is connected to battery power).
When the safety lanyard is NOT on its post, the re-
lay cuts the current supply from the battery to the
MPEM and the electrical components thus pre-
venting current drain that would slowly discharge
the battery.
Test the signal wire to the power supply cut-off
relay as follows:
Disconnect DESS switch wires.
Connect test probes to switch BLACK and
BLACK/PURPLE wires.
With safety lanyard NOT on its switch: Mea-
sure resistance. There should be NO continuity
(open circuit). Otherwise replace DESS switch.
With safety lanyard INSTALLED on its switch:
Measure resistance. There should be continuity.
Otherwise replace DESS switch.
If switch tests good in both checks, do the follow-
ing.
Disconnect the connector on electrical box.
Using a voltmeter, perform the following tests:

Connect test probes to the small RED wire on
the starter solenoid and on the RED/PURPLE wire
from the cut-off relay. Reading should be 0 V. Oth-
erwise, replace the cut-off relay.
Keeping the test probes on the same wires, con-
nect a jumper wire between the BLACK/PURPLE
wire from the cut-off relay and the battery ground.
Measure voltage. Reading should be 12 V. Oth-
erwise, check wiring and if it is good, replace the
cut-off relay.
If there is no current supply to the electrical com-
ponents while the DESS switch and the cut-off re-
lay test good, check the wiring harness. If it tests
good, the MPEM could be suspected. Try a new
one.

SPARK PLUGS

Disassembly
First unscrew the spark plug one turn.
Clean the spark plug and cylinder head with com-
pressed air then completely unscrew.

Heat Range
The proper heat range of the spark plugs is deter-
mined by the spark plugs ability to dissipate the
heat generated by combustion.
The longer the heat path between the electrode
tip to the plug shell, the hotter the spark plug op-
erating temperature will be — and conversely, the
shorter the heat path, the colder the operating
temperature will be.
A “cold” type plug has a relatively short insulator
nose and transfers heat very rapidly into the cylin-
der head.
Such a plug is used in heavy duty or continuous
high speed operation to avoid overheating.
The “hot” type plug has a longer insulator nose
and transfers heat more slowly away from its fir-
ing end. It runs hotter and burns off combustion
deposits which might tend to foul the plug during
prolonged idle or low speed operation.
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1. Cold
2. Hot

CAUTION: Severe engine damage might occur
if a wrong heat range plug is used.
A too “hot” plug will result in overheating and pre-
ignition, etc.
A too “cold” plug will result in fouling or may cre-
ate carbon build up which can heat up red-hot and
cause pre-ignition or detonation.

Fouling
Fouling of the spark plug is indicated by irregular
running of the engine, decreased engine speed
due to misfiring, reduced performance, and in-
creased fuel consumption. This is due to a loss
of compression. Other possible causes are: pro-
longed idling, or running on a too rich mixture or
incorrect fuel. The plug face of a fouled spark plug
has either a dry coating of soot or an oily, glossy
coating given by an excess either of oil or of oil
with soot. Such coatings form a conductive con-
nection between the center electrode and ground.

Spark Plug Installation
Prior to installation make sure that contact sur-
faces of the cylinder head and spark plug are free
of grime.
– Using a wire feeler gauge, set electrode gap

according to the following chart.
– Apply anti-seize lubricant over the spark plug

threads to prevent possible seizure.
– Hand screw spark plug into cylinder head.

Then, tighten the spark plug clockwise an addi-
tional 1/4 turn with a proper socket.

�������
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1. Proper socket
2. Improper socket

ENGINE SPARK
PLUG TORQUE GAP

mm (in)

DI NGK
ZFR4F-11

Hand tighten
+ 1/4 turn

with a socket

1.1
(.043)

CRANKING SYSTEM
See above for start/stop switch and the DESS post
testing. Refer to STARTING SYSTEM section for
other tests.

