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Date of the first edition (Release 00) and of the following
Releases:

First edition (Release 00) june 2001
Release 01 :.. october 2001

INFORMATION ON THE UPDATING OF THE MANUAL

The manual must be updated every time a new "Re­
lease" is received.

Insert the pages of the current Release in the man­
ual and eliminate the corresponding obsolete pag­
-es(even-ifbelonging to a previous Release).

The failureto updatethemanual and to
eliminate the obsolete pages makes it
more difficult to consult the manual and
may lead to the performance of incorrect
operations on the vehicle, with serious
consequences for the safety of the
engine, of the vehicle and of persons and
property.

LIST OF THE PAGES UPDATED WITH RELEASE
01/2001-10 .

pagel Release

o- 1 - 00 ····························01
0- 2 - 00 · ·· ····· ..·· ·01
0-3 - 00 ··· ..· ·· ··..··01
0-7 - 00 ··..···· ·.. ·..·..·..01
2 -3 - 00 ··..·············· ..· ·..01
2 - 4 - 00 ..·...... ·..··.... · ·..01

2 - 13 - 00 ····························01
2 - 17 - 00 ··..··· ·..··· ·01
3 - 19 - 00 01
3 - 22- 00 01
4 - 2 - 00 · ·01
4 ~ 26 - 00 01
4 - 27 - 00 · ·01
4 - 28 - 00 · ·01
4 - 29 - 00 ..· · 01
4 - 30 - 00 ··················· ··..·01
4 - 31 - 00 · ·01
4 - 32 - 00 ..· ·01
4 - 33 - 00 · ·01
4-34-00 ·..·· ·01
4-35-00 ·· 01·
4 - 55 - 00 ~ 01
5 - 12 - 00 · ·01
5 - 13 - 00 · ·01
(I - 2 - 00 · ···01
(I - 3 - 00 · ·· ·01
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V990 engine
INTRODUCTION

0.1.2 UPDATED MANUAL GENER~ttIST-·-

Insert the pages of the last Release in the manual
and eliminate the corresponding obsolete pages
(even if belonging to a previous Release).

0.1.1 INFORMATION ON THE UPDATING OF THE
MANUAL

The manual must be updated every time a new "Re­
lease" is received.

pag.# Release

4- 65 -00 ·············.·········· ..··00

4 - 66 - 00 ············ ········ ·00
5 - 1 - 00 ············ ········ 00
5 -2 - 00····························00

5 - 3 - 00 ····························00
5 - 4 -00············ ...········ ....·00

5 - 5 - 00····························00

5 - 6 - 00 ····························00
5 - 7 - 00············ ········ ·00

5 - 8 - 00 ············ ······· 00
5 - 9 - 00 ····························00
5 -10 - 00············ ..··············00

5 -11 - 00············· ..········ ..···00

5 -12 - 00······················· ....·01
5 -13 - 00············· ..·············01
5 -14 - 00························· ..·00
5 -15 - 00·············.··············00

5 -16 - 00 ··············.··············00
5 - 17 - 00 00 .

5 -18 - 00··············.·············00

5 -19 - 00············· ..·············00
5- 20 - 00············· ..········.·.··00
5 - 21 - 00············· ..········ ·00
5 - 22 - 00 00
5 - 23 - 00··············.·············00

5 - 24 - 00····························00

5 - 25 - 00······················· ·00
5 - 26 - 00 ············· ..········ ··00
5 -27 - 00···.········· ..···.···· 00
5 - 28 - 00····························00

5- 29 - 00····························00

5 - 30 - 00·············.········· ....·00
5 - 31 - 00·············.········· ..···00
5 - 32 - 00 ············· ..········ ·.00
5 - 33 - 00············· ..·.······ ·00
5 - 34 - 00············· ······ 00
(1- 1 - 00 00
(1- 2 - 00············· ..········ ..···01
(1- 3 - 00 ··············.·············01
(1- 4 - 00 00

pag.# Release

4 - 1 - 00 ·.······ ..········ ..·····00
4 - 2 - 00 ······.· ····· ..·····01
4 - 3 - 00 00
4 - 4 - 00 · · ·00
4 - 5 - 00 00
4 - 6 - 00 ······ ·.·· ·00
4 - 7 - 00 · ·..· · ·00
4 - 8 - 00 00
4 - 9 - 00 00
4 -10 - 00 00
4 -11- 00 ·· · 00
4 -12 - 00 00
4 -13 - 00 · ······· ·.····· ..·····00
4 -14 -DO 00
4 -15 - 00 00
4 -16 - 00 · ······ ······· ..·.···00
4 -17 - 00 00
4 -18 - 00 00
4 -19 - 00 00
4 - 20 - 00 00
4 - 21 - 00 00
4 - 22 .. - 00 !- 00.
4 - 23 - 00 00
4 - 24 - 00 · ···· ···· ··00
4 -25 - 00 00
4 - 26 -DO 01
4 - 27 - 00 · 01
4- 28 - 00 01
4 - 29 - 00 · ······· ······· ·01
4 - 30 - 00 · ··· ·..·· ·01
4 - 31 - 00 ·· · 01
4 - 32 - 00 · ·· 01
4 - 33 - 00 01
4.- 34 - 00 01
4 - 35 - 00 01
4 - 36 - 00 00
4 - 37 -00· ···· ·.····· ··00
4 - 38 - 00 ·.· ·· 00
4 - 39 - 00 00

4 - 40 - 00 · ······· ·············00
4 - 41 - 00·.·.······· ······ ·00
4 - 42 - 00 ','" 00
4 - 43 - 00 .····· ········ ·····.··00
4-44 -00· ·.·· ··· ··00

4 - 45 - 00 ·.·········.················00
4 - 46 - 00 00
4 - 47 - 00 · ······ ·.···········00
4- 48 - 00 00
4-49 -00· ····· ··· ··00
4 - 50 - 00 ·······.········· ..····.00
4 - 51 - 00 · ······ ...·..····· ..····00
4 - 52 - 00 · ······ ..···.····· ·00
4 - 53 - 00 ·····.·.······ ..·.·..··· 00
4 - 54 - 00 ·..···..··...·········.·····00
4 - 55 - 00 · ······· ..·········.·····01
4 - 56 - 00 · ······· ..·.·.····· ·00
4 - 57 - 00 · ······· ..········· ··00
4 - 58 - 00 · ······· ·· ·00
4 - 59 - 00 ..·· ··.······ ..·····00
4 - 60 - 00 ···········.··········· ....·00
4 - 61 - 00 ·..········ ······· ..·.··00
4 - 62 - 00 ·.········· ··· 00
4 - 63 - 00 ······················.·····00
4 -64 - 00 ·················· ..··..····00

pag.# Release

2 -16 - 00 ······ ·.··· ..········00
2 -17 - 00 ···························01
2 -18 - 00 ·······.···················00
2 -19 - 00 ···························00
2 - 20 - 00 ···························00
3 - 1 - 00 ·················.·········00
3 - 2 - 00 ·················.·········00
3 - 3 - 00 ···························00
3 - 4 - 00 ······ ··· ·······00
3 - 5 - 00 ···························00
3 - 6 - 00 ···························00
3 - 7 - 00 ···························00
3 - 8 - 00 ······ ··················00
3 - 9 - 00 ······ ······.········00
3 -10 - 00 ···························00
3 -11 - 00 ······.····················00
3 -12 - 00 ········.··.····· ..········00
3 - 13 - 00 ; 00

3 -14 - 00 ···························00
3 -15 - 00 ······.····················00
3 -16 - 00······ ...········ ...·······00
3 -17 - 00 ···························00
3 -18 - 00 ···························00
3 -19 - 00 ···························01
3 - 20 - 00 ········.········.···· .... ·00
3 - 21 - 00 ···························00
3 - 22 - 00 ···························01
3 - 23 - 00 ·················.·········00
3 - 24 - 00 ······.·.········ ..········00
3 - 25 - 00 ···························00
3 - 26 - 00 ···························00

The failure to update the manual and to eliminate
the obsolete pages makes it more difficult to con­
sult the manual and may lead to the performance
of incorrect operations on the vehicle,.with.serious
consequences for the safety of the engine, of the
vehicle and of persons and property.

0.1 UPDATE OF RELEASE 01/2001-10

Date of the first edition (Release 00) and of the following
Releases:

First edition (Release 00) june 2001
Release 01 october 2001

pag.# Release

o- 1 - 00 01

0-2 - 00 ···························01
0-3 - 00 01

0-4 - 00 ···························00
0-5 - 00 ···············.··········.00
0-6 - 00 ·····.····················.00
0-7 - 00 ···························01
0-8 - 00 ···························00
0-9 - 00 ···························00
0-10 - 00 ···························00
1 - 1 - 00 ···············.··········.00
1 - 2 - 00 ·····.·········.··········.00
1 - 3 - 00 ···························00
1 - 4 - 00 ···························00
1 - 5 - 00 ···························00
1 - 6 - 00 ······.···················.00
2 - 1 - 00 ···························00
2 - 2 - 00 ···························00
2 - 3 - 00 ······················ ..... 01
2 - 4 - 00 ·····.·····················01
2 - 5 - 00 ···························00
2 - 6 - 00 ···························00
2 - 7 - 00 ···························00
2 - 8 - 00 ·····.····················.00
2 - 9 - 00 ·.··· ..········.·.········.00
2 -10 - 00 ···························00
2 -11 - 00 ···························00
2 -12 - 00 ·····.·····················00
2 -13 - 00 ..···...·······.··········.01
2 -14 - 00 ···························00
2 -15 - 00 ···························00

The manual consists of # 7 sections, for a total amount of
# 166 pages, as listed below.

NOTE For the nomenclature of the standard page of
the manual (and specifically for the definition of the page
number) see 0.2 (HOW TO CONSULT THE MANUAL).

Release 01/2001-10 ---------- -------m-3- 00



INTRODUCTION

0.2 HOW TO CONSULT THE MANUAL

1

V990engine

~ [4.3 BALL BEARINGS AND OIL SEALS
~------I INSTALLED ON THE ENGINE CRANKCASE

HALVES

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

®------t[ 4.3.1 .REMOVING THE OIL SEALS

NOTE The oil seals can be disassembled and assem­
bled without removing the engine from the vehicle.

t1Q'I [•Lift and take out the oil seals:

~ - secondary gearshift shaft (1);
-. selector shaft (2);
- clutch disengaging shaft (3).

