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0011 SSaaffeettyy NNoottiiccee

This manual has been prepared as a guide to cor-
rectly service and repair the Rotax® engine.

This edition was primarily published to be used by
mechanics and technicians who are already famili-
ar with all service procedures relating to BRP
products. Technicians should attend training
courses given by BRPTI.

We strongly recommend that any services be car-
ried out and/or verified by a highly skilled profes-
sional mechanic.

Please note that the instructions in this manual will
apply only if proper hand tools and special service
tools are used.

The contents of this manual depicts parts and pro-
cedures applicable to the particular engine at the
time of writing. Service and warranty bulletins may
be published to update the content of this manual.
Dealer modifications that were carried out after
manufacturing of the product, whether or not au-
thorized by BRP, are not included.

In addition, the sole purpose of the illustrations
throughout the manual, is to assist identification of
the general configuration of the parts. They are
not to be interpreted as technical drawings or ex-
act replicas of the parts.

The use of BRP parts is most strongly recom-
mended when considering replacement of any
component. Dealer and/or distributor assistance
should be sought in case of doubt.

It is understood that certain modifications may ren-
der use of the vehicle illegal under existing federal,
provincial and state regulations.

This manual emphasizes particular information
denoted by the following wording and symbols:

WWAARRNNIINNGG
IInnddiiccaatteess aa ppootteennttiiaall hhaazzaarrdd tthhaatt,, iiff nnoott
aavvooiiddeedd,, ccoouulldd rreessuulltt iinn sseerriioouuss iinnjjuurryy oorr
ddeeaatthh..

CCAAUUTTIIOONN
IInnddiiccaatteess aa hhaazzaarrddoouuss ssiittuuaattiioonn wwhhiicchh,, iiff nnoott
aavvooiiddeedd,, ccoouulldd rreessuulltt iinn mmiinnoorr oorr mmooddeerraattee
iinnjjuurryy..

NNOOTTIICCEE
IInnddiiccaatteess aann iinnssttrruuccttiioonn wwhhiicchh,, iiff nnoott ffoolllloowweedd,,
ccoouulldd rreessuulltt iinn sseevveerree ddaammaaggee ttoo vveehhiiccllee
ccoommppoonneennttss oorr ootthheerr pprrooppeerrttyy..

NNOOTTEE:: Indicates supplementary information re-
quired to fully complete an instruction.

Although the mere reading of such information
does not eliminate the hazard, your understanding
of the information will promote its correct use.

Unless otherwise noted, the engine must be
stopped and the key must be removed prior to per-
forming any services.

Torque wrench tightening specifications must be
strictly adhered to. Use the torque values and
service products as in the exploded views or in the
procedures when noted.

Locking devices when removed must be replaced
(e. g.: locking tabs, elastic stop nuts, self-locking
fasteners, cotter pins, etc.).

Hoses, cables and locking ties removed during a
procedure must be reinstalled as per factory
standards.

When ordering parts always refer to the specific
parts catalog.

It is understood that this manual may be translated
into another language. In the event of any discrep-
ancy, the English version shall prevail.

BRP disclaims liability for all damages and/or inju-
ries resulting from the improper use of the con-
tents of this publication.

IImmppoorrttaanntt SSaaffeettyy
PPrreeccaauuttiioonnss
We do not provide warnings about many basic
shop safety practices (e.g.: Use Grinding Wheel –
wear safety glasses). If you have not received
shop safety training or do not feel confident about
your knowledge of safe servicing practices, we
recommend that you do not attempt to perform the
procedures described in BRP shop manuals.

SSaaffeettyy NNoottiiccee
Important Safety Precautions
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You should have a clear understanding of all basic
shop safety practices. You should be wearing the
appropriate clothing, using appropriate safety
equipment and taking all necessary safety precau-
tions. Please be especially careful of the following:
– Read and understand all instructions before

you begin a procedure or repair.
– Ensure you have the proper tools, any neces-

sary replacement parts and the skills to per-
form the tasks safely and completely.

– Protect your eyes by using approved and prop-
erly fitted safety glasses.

– Use other protective wear when necessary, for
example safety shoes and gloves.

– Unless the service procedure requires that the
engine remain running, make sure the engine
is off bbeeffoorree beginning service.

– Be sure there is adequate ventilation whenever
you run the engine, to avoid the risk of carbon
monoxide poisoning.

– To avoid injury from moving parts, make sure
your hands, fingers and clothing are out of the
way when the engine is running.

– Gasoline vapors and hydrogen gases from bat-
teries are explosive. Keep all cigarettes, sparks
and flames away from the battery, fuel-related
components and other enclosed
compartments.

– Never use gasoline to clean parts, always use
an approved nonflammable solvent.

– Never drain or store gasoline in an open
container.

WWAARRNNIINNGG
TThhee ffoorreeggooiinngg lliisstt rreepprreesseennttss ggeenneerraall ssaaffeettyy
pprraaccttiicceess.. FFoorr ddeettaaiillss oonn wwoorrkkppllaaccee hheeaalltthh
aanndd ssaaffeettyy rreeqquuiirreemmeennttss iinn yyoouurr aarreeaa,, ccoonnssuulltt
yyoouurr llooccaall wwoorrkkppllaaccee hheeaalltthh aanndd ssaaffeettyy
aaggeennccyy oorr aassssoocciiaattiioonn..

We have provided you with some of the most im-
portant general service safety precautions, above.
We cannot, however, warn you of every conceiv-
able hazard that can arise in performing the serv-
ice and repair procedures depicted in BRP
manuals. Only you can decide whether or not you
should perform a given task.

SSaaffeettyy NNoottiiccee
Important Safety Precautions
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NNootteess
RReellaatteedd DDooccuummeennttss
BBuulllleettiinnss

IInnssttrruuccttiioonn SShheeeettss

OOtthheerr

NNootteess
TTeecchhnniicciiaann’’ss NNootteess

Notes
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0022 IInnttrroodduuccttiioonn

The information and component/system descrip-
tions contained in this manual are correct at time
of publication. BRP however, maintains a policy of
continuous improvement of its products without
imposing upon itself any obligation to install them
on products previously manufactured.

Due to late changes, it may have some differences
between the manufactured product and the de-
scription and/or specifications in this document.

BRP reserves the right at any time to discontinue
or change specifications, designs, features, mod-
els or equipment without incurring obligation.

EEnnggiinnee IInnffoorrmmaattiioonn
EEnnggiinnee IIddeennttiiffiiccaattiioonn NNuummbbeerr
The engine serial number plate is located on the
right of the engine near the engine oil filter
housing.

CCoommpplliiaannccee LLaabbeell
RReegguullaattiioonn ((EEUU)) 22001166//11662288 aapppplliiccaabbllee ffoorr
NNoonn--RRooaadd MMoobbiillee MMaacchhiinneerriieess
Vehicles who comply to Regulation (EU) 2016/
1628 (NRMM) are identified on the engine valve
cover.

NNOOTTEE:: Any tampering with the engine or its
components will void the EU type-approval of the
vehicle.

Rotax

89
38

IInnttrroodduuccttiioonn
Engine Information
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EEnnggiinnee EEmmiissssiioonnss
IInnffoorrmmaattiioonn
MMaannuuffaaccttuurreerr''ss RReessppoonnssiibbiilliittyy
Manufacturers of engines must determine the ex-
haust emission levels for each engine horsepower
family and certify these engines with the United
States of America Environmental Protection
Agency (EPA). An emissions control information
label, showing emission levels and engine specifi-
cations, must be placed on each vehicle at the
time of manufacture.

DDeeaalleerr RReessppoonnssiibbiilliittyy
When servicing any vehicle that carry an emis-
sions control information label, adjustments must
be kept within published factory specifications.

Replacement or repair of any emission related
component must be executed in a manner that
maintains emission levels within the prescribed
certification standards.

Dealers are not to modify the engine in any man-
ner that would alter the horsepower or allow emis-
sion levels to exceed their predetermined factory
specifications.

Exceptions include manufacturer's prescribed
changes.

OOwwnneerr RReessppoonnssiibbiilliittyy
The owner/operator is required to have engine
maintenance performed to maintain emission lev-
els within prescribed certification standards.

The owner/operator is not to, and should not allow
anyone else to modify the engine in any manner
that would alter the horsepower or allow emissions
levels to exceed their predetermined factory
specifications.

EEmmiissssiioonn RReegguullaattiioonnss
The vehicle you are servicing may have been cer-
tified to applicable emission regulations in your
country or state. Not as an exhaustive list; this
may include standards for engine exhaust emis-
sions, crankcase emissions, permeation emis-
sions and evaporative emissions. Servicing
procedures in this manual must be strictly followed
in order to keep the vehicle within the factory spec-
ifications. Failure to follow servicing procedures in
this manual may lead a vehicle to be out of compli-
ance with applicable emission regulations.

When servicing any vehicle; adjustments must be
kept within published factory specifications. Re-
placement or repair of any emission related com-
ponent must be executed in a manner that
maintains emission levels within the applicable
certification standards. Nobody is allowed to modi-
fy the engine in any manner that would alter the
horsepower or allow emission levels to exceed
their predetermined factory specifications. Excep-
tions include manufacturer’s prescribed changes.

The owner/operator is required to have engine
maintenance performed to maintain emission lev-
els within the prescribed certification standards.
The owner/operator is allowed and should not al-
low anyone else to modify the engine in any man-
ner that would alter the horsepower or allow
emissions levels to exceed their predetermined
factory specifications.

IInnttrroodduuccttiioonn
Engine Emissions Information
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MMaannuuaall IInnffoorrmmaattiioonn
MMaannuuaall PPrroocceedduurreess
Many of the procedures in this manual are interre-
lated. Before undertaking any task, you should
read and thoroughly understand the entire section
or subsection in which the procedure is contained.

WWAARRNNIINNGG
UUnnlleessss ootthheerrwwiissee ssppeecciiffiieedd,, tthhee eennggiinnee
sshhoouulldd bbee ttuurrnneedd OOFFFF aanndd ccoolldd ffoorr aallll mmaaiinnttee--
nnaannccee aanndd rreeppaaiirr pprroocceedduurreess..

A number of procedures throughout the book re-
quire the use of special tools. Before starting any

procedure, be sure that you have on hand all re-
quired tools, or their approved equivalents.

This manual uses technical terms which may be
different from the ones of the parts catalogs.

When ordering parts always refer to the specific
parts catalog.

NNOOTTIICCEE
MMoosstt ffaasstteenneerrss aarree mmeettrriicc,, aanndd mmoosstt ccoommppoo--
nneennttss aarree bbuuiilltt wwiitthh ppaarrttss ddiimmeennssiioonneedd uussiinngg
tthhee mmeettrriicc ssyysstteemm.. CCoonnssuulltt tthhee aapppprroopprriiaattee
ppaarrttss ccaattaalloogg ttoo oobbttaaiinn aanndd uussee tthhee ccoorrrreecctt
ppaarrttss aanndd ffaasstteenneerrss.. MMiissmmaattcchheedd oorr iinnccoorrrreecctt
ffaasstteenneerrss ccoouulldd ccaauussee ddaammaaggee ttoo tthhee vveehhiiccllee..

TTiigghhtteenniinngg TToorrqquuee
Tighten fasteners to the torque specified in the exploded view(s) and/or in the written procedure. When a
torque is not specified, refer to the following table.

WWAARRNNIINNGG
TToorrqquuee wwrreenncchh ttiigghhtteenniinngg ssppeecciiffiiccaattiioonnss mmuusstt bbee ssttrriiccttllyy aaddhheerreedd ttoo..
LLoocckkiinngg ddeevviicceess mmuusstt bbee rreeppllaacceedd wwhheenn rreemmoovveedd ((ee..gg..:: lloocckkiinngg ttaabbss,, eellaassttiicc ssttoopp nnuuttss,, sseellff--lloocckk--
iinngg ffaasstteenneerrss,, ccootttteerr ppiinnss,, eettcc..))..

In order to avoid a poor assembly, tighten screws, bolts, or nuts in accordance with the following
procedure:

1. Manually screw in all screws, bolts and/or nuts.
2. Apply half the recommended torque value.
3. Tighten fastener to the recommended torque value.

NNOOTTIICCEE
BBee ssuurree ttoo uussee tthhee rreeccoommmmeennddeedd ttiigghhtteenniinngg ttoorrqquuee ffoorr tthhee ssppeecciiffiieedd ffaasstteenneerr uusseedd..

Whenever possible, always apply torque on the nut.

Always torque screws, bolts and/or nuts using a crisscross pattern when multiple fasteners are used
to secure a part (eg. a cylinder head). Some parts must be torqued according to a specific sequence
and torque pattern as detailed in the installation procedure.

IInnttrroodduuccttiioonn
Manual Information
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FASTENER
SIZE

FASTENER GRADE/TORQUE

5.8 Grade 8.8 Grade 10.9 Grade 12.9 Grade

M4
1.5 – 2 N∙m
(13 – 18 lbf∙in)

2.5 – 3 N∙m
(22 – 27 lbf∙in)

3.5 - 4 N∙m
(31 - 35 lbf∙in)

4 - 5 N∙m
(35 - 44 lbf∙in)

M5
3 - 3.5 N∙m
(27 - 31 lbf∙in)

4.5 - 5.5 N∙m
(40 - 49 lbf∙in)

7 - 8.5 N∙m
(62 - 75 lbf∙in)

8 - 10 N∙m
(71 - 89 lbf∙in)

M6
6.5 - 8.5 N∙m
(58 - 75 lbf∙in)

8 - 12 N∙m
(71 - 106 lbf∙in)

10.5 – 15 N∙m
(93 – 133 lbf∙in)

16 N∙m
(142 lbf∙in)

M8
15 N∙m

(133 lbf∙in)
25 N∙m
(18 lbf∙ft)

32 N∙m
(24 lbf∙ft)

40 N∙m
(30 lbf∙ft)

M10
29 N∙m
(21 lbf∙ft)

48 N∙m
(35 lbf∙ft)

61 N∙m
(45 lbf∙ft)

73 N∙m
(54 lbf∙ft)

M12
52 N∙m
(38 lbf∙ft)

85 N∙m
(63 lbf∙ft)

105 N∙m
(77 lbf∙t)

128 N∙m
(94 lbf∙ft)

M14
85 N∙m
(63 lbf∙ft)

135 N∙m
(100 lbf∙ft)

170 N∙m
(125 lbf∙ft)

200 N∙m
(148 lbf∙ft)

IInnttrroodduuccttiioonn
Manual Information



10

FFaasstteenneerr IInnffoorrmmaattiioonn
NNOOTTIICCEE

MMoosstt ffaasstteenneerrss aarree mmeettrriicc.. MMiissmmaattcchheedd oorr iinn--
ccoorrrreecctt ffaasstteenneerrss ccoouulldd ccaauussee ddaammaaggee ttoo tthhee
vveehhiiccllee..

SSeellff--LLoocckkiinngg FFaasstteenneerr PPrroocceedduurree

TTYYPPIICCAALL —— SSEELLFF--LLOOCCKKIINNGG FFAASSTTEENNEERR

The following describes common procedures used
when working with self-locking fasteners.

Use a metal brush or a tap to clean the hole prop-
erly, then use a solvent. Allow the solvent time to
act, approximately 30 minutes, then wipe off. Sol-
vent utilization is to ensure proper adhesion of the
product used for locking the fastener.

LLooccttiittee®® AApppplliiccaattiioonn PPrroocceedduurree
The following describes common procedures used
when working with Loctite products:

NNOOTTEE:: Always use proper strength Loctite prod-
uct as recommended in this Shop Manual.

TThhrreeaaddlloocckkeerr AApppplliiccaattiioonn ffoorr UUnnccoovveerreedd HHoolleess
((BBoollttss aanndd NNuuttss))

1. Apply here
2. Do not apply

1. Clean threads (bolt and nut) with solvent.

2. Apply Loctite 7649 (Primer) on threads and al-
low to dry.

3. Choose proper strength Loctite threadlocker.
4. Fit bolt in the hole.
5. Apply a few drops of threadlocker at proposed

tightened nut engagement area.
6. Position nut and tighten as required.

TThhrreeaaddlloocckkeerr AApppplliiccaattiioonn ffoorr BBlliinndd HHoolleess

1. On fastener threads
2. On threads and at the bottom of hole

1. Clean threads (bolt and hole) with solvent.
2. Apply Loctite 7649 (Primer) on threads (bolt

and nut) and allow to dry for 30 seconds.
3. Choose proper strength Loctite threadlocker.
4. Apply several drops along the threaded hole

and at the bottom of the hole.
5. Apply several drops on bolt threads.
6. Tighten as required.

TThhrreeaaddlloocckkeerr AApppplliiccaattiioonn ffoorr SSttuudd IInnssttaallllaattiioonn
iinn BBlliinndd HHoolleess

1. On stud threads
2. On threads and in the hole
3. On retaining nut threads

1. Clean threads (stud and hole) with solvent.
2. Apply Loctite 7649 (Primer) on threads and al-

low to dry.
3. Put 2 or 3 drops of proper strength Loctite

threadlocker on female threads and in hole.

NNOOTTEE:: To avoid a hydro lock situation, do not
apply too much Loctite.

IInnttrroodduuccttiioonn
Fastener Information
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4. Apply several drops of proper strength Loctite
on stud threads.

5. Install stud.
6. Install cover, part, etc.
7. Apply a few drops of proper strength Loctite on

uncovered stud threads.
8. Install and tighten retaining nut(s) as required.

TThhrreeaaddlloocckkeerr AApppplliiccaattiioonn ffoorr PPrree--AAsssseemmbblleedd
PPaarrttss

A00A3OA

1

2

1. Apply here
2. Do not apply

1. Clean bolts and nuts with solvent.
2. Assemble components.
3. Tighten nuts.
4. Apply a few drops of proper strength Loctite on

bolt/nut contact surfaces.
5. Avoid touching metal with tip of flask.

NNOOTTEE:: For preventive maintenance on existing
equipment, retighten nuts and apply proper
strength Loctite on bolt/nut contact surfaces.

TThhrreeaaddlloocckkeerr AApppplliiccaattiioonn ffoorr aann AAddjjuussttmmeenntt
SSccrreeww

1. Apply here
2. Plunger

1. Adjust screw to proper setting.

2. Apply a few drops of proper strength Loctite
threadlocker on screw/body contact surfaces.

3. Avoid touching metal with tip of flask.

NNOOTTEE:: If it is difficult to readjust, heat screw with
a soldering iron (232 °C (450 °F)).

AApppplliiccaattiioonn ffoorr SSttrriippppeedd TThhrreeaadd RReeppaaiirr

1. Release agent
2. Stripped threads
3. Form-A-Thread
4. Tapes
5. Cleaned bolt
6. Plate
7. New threads
8. Threadlocker

SSttaannddaarrdd TThhrreeaadd RReeppaaiirr

Follow instructions on Loctite FORM-A-THREAD
81668 package.

If a plate is used to align bolt:

1. Apply release agent on mating surfaces.
2. Put waxed paper or similar film on the

surfaces.
3. Twist bolt when inserting it to improve thread

conformation.

NNOOTTEE:: NOT intended for engine stud repairs.

RReeppaaiirr ooff SSmmaallll HHoolleess//FFiinnee TThhrreeaaddss

Option 1: Enlarge damaged hole, then follow
Standard Thread Repair procedure.

Option 2: Apply FORM-A-THREAD on the screw
and insert in damaged hole.

PPeerrmmaanneenntt SSttuudd IInnssttaallllaattiioonn ((LLiigghhtt DDuuttyy))

1. Use a stud of the desired thread length.
2. DO NOT apply release agent on stud.
3. Follow Standard Thread Repair procedure.
4. Allow 30 minutes for Loctite FORM-A-

THREAD to cure.
5. Complete part assembly.

IInnttrroodduuccttiioonn
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GGaasskkeett CCoommppoouunndd AApppplliiccaattiioonn

1. Proper strength Loctite
2. Loctite Primer N and Gasket Eliminator 518

on both sides of gasket
3. Loctite Primer N only

1. Remove old gasket and other contaminants
using Loctite chisel (gasket remover). Use a
mechanical means only if necessary.

NNOOTTEE:: Avoid grinding.

2. Clean both mating surfaces with solvent.
3. Spray Loctite Primer N on both mating surfa-

ces and on both sides of gasket and allow to
dry 1 or 2 minutes.

4. Apply Loctite 518 on both sides of gasket, us-
ing a clean applicator.

5. Place gasket on mating surfaces and assem-
ble parts immediately.

NNOOTTEE:: If the cover is bolted to blind holes, apply
proper strength Loctite in the hole and on threads.
Tighten fastener.

6. If holes are sunken, apply proper strength Loc-
tite on bolt threads.

7. Tighten as usual.

TThhrreeaaddlloocckkeerr AApppplliiccaattiioonn ffoorr MMoouunnttiinngg oonn aa
SShhaafftt
MMoouunnttiinngg wwiitthh aa PPrreessss

1. Bearing
2. Proper strength Loctite
3. Shaft

1. Clean shaft external contact surface.
2. Clean internal contact surface of part to be in-

stalled on shaft.
3. Apply a strip of proper strength Loctite on cir-

cumference of shaft contact surface at inser-
tion or engagement point.

NNOOTTEE:: Retaining compound is always forced out
when applied on shaft.

4. DO NOT use antiseize Loctite or any similar
product.

5. No curing period is required.

MMoouunnttiinngg iinn TTaannddeemm

1. Apply retaining compound on internal contact
surface (bore) of parts to be installed.

2. Continue parts assembly as per previous
illustration.

TThhrreeaaddlloocckkeerr AApppplliiccaattiioonn ffoorr CCaassee--IInn
CCoommppoonneennttss ((MMeettaalllliicc GGaasskkeettss))

1. Proper strength Loctite

1. Clean inner housing diameter and outer gasket
diameter.

2. Spray housing and gasket with Loctite 7649
(Primer).

3. Apply a strip of proper strength Loctite on lead-
ing edge of outer metallic gasket diameter.

IInnttrroodduuccttiioonn
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NNOOTTEE:: Any Loctite product can be used here. A
low strength liquid is recommended as normal
strength and gap are required.

4. Install according to standard procedure.
5. Wipe off excess product.
6. Allow 30 minutes for product to cure.

NNOOTTEE:: Normally used on worn-out housings to
prevent leaking or sliding.

It is generally not necessary to remove gasket
compound applied on outer gasket diameter.

IInnttrroodduuccttiioonn
Fastener Information
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NNootteess
RReellaatteedd DDooccuummeennttss
BBuulllleettiinnss

IInnssttrruuccttiioonn SShheeeettss

OOtthheerr

NNootteess
TTeecchhnniicciiaann’’ss NNootteess

Notes
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0033 EENNGGIINNEE

IINNTTAAKKEE MMAANNIIFFOOLLDD
SSEERRVVIICCEE TTOOOOLLSS
DDeessccrriippttiioonn PPaarrtt NNuummbbeerr PPaaggee

ADAPTER GAUGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036461) . . . . . . . . . . . . . . . . . . . . . . . 170
CAMSHAFT LOCKING TOOL . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036566) . . . . . . . . . . . . . . . . . . . . . 87, 89
CAMSHAFT ROTATION TOOL . . . . . . . . . . . . . . . . . . . . . . (P/N 529036567) . . . . . . . . . . . . . . . . . . . . . 87, 89
CENTER BOLT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036290) . . . . . . . . . . . . . . . . . . . . . 72–73
CIRCLIP INSTALLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036573) . . . . . . . . . . . . . . . . . . . . . . . . 53
CRANKSHAFT LOCKING TOOL . . . . . . . . . . . . . . . . . . . . . (P/N 529036564) . . . . . . . . . . . . . . . . . . . . . . . 123
CRANKSHAFT PROTECTOR . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036570) . . . . . . . . . . . . . . . . . . . . . . . . 77
CYLINDER HEAD TOOL KIT . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036624) . . . . . . . . . . . . . . . . . . . 112, 136
ECM ADAPTER TOOL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036513) . . . . . . 19, 41, 60, 71, 124, 159
ENGINE LEAK DOWN TEST KIT . . . . . . . . . . . . . . . . . . . . . (P/N 529035661) . . . . . . . . . . . . . . . . . . . . 98, 170
ENGINE LIFTING HOOK . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036574) . . . . . . . . . . . . . . . . . . . . . . . 127
ENGINE STAND ADAPTOR PLATE . . . . . . . . . . . . . . . . . . (P/N 529036563) . . . . . . . . . . . 77, 110, 127, 134
FUNNEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529000155) . . . . . . . . . . . . . . . . . . . . . . . . 38
IGNITION COVER EXTRACTOR . . . . . . . . . . . . . . . . . . . . . (P/N 529036571) . . . . . . . . . . . . . . . . . . . . . 72–73
MAGNETO PULLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036569) . . . . . . . . . . . . . . . . . . . . . . . . 77
OIL PRESSURE HOSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036394) . . . . . . . . . . . . . . . . . . . . . . . . 35
OIL PRESSURE TEST CAP . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036158) . . . . . . . . . . . . . . . . . . . . . . . . 35
OIL SEAL INSTALLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036572) . . . . . . . . . . . . . . . . . . . 126, 134
OIL SEAL PULLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036595) . . . . . . . . . . . . . . . . . . . . . . . 126
PISTON CIRCLIP INSTALLER . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036568) . . . . . . . . . . . . . . . . . . . . . . . 146
PISTON RING COMPRESSOR . . . . . . . . . . . . . . . . . . . . . . (P/N 529036565) . . . . . . . . . . . . . . . . . . . . . . . 147
PRESSURE GAUGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036395) . . . . . . . . . . . . . . . . . . . . . . . . 36
TURBO BEARING PRESSURE TEST PLATE . . . . . . . . . . (P/N 529036628) . . . . . . . . . . . . . . . . . . . . . . . 169
VALVE SPRING COMPRESSOR . . . . . . . . . . . . . . . . . . . . . (P/N 529035724) . . . . . . . . . . . . . . . . . . . . . . . 114
VALVE SPRING COMPRESSOR . . . . . . . . . . . . . . . . . . . . . (P/N 529036209) . . . . . . . . . . . . . . . . . . . . . . . 114

EENNGGIINNEE
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= Component must be replaced when removed.NEW

NEW

7 ± 0,8 N•m
(62 ± 7 lbf•in)

9 ± 1 N•m
(80 ± 9 lbf•in)Engine oil

NEW

EENNGGIINNEE
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GGEENNEERRAALL
During assembly and installation, use the torque
values and service products as indicated in the ex-
ploded view.

WWAARRNNIINNGG
TToorrqquuee wwrreenncchh ttiigghhtteenniinngg ssppeecciiffiiccaattiioonnss mmuusstt
bbee ssttrriiccttllyy aaddhheerreedd ttoo.. LLoocckkiinngg ddeevviicceess wwhheenn
rreemmoovveedd ((ee..gg..:: lloocckkiinngg ttaabbss,, eellaassttiicc ssttoopp nnuuttss,,
ccootttteerr ppiinnss,, eettcc..)) mmuusstt bbee rreeppllaacceedd wwiitthh nneeww
oonneess..

NNOOTTIICCEE
HHoosseess,, ccaabblleess oorr lloocckkiinngg ttiieess rreemmoovveedd dduurriinngg
aa pprroocceedduurree mmuusstt bbee rreeiinnssttaalllleedd aass ppeerr ffaacc--
ttoorryy ssttaannddaarrddss..

PPRROOCCEEDDUURREESS
MMAANNIIFFOOLLDD AABBSSOOLLUUTTEE PPRREESSSSUURREE AANNDD
TTEEMMPPEERRAATTUURREE SSEENNSSOORR ((MMAAPPTTSS))

NNOOTTEE:: This sensor is a multifunction device. It
measures manifold absolute pressure and intake
temperature for air flow calculations.

MMAAPPTTSS LLooccaattiioonn
The MAPTS is located on the intake plenum.

MMAAPPTTSS PPrreessssuurree FFuunnccttiioonn
Before the engine is started, when power is ap-
plied to the system, the sensor measures the am-
bient air atmospheric pressure. The ambient
pressure is, at that moment, stored in the ECM.
Thereafter, once the engine is started, the MAPTS
measures the air pressure in the intake manifold
at operating speeds.

The sensor must be correctly installed on the in-
take manifold. Otherwise, the MAPTS could gen-
erate a fault code for an unexpected sensor range
at idle when it reads the atmospheric pressure. If

this is the case, remove the sensor and check for
oil or dirt on its end. If the problem persists, check
the throttle plate condition/position and the wiring
harness. Perform the following tests.

TTeessttiinngg tthhee MMAAPPTTSS ((PPrreessssuurree FFuunnccttiioonn))
1. Connect vehicle to the BRP diagnostic soft-

ware (BUDS)
2. In BUDS, select the following:

– MMeeaassuurreemmeennttss page
– VVEEHHIICCLLEE button
– LLiivvee VViieeww tab
– SSeelleecctt tthhee aapppprroopprriiaattee EECCUU.

3. Look for and take note of the ambient pressure
reading while the engine is stopped.

4. Perform the same test with a new MAPTS and
compare both readings.

Values have to be within ± 3.4 kPa (0.5 lbf/in²).

NNOOTTEE:: 1 kPa = 10 hPa.

MMAAPPTTSS PPrreessssuurree FFuunnccttiioonn QQuuiicckk TTeesstt

RReessuulltt SSeerrvviiccee aaccttiioonn

No
reading

Circuit
continuity
test of
MAPTS
pressure
function

MAPTS
Input

Voltage
Test

Repair or
replace
wiring

Value is
out of
range

Replace MAPTS

TTeessttiinngg tthhee MMAAPPTTSS IInnppuutt VVoollttaaggee
1. Remove the electrical connector from the

MAPTS.

2. Briefly press the START/STOP button.

EENNGGIINNEE
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3. Set a multimeter to Vdc and measure the
MAPTS input voltage as per following table.

MMAAPPTTSS IInnppuutt VVoollttaaggee TTeesstt

MMAAPPTTSS ccoonnnneeccttoorr ppiinn SSppeecciiffiiccaattiioonn

1 3 5 Vdc

4. If the voltage test is good, replace the MAPTS.
5. If the voltage test is not good, carry out Testing

the MAPTS Circuit Continuity (Pressure
Function).

TTeessttiinngg tthhee MMAAPPTTSS CCiirrccuuiitt CCoonnttiinnuuiittyy
((PPrreessssuurree FFuunnccttiioonn))
1. Disconnect the connector 13 from the ECM.
2. Install the connector on the ECM adapter tool.

EECCMM aaddaapptteerr ttooooll
((PP//NN 552299003366551133))

3. Check continuity of the following circuits.

MMAAPPTTSS CCiirrccuuiitt CCoonnttiinnuuiittyy TTeesstt

EECCMM
aaddaapptteerr ttooooll

ppiinn

MMAAPPTTSS
ccoonnnneeccttoorr

ppiinn
SSppeecciiffiiccaattiioonn

26 1
Close to 0 Ω

31 2

4. If resistance is not within specification, repair
or replace the wiring harness between ECM
connector and the MAPTS.

MMAAPPTTSS TTeemmppeerraattuurree FFuunnccttiioonn
The MAPTS also measures the temperature of the
air in the intake manifold.

TTeessttiinngg tthhee MMAAPPTTSS ((TTeemmppeerraattuurree FFuunnccttiioonn))
1. Connect the vehicle to the BRP diagnostic soft-

ware (BUDS).
2. In BUDS, select the following:

– MMeeaassuurreemmeennttss page
– VVEEHHIICCLLEE button
– LLiivvee VViieeww tab
– SSeelleecctt tthhee aapppprroopprriiaattee EECCUU.

3. Look for ambient temperature reading while
the engine is stopped.

4. Perform the same test with a new MAPTS and
compare both readings.

5. If the engine's MAPTS temperature reading is
significantly different than the new MAPTS, re-
place it.

NNOOTTEE:: Both sensors must feel same ambient air
temperature.

6. If there is no reading, carry out Testing the
MAPTS Resistance (Temperature Function).

TTeessttiinngg tthhee MMAAPPTTSS RReessiissttaannccee ((TTeemmppeerraattuurree
FFuunnccttiioonn))
1. Disconnect the MAPTS connector.
2. Test MAPTS resistance at the sensor as per

following tables.

MMAAPPTTSS RReessiissttaannccee TTeesstt

MMAAPPTTSS ppiinn SSppeecciiffiiccaattiioonn

1 2
Refer to MAPTS

Temperature sensor
table

MMAAPPTTSS TTeemmppeerraattuurree SSeennssoorr TTaabbllee

TTeemmppeerraattuurree SSppeecciiffiiccaattiioonn

-10°C (14 °F) 8595 to 10264 Ω

0°C (32°F) 5420 to 6403 Ω

10°C (50°F) 3504 to 4100 Ω

15°C (59°F) 2842 to 3310 Ω

20°C (68°F) 2323 to 2690 Ω

25°C (77°F) 1916 to 2207 Ω

30°C (86°F) 1591 to 1827 Ω

35°C (95°F) 1318 to 1510 Ω

40°C (104°F) 1000 to 1254 Ω

3. If resistance is not within specification, replace
the MAPTS.

4. If resistance tests good, rreeccoonnnneecctt the
MAPTS and proceed with the following steps.

5. Disconnect the connector 13 from the ECM.
6. Install the connector on ECM adapter tool.

EECCMM aaddaapptteerr ttooooll
((PP//NN 552299003366551133))

EENNGGIINNEE
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7. Recheck resistance value as per following
table.

MMAAPPTTSS RReessiissttaannccee TTeesstt aatt EECCMM

EECCMM aaddaapptteerr ppiinn SSppeecciiffiiccaattiioonn

26 31
Refer to MAPTS

Temperature sensor
table

MMAAPPTTSS TTeemmppeerraattuurree SSeennssoorr TTeesstt RReessuullttss

RReessuulltt SSeerrvviiccee aaccttiioonn

No
reading

Circuit
Continuity
Test of
MAPTS
Pressure
Function

MAPTS
Input

Voltage
Test

Repair or
replace
wiring

Incorrect
resistance
value

Check condition of connector pins.
If necessary, replace MAPTS

Correct
resistance
value

Try a new ECM

RReeppllaacciinngg tthhee MMAAPPTTSS
1. Disconnect MAPTS connector and remove the

MAPTS from the intake manifold.

1. MAPTS
2. MAPTS connector

2. Install new MAPTS as per following table.

TTiigghhtteenniinngg TToorrqquuee

MAPTS screw 7 ± 0.8 Nm
(62 ± 7 lbf·in)

IINNTTAAKKEE MMAANNIIFFOOLLDD

RReemmoovviinngg tthhee IInnttaakkee MMaanniiffoolldd
1. Remove all parts required to reach the intake

manifold.
2. Cut locking ties that secure the MAPTS har-

ness and disconnect the MAPTS.

1. Locking ties
2. MAPTS connector

3. Perform the fuel pressure relief procedure and
disconnect the fuel hose from the fuel rail.

4. Disconnect the fuel injector connectors.

5. If necessary, remove the fuel rail screws and
pull the fuel rail to remove it with the injectors
from the intake manifold.

EENNGGIINNEE
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1. Fuel rail screws
2. Fuel rail

6. Disconnect the Boost Pressure Sensor (BPS)

1. Locking ties
2. BPS connector

7. Disconnect the ETC connector and remove the
cable from its retainer.

1. Locking tie
2. ETC connector
3. Retainer

8. Loosen gear clamp and remove throttle body
from intake manifold.

1. Gear clamp
2. Throttle body

9. Remove the intake manifold screws and the
ground connector.

NNOOTTIICCEE
BBeeffoorree rreemmoovviinngg tthhee iinnttaakkee mmaanniiffoolldd,, mmaakkee
ssuurree aarreeaa iiss cclleeaanneedd ssoo tthhaatt nnoo ddeebbrriiss oorr dduusstt
ffaallll iinnttoo tthhee eennggiinnee

IINNTTAAKKEE MMAANNIIFFOOLLDD SSCCRREEWWSS

GGRROOUUNNDD CCOONNNNEECCTTOORR

10.Remove the intake manifold from the engine.

EENNGGIINNEE
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NNOOTTIICCEE
AApppprroopprriiaattee ccaarree sshhoouulldd bbee ttaakkeenn aafftteerr iinnttaakkee
mmaanniiffoolldd rreemmoovvaall ttoo mmaakkee ssuurree tthhaatt nnoo ddeebbrriiss
oorr dduusstt ffaallllss iinnttoo tthhee eennggiinnee..

11.Remove and discard intake manifold gaskets.
12. If required, remove the MAPTS.

IInnssppeeccttiinngg tthhee IInnttaakkee MMaanniiffoolldd
1. Check intake manifold for cracks, warping at

flanges or any other visible damage. Replace if
required.

2. Drain intake manifold of any accumulated
liquids.

3. Flush intake manifold with solvent and let dry.
4. Check rubber grommets for brittleness, hard-

ness or damage. Replace as required.
5. Use this opportunity to check the throttle body

connecting socket.

IInnssttaalllliinngg tthhee IInnttaakkee MMaanniiffoolldd
1. If removed, install MAPTS. Refer to the proce-

dure in this subsection.
2. Install a NNEEWW gasket.

NNOOTTIICCEE
EEnnggaaggee iinnttaakkee mmaanniiffoolldd ggaasskkeett oonnttoo ssiilleenntt
bblloocckk sslleeeevveess..

1. Intake manifold gasket engaged on silent block sleeve
2. Silent block sleeve
3. Silent block rubber

3. Ensure that the rubber grommets are properly
inserted.

RRUUBBBBEERR GGRROOMMMMEETTSS

4. Position intake manifold on engine.
5. Install the ground connector and air manifold

screws.

EENNGGIINNEE
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IINNTTAAKKEE MMAANNIIFFOOLLDD SSCCRREEWWSS

6. Tighten intake manifold screws to specification
as per the following sequence.

TTiigghhtteenniinngg TToorrqquuee

Intake manifold screws 9 ± 1 N∙m
(80 ± 9 lbf∙in)

TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE

7. Install the throttle body.
8. If removed, install fuel rail with injectors and

tighten screws to specification.

TTiigghhtteenniinngg TToorrqquuee

Fuel rail screws 9 ± 1 N∙m
(80 ± 9 lbf∙in)

1. Fuel rail retaining screws
2. Fuel rail with injectors

9. Connect the fuel hose from the fuel rail.
10.Connect the MAPTS and secure its harness

with locking ties.

1. Locking ties
2. MAPTS connector

11.Reinstall all other removed parts removed to
reach the intake manifold.

EENNGGIINNEE
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EEXXHHAAUUSSTT MMAANNIIFFOOLLDD
RReemmoovviinngg tthhee EExxhhaauusstt MMaanniiffoolldd

CCAAUUTTIIOONN
TToo aavvooiidd ppootteennttiiaall bbuurrnnss,, nneevveerr ttoouucchh eexx--
hhaauusstt ssyysstteemm ccoommppoonneennttss iimmmmeeddiiaatteellyy aafftteerr
tthhee eennggiinnee hhaass bbeeeenn rruunnnniinngg.. EExxhhaauusstt ssyyss--
tteemm ccoommppoonneennttss aarree vveerryy hhoott.. LLeett tthhee eennggiinnee
aanndd eexxhhaauusstt ssyysstteemm ccooooll bbeeffoorree ppeerrffoorrmmiinngg
aannyy sseerrvviicciinngg..

1. Access the exhaust manifold.
2. Remove the upper V-band clamp and discard

it.

3. Mark the exhaust manifold and compensator
with a marker to indicate the original mounting
position of the compensator.

4. Remove the exhaust manifold screws and
washers, and discard them.

5. Remove the exhaust manifold and discard the
compensator gasket.

6. Remove and discard the exhaust manifold
gaskets.

7. Remove the compensator.

EENNGGIINNEE
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1. Lower V-band (discard it)
2. Compensator gasket (discard it)
3. Compensator
4. Compensator tube

8. Put tape over the turbine inlet to prevent for-
eign objects from entering the turbine housing.

9. If necessary, remove the clamping plate.

IInnssppeeccttiinngg tthhee EExxhhaauusstt MMaanniiffoolldd
1. Visually inspect the exhaust manifold for

cracks or other damage.
2. Using a straight edge and a feeler gauge,

check for warpage of the exhaust manifold
flange from the center sealing surface [A] to
the outer sealing surface [B].

SSEEAALLIINNGG SSUURRFFAACCEESS
1. Center sealing surface
2. Outer sealing surfaces

NNOOTTIICCEE
DDoo nnoott ppllaaccee tthhee ssttrraaiigghhtt eeddggee ffrroomm oouutteerr
sseeaalliinngg ssuurrffaaccee [[BB]] ttoo oouutteerr sseeaalliinngg ssuurrffaaccee
[[BB]].. TThhee mmeeaassuurreemmeenntt rreessuulltt wwiillll bbee iinnccoorrrreecctt..

EExxhhaauusstt MMaanniiffoolldd FFllaannggee WWaarrppaaggee

Service limit Maximum of 0.6 mm
(0.024 in.)

3. Check the exhaust manifold flange to the com-
pensator for cracks or damage.

4. Check the sealing surface of the exhaust mani-
fold to the cylinder head for wear or damage.

EENNGGIINNEE
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5. Check the compensator and compensator tube
for cracks or other damage.

IInnssttaalllliinngg tthhee EExxhhaauusstt MMaanniiffoolldd
1. If removed, install the clamping plate using

NNEEWW screws and NNEEWW washers.

2. Tighten the clamping plate screws according
the following sequence:

TTiigghhtteenniinngg TToorrqquuee

Clamping plate screws 25 ± 3N∙m
(18 ± 2 lbf∙ft)

3. Install a NNEEWW compensator gasket with the
raised side towards compensator.

4. Install the Compensator with a NNEEWW V-band
clamp

NNOOTTIICCEE
OOnnllyy hhaanndd ttiigghhtteenn tthhee VV--bbaanndd ccllaammpp,, ssoo tthhaatt
iitt ccaann ssttiillll bbee ttuurrnneedd sslliigghhttllyy bbyy hhaanndd..

EENNGGIINNEE
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NNOOTTIICCEE
TTaakkee ccaarree tthhaatt tthhee VV--bbaanndd ccllaammpp iiss pprrooppeerrllyy
ppoossiittiioonneedd oonn tthhee ccoommppeennssaattoorr ggaasskkeett..

5. Install a NNEEWW exhaust manifold gasket.

6. Install a NNEEWW compensator gasket on the ex-
haust manifold, with the raised side towards
the compensator.

7. Place the exhaust manifold behind the clamp-
ing plate.

8. Turn the compensator until the marks on the
compensator and exhaust manifold align.

NNOOTTIICCEE
IInnssttaalllliinngg aa uusseedd ccoommppeennssaattoorr iinn tthhee ddiivveerrgg--
iinngg ppoossiittiioonn mmaayy lleeaadd ttoo aa lleeaakkiinngg eexxhhaauusstt
ssyysstteemm..

9. Insert NNEEWW exhaust manifold screws with
NNEEWW washers while pressing the exhaust
manifold with force against the clamping plate.

EENNGGIINNEE
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10.Adjust the upper compensator gasket so that it
aligns with the lower gasket.

11.Hand tighten the exhaust manifold screws.
12. Install a NNEEWW V-band clamp.

NNOOTTIICCEE
OOnnllyy hhaanndd ttiigghhtteenn tthhee VV--bbaanndd ccllaammpp,, ssoo tthhaatt
iitt ccaann ssttiillll bbee ttuurrnneedd sslliigghhttllyy bbyy hhaanndd..

13.Tighten the exhaust manifold screws according
to the following sequence:

NNOOTTIICCEE
BBee aawwaarree ooff tthhee ddiiffffeerreenntt ttiigghhtteenniinngg sseeqquueenn--
cceess ffoorr nneeww aanndd rreeuusseedd eexxhhaauusstt mmaanniiffoollddss..

TTiigghhtteenniinngg TToorrqquuee

Exhaust manifold
screws

25 ± 3 N∙m
(18 ± 2 lbf∙ft)

TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE—— NNEEWW EEXXHHAAUUSSTT MMAANNIIFFOOLLDD

TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE—— RREEUUSSEEDD EEXXHHAAUUSSTT MMAANNIIFFOOLLDD

14.Tighten the V-band clamps to specification:

TTiigghhtteenniinngg TToorrqquuee

V-band clamps nuts 9 ± 1 N∙m
(80 ± 9 lbf∙in)

EENNGGIINNEE
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15. Install all other previously removed parts.

EENNGGIINNEE
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LLUUBBRRIICCAATTIIOONN SSYYSSTTEEMM

SSEERRVVIICCEE TTOOOOLLSS
DDeessccrriippttiioonn PPaarrtt NNuummbbeerr PPaaggee

ADAPTER GAUGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036461) . . . . . . . . . . . . . . . . . . . . . . . 170
CAMSHAFT LOCKING TOOL . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036566) . . . . . . . . . . . . . . . . . . . . . 87, 89
CAMSHAFT ROTATION TOOL . . . . . . . . . . . . . . . . . . . . . . (P/N 529036567) . . . . . . . . . . . . . . . . . . . . . 87, 89
CENTER BOLT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036290) . . . . . . . . . . . . . . . . . . . . . 72–73
CIRCLIP INSTALLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036573) . . . . . . . . . . . . . . . . . . . . . . . . 53
CRANKSHAFT LOCKING TOOL . . . . . . . . . . . . . . . . . . . . . (P/N 529036564) . . . . . . . . . . . . . . . . . . . . . . . 123
CRANKSHAFT PROTECTOR . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036570) . . . . . . . . . . . . . . . . . . . . . . . . 77
CYLINDER HEAD TOOL KIT . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036624) . . . . . . . . . . . . . . . . . . . 112, 136
ECM ADAPTER TOOL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036513) . . . . . . 19, 41, 60, 71, 124, 159
ENGINE LEAK DOWN TEST KIT . . . . . . . . . . . . . . . . . . . . . (P/N 529035661) . . . . . . . . . . . . . . . . . . . . 98, 170
ENGINE LIFTING HOOK . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036574) . . . . . . . . . . . . . . . . . . . . . . . 127
ENGINE STAND ADAPTOR PLATE . . . . . . . . . . . . . . . . . . (P/N 529036563) . . . . . . . . . . . 77, 110, 127, 134
FUNNEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529000155) . . . . . . . . . . . . . . . . . . . . . . . . 38
IGNITION COVER EXTRACTOR . . . . . . . . . . . . . . . . . . . . . (P/N 529036571) . . . . . . . . . . . . . . . . . . . . . 72–73
MAGNETO PULLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036569) . . . . . . . . . . . . . . . . . . . . . . . . 77
OIL PRESSURE HOSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036394) . . . . . . . . . . . . . . . . . . . . . . . . 35
OIL PRESSURE TEST CAP . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036158) . . . . . . . . . . . . . . . . . . . . . . . . 35
OIL SEAL INSTALLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036572) . . . . . . . . . . . . . . . . . . . 126, 134
OIL SEAL PULLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036595) . . . . . . . . . . . . . . . . . . . . . . . 126
PISTON CIRCLIP INSTALLER . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036568) . . . . . . . . . . . . . . . . . . . . . . . 146
PISTON RING COMPRESSOR . . . . . . . . . . . . . . . . . . . . . . (P/N 529036565) . . . . . . . . . . . . . . . . . . . . . . . 147
PRESSURE GAUGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036395) . . . . . . . . . . . . . . . . . . . . . . . . 36
TURBO BEARING PRESSURE TEST PLATE . . . . . . . . . . (P/N 529036628) . . . . . . . . . . . . . . . . . . . . . . . 169
VALVE SPRING COMPRESSOR . . . . . . . . . . . . . . . . . . . . . (P/N 529035724) . . . . . . . . . . . . . . . . . . . . . . . 114
VALVE SPRING COMPRESSOR . . . . . . . . . . . . . . . . . . . . . (P/N 529036209) . . . . . . . . . . . . . . . . . . . . . . . 114

SSEERRVVIICCEE PPRROODDUUCCTTSS
DDeessccrriippttiioonn PPaarrtt NNuummbbeerr PPaaggee

CLUTCH AND PULLEY FLANGE CLEANER PRO S1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78–79
DIELECTRIC GREASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
KLÜEBER PASTE 46 MR 401 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
LOCTITE 243 (BLUE) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41, 54, 64, 76, 82, 91, 93, 103,

125, 138, 163
LOCTITE 5910 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76, 134
LOCTITE 648 (GREEN) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
LOCTITE CHISEL (GASKET REMOVER) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
P80 GRIP-IT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
SUPER LUBE GREASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
SYNTHETIC GREASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
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PPRREESSSSUURREE PPUUMMPP CCIIRRCCUUIITT
1. Oil sieve
2. Pressure pump (width 16 mm)
3. Oil pressure regulator
4. Oil filter
5. Magnetic drain plug for draining oil filter cavity and ignition cover
6. Oil cooler No. 1, to supply cooled oil to crankshaft, chain tensioner and cylinder head
7. Oil channel to crankshaft main bearings and conrod bearings
8. Crankshaft main bearings
9. Hydraulic chain tensioner
10.Oil channel to camshaft bearings and hydraulic valve lifter buckets
11.Oil pressure switch
12.Oil cooler No. 2, to supply additional cooled oil to turbo and piston
13.Oil channel to Turbo
14.Oil nozzles intake side for piston cooling and lubrication
15.Oil nozzles exhaust side for piston cooling and lubrication

EENNGGIINNEE
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1
3
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6
4

5

9

7

8

10

14

12

11
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SSCCAAVVEENNGGEE PPUUMMPP CCIIRRCCUUIITT
1. Oil sump
2. Mesh sieve (integrated in oil sump cover gasket)
3. Scavenge pump (width 7 mm), evacuating oil from MAG side
4. Scavenge pumps (width 18 mm), evacuating oil and blow-by gases from cylinders
5. Scavenge pump (width 7 mm), evacuating oil from PTO side
6. Oil channel to direction blow-by separator and oil tank
7. Oil tank
8. Oil dipstick
9. Magnetic drain plug for draining oil tank
10.Blow-by separator, seperates blow-by gases from engine oil
11.Channel for venting the blow-by gases
12.Channel inside exhaust camshaft
13.Oil separator
14.Blow-by connector, exit of blow-by gases towards airbox

EENNGGIINNEE
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= Component must be replaced when removed.NEW

NEWEngine oil

Engine oil

Engine oil

NEW

25 ± 3 N•m
(18 ± 2 lbf•ft)

Loctite 243

7 ± 0,8 N•m
(62 ± 7 lbf•in)

Hand-tight 

9 ± 1 N•m
(80 ± 9 lbf•in)

NEW

NEW

NEW

25 ± 3 N•m
(18 ± 2 lbf•ft)

Engine oil

NEW

9 ± 1 N•m
(80 ± 9 lbf•in)

NEW

9 ± 1 N•m
(80 ± 9 lbf•in)

NEW

30 ± 3 N•m
(22 ± 2 lbf•ft)

12 ± 1 N•m
(106 ± 9 lbf•in)

NEW

See tightening sequence

See tightening
sequence

9 ± 1 N•m
(80 ± 9 lbf•in)

Loctite 243

30 ± 3 N•m
(22 ± 2 lbf•ft)

EENNGGIINNEE
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= Component must be replaced when removed.NEW

NEW

Engine oil

NEW

Engine oil

Engine oil

Engine oil

Engine oil

Engine oil

NEW

Engine oil

Engine oil

100 ± 7 N•m
(74 ± 5 lbf•ft)

Loctite 243

9 ± 1 N•m
(80 ± 9 lbf•in)

Loctite 243

EENNGGIINNEE
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GGEENNEERRAALL
During assembly and installation, use the torque
values and service products as shown in the ex-
ploded views.

Clean threads before applying a threadlocker. Re-
fer to Self-Locking Fasteners and Loctite Applica-
tion at the beginning of this manual for complete
procedure.

WWAARRNNIINNGG
TToorrqquuee wwrreenncchh ttiigghhtteenniinngg ssppeecciiffiiccaattiioonnss mmuusstt
bbee ssttrriiccttllyy aaddhheerreedd ttoo.. LLoocckkiinngg ddeevviicceess wwhheenn
rreemmoovveedd ((ee..gg..:: lloocckkiinngg ttaabbss,, eellaassttiicc ssttoopp nnuuttss,,
ccootttteerr ppiinnss,, eettcc..)) mmuusstt bbee rreeppllaacceedd wwiitthh nneeww
oonneess..

NNOOTTIICCEE
HHoosseess,, ccaabblleess oorr lloocckkiinngg ttiieess rreemmoovveedd dduurriinngg
aa pprroocceedduurree mmuusstt bbee rreeiinnssttaalllleedd aass ppeerr ffaacc--
ttoorryy ssttaannddaarrddss..

SSyysstteemm DDeessccrriippttiioonn
This engine has a dry sump lubrication with an in-
tegrated oil tank. The engine oil pump assembly
consists of three large and two small scavenge
pumps for returning consumed engine oil to the oil
tank and one pressure pump for supplying pres-
surized engine oil to the bearing points. All six oil
pumps are driven by one common oil pump shaft.

PPrreessssuurree PPuummpp CCiirrccuuiitt
The pressure pump is located on the very back po-
sition of the oil pump shaft and sucks engine oil
through an oil sieve in the bottom of the oil tank.

The oil pressure in the main oil gallery is regulated
by a spring-loaded pressure regulator, which re-
leases pressure oil back to the suction side of the
pressure pump through a bypass channel when
exceeding high oil pressure.

The pressure oil passes at first the oil filter car-
tridge and then enters the main oil cooler, which
cools down the oil.

After leaving the main oil cooler on top of the igni-
tion cover, the engine oil is split in two directions.

The main part of the engine oil is distributed di-
rectly to the bearing points of the crankshaft, con-
rods, hydraulic chain tensioner and cylinder head
with camshaft bearings and hydraulic valve lifter
buckets.

The other part of the engine oil passes through a
second oil cooler for improved conditioning. This

oil is directed to the turbo shaft and then to the oil
spray nozzles for lubricating and cooling the
pistons.

SSccaavveennggee PPuummpp CCiirrccuuiitt
After the bearing points are supplied with pressur-
ized engine oil, the oil flows to the bottom of the
engine into the oil sump cover. Before entering the
suction side of the scavenge pumps, the return oil
is pre-filtered by a mesh sieve which is integrated
in the oil sump cover gasket.

The three large scavenge pumps (width 18 mm
(.71 in)) create a slight vacuum in the crankshaft
chests of each cylinder and prevents excessive oil
foaming when returning the consumed oil and
blow-by gases to the oil tank.

Both other scavenge pumps (width 7 mm (.28 in))
evacuate the engine oil from the MAG and PTO
sides to ensure sufficient engine oil is returned for
the pressure pump circuit, even if the vehicle is
driven at a maximum tilting angle of 50 degrees.

In the oil tanks the engine oil is directed to the spi-
ral-coil shaped blow-by separator to calm down
the returned oil, which separates blow-by gases
from engine oil. The blow-by separator is
equipped with a tip-over valve, which closes the
blow-by channel to the airbox in case of vehicle
rollover. This prevents contamination of airbox
with engine oil.

The blow-by gases are vented through channels
in the cylinder block and cylinder head. In the ex-
haust camshaft, the gases pass another oil sepa-
rator and exit the engine through the blow-by
connector to the airbox.

IINNSSPPEECCTTIIOONN
EENNGGIINNEE OOIILL PPRREESSSSUURREE

NNOOTTEE:: The engine oil pressure test should be
carried out with a warm engine (engine oil temper-
ature between 80 °C (176 °F) and 90 °C (194 °F))
and with the recommended engine oil at the ap-
propriate level.

1. Warm up engine.
2. Completely tighten adapter hose on oil pres-

sure test cap.

OOiill pprreessssuurree hhoossee
((PP//NN 552299003366339944))

OOiill pprreessssuurree tteesstt ccaapp
((PP//NN 552299003366115588))

EENNGGIINNEE
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1. Adapter hose
2. Oil pressure test cap

3. Install oil pressure test cap on oil filter housing.

4. Connect pressure gauge to the oil pressure
hose.

PPrreessssuurree ggaauuggee
((PP//NN 552299003366339955))

5. Start engine and check oil pressure.

EEnnggiinnee OOiill PPrreessssuurree @@8800 °°CC ((117766 °°FF)) ttoo 9900
°°CC ((119944 °°FF)) EEnnggiinnee OOiill TTeemmppeerraattuurree

EEnnggiinnee ssppeeeedd MMiinniimmuumm pprreessssuurree

Idle 60 kPa
(8.7 lbf/in²)

4000 to 8000 RPM 350 kPa
(50.8 lbf/in²)

6. If the engine oil pressure is out of specification,
refer to Troubleshooting.

7. Remove engine oil pressure test tools.
8. Install oil filter cover.
9. Install all other removed parts.

TTRROOUUBBLLEESSHHOOOOTTIINNGG
Always check for fault codes. If a fault code is de-
tected, service the fault code first.

TTrroouubblleesshhoooottiinngg
11.. LLOOWWOORR NNOO EENNGGIINNEE OOIILL PPRREESSSSUURREE

The O-ring on the magnetic drain plug underneath
the magneto cover missing or leaking.

– Replace the O-ring by new one.

Oil level is too low.

– Refill engine oil.
– Check for high oil consumption. See below.
– Check for oil leaks (oil leaking out of leak indi-

cator hole, gaskets, oil seal or O-rings). Repair
or replace.

Defective or clogged oil filter

– Replace engine oil and filter.

Use of a bad grade oil

– Replace engine oil with BRP recommended
oil.

Oil pressure regulator valve sticks open, or spring
load is insufficient.

– Clean oil regulator piston and its bore. Replace
if necessary.

Oil pump(s) worn or damaged.

– Check if oil pump drive gears are damaged.
Replace if necessary.

– Check oil pump rotors and its bore for wear lim-
its. Replace if out of specification.

Engine oil strainer mesh sieve of oil sump gasket
is clogged.

– Replace oil sump gasket.

Heavy wear on plain bearings.

– Check radial clearance of plain bearings. Re-
place if out of specification.

22.. HHIIGGHH OOIILL CCOONNSSUUMMPPTTIIOONN

Oil in breathing system.

– Check if breather V-ring is brittle, hard or dam-
aged. Replace V-ring.

– Check if oil separator on exhaust camshaft is
damaged or missing.

Valve stem seals worn or damaged.
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– Replace valve stem seals.

Piston rings worn out (blue colored exhaust
smoke).

– Replace piston rings.

33.. OOIILL CCOONNTTAAMMIINNAATTIIOONN
((WWHHIITTEE AAPPPPEEAARRAANNCCEE))

Oil seal and rotary seal on water pump shaft
leaking.

– Replace water pump assembly.
– Change engine oil.

Cylinder head gasket leaking.

– Replace cylinder head gasket.
– Change engine oil.

Cylinder head and cylinder block screws not prop-
erly tightened.

– Retighten screws with recommended torque.
– Change engine oil.

Oil cooler gasket leaking.

– Replace gasket.
– Change engine oil.

PPRROOCCEEDDUURREESS
EENNGGIINNEE OOIILL

VVeerriiffyyiinngg tthhee EEnnggiinnee OOiill LLeevveell
NNOOTTIICCEE

OOppeerraattiinngg tthhee eennggiinnee wwiitthh aann iimmpprrooppeerr ooiill lleevv--
eell mmaayy sseevveerreellyy ddaammaaggee tthhee eennggiinnee..

The engine oil level must be checked at normal
operating temperature, either after riding or after
letting the engine idle for at least 10 min.

NNOOTTEE:: The engine is at normal operating tem-
perature when the temperature indicator on the
right lateral display shows 5 bars.

1. Place the vehicle on a level surface.
2. Engage the PARK.
3. Start the engine and let it idle for at least 20

seconds.
4. Stop the engine.

NNOOTTIICCEE
TThhee eennggiinnee ooiill lleevveell vveerriiffiiccaattiioonn mmuusstt bbee ppeerr--
ffoorrmmeedd wwiitthhiinn 11 mmiinnuuttee aafftteerr eennggiinnee
sshhuuttddoowwnn..

5. Through the right-rear wheel well, unscrew the
dipstick. Then remove it and wipe it clean.

6. Reinsert the dipstick and screw it in
completely.

7. Remove the dipstick and check the oil level. It
should be at or near the upper (MAX) mark.

1. MAX
2. MIN
3. Operating range

8. If oil needs to be added, insert a funnel into the
dipstick tube.

9. To avoid overfilling, add a small amount of rec-
ommended engine oil then recheck the oil lev-
el. Refer to Recommended Engine Oil.

Oil Quantity Between MIN and MAX Marks

600 ml
(20.3 fl oz (US))

10.Repeat the previous step until the oil level
reaches the upper (MAX) mark on the dipstick.

NNOOTTIICCEE
DDoo nnoott oovveerrffiillll..

11. Install the dipstick and tighten it properly.
12.Wipe off any spillage.
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RReeccoommmmeennddeedd EEnnggiinnee OOiill
NNOOTTIICCEE

DDoo nnoott ffiillll tthhee eennggiinnee ooiill iinnttoo tthhee ggeeaarrbbooxx.. TThhee
ggeeaarrbbooxx rreeqquuiirreess DDCCTT ooiill aanndd ggeeaarr ooiill..

Rotax® engines were developed and validated us-
ing the XPS® oil. BRP recommends the use of its
XPS engine oil or an equivalent at all time. Dam-
ages caused by the use of an oil not suitable for
the engine may not be covered by the BRP Lim-
ited Warranty.

XXPPSS RReeccoommmmeennddeedd EEnnggiinnee OOiill

General
purpose 5W40 Synthetic oil

Cold
temperature 0W40 Synthetic oil

Warm
temperature 10W50 Synthetic oil

If the recommended XPS engine oil is not
available:
– Use a 4-stroke SAE engine synthetic oil meet-

ing or exceeding the following lubricant indus-
try specifications

– Always check the API service label certification
on the oil container, it must contain the indi-
cated standards.
– AAPPII sseerrvviiccee ccllaassssiiffiiccaattiioonn SSNN aanndd JJAASSOO

MMAA22

CChhaannggiinngg tthhee EEnnggiinnee OOiill
The engine oil and filter must be changed at the
same time, with a warm engine.

CCAAUUTTIIOONN
TThhee eennggiinnee ooiill ccaann bbee vveerryy hhoott.. AAllllooww iitt ttoo ccooooll
ssuuffffiicciieennttllyy bbeeffoorree yyoouu bbeeggiinn..

IIMMPPOORRTTAANNTT: The oil fill in procedure and
quantity is different after engine disassembly or
engine block replacement. Refer to Installing the
Cylinder Head or Assembling the Cylinder Block
to have the appropriate procedure.

1. Place the vehicle on a level surface.
2. Put the vehicle on PARK.
3. Start the engine and let it run at idle for at least

2 minutes.
4. Stop the engine.
5. Remove the dipstick.

6. Clean the area around the drain plugs.

1. Magnetic drain plug (magneto cover)
2. Magnetic drain plug (oil tank cover)

7. To avoid spillage, install a funnel between the
drain holes and the skid plate.

FFuunnnneell
((PP//NN 552299000000115555))

8. Place a drain pan under both engine drain
plugs.

9. Unscrew both magnetic drain plugs. Discard
the gasket rings and O-ring.

1. Magnetic drain plug (magneto cover)
2. O-ring
3. Magnetic drain plug (oil tank cover)
4. Gasket ring
5. O-ring

10.Allow the oil to drain completely from the
crankcase.

11.Clean the magnetic drain plugs of metal shav-
ings and residue. The presence of debris gives
an indication of internal engine damage.

12. Install new gasket rings and O-rings on the
magnetic drain plugs.
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NNOOTTIICCEE
NNeevveerr rree--uussee ggaasskkeett rriinnggss oorr OO--rriinnggss..
AAllwwaayyss rreeppllaaccee tthheemm wwiitthh NNEEWW oonneess..
AA mmiissssiinngg oorr ddaammaaggeedd OO--rriinngg wwiillll ccaauussee aa
lloossss ooff ooiill pprreessssuurree aanndd ppoossssiibbllee eennggiinnee
ddaammaaggee..

13.Tighten the magnetic drain plugs to
specification.

TTiigghhtteenniinngg TToorrqquuee

Magnetic drain plugs 30 ± 3 Nm
(22 ± 2 lbf-ft)

14.Replace the oil filter. Refer to Replacing the
Engine Oil Filter.

15.Refill the engine with the recommended engine
oil. Refer to Recommended Engine Oil

EEnnggiinnee OOiill CCaappaacciittyy

Engine oil and engine
oil filter replacement

2.8 l
(2.96 qt (liq.,US))

16.After filling, start the engine and check the oil
level, refer to Verifying the Oil Level.

17.Wipe off any spillage.
18.Dispose of the used oil and filter per local envi-

ronmental regulations.

EENNGGIINNEE OOIILL FFIILLTTEERR

EEnnggiinnee OOiill FFiilltteerr LLooccaattiioonn
The oil filter is located on the right side of the
engine.

RReeppllaacciinngg TThhee EEnnggiinnee OOiill FFiilltteerr
1. Clean the oil filter area.