DI SYSTEM TEST SUMMARY

Pressure Tests

COMPONENT VALUE
kPa (PSI)

Air compressor 621 ± 14 (90 ± 2) at cranking

Fuel pressure
regulator

185 ± 14 (27 ± 2) when
installing safety lanyard

Fuel pressure
738 ± 14 (107 ± 2) inline
test at cranking or when

engine is running

Fuel pump 721 (105) minimum at cranking
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Electrical Tests

COMPONENT CONNECTOR TERMINAL
NUMBER WIRE COLOR VALUE

26 and terminal B PU/PK
Fuel pump AMP no. 4

24 and terminal D BK/PK
0 ohm (continuity)

Fuel injector MAG 7 and 13 BL/PU and BL/BK

Fuel injector PTO
AMP no. 4

8 and 14 GN/PU and GN/BK
1.7 - 1.9 ohms

Direct injector MAG 5 and 15 BL/BW and BL/PK

Direct injector PTO
AMP no. 4

6 and 21 GN/BW and GN/PK
1 - 1.6 ohms

1 and engine ground PU/BW 5 V

2 and engine ground BK/BW 0 - 0.5 VTPS

3 and engine ground PU/BW 4.75 - 5 V

10 and 14 PU/BW and BK/BW 1600 - 2400 ohms

5 and 14 WH/BW and BK/BW 2500 ohms at idle

Throttle position
sensor MAG (TPS)

AMP no. 3

5 and 10 WH/BW and PU/BW 1200 ohms at idle

1 and engine ground PU/RD 5 V

2 and engine ground BK/RD 0 - 0.5 VTPS

3 and engine ground WH/RD 0 V

3 and 18 BK/RD and PU/RD 1600 - 2400 ohms

1 and 3 WH/RD and BK/RD 1000 ohms at idle

Throttle position
sensor PTO (TPS)

AMP no. 4

1 and 18 WH/RD and BK/RD 2500 ohms at idle

Terminal 4 and
ground BK 0 V (with a small

mV tolerance)

Terminal 5 and
ground GY/RD 12 V

CPS
(Deutsche
connector)

Terminal 6 and
ground GY/YL 5 V

Terminal 7 and
terminal 6 of CPS GY/YL

Terminal 6 and
terminal 5 of CPS GY/RD

Crankshaft position
sensor (CPS)

AMP no. 2

Terminal 14 and
terminal 4 of CPS BK

0 ohm (continuity)

374 smr2004-Complete Line Up



Section 07 ENGINE MANAGEMENT (DI)
Subsection 02 (COMPONENT INSPECTION AND ADJUSTMENT)

COMPONENT CONNECTOR TERMINAL
NUMBER WIRE COLOR VALUE

Manifold air
temperature sensor

(MATS)
AMP no. 4 16 and 19 WH/GY and BK/WH 2280 - 2740 ohms

Water temperature
sensor (WTS) AMP no. 4 9 and 11 TA/OR and BK/OR 2280 - 2740 ohms

Terminal 3 and
terminal 1 of MAPS PU/BL

Terminal 6 and
terminal 3 of MAPS WH/BLManifold air pressure

sensor (MAPS) AMP no. 3

Terminal 7 and
terminal 2 of MAPS BK/WH

0 ohm (continuity)

Exhaust gas
temperature sensor

(EGTS)
AMP no. 4 10 and 12 TA/GY and BK/TA 2280 - 2740 ohms

Knock sensor (KS) AMP no. 4 2 and 17 BK/BL and YL/BL 5 M ohms

RAVE solenoid (RS) AMP no. 4 20 and 23 PU/GY and BK/GY 24 ohms

AMP no. 3 21 and 22 RE/GN and WH/GN .45 - .55 ohms
primary winding

Ignition coil MAG
— Coil terminal C

and coil post
—

6800 - 10 200 ohms
secondary winding
w/o high tension

leads

AMP no. 3 20 and 23 RE/BL and WH/BL .45 - .55 ohms
primary winding

Ignition coil PTO
— Coil terminal C

and coil post
—

6800 - 10 200 ohms
secondary winding
w/o high tension

leads

MAG — — 5700 ohms
lead alone

High tension leads
PTO — White tape 4300 ohms

lead alone
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DIAGNOSTIC PROCEDURES
GENERAL
Here is the basic order suggested to diagnose a suspected fuel injection related problem:
– Check the chart in TROUBLESHOOTING section to have an overview of problems and suggested so-

lutions.
– Check if there is a MAINT signal reported by the vehicle information center. If so, use the VCK (Vehicle

Communication Kit) and look for fault codes to diagnose the trouble.
– Check all fuses.
– Check air/fuel rail pressure.
– Check spark plugs condition.
– Check if the RAVE valves are stuck.
– Check fuel pump pressure.
– Check air compressor pressure.