NOTE As a rule, the disassembled oil seals should be
replaced.

4.3.2 REMOVING THE BALL BEARINGS

• Unscrew and remove the M6 FH screws (4) securing
the ball bearings.

• Remove the M6 x 13 flanged-head screw (5).
• Make sure that there are no damage and rolling traces

or grooves on the sliding surface of the bearings.
• In order to remove and insert the ball bearings, heatthe

engine casing to a temperature of approx. 80 - 100°C
(176 - 212°F).

NOTE In order to avoid damaging the gasket surface,
an old engine casing gasket should be placed under­
neath the puller plate.

• Extract the ball bearings (6) of the gearbox input shaft
by means of a universal extractor (7) for bearings.

• Remove the ball bearings using the relevant drift.

- gearshift primary shaft (8), clutch side;
- gearshift secondary shaft (9), clutch side;
- shift cam (10), clutch side;
- gearshift secondary shaft (11), flywheel side.

• Remove the shift cam ball bearings (12).

NOTE As a rule, the disassembled ball bearings
should be replaced.

V990engine

.-------~0
WORK ON THE INDIVIDUAL PARTS

5

~f-------',I ,1
Release 00/2001-06 ----.-------

l~.-----~
-------- II -5- 00

1) Vehicle (or engine) model

2) Section

3) Release consecutive number ("00" indicates the first
edition)

4) Year and month of publication of the Release

5) Section number

6) Section page consecutive number

7) Updated page consecutive number

8) Chapter title (numbered consecutively)

9) Paragraph title (numbered consecutively)

10) Description. of the operation (always preceded by a
rhombus)

11- 4-00 . Release 00/2001-06
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0.3 FOREWORD

- This manual supplies the main .information for normal
servicing procedures.

- In the future, the information and illustrations that make
up this manual will be updated by means of "Releases",
5eeO.1·. (UPDATE.OF RELEASE 00/2001-06).

- This publication is intended fortheaprilia Dealers and
their qualified engineers; many notions were voluntarily
omitted, because they were considered. superfluous.
Since it is not possible to include completemechanioal
information in this publication, the persons using this
manual must have a basic mechanical training and a
basic knowledge of the procedures regarding engines
repair systems.
Without this knowledge, the repairor servicing of the
engine maybe ineffective or even dangerous.
The manual does not describe all the procedures for
the repair and servicing of the engine in detail, there­
fore it is important to be particularly careful, in order to
avoid any damage to components and persons.
In order to grant its customers more and more satisfac­
tion. aprilia s.p.a.will keep improving its products and
the relevant documentation.
The main technical modifications and themodifica­
tions inthe engine.repair procedures are communicat­
ed toall aprHia Outlets and Branches the world over.
These modifications will be described in the .succes­
siveeditions of this manual.
In case of need or in case there are any doubts regard­
ing the repair and servicing procedures, contact the
aprilia s.p.a. Divisione Ricambi,whichwill give you
any information required and will also inform you about
any updating .and technical modifications ·of.the vehi­
cle.

aprllla s.p.a. reserves the right to modify its models at any
time, without prejudice to the main characteristics here
described.
All rights as to electronic storage, reproduction and total
or partial. adaptation, with any means, are. reserved for all
Countries.
The mention to products or services supplied by third par­
ties is made only for information purposes and it isn't bind­
ing in any case.
aprllla takes no responsibility as to the performance or
use of said products.

For further information, see 0.4 (REFERENCE MANU­
ALS).

First edition: april: june 2001

Produced and printed by:
stp edltlnqdivlslon
Soave (VERONA) -Italy
tel. +39045.7611911
fax +39045.7612241
E-mail: customer@stp.it
www.stp.it

On behalf of:
aprilia s.p.a. Divisione Ricambi
via Noalese, 156 - 30036 Santa Maria di Sala (VE) - Italia
tel. +39041.5786101
fax +39 041.5786100
www.aprilia.com
www.serviceaprilia.com

INTRODUCTION

0.4 REFERENCE MANUALS

0.4.1 VEHICLE WORKSHOP MANUALS

Consult the workshop manual of the vehicle.
Consult the specific tables to findthemanual code and
the country to which the vehicle .and; consequently, the
engine are destined.

0.4.2 SPARE PARTS CATALOGUES

Consult the workshop manual of the vehicle.
Consult the specific tables to find the manual code and
the country to. which the vehicle and, consequently, .. the
engine are destined.

0.4.3 SPECIAL TOOL MANUALS

0.4.4 USE AND MAINTENANCE BOOK

Consult the workshop manual of the vehicle.
Consult the specific tables to find the manual code and
the country to which the vehicle and, consequently, the
engine are destined.

Release 00/2001-06 ---------- 1iI- 5-00
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0.5 SAFETY WARNINGS

The following precautionary warnings are usedthrouqh­
out this manual in order toconveythe followingmessag­
es:

11.. Safety warning. When you find this symbol on
.. the engine or in the manual, be careful to the po­
tential risk of personal injury. Non-compliance with
the indications given in the messages preceded by
this symbol may result in grave risks for your and oth­
erpeople'ssafetyand for the engine!

Indicates a potential hazard which may result lnserl­
ous injury or even death.

0.5.3 DISASSEMBLING THE COMPONENTS

- Do not loosen andlor tighten the screws and-nuts using
pliers or other tools: instead, always use the proper
spanner.

- Before disconnectlnq the joints. (pipes, cables, etc.),
mark the positions on all of them and mark them with
different distinguishing signs.
Each piece must be marked clearly, in order not to
have problems during installation.

- Clean and wash carefully any disassembled parts with
low inflammability detergents.

- Keep the parts that are used in pairs together,since
they have adapted to each other following the normal
wear.
Some components must be used together or replaced
completely.

- .Keep away from heat sources.

Indlcates a potential hazard which may. result in
minor personal injury or damage to the engine.

NOTE The word "NOTE" inthls manual precedesim- I

portant intormatlon or instructions.

0.5.1 PRECAUTIONS AND GENERAL INFORMA­
TIONS

Follow with care these recommendations when repairing,
disassembling and reassembling the engine.

0.5.4 REASSEMBLING THE COMPONENTS

Never use a seeger ring twice. When a seeger ring is
removed, it must be· replaced with a new one. When
assembling a new seeger ring be careful not to
stretch its ends more than strictly necessary to put it
on theshaft.
After installing a seeger ring, make sure that it is
completely and firmly inserted In its seat.

Do not use compressed air to clean the bearings.

NOTE The bearings must rotate freely, without halting
alo noise otherwise they must be replaced.

- Use only original apriliaSPAREPARTS.

- Use the recommended lubricants.

- Whenever possible, lubricate. the· parts before reas~

sembly.

- When tightening screws and. nuts, begin 'with those
havlnq greater diameters or with inner ones, proceed­
ing diagonally.
Tighten screws or nuts in successive passages before
applying driving torque.

- Always replace lock nuts, seals, sealing rings, snap
rings, O-rings, split pins and screws, whenever the
thread appears damaged, with new ones.

- Before the assembly, clean all the connection surfaces,
the oil seal edges and the gaskets.
Apply a thin layer of lithium-based grease on the oil
seal edges.
Put back the oil seals and the bearings with the mark or
serial number facing towards the outside (visible side).

-When installing the bearings, lubricate them abundant­
ly.

- Make sure that each component has been reassern­
bled correctly.

.~~~t.::::~~:·.ii::~~::::·!!I·II.II[II[..
The use of naked flames is forbidden for any type. of
operation.
Keep away from the red-hot parts of the engine, in or­
der to avoid burns.

Do not hold any mechanical piece or other parts of
the engine with your mouth: the components are not
edible and some of them are noxious or even toxic.

If not expressly indicated otherwise, for the reassem­
bly of the units repeat the disassembly operations in
reverse order.
Any reference to operations from other chapters
must be interpreted logically in order to avoid com­
ponents being removed unnecessarily.

When two or more persons are working together,
make sure that each is working in safe conditions.

Carefully read ·1.2 (INSTRUCTIONS FOR USE OF FU­
EL, LUBRICANTS, COOLANT AND OTHER COMPO­
NENTS).

0.5.2 BEFORE THE DISASSEMBLYOF THE
COMPONENTS

~ Remove any dirt, mud, dust and foreign matters from
the engine before disassembling the components.

~ Use, .when necessary, the special tools designed for
this engine.

11- 6 -00 Release 00/2001-06
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0.6 HOW TO USE YOUR WORKSHOP MANUAL

0.6.1 ADVICE FOR CONSULTATION

- This manual is divided into section and chapters, each
one of which corresponds to a category of main com­
ponents.
To consult them, see the sections' index, see page 0-1.

- If not expressly indicated otherwise, for the reassembly
of the units repeat the disassembly operations in re­
verse order.

- For normal maintenance operations, consult the "USE
AND MAINTENANCE" manual.

* The operations preceded by this symbol must
be repeated on the opposite side of the engine.

In this manual the various versions are indicated by the
following symbols:

1m RSVmille
_ RSVmilleR

_ SLmilie

Gil RST mille Futura

Ill1I ETV mille Caponord

mii optional

INTRODUCTION

VERSION:

o Italy

• United King-
dom

• Austria

• Portugal

• Finland

• Belgium

• Germany

• France

• Spain

• Greece
48 Holland

ED Switzerland

• Denmark

• Japan

• Singapore

• Slovenia

• Israel

• South Korea

48 Malaysia

~ Chile

• Croatia

• Australia
49 United States

of America

Gil Brazil

48 South Africa

• New Zealand

• Canada

Release 01/2001-10 ---------- 11- 7 - 00
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= upside-down rods

= volt

= watt

= diameter

= right side

= Society of Automotive Engineers

= diagnostics test

= convex socket head

= hexagonal socket head

= hex-head

= flat head

= Twin Spark Ignition

= pick-up

== bottom dead centre

= top dead centre

= Pneumatic Power Clutch

PICK-UP
BDC
TDC
PPC
RIGHT
SIDE
SAE
TEST
T.B.EJ.
T.C.EJ.
T.E.
T.P.
TSI
UPSIDE­
DOWN

V

W

e

= left side

= metres an second

= maximum

= millibar (1mbar= 0.1 kPa)

=mile

= minimum

= miles per hour

= flywheel side (Magnetoseite)

=megaohm

= not Available (Not Available)

= "Motor" method octane number

= "Research" method octane number

= newton per meter (1 Nm = 0.1 kgm)

=ohm

mbar

mi

MIN

MPH
MS

MQ

N.A.
N.O.M.M.
N.O.R.M.