2. Remove the oil filter cover. Discard the O-ring.
3. Remove and discard the oil filter.
4. Check and clean the oil filter inlet/outlet area

for dirt and other contaminations.

1. Oil inlet orifice from the oil pressure pump
2. Oil outlet orifice to the engine lubrication system
3. Oil filter housing

5. Wet a NNEEWW O-ring with engine oil and slip it
onto the oil filter cover.

6. Install a NNEEWW engine oil filter into the oil filter
cover.

7. Apply engine oil to the seal on the open end of
the oil filter.

AAPPPPLLYY EENNGGIINNEE OOIILL HHEERREE

8. Install the new filter into its housing.
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NNOOTTIICCEE
EEnnggiinnee ooiill ffiilltteerr aanndd ggeeaarrbbooxx ooiill ffiilltteerr aarree ssiimmii--
llaarr,, ddoo nnoott mmiixx tthheemm..
TThhee eennggiinnee ooiill ffiilltteerr hhaass aa cclloosseedd eenndd wwhhiillee
tthhee ggeeaarrbbooxx ooiill ffiilltteerr iiss ooppeenneedd oonn bbootthh eennddss
aanndd tthhee wwoorrdd ggeeaarrbbooxx iiss aallssoo mmaarrkkeedd oonn iitt..

Engine Oil Filter Gearbox Oil Filter

1. Closed end
1. Opened end (relief

valve)
2. Gearbox indication

9. Tighten oil filter cover screws to specification.

NNOOTTIICCEE
PPaayy aatttteennttiioonn ttoo aavvooiidd ppiinncchhiinngg tthhee OO--rriinngg
dduurriinngg ffiilltteerr aanndd ccoovveerr iinnssttaallllaattiioonn..

TTiigghhtteenniinngg TToorrqquuee

Oil filter cover screws 9 ± 1 Nm
(80 ± 9 lbf-in)

10.Wipe off any oil spillage on the engine.
11.Dispose of the used oil filter as per your local

environmental regulations.

OOIILL PPRREESSSSUURREE SSWWIITTCCHH ((OOPPSS))

OOPPSS AAccttiivvaattiioonn
The oil pressure switch activates when the engine
oil pressure is lower than the following specified
pressure range.

NNOOTTEE:: The ECM does not trigger the OPS sig-
nal below 1000 rpm.

OOiill PPrreessssuurree SSwwiittcchh AAccttiivvaattiioonn RRaannggee

20 to 40 kPa
(2.9 to 5.8 lbf/in²)

OOPPSS LLooccaattiioonn
The OPS is located on the front of the cylinder
head, near the starter.

IInnssppeeccttiinngg tthhee OOPPSS
1. First, ensure oil pressure is adequate, refer to

Engine Oil Pressure.
2. If the oil pressure is good, check the resistance

of the oil pressure switch.

TTeessttiinngg tthhee OOPPSS RReessiissttaannccee
The engine must be warm to check the oil pres-
sure switch properly.

CCAAUUTTIIOONN
BBee ccaarreeffuull wwhheenn wwoorrkkiinngg nneeaarr hhoott ppaarrtt.. TToo
aavvooiidd ppootteennttiiaall bbuurrnnss,, nneevveerr ttoouucchh eexxhhaauusstt
ssyysstteemm ccoommppoonneennttss iimmmmeeddiiaatteellyy aafftteerr tthhee eenn--
ggiinnee hhaass bbeeeenn rruunnnniinngg aass tthheessee ccoommppoonneennttss
aarree vveerryy hhoott.. AAllwwaayyss uussee lloonngg sslleeeevveess aanndd
gglloovveess..

1. Cut locking tie and disconnect the OPS
connector.

1. Locking tie
2. OPS connector

2. Check the oil pressure switch resistance.
3. Read the measurement and compare it to the

specification.
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OOPPSS RReessiissttaannccee TTeesstt

OOPPSS ppiinn EEnnggiinnee
SSppeecciiffiiccaattiioonn
eennggiinnee nnoott
rruunnnniinngg

1 Ground Close to 0 Ω

4. If resistance is out of specification, replace the
oil pressure switch.

5. If the resistance is correct, continue procedure.
It will be necessary to use jumper wires.

6. Start engine.
7. Read the measurement and compare it to the

specification.

OOPPSS RReessiissttaannccee TTeesstt

OOPPSS ppiinn EEnnggiinnee SSppeecciiffiiccaattiioonn
eennggiinnee rruunnnniinngg

1 Ground Open loop (OL)

8. If resistance is out of specification, replace the
oil pressure switch.

9. If the resistance is correct, check the oil pres-
sure switch circuit continuity.

TTeessttiinngg tthhee OOPPSS CCiirrccuuiitt CCoonnttiinnuuiittyy
1. Disconnect the connector 13 from the ECM.
2. Install the connector to the ECM adapter tool.

EECCMM aaddaapptteerr ttooooll
((PP//NN 552299003366551133))

3. Cut locking tie and disconnect the OPS
connector.

1. Locking tie
2. OPS connector

4. Check continuity as follows.

OOPPSS CCiirrccuuiitt CCoonnttiinnuuiittyy TTeesstt

OOPPSS ppiinn AAddaapptteerr ttooooll SSppeecciiffiiccaattiioonn

1 9 Close to 0 Ω

5. If the continuity is good and all other tests are
performed, try a NNEEWW ECM.

6. If the continuity is bad, repair or replace defec-
tive wire or connectors.

RReemmoovviinngg tthhee OOPPSS
1. Cut locking tie and unplug the OPS connector.

1. Locking tie
2. OPS connector

2. Unscrew and remove the OPS.

IInnssttaalllliinngg tthhee OOPPSS
The installation is the reverse of the removal pro-
cedure. However, pay attention to the following.

1. Apply a drop of threadlocker to the OPS
threads.

LLooccttiittee 224433 ((bblluuee))

TTiigghhtteenniinngg TToorrqquuee

Oil pressure switch 12 ± 1 Nm
(106 ± 9 lbf-in)

2. Install all other removed parts.

NNOOTTIICCEE
WWhheenn iinnssttaalllliinngg tthhee lloocckkiinngg ttiiee oonn tthhee OOPPSS
ccoonnnneeccttoorr,, ttaakkee ccaarree tthhaatt tthhee wwiirreess ddoo nnoott
mmaakkee aa sshhaarrpp bbeenndd..
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OOIILL FFIILLLLEERR TTUUBBEE

OOiill FFiilllleerr TTuubbee LLooccaattiioonn
The oil filler tube is located behind the throttle
body.

RReemmoovviinngg tthhee OOiill FFiilllleerr TTuubbee
1. Remove the intake manifold.
2. Remove the oil filler tube screw.

1. Oil filler tube screw
2. Oil filler tube

3. Pull filler tube out of the oil tank cover. Discard
the O-rings

IInnssttaalllliinngg tthhee OOiill FFiilllleerr TTuubbee
1. Install NNEEWW O-rings on the oil filler tube and lu-

bricate them with engine oil.

2. Install the oil filler tube.
3. Tighten retaining screw to the specified torque.

TTiigghhtteenniinngg TToorrqquuee

Oil filler tube screw 7 ± 0.8 Nm
(62 ± 7 lbf-in)

4. Install all other removed parts.

OOIILL TTAANNKK

RReemmoovviinngg tthhee OOiill TTaannkk CCoovveerr
1. Drain engine oil.
2. Remove intake manifold.
3. Remove the protective cover.

4. Remove cable clamp screws from oil tank and
ignition cover.
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5. Cut locking ties and unplug the temperature
sensor connector.

6. Cut locking tie and unplug connectors from
sensors.

1. Locking tie
2. Clutch pressure sensor 1 (CP1)
3. Line pressure sensor (LPS)
4. Clutch pressure sensor 2 (CP2)

7. Place a drain pan underneath the oil tank.
8. Unscrew oil tank cover screws.

OOIILL TTAANNKK CCOOVVEERR SSCCRREEWWSS

9. Move wiring harness upwards and remove oil
tank from the engine. Discard gasket.

IInnssppeeccttiinngg tthhee OOiill TTaannkk CCoovveerr
1. Remove the oil sieve.
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2. Clean oil tank cover and oil sieve using a parts
cleaner, then use compressed air to dry it.

3. Check oil tank cover for cracks and other
damage.

NNOOTTEE:: If the blow-by separator is contaminated
with metal chips from severe engine, damage re-
place it with a new one.

4. If necessary, remove the blow-by separator.
Discard the gaskets.

1. Blow-by separator screws
2. Blow-by separator
3. Gaskets (discard them)

5. Turn blow-by separator upside down to check
if the internal tip-over valve is properly moving.

IInnssttaalllliinngg tthhee OOiill TTaannkk CCoovveerr
1. If removed, install the blow by separator with

NNEEWW gaskets and tighten screws to
specification.

TTiigghhtteenniinngg TToorrqquuee

Blow-by separator
screws

9 ± 1 Nm
(80 ± 9 lbf-in)

1. Blow-by separator screws
2. Blow-by separator
3. NEW gaskets

2. Install oil sieve.

3. Install a NNEEWW oil tank gasket.
4. Tighten the oil tank screws to the specified tor-

que and sequence.

TTiigghhtteenniinngg TToorrqquuee

Oil tank
screws Step A 5 ± 0.6 Nm

(44 ± 5 lbf-in)
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TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE SSTTEEPP AA

TTiigghhtteenniinngg TToorrqquuee

Oil tank
screws Step B 9 ± 1 Nm

(80 ± 9 lbf-in)

TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE SSTTEEPP BB

5. Wipe off any oil spillage.
6. Reconnect sensor connectors and install lock-

ing tie.

1. Locking tie
2. Clutch pressure sensor 1 (CP1)
3. Line pressure sensor (LPS)
4. Clutch pressure sensor 2 (CP2)

7. Reconnect temperature sensor connector and
install locking tie.

8. Position wiring harness and tighten cable
clamp screws to specification.

TTiigghhtteenniinngg TToorrqquuee

Cable clamp screws 3.5 ± 0.2 Nm
(31 ± 2 lbf-in)
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9. Position cable clamp onto ignition cover and
tighten screw to specification.

TTiigghhtteenniinngg TToorrqquuee

Cable clamp screw 3.5 ± 0.2 Nm
(31 ± 2 lbf-in)

10. Install protective cover and tighten screws to
specification.

TTiigghhtteenniinngg TToorrqquuee

Protective cover
screws

11 ± 1 Nm
(97 ± 9 lbf-in)

11. Install the intake manifold.
12.Fill oil tank and check oil level.

OOIILL CCOOOOLLEERR

OOiill CCoooolleerr LLooccaattiioonn
Both engine oil coolers are located on the front
side of the engine, at top of the magneto cover.

RReemmoovviinngg tthhee OOiill CCoooolleerr
1. Drain engine oil.
2. Drain engine coolant.
3. Place rags or towels under oil cooler to catch

remaining oil and coolant.
4. Remove the oil cooler. Discard the gasket.
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1. Oil cooler screws
2. Oil cooler
3. Gasket (discard it)

IInnssppeeccttiinngg tthhee OOiill CCoooolleerr
NNOOTTIICCEE

IIff tthhee ooiill ccoooolleerr iiss ccoonnttaammiinnaatteedd wwiitthh mmeettaall
cchhiippss ffrroomm sseevveerree eennggiinnee ddaammaaggee,, rreeppllaaccee iitt
wwiitthh aa nneeww oonnee..

1. Check oil cooler for cracks or other damage.

2. Replace parts as necessary.

IInnssttaalllliinngg tthhee OOiill CCoooolleerr
1. Install the oil cooler using a NNEEWW gasket
2. Tighten oil cooler screws in two steps to the

specified torque, following the illustrated
sequence.

TTiigghhtteenniinngg TToorrqquuee

Oil cooler
screws

Step A 5 ± 0.6 Nm
(44 ± 5 lbf-in)

Step B 9 ± 1 Nm
(80 ± 9 lbf-in)

TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE –– OOIILL CCOOOOLLEERR

3. Wipe off any oil or coolant spillage.
4. Fill oil tank and check oil level.
5. Refill and bleed cooling system.

OOIILL PPRREESSSSUURREE RREEGGUULLAATTOORR

OOiill PPrreessssuurree RReegguullaattoorr LLooccaattiioonn
The engine oil pressure regulator is located be-
hind the oil tank cover.

RReemmoovviinngg tthhee OOiill PPrreessssuurree RReegguullaattoorr
1. Drain engine oil.
2. Remove the oil tank cover.
3. Remove the oil pressure regulator.
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IInnssppeeccttiinngg tthhee OOiill PPrreessssuurree RReegguullaattoorr
1. Clean oil regulator bore and threads in the cyl-

inder block from any contamination.
2. Inspect oil pressure regulator piston and its

bore in cylinder block for scoring or other
damage.

3. Press piston in to check if it moves easily in oil
pressure regulator.

1. Piston
2. Pressure regulator

4. Replace oil pressure regulator if piston does
not move easily.

5. Replace worn or damaged components.

IInnssttaalllliinngg tthhee OOiill PPrreessssuurree RReegguullaattoorr
1. Install the oil pressure regulator.
2. Tighten oil pressure regulator to the specified

torque.

TTiigghhtteenniinngg TToorrqquuee

Oil pressure regulator 25 ± 3 Nm
(18 ± 2 lbf-ft)

3. Wipe off any oil spillage.
4. Fill oil tank and check oil level.
5. Install all other removed parts.

OOIILL PPUUMMPP AANNDD OOIILL PPUUMMPP IINNTTEERRMMEEDDIIAATTEE
GGEEAARR

OOiill PPuummpp LLooccaattiioonn
The engine oil pump consists of five scavenge
pumps for returning consumed engine oil to the oil
tank and one pressure pump for supplying pres-
surized engine oil to the bearing points. All six oil
pumps are driven by one common oil pump shaft.

1. Pressure oil pump - width 16 mm
2. Scavenge oil pump for PTO side - width 7 mm
3. Scavenge oil pumps for each cylinder - width 18 mm
4. Scavenge oil pump for MAG side - width 7 mm
5. Oil pump shaft

The oil pump and oil pump intermediate gear are
located on the MAG side, behind the magneto
cover.

RReemmoovviinngg tthhee OOiill PPuummpp aanndd OOiill PPuummpp
IInntteerrmmeeddiiaattee GGeeaarr
1. Drain engine oil.
2. Remove the rotor and the sprag clutch gear.
3. Remove the lower chain guide.
4. Remove bearing bolt and the oil pump inter-

mediate gear.
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5. Remove oil pump cover screws.

6. Install the magneto cover screws M6 x 55 into
puller threads.

7. Screw in puller screws alternately by a half turn
until the oil pump is released.

8. Pull out the oil pump.

9. Remove puller screws from oil pump.

DDiissaasssseemmbblliinngg tthhee OOiill PPuummpp
NNOOTTIICCEE

DDiissaasssseemmbbllee tthhee ooiill ppuummpp oonnllyy iiff nneecceessssaarryy..

1. Clean the oil pump covers from oil.

2. Carefully mark all seven oil pump covers to
identify their positions, so they can be rein-
stalled in their original location.

1. Mark covers with numbering from 1 to 7
2. In addition mark with a straight line

3. Remove retaining ring (discard it) and thrust
washer.

1. Retaining ring (discard it)
2. Thrust washer

NNOOTTEE:: When removing the outer and inner ro-
tors, mark them to identify their correct positions
with their covers at reassembly.

4. From the oil pump shaft, sequentially remove
the following:

– Oil pump covers
– Outer rotors
– Inner rotors
– Needle pins
– O-rings (discard them)
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1. Oil pump shaft
2. Oil pump cover
3. Outer rotor
4. Inner rotor
5. Needle pin
6. O-rings (discard them)

IInnssppeeccttiinngg tthhee OOiill PPuummpp aanndd OOiill PPuummpp
IInntteerrmmeeddiiaattee GGeeaarr
1. Clean oil pump and oil pump bore in cylinder

block of any contamination.
2. Check teeth of oil pump intermediate gear for

wear or damage.
3. Check ball bearing for smooth operation, ex-

cessive play or pitting. Replace oil pump inter-
mediate gear if necessary.

4. Check teeth and bearing zones of the oil pump
shaft for wear or damage. Replace if
necessary.

5. Inspect oil pump inner and outer rotors and oil
pump cover bores for marks, scratches or oth-
er damage. Replace any damaged parts.

6. Blow out the oil bores and oil orifices in all six
oil pump covers using compressed air, and
make sure that they are not clogged.

OOIILL BBOORREESS IINN CCOOVVEERRSS NNOO..11 -- NNOO.. 66

OOIILL SSUUPPPPLLYY BBOORREE IINN CCOOVVEERR NNOO.. 66
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OOIILL OORRIIFFIICCEESS IINN CCOOVVEERR NNOO.. 11

OOIILL OORRIIFFIICCEESS IINN CCOOVVEERR NNOO.. 11

7. Check inner rotor for corrosion, worn pin slots
or other damage. If any is found, replace inner
and outer rotor at the same time.

1. Pitting on the teeth

RRaaddiiaall CClleeaarraannccee
1. Using a feeler gauge, measure the clearance

of outer rotor and inner rotor where shown with
the arrows.

OOiill PPuummpp RRaaddiiaall CClleeaarraannccee

Service limit 0.25 mm
(.0098 in)

2. If clearance of inner and outer rotors exceeds
the tolerance, replace oil pump.

AAxxiiaall CClleeaarraannccee
1. Using a micrometer measure outer rotor

thickness.

OOUUTTEERR RROOTTOORR TTHHIICCKKNNEESSSS

2. Using a depth gauge, measure the depth of oil
pump bore in the oil pump covers.

A. Oil pump cover bore depth
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3. Subtract the bore depth from rotor thickness to
obtain axial clearance.

OOiill PPuummpp AAxxiiaall CClleeaarraannccee

Service limit 0.15 mm
(.0059 in)

NNOOTTEE:: When the axial clearance of the oil pump
assembly increases, the oil pressure decreases.

AAsssseemmbblliinngg tthhee OOiill PPuummpp
1. Install NNEEWW O-rings to oil pump covers No. 1

and No. 6.

2. Ensure all six needle rollers are pressed into
their oil pump covers.

NNEEEEDDLLEE RROOLLLLEERRSS PPRREESSSSEEDD IINNTTOO OOIILL PPUUMMPP CCOOVVEERRSS

3. Apply engine oil to the following:

– Bearing zones on oil pump shaft
– Outer and inner rotors
– Outer and inner diameters of all oil pump

covers
– O-rings

4. Sequentially place following parts onto the oil
pump shaft:

– Oil pump cover No. 1
– Needle pin

– Inner rotor
– Outer rotor

NNOOTTEE:: The dot marks on all inner and outer ro-
tors must show upwards (towards inside of
engine).

1. Oil pump shaft
2. Oil pump cover No. 1
3. Needle pin
4. Inner rotor (width 7 mm)
5. Outer rotor (width 7 mm)
6. Dot marks show upwards

5. Assemble all other remaining oil pumps using
the same assembly procedure as for the oil
pump No. 1.

NNOOTTEE:: Align the needle rollers with the location
bores when placing the oil pump covers.

1. Oil pump cover No. 1
2. Oil pump cover No. 2
3. Align needle roller with location bore
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6. Install thrust washer and guide pin of circlip in-
staller onto the oil pump shaft.

CCiirrcclliipp iinnssttaalllleerr
((PP//NN 552299003366557733))

NNOOTTIICCEE
UUssee rreeccoommmmeennddeedd ttooooll ttoo iinnssttaallll tthhee cciirrcclliipp..
TToo aavvooiidd oovveerr--ssttrreettcchhiinngg aanndd ddaammaaggiinngg tthhee
eennggiinnee,, ddoo nnoott uussee cciirrcclliipp pplliieerrss....

1. Thrust washer
2. Guide pin

7. Place a NNEEWW circlip onto the guide pin and
push the circlip in two steps into its groove in

the oil pump shaft. First with small end, then
with large end of installer.

NNOOTTIICCEE
EEnnssuurree tthhaatt tthhee cciirrcclliipp iiss ppoossiittiioonneedd pprrooppeerrllyy
iinn iittss ggrroooovvee..

1. Installer - small end
2. Installer - large end

8. After assembly, turn oil pump shaft and check
for smooth operation of the oil pump assembly,
and for axial play of the oil pump shaft.

IInnssttaalllliinngg tthhee OOiill PPuummpp aanndd OOiill PPuummpp
IInntteerrmmeeddiiaattee GGeeaarr
1. Clean the oil pump sealing surface in cylinder

block.
2. Apply engine oil on both NNEEWW O-rings and on

all outer surfaces of the oil pump covers.
3. Align recess in oil pump cover with collar in cyl-

inder block and install oil pump into cylinder
block.

4. Tighten oil pump screws to specification per
the following sequence.

TTiigghhtteenniinngg TToorrqquuee

Oil pump screws 9 ± 1 Nm
(80 ± 9 lbf-in)
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5. After installation, turn oil pump shaft and check
for smooth operation of the oil pump, and for
axial play of the oil pump shaft.

6. Apply engine oil to oil pump intermediate gear.
7. Apply a drop of threadlocker on threads of the

bearing bolt.

LLooccttiittee 224433 ((bblluuee))

8. Install oil pump intermediate gear and tighten
bearing bolt to specification.

TTiigghhtteenniinngg TToorrqquuee

Bearing bolt 100 ± 7 Nm
(74 ± 5 lbf-ft)

9. Fill oil tank and check oil level.
10.Start engine and make sure oil pressure is

within specifications.

OOIILL SSUUMMPP CCOOVVEERR

OOiill SSuummpp CCoovveerr LLooccaattiioonn
The oil sump cover is located underneath the
crankcase.

RReemmoovviinngg tthhee OOiill SSuummpp CCoovveerr
1. Drain the engine oil.
2. Remove the oil sump cover. Discard the

gasket.

IInnssppeeccttiinngg tthhee OOiill SSuummpp CCoovveerr
1. Clean oil sump cover with a part cleaner, then

use an air gun to dry it.
2. Blow out the oil orifices and ensure that they

are not clogged.

3. Check oil sump cover for cracks or other
damage.

4. Check oil sump cover for flatness using a
straight edge.
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5. Replace oil sump cover if necessary.

IInnssttaalllliinngg tthhee OOiill SSuummpp CCoovveerr
1. Install a NNEEWW oil sump cover gasket.
2. Install the oil sump cover on the engine and

tighten retaining screws to specification.

TTiigghhtteenniinngg TToorrqquuee

Oil sump cover screws 9 ± 1 Nm
(80 ± 9 lbf-in)

3. Fill oil tank and check oil level.
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EENNGGIINNEE CCOOOOLLIINNGG SSYYSSTTEEMM

SSEERRVVIICCEE TTOOOOLLSS
DDeessccrriippttiioonn PPaarrtt NNuummbbeerr PPaaggee

ADAPTER GAUGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036461) . . . . . . . . . . . . . . . . . . . . . . . 170
CAMSHAFT LOCKING TOOL . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036566) . . . . . . . . . . . . . . . . . . . . . 87, 89
CAMSHAFT ROTATION TOOL . . . . . . . . . . . . . . . . . . . . . . (P/N 529036567) . . . . . . . . . . . . . . . . . . . . . 87, 89
CENTER BOLT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036290) . . . . . . . . . . . . . . . . . . . . . 72–73
CIRCLIP INSTALLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036573) . . . . . . . . . . . . . . . . . . . . . . . . 53
CRANKSHAFT LOCKING TOOL . . . . . . . . . . . . . . . . . . . . . (P/N 529036564) . . . . . . . . . . . . . . . . . . . . . . . 123
CRANKSHAFT PROTECTOR . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036570) . . . . . . . . . . . . . . . . . . . . . . . . 77
CYLINDER HEAD TOOL KIT . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036624) . . . . . . . . . . . . . . . . . . . 112, 136
ECM ADAPTER TOOL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036513) . . . . . . 19, 41, 60, 71, 124, 159
ENGINE LEAK DOWN TEST KIT . . . . . . . . . . . . . . . . . . . . . (P/N 529035661) . . . . . . . . . . . . . . . . . . . . 98, 170
ENGINE LIFTING HOOK . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036574) . . . . . . . . . . . . . . . . . . . . . . . 127
ENGINE STAND ADAPTOR PLATE . . . . . . . . . . . . . . . . . . (P/N 529036563) . . . . . . . . . . . 77, 110, 127, 134
FUNNEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529000155) . . . . . . . . . . . . . . . . . . . . . . . . 38
IGNITION COVER EXTRACTOR . . . . . . . . . . . . . . . . . . . . . (P/N 529036571) . . . . . . . . . . . . . . . . . . . . . 72–73
MAGNETO PULLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036569) . . . . . . . . . . . . . . . . . . . . . . . . 77
OIL PRESSURE HOSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036394) . . . . . . . . . . . . . . . . . . . . . . . . 35
OIL PRESSURE TEST CAP . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036158) . . . . . . . . . . . . . . . . . . . . . . . . 35
OIL SEAL INSTALLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036572) . . . . . . . . . . . . . . . . . . . 126, 134
OIL SEAL PULLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036595) . . . . . . . . . . . . . . . . . . . . . . . 126
PISTON CIRCLIP INSTALLER . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036568) . . . . . . . . . . . . . . . . . . . . . . . 146
PISTON RING COMPRESSOR . . . . . . . . . . . . . . . . . . . . . . (P/N 529036565) . . . . . . . . . . . . . . . . . . . . . . . 147
PRESSURE GAUGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036395) . . . . . . . . . . . . . . . . . . . . . . . . 36
TURBO BEARING PRESSURE TEST PLATE . . . . . . . . . . (P/N 529036628) . . . . . . . . . . . . . . . . . . . . . . . 169
VALVE SPRING COMPRESSOR . . . . . . . . . . . . . . . . . . . . . (P/N 529035724) . . . . . . . . . . . . . . . . . . . . . . . 114
VALVE SPRING COMPRESSOR . . . . . . . . . . . . . . . . . . . . . (P/N 529036209) . . . . . . . . . . . . . . . . . . . . . . . 114

SSEERRVVIICCEE PPRROODDUUCCTTSS
DDeessccrriippttiioonn PPaarrtt NNuummbbeerr PPaaggee

CLUTCH AND PULLEY FLANGE CLEANER PRO S1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78–79
DIELECTRIC GREASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
KLÜEBER PASTE 46 MR 401 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
LOCTITE 243 (BLUE) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41, 54, 64, 76, 82, 91, 93, 103,

125, 138, 163
LOCTITE 5910 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76, 134
LOCTITE 648 (GREEN) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
LOCTITE CHISEL (GASKET REMOVER) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
P80 GRIP-IT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
SUPER LUBE GREASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
SYNTHETIC GREASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
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= Component must be replaced when removed.NEW

See tightening
sequence

Engine oil

Loctite 243

9 ± 1 N•m
(80 ± 9 lbf•in)

NEW

NEW

NEW

NEW

NEW

NEW

See tightening
sequence

9 ± 1 N•m
(80 ± 9 lbf•in)

9 ± 1 N•m
(80 ± 9 lbf•in)

3 ± 0,4 N•m
(27 ± 4 lbf•in)

9 ± 1 N•m
(80 ± 9 lbf•in)

Engine oil

Engine oil

9 ± 1 N•m
(80 ± 9 lbf•in)

11 ± 1 N•m
(97 ± 9 lbf•in) 17 ± 2 N•m

(150 ± 18 lbf•in)

9 ± 1 N•m
(80 ± 9 lbf•in)

Engine
oil

Engine oil

22 ± 2 N•m
(16 ± 1 lbf•ft)

EENNGGIINNEE
ENGINE COOLING SYSTEM



58

1

3

2

6

4

5

9

7

8

10

13

12
11

1

1

2

6

9

8

13

1. Coolant IN — coolant returns from radiator
2. Water pump module
3. Main cooling channel to cylinder block and cylinder head
4. Coolant inlet ports for feeding cylinder block and cylinder head
5. Coolant OUT to radiator for transmission DCT oil cooling
6. Bleed hose nipple
7. Coolant channel to oil coolers
8. Oil cooler No. 1 for cooling engine oil for lubrication
9. Oil cooler No. 2 for cooling engine oil for lubricating and cooling the pistons
10.Turbocharger cooling
11.Coolant temperature sensor (CTS)
12.Coolant OUT – coolant flows to radiator
13.Coolant drain plug – for draining coolant from engine
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GGEENNEERRAALL
For a better understanding, some illustrations
show the engine removed from the vehicle.

NNOOTTEE:: It is a good practice to check for fault co-
des using the BRP diagnostic software (BUDS) as
a first troubleshooting step.

During assembly and installation, use the torque
values and service products shown in the ex-
ploded view.

Clean threads before applying any threadlocker.
Refer to Self-Locking Fasteners and Loctite Appli-
cation at the beginning of this manual for the com-
plete procedures.

WWAARRNNIINNGG
TToo aavvooiidd ppootteennttiiaall bbuurrnnss,, ddoo nnoott rreemmoovvee tthhee
ccoooollaanntt ttaannkk ccaapp oorr lloooosseenn tthhee ccoooolliinngg ddrraaiinn
pplluugg iiff tthhee eennggiinnee iiss hhoott..

WWAARRNNIINNGG
TToorrqquuee wwrreenncchh ttiigghhtteenniinngg ssppeecciiffiiccaattiioonnss mmuusstt
ssttrriiccttllyy bbee aaddhheerreedd ttoo..
LLoocckkiinngg ddeevviicceess wwhheenn rreemmoovveedd ((ee..gg..:: lloocckkiinngg
ttaabbss,, eellaassttiicc ssttoopp nnuuttss,, ccootttteerr ppiinn,, eettcc..)) mmuusstt
bbee rreeppllaacceedd wwiitthh nneeww oonneess..

NNOOTTIICCEE
HHoosseess,, ccaabblleess aanndd lloocckkiinngg ttiieess rreemmoovveedd dduurr--
iinngg aa pprroocceedduurree mmuusstt bbee rreeiinnssttaalllleedd aass ppeerr
ffaaccttoorryy ssttaannddaarrddss..

TTRROOUUBBLLEESSHHOOOOTTIINNGG
The following is provided to help in diagnosing the
probable source of troubles. It is only de and
should not be assumed to show all causes for all
problems.

Always check for fault codes. If a fault code is de-
tected, service the fault code first.

TTrroouubblleesshhoooottiinngg
11.. EENNGGIINNEE OOVVEERRHHEEAATTIINNGG

Low coolant level.

– Refill and check for leaks (coolant leaking out
of leak indicator hole, hoses or clamps missing
or defective, or cylinder head gasket leaks).
Repair or replace.

Dirty radiator.

– Clean radiator fins. Replace radiator as
required.

Air in cooling system.

– Refill and bleed cooling system.

Defective thermostat (does not open as engine
warms up).

– Replace thermostat.

Defective water pump or water pump drive.

– Inspect and replace defective components.

Coolant temperature sensor defective.

– Check and replace.

Wrong coolant concentration.

– Check and adjust coolant concentration ac-
cording to BRP’s recommendations, or replace
coolant.

Defective coolant reservoir cap.

– Replace cap.

Defective cooling fan.

– Check cooling fan motor operation.
– Check fuse and relay of cooling fan motor.
– Check wiring harness of cooling fan motor.

PPRROOCCEEDDUURREESS
CCOOOOLLAANNTT TTEEMMPPEERRAATTUURREE SSEENNSSOORR ((CCTTSS))

OOvveerrhheeaatt WWaarrnniinngg
The CTS will cause the engine overheat warning
to come on when the coolant temperature is above
113°C (235°F).

CCTTSS LLooccaattiioonn
The CTS is located on the exhaust side of the en-
gine, between the oil cooler and the turbocharger.
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TTeessttiinngg tthhee CCTTSS uussiinngg BBUUDDSS
1. Connect the vehicle to the BRP diagnostic soft-

ware (BUDS).
2. In BUDS, select the following:

– MMeeaassuurreemmeennttss page
– VVEEHHIICCLLEE button
– LLiivvee VViieeww tab
– SSeelleecctt tthhee aapppprroopprriiaattee EECCUU.

3. Look for the engine temperature indication.

The engine temperature gauge in BUDS
should provide an indication of the actual en-
gine coolant temperature. Otherwise, perform
Testing the CTS Resistance.

TTeessttiinngg tthhee CCTTSS RReessiissttaannccee
1. Disconnect the CTS connector.
2. Test the resistance of the sensor per the fol-

lowing tables.

CCTTSS RReessiissttaannccee TTeesstt

CCTTSS PPiinn SSppeecciiffiiccaattiioonn

1 2
Refer to Coolant
Temperature
Sensor Table

CCoooollaanntt TTeemmppeerraattuurree SSeennssoorr TTaabbllee

−40°C (−40°F) 38400 Ω 52600 Ω

−10°C (14°F) 8200 Ω 10600 Ω

0°C (32°F) 5900 Ω 6900 Ω

20°C (68°F) 2200 Ω 2800 Ω

CCoooollaanntt TTeemmppeerraattuurree SSeennssoorr TTaabbllee

80°C (176°F) 295 Ω 350 Ω

120°C (248°F) 105 Ω 120 Ω

NNOOTTEE:: To test sensor at various temperatures,
remove sensor and use a heat gun, ice and a
thermometer.

3. If the resistance is out of specification, replace
the CTS.

4. If the resistance test is good, proceed with the
following steps.

5. Reconnect the CTS connector.
6. Disconnect connector 13 from the ECM.
7. Install the connector on the ECM adapter tool.

EECCMM aaddaapptteerr ttooooll
((PP//NN 552299003366551133))

8. Recheck the resistance from the ECM connec-
tor per the following table.

CCTTSS RReessiissttaannccee TTeesstt aatt EECCMM AAddaapptteerr

EECCMM aaddaapptteerr ppiinn SSppeecciiffiiccaattiioonn

22 39
Refer to Coolant
Temperature
Sensor Table

9. If the resistance value is correct, refer to Re-
placing the CTS.

10. If the resistance value is incorrect, repair the
connectors or replace the wiring harness be-
tween ECM connector and the CTS.

RReeppllaacciinngg tthhee CCTTSS
1. Drain the coolant from the engine.
2. Cut the locking ties from the wiring harnesses

and move the wiring aside for access.

NNOOTTEE:: Take note of wiring and locking tie posi-
tion before removal.

3. Disconnect the CTS connector.
4. Remove the CTS from the engine.
5. Install the new CTS and tighten as specified.

TTiigghhtteenniinngg TToorrqquuee

CTS 22 ± 2 N∙m
(16 ± 1 lbf∙ft)
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6. Reinstall the remaining removed parts.

NNOOTTEE:: Ensure to reinstall wiring harness as
noted prior to removal.

7. Refill and, if necessary, bleed the cooling
system.

OOUUTTLLEETT SSOOCCKKEETT

RReemmoovviinngg tthhee OOuuttlleett SSoocckkeett
Remove the outlet socket only if necessary.

1. Drain the engine coolant.
2. Using a lint-free cloth, clean the areas around

the outlet socket connections.
3. Remove the Oetiker clamp that secures the

outlet hose to the outlet socket. Then discon-
nect the outlet hose from the outlet socket.

4. Remove the CTS.
5. Cut the locking tie that secures the wiring har-

ness to the outlet socket.
6. Remove the two outlet socket screws.

7. Remove the outlet socket. Discard the O-ring.
8. If the outlet socket will not be immediately re-

placed, protect the outlet opening from dirt or
debris.

9. Dispose of used coolant according to local
regulations.

IInnssttaalllliinngg tthhee OOuuttlleett SSoocckkeett
1. Install a NNEEWW O-ring on the outlet socket.
2. Apply a light coating of engine oil to the O-ring.
3. Install the outlet socket on the engine.
4. Tighten the outlet socket screws to

specification:

TTiigghhtteenniinngg TToorrqquuee

Outlet socket screws 9 ± 1 N∙m
(80 ± 9 lbf∙in)

5. Using a locking tie, secure the wiring harness
to the outlet socket.

WWAATTEERR PPUUMMPP

WWaatteerr PPuummpp LLooccaattiioonn
The water pump is located on MAG side of the
engine.

IInnssppeeccttiinngg tthhee WWaatteerr PPuummpp SSeeaallss
1. Inspect the magneto cover, in the area of the

leak indictor hole, for signs of oil or coolant:

– Leaking coolant indicates a damaged rotary
seal.

– Leaking oil indicates a damaged oil seal.

NNOOTTEE:: The leak indicator hole is located on the
magneto cover, behind the oil filter housing.

2. In case of a constant loss of oil or coolant, re-
place the water pump assembly.

RReemmoovviinngg tthhee WWaatteerr PPuummpp HHoouussiinngg
1. Drain the engine coolant.
2. Remove the locking ties that secure the hoses

to their supports. Then move the hoses aside.
3. Disconnect the inlet hose from the water pump

housing.
4. Remove the water pump housing screws from

the water pump housing. Discard the sealing
washers.
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5. Remove the water pump housing and discard
the gasket.

1. water pump housing screws
2. Sealing washer
3. Water pump housing
4. Gasket

6. Use shop rags to catch any spilled engine
coolant.

RReemmoovviinngg tthhee WWaatteerr PPuummpp
1. Remove both water pump screws.

2. Insert two previously removed M6 x 55 from
the water pump housing into the threaded pull-
er holes.

3. Screw-in the screws alternately by half turns,
until the water pump is released.

4. Pull the water pump assembly out from the
magneto cover.

5. Remove the puller screws from the water
pump.

IInnssppeeccttiinngg tthhee WWaatteerr PPuummpp
1. Inspect the surface of the water pump housing

for cracks or other visible damage.
2. Inspect the sealing surface of the water pump

in the magneto cover for visible damage.
3. Inspect the sealing surface of the water pump

for visible damage.
4. Check that the water pump shaft turns freely.
5. Inspect the water pump gear for wear or bro-

ken teeth.
6. Inspect the water pump shaft for visible

damage.
7. Inspect the impeller fins for cracks or other

damage.

NNOOTTEE:: To optimize cooling efficiency, the gap
between the water pump housing and the impeller
fins has been reduced to a minimum. Therefore, it
is acceptable for the impeller fins to show slight
signs of wear.

8. Insert the correct feeler gauge that fits between
the step collar and the impeller.

9. Using a caliper, measure the distance between
the feeler gauge and the outer edge of the
worn impeller fin(s).

WWaatteerr PPuummpp IImmppeelllleerr FFiinn HHeeiigghhtt

DDiissttaannccee AA SSppeecciiffiiccaattiioonn

Service limit 9.9 mm
(0.39 in)

EENNGGIINNEE
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1. Step collar
2. Outer edge of impeller fin
3. Feeler gauge
A. Distance A: 9.9 mm (0.39 in)

10.Replace parts if necessary.

RReemmoovviinngg tthhee WWaatteerr PPuummpp GGeeaarr
1. Remove the water pump gear from the water

pump assembly.
2. Push slightly on the impeller and remove the

needle pin, thrust washers and axial needle
bearing.

1. Thrust washers
2. Axial needle bearing
3. Needle pin
4. Water pump gear

3. Inspect the thrust washers and axial needle
bearing for wear or discoloration.

4. Replace parts if necessary.

IInnssttaalllliinngg tthhee WWaatteerr PPuummpp GGeeaarr
1. Apply engine oil to both sides of the thrust

washers and axial bearing, and install them on
the water pump shaft.

2. Push slightly on the impeller and install the
needle pin.

3. Install the water pump gear on the water pump
shaft.

RReemmoovviinngg tthhee WWaatteerr PPuummpp IImmppeelllleerr
1. To remove the water pump impeller, install the

water pump assembly in the magneto cover.

2. Unscrew the impeller by turning it clockwise
(left-hand thread), using the appropriate circlip
pliers.

3. Remove the impeller and thrust washer.

IInnssttaalllliinngg tthhee WWaatteerr PPuummpp IImmppeelllleerr
1. Install the thrust washer.

2. Hand-tighten the water pump impeller by turn-
ing it counterclockwise (left-hand thread).

NNOOTTIICCEE
BBee ccaarreeffuull nnoott ttoo ddaammaaggee tthhee iimmppeelllleerr ffiinnss..
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TTiigghhtteenniinngg TToorrqquuee

Impeller 3 ± 0.4 N∙m
(27 ± 4 lbf∙in)

IInnssttaalllliinngg tthhee WWaatteerr PPuummpp AAsssseemmbbllyy
1. Clean the sealing surface in the magneto

cover.
2. Install NNEEWWO-rings on the water pump.
3. Apply engine oil to the O-rings.
4. Install the water pump in the magneto cover.

NNOOTTEE:: Take care to align the teeth of the water
pump gear with the intermediate gear.

5. Apply a drop of threadlocker on threads of the
water pump screws.

LLooccttiittee 224433 ((bblluuee))

6. Tighten the water pump screws, alternately, to
the following specification.

TTiigghhtteenniinngg TToorrqquuee

Water pump screws 9 ± 1 N∙m
(80 ± 9 lbf∙in)

IInnssttaalllliinngg tthhee WWaatteerr PPuummpp HHoouussiinngg
1. Install a NEW gasket in the water pump

housing.

NNOOTTIICCEE
TToo pprreevveenntt lleeaakkiinngg,, ttaakkee ccaarree tthhaatt tthhee nneeww
ggaasskkeett iiss eexxaaccttllyy iinn ggrroooovvee wwhheenn yyoouu rreeiinnssttaallll
tthhee wwaatteerr ppuummpp hhoouussiinngg..

2. Install the water pump housing on the magneto
cover.

3. Install a NEW sealing washer on the drain
screw.

4. Tighten the water pump housing retaining
screws to specification, per the following
procedure:

TTiigghhtteenniinngg TToorrqquuee

Water pump housing
screws

9 ± 1 N∙m
(80 ± 9 lbf∙in)

TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE

5. Reinstall the cooling hoses using NEW Oetiker
clamps.

WWAATTEERR DDUUCCTT CCOOVVEERR

RReemmoovviinngg tthhee WWaatteerr DDuucctt CCoovveerr
Remove the water duct cover only if necessary.

1. Remove the water duct cover screws.
2. Remove the water duct cover. Discard the

gasket.
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1. Water duct cover screws
2. Water duct cover
3. Gasket

IInnssttaalllliinngg tthhee WWaatteerr DDuucctt CCoovveerr
1. Install a NEW gasket on the water duct cover.

NNOOTTEE:: To prevent leaks, make sure that the
new gasket is fully inserted in the groove on the
water duct cover.

2. Install the water duct cover.
3. Tighten the water duct cover screws to specifi-

cation, per the following sequence:

TTiigghhtteenniinngg TToorrqquuee

Water duct cover
screws

9 ± 1 N∙m
(80 ± 9 lbf∙in)

TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE

OOUUTTLLEETT SSOOCCKKEETT ((FFoorr GGeeaarrbbooxx OOiill CCoooolliinngg))

OOuuttlleett SSoocckkeett LLooccaattiioonn
The outlet socket is located on the PTO side of the
cylinder block.

RReemmoovviinngg tthhee OOuuttlleett SSoocckkeett
Remove the outlet socket only if necessary.

1. Remove and discard the Oetiker clamp that se-
cures the hose to the outlet socket.

2. Disconnect the hose from the outlet socket.
3. Remove the outlet socket screws.
4. Remove the outlet socket. Discard the O-ring.

1. Outlet socket screws
2. Outlet socket
3. O-ring

IInnssttaalllliinngg tthhee OOuuttlleett SSoocckkeett
1. Install a NEW O-ring on the outlet socket..
2. Apply engine oil to the O-ring.
3. Install the outlet socket.
4. Tighten the outlet socket screws to

specification.

TTiigghhtteenniinngg TToorrqquuee

Outlet socket screws 9 ± 1 N∙m
(80 ± 9 lbf∙in)

5. Install all previously removed parts.
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WWAATTEERR PPUUMMPP IINNTTEERRMMEEDDIIAATTEE GGEEAARRSS

WWaatteerr PPuummpp IInntteerrmmeeddiiaattee GGeeaarrss LLooccaattiioonn
The water pump intermediate gears are located
behind the magneto cover.

1. Water pump intermediate gear No. 1
2. Water pump intermediate gear No. 2

RReemmoovviinngg tthhee WWaatteerr PPuummpp IInntteerrmmeeddiiaattee
GGeeaarrss
1. Before disassembly, mark the original posi-

tions of the water pump intermediate gears.

2. Remove water pump intermediate gear No. 1.

1. M6 x 20 screw
2. Bearing sleeve
3. Needle bearing
4. Water pump intermediate gear No. 1

3. Remove the magneto flywheel and starter dou-
ble gear.

4. Remove the water pump intermediate gear No.
2.

1. M6 x 20 screw
2. Bearing sleeve
3. Needle bearing
4. Water pump intermediate gear No. 2

IInnssppeeccttiinngg tthhee WWaatteerr PPuummpp IInntteerrmmeeddiiaattee
GGeeaarrss
1. Inspect the water pump intermediate gears for

wear or damage.
2. Inspect the needle bearings for wear or

discoloration.
3. Replace parts if necessary.

IInnssttaalllliinngg tthhee WWaatteerr PPuummpp IInntteerrmmeeddiiaattee GGeeaarrss
1. Apply engine oil to the needle bearings and

bearing sleeves.
2. Install the water pump intermediate gear No. 2.
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1. M6 x 20 screw
2. Bearing sleeve
3. Needle bearing
4. Water pump intermediate gear No. 2

3. Tighten the water pump intermediate gear
screw to specification:

TTiigghhtteenniinngg TToorrqquuee

Water pump
intermediate gear

screw

9 ± 1 N∙m
(80 ± 9 lbf∙in)

4. Install the magneto flywheel and starter double
gear.

5. Install the water pump intermediate gear No. 1.

1. M6 x 20 screw
2. Bearing sleeve
3. Needle bearing
4. Water pump intermediate gear No. 1

6. Tighten the water pump intermediate gear
screw to specification:

TTiigghhtteenniinngg TToorrqquuee

Water pump
intermediate gear

screw

9 ± 1 N∙m
(80 ± 9 lbf∙in)

7. Install all parts that have been previously
removed.
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MMAAGGNNEETTOO AANNDD SSTTAARRTTEERR

SSEERRVVIICCEE TTOOOOLLSS
DDeessccrriippttiioonn PPaarrtt NNuummbbeerr PPaaggee

ADAPTER GAUGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036461) . . . . . . . . . . . . . . . . . . . . . . . 170
CAMSHAFT LOCKING TOOL . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036566) . . . . . . . . . . . . . . . . . . . . . 87, 89
CAMSHAFT ROTATION TOOL . . . . . . . . . . . . . . . . . . . . . . (P/N 529036567) . . . . . . . . . . . . . . . . . . . . . 87, 89
CENTER BOLT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036290) . . . . . . . . . . . . . . . . . . . . . 72–73
CIRCLIP INSTALLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036573) . . . . . . . . . . . . . . . . . . . . . . . . 53
CRANKSHAFT LOCKING TOOL . . . . . . . . . . . . . . . . . . . . . (P/N 529036564) . . . . . . . . . . . . . . . . . . . . . . . 123
CRANKSHAFT PROTECTOR . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036570) . . . . . . . . . . . . . . . . . . . . . . . . 77
CYLINDER HEAD TOOL KIT . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036624) . . . . . . . . . . . . . . . . . . . 112, 136
ECM ADAPTER TOOL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036513) . . . . . . 19, 41, 60, 71, 124, 159
ENGINE LEAK DOWN TEST KIT . . . . . . . . . . . . . . . . . . . . . (P/N 529035661) . . . . . . . . . . . . . . . . . . . . 98, 170
ENGINE LIFTING HOOK . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036574) . . . . . . . . . . . . . . . . . . . . . . . 127
ENGINE STAND ADAPTOR PLATE . . . . . . . . . . . . . . . . . . (P/N 529036563) . . . . . . . . . . . 77, 110, 127, 134
FUNNEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529000155) . . . . . . . . . . . . . . . . . . . . . . . . 38
IGNITION COVER EXTRACTOR . . . . . . . . . . . . . . . . . . . . . (P/N 529036571) . . . . . . . . . . . . . . . . . . . . . 72–73
MAGNETO PULLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036569) . . . . . . . . . . . . . . . . . . . . . . . . 77
OIL PRESSURE HOSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036394) . . . . . . . . . . . . . . . . . . . . . . . . 35
OIL PRESSURE TEST CAP . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036158) . . . . . . . . . . . . . . . . . . . . . . . . 35
OIL SEAL INSTALLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036572) . . . . . . . . . . . . . . . . . . . 126, 134
OIL SEAL PULLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036595) . . . . . . . . . . . . . . . . . . . . . . . 126
PISTON CIRCLIP INSTALLER . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036568) . . . . . . . . . . . . . . . . . . . . . . . 146
PISTON RING COMPRESSOR . . . . . . . . . . . . . . . . . . . . . . (P/N 529036565) . . . . . . . . . . . . . . . . . . . . . . . 147
PRESSURE GAUGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036395) . . . . . . . . . . . . . . . . . . . . . . . . 36
TURBO BEARING PRESSURE TEST PLATE . . . . . . . . . . (P/N 529036628) . . . . . . . . . . . . . . . . . . . . . . . 169
VALVE SPRING COMPRESSOR . . . . . . . . . . . . . . . . . . . . . (P/N 529035724) . . . . . . . . . . . . . . . . . . . . . . . 114
VALVE SPRING COMPRESSOR . . . . . . . . . . . . . . . . . . . . . (P/N 529036209) . . . . . . . . . . . . . . . . . . . . . . . 114

SSEERRVVIICCEE PPRROODDUUCCTTSS
DDeessccrriippttiioonn PPaarrtt NNuummbbeerr PPaaggee

CLUTCH AND PULLEY FLANGE CLEANER PRO S1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78–79
DIELECTRIC GREASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
KLÜEBER PASTE 46 MR 401 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
LOCTITE 243 (BLUE) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41, 54, 64, 76, 82, 91, 93, 103,

125, 138, 163
LOCTITE 5910 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76, 134
LOCTITE 648 (GREEN) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
LOCTITE CHISEL (GASKET REMOVER) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
P80 GRIP-IT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
SUPER LUBE GREASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
SYNTHETIC GREASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
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= Component must be replaced when removed.NEW

Loctite 648

40 ± 4 N•m
(30 ± 3 lbf•ft)

Engine oil

Loctite 243

9 ± 1 N•m
(80 ± 9 lbf•in)

NEW

9 ± 1 N•m
(80 ± 9 lbf•in)

NEW

9 ± 1 N•m
(80 ± 9 lbf•in)

NEW

Engine oil

15 ± 1 N•m
(133 ± 9 lbf•in)

NEW

Loctite 5910

Loctite 243
11 ± 0,8 N•m
(97 ± 7 lbf•in)

25 ± 3 N•m
(18 ± 2 lbf•ft)400 ± 10 N•m

(295 ± 7 lbf•ft)

NEW

Engine oil

Engine oil

9 ± 1 N•m
(80 ± 9 lbf•in)

Engine oil

KLUEBER PASTE 46 MR 401
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GGEENNEERRAALL
NNOOTTIICCEE

AAllwwaayyss ddiissccoonnnneecctt BBLLAACCKK ((--)) ccaabbllee ffiirrsstt aanndd
rreeccoonnnneecctt llaasstt..

During assembly and installation, use the torque
values and service products shown in the ex-
ploded view.

Clean threads before applying a threadlocker. Re-
fer to Self-Locking Fasteners and Loctite Applica-
tion at the beginning of this manual.

WWAARRNNIINNGG
TToorrqquuee wwrreenncchh ttiigghhtteenniinngg ssppeecciiffiiccaattiioonnss mmuusstt
ssttrriiccttllyy bbee aaddhheerreedd ttoo..
LLoocckkiinngg ddeevviicceess wwhheenn rreemmoovveedd ((eexx:: lloocckkiinngg
ttaabbss,, ccootttteerr ppiinn,, eettcc..)) mmuusstt bbee rreeppllaacceedd..

NNOOTTIICCEE
HHoosseess,, ccaabblleess oorr lloocckkiinngg ttiieess rreemmoovveedd dduurriinngg
aa pprroocceedduurree mmuusstt bbee rreeiinnssttaalllleedd aass ppeerr ffaacc--
ttoorryy ssttaannddaarrddss..

TTRROOUUBBLLEESSHHOOOOTTIINNGG
Always check for fault codes. If a fault code is de-
tected, service the fault code first.

TTrroouubblleesshhoooottiinngg
11.. EENNGGIINNEE DDOOEESS NNOOTT CCRRAANNKK

Battery voltage too low.

– Check battery condition.

Starter is turning but engine does not crank.

– Check sprag clutch for wear or other damages.

Starter is defective.

– Check starter condition. Perform Testing the
Starter Operation.

Engine is only cranking 1 - 2 seconds before it
stops.

– Check battery condition.

PPRROOCCEEDDUURREESS
CCRRAANNKKSSHHAAFFTT PPOOSSIITTIIOONN SSEENNSSOORR ((CCPPSS))

CCPPSS TTrroouubblleesshhoooottiinngg
Press the START/STOP button and crank the en-
gine. If the engine does not start within 15 sec-
onds, check for fault codes using the BRP
diagnostic software (BUDS).

CCPPSS aanndd CCPPSS CCoonnnneeccttoorr LLooccaattiioonnss

MMAAGG SSIIDDEE OOFF EENNGGIINNEE

TTeessttiinngg tthhee CCPPSS RReessiissttaannccee
These tests must be performed at or near 20 °C
(68 °F).

1. Cut the locking ties and disconnect the CPS
connector.

2. Probe the CPS connector terminals per the fol-
lowing table:

CCPPSS RReessiissttaannccee TTeesstt

CCPPSS ppiinn SSppeecciiffiiccaattiioonn

1 2 774–946 Ω

3. If the resistance is not within specifications, re-
place the CPS.

4. If the resistance tests good, reconnect the
CPS connector.

5. Disconnect connector 13 from the ECM.
6. Install the connector on the ECM adapter tool.

EENNGGIINNEE
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EECCMM aaddaapptteerr ttooooll
((PP//NN 552299003366551133))

7. Recheck the resistance per the following table:

CCPPSS RReessiissttaannccee TTeesstt aatt EECCMM CCoonnnneeccttoorr

EECCMM aaddaapptteerr ppiinn SSppeecciiffiiccaattiioonn

13 14 774–946 Ω

8. If the resistance value is correct, refer to Re-
placing the CPS.

9. If the resistance value is incorrect, repair the
connectors or replace the wiring harness be-
tween the ECM connector and the CPS.

TTeessttiinngg tthhee CCPPSS OOuuttppuutt VVoollttaaggee
1. Remove the COIL fuse.
2. Cut the locking ties and disconnect the CPS

connector.

3. Probe CPS connector terminals while cranking
the engine, per the following table:

CCPPSS OOuuttppuutt VVoollttaaggee TTeesstt

CCPPSS ppiinn SSppeecciiffiiccaattiioonn

1 2 1–2 Vac min.

4. If the voltage is out of specification, inspect the
wiring/connectors. Replace the CPS if the wir-
ing is good.

5. If the voltage is within specification, the prob-
lem may be related to the ECM.

6. Reconnect the CPS connector and install all
removed parts.

RReeppllaacciinngg tthhee CCPPSS
1. Remove the parts necessary to access the

CPS.
2. Take note of the factory CPS wire harness

routing for reinstallation.
3. Cut the harness locking ties and disconnect

the CPS connector.

4. Remove the CPS screw and pull on the CPS to
remove it.

5. Lubricate the CPS O-ring.
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SSyynntthheettiicc ggrreeaassee

6. Install the NNEEWW CPS and tighten its screw to
specification:

TTiigghhtteenniinngg TToorrqquuee

CPS screw 9 ± 1 N∙m
(80 ± 9 lbf∙in)

7. Route and secure the CPS harness using a
harness clamp and locking ties, as noted prior
to removal.

MMAAGGNNEETTOO CCOOVVEERR

RReemmoovviinngg tthhee MMaaggnneettoo CCoovveerr
The magneto cover can be reached without re-
moving the engine from the vehicle.

Tilt or remove the rear bulkhead panel.

1. Drain the engine oil.
2. Drain the engine coolant.
3. Remove the CPS.
4. Remove the water pump cover. Discard the

gasket and sealing washer.

5. Place an oil pan under magneto area to catch
any remaining oil.

6. Remove the screw plug in the center of the
magneto cover and discard the O-ring.

7. Remove the magneto cover screws.

8. Install two center bolts as indicated,

CCeenntteerr bboolltt
((PP//NN 552299003366229900))

9. Install the ignition cover extractor.

IIggnniittiioonn ccoovveerr eexxttrraaccttoorr
((PP//NN 552299003366557711))

10.Pull off the magneto cover.

CCAAUUTTIIOONN
TThhee mmaaggnneettiicc aattttrraaccttiioonn ooff tthhee mmaaggnneettoo ffllyy--
wwhheeeell iiss vveerryy ssttrroonngg,, uussee rreeccoommmmeennddeedd ttoooollss
ttoo aavvooiidd iinnjjuurryy..
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11.Remove the magneto cover gasket and dis-
card it.

IInnssppeeccttiinngg tthhee MMaaggnneettoo CCoovveerr
1. Check magneto cover for cracks or other dam-

age. Replace if necessary.
2. Check sealing surface for flatness.

IInnssttaalllliinngg tthhee MMaaggnneettoo CCoovveerr
1. Clean the magneto cover.
2. If remove, reinstall the two center bolts.

CCeenntteerr bboolltt
((PP//NN 552299003366229900))

3. Install a NNEEWWmagneto cover gasket.

4. Lubricate the following:

– Starter drive gear pin
– Crankshaft bearing journal
– Water pump shaft.

NNOOTTEE:: Ensure that the starter drive gear pin is in
place.

LLUUBBRRIICCAATTEE WWAATTEERR PPUUMMPP SSHHAAFFTT

5. Insert the ignition cover extractor into the mag-
neto cover.

IIggnniittiioonn ccoovveerr eexxttrraaccttoorr
((PP//NN 552299003366557711))
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CCAAUUTTIIOONN
TThhee mmaaggnneettiicc aattttrraaccttiioonn ooff tthhee mmaaggnneettoo ffllyy--
wwhheeeell iiss vveerryy ssttrroonngg,, uussee rreeccoommmmeennddeedd ttoooollss
ttoo aavvooiidd iinnjjuurryy..

6. Screw in the spindle until its end is flush with
the stator flange inside the magneto cover,

1. Spindle until its end
2. Stator flange

7. Carefully, install the magneto cover.
8. Remove the ignition cover extractor and both

center bolts..
9. Tighten the magneto cover screws according

to the following sequence:

TTiigghhtteenniinngg TToorrqquuee

Magneto cover screws 9 ± 1 N∙m
(80 ± 9 lbf∙in)

TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE

10. Install the water pump cover.
11.Slightly oil the magneto cover plug threads,

then install the screw plug with a NNEEWW O-ring
and tighten to specification:

TTiigghhtteenniinngg TToorrqquuee

Magneto cover screw
plug

40 ± 4 N∙m
(30 ± 3 lbf∙ft)

12. Install all other removed parts.

SSTTAATTOORR

TTeessttiinngg tthhee SSttaattoorr CCoonnttiinnuuiittyy
These tests must be performed at or near 20 °C
(68 °F).

1. Disconnect both stator connectors from the
voltage regulator.

2. Set the multimeter to Ω.
3. Probe each pair of YELLOW wires by touching

(NOT inserting) the terminal lock tabs.

NNOOTTIICCEE
NNeevveerr iinnsseerrtt aa mmuullttiimmeetteerr pprroobbee iinnttoo aa tteerrmmii--
nnaall aass iitt wwoouulldd rruuiinn tthhee tteerrmmiinnaall..

4. Read the resistance per the following table:
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SSttaattoorr CCoonnttiinnuuiittyy TTeesstt

YYEELLLLOOWW wwiirreess ((eeaacchh
ppaaiirr)) SSppeecciiffiiccaattiioonn

Pins 1 and 2

0.1–1 ΩPins 1 and 3

Pins 2 and 3

5. If any resistance reading is not as specified,
the stator or the wiring (including connector) is
open and needs to be repaired or replaced.

6. If the resistance is good, perform the stator in-
sulation test.

TTeessttiinngg tthhee SSttaattoorr IInnssuullaattiioonn
These tests must be performed at or near 20 °C
(68 °F).

1. Connect a multimeter between any YELLOW
wire and chassis ground.

2. Read resistance.

SSttaattoorr IInnssuullaattiioonn TTeesstt

PPrroobbee ppoossiittiioonnss SSppeecciiffiiccaattiioonn

Any YELLOW wire and
chassis ground Infinity (OL)

3. If any resistance reading is not as specified,
the stator or the wiring is shorted to ground
and needs to be repaired or replaced.

4. If the insulation test is good, perform the output
voltage test.

RReemmoovviinngg tthhee SSttaattoorr
1. Remove the magneto cover.
2. Cut both locking ties that secure the stator ca-

bles to the magneto cover.

3. Remove the stator cable cover. Discard the
gasket.

4. Pull the stator cables with their grommets out
from their seats in the magneto cover.

5. Remove the stator screws, then pull the stator
and its cables from the magneto cover.
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IInnssppeeccttiinngg tthhee SSttaattoorr
1. Check the stator windings and insulation for

cracks, overheating, chafe marks or other
damage. If damaged, replace the stator.

2. Check if the stator wires are brittle, hard or oth-
erwise damaged.

IInnssttaalllliinngg tthhee SSttaattoorr
1. Insert the stator cables through the passage in

the magneto cover and install the stator in the
magneto cover.

2. Apply a drop of threadlocker on threads of the
stator screws.

LLooccttiittee 224433 ((bblluuee))

3. Install and tighten the stator screws to
specification:

TTiigghhtteenniinngg TToorrqquuee

Stator screws 11 ± 1 N∙m
(97 ± 7 lbf∙in)

4. Apply a small amount of sealant in the grooves
of both grommets, then position the grommets
in the magneto cover recesses.

LLooccttiittee 55991100

5. Slightly apply sealant as indicated.

LLooccttiittee 55991100

6. Install the stator cable cover.

7. Tighten the stator cable cover screws to
specification:
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TTiigghhtteenniinngg TToorrqquuee

Stator cable cover 9 ± 1 N∙m
(80 ± 9 lbf∙in)

8. Install the magneto cover.
9. Install all other removed parts.

RROOTTOORR

RReemmoovviinngg tthhee RRoottoorr
1. Remove the magneto cover.
2. Lock the crankshaft. Refer to the Crankshaft

Locking Procedure in CYLINDER BLOCK.
3. Remove the rotor nut and discard it.

CCAAUUTTIIOONN
TThhee bbrreeaakkaawwaayy ttoorrqquuee ooff tthhee rroottoorr nnuutt iiss vveerryy
hhiigghh.. TToo aavvooiidd iinnjjuurryy aanndd eennggiinnee ddaammaaggee ffooll--
llooww tthhee pprroocceedduurree..

NNOOTTIICCEE
DDoo nnoott uussee aann iimmppaacctt wwrreenncchh ffoorr rreemmoovviinngg
aanndd iinnssttaalllliinngg tthhee rroottoorr nnuutt..

4. If the engine is removed from the vehicle:

1. Install the engine stand adaptor plate on
the cylinder block upper half and install it
onto a robust turnable engine stand. Refer
to Disassembling the Cylinder Block in
CYLINDER BLOCK.

2. Insert a steel tube of size 30 x 30 x 3 mm
(1-3/16 x 1-3/16 x 1/8 in) with a length of
1.2 to 1.5 m (4 to 5 ft) in the tube of the
adaptor plate.

3. Hold up the inserted steel tube while re-
moving the rotor retaining nut. Discard the
rotor nut.

EEnnggiinnee ssttaanndd aaddaappttoorr ppllaattee
((PP//NN 552299003366556633))

5. Install the tools to remove the rotor.

CCrraannkksshhaafftt pprrootteeccttoorr
((PP//NN 552299003366557700))

MMaaggnneettoo ppuulllleerr
((PP//NN 552299003366556699))

NNOOTTEE:: Apply some grease on the crankshaft
protector surface to ease puller operation.

6. Remove the rotor by tightening the puller
screw.
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IInnssppeeccttiinngg tthhee RRoottoorr
1. Check the inner side of the rotor for scratches

or other damage.
2. Check the Woodruff key and keyway on the

crankshaft for wear or damage.
3. Blow out the oil orifices using compressed air

and make sure that they are not clogged.

IInnssttaalllliinngg tthhee RRoottoorr
1. Using parts cleaner, clean the following:

– Oil passage
– Crankshaft threads
– Crankshaft taper
– Rotor taper

CClluuttcchh aanndd ppuulllleeyy ffllaannggee cclleeaanneerr PPRROO SS11

NNOOTTIICCEE
TTaappeerr oonn ccrraannkksshhaafftt aanndd rroottoorr mmuusstt bbee ffrreeee ooff
ggrreeaassee..

1. Crankshaft taper
2. Oil passage
3. Thread

2. Apply oil to the sprag clutch and needle
bearing.

LLUUBBRRIICCAATTEE

3. Install the sprag clutch gear on the rotor.
4. Slide the rotor along with the sprag clutch gear

onto the crankshaft. The Woodruff key and
keyway must be aligned.