Self-Diagnostic Mode
It is self-activated when the safety lanyard cap is being installed on the watercraft post. It gives immedi-
ate monitoring. Refer to the following chart.

SIGNAL CAUSE REMEDY

• Safety lanyard is recognized by the
MPEM.

• Engine can be started normally.2 short beeps (when
installing safety lanyard
on watercraft post).

• Good contact between safety lanyard
cap and DESS post.

• Bad connection between safety
lanyard cap.

• Remove and replace the safety lanyard on
the post until 2 short beeps are heard to
indicate the system is ready to allow engine
starting.

• Unprogrammed or defective safety
lanyard.

• Use the safety lanyard that has been
programmed for the watercraft. If it does
not work, check safety lanyard condition
with the programmer. Replace safety
lanyard if reported defective.

• Dried salt water or dirt in safety
lanyard cap.

• Clean safety lanyard cap to remove dried
salt water or dirt.

1 long beep (when
installing safety lanyard
on watercraft post
or when pressing
start/stop button).

• Improper operation of MPEM or
defective wiring harness.

• Refer to ENGINE MANAGEMENT.

1 second beep every
second intervals.

• Drowned mode is active. • Release throttle to cancel this mode.

4 short beeps every 3
seconds interval for 2
hours.

• Safety lanyard has been left on its
post without starting engine or after
engine was stopped.

• To prevent battery discharge, remove the
safety lanyard from its post.
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SIGNAL CAUSE REMEDY

A 2 seconds beep
every 2 seconds
intervals.

• Exhaust system overheat. • Refer to COOLING SYSTEM.

• Fuel tank level is low. • Refill as soon as possible.

• Very low battery voltage. • Refer to CHARGING SYSTEM.

• Coolant and exhaust gas temperature
sensors or TPS (Throttle Position
Sensor) or CPS (Crankshaft Position
Sensor) malfunction.

• Refer to ENGINE MANAGEMENT.

A 2 seconds beep
every minutes
intervals.

• MPEM malfunction. • Refer to ENGINE MANAGEMENT.

A 2 seconds beep
every 15 minutes
intervals.

• Oil injection reservoir level is low. • Refill.

Continuous beep. • Engine overheats. • Refer to COOLING SYSTEM.

378 smr2004-Complete Line Up



Section 07 ENGINE MANAGEMENT (DI)
Subsection 03 (DIAGNOSTIC PROCEDURES)

FAULT DETECTION AND COMPENSATORY ACTIONS
For a basic overview of the monitoring system and the limp home modes, see OVERVIEW section.

COMPONENT FAILURE WARNING SYSTEM

Sensor Failures
Refers to open or short circuit failures on sensors, drivers, injectors or ignition.

PROBLEM INFO CENTER RED LED BUZZER BUZZER CODE LIMP HOME
MODE ➀

Manifold air
pressure sensor
(MAPS)

“MAINT” ON OFF 7 Limited RPM

Manifold air
temperature
sensor (MATS)

“MAINT” ON OFF 7 Limited RPM

Throttle position
sensor
(single TPS)

“MAINT” ON ON 5
Limited RPM
(idle speed if

both TPS's fail)

Water
temperature
sensor (WTS)

“MAINT” ON OFF/(ON) 7/(5)
Limited RPM

(code 5 if EGTS
also fails)

Direct injector
(single injector) “MAINT” ON OFF 7 Limited RPM

Fuel injector
(single injector) “MAINT” ON OFF 7 Limited RPM

Ignition (no firing
on one cylinder) “MAINT” ON OFF 7 Limited RPM

RAVE solenoid “MAINT” ON OFF 7 Limited RPM

Starter solenoid “MAINT” ON OFF 7 Engine may not
start.

Fuel pump “MAINT” ON OFF 7 Limited RPM

Exhaust gas
temperature
sensor (EGTS)

“MAINT” ON OFF/(ON) 7/(5)
Limited RPM

(code 5 if WTS
also fails)

Fuel level sensor “MAINT” ON OFF 7 None

Diagnostic cap
fault “MAINT” ON OFF 7 None

Knock sensor “MAINT” ON OFF 7 Limited RPM

Engine drowned
mode activated
(it is not a fault)

None None ON 2
Engine will not
run. Release

throttle

➀ To see how the normal operation is recovered from the limp home mode, see the DI FAULT CODES
CHART elsewhere in this section. Look in column “Normal operation resumes if fault removed
and...”.
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System Failures
Refers to operating conditions outside normal and/or safe ranges such as demand system failures, ex-
treme voltages, over temperature conditions or low fuel/oil levels.