Nm
Q

DOHC­

ECU

±

co
CPU
DIN

A
Ah

API
HV
AV/DC
bar
d.c.

0.7 ABBREVIATIONS I SYMBOLS I INITIALS

# = number

< =is less than

> = is greater than

~ = is equal to or less than

~ = is equal to or greater than

= approximately

= infinity

= degrees Celsius (centigrade)

= degrees Fahrenheit

= plus or minus

= alternating current

= ampere

= ampere per hour

= American Petroleum Institute

= high voltage

= AntiVibration Double Countershaft

= unit of pressure (1 bar = 100 kPa)

= direct current

= cubic centimetres

= carbon monoxide

= Central Processing Unit

= German industrial normative (Deutsche

Industrie Norm)

= Double Overhead Camshaft

= Engine Control Unit

= revolutions per minute

= unburnt hydrocarbons

= idle speed control

= International Standardization Organization

= kilograms

= kilograms per metre (1 kgm = 10 Nm)

= kilometres

= kilometres an hour

= kilo-ohms

= kiloPascal (1 kPa = 0.01 bar)

= clutch .slde (Kupplungseite)

= kilowatt

= litres

= lap (race course)

= Light Emitting Diode

rpm

HC
ISC

ISO
kg

kgm

km

km/h
kQ

kPa

KS
kW
f

LAP
LED
LEFT
SIDE
m/s
MAX

a.c.

11-8-00 Release 00/2001-06
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1.1 POSITION OF THE SERIAL NUMBERS

These numbers are necessary for the registration of the
vehicle.

Do not alter the identification numbers if you do not want
to incur severe penaland administrative sanctions.

1.1.1 ENGINE NUMBER

The engine number is stamped on the rear part of the en­
gine, near the pinion.

1.2 INSTRUCTIONS FOR USE OF FUEL,
LUBRICANTS, COOLANT AND OTHER
COMPONENTS

GENERAL INFORMATION

1.2.1 FUEL

The fuel used for internal combustion engines is ex­
tremely inflammable and in particular conditions it
can become explosive.
Avoid any contact of the fuel with the skin and the in­
halation of vapoursjdo not swallow fuelorpour it
from a receptacle into another by means of a tube.

DO NOT DISPOSE OF FUEL IN THE ENVIRONMENT.

KEEP AWAY FROM CHILDREN.

Use onlypremium.grade unleaded petrol, min. D.N. 95
(N.O.R.M.) and 85 (N.D.M.M.).

1.2.2 ENGINE OIL

Engine oil may cause serious damage to the skin if
handled daily and for long periods.
Wash your hands carefully after use.
Do not dispose of the oil in the environment.
Deliver it to or have it collected by the nearest oil sal­
vage center or by the supplier.

In case any maintenance operation has to be carried
out, it is advisable to use latex gloves.

For the maintenance intervals, see 0.4.1 (VEHICLE
WORKSHOP MANUALS).

For the lubricant types, see 2.2 (LUBRICANT CHART).

Release 00/2001-06 ---------- D- 3 -00
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1.2.3 COOLANT

The coolant is noxious: do not.swallowit; if the cool­
ant gets in contact with the skin or the eyes,it can
cause serious irritations. If the coolant gets in .con­
tact with your skin or eyes, rinse wlthplentyot water
and consult a doctor.
If it is swallowed,induce vomit, rinse mouth and
throat·with plenty of water and consult a doctor with­
out delay.

DO NOT DISPOSE OF THE FLUID IN THE·ENVIRON­
MENT.

KEEPAWAY FROMCHILDRENa

Be careful not to spill the coolant on the red-hot parts
of the engine: it may catch fire and send out invisible
flames.

In case any maintenance operation should be re­
quired, it is advisable to use latex gloves.

Do not use the vehicle if the coolant is below the min­
imumprescribed level.

For the maintenance intervals, see 0.4.1 (VEHICLE
WORKSHOP MANUALS).

For the lubricant types, see 2.2 (LUBRICANT CHART)..

NOTE. The·characteristics of the various antifreeze ·Iiq­
uids are different. Be sure to read the labelon the product
to ·Iearn the degree of protection it guarantees.

1.3 SPARE PARTS

For any replacement, use apriliaGenuine Spare Parts
only, see 0.4.2 (SPARE PARTS CATALOGUES).
aprilia Genuine Spare Parts are high-quality parts, ex­
pressly designed and manufacturedfor aprilia vehicles.

Failure to use apriliaGenuine Spare Parts mayre­
suit in incorrect performance and damages..

\~.::I:::~:::!!!·IIIII~llljlll.lljj
Use only antifreeze and anticorrosive without .nitrite
in order to ensure protection at at least -35°C.

1.2.4 CARBON MONOXIDE

If it is necessary to let the engine run.in order to carry out
some work, make sure thatthe area in which you are op­
erating is properly ventilated.
Neverrun the engine in enclosed spaces.
If it is necessary to work indoors, use an exhaust evacua­
tion system.

The exhaust fumes contain carbon monoxide, apol­
sonous gas that can cause loss of consciousness
and even death.

1.2.5 HOT COMPONENTS

The engine and the components of the exhaust sys­
tembecome very hot and remain hot for sometime
after the engine has been stopped. .

Before handling these components, wear insulating
gloves or wait until the engine and the. exhaust sys­
tem have cooled down.
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2.1 TECHNICAL SPECIFICATIONS

TECHNICAL INFORMATION

Model

Type

Number of cylinders

Total displacement__ ('98 - '99 - 2000 models) _

Total displacement __ (models starting from 2001) Iii!II
Total displacement _

Max. rated power (to driving shaft)

Max. rated power (to driving shaft) __ •

Max. rated power (to driving shaft)_••

Max. torque

Max. torque __ •

Max. torque _ •

Bore/stroke

Compression ratio _

Compression ratio _

Compression ratio Iii!II

Average piston speed

Camshaft during intake stroke __ ('98- '99 - 2000 mod­
els)_

Camshaft during intake stroke __ (models starting from
2001)

Camshaft during intake stroke _

Camshaft during intake stroke Iii!II
Camshaft during exhaust stroke _

Camshaft during exhaust stroke Iii!II
Valve advance (with valve clearance 1mm) _

Valve advance (with valve clearance 1 mm) _
(mooels-startlnqfromzoo t )

Valve advance (with valve clearance 1mm) _

Valve advance (with valve clearance 1mm) Iii!II

Valve clearance during intake stroke

Valve clearance during exhaust stroke

Diameter of the inlet valve plate

Diameter of the exhaust valve plate

# Engine revolutions at minimum rpm _

# Engine revolutions at minimum rpm Iii!II
# Engine revolutions at peak rpm _

# Engine revolutions at peak rpm _

# Engine revolutions at peak rpm Iii!II
Ignition

Starting

V990

60° longitudinal V-type, two-cylinder, 4-stroke, with 4
valves per cylinder, DOHC.

2

997.6 ern-

998 ern"

997.62 ern-

86.5 kW (118 HP) at 9250 rpm

70 kW (94 HP) at 9250 rpm

77 kW (104 HP) at 9250 rpm

96.5 Nm (9.65 kgm) at 7250 rpm

82 Nm (8.2 kgm) at 7000 rpm

90 Nm (9.0 kgm) at 7000 rpm

97 mm/67.5 mm

11.4 ± 0.5 : 1

11.8 ± 0.5 : 1

10.4 ± 0.5 : 1

22.5 m/s at 10000 rpm

262°, valve Iifting= 10.60 mm

262°, valve lifting= 11.40 mm

259°, valve lifting= 10.60 mm

242°, valve Iifting= 9.50 mm

259°, valve lifting= 10.60 mm

242°, valve Iifting= 9.50 mm

opening during intake stroke = 20° before TDC
closing during intake stroke = 62° after BDC
opening during exhaust stroke = 64° before TDC
closing during exhaust stroke = 15° after BDC

opening during intake stroke = 25° before TOC
closing during intake stroke = 59° after BDC
opening during exhaust stroke = 65° before TDC
closing during exhaust stroke = 15° after BOC

opening during intake stroke = 20° before TOC
closing during intake stroke = 59° after BDC
opening during exhaust stroke = 64° before TDC
closing during exhaust stroke = 15° after BOC

opening during intake stroke = 25° before TOC
closing during intake stroke = 37° after BOC
opening during exhaust stroke = 57° before TDC
closing during exhaust stroke = 5° after BOC

0.12 - 0.17 mm

0.23 - 0.28 mm

36.0 mm

31.0 mm

1250 ± 100 rpm.