5. Rotate the sprag clutch gear counterclockwise
to align it with the starter double gear.

– Step 1: Rotate to align teeth:
1. Sprag clutch gear
2. Starter double gear
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6. Apply engine oil to the threads of the rotor nut
and tighten to specification:

TTiigghhtteenniinngg TToorrqquuee

Rotor nut 400 ± 47 N∙m
(295 ± 35 lbf∙ft)

7. Install all other removed parts.

SSPPRRAAGG CCLLUUTTCCHH AANNDD SSPPRRAAGG CCLLUUTTCCHH
GGEEAARR

RReemmoovviinngg tthhee SSpprraagg CClluuttcchh
1. Remove the rotor with sprag clutch gear.
2. Pull sprag clutch gear out of the rotor.

3. Carefully clamp the rotor on a vise and remove
the sprag clutch housing.

IInnssppeeccttiinngg tthhee SSpprraagg CClluuttcchh aanndd tthhee SSpprraagg
CClluuttcchh GGeeaarr
1. Inspect sprag clutch and sprag clutch housing

for wear and damage.
2. Inspect sprag clutch gear, especially teeth and

sprag clutch collar for wear and other damage.
3. Check needle bearing for wear and pitting.

4. Replace sprag clutch gear if necessary.
5. Rotate sprag clutch gear clockwise. Gear must

rotate freely.

1. Free

6. Rotate sprag clutch gear counterclockwise.
Gear must lock.

1. Lock

IInnssttaalllliinngg tthhee SSpprraagg CClluuttcchh aanndd tthhee SSpprraagg
CClluuttcchh GGeeaarr
1. Clean the sprag clutch housing with parts

cleaner.

CClluuttcchh aanndd ppuulllleeyy ffllaannggee cclleeaanneerr PPRROO SS11
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NNOOTTIICCEE
TThhrreeaaddss ooff sspprraagg cclluuttcchh hhoouussiinngg mmuusstt bbee ffrreeee
ooff aannyy lluubbrriiccaannttss..

2. Apply threadlocker to the threads of the sprag
clutch housing screws.

LLooccttiittee 664488 ((GGrreeeenn))

3. Tighten the sprag clutch housing screws to
specification:

TTiigghhtteenniinngg TToorrqquuee

Sprag clutch housing
screws

25 ± 3 N∙m
(18 ± 2 lbf∙ft)

4. Apply engine oil to the sprag clutch and sprag
clutch gear needle bearing.

5. Install the sprag clutch gear on the rotor.

6. Install all other removed parts.

SSTTAARRTTEERR DDRRIIVVEE GGEEAARRSS
The starter drive gears are located on the engine
MAG side behind the magneto cover.

RReemmoovviinngg tthhee SSttaarrtteerr DDrriivvee GGeeaarr
1. Remove the magneto cover.

2. Remove the starter screws and pull the starter
out to disengage the starter gear from starter
double gear.

NNOOTTEE:: It is not necessary to remove the starter
completely from the engine.

PPUULLLL SSTTAARRTTEERR OOUUTT TTOO DDIISSEENNGGAAGGEE SSTTAARRTTEERR GGEEAARRSS
1. Starter screws

3. Remove the location pin and starter double
gear.

1. Location pin
2. Starter double gear
3. Starter (gears disengaged)

IInnssppeeccttiinngg tthhee SSttaarrtteerr DDrriivvee GGeeaarr
1. Inspect starter drive gears and location pin for

wear and damage.
2. Replace parts if necessary.

IInnssttaalllliinngg tthhee SSttaarrtteerr DDrriivvee GGeeaarr
1. Apply engine oil to the location pin.
2. Install the location pin and starter double gear.
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1. Location pin
2. Starter double gear
3. Starter (gears disengaged)

3. Install the starter.
4. Install the magneto cover.

SSTTAARRTTEERR

SSttaarrtteerr LLooccaattiioonn
The starter is located at the front of the engine, be-
low the intake manifold.

VVIIEEWW TTHHRROOUUGGHH TTHHEE RREEAARR SSEERRVVIICCEE CCOOVVEERR OOPPEENNIINNGG

TTeessttiinngg tthhee SSttaarrtteerr OOppeerraattiioonn
Before carrying out any starter test, make sure of
the following:
– Battery is fully charged and in good condition
– Cable connections at the battery, starter and

solenoid are tight
– Cables are in good condition

WWAARRNNIINNGG
DDoo nnoott tteesstt tthhee ssttaarrtteerr ooppeerraattiioonn wwiitthh tthhee
mmaaggnneettoo ccoovveerr rreemmoovveedd..

WWAARRNNIINNGG
SSppaarrkkss ccaann ooccccuurr wwhheenn ccoonnnneeccttiinngg jjuummppeerr
ccaabblleess.. TToo aavvooiidd aa ffiirree hhaazzaarrdd,, mmaakkee ssuurree tthhaatt
nnoo ffllaammmmaabbllee lliiqquuiiddss oorr ffuueell vvaappoorrss aarree iinn tthhee
tteesstt aarreeaa..

1. Use booster cables and a booster battery (or
fully charged battery) to supply current directly
to the starter.
1. Connect the RED (+) jumper cable from the

booster battery to the starter screw.
2. Momentarily connect the BLACK (–) jumper

cable to a starter retaining screw.

2. If the starter turns, test other starting system
components. Refer to the STARTING SYS-
TEM subsection.

RReemmoovviinngg tthhee SSttaarrtteerr
1. Disconnect the BLACK (–) cable from the

battery.
2. Remove the starter cable from the starter.
3. Support the engine on the right-front side, us-

ing a lifting jack.
4. Remove the front right engine bracket.

5. Remove the starter screws.
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6. Pull the starter off of the cylinder block.

IInnssttaalllliinngg tthhee SSttaarrtteerr
1. Ensure that the starter and engine mating sur-

faces are free of debris.

NNOOTTIICCEE
SSeerriioouuss pprroobblleemmss mmaayy aarriissee iiff tthhee ssttaarrtteerr iiss
nnoott pprrooppeerrllyy aalliiggnneedd..

2. Lubricate the starter end and starter O-ring.

KKllüüeebbeerr ppaassttee 4466 MMRR 440011

3. Insert the starter gear into the engine.
4. Install the starter screws and tighten them to

specification:

TTiigghhtteenniinngg TToorrqquuee

Starter screws 9 ± 1 N∙m
(80 ± 9 lbf∙in)

5. Connect the starter cable to the starter and
tighten the nut to specification.

TTiigghhtteenniinngg TToorrqquuee

Starter cable nut 6 ± 0.5 N∙m
(53 ± 4 lbf∙in)

6. Apply a drop of threadlocker on threads of the
engine support screws.

LLooccttiittee 224433 ((bblluuee))

7. Install the front right engine bracket and tighten
the screws to specification:

TTiigghhtteenniinngg TToorrqquuee

Engine bracket screws 50 ± 6 N∙m
(37 ± 4 lbf∙ft)

8. Install all other removed parts.
9. Reconnect the BLACK (–) cable on the battery

post.
10.Test for proper starter operation.
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TTIIMMIINNGG CCHHAAIINN

SSEERRVVIICCEE TTOOOOLLSS
DDeessccrriippttiioonn PPaarrtt NNuummbbeerr PPaaggee

ADAPTER GAUGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036461) . . . . . . . . . . . . . . . . . . . . . . . 170
CAMSHAFT LOCKING TOOL . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036566) . . . . . . . . . . . . . . . . . . . . . 87, 89
CAMSHAFT ROTATION TOOL . . . . . . . . . . . . . . . . . . . . . . (P/N 529036567) . . . . . . . . . . . . . . . . . . . . . 87, 89
CENTER BOLT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036290) . . . . . . . . . . . . . . . . . . . . . 72–73
CIRCLIP INSTALLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036573) . . . . . . . . . . . . . . . . . . . . . . . . 53
CRANKSHAFT LOCKING TOOL . . . . . . . . . . . . . . . . . . . . . (P/N 529036564) . . . . . . . . . . . . . . . . . . . . . . . 123
CRANKSHAFT PROTECTOR . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036570) . . . . . . . . . . . . . . . . . . . . . . . . 77
CYLINDER HEAD TOOL KIT . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036624) . . . . . . . . . . . . . . . . . . . 112, 136
ECM ADAPTER TOOL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036513) . . . . . . 19, 41, 60, 71, 124, 159
ENGINE LEAK DOWN TEST KIT . . . . . . . . . . . . . . . . . . . . . (P/N 529035661) . . . . . . . . . . . . . . . . . . . . 98, 170
ENGINE LIFTING HOOK . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036574) . . . . . . . . . . . . . . . . . . . . . . . 127
ENGINE STAND ADAPTOR PLATE . . . . . . . . . . . . . . . . . . (P/N 529036563) . . . . . . . . . . . 77, 110, 127, 134
FUNNEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529000155) . . . . . . . . . . . . . . . . . . . . . . . . 38
IGNITION COVER EXTRACTOR . . . . . . . . . . . . . . . . . . . . . (P/N 529036571) . . . . . . . . . . . . . . . . . . . . . 72–73
MAGNETO PULLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036569) . . . . . . . . . . . . . . . . . . . . . . . . 77
OIL PRESSURE HOSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036394) . . . . . . . . . . . . . . . . . . . . . . . . 35
OIL PRESSURE TEST CAP . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036158) . . . . . . . . . . . . . . . . . . . . . . . . 35
OIL SEAL INSTALLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036572) . . . . . . . . . . . . . . . . . . . 126, 134
OIL SEAL PULLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036595) . . . . . . . . . . . . . . . . . . . . . . . 126
PISTON CIRCLIP INSTALLER . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036568) . . . . . . . . . . . . . . . . . . . . . . . 146
PISTON RING COMPRESSOR . . . . . . . . . . . . . . . . . . . . . . (P/N 529036565) . . . . . . . . . . . . . . . . . . . . . . . 147
PRESSURE GAUGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036395) . . . . . . . . . . . . . . . . . . . . . . . . 36
TURBO BEARING PRESSURE TEST PLATE . . . . . . . . . . (P/N 529036628) . . . . . . . . . . . . . . . . . . . . . . . 169
VALVE SPRING COMPRESSOR . . . . . . . . . . . . . . . . . . . . . (P/N 529035724) . . . . . . . . . . . . . . . . . . . . . . . 114
VALVE SPRING COMPRESSOR . . . . . . . . . . . . . . . . . . . . . (P/N 529036209) . . . . . . . . . . . . . . . . . . . . . . . 114

SSEERRVVIICCEE PPRROODDUUCCTTSS
DDeessccrriippttiioonn PPaarrtt NNuummbbeerr PPaaggee

CLUTCH AND PULLEY FLANGE CLEANER PRO S1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78–79
DIELECTRIC GREASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
KLÜEBER PASTE 46 MR 401 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
LOCTITE 243 (BLUE) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41, 54, 64, 76, 82, 91, 93, 103,

125, 138, 163
LOCTITE 5910 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76, 134
LOCTITE 648 (GREEN) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
LOCTITE CHISEL (GASKET REMOVER) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
P80 GRIP-IT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
SUPER LUBE GREASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
SYNTHETIC GREASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
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= Component must be replaced when removed.NEW

Loctite 243

Engine oil

Loctite 243
9 ± 1 N•m

(80 ± 9 lbf•in)

Engine oil

NEW

Engine oil

Engine oil

Engine oil

Loctite 243
10 ± 1 N•m

(89 ± 9 lbf•in)

17 ± 2 N•m
(150 ± 18 lbf•in)

NEW

25 ± 3 N•m
(18 ± 2 lbf•ft)
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GGEENNEERRAALL
Always disconnect the BLACK (−) cable from the
battery, then the RED (+) cable, before working on
the engine.

NNOOTTIICCEE
AAllwwaayyss ddiissccoonnnneecctt tthhee BBLLAACCKK ((--)) ccaabbllee ffiirrsstt
aanndd rreeccoonnnneecctt iitt llaasstt..

During assembly and installation, use the torque
values and service products specified in the ex-
ploded view.

Clean threads before applying a threadlocker. Re-
fer to Self-Locking Fasteners and Loctite Applica-
tion at the beginning of this manual for the
complete procedures.

WWAARRNNIINNGG
TToorrqquuee wwrreenncchh ttiigghhtteenniinngg ssppeecciiffiiccaattiioonnss mmuusstt
bbee ssttrriiccttllyy aaddhheerreedd ttoo..
LLoocckkiinngg ddeevviicceess wwhheenn rreemmoovveedd ((ee..gg..:: lloocckkiinngg
ttaabbss,, eellaassttiicc ssttoopp nnuuttss,, ccootttteerr ppiinn,, eettcc..)) mmuusstt
bbee rreeppllaacceedd..

Hoses, cables or locking ties that are removed
during a procedure must be reinstalled per factory
standards.

When disassembling parts that are duplicated in
the engine, (e. g.: valves, springs, etc.), it is
strongly recommended to note their position and
to keep the parts of the same assembly as a
“group”. If you find a defective component, it will
be much easier to find the cause of the failure. Be-
cause parts were broken-in together during engine
operation, they will maintain their matched fit when
they are reassembled together within their
“group”.

TTRROOUUBBLLEESSHHOOOOTTIINNGG
The following is provided to help in diagnosing the
probable source of troubles. It is a guideline and
should not be assumed to provide solutions to
every cause of all problems.

TTrroouubblleesshhoooottiinngg
11.. UUNNUUSSUUAALL EENNGGIINNEE NNOOIISSEE OORR VVIIBBRRAATTIIOONNSS

Faulty chain tensioner.

– Replace chain tensioner.

Chain guide(s) worn out.

– Replace chain guide(s).

Stretched timing chain or worn sprockets.

– Replace timing chain and sprockets.

Camshaft timing gear screws loose.

– Retighten screws to recommended torque.

Incorrect camshaft timing adjustment.

– Replace damaged components and readjust
camshaft timing.

22.. EENNGGIINNEE LLAACCKKSS AACCCCEELLEERRAATTIIOONN OORR
PPOOWWEERR

Incorrect camshaft timing adjustment.

– Replace damaged components and readjust
camshaft timing.

PPRROOCCEEDDUURREESS
TTIIMMIINNGG CCHHAAIINN TTEENNSSIIOONNEERR

TTiimmiinngg CChhaaiinn TTeennssiioonneerr LLooccaattiioonn
The timing chain tensioner is located in the cylin-
der head, beside the intake manifold.

RReemmoovviinngg tthhee TTiimmiinngg CChhaaiinn TTeennssiioonneerr
1. Remove the valve cover.
2. Lock the crankshaft. Refer to the CYLINDER

BLOCK.
3. Attach the camshaft locking tool to the cam-

shaft holder upper half and lock both cam-
shafts. Refer to Camshaft Timing Gears.

NNOOTTIICCEE
IIff tthhee ccaammsshhaaffttss aarree nnoott lloocckkeedd,, tthhee ttiimmiinngg
cchhaaiinn ccaann jjuummpp aanndd ccaauussee iinnccoorrrreecctt vvaallvvee
ttiimmiinngg..

4. Remove the screw plug and discard the gasket
ring.

5. Pull out the chain tensioner.

EENNGGIINNEE
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1. Screw plug
2. Gasket ring
3. Chain tensioner

IInnssppeeccttiinngg tthhee TTiimmiinngg CChhaaiinn TTeennssiioonneerr
1. Check the chain tensioner for scoring and free-

dom of movement in its bore.
2. Compress the chain tensioner and check for

proper operation.

NNOOTTEE:: The chain tensioner is difficult to com-
press when properly charged with oil, and easily
compressed when it is not.

IInnssttaalllliinngg tthhee TTiimmiinngg CChhaaiinn TTeennssiioonneerr
1. Apply engine oil to the chain tensioner.
2. Insert the chain tensioner in its bore with the

plunger pointing outward.

TTIIMMIINNGG CCHHAAIINN TTEENNSSIIOONNEERR IINNSSTTAALLLLAATTIIOONN

3. Install the screw plug with a NEW gasket ring.
4. Tighten the screw plug to the specified torque:

TTiigghhtteenniinngg TToorrqquuee

Screw plug 17 ± 2 N∙m
(150 ± 18 lbf∙in)

5. Install all other removed parts.

CCAAMMSSHHAAFFTT TTIIMMIINNGG GGEEAARRSS

RReemmoovviinngg tthhee CCaammsshhaafftt TTiimmiinngg GGeeaarrss
1. Remove the valve cover.
2. Remove the oil separator.

NNOOTTIICCEE
iill sseeppaarraattoorr

1. V-ring (discard it)
2. Oil separator
3. Retainer

3. Lock the crankshaft, refer to the Crankshaft
Locking Procedure in CYLINDER BLOCK.

NNOOTTEE:: When the crankshaft is locked, the marks
“IN” and “EX” on the timing gears must be aligned,
and the flat surfaces of the camshafts with the
marks “IN” and “EX” must be parallel to the cylin-
der head gasket.

EENNGGIINNEE
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4. Turn both adjustment screws of the camshaft
locking tool counterclockwise to bring the slide
plates to the top position.

CCaammsshhaafftt lloocckkiinngg ttooooll
((PP//NN 552299003366556666))

1. Adjustment screws
2. Slide plates

5. Attach the camshaft locking tool to the cam-
shaft holder and tighten the four retaining
screws to specification:

TTiigghhtteenniinngg TToorrqquuee

Camshaft locking tool
screws

4 ± 0.5 N∙m
(35 ± 4 lbf∙in)

6. Screw the intake adjustment screw clockwise
to align the slide plate with the camshaft con-
tact surface. During the adjustment, turn the in-
take camshaft alternately in each direction to
achieve proper alignment of the slide plate with
the camshaft contact surface.

NNOOTTIICCEE
IInn tthhee bblloocckkeedd ppoossiittiioonn,, tthhee ccaammsshhaafftt mmuusstt
nnoott bbee rroottaattaabbllee..

CCaammsshhaafftt rroottaattiioonn ttooooll
((PP//NN 552299003366556677))
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7. Screw the exhaust adjustment screw clockwise
in and proceed with the same adjustment pro-
cedure as for the intake camshaft.

8. Loosen the camshaft timing gear screws.

9. Remove the timing chain tensioner.
10.Remove the timing chain guide (exhaust side).

11.Remove the upper timing chain guide.

12.Remove the camshaft timing gear screws and
timing chain gears.

IInnssppeeccttiinngg tthhee CCaammsshhaafftt TTiimmiinngg GGeeaarrss
1. Inspect the camshaft timing gears for wear or

deterioration. If a gear is worn or damaged, re-
place the camshaft timing gears and timing
chain as a set.

For the crankshaft timing gear inspection, refer
to Cylinder Block.

2. Check the timing guide and upper chain guide
for the following:

– Wear
– Cracks
– Deformation

CChhaaiinn GGuuiiddee GGrroooovvee DDeepptthh

Service limit 1 mm
(0.039 in)
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IInnssttaalllliinngg tthhee CCaammsshhaafftt TTiimmiinngg GGeeaarrss
NNOOTTIICCEE

IImmpprrooppeerr ccaammsshhaafftt ttiimmiinngg wwiillll ddaammaaggee eennggiinnee
ccoommppoonneennttss..

1. Ensure that the crankshaft is locked at overlap
TDC of cylinder No. 1 (PTO side). Refer to
Crankshaft Locking Procedure in CYLINDER
BLOCK.

2. Ensure that the flat surfaces of the camshafts
with marks “IN” and “EX” are parallel to the cyl-
inder head gasket.

3. If the camshaft locking tool was removed, rein-
stall it.

CCaammsshhaafftt lloocckkiinngg ttooooll
((PP//NN 552299003366556666))

4. Screw two camshaft timing gear screws into
each camshaft flange.

5. Turn the intake adjustment screw clockwise to
align the slide plate with the camshaft contact
surface. During the adjustment, turn the intake
camshaft alternately in each direction to
achieve proper alignment of the slide plate with
the camshaft contact surface.

NNOOTTIICCEE
IInn tthhee bblloocckkeedd ppoossiittiioonn,, tthhee ccaammsshhaafftt mmuusstt
nnoott bbee rroottaattaabbllee..

CCaammsshhaafftt rroottaattiioonn ttooooll
((PP//NN 552299003366556677))

6. Lock the exhaust camshaft and then proceed
with the same adjustment procedure as for the
intake camshaft.
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7. Remove the temporarily installed camshaft tim-
ing gear screws.

8. Install the timing chain with the camshaft timing
gears.

NNOOTTIICCEE
TThhee ““IINN”” mmaarrkk oonn tthhee iinnttaakkee ccaammsshhaafftt aanndd tthhee
““EEXX”” mmaarrkk oonn eexxhhaauusstt ccaammsshhaafftt mmuusstt bbee
aalliiggnneedd..

9. Install the timing chain guide and the upper
timing chain guide.

10. Install the timing chain tensioner.
11.Ensure that the marks on the camshaft timing

gears are still aligned. If not, repeat the
procedure.

NNOOTTIICCEE
AAfftteerr iinnssttaallllaattiioonn ooff tthhee ttiimmiinngg cchhaaiinn tteenn--
ssiioonneerr,, tthhee ““IINN”” mmaarrkk oonn tthhee iinnttaakkee ccaammsshhaafftt
aanndd tthhee ““EEXX”” mmaarrkk oonn eexxhhaauusstt ccaammsshhaafftt mmuusstt
bbee aalliiggnneedd..
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12.Apply a drop of threadlocker to the timing gear
screw threads.

LLooccttiittee 224433 ((bblluuee))

13. Install the camshaft timing gear screws and
tighten to specification:

TTiigghhtteenniinngg TToorrqquuee

Camshaft timing gear
screws

25 ± 3 N∙m
(18 ± 2 lbf∙ft)

14.Ensure that the “IN” and “EX” marks on the
camshaft timing gears are still aligned.

NNOOTTIICCEE
IImmpprrooppeerr ccaammsshhaafftt ttiimmiinngg wwiillll ddaammaaggee eennggiinnee
ccoommppoonneennttss..

15. Install the oil separator, with a new V-ring, on
the exhaust camshaft.

16.Turn both adjustment screws of the camshaft
locking tool counterclockwise to the stop. Then
remove the crankshaft locking tool.

17. Install all other removed parts.

TTIIMMIINNGG CCHHAAIINN

RReemmoovviinngg tthhee TTiimmiinngg CChhaaiinn
1. Drain the engine oil and coolant.
2. Remove the valve cover.
3. Lock the crankshaft. Refer to Crankshaft Lock-

ing Procedure in CYLINDER BLOCK.
4. With the timing chain still installed on the timing

gears, check it for excessive radial play, refer
to Timing Chain Inspection.

5. Remove the camshaft timing gears.
6. Remove the water pump cover.
7. Remove the rotor.
8. Remove the lower chain guide.

EENNGGIINNEE
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9. Remove the following components:

– Bearing screw
– Chain tension guide
– Timing chain

NNOOTTEE:: Before removal, make a mark on the tim-
ing chain to indicate its operating direction.

IInnssppeeccttiinngg tthhee TTiimmiinngg CChhaaiinn
1. With the camshaft gears still installed on the

camshafts, check the timing chain for exces-
sive radial play.

1. Check teeth condition

NNOOTTIICCEE
IIff ttiimmiinngg cchhaaiinn iiss eexxcceessssiivveellyy wwoorrnn oorr ddaamm--
aaggeedd,, rreeppllaaccee ttiimmiinngg cchhaaiinn aanndd ccaammsshhaafftt ttiimm--
iinngg ggeeaarrss aass aa sseett..

2. Check the timing chain for wear and teeth
condition.

3. Check the lower chain guide and chain ten-
sioner for the following:

– Wear
– Cracks
– Deformation

CChhaaiinn GGuuiiddee GGrroooovvee DDeepptthh

Service limit No timing chain wear
groove allowed

CChhaaiinn TTeennssiioonn GGuuiiddee GGrroooovvee DDeepptthh

Service limit 1 mm
(0.039 in)

IInnssttaalllliinngg tthhee TTiimmiinngg CChhaaiinn
1. Ensure that the crankshaft is locked at overlap

TDC of cylinder No. 1 (PTO side), refer to
Crankshaft Locking Procedure in CYLINDER
BLOCK.

2. Install the timing chain on the crankshaft timing
gear.

NNOOTTIICCEE
IIff tthhee ssaammee ttiimmiinngg cchhaaiinn iiss rreeiinnssttaalllleedd,, bbee
ssuurree ttoo rreeiinnssttaallll iitt iinn tthhee ssaammee ooppeerraattiinngg ddii--
rreeccttiioonn aass mmaarrkkeedd dduurriinngg rreemmoovvaall pprroocceedduurree..
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3. Apply a drop of threadlocker to the chain ten-
sion guide bearing screw threads.

LLooccttiittee 224433 ((bblluuee))

4. Install the chain tension guide and tighten the
bearing screws to specification:

TTiigghhtteenniinngg TToorrqquuee

Chain tension guide
bearing screws

10 ± 1 N∙m
(89 ± 9 lbf∙in)

5. Apply a drop of threadlocker to the chain guide
screw threads.

LLooccttiittee 224433 ((bblluuee))

6. Reinstall the lower chain guide and tighten the
chain guide screw to specification:

TTiigghhtteenniinngg TToorrqquuee

Lower chain guide
screws

9 ± 1 N∙m
(80 ± 9 lbf∙in)

7. Reinstall the timing chain properly on the cam-
shaft timing gears.

NNOOTTIICCEE
IImmpprrooppeerr ccaammsshhaafftt ttiimmiinngg wwiillll ddaammaaggee eennggiinnee
ccoommppoonneennttss..

8. Install all other removed parts.

NNOOTTIICCEE
BBee ssuurree ttoo rreemmoovvee ccaammsshhaafftt aanndd ccrraannkksshhaafftt
lloocckkiinngg ttoooollss wwhheenn ttiimmiinngg cchhaaiinn iiss ccoommpplleetteellyy
iinnssttaalllleedd..
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CCYYLLIINNDDEERR HHEEAADD

SSEERRVVIICCEE TTOOOOLLSS
DDeessccrriippttiioonn PPaarrtt NNuummbbeerr PPaaggee

ADAPTER GAUGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036461) . . . . . . . . . . . . . . . . . . . . . . . 170
CAMSHAFT LOCKING TOOL . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036566) . . . . . . . . . . . . . . . . . . . . . 87, 89
CAMSHAFT ROTATION TOOL . . . . . . . . . . . . . . . . . . . . . . (P/N 529036567) . . . . . . . . . . . . . . . . . . . . . 87, 89
CENTER BOLT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036290) . . . . . . . . . . . . . . . . . . . . . 72–73
CIRCLIP INSTALLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036573) . . . . . . . . . . . . . . . . . . . . . . . . 53
CRANKSHAFT LOCKING TOOL . . . . . . . . . . . . . . . . . . . . . (P/N 529036564) . . . . . . . . . . . . . . . . . . . . . . . 123
CRANKSHAFT PROTECTOR . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036570) . . . . . . . . . . . . . . . . . . . . . . . . 77
CYLINDER HEAD TOOL KIT . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036624) . . . . . . . . . . . . . . . . . . . 112, 136
ECM ADAPTER TOOL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036513) . . . . . . 19, 41, 60, 71, 124, 159
ENGINE LEAK DOWN TEST KIT . . . . . . . . . . . . . . . . . . . . . (P/N 529035661) . . . . . . . . . . . . . . . . . . . . 98, 170
ENGINE LIFTING HOOK . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036574) . . . . . . . . . . . . . . . . . . . . . . . 127
ENGINE STAND ADAPTOR PLATE . . . . . . . . . . . . . . . . . . (P/N 529036563) . . . . . . . . . . . 77, 110, 127, 134
FUNNEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529000155) . . . . . . . . . . . . . . . . . . . . . . . . 38
IGNITION COVER EXTRACTOR . . . . . . . . . . . . . . . . . . . . . (P/N 529036571) . . . . . . . . . . . . . . . . . . . . . 72–73
MAGNETO PULLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036569) . . . . . . . . . . . . . . . . . . . . . . . . 77
OIL PRESSURE HOSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036394) . . . . . . . . . . . . . . . . . . . . . . . . 35
OIL PRESSURE TEST CAP . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036158) . . . . . . . . . . . . . . . . . . . . . . . . 35
OIL SEAL INSTALLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036572) . . . . . . . . . . . . . . . . . . . 126, 134
OIL SEAL PULLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036595) . . . . . . . . . . . . . . . . . . . . . . . 126
PISTON CIRCLIP INSTALLER . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036568) . . . . . . . . . . . . . . . . . . . . . . . 146
PISTON RING COMPRESSOR . . . . . . . . . . . . . . . . . . . . . . (P/N 529036565) . . . . . . . . . . . . . . . . . . . . . . . 147
PRESSURE GAUGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036395) . . . . . . . . . . . . . . . . . . . . . . . . 36
TURBO BEARING PRESSURE TEST PLATE . . . . . . . . . . (P/N 529036628) . . . . . . . . . . . . . . . . . . . . . . . 169
VALVE SPRING COMPRESSOR . . . . . . . . . . . . . . . . . . . . . (P/N 529035724) . . . . . . . . . . . . . . . . . . . . . . . 114
VALVE SPRING COMPRESSOR . . . . . . . . . . . . . . . . . . . . . (P/N 529036209) . . . . . . . . . . . . . . . . . . . . . . . 114

SSEERRVVIICCEE PPRROODDUUCCTTSS
DDeessccrriippttiioonn PPaarrtt NNuummbbeerr PPaaggee

CLUTCH AND PULLEY FLANGE CLEANER PRO S1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78–79
DIELECTRIC GREASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
KLÜEBER PASTE 46 MR 401 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
LOCTITE 243 (BLUE) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41, 54, 64, 76, 82, 91, 93, 103,

125, 138, 163
LOCTITE 5910 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76, 134
LOCTITE 648 (GREEN) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
LOCTITE CHISEL (GASKET REMOVER) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
P80 GRIP-IT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
SUPER LUBE GREASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
SYNTHETIC GREASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
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= Component must be replaced when removed.NEW

See tightening procedure

Engine oil

NEW

9 ± 1 N•m
(80 ± 9 lbf•in)

9 ± 0,6 N•m
(80 ± 5 lbf•in)

9 ± 1 N•m
(80 ± 9 lbf•in)

NEW

NEW
Engine oil
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= Component must be replaced when removed.NEW

Engine oil

See tightening procedure

NEW

NEW

Engine oil

Engine oil

NEW

Engine oil
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= Component must be replaced when removed.NEW

Engine oil

Engine oil

Engine oil

NEW

See tightening procedure

NEW

See tightening
procedure

NEWNEW

Engine oilEngine oil

25 ± 3 N•m
(18 ± 2 lbf•ft)

Loctite 243
20 ± 2 N•m

(15 ± 1 lbf•ft)

EENNGGIINNEE
CYLINDER HEAD



98

GGEENNEERRAALL
During assembly and installation, use the torque
values and service products shown in the ex-
ploded views.

Clean threads before applying a threadlocker. Re-
fer to Self-Locking Fasteners and Loctite Applica-
tion at the beginning of this manual for complete
procedure.

WWAARRNNIINNGG
TToorrqquuee wwrreenncchh ttiigghhtteenniinngg ssppeecciiffiiccaattiioonnss mmuusstt
bbee ssttrriiccttllyy aaddhheerreedd ttoo..
LLoocckkiinngg ddeevviicceess,, wwhheenn rreemmoovveedd ((ee..gg..,, lloocckk--
iinngg ttaabbss,, ccootttteerr ppiinnss)),, mmuusstt bbee rreeppllaacceedd..

NNOOTTIICCEE
HHoosseess,, ccaabblleess oorr lloocckkiinngg ttiieess rreemmoovveedd dduurriinngg
aa pprroocceedduurree mmuusstt bbee rreeiinnssttaalllleedd ppeerr ffaaccttoorryy
ssttaannddaarrddss..

When disassembling parts that are duplicated in
the engine, (e. g., valves, springs), it is strongly
recommended that you note their position and
keep the parts of the same assembly as a “group”.
If you find a defective component, it will be much
easier to find the cause of the failure. Because
parts were broken-in together during engine oper-
ation, they will keep their matched fit when parts
are reassembled together within the same
“group”.

IINNSSPPEECCTTIIOONN
CCYYLLIINNDDEERR LLEEAAKK TTEESSTT

GGeenneerraall
Before performing the cylinder leak test, verify the
following:
– Clamp tightness
– Hose condition

CCAAUUTTIIOONN
EEnnggiinnee ppaarrttss ccoouulldd bbee hhoott..

For best accuracy, the leak test should be done
with the engine at normal operating temperature.

The procedure is the same for each cylinder.

PPrreeppaarraattiioonn
1. Remove an ignition coil and a spark plug.
2. Remove the intercooler and the rear radiator.
3. Remove the valve cover.

4. Remove the rear bulkhead panel to access the
ignition cover screw plug.

5. Remove the screw plug in the center of the
magneto cover and discard the O-ring.

6. Turn the crankshaft clockwise to bring the pis-
ton to TDC of the compression stroke. Use a
dial gauge or a suitable tool to position the pis-
ton to TDC.

NNOOTTIICCEE
TThhee ppiissttoonn mmuusstt bbee sseett pprreecciisseellyy ttoo TTDDCC ooff
ccoommpprreessssiioonn ssttrrookkee.. IIff nnoott,, tthhee eennggiinnee wwiillll
ccoonnttiinnuuee ttoo rroottaattee wwhheenn pprreessssuurree bbuuiillddss uupp..

LLeeaakk TTeesstt
1. Install a gauge adaptor in the spark plug hole.

EEnnggiinnee lleeaakk ddoowwnn tteesstt kkiitt
((PP//NN 552299003355666611))

2. Connect the leak down tester to an adequate
air supply.

3. Set the gauge needle to zero.

NNOOTTEE:: All testers have specific instructions on
gauge operation and the required pressure. Refer
to the manufacturer's instructions.

4. Supply the combustion chamber with air
pressure.

5. Note the amount or percentage of leakage (de-
pending on the tester).

LLeeaakkaaggee ppeerrcceennttaaggee EEnnggiinnee ccoonnddiittiioonn

0% to 15% Excellent condition

16% to 25% Good condition

EENNGGIINNEE
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26% to 40% Fair condition, reduced
engine performance

41% and higher
Poor condition,

diagnose and repair
engine

DDiiaaggnnoossiiss
Listen for air leaks:
– Air escaping from the intake port or throttle

body means leaking intake valve(s).
– Air escaping from the exhaust port means

leaking exhaust valve(s).
– Air bubbles out of the coolant tank means a

leaking cylinder head gasket.
– Air or coolant escaping from the cylinder head

means a damaged gasket or loosened screws.
– Air escaping into the crankcase area means an

excessively worn cylinder or broken piston
rings.

– Air or oil escaping from the crankcase means a
damaged gasket or loosened screws.

RReeppaaiirr TTiippss
Blue exhaust gas means damaged or worn piston
rings, or valve stem seals.

White exhaust gas means a damaged cylinder
head gasket.

The coolant tank cap opening without overheat
means a damaged cylinder head gasket.

Leaking valves can be caused by carbon deposits
or a burnt valve face.

AAsssseemmbbllyy
Reverse the preparation procedure.

TTRROOUUBBLLEESSHHOOOOTTIINNGG
Always check for fault codes. If a fault code is de-
tected, service the fault code first.

When diagnosing an engine problem, always per-
form the cylinder leak test. This will help pinpoint a
problem. Refer to Cylinder Leak Test.

TTrroouubblleesshhoooottiinngg
11.. UUNNUUSSUUAALL EENNGGIINNEE NNOOIISSEE OORR VVIIBBRRAATTIIOONNSS

Discharged or defective valve lifters.

– Check engine oil pressure. Refer to LUBRICA-
TION SYSTEM.

– Replace valve lifters.

Camshaft(s) or camshaft holder(s) worn out.

– Check and replace damaged parts.

Faulty chain tensioner.

– Replace the chain tensioner.

Chain guide(s) worn out.

– Replace the chain guide(s).

Stretched timing chain or worn out sprockets.

– Replace timing chain and sprockets.

Loose timing chain gear screws.

– Retighten screws with recommended torque.

Incorrect camshaft timing.

– Replace damaged components and readjust
camshaft timing.

22.. OOIILL LLEEAAKKAAGGEE FFRROOMM CCYYLLIINNDDEERR HHEEAADD

Leaking valve cover gasket.

– Replace valve cover gaskets and retighten
valve cover with recommended torque.

– Check valve cover for cracks or other damage.

Leaking spark plug tube gaskets.

– Replace spark plug tube gaskets.
– Clean spark plug area of oil spillage.

Blow-by connector is leaking.

– Replace blow by connector O-ring.

Leaking cylinder head gasket.

– Check cylinder head for damage.
– Replace cylinder head gasket and retighten

screws with recommended torquing procedure.

33.. EENNGGIINNEE SSUUDDDDEENNLLYY TTUURRNNSS OOFFFF OORR LLAACCKKSS
AACCCCEELLEERRAATTIIOONN OORR PPOOWWEERR

Incorrect camshaft timing.

– Replace damaged components and readjust
camshaft timing.

Leaking intake or exhaust valves.

– Perform a Cylinder Leak Test. Repair or re-
place damaged components.

Broken valve spring(s).

– Replace defective parts.
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PPRROOCCEEDDUURREESS
CCAAMMSSHHAAFFTT PPOOSSIITTIIOONN SSEENNSSOORR ((CCAAPPSS))

CCAAPPSS LLooccaattiioonn
The CAPS is located on the valve cover.

TTeessttiinngg tthhee CCAAPPSS VVoollttaaggee ((HHaarrnneessss SSiiddee))
1. Disconnect the CAPS connector.

2. Install the key on the D.E.S.S. post.
3. Press the START/STOP button to wake up the

ECM without holding the brakes.
4. Probe the harness connector terminals as

follows:

CCAAPPSS IInnppuutt VVoollttaaggee TTeesstt

CCAAPPSS ccoonnnneeccttoorr ppiinn SSppeecciiffiiccaattiioonn

3 1 Battery
voltage

5. If the battery voltage is read, proceed with
Testing the Caps (Dynamic).

6. If the battery voltage is not read, probe the cir-
cuit as follows:

CCAAPPSS IInnppuutt VVoollttaaggee TTeesstt

CCAAPPSS ccoonnnneeccttoorr ppiinn SSppeecciiffiiccaattiioonn

3 Negative (-)
post

Battery
voltage

7. If the voltage is read to battery ground, check
the continuity of the ground circuit between pin
1 of the CAPS connector and pin 25 of ECM
connector 13. Repair or replace the wiring and
connectors.

8. If the voltage is not read to battery ground,
carry out Testing the Caps Circuit Continuity.

TTeessttiinngg tthhee CCAAPPSS CCiirrccuuiitt CCoonnttiinnuuiittyy
1. Remove the injector fuse.
2. Set a multimeter to Ω.
3. Read the resistance of the CAPS circuit as

follows:
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CCAAPPSS CCiirrccuuiitt CCoonnttiinnuuiittyy TTeesstt

CCAAPPSS
ccoonnnneeccttoorr ppiinn FFuussee bbooxx SSppeecciiffiiccaattiioonn

3 Per wiring
diagram Close to 0 Ω

4. If the continuity is good, the wiring and connec-
tors are functional.

5. If a high resistance or an open circuit is meas-
ured, refer to the appropriate wiring diagram
and check the following:

– Continuity from CAPS connector pin 3 to
HIC connector pin 17.

– Continuity from HIC connector pin 17 to
fuse box contact of injector fuse.

Pay attention to connector pin contact and
junction JT-VT/BU.

6. Repair or replace the wiring and connectors as
required.

7. Reinstall all removed parts.

TTeessttiinngg tthhee CCAAPPSS ((DDyynnaammiicc))
1. Remove the CAPS from the engine.
2. Back probe the connector using an automotive

back-probe pin.

NNOOTTIICCEE
DDoo nnoott uussee sshhaarrpp--eennddeedd pprroobbeess.. TThheeyy ccoouulldd
ddaammaaggee tthhee ccoonnnneeccttoorr sseeaall..

3. Install the D.E.S.S. key on its post.
4. Briefly press the START/STOP button to wake

up the ECM.
5. Read the voltage as follows:

CCAAPPSS DDyynnaammiicc VVoollttaaggee TTeesstt

CCAAPPSS ppiinn CCAAPPSS
ccoonnddiittiioonn

SSppeecciiffiiccaa
ttiioonn

1 2 Free Battery
voltage

CCAAPPSS DDyynnaammiicc VVoollttaaggee TTeesstt

CCAAPPSS ppiinn CCAAPPSS
ccoonnddiittiioonn

SSppeecciiffiiccaa
ttiioonn

1 2
Metallic
object on
sensor

Close to 0
Vdc

1. Metallic object

6. If the voltage is as specified, repair or replace
the wiring and connectors between the sensor
and ECM.

7. If the wiring is good, check the ECM.
8. If the battery voltage is not measured as speci-

fied, try a new CAPS.

RReeppllaacciinngg tthhee CCAAPPSS
1. Disconnect the CAPS connector.
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2. Unscrew the CAPS screw.
3. Remove the CAPS from the engine.
4. Wet the O-ring of the new CAPS with engine

oil.
5. Apply grease inside the CAPS connector.

DDiieelleeccttrriicc ggrreeaassee

6. Install the new CAPS.

TTiigghhtteenniinngg TToorrqquuee

CAPS screw 9 ± 0.6 N∙m
(80 ± 5 lbf∙in)

VVAALLVVEE CCOOVVEERR

RReemmoovviinngg tthhee VVaallvvee CCoovveerr
1. Remove the ignition coils.
2. Inspect spark plug cavities in cylinder head for

contamination by engine oil.

NNOOTTIICCEE
TThhee ppiissttoonn mmuusstt bbee sseett pprreecciisseellyy ttoo TTDDCC ooff
ccoommpprreessssiioonn ssttrrookkee.. IIff nnoott,, tthhee eennggiinnee wwiillll
ccoonnttiinnuuee ttoo rroottaattee wwhheenn pprreessssuurree bbuuiillddss uupp..

VVAALLVVEE CCOOVVEERR GGAASSKKEETTSS

3. Remove the screws that secure the electrical
harness to the valve cover.

4. Disconnect the CAPS connector.
5. Remove the valve cover screws.

6. Remove the valve cover and discard all
gaskets.:

7. If necessary, remove the blow-by connector
and O-ring from the valve cover.
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IInnssppeeccttiinngg tthhee VVaallvvee CCoovveerr
1. Check the valve cover for cracks or other

damage.
2. Replace defective parts.

IInnssttaalllliinngg tthhee VVaallvvee CCoovveerr
1. If removed, fit a NNEEWW O-ring onto the blow-by

connector.
2. Apply a drop of threadlocker on threads of the

blow-by connector screws.

LLooccttiittee 224433 ((bblluuee))

3. Install the blow-by connector and tighten
screws to specification.

TTiigghhtteenniinngg TToorrqquuee

Blow-by connector
screws (reused valve

cover)
9 ± 1 N∙m

(80 ± 9 lbf∙in)

Blow-by connector
screws (new valve

cover)
11 ± 1 N∙m
(97 ± 9 lbf∙in)

4. Properly install NNEEWW small gaskets into the
camshaft holder grooves.

5. Properly lay a NNEEWW large gasket onto the cyl-
inder head flat surface.

6. Apply engine oil to the sealing surface of the V-
ring.

7. Install NNEEWW valve cover gaskets.

8. Install the valve cover.

NNOOTTIICCEE
AAddhheerree ttoo tthhee ffoolllloowwiinngg pprroocceedduurree.. OOtthheerr--
wwiissee,, ddaammaaggee ttoo tthhee VV--rriinngg sseeaalliinngg lliipp wwiillll oocc--
ccuurr ccaauussiinngg ooiill iinnffiillttrraattiioonn iinnttoo tthhee aaiirr bbooxx..

1. Put the valve cover onto the cylinder head
towards the MAG side.
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SSTTEEPP 11:: MMOOVVEE VVAALLVVEE CCOOVVEERR TTOOWWAARRDDSS MMAAGG SSIIDDEE

NNOOTTIICCEE
MMaakkee ssuurree tthhaatt tthhee vvaallvvee ccoovveerr ggaasskkeett iiss wweellll
ppoossiittiioonneedd iinn tthhee ccoovveerr ggrroooovvee..

2. Then push the valve cover towards the
PTO side to align the screw holes.

NNOOTTIICCEE
EEnnssuurree tthhaatt tthhee VV--rriinngg sseeaallss pprrooppeerrllyy oonn tthhee
sseeaalliinngg ssuurrffaaccee iinnssiiddee tthhee ccoovveerr..

SSTTEEPP 22:: MMOOVVEE VVAALLVVEE CCOOVVEERR TTOOWWAARRDDSS PPTTOO SSIIDDEE

SSCCRREEWW HHOOLLEESS AALLIIGGNNEEDD

9. Install the valve cover screws and tighten per
the following sequence:

TTiigghhtteenniinngg TToorrqquuee

Valve cover
screw

Step A 9 ± 1 N∙m
(80 ± 9 lbf∙in)

Step B 9 ± 1 N∙m
(80 ± 9 lbf∙in)

TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE

CCAAMMSSHHAAFFTTSS

RReemmoovviinngg tthhee CCaammsshhaafftt
1. Remove the valve cover.
2. Lock the crankshaft. Refer to the Crankshaft

Locking Procedure in CYLINDER BLOCK.
3. Attach the camshaft locking tool to the cam-

shaft holder upper half and lock both cam-
shafts. Refer to Removing the Camshaft
Timing Gears.

4. Remove the camshaft timing gears.
5. Remove the camshaft locking tool.
6. Remove the camshaft holder screws.

7. Remove the camshaft holder upper half. Dis-
card the gaskets.
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8. Remove the camshafts.

9. Remove the camshaft holder lower half. Dis-
card the gaskets.

IInnssppeeccttiinngg tthhee CCaammsshhaafftt
1. Check each lobe and bearing journal for scor-

ing, scuffing, cracks, or other signs of wear.
2. Measure the camshaft bearing journal diame-

ter and lobe height, using a micrometer.

A. Camshaft journal (PTO)
B. Camshaft journal (center and MAG)
C. Camshaft lobes

CCaammsshhaafftt JJoouurrnnaall DDiiaammeetteerr MMAAGG JJoouurrnnaall ((AA))

New 27.967 to 27.980 mm
(1.1011 to 1.1016 in)

Service limit 27.940 mm
(1.1 in)

CCaammsshhaafftt JJoouurrnnaall CCeenntteerr aanndd PPTTOO JJoouurrnnaall
((BB))

New 24.967 to 24.980 mm
(.983 to .9835 in)

Service limit 24.940 mm
(.9819 in)

CCaammsshhaafftt LLoobbee HHeeiigghhtt IInnttaakkee CCaammsshhaafftt ((CC))

New 49.10 to 49.30 mm
(1.9331 to 1.9409 in)

Service limit 49.08 mm
(1.9323 in)

CCaammsshhaafftt LLoobbee HHeeiigghhtt EExxhhaauusstt CCaammsshhaafftt
((CC))

New 49.30 to 49.50 mm
(1.9409 to 1.9488 in)

Service limit 49.28 mm
1.9402 in)

3. Replace parts if necessary.
4. For camshaft journal radial clearance and cam-

shaft holder bearing diameter, refer to Cam-
shaft Holder.

5. For inspecting the timing chain guide and
upper chain guide, refer to the Timing Chain.
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IInnssppeeccttiinngg tthhee CCaammsshhaafftt HHoollddeerr
1. Check the camshaft holder for scoring, scuff-

ing, cracks or other signs of wear.
2. Make sure that the oil orifices are not clogged.

Blow them out with pressurized air.

IINNSSPPEECCTT OOIILL OORRIIFFIICCEESS
1. Camshaft holder lower half - view from above
2. Camshaft holder upper half - view from below

3. Measure the width of the camshaft axial thrust
bearing on the camshaft holder lower half. Re-
place the camshaft holder if necessary.

A. Camshaft axial thrust bearing width

CCaammsshhaafftt HHoollddeerr LLoowweerr HHaallff CCaammsshhaafftt AAxxiiaall
TThhrruusstt BBeeaarriinngg WWiiddtthh

New 19.48 to 19.58 mm
(.7669 in to .7709 in)

Service limit 19.25 mm
(.7579 in)

4. Install the camshaft holder on the cylinder
head.

5. Tighten the camshaft holder screws to specifi-
cation, refer to Installing the Camshaft for the
proper procedure.

6. Measure the camshaft holder bearing
diameter.

CCAAMMSSHHAAFFTT HHOOLLDDEERR BBEEAARRIINNGGSS
1. PTO bearings
2. Center and MAG bearings
A. Diameter PTO bearing
B. Diameter center and MAG bearing

CCaammsshhaafftt HHoollddeerr BBeeaarriinngg DDiiaammeetteerr MMaagg
BBeeaarriinngg

New 28.000 to 28.021 mm
(1.1024 to 1.1032 in)

Service limit 28.050 mm
(1.1043 in)

CCaammsshhaafftt HHoollddeerr BBeeaarriinngg DDiiaammeetteerr CCeenntteerr
aanndd PPTTOO BBeeaarriinnggss

New 25.000 to 25.021 mm
(.9843 to .9851 in)

Service limit 25.050 mm
(.9862 in)
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7. Measure the clearance between the camshaft
journals and camshaft holder, using a plastic
feeler gauge.

NNOOTTEE:: The plastic feeler gauge is available at
automotive parts retailer.

8. Install the camshaft holder lower half on the
cylinder head.

9. Place the camshafts in the camshaft holder
lower half and apply the plastic gauge on the
camshaft bearing journal.

TTYYPPIICCAALL
1. Plastic gauge
2. Camshaft bearing journal

10. Install the camshaft holder upper half in the
proper position and tighten the screws to spec-
ification, refer to Installing the Camshaft.

11.Unfasten the camshaft holder.
12.Measure the maximum width of the pressed

plastic gauge using the corresponding grad-
uated scale.

TTYYPPIICCAALL
1. Pressed plastic gauge
2. Graduated scale

CCaammsshhaafftt JJoouurrnnaall RRaaddiiaall CClleeaarraannccee PPTTOO,,
CCeenntteerr aanndd MMaagg BBeeaarriinnggss

New 0.020 to 0.054 mm
(.001 to .002 in)

Service limit 0.080 mm
(.003 in)

13.Replace parts if necessary.

IInnssttaalllliinngg tthhee CCaammsshhaafftt
1. Ensure that the crankshaft is still locked.
2. Apply engine oil to the camshaft bearings.

NNOOTTEE:: The camshafts are not identical.
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1. Exhaust camshaft
2. Machined area
3. Intake camshaft

3. Apply engine oil to the camshaft journal
diameter.

4. Place the camshafts in the lower camshaft
holder so that the flat surfaces marked “IN” and
“EX” are parallel to the cylinder head gasket.

5. Install the camshaft holder upper half, then
tighten the screws per the following sequence:

TTiigghhtteenniinngg TToorrqquuee

Camshaft
holder Step A 5 ± 0.5 N∙m

(44 ± 4 lbf∙in)

CCAAMMSSHHAAFFTT HHOOLLDDEERR TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE -- SSTTEEPP AA

TTiigghhtteenniinngg TToorrqquuee

Camshaft
holder Step B 9 ± 1 N∙m

(80 ± 9 lbf∙in)

CCAAMMSSHHAAFFTT HHOOLLDDEERR TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE -- SSTTEEPP BB

6. After reassembly of the camshafts is com-
pleted, check that both camshafts can be
turned easily.

NNOOTTIICCEE
TToo aavvooiidd vvaallvvee ddaammaaggee,, ddoo nnoott ttuurrnn tthhee ccaamm--
sshhaaffttss mmoorree tthhaann ±±2200°° bbaacckk aanndd ffoorrtthh..

NNOOTTIICCEE
AAfftteerr cchheecckk,, ttuurrnn bbootthh ccaammsshhaaffttss ssoo tthhaatt tthhee
ffllaatt ssuurrffaacceess mmaarrkkeedd ““IINN”” aanndd ““EEXX”” aarree ppaarraall--
lleell ttoo tthhee ccyylliinnddeerr hheeaadd ggaasskkeett..
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1. Turn camshaft only ±20° back and forth

7. Install the camshaft timing gear, refer to Instal-
ling the Camshaft Timing Gears.

8. Install all other removed parts.

HHYYDDRRAAUULLIICC VVAALLVVEE LLIIFFTTEERRSS

TTeessttiinngg tthhee HHyyddrraauulliicc VVaallvvee LLiifftteerr FFuunnccttiioonn
If engine noise seems to come from the valve lifter
with the engine at normal operating temperature,
perform the following test.

1. Start and run the engine until it reaches normal
operating temperature.

2. Rev the engine for 2 minutes at up to 2500
rpm.

3. Check if engine noise is still detected and stop
the engine.

4. If the engine is still noisy, follow the next steps.
5. Remove the valve cover.
6. Remove the spark plugs from all cylinders.
7. Turn the crankshaft until cylinder No. 1 is in

TDC ignition.

NNOOTTIICCEE
IInn TTDDCC ppoossiittiioonn,, aallll ffoouurr ccaammss ooff tthhee ccyylliinnddeerr
ffaaccee uuppwwaarrddss..

8. Press all four lifters of cylinder No. 1 using a
suitable aluminium bolt.

NNOOTTIICCEE
DDoo nnoott ssccrraattcchh oorr ddaammaaggee tthhee vvaallvvee lliifftteerr ssuurr--
ffaaccee oorr ccaammss..

NNOOTTIICCEE
IIff aa hhyyddrraauulliicc vvaallvvee lliifftteerr ccaann bbee ccoommpprreesssseedd
bbyy hhaanndd,, iitt mmuusstt bbee rreeppllaacceedd..

9. Repeat the procedure for cylinders No. 2 and
No. 3.

NNOOTTIICCEE
IIff nnoo ddaammaaggeedd hhyyddrraauulliicc lliifftteerr wwaass ddeetteecctteedd
aanndd tthhee nnooiissee ssttiillll aappppeeaarrss ttoo ccoommee ffrroomm tthhee
vvaallvvee lliifftteerr,, rreeppllaaccee aallll hhyyddrraauulliicc vvaallvvee lliifftteerrss..

RReemmoovviinngg tthhee HHyyddrraauulliicc VVaallvvee LLiifftteerr
Hydraulic valve lifters are maintenance free.

1. Remove the camshafts and camshaft holders.
2. Pull the hydraulic valve lifter off of the cylinder

head.

NNOOTTIICCEE
WWhheenn ddiissaasssseemmbblliinngg tthhee hhyyddrraauulliicc vvaallvvee
lliifftteerrss,, iitt iiss ssttrroonnggllyy rreeccoommmmeennddeedd tthhaatt yyoouu
nnoottee tthheeiirr oorriiggiinnaall ppoossiittiioonnss..

IInnssppeeccttiinngg tthhee HHyyddrraauulliicc VVaallvvee LLiifftteerr
1. Check the surface of the hydraulic valve lifter

for scoring or other damage.
2. Measure the valve lifter diameter. Replace if

out of specification.
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HHyyddrraauulliicc VVaallvvee LLiifftteerr

New
30.959 mm to 30.975

mm
(1.2189 in to 1.2195 in)

Service limit 30.950 mm
(1.2185 in)

HHyyddrraauulliicc VVaallvvee LLiifftteerr RRaaddiiaall CClleeaarraannccee

Service limit 0.100 mm
(.0039 in)

IInnssttaalllliinngg tthhee HHyyddrraauulliicc VVaallvvee LLiifftteerr
1. Apply engine oil to the outside diameter of all

hydraulic valve lifters.
2. Install the hydraulic valve lifters.

3. Install camshaft and camshaft holders.
4. Install all other removed parts.

CCYYLLIINNDDEERR HHEEAADD

RReemmoovviinngg tthhee CCyylliinnddeerr HHeeaadd
1. Remove the engine with gearbox from the

vehicle.
2. Drain the engine oil.
3. Detach the gearbox from the engine.
4. Install the engine on a turnable engine stand,

refer to the CYLINDER BLOCK.

EEnnggiinnee ssttaanndd aaddaappttoorr ppllaattee
((PP//NN 552299003366556633))

5. Remove the intake manifold.
6. Remove the exhaust manifold.
7. Remove the valve cover.
8. Lock the crankshaft, refer to the CYLINDER

BLOCK.

9. Remove the timing chain gears, chain ten-
sioner and timing chain guides.

10.Remove the hydraulic valve lifters.
11.Remove the oil sump cover.
12.Remove all M10 hex nuts with washers from

the cylinder block lower half.

13.Remove the M10 cylinder head studs.

14.Remove the M6 cylinder head screws.

15.Pull the cylinder head off of the cylinder block.
16.Remove and discard the cylinder head gasket.
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CClleeaanniinngg tthhee CCyylliinnddeerr HHeeaadd
1. Remove any carbon deposits from the com-

bustion chambers, exhaust ports and piston
tops.

2. Clean the cylinder head of oil spillage.
3. Blow out the oil orifices with pressurized air

and make sure that they are not clogged.

IInnssppeeccttiinngg tthhee CCyylliinnddeerr HHeeaadd
1. Check for cracks between the valve seats or

other damage. If any is found, replace the cyl-
inder head.

2. Check the cylinder head mating surface for
flatness, using a straight edge.

3. Check the hydraulic valve lifter bores for scor-
ing or other damage. If any is found, replace
the cylinder head.

4. Check the cylinder head warpage.

CCyylliinnddeerr HHeeaadd WWaarrppaaggee

New maximum Distance: 0.03 mm
(.0012 in)

Service limit Distance: 0.05 mm
(.002 in)

5. If the warpage exceeds specification, resurface
the cylinder head using 400–600 grit wet sand-
paper on a surface plate and gently grind the
mating surface.

NNOOTTEE:: To ensure an even surface, rotate cylin-
der head several times during resurfacing.

6. If resurfacing fails, replace the cylinder head.

IInnssttaalllliinngg tthhee CCyylliinnddeerr HHeeaadd
1. Install a NNEEWW cylinder head gasket.

NNOOTTIICCEE
EEaacchh iinnssttaallllaattiioonn ooff tthhee ccyylliinnddeerr hheeaadd rree--
qquuiirreess aa NNEEWW ccyylliinnddeerr hheeaadd ggaasskkeett.. UUssiinngg aa
ggaasskkeett ttwwiiccee wwoouulldd ccaauussee eennggiinnee ddaammaaggee..

2. Install the cylinder head on the cylinder block.
3. Install the M6 cylinder head screws and tighten

them according to the following sequence.

TTiigghhtteenniinngg TToorrqquuee

M6 cylinder head
screws

9 ± 1 N∙m
(80 ± 9 lbf∙in)

4. Cover all openings with a towel to avoid
contamination.

5. Slightly oil the threads and rubber of the M10
studs.
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1. Oil M10 studs here
2. Cover recesses

6. Install the M10 studs into cylinder head and
tighten them to specification:

TTiigghhtteenniinngg TToorrqquuee

M10 studs 20 ± 2 Nm
(15 ± 1 lbf-ft)

7. Tighten the cylinder head to the cylinder block
with washers and M10 nuts, as described in
steps 8–12.

8. Perform tightening step A for all M10 nuts, us-
ing the following sequence:

TTiigghhtteenniinngg TToorrqquuee

M10 nuts Step A 20 ± 2 N∙m
(15 ± 1 lbf∙ft)

TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE –– SSTTEEPP AA

9. Install the square tube of the cylinder head tool
kit onto the cylinder block lower part and tight-
en the screws to specification:

CCyylliinnddeerr hheeaadd ttooooll kkiitt
((PP//NN 552299003366662244))

TTiigghhtteenniinngg TToorrqquuee

Square tube screws 9 ± 1 N∙m
(80 ± 9 lbf∙in)

1. Install square tube screws here
2. Square tube screws
3. Square tube
4. Arrester

10. Install the tools on the specified M10 nut and
M10 stud.
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1. First, install tools here
2. 16-mm socket
3. 1/4-in (7-mm) socket
4. 1/4-in. ratchet

11.Preload the 7-mm socket slightly by turning the
ratchet counterclockwise. Then move the ar-
rester to the ratchet and tighten the arrester
screw to specification.

NNOOTTIICCEE
TToo pprreevveenntt ssttrreessss wwhhiillee ttiigghhtteenniinngg tthhee MM1100
nnuutt,, tthhee MM1100 ssttuudd mmuusstt bbee hheelldd iinn iittss ppoossiittiioonn
uussiinngg tthhee 77--mmmm ssoocckkeett

TTiigghhtteenniinngg TToorrqquuee

Arrester screws 11 ± 1 N∙m
(97 ± 9 lbf∙in)

1. Ratchet, turn counterclockwise
2. Arrester
3. Arrester screw

12.Using a torque angle gauge, tighten the M10
nuts to specification. Perform tightening steps
B and C for all M10 nuts by repeating the pre-
vious steps and using the following tightening
sequence:

NNOOTTIICCEE
AAppppllyy tthhee ttiigghhtteenniinngg ttoorrqquuee ooff sstteepp BB ttoo AALLLL
MM1100 nnuuttss bbeeffoorree ggooiinngg ttoo sstteepp CC..

TTiigghhtteenniinngg TToorrqquuee

M10 nuts
Step B 150° ± 10°

Step C Additional
150° ± 10°

1. Torque angle gauge

TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE –– SSTTEEPPSS BB AANNDD CC

13.Remove and discard the M6 x 130 expansion
screws and washers.
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14. Install NNEEWW M6 x 130 expansion screws with
washers and tighten per the following
procedure:

NNOOTTIICCEE
AAllwwaayyss uussee NNEEWW eexxppaannssiioonn ssccrreewwss.. UUssee aa
ttoorrqquuee aannggllee ggaauuggee ttoo ccaarrrryy oouutt tthhee sstteepp BB..

TTiigghhtteenniinngg TToorrqquuee

M6 x 130
expansion
screws

Step A 5 ± 0.6 N∙m
(44 ± 5 lbf∙in)

Step B Additional
220° ± 10°

15.Retighten the M6 cylinder head screws accord-
ing to following sequence:

TTiigghhtteenniinngg TToorrqquuee

M6 cylinder head
screws

9 ± 1 N∙m
(80 ± 9 lbf∙in)

16.Refill engine oil:
1. Before installing the valve cover, add the

recommended engine oil to the timing chain
cavity.

NNOOTTEE:: After engine teardown or engine long
block replacement an additional engine oil amount
must be filled into the dry engine via the timing
chain cavity.

EEnnggiinnee OOiill CCaappaacciittyy

Valve train cavity 1.5 l
(1.58 qt (liq.,US))

2. Fill the engine oil tank.
17. Install all other removed parts.

VVAALLVVEE SSPPRRIINNGGSS

RReemmoovviinngg tthhee VVaallvvee SSpprriinngg
1. Remove the cylinder head.
2. Pull the hydraulic valve lifter off the cylinder

head.
3. Compress the valve spring.

VVaallvvee sspprriinngg ccoommpprreessssoorr
((PP//NN 552299003355772244))

VVaallvvee sspprriinngg ccoommpprreessssoorr
((PP//NN 552299003366220099))
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1. Valve spring compressor clamp
2. Valve spring compressor cup

4. Remove the valve cotters.
5. Withdraw the valve spring compressor tools.
6. Remove the valve spring retainer and valve

spring.

1. Valve cotters
2. Valve spring retainer
3. Valve spring

Carefully identify the position of each part, so that
it can be reinstalled in its original place.

IInnssppeeccttiinngg tthhee VVaallvvee SSpprriinngg
1. Check the valve spring for rust, corrosion or

other visible damage.
2. Check the valve spring free length and

straightness.

VVaallvvee SSpprriinngg FFrreeee LLeennggtthh

New 42.2 mm
(1.661 in)

Service limit 40.5 mm
(1.594 in)

3. If out of specification, replace valve spring.

IInnssttaalllliinngg tthhee VVaallvvee SSpprriinngg
Ensure that all parts are reinstalled in their original
positions, as marked during removal.

1. Install the valve spring in the cylinder head.
The colored marking on the spring must face
upwards.

NNOOTTIICCEE
IIff tthhee ccoolloorreedd mmaarrkkiinngg iiss nnoo lloonnggeerr vviissiibbllee,, iinn--
ssttaallll tthhee vvaallvvee sspprriinngg wwiitthh iittss ssmmaalllleerr oouutteerr ddii--
aammeetteerr ffaacciinngg uuppwwaarrddss..

2. Apply some grease to the valve cotters, so that
they remain in place while releasing the valve
spring.

3. Make sure that the valve cotters are properly
engaged in the valve stem groove.
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4. After the spring is installed, ensure that it is
properly locked by tapping lightly on the valve
stem end with a soft punch and a hammer so
that valve opens and closes a few times.

NNOOTTIICCEE
AAnn iimmpprrooppeerrllyy lloocckkeedd vvaallvvee sspprriinngg wwiillll ccaauussee
sseevveerree eennggiinnee ddaammaaggee.. HHiittttiinngg tthhee vvaallvvee
sstteemm eenndd wwiitthh eexxcceessssiivvee ffoorrccee ccoouulldd ddaammaaggee
tthhee vvaallvvee..