PROBLEM INFO CENTER RED LED BUZZER BUZZER
CODE

LIMP HOME
MODE ➀

Manifold air pressure
sensor (MAPS), ATM
fault (bad atmospheric
pressure reading)

“MAINT” ON OFF 7 Limited RPM

Throttle “MAINT”
position sensor
(single TPS)

“MAINT” ON ON 3 Limited RPM

Throttle position sensor
(dual TPS)

“MAINT” ON ON 5 Idle RPM

Throttle position sensor
(single adaption fault)

None OFF OFF 7 None

Throttle position sensor
(dual adaption fault)

“MAINT” ON OFF 7 Limited RPM

Sensor supply fault
(TPS and MAPS)

“MAINT” ON ON/OFF 5/(7)
Limited RPM (code
7 and idle RPM if

both in fault)

Encoder (CPS) fault
(bad pattern)

“MAINT” ON OFF 7 Limited RPM

Low battery voltage “12 V LOW” ON OFF 7 None

Very low battery voltage
“12 V LOW”

“MAINT”
ON ON 5 Limited RPM

High battery voltage “MAINT” ON OFF 7 None

Very high battery voltage “MAINT” ON OFF 7 Idle RPM

High water temperature “HI-TEMP” ON ON 1 None

Exhaust over
temperature

“HI-TEMP” ON ON 3 None

Low oil level “OIL-LOW” ON ON 6 None

Low fuel level “FUEL-LO” ON ON 5 None

Setup fault (TDC or TPS
not set on a new MPEM)

“MAINT” ON OFF 7 Idle RPM

MPEM fault “MAINT” ON OFF 7 Engine will not start

➀ To see how the normal operation is recovered from the limp home mode, see the DI FAULT CODES
CHART elsewhere in this section. Look in column “Normal operation resumes if fault removed
and...”.
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Buzzer Code
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VCK
(VEHICLE COMMUNICATION
KIT)
The VCK (Vehicle Communication Kit) (P/N 529
035 981) is the primary tool to diagnose fuel in-
jection related problems.
B.U.D.S. is designed to allow, among other things,
the programming of safety lanyard(s), entering
customer information, engine monitoring, sensor
inspection, diagnostic options and adjustment
such as the Throttle Position Sensor (TPS) and
the ignition timing setting.
For more information pertaining to the use of the
software B.U.D.S., use its help which contains de-
tailed information on its functions.

� WARNING

If the computer you are using is connected
to the 110 Vac power outlet, there is a poten-
tial risk of electrocution when working in con-
tact with water. Be careful not to touch water
while working with the VCK.
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Electrical Connections
DI Models Through the 6-Pin Connector

���;�)�

� �

1. 6-pin adapter
2. Connector close to MPEM

After all connections are done, connect the safety
lanyard to the DESS post to activate the commu-
nication.
IMPORTANT: When using the software B.U.D.S.,
ensure that the protocol matching the connec-
tion used is properly selected in “MPI” under
“Choose protocol” as per the following chart.

TYPE OF
CONNECTION

ADAPTER
TO USE

PROTOCOL
TO CHOOSE

DI models
through the

6-pin connector
6-pin 947-DI

IMPORTANT: When using the software B.U.D.S.,
with the DI engines, ensure that the protocol “947
DI” is properly selected in “MPI” under “Choose
protocol”.
Refer to the tables below for the fault codes you
will find in the B.U.D.S.

DI SYSTEM FAULT CODES

General
The faults registered in the MPEM are kept when
the battery is disconnected.

Be aware that a red light blinking with the MAINT
message may not be for a fault code. It may be a
maintenance inspection reminder. Press and hold
the SET button of the information center for 2 sec-
onds. If the blinking continues, it is a fault code.
Use the VCK (Vehicle Communication Kit) to see
it. Otherwise, it was a maintenance reminder.
IMPORTANT: After a problem has been solved,
ensure to clear the fault(s) in the MPEM using
the VCK. This will properly reset the appropriate
counter(s). This will also records that the problem
has been fixed in the MPEM memory.
Many fault codes at the same time is likely to be
burnt fuse(s).
For more information pertaining to the code
faults (state, count, first etc.) and report, refer to
B.U.D.S. online help.