1200 ± 100 rpm

10250 ± 100 rpm

10500 ± 100 rpm

9000 ± 100 rpm

electronically controlled

electric

Follow~
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Spark advance

Starter motor gear ratio

Clutch

Transmission

Lubrication system

Lubrication pressure

Air cleaner

Cooling

Coolant pump gear ratio

Coolant pump delivery (with thermal expansion valve open)

Thermal expansion valve opening start temperature

Engine dry weight

At start: 5° before TDC, additional advance depending
on specific consumption levels

i= 49/9 * 30/11 * 64/30 =31.677

multidisc in oil bath, with hydraulic control on the left
side of the handlebar and PPC device
- # 9 friction discs; thick 3.5 mm
- # 10 steel discs; thick 1.5 mm

Mechanical, 6 gears with foot control on the left side of
the engine

dry pan with separate oil tank, # 2 trochoidal pumps
and cooling radiator

min 500 kPa (5 bar)
at max 80°C (176 OF) and 6000 rpm

with dry filter cartridge

liquid-cooled

iw = 28/27 * 28/28-= 1.037

90 t /min and 9000 rpm

-- 65 - 67 kg

Ratio
1a

2a

3a

4a

5a

6a

Primary
31/60 = 1: 1.935

Secondary
14/35 = 1: 2.50
16/28 =1: 1.750
19/26 =1: 1.368
22/24 =1: 1.090
23/22 = 1: 0.956
27/23 =1: 0.851

Final ratio Total ratio
17/42 = 1: 2.470 11.948

8.368
6.543
5.216
4.573
4.073

GEAR RATIOS

# sprocket teeth

Ratio
1a

2a

3a

4a

5a

6a

Ratio
1a

2a

3a

4a

5a

6a

Primary
31/60 = 1: 1.935

Primary
31/60 = 1: 1.935

Primary
31/60 =1: 1.935

Secondary
14/35 = 1: 2.50
16/28 = 1: 1.750
19/26 =1: 1.368
22/24 =1: 1.090
23/22 = 1: 0.956
27/23 = 1: 0.851

16

Secondary
14/35 =1: 2.50
16/28 =1: 1.750
19/26 =1: 1.368
22/24 =1: 1.090
23/22 =1: 0.956
27/23 =1: 0.851

16

Secondary
14/35 =1: 2.50
16/28 = 1: 1.750
19/26 = 1: 1.368
22/24 =1: 1.090
23/22 =1: 0.956
27/23 = 1: 0.851

17

Final ratio Total ratio
16/41 = 1: 2.563 12.399

8.679
6.787
5.411
4.744
4.225

Final ratio Total ratio
16/43=1 :2.687 13.00

9.102
7.117
5.674
4.975
4.431

Final ratio Total ratio
17/45 = 1 : 2.647 12.804

9.041
7.006
5.582
4.896
4.358

Follow~
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.:11111.:::::.
Generator (with permanentmagnet) _ aD ..-._
Generator (with permanent magnet) _

Starter

Starter motor gear ratio

2.2 LUBRICANT CHART

12 V -400W (350 W for models__ up to 2000)

12V-470W

12 V/0.9 kW

i = 49/9*30/11 * 64/30=31.677

Engine oil (recommended): mEXTRA RAID 4,SAE 15W - 50 or AgulP TEC 4T SAE 15W - 50.
As an alternative to the recommended oil, it is possible to use high-quality oils with characteristics in compliance with or superior to the
CCMC G-4, A.P.1. SG specifications.

Bearings and other lubrication points (recommended): m BimolGrease 481, m AUTOGREASE MP or Agup GREASE 30.
As an alternative to the recommended product, use high-quality grease for rolling bearings, working temperature range -30°C...+140°C,
dripping point 150°C...230 °C,high protection against corrosion, good resistance to waterand oxidation.

··.;"~.:.;·illl.liillll.:.:.:_~:~:·:::::
Use new clutch fluid only.

Clutch fluid (recommended): mF.F., DOT 5 (DOT 4 compatible) or. Agup BRAKE 5.1, DOT 5 (DOT 4 compatible).

Use only antifreeze and anticorrosive without nitrite, ensuring protection at -35°C at least.

Engine coolant (recommended): m ECOBLU-40°C or AgupCOOL.
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2.3 SPECIAL TOOLS mil
In order to perform assembly, reassembly and settings
correctly, special tools suitable for the task must be used.
The use of special tools avoids the potential risk of dam­
age as. a result of inappropriate tools and/or improvised
methods.
Belowisalist of the special tools designed especially. for
this specific enqlne,
If necessary, request the multi-purpose special tools, see
0.4.3 (SPECIAL TOOL MANUALS).

using the special tools, consult any docu­
ments attached.

2.3.1 ENGINE TOOLS

@
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I I
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A 8140175 (complete tool.kit for engine including)

1 0277680 (gearshift secondary shaft oil seal assembly pad)

2 0277660 (secondary countershaft oil seal assembly pad)

3 0277670 (coolant pump shafthousing oil seal assembly pad)

4 08n257 (assembly pad for water pump shaft seat sliding ring)

5 0277510 (valve guide disassembly pad)

6 0277210 (valve guide ass assembly)

7 0277695 (valve guide oil seal assembly pad)

8 8140155 (gearshift shaft oil seal- clutch shaft oil seal assembly pad)

9 0277725 (driving shaft bush inserterpad)

10 0277720 (driving shaft sleeve puller pad)

11 0277537 (main countershaft bush inserter pad)

12 0277727 (driving shaft - clutch cover bush inserter pad)

13 0277729 (insertion pad for lower balance shaft clutch cover bushes)

14 8140177 (plug socket spanner)

15 0277252 (flywheel rnaqnetocoverrernovaltool)

16 0277730 (flywheel removal hexagonal bolt)

17 0240880 (threaded bolt to lock the drive shaft at the TOO)

18 0277308 (gearshift secondary shaft guide bush)

19 8140178 (pin installation and removal pad)

20 8140t81 (fuel-oil pressure gauge-compression)

21 8140182 (rotor bolt bush)

22 0277881 (clutch blocking tool)

23 8140156 + 8140157 + 0276377 (clutch cover sleeve puller)

24 0276479 (valve spring compression tool)

25 8140179 (valves disassembly and reassembly bow)

26 8157143 (adhesive for tool holder panel RSVmille)

27 8140t83 (engine lifting eye hook)

28 8140184 (primary transmission nut disassembly bush)

29 8140185 (clutch disc extraction hook lever)

30 8140188 (engine support)

31 8140186 (piston ring compression tool)

32 8140197 (perforated bolt for fuel pressure test fuel)

33 8140205 (camshaft template)

34 8140426 (panel hooks)
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2.3.2 MISCELLANEOUS TOOLS
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1 8140196 (analyser)

2 8140192 (chain installation kit)

3 8140180 (bearing extractors)

4 8140202 (exhaust gas analysis probes)

5 8140267 (intake flange for vacuometer)

6 8140256 (vacuometer)

7 8140424 (OHLINS fork spanner)

8 8140199 (tool panel)

9 8140426 (panel hooks)

10 8140432 (pushing extractor)

11 8140187 (engine support stand)

12 8124838 (battery charger M.F.)

13 0897651 [LOCTITE® 243 blue (10 cm3) ]

14 0899788 [LOCTITE® 648 green (5 g)]

15 0899784 (LOCTITE®574 orange)

16 0297434 (LOCTITE® 767 Anti-Seize. 15378)

17 0297433 [MOLYKOTE® G-N (50 g)]

18 0897330 (multi-purpose greasebp Iz)

19 0297386 [SILASTIC732 RTV (100 g)]

20 8116067 (LOCTITE® 8150)

21 8140395 [exhaust gas analyzer spare part: apriliapart# 8140196 (analyser)]. Particulate filter

22 8202222 (panel adhesive sheet)

23 8010396 [exhaust gas analyzer spare part: aprilia part# 8140196 (analyser). Tubular screen filter]

24 8010397 [exhaust gas analyzer spare part: aprilia part# 8140196. (analyser). Oxygen sensor]

25 8010398 [exhaust gas analyzer spare part:aprilia part# 8140196 (analyser). Inlet screen filter]

26 8140074 (main.countershaft bush inserter pad)

27 8140204 (rear stand supports)

28 02n295 (click clamp installation pliers)

Release 00/2001-06 ---------- ------- fJ -9 - 00



TECHNICAL INFORMATION

2.3.3 TOOLS USED FOR OTHERaprilia VEHICLES
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. ···:::::IiI11Ii~:·

0877650 (handle for pads)

0277265 "(extractor for balance shaft, gearbox input and output shaft)

8116050 (engine oil)

8116053 (greasem Bimol Grease 481)

8116038 (grease LUBERING ST)

xxxxxxx N.A. (AP-LUBE temporary lubricant)

xxxxxxx N.A. (grease DID CHAIN LUBE)

8116031 ("Fluid Biosolvent"frame detergent)

8116945 ("ACRILON 28" cyanoacrylic glue)

xxxxxxx N.A. (MOTUL MOTOWASH degreaser)

8116043 (anti-corrosive paste ANTI-SEIZE MOTAPAGESTE AS 1800)

xxxxxxxN.A.(alcohol)

0898011 (fluorescent green LOCTITE® 275)

xxxxxxx N.A. (LOCTITE® 572)

xxxxxxx N.A. "=not available
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2.4 CONSUMABLES

Only use the products given below for any mainte­
nancework.
The materials mentioned have been tested for many
years and are suitable for all the applicationcondi­
tions indicated by the manufacturer.

NOTE The consumables, which are coded,are availa­
ble on application,see 2.4.2 (USE OF CONSUMABLES).

2.4.1 PRODUCT PROPERTIES

Adhesive ..·in paste for .screws and nuts up to ·M36. and for
couplings with medium hold.
It .can .be used on parts which have not been .. completely
degreased.
The ..hardening time depends on the temperature and the
material (maximum one hour).
Resistance to temperatures in the range - 55 to 150°C (- 99 to
302 OF).

It prevents the loosening of the threaded components and. the
fluid leakages due to vibrations.
It must be used on clean, degreased and non-oxidized
components.
Apply a quantity sufficient to cover all the threaded part.

Paste for strong fastening of screws.
The hardening time depends on the temperature and the
material (maximum tWelve hours).
Resistance to temperatures in the range -55 to 175 °C( - 99 to
347 OF).
In order to release the part glued, it may be necessary to heat
the coupled parts to a temperature of 250°C (482 OF).

aprilia part# 0899788 [LOCTITE®
648 green (5 g)]

aprilia part# 0898011 (fluorescent
green LOCTITE®275) (**)

aprilia part# 0897651 [LOCTITE®
243 blue (10 cm 3) ]

aprlllaparts 0899784 (LOCTITE®
574 orange)

Solvent-free seal in paste, to be used instead of seals where
there is a high friction factor and where a precise distance is
required between the two components.
Applied in its liquid state, it hardens after assembly on contact
with the metal within a few hours.
A seal is created whose surface structure adapts to the surfaces
to be sealed.
Resistance to temperatures in the range -55 to 200°C (- 99 to
392 OF); where applied, it seals the surfaces against corrosion.

aprilia part#8116067 (LOCTITE®
8150)

Paste to be used on components subjected to high temperature.

aprilia part# 0297434 (LOCTITE®
767 Anti-Seize. 15378)

aprilia part# 0297433 [MOLYKOTE®
G-N (50 g)]

aprilia part# 0297386 [SILASTIC
732 RTV (100 g)]

Release 00/2001-06 ----------

Lubricant and anticorodal resistantto high temperatures.
It .must be sprayed on both components and makes sure the

.sliding surfaces remain maintenance free for a long time.
It prevents corrosion.