VVAALLVVEESS

RReemmoovviinngg tthhee VVaallvvee
NNOOTTIICCEE

CCaarreeffuullllyy iiddeennttiiffyy tthhee ppoossiittiioonn ooff eeaacchh ppaarrtt,, ssoo
tthhaatt iitt ccaann bbee rreeiinnssttaalllleedd iinn iittss oorriiggiinnaall
llooccaattiioonn..

1. Remove the valve springs.
2. Push on the valve stem, then pull the valves

out of the cylinder head.

1. Intake valves 30 mm
2. Exhaust valves 26 mm

3. Heat valve stem seal to 120 °C (248 °F), using
a hot-air gun.

4. Slightly turn the valve stem seal while pulling it
out using a special valve stem seal pliers. Dis-
card the valve stem seal.

IInnssppeeccttiinngg tthhee VVaallvvee
1. Inspect the valve surface for abnormal stem

wear or bending.

VVaallvvee OOuutt ooff RRoouunndd

New
exhaust valves

0.006 mm
(.0002 in)

New
intake valves

0.009 mm
(.0004 in)

Service limit
exhaust and intake

valves

0.060 mm
(.0024 in)

2. If the valve is out of specification, replace it.

VVaallvvee SStteemm aanndd VVaallvvee GGuuiiddee CClleeaarraannccee
1. Measure the valve stem at three places, using

a micrometer.
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A. Valves stem diameter

VVaallvvee SStteemm DDiiaammeetteerr
EExxhhaauusstt VVaallvveess

New 5.939 mm to 5.953 mm
(.2338 in to .2344 in)

Service limit 5.920 mm
(.2331 in)

VVaallvvee SStteemm DDiiaammeetteerr
IInnttaakkee VVaallvveess

New 5.961 mm to 5.975 mm
(.2347 in to .2352 in)

Service limit 5.940 mm
(.2339 in)

2. Replace the valve if the stem is out of specifi-
cation or if its surface is damaged or worn.

3. Clean the valve guide of any carbon deposits.
4. Measure the valve guide inner diameter, using

a small bore gauge.

A. Valve guide inner diameter

VVaallvvee GGuuiiddee IInnnneerr DDiiaammeetteerr

New 5.994 mm to 6.018 mm
(.236 in to .2369 in)

Service limit 6.05 mm
(.2382 in)

5. If the valve guide is out of specification, replace
the cylinder head.

VVaallvvee FFaaccee aanndd SSeeaatt

1. Valve seat
2. Exhaust valve contaminated area
3. Valve face (contact surface to valve seat)

1. Check the valve face and seat for burning, pit-
ting and other signs of damage.

2. Check that the valve seats properly in the cylin-
der head. Proceed as follows:
1. Apply some lapping compound to the valve

face and work the valve on its seat with a
lapping tool.

NNOOTTEE:: The location of contact area should be in
center of valve face.

2. Repeat the procedure until the valve seat
and valve face fit together.

3. Measure the valve seat contact width, using a
caliper.

A. Valve seat contact width - Exhaust valve
B. Valve seat contact width - Intake valve
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VVaallvvee SSeeaatt CCoonnttaacctt WWiiddtthh ((AA)) ((EExxhhaauusstt
VVaallvvee))

New
Distance: 1.50 mm to

1.70 mm
(.059 in to .067 in)

Service limit Distance: 2.00 mm
(.079 in)

VVaallvvee SSeeaatt CCoonnttaacctt WWiiddtthh ((BB)) ((IInnttaakkee VVaallvvee))

New
Distance: 1.35 mm to

1.55 mm
(.053 in to .061 in)

Service limit Distance: 1.90 mm
(.075 in)

4. Replace parts if out of specification.

IInnssttaalllliinngg tthhee VVaallvvee
NNOOTTIICCEE

BBee ssuurree ttoo rreeiinnssttaallll aallll ppaarrttss iinn tthheeiirr oorriiggiinnaall
ppoossiittiioonnss,, aass mmaarrkkeedd dduurriinngg rreemmoovvaall..

1. Install a NNEEWW valve stem seal whenever a
valve is removed.

2. Apply engine oil to the valve stem and carefully
slide it through the cylinder head and valve
stem seal.

NNOOTTIICCEE
BBee ccaarreeffuull wwhheenn ppaassssiinngg tthhee vvaallvvee sstteemm
tthhrroouugghh tthhee sseeaalliinngg lliipp ooff tthhee sseeaall..

3. Install the valve and all other removed parts.
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CCYYLLIINNDDEERR BBLLOOCCKK

SSEERRVVIICCEE TTOOOOLLSS
DDeessccrriippttiioonn PPaarrtt NNuummbbeerr PPaaggee

ADAPTER GAUGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036461) . . . . . . . . . . . . . . . . . . . . . . . 170
CAMSHAFT LOCKING TOOL . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036566) . . . . . . . . . . . . . . . . . . . . . 87, 89
CAMSHAFT ROTATION TOOL . . . . . . . . . . . . . . . . . . . . . . (P/N 529036567) . . . . . . . . . . . . . . . . . . . . . 87, 89
CENTER BOLT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036290) . . . . . . . . . . . . . . . . . . . . . 72–73
CIRCLIP INSTALLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036573) . . . . . . . . . . . . . . . . . . . . . . . . 53
CRANKSHAFT LOCKING TOOL . . . . . . . . . . . . . . . . . . . . . (P/N 529036564) . . . . . . . . . . . . . . . . . . . . . . . 123
CRANKSHAFT PROTECTOR . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036570) . . . . . . . . . . . . . . . . . . . . . . . . 77
CYLINDER HEAD TOOL KIT . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036624) . . . . . . . . . . . . . . . . . . . 112, 136
ECM ADAPTER TOOL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036513) . . . . . . 19, 41, 60, 71, 124, 159
ENGINE LEAK DOWN TEST KIT . . . . . . . . . . . . . . . . . . . . . (P/N 529035661) . . . . . . . . . . . . . . . . . . . . 98, 170
ENGINE LIFTING HOOK . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036574) . . . . . . . . . . . . . . . . . . . . . . . 127
ENGINE STAND ADAPTOR PLATE . . . . . . . . . . . . . . . . . . (P/N 529036563) . . . . . . . . . . . 77, 110, 127, 134
FUNNEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529000155) . . . . . . . . . . . . . . . . . . . . . . . . 38
IGNITION COVER EXTRACTOR . . . . . . . . . . . . . . . . . . . . . (P/N 529036571) . . . . . . . . . . . . . . . . . . . . . 72–73
MAGNETO PULLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036569) . . . . . . . . . . . . . . . . . . . . . . . . 77
OIL PRESSURE HOSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036394) . . . . . . . . . . . . . . . . . . . . . . . . 35
OIL PRESSURE TEST CAP . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036158) . . . . . . . . . . . . . . . . . . . . . . . . 35
OIL SEAL INSTALLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036572) . . . . . . . . . . . . . . . . . . . 126, 134
OIL SEAL PULLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036595) . . . . . . . . . . . . . . . . . . . . . . . 126
PISTON CIRCLIP INSTALLER . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036568) . . . . . . . . . . . . . . . . . . . . . . . 146
PISTON RING COMPRESSOR . . . . . . . . . . . . . . . . . . . . . . (P/N 529036565) . . . . . . . . . . . . . . . . . . . . . . . 147
PRESSURE GAUGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036395) . . . . . . . . . . . . . . . . . . . . . . . . 36
TURBO BEARING PRESSURE TEST PLATE . . . . . . . . . . (P/N 529036628) . . . . . . . . . . . . . . . . . . . . . . . 169
VALVE SPRING COMPRESSOR . . . . . . . . . . . . . . . . . . . . . (P/N 529035724) . . . . . . . . . . . . . . . . . . . . . . . 114
VALVE SPRING COMPRESSOR . . . . . . . . . . . . . . . . . . . . . (P/N 529036209) . . . . . . . . . . . . . . . . . . . . . . . 114

SSEERRVVIICCEE PPRROODDUUCCTTSS
DDeessccrriippttiioonn PPaarrtt NNuummbbeerr PPaaggee

CLUTCH AND PULLEY FLANGE CLEANER PRO S1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78–79
DIELECTRIC GREASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
KLÜEBER PASTE 46 MR 401 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
LOCTITE 243 (BLUE) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41, 54, 64, 76, 82, 91, 93, 103,

125, 138, 163
LOCTITE 5910 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76, 134
LOCTITE 648 (GREEN) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
LOCTITE CHISEL (GASKET REMOVER) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
P80 GRIP-IT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
SUPER LUBE GREASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
SYNTHETIC GREASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
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= Component must be replaced when removed.NEW

Loctite 243

40 ± 4 N•m
(30 ± 3 lbf•ft)

NEW

See tightening
procedure

See tightening
sequence

Engine oil

Loctite 243

12 ± 1 N•m
(106 ± 9 lbf•in)

Loctite 243

12 ± 1 N•m
(106 ± 9 lbf•in)

Loctite 243
12 ± 1 N•m

(106 ± 9 lbf•in)

Loctite 243
12 ± 1 N•m

(106 ± 9 lbf•in)

Loctite 243
12 ± 1 N•m

(106 ± 9 lbf•in)

15 ± 1 N•m
(133 ± 9 lbf•in)

Loctite 243
5 ± 0,6 N•m

(44 ± 5 lbf•in)

9 ± 1 N•m
(80 ± 9 lbf•in)

Refer to GEARBOX

Refer to
GEARBOX

Refer to GEARBOX

Engine oil

Loctite 5910

See tightening
sequence

50 ± 6 N•m
(37 ± 4 lbf•ft)
Loctite 243

15 ± 2 N•m
(133 ± 18 lbf•in)

Loctite 243

8 ± 1 N•m
(70 ± 9 lbf•in)

See tightening
sequence

9 ± 1 N•m
(80 ± 9 lbf•in)

25 ± 3 N•m
(18 ± 2 lbf•ft)
Loctite 243

Engine oil

Engine oil

NEW

19 ± 2 N•m
(168 ± 18 lbf•in)

Loctite 243

NEW
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= Component must be replaced when removed.NEW

See tightening
procedure

Engine oil

Engine oil

NEW

NEW

NEW

NEW

Multi Purpose Grease BP LS3

Engine oil

Engine oil

Engine oil

Engine oil

P80 Grip-lt
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GGEENNEERRAALL
When disassembling parts that are duplicated in
the engine, (e.g., pistons, connecting rods, etc.), it
is strongly recommended to note their position
and to keep the parts of the same assembly as a
“group”. If you find a defective component, it would
be much easier to find the cause of the failure.
Since parts were broken-in during engine opera-
tion, they will maintain their matched fit when reas-
sembled together within their “group”.

During assembly and installation, use the torque
values and service products shown in the ex-
ploded views.

Clean threads before applying a threadlocker. Re-
fer to Self-Locking Fasteners and Loctite Applica-
tion at the beginning of this manual for complete
procedure.

WWAARRNNIINNGG
TToorrqquuee wwrreenncchh ttiigghhtteenniinngg ssppeecciiffiiccaattiioonnss mmuusstt
bbee ssttrriiccttllyy aaddhheerreedd ttoo..
LLoocckkiinngg ddeevviicceess wwhheenn rreemmoovveedd ((ee..gg..:: lloocckkiinngg
ttaabbss,, eellaassttiicc ssttoopp nnuuttss,, sseellff--lloocckkiinngg ffaasstteenneerrss,,
ccootttteerr ppiinnss,, eettcc..)) mmuusstt bbee rreeppllaacceedd..

NNOOTTIICCEE
HHoosseess,, ccaabblleess oorr lloocckkiinngg ttiieess rreemmoovveedd dduurriinngg
aa pprroocceedduurree mmuusstt bbee rreeiinnssttaalllleedd aass ppeerr ffaacc--
ttoorryy ssttaannddaarrddss..

TTRROOUUBBLLEESSHHOOOOTTIINNGG
Always check for fault codes. If a fault code is de-
tected, service the fault code first.

TTrroouubblleesshhoooottiinngg
11.. UUNNUUSSUUAALL EENNGGIINNEE NNOOIISSEE OORR VVIIBBRRAATTIIOONNSS

Heavy wear on plain bearings.

– Check radial play of plain bearings. Replace if
out of specification.

Crankshaft axial play out of specification.

– Measure crankshaft axial play. If crankshaft ax-
ial play is out of specification, replace thrust
washers.

Connecting rod axial play out of specification.

– Measure connecting rod axial play on crank-
shaft. Replace connecting rod or crankshaft if
out of specification.

Connecting rod screws are loose.

– Replace damaged components and retighten
screws to the recommended torque.

22.. BBLLUUEE SSMMOOKKEE IINN TTHHEE EEXXHHAAUUSSTT

Oil scraper rings worn out.

– Replace piston rings.

33.. EENNGGIINNEE SSUUDDDDEENNLLYY TTUURRNNSS OOFFFF ((PPOOOORR
IIDDLLIINNGG))

Piston rings worn out.

– Replace piston rings.

Piston/cylinder clearance out of specification.

– Check piston/cylinder clearance. Replace if out
of specification.

Melted or broken piston.

– Replace piston and cylinder block if necessary.

PPRROOCCEEDDUURREESS
CCRRAANNKKSSHHAAFFTT LLOOCCKKIINNGG PPRROOCCEEDDUURREE

NNOOTTIICCEE
TThhee ccrraannkksshhaafftt mmuusstt bbee lloocckkeedd wwhheenneevveerr tthhee
mmaaggnneettoo rroottoorr rreettaaiinniinngg nnuutt hhaass ttoo bbee rree--
mmoovveedd oorr wwhheenneevveerr wwoorrkkiinngg oonn tthhee vvaallvvee
ttrraaiinn..

NNOOTTIICCEE
WWhheenn wwoorrkkiinngg oonn tthhee vvaallvvee ttrraaiinn oorr ttiimmiinngg
cchhaaiinn,, ccrraannkksshhaafftt mmuusstt bbee lloocckkeedd wwiitthh tthhee
mmaarrkkss ""IINN"" aanndd ""EEXX"" oonn tthhee ccaammsshhaafftt ttiimmiinngg
ggeeaarrss ffaacciinngg eeaacchh ootthheerr..

When crankshaft is locked, the piston of cylinder
No. 1 (PTO side) is set to overlap TDC. The crank-
shaft cannot be locked at cylinder No. 2 and No. 3
TDC.

1. Remove the valve cover.
2. Remove the spark plugs.
3. Inspect the spark plug cavities in the cylinder

head for contamination by engine oil.

Oil in the spark plug cavities indicates dam-
aged small valve cover gaskets. Always renew
the gaskets if removed.

EENNGGIINNEE
CYLINDER BLOCK



0033

123

VVAALLVVEE CCOOVVEERR GGAASSKKEETTSS

4. Remove the crankshaft access plug and dis-
card the gasket ring.

5. Remove the screw plug screw with O-ring from
the ignition cover. Discard the O-ring.

6. Turn the crankshaft clockwise to bring the pis-
ton of cylinder No. 1 (PTO side) to the overlap
TDC position.

NNOOTTEE:: The overlap TDC position of cylinder No.
1 (PTO side) is reached when the marks "IN" and
"EX" on the camshaft timing gears are aligned.

7. Install the crankshaft locking tool and tighten
as follows:

NNOOTTEE:: When installing the crankshaft locking
bolt, turn the crankshaft back and forth slightly to
ensure alignment with the hole in the crankshaft.

CCrraannkksshhaafftt lloocckkiinngg ttooooll
((PP//NN 552299003366556644))

TTiigghhtteenniinngg TToorrqquuee

Crankshaft locking tool 12 ± 2 N∙m
(106 ± 18 lbf∙in)

KKNNOOCCKK SSEENNSSOORR ((KKSS))
This engine is equipped with one knock sensor
(KS) that measures the amount of noise gener-
ated by the engine.

If an abnormally high amount of noise is meas-
ured, the ECM perceives this as a KNOCK condi-
tion and adjusts ignition timing by retarding it to
correct the situation.

KKnnoocckk SSeennssoorr LLooccaattiioonn
The knock sensor is located on the intake side of
the engine, behind the intake manifold.
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KKnnoocckk SSeennssoorr CCoonnnneeccttoorr LLooccaattiioonn
The KS connector is located above the intake
manifold.

KKnnoocckk SSeennssoorr TTrroouubblleesshhoooottiinngg
Always use the BRP diagnostic software (BUDS)
to check for a knock-sensor-related fault code and
carry out service actions.

Knock sensor problems may be related to, but not
limited to any of the following items:
– Loose or improperly torqued knock sensor
– Dirty or corroded mounting surface
– Cracked knock sensor from over torquing
– Bad wiring or connections
– An induced knock (or vibration) caused by a

loose part that is external to the engine.

TTeessttiinngg tthhee KKnnoocckk SSeennssoorr ((KKSS))
TTeessttiinngg KKSS OOppeerraattiioonn ((DDyynnaammiicc TTeesstt))
1. Use BUDS to check for a knock sensor fault.
2. If an occurred fault is present, reset the fault.
3. Disconnect the vehicle from the BRP diagnos-

tic software (BUDS) and make the vehicle
ready for a test ride.

4. During the test ride, perform several accelera-
tions under load and ensure that the engine
speed exceeds 4000 RPM.

5. After the test ride, reconnect the vehicle to
BUDS and look for a knock sensor fault code.

6. If no fault code occurs, the knock sensor is
good.

7. If a fault occurs, do the following:

– Refer to Knock Sensor Troubleshooting
and check for any of the problems listed.
Repair as required.

– Carry out a knock sensor resistance test.

TTeessttiinngg tthhee KKSS RReessiissttaannccee aatt tthhee EECCMM
These tests must be performed at or near 20 °C
(68 °F).

1. Disconnect connector 13 from the ECM
2. Install the connector on the ECM adapter tool.

EECCMM aaddaapptteerr ttooooll
((PP//NN 552299003366551133))

3. Set multimeter to "Ω", then measure the knock
sensor circuit resistance per the following
table:

KKSS RReessiissttaannccee TTeesstt aatt EECCMM

EECCMM aaddaapptteerr ppiinn SSppeecciiffiiccaattiioonn

20 08 5 MΩ

4. If the knock sensor circuit resistance is as
specified, the wiring harness and sensor are
good.

5. If the resistance measured at the ECM connec-
tor is not close to specification, refer to Testing
the KS Resistance at the Component
Connector.

TTeessttiinngg tthhee KKSS RReessiissttaannccee aatt tthhee CCoommppoonneenntt
CCoonnnneeccttoorr
These tests must be performed at or near 20 °C
(68 °F).

1. Disconnect the knock sensor connector.
2. Measure the resistance between both termi-

nals on the knock sensor.

KKSS RReessiissttaannccee TTeesstt

KKSS ppiinnss SSppeecciiffiiccaattiioonn

1 2 5 MΩ

EENNGGIINNEE
CYLINDER BLOCK



0033

125

3. If resistance is not as specified, replace knock
sensor.

RReeppllaacciinngg tthhee KKSS
1. Cut the locking ties.

2. Disconnect the KS connector.
3. Disconnect the fuel hose from the fuel rail.
4. Disconnect the fuel injector connectors.
5. Remove the intake manifold.
6. Remove the knock sensor screw. Then remove

the knock sensor.
7. Clean the knock sensor contact surface on the

cylinder. Also clean the threaded hole.
8. Apply a drop of threadlocker to the knock sen-

sor screw threads.

LLooccttiittee 224433 ((bblluuee))

9. Install a new knock sensor and tighten as
specified:

TTiigghhtteenniinngg TToorrqquuee

Knock sensor screw 25 ± 3 N∙m
(18 ± 2 lbf∙ft)

NNOOTTIICCEE
IImmpprrooppeerr ttoorrqquuee mmaayy pprreevveenntt sseennssoorr ffrroomm
ffuunnccttiioonniinngg pprrooppeerrllyy aanndd lleeaadd ttoo sseevveerree ddaamm--
aaggee ooff iinntteerrnnaall eennggiinnee ccoommppoonneennttss..

10.Ensure that the knock sensor connector is
clean and corrosion free before connecting it.

11. Install new locking ties per factory
specification.

12.Reinstall all remaining removed parts.

PPTTOO OOIILL SSEEAALL

RReemmoovviinngg tthhee PPTTOO OOiill SSeeaall
1. Remove the engine.
2. Remove the left engine bracket and drive

shaft.
3. Remove the gearbox from the engine.
4. Using an awl, punch two small holes into the

oil seal. The two holes must be on opposite
sides of the seal.

5. Screw two self-tapping screws into the holes in
the oil seal.

NNOOTTIICCEE
TToo aavvooiidd ccyylliinnddeerr bblloocckk ddaammaaggee,, ddoo nnoott ttuurrnn
tthhee ssccrreewwss mmoorree tthhaann 55 mmmm iinnttoo tthhee ooiill sseeaall..
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6. Screw the bar of a slide hammer into the oil
seal puller.

OOiill sseeaall ppuulllleerr
((PP//NN 552299003366559955))

7. Place the oil seal puller alternately onto each
screw head and pull out the oil seal (discard
seal).

1. Slide hammer
2. Oil seal puller
3. Self-tapping screws
4. PTO oil seal

IInnssttaalllliinngg tthhee PPTTOO OOiill SSeeaall
1. Before installing the NNEEWW oil seal, check the

oil seal running surface of the crankshaft for
grooves and deposits.

2. Clean any deposits from the PTO side of the
crankshaft.

3. Clean the oil seal areas in the cylinder block.
4. Lubricate the NNEEWW oil seal sealing lips all

around.

SSuuppeerr lluubbee ggrreeaassee

5. Wet the oil seal outer diameter all around.

PP8800 GGrriipp--IItt

NNOOTTIICCEE
TThhee rreeccoommmmeennddeedd lluubbrriiccaanntt ddrriieess aafftteerr aass--
sseemmbbllyy aanndd pprroovviiddeess rreessiissttaannccee tthhaatt kkeeeeppss
tthhee ooiill sseeaall iinn ppllaaccee.. DDoo nnoott uussee aannyy ootthheerr
pprroodduucctt..

6. Press the NNEEWW oil seal into the cylinder block.

OOiill sseeaall iinnssttaalllleerr
((PP//NN 552299003366557722))

NNOOTTIICCEE
OOiill sseeaall mmuusstt bbee iinnssttaalllleedd wwiitthh sseeaalliinngg lliipp ffaacc--
iinngg ttoo tthhee eennggiinnee..

1. Oil seal installer
2. Oil seal

7. Proceed with assembly of the remaining parts
and install the gearbox and then the engine on
the vehicle, reversing the disassembly and re-
moval procedures. Refer to the appropriate
subsections.

CCYYLLIINNDDEERR BBLLOOCCKK

DDiissaasssseemmbblliinngg tthhee CCyylliinnddeerr BBlloocckk
1. Remove the engine from the vehicle.
2. Drain the engine oil.
3. Remove the left-side engine bracket together

with the drive shaft.
4. Detach the gearbox from the engine.
5. Remove the connecting flange screws and

connecting flange.

EENNGGIINNEE
CYLINDER BLOCK



0033

127

1. Connecting flange screws
2. Connecting flange

6. Install the engine stand adaptor plate on the
engine PTO side and tighten the screws to the
specified torque.

EEnnggiinnee ssttaanndd aaddaappttoorr ppllaattee
((PP//NN 552299003366556633))

TTiigghhtteenniinngg TToorrqquuee

Engine stand adaptor
plate screws

25 ± 3 N∙m
(18 ± 2 lbf∙ft)

1. Engine stand adaptor plate
2. Engine stand adaptor plate screws

7. Remove the ignition coil and spark plug from
cylinder No. 2.

IIGGNNIITTIIOONN CCOOIILL CCYYLLIINNDDEERR NNOO.. 22

8. Install the engine lifting hook in the spark plug
hole of cylinder No. 2.

EEnnggiinnee lliiffttiinngg hhooookk
((PP//NN 552299003366557744))

TTiigghhtteenniinngg TToorrqquuee

Engine lifting hook 12 ± 0.8 N∙m
(106 ± 7 lbf∙in)

EENNGGIINNEE LLIIFFTTIINNGG HHOOOOKK

9. Attach the adaptor plate of a turnable engine
stand to the engine stand adaptor plate.
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AATTTTAACCHHMMEENNTT PPOOIINNTTSS FFOORR TTUURRNNAABBLLEE EENNGGIINNEE SSTTAANNDD

10.Attach an overhead crane to the engine lifting
hook and install the engine on the turnable en-
gine stand.

NNOOTTIICCEE
DDoo nnoott lliifftt tthhee bbaassiicc eennggiinnee uussiinngg tthhee aaddaappttoorr
ppllaattee mmoouunntteedd oonn tthhee ccyylliinnddeerr hheeaadd PPTTOO
ssiiddee..

1. Engine lifting hook
2. Do not lift engine here
3. Engine stand adaptor plate

11.Remove the engine bracket screws and right-
side engine bracket.

1. Engine bracket screws
2. Engine bracket, right side

12.Remove the valve cover.
13.Lock the crankshaft, refer to Crankshaft Lock-

ing Procedure.
14.Before splitting the cylinder block, the following

components must be removed:

– Intake manifold
– Exhaust manifold
– Turbocharger
– Water pump drive gears
– Rotor
– Starter drive gears
– Electric starter
– Oil tank
– Oil pressure regulator valve
– Oil pump
– Timing chain
– Cylinder head

15.Remove the crankshaft locking tool.
16.Remove the M6 x 45 screws.

BBOOTTTTOOMM SSIIDDEE -- SSCCRREEWWSS MM66 XX 4455 FFRROOMM BBOOTTTTOOMM TTOO TTOOPP

17.Remove the M6 x 85 screws.
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IINNTTAAKKEE SSIIDDEE -- MM66 XX 8855 SSCCRREEWWSS FFRROOMM TTOOPP TTOO BBOOTTTTOOMM

18.Remove the M10 nuts and their washers.

BBOOTTTTOOMM SSIIDDEE -- MM1100 NNUUTTSS WWIITTHH TTHHEEIIRR WWAASSHHEERRSS

19.Remove the M10 studs.

BBOOTTTTOOMM SSIIDDEE -- MM1100 SSTTUUDDSS

20.Remove and discard the M6 x 130 expansion
screws and their washers.

BBOOTTTTOOMM SSIIDDEE -- MM66 XX 113300 EEXXPPAANNSSIIOONN SSCCRREEWWSS WWIITTHH
WWAASSHHEERRSS

21.Carefully remove the cylinder block lower half,
using a soft hammer.

NNOOTTIICCEE
TTaakkee ccaarree nnoott ttoo ddaammaaggee tthhee sseeaalliinngg ssuurrffaacceess
ooff tthhee ccyylliinnddeerr bblloocckk hhaallvveess..

22.Remove the connecting rod caps.
23.Measure the crankshaft axial play and note the

result.
24.Remove the crankshaft and thrust washers.
25.Remove the banjo bolts and oil nozzles inside

the cylinder block upper half, and discard
them.

NNOOTTIICCEE
AAllwwaayyss rreenneeww tthhee ooiill nnoozzzzlleess aafftteerr ccrraannkksshhaafftt
rreemmoovvaall..
TThhee ooiill nnoozzzzlleess oonn tthhee iinnttaakkee ssiiddee aanndd tthhee eexx--
hhaauusstt ssiiddee aarree ddiiffffeerreenntt..

EENNGGIINNEE
CYLINDER BLOCK



130

1. Oil nozzles, intake side
2. Oil nozzles, exhaust side

A. 34 mm - Oil nozzle, intake side
B. 31 mm - Oil nozzle, exhaust side

26.Remove the pistons and connecting rods.

RReemmoovviinngg tthhee PPllaaiinn BBeeaarriinnggss
1. When the plain bearings need to be removed

from the cylinder block, mark them to identify
their correct positions at installation. See the il-
lustration as an example.

MMAARRKKSS OONN CCRRAANNKKSSHHAAFFTT PPLLAAIINN BBEEAARRIINNGGSS

CClleeaanniinngg tthhee CCyylliinnddeerr BBlloocckk
1. Clean the cylinder block using a part cleaner.

Then use compressed air to dry it.
2. Blow out the oil orifices using compressed air

and make sure they are not clogged.

CCYYLLIINNDDEERR BBLLOOCCKK UUPPPPEERR HHAALLFF

CCYYLLIINNDDEERR BBLLOOCCKK -- UUPPPPEERR HHAALLFF -- EEXXHHAAUUSSTT SSIIDDEE

CCYYLLIINNDDEERR BBLLOOCCKK UUPPPPEERR HHAALLFF -- MMAAGG SSIIDDEE
1. Oil orifices
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CCYYLLIINNDDEERR BBLLOOCCKK UUPPPPEERR HHAALLFF -- IINNTTAAKKEE SSIIDDEE

CCYYLLIINNDDEERR BBLLOOCCKK LLOOWWEERR HHAALLFF

CCYYLLIINNDDEERR BBLLOOCCKK LLOOWWEERR HHAALLFF -- IINNTTAAKKEE SSIIDDEE

CCYYLLIINNDDEERR BBLLOOCCKK LLOOWWEERR HHAALLFF -- MMAAGGNNEETTOO SSIIDDEE

CCYYLLIINNDDEERR BBLLOOCCKK LLOOWWEERR HHAALLFF -- BBOOTTTTOOMM SSIIDDEE

3. Clean all metal components in a solvent.
4. Clean the cylinder block mating surfaces with a

solvent, using a brass brush. Brush a first pass
in one direction and then make the final pass
perpendicular (90°) to the first pass (cross
hatch).

LLooccttiittee CChhiisseell ((ggaasskkeett rreemmoovveerr))

NNOOTTEE:: Do not wipe with rags. Use a new clean
hand towel only.

5. Using a tap, remove any Loctite residue from
the threaded bores for the engine bracket re-
taining screws and connecting flange retaining
screws. Then clean the bores with a solvent.

TTHHRREEAADDEEDD BBOORREESS FFOORR CCOONNNNEECCTTIINNGG FFLLAANNGGEE

EENNGGIINNEE
CYLINDER BLOCK



132

TTHHRREEAADDEEDD BBOORREESS FFOORR EENNGGIINNEE BBRRAACCKKEETT

TTHHRREEAADDEEDD BBOORREESS FFOORR EENNGGIINNEE BBRRAACCKKEETT

IInnssppeeccttiinngg tthhee CCyylliinnddeerr BBlloocckk
1. Check cylinder block for cracks or other

damage.
2. Check cylinder block mating surfaces for flat-

ness using a straight edge.
3. Replace cylinder block if necessary.
4. Check cylinder bores for cracks, scoring and

wear ridges on top and bottom of the cylinders.

CCyylliinnddeerr TTaappeerr
1. Measure the cylinder bore diameter at four rec-

ommended positions.

TTYYPPIICCAALL
1. First measurement
2. Second measurement
3. Third measurement
4. Fourth measurement
A. 5 mm (0.197 in.)
B. 35 mm (1.378 in.)
C. 62 mm (2.441 in.)
D. 113 mm (4.449 in.)

2. The difference between measurements should
not exceed the service limit shown below:

CCyylliinnddeerr TTaappeerr

New 0.030 mm
(.0012 in)

Service limit 0.050 mm
(.002 in)

CCyylliinnddeerr OOuutt ooff RRoouunndd
1. Measure the cylinder bore diameter as shown

and at the same measuring points as in the
Cylinder Taper procedure.

1. Perpendicular to piston pin axis
2. Parallel to piston pin axis

2. To determine how much the cylinder is out of
round, calculate the difference between the
perpendicular measurements.
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CCyylliinnddeerr OOuutt ooff RRoouunndd

New maximum 0.008 mm
(.0003 in)

Service limit 0.030 mm
(.0012 in)

IInnssppeeccttiinngg tthhee PPllaaiinn BBeeaarriinngg DDiiaammeetteerrss
1. Check the plain bearings for scoring or other

damage.
2. Measure the plain bearing inside diameter and

compare it with the crankshaft bearing journal
diameter. Proceed as follows:
1. Using the OLD plain bearings, put both cyl-

inder block halves together.
2. Tighten the screws as described in Assem-

bling the Cylinder Block.
3. Install the cylinder head and tighten it to

specification.
4. Measure the inside diameter of the crank-

shaft plain bearings using a bore gauge.

A. Crankshaft plain bearing inside diameter

CCrraannkksshhaafftt PPllaaiinn BBeeaarriinngg IInnssiiddee DDiiaammeetteerr

Service limit 45.100 mm
(1.7756 in.)

3. Replace the bearings if they are out of
specification.

AAsssseemmbblliinngg tthhee CCyylliinnddeerr BBlloocckk
1. Correctly reinstall the plain bearings as follows:

1. Use NNEEWW bearings if the diameters are out
of specification. Refer to Inspecting Plain
Bearings Diameter.

2. Install the bearings with the lubrication
grooves in the cylinder block upper half.

i. Plain bearings
ii. Lubrication grooves

3. Install the flat bearings in the cylinder block
lower half.

4. The bearings must be flush with the cylin-
der block split surface, and their protrusions
must fit in the notched areas in the cylinder
block seat.

2. Install the engine stand adaptor plate to the
cylinder block upper half and install it onto a
turnable engine stand, refer to Disassembling
the Cylinder Block.
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EEnnggiinnee ssttaanndd aaddaappttoorr ppllaattee
((PP//NN 552299003366556633))

3. Install the pistons.
4. Insert the intake side oil nozzles and exhaust

side nozzles in their seats in the cylinder block
upper half and tighten the banjo bolts to
specification.

NNOOTTIICCEE
AAllwwaayyss rreenneeww tthhee ooiill nnoozzzzlleess aafftteerr ccrraannkksshhaafftt
rreemmoovvaall.. TThhee ooiill nnoozzzzlleess oonn tthhee iinnttaakkee ssiiddee
aanndd eexxhhaauusstt ssiiddee aarree ddiiffffeerreenntt..

1. Oil nozzles intake side
2. Oil nozzles exhaust side

A. 34 mm— Oil nozzles intake side
B. 31 mm— Oil nozzles exhaust side

5. Apply engine oil to all plain bearings.
6. Install the crankshaft and thrust washers.
7. Install the connecting rods caps.
8. Install a NNEEWW PTO oil seal.
9. Apply sealant to the mating surface of the cyl-

inder block lower half, as shown on next
illustration.

LLooccttiittee 55991100

NNOOTTIICCEE
WWhheenn bbeeggiinnnniinngg tthhee aapppplliiccaattiioonn ooff tthhee ccyylliinn--
ddeerr bblloocckk sseeaallaanntt,, ccoommpplleettiioonn ooff tthhee aasssseemm--
bbllyy,, iinncclluuddiinngg tthhee ccyylliinnddeerr hheeaadd bboollttiinngg,, mmuusstt
bbee ddoonnee wwiitthhiinn 1155 mmiinnuutteess.. IItt iiss ssuuggggeesstteedd
tthhaatt yyoouu hhaavvee eevveerryytthhiinngg yyoouu nneeeedd oonn hhaanndd ttoo
ssaavvee ttiimmee..
BBee ssuurree nnoott ttoo aappppllyy ttoooo mmuucchh sseeaallaanntt,, aass iitt
wwiillll sspprreeaadd oouutt iinnssiiddee tthhee ccyylliinnddeerr bblloocckk..
TTaakkee ccaarree tthhaatt tthhee ooiill ppaassssaaggee iiss nnoott ccllooggggeedd
wwiitthh sseeaallaanntt..

1. Apply Loctite 5910 following this pattern
2. Do not clog oil passage with sealant

10.Attach the cylinder block lower half to the cylin-
der block upper half.

11.Again, press the PTO oil seal in to ensure that
it is completely seated in the cylinder block.

OOiill sseeaall iinnssttaalllleerr
((PP//NN 552299003366557722))

1. Oil seal pusher
2. Oil seal
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12. Install NNEEWW M6 x 45 cylinder block screws and
tighten them as follows.

TTiigghhtteenniinngg TToorrqquuee

M6 x 45 cylinder block
screws

9 ± 1 N∙m
(80 ± 9 lbf∙in)

MM66 XX 4455 SSCCRREEWW TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE ((BBOOTTTTOOMM OOFF
CCYYLLIINNDDEERR BBLLOOCCKK))

13. Install the M6 x 85 cylinder block screws and
tighten them as follows.

TTiigghhtteenniinngg TToorrqquuee

M6 x 85 cylinder block
screws

9 ± 1 N∙m
(80 ± 9 lbf∙in)

MM66 XX 8855 SSCCRREEWW TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE ((IINNTTAAKKEE SSIIDDEE OOFF
CCYYLLIINNDDEERR BBLLOOCCKK))

14. Install a NNEEWW cylinder head gasket and the
cylinder head on the cylinder block.

NNEEWW CCYYLLIINNDDEERR HHEEAADD GGAASSKKEETT

15. Install the M6 cylinder head screws and tighten
them as follows:

TTiigghhtteenniinngg TToorrqquuee

M6 cylinder head
screws

9 ± 1 N∙m
(80 ± 9 lbf∙in)

MM66 CCYYLLIINNDDEERR HHEEAADD SSCCRREEWW TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE

16.Cover all recesses with a towel to avoid
contamination.

17.Slightly oil the threads and rubber of the M10 x
348 studs.

1. Oil M10 studs here
2. Cover recesses
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18. Insert the M10 studs into the cylinder head and
tighten them to specification.

TTiigghhtteenniinngg TToorrqquuee

M10 studs 20 ± 2 N∙m
(15 ± 1 lbf∙ft)

19.Tighten the cylinder head to the cylinder block
with washers and M10 nuts as described in
steps 20–24.

20.Perform tightening step A for all M10 nuts us-
ing the following sequence:

TTiigghhtteenniinngg TToorrqquuee

M10 nuts Step A 20 ± 2 N∙m
(15 ± 1 lbf∙ft)

TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE –– SSTTEEPP AA

21. Install the square tube of the cylinder head tool
kit onto the cylinder block lower part and tight-
en the screws to specification.

CCyylliinnddeerr hheeaadd ttooooll kkiitt
((PP//NN 552299003366662244))

TTiigghhtteenniinngg TToorrqquuee

Square tube screws 9 ± 1 N∙m
(80 ± 9 lbf∙in)

1. Install square tube screws here
2. Square tube screws
3. Square tube
4. Arrester

22. Install the tools on the specified M10 nut and
M10 stud.

1. First, install tools here
2. 16-mm socket
3. 1/4-in (7-mm) socket
4. 1/4-in. ratchet

23.Preload the 7-mm socket slightly by turning the
ratchet counterclockwise. Then move the ar-
rester to the ratchet and tighten the arrester re-
taining screw to specification.
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NNOOTTIICCEE
TToo pprreevveenntt ssttrreessss wwhhiillee ttiigghhtteenniinngg tthhee MM1100
nnuutt,, tthhee MM1100 ssttuudd mmuusstt bbee hheelldd iinn iittss ppoossiittiioonn
uussiinngg tthhee 77--mmmm ssoocckkeett..

TTiigghhtteenniinngg TToorrqquuee

Arrester screws 11 ± 1 N∙m
(97 ± 9 lbf∙in)

1. Ratchet, turn counterclockwise
2. Arrester
3. Arrester screw

24.Using a torque angle, tighten the M10 nuts to
specification. Perform tightening steps B and C
for all M10 nuts by repeating the previous
steps and using the following tightening
sequence:

NNOOTTIICCEE
AAppppllyy tthhee ttiigghhtteenniinngg ttoorrqquuee ooff sstteepp BB ttoo AALLLL
MM1100 nnuuttss bbeeffoorree ggooiinngg ttoo sstteepp CC..

TTiigghhtteenniinngg TToorrqquuee

M10 nuts
Step B 150° ± 10°

Step C Additional
150° ± 10°

1. Torque angle gauge

TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE –– SSTTEEPPSS BB AANNDD CC

25. Install NNEEWW M6 x 130 expansion screws with
their washers and tighten according to the fol-
lowing sequence:

NNOOTTIICCEE
AAllwwaayyss uussee NNEEWW eexxppaannssiioonn ssccrreewwss.. UUssee aa
ttoorrqquuee aannggllee ggaauuggee ttoo ccaarrrryy oouutt sstteepp BB..

TTiigghhtteenniinngg TToorrqquuee

M6 x 130
expansion
screw

Step A 5 ± 0.6 N∙m
(44 ± 5 lbf∙in)

Step B Additional
220° ± 10°
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MM66 XX 113300 EEXXPPAANNSSIIOONN SSCCRREEWW TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE

26.Again, tighten the M6 x 45 cylinder block
screws according to the following sequence:

TTiigghhtteenniinngg TToorrqquuee

M6 x 45 cylinder block
screws

9 ± 1 N∙m
(80 ± 9 lbf∙in)

MM66 XX 4455 SSCCRREEWW TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE ((BBOOTTTTOOMM OOFF
CCYYLLIINNDDEERR BBLLOOCCKK))

27.Again, tighten the M6 x 85 cylinder block
screws according to the following sequence:

TTiigghhtteenniinngg TToorrqquuee

M6 x 85 cylinder block
screws

9 ± 1 N∙m
(80 ± 9 lbf∙in)

MM66 XX 8855 SSCCRREEWW TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE ((IINNTTAAKKEE SSIIDDEE OOFF
CCYYLLIINNDDEERR BBLLOOCCKK))

28.Again, tighten the M6 cylinder head screws ac-
cording to the following sequence.

TTiigghhtteenniinngg TToorrqquuee

M6 x 85 cylinder block
screws

9 ± 1 N∙m
(80 ± 9 lbf∙in)

MM66 CCYYLLIINNDDEERR HHEEAADD SSCCRREEWW TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE

29.Apply a drop of threadlocker to the threads of
the connecting flange screws.

LLooccttiittee 224433 ((bblluuee))

30. Install the connecting flange. Tighten the
screws according to the following sequence:

TTiigghhtteenniinngg TToorrqquuee

Connecting flange
screws

40 ± 4 N∙m
(30 ± 3 lbf∙ft)
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CCOONNNNEECCTTIINNGG FFLLAANNGGEE SSCCRREEWW TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE

31.Apply a drop of threadlocker to the threads of
the right-side engine bracket screws.

32. Install the right-side engine bracket. Tighten
the retaining screws according to the following
sequence:

TTiigghhtteenniinngg TToorrqquuee

Engine bracket screws 50 ± 6 N∙m
(37 ± 4 lbf∙ft)

EENNGGIINNEE BBRRAACCKKEETT SSCCRREEWW TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE
1. Engine bracket screws
2. Engine bracket right side

33.Before installing the valve cover, add engine
oil into the timing chain cavity.

Engine oil quantity

1.5 l
(1.6 qt (liq.,US))

NNOOTTIICCEE
AAfftteerr eennggiinnee tteeaarrddoowwnn oorr eennggiinnee lloonngg bblloocckk
rreeppllaacceemmeenntt,, aann aaddddiittiioonnaall eennggiinnee ooiill aammoouunntt
mmuusstt bbee aaddddeedd ttoo tthhee ddrryy eennggiinnee tthhrroouugghh tthhee
ttiimmiinngg cchhaaiinn ccaavviittyy..

1. Fill 1.5 L here
2. Fill service oil amount in oil tank.

34.Reassemble the engine in accordance with the
proper assembly procedures.

CCRRAANNKKSSHHAAFFTT

RReemmoovviinngg tthhee CCrraannkksshhaafftt
1. Disassemble the cylinder block.
2. Remove connecting rod caps.
3. Measure the crankshaft axial play and note the

result.
4. Remove the crankshaft thrust washers.

5. Remove the crankshaft from the cylinder block.
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IInnssppeeccttiinngg tthhee CCrraannkksshhaafftt
1. Check each bearing journal of the crankshaft

for scoring, scuffing, cracks or other signs of
wear.

2. Check whether the crankshaft gears and
splines are worn or otherwise damaged.

3. Replace the crankshaft if damaged.
4. Blow the oil orifices out using compressed air

and make sure that they are not clogged.

CCrraannkksshhaafftt RRaaddiiaall PPllaayy
1. Measure the crankshaft bearing journal diame-

ter, using a micrometer.

1. Crankshaft journal bearing diameter

2. To obtain the radial play, calculate the differ-
ence between the bearing journal diameter
and the crankshaft plain bearings inner diame-
ter. Refer to CYLINDER BLOCK.

CCrraannkksshhaafftt BBeeaarriinngg JJoouurrnnaall DDiiaammeetteerr

New 45.004 to 45.02 mm
(1.7718 to 1.7724 in)

Service limit 45.000 mm
(1.7716 in)

CCrraannkksshhaafftt RRaaddiiaall PPllaayy

Service limit 0.100 mm
(0.0039 in)

CCrraannkksshhaafftt PPiinn DDiiaammeetteerr
1. Measure the crankshaft pin diameter, using a

micrometer.
2. To obtain the radial play, calculate the differ-

ence between the crankshaft pin diameter and
the connecting rod plain bearings inner diame-
ter. Refer to Inspecting the Connecting Rod.

A. Crankshaft pin diameter

CCrraannkksshhaafftt PPiinn DDiiaammeetteerr

New 39.984 to 40.000 mm
(1.5742 to 1.5748 in)

Service limit 39.974 mm
(1.5738 in)

CCrraannkksshhaafftt DDeefflleeccttiioonn
1. Position V-shaped blocks on both outer main

bearing journals and check the crankshaft
deflection.

NNOOTTEE:: Crankshaft deflection cannot be meas-
ured between centers on a lathe.
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CCrraannkksshhaafftt DDeefflleeccttiioonn CCeenntteerr aanndd MMAAGG SSiiddee
((AA))

Service limit 0.05 mm
(0.0020 in.)

CCrraannkksshhaafftt DDeefflleeccttiioonn PPTTOO SSiiddee ((BB))

Service limit 0.10 mm
(0.0039 in.)

CCrraannkksshhaafftt AAxxiiaall PPllaayy
1. With the crankshaft in the cylinder block upper

half, measure the crankshaft axial play using a
feeler gauge.

1. Crankshaft thrust washer
2. Thrust surface of crankshaft
3. Feeler gauge

CCrraannkksshhaafftt AAxxiiaall PPllaayy

New 0.120 to 0.353 mm
(.0047 to .0139 in)

Service limit 0.400 mm
(.0157 in)

2. If the play is out of specification, replace the
crankshaft thrust washers and repeat the
measurement.

CCRRAANNKKSSHHAAFFTT TTHHRRUUSSTT WWAASSHHEERRSS

IInnssttaalllliinngg tthhee CCrraannkksshhaafftt
1. Turn the cylinder block upside down.

NNOOTTIICCEE
BBee ccaarreeffuull tthhaatt ccoonnnneeccttiinngg rrooddss ddoo nnoott hhiitt tthhee
ccyylliinnddeerr bblloocckk..

2. Install the intake and exhaust side nozzles in
their seats in the cylinder block upper half.

NNOOTTIICCEE
IIff aann ooiill nnoozzzzllee iiss ddaammaaggeedd oorr bbeenntt,, iitt mmuusstt bbee
rreeppllaacceedd.. AAllwwaayyss rreenneeww tthhee ooiill nnoozzzzlleess iiff rree--
mmoovveedd.. TThhee ooiill nnoozzzzlleess oonn tthhee iinnttaakkee ssiiddee aanndd
tthhee eexxhhaauusstt ssiiddee aarree ddiiffffeerreenntt..

3. Apply engine oil to all plain bearings before in-
stalling them.

4. Install the crankshaft.
5. Lubricate (both sides) and reinstall the crank-

shaft thrust washers with their slots facing
against the crankshaft counterweights.

NNOOTTIICCEE
TThhrruusstt wwaasshheerrss hhaavvee ttoo bbee fflluusshh wwiitthh tthhee ccyyll--
iinnddeerr bblloocckk sseeaalliinngg ssuurrffaaccee..

EENNGGIINNEE
CYLINDER BLOCK



142

1. Thrust washer
2. Sealing surface

6. Install the connecting rod caps.

NNOOTTIICCEE
IItt iiss aabbssoolluutteellyy nneecceessssaarryy ttoo ffoollllooww tthhiiss pprrooccee--
dduurree.. OOtthheerrwwiissee sseevveerree eennggiinnee ddaammaaggee ccaann
ooccccuurr..

7. Install the cylinder block lower half.
8. Lock the crankshaft before further assembly of

the engine, refer to Crankshaft Locking
Procedure.

PPIISSTTOONNSS AANNDD CCOONNNNEECCTTIINNGG RROODDSS

RReemmoovviinngg tthhee PPiissttoonn aanndd CCoonnnneeccttiinngg RRoodd
1. Measure the connecting rod big end axial play

before removing the connecting rod.
2. Disassemble the cylinder block.
3. To ensure correct reinstallation, mark the

following:

– All connecting rod caps with the corre-
sponding rods

– The assembly direction of the connecting
rods

4. Unscrew the connecting rod screws and re-
move the connecting rod caps.

1. Connecting rod screws
2. Connecting rod caps

5. Remove the crankshaft and all oil nozzles.

NNOOTTIICCEE
AAllwwaayyss rreenneeww tthhee ooiill nnoozzzzlleess aafftteerr ccrraannkksshhaafftt
rreemmoovvaall.. TThhee ooiill nnoozzzzlleess oonn tthhee iinnttaakkee ssiiddee
aanndd tthhee eexxhhaauusstt ssiiddee aarree ddiiffffeerreenntt..

6. Turn the cylinder block and push the piston
with its connecting rod out of the cylinder.

DDiissaasssseemmbblliinngg tthhee PPiissttoonn aanndd CCoonnnneeccttiinngg RRoodd
1. Remove only one piston pin circlip and discard

it.

NNOOTTEE:: The removal of both piston pin circlips is
not necessary to remove the piston pin.

2. Push the piston pin out of the piston.

EENNGGIINNEE
CYLINDER BLOCK



0033

143

3. Detach the piston from the connecting rod.

IInnssppeeccttiinngg tthhee CCoonnnneeccttiinngg RRoodd
CCoonnnneeccttiinngg RRoodd BBiigg EEnndd AAxxiiaall PPllaayy
1. Using a feeler gauge, measure the distance

between the butting face of the connecting rod
and the crankshaft counterweight.

2. If the distance exceeds the specified tolerance,
replace the worn part.

CCoonnnneeccttiinngg RRoodd BBiigg EEnndd AAxxiiaall PPllaayy

New 0.1 to 0.452 mm
(.0039 to .0178 in)

Service limit 0.086 mm
(.0034 in)

CCoonnnneeccttiinngg RRoodd SSmmaallll EEnndd RRaaddiiaall PPllaayy
1. Measure the connecting rod small end, using a

bore gauge.

1. Longitudinal measurement
2. Measure at 90° from longitudinal axis

CCoonnnneeccttiinngg RRoodd SSmmaallll EEnndd DDiiaammeetteerr

New 20.01 to 20.02 mm
(.7878 to .7882 in)

Service limit 20.030 mm
(.7885 in)

2. If the connecting rod small end diameter is out
of specification, replace the connecting rod.

3. To obtain the radial play, calculate the differ-
ence between the piston pin diameter (see In-
specting the Piston Pin) and the connecting
rod small end inner diameter.

CCoonnnneeccttiinngg RRoodd SSmmaallll EEnndd RRaaddiiaall PPllaayy

Service limit 0.045 mm
(.0018 in)

CCoonnnneeccttiinngg RRoodd BBiigg EEnndd RRaaddiiaall PPllaayy
1. Measure the inside diameter of the connecting

rod big end.

To obtain the connecting rod big end radial
play, calculate the difference between the big
end diameter and the crankshaft pin diameter
(see Inspecting the Crankshaft).
1. Install the OLD plain bearings as they were

mounted initially.
2. Perform the tightening procedure as de-

scribed in Installing Piston and Connecting
Rod.

NNOOTTIICCEE
MMaattcchh tthhee mmaarrkkss oonn tthhee ccaapp aanndd ccoonnnneeccttiinngg
rroodd.. AALLWWAAYYSS uussee tthhee OOLLDD ccoonnnneeccttiinngg rroodd
ssccrreewwss..
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3. Measure the inside diameter in the longitu-
dinal direction of the connecting rod.

i. Connecting rod big end bearing

CCoonnnneeccttiinngg RRoodd BBiigg EEnndd DDiiaammeetteerr

Service limit 40.060 mm
(1.5772 in)

To obtain the connecting rod big end radial
play, calculate the difference between the
big end diameter and the crankshaft pin di-
ameter. See Inspecting the Crankshaft.

CCoonnnneeccttiinngg RRoodd BBiigg EEnndd RRaaddiiaall PPllaayy

Service limit 0.086 mm
(.0034 in)

2. If the connecting rod big end diameter is out of
specification, install NNEEWW plain bearings.

IInnssppeeccttiinngg tthhee PPiissttoonn PPiinn
1. Using a synthetic woven abrasive, clean the

piston pin of any deposits.
2. Inspect the piston pin for scoring, cracks or

other damage.
3. Using a micrometer, measure the piston pin

diameter.

4. See the following illustration for the proper
measurement location.

A. Measure pin diameter here

PPiissttoonn PPiinn DDiiaammeetteerr

New 19.995 to 20.00 mm
(.7872 to .7874 in)

Service limit 19.985 mm
(.7868 in)

5. Replace the piston pin if it is out of
specification.

IInnssppeeccttiinngg tthhee PPiissttoonn
1. Inspect the piston for scoring, scuffing, cracks

or other damage.
2. Replace the piston and piston rings if

necessary.
3. Using a micrometer, measure the piston per-

pendicularly (90°) to the piston pin axis, at 7.5
mm (0.3 in.) from the skirt edge.

1. Measure perpendicularly (90°) to piston pin axis
A. 7.5 mm (0.3 in.)
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Piston Measurement

New 77.978 to 77.964 mm
(3.07 to 3.0706 in)

Service limit 77.950 mm
(3.0689 in)

4. Replace the piston if it is out of specification.

PPiissttoonn//CCyylliinnddeerr CClleeaarraannccee
1. Adjust and lock a micrometer to the piston

dimension.

TTYYPPIICCAALL
1. Micrometer set to the piston dimension

NNOOTTEE:: Make sure used piston is not worn.

2. With the micrometer locked at step 1, adjust a
cylinder bore gauge to the micrometer dimen-
sion and set the indicator to 0 (zero).

TTYYPPIICCAALL
1. Use the micrometer to set the cylinder bore gauge
2. Cylinder bore gauge

TTYYPPIICCAALL
1. Indicator set to 0 (zero)

NNOOTTEE:: Make sure the cylinder bore gauge indi-
cator is set exactly at the same position as with
the micrometer, otherwise the reading will be
false.

3. Position the cylinder bore gauge 35 mm (1-3/8
in.) below the cylinder head mating surface,
measuring perpendicularly (90°) to piston pin
axis.

4. Read the measurement on the cylinder bore
gauge. The result is the exact piston/cylinder
clearance.

PPiissttoonn//CCyylliinnddeerr CClleeaarraannccee

New 0.001 to 0.029 mm
(.00004 to .0011 in)

Service limit 0.050 mm
(.002 in)

NNOOTTEE:: The piston skirt is coated with a run-in
layer, which allows a low clearance between the
new piston and cylinder.

5. If the clearance exceeds the specified toler-
ance, replace the piston and repeat the meas-
urement procedure.

AAsssseemmbblliinngg tthhee PPiissttoonn aanndd CCoonnnneeccttiinngg RRoodd
1. Apply engine oil to the piston pin.
2. Insert the piston pin into the piston and con-

necting rod.

NNOOTTEE:: Be sure to reinstall all parts in their origi-
nal position, as marked during removal.

EENNGGIINNEE
CYLINDER BLOCK



146

3. Place the NNEEWW circlip in the sleeve of the tool,
and push the piston circlip installer handle until
the circlip reaches the mid position in the
sleeve.

PPiissttoonn cciirrcclliipp iinnssttaalllleerr
((PP//NN 552299003366556688))

NNOOTTIICCEE
AAllwwaayyss rreeppllaaccee rreemmoovveedd ppiissttoonn ppiinn cciirrcclliippss
wwiitthh NNEEWW oonneess..

TTYYPPIICCAALL
1. Circlip
2. Sleeve
3. Installer handle

4. Put the distance sleeve on the installer handle.
5. Push the piston circlip installer handle until the

distance sleeve makes contact with the sleeve.

1. Circlip
2. Sleeve
3. Installer handle
4. Distance sleeve

6. Remove the distance sleeve and insert the in-
staller handle into the sleeve.

7. Insert the end of the handle into the piston pin,
then push to engage the circlip into the piston
groove.

TTYYPPIICCAALL
1. Sleeve with piston circlip inside
2. Piston clip installer handle

NNOOTTIICCEE
TTaakkee ccaarree tthhaatt tthhee hhooookk ooff tthhee ppiissttoonn ppiinn cciirr--
cclliipp iiss ppoossiittiioonneedd pprrooppeerrllyy..

CCOORRRREECCTT PPOOSSIITTIIOONN OOFF TTHHEE PPIISSTTOONN PPIINN CCIIRRCCLLIIPP

NNOOTTIICCEE
IIff ppiissttoonn ppiinn cciirrcclliipp iinnssttaallllaattiioonn ffaaiillss,, rreeppeeaatt
sstteeppss bbyy uussiinngg aa NNEEWW cciirrcclliipp..

8. Correctly install the plain bearings and care-
fully clean the split surface on both sides
(cracked area) with compressed air.
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TTYYPPIICCAALL
1. Half bearing of connecting rod big end
2. Split surface of the connecting rod
3. Protrusion of bearing in line with connecting rod groove

NNOOTTIICCEE
TThhee aarrrrooww oonn tthhee ttoopp ooff tthhee ppiissttoonn mmuusstt aall--
wwaayyss ppooiinntt ttoowwaarrddss tthhee eexxhhaauusstt,, aanndd bbootthh
mmaarrkkss oonn tthhee ccoonnnneeccttiinngg rroodd mmuusstt bbee oonn tthhee
ssaammee ssiiddee..

1. Arrow on top
2. Marks on connecting rod

IInnssttaalllliinngg tthhee PPiissttoonn aanndd CCoonnnneeccttiinngg RRoodd
1. Use engine oil to lubricate the following:

– Piston
– Piston rings
– Cylinder bore
– Connecting rod bearings.

NNOOTTIICCEE
BBeeffoorree iinnsseerrttiinngg tthhee ppiissttoonn aanndd ccoonnnneeccttiinngg
rroodd,, cchheecckk tthhaatt tthhee ooiill nnoozzzzlleess aarree rreemmoovveedd..
TThhee ooiill nnoozzzzlleess mmaayy bbee bbeenntt iiff nnoott rreemmoovveedd..
AAllwwaayyss rreenneeww tthhee ooiill nnoozzzzlleess..

2. Install the piston ring compressor over the pis-
ton and rings.

PPiissttoonn rriinngg ccoommpprreessssoorr
((PP//NN 552299003366556655))

3. Slide the piston into the cylinder bore. Pay at-
tention to the following:
1. If reused, install piston in its original bore.
2. Make sure piston rings are well-positioned.
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i. Arrow on piston top towards exhaust
ii. Ring gap of lower side rail towards exhaust
iii. Ring gap of expander in axial direction of piston pin
iv. Ring gap of upper side rail toward intake
v. Ring gap of tapered compression ring towards exhaust
vi. Ring gap of rectangular compression ring towards intake

NNOOTTIICCEE
AA ppiissttoonn iinnssttaalllleedd wwiitthh tthhee aarrrrooww iinn tthhee wwrroonngg
ddiirreeccttiioonn wwoouulldd ccaauussee sseerriioouuss eennggiinnee
ddaammaaggee..

AARRRROOWWOONN PPIISSTTOONN TTOOPP MMUUSSTT PPOOIINNTT TTOOWWAARRDDSS EEXXHHAAUUSSTT

4. Turn the cylinder block upside down.
5. Install NNEEWW oil nozzles and crankshaft.
6. Oil the crankshaft pin.
7. Match the marks on the caps and connecting

rod, and install the caps.

NNOOTTIICCEE
RReeiinnssttaallll tthhee ccaappss iinn tthhee ssaammee aasssseemmbbllyy ddii--
rreeccttiioonn aass mmaarrkkeedd dduurriinngg rreemmoovvaall..

MMAARRKKSS OONN CCOONNNNEECCTTIINNGG RROODD AANNDD OONN CCYYLLIINNDDEERR BBLLOOCCKK
TTOOWWAARRDDSS EEXXHHAAUUSSTT

NNOOTTIICCEE
TThhiiss aasssseemmbbllyy uusseess ssttrreettcchh ssccrreewwss.. AAllwwaayyss
uussee NNEEWW ssccrreewwss aanndd ssttrriiccttllyy aaddhheerree ttoo tthhee
ttiigghhtteenniinngg pprroocceedduurree..

8. Tighten the connecting rod screws as follows:
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NNOOTTIICCEE
FFaaiilluurree ttoo ssttrriiccttllyy ffoollllooww tthhiiss pprroocceedduurree mmaayy
ccaauussee ssccrreewwss ttoo lloooosseenn aanndd lleeaadd ttoo sseevveerree
eennggiinnee ddaammaaggee..

TTiigghhtteenniinngg TToorrqquuee

Connecting
rod screws

Step A 20 ± 2 N∙m
(15 ± 1 lbf∙ft)

Step B Additional 120° ± 5°

9. Install all other removed parts.

PPIISSTTOONN RRIINNGGSS

RReemmoovviinngg tthhee PPiissttoonn RRiinngg
1. Remove the piston.

IInnssppeeccttiinngg tthhee PPiissttoonn RRiinngg
RRiinngg//PPiissttoonn GGrroooovvee CClleeaarraannccee
1. Using a feeler gauge measure each ring/piston

groove clearance.

TTYYPPIICCAALL
1. Piston
2. Feeler gauge

RRiinngg//PPiissttoonn GGrroooovvee CClleeaarraannccee UUppppeerr
CCoommpprreessssiioonn RRiinngg

New 0.015 to 0.060 mm
(.0006 to .0024 in)

Service limit 0.070 mm
(.0028 in)

RRiinngg//PPiissttoonn GGrroooovvee CClleeaarraannccee LLoowweerr
CCoommpprreessssiioonn RRiinngg

New 0.015 to 0.060 mm
(.0006 to .0024 in)

Service limit 0.070 mm
(.0028 in)

RRiinngg//PPiissttoonn GGrroooovvee CClleeaarraannccee OOiill SSccrraappeerr
RRiinngg

New 0.01 to 0.180 mm
(.0004 to .0071 in)

Service limit 0.200 mm
(.0079 in)

2. If the clearance is out of specification, the pis-
ton and rings should be replaced.

RRiinngg EEnndd GGaapp
1. Remove the rings from the piston.
2. Place the piston ring in the cylinder bore be-

tween 8 and 16 mm (between 5/16 and 5/8 in.)
from the top of the cylinder.

NNOOTTEE:: In order to correctly position the ring in
the cylinder bore, use a piston as a pusher.

3. Using a feeler gauge, check the ring end gap.

RRiinngg EEnndd GGaapp ((UUppppeerr CCoommpprreessssiioonn RRiinngg))

New 0.15 to 0.35 mm
(.0059 to .0138 in)

Service limit 0.45 mm
(.017 in)

RRiinngg EEnndd GGaapp ((LLoowweerr CCoommpprreessssiioonn RRiinngg))

New 0.35 to 0.55 mm
(.0138 to .0217 in)

Service limit 0.65 mm
(.026 in)
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RRiinngg EEnndd GGaapp ((OOiill SSccrraappeerr RRiinngg))

New 0.20 to 0.70 mm
(.008 to .028 in)

Service limit 0.80 mm
(.031 in)

4. If the ring end gap is out of specification, re-
place the piston rings.

IInnssttaalllliinngg tthhee PPiissttoonn RRiinngg
1. Install the piston rings in the following order:

1. Install the oil scraper ring.
2. Install the lower tapered compression ring

with the label “TOP” facing up.
3. Install upper rectangular compression ring

with the label “TOP” facing up.

NNOOTTEE:: Use a ring expander to prevent breakage
during installation. The oil ring must be installed
by hand.

NNOOTTIICCEE
EEnnssuurree tthhaatt uuppppeerr aanndd lloowweerr ccoommpprreessssiioonn
rriinnggss aarree nnoott iinntteerrcchhaannggeedd..