Supplemental Information for
Some Specific Faults
ECU fault code P0606: This code may occur in
the following situations:
– Electrical noise is picked up by the MPEM. En-

sure that all connections are in good condition,
also grounds (battery, MPEM, engine and igni-
tion system), they are clean and well tightened
and that all electronic components are genuine
-- particularly in the ignition system. Installing
resistive caps, non-resistive spark plug cables
(or modified length), non-resistive spark plugs
or improper knock sensor wiring/routing may
lead to generate this fault code.

– Electrical noise might also lead engine to oc-
casional cutout without generating a fault code
when engine is restarted. When looking at the
fault code, pay attention to the “count” value in
the software B.U.D.S. A value between 1 and
9 confirms an electrical noise problem. A value
of 10 and above will generate a fault code.

– When installing a new MPEM. It is not proper-
ly programmed from the factory. The MPEM
must be returned to be properly “activated”.

– If everything is in good condition, replace the
MPEM.

When using the service action suggested in the
Fault section of B.U.D.S., the system circuits are
referred as 4-23 for instance. It means AMP con-
nector no. 4 and the circuit wire no. 23 as found
in the wiring diagram.
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TPS (Throttle Position Sensor) Faults
Faults which are reported in B.U.D.S. fall into two groups TPS faults and adaption faults. These are dis-
played on the B.U.D.S. system as TPS OUT OF RANGE and TPS ADAPTION FAILURE.

TPS “OUT OF RANGE” Fault
It is caused by the sensor reading going out of its allowable range. This fault can occur during the whole
range of movement of the throttle.
To diagnose this fully, it is recommended to operate the throttle through its full range. It is also recom-
mended to release the throttle quickly as this may also show up a fault that is intermittent.

POSSIBLE CAUSES RESULT ACTION

Check if wrong connector is connected
to TPS. Yes • Fix.

Check if sensor is loose. Yes • Fix and reset closed TPS.

Inspect sensor for damage or corrosion. Yes • Replace and reset closed TPS.

Inspect wiring (voltage test). Failed • Repair.

Inspect wiring and sensor
(resistance test). Failed • If bad wiring, repair.

• If bad TPS, replace and reset closed TPS.

Test sensor operation (wear test). Failed • Replace and reset closed TPS.

TPS “ADAPTATION FAILURE” Fault
It is caused by the idle position moving out of an acceptable range.

POSSIBLE CAUSES RESULT ACTION

Sensor has been replaced and TPS
closed position not reset. Yes • Reset closed TPS.

Throttle body has been replaced and
TPS closed position not reset. Yes • Reset closed TPS.

MPEM has been replaced and TPS
closed position not reset. Yes • Reset closed TPS.

Throttle cable too tight. Yes • Fix and reset closed TPS.

Sensor is loose. Yes • Fix and reset closed TPS.

Sensor is loose. Yes • Fix and reset closed TPS.

Throttle bracket is loose. Yes • Fix and reset closed TPS.

Idle screw or synchronization screw
worn or loose. Yes • Fix and reset closed TPS.
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DI System Fault Code Chart

FAULT
CODE

DIAGNOSED
COMPONENT/

SENSOR/CIRCUIT

ECU
INTERNAL

NAME

FAULT
DETECTED

FAULT
DETECTED

WHILE ENGINE
RUNNING

FAULT
DETECTED

WHILE ENGINE
NOT RUNNING

NORMAL
OPERATION
RESUMES IF

FAULT REMOVED
AND...

P1100 Direct injector MAG AIR _ INJ_1 Open or short
circuit Yes No Return to idle

Possible causes:
Damaged injector, damaged circuit wires, damaged connector, damaged ECU output pins. ECU failure.
Service action:
Check for 1 - 1.6 ohm resistance between system circuits 4-15 and 4-5. Check for + 12 volts on pin A of injector connector (color).