Lubricating paste to be used on support points subjected to
heavy loads, for standard lubrication and on couplings under
pressure, in order to prevent corrosion which would prevent
subsequent disassembly.
To apply on the two surfaces.

It is used as a sealant, preventing water from getting inside the
flywheel cover.
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2.4.2 USE OF CONSUMABLES

For use descriptions that have been involuntarily omitted
in this list and for any further information on the use of ex­
pendable materials, see 0.4.2 (SPARE PARTSCATA­
LOGUES).

(*) = see 2.2 (LUBRICANT CHART).

(**) = see 2.4.1 (PRODUCT PROPERTIES).

xxxxxxx N.A. = not available

apriliapart# 8116050 (engine oil)(*)

aprilia parts. 0897651 [LOCTITE® 243 blue (10
cm3) ] (**)

- On timing intermediate gear roller bearings.

- On lower countershaft thrust washer.

- Clutch disengaging shaft.

- On valve stems and valve lifter buckets,

...... On valve guide·oil.seals.

- On camshaft housings.

- On the timing chain tightener.

-On double starter gear and idler gear pins.

-. On the freewheel gear/freewheelcontact surface.

-On the freewheel inner contact surface.

- Onthe piston segment seats.

- .. Fasteningof pinion.

- On coolantpump centre fastening screw.

- On cylinder joining bracket fastening screws.

_. On engine half-casing bearing lock screws.

- On the cylinder fastening stud bolts (engine crankcase half side).

-. On driving shaft position sensor fastening screws.

- On the camshaft position sensor fastening screws.
- __ Onthe revolution number sensor fastening screw.

- On index lever and plate fastening screws.

- On driving shaft fastening nut.

- .On timing gear fastenlnqscrews,

- On upper countershaft counterweight fastening nut.

- On intermediate timing gear bearing support lower fastening
screw.

- On the thread of the coolant duct plug on the rear cylinder.

- On the thread of the engine oil pressure sensor.

- On the thread of the stator fastening screws.

aprllla part# 0898011 (fluorescent green LOC- - On the thread of the cylinder coolant inlet and outlet pipes.
TIT~ 275) (**)

aprllla part# xxxxxxx N.A. (LOCTITE® 572) - Fastening of coolant thermal switch.

- Fastening of the coolant draining screws positioned on the
radiators.

Follow~
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aprilia part# 0899788 [LOCTITE® 648 green (5
g)] (**)

aprilia part# 8116067 (LOCTITE® 8150) (**)

aprilia part# 0899784 (LOCTITE® 574 orange)
(**)

- On coolant pump idler gear pin.

- On engine oil pump plug.

- On fastening screws of spring-holding plate/primary transmission
gear/clutch housing.

- Freewheel assembly on flywheel magneto.

- On the freewheel/rotor flange fastening screws.

- On clutch housing fastening nut.

- On lower countershaftcounterweightfastening screw.

- On the freewheel housing fastening screws.

- On flywheel rotor inner cone.

- On flywheel fastening screw.

- On the contact surface between the freewheel housing and the
flywheel magneto.

- On the thread of the studbolts that fasten the exhaust pipes to the
cylinders (cylinder side).

- Assembly of plugs for checking CO on exhaustpipes.

- Fastening of coolant thermistors.

- On neutral gear switch contact screw.

- On the contact surface of the engine oil pump central body with
the external body and with the crankcase.

- On the cylinder's base where it rests on the engine casing.

- On the thread of the 900 oil union on the rear cylinder.

aprilia part# 0297434 (LOCTITE® 767 Anti-Seize - On gearshift primary and secondary shaft.
15378) (**) - On gearshift primary and secondary shaft housings.

- On driving shaft and countershaft.

- On the gearshift primary shaft housing and toothing.

aprilia part# 0297433 [MOLYKOTE® G-N (50 g)] - On main bush housings.
- On main bushes.

- On engine casing bearing housings.

- •On coolant pump shaft.

- On valve guide slots on the head.

- On valve guide edges.

- On the contact areawith the cams of the valve caps.

- On driving shaft and countershaft bush housings.

- On driving shaft and countershaft housings.

- On connecting rod/piston pin slots.

- On camshaft cams.

- On starter motor fastening housing.

aprilia parts 0297386 [SILASTIC 732 RTV (100 -On cable bracket on flywheel cover.
g)] (**) - On camshaft sensor cable.

- On the camshaft sensor cable guide.

- _ On the contact surfaces of the plastic plug with the front
cylinder.

aprilia part# 8116053 (grease m Simol Grease - Assembly of clutch pump control rod.

481) - On intermediate timing gear thrust washer.

- Upper countershaft oil seal.

- Starter motor gear.

aprilia part# xxxxxxx N.A. (alcohol)

Release 01/2001-10 ----------
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2.5 FASTENING ELEMENTS

2.5.1 JOINTS WITH CLICK CLAMPS AND SCREW
CLAMPS

Carefully read 1.2 (INSTRUCTIONS FOR USE OF FU­
EL, LUBRICANTS, COOLANT AND OTHER COMPO­
NENTS).

Remove ONLY the clamps indicated in the mainte­
nance procedures.
This text is not to be intended as an authorization to
arbitrarily remove the clamps present on the vehicle.

Before removing a clamp, make sure that the removal
does not involve any fluid leakage; if so, provide for
preventing --such leakaqesand protect the compo­
nents positioned near the joint.

CLICK CLAMPS

For the removal it is-sufficient to use simple pliers, while
for the installation it is necessary to use a special tool (see
below).
Before removing a clamp, prepare the material neces­
sary for the correct reassembly.

NOTE Have the appropriate special tool m:iD to hand:
- aprilia part# 0277295 (click clamp installation pliers).

Upon installation, replace the click clamp that has
been removed with a new one having the same di­
mensions, see 0.4.2 (SPARE PARTS CATALOGUES).

Do not attempt to reinstall the removed click clamp,
since it is unusable.

Do not replace the removed click clamp with a screw
clamp or with other types of clamp.

Proceed with care, in order not to damage the joint
components.

• Work with the pliers on the head of the click clamp,
forcing until you release it.

SCREW CLAMPS

For the removal and installation it is sufficient to use a sim­
ple screwdriver.

Check the conditions of the screw clamp and if nec­
essary replace it with a new one of the same type and
dimensions, see 0.4.2 (SPARE PARTS CATA­
LOGUES).

When fastening the clamp, make sure that the joint is
sufficiently stable.

V990engine
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2.5.2 GENERAL SPECIFICATIONS OF THE DRIVING
TORQUES

The following table indicates the standard driving torques
for screws and bolts with metric ISO thread.

For specific joints or couplings of the vehicle, see 2.5.3
(DRIVING·TORQUE).

If not specified otherwise, the indicated driving· torques
are valid for clean and dry threads, at room temperature.

NOTE In order to avoid any detormationand/orimper­
fect coupling, tighten the screws or bolts by proceeding
as described below:

+ Manually screw all the tasteninq elements .
• Applying half the prescribed driving torque, tighten the

elements that are diametrically opposite each other: (A)
and (8); (C) and (D).

+ Repeat the previous operation by applying the pre-
scribed driving torque.

NOTE In this way the pressure exerted by the fasten­
ing elements will be uniformly distributed on the [ointsur­
face.

For the maintenance intervals,see 0.4.1 .(VEHICLE
WORKSHOP MANUALS).

TECHNICAL INFORMATION
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2.5.3 DRIVING TORQUE

NOTE
L243 = .fasten with.LOCTITE®243
L572 = fasten with LOCTITE® 572
L8150 = fasten with LOCTITE®8t50
man. = fasten by hand

Steel/aluminium fastening screws with similarcoeffi..
cient of elasticity

V990engine

111:111:.:
The fastening elements featured in the table mustbe
torqued to specification using a torque spanner and
LOCTITE®applied, where indicated.
The elements marked (.)areparticularlyimportant
for safety.

Description

Engine oil inlet flange M6

Engine.oil drain plug M8

.Pinion fastening MtO L243

Clutch control cylinder fastening M6

Coolant drain screw M6

Coolantthermlstors M14

Description Screw/nut

Grooved ball bearings for selector roller/casing [flywheel side (MS)] Screw T.P.
M6x 13

Grooved ball bearings for selector roller/casing [clutch side.(KS)] ScrewT.P. 11 1.1 L243M6x 13

Grooved ball bearings for propeller shaftlcasing[clutch side (KS)] 2 Screw T.P. 11 1.1 L243M6x 13
Coolant pump idler gear/casing [clutch side (KS)] 1 Pin 10 L648

On both
sides in

Gasket crankcase [flywheel side (MS)]/crankcase [clutch side (KS)] the oil
labyrinth

seal
area.

Casing [flywheel side (MS)]/casing [clutch side (KS)] 13 Screw T.C.E.I. 11 1.1M6x65

Casing [flywheel side (MS)]/casing [clutch side (KS)] Screw T.C.E.I. 11 1.1M6x80

Casing [flywheel side (MS)]/casing [clutch side (KS)] 5 Screw T.C.EJ. 11 1.1M6x45

Casing [flywheel side (MS)]/casing [clutch side (KS)] Screw T.C.E.I. 11 1.1M6x25

Casing Magnetic screw 20 2.0M12x1.5

Casing Contact screw 4 0.4 L574M10

Oil filter cover 2 ScrewT.C.E.1. 11 1.1M6x20

Casing/nozzle 75 Screw T.C.E.I. 6 0.6M6x10

Bearing flange [clutch side {KS)]/[flywheel side (MS)] 2 ScrewT.E. 25 2.5M8x45

Bearing flange [clutch side (KS)] 2 ScrewT.E. 25 2.5M8x25
Follow"
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Bearing flange [flywheel side (MS)]

Screw T.C.E.I.
M8x20

Screw T.C.E.I.
M6x20 11 1.1 L243

'''''!I
, ..'.'

': \ - ....._ I."", .:..: .:.'....

Description O.ty Screw/nut Nm kgm Note
L648 on

both
Without head screw sides in

Oil pump 1 with double diame- - - the oil
ter M12 x 1.5 labyrinth

seal
area.
Upper
and

Oil pump casing 1 lower- - - sur-
faces:
L574

Oil pump lid 4 Screw T.C.E.I. 11 1.1M6x45 -

""'. ".". .,.>:...:....:
. ::

..:..•>...
::::,,':':' ':'.'