1. Oil scraper ring
2. Tapered compression ring
3. Rectangular compression ring
4. Label “TOP” facing up

2. Check that the rings rotate smoothly after
installation.

3. Make sure that the ring gaps of the piston rings
are well-positioned.
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RRIINNGG GGAAPPSS
1. Arrow on piston top towards exhaust
2. Ring gap of lower side rail towards exhaust
3. Ring gap of expander in axial direction of piston pin
4. Ring gap of upper side rail toward intake
5. Ring gap of tapered compression ring towards exhaust
6. Ring gap of rectangular compression ring towards intake
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TTUURRBBOOCCHHAARRGGEERR

SSEERRVVIICCEE TTOOOOLLSS
DDeessccrriippttiioonn PPaarrtt NNuummbbeerr PPaaggee

ADAPTER GAUGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036461) . . . . . . . . . . . . . . . . . . . . . . . 170
CAMSHAFT LOCKING TOOL . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036566) . . . . . . . . . . . . . . . . . . . . . 87, 89
CAMSHAFT ROTATION TOOL . . . . . . . . . . . . . . . . . . . . . . (P/N 529036567) . . . . . . . . . . . . . . . . . . . . . 87, 89
CENTER BOLT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036290) . . . . . . . . . . . . . . . . . . . . . 72–73
CIRCLIP INSTALLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036573) . . . . . . . . . . . . . . . . . . . . . . . . 53
CRANKSHAFT LOCKING TOOL . . . . . . . . . . . . . . . . . . . . . (P/N 529036564) . . . . . . . . . . . . . . . . . . . . . . . 123
CRANKSHAFT PROTECTOR . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036570) . . . . . . . . . . . . . . . . . . . . . . . . 77
CYLINDER HEAD TOOL KIT . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036624) . . . . . . . . . . . . . . . . . . . 112, 136
ECM ADAPTER TOOL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036513) . . . . . . 19, 41, 60, 71, 124, 159
ENGINE LEAK DOWN TEST KIT . . . . . . . . . . . . . . . . . . . . . (P/N 529035661) . . . . . . . . . . . . . . . . . . . . 98, 170
ENGINE LIFTING HOOK . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036574) . . . . . . . . . . . . . . . . . . . . . . . 127
ENGINE STAND ADAPTOR PLATE . . . . . . . . . . . . . . . . . . (P/N 529036563) . . . . . . . . . . . 77, 110, 127, 134
FUNNEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529000155) . . . . . . . . . . . . . . . . . . . . . . . . 38
IGNITION COVER EXTRACTOR . . . . . . . . . . . . . . . . . . . . . (P/N 529036571) . . . . . . . . . . . . . . . . . . . . . 72–73
MAGNETO PULLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036569) . . . . . . . . . . . . . . . . . . . . . . . . 77
OIL PRESSURE HOSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036394) . . . . . . . . . . . . . . . . . . . . . . . . 35
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= Component must be replaced when removed.NEW

See tightening procedure

NEW

NEW

See tightening
procedure

NEW

NEW

NEW

NEW

9 ± 1 N•m
(80 ± 9 lbf•in)

9 ± 1 N•m
(80 ± 9 lbf•in)

NEW
7 ± 0,5 N•m

(62 ± 4 lbf•in)

See tightening
procedure

See tightening procedure

NEW

9 ± 1 N•m
(80 ± 9 lbf•in)

10 ± 0,7 N•m
(89 ± 6 lbf•in)

Loctite 243

10 ± 0,7 N•m
(89 ± 6 lbf•in)

Loctite 243

30 ± 2 N•m
(22 ± 1 lbf•ft)
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GGeenneerraall
During assembly and installation, use the torque
values and service products shown in the ex-
ploded views.

Clean threads before applying a threadlocker. Re-
fer to Self-Locking Fasteners and Loctite Applica-
tion at the beginning of this manual for complete
procedure.

WWAARRNNIINNGG
TToorrqquuee wwrreenncchh ttiigghhtteenniinngg ssppeecciiffiiccaattiioonnss mmuusstt
bbee ssttrriiccttllyy aaddhheerreedd ttoo.. LLoocckkiinngg ddeevviicceess wwhheenn
rreemmoovveedd ((ee..gg..:: lloocckkiinngg ttaabbss,, eellaassttiicc ssttoopp nnuuttss,,
ccootttteerr ppiinnss,, eettcc..)) mmuusstt bbee rreeppllaacceedd wwiitthh nneeww
oonneess..

NNOOTTIICCEE
HHoosseess,, ccaabblleess oorr lloocckkiinngg ttiieess rreemmoovveedd dduurriinngg
aa pprroocceedduurree mmuusstt bbee rreeiinnssttaalllleedd aass ppeerr ffaacc--
ttoorryy ssttaannddaarrddss..

TTuurrbboocchhaarrggeerr

1. Compressor inlet
2. Compressor outlet
3. Turbine inlet
4. Turbine outlet
5. Waste gate actuator
6. Waste gate actuator rod
7. Waste gate
8. Oil inlet
9. Oil outlet
10.Water inlet
11.Water outlet

TTuurrbbiinnee
The exhaust gases cause the turbine wheel to
spin and accelerate. The gases then exit through
the turbine outlet towards the muffler.

The turbine wheel drives the compressor wheel
through the rotor shaft. When the turbine wheel is
spinning, the compressor wheel is spinning at the
same speed.

CCoommpprreessssoorr
The spinning of the compressor wheel causes fil-
tered air to enter through the compressor inlet.
The air is then compressed and exits through the
compressor outlet.
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BBoooosstt PPrreessssuurree SSeennssoorr ((BBPPSS))
The BPS is a piezoresistive absolute pressure
sensor.

To ensure optimal engine operation in all condi-
tions, the ECM system requires two pressure sen-
sors: the BPS and the MAPTS. The BPS
measures the air pressure upstream of the throttle
plate, and the MAPTS measures the pressure
downstream of the throttle plate.

WWaassttee GGaattee AAccttuuaattoorr ((WWGGAA))
The WGA consists of a brushed DC motor (actua-
tor) and a non-contacting angle sensor integrated
in a common housing.

The WGA controls the waste gate.

The ECM uses the waste gate actuator internal
position sensor to adjust the waste gate position.

WWAASSTTEE GGAATTEE CCLLOOSSEEDD

WWAASSTTEE GGAATTEE OOPPEENN

NNOOTTEE:: In case of a WGA malfunction, the ECM
will try to open the waste gate completely and the
engine torque will be reduced depending on the
engine RPM.

Refer to Waste Gate Actuator for testing, setting,
and replacement.

WWaassttee GGaattee
The waste gate regulates turbine speed by allow-
ing exhaust gas to bypass the turbine.
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WWaassttee GGaattee AAccttuuaattoorr RRoodd
NNEEWW turbocharger assemblies are factory ad-
justed. Do not try to adjust the waste gate actuator
rod.

For correct waste gate rod length adjustment in
case of an exchange or repair, refer to Installing
the Waste Gate Actuator Rod / Waste Gate Actua-
tor Setting.

MMAAIINNTTEENNAANNCCEE
The turbocharger is maintenance free. However, it
is susceptible to damage caused by failures from
other systems.

NNOOTTIICCEE
IIff ppaarrttiicclleess aarree ssuussppeecctteedd ooff eenntteerriinngg tthhee eexx--
hhaauusstt ssyysstteemm,, ttaakkee tthhee pprrooppeerr aaccttiioonnss ttoo rree--
mmoovvee tthheemm..

NNOOTTIICCEE
NNeevveerr ooppeerraattee eennggiinnee wwiitthhoouutt aann aaiirr ffiilltteerr..

NNOOTTIICCEE
EEnnggiinnee ooiill cchhaannggee iinntteerrvvaallss aanndd pprroocceedduurree
mmuusstt bbee rreessppeecctteedd..

Air filter replacement should be adjusted accord-
ing to riding conditions. This is critical for ensuring
proper engine performance and life span.

Air filter replacement frequency must be increased
for the following dusty conditions:
– Riding on dry sand
– Riding on dry dirt-covered surfaces

– Riding on dry gravel roads or similar
conditions.

NNOOTTEE:: Riding in a group in these conditions
would increase even more the air filter replace-
ment requirement.

PPrreeccaauuttiioonnss

EEnnggiinnee WWaarrmmiinngg aanndd CCoooolliinngg
Allow the vehicle to reach operating temperature
before placing high demand on the engine. This
allows the oil to reach the correct viscosity to prop-
erly lubricate the turbocharger.

Allow the vehicle to idle for 2 minutes before turn-
ing it off. This will allow the lubrication system to
gradually cool the turbocharger.

TTRROOUUBBLLEESSHHOOOOTTIINNGG
TTrroouubblleesshhoooottiinngg
11.. LLAACCKK OOFF PPOOWWEERR

Cold start.

– Allow the vehicle to reach operating tempera-
ture before placing high demand on the en-
gine. This allows the oil to reach the correct
viscosity to properly lubricate the turbocharger.

Clogged air filter.

– Check the air filter.

Intake system collapsed, restricted or leaking.

– Check the tightness of clamps and screws.
– Check for damaged or missing gaskets.
– Check for foreign objects between the air filter

and turbocharger.
– Inspect parts for damage, cracks, or obstruc-

tions. Repair or replace.

Exhaust system collapsed, restricted or leaking.

– Check if the exhaust system is blocked or dam-
aged. Replace parts as necessary.

– Check for foreign objects in the exhaust
system.

– Check the exhaust manifold for cracks or
blown/missing gaskets. Replace parts as
necessary.

Fuel pump malfunction.

– Perform a fuel pump pressure test and check
fuel pump, refer to appropriate vehicle service
manual

Sensor or injector malfunction.
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– Check for fault codes using the BRP diagnostic
software (BUDS).

– Check that fuel injection system is in good con-
dition and correctly adjusted.

– Check the Boost Pressure Sensor (BPS).
– Check the Manifold Air Pressure and Tempera-

ture Sensor (MAPTS).

Engine damage or malfunction.

– Check for proper valve timing.
– Perform an engine leak test.

Waste gate malfunction.

– Check the waste gate actuator.

Intercooler malfunction.

– Check if the intercooler is clogged or
contaminated.

– Check for correct intercooler fan electric con-
nection (direction of rotation).

Turbocharger blocked or damaged.

– Check for excessive carbon build up on the
housing.

– Check for rotor contact marks.
– Check if the rotor shaft bearing is worn out.
– Check if the turbocharger housing is damaged

or restricted.

22.. NNOOIISSYY PPEERRFFOORRMMAANNCCEE

Support brackets, turbocharger flanges or clamps
are loose.

– Check tightness of clamps and screws.
– Check if support brackets and parts connected

to the turbocharger are not loose or damaged.

Foreign object in intake or exhaust system.

– Check and clean intake and/or exhaust
system.

Intake system collapsed, restricted or leaking.

– Check all clamps and screws for tightness.
– Inspect parts for damage, cracks or

obstructions.
– Check for damaged or missing gaskets.

Exhaust system collapsed, restricted or leaking.

– Check all clamps and screws for tightness.
– Inspect parts for damage, cracks or

obstructions.
– Check for damaged or missing gaskets.

Turbocharger blocked or damaged.

– Check for excessive carbon buildup on the
housing.

– Check for an imbalance caused by damaged
or broken rotor blades.

– Check if the turbocharger housing is damaged
or restricted.

– Check for rotor contact marks.
– Check if the rotor shaft bearing is worn out.

33.. BBLLUUEE SSMMOOKKEE AANNDD//OORR OOIILL CCOONNSSUUMMPPTTIIOONN

Clogged air filter.

– Inspect the air filter.

Intake system collapsed, restricted or leaking.

– Check all clamps and screws for tightness.
– Inspect parts for damage, cracks or

obstructions.
– Check for damaged or missing gaskets.

Use of unsuitable engine oil type.

– Replace the engine oil with the recommended
engine oil.

Excessive carbon build up on housing.

– Check for excessive pressure in the crankcase
and correct the functioning of the crankcase
ventilation system.

44.. EEXXCCEESSSSIIVVEE EENNGGIINNEE OOIILL IINN
TTUURRBBOOCCHHAARRGGEERR

Worn out rotor shaft bearings.

– Perform a pressure drop test.
– Note that some oil traces are normal.

Blocked oil supply bore.

– Check if the oil supply bore is free.

Plugged crankcase ventilation system.

– Check if the crankcase ventilation system is
blocked.

Intake system collapsed or restricted.

– Check all clamps and screws for tightness.
– Check for damaged or missing gaskets.
– Check for foreign objects between the air filter

and turbocharger.
– Inspect parts for damage, cracks or

obstructions.

Exhaust system collapsed, restricted or leaking.

– Check all clamps and screws for tightness.
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– Inspect parts for damage, cracks or
obstructions.

– Check for damaged or missing gaskets.
– Check for foreign objects in the exhaust

system.

Support brackets, turbocharger flanges or clamps
are loose.

– Check all clamps and screws for tightness.
– Check that support brackets and parts con-

nected to the turbocharger are not loose or
damaged.

Excessive carbon buildup on the housing.

– Check if the crankcase ventilation system is
blocked.

55.. DDAAMMAAGGEEDD RROOTTOORR OOFF TTUURRBBIINNEE OORR
CCOOMMPPRREESSSSOORR

Intake system leaking.

– Check for foreign objects between the air filter
and turbocharger.

– Inspect the air filter.
– Check all clamps and screws for tightness.
– Inspect parts for damage, cracks or

obstructions.

Exhaust system collapsed, restricted or leaking.

– Check all clamps and screws for tightness.
– Inspect parts for damage, cracks or

obstructions.
– Check for damaged or missing gaskets.
– Check for foreign objects in the exhaust

system.

Turbocharger blocked or damaged

– Check for excessive carbon buildup on the
housing.

– Check for rotor contact marks.
– Check if the rotor shaft bearing is worn out.
– Check if the turbocharger housing is damaged

or restricted.

Too little warm-up time.

– Extend the warm-up period.

66.. EEXXCCEESSSSIIVVEE RRAADDIIAALL AANNDD//OORR AAXXIIAALL
CCLLEEAARRAANNCCEE OOFF RROOTTOORR SSHHAAFFTT

Intake system leaking.

– Check for foreign objects between the air filter
and turbocharger.

– Inspect the air filter.

– Inspect parts for damage, cracks or
obstructions.

Exhaust system collapsed, restricted or leaking.

– Check all clamps and screws for tightness.
– Inspect parts for damage, cracks or

obstructions.
– Check for damaged or missing gaskets.
– Check for foreign objects in the exhaust

system.

Insufficient lubrication or oil lag at startup.

– Check if the oil supply bore is restricted,
blocked or leaking.

– Check if the engine oil filter is restricted or
blocked.

– Check the engine oil pressure.

Engine oil contaminated or unsuitable engine oil
type.

– Replace the engine oil and filter.

Excessive carbon build up on housing.

– Check if the crankcase ventilation system is
blocked.

Worn out bearings of rotor shaft.

– Perform a pressure drop test.

PPRROOCCEEDDUURREESS
BBOOOOSSTT PPRREESSSSUURREE SSEENNSSOORR ((BBPPSS))

BBPPSS LLooccaattiioonn
The BPS is located on the air hose between the
throttle body and the intercooler.
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BBPPSS TTrroouubblleesshhoooottiinngg

TTeessttiinngg tthhee BBPPSS VVoollttaaggee
1. Disconnect the connector from the BPS.
2. Briefly press the Start/Stop button to energize

the electrical system.
3. Measure the voltage per following table:

BBPPSS IInnppuutt VVoollttaaggee TTeesstt

BBPPSS ccoonnnneeccttoorr ppiinn SSppeecciiffiiccaattiioonn

1 2 Approx. 5 V

4. If the measured voltage is as specified, replace
the BPS.

5. If the measured voltage is not as specified, re-
fer to Testing the BPS Circuit Continuity.

TTeessttiinngg tthhee BBPPSS CCiirrccuuiitt CCoonnttiinnuuiittyy
1. Disconnect connector 13 from the ECM.
2. Connect the connector to the ECM adapter

tool.

EECCMM aaddaapptteerr ttooooll
((PP//NN 552299003366551133))

3. Test for circuit continuity per the following
table:

BBPPSS CCiirrccuuiitt CCoonnttiinnuuiittyy TTeesstt

BBPPSS
ccoonnnneeccttoorr

ppiinn
EECCMM

aaddaapptteerr ppiinn SSppeecciiffiiccaattiioonn

1 3

Close to 0 Ω2 38

3 30

4. If the wiring harness is good, check the ECM.
5. If a high resistance or an open circuit is meas-

ured, repair or replace the wiring and connec-
tors between the ECM and the BPS.

RReeppllaacciinngg tthhee BBPPSS
1. Disconnect the electrical connector from the

BPS.
2. Remove the BPS screw. Then remove the

BPS.

3. Install the new BPS.
4. Install the BPS screw and tighten to

specification:

TTiigghhtteenniinngg TToorrqquuee

BPS screw 7 ± 0.8 N∙m
(62 ± 7 lbf∙in)

5. Connect the BPS electrical connector.

WWaassttee GGaattee AAccttuuaattoorr ((WWGGAA))

TTeessttiinngg tthhee WWGGAA
As a first troubleshooting step, always connect the
vehicle to the BRP diagnostic software (BUDS) to
check for applicable fault codes.

TTeessttiinngg tthhee WWGGAA iinn BBUUDDSS
NNOOTTIICCEE

TToo tteesstt tthhee WWGGAA iinn BBUUDDSS22,, tthhee eennggiinnee tteemm--
ppeerraattuurree mmuusstt bbee bbeettwweeeenn 00°°CC aanndd 4400°°CC ((3322°°
FF aanndd 110000°°FF))..

1. Connect the vehicle to the BRP diagnostic soft-
ware (BUDS).

2. Briefly press the Start/Stop button to energize
the electrical system.

3. Select the following:

– FFuunnccttiioonn
– CChheecckk WWaasstteeggaattee AAccttuuaattoorr

WWAARRNNIINNGG
TToo aavvooiidd iinnjjuurryy,, kkeeeepp ffiinnggeerrss aawwaayy ffrroomm mmoovv--
iinngg ppaarrttss ooff tthhee ttuurrbboocchhaarrggeerr.. TThhee wwaassttee ggaattee
aaccttuuaattoorr lleevveerr mmoovveess wwhheenn aannyy bbuuttttoonn iiss
pprreesssseedd..
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4. Follow the on-screen instructions.

TTeessttiinngg tthhee WWGGAA PPoowweerr IInnppuutt
1. Disconnect the WGA connector.
2. Press the Start/Stop button to wake up the

ECM.
3. Set a multimeter to Vdc and check the voltage

as follows:

WWaassttee GGaattee AAccttuuaattoorr IInnppuutt VVoollttaaggee TTeesstt

WWaassttee ggaattee
aaccttuuaattoorr
ccoonnnneeccttoorr

ppiinn
BBaatttteerryy SSppeecciiffiiccaattiioonn

1 Negative (−)
post Battery voltage

4. If the reading is good, check the waste gate ac-
tuator ground.

5. If the reading is not to specification, check the
power input circuit continuity.

TTeessttiinngg tthhee WWGGAA GGrroouunndd
1. Disconnect the WGA connector.
2. Press the Start/Stop button to wake up the

ECM.
3. Set a multimeter to Ω and probe the terminals

as follows:

WWaassttee GGaattee AAccttuuaattoorr GGrroouunndd TTeesstt

WWaassttee ggaattee
aaccttuuaattoorr
ccoonnnneeccttoorr

ppiinn
((hhaarrnneessss
ssiiddee))

BBaatttteerryy SSppeecciiffiiccaattiioonn

2 Negative (−)
post Close to 0 Ω

4. If the resistance is incorrect, check the ground
circuit continuity.

TTeessttiinngg tthhee PPoowweerr IInnppuutt CCiirrccuuiitt CCoonnttiinnuuiittyy
1. Disconnect the WGA connector.
2. Disconnect the HIC connector.
3. Set a multimeter to Ω and probe the terminals

as follows:

WWaassttee GGaattee AAccttuuaattoorr IInnppuutt CCiirrccuuiitt CCoonnttiinnuuiittyy
TTeesstt

WWGGAA
ccoonnnneeccttoorr

ppiinn
((hhaarrnneessss
ssiiddee))

HHIICC
ccoonnnneeccttoorr

ppiinn
SSppeecciiffiiccaattiioonn

1 E Close to 0 Ω
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TTeessttiinngg tthhee WWGGAA GGrroouunndd CCiirrccuuiitt CCoonnttiinnuuiittyy
1. Disconnect the WGA connector.
2. Disconnect the supply actuator connector.
3. Set a multimeter to Ω and probe the terminals

as follows:

WWaassttee GGaattee AAccttuuaattoorr GGrroouunndd CCiirrccuuiitt
CCoonnttiinnuuiittyy TTeesstt

WWGGAA
ccoonnnneeccttoorr

ppiinn
SSuuppppllyy

aaccttuuaattoorr ppiinn SSppeecciiffiiccaattiioonn

2 B Close to 0 Ω

TTeessttiinngg tthhee WWGGAA CCoommmmuunniiccaattiioonn LLiinnkk ((CCAANN))
CCoonnttiinnuuiittyy
1. Disconnect the WGA connector.
2. Disconnect the HIC connector.
3. Set a multimeter to Ω and probe the terminals

as follows:

WWGGAA CCoommmmuunniiccaattiioonn LLiinnkk CCoonnttiinnuuiittyy TTeesstt

WWGGAA
ccoonnnneeccttoorr

ppiinn

HHIICC
ccoonnnneeccttoorr

ppiinn
SSppeecciiffiiccaattiioonn

3 A
Close to 0 Ω

5 B

4. If a high resistance or an open circuit is meas-
ured, repair or replace the wiring and connec-
tors between the WGA and the main harness
interconnect.

DDiissaasssseemmbblliinngg tthhee WWaassttee GGaattee AAccttuuaattoorr
1. Connect the vehicle to the BRP diagnostic soft-

ware (BUDS).
2. Briefly press the Start/Stop button to energize

the electrical system.

WWAARRNNIINNGG
TToo aavvooiidd iinnjjuurryy,, kkeeeepp ffiinnggeerrss aawwaayy ffrroomm mmoovv--
iinngg ppaarrttss ooff tthhee ttuurrbboocchhaarrggeerr.. TThhee wwaassttee ggaattee
aaccttuuaattoorr lleevveerr mmoovveess wwhheenn aannyy bbuuttttoonn iiss
pprreesssseedd..
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3. Select the following:

– FFuunnccttiioonn
– CChheecckk WWaasstteeggaattee AAccttuuaattoorr

4. If the mounting position is reached, continue
from step 7.

5. If the mounting position cannot be reached,
disassemble the waste gate actuator rod to
possibly overcome the blocking. Refer to Dis-
assembling the Waste Gate Actuator Rod.

6. If the mounting position still cannot be reached,
disassemble the waste gate actuator together
and support bracket. See step 12.

7. Disconnect the waste gate actuator connector.

8. Remove the waste gate actuator rod from the
waste gate actuator lever.

1. Retaining ring
2. Wave shim
3. Waste gate actuator rod

NNOOTTEE:: Keep the removed retaining ring and
wave shim for the waste gate actuator setting after
repair.

9. Remove the waste gate actuator screws.

10.Cut the locking ties and disconnect the Coolant
Temperature Sensor (CTS) connector.

11.Remove the waste gate actuator.

12. If necessary, do the following:
1. First remove the turbocharger screws.
2. Then remove the waste gate support brack-

et screws.
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1. Waste gate support bracket
2. Waste gate support bracket screws
3. Turbocharger screws

If the waste gate actuator cannot be moved from
its mounting position, it is necessary to remove the
waste gate support bracket together with the ac-
tuator from the turbocharger.

IInnssttaalllliinngg tthhee WWaassttee GGaattee AAccttuuaattoorr
1. If it was necessary to remove the waste gate

actuator support bracket, remove the following:

– Coolant chamber screw plug
– Sealing ring (discard it).

2. Install the coolant chamber screw plug with a
NEW sealing ring and tighten it to
specification:

TTiigghhtteenniinngg TToorrqquuee

Coolant chamber
screw plug

30 ± 2 N∙m
(22 ± 1 lbf∙ft)

3. Install the waste gate actuator support bracket.

4. Install the turbocharger screws and tighten to
specification:

TTiigghhtteenniinngg TToorrqquuee

Turbocharger screws 25 ± 3 N∙m
(18 ± 2 lbf∙ft)

5. Re-torque the remaining turbocharger screws:

TTiigghhtteenniinngg TToorrqquuee

Turbocharger screws 25 ± 3 N∙m
(18 ± 2 lbf∙ft)

6. Apply a drop of threadlocker to each waste
gate support bracket screw.

LLooccttiittee 224433 ((bblluuee))

7. Install the waste gate support bracket screws
and tighten to specification:

TTiigghhtteenniinngg TToorrqquuee

Waste gate support
bracket screws

10 ± 0.7 N∙m
(89 ± 6 lbf∙in)

EENNGGIINNEE
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WWAARRNNIINNGG
TToo aavvooiidd iinnjjuurryy,, kkeeeepp ffiinnggeerrss aawwaayy wwhheenn ccoonn--
nneeccttiinngg tthhee wwaassttee ggaattee aaccttuuaattoorr ccoonnnneeccttoorr..
TThhee wwaassttee ggaattee aaccttuuaattoorr lleevveerr wwiillll mmoovvee wwhhiillee
tthhee wwaassttee ggaattee aaccttuuaattoorr iiss bbeeiinngg ccoonnnneecctteedd..

8. Connect the waste gate actuator connector.
9. In BUDS, select MMoovvee ttoo sseettuupp ppoossiittiioonn for

the proper waste gate actuator setting.

DDiissaasssseemmbblliinngg tthhee WWaassttee GGaattee AAccttuuaattoorr RRoodd
1. Connect the vehicle to the BRP diagnostic soft-

ware (BUDS).
2. Briefly press the Start/Stop button to energize

the electrical system.
3. Select the following:

– FFuunnccttiioonn
– CChheecckk WWaasstteeggaattee AAccttuuaattoorr

4. If the mounting position is reached, continue
from step 6.

5. If the mounting position cannot be reached,
disassemble the waste gate actuator rod at its
current position.

NNOOTTEE:: The waste gate actuator rod can be dis-
assembled at any position.

6. Remove the waste gate actuator rod.

1. Retaining ring
2. Wave shim
3. Locknut (discard it)
4. Step collar
5. Wave shim (discard it)
6. Waste gate actuator rod

7. Keep the removed retaining ring and wave
shim for the waste gate actuator setting.

IInnssppeeccttiinngg tthhee WWaassttee GGaattee AAccttuuaattoorr RRoodd
1. Check the waste gate, its seat, and the waste

gate lever for wear or damage.

EENNGGIINNEE
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2. Check the waste gate actuator lever for wear
or damage.

3. Check the waste gate rod for wear or damage.

TTYYPPIICCAALL

WWaassttee GGaattee RRoodd BBoorree RRoouunnddnneessss

Service limit
Maximum 0.5 mm
(0.02 in.) out-of-

roundness

IInnssttaalllliinngg tthhee WWaassttee GGaattee AAccttuuaattoorr RRoodd //
SSeettttiinngg tthhee WWaassttee GGaattee AAccttuuaattoorr

WWAARRNNIINNGG
TToo aavvooiidd iinnjjuurryy,, kkeeeepp ffiinnggeerrss aawwaayy wwhheenn ccoonn--
nneeccttiinngg tthhee wwaassttee ggaattee aaccttuuaattoorr ccoonnnneeccttoorr..
TThhee wwaassttee ggaattee aaccttuuaattoorr lleevveerr wwiillll mmoovvee wwhhiillee
tthhee wwaassttee ggaattee aaccttuuaattoorr iiss bbeeiinngg ccoonnnneecctteedd..

NNOOTTIICCEE
IItt iiss vveerryy iimmppoorrttaanntt ttoo ppeerrffoorrmm tthhee SSeettttiinngg tthhee
WWaassttee GGaattee AAccttuuaattoorr pprroocceedduurree wwhheenneevveerr
tthhee wwaassttee ggaattee aaccttuuaattoorr rroodd,, ssuuppppoorrtt,, oorr tthhee
aaccttuuaattoorr iittsseellff hhaavvee bbeeeenn rreemmoovveedd oorr
rreeppllaacceedd..

1. Connect the waste gate actuator connector.
2. In BUDS, select MMoovvee tthhee sseettuupp ppoossiittiioonn.
3. Hold the waste gate actuator rod at its flat spot,

using an 8-mm wrench and an open counter
nut.

1. Flat spot

4. Install the step collar with a NNEEWW wave shim
on the waste gate actuator rod.

EENNGGIINNEE
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5. Install the waste gate actuator rod on the waste
gate lever.

6. Install a NNEEWW locknut and tighten to
specification:

TTiigghhtteenniinngg TToorrqquuee

Locknut 7 ± 0.5 N∙m
(62 ± 4 lbf∙in)

7. Push the waste gate lever to the fully closed
position.

8. Try to install waste gate actuator rod on the
waste gate actuator lever while keeping the
waste gate fully closed.

CCOORRRREECCTT WWAASSTTEE GGAATTEE LLEENNGGTTHH

IINNCCOORRRREECCTT WWAASSTTEE GGAATTEE LLEENNGGTTHH

NNOOTTIICCEE
AA pprrooppeerrllyy aaddjjuusstteedd wwaassttee ggaattee aaccttuuaattoorr rroodd
wwiillll ffiitt ttiigghhttllyy iinn tthhiiss ppoossiittiioonn..
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9. If the waste gate actuator rod fits, continue
from step 14.

10. If the waste gate actuator rod does not fit, per-
form steps 11 to 13.

11.Push the waste gate lever to the fully closed
position and keep the waste gate in this
position.

12.Turn the coupling nut in half turns (180°) until
the waste gate actuator rod fits properly on the
waste gate actuator lever.

NNOOTTIICCEE
AA pprrooppeerrllyy aaddjjuusstteedd wwaassttee ggaattee aaccttuuaattoorr rroodd
wwiillll ffiitt ttiigghhttllyy iinn tthhiiss ppoossiittiioonn..

13.Once the waste gate actuator rod fits properly
on the waste gate actuator lever, turn the cou-
pling nut one additional half turn (180°)
counterclockwise.

14. In BUDS, select MMoovvee ttoo mmoouunnttiinngg ppoossiittiioonn.
15. Install the waste gate actuator rod on the waste

gate actuator lever.
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16. Install the used wave shim and retaining ring.

17.Tighten the counter nut to specification:

NNOOTTIICCEE
DDoo nnoott hhoolldd tthhee ccoouupplliinngg nnuutt oorr wwaassttee ggaattee
aaccttuuaattoorr rroodd nnuutt wwhhiillee ttiigghhtteenniinngg tthhee ccoouunntteerr
nnuutt..

TTiigghhtteenniinngg TToorrqquuee

Counter nut 9 ± 1 N∙m
(80 ± 9 lbf∙in)

18. In BUDS, select AAddjjuusstt RRoodd LLeennggtthh and the
program will automatically perform the follow-
ing steps:
1. Move to the open position.
2. Detect and moved to the closed position.
3. Move linearly from the detected closed po-

sition to the open position.
4. Move linearly from the open position to the

detected closed position .
5. Move to the open position.

19. If AAddjjuusstt RRoodd LLeennggtthh was performed with an
error, follow the instructions in the service rou-
tine window to solve the error.

20. If the MMoovveemmeenntt cchheecckk was performed suc-
cessfully, the message “The adjustment is
completed” will appear in the service routine
window.

21. In BUDS, select MMoovvee ttoo mmoouunnttiinngg ppoossiittiioonn
for proper waste gate actuator rod installation.

22.Remove the retaining ring and wave shim, and
discard them.

23. Install a NNEEWW wave shim and a NNEEWW retaining
ring.

24.With NNEEWW parts installed, repeat the AAddjjuusstt
RRoodd LLeennggtthh steps.
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TTUURRBBOOCCHHAARRGGEERR

RReemmoovviinngg tthhee TTuurrbboocchhaarrggeerr
1. Drain the engine coolant.
2. Remove the turbocharger screws.

3. Remove the turbocharger and discard the
gasket.

NNOOTTIICCEE
KKeeeepp tthhee oolldd ggaasskkeett ttoo ppeerrffoorrmm tthhee lleeaakkaaggee
tteesstt..

IInnssppeeccttiinngg tthhee TTuurrbboocchhaarrggeerr
1. Check the turbocharger for the following:

– Damage or cracks
– Corrosion
– Oil or water leaks
– Contamination and/or oil coking at oil inlet

and outlet
– Rotor shaft for smooth, easy rotation
– Sealing surface at crankcase for damage.

1. Water outlet
2. Water inlet
3. Oil inlet
4. Oil outlet

TTeessttiinngg tthhee RRoottoorr SShhaafftt BBeeaarriinngg LLeeaakkaaggee
1. Install the screws through the turbocharger

and position a used gasket on the screws.

2. Install the turbocharger on the pressure test
plate and tighten the turbocharger screws ac-
cording the following sequence:

TTuurrbboo bbeeaarriinngg pprreessssuurree tteesstt
ppllaattee
((PP//NN 552299003366662288))

TTiigghhtteenniinngg TToorrqquuee

Turbocharger screws 25 ± 3 N∙m
(18 ± 2 lbf∙ft)
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3. Install the adapter with O-ring into the pressure
test plate.

AAddaapptteerr ggaauuggee
((PP//NN 552299003366446611))

4. Install the gauge adapter into the adapter.

EEnnggiinnee lleeaakk ddoowwnn tteesstt kkiitt
((PP//NN 552299003355666611))

5. Connect the leak tester to an appropriate air
supply.

6. Set the needle of the measuring gauge to zero.

NNOOTTIICCEE
AAllll tteesstteerrss hhaavvee ssppeecciiffiicc iinnssttrruuccttiioonnss oonn
ggaauuggee ooppeerraattiioonn aanndd tthhee rreeqquuiirreedd pprreessssuurree..

7. Supply the turbocharger with pressurized air.

NNOOTTIICCEE
DDuurriinngg tthhee lleeaakkaaggee tteesstt,, aappppllyy aa sslliigghhtt aalltteerr--
nnaattiinngg rraaddiiaall pprreessssuurree ttoo tthhee sshhaafftt ttoo aacchhiieevvee
aa pprrooppeerr tteesstt rreessuulltt..

RRoottoorr SShhaafftt BBeeaarriinngg LLeeaakkaaggee TTeesstt

Service limit 50%

IInnssppeeccttiinngg tthhee TTuurrbbiinnee aanndd CCoommpprreessssoorr
RRoottoorrss
1. Visually inspect the rotors for the following:

– Bent blades
– Any damage
– Thermal stress (turbine rotor).

2. Visually check the radial clearance of the ro-
tors around their complete circumferences.

TTUURRBBIINNEE RROOTTOORR CCLLEEAARRAANNCCEE

CCOOMMPPRREESSSSOORR RROOTTOORR CCLLEEAARRAANNCCEE

3. If there are any signs of radial wear, replace
the turbocharger.

IInnssppeeccttiinngg tthhee RRoottoorr SShhaafftt
1. Check for discoloration of the shaft caused by

overheating.
2. Move the shaft back and forth to measure the

axial clearance using a dial gauge.
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RRoottoorr SShhaafftt AAxxiiaall CClleeaarraannccee

Service limit Maximum of 0.02 mm
(0.0079 in.)

IInnssppeeccttiinngg tthhee CCoooollaanntt CChhaammbbeerr SSccrreeww PPlluugg
1. Check the coolant chamber screw plug and

sealing ring for any signs of leakage.

2. If required, remove the coolant chamber screw
plug and discard the sealing ring.

For removal of the waste gate actuator support
bracket, refer to Disassembling the Waste
Gate Actuator.

3. Install the coolant chamber screw plug with a
NNEEWW sealing ring and tighten to specification:

TTiigghhtteenniinngg TToorrqquuee

Coolant chamber
screw plug

31 ± 2 N∙m
(22 ± 1 lbf∙ft)

IInnssttaalllliinngg tthhee TTuurrbboocchhaarrggeerr
1. Install a NNEEWW turbocharger gasket on the lo-

cating pins.

2. Install the turbocharger on the locating pins.

3. Install the turbocharger screws and tighten
them according to the following sequence:

TTiigghhtteenniinngg TToorrqquuee

Turbocharger screws 25 ± 3 N∙m
(18 ± 2 lbf∙ft)

4. Install all other previously removed parts.
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NNootteess
RReellaatteedd DDooccuummeennttss
BBuulllleettiinnss

IInnssttrruuccttiioonn SShheeeettss

OOtthheerr

NNootteess
TTeecchhnniicciiaann’’ss NNootteess

Notes
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0044 GGeeaarrbbooxx aanndd 44xx44 DDrriivvee SShhaafftt

= Component must be replaced when removed.NEW

50 ± 6 N•m
(37 ± 4 lbf•ft)

Copaslip

Loctite 243

Engine oil

NEW

40 ± 4 N•m
(30 ± 3 lbf•ft)

Refer to 
CYLINDER BLOCK

See tightening
sequence

Loctite 243

40 ± 4 N•m
(30 ± 3 lbf•ft)

See tightening
sequence

Loctite 243

GGeeaarrbbooxx aanndd 44xx44 DDrriivvee SShhaafftt
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= Component must be replaced when removed.NEW

See tightening sequence

5 ± 0,6 N•m
(44 ± 5 lbf•in)

30 ± 3 N•m
(22 ± 2 lbf•ft)

Multi purpose grease LS3

Multi purpose grease LS3

DCT oil
30 ± 3 N•m

(22 ± 2 lbf•ft)

NEW

NEW

5 ± 0,6 N•m
(44 ± 5 lbf•in)

NEW

5 ± 0,6 N•m
(44 ± 5 lbf•in)

NEW

22 ± 2 N•m
(16 ± 1 lbf•ft)

DCT oil

11 ± 1 N•m
(97 ± 9 lbf•in)

11 ± 1 N•m
(97 ± 9 lbf•in)

30 ± 3 N•m
(22 ± 2 lbf•ft)

NEW

NEW

Multi purpose
grease LS3

NEW

DCT oil

11 ± 1 N•m
(97 ± 9 lbf•in)

11 ± 1 N•m
(97 ± 9 lbf•in)

NEW

NEW 11 ± 1 N•m
(97 ± 9 lbf•in)

Loctite 243
4,5 ± 0,5 N•m
(40 ± 4 lbf•in)

30 ± 3 N•m
(22 ± 2 lbf•ft)

NEW

NEW

NEW

NEW

GGeeaarrbbooxx aanndd 44xx44 DDrriivvee SShhaafftt
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= Component must be replaced when removed.NEW

See tightening sequence

22 ± 2 N•m
(16 ± 1 lbf•ft)

11 ± 1 N•m
(97 ± 9 lbf•in)

11 ± 1 N•m
(97 ± 9 lbf•in)

NEW

22 ± 2 N•m
(16 ± 1 lbf•ft)

15 ± 2 N•m
(133 ± 18 lbf•in)

2,7 ± 0,2 N•m
(24 ± 2 lbf•in)

NEW

DCT oil

DCT oil

DCT oil

GGeeaarrbbooxx aanndd 44xx44 DDrriivvee SShhaafftt
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= Component must be replaced when removed.NEW

Multi purpose grease LS3

2 ± 0,2 N•m
(18 ± 2 lbf•in)

DCT oil

11 ± 1 N•m
(97 ± 9 lbf•in)

11 ± 1 N•m
(97 ± 9 lbf•in)

30 ± 3 N•m
(22 ± 2 lbf•ft)

NEW

Multi purpose
grease LS3

11 ± 1 N•m
(97 ± 9 lbf•in)

2,7 ± 0,2 N•m
(24 ± 2 lbf•in)

NEW

See tightening sequence

11 ± 1 N•m
(97 ± 9 lbf•in)

11 ± 1 N•m
(97 ± 9 lbf•in) Loctite 243

NEW

DCT oil

11 ± 1 N•m
(97 ± 9 lbf•in)

2,7 ± 0,2 N•m
(24 ± 2 lbf•in)

NEW

See tightening sequence
11 ± 1 N•m

(97 ± 9 lbf•in)

11 ± 1 N•m
(97 ± 9 lbf•in)

Loctite 243 NEW

NEW

NEW

DCT oil

Loctite 5910

11 ± 1 N•m
(97 ± 9 lbf•in)

DCT oil

GGeeaarrbbooxx aanndd 44xx44 DDrriivvee SShhaafftt
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GGEEAARRBBOOXX

SSEERRVVIICCEE TTOOOOLLSS
DDeessccrriippttiioonn PPaarrtt NNuummbbeerr PPaaggee

COVER WASHER INSTALLER . . . . . . . . . . . . . . . . . . . . . . (P/N 529036592) . . . . . . . . . . . . . . . . . . . . . . . 210
ECM ADAPTER TOOL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036513) . . 213, 218, 230, 232, 234–236
HANDLE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 420877650) . . . . . . . . . . . . . . . . . . . 208, 228
OIL SEAL INSTALLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036585) . . . . . . . . . . . . . . . . . . . . . . . 207
OIL SEAL INSTALLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036586) . . . . . . . . . . . . . . . . . . . . . . . 207
OIL SEAL INSTALLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036588) . . . . . . . . . . . . . . . . . . . . . . . 208
OIL SEAL INSTALLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036591) . . . . . . . . . . . . . . . . . . . . . . . 228
OIL SEAL SLEEVE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036587) . . . . . . . . . . . . . . . . . . . . . . . 208
OIL SEAL SLEEVE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036589) . . . . . . . . . . . . . . . . . . . . . . . 208
PROTECTION SLEEVE . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036584) . . . . . . . . . . . . . . . . . . . . . . . 207
SHIFT DRUM ROTATION TOOL . . . . . . . . . . . . . . . . . . . . . (P/N 529000158) . . . . . . . . . . . . . . . . . . . . . . . 225

SSEERRVVIICCEE PPRROODDUUCCTTSS
DDeessccrriippttiioonn PPaarrtt NNuummbbeerr PPaaggee

COPASLIP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211
DCT OIL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214, 217, 228, 239, 241
LOCTITE 243 (BLUE) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 206, 211, 217, 230
LOCTITE 5910 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219
SUPER LUBE GREASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207, 228

GGEENNEERRAALL
Always disconnect the negative battery cable be-
fore working on the engine.

WWAARRNNIINNGG
AAllwwaayyss ddiissccoonnnneecctt tthhee BBLLAACCKK ((--)) ccaabbllee ffiirrsstt
aanndd rreeccoonnnneecctt iitt llaasstt..

Always carry out electrical tests on components
before removing or installing them, to ensure their
state of operation.

During assembly/installation, use the torque val-
ues and service products shown in the exploded
views. Clean threads before applying a thread
locker.

Refer to Self-Locking Fasteners and Loctite

Application at the beginning of this manual for
complete procedure.

NNOOTTIICCEE
UUssee tthhee uuttmmoosstt ccaarree wwhheenn ccaarrrryyiinngg oouutt rree--
ppaaiirrss.. CCoonnttaammiinnaattiioonn mmaayy ccaauussee sshhiiffttiinngg aanndd//
oorr cclluuttcchh eerrrroorrss..

NNOOTTIICCEE
HHoosseess,, ccaabblleess oorr lloocckkiinngg ttiieess rreemmoovveedd dduurriinngg
aa pprroocceedduurree mmuusstt bbee rreeiinnssttaalllleedd ppeerr ffaaccttoorryy
ssttaannddaarrddss..

SSyysstteemm DDeessccrriippttiioonn

MMeecchhaanniiccaall CCoommppoonneennttss
Basically, the gearbox consists of the following:
– Front gearbox housing, which contains the

clutch cavity
– Center gearbox housing, which contains the

gear cavity
– Rear gearbox housing, which contains the bev-

el gear cavity

The clutch cavity includes the following:
– Primary drive

GGeeaarrbbooxx aanndd 44xx44 DDrriivvee SShhaafftt
GEARBOX
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– Two independent, wet multiplate clutches
– Hydraulic system with the hydraulic housing,

three scavenge pumps, internal oil tank and
vane pump for pressurized DCT oil

The gear cavity includes the following:
– 7-speed sequential main gearset with reverse

and main gearset shift drum
– High/low gearset with integrated park lock and

high/low shift drum

– 4 x 4 drive shaft
– Pinion drive shaft

The gearbox has its own independent pressure oil
system for clutch clamping, clutch cooling and
gear lubrication using DCT oil.

The bevel gear cavity includes the bevel drive
gears. It is separated from the gear cavity and has
splash lubrication using gear oil.

1

2

5
3

4

5

6

1. Clutch cavity
2. Gear cavity
3. Bevel gear cavity
4. Gearbox input
5. Gearbox output to rear wheels
6. Gearbox output 4x4 drive

GGeeaarrbbooxx aanndd 44xx44 DDrriivvee SShhaafftt
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GGEEAARRBBOOXX -- CCOOMMPPOONNEENNTTSS
1. Primary shaft with primary damper - gearbox input
2. Clutch 1 – transmits torque to sub gearbox 1 (1st, 3rd, 5th, 7th and reverse gear)
3. Clutch 2 - transmits torque to sub gearbox 2 (2nd, 4th and 6th gear)
4. Counter shaft transmits torque to the odd gear sets (1st, 3rd, 5th, 7th and reverse gear)
5. Hollow shaft transmits torque to the even gear sets (2nd, 4th and 6th gear)
6. Sub gearbox 1, including odd gearsets (1st, 3rd, 5th, 7th and reverse gear)
7. Sub gearbox 2, including even gearsets (2nd, 4th and 6th gear)
8. Main shaft 1
9. Main shaft 2
10. Intermediate shaft with secondary damper, including high, low and park gear
11.Pinion drive shaft
12.Drive shaft with crown gear – gearbox output to rear wheels
13.4x4 drive shaft - gearbox output to front wheels
14.Shift drum for shifting the main gearset (1st-7th and reverse gear)
15.Shift drum for shifting the High/Low gearset and park lock lever

GGeeaarrbbooxx aanndd 44xx44 DDrriivvee SShhaafftt
GEARBOX
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2

6

5

9
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1

14

15

3

4

11

10

8

7

16

GGEEAARRBBOOXX -- CCOOMMPPOONNEENNTTSS
1. Primary shaft with primary damper - gearbox input
2. Clutch 1
3. Clutch 2
4. Oil pump drive gear for 2 scavenge pumps
5. Oil pump gear for 1 scavenge pump
6. Drive shaft with crown gear – gearbox output to rear wheels
7. Shift drum for shifting the main gearset (1st-7th and reverse gear)
8. Hollow shaft
9. Counter shaft
10.Main shaft 1
11.Main shaft 2
12. Intermediate shaft with secondary damper
13.Pinion drive shaft
14.4x4 drive shaft - gearbox output to front wheels
15.Shift drum for shifting the high/low gearset

GGeeaarrbbooxx aanndd 44xx44 DDrriivvee SShhaafftt
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GGeeaarrbbooxx LLuubbrriiccaattiioonn SSyysstteemm,, HHyyddrraauulliicc aanndd
CClluuttcchh

1

3

2
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GGEEAARRBBOOXX –– PPRREESSSSUURREE PPUUMMPP CCIIRRCCUUIITT

1. Vane pump: variable displacement oil pump in-
cluding a spool valve which supplies steady
line oil pressure of approx. 17 bar throughout
the whole engine speed range, the vane pump
supplies pressurized oil for clamping and cool-
ing both clutches and for lubricating and cool-
ing the gearbox

2. Oil temperature sensor
3. Gearbox oil filter
4. Pressure sensor (LPS) monitors line pressure

provided by the vane pump
5. Clutch 1 solenoid valve (CV1): proportional

valve, controls pressurized oil for clutch clamp-
ing and cooling of clutch 1 (C1)
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6. Pressure sensor (CP1): monitors oil pressure
for clamping and cooling of clutch 1 (C1)

7. Clutch 2 solenoid valve (CV2): proportional
valve, controls pressurized oil for clutch clamp-
ing and cooling of clutch 2 (C2)

8. Pressure sensor (CP2): monitors oil pressure
for clamping and cooling of clutch 2 (C2)

9. Oil cooler for supply of cooled oil to clutch cool-
ing solenoid valve (CCV) for additional cooling
of clutch 1 and to the bearing points of gearbox
shafts and gears for lubrication and cooling

10.Clutch cooling solenoid valve (CCV): ON/OFF
valve, releases pressurized oil to clutch 1 (C1)
for additional cooling

11.Oil channel to supply cooled oil to primary shaft
with primary damper

12.Oil manifold for gearset cooling and lubrication
13.Oil channels to supply cooled oil to both main

shafts, counter shaft and intermediate shaft
with secondary damper
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GGEEAARRBBOOXX –– SSCCAAVVEENNGGEE PPUUMMPP CCIIRRCCUUIITT

1. Suction point of the left side gearbox cavity for
returning oil to the scavenge pump

2. Suction point of the right side gearbox cavity
for returning oil to the scavenge pump

3. Oil return from the hydraulic housing towards
the clutch cavity

4. Suction point of clutch cavity for returning oil to
the scavenge pump

5. Oil sieves for pre-filtering the return oil

6. Scavenge pump (width 19 mm), evacuating re-
turn oil from left side gearbox cavity

7. Scavenge pump (width 22 mm), evacuating oil
from clutch cavity

8. Scavenge pumps (width 16 mm), evacuating
oil from right side gearbox cavity

9. Oil channel for return oil from the 3 scavenge
pumps towards the internal oil tank
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10. Impeller, seperates air from DCT oil before en-
tering the oil tank

11.Oil tank
12.Pressure relief valve of oil tank
13.Oil sieve inside oil tank, for pre-filtering DCT oil

before entering the vane pump
14.Oil channel from oil tank towards the vane

pump

15.Vane pump
16.Magnetic oil drain plugs for the gear cavity,

clutch cavity and oil tank
17.Oil drain plug for hydraulic housing cavity
18.Oil level plug
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OOIILL PPUUMMPP AANNDD OOIILL PPUUMMPP DDRRIIVVEE -- CCOOMMPPOONNEENNTTSS
1. Primary shaft with primary damper - gearbox input
2. Drive gear 28T – drives the impeller
3. Oil pump gear 45T – drives vane pump and oil pump shaft
4. Drive gear 35T
5. Oil pump gear 32T
6. Oil pump shaft, drives 2 scavenge pumps
7. Oil sieve for pre-filtering the return oil from clutch cavity
8. Scavenge pump (width 22 mm), evacuating return oil from clutch cavity
9. Scavenge pump (width 16 mm), evacuating return oil from left side gearbox cavity
10.Scavenge pump (width 16 mm), evacuating return oil from right side gearbox cavity
11. Impeller, seperates air from DCT oil before entering the oil tank, air is directed back to the clutch cavity
12.Oil tank cover
13.Pressure relief valve of oil tank
14.Oil sieve inside oil tank, pre-filters DCT oil before entering the vane pump
15.Vane pump
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CCLLUUTTCCHH -- CCOOMMPPOONNEENNTTSS
1. Primary shaft with primary damper - gearbox input
2. Clutch drum assy
3. Counter shaft
4. Pressure plate
5. Spring plate assy
6. Oil duct cover, guides cooled DCT oil for cooling of clutch 1
7. Clutch hub outer side for clutch 1
8. Clutch hub inner side for clutch 2
9. For each clutch 6 friction plates 1.6 mm and 6 clutch plates 2.1 mm
10.Clutch plate 5 mm
11.Hydraulic housing
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GGEEAARRBBOOXX –– DDCCTT PPRREESSSSUURREE OOIILL SSUUPPPPLLYY TTOO CCLLUUTTCCHH

1. Clutch 1
2. Counter shaft
3. Clutch 2
4. Hollow shaft
5. Vane pump
6. Oil filter cavity
7. Oil line from oil filter to oil cooler
8. Oil cooler
9. Oil line to supply cooled DCT oil to clutch cool-

ing solenoid valve (CCV) and to bearing points
of gearbox shafts and gears

10.CCV
11.Oil inlet to counter shaft for additional cooling

of clutch 1

12.Oil line from oil filter to LPS, CV1 and CV2
13.Oil line to LPS
14.LPS
15.CV1
16.CP1, monitors oil pressure of clutch 1 (C1)
17.Oil inlet to counter shaft for clamping and cool-

ing of clutch 1
18.CV2
19.CP2, monitors oil pressure of clutch 2 (C2)
20.Oil inlet to counter shaft for clamping and cool-

ing of clutch 2
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CLUTCH 1

CLUTCH 2

COOLING CLUTCH 1

GGEEAARRBBOOXX –– CCLLUUTTCCHH CCLLAAMMPPIINNGG AANNDD CCOOOOLLIINNGG
1. Counter shaft
2. Hollow shaft
3. Pressurized DCT oil supply from CV1 to clutch 1
4. Pressure plate is clamping clutch plates of clutch 1, clutch 1 transfers torque to counter shaft
5. 2 small oil nozzles for constant minimum cooling of clutch plates when clutch is pressurized
6. Oil bores in clutch drum for cooling clutch plates by centrifugal force
7. Spring plate moves pressure plate for opening clutch when clutch 2 is not pressurized
8. Pressurized DCT oil supply from CV2 to clutch 2
9. Pressure plate is clamping clutch plates of clutch 2, clutch 2 transfers torque to hollow shaft
10.Spring plate moves pressure plate for opening clutch when clutch 1 is not pressurized
11.CVV supplies high pressure and cooled DCT oil for cooling clutch 1 only if the clutch temperature or oil temperature is above a certain

threshold
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EElleeccttrriiccaall CCoommppoonneennttss

GGEEAARRBBOOXX –– SSYYSSTTEEMM AARRCCHHIITTEECCTTUURREE

– ECM: Engine Control Module
– CV1: Clutch Solenoid Valve 1 (Clutch 1)
– CP1: Clutch Pressure Sensor 1 (Clutch 1)
– CCV: Clutch Cooling Solenoid Valve (extra

cooling of Clutch 1)
– CV2: Clutch Solenoid Valve 2 (Clutch 2)
– CP2: Clutch Pressure Sensor 2 (Clutch 2)
– LPS: Line Pressure Sensor
– GBTS: Gearbox Temperature Sensor
– SS2: Speed Sensor 2 (Clutch 2)
– SS1: Speed Sensor 1 (Clutch 1)

– VSS: Vehicle Speed Sensor
– SHIFT: Actuator (shifting main gearset)
– GBPS1: Gearbox Position Sensor 1 (main

gearset)
– H/L: Actuator (shifting high/low gearset)
– GBPS2: Gearbox Position Sensor 2 (high/low

gearset)
– PARK_SW: Park Switch
– SFS: Shift Fork Sensor (High/Low position)
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GGEEAARRBBOOXX –– LLOOCCAATTIIOONN OOFF EELLEECCTTRRIICCAALL CCOOMMPPOONNEENNTTSS

1. CCV: Clutch Cooling Solenoid Valve (extra
cooling of Clutch 1)

2. CV1: Clutch Solenoid Valve 1 (Clutch 1)
3. CV2: Clutch Solenoid Valve 2 (Clutch 2)
4. CP1: Clutch Pressure Sensor 1 (Clutch 1)
5. LPS: Line Pressure Sensor
6. CP2: Clutch Pressure Sensor 2 (Clutch 2)
7. GBTS: Gearbox Temperature Sensor
8. SHIFT: Actuator (shifting main gearset)

9. GBPS1: Gearbox Position Sensor 1 (main
gearset)

10.H/L: Actuator (shifting high/low gearset)
11.GBPS2: Gearbox Position Sensor 2 (high/low

gearset)
12.SS1: Speed Sensor 1 (Clutch 1)
13.SS2: Speed Sensor 2 (Clutch 2)
14.VSS: Vehicle Speed Sensor
15.SFS: Shift Fork Sensor (High/Low position)
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16.PARK_SW: Park Switch
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SSppeeeedd SSeennssoorrss ((SSSS11,, SSSS22 aanndd VVSSSS))
The gearbox has three identical digital Hall-effect
speed sensors, which provide the actual gear
speed signal and direction signals of clutch 1
(SS1), clutch 2 (SS2) and 4 x 4 drive shaft (VSS)
to the ECM.

1. Vehicle speed sensor (VSS)
2. Speed sensor 1 (SS1)
3. Speed sensor 2 (SS2)

SSSS11 SSHHOOWWNN –– SSPPEEEEDD SSIIGGNNAALL OOFF CCLLUUTTCCHH 11 TTHHRROOUUGGHH
GGEEAARR PPIINNIIOONN 11SSTT GGEEAARR

SSSS22 SSHHOOWWNN –– SSPPEEEEDD SSIIGGNNAALL OOFF CCLLUUTTCCHH 22 TTHHRROOUUGGHH
GGEEAARR PPIINNIIOONN 22NNDD GGEEAARR

VVSSSS SSHHOOWWNN –– SSPPEEEEDD SSIIGGNNAALL OOFF VVEEHHIICCLLEE TTHHRROOUUGGHH
DDRRIIVVEE SSHHAAFFTT 5500 TTEEEETTHH

GGeeaarrbbooxx PPoossiittiioonn SSeennssoorrss ((GGBBPPSS11,, GGBBPPSS22))
The GBPS is an analog hall-effect sensor that pro-
vides the actual shift drum angle to the ECM. The
gearbox has two identical gearbox position sen-
sors for the main shift drum (GBPS 1) and high/
low shift drum (GBPS 2). The system requires a
magnet, which is mounted on the shift drum.
When replacing the GBPS, ECM, shift drum or
gearbox assembly, its values must be reset for
proper operation.
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1. GBPS2
2. Magnet, mounted on high/low shift drum

PPaarrkk SSwwiittcchh ((PPAARRKK__SSWW))
The on/off-type park switch is switched by a cam
on the park lock lever when the vehicle is locked
in the Park position.

1. Park switch (PARK_SW)
2. Cam on park lock lever
3. High/Low shift drum

AAccttuuaattoorr ((SSHHIIFFTT,, HH//LL))
The gear shifting system consist of two electrically
controlled actuators that move two individual shift
drums to a desired position. The position set point
is sent through the CAN. The actuator consists of
a brushless DC motor and a non-contacting angle
sensor integrated in one housing.

The output shaft of the main gearset actuator
drives the shift drum through a two-stage drive
gear, while the high/low shift drum is driven by a
three-stage drive gear.

The actuator provides the current angle of its out-
put shaft during and between the shifting
sequences.

After switching to ignition ON, the ECM activates
the actuators for position referencing.

The main gearset actuator (SHIFT) and High/Low
gearset actuator (H/L) have different software in-
stalled and are therefore not interchangeable.

MMAAIINN GGEEAARRSSEETT SSHHIIFFTT DDRRUUMM 22--SSTTAAGGEE DDRRIIVVEE
1. Actuator (SHIFT)
2. Drive shaft 11 T.
3. Double gear 11/66 T.
4. Main gearset Shift drum

HHII//LLOOWW SSHHIIFFTT DDRRUUMM 33--SSTTAAGGEE DDRRIIVVEE
1. Actuator (H/L)
2. Drive shaft 11 T.
3. Double gear 11/66 T.
4. Intermediate gear 39 T.
5. High/low Shift drum

SShhiifftt FFoorrkk PPoossiittiioonn SSeennssoorr ((SSFFSS))
The high/low shift fork position sensor (SFS) is an
analogue Hall-effect linear sensor which detects
the actual linear position of the High/Low shifting
fork with a magnet. The sensor (SFS) provides the
linear signal to the ECM and therefore detects if
the High gear or Low gear is engaged.

Owing to the preselect function of the High/Low
shifting fork, there may be a dog-on-dog situation
at vehicle standstill when shifting to High or Low
gear. If the ECU detects such a situation, the main
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transmission will shift in neutral to resolve the dog-
on-dog situation and then engage again the gears.

1. High/Low shift fork
2. Magnet, mounted on High/Low shift fork
3. High/Low shift fork position sensor

GGeeaarrbbooxx TTeemmppeerraattuurree SSeennssoorr ((GGBBTTSS))
The GBTS provides the DCT oil temperature to
the ECM, which among other things, is used to
calculate the clutch temperature.

CClluuttcchh SSoolleennooiidd VVaallvvee ((CCVV11,, CCVV22)) aanndd CClluuttcchh
CCoooolliinngg VVaallvvee ((CCCCVV))
The proportional acting pressure solenoid valves
(CV1, CV2) trigger the line pressure DCT oil for
clamping and cooling clutch 1 and clutch 2.

The ON/OFF acting clutch cooling valve (CCV) re-
leases line pressure DCT oil to clutch 1 for addi-
tional cooling.

– CCV
CClluuttcchh PPrreessssuurree SSeennssoorr ((CCPP11,, CCPP22)) aanndd LLiinnee
PPrreessssuurree SSeennssoorr ((LLPPSS))
The line pressure sensor (LPS) monitors the main
oil pressure transmitted from vane pump.

The clutch pressure sensors (CP1, CP2) monitor
the oil pressure coming from the clutch solenoid
valves (CV1, CV2).

1. CP1
2. LPS
3. CP2

IINNSSPPEECCTTIIOONN
GGeeaarrbbooxx DDCCTT OOiill PPrreessssuurree

OOiill pprreessssuurree tteesstt uussiinngg BBUUDDSS
1. Connect the vehicle to the BRP diagnostic soft-

ware (BUDS).
2. In BUDS, go to:

– MMeeaassuurreemmeenntt page
– LLiivvee VViieeww
– DDCCTT ooiill pprreessssuurree
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PPRROOCCEEDDUURREESS
GGEEAARRBBOOXX DDCCTT OOIILL

RReeccoommmmeennddeedd GGeeaarrbbooxx DDCCTT OOiill
NNOOTTIICCEE

PPlleeaassee nnoottee tthhaatt tthhee ggeeaarrbbooxx DDuuaall CClluuttcchh
TTrraannssmmiissssiioonn ssyysstteemm ((DDCCTT)) iiss aa hhiigghh ppeerr--
ffoorrmmiinngg,, hhiigghh mmaaiinntteennaannccee ssyysstteemm wwhhiicchh rree--
qquuiirreess hhiigghh qquuaalliittyy aanndd ppeerrffoorrmmiinngg ooiill ttoo
ffuunnccttiioonn ssaaffeellyy,, pprrooppeerrllyy aanndd ttoo mmaaiinnttaaiinn iittss
eexxppeecctteedd lliiffeeccyyccllee..
TThhee ggeeaarrbbooxx DDCCTT wwaass ddeevveellooppeedd aanndd vvaallii--
ddaatteedd uussiinngg tthhee XXPPSS DDCCTT ooiill..
DDaammaaggeess ccaauusseedd uussiinngg aann ooiill wwhhiicchh ddooeess nnoott
mmeeeett oorr eexxcceeeedd tthhee XXPPSS DDCCTT ooiill ssppeecciiffiiccaa--
ttiioonnss mmaayy nnoott bbee ccoovveerreedd bbyy BBRRPP''ss lliimmiitteedd
wwaarrrraannttyy..
DDoo nnoott uussee aannootthheerr ttyyppee ooff ooiill wwhheenn sseerrvviicciinngg..

XXPPSS RReeccoommmmeennddeedd GGeeaarrbbooxx DDCCTT OOiill

XPS full synthetic DCT Oil

IIff tthhee XXPPSS pprroodduucctt iiss nnoott aavvaaiillaabbllee

There is no replacement product for the XPS
DCT oil.

VVeerriiffyyiinngg tthhee DDCCTT GGeeaarrbbooxx OOiill LLeevveell
1. Place the vehicle on a level surface.

NNOOTTIICCEE
TToo oobbttaaiinn aa ggoooodd lleevveell rreeaaddiinngg,, tthhee vveehhiiccllee
mmuusstt bbee hhoorriizzoonnttaall iinn bbootthh ddiirreeccttiioonnss ((llaatteerraallllyy
aanndd lloonnggiittuuddiinnaallllyy))..
AAnn aanngglleedd vveehhiiccllee aalliiggnnmmeenntt ccaauusseess iinnccoorrrreecctt
DDCCTT ggeeaarrbbooxx ooiill lleevveell rreeaaddiinnggss aanndd mmaayy iinnfflluu--
eennccee ggeeaarrbbooxx bbeehhaavviioorr..

VVEEHHIICCLLEE OONN LLEEVVEELL SSUURRFFAACCEE

2. Select the PARK position.

3. Start the engine and let it idle for at least 1
minute.

4. Stop the engine.
5. Clean the area around the DCT gearbox oil

level plug.

RRIIGGHHTT--RREEAARR WWHHEEEELL WWEELLLL

6. Remove the oil level plug and discard the O-
ring.

1. Oil level plug
2. O-ring (discard)

7. Check the oil level. It should be at the top of
the outermost thread of the oil level hole.

OOIILL LLEEVVEELL
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8. To adjust the oil level, fill a syringe with the rec-
ommended oil. Refer to Recommended DCT
Gearbox Oil.

9. Add oil through the hole until it reaches the
proper level.

10.Re-install the oil level plug with a NNEEWW O-ring
and tighten it to specification.

Tightening Torque

DCT gearbox oil level
plug

5 ± 0.6 Nm
(44 ± 5 lbf-in)

11.Wipe off any spillage.

CChhaannggiinngg tthhee DDCCTT GGeeaarrbbooxx OOiill aanndd FFiilltteerr
1. Operate the vehicle for a few minutes to warm

the DCT oil.
2. Place the vehicle on a level surface.

NNOOTTIICCEE
TToo oobbttaaiinn aa ggoooodd lleevveell rreeaaddiinngg,, tthhee vveehhiiccllee
mmuusstt bbee hhoorriizzoonnttaall iinn bbootthh ddiirreeccttiioonnss ((llaatteerraallllyy
aanndd lloonnggiittuuddiinnaallllyy))..
AAnn aanngglleedd vveehhiiccllee aalliiggnnmmeenntt wwiillll ccaauussee aann iinn--
ccoorrrreecctt ggeeaarrbbooxx DDCCTT ooiill lleevveell rreeaaddiinngg aanndd
mmaayy iinnfflluueennccee ggeeaarrbbooxx bbeehhaavviioorr..