P1101 Direct injector PTO AIR _INJ_2 Open or short
circuit Yes No Return to idle

Possible causes:
Damaged injector, damaged circuit wires, damaged connector, damaged ECU output pins. ECU failure.
Service action:
Check for 1 - 1.6 ohm resistance between system circuits 4-21 and 4-6. Check for + 12 volts on pin A of injector connector (color).

P0201 Fuel injector MAG FUEL_ INJ_1 Open or short
circuit Yes No Return to idle

Possible causes:
Damaged injector, damaged circuit wires, damaged connector, damaged ECU output pins. ECU failure.
Service action:
Check for 1.7 - 1.9 ohm resistance between system circuits 4-13 and 4-7. Check for + 12 volts on pin A of injector connector (color).

P0202 Fuel injector PTO FUEL_ INJ_2 Open or short
circuit Yes No Return to idle

Possible causes:
Damaged injector, damaged circuit wires, damaged connector, damaged ECU output pins. ECU failure.
Service action:
Check for 1.7 - 1.9 ohm resistance between 4-14 and 4-8. Check for + 12 volts on pin A of injector connector (color).

P0351
Ignition coil,

primary winding
MAG

IGN_CYL_1
Open or short

circuit on ignition
primary circuit

Yes No Return to idle

Possible causes:
Damaged coil, damaged circuit wires, damaged connector, damaged ECU output pins. ECU failure.
Service action:
Check for .45 - .55 ohm resistance between system circuits 3-21 and 3-22. Check for + 12 volts on pin A of coil connector (color).

P0352
Ignition coil,

primary winding
PTO

IGN_CYL_2
Open or short

circuit on ignition
primary circuit

Yes No Return to idle

Possible causes:
Damaged coil, damaged circuit wires, damaged connector, damaged ECU output pins. ECU failure.
Service action:
Check for .45 - .55 ohm resistance between system circuits 3-20 and 3-23. Check for + 12 volts on pin A of coil connector (color).
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FAULT
CODE

DIAGNOSED
COMPONENT/

SENSOR/CIRCUIT

ECU
INTERNAL

NAME

FAULT
DETECTED

FAULT
DETECTED

WHILE ENGINE
RUNNING

FAULT
DETECTED

WHILE ENGINE
NOT RUNNING

NORMAL
OPERATION
RESUMES IF

FAULT REMOVED
AND...

P0335 Encoder (CPS) Encoder Wrong pattern
sensed Yes No Return to idle

Possible causes:
Damaged sensor, damaged circuit wires, damaged connector, damaged ECU pins. ECU failure. Damaged tooth wheel. Check correct
rectifier regulator operation.
Service action:
Check for 12 volts on pin 5 and 5 volts on 6 and 0 volts on pin 4 of encoder harness connector. Check system circuits 2-6, 2-7, 2-14.

P0120 TPS, PTO TPI_1 Sensor out of
range Yes No Return to idle

Possible causes:
Damaged sensor, damaged circuit wires, damaged connector, damaged ECU pins, ECU failure, damaged or out of alignment throttle
bodies or sensor.
Service action:
Check for 5 volts on pin 1 and 0-0.5 volts on pin 3 and 0 volts on pin 2. Check system circuits 4-1, 4-2, 4-18. Check with throttle closed
the resistance between 1 and 2 is 2000 ohms and between 2 and 3 is 1000 ohms and between 1 and 3 2500 ohms. Check for linear
resistance rise when opening throttles. Check physical stops for wear.

P0220 TPS, MAG TPI_2 Sensor out of
range Yes No Return to idle

Possible causes:
Damaged sensor, damaged circuit wires, damaged connector, damaged ECU pins, ECU failure, damaged or out of alignment throttle
bodies or sensor.
Service action:
Check for 5 volts on pin 1 and 4.75-5.0 volts on 3 and 0 volts on pin 2. Check system circuits 3-5, 3-10, 3-14. Check with throttle closed
the resistance between 1 and 2 is 2500 ohms and between 2 and 3 is 2500 ohms and between 1 and 3 1200 ohms. Check for linear
resistance rise when opening throttles. Check physical stops for wear.

P1102 TPS, PTO TPI_1_ADAP Throttle position
adaption failure Yes No Full reset. Key

off and on

Possible causes:
No initialization after throttle body or ECU changes throttle idle. Stop drifted.
Service action:
Check cable adjustment. Check Idle stop for wear. Check throttle angles at idle.