:: ..::. ":':: . :.::.: ...... ':"':::::.... :

Description O.ty Screw/nut Nm kgm Note
Secondary shaft [clutch side (KS)] 1 Nut M24 x 1.5 170 17.0 L648
Clutch spring 6. Screw,T.E.M6x25 1J 1.1 -
Disengagement rod 1 Locking nutM12 30 3.0 -

Complete diaphragm ring 8 Screw T.C:E.L 5 0.5 -M5x20
Primary transmission (spring-holdihg plate/primary transmission 3 Screw T.E. M8 x 16 30 3.0 L648gear/clutch· housing)
Primary transmission (spring-holding plate/primary transmission 3 Screw M8x25/ 30 3.0 L648gear/clutch housing) M8 nut

I- ":'.::
,': :::"::.::

-: .. . ..-.
:......': .....:.:::::,:::.::: ::::::.'. .,:::-c..

:., '::'.
:.::

··c.. '.: .. :. ....
Description O.ty Screw/nut Nm kgm Note

Camshaft support/front head 8 Screw T.C.E.!. 11 1.1 -M6x30

Front head 2 Exhaust pipe 13 1.3 L275M18x1.5
IiiI Front head 1 Breather nipple 20 2.0 L243

C~/·'U'· hl"'\l·"'·.,I 1 Exhaust pipe 13 1.3 L275,..... ""'" -"""'..... 1\1I18 x 1.5

Camshaft support/rear head 4 Screw T.C.E.I. 11 1.1M6x30 -

Camshaft support/rear head 2 Screw T.C.E.I. 11 1.1M6x45 -

Camshaft support/rear head 2 Screw T.G.E.!. 11 1.1 -M6x55

Rear head 1 Plug screw 20 2.0 L243M18x1.5

Head/exhaust 6 Stud bolt 10 1.0 L648M8 x 16/20
Rear head 1 Angular union - - L574
__ .. Head/case 8 Stud bolt M10 x 171 6 0.6 L243
_ IiiI Head/case 8 Stud bolt M10 x 171 6 0.6 L648

Not varnished
cylinder ver-
sion 28 - 30

Hex-head screws Nm (2.8 - 3.0
Cylinder/head 8 with shoulder kgm) -

M8x45 Varnished cyl-
inder version
25 -28 Nm

(2.5 - 2.8 kgm)

Follow~
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i< ...•...•·•.•.•.•... ...... ......................... ·He Id,_1
... ...••. < ..••.•..•. <- .

...... ..

VOl I 11>:>1 ICU

head version
58 Nm (5.8

kgm)
varnished Greasehead version

Head/stud bolt 8 Nut M10 50 - 55 Nm the nut

(5.0 - 5.5 kgm) support
surface

varnished
head version
(with nut on

outer side) 58
Nm (5.8 Kgm)

Head/chain compartment 4 Screw T.C.E.I. 11 1.1 -M6 x 100
Bearhead/bearing flange 2 Screw T.E. M6 x 35 11 1.1 -
Bear head/bearing flange 2 Screw T.E. M6 x 20 11 1.1 -

Front head/Driven gear (timing chain) - Inlet camshaft 3 Screw T.C.E.I. 11 1.1 L243M6 x 14

Front head/Upper chain guide 1 Screw spacer 11 1.1 -M6x16

Bear head/Driven gear (timing chain) - Inlet camshaft 3 Screw T.C.E.I. 11 1.1 L243M6 x 11.5
Bear head/Driving gear (upper balance shaft unit) + driven gear 3 Screw T.C.E.I. 11 1.1 L243(timing chain) - Exhaust camshaft M6 x 14
Bear head/Counterweight + driven gear (upper balance shaft unit) 1 Nut M14x 1 50 5.0 L243- Upper balance shaft
Bear head/Upper chain guide 2 Screw T.E. M6 x 35 11 1.1 -

Valve cover 10 Spacer screw 9 0.9 -M6 x23
Head 4 Spark plug 18 1.8 -

Induction flange 4 Screw T.C.E.I. 19 1.9M8x25 -

Cylinder/chain tightener 2 Plug screw 30 3.0 -M16x1.5
Front head 1 Coolant thermistor 20 2.0 -
Bearhead 1 Coolant thermistor 20 2.0 -

Cylinder bracket support shoe 2 Screw T.C.E.I. 40 4.0M10 x 40 -

Cylinder bracket support shoe 2 Nut M10 40 4.0 L243
Follow~

fJ -18 - 00 Release 00/2001-06



V990 engine
TECHNICAL INFORMATION

Description Screw/nut

.. _ Driving shaft position sensor/flywheel cover Taptite screw 11M6x16

ED _ Revolution number sensor/flywheel cover Taptite screw 10 1.0 L243M6x12

Flywheel cover/generator 3 Screw T.C.E.I. 11 1.1 L243M6x40
Flywheel magneto/freewheel housing/flywheel ring L648

__ Magneto flywheel/freewheel housing/flywheel ring 6 ScrewT.C.E.1. 30 3.0 L648M8x18

Freewheel housing 3 Screw T.C.E.I.M8 x 30 3.0 L64816

.. _ Freewheel·housing 3 ScrewT.C.E~1. 30 3.0 L648M8x 16
Flywheel magneto cone L648

Magneto.flywheel/driving shaft ScrewT.C.E.1. 130 13.0 L648M16x 30

Ignition device cover/casing [clutch side (KS)] 12 ScrewT.C.E.1. 11 1.1M6x35

Ignition device cover Plug screw Manual tight-
M24 x1.5 ening

ED _ Ignition device cover/cable-holding bracket Screw T.C.E.I. 7 0.7 L243M6x10

Camshaft position sensor/front head 2 Taptite screw 4 0.4 L243M5x 12

.. _ Camshaft position sensor/front head 2 Taptite screw 4 0.4 L243M5x 12

Starter Screw T.C.E.I. 11 1.1M6x30

Nm kgm
Manual tight-

Coolant pump Impeller ening, min 7
Nm (0.7 kgm)

Clutch cover Oil pressure switch 15 1.5 L243M10 x 1

Coolant pump casing Screw T.C.E.I. 11 1.1M6x25
L243

Screw T.C.E.I. only for
Coolant pump casing 3 M6x55 11 1.1 left.cen-

tral
screw

Clutch cover 11 Screw T.C.E.I. 11 1.1M6x35

Clutch cover 3 Screw T.C.E.I. 19 1.9M8x40

Clutch cover Screw T.C.E.I. 19M8x65
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3.1 TECHNICAL INFORMATION

3.1.1 TECHNICAL DATA

See 2.1 (TECHNICAL SPECIFICATIONS).

3.1.2 MAINTENANCE INTERVALS

See 0.4.1 (VEHICLE WORKSHOP MANUALS).

3.1.3 TROUBLESHOOTING

See 0.4.1 (VEHICLE WORKSHOP MANUALS).

3.1.4 SEALANTS

See 2.4 (CONSUMABLES).

3.1.5 LUBRICANTS

See 2.2 (LUBRICANT CHART).

3.1.6 SPECIAL TOOLS

See 2.3 (SPECIAL TOOLS mil).

3.1.7 DRIVING TORQUE

See 2.5 (FASTENING ELEMENTS).
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The maintenance of engines .andsvstems calls for
specific experience and the use of special tools.
Any maintenance and repair work must be performed
by suitably trained technical personnel only.

NOTE Comply with the instructions furnished by the
manufacturerof the vehicle.

;]1111~~:
During the assembly phase,bearin mind the engines
weight (approx, 65 - 67 kg) and centre of gravity: sup­
port accordingly.
Take care around any potentially hazardous points
where you might be squashed or cut.

3.1.8 PRECONDITIONSTO BE MET WHEN
PERFORMING MAINTENANCE AND REPAIR
WORK

3.1.9 GENERAL INDICATIONS ON MAINTENANCE
AND REPAIR WORK

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).
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3.1.10 SPECIAL MARKS ON THE ENGINE

For disassembly, reassembly and replacement purposes,
some parts of the engine are marked with coloured
points, letters or reference marks.
The table indicates the part (seat and element), the type
of mark, the mark function and the reference to the man­
ualchapter or paragraph.

Engine crankcase (in- Main bushes (installed
side both crankcase on the engine crank-
halves). case).

Colour: Reference to the diam- 4.4(DRIVE SHAFT
Red (minimum diame-et~rs of the bush seats MAIN BUSHES AND
tergroup). (dnve shaft and bal- BALANCE SHAFT
Blue (medium diameter ance shaft) on the MAIN BUSHES) under
group). crankc~se halves, .for INSTALLINGTHE
Yellow (maximum di- the choice of the size BUSHES.
ameter group). group.

Connecting rod(withno Connecting rod bush-
mark). es.

Reference to the thick- 4.12 (REPLACING
AND INSTALLING

ness of the connecting THECONNECTING
rod bush. RODS).

Clutch cover (with no
mark).

Support bushes (in­
stalled on the clutch
cover).

Colour:
Red (minimum thick­
ness).
Blue (medium thick­
ness).
Yellow (maximum
thickness).
Colour: Reference to the diam­
Red (minimum dlarne- etersof the bush seats
ter group). (drive shaft and bal-
Blue (medium diameter anceshaft) on the
group). clutch cover, for the
Yellow (maximum di- choice of the size
ameter group). group.

4.21 (SUPPORT
BUSHES).

Valve seats (on the
head) (with no mark).

Front head (with no
mark).

Rear head (with no
mark).

Valve springs.

Front cylinder.

Rear cylinder.

4.25 (DISASSEM­
BLING THE INTAKE

Not provided. Reference to the upper AND EXHAUST
To be made on the up- part of the springs, in- VALVES).
per part of the springs dispensable for the cor- 4.30 (VALVES) under
upon disassembly. rect reassembly. ASSEMBLING THE

VALVES IN THE
HEAD.

Letter "A" or "B" R f t th ". 4.31 (CYLINDERS)
stamped on the lower e er;nce o. e SIZ~ 4.32 (PISTONS AND
side of the front cylin- group .of the front cyhn- GUDGEON PINS).
der. der. 5.11 (ASSEMBLING

THE PISTON AND
Letter "A" or "B" Reference to the "size REAR CYLINDER).
stamped on the lower group" of the rearcylin- 5.17 (ASSEMBLING
side of the rear cylinder. der. THE PISTON AND

FRONT CYLINDER).