3. Select the PARK position and stop the engine.
4. From underneath the vehicle, clean the area

around both drain plugs.

DDRRAAIINN PPLLUUGG OOPPEENNIINNGGSS

5. Place a drain pan under the gearbox drain
plugs.

6. Remove both magnetic drain plugs. Discard
the gasket rings and O-ring.

7. Clean the magnetic drain plugs of metal shav-
ings and residue.

NNOOTTIICCEE
TThhee pprreesseennccee ooff ffiinnee aabbrraassiivveess iiss aacccceeppttaabbllee..

8. Remove the screws that hold the hydraulic
valve and oil filter protective cover in place.
Then remove the cover.

RRIIGGHHTT--RREEAARR WWHHEEEELL WWEELLLL

9. Clean the area around the oil filter cover.
10.Cut the locking tie and unplug the temperature

sensor connector.
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1. Oil filter cover
2. Locking tie
3. Temperature sensor connector

11.Remove the filter cover and discard the O-ring.

1. Oil filter cover screws
2. Oil filter cover
3. O-ring (discard it)
4. Oil filter

12.Check and clean the areas around the oil filter
inlet and outlet.

1. Oil filter housing
2. Oil inlet orifice from vane pump
3. Oil outlet orifice

13.Remove the oil drain plug from the hydraulic
valve cover. Discard the sealing ring.

1. Oil drain plug
2. Sealing ring (discard it)

14.Let the oil flow completely out of the hydraulic
housing.

15.Re-install the hydraulic housing drain plug with
a new sealing ring and tighten to specification.

TTiigghhtteenniinngg TToorrqquuee

Hydraulic housing
drain plug

15 ± 2 Nm
(133 ± 18 lbf-in)

16.Apply a thin layer of DCT oil onto the seal of
the new gearbox oil filter.

NNOOTTIICCEE
TThhee eennggiinnee ooiill ffiilltteerr aanndd ggeeaarrbbooxx ooiill ffiilltteerr aarree
ssiimmiillaarr.. DDoo nnoott ccoonnffuussee tthheemm..
TThhee eennggiinnee ooiill ffiilltteerr hhaass aa cclloosseedd eenndd,, wwhheerree--
aass tthhee ggeeaarrbbooxx ooiill ffiilltteerr iiss ooppeenn aatt bbootthh eennddss..
TThhee ggeeaarrbbooxx ooiill ffiilltteerr hhaass tthhee ““GGEEAARRBBOOXX OONN--
LLYY”” mmaarrkkeedd oonn iitt..

Engine Oil Filter Gearbox Oil Filter

1. Closed end
1. Open end (relief

valve)
2. “GEARBOX
ONLY” indication

17. Install the new oil filter into its housing.
18.Coat a new O-ring with DCT oil and slip it onto

the oil filter cover.
19. Install the filter cover and tighten the screws to

specification.
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TTiigghhtteenniinngg TToorrqquuee

Filter cover screws 11 ± 1 Nm
(97 ± 9 lbf-in)

20.Connect the temperature sensor and secure
the cable to the connector housing with a lock-
ing tie.

1. Oil filter cover
2. Locking tie
3. Temperature sensor connector

21. Install a new O-ring and gasket rings on the
gearbox drain plugs.

NNOOTTIICCEE
AA mmiissssiinngg oorr ddaammaaggeedd OO--rriinngg ccoouulldd lleeaadd ttoo iinn--
tteerrnnaall lleeaakkiinngg ooff tthhee ggeeaarrbbooxx aanndd ssuubbsseeqquueenntt
DDCCTT ooiill pprreessssuurree ffaaiilluurree..

22. Install the both gearbox drain plugs and tighten
them to specification.

TTiigghhtteenniinngg TToorrqquuee

Gearbox drain plugs 30 ± 3 Nm
(22 ± 2 lbf-ft)

23.From the RH side of the engine,, clean the
area around the DCT gearbox oil level plug.

RRIIGGHHTT--RREEAARR WWHHEEEELL WWEELLLL

24.Remove the level plug and the O-ring.

1. Oil level plug
2. O-ring

25.From the LH side of the engine, remove the
gearbox filler plug and discard the gasket ring.

26.Fill a syringe with the recommended DTC oil.
Refer to Recommended DCT Gearbox Oil.

Gearbox DCT oil quantity

3 to 3.5 l
(3.17 to 3.7 qt (liq.,US))
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27.Add the oil through the filler plug hole until the
oil level reaches the top of the outermost
thread of the oil level hole.

OOIILL LLEEVVEELL

28.Re-install the oil filler plug with a new gasket
ring and tighten it to specification.

TTiigghhtteenniinngg TToorrqquuee

DCT Gearbox oil filler
plug

30 ± 3 Nm
(22 ± 2 lbf-ft)

29.Re-install the oil level plug and tighten it to
specification.

NNOOTTIICCEE
RReeppllaaccee tthhee OO--rriinngg iiff bbrriittttllee oorr ddaammaaggee..

Tightening Torque

DCT gearbox oil level
plug

5 ± 0.6 Nm
(44 ± 5 lbf-in)

30.Wipe off any spillage.
31.Start engine and let it idle for at least 1 minute,

then check the DCT oil level, refer to Verifying
the Gearbox DCT Oil Level.

32.Adjust the level if necessary.
33. Install the hydraulic valve filter protective

cover.

TTiigghhtteenniinngg TToorrqquuee

Hydraulic valve filter
protective cover

screws

11 ± 1 Nm
(97 ± 9 lbf-in)

34.Dispose of the used oil and filter per local envi-
ronmental regulations.

FFIINNAALL DDRRIIVVEE OOIILL

RReeccoommmmeennddeedd FFiinnaall DDrriivvee OOiill
The XPS oil is specially formulated to meet the lu-
brication requirements of this final drive.

BRP strongly recommends the use of its XPS oil.

NNOOTTIICCEE
DDoo nnoott uussee aannootthheerr ttyyppee ooff ooiill wwhheenn sseerrvviicciinngg..

XXPPSS RReeccoommmmeennddeedd FFiinnaall DDrriivvee OOiill

75W140 Synthetic gear oil

IIff tthhee XXPPSS PPrroodduucctt iiss nnoott AAvvaaiillaabbllee

Use a 75W140 synthetic gear oil that meets the
API GL-5 specification.

VVeerriiffyyiinngg tthhee RReeaarr FFiinnaall DDrriivvee OOiill LLeevveell
1. Park the vehicle on a level surface.
2. Select the PARK position and stop the engine.
3. From the left side, clean the area around the

rear final drive oil level plug.

4. Remove the rear final drive oil level plug and
the O-ring.

5. Check the oil level. The oil should be level with
the bottom of the hole.

6. To adjust the oil level, fill a syringe with the rec-
ommended oil. Refer to Recommended Final
Drive Oil.

7. Add a small amount of oil through the oil level
hole until it reaches the bottom of the hole.

8. Inspect the oil level plug O-ring. Replace if
necessary

9. Install the oil level plug with the O-ring and
tighten to specification.

TTiigghhtteenniinngg TToorrqquuee

Rear final drive oil
level plug

5± 0.6 Nm
(44 ± 5 lbf-in)

GGeeaarrbbooxx aanndd 44xx44 DDrriivvee SShhaafftt
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CChhaannggiinngg tthhee RReeaarr FFiinnaall DDrriivvee OOiill
1. Park the vehicle on a level surface.
2. Select the PARK position and stop the engine.
3. From the left side, clean the area around the

rear final drive oil level plug.

OOIILL LLEEVVEELL PPLLUUGG

4. From the right side, clean the area around the
magnetic drain plug.

MMAAGGNNEETTIICC DDRRAAIINN PPLLUUGG—— SSKKIIDD PPLLAATTEE NNOOTT SSHHOOWWNN

5. Place a drain pan under the magnetic drain
plug area.

6. Remove the magnetic drain plug and discard
the sealing ring.

Allow oil to flow completely out of the final drive.

7. Remove the final drive oil level plug and the O-
ring.

8. Clean the magnetic drain plug of metal shav-
ings and residue.

The presence of fine shavings is acceptable.

9. Install the magnetic drain plug with a new seal-
ing ring and tighten to specification.

NNOOTTIICCEE
NNeevveerr uussee aa sseeaalliinngg rriinngg aa sseeccoonndd ttiimmee.. AAll--
wwaayyss rreeppllaaccee iitt wwiitthh aa nneeww oonnee..

Allow oil to flow completely out of the final drive
before installing the plug.

TTiigghhtteenniinngg TToorrqquuee

Rear final drive drain
plug

30 ± 3 Nm
(22 ± 2 lbf-ft)

10.Fill a syringe with the recommended oil. Refer
to Recommended Final Drive Oil.

11.Add oil through the hole until the it is level with
the bottom of the hole.

12. Inspect the oil level plug O-ring. Replace if
necessary

13.Re-install the oil level plug with the O-ring and
tighten to specification.

TTiigghhtteenniinngg TToorrqquuee

Rear final drive oil
level plug

5± 0.6 Nm
(44 ± 5 lbf-in)

GGEEAARRBBOOXX RREEMMOOVVAALL AANNDD IINNSSTTAALLLLAATTIIOONN

RReemmoovviinngg tthhee GGeeaarrbbooxx
NNOOTTIICCEE

BBeeffoorree rreemmoovviinngg tthhee eennggiinnee ffrroomm tthhee vveehhiiccllee,,
mmaakkee ssuurree tthhee NNeeuuttrraall ppoossiittiioonn iiss eennggaaggeedd..

1. Remove engine with gearbox from vehicle.
2. Attach overhead crane to the retaining plate

and place engine with gearbox onto a
workbench.
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3. Remove 4x4 drive shaft assembly, refer to Re-
moving the 4x4 Drive Shaft.

4. Cut locking ties and remove the protective
cover.

1. Locking ties
2. Protective cover screws
3. Protective cover

5. Unplug the actuator connector (SHIFT) and
GBPS 1 connector.

1. Actuator connector (SHIFT)
2. GBPS 1 connector

6. Remove cable clamp screw from oil tank and
cut locking ties from wiring harness.

7. Disconnect the following components:

– Gearbox HIC connector (HIC_GB_INT)
– CP1 connector
– CP2 connector
– LPS connector

1. Cable clamp screw
2. Locking ties
3. HIC
4. CP1
5. LPS
6. CP2

8. Cut locking ties and disconnect the GBTS.

9. Cut locking ties and disconnect the speed sen-
sor connectors.

1. Vehicle speed sensor (VSS)
2. Speed sensor 1 (SS1)
3. Speed sensor 2 (SS2)

GGeeaarrbbooxx aanndd 44xx44 DDrriivvee SShhaafftt
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10.Disconnect the park switch connector.

1. Park switch connector
2. Park switch

11.Remove cable clamp screw.

12.Unplug the actuator connector and GBPS 2
connector.

1. Actuator connector (HI_LOW)
2. GBPS 2 connector

13.Cut locking tie and disconnect SFS connector.

1. Locking tie
2. Connector
3. Shift fork sensor (SFS)

14.Put the gearbox part of the wiring harness
aside.

15.Attach crane hook of overhead crane to the
gearbox lifting hook. Then move gearbox out
from the workbench to gain access to the gear-
box screws.

NNOOTTIICCEE
TThhee eennggiinnee mmuusstt bbee ssttiillll llooccaatteedd ssaaffeellyy oonn tthhee
wwoorrkkbbeenncchh..

1. Gearbox lifting hook
2. Workbench

16.Remove both connecting flange nuts from top
of the gearbox, behind the oil cooler.
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17.Remove the connecting flange screws from
gearbox.

18.Move gearbox horizontally from engine while
gearbox is lifted up.

NNOOTTIICCEE
TThhee eennggiinnee mmuusstt bbee ssttiillll llooccaatteedd ssaaffeellyy oonn tthhee
wwoorrkkbbeenncchh..

IInnssppeeccttiinngg tthhee CCoonnnneeccttiinngg FFllaannggee
1. Clean the connecting flange and check for

cracks or other damage. Replace if necessary.

NNOOTTEE:: For replacing the connecting flange on
the engine, refer to Disassembling the Cylinder
Block.

2. Remove threadlocker residue from studs and
connecting flange nuts. Then clean with a
solvent.

1. Studs
2. Connecting flange nuts

IInnssttaalllliinngg tthhee GGeeaarrbbooxx
NNOOTTIICCEE

TThhee ggeeaarrbbooxx mmuusstt bbee iinn NNeeuuttrraall ttoo bbee iinn--
ssttaalllleedd eeaassiillyy..

1. Remove any threadlocker residue from
threaded holes in the front gearbox housing
using a tap. Then clean holes with a solvent.

GGeeaarrbbooxx aanndd 44xx44 DDrriivvee SShhaafftt
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2. Check that gasket ring is in place. Install a
NNEEWW gasket ring if necessary.

3. Attach overhead crane to the gearbox lifting
hook and align center of the primary shaft with
the center of the crankshaft.

1. Primary shaft
2. Crankshaft
3. Gearbox lifting hook

4. Align both studs with the holes in the front
gearbox housing and slide the gearbox onto
the crankshaft until the gearbox housing con-
tacts the connecting flange.

1. Studs, align with bores in gearbox
2. Bores in gearbox

5. If the gearbox cannot be inserted, the splines
of the crankshaft probably do not match with
the inner splines of the gearbox primary shaft.
In this case, turn the primary shaft slightly by
hand.

Alternatively, remove the plug screw with O-ring
(discard it) from the ignition cover and turn the
crankshaft slightly.

GGeeaarrbbooxx aanndd 44xx44 DDrriivvee SShhaafftt
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1. Splines of primary shaft
2. Splines of crankshaft

6. Apply a drop of threadlocker on threads of the
connecting flange screws.

LLooccttiittee 224433 ((bblluuee))

7. Install and tighten connecting flange screws to
specification.

TTiigghhtteenniinngg TToorrqquuee

Connecting flange
screws

40 ± 4 N∙m
(30 ± 3 lbf∙ft)

TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE

8. Install and tighten connecting flange nuts to
specification.

TTiigghhtteenniinngg TToorrqquuee

Connecting flange nuts 40 ± 4 N∙m
(30 ± 3 lbf∙ft)

TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE

9. Reconnect all connectors and install locking
ties per factory standards.

10.Reinstall engine with gearbox.
11.Reset the GBPS using BUDS.
12.Reset the ECM using BUDS.

GGEEAARRBBOOXX OOIILL SSEEAALLSS

OOiill SSeeaallss LLooccaattiioonn

1. Bevel drive shaft oil seal, left side
2. 4x4 drive shaft oil seal
3. Primary shaft oil seal
4. Front actuator cover oil seal

GGeeaarrbbooxx aanndd 44xx44 DDrriivvee SShhaafftt
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1. Bevel drive shaft oil seal, right side
2. Rear actuator cover oil seal

IInnssppeeccttiinngg tthhee OOiill SSeeaallss
1. Check oil seals for signs of leakage.
2. Replace oil seals if they are brittle, hard or

damaged.
3. Check running surface of shafts for scratches

or wear.
4. Replace if necessary.

RReemmoovviinngg tthhee OOiill SSeeaallss
Use a small, flat screwdriver to remove the oil
seals.

NNOOTTIICCEE
AAvvooiidd ssccoorriinngg ssuurrffaacceess wwhheenn rreeppllaacciinngg ooiill
sseeaallss..

BBeevveell DDrriivvee OOiill SSeeaallss

Drain the bevel gear oil and remove the rear drive
shaft.

44xx44 DDrriivvee SShhaafftt OOiill SSeeaall

Drain the DCT oil and remove the engine with
gearbox from the vehicle.

PPrriimmaarryy SShhaafftt OOiill SSeeaall

Remove the gearbox from the engine.

IInnssttaalllliinngg tthhee OOiill SSeeaallss
1. Before replacing an oil seal, take this opportu-

nity to inspect the following:

– Check bearings behind each oil seal for
contamination and/or metal shavings.

– Check oil seal running surfaces for
scratches or wear.

2. Clean shafts of any deposits.
3. Clean oil seal seats in gearbox housing.
4. Lubricate sealing lips all around and slightly fill

space between the sealing lips.

SSuuppeerr lluubbee ggrreeaassee

5. Press NNEEWW oil seal into gearbox housing.

NNOOTTIICCEE
OOiill sseeaallss mmuusstt bbee iinnssttaalllleedd wwiitthh sseeaalliinngg lliipp ttoo--
wwaarrddss ggeeaarrbbooxx oorr eennggiinnee..

BBeevveell DDrriivvee SShhaafftt OOiill SSeeaall,, LLeefftt SSiiddee

PPrrootteeccttiioonn SSlleeeevvee
((PP//NN 552299003366558844))

OOiill sseeaall iinnssttaalllleerr
((PP//NN 552299003366558866))

1. Bevel drive oil seal, left side
2. Protection sleeve
3. Oil seal installer

BBeevveell DDrriivvee SShhaafftt OOiill SSeeaall,, RRiigghhtt SSiiddee

PPrrootteeccttiioonn SSlleeeevvee
((PP//NN 552299003366558844))

OOiill sseeaall iinnssttaalllleerr
((PP//NN 552299003366558855))

GGeeaarrbbooxx aanndd 44xx44 DDrriivvee SShhaafftt
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1. Bevel drive oil seal, right side
2. Protection sleeve
3. Oil seal installer

44xx44 DDrriivvee SShhaafftt OOiill SSeeaall

OOiill sseeaall sslleeeevvee
((PP//NN 552299003366558899))

OOiill sseeaall iinnssttaalllleerr
((PP//NN 552299003366558888))

1. 4x4 drive shaft oil seal
2. Protection sleeve
3. Oil seal installer

PPrriimmaarryy SShhaafftt OOiill SSeeaall

OOiill sseeaall sslleeeevvee
((PP//NN 552299003366558877))

HHaannddllee
((PP//NN 442200887777665500))

1. Primary shaft oil seal
2. Oil seal installer
3. Handle

44XX44 DDRRIIVVEE SSHHAAFFTT

RReemmoovviinngg tthhee 44xx44 DDrriivvee SShhaafftt
1. Remove the engine with the gearbox from

vehicle.
2. Remove front LH engine bracket screws.

3. Pull out 4x4 drive shaft with engine bracket
from gearbox. Discard O-ring.

NNOOTTIICCEE
DDoo nnoott ddaammaaggee tthhee ccrraannkksshhaafftt ppoossiittiioonn sseenn--
ssoorr wwhhiillee ppuulllliinngg oouutt tthhee 44xx44 ddrriivvee sshhaafftt..

GGeeaarrbbooxx aanndd 44xx44 DDrriivvee SShhaafftt
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1. 4x4 drive shaft
2. Crankshaft position sensor (CPS)
3. Engine bracket

IInnssppeeccttiinngg tthhee 44xx44 DDrriivvee SShhaafftt
1. Check splines for wear, pitting or damage. Re-

place 4x4 drive shaft if necessary.
2. Check drive shaft bearings for contamination

and/or metal shavings. Check that 4x4 drive
shaft bearings turn freely and smoothly. Re-
place bearings if necessary.

1. Splines
2. Bearings

3. Check 4x4 drive shaft for cracks, bending or
other damage.

4. Check engine bracket for cracks or other visi-
ble damage.

RReeppllaacciinngg tthhee 44xx44 DDrriivvee SShhaafftt BBeeaarriinnggss
1. Remove cover washer, using a screwdriver.

2. Remove the small retaining ring.

3. Pull out 4x4 drive shaft from engine bracket by
hand.

4. Remove large retaining ring.
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5. Heat engine bracket to 160 °C (320 °F) and let
bearings fall out of their seats.

6. Heat engine bracket to 160 °C (320 °F) and in-
stall NNEEWW ball bearings, using a suitable
punch.

7. Both bearings have sealing rings on both
sides. After assembly, check that bearings are
completely assembled in their seats in the en-
gine bracket.

8. Reinstall the large retaining ring.

9. Install the 4x4 drive shaft and the small retain-
ing ring.

10. Install NNEEWW cover washer.

CCoovveerr wwaasshheerr iinnssttaalllleerr
((PP//NN 552299003366559922))

1. Cover washer
2. Cover washer installer

A. Cove washer installation distance

Cover Washer Installation Distance

2 to 3 mm
(.079 to .118 in)

GGeeaarrbbooxx aanndd 44xx44 DDrriivvee SShhaafftt
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IInnssttaalllliinngg tthhee 44xx44 DDrriivvee SShhaafftt
1. Remove any threadlocker residue from

threaded holes for the engine bracket screws.
Use a tap and clean holes with a solvent.

2. Install a NNEEWW O-ring.
3. Lubricate the O-ring and the splines of 4x4

drive shaft.

CCooppaasslliipp

1. O-ring
2. Splines, lubricate

4. Install the 4x4 drive shaft into the gearbox.
5. Apply a drop of threadlocker on threads of the

engine bracket screws.

LLooccttiittee 224433 ((bblluuee))

6. Tighten engine bracket screws to specification:

TTiigghhtteenniinngg TToorrqquuee

Engine bracket screws 50 ± 6 N∙m
(37 ± 4 lbf∙ft)

OOIILL CCOOOOLLEERR

OOiill CCoooolleerr llooccaattiioonn
The oil cooler is located on the top-front side of
the gearbox.

RReemmoovviinngg tthhee OOiill CCoooolleerr
1. Drain coolant and unplug coolant hoses.
2. Place rags or towels under oil cooler to catch

remaining oil and coolant.

NNOOTTEE:: A certain amount of DCT oil will drain out
of the oil cooler when removing it.

3. Remove the oil cooler and discard the gaskets.

GGeeaarrbbooxx aanndd 44xx44 DDrriivvee SShhaafftt
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1. Oil cooler screws
2. Oil cooler
3. Gaskets (discard them)

IInnssppeeccttiinngg tthhee OOiill CCoooolleerr
1. Check oil cooler for cracks and other damage.

Replace oil cooler if necessary.
2. If the oil cooler is contaminated with metal

chips from severe gearbox damage, replace it
with a new one.

IInnssttaalllliinngg tthhee OOiill CCoooolleerr
1. Install the oil cooler with NNEEWW gaskets.
2. Tighten oil cooler screws in two steps to the

specified torque, as follows:

Tightening Torque

Oil cooler
screws

Step A 8 ± 1 N∙m
(71 ± 9 lbf∙in)

Step B 8 ± 1 N∙m
(71 ± 9 lbf∙in)

TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE

3. Wipe off any oil and coolant spillage.
4. Check DCT oil level and top up if necessary.
5. Refill cooling system.

SSPPEEEEDD SSEENNSSOORR ((VVSSSS,, SSSS11 AANNDD SSSS22))

SSppeeeedd SSeennssoorr LLooccaattiioonnss
The vehicle speed sensor (VSS) is located on the
left side of the gearbox, above the 4x4 drive shaft.

The speed sensors 1 and 2 (SS1, SS2) are lo-
cated on the top-right side of the gearbox.

1. Vehicle speed sensor (VSS)
2. Speed sensor 1 (SS1)
3. Speed sensor 2 (SS2)

IInnssppeeccttiinngg aa SSppeeeedd SSeennssoorr
As a first troubleshooting step, always connect ve-
hicle to the BRP diagnostic software (BUDS) to
check for applicable fault codes.

TTeessttiinngg tthhee SSppeeeedd SSeennssoorr VVoollttaaggee ((HHaarrnneessss
SSiiddee))
1. Cut locking tie and disconnect the concerned

speed sensor connector.

VVSSSS SSHHOOWWNN
1. Locking tie
2. Speed sensor connector

2. Install key on D.E.S.S. post.
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3. Briefly press the START/STOP button to wake
up the ECM.

4. Probe harness connector terminals as follows:

SSppeeeedd sseennssoorrss IInnppuutt VVoollttaaggee TTeesstt

Speed sensors connector pin Specification

1 3 Battery
voltage

5. If battery voltage is not read, probe circuit as
follows:

SSppeeeedd sseennssoorrss IInnppuutt VVoollttaaggee TTeesstt

Speed
sensors

connector pin

Battery Specification

1 Negative post
(-)

Battery
voltage

6. If voltage is read to battery ground, check con-
tinuity of ground circuit. Refer to Testing the
Speed Sensor Circuit Continuity.

7. If voltage is not read to battery ground, carry
out Testing the Speed Sensor Circuit
Continuity.

TTeessttiinngg tthhee SSppeeeedd SSeennssoorr CCiirrccuuiitt CCoonnttiinnuuiittyy
1. Disconnect speed sensor connector and HIC_

RTX_M connector.
2. Measure resistance as follows:

SSppeeeedd sseennssoorrss GGrroouunndd CCiirrccuuiitt CCoonnttiinnuuiittyy
TTeesstt

Speed
sensors

connector pin
HIC_RTX_M
connector pin Specification

3 S

Close to 0 Ω1 F

1 E

F

S

1

3

E

3. Disconnect the connector 13 from the ECM.
4. Install the connector to the ECM adapter tool.

EECCMM aaddaapptteerr ttooooll
((PP//NN 552299003366551133))

5. Check continuity as follows:
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SSSS11 OOuuttppuutt CCiirrccuuiitt CCoonnttiinnuuiittyy TTeesstt

SS1
connector pin

ECM adapter
pin

Specification

2 43 Close to 0 Ω

SSSS22 OOuuttppuutt CCiirrccuuiitt CCoonnttiinnuuiittyy TTeesstt

SS2
connector pin

ECM adapter
pin

Specification

2 34 Close to 0 Ω

VVSSSS OOuuttppuutt CCiirrccuuiitt CCoonnttiinnuuiittyy TTeesstt

VSS
connector pin

ECM adapter
pin

Specification

2 17 Close to 0 Ω

6. Replace or repair defective wiring or
connectors.

7. If wiring is good, replace the concerned speed
sensor or check ECM.

RReemmoovviinngg tthhee SSppeeeedd SSeennssoorr
1. Cut locking tie and disconnect the concerned

speed sensor connector.

VVSSSS SSHHOOWWNN
1. Locking tie
2. Speed sensor connector

2. Remove the speed sensor screw and pull out
the speed sensor.

1. Speed sensor screw
2. Speed sensor

CClleeaanniinngg tthhee SSppeeeedd SSeennssoorr
1. Remove the speed sensor.
2. Remove all metal particles and oil from the

speed sensor magnet.

NNOOTTEE:: A dirty speed sensor may cause erratic
speedometer readings.

IInnssttaalllliinngg tthhee SSppeeeedd SSeennssoorr
1. Lubricate the O-ring.

DDCCTT ooiill

2. Tighten speed sensor screw to specification:

TTiigghhtteenniinngg TToorrqquuee

Speed sensor screw 11 ± 1 N∙m
(97 ± 9 lbf∙in)

3. Reconnect connector and install locking tie.

VVSSSS SSHHOOWWNN
1. Locking tie
2. Speed sensor connector

GGeeaarrbbooxx aanndd 44xx44 DDrriivvee SShhaafftt
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GGEEAARRBBOOXX PPOOSSIITTIIOONN SSEENNSSOORR ((GGBBPPSS11,,
GGBBPPSS22)) AANNDD MMAAGGNNEETTSS

GGBBPPSS11 aanndd GGBBPPSS 22 LLooccaattiioonn
The gearbox position sensor 1 (GBPS1) is located
on the rear side of the gearbox, behind the protec-
tion cover.

GGBBPPSS 11

The gearbox position sensor 2 (GBPS2) is located
on the top of the gearbox, behind the oil cooler.

GGBBPPSS 22

GGBBPPSS RReesseett
1. Reset GBPS 1 and GBPS 2 using BUDS.

TTeessttiinngg tthhee GGBBPPSS IInnppuutt VVoollttaaggee
As a first troubleshooting step, always connect the
vehicle to the BRP diagnostic software (BUDS) to
check for applicable fault codes.

1. TToo rreeaacchh tthhee GGBBPPSS11, remove the protective
cover.

1. Locking ties
2. Protective cover screws
3. Protective cover

2. FFoorr aallll GGBBPPSS, unplug the GBPS connector.
3. Install key on D.E.S.S. post.
4. Briefly press the START/STOP button to wake

up the ECM.
5. Perform the following tests:

GGBBPPSS IInnppuutt VVoollttaaggee

GGBBPPSS IInnppuutt VVoollttaaggee TTeesstt

GBP connector pin Specification

1 2 5 volts

GGBBPPSS IINNPPUUTT VVOOLLTTAAGGEE TTEESSTT

6. If voltage is adequate, check GBPS communi-
cation link continuity.

7. If there is no voltage, check each GBPS input
as follows:
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GGBBPPSS IInnppuutt VVoollttaaggee TTeesstt

GBPS
connector pin Battery Specification

1 Negative (-)
post 5 volts

2 Negative (-)
post Close to 0 Ω

8. If there is no voltage, check wires and connec-
tor pins.

9. Replace or repair defective parts and reset
fault codes.

TTeessttiinngg tthhee GGBBPPSS CCoommmmuunniiccaattiioonn LLiinnkk
CCoonnttiinnuuiittyy
1. Unplug HIC connector.
2. Test the continuity as follows:

GGBBPPSS11 CCoommmmuunniiccaattiioonn LLiinnkk CCoonnttiinnuuiittyy TTeesstt

GBPS1 pin HIC connector
pin

Specification

3 J Below 1 Ω

GGBBPPSS11 CCOOMMUUNNIICCAATTIIOONN LLIINNKK CCOONNTTIINNUUIITTYY TTEESSTT

GGBBPPSS22 CCoommmmuunniiccaattiioonn LLiinnkk CCoonnttiinnuuiittyy TTeesstt

GBPS2 pin HIC connector
pin

Specification

3 G Below 1 Ω

GGBBPPSS22 CCOOMMUUNNIICCAATTIIOONN LLIINNKK CCOONNTTIINNUUIITTYY TTEESSTT

3. If resistance is out of specification, check wires
and connectors. Repair and reset fault codes.

4. If resistance is good and the other tests suc-
ceeded, replace the GBPS and reset fault
codes.

5. Reset the GBPS.

RReemmoovviinngg tthhee GGBBPPSS aanndd MMaaggnneett
1. To reach the GBPS1, remove the protective

cover.

1. Locking ties
2. Protective cover screws
3. Protective cover

2. For all GBPS, unplug the respective actuator
connector and GBPS connector.
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GGBBPPSS 11 SSHHOOWWNN
1. Actuator connector (SHIFT)
2. GBPS 1 connector

GGBBPPSS 22 SSHHOOWWNN
1. Actuator connector (HI_LOW)
2. GBPS 2 connector

3. Remove the respective GBPS screws and re-
move GBPS.

GGBBPPSS 11 SSHHOOWWNN
1. GBPS screw
2. GBPS

GGBBPPSS 22 SSHHOOWWNN
1. GBPS screw
2. GBPS

4. Remove magnet screw and magnet.

1. Magnet screw
2. Magnet

IInnssttaalllliinngg tthhee GGBBPPSS aanndd MMaaggnneett
1. Align “nose” on the backside of the magnet

with the notch in the shift drum.
2. Apply a drop of threadlocker o threads of mag-

net screw.

LLooccttiittee 224433 ((bblluuee))

3. Tighten magnet screw to specification.

TTiigghhtteenniinngg TToorrqquuee

Magnet screw 2.7 ± 0.2 N∙m
(24 ± 2 lbf∙in)

4. Lubricate the GBPS O-ring.

DDCCTT ooiill

5. Tighten GBPS screws to specification:
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TTiigghhtteenniinngg TToorrqquuee

GBPS screw 11 ± 1 N∙m
(97 ± 9 lbf∙in)

6. For GBPS1, install the protective cover and
tighten screws to specification:

TTiigghhtteenniinngg TToorrqquuee

Protective cover screw 11 ± 1 N∙m
(97 ± 9 lbf∙in)

1. Locking ties
2. Protective cover screws
3. Protective cover

7. Reset the GBPS.

PPAARRKK SSWWIITTCCHH ((PPAARRKK__SSWW))

PPaarrkk SSwwiittcchh LLooccaattiioonn
The park switch is located on the top of the
gearbox.

TTeessttiinngg tthhee PPaarrkk SSwwiittcchh RReessiissttaannccee
1. Disconnect the park switch connector.

2. Measure the resistance of the park switch as
follows:

PPaarrkk SSwwiittcchh RReessiissttaannccee TTeesstt –– VVeehhiiccllee NNoott
lloocckkeedd iinn PPaarrkk PPoossiittiioonn

Park switch
connector pin

Engine Specification

1 Ground Infinite

PPaarrkk SSwwiittcchh RReessiissttaannccee TTeesstt –– VVeehhiiccllee
LLoocckkeedd iinn PPaarrkk PPoossiittiioonn

Park switch
connector pin

Engine Specification

1 Ground Close to 0 Ω

NNOOTTEE:: The park lever has a preselect function.
Push vehicle by hand to ensure vehicle is in
locked position.

3. If the resistance is out of specification, replace
the park switch.

4. If the resistance is correct, test the park switch
wiring circuit.

TTeessttiinngg tthhee PPaarrkk SSwwiittcchh WWiirriinngg CCiirrccuuiitt
CCoonnttiinnuuiittyy
1. Disconnect connector 13 from the ECM.
2. Install the connector to the ECM adapter tool.

EECCMM aaddaapptteerr ttooooll
((PP//NN 552299003366551133))

3. Disconnect the park switch connector.
4. Check continuity as follows:

PPaarrkk SSwwiittcchh WWiirriinngg CCiirrccuuiitt CCoonnttiinnuuiittyy TTeesstt

Connector pin
(harness side)

Adapter tool Specification

1 13–32 Close to 0 Ω

5. If the continuity is good and all other tests have
been performed, try a NNEEWW ECM.

6. If the continuity is bad, repair or replace defec-
tive wire or connectors.

RReemmoovviinngg tthhee PPaarrkk SSwwiittcchh
1. Disconnect park switch connector and unscrew

park switch.

GGeeaarrbbooxx aanndd 44xx44 DDrriivvee SShhaafftt
GEARBOX



0044

219

1. Park switch connector
2. Park switch

IInnssttaalllliinngg tthhee PPaarrkk SSwwiittcchh
NNOOTTIICCEE

TTaakkee ccaarree ddoo nnoott ddaammaaggee ppaarrkk sswwiittcchh tthhrreeaaddss
dduurriinngg iinnssttaallllaattiioonn..

1. Carefully apply some sealant on threads of in-
dicator switch.

LLooccttiittee 55991100

NNOOTTIICCEE
DDoo nnoott aappppllyy LLooccttiittee 55991100 oonn sswwiittcchh pplluunnggeerr,,
aass iitt wwiillll lleeaadd ttoo sswwiittcchh mmaallffuunnccttiioonn..

2. Install and tighten the switch to specification.

TTiigghhtteenniinngg TToorrqquuee

Park switch 2 ± 0.2 N∙m
(18 ± 2 lbf∙in)

AACCTTUUAATTOORR ((SSHHIIFFTT,, HH//LL))
The gear shifting system consist of two electrically
controlled actuators that move two individual shift
drums to a desired position, the position set point
is sent by CAN. The actuator consists of a brush-
less DC motor and a non-contacting angle sensor
integrated in a common housing.

The output shaft of the main gearset actuator
drives the shift drum through a two-stage drive
gear, whereas the high/low shift drum is driven by
a three-stage drive gear.

The actuator provides the current angle of its out-
put shaft during and between the shifting
sequences.

After switching to ignition ON, the ECM activates
the actuators for position referencing.

The main gearset actuator (SHIFT) and High/Low
gearset actuator (H/L) have different software in-
stalled and are therefore not interchangeable.

MMAAIINN GGEEAARRSSEETT SSHHIIFFTT DDRRUUMM 22--SSTTAAGGEE DDRRIIVVEE
1. Actuator (SHIFT)
2. Drive shaft 11 T.
3. Double gear 11/66 T.
4. Main gearset Shift drum

HHII//LLOOWW SSHHIIFFTT DDRRUUMM 33--SSTTAAGGEE DDRRIIVVEE
1. Actuator (H/L)
2. Drive shaft 11 T.
3. Double gear 11/66 T.
4. Intermediate gear 39 T.
5. High/low Shift drum

AAccttuuaattoorr LLooccaattiioonn
The main gearset actuator (SHIFT) is located on
the rear side of the gearbox behind the protective
cover, and the High/Low gearset actuator (H/L) is
located on the front-top side of the gearbox.
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1. Main gearset actuator (SHIFT)
2. High/Low actuator (H/L)

NNOOTTEE:: The main gearset actuator (SHIFT) and
High/Low gearset actuator (H/L) have different
software installed and are, therefore, not inter-
changeable. The actuators each have a sticker for
identification.

MMAAIINN GGEEAARRSSEETT AACCTTUUAATTOORR ((SSHHIIFFTT))

HHIIGGHH//LLOOWW GGEEAARRSSEETT AACCTTUUAATTOORR ((HH//LL))

TTeessttiinngg tthhee AAccttuuaattoorr UUssiinngg BBUUDDSS
As a first troubleshooting step, always connect the
vehicle to the BRP diagnostic software (BUDS) to
check for applicable fault codes.

TTeessttiinngg tthhee AAccttuuaattoorr PPoowweerr IInnppuutt
1. For access to main gearset actuator (SHIFT)

connector, remove the protective cover.
2. Disconnect the actuator connector.
3. Briefly press the START/STOP button to wake

up the ECM.
4. Measure voltage as follows:

AAccttuuaattoorr IInnppuutt VVoollttaaggee TTeesstt

Actuator
connector pin
(harness side)

Battery Specification

1
Negative (-)

post
Battery
voltage2

26

1. Pin 1
2. Pin 2
3. Pin 26

5. If the result is out of specifications, check
power input circuit continuity.

6. If the result is good, check the actuator ground.

TTeessttiinngg tthhee AAccttuuaattoorr GGrroouunndd
1. Remove the protective cover to access to main

gearset actuator (SHIFT) connector.
2. Disconnect the actuator connector.
3. Set multimeter to Ω and probe terminals as

follows:
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AAccttuuaattoorr GGrroouunndd CCoonnttiinnuuiittyy TTeesstt

Actuator
connector pin
(harness side)

Battery Specification

4 Negative post
(-)

Close to 0 Ω

5 Negative post
(-)

Close to 0 Ω

1. Pin 4
2. Pin 5

4. If resistance is incorrect, check ground circuit
continuity.

TTeessttiinngg tthhee PPoowweerr IInnppuutt CCiirrccuuiitt CCoonnttiinnuuiittyy
1. For access to main gearset actuator (SHIFT)

connector remove the protective cover.
2. Disconnect the actuator connector, SUPPLY_

ACT connector and HIC_RTX_M connector.
3. Set multimeter to Ω and probe terminals as

follows:

AAccttuuaattoorr PPoowweerr IInnppuutt CCiirrccuuiitt TTeesstt

Actuator
connector pin
(harness side)

SUPPY_ACT
pin

Specification

1 1 Close to 0 Ω

2 1 Close to 0 Ω

AAccttuuaattoorr PPoowweerr IInnppuutt CCiirrccuuiitt TTeesstt

Actuator
connector pin
(harness side)

HIC_RTX_M
connector pin

Specification

26 F Close to 0 Ω
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4. If the result is out of specification, replace or re-
pair defective wiring or connectors.

5. If the result is good, check the power input cir-
cuit at vehicle wiring harness.

TTeessttiinngg tthhee AAccttuuaattoorr GGrroouunndd CCiirrccuuiitt CCoonnttiinnuuiittyy
1. For access to main gearset actuator (SHIFT)

connector, remove the protective cover.
2. Disconnect the actuator connector and SUP-

PLY_ACT connector.
3. Set multimeter to Ω and probe terminals as

follows:

AAccttuuaattoorr GGrroouunndd CCiirrccuuiitt CCoonnttiinnuuiittyy

Actuator
connector pin
(harness side)

SUPPY_ACT
Pin

Specification

4 2 Close to 0 Ω

5 2 Close to 0 Ω

4. If the result is out of specification, replace or re-
pair defective wiring or connectors.

5. If the result is good, check the actuator ground
circuit at vehicle wiring harness.

TTeessttiinngg tthhee AAccttuuaattoorr CCoommmmuunniiccaattiioonn LLiinnkk
CCoonnttiinnuuiittyy
1.

RReemmoovviinngg tthhee AAccttuuaattoorr
MMaaiinn GGeeaarrsseett AAccttuuaattoorr ((SSHHIIFFTT))::

1. Remove the protective cover.

1. Locking ties
2. Protective cover screws
3. Protective cover

HHiigghh//LLooww AAccttuuaattoorr ((HH//LL))::
2. Remove cable clamp screw.

MMaaiinn GGeeaarrsseett AAccttuuaattoorr ((SSHHIIFFTT)) aanndd HHiigghh//
LLooww ((HH//LL)) AAccttuuaattoorr::

3. Unplug the respective actuator connector.
4. Remove the actuator screws and pull out the

respective actuator.

MMAAIINN GGEEAARRSSEETT AACCTTUUAATTOORR ((SSHHIIFFTT))
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HHIIGGHH//LLOOWW GGEEAARRSSEETT AACCTTUUAATTOORR ((HH//LL))

IInnssppeeccttiinngg tthhee AAccttuuaattoorr ((SSHHIIFFTT,, HH//LL))
1. Check that actuator shaft rotates easily.
2. Place actuator on a plane surface and check

that the shaft is plane with the actuator
housing.

NNOOTTIICCEE
IIff tthhee aaccttuuaattoorr sshhaafftt iiss pprreesssseedd iinnttoo iittss hhoouuss--
iinngg,, tthhee iinntteerrnnaall ppoossiittiioonn sseennssoorr mmaayy bbee
ddaammaaggeedd..

1. Actuator housing
2. Actuator shaft, plane with housing

3. Check that vent cap is in place and check seal-
ing surface for damage.

1. Vent cap
2. Sealing surface

4. Check cover for dents or damage.

5. Check connector retainers if broken and seal-
ing inside connector for damages.

1. Connector retainer
2. Sealing

6. If necessary, replace actuator.

IInnssttaalllliinngg tthhee MMaaiinn GGeeaarrsseett AAccttuuaattoorr ((SSHHIIFFTT))
aanndd HHiigghh//LLooww GGeeaarrsseett AAccttuuaattoorr ((HH//LL))
1. Install NNEEWW gasket.
2. Align the splines of the actuator shaft with the

splines of the drive shaft. While inserting, move
the actuator slightly to the left and right to as-
sure a proper fit.
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NNOOTTIICCEE
TThhee aaccttuuaattoorr mmaayy bbee sseevveerreellyy ddaammaaggeedd iiff tthhee
sspplliinneess aarree nnoott ppeerrffeeccttllyy aalliiggnneedd aatt aasssseemmbbllyy..

1. Splines of actuator shaft
2. Splines of drive shaft
3. Gasket (new)

3. Push in the actuator by hand until it contacts
the actuator cover.

4. Tighten the actuator screws to specification:

TTiigghhtteenniinngg TToorrqquuee

Actuator screws 11 ± 1 N∙m
(97 ± 9 lbf∙in)

HHiigghh//LLooww aaccttuuaattoorr ((HH//LL))::
5. Tighten cable clamp screw to specification:

TTiigghhtteenniinngg TToorrqquuee

Cable clamp screw 2 ± 0.2 N∙m
(18 ± 2 lbf∙in)

MMaaiinn ggeeaarrsseett aaccttuuaattoorr ((SSHHIIFFTT))::
6. Install protective cover and tighten screws to

specification. Then install locking ties.

TTiigghhtteenniinngg TToorrqquuee

Protective cover
screws

11 ± 1 N∙m
(97 ± 9 lbf∙in)
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1. Locking ties
2. Protective cover screws
3. Protective cover

SSeettttiinngg tthhee GGeeaarrbbooxx ttoo MMeecchhaanniiccaall NNeeuuttrraall
PPoossiittiioonn
In case of electric current loss, the gearbox can be
set to the Neutral position to allow the vehicle to
be towed or moved with a stopped engine.

1. Let engine cool down.

CCAAUUTTIIOONN
HHoott eexxhhaauusstt mmaanniiffoolldd ccaann ccaauussee iinnjjuurryy!!

2. Remove the high/low actuator (H/L).
3. Insert the shift drum rotation tool into the

splines of the drive shaft.

NNOOTTEE:: The shift drum rotation tool is included in
the vehicle tool kit.

SShhiifftt ddrruumm rroottaattiioonn ttooooll
((PP//NN 552299000000115588))

1. Shift drum rotation tool
2. Drive shaft

4. Turn shift drum rotation tool clockwise until it
reaches the end position.

NNOOTTEE::AAtttteennttiioonn
Do not damage the tool by applying too much
force.

TTUURRNN CCLLOOCCKKWWIISSEE TTOO EENNDD PPOOSSIITTIIOONN

5. From the end position, apply 7.5 turns counter-
clockwise to reach the Neutral position.
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77..55 TTUURRNNSS CCOOUUNNTTEERRCCLLOOCCKKWWIISSEE

6. Remove shift drum rotation tool. Align tool with
threaded hole and insert tool again into the
drive shaft.

1. Threaded bore
2. Shift drum rotating tool, align bores

7. Secure the shift drum rotation tool using a pre-
viously removed actuator screw:

TTiigghhtteenniinngg TToorrqquuee

Actuator screw 8 ± 1 N∙m
(71 ± 9 lbf∙in)

1. Shift drum rotating tool
2. Actuator screw

8. Push vehicle by hand to check that vehicle is
set to Neutral position.

SSHHIIFFTT DDRRUUMM DDRRIIVVEE GGEEAARR AANNDD AACCTTUUAATTOORR
CCOOVVEERR

SShhiifftt DDrruumm DDrriivvee GGeeaarr LLooccaattiioonn
The main gearset shift drum drive gear is located
on the rear side of the gearbox, behind the main
gearset actuator.

MMAAIINN GGEEAARRSSEETT SSHHIIFFTT DDRRUUMM 22--SSTTAAGGEE DDRRIIVVEE GGEEAARRSS
1. Main gearset actuator (SHIFT)
2. Drive shaft
3. Double gear
4. Main gearset Shift drum

The high/low gearset shift drum drive gear is lo-
cated on the front top side of the gearbox, behind
the high/low actuator.
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HHIIGGHH//LLOOWW SSHHIIFFTT DDRRUUMM 33--SSTTAAGGEE DDRRIIVVEE GGEEAARRSS
1. High/low gearset actuator (H/L)
2. Drive shaft
3. Double gear
4. Intermediate gear
5. High/low Shift drum

RReemmoovviinngg tthhee AAccttuuaattoorr CCoovveerr aanndd SShhiifftt DDrruumm
DDrriivvee GGeeaarr
1. Remove the concerned H/L or SHIFT actuator.
2. Remove actuator cover screws.

FFRROONNTT AACCTTUUAATTOORR CCOOVVEERR ((HH//LL))

RREEAARR AACCTTUUAATTOORR CCOOVVEERR ((SSHHIIFFTT))

3. Pull out concerned actuator cover along with
drive shaft and double gear, discard gasket.

RREEAARR AACCTTUUAATTOORR CCOOVVEERR SSHHOOWWNN
1. Drive shaft
2. Double gear
3. Gasket (discard it)

4. Pull out drive shaft and double gear from ac-
tuator cover.

IInnssppeeccttiinngg tthhee AAccttuuaattoorr CCoovveerr aanndd SShhiifftt DDrruumm
DDrriivvee GGeeaarr
1. Check ball bearings for smooth operation, ex-

cessive play or pitting. Replace if necessary.
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2. Check gear teeth and splines for wear or dam-
age. Replace if necessary.

3. Check actuator cover for cracks or other dam-
age. Replace if necessary.

4. Check sealing surface for flatness.
5. Replace oil seals if they are brittle, hard or

damaged.

RReeppllaacciinngg tthhee AAccttuuaattoorr CCoovveerr OOiill SSeeaall
NNOOTTIICCEE

TThhee ooiill sseeaall mmuusstt bbee iinnssttaalllleedd wwiitthh sseeaalliinngg lliipp
ttoowwaarrddss ggeeaarrbbooxx..

1. Push out oil seal from inside towards outside.
2. Push NNEEWW oil seal into actuator cover.

OOiill sseeaall iinnssttaalllleerr
((PP//NN 552299003366559911))

HHaannddllee
((PP//NN 442200887777665500))

1. Actuator cover oil seal
2. Oil seal installer
3. Handle

IInnssttaalllliinngg tthhee SShhiifftt DDrruumm DDrriivvee GGeeaarr aanndd
AAccttuuaattoorr CCoovveerr
1. Lubricate sealing lip all around and slightly fill

space between the sealing lips.

SSuuppeerr lluubbee ggrreeaassee

2. Push drive shaft, along with double gear, into
actuator cover.

3. Install a NNEEWW actuator cover gasket.
4. Lubricate ball bearings and gears.

DDCCTT ooiill

5. Install actuator cover and tighten screws ac-
cording to the following sequence:

TTiigghhtteenniinngg TToorrqquuee

Actuator cover screw 11 ± 1 N∙m
(97 ± 9 lbf∙in)

TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE RREEAARR AACCTTUUAATTOORR CCOOVVEERR ((SSHHIIFFTT))
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TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE FFRROONNTT AACCTTUUAATTOORR CCOOVVEERR ((HH//LL))

SSHHIIFFTT FFOORRKK PPOOSSIITTIIOONN SSEENNSSOORR ((SSFFSS))

SSFFSS LLooccaattiioonn
The High/Low Shift Fork Position Sensor (SFS) is
mounted on the top of the middle gearbox
housing.

SSHHIIFFTT FFOORRKK PPOOSSIITTIIOONN SSEENNSSOORR

TTeessttiinngg tthhee SSFFSS UUssiinngg BBUUDDSS
As a first troubleshooting step, always connect the
vehicle to the BRP diagnostic software (BUDS) to
check for applicable fault codes.

TTeessttiinngg tthhee SSFFSS PPoowweerr IInnppuutt
1. Disconnect the SFS connector.
2. Install the key on the D.E.S.S. post.
3. Briefly press the START/STOP button to wake

up the ECM.
4. Measure the voltage as follows:

SSFFSS IInnppuutt VVoollttaaggee

SFS
connector pin
(harness side)

Battery
ground

Specification

1 5 ± 0.5 Vdc

5. If the measured voltage is as specified, replace
the SFS.

6. If the measured voltage is not as specified, re-
fer to Testing the SFS Circuit Continuity.

TTeessttiinngg tthhee SSFFSS GGrroouunndd CCiirrccuuiitt CCoonnttiinnuuiittyy
1. Disconnect SFS connector.
2. Measure resistance as follows:

SSFFSS RReessiissttaannccee TTeesstt

SFS
connector pin
(harness side)

Battery
ground

Specification

2 Close to 0 Ω

3. If resistance is out of specification, check ECM
grounding and wiring harness. Refer to Testing
the SFS Circuit Continuity.

TTeessttiinngg tthhee SSFFSS CCiirrccuuiitt CCoonnttiinnuuiittyy
1. Disconnect the connector 13 from ECM.
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2. Install connector on the ECM adapter tool.

EECCMM aaddaapptteerr ttooooll
((PP//NN 552299003366551133))

3. Disconnect the SFS connector.
4. Set multimeter to Ω and probe terminals as

follows:

SFS Circuit Continuity

SFS
connector pin
(harness side)

ECM adapter
pin Specification

1 1
Close to 0 Ω

2 37

5. If resistance is not within specification, repair
or replace the wiring harness.

RReemmoovviinngg tthhee SShhiifftt FFoorrkk PPoossiittiioonn SSeennssoorr
1. Disconnect the SFS connector.
2. Remove the SFS screws and the SFS.

1. Locking tie
2. Connector
3. SFS
4. SFS screws

IInnssttaalllliinngg tthhee SShhiifftt FFoorrkk PPoossiittiioonn SSeennssoorr
1. Position SFS with wire towards front of vehicle

and the indexing bore downwards.

NNOOTTIICCEE
WWrroonngg mmoouunnttiinngg ppoossiittiioonn wwiillll lleeaadd ttoo aa ffaaiilluurree
ccooddee..

2. Apply a drop of threadlocker on threads of the
SFS screws.

LLooccttiittee 224433 ((bblluuee))

3. Tighten SFS screws to specification:

TTiigghhtteenniinngg TToorrqquuee

SFS screws 2.7 ± 0.2 N∙m
(24 ± 2 lbf∙in)

1. Wire - position towards front of vehicle
2. Indexing bore - position downwards
3. SFS screws

WWRROONNGG MMOOUUNNTTIINNGG PPOOSSIITTIIOONN

SSFFSS RReesseett
1. Reset SFS using BUDS.

GGEEAARRBBOOXX TTEEMMPPEERRAATTUURREE SSEENNSSOORR ((GGBBTTSS))

GGBBTTSS LLooccaattiioonn
The GBTS is located on the right gearbox side, be-
hind the protective cover.
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TTeessttiinngg tthhee GGBBTTSS UUssiinngg BBUUDDSS
1. Connect the vehicle to the BRP diagnostic soft-

ware (BUDS).
2. Check for fault codes. Resolve any problem

before continuing.
3. Select the following:

– MMeeaassuurreemmeennttss page
– VVEEHHIICCLLEE button
– LLiivvee VViieeww tab
– SSeelleecctt tthhee aapppprroopprriiaattee EECCUU.

4. Look for the gearbox temperature indication.
The gearbox temperature gauge in BUDS
should provide an indication of the actual gear-
box DCT oil temperature. Otherwise, perform
Testing the GBTS Resistance.

TTeessttiinngg tthhee GGBBTTSS RReessiissttaannccee
1. Remove the protective cover installed over the

GBTS.

2. Disconnect the GBTS.

3. Test the resistance of the sensor per the fol-
lowing tables. To test sensor at various tem-
peratures, remove sensor and use a heat gun,
ice and a thermometer.

GGBBTTSS RReessiissttaannccee TTeesstt

GBTS pins Specification

1 2
Refer to
GBTS

temperature
table

GGBBTTSS TTeemmppeerraattuurree TTaabbllee

Temperature
Resistance Ω

Low High

-10 °C
(14 °F) 8640 10149

0 °C
(32 °F) 5465 6324

10 °C
(50 °F) 3541 4042

20 °C
(68 °F) 2351 2648

25 °C
(77 °F) 1940 2173

40 °C
(104 °F) 1118 1231

80 °C
(176 °F) 313 332
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4. If resistance is out of specification, replace the
GBTS.

5. If resistance test is good, proceed with the fol-
lowing steps.

6. Reconnect the GBTS connector.
7. Disconnect connector 13 from the ECM.
8. Install the connector on the ECM adapter tool.

EECCMM aaddaapptteerr ttooooll
((PP//NN 552299003366551133))

9. Recheck resistance from the ECM connector
as follows:

GGBBTTSS RReessiissttaannccee TTeesstt aatt EECCMM AAddaapptteerr

ECM adapter pin Specification

10 27
Refer to
GBTS

temperature
table

10. If resistance value is correct, refer to Replacing
the GBTS.

11. If resistance value is incorrect, repair the con-
nectors or replace the wiring harness between
ECM connector and the GBTS.

RReeppllaacciinngg tthhee GGBBTTSS
1. Remove the protective cover installed over the

GBTS.

2. Disconnect the GBTS.

3. Remove the GBTS from the oil filter cover.
4. Install new GBTS and tighten as follows:

TTiigghhtteenniinngg TToorrqquuee

GBTS 22 ± 2 N∙m
(16 ± 1 lbf∙ft)

5. Reconnect GBTS connector and install locking
tie.

6. Install protective cover and tighten screws to
specification:

TTiigghhtteenniinngg TToorrqquuee

Protective cover
screws

11 ± 1 N∙m
(97 ± 9 lbf∙ft)
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7. Reinstall all removed parts.

CCLLUUTTCCHH PPRREESSSSUURREE SSEENNSSOORR ((CCPP11,, CCPP22))
AANNDD LLIINNEE PPRREESSSSUURREE SSEENNSSOORR ((LLPPSS))
Before starting work on the hydraulic system,
carefully clean the engine and gearbox compart-
ment to avoid any contamination of the hydraulic
system.

CCPP11,, CCPP22 aanndd LLPPSS LLooccaattiioonn
All three sensors are located on the right side of
the gearbox, behind the protective cover.

1. CP1
2. LPS
3. CP2

TTeessttiinngg tthhee CCPP11,, CCPP22 oorr LLPPSS uussiinngg BBUUDDSS
1. Connect the vehicle to the BRP diagnostic soft-

ware (BUDS).
2. Check for fault codes. Resolve any problem

before continuing.
3. In BUDS, select the following:

TTeessttiinngg tthhee CCPP11,, CCPP22 aanndd LLPPSS IInnppuutt VVoollttaaggee
1. Remove the protective cover installed over the

sensors.

2. Disconnect the appropriate sensor connector.

1. CP1
2. LPS
3. CP2

3. Install the key on the D.E.S.S. post.
4. Briefly press the START/STOP button.
5. Measure the input voltage as follows:

SSeennssoorr IInnppuutt VVoollttaaggee TTeesstt

Sensor connector pin (harness
side) Specification

1 3 5 Vdc

6. If the voltage test is good, replace the sensor.
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7. If the voltage test is not good, carry out Testing
the CP1, CP2 and LPS Circuit Continuity.

TTeessttiinngg tthhee CCPP11,, CCPP22 aanndd LLPPSS CCiirrccuuiitt
CCoonnttiinnuuiittyy
1. Disconnect the connector 13 from the ECM.
2. Connect the connector to the ECM adapter

tool.

EECCMM aaddaapptteerr ttooooll
((PP//NN 552299003366551133))

3. Test for circuit continuity as follows:

CCPP11 CCiirrccuuiitt CCoonnttiinnuuiittyy TTeesstt

CP1
connector pin
(harness side)

ECM adapter
pin Specification

1 27

Close to 0 Ω2 33

3 2

CCPP22 CCiirrccuuiitt CCoonnttiinnuuiittyy TTeesstt

CP2
connector pin
(harness side)

ECM adapter
pin Specification

1 37

Close to 0 Ω2 45

3 1

LLPPSS CCiirrccuuiitt CCoonnttiinnuuiittyy TTeesstt

LPS
connector pin
(harness side)

ECM adapter
pin Specification

1 27

Close to 0 Ω2 28

3 2

4. If the wiring harness is good, try a new ECM.
5. If an open circuit is measured, repair or replace

wiring and connectors between the ECM and
the sensor.

RReeppllaacciinngg tthhee CCPP11,, CCPP22 aanndd LLPPSS

NNOOTTEE:: Before starting to work on the hydraulic
system carefully clean the engine and gearbox
compartment to avoid any contamination in the hy-
draulic system.

1. Remove the protective cover.

2. Disconnect the concerned connector from
CP1, CP2 or LPS.

1. CP1
2. LPS
3. CP2

3. Remove the concerned CP1, CP2 or LPS.
4. Install CP1, CP2 or LPS as specified.

TTiigghhtteenniinngg TToorrqquuee

CP1, CP2, LPS 22 ± 2 N∙m
(16 ± 1 lbf∙in)

5. Reconnect CP1, CP2 or LPS connector.
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1. CP1
2. LPS
3. CP2

6. Install protective cover and tighten screws to
specification.

TTiigghhtteenniinngg TToorrqquuee

Protective cover
screws

11 ± 1 N∙m
(97 ± 9 lbf∙in)

7. Reset CP1 and CP2.

CCLLUUTTCCHH SSOOLLEENNOOIIDD VVAALLVVEE ((CCVV11,, CCVV22)) AANNDD
CCLLUUTTCCHH CCOOOOLLIINNGG VVAALLVVEE ((CCCCVV))
Before starting work on the hydraulic system,
carefully clean the engine and gearbox compart-
ment to avoid any contamination of the hydraulic
system.

If a problem of any of the solenoid valves is sus-
pected, first check the condition of the DCT oil fil-
ter. A collapsed or contaminated DCT oil filter can
cause the hydraulic system to misbehave.

CCVV11,, CCVV22 aanndd CCCCVV LLooccaattiioonn
The solenoid valves are located on the right side
of the gearbox, behind the protective cover and
hydraulic valve cover.

1. CCV
2. CV1
3. CV2

TTeessttiinngg tthhee CCVV11,, CCVV22 oorr CCCCVV UUssiinngg BBUUDDSS
As a first troubleshooting step, always connect the
vehicle to the BRP diagnostic software (BUDS) to
check for applicable fault codes

1. Connect the vehicle to the BRP diagnostic soft-
ware (BUDS).

2. Select the following:

– FFuunnccttiioonn page
– TTeesstt aavvaaiillaabbllee ffuunnccttiioonn ffoorr aallll

ccoommppoonneennttss.

TTeessttiinngg tthhee SSoolleennooiidd VVaallvvee RReessiissttaannccee oonn
EECCMM CCoonnnneeccttoorr
These tests must be performed at or near 20 °C
(68 °F).

1. Disconnect the connector 13 from the ECM.
2. Connect the connector to the ECM adapter

tool.

EECCMM aaddaapptteerr ttooooll
((PP//NN 552299003366551133))

3. Test CV1 and CV2 resistance per the following
table:

CCVV11,, CCVV22 RReessiissttaannccee TTeesstt

Solenoid ECM adapter pin Resist
ance

CV1 35 50
4.5 - 5.5 Ω

CV2 47 51

4. Disconnect the HIC connector and test CCV
for resistance per the following table:
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CCCCVV RReessiissttaannccee TTeesstt

Solenoid
ECM

adapter
pin

HIC
connector

pin
Resist
ance

CCV 52 F 10.5 –
11.5 Ω

HHIICC CCOONNNNEECCTTOORR PPIINN FF

5. If resistance value is incorrect, check solenoid
valve resistance on gearbox multiple connector
and check circuit continuity of engine wiring
harness.

6. If wiring harness circuit continuity and solenoid
valve resistance value are correct, try a NNEEWW
ECM.

TTeessttiinngg tthhee SSoolleennooiidd VVaallvvee RReessiissttaannccee oonn
GGeeaarrbbooxx MMuullttiippllee CCoonnnneeccttoorr
These tests must be performed at or near 20 °C
(68 °F).

1. Disconnect the gearbox HIC connector (HIC_
GB_INT ) from hydraulic valve cover.

1. Locking tie
2. Gearbox HIC connector

2. Measure the solenoid resistance per the fol-
lowing table:

CCVV11,, CCVV22,, CCCCVV RReessiissttaannccee TTeesstt

Solenoid Multiple connector pin Resist
ance

CV1 2 5 4.5 - 5.5 Ω

CV2 1 6 4.5 - 5.5 Ω

CCV 3 4 10.5 –
11.5 Ω

1. PIN 1
2. PIN 2
3. PIN 3
4. PIN 4
5. PIN 5
6. PIN 6

3. If resistance value is incorrect:
1. Remove hydraulic valve cover and check

solenoid valve resistance between both sol-
enoid valve pins. Refer to above resistance
values.

2. Check circuit continuity of gearbox internal
wiring harness.

TTeessttiinngg tthhee SSoolleennooiidd VVaallvvee CCiirrccuuiitt CCoonnttiinnuuiittyy
ooff EEnnggiinnee WWiirriinngg HHaarrnneessss
1. Disconnect the connector 13 from the ECM.
2. Connect the connector to the ECM adapter

tool.

EECCMM aaddaapptteerr ttooooll
((PP//NN 552299003366551133))

3. Disconnect the HIC connector.
4. Disconnect the gearbox HIC connector (HIC_

GB_INT ) from hydraulic valve cover.
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1. Locking tie
2. Gearbox HIC connector

5. Test for circuit continuity per following tables:

CCVV11 CCiirrccuuiitt CCoonnttiinnuuiittyy TTeesstt

Gearbox HIC
connector pin

ECM adapter
pin Specification

2 35
Close to 0 Ω

5 50

CCVV22 CCiirrccuuiitt CCoonnttiinnuuiittyy TTeesstt

Gearbox HIC
connector pin

ECM adapter
pin Specification

1 47
Close to 0 Ω

6 51

CCCCVV CCiirrccuuiitt CCoonnttiinnuuiittyy TTeesstt

Gearbox HIC
connector pin

ECM adapter
pin Specification

3 52 Close to 0 Ω

CCCCVV CCiirrccuuiitt CCoonnttiinnuuiittyy TTeesstt

Gearbox HIC
connector pin

HIC connector
pin Specification

4 F Close to 0 Ω

GGEEAARRBBOOXX HHIICC CCOONNNNEECCTTOORR PPIINNSS
1. PIN 1
2. PIN 2
3. PIN 3
4. PIN 4
5. PIN 5
6. PIN 6

HHIICC CCOONNNNEECCTTOORR PPIINN FF

6. If an open circuit is measured, repair or replace
wiring and connectors between the ECM and
the gearbox HIC connector or HIC connector.