P1103 TPS, MAG TPI_2_ADAP Throttle position
adaption failure Yes No Full reset. Key

off and on

Possible causes:
No initialization after throttle body or ECU changes throttle idle. Stop drifted.
Service action:
Check cable adjustment. Check Idle stop for wear. Check throttle angles at idle.

smr2004-Complete Line Up 385



Section 07 ENGINE MANAGEMENT (DI)
Subsection 03 (DIAGNOSTIC PROCEDURES)

FAULT
CODE

DIAGNOSED
COMPONENT/

SENSOR/CIRCUIT

ECU
INTERNAL

NAME

FAULT
DETECTED

FAULT
DETECTED

WHILE ENGINE
RUNNING

FAULT
DETECTED

WHILE ENGINE
NOT RUNNING

NORMAL
OPERATION
RESUMES IF

FAULT REMOVED
AND...

P0116 WTS COOL _SENS Sensor out of
range Yes No Return to idle

Possible causes:
Damaged sensor, damaged circuit wires, damaged connector, damaged ECU pins. ECU failure.
Service action:
Check for resistance approx. 2280 ohms to 2736 ohms at temperature of 19 to 21°C (66 to 70°F) between system circuits 4-9 and 4-11.

P0217 WTS COOL_RED Overheat
warning Yes No As soon as fault is

not present

Possible causes:
Engine overheated, damaged sensor.
Service action:
Check for debris or blockage in cooling system. Check for resistance approx. 2280 ohms to 2736 ohms at temperature of 19 to 21°C
(66 to 70°F) between system circuits 4-9 and 4-11.

P0110 MATS MCT_SENS Sensor out of
range Yes No Return to idle

Possible causes:
Damaged sensor, damaged circuit wires, damaged connector, damaged ECU pins. ECU failure.
Service action:
Check for resistance approx. 2280 ohms to 2736 ohms at temperature of 19 to 21°C (66 to 70°F) between system circuits 4-16 and 4-19.

P0106 MAPS MAP Sensor out of
range Yes No Return to idle

Possible causes:
Check sensing port for dirt or blockage. Sensor failure, unexpected reading at idle. Sensor fallen out of housing. Leaking Inlet system,
ECU failure.
Service action:
Check system circuits 3-3, 3-6, 3-7. Check sensor connector for 5 volts on pin 1 and 0 volts on pin 3 and 0 volts on pin 2. Check
sensor housing is correctly inserted into manifold.

P0105 MAPS MAP_ATM Bad atmospheric
reading Yes No Full reset. Key

off and on

Possible causes:
Check sensing port for dirt or blockage, damaged sensor, damaged circuit wires, damaged connector, damaged ECU pins. ECU failure.
Service action:
Check system circuits 3-3, 3-6, 3-7. Check sensor connector for 5 volts on pin 1 and 0 volts on pin 3 and 0 volts on pin 2.

P1400 EGTS EXH_SENS Sensor out of
range Yes No Return to idle

Possible causes:
Damaged sensor, damaged circuit wires, damaged connector, damaged ECU pins. ECU failure.
Service action:
Check for resistance approx. 2280 ohms to 2736 ohms at temperature of 19 to 21°C (66 to 70°F) between system circuits 4-10 and 4-12.
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FAULT
CODE

DIAGNOSED
COMPONENT/

SENSOR/CIRCUIT

ECU
INTERNAL

NAME

FAULT
DETECTED

FAULT
DETECTED

WHILE ENGINE
RUNNING

FAULT
DETECTED

WHILE ENGINE
NOT RUNNING

NORMAL
OPERATION
RESUMES IF

FAULT REMOVED
AND...

P1401 EGTS EXH_RED Overheat
warning Yes No As soon as fault is

not present

Possible causes:
Exhaust system overheated, damaged sensor damaged circuit wires.
Service action:
Check for debris or blockage in cooling system. Check tune pipe injection valve.

P0460 Fuel level sensor FUEL_SENS Sensor out of
range Yes No As soon as fault is

not present

Possible causes:
Damaged sensor, damaged circuit wires, damaged connector, damaged ECU pins. ECU failure.
Service action:
Check system circuits 2-4 and 2-18.