Front cylinder.

Rear cylinder.

Original front piston. in­
stalled.

Original rear piston in­
. stalled.

Not provided.The pis- Reference to the cylin­
ton and the front cylin- der-piston assembly
der must be marked and to the position of
with number "1" upon the piston in the front
disassembly. cylinder.
Not provided. Reference to the cylin-
The piston and the·rear der-piston assembly
cylinder must be and to the position of
marked with number "2" the piston in the rear
upon disassembly. cylinder.

3.4 (DISASSEMBLING
FRONT CYLINDER,
HEAD AND PISTON).

3.5 (DISASSEMBLING
REAR CYLINDER,
HEAD AND PISTON).

Colour:
Front cylinder marked New replacement front Red.(group·"A").
with letter"A" or "B". piston. Green (group "B").

Reference to the front
cylinder "size group"
("A" or "B") and to the
direction of assembly.

4.32 (PISTONS AND
GUDGEON PINS).

Rear cylinder marked
with letter "A" or "B".

Colour:
New replacement rear Red (group "A").
piston. Green (group "B").

Reference to the rear
cylinder "size group"
("A" or "B") and to the
direction of assembly.

4.32 (PISTONS AND
GUDGEON PINS).
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3.2 DISASSEMBLING THE ENGINE

Any components removed must be set aside in
groups according to the respective assembly posi­
tion in order to make sure they are subsequently re­
fitted in the right place.

NOTE Before going ahead with the disassembly of the
engine, gather the appropriate special tools, see 2.3.1
(ENGINE TOOLS).

V990engine

3.2.1 ENGINE DISASSEMBLY SEQUENCE

NOTE This diagram shows the operations to be per­
formed and the sequence to be followed when disassem­
bling the engine parts.

In order to remove the parts outlined with short dashes,
(---) the engine must be removed from the frame, see
0.4.1 (VEHICLE WORKSHOP MANUALS).

Follow~
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Follow ....

DI
Iii!I

Key

1) .Engine
2) Starter
3} Flywheel cover
4) Oil filter cover
5) Front cylinder tappetcover
6) Camshaft position sensor
7) Rear cylinder tappet cover
8) Complete clutch diaphragm cover
9) Stator

10) Magnetic wheel
11) Clutch
12) Oil filter cartridge
13) Front cylinder TDC position
14) Rear cylinder TDC position
15). Clutch membrane
16) Complete support plate and disengagement rod
17) __ .. Driving shaft position sensor
17) __ Driving shaft position sensor
18) Starter motor transmission
19) Front cylinder timing chain tensioner
20) Upper balance shaft transmission
21). Coolant pump lid
22) Clutch discs. . . . .
23) Front cylinder timing control transmission
24) Front cylinder camshafts
25) Frontcylindertiming drive gears
26) Rear cylinder timing chaintensioner
27) Coolant pump
28) Clutch cover
29) Front cylinder timing chain
30) Rear cylinder timing drive gears
31) .Complete support plate and disengagement rod

32) Front cylinder head
33) Front cylinder head with cylinder
34) Rear cylinder top side countershaft
35) Rear cylinder timing chain
36) Clutch discs
37) Front cylinder camshafts
38) .Front cylinder piston
39) Rearcylinder camshafts
40) Rear cylinder head with cylinder
41) Rear cylinder head
42) Primary transmission
43) Front cylinder valves
44) Rearcylinderpiston
45) Rear cylinder top side countershaft
46) .Countershaft gear
47) Oil pump gear
48) .Oil pump
49) Engine crankcase half removal
50) Rear cylinder camshafts
51) oil pump gear
52) .Complete gearshift shaft
53) Countershaft
54) Rear cylinder camshafts
55) lndexplate
56) Index lever '. .
57) Rear cylinder timing control transmission
58) Driving shaft
59) Connecting rod
60) Gearshift rods
61) Gearshift fork
62) Gearshift, shift cam
63) Drive gea'rs
64) Gearshift bearings .
65) Driving shaft, countershaft beanngs
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3.3 REMOVING THE STARTER MOTOR

NOTE The following operations can be perlormedwith­
out removing the engine from the frame.

• Move the protection element aside, unscrew and re­
move the nut, recover the washer and disconnect the
cable of the starter motor.

• Unscrew and remove the twoM6 T.G.E.I. screws (1).

Screws (1) driving torque: 11 Nm (1.1 kgm).

• Pull out the starter motor (2).

3.4 DISASSEMBLING FRONT CYLINDER,
HEAD AND PISTON

Carefully read 0.5.1 (PRECAUTIONS.AND GENERAL
INFORMATIONS).

The head must be disassembled together with the
cylinder.·This is the only way in which .thehead can
be detached from the actual cylinder.

• Remove the two spark plugs of .the. front cylinder (1)
from the head,see 0.4.1 (VEHICLE WORKSHOP
MANUALS).

• Unscrew and remove the five complete spacer screws
M6 (2) and remove the head cover (3) together with the
gasket.

• Unscrew and remove the two Ml0 T.C.E.I. screws (4)
and remove the support bracket (5).

• Remove the closing screw (6), made from plastic, com­
plete with O-ring (7) housed in the centre of the fly­
wheel cover.

• Remove the M8T.C.E.1. screw (8) complete with seal.
• Use asize 14 mm(9) benthexagon-head·driver to turn

the driving shaft anticlockwise until the front piston is at
TDC (ignition).

Follow~
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NOTE At the TDG (ignition), the reference. marks "IN"
(10) and "EX" (11)of the two gears prove parallel to the
head uncoupling surface, and face each other.

NOTE Have the appropriate special toolmil·to hand:
-aprilia part#. 0240880 (threaded bolt. to lock the drive

shaft at the TDG) (12).

• Screw the special tool (t2) into the slot previouslyoc­
cupied by the M8T.G.E.1. screw (8}by hand so that you
can feel.it fit perfectly inside the driving shaftfastening
slot.

NOTE Turn the driving shaftbothwaystomakesure
that the.threaded bolt is engaged perfectly.
The bolt should not be overtightened.

Threaded pin driving torque: max. 5Nm (0.5 kgm).

• Unscrew and remove the closing screw (13) complete
with seal (14) and remove the complete chain tightener
(15).

•.Unscrew and .remove the two M6 spacer screws ·(16)
and removethe chain guide bracket (17).

• Pull the chaln guide shoe (18) out from above.

NOTE In order to be able to reassemble.thetwogear
wheels (19) correctly, proceed as follows: beforeremov­
ing themuse.a felt tip pen to mark the left and riqhtqear
wheels with LH andRH, respectively, and the gear
wheels and the camshafts with a reference mark (A).

• Release the two gear wheels (19) from the timing chain
(20), then withdraw and remove them.

• Unscrew and remove the six T.G.E.I.M6 x11.5 screws
(21).

• Let the timing chain (20) drop into the cylinders chain
compartment.

• Unscrew and remove the two M6 T.G.E.I. screws (22).
• Unscrew and remove the four M10 nuts (23).

Follow~
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When removing the cylinder, take care.not to damage
the cylinder.
Be careful to keep the two locating dowels (27) from
dropping inside the crankcase.

NOTE See 4.24 (HEAD AND CAMSHAFT) for instruc­
tions on taking the complete head apart.

• Cover the opening in the base with a clean cloth.
+ Remove the cylinder base gasket from .itsslot and pull

out the two locating dowels (27).

Do not apply any mechanical markings.

+ Usea felt pen to markthe piston crown and the cylinder
on the exhaustside (28), in order to be able to reas­
semble it in the correct direction.
In the same way, mark both the piston and the cylinder
with a "1" so that the two components can be recon­
nected in the same point.

:·";·!~!i:.:.:~!:•.
Hold the piston in one hand so that the connecting
rod bush is •.nottilted and hence.damaged.

+ Remove the piston (32).

In order to preventunbalanced forces, the axis of the
pistons'gudgeon pin is. positioned off-centre, to­
wards the front of the vehicle.

When reassembling, the piston must be positioned
on the connecting rod facing the right way.
+ Using a sharp-point screwdriver (29), extract the right

and left stop rings (30) (pin locking).
• Use a special drift to push out the gudgeon pin.(31).

Be careful to avoid possible injury caused by allow­
ing hands to get trapped between the cylinder and

. the stud bolts (24).

• Remove the cylinder (25) together with .. the.·complete
head (26).

.. ~,0
,,0

29·. 11
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The head must be disassembled together with the
cylinder. This is the only way in which the head can
be detached from the actual. cylinder.

NaTE If the disassembly is carried out after the remov­
al of the front cylinder, the operations marked with "*"
have already been carried out.
Otherwise (removal of rear cylinder only), do not carry out
the operation marked with "x".

• Remove the two spark plugs of the rear cylinder (1)
from the head, see 0.4. t (VEHICLE WORKSHOP
MANUALS).

• Unscrew and remove the five complete spacer screws
M6 (2) and remove the head cover (3) together with the
gasket.

• Unscrew and remove the twoM10T.C.E.l.screws(4)
and remove the support bracket (5).

• * Remove the closing screw (6), made from plastic,
complete with O-ring (7) housed in the centre of the fly­
wheel cover.

• * Remove the M8 T.C.E.I. screw (8) complete with
seal.

NOTE With the driving gear (9) installed, it is NOT pos­
sible to read the reference marks "IN" (10) and "EX" (11)
on the gear wheel (12), but it is necessary to refer only to
the marks "IN" (10) and "EX" (11) on the gear wheel (13).

Do not remove the driving gear (9) in order to be able to
read the reference marks, since the removal would pre­
vent the rotation of the upper balanceshaft.

3.5 DISASSEMBLING REAR CYLINDER, ·HEAD
AND PISTON

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

NOTE.The following operations can be performed with­
out removing the engine from the frame.

:·!!.II.I::.'; .~::I.II.
x When turning the driving shaft, guide the connect­
ing rod and timing chain of front cylinder so as to
prevent them from getting stuck inside the housing.

• Use a size 14mm bent hexagon-head driver (14) to
turn the driving shaft anticlockwise so that rear piston is
at TDC (ignition).

NOTE At the TDC (lqnition); the.reference marks "IN"
(10) and "EX" (11) of the two gears prove parallel to the
head uncoupling surface, and face each other.