TTeessttiinngg tthhee SSoolleennooiidd VVaallvvee CCiirrccuuiitt CCoonnttiinnuuiittyy
ooff GGeeaarrbbooxx IInntteerrnnaall WWiirriinngg HHaarrnneessss
1. Remove the hydraulic valve cover.
2. Disconnect the solenoid valve connectors.
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1. Gearbox internal wiring harness
2. CCV connector
3. CV1 connector
4. CV2 connector

3. Reconnect the multiple connector to the female
connector of the gearbox internal wiring
harness.

4. Test circuit continuity per the following tables:

CCVV11 CCiirrccuuiitt CCoonnttiinnuuiittyy TTeesstt

CV1
connector pin

Multiple
connector pin Specification

1 2
Close to 0 Ω

2 5

CCVV22 CCiirrccuuiitt CCoonnttiinnuuiittyy TTeesstt

CV2
connector pin

Multiple
connector pin Specification

1 1
Close to 0 Ω

2 6

CCVV22 CCiirrccuuiitt CCoonnttiinnuuiittyy TTeesstt

CVV
connector pin

Multiple
connector pin Specification

1 4
Close to 0 Ω

2 3

MMUULLTTIIPPLLEE CCOONNNNEECCTTOORR
1. PIN 1
2. PIN 2
3. PIN 3
4. PIN 4
5. PIN 5
6. PIN 6

5. If an open circuit is measured, repair or replace
gearbox internal wiring harness and multiple
connector.

6. If wiring harness circuit continuity and solenoid
valve resistance value are correct, try a NNEEWW
ECM.

RReeppllaacciinngg tthhee CCVV11,, CCVV22 aanndd CCCCVV
Before starting work on the hydraulic system,
carefully clean the engine and gearbox compart-
ment to avoid any contamination of the hydraulic
system. Carry out repairs with utmost care, as
contamination may cause clutch errors.

1. Remove the hydraulic valve cover.
2. Disconnect the concerned connector.
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1. Gearbox internal wiring harness
2. CCV connector
3. CV1 connector
4. CV2 connector

3. Remove the concerned solenoid valve screws
and pull out the solenoid valve.

4. Inspect cavity of hydraulic housing for contami-
nation and clean it.

5. Lubricate O-rings of solenoid valve.

DDCCTT ooiill

6. Carefully push new solenoid valve into its bore
in the hydraulic housing.

7. Tighten screws to specification:

TTiigghhtteenniinngg TToorrqquuee

Solenoid valve screws 2.7 ± 0.2 N∙m
(24 ± 2 lbf∙in)

8. Connect the solenoid valve connectors.

NNOOTTIICCEE
DDoo nnoott iinntteerrcchhaannggee tthhee wwiirriinngg hhaarrnneessss
ccoonnnneeccttoorrss..

1. Gearbox internal wiring harness
2. CCV connector
3. CV1 connector
4. CV2 connector

9. Install the hydraulic valve cover.
10.Reset CV1 and CV2 using BUDS.

HHYYDDRRAAUULLIICC VVAALLVVEE CCOOVVEERR

RReemmoovviinngg tthhee HHyyddrraauulliicc VVaallvvee CCoovveerr
Before starting work on the hydraulic system,
carefully clean the engine and gearbox compart-
ment to avoid any contamination of the hydraulic
system. Carry out repairs with the utmost care, as
contamination may cause clutch errors.

1. Remove the protective cover.

2. Remove cable clamp screw from oil tank and
cut locking ties from wiring harness.

3. Disconnect the following components.
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1. Cable clamp screw
2. Locking ties
3. HIC
4. CP1
5. LPS
6. CP2

4. Place a drain pan under the drain plug and re-
move drain plug with sealing ring (discard it).

1. Drain plug
2. Sealing ring (discard it)

5. Allow oil to drain completely from the hydraulic
valve cover.

6. Unscrew CP1 and CP2.

1. CP1
2. CP2

7. Remove the multiple connector screw and pull
out the multiple connector as far as possible.

NNOOTTIICCEE
DDoo nnoott ddaammaaggee tthhee ggeeaarrbbooxx iinntteerrnnaall wwiirriinngg
hhaarrnneessss wwhhiillee ppuulllliinngg oouutt tthhee ccoonnnneeccttoorr..

1. Multiple connector screw
2. Multiple connector (pull out)

8. Press lever to unlock the internal female con-
nector to remove the multiple connector.
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9. Remove the hydraulic valve cover. Discard the
gasket.

1. Hydraulic valve cover screws
2. Hydraulic valve cover
3. Gasket (discard it)

IInnssppeeccttiinngg tthhee HHyyddrraauulliicc VVaallvvee CCoovveerr
1. Inspect the cavity of the hydraulic valve cover

for contamination. If any is found, clean the
cover.

2. Check the hydraulic valve cover for cracks or
other damage.

IInnssttaalllliinngg tthhee HHyyddrraauulliicc VVaallvvee CCoovveerr
1. Install the hydraulic valve cover with a NNEEWW

gasket.
2. Tighten the hydraulic valve cover screw to

specification:

TTiigghhtteenniinngg TToorrqquuee

Hydraulic valve cover
screws

11 ± 1 N∙m
(97 ± 9 lbf∙in)

TTIIGGHHTTEENNIINNGG SSEEQQUUEENNCCEE

3. Reinstall the oil drain plug with a NNEEWW sealing
ring and tighten it to specification:

TTiigghhtteenniinngg TToorrqquuee

Hydraulic valve cover
drain plug

15 ± 2 N∙m
(133 ± 18 lbf∙in)

1. Oil drain plug
2. NNEEWW Sealing ring

4. Lubricate the O-ring and reinstall the multiple
connector to the female connector of the gear-
box internal wiring harness.

DDCCTT ooiill
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1. O-ring, lubricate it

5. Tighten the multiple connector screw to
specification:

TTiigghhtteenniinngg TToorrqquuee

Multiple connector
screw

11 ± 1 N∙m
(97 ± 9 lbf∙in)

1. Multiple connector screw
2. Multiple connector

6. Install all other removed parts.
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0055 EELLEECCTTRROONNIICC MMAANNAAGGEEMMEENNTT SSYYSSTTEEMM

EENNGGIINNEE CCOONNTTRROOLL
MMOODDUULLEE ((EECCMM))

SSEERRVVIICCEE TTOOOOLLSS
DDeessccrriippttiioonn PPaarrtt NNuummbbeerr PPaaggee

ECM ADAPTER TOOL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036513) . . . . . . . . . . . . . . . . . . . 245–246

GGEENNEERRAALL
SSyysstteemm DDeessccrriippttiioonn

EElleeccttrriiccaall SSyysstteemm
EEnnggiinnee CCoonnttrrooll MMoodduullee ((EECCMM))
The ECM controls the engine operation and the
vehicle power management.

To control the engine, the ECM reads the inputs
from the sensors, which it compares to predeter-
mined parameters stored in the ECM (fuel and
ignition maps), makes computations, and acti-
vates the outputs accordingly (injectors, ignition
coils, etc.).

TTRROOUUBBLLEESSHHOOOOTTIINNGG
EElleeccttrriiccaall RReellaatteedd PPrroobblleemmss
Pay particular attention to ensure that terminals
and pins are not out of their connectors, corroded,
or out of shape.

When probing terminals, be careful not to deform
the terminals, as this could cause a loose or

intermittent connection that would be difficult to
troubleshoot.

NNOOTTIICCEE
DDoo nnoott aappppllyy ddiieelleeccttrriicc ggrreeaassee oorr ootthheerr lluubbrrii--
ccaannttss oonn tthhee EECCMM ccoonnnneeccttoorrss..

PPRROOCCEEDDUURREESS
EENNGGIINNEE CCOONNTTRROOLL MMOODDUULLEE ((EECCMM))
As a first troubleshooting step, always check for
applicable fault codes using the BRP diagnostic
software (BUDS).

EECCMM CCoonnnneeccttoorr IIddeennttiiffiiccaattiioonn
1. There are two connectors on the ECM:

– Connector 13 connects to the engine
harness

– Connector 4 connects to the vehicle system
control harness.

FFRROONNTT SSIIDDEE VVIIEEWW
1. Connector 13
2. Connector 4

EELLEECCTTRROONNIICC MMAANNAAGGEEMMEENNTT SSYYSSTTEEMM
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BBAACCKK SSIIDDEE VVIIEEWW
1. Connector 13
2. Connector 4

2. Each ECM connector has 56 pins.

QQuuiicckk TTeesstt ttoo VVaalliiddaattee EECCMM OOppeerraattiioonn
1. Briefly press START/STOP button.

This should wake up the ECM. The ECM will
then activate relay 1 for approximately 12 sec-
onds, after which it will turn off all power. If the
D. E. S. S. key is installed when the START/
STOP button is pressed, the power will stay on
for approximately 40 seconds.

QQuuiicckk iinnddiiccaattiioonn tthhaatt EECCMM iiss ppoowweerreedd
((aassssuummiinngg tthhee oobbsseerrvveedd ccoommppoonneenntt iiss

wwoorrkkiinngg))

Multifunction gauge comes ON.

Fuel pump turns on for approx. 2 seconds (if key
on D.E.S.S. post is installed).

2. If ECM does not turn on, check the following:

– ECM fuse
– Battery voltage
– Relay R2
– START/STOP switch
– ECM power circuit wires and ground wires.

NNOOTTEE:: When relay 2 is not working, the ECM
and the complete vehicle electrical system will not
be powered.

EECCMM FFiirrsstt IInniittiiaalliizzaattiioonn
This procedure performs a reset of the following
values in the ECM:
– TAS (Throttle Accelerator Sensor)
– TPS (Throttle Position sensor)
– Valve adaption (CV1 (Clutch Solenoid Valve 1)

and CV2 (Clutch Solenoid Valve 2))
– Kisspoint adaption

– GBPS1 (Gearbox Position Sensor 1 (SDA an-
gular sensor))

– GBPS2 (Gearbox Position Sensor 2 (HLA an-
gular sensor))

– GBPS (Gearbox Position Sensor).

This reset mmuusstt be carried out whenever the ECM
has been replaced.

1. Connect the vehicle to the BRP diagnostic soft-
ware (BUDS).

2. In BUDS, select the following:

– SSeettttiinnggss page
– TToooollss
– PPrrooggrraamm EECCMM

3. Follow the instructions in the message boxes
which appear during the procedure.

If the operation is successful, a message will
be displayed stating that the reset was
successful.

If an error occurred or a component is out of
range, a message may be displayed. Follow
the instructions in the message and repeat the
procedure.

4. Check for fault codes.
5. If a fault code is generated, carry out the serv-

ice actions, reset the fault and repeat the reset
procedure.

6. Start the engine and make sure it operates nor-
mally throughout its full engine RPM range.

TTeessttiinngg tthhee EECCMMWWaakkee UUpp CCiirrccuuiitt
1. Disconnect connector 4 from the ECM.
2. Connect the connector to the ECM adapter

tool.

EECCMM aaddaapptteerr ttooooll
((PP//NN 552299003366551133))

3. Set the multimeter to Vdc.
4. While pressing the START/STOP button, read

voltage as follows:

EECCMMWWaakkee UUpp CCiirrccuuiitt TTeesstt

EECCMM
aaddaapptteerr ppiinn BBaatttteerryy SSppeecciiffiiccaattiioonn

10 Negative post Battery voltage

5. If voltage is as per specification, refer to Test-
ing the ECM Power Supply.

EELLEECCTTRROONNIICC MMAANNAAGGEEMMEENNTT SSYYSSTTEEMM
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6. If voltage is out of specification, test the
START/STOP switch.

7. If the START/STOP switch tests good, test wir-
ing and connectors from battery to ECM. Refer
to the appropriate wiring diagram.

TTeessttiinngg tthhee EECCMM PPoowweerr SSuuppppllyy
1. Disconnect the connector 4 from the ECM.
2. Connect the connector to the ECM adapter

tool.

EECCMM aaddaapptteerr ttooooll
((PP//NN 552299003366551133))

3. Install a jumper wire between pins 27 and 51.
4. Install the key on the D.E.S.S. post.
5.
6. Set the multimeter to Vdc.
7. Check for voltage as follows:

EECCMM PPoowweerr SSuuppppllyy TTeesstt

EECCMM
aaddaapptteerr ppiinn BBaatttteerryy SSppeecciiffiiccaattiioonn

55
Negative post Battery voltage

56

8. If voltage is not measured, check the following:

– Main relay
– Wiring and connections. Refer to the appro-

priate wiring diagram.

TTeessttiinngg tthhee CCoonnttiinnuuiittyy ooff EECCMM GGrroouunndd CCiirrccuuiittss
1. Disconnect the connector 4 from the ECM.
2. Connect the connector to the ECM adapter

tool.

EECCMM aaddaapptteerr ttooooll
((PP//NN 552299003366551133))

3. Set multimeter to Ω and probe adapter termi-
nals per following table.

EECCMM GGrroouunndd CCiirrccuuiitt TTeesstt

EECCMM
aaddaapptteerr ppiinn BBaatttteerryy SSppeecciiffiiccaattiioonn

51

Negative post Close to 0 Ω
(continuity)

52

53

54

4. If any measurement is out of specification, re-
fer to Power Distribution and Grounds and
check the following:

– Wiring and connections
– Engine ground
– Battery ground
– Frame ground.

RReeppllaacciinngg tthhee EECCMM
Proceed with an ECM First Initialization as it may
resolve the problem.

If the ECM and the digital display are both to be re-
placed, always replace the digital display first.

When the engine cutoff switch (D. E. S. S. post)
and/or the ECM are replaced, it is mandatory to
pair components together to allow vehicle key (s)
recognition. Refer to Radio Frequency Digitally
Encoded Security System (RF D.E.S.S.) in the ap-
propriate vehicle service manual.

RReemmoovviinngg tthhee EECCMM
NNOOTTIICCEE

IIff aa nneeww EECCMM iiss ttoo bbee iinnssttaalllleedd,, ffiirrsstt rreeaadd tthhee
pprroocceedduurreess iinn RReeppllaacciinngg tthhee EECCMM..

1. Disconnect battery cables.

NNOOTTIICCEE
AAllwwaayyss ddiissccoonnnneecctt tthhee BBLLAACCKK nneeggaattiivvee ((––))
bbaatttteerryy ccaabbllee ffiirrsstt,, tthheenn ddiissccoonnnneecctt RREEDD ppoossii--
ttiivvee ((++)) ccaabbllee..

2. Disconnect both ECM connectors from ECM.
3. Unscrew all retaining screws and pull out

ECM.
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IInnssttaalllliinngg tthhee EECCMM
1. Position the ECM on its mounting surface and

tighten the retaining screws to specification.

TTiigghhtteenniinngg TToorrqquuee

ECM screws 2.2 ± 0.2 N∙m
(19 ± 2 lbf∙in)

2. Reconnect ECM connectors.
3. Reconnect battery cables.

NNOOTTIICCEE
AAllwwaayyss rreeccoonnnneecctt tthhee RREEDD ppoossiittiivvee ((++)) bbaatt--
tteerryy ccaabbllee ffiirrsstt,, tthheenn rreeccoonnnneecctt BBLLAACCKK nneeggaa--
ttiivvee ((––)) ccaabbllee..

4. If a new ECM is installed, refer to Replacing
the ECM.

PPrrooggrraammmmiinngg tthhee EECCMM
1. Connect the vehicle to the BRP diagnostic soft-

ware (BUDS).
2. In BUDS, click the SSccaann button to read the

new ECM.
3. From the SSuummmmaarryy page, select the following:

– SSeettttiinnggss page
– TToooollss
– PPrrooggrraamm EECCMM

4. Follow the instructions on the screen.
5. Perform the Throttle Position Sensor Initializa-

tion procedure.
6. Start the engine and ensure proper operation.
7. Reinstall all removed parts.
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NNootteess
RReellaatteedd DDooccuummeennttss
BBuulllleettiinnss

IInnssttrruuccttiioonn SShheeeettss

OOtthheerr

NNootteess
TTeecchhnniicciiaann’’ss NNootteess

Notes
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0066 FFUUEELL SSYYSSTTEEMM

EELLEECCTTRROONNIICC FFUUEELL
IINNJJEECCTTIIOONN ((EEFFII))

SSEERRVVIICCEE TTOOOOLLSS
DDeessccrriippttiioonn PPaarrtt NNuummbbeerr PPaaggee

ECM ADAPTER TOOL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036513) . . . . . . . . . . . . . . . 254, 259, 263
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GGEENNEERRAALL
WWAARRNNIINNGG

WWhheenn eelleeccttrriiccaallllyy ddiissccoonnnneeccttiinngg oorr rreemmoovviinngg
tthhee tthhrroottttllee bbooddyy ffrroomm tthhee iinnttaakkee mmaanniiffoolldd,, aall--
wwaayyss rreemmoovvee tthhee tteetthheerr ccoorrdd ffrroomm tthhee eennggiinnee
ccuutt--ooffff sswwiittcchh aanndd ddiissccoonnnneecctt tthhee bbaatttteerryy..

WWAARRNNIINNGG
AAllwwaayyss ddiissccoonnnneecctt bbaatttteerryy pprriioorr ttoo wwoorrkkiinngg oonn
tthhee ffuueell ssyysstteemm.. AAllwwaayyss ddiissccoonnnneecctt bbaatttteerryy
eexxaaccttllyy iinn tthhee ssppeecciiffiieedd oorrddeerr,, BBLLAACCKK ((--)) ccaa--
bbllee ffiirrsstt.. EElleeccttrriiccaall ccoonnnneeccttiioonnss sshhoouulldd bbee ddiiss--
ccoonnnneecctteedd pprriioorr ttoo ddiissccoonnnneeccttiinngg ffuueell lliinneess..

WWAARRNNIINNGG
FFuueell iiss ffllaammmmaabbllee aanndd eexxpplloossiivvee uunnddeerr cceerr--
ttaaiinn ccoonnddiittiioonnss.. WWeeaarr ssaaffeettyy ggllaasssseess aanndd
wwoorrkk iinn aa wweellll vveennttiillaatteedd aarreeaa.. DDoo nnoott ssmmookkee
oorr aallllooww ooppeenn ffllaammeess oorr ssppaarrkkss iinn tthhee vviicciinniittyy..

WWAARRNNIINNGG
PPrroocceeeedd wwiitthh ccaarree aanndd uussee aapppprroopprriiaattee ssaaffeettyy
eeqquuiippmmeenntt wwhheenn wwoorrkkiinngg oonn tthhee ffuueell ssyysstteemm..
WWiippee ooffff aannyy ffuueell ssppiillllaaggee iinn tthhee eennggiinnee ccoomm--
ppaarrttmmeenntt.. DDoo nnoott aallllooww ffuueell ttoo ssppiillll oonn hhoott eenn--
ggiinnee ppaarrttss aanndd//oorr oonn eelleeccttrriiccaall ccoonnnneeccttoorrss..

Cover the fuel line connection with an absorbent
shop rag before disconnecting them. Slowly dis-
connect the fuel hose to minimize spilling.

WWAARRNNIINNGG
RReeppllaaccee aannyy ddaammaaggeedd,, lleeaakkiinngg oorr ddeetteerriioo--
rraatteedd ffuueell lliinneess oorr ccoonnnneeccttiioonnss.. AAfftteerr wwoorrkkiinngg
oonn tthhee ffuueell ssyysstteemm,, aallwwaayyss pprreessssuurriizzee tthhee ffuueell
ssyysstteemm aanndd cchheecckk ffoorr ffuueell lleeaakkss.. RReeffeerr ttoo FFuueell
SSyysstteemm PPrreessssuurriizzaattiioonn iinn tthhee aapppprroopprriiaattee vvee--
hhiiccllee sseerrvviiccee mmaannuuaall..

SSYYSSTTEEMM DDEESSCCRRIIPPTTIIOONN
The electronic fuel injection system (EFI) is com-
prised of various sensors used for detecting on-
going operating conditions of the engine and
vehicle, and includes all the components that per-
form the required adjustments to the engine.

EElleeccttrriiccaall SSyysstteemm
EEnnggiinnee CCoonnttrrooll MMoodduullee ((EECCMM))
The ECM controls the engine operation and the
vehicle power management. To control the en-
gine, the ECM reads the inputs from the sensors,
which it compares to predetermined parameters
stored in the ECM (fuel and ignition maps), makes
computations, and activates the outputs accord-
ingly (injectors, ignition coils, etc.).

EEFFII SSeennssoorrss
To control the injection system, the engine man-
agement uses input signals from the following
sensors:
– Camshaft Position Sensor (CAPS)
– Crankshaft Position Sensor (CPS)
– Manifold Absolute Pressure And Temperature

Sensor (MAPTS)
– Boost Pressure Sensor (BPS)

FFUUEELL SSYYSSTTEEMM
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– Throttle Position Sensor (TPS), which is inte-
grated to the throttle body (Electronic Throttle
Control (ETC))

– Throttle Accelerator Sensor (TAS)
– Coolant Temperature Sensor (CTS)

AAiirr IInnttaakkee SSyysstteemm
AAiirr FFiilltteerr
Air, drawn into the air filter housing, first passes
through an inlet duct located in the air scoop over
the intercooler.

After it passes through the air filter, an air duct (in-
take adapter) is used to channel the air to the
turbocharger.

The intercooler then cools the air before going to
the throttle body and the turbocharger.

TThhrroottttllee BBooddyy ((EElleeccttrroonniicc TThhrroottttllee CCoonnttrrooll
((EETTCC))))
Air for combustion is drawn in by the turbocharger.
The air flows through the throttle body and is con-
trolled by a throttle plate.

The Electronic Throttle Control (ETC) is a non-
heated, single 54-mm throttle body with integrated
dual Throttle Position Sensors (TPS) and Electric
Throttle Actuator (ETA), and is mounted on the in-
take manifold.

The ETA allows the ECM to electronically control
the throttle plate opening, which regulates the
amount of air that enters the engine, and therefore
engine speed.

There is no Idle Air Control Valve (IACV).

1. Throttle body (ETC)
2. Throttle plate
3. Electric Throttle Actuator (ETA) (electric motor)
4. Dual Throttle Position Sensor (TPS)

FFuueell SSyysstteemm
FFuueell RRaaiill
A fuel rail is mounted on the intake manifold. The
fuel rail, which is used to secure the injectors to
the manifold, also provides fuel pressure the from
the fuel pump to the injectors.

The fuel pressure applied to the fuel rail is regu-
lated by the fuel pressure regulator located in the
fuel pump module.

FFuueell IInnjjeeccttoorrss
Six fuel injectors are used to inject fuel into the in-
take ports of the cylinder head. There are two in-
jectors per cylinder.

Fuel is injected based on injection signals re-
ceived from the ECM.

FFuueell PPuummpp
An electric fuel pump with an integrated pressure
regulator and fuel system filters is used. For more
details on the fuel pump unit, refer to Fuel Tank
and Fuel Pump in the appropriate vehicle service
manual.

IIddllee ssppeeeedd
Idle speed is not adjustable. The Engine Manage-
ment System (EMS) controls the idle speed of the

FFUUEELL SSYYSSTTEEMM
ELECTRONIC FUEL INJECTION (EFI)



252

engine through the intelligent Throttle Control
(iTC) system by controlling throttle plate opening,
using the ETA.

The engine RPM may also be verified using the
BRP diagnostic software (BUDS).

NNOOTTEE:: The multifunction gauge and the BRP di-
agnostic software (BUDS) use the same signal to
provide the engine RPM indication.

TTrroouubblleesshhoooottiinngg
DDiiaaggnnoossttiicc TTiippss
Engine problems are not necessarily related to the
fuel injection system.

It is important to ensure that the engine and pro-
pulsion system, fuel delivery and electrical sys-
tems are functioning normally.

For diagnostics purposes, use the BRP diagnostic
software (BUDS).

After a problem has been solved, be sure to clear
the fault(s) recorded in the ECM using the BRP di-
agnostic software.

WWAARRNNIINNGG
EElleeccttrriiccaall aaccttuuaattoorrss aanndd eelleeccttrroonniicc mmoodduulleess
mmaayy bbee ppoowweerreedd uupp aass ssoooonn aass tthhee SSTTAARRTT//
SSTTOOPP bbuuttttoonn iiss ddeepprreesssseedd.. AAllwwaayyss ddiissccoonn--
nneecctt tthhee bbaatttteerryy pprriioorr ttoo ddiissccoonnnneeccttiinngg aannyy
eelleeccttrriiccaall oorr eelleeccttrroonniicc ppaarrttss..

Check related-circuit fuse solidity and condition
using an ohmmeter. A visual inspection could lead
to a false diagnosis.

PPoooorr IIddlliinngg
If poor idling is experienced, check for the
following:

– Poor quality fuel or water in the fuel
– Fault codes using BUDS
– Throttle body cleanliness
– Engine leaks or other mechanical problem

EEnnggiinnee--RReellaatteedd PPrroobblleemmss
The following items should be considered:
– Inappropriate engine valve timing or valve lifter

damage
– Poor or unequal engine compression

FFuueell DDeelliivveerryy SSyysstteemm--RReellaatteedd PPrroobblleemmss
The following items may affect the fuel injection
system:
– Faulty fuel pump

– Faulty fuel pressure regulator
– Dirty or clogged fuel filter
– Faulty purge valve
– Leaking, kinked or obstructed fuel line
– An air leak that is not metered
– A faulty heated oxygen sensor (HO2S)

FFuueell IInnjjeeccttiioonn--RReellaatteedd PPrroobblleemmss
Check for the following:
– Leaking, faulty or dirty fuel injector(s)
– Fuel injector connector problem
– Faulty fuel pump (inadequate pressure)
– Clogged fuel filter
– MAPTS sensor port obstruction, leakage, dam-

age or proper electrical connection.
– Throttle body TPS or ETA faults
– Intake flange leakage

EElleeccttrriiccaall--RReellaatteedd PPrroobblleemmss
It is important to check the following in the electri-
cal system:
– Battery voltage
– Fuses
– Ground connections
– Wiring and connectors

Ensure that all electronic components are original
BRP components. Any modification to the wiring
harness may lead to poor system operation or
generate fault codes.

Pay particular attention to ensure that terminals
and pins are not out of their connectors, corroded,
or out of shape.

When probing terminals, be careful not to deform
the terminals as this could cause a loose or inter-
mittent connection that would be difficult to
troubleshoot.

NNOOTTIICCEE
DDoo nnoott aappppllyy ddiieelleeccttrriicc ggrreeaassee oorr ootthheerr lluubbrrii--
ccaannttss ttoo tthhee EECCMM ccoonnnneeccttoorrss..

EElleeccttrriiccaall CCoonnnneeccttiioonnss
Pay particular attention to ensure that terminals
and pins are not out of their connectors, corroded,
or out of shape.

When probing terminals, be careful not to deform
the terminals because this could cause a loose or
intermittent connection that would be difficult to
troubleshoot.

NNOOTTEE:: Do not apply dielectric grease or other lu-
bricants to the ECM connectors.

FFUUEELL SSYYSSTTEEMM
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PPRROOCCEEDDUURREESS
FFUUEELL PPRREESSSSUURREE RREELLIIEEFF
Remove the fuel pressure from the EFI system be-
fore disconnecting the fuel hose from the fuel rail.

1. Remove the fuel pump fuse locates in the rear
vehicle fuse box.

2. Start the vehicle and let it run until it stalls.

FFUUEELL IINNJJEECCTTOORR

IIddeennttiiffyyiinngg tthhee FFuueell IInnjjeeccttoorrss

IIDDEENNTTIIFFYYIINNGG TTHHEE FFUUEELL IINNJJEECCTTOORRSS
1. Fuel injector 1-B
2. Fuel injector 1-A
3. Fuel injector 2-B
4. Fuel injector 2-A
5. Fuel injector 3-B
6. Fuel injector 3-A
7. PTO side
8. MAG side

TTeessttiinngg tthhee FFuueell IInnjjeeccttoorr OOppeerraattiioonn UUssiinngg
BBUUDDSS ((DDyynnaammiicc))
As a first troubleshooting step, always check for
applicable fault codes using the BRP diagnostic
software (BUDS).

1. Connect the vehicle to BUDS.
2. Install the RF D.E.S.S. key on its post.
3. In BUDS, select the following:

– FFuunnccttiioonnss page
– TTeesstt CCooiillss aanndd IInnjjeeccttoorrss

TTeessttiinngg tthhee FFuueell IInnjjeeccttoorr BBaallaannccee UUssiinngg BBUUDDSS
NNOOTTIICCEE

AAfftteerr ffuueell iinnjjeeccttoorr aaccttiivvaattiioonn uussiinngg BBUUDDSS,, aall--
wwaayyss ccrraannkk eennggiinnee iinn ddrroowwnneedd mmooddee ttoo vveennttii--
llaattee tthhee eennggiinnee ooff ffuueell..

1. Install a fuel pressure gauge, refer to Testing
the Fuel Pump Pressure in Fuel Tank and Fuel
Pump in the appropriate service manual.

2. Connect the vehicle to the BRP diagnostic soft-
ware (BUDS).

3. Press the Start/Stop button to activate the
ECM.

4. In BUDS, select the following:

– FFuunnccttiioonnss page
– AAccttiivvaattee FFuueell PPuummpp.

5. Click on the AACCTTIIVVAATTEE button to activate fuel
pump.

6. Fuel pressure must be within specification, re-
fer to Fuel Tank and Fuel Pump in the appro-
priate vehicle service manual. Re-activate fuel
pump as necessary.

7. In BUDS, energize fuel injector 1.
8. Record the fuel pressure drop for injector 1.
9. Re-activate fuel pump.
10.Repeat the procedure for fuel injector 2 to 6

and record the pressure drop for each injector.
11.The maximum fuel pressure drop between in-

jectors should not exceed the following
specification:

MMaaxxiimmuumm FFuueell PPrreessssuurree DDrroopp AAlllloowweedd
BBeettwweeeenn FFuueell IInnjjeeccttoorrss

10 kPa (1.5 lbf/in²)

If the pressure drop between fuel injectors is
greater than the specification, replace the in-
jector with the least pressure drop, then repeat
the test.

12.Using the valve on the fuel pressure gauge, re-
lease the pressure in the system (if so
equipped).

13.Remove fuel pressure gauge and reinstall re-
moved parts.

14.Crank engine in drowned mode (accelerator
held all the way in) to ventilate the engine of
the fuel that was injected during the test.

CCAAUUTTIIOONN
AAllwwaayyss ccrraannkk eennggiinnee iinn ddrroowwnneedd mmooddee ttoo
vveennttiillaattee aallll ffuueell tthhaatt wwaass iinnjjeecctteedd dduurriinngg tthhee
tteesstt.. FFaaiilluurree ttoo ddoo ssoo mmaayy rreessuulltt iinn sseevveerree eenn--
ggiinnee ddaammaaggee aanndd iinnjjuurryy..

TTeessttiinngg ffoorr FFuueell IInnjjeeccttoorr LLeeaakkss
TTeesstt SSeettuupp
1. Ensure there is enough fuel in fuel tank.
2. Ensure fuel pressure from fuel pump is within

specification, refer to Testing the Fuel Pump
Pressure in Fuel Tank and Fuel Pump in the
appropriate service manual.

FFUUEELL SSYYSSTTEEMM
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Keep the pressure gauge installed for the leak-
age test.

3. Remove the fuel pressure, refer to Fuel Pres-
sure Relief.

4. Remove fuel rail with injectors from engine.
However, ddoo nnoott disconnect fuel pump pres-
sure hose from fuel rail.

5. Position fuel rail so that an appropriate contain-
er may be placed under the injectors to collect
any fuel leakage.

IINNJJEECCTTOORR LLEEAAKKAAGGEE TTEESSTT SSEETTUUPP

6. Install key on D.E.S.S. post.

TTeessttiinngg tthhee LLeeaakkaaggee
1. In BUDS, go to:

– FFuunnccttiioonnss page
– VVeehhiiccllee or EECCMM button
– AAccttiivvaattee FFuueell PPuummpp.

2. Check for fuel leakage from the injector
nozzles.

3. Monitor fuel pressure at fuel pressure gauge. If
pressure drops below 372 kPa (54 lbf/in²) dur-
ing the test, re-activate fuel pump as
necessary.

FFuueell IInnjjeeccttoorr LLeeaakkaaggee

TTeesstt dduurraattiioonn SSppeecciiffiiccaattiioonn

2 minutes 1 drop per minute
maximum

If test is not within specification, replace the
faulty fuel injector.

4. Properly reinstall fuel rail.
5. Reinstall remaining removed components.

CCAAUUTTIIOONN
WWiippee uupp aannyy ssppiilllleedd ffuueell..

TTeessttiinngg tthhee FFuueell IInnjjeeccttoorr RReessiissttaannccee
These tests must be performed at or near 20 °C
(68 °F).

1. Ensure vehicle electrical power is off.
2. Disconnect the connector 13 from the ECM.
3. Install the connector on the ECM adapter tool.

EECCMM aaddaapptteerr ttooooll
((PP//NN 552299003366551133))

4. Check resistance value between terminals as
follows.

FFuueell IInnjjeeccttoorr RReessiissttaannccee TTeesstt aatt HHIICC
CCoonnnneeccttoorr

IInnjj HHIICC
ppiinn

EECCMM
aaddaapptteerr

ppiinn
SSppeecciiffiiccaattiioonn

1-A

E

7

11.4 - 12.6 Ω

1-B 6

2-A 4

2-B 5

3-A 18

3-B 19

5. If resistance value obtained is incorrect, re-
move injector connector and check resistance
value between injector pins as follows.

FFuueell IInnjjeeccttoorr RReessiissttaannccee TTeesstt aatt IInnjjeeccttoorr

IInnjjeeccttoorr ppiinn SSppeecciiffiiccaattiioonn

1 2 11.4 - 12.6 Ω

6. If readings are out of specifications, replace
injector.

TTeessttiinngg tthhee FFuueell IInnjjeeccttoorr IInnppuutt VVoollttaaggee
1. Ensure that both ECM connectors are properly

connected.
2. Ensure that the HIC connector is properly

connected.
3. Disconnect the fuel injector connector.

FFUUEELL SSYYSSTTEEMM
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4. Ensure injector fuse is properly installed.
5. Install the key on D.E.S.S post.
6. Momentarily press the START/STOP button to

wake up the ECM without holding the brakes.

NNOOTTEE:: It is not necessary to activate the injec-
tors since it is continuously powered when the
ECM is awake.

7. Set the multimeter to Vdc. Read the voltage.

FFuueell IInnjjeeccttoorr IInnppuutt VVoollttaaggee TTeesstt

IInnjjeeccttoorr
ccoonnnneecc
ttoorr ppiinn

BBaatttteerryy SSppeecciiffiiccaattiioonn

2 Negative (-)
post Battery voltage

If injector input voltage is good, carry out the
following:
– Circuit continuity test between injector and

ECM.
– Test the injector signal, refer to Testing the

Fuel Injector Signal.

If the injector input voltage is not good, check
the following:
– the injector fuse
– Circuit continuity between injector fuse and

injector.

TTeessttiinngg tthhee FFuueell IInnjjeeccttoorr SSiiggnnaall
1. Set multimeter to Vdc. Make sure the AAuuttoo

RRaannggee mode is selected.

2. Press the HHzz button so that the display shows
Hz.

3. Connect the multimeter probes as indicated in
the following table and using the BUDS soft-
ware, activate each injector and read the fre-
quency on the multimeter.

NNOOTTEE:: The multimeter counts the pulses per
seconds (Hertz) of current the ECM sends to the
injector.

FFUUEELL SSYYSSTTEEMM
ELECTRONIC FUEL INJECTION (EFI)



256

FFuueell IInnjjeeccttoorr SSiiggnnaall TTeesstt

IInnjjeeccttoorr
ccoonnnneeccttoorr

ppiinn
BBaatttteerryy SSppeecciiffiiccaattiioonn

1 Negative (-)
post 9 Hz

4. If the reading is good, the control circuit is
functional.

5. If there is no reading, check the continuity of
the control circuit (ECM to injectors).

RReemmoovviinngg tthhee FFuueell IInnjjeeccttoorr
1. Remove the fuel pressure, refer to Fuel Pres-

sure Relief.
2. Disconnect the battery.

CCAAUUTTIIOONN
WWhheenn rreemmoovviinngg oorr ddiissccoonnnneeccttiinngg tthhee ffuueell iinn--
jjeeccttoorrss,, aallwwaayyss ddiissccoonnnneecctt tthhee bbaatttteerryy..

3. Remove the intercooler, refer to the appropri-
ate vehicle service manual.

4. Disconnect the fuel injector electrical
connectors.

5. Disconnect the fuel pressure hose from the
fuel rail.

FFuueell hhoossee ddiissccoonnnneecctt ttooooll
((PP//NN 552299003366003377))

Wrap a rag around the hose end to catch any
fuel leakage.

6. Remove the fuel rail mounting screws.
7. Pull on fuel rail to remove the fuel rail with in-

jectors from the engine.

1. Fuel rail screws
2. Fuel rail

8. Remove the fuel injector retaining clips.

1. Fuel rail
2. Fuel injector retaining clip
3. Injector
4. Injector O-rings

9. Pull the fuel injector(s) out of the fuel rail.
10.Remove and discard injector O-rings.

FFUUEELL SSYYSSTTEEMM
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IInnssttaalllliinngg tthhee FFuueell IInnjjeeccttoorr
1. Install NNEEWW O-rings on the fuel injector(s).
2. Apply a thin film of engine oil to the O-rings to

ease insertion in rail.
3. Install the fuel injector by hand. Do not use any

tool.
4. Firmly push the injector until it bottoms out.
5. Install the fuel rail.

TTiigghhtteenniinngg TToorrqquuee

Fuel rail retaining
screws

9 ± 1 Nm
(80 ± 9 lbf-in)

6. Apply engine oil to the O-rings of the fuel pres-
sure hose fitting.

1. Apply oil on O-rings

7. Connect the fuel pressure hose to the fuel rail.
Push fuel hose fitting on fuel rail until you hear
a "click". Try pulling on fuel hose fitting to en-
sure it is properly locked.

Pressurize the fuel system and check for fuel
leaks, refer to Fuel System Pressurization in
appropriate vehicle service manual.

8. Pressurize the fuel system and check for fuel
leaks, refer to Fuel System Pressurization in
appropriate vehicle service manual.

WWAARRNNIINNGG
FFaaiilluurree ttoo pprreessssuurriizzee tthhee ffuueell ssyysstteemm aanndd
cchheecckkiinngg ffoorr ffuueell lleeaakkss mmaayy rreessuulltt iinn sseevveerree
iinnjjuurryy oorr aa lliiffee tthhrreeaatteenniinngg ssiittuuaattiioonn sshhoouulldd aa
lleeaakk ooccccuurr..

9. Reinstall all remaining removed parts.

TTHHRROOTTTTLLEE BBOODDYY((EETTCC))

TThhrroottttllee BBooddyy ((EETTCC)) DDeessccrriippttiioonn

1. Throttle body
2. Throttle plate
3. ETA (Electric Throttle Actuator) (electric motor inside)
4. TPS (Throttle Position Sensor) (inside)

EElleeccttrriicc TThhrroottttllee AAccttuuaattoorr ((EETTAA))
The electric throttle actuator (ETA) is a DC motor
on the throttle body that regulates the throttle plate
via a drive gear. It receives its control signal from
the ECM. Pulse width modulation (PWM) is used
to control the motor.

TThhrroottttllee PPllaattee OOppeerraattiinngg PPoossiittiioonnss
1. Two torsional springs are connected to the

throttle plate. A main spring and another one in
a plunger mechanism.

2. When there is no power to the throttle actuator
(ETA), the plunger mechanism maintains the
throttle plate at a rest position. This also serves
as the limp home position.

3. When the throttle plate is opened by the ETA
as commanded by the ECM, it acts against the
main spring. If the ETA failed, the return spring
would bring the throttle plate back to the limp
home position.

FFUUEELL SSYYSSTTEEMM
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EECCMM EEnnggiinnee TThhrroottttllee bbooddyy

OFF Stopped

Throttle actuator: Off.
Throttle plate: Rest position,
maintained opened at
approximately 8° (1). This is
also the limp home position.

ON Not started

Throttle actuator: On.
Throttle plate: Moves from the
rest position to
approximately 15°. It then
moves back to the rest
position. This is the diagnostic
mode where the rest position,
actuator opening force to
overcome the return springs
and the motor return rate are
monitored. If any of these
parameters are out of range, a
fault code is initiated.

ON

Not started.
Very cold
environ
ment

Throttle actuator: On.
Throttle plate: Execute check
for ice on throttle plate. If
throttle plate does not reach
the fully closed position,
throttle plate is moving until
closed position can be
reached.

ON

Started.
Normal
operation
at idle

Throttle actuator: On.
Throttle plate: Moves from the
rest position to idle position
(approximately 1-3°)
according to ECM injection
and ignition maps. Throttle
plate is opened and closed as
necessary to control the idle
speed.

ON

Started.
Normal
operation
at various
RPM

Throttle actuator: On.
Throttle plate: Opens and
closes according to ECM
torque management priorities.

(1) Degree values are given from the fully closed
position.

TThhrroottttllee BBooddyy ((EETTCC)) FFaauullttss aanndd EEffffeeccttss
NNOOTTIICCEE

AAmmoonngg ootthheerr tthhiinnggss,, aa wweeaakk oorr bbrrookkeenn sspprriinngg
aanndd aa ssttiicckkyy tthhrroottttllee ppllaattee aarree vvaalliiddaatteedd bbyy tthhee
tthhrroottttllee bbooddyy ddiiaaggnnoossttiicc mmooddee..

FFaauulltt EEffffeecctt

Partial
failure of
TAS
sensor
(one
internal
sensor
only)

Limp home mode. Engine speed
limited to idle.
ECM will use the remaining TAS
sensor.
Fault code set and beeper activated to
emit warning signals.
Check engine light is turned ON.
Driveability could be reset by releasing
and reapplying the throttle.

Complete
failure of
TAS
sensor
(both
internal
sensors)

Limp home mode. Engine speed
limited to idle.
Fault code set and beeper activated to
emit warning signals.
Check engine light is turned ON.

Any throttle
body
failure

Limp home mode. Engine speed
limited to idle.
Fault code set and beeper activated to
emit warning signals.
Check engine light is turned ON.

LLuubbrriiccaattiinngg tthhee TThhrroottttllee BBooddyy ((EETTCC))
No lubrication is required.

TTeessttiinngg tthhee EElleeccttrriicc TThhrroottttllee AAccttuuaattoorr ((EETTAA))
EElleeccttrriicc TThhrroottttllee AAccttuuaattoorr ((EETTAA)) TTeesstt wwiitthh
BBUUDDSS
1. Connect the vehicle to the BRP diagnostic soft-

ware (BUDS).
2. Install key on D.E.S.S. post.
3. Press the START/STOP button without holding

the brakes to wake up the ECM.
4. In BUDS, go to:

– MMeeaassuurreemmeennttss page
– LLiivvee VViieeww tab
– TThhrroottttllee PPoossiittiioonn.

5. Slowly depress the throttle to WOT. The ETA
should go from almost 10% to 100%.

6. If result is out of specification, carry out a
Throttle Position Sensor Initialization.

NNOOTTEE:: The ETA is reset at the same time as the
TPS.

7. After the reset, test ETA again.
8. If the result is still out of specification, refer to

Testing the Electric Throttle Actuator (ETA)
Resistance.
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TTeessttiinngg tthhee EElleeccttrriicc TThhrroottttllee AAccttuuaattoorr ((EETTAA))
RReessiissttaannccee
These tests must be performed at or near 20 °C
(68 °F).

1. Ensure vehicle electrical power is off.
2. Disconnect the connector 13 from the ECM.
3. Install the connector on the ECM adapter tool.

EECCMM aaddaapptteerr ttooooll
((PP//NN 552299003366551133))

4. Check resistance value between terminals as
follows.

EETTAA RReessiissttaannccee TTeesstt

EECCMM aaddaapptteerr ppiinn SSppeecciiffiiccaattiioonn

12 24 1.3 - 1.9 Ω

5. If resistance value obtained is incorrect, re-
move throttle body connector and check resist-
ance value between ETC pins as follows.

EETTAA RReessiissttaannccee TTeesstt aatt tthhee TThhrroottttllee BBooddyy

EETTCC ccoonnnneeccttoorr ppiinn SSppeecciiffiiccaattiioonn

1 4 1.3 - 1.9 Ω

6. If reading is out of specifications, replace throt-
tle body.

7. If the result is within specification, check wire
continuity between ECM and throttle body.

IInnssppeeccttiinngg tthhee TThhrroottttllee BBooddyy ((EETTCC))
1. Remove parts required to access throttle body.
2. Carry out the following:

– Inspect throttle body for cleanliness.
– Ensure throttle plate opens fully and

smoothly.
– Check for corroded or damaged wiring or

damaged ETC connectors.

TTeessttiinngg tthhee TThhrroottttllee BBooddyy ((EETTCC)) ((DDyynnaammiicc))
1. Remove the parts required to access the throt-

tle body (ETC).
2. Remove the air inlet hose from the throttle

body.
3. Observe the throttle plate with the engine

stopped.

The throttle plate should be in the rest position
(slightly opened).

CCAAUUTTIIOONN
KKeeeepp yyoouurr ffiinnggeerrss oouutt ooff tthhee tthhrroottttllee ppllaattee
aarreeaa wwhhiillee tthhee EECCMM ttuurrnnss oonn.. TThhee tthhrroottttllee aacc--
ttuuaattoorr wwiillll ccyyccllee.. TThhiiss ccoouulldd ccaauussee sseerriioouuss ffiinn--
ggeerr iinnjjuurriieess aass tthhrroottttllee ppllaattee qquuiicckkllyy mmoovveess..

4. As you observe the throttle plate, have some-
one press the START/STOP button to wake up
the ECM.

The throttle plate should cycle quickly from the
rest position to a partially open position (ap-
proximately 15°), then back to the rest position.

5. Install the key on the D.E.S.S. post.

The throttle plate should cycle again.
6. As you observe the throttle plate, have some-

one gradually and evenly apply throttle, then
release it in the same way.

The throttle plate should open then close ac-
cording to throttle position however, the move-
ment of the throttle plate may not be linear with
the displacement of the throttle.

7. If any test failed, proceed with Testing the
Throttle Body (ETC) (Static).

TTeessttiinngg tthhee TThhrroottttllee BBooddyy ((EETTCC)) ((SSttaattiicc))

CCAAUUTTIIOONN
FFiirrsstt eennssuurree tthhee EECCMM iiss ooffff.. DDoo nnoott mmoovvee tthhee
tthhrroottttllee ppllaattee uussiinngg yyoouurr ffiinnggeerrss.. OOtthheerrwwiissee,,
sshhoouulldd tthhee SSTTAARRTT//SSTTOOPP bbuuttttoonn bbee pprreesssseedd,,
tthhee EECCMM wwoouulldd ttuurrnn oonn aanndd qquuiicckkllyy ccyyccllee tthhee
tthhrroottttllee ppllaattee wwhhiicchh ccoouulldd ccaauussee sseerriioouuss ffiinn--
ggeerr iinnjjuurryy..

1. Using a blunt tool, push in on the throttle plate
and ensure that it opens smoothly within the
throttle body.

FFUUEELL SSYYSSTTEEMM
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NNOOTTEE:: The throttle plate must open fully and re-
turn freely to the rest position (slightly opened)
when released.

2. Push the throttle plate closed as indicated in
the following illustration. It must close com-
pletely and return freely to the rest position
(slightly opened) when released.

3. If the throttle plate does not move smoothly or
does not return freely to the rest position, the
problem is mechanical. Check for dirt accumu-
lation on the throttle plate shaft. It may also be
an actuator or gear problem. Replace the throt-
tle body as necessary.

4. If the throttle plate operates normally, the prob-
lem is electrical. Check the Electric Throttle Ac-
tuator (ETA) wiring continuity, Throttle Position
Sensor (TPS) and Throttle Accelerator Sensor
(TAS).

CClleeaanniinngg tthhee TThhrroottttllee BBooddyy ((EETTCC))
1. Remove the throttle body from the intake

manifold.
2. Check throttle body cleanliness using a flash-

light. Fully open the throttle plate and verify the
following:

– Throttle body bore
– Throttle plate edge

Look for the following:
– Dirt
– Oily surfaces
– Carbon and dirt deposits on throttle plate

and the surrounding bore
3. Clean as necessary. Use a high quality throttle

body cleaner safe for O-rings and EFI sensors.
4. To avoid getting dirt into the engine, spray

cleaner on a clean, lint-free cloth then rub the
cloth against the throttle plate and bore. A
toothbrush may also be used.

5. Gently open the throttle plate and hold it fully
open to clean all surfaces.

6. To remove residual dirt, spray cleaner on the
throttle plate and throttle bore.

7. Reinstall all removed parts.

RReemmoovviinngg tthhee TThhrroottttllee BBooddyy ((EETTCC))

CCAAUUTTIIOONN
EEnnssuurree tthhee kkeeyy iiss rreemmoovveedd ffrroomm DD..EE..SS..SS..
ppoosstt aanndd bbaatttteerryy ccaabblleess aarree ddiissccoonnnneecctteedd ssoo
tthhaatt nnoobbooddyy ccaann aaccttiivvaattee tthhee eelleeccttrriiccaall ssyyss--
tteemm,, ootthheerrwwiissee tthhee EECCMM wwoouulldd ttuurrnn oonn aanndd
tthhee tthhrroottttllee aaccttuuaattoorr ((EETTAA)) wwoouulldd ccyyccllee.. TThhiiss
ccoouulldd ccaauussee sseerriioouuss ffiinnggeerr iinnjjuurryy aass tthhee tthhrroott--
ttllee ppllaattee mmoovveess qquuiicckkllyy..

1. Remove the parts required to access the throt-
tle body.

2. Cut locking ties and disconnect the Boost
Pressure Sensor (BPS).

1. Locking ties
2. BPS connector

3. Disconnect the ETC connector, and remove
the cable from its retainer.

FFUUEELL SSYYSSTTEEMM
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1. Locking ties
2. ETC connector
3. Retainer

4. Remove the throttle body from the intake
manifold.

1. Gear clamp
2. Throttle body

IInnssppeeccttiinngg tthhee CCoonnnneeccttiinngg SSoocckkeett
1. Check connecting socket for brittleness, hard-

ness, or damage. Check for warping at
flanges. Replace as required.

1. Connecting sockets
2. Throttle body

IInnssttaalllliinngg tthhee TThhrroottttllee BBooddyy ((EETTCC))
1. If removed, install the upper connecting socket

on the throttle body. Be sure to index the con-
necting socket pin with the throttle body posi-
tioning bore.

1. Connecting socket pin
2. Throttle body positioning bore

2. Tighten throttle body screws to specification as
per the following sequence.

TTiigghhtteenniinngg TToorrqquuee

Connecting socket
screws

9 ± 1 N∙m
(80 ± 9 lbf∙in)

3. If removed, install upper connecting socket on
the throttle body as follows:
1. Clean connections of upper connecting

socket and throttle body of oil and grease.
2. Be sure to index the connecting socket

notch with the throttle body tab.
3. Align the clamp screw with the purge line

connection.
4. Tighten the connecting socket clamp to

specification.

FFUUEELL SSYYSSTTEEMM
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TTiigghhtteenniinngg TToorrqquuee

Connecting socket
clamp

7 ± 0.5 N∙m
(62 ± 4 lbf∙in)

1. Connecting socket notch
2. Throttle body tab

1. Clamp screw
2. Purge line connection

4. Clean connections of lower connecting socket
and intake manifold of oil and grease.

5. Install the throttle body. Be sure to index the
connecting socket notch with the intake mani-
fold tab.

6. Align the clamp screw with the purge line
connection.

7. Tighten the connecting socket clamp to
specification.

TTiigghhtteenniinngg TToorrqquuee

Connecting socket
clamp

7 ± 0.5 N∙m
(62 ± 4 lbf∙in)

1. Connecting socket notch
2. Intake manifold tab
3. Clamp screw
4. Purge line connection

8. Connect the ETC connector.

1. Locking ties
2. ETC connector
3. Retainer

9. Connect the Boost Pressure Sensor (BPS).

1. Locking ties
2. BPS connector

10.Perform the Throttle Position Sensor Initializa-
tion reset procedure.

11. Install all remaining removed parts.

FFUUEELL SSYYSSTTEEMM
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12.Start the engine and ensure proper idle and
throttle control.

TTHHRROOTTTTLLEE PPOOSSIITTIIOONN SSEENNSSOORR ((TTPPSS))

TTPPSS DDeessccrriippttiioonn
1. The TPS is part of the throttle body (ETC).
2. The throttle position sensor (TPS) is a double

potentiometer that sends signals to the ECM
that are proportional to the throttle plate angle.

3. As a first troubleshooting step, always check
for applicable fault codes using the BRP diag-
nostic software (BUDS).

TThhrroottttllee PPoossiittiioonn SSeennssoorr IInniittiiaalliizzaattiioonn

NNOOTTEE:: The TPS initialization procedure mmuusstt be
carried out whenever the throttle body (ETC) is re-
placed, unless an ECM first initialization reset is
carried out.

This operation performs a reset of the TPS basic
values in the ECM. This reset is very important as
the TPS values are part of the basic parameters
for all fuel mapping calculations and control of sev-
eral settings such as for idle speed, LIMP HOME
mode and maximum RPM of the engine.

NNOOTTIICCEE
AAnn iimmpprrooppeerrllyy sseett TTPPSS mmaayy lleeaadd ttoo iimmpprrooppeerr
iiddllee ssppeeeedd ((ttoooo llooww oorr ttoooo hhiigghh)),, ppoooorr eennggiinnee
ppeerrffoorrmmaannccee,, ppoooorr eennggiinnee ssttaarrttiinngg aanndd eenn--
ggiinnee ssttoopp oonn ddeecceelleerraattiioonn,, ffaauulltt ccooddeess aanndd
ppoossssiibbllee eennggiinnee ddaammaaggee.. EEmmiissssiioonn ccoommppllii--
aannccee mmaayy aallssoo bbee aaffffeecctteedd..

1. Install the key on the D.E.S.S. post.
2. Press the START/STOP button to wake up the

ECM.
3. Ensure that the accelerator pedal is completely

released.
4. Connect the vehicle to the BRP diagnostic soft-

ware (BUDS).
5. In BUDS, select the following:

– SSeettttiinnggss page
– RReelleeaarrnn TTPPSS

6. Follow on-screen instruction.
7. Start engine and make sure it operates nor-

mally through its full engine RPM range.
8. Check for fault codes using BUDS2, If a fault

code related to the throttle actuator appears,
clear it, then carry out another Closed Throttle
Reset procedure.

TTeessttiinngg tthhee TTPPSS RReessiissttaannccee
1. Ensure the throttle body connector is properly

connected.
2. Disconnect the connector 13 from the ECM.
3. Connect the connector on the ECM adapter

tool.

EECCMM aaddaapptteerr ttooooll
((PP//NN 552299003366551133))

4. Set multimeter to Ω.
5. Probe circuit as per following table while using

your hand to manually move throttle plate.

EECCMM
aaddaapptteerr

ppiinn

FFuullllyy cclloosseedd
tthhrroottttllee ppllaattee ((11))

FFuullllyy ooppeenn
tthhrroottttllee ppllaattee

RReessiissttaannccee ((ΩΩ))

MMiinn.. MMaaxx.. MMiinn.. MMaaxx..

26 3 625 3000 625 3000

26 21 681 3750 163 1260

26 40 181 1350 700 3840

21 3 163 1260 681 3750

21 40 925 4800 925 4800

3 40 700 3840 181 1350
(1) To obtain the fully closed position, it is
necessary to push against the throttle plate in
the throttle body with your hand and hold it in
this position for the measurement.

6. If any resistance value is incorrect, check wire
continuity between ECM and throttle body be-
fore assuming the TPS is at fault.

TTeessttiinngg tthhee TTPPSS IInnppuutt VVoollttaaggee
1. Ensure that main power relay is installed.
2. Disconnect the throttle body connector.
3. Install the key on the D.E.S.S. post.
4. Press the START/STOP button to activate the

electrical system.
5. Measure for voltage at the TPS harness con-

nector as follows:

TTPPSS IInnppuutt VVoollttaaggee TTeesstt

TTPPSS ccoonnnneeccttoorr ppiinn SSppeecciiffiiccaattiioonn

3 (with battery ground) 5 V
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TTPPSS IINNPPUUTT VVOOLLTTAAGGEE TTEESSTT

6. If the voltage test is not good, test and repair
the wiring from ECM to the throttle body as
required.

7. If the wiring is good, replace the ECM.
8. If the voltage test is good, test for continuity of

the signal wires and the neutral wire between
the throttle body and ECM.

RReeppllaacciinngg tthhee TTPPSS
Replace throttle body.

AAddjjuussttiinngg tthhee TTPPSS
There is no adjustment that can be carried out on
the TPS, however the BUDS Throttle Position
Sensor Reset Function must be carried out when
the throttle body has been replaced.

While using the BRP diagnostic software (BUDS),
check for and reset fault codes.
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0077 EELLEECCTTRRIICCAALL SSYYSSTTEEMM

EENNGGIINNEE AANNDD
TTRRAANNSSMMIISSSSIIOONN
HHAARRNNEESSSS
GGEENNEERRAALL
Before removing the wiring harness, always take
note of factory wire harness routing for
reinstallation.

The position of the wires, connectors and locking
ties must be done per the following illustrations.

To install the engine harness properly, the follow-
ing parts are required:

LLoocckkiinngg ttiiee ttyyppee DDeessccrriippttiioonn

Type 1 Locking tie with mount
202 x 4.6 mm

Type 2 Locking tie 175 x 4 mm

Type 3 Locking tie 250 x 4.8
mm

PPRROOCCEEDDUURREESS
IInnssttaalllliinngg tthhee WWiirriinngg HHaarrnneessss
1. Connect the gearbox HIC connector (HIC_GB_

INT) and secure the cable to the connector in a
loop, using a locking tie.

1. Gearbox HIC connector
2. Locking tie Type 2

2. Attach the wiring harness to the housing using
a locking tie.

1. Locking tie Type 2

3. Connect the GBTS connector and secure the
cable to the connector in a loop, using a lock-
ing tie.

LLOOCCKKIINNGG TTIIEE TTYYPPEE 22

4. Reconnect the following connectors:

EELLEECCTTRRIICCAALL SSYYSSTTEEMM
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1. CP1
2. LPS
3. CP2

5. Install a locking tie with mount and press it into
the threaded hole of the hydraulic cover.

LLOOCCKKIINNGG TTIIEE TTYYPPEE 22

6. Reconnect the SS1 and SS2 connectors. Then
install locking ties with mounts and press them
into the threaded holes in the gearbox housing.

1. Speed sensor 1 (SS1)
2. Speed sensor 2 (SS2)
3. Locking tie with mount Type 1

7. Secure the cables to the SS1 and SS2 connec-
tors in a loop, using locking ties.

LLOOCCKKIINNGG TTIIEE TTYYPPEE 22

8. Connect the SHIFT and GBPS1 connectors.

9. After installing the protective cover, attach the
wiring harness to the cover using locking ties.

TTiigghhtteenniinngg TToorrqquuee

Protective cover screw 11 ± 1 N∙m
(97 ± 9 lbf∙in)

1. Protective cover
2. Protective cover screws
3. Locking ties Type 2

EELLEECCTTRRIICCAALL SSYYSSTTEEMM
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10.Route the wiring harness over the actuator (H/
L) and reconnect the following:

– Actuator (H/L)
– Gearbox position sensor (GBPS2)
– Shift fork position sensor (SFS)
– Park switch (PARK_SW)
– Vehicle speed sensor (VSS)

1. H/L
2. GBPS2
3. SFS
4. PARK_SW
5. VSS

11.Tighten the cable clamp screw to specification.

TTiigghhtteenniinngg TToorrqquuee

Cable clamp screw 2 ± 0.2 N∙m
(18 ± 2 lbf∙in)

12.Secure the SFS cable in a loop, along with the
park switch cable and VSS cable. Then install
a locking tie with mount and press it into the
threaded hole in the gearbox housing.

Avoid tension to the park switch cable.

1. Locking tie with mount Type 1
2. Shift fork sensor (SFS)
3. SFS cable, secure cable in loop
4. Park switch cable, avoid tension
5. VSS cable

13.Connect the VSS connector and secure the ca-
ble in a loop, using a locking tie.

1. Locking tie Type 2
2. VSS connector

14. Install locking ties with mounts and press them
into the threaded holes in the gearbox housing.

EELLEECCTTRRIICCAALL SSYYSSTTEEMM
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LLOOCCKKIINNGG TTIIEESS WWIITTHH MMOOUUNNTT TTYYPPEE 11

15.Position a locking tie with mount onto the oil
tank cover and tighten the cable clamp screws
to specification.

TTiigghhtteenniinngg TToorrqquuee

Cable clamp screws 3.5 ± 0.2 N∙m
(31 ± 2 lbf∙in)

1. Locking tie with mount Type 2
2. Cable clamp screws

16. Install the protective cover and tighten the
screws to specification.

TTiigghhtteenniinngg TToorrqquuee

Protective cover
screws

11 ± 1 N∙m
(97 ± 9 lbf∙in)

17.Place the cable clamp on the ignition cover
and tighten the screw to specification.

TTiigghhtteenniinngg TToorrqquuee

Cable clamp screw 9 ± 1 N∙m
(80 ± 9 lbf∙in)

18.Route the coil section of the harness over the
valve cover and reconnect the following:

– Ignition coils 1,2 and 3 (COIL 1, 2 and 3)
– Injectors 1, 2 and 3 (INJ 1, 2 and 3)
– Camshaft position sensor (CAPS)
– Knock sensor (KNOCK)

EELLEECCTTRRIICCAALL SSYYSSTTEEMM
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1. COIL 1
2. COIL 2
3. COIL 3
4. INJ 1
5. INJ 2
6. INJ 3
7. CAPS
8. KNOCK

19.Tighten the GND connector using the intake
manifold screw.

TTiigghhtteenniinngg TToorrqquuee

Intake manifold screw 9 ± 1 N∙m
(80 ± 9 lbf∙in)

20.Secure the wiring harness to the valve cover,
using locking ties.

LLOOCCKKIINNGG TTIIEESS TTYYPPEE 22

21.Secure the KNOCK cable to the wiring harness
in a loop.

LLOOCCKKIINNGG TTIIEE TTYYPPEE 22

22.Connect the ETC and push the cable into the
clip. Install a locking tie with mount and press it
into the threaded hole in the throttle body
housing.

1. ETC
2. Clip
3. Locking tie with mount Type 1

23.Connect the BPS connector and secure the ca-
ble in a tight loop to the BPS connector. Install

EELLEECCTTRRIICCAALL SSYYSSTTEEMM
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a locking tie with mount and press it into the
threaded hole in the throttle body housing.

1. BPS
2. Locking tie Type 2
3. Locking tie with mount Type 1

24.Connect the MAPTS and CPS connectors.

25.Secure the harness with locking ties and lock-
ing ties with mounts.

1. Locking tie Type 2
2. Locking tie with mount Type 1

26.Connect the OPS connector and secure the
cable to the OPS connector in a loop.

1. OPS
2. Locking tie Type 2

27. Install locking ties with mounts and press them
into the threaded holes in the ignition cover.

LLOOCCKKIINNGG TTIIEESS TTYYPPEE 11

28.Connect the WASTE and CTS connectors.

1. WASTE
2. CTS

29.Secure the cable in a tight loop to the CPS
connector and attach the harness to the outlet
socket.

EELLEECCTTRRIICCAALL SSYYSSTTEEMM
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1. Locking tie Type 2
2. Locking tie Type 3

EELLEECCTTRRIICCAALL SSYYSSTTEEMM
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IIGGNNIITTIIOONN SSYYSSTTEEMM
GGEENNEERRAALL

WWAARRNNIINNGG
TToorrqquuee wwrreenncchh ttiigghhtteenniinngg ssppeecciiffiiccaattiioonnss mmuusstt
bbee ssttrriiccttllyy aaddhheerreedd ttoo..
LLoocckkiinngg ddeevviicceess wwhheenn rreemmoovveedd ((ee..gg..:: lloocckkiinngg
ttaabbss,, eellaassttiicc ssttoopp nnuuttss,, sseellff--lloocckkiinngg ffaasstteenneerrss,,
ccootttteerr ppiinnss,, eettcc..)) mmuusstt bbee rreeppllaacceedd..

Hoses, cables or locking ties removed during a
procedure must be reinstalled as per factory
standards.

WWAARRNNIINNGG
NNeevveerr cchheecckk ffoorr eennggiinnee iiggnniittiioonn ssppaarrkk ffrroomm aann
ooppeenn ccooiill aanndd//oorr ssppaarrkk pplluugg aass ssppaarrkk mmaayy
ccaauussee ppootteennttiiaall ffuueell vvaappoorrss ttoo iiggnniittee.. AAllwwaayyss
uussee aann aapppprroovveedd ssppaarrkk tteesstteerr..

SSyysstteemm DDeessccrriippttiioonn
The Engine Control Module (ECM) controls the
ignition system, as well as many other engine re-
lated functions.

The battery supplies power to the primary side of
the ignition coils through a relay, while the ECM
completes the circuit to each coil primary winding
by switching it to ground at the appropriate
moment.