P0230 Fuel pump FUEL_PUMP Open or short
circuit Yes, short circuit Yes, open circuit Return to idle

Possible causes:
Damaged pump, damaged circuit wires, damaged connector, damaged ECU output pins. ECU failure.
Service action:
Check for resistance of 6-8 ohms between system circuits 4-24 and 4-26.

P0475 RAVE solenoid RAVE Open or short
circuit

Yes, open and
short circuit Yes, open circuit Return to idle

Possible causes:
Damaged solenoid, damaged circuit wires, damaged connector, damaged ECU output pins. ECU failure.
Service action:
Check for resistance of 30 ohms between system circuits 4-23 and 4-20.

P1300 Starting system
solenoid (winding) CRANK Open or short

circuit
Yes, open and

short circuit Yes, open circuit As soon as fault is
not present

Possible causes:
Damaged solenoid, damaged circuit wires, damaged connector, damaged ECU output pins. ECU failure.
Service action:
Check for resistance of 6 ohms between system circuits 3-19 and 3-15.

P0563 Battery voltage BV_HI_WARN Battery voltage
high Yes Yes As soon as fault is

not present

Possible causes:
Battery failure, rectifier failure, battery terminal connection.

P1500 Battery voltage BV_HI_RED Battery voltage
very high Yes Yes Full reset. Key

off and on

Possible causes:
Battery failure, rectifier failure, battery terminal connection.
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FAULT
CODE

DIAGNOSED
COMPONENT/

SENSOR/CIRCUIT

ECU
INTERNAL

NAME

FAULT
DETECTED

FAULT
DETECTED
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RUNNING

FAULT
DETECTED

WHILE ENGINE
NOT RUNNING

NORMAL
OPERATION
RESUMES IF

FAULT REMOVED
AND...

P0562 Battery voltage BV_LO_WARN Battery voltage
low Yes Yes As soon as fault is

not present

Possible causes:
Battery failure, rectifier failure, damaged circuit wires, battery terminal connection, damaged magneto, damaged connectors.
Service action:
Check fuse. Check system circuits 3-25 to battery + terminal, 2-26 to regulator 2 pin connector pin A, 2-25 to regulator 2 pin connector
pin B.

P1501 Battery voltage BV_LO_RED Battery voltage
very low Yes Yes Return to idle

Possible causes:
Battery failure, rectifier failure, damaged circuit wires, battery terminal connection, damaged magneto, damaged connectors.
Service action:
Check fuse, check system circuits 3-25 to battery + terminal, 2-26 to regulator 2 pin connector pin A, 2-25 to regulator 2 pin connector pin B.

P0122 Sensor supply (TPS,
MAG and MAPS) XDRP_1 Sensor 5 volt

supply failure Yes Yes Return to idle

Possible causes:
Damaged circuit wires, associated sensor failure (TPI 2 or MAP), ECU fault.
Service action:
Check for shorts to ground or corrosion on the following system circuits 3-10 or 3-3.

P0222 Sensor supply
(TPS, PTO) XDRP_2 Sensor 5 volt

supply failure Yes Yes Return to idle

Possible causes:
Damaged circuit wires, associated sensor failure (TPI 1), ECU fault.
Service action:
Check for shorts to ground or corrosion on system circuit 4-18.

P1600 ECU SETUP TDC and ECU not
initialised Yes Yes Reinitialise from

B.U.D.S.

Possible causes:
ECU not initialized, TDC not setup, throttle sensors not initialized.
Service action:
Initialize ECU.

P0606 ECU ECU_FAULT Internal ECU
faults Yes Yes Full reset. Key

off and on

Possible causes:
Incorrect software, ignition noise causing errors, internal EE-PROM failure.
Service action:
Check ignition leads, coils and correct spark plugs, replace ECU.
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P0325 Knock sensor KNOCK_SENS Knock sensor
failure Yes, over 4500 No Return to idle

Possible causes:
Damaged sensor, damaged circuit wires, damaged connector, damaged ECU pins. ECU failure.
Service action:
Bring engine to 4500 RPM. If fault code appears, check for resistance approx. 4.8 ohms between system circuits 4-2 and 4-17.

P1601 Diagnostic cap COMMS_CAP
Diagnostic cap is
not installed on
wiring harness

Yes Yes As soon as fault is
not present

Possible causes:
Cap is not installed on wiring harness.
Service action:
Reinstall cap on wiring harness.
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