The ignition system is a digital inductive type
system.

Ignition system parameters such as ignition timing,
dwell time and firing order are controlled by the
ECM to meet engine operational requirements.

Direct ignition coils (stick coils) are used for each
cylinder.

Three separate ignition coils receive power from
one fuse.

When a ground signal is provided by the ECM to
an ignition coil primary winding, a high voltage is
induced in the coil secondary winding, which pro-
duces a spark at the spark plug electrode.

Cylinder 1 is located on the PTO side of the
engine.

TTYYPPIICCAALL
1. Cylinder 1
2. Cylinder 2
3. Cylinder 3
4. PTO side
5. MAG side

IIggnniittiioonn TTiimmiinngg
The ignition timing is not adjustable.

The ECM is programmed with ignition maps that it
uses along with data received from a variety of
sensors to establish the optimal ignition timing
under all engine operating conditions.

The firing of each spark plug is independent of the
others.

EEnnggiinnee RRPPMM LLiimmiitteerr
The ECM will limit the maximum engine speed by
cutting off the ignition spark and fuel flow at a pre-
determined engine RPM.

RRPPMM LLiimmiitteerr

Forward 8500 RPM or 150 km/h
(93 MPH)

Reverse 20 km/h (12 MPH)

Reverse with override
(LOW or HIGH) 7500 RPM

KKnnoocckk SSeennssoorr
A knock sensor is mounted on the cylinder block,
behind the intake manifold. This sensor detects
specific vibrations that would typically be gener-
ated by engine detonation.

If detonation occurs, the knock sensor detects it
and the ECM goes into a specific operating mode,
whereby it temporarily retards the ignition advance
until the detonation stops.

EELLEECCTTRRIICCAALL SSYYSSTTEEMM
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The ECM identifies the cylinder in which the
knocking is present and modifies the ignition ad-
vance for that cylinder only.

Refer to the Cylinder Block subsection for testing
and replacement procedures.

TTRROOUUBBLLEESSHHOOOOTTIINNGG
It is good practice to check for fault codes using
the BRP diagnostic software (BUDS) as a first
troubleshooting step.

Refer to Power Distribution and Grounds for fuse
and relay information.

Always refer to the wiring diagram when trouble-
shooting an electrical circuit.

TTeessttiinngg tthhee IIggnniittiioonn SSyysstteemm
1. Ensure that ignition fuse is powered and in

good condition.
2. If the fuse is burnt, test for a short circuit or

faulty component on that fuse circuit before re-
placing the fuse.

3. If there is no active fault code, start the diag-
nostics, refer to the Testing the Ignition Coil
Using BUDS.

4. If the primary winding of an ignition coil or a cir-
cuit is at fault, a fault code will be set.

DDiiaaggnnoossttiicc GGuuiiddeelliinneess
The following is provided to help in diagnosing the
probable cause of a problem. It is only a guide and
should not be assumed to list all possible causes.

11.. EEnnggiinnee WWiillll NNoott SSttaarrtt ((EEnnggiinnee TTuurrnnss OOvveerr))

Fouled or defective spark plug

– Check the spark plug condition. Replace if
necessary.

Defective CPS

– Test the CPS.

Defective trigger wheel

– Check the trigger wheel.

Defective ignition circuit

– Check the fuses, ignition coils, wiring and
connectors.

22.. EEnnggiinnee HHaarrdd ttoo SSttaarrtt

Faulty, fouled or worn out spark plug

– Check the spark plug condition. Replace if
necessary.

Drowned engine

– Check the engine temperature value using
BUDS. If the temperature read is lower than
the ambient temperature, the CTS sensor may
be defective or have a bad connection. There-
fore, the ECM would erroneously set the en-
gine to cold start mode, which could flood the
spark plugs.

33.. EEnnggiinnee MMiissffiirreess,, RRuunnss IIrrrreegguullaarrllyy

Fouled, defective, worn spark plugs

– Check the spark plug condition. Replace if
necessary.

Damaged trigger wheel/loose CPS

– Check the trigger wheel and CPS.

Defective ignition circuit

– Check the fuses, ignition coils, wiring and
connectors.

Poor engine grounds

– Check the ground condition.

44.. EEnnggiinnee CCoonnttiinnuuaallllyy BBaacckkffiirreess

Fouled, defective spark plugs

– Check the spark plug condition. Replace if
necessary.

Damaged trigger wheel / defective or loose CPS

– Check the trigger wheel and CPS.

55.. EEnnggiinnee DDeettoonnaattiioonn oorr PPiinnggiinngg

Faulty or disconnected knock sensor

– Check the knock sensor.

66.. EEnnggiinnee LLaacckkss AAcccceelleerraattiioonn oorr PPoowweerr

Weak spark

– Check the spark plugs, coils, wiring and
connections.

77.. EEnnggiinnee WWiillll NNoott SSttoopp wwhheenn KKeeyy iiss RReemmoovveedd
ffrroomm EEnnggiinnee CCuuttooffff SSwwiittcchh

Defective engine cutoff switch

EELLEECCTTRRIICCAALL SSYYSSTTEEMM
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– Check the engine cutoff switch. Replace if
necessary.
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IIGGNNIITTIIOONN CCOOIILLSS AANNDD SSPPAARRKK PPLLUUGGSS

SSEERRVVIICCEE TTOOOOLLSS
DDeessccrriippttiioonn PPaarrtt NNuummbbeerr PPaaggee

ECM ADAPTER TOOL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (P/N 529036513) . . . . . . . . . . . . . . . . . . . . . . . 278

SSEERRVVIICCEE PPRROODDUUCCTTSS
DDeessccrriippttiioonn PPaarrtt NNuummbbeerr PPaaggee

DIELECTRIC GREASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280

= Component must be replaced when removed.NEW

14 ± 1 N•m
(124 ± 9 lbf•in)

9 ± 0,6 N•m
(80 ± 5 lbf•in)
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GGEENNEERRAALL
WWAARRNNIINNGG

TToorrqquuee wwrreenncchh ttiigghhtteenniinngg ssppeecciiffiiccaattiioonnss mmuusstt
bbee ssttrriiccttllyy aaddhheerreedd ttoo..
LLoocckkiinngg ddeevviicceess wwhheenn rreemmoovveedd ((ee..gg..:: lloocckkiinngg
ttaabbss,, eellaassttiicc ssttoopp nnuuttss,, sseellff--lloocckkiinngg ffaasstteenneerrss,,
ccootttteerr ppiinnss,, eettcc..)) mmuusstt bbee rreeppllaacceedd..

Hoses, cables or locking ties removed during a
procedure must be reinstalled as per factory
standards.

WWAARRNNIINNGG
NNeevveerr cchheecckk ffoorr eennggiinnee iiggnniittiioonn ssppaarrkk ffrroomm aann
ooppeenn ccooiill aanndd//oorr ssppaarrkk pplluugg aass ssppaarrkk mmaayy
ccaauussee ppootteennttiiaall ffuueell vvaappoorrss ttoo iiggnniittee.. AAllwwaayyss
uussee aann aapppprroovveedd ssppaarrkk tteesstteerr..

PPRROOCCEEDDUURREESS
IIGGNNIITTIIOONN CCOOIILLSS

TTeessttiinngg tthhee IIggnniittiioonn CCooiillss UUssiinngg BBUUDDSS
1. Connect the vehicle to the BRP diagnostic soft-

ware (BUDS).
2. In BUDS, select the following:

– FFuunnccttiioonnss page
– TTeesstt CCooiillss aanndd IInnjjeeccttoorrss

3. Select the ignition coil to be tested and click
the AACCTTIIVVAATTEE button.

You should hear the spark occurring. If in
doubt, use a sealed vvaappoorr pprrooooff spark tester
or an inductive spark tester, as available from
tool suppliers, to prevent a spark from
occurring.

4. If there is no ignition at one or more coils, per-
form the Testing Ignition Coil Input Voltage.

5. If the spark is weak, try a new spark plug. If the
spark is still weak, try a new ignition coil.

NNOOTTEE:: The voltage required to produce a spark
in the combustion chamber is higher when the en-
gine is running.

TTeessttiinngg tthhee IIggnniittiioonn CCooiill IInnppuutt VVoollttaaggee
1. Make sure that the ignition fuse and relay are

good before testing.
2. Disconnect the applicable ignition coil

connector.
3. Install the key on the D.E.S.S. post.
4. Set the multimeter to Vdc.
5. Press the START/STOP button to activate the

ECM.

NNOOTTEE:: Do not press the brake pedal.

6. Measure the voltage as follows:

IIggnniittiioonn CCooiill IInnppuutt VVoollttaaggee TTeesstt

IIggnn..
CCooiill
NNoo..

BBaatttteerryy SSppeecciiffiiccaattiioonn

1
Negative
post (-) Battery voltage2

3

IIGGNNIITTIIOONN CCOOIILL IINNPPUUTT VVOOLLTTAAGGEE TTEESSTT

7. If the test succeeds, perform the Testing the
Ignition Coil Resistance procedure.

8. If the test fails, perform the Testing the Ignition
Coil Power Circuit Continuity procedure.

TTeessttiinngg tthhee IIggnniittiioonn CCooiill PPoowweerr CCiirrccuuiitt
CCoonnttiinnuuiittyy
1. Set the multimeter to Ω.
2. Read the resistance of the desired ignition coil

circuit:

IIggnniittiioonn CCooiill PPoowweerr CCiirrccuuiitt CCoonnttiinnuuiittyy TTeesstt

IIggnn.. ccooiill NNoo..
HHIICC

ccoonnnneeccttoorr
ppiinn

SSppeecciiffiiccaattiioonn

1
(Coil No. 1)

F Close to 0 Ω1
(Coil No. 2)

1
(Coil No. 3)
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3. If the test fails at any ignition coil, test the fol-
lowing items separately and repair/replace the
wiring or terminals from the fuse box to the ap-
plicable ignition coil. Refer to the appropriate
wiring diagram for details.

– Wiring from fuse box to engine connector
– Wiring from engine connector to ignition

coil
4. If the test succeeds, continue with a ground cir-

cuit continuity test.

IIggnniittiioonn CCooiill PPoowweerr CCiirrccuuiitt CCoonnttiinnuuiittyy TTeesstt

IIggnn.. ccooiill NNoo.. BBaatttteerryy SSppeecciiffiiccaattiioonn

1
(Coil No. 1)

Negative (−)
post Close to 0 Ω1

(Coil No. 2)

1
(Coil No. 3)

5. If the test fails, repair the connector or replace
the engine wiring harness.

TTeessttiinngg tthhee IIggnniittiioonn CCooiill CCoonnttrrooll CCiirrccuuiitt
CCoonnttiinnuuiittyy
1. Disconnect the connector 13 from the ECM.
2. Connect the connector to the ECM adapter

tool.

EECCMM aaddaapptteerr ttooooll
((PP//NN 552299003366551133))

3. Disconnect the ignition coil connector.
4. Test for continuity of the circuit per the follow-

ing table.

IIggnniittiioonn CCooiill CCoonnttrrooll CCiirrccuuiitt CCoonnttiinnuuiittyy TTeesstt

IIggnniittiioonn CCooiill
CCoonnnneeccttoorr

PPiinn

EECCMM
AAddaapptteerr PPiinn SSppeecciiffiiccaattiioonn

3
(Coil No. 1) 56

Close to 0 Ω3
(Coil No. 2) 54

3
(Coil No. 3) 55

5. If the test fails, repair the connector or replace
the engine wiring harness.

TTeessttiinngg tthhee IIggnniittiioonn CCooiill GGrroouunndd CCiirrccuuiitt
CCoonnttiinnuuiittyy
1. Disconnect the ignition coil connector.
2. Test the continuity of the circuit as follows:

IIggnniittiioonn CCooiill GGrroouunndd CCiirrccuuiitt CCoonnttiinnuuiittyy TTeesstt

IIggnn..
CCooiill
NNoo..

IIggnn..
CCooiill
WWiirree

WWiirriinngg
HHaarrnneessss

SSppeecciiffiiccaa
ttiioonn

1 BK Ground
connec
tor

Close to 0 Ω2 BK

3 BK

3. If the test fails, repair the connector or replace
the engine wire harness.

TTeessttiinngg tthhee IIggnniittiioonn CCooiill RReessiissttaannccee
These tests must be performed at or near 20 °C
(68 °F).

An ignition coil with a good resistance measure-
ment can still be faulty. Current leakage can occur
at high voltage levels that is not detectable using
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an ohmmeter. Replacing the ignition coil may be
necessary as a test.

1. Remove the ignition coil.
2. Using a multimeter, test the resistance of the

primary winding.

PPRRIIMMAARRYY WWIINNDDIINNGG

IIggnniittiioonn CCooiill RReessiissttaannccee TTeesstt

IIggnniittiioonn CCooiill PPiinn SSppeecciiffiiccaattiioonn

1 3 0.8 - 0.97 Ω

1 2 Open loop
(OL)2 3

NNOOTTIICCEE
TThhee sseeccoonnddaarryy wwiinnddiinngg oonn tthhiiss ttyyppee ooff iiggnniittiioonn
ccooiill ccaannnnoott bbee tteesstteedd..

3. If the test fails, replace the ignition coil.
4. If the test succeeds, perform the Testing the

Ignition Coil Control Circuit Continuity
procedure.

RReemmoovviinngg tthhee IIggnniittiioonn CCooiill
1. Disconnect the ignition coil connectors.
2. Remove the ignition coil retaining screws.

NNOOTTIICCEE
DDoo nnoott pprryy oonn iiggnniittiioonn ccooiill wwiitthh aa ttooooll..

3. Remove each ignition coil (with gasket) from
the spark plug by rotating it from side to side as
you pull up.

IInnssppeeccttiinngg tthhee IIggnniittiioonn CCooiill
1. Check for the following:

– Corrosion
– Bent pins
– Loose or burnt contacts
– Cracked or torn rubber boot

2. Replace as necessary.

RReeppllaacciinngg tthhee RRuubbbbeerr BBoooott
The rubber boot is equipped with a spring (loss-
proof installed).

1. Remove rubber boot from the ignition coil
housing

2. Move new rubber boot on ignition coil housing.
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1. Push rubber boot

3. Twist rubber boot to fully engage it on the igni-
tion coil housing and to bring it in proper
shape.

1. Twist rubber boot

4. Grease inner diameter of rubber boot
uniformly.

DDiieelleeccttrriicc ggrreeaassee

A. Min. 8 mm
(0.314 in)

IInnssttaalllliinngg tthhee IIggnniittiioonn CCooiill
1. Install the ignition coil on the spark plug.
2. Align the screw hole of the ignition coil with the

threaded hole on the valve cover.
3. Push the ignition coil all the way down until it

rests on the valve cover.
4. Install and tighten ignition coil screw.

TTiigghhtteenniinngg TToorrqquuee

Ignition coil screw 9 ± 1 N∙m
(80 ± 9 lbf∙in)

5. Connect ignition coil connectors.
6. Reinstall all removed or disconnected

components.

SSPPAARRKK PPLLUUGGSS

RReemmoovviinngg tthhee SSppaarrkk PPlluuggss
1. Remove the ignition coils.
2. Using a spark plug socket, release the torque

applied to the spark plug.

1. Approved socket
2. Improper socket

3. Clean the spark plug area with pressurized air.
4. Unscrew the spark plug.
5. Use the ignition coil to pull the spark plug out

of its hole.

IInnssppeeccttiinngg tthhee SSppaarrkk PPlluuggss
1. Using a feeler gauge, check the electrode gap

of each spark plug:

EELLEECCTTRRIICCAALL SSYYSSTTEEMM
IGNITION COILS AND SPARK PLUGS



0077

281

SSppaarrkk PPlluugg

Manufacturer and type NGK SILMAR9F7

Electrode gap 0.6–0.7 mm
(0.024–0.028 in.)

NNOOTTIICCEE
RReeppllaaccee ssppaarrkk pplluugg iiff oouutt ooff ssppeecciiffiiccaattiioonn..

TTrroouubblleesshhoooottiinngg aa FFoouulleedd SSppaarrkk PPlluugg
Fouling of a spark plug is indicated by irregular
running or misfiring of the engine, decreased en-
gine speed due to misfiring, reduced performance,
and increased fuel consumption.

Other possible causes include incorrect or bad
fuel, a defective ignition system, an incorrect spark
plug gap, a loss of compression, or lubricating oil
entering the combustion chamber.

Fouling of a spark plug is indicated by irregular
running or misfiring of the engine, decreased en-
gine speed due to misfiring, reduced performance,
and increased fuel consumption.

SSppaarrkk PPlluugg AAnnaallyyssiiss

TTYYPPIICCAALL
1. Overheated (light gray, white)
2. Normal (light brown, brown)
3. Fouled (black, wet or dry, dark deposits, gray, melted coating)

The plug face reveals the condition of the engine,
the operating condition, the method of driving and
the fuel mixture. For this reason, it is advisable to
inspect the spark plug at prescribed intervals, ex-
amining the plug face (i.e., the part of the plug that
projects into the combustion chamber).

IInnssttaalllliinngg tthhee SSppaarrkk PPlluugg
1. Prior to installation, make sure that contact sur-

faces of the cylinder head and spark plug are
free of grime.

2. Screw the spark plug into the cylinder head by
hand, then tighten it using a torque wrench and
the appropriate socket.

TTiigghhtteenniinngg TToorrqquuee

Spark plug 14 ± 1 Nm
(124 ± 9 lbf-in)

3. Install the ignition coil.
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NNootteess
RReellaatteedd DDooccuummeennttss
BBuulllleettiinnss

IInnssttrruuccttiioonn SShheeeettss

OOtthheerr

NNootteess
TTeecchhnniicciiaann’’ss NNootteess

Notes
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0088 TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS

EEnnggiinnee
EEnnggiinnee

Engine

Type ROTAX® 999T DCT

Configuration
4-stroke, Double Over Head

Camshaft (DOHC),
dry sump, liquid cooled, turbo with

intercooler

Number of cylinders 3

Number of valves 12 valves (self-adjusting hydraulic
valve lifters)

Bore 78 mm
(3.071 in.)

Stroke 69.68 mm
(2.74 in.)

Offset cylinder/crankshaft axis 8 mm
(0.315 in.)

Displacement 999 cm³
(60.96 in³)

Compression ratio 8.4 : 1

Maximum HP RPM 240 HP, 8000 ± 100 RPM

Exhaust system
NRMM models Catalyst + spark arrester

Other models Spark arrester approved by USDA
Forest Service

Air filter Donaldson high-performance filter

Intake valve opening 0° ATDC

Intake valve closing 30° ABDC

Exhaust valve opening 35° BBDC

Exhaust valve closing 0° BTDC

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
Engine
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EEnnggiinnee

Valve stem
diameter

Intake
New 5.961 to 5.975 mm

(0.2347 to 0.2352 in.)

Service limit 5.940 mm
(0.2339 in.)

Exhaust
New 5.939 to 5.975 mm

(0.2338 to 0.2352 in.)

Service limit 5.920 mm
(0.2331 in.)

Valve out of
round

Intake New 0.009 mm
(.0004 in.)

Exhaust New 0.006 mm
(.0002 in.)

All Service limit 0.060 mm
(.0024 in.)

Valve guide diameter
New 5.994 to 6.018 mm

(0.2360 to 0.2369 in.)

Service limit 6.050 mm
(0.2382 in.)

Valve spring free length
New 42.2 mm

(1.661 in.)

Service limit 40.5 mm
(1.595 in.)

Valve seat
contact width

Intake
New 1.35 to 1.55 mm

(0.053 to 0.061 in.)

Service limit 1.90 mm
(0.075 in.)

Exhaust
New 1.50 to 1.70 mm

(0.059 to 0.067 in.)

Service limit 2.00 mm
(0.079 in.)

Cylinder head warpage
Maximum new 0.03 mm

(0.0012 in.)

Service limit 0.05 mm
(0.0020 in.)

Piston diameter
New 77.978 to 77.994 mm

(3.070 to 3.071 in.)

Service limit 77.950 mm
(3.0689 in.)

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
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Piston/cylinder clearance
New –0.001 to 0.029 mm

(–0.00004 to 0.00114 in.)

Service limit 0.050 mm
(0.0020 in.)

Piston ring type

1st Upper compression ring,
rectangular

2nd Lower compression ring, tapered
face

3rd Oil scraper ring

Ring end gap

Upper

New

0.15 to 0.35 mm
(.006 to .014 in.)

Lower 0.35 to 0.55 mm
(0.014 to 0.022 in.)

Oil scraper ring 0.20 to 0.70 mm
(0.008 to 0.028 in.)

Upper

Service limit

0.45 mm
(0.018 in.)

Lower 0.65 mm
(.026 in.)

Oil scraper ring 0.80 mm
(.032 in.)

Ring/piston
groove clearance

Upper

New

0.015 to 0.060 mm
(0.0006 to 0.0024 in.)

Lower 0.015 to 0.060 mm
(0.0006 to 0.0024 in.)

Oil scraper ring 0.01 to 0.180 mm
(0.0004 to 0.0071 in.)

Upper

Service limit

0.070 mm
(0.0028 in.)

Lower 0.070 mm
(0.0028 in.)

Oil scraper ring 0.200 mm
(0.0079 in.)

Cylinder bore New 77.993 to 78.007 mm
(3.0706 to 3.0711 in.)

Cylinder taper
Maximum new 0.030 mm

(0.0012 in.)

Service limit 0.050 mm
(0.0020 in.)

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
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Cylinder out of round
Maximum new 0.008 mm

(0.0003 in.)

Service limit 0.030 mm
(0.0012 in.)

Camshaft bearing
journal diameter

PTO/Center
New 24.967 to 24.980 mm

(0.9830 to 0.9835 in.)

Service limit 25.050 mm
(0.9862 in.)

MAG
New 27.967 to 27.980 mm

(1.1011 to 1.1016 in.)

Service limit 27.940 mm
(1.1000 in.)

Camshaft holder
bearing diameter

PTO/Center
New 25.000 to 25.021 mm

(0.9843 to 0.9851 in.)

Service limit 25.050 mm
(0.9862 in.)

MAG
New 28.000 to 28.021 mm

(1.1024 to 1.1032 in.)

Service limit 28.050 mm
(1.1043 in.)

Camshaft journal
radial play All

New 0.020 to 0.054 mm
(0.0008 to 0.0021 in.)

Service limit 0.080 mm
(0.0032 in.)

Camshaft holder axial thrust bearing
width

New 19.48 to 19.58 mm
(0.7669 to 0.7709 in.)

Service limit 19.25 mm
(0.7579 in.)

Camshaft lobe
height

Intake
New 49.10 to 49.30 mm

(1.933 to 1.941 in.)

Service limit 49.08 mm
(1.932 in.)

Exhaust
New 49.30 to 49.50 mm

(1.941 to 1.949 in.)

Service limit 49.28 mm
(1.940 in.)

Hydraulic valve lifter diameter
New 30.959 to 30.975 mm

(1.2189 to 1.2195 in.)

Service limit 30.950 mm
(1.2185 in.)

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
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Hydraulic valve lifter radial clearance Service limit 0.100 mm
(0.0039 in.)

Crankshaft bearing journal diameter
New 45.004 to 45.020 mm

(1.7718 to 1.7724 in.)

Service limit 45.000 mm
(1.7717 in.)

Crankshaft radial play Service limit 0.100 mm
(0.0039 in.)

Crankshaft axial play
New 0.120 to 0.353 mm

(0.0047 to 0.0139 in.)

Service limit 0.400 mm
(0.0157 in.)

Crankshaft pin diameter
New 39.984 to 40.000 mm

(1.5742 to 1.5748 in.)

Service limit 39.974 mm
(1.5738 in.)

Crankshaft
deflection

MAG

Maximum

0.050 mm
(0.002 in.)

Center 0.050 mm
(0.002 in.)

PTO-spline 0.10 mm
(0.004 in.)

Crankshaft plain bearing inside
diameter Service limit 45.100 mm

(1.7756 in.)

Connecting rod big end diameter Service limit 40.060 mm
(1.5772 in.)

Connecting rod big end radial play Service limit 0.086 mm
(0.0034 in.)

Connecting rod big end axial play
New 0.100 to 0.452 mm

(0.004 to 0.0178 in.)

Service limit 0.500 mm
(0.0197 in.)

Connecting rod small end diameter
New 20.010 to 20.020 mm

(0.7878 to 0.7882 in.)

Service limit 20.030 mm
(0.7886 in.)

Piston pin diameter
New 19.995 to 20.000 mm

(0.7872 to 0.7874 in.)

Service limit 19.985 mm
(0.7868 in.)

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
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Connecting rod small end radial play Service limit 0.045 mm
(0.0018 in.)

Chain guide groove depth Service limit 1 mm
(0.039 in.)

Lower chain guide groove depth Service limit No timing chain wear groove
allowed

Chain tension guide groove depth Service limit 1 mm
(0.039 in.)

Oil pump radial clearance Service limit 0.25 mm
(0.0098 in.)

Oil pump axial clearance Service limit 0.15 mm
(0.0059 in.)

Water pump impeller height Service limit 9.9 mm
(0.3898 in.)

LLUUBBRRIICCAATTIIOONN SSYYSSTTEEMM

Type Dry sump with integrated oil tank
and 2 oil coolers

Oil filter Replaceable cartridge oil filter

Engine oil pressure at
80°C to 90°C
(176°F to 194°F)

At idle 60 kPa
(8.7 lbf/in²)

4000 to 6000 RPM 350 kPa
(50.76 lbf/in²)

Engine oil

Capacity

Engine oil and engine oil
filter replacement

2.8 L
(2.96 qt (liq.,US))

Internal repair or new
unit

4.3 L
(4.54 qt (liq.,US))

Recommended
XPS oil

General purpose 5W40 synthetic oil

Cold temperature 0W40 synthetic oil

Warm temperature 10W50 synthetic oil

If the recommended XPS product is not
available

Use a 4-stroke SAE engine
synthetic oil meeting or exceeding
the following lubricant industry

specifications.
Always check the API service label
certification on the oil container, it

must contain the indicated
standards.

– AAPPII sseerrvviiccee ccllaassssiiffiiccaattiioonn SSNN,,
aanndd JJAASSOO MMAA22

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
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CCOOOOLLIINNGG SSYYSSTTEEMM

Coolant Type

Ethylene glycol/water mix (50%/
50%).

Use premixed coolant sold by BRP
or

coolant specifically designed for
aluminum engines.

TTUURRBBOOCCHHAARRGGEERR

Rotor shaft bearing leakage test Service limit 50%

Rotor shaft axial clearance Service limit Maximum 0.2 mm
(0.0079 in.)

Waste gate rod bore roundness Service limit Maximum 0.5 mm
(0.0197 in.)

Exhaust manifold flange warpage Service limit Maximum 0.6 mm
(0.0326 in.)

TTRRAANNSSMMIISSSSIIOONN

Type
Hydraulically actuated wet multi-
plate double-clutch transmission
with 2 sub-gearboxes for odd and
even gears controlled by ECM

Gearbox type

5-stage sequential,
unsynchronized 7-speed and

reverse gear, high/low gearset with
integrated park lock, gearbox
output through bevel gear drive

and 4 x 4 drive shaft

Gear shifting
Electromechanical via 2 actuators
for main gearset and high/low
gearset controlled by ECM

Gearbox lubrication and hydraulic clutch clamping system

Pressure DCT oil system
containing oil cooler, vane-type

pressure pump and 3 trochoid-type
scavange pumps for returning DCT

oil to internal oil tank

Gearbox oil filter Replaceable cartridge oil filter

Rated DCT oil pressure Approx. 17 bar
(246.6 lbf/in²)

Bevel gear lubrication Splash lubrication, separated from
gearbox DCT lubrication system

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
Engine
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Gearbox DCT oil
Capacity

DCT oil and gearbox oil
filter replacement

3.0 to 3.5 L
(3.2 to 3.7 qt (liq.,US))

Internal repair or new unit 4.9 L
(5.2 qt (liq.,US))

Recommended DCT oil XPS full synthetic DCT oil

Final drive oil

Capacity Oil replacement 0.4 L
(0.42 qt (liq.,US))

Recommended XPS product 75W140 synthetic gear oil

If the recommended XPS product is not
available

Use a 75W140 synthetic gear oil
that meets the API GL-5

specification.

Gear ratios

1st stage Primary drive 66/46 = 1.435

2nd stage 1st gear 42/13 = 3.231

2nd gear 35/16 = 2.188

3rd gear 31/19 = 1.632

4th gear 34/26 = 1.308

5th gear 33/30 = 1.100

6th gear 31/33 = 0.939

7th gear 24/29 = 0.828

Reverse gear 42/13 x 37/42 = 2.846

3rd stage Intermediate gearset 38/28 = 1.357

4th stage High gearset 39/33 = 1.182

Low gearset 41/20 = 2.050

5th stage Bevel drive gearset 45/11 = 4.091

4 x 4 drive gearset 50/44 = 1.136

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
Engine
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Overall gear
ratios

High

1st gear 66/46 x 42/13 x 38/28 x 39/33 x 45/
11 = 30.415

2nd gear 66/46 x 35/16 x 38/28 x 39/33 x 45/
11 = 20.594

3rd gear 66/46 x 31/19 x 38/28 x 39/33 x 45/
11 = 15.360

4th gear 66/46 x 34/26 x 38/28 x 39/33 x 45/
11 = 12.311

5th gear 66/46 x 33/30 x 38/28 x 39/33 x 45/
11 = 10.356

6th gear 66/46 x 31/33 x 38/28 x 39/33 x 45/
11 = 8.844

7th gear 66/46 x 24/29 x 38/28 x 39/33 x 45/
11 = 7.791

Reverse gear 66/46 x 42/13 x 37/42 x 38/28 x 39/
33 x 45/11 = 26.794

Low

1st gear 66/46 x 42/13 x 38/28 x 41/20 x 45/11
= 52.758

2nd gear 66/46 x 35/16 x 38/28 x 41/20 x 45/
11 = 35.722

3rd gear 66/46 x 31/19 x 38/28 x 41/20 x 45/
11 = 26.644

4th gear 66/46 x 34/26 x 38/28 x 41/20 x 45/
11 = 21.355

5th gear 66/46 x 33/30 x 38/28 x 41/20 x 45/
11 = 17.963

6th gear 66/46 x 31/33 x 38/28 x 41/20 x 45/
11 = 15.340

7th gear 66/46 x 24/29 x 38/28 x 41/20 x 45/
11 = 13.514

Reverse gear 66/46 x 42/13 x 37/42 x 38/28 x 41/
20 x 45/11 = 46.478

EELLEECCTTRRIICCAALL SSYYSSTTEEMM

Magneto generator output 1700 W@ 4000 to 8000 RPM

Ignition system type IDI (Inductive Discharge Ignition)

Ignition timing Not adjustable

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
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EELLEECCTTRRIICCAALL SSYYSSTTEEMM

Spark plug

Quantity 3

Make and type NGK SILMAR9F7

Gap 0.6 to 0.7 mm
(0.024 to 0.028 in.)

Engine RPM
limiter setting

Forward 8500 RPM or 150 km/h
(93 MPH)

Reverse (HIGH and LOW) 20 km/h
(12 MPH)

Reverse with override, LOW selected 7500 RPM or 25 km/h
(16 MPH)

Reverse with override, HIGH selected 7500 RPM or 42 km/h
(26 MPH)

FFUUEELL SSYYSSTTEEMM

Fuel delivery Type
Electronic Fuel Injection (EFI) with
iTC (Intelligent Throttle Control), 2

injectors per cylinder

Throttle body
54 mm
(2.1 in.)
with ETA

Idle speed

NORMAL mode 1500 RPM ± 50 (not adjustable)

SPORT mode 1800 RPM ± 50 (not adjustable)

SPORT + mode 2200 RPM ± 50 (not adjustable)

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
Engine
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99 TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS

TTeecchhnniiccaall SSppeecciiffiiccaattiioonnss
EENNGGIINNEE

EEnnggiinnee

Engine type ROTAX® 999cc with
turbocharger

Number of cylinders 3

Number of valves

2 intake and 2 exhaust valves by
cylinder

(self adjusting hydraulic valve
lifters)

Bore 78 mm
(3.1 in)

Stroke 69.68 mm
(2.74 in)

Displacement 999 cm³
(60.8 in³)

Maximum HP RPM 8000 RPM

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
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LLuubbrriiccaattiioonn SSyysstteemm

Type Dry sump

Oil filter Oil filter Replaceable cartridge oil filter

Engine oil

Capacity 2.8 l
(3 qt (liq.,US))

Recommended
XPS oil

General purpose 5W40 Synthetic oil

Cold temperature 0W40 Synthetic oil

Warm temperature 10W50 Synthetic oil

If the XPS products is not available

Use a 4-stroke SAE engine
synthetic oil meeting or

exceeding the following lubricant
industry specifications.

Always check the API service
label certification on the oil
container, it must contain the

indicated standards.
– AAPPII sseerrvviiccee ccllaassssiiffiiccaattiioonn
SSNN,, aanndd JJAASSOO MMAA22

TTrraannssmmiissssiioonn

Type 7–gears Dual Wet Clutch
Transmission (DCT)

Shift mode Automatic gear select mode and
manual shift mode (paddles)

Gear selection Low and High ranges on the fly
activation

Available driving modes 3
(normal/Sport/Sport+)

GGeeaarrbbooxx

Type Dual range (HI-LO) with PARK,
neutral and reverse

Gearbox oil

Capacity
Refill 3 to 3.5 l

(3.17 to 3.7 qt (liq.,US))

New or renew 4.9 l
(5.2 qt (liq.,US))

Recommended XPS oil XPS full synthetic DCT Oil

If the XPS products is not available Contact your authorized Can-
Am Off-road dealer

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
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VVEEHHIICCLLEE

IInnttaakkee SSyysstteemm

Air filter Donaldson high performance
filter

EExxhhaauusstt SSyysstteemm

Exhaust system
NRMM models Catalyst + Spark arrestor

Other models Spark arrestor approved by
USDA Forest Service

CCoooolliinngg SSyysstteemm

Coolant

Type Main front radiator with rear
transmission radiator

Recommended XPS coolant Extended life pre-mixed coolant

If the XPS products is not available
Ethyl glycol / water mix (50%/

50%).
or coolant specifically designed

for aluminum engines

Capacity 8.7 l
(2.3 gal (liq.,US))

EElleeccttrriiccaall SSyysstteemm

Magneto generator output 1 700 W

Spark plug

Quantity 3

Make and type NGK SIMLAR9F7

Gap 0.6 to 0.7 mm
(0.023 to 0.028 in)

Battery

Type Maintenance free SLA

Voltage 12 volts

Nominal rating 20 A•h

Electric starter output 800 W

Headlight LEDs

Taillight LEDs

Fuses Refer to Fuses in Maintenance

Camera No

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
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FFuueell SSyysstteemm

Fuel delivery Electronic fuel injection (EFI)

Fuel pump Type Electric (in fuel tank)

Injectors 2 by cylinder

Throttle body 54 mm

Fuel

Type Premium unleaded gasoline -
Refer to Fuel Requirements

Recommended
Octane rating

North America 91 AKI (R+M)/2

Outside North America 95 RON

Fuel tank capacity 50 l
(13.2 gal (liq.,US))

Fuel remaining when low fuel light turns ON 7 l
(1.85 gal (liq.,US))

DDrriivvee SSyysstteemm

Front drive
Spiral bevel gear

Lockable front differential with
exclusive Smart-Lok

Front drive ratio 3.6:1

Front differential oil

Capacity 350 ml
(11.8 fl oz (US))

Recommended XPS differential oil XPS 75W90 Synthetic gear oil

If the XPS products is not available Synthetic gear oil 75W90 API GL-
5

Rear final drive Spiral bevel gear / Final drive
Rear final drive ratio 4.09:1

Rear final drive oil

Capacity 500 ml
(17 fl oz (US))

Recommended XPS final drive oil XPS 75W140 Synthetic gear oil

If the XPS products is not available Synthetic gear oil 75W140 API
GL-5

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
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DDrriivvee SSyysstteemm

Disconnect unit

Capacity 65 ml
(2.2 fl oz (US))

Recommended XPS final drive oil 5W40 Synthetic blend oil

If the XPS products is not available

Use a 4-stroke SAE engine
synthetic or synthetic blend oil
meeting or exceeding the
following lubricant industry

specifications.
Always check the API service
label certification on the oil

container, it must contain at least
one of the indicated standards.
– AAPPII sseerrvviiccee ccllaassssiiffiiccaattiioonn
SSNN,, oorr

– JJAASSOO MMAA22
CV joint grease CV joint grease

SStteeeerriinngg

Type Center take-off rack and pinion

Steering wheel Adjustable tilt steering

FFrroonntt SSuussppeennssiioonn

Suspension type
Double suspension arms with
aluminum tall knuckle and

stabilizer bar

Suspension travel 63.5 mm
(25 in)

Shock absorber

Quantity 2

Type
FOX 2.5 PODIUM Piggyback
with QS3 compression

adjustment

Preload adjustment type Threaded

RReeaarr SSuussppeennssiioonn

Suspension type 4 Link Trailing arm with
aluminum tall knuckle

Suspension travel 63.5 mm
(25 in)

Shock absorber

Quantity 2

Type
FOX† 2.5 PODIUM Piggyback
with QS3† compression
adjustment and bottom-out

control

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
Technical Specifications



99

293

RReeaarr SSuussppeennssiioonn

Preload adjustment type Threaded

BBrraakkeess

Front brake

Qty 2

Disc brake
One piece cast iron brake rotor

of 265 mm
(10.4 in)

Caliper
Hydraulic three-pistons calipers

of 32 mm
(1.3 in)

Rear brake

Qty 2

Disc brake
One piece cast iron brake rotor

of 255 mm
(10 in)

Caliper
Hydraulic 2-pistons calipers of

30 mm
(1.2 in)

Brake fluid
Type DOT 4

Capacity 310 ml
(10.5 fl oz (US))

Caliper Floating

Brake pad material Sintered high performance

Minimum brake pad thickness 0.5 mm
(.02 in)

Minimum brake disc thickness 4 mm
(.157 in)

Maximum brake disc warpage 0.2 mm
(.01 in)

TTiirreess

Pressure

Recommended tire inflation
pressure is found on the Tire

Label.
Refer to appropriate Important
On-Product Labels section for

its locations.

Size 255/80R15
(UT30x10R15NHS)

Minimum tire thread depth 3 mm
(.118 in)

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
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WWhheeeellss

Type Aluminum Flow Formed w/o
Beadlock

Rim size
Front 38.1 x 17.8 cm

(15 x 7.0J in)

Rear 38.1 x 17.8 cm
(15 x 7.0J in)

Wheel lug nuts torque 120 ± 5 Nm
(89 ± 4 lbf-ft)

Wheel Offset
Front 78.9 mm

(3.1 in)

Rear 78.9 mm
(3.1 in)

CChhaassssiiss

Cage type Dual-phase 980 steel

DDiimmeennssiioonnss

Overall length 352.2 cm
(138.7 in)

Overall width

Ride height 198 cm
(78.1 in)

Maximum in suspension stroke 202 cm
(79.4 in)

Overall height 171.9 cm
(67.7 in)

Wheelbase 274.3 cm
(108 in)

Ground clearance 43.2 cm
(17 in)

LLooaaddiinngg CCaappaacciittyy aanndd WWeeiigghhtt

Dry weight 975 kg
(2,150 lb)

Total vehicle load allowed (including driver, passengers, all other
loads and added accessories)

286 kg
(630 lb)

Gross vehicle dry weight rating 286 kg
(630 lb)

Cargo rack capacity 90 kg
(200 lb)

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
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TTeecchhnniiccaall SSppeecciiffiiccaattiioonnss
EENNGGIINNEE

EEnnggiinnee

Engine type ROTAX® 999cc with
turbocharger

Number of cylinders 3

Number of valves

2 intake and 2 exhaust valves by
cylinder

(self adjusting hydraulic valve
lifters)

Bore 78 mm
(3.1 in)

Stroke 69.7 mm
(2.7 in)

Displacement 999 cm³
(60.8 in³)

Maximum HP RPM 8000 RPM
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LLuubbrriiccaattiioonn SSyysstteemm

Type Dry sump

Oil filter Oil filter Replaceable cartridge oil filter

Engine oil

Capacity 2.8 l
(3 qt (liq.,US))

Recommended
XPS oil

General purpose 5W40 Synthetic oil

Cold temperature 0W40 Synthetic oil

Warm temperature 10W50 Synthetic oil

If the XPS products is not available

Use a 4-stroke SAE engine
synthetic oil meeting or

exceeding the following lubricant
industry specifications.

Always check the API service
label certification on the oil
container, it must contain the

indicated standards.
– AAPPII sseerrvviiccee ccllaassssiiffiiccaattiioonn
SSNN,, aanndd JJAASSOO MMAA22

TTrraannssmmiissssiioonn

Type 7–gears Dual Wet Clutch
Transmission (DCT)

Shift mode Automatic gear select mode and
manual shift mode (paddles)

Gear selection Low and High ranges on the fly
activation

Available driving modes 3
(normal/Sport/Sport+)

GGeeaarrbbooxx

Type Dual range (HI-LO) with PARK,
neutral and reverse

Gearbox oil

Capacity
Refill 3 to 3.5 l

(3.17 to 3.7 qt (liq.,US))

New or renew 4.9 l
(5.2 qt (liq.,US))

Recommended XPS oil XPS full synthetic DCT Oil

If the XPS products is not available Contact your authorized Can-
Am Off-road dealer

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
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VVEEHHIICCLLEE

IInnttaakkee SSyysstteemm

Air filter Donaldson high performance
filter

EExxhhaauusstt SSyysstteemm

Exhaust system
NRMM models Catalyst + Spark arrestor

Other models Spark arrestor approved by
USDA Forest Service

CCoooolliinngg SSyysstteemm

Coolant

Type Main front radiator with rear dual
fan intercoolers

Recommended XPS coolant Extended life pre-mixed coolant

If the XPS products is not available
Ethyl glycol / water mix (50%/

50%).
or coolant specifically designed

for aluminum engines

Capacity 8.7 l
(2.3 gal (liq.,US))

EElleeccttrriiccaall SSyysstteemm

Magneto generator output 1 700 W

Spark plug

Quantity 3

Make and type NGK SIMLAR9F7

Gap 0.6 to 0.7 mm
(0.023 to 0.028 in)

Battery

Type Maintenance free SLA

Voltage 12 volts

Nominal rating 20 A•h

Power starter output 800 W

Headlight LEDs

Taillight LEDs

Signature lights LEDs

Fuses Refer to Fuses in Maintenance

Camera
X Rear

X rs Front and rear

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
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FFuueell SSyysstteemm

Fuel delivery Electronic fuel injection (EFI)

Fuel pump Type Electric (in fuel tank)

Injectors 2 by cylinder

Throttle body 54 mm

Fuel

Type Premium unleaded gasoline -
Refer to Fuel Requirements

Recommended
Octane rating

North America 91 AKI (R+M)/2

Outside North America 95 RON

Fuel tank capacity 50 l
(13.2 gal (liq.,US))

Fuel remaining when low fuel light turns ON 7 l
(1.85 gal (liq.,US))

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
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DDrriivvee SSyysstteemm

Front drive
Spiral bevel gear

Lockable front differential with
exclusive Smart-Lok

Front drive ratio 3.6:1

Front differential oil

Capacity 350 ml
(11.8 fl oz (US))

Recommended XPS differential oil XPS 75W90 Synthetic gear oil

If the XPS products is not available Synthetic gear oil 75W90 API GL-
5

Rear final drive Spiral bevel gear / Final drive
Rear final drive ratio 4.09:1

Rear final drive oil

Capacity 500 ml
(17 fl oz (US))

Recommended XPS final drive oil XPS 75W140 Synthetic gear oil

If the XPS products is not available Synthetic gear oil 75W140 API
GL-5

Disconnect unit

Capacity 65 ml
(2.2 fl oz (US))

Recommended XPS final drive oil 5W40 Synthetic oil

If the XPS products is not available

Use a 4-stroke SAE engine
synthetic oil meeting or exceeding
the following lubricant industry

specifications.
Always check the API service
label certification on the oil
container, it must contain the

indicated standards.
– AAPPII sseerrvviiccee ccllaassssiiffiiccaattiioonn
SSNN,, aanndd JJAASSOO MMAA22

CV joint grease CV joint grease

SStteeeerriinngg

Type Center take-off rack and pinion

Steering wheel Telescopic adjustable tilt
steering

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
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FFrroonntt SSuussppeennssiioonn

Suspension type
Double suspension arms with
aluminum tall knuckle and

stabilizer bar

Suspension travel 63.5 mm
(25 in)

Shock absorber

Quantity 2

Type

X
FOX 2.5 PODIUM Piggyback
with QS3 compression

adjustment

X rs

FOX 2.5 PODIUM RC2
Piggyback with bypass, dual
speed compression and
rebound adjustments

X rs SAS

FOX 2.5 PODIUM Piggyback
with bypass and Smart-Shox
Technology featuring Live Valve
gen 3 (Dual Valve compression

& rebound)

Preload adjustment type Threaded

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
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RReeaarr SSuussppeennssiioonn

Suspension type 4 Link Trailing arm with
aluminum tall knuckle

Suspension travel

X 63.5 mm
(25 in)

X rs 64.8 mm
(25.5 in)

X rs SAS 66 mm
(26 in)

Shock absorber

Quantity 2

Type

X
FOX† 2.5 PODIUM Piggyback
with QS3† compression
adjustment and bottom-out

control

X rs

FOX 3.0 PODIUM RC2
Piggyback with bypass, dual
speed compression and
rebound adjustments

X rs SAS

FOX 3.0 PODIUM Piggyback
with bypass and Smart-Shox
Technology featuring Live Valve
gen 3 (Dual Valve compression

& rebound)

Preload adjustment type Threaded

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
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BBrraakkeess

Front brake

Qty 2

Disc brake
One piece cast iron brake rotor

of 265 mm
(10.4 in)

Caliper
Hydraulic three-pistons calipers

of 32 mm
(1.3 in)

Rear brake

Qty 2

Disc brake
One piece cast iron brake rotor

of 255 mm
(10 in)

Caliper
Hydraulic 2-pistons calipers of

30 mm
(1.2 in)

Brake fluid
Type DOT 4

Capacity 310 ml
(10.5 fl oz (US))

Caliper Floating

Brake pad material Sintered high performance

Minimum brake pad thickness 0.5 mm
(.02 in)

Minimum brake disc thickness 4 mm
(.157 in)

Maximum brake disc warpage 0.2 mm
(.01 in)

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
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TTiirreess

Pressure Front

Recommended tire inflation
pressure is found on the Tire

Label.
Refer to appropriate Important
On-Product Labels section for

its locations.

Size
X 255/80R15

(UT30x10R15NHS)

X rs 255/80R16
(UT32x10R16NHS)

Minimum tire thread depth 3 mm
(.118 in)

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
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WWhheeeellss

Type
X Aluminum Flow Formed

X rs Aluminum Flow Formed
Beadlock

Rim size

Front
X 38.1 x 17.8 cm

(15 x 7.0J in)

X rs 40.6 x 17.8 cm
(16 x 7 in)

Rear
X 38.1 x 17.8 cm

(15 x 7.0J in)

X rs 40.6 x 17.8 cm
(16 x 7 in)

Wheel lug nuts torque 120 ± 5 Nm
(89 ± 4 lbf-ft)

Wheel Offset
Front 78.9 mm

(3.1 in)

Rear 78.9 mm
(3.1 in)

CChhaassssiiss

Cage type Dual-phase 980 steel

DDiimmeennssiioonnss

Overall length
X 352.2 cm

(138.7 in)

X rs 355.6 cm
(140 in)

Overall width

Ride height 198 cm
(78.1 in)

Maximum in suspension stroke 202 cm
(79.4 in)

Overall height
X 177.8 cm

(70.4 in)

X rs 181.5 cm
(71,5 in)

Wheelbase 274.3 cm
(108 in)

Ground clearance 43.2 cm
(17 in)
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LLooaaddiinngg CCaappaacciittyy aanndd WWeeiigghhtt

Dry weight

X 1 009 kg
(2,225 lb)

X rs 1 016 kg
(2,240 lb)

X rs SAS 1 020 kg
(2,250 lb)

Total vehicle load allowed (including driver, passengers, all other
loads and added accessories)

286 kg
(630 lb)

Gross vehicle dry weight rating 286 kg
(630 lb)

Cargo rack capacity 90 kg
(200 lb)
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99 TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS

TTeecchhnniiccaall SSppeecciiffiiccaattiioonnss
EENNGGIINNEE

EEnnggiinnee

Engine type ROTAX® 999cc with
turbocharger

Number of cylinders 3

Number of valves

2 intake and 2 exhaust valves by
cylinder

(self adjusting hydraulic valve
lifters)

Bore 78 mm
(3.1 in)

Stroke 69.68 mm
(2.74 in)

Displacement 999 cm³
(60.8 in³)

Maximum HP RPM 8000 RPM
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LLuubbrriiccaattiioonn SSyysstteemm

Type Dry sump

Oil filter Oil filter Replaceable cartridge oil filter

Engine oil

Capacity 2.8 l
(3 qt (liq.,US))

Recommended
XPS oil

General purpose 5W40 Synthetic oil

Cold temperature 0W40 Synthetic oil

Warm temperature 10W50 Synthetic oil

If the XPS products is not available

Use a 4-stroke SAE engine
synthetic oil meeting or

exceeding the following lubricant
industry specifications.

Always check the API service
label certification on the oil
container, it must contain the

indicated standards.
– AAPPII sseerrvviiccee ccllaassssiiffiiccaattiioonn
SSNN,, aanndd JJAASSOO MMAA22

TTrraannssmmiissssiioonn

Type 7–gears Dual Wet Clutch
Transmission (DCT)

Shift mode Automatic gear select mode and
manual shift mode (paddles)

Gear selection Low and High ranges on the fly
activation

Available driving modes 3
(normal/Sport/Sport+)

GGeeaarrbbooxx

Type Dual range (HI-LO) with PARK,
neutral and reverse

Gearbox oil

Capacity
Refill 3 to 3.5 l

(3.17 to 3.7 qt (liq.,US))

New or renew 4.9 l
(5.2 qt (liq.,US))

Recommended XPS oil XPS full synthetic DCT Oil

If the XPS products is not available Contact your authorized Can-
Am Off-road dealer

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
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VVEEHHIICCLLEE

IInnttaakkee SSyysstteemm

Air filter Donaldson high performance
filter

EExxhhaauusstt SSyysstteemm

Exhaust system
NRMM models Catalyst + Spark arrestor

Other models Spark arrestor approved by
USDA Forest Service

CCoooolliinngg SSyysstteemm

Coolant

Type Main front radiator with rear
transmission radiator

Recommended XPS coolant Extended life pre-mixed coolant

If the XPS products is not available
Ethyl glycol / water mix (50%/

50%).
or coolant specifically designed

for aluminum engines

Capacity 8.7 l
(2.3 gal (liq.,US))

EElleeccttrriiccaall SSyysstteemm

Magneto generator output 1 700 W

Spark plug

Quantity 3

Make and type NGK SIMLAR9F7

Gap 0.6 to 0.7 mm
(0.023 to 0.028 in)

Battery

Type Maintenance free SLA

Voltage 12 volts

Nominal rating 20 A•h

Electric starter output 800 W

Headlight LEDs

Taillight LEDs

Fuses Refer to Fuses in Maintenance

Camera No

TTEECCHHNNIICCAALL SSPPEECCIIFFIICCAATTIIOONNSS
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FFuueell SSyysstteemm

Fuel delivery Electronic fuel injection (EFI)

Fuel pump Type Electric (in fuel tank)

Injectors 2 by cylinder

Throttle body 54 mm

Fuel

Type Premium unleaded gasoline -
Refer to Fuel Requirements

Recommended
Octane rating

North America 91 AKI (R+M)/2

Outside North America 95 RON

Fuel tank capacity 50 l
(13.2 gal (liq.,US))

Fuel remaining when low fuel light turns ON 7 l
(1.85 gal (liq.,US))

DDrriivvee SSyysstteemm

Front drive
Spiral bevel gear

Lockable front differential with
exclusive Smart-Lok

Front drive ratio 3.6:1

Front differential oil

Capacity 350 ml
(11.8 fl oz (US))

Recommended XPS differential oil XPS 75W90 Synthetic gear oil

If the XPS products is not available Synthetic gear oil 75W90 API GL-
5

Rear final drive Spiral bevel gear / Final drive
Rear final drive ratio 4.09:1

Rear final drive oil

Capacity 500 ml
(17 fl oz (US))

Recommended XPS final drive oil XPS 75W140 Synthetic gear oil

If the XPS products is not available Synthetic gear oil 75W140 API
GL-5
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DDrriivvee SSyysstteemm

Disconnect unit

Capacity 65 ml
(2.2 fl oz (US))

Recommended XPS final drive oil 5W40 Synthetic blend oil

If the XPS products is not available

Use a 4-stroke SAE engine
synthetic or synthetic blend oil
meeting or exceeding the
following lubricant industry

specifications.
Always check the API service
label certification on the oil

container, it must contain at least
one of the indicated standards.
– AAPPII sseerrvviiccee ccllaassssiiffiiccaattiioonn
SSNN,, oorr

– JJAASSOO MMAA22
CV joint grease CV joint grease

SStteeeerriinngg

Type Center take-off rack and pinion

Steering wheel Adjustable tilt steering

FFrroonntt SSuussppeennssiioonn

Suspension type
Double suspension arms with
aluminum tall knuckle and

stabilizer bar

Suspension travel 63.5 mm
(25 in)

Shock absorber

Quantity 2

Type
FOX 2.5 PODIUM Piggyback
with QS3 compression

adjustment

Preload adjustment type Threaded

RReeaarr SSuussppeennssiioonn

Suspension type 4 Link Trailing arm with
aluminum tall knuckle

Suspension travel 63.5 mm
(25 in)

Shock absorber

Quantity 2

Type
FOX† 2.5 PODIUM Piggyback
with QS3† compression
adjustment and bottom-out

control
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RReeaarr SSuussppeennssiioonn

Preload adjustment type Threaded

BBrraakkeess

Front brake

Qty 2

Disc brake
One piece cast iron brake rotor

of 265 mm
(10.4 in)

Caliper
Hydraulic three-pistons calipers

of 32 mm
(1.3 in)

Rear brake

Qty 2

Disc brake
One piece cast iron brake rotor

of 255 mm
(10 in)

Caliper
Hydraulic 2-pistons calipers of

30 mm
(1.2 in)

Brake fluid
Type DOT 4

Capacity 310 ml
(10.5 fl oz (US))

Caliper Floating

Brake pad material Sintered high performance

Minimum brake pad thickness 0.5 mm
(.02 in)

Minimum brake disc thickness 4 mm
(.157 in)

Maximum brake disc warpage 0.2 mm
(.01 in)

TTiirreess

Pressure

Recommended tire inflation
pressure is found on the Tire

Label.
Refer to appropriate Important
On-Product Labels section for

its locations.

Size 255/80R15
(UT30x10R15NHS)

Minimum tire thread depth 3 mm
(.118 in)
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Type Aluminum Flow Formed w/o
Beadlock

Rim size
Front 38.1 x 17.8 cm

(15 x 7.0J in)

Rear 38.1 x 17.8 cm
(15 x 7.0J in)

Wheel lug nuts torque 120 ± 5 Nm
(89 ± 4 lbf-ft)

Wheel Offset
Front 78.9 mm

(3.1 in)

Rear 78.9 mm
(3.1 in)

CChhaassssiiss

Cage type Dual-phase 980 steel

DDiimmeennssiioonnss

Overall length 352.2 cm
(138.7 in)

Overall width

Ride height 198 cm
(78.1 in)

Maximum in suspension stroke 202 cm
(79.4 in)

Overall height 171.9 cm
(67.7 in)

Wheelbase 274.3 cm
(108 in)

Ground clearance 43.2 cm
(17 in)

LLooaaddiinngg CCaappaacciittyy aanndd WWeeiigghhtt

Dry weight 975 kg
(2,150 lb)

Total vehicle load allowed (including driver, passengers, all other
loads and added accessories)

286 kg
(630 lb)

Gross vehicle dry weight rating 286 kg
(630 lb)

Cargo rack capacity 90 kg
(200 lb)
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TTeecchhnniiccaall SSppeecciiffiiccaattiioonnss
EENNGGIINNEE

EEnnggiinnee

Engine type ROTAX® 999cc with
turbocharger

Number of cylinders 3

Number of valves

2 intake and 2 exhaust valves by
cylinder

(self adjusting hydraulic valve
lifters)

Bore 78 mm
(3.1 in)

Stroke 69.7 mm
(2.7 in)

Displacement 999 cm³
(60.8 in³)

Maximum HP RPM 8000 RPM
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LLuubbrriiccaattiioonn SSyysstteemm

Type Dry sump

Oil filter Oil filter Replaceable cartridge oil filter

Engine oil

Capacity 2.8 l
(3 qt (liq.,US))

Recommended
XPS oil

General purpose 5W40 Synthetic oil

Cold temperature 0W40 Synthetic oil

Warm temperature 10W50 Synthetic oil

If the XPS products is not available

Use a 4-stroke SAE engine
synthetic oil meeting or

exceeding the following lubricant
industry specifications.

Always check the API service
label certification on the oil
container, it must contain the

indicated standards.
– AAPPII sseerrvviiccee ccllaassssiiffiiccaattiioonn
SSNN,, aanndd JJAASSOO MMAA22

TTrraannssmmiissssiioonn

Type 7–gears Dual Wet Clutch
Transmission (DCT)

Shift mode Automatic gear select mode and
manual shift mode (paddles)

Gear selection Low and High ranges on the fly
activation

Available driving modes 3
(normal/Sport/Sport+)

GGeeaarrbbooxx

Type Dual range (HI-LO) with PARK,
neutral and reverse

Gearbox oil

Capacity
Refill 3 to 3.5 l

(3.17 to 3.7 qt (liq.,US))

New or renew 4.9 l
(5.2 qt (liq.,US))

Recommended XPS oil XPS full synthetic DCT Oil

If the XPS products is not available Contact your authorized Can-
Am Off-road dealer
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VVEEHHIICCLLEE

IInnttaakkee SSyysstteemm

Air filter Donaldson high performance
filter

EExxhhaauusstt SSyysstteemm

Exhaust system
NRMM models Catalyst + Spark arrestor

Other models Spark arrestor approved by
USDA Forest Service

CCoooolliinngg SSyysstteemm

Coolant

Type Main front radiator with rear dual
fan intercoolers

Recommended XPS coolant Extended life pre-mixed coolant

If the XPS products is not available
Ethyl glycol / water mix (50%/

50%).
or coolant specifically designed

for aluminum engines

Capacity 8.7 l
(2.3 gal (liq.,US))

EElleeccttrriiccaall SSyysstteemm

Magneto generator output 1 700 W

Spark plug

Quantity 3

Make and type NGK SIMLAR9F7

Gap 0.6 to 0.7 mm
(0.023 to 0.028 in)

Battery

Type Maintenance free SLA

Voltage 12 volts

Nominal rating 20 A•h

Power starter output 800 W

Headlight LEDs

Taillight LEDs

Signature lights LEDs

Fuses Refer to Fuses in Maintenance

Camera
X Rear

X rs Front and rear
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FFuueell SSyysstteemm

Fuel delivery Electronic fuel injection (EFI)

Fuel pump Type Electric (in fuel tank)

Injectors 2 by cylinder

Throttle body 54 mm

Fuel

Type Premium unleaded gasoline -
Refer to Fuel Requirements

Recommended
Octane rating

North America 91 AKI (R+M)/2

Outside North America 95 RON

Fuel tank capacity 50 l
(13.2 gal (liq.,US))

Fuel remaining when low fuel light turns ON 7 l
(1.85 gal (liq.,US))
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DDrriivvee SSyysstteemm

Front drive
Spiral bevel gear

Lockable front differential with
exclusive Smart-Lok

Front drive ratio 3.6:1

Front differential oil

Capacity 350 ml
(11.8 fl oz (US))

Recommended XPS differential oil XPS 75W90 Synthetic gear oil

If the XPS products is not available Synthetic gear oil 75W90 API GL-
5

Rear final drive Spiral bevel gear / Final drive
Rear final drive ratio 4.09:1

Rear final drive oil

Capacity 500 ml
(17 fl oz (US))

Recommended XPS final drive oil XPS 75W140 Synthetic gear oil

If the XPS products is not available Synthetic gear oil 75W140 API
GL-5

Disconnect unit

Capacity 65 ml
(2.2 fl oz (US))

Recommended XPS final drive oil 5W40 Synthetic oil

If the XPS products is not available

Use a 4-stroke SAE engine
synthetic oil meeting or exceeding
the following lubricant industry

specifications.
Always check the API service
label certification on the oil
container, it must contain the

indicated standards.
– AAPPII sseerrvviiccee ccllaassssiiffiiccaattiioonn
SSNN,, aanndd JJAASSOO MMAA22

CV joint grease CV joint grease

SStteeeerriinngg

Type Center take-off rack and pinion

Steering wheel Telescopic adjustable tilt
steering
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FFrroonntt SSuussppeennssiioonn

Suspension type
Double suspension arms with
aluminum tall knuckle and

stabilizer bar

Suspension travel 63.5 mm
(25 in)

Shock absorber

Quantity 2

Type

X
FOX 2.5 PODIUM Piggyback
with QS3 compression

adjustment

X rs

FOX 2.5 PODIUM RC2
Piggyback with bypass, dual
speed compression and
rebound adjustments

X rs SAS

FOX 2.5 PODIUM Piggyback
with bypass and Smart-Shox
Technology featuring Live Valve
gen 3 (Dual Valve compression

& rebound)

Preload adjustment type Threaded
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RReeaarr SSuussppeennssiioonn

Suspension type 4 Link Trailing arm with
aluminum tall knuckle

Suspension travel

X 63.5 mm
(25 in)

X rs 64.8 mm
(25.5 in)

X rs SAS 66 mm
(26 in)

Shock absorber

Quantity 2

Type

X
FOX† 2.5 PODIUM Piggyback
with QS3† compression
adjustment and bottom-out

control

X rs

FOX 3.0 PODIUM RC2
Piggyback with bypass, dual
speed compression and
rebound adjustments

X rs SAS

FOX 3.0 PODIUM Piggyback
with bypass and Smart-Shox
Technology featuring Live Valve
gen 3 (Dual Valve compression

& rebound)

Preload adjustment type Threaded
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BBrraakkeess

Front brake

Qty 2

Disc brake
One piece cast iron brake rotor

of 265 mm
(10.4 in)

Caliper
Hydraulic three-pistons calipers

of 32 mm
(1.3 in)

Rear brake

Qty 2

Disc brake
One piece cast iron brake rotor

of 255 mm
(10 in)

Caliper
Hydraulic 2-pistons calipers of

30 mm
(1.2 in)

Brake fluid
Type DOT 4

Capacity 310 ml
(10.5 fl oz (US))

Caliper Floating

Brake pad material Sintered high performance

Minimum brake pad thickness 0.5 mm
(.02 in)

Minimum brake disc thickness 4 mm
(.157 in)

Maximum brake disc warpage 0.2 mm
(.01 in)
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TTiirreess

Pressure Front

Recommended tire inflation
pressure is found on the Tire

Label.
Refer to appropriate Important
On-Product Labels section for

its locations.

Size
X 255/80R15

(UT30x10R15NHS)

X rs 255/80R16
(UT32x10R16NHS)

Minimum tire thread depth 3 mm
(.118 in)
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Type
X Aluminum Flow Formed

X rs Aluminum Flow Formed
Beadlock

Rim size

Front
X 38.1 x 17.8 cm

(15 x 7.0J in)

X rs 40.6 x 17.8 cm
(16 x 7 in)

Rear
X 38.1 x 17.8 cm

(15 x 7.0J in)

X rs 40.6 x 17.8 cm
(16 x 7 in)

Wheel lug nuts torque 120 ± 5 Nm
(89 ± 4 lbf-ft)

Wheel Offset
Front 78.9 mm

(3.1 in)

Rear 78.9 mm
(3.1 in)

CChhaassssiiss

Cage type Dual-phase 980 steel

DDiimmeennssiioonnss

Overall length
X 352.2 cm

(138.7 in)

X rs 355.6 cm
(140 in)

Overall width

Ride height 198 cm
(78.1 in)

Maximum in suspension stroke 202 cm
(79.4 in)

Overall height
X 177.8 cm

(70.4 in)

X rs 181.5 cm
(71,5 in)

Wheelbase 274.3 cm
(108 in)

Ground clearance 43.2 cm
(17 in)
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LLooaaddiinngg CCaappaacciittyy aanndd WWeeiigghhtt

Dry weight

X 1 009 kg
(2,225 lb)

X rs 1 016 kg
(2,240 lb)

X rs SAS 1 020 kg
(2,250 lb)

Total vehicle load allowed (including driver, passengers, all other
loads and added accessories)

286 kg
(630 lb)

Gross vehicle dry weight rating 286 kg
(630 lb)

Cargo rack capacity 90 kg
(200 lb)
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