NOTE Have the appropriate special tool mil to hand:
- apriliapart# 0240880 (threaded bolt to lock the drive

shaft at the TDC) (15).

• Screw the special tool (15) into the slotpreviouslyoc­
cupied by the M8T.C.E.1. screw (8) byhand so that you
can feel it fit perfectly inside the driving shaft fastening
slot.

NOTE Turn the driving shaft both ways to make sure
that the threaded bolt is engaged perfectly.
The bolt should not be overtightened.

Threaded plndrlvlnq torque: max. 5 Nm (0.5 kgm).

Follow~
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Whenloosening the nut M14x1 (21), counter the force
with the drift (19) so as not to strain the driving chain.

• Unscrew and remove the M14x1nut(21).
• Remove the counterweight. (22) from .the upper .coun­

tershaft .. (23).

Follow~

• Unscrew and remove the closing. screw (16) complete
with seal (17) and remove the complete chain tightener
(18).

• Insert an appropriate drift(0 7.5mm) (t9) in the upper
countershaft hole (20).

.:111["'
Be careful to keep the key (24) from dropping into the
chain compartment. Cover the chain compartment
with a clean cloth.

• ·Withdraw the driven gear (25) andremove it.
• Remove the key (24).
• Pull the chain guide shoe (26) out from above.

NOTE In order to be able to reassemble thetwo gear
wheels (12)(13) correctly, proceed as follows: before re­
moving them; use a felt tip pen to mark the left and right
gearwheels with .LH and RH, respectively, and the gear
wheels-and the camshafts with a reference mark (A).

• Release the two gear wheels (12) (13) from the timing
chain (27), then withdraw and remove them .

. :111.1'::.:-

Before removal, thethreeT.C.EJ. M6x14 screws (28)
must be marked so that they are refitted in the right
place; danger of major engine damage .and physical
injury.

• Unscrew and remove the threeM6x14 T.G.E.I. screws
(28).

• Withdraw the driving gear (9) and remove it.
• Unscrew and remove the three M6x10 T.G.E.I. screws

(29).
• Unscrew and remove the two M6 T.G.E.I. screws.(30)

with the relevant washers and remove the chain guide
(31).

• Let the timing chain (27) drop into the cylinders chain
compartment.

• Unscrew and remove the two M6T.G.E.1. screws (32).
• Rotate the upper balance shaft (23) upwards and with­

draw it.
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• Unscrew and remove the two M6T.C.E.1. screws (33)
and.four M10 nuts (34).

When removing the cylinder, take care not to damage
the cylinder.
Be careful to keep the two locating dowels (38) from
dropping inside the crankcase.

NOTE See 4.24{HEAD AND CAMSHAFT) forinstruc­
tions on taking the complete head apart.

• Coverthe opening in the base with a clean cloth.
• Remove the cylinder base gasket from its slot andpuH

out the two locating dowels (38).

Be careful to avoid possible injury caused by allow­
ing hands. to get trapped between the cylinder and
the stud bolts (35).

• Remove the cylinder (36) together with the complete
head (37).

·!!.·.:.:.:II!IJ
Do not apply any mechanical markings.

+ Use a felt pen to mark the piston crown on the exhaust
side (39), in order to be able to reassemble it in the cor­
rect direction.
In the same way, mark both the piston and the cylinder
with a·"2" .so that the two components can. be recon­
nected in the same point.

In order to prevent unbalanced forces,the axis of the
pistons' gudgeon pin is positioned off-centre, to­
wards the front of the vehicle.

,When reassembling, the plston must be positioned
on the connecting rod facing the right way.

• Using a sharp-point screwdriver (40), extract the right
and left stop rings (41) (pin locking).

• Use a special drift to push outthe gudgeon pin (42).

Hold the piston in one hand so that the connecting
rod bush is not tilted. and hence damaged.

• Remove the piston (43).
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3.6 .REMOVING THEFLYWHEEL COVER AND
IGNITION SYSTEM

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

NOTE The following operations can be performed with­
out removing the engine from the frame.

When performing work on the ignition system:

- switch off the engine;
- disconnect .... the .battery; always disconnect the

negative pole (-) first;
~ drain the engineoiltankcompletelY,see 0.4.1 (VE­

HICLEWORKSHOPMANUALS);
- lock the drive shaft at the TDC of the front or rear

piston..

• Disconnect the ignition generator connector .(A)' from
the electric wiring.

• unscrew and remove the twelve M6T.C.E.1.screws (1).

NOTE Have theappropriatespecial tool rmD to hand:
- apriliapart# 0277252 (flywheel magneto cover rernov-

al tool).(2).

• Screw the special tool (2) onto the flywheel cover (3).
• Lift the flywheel cover (3).
• Removethe gasket(4).

NOTE The driving shaft must be retainedat theTDC of
front piston or rear piston.

• Unscrew and remove the M16 T.C.E.L screw (5) and
remove the washer (6).

Follow~
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NOTE Have the appropriate special tool. to hand:
- aprilia part# 0277730 (flywheel removal hexagonal

bolt) (7).

• Screw the special tool (7) into the thread of the flywheel
(8).

Do not heatthe hub of the magneto flywheel (8) over
aflame; instead use a suitable jet of warm air.

NOTE Heat, for five-ten· minutes; the hub of the mag­
netoflywheel (8) with a jet of warm air since the cone is
also fastened with LOCTITE®648.

• Remove the flywheel with the freewheel flange (9) and
the freewheel (10).

• _ _ Extract the flywheel ring (11).
• Extract the gear of the freewheel (12).
• Remove the starter idler gear (13) and double gear

(14).
• mi._·If necessary, unscrew and remove the screw

(15) and remove the drive shaft position sensor (16) to­
getherwith the sealing ring.
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3.7 DISASSEMBLING FRONT CYLINDER
TIMING DRIVE ASSEMBLY

Carefully· read 0.5.1· (PRECAUTIONS AND GENERAL
INFORMATIONS).

NOTE The following operations can be performed with­
out removing the enginefrom·the frame.

• Unscrew and remove theM10T.C.E.L screw (1).
• Remove the external counterweight (2), the drivepinion

(3), the internal counterweight.(4) andthe countershaft
key (5).

• Unscrew and removethetwoM8T.E. screws (6) and
remove both spring washers (7).

• Unscrew and remove the M6 T.C.E.I. screw (8) and re-
move the complete roller bearing flange (9).

NOTE The cylinder and the head are still fitted on the
engine. In order to remove the timing chain (14), the
chain tightener and camshaft gears must be removed,
see 3.4 (DISASSEMBLING FRONT CYLINDER, HEAD
AND PISTON).

NOTE During disassembly of the roller bearing flange
(9), there is no need to remove the components (10)(11)
(12) from the actual flange.

• Pull out the spacer bush (10), the two locating dowels
(11) and two roller bearings (12).

NOTE As of engine # 527354,the locating dowels (11)
are no longer fitted: centring is .: achieved with the aid of
the flange (9).

• Remove the chain tightener .shoe (13), pulling it out
from above.

NOTE Mark the timing chain (14) with a coloured dot
so that you are sure to refit it with the same direction of
rotation.
Pull the timing chain (14) out from below, complete with
the idler gear (15), and remove the washer (16).

V990engine
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3.8 REMOVING THE MOTOR OIL FILTER

Carefully read·O.5.1·(PRECAUTIONS AND GENERAL
INFORMATIONS).

NOTE The following operations can be performed with­
out removing the engine from the frame.

In order to avoid any contactwith used oil, wear pro­
tective gloves.

+ Unscrew and remove the two M6 T.C.E.I. screws (1).
+ Remove the cover of the oil filter (2) and the O-ring (3).
+ Remove the oil filter cartridge (4) from the filter hous-

ing.

DISASSEMBLING THE ENGINE

Release 00/2001-06 ---------- ------- 11- 17 - 00



DISASSEMBLING THE ENGINE

3.9 REMOVING THE CLUTCH COVER

Carefully read. 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

NOTE The following operations can. be performed with­
out removing the engine from the frame.

• Drain the engine oil, see 0.4.t (VEHICLE WORKSHOP
MANUALS);

• Drain the coolant,see 0.4.1 (VEHICLE WORKSHOP
MANUALS);

• Remove the starter motor, see 3.3 (REMOVING THE
STARTER MOTOR);

• Remove the. expansion ··tank,see .0.4.t{VEHICLE
WORKSHOP MANUALS);

• Remove the rear brake control lever, see 0.4.t(VEHI­
CLE WORKSHOP MANUALS).

• Unscrew and remove the eight M5T.C.E.L screws (1)
and remove the complete diaphragm cover (2) .

• Removethe diaphragm (3) from the clutch cover retain­
ers(4)andturnitapprox.20°.

• Unscrew and remove the M12 stop nut (5) and remove
the washer (6), cup (7), diaphragm (3), support ring (8)
and the washer (9).

NOTE In order to unscrew and remove theM12stop
nut (5), the clutch disengaging shaft must be held still with
a bent hexagon-head driver.

• Unscrewandremove the four M6 T.C.E.l.screws (10)
and remove the 'coolant pump casing (11) complete
with shaped seal.

N·OTEThe lower T.C.E.1. screw (12) (coolant drain
plug) also features a seal.

See 4.22 (COOLANT PUMP) for instructions on disas­
sembling the coolant pump.

• If theM8T.C.E.1. screw (15) has not been previously
removed, to retain the shaft at TDC, this screw must
also be removed.

• Unscrew·and remove the eleven M6 T.C.E.1. screws
(13) and the three M8 T.C.E.1. screws (14).

Be careful not to damage the gasket surfaces when
lifting the clutch cover.

• Lift the clutch cover (16) carefully.' using a screwdriver
to work the pull-out tabs (17), and remove it.

• Remove the gasket.

V990engine
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3.10 DISASSEMBLING THE CLUTCH

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

NOTE The following operations can be performed with­
out removing the engine from the frame.

NOTE The driving shaft must be retained at TDC, see
3.4 (DISASSEMBLING FRONT CYLINDER, HEAD AND
PISTON).

• Unscrew and remove the six M6 T.E. screws (1).
• Remove the washer (2), clutch springs (3) and support

plate (4).
• Remove the complete clutch disengaging shaft (5).

NOTE Have the appropriate special tool tmii to hand:
- aprilia part# 8140185 (clutch disc extraction hook le-

ver) (9).

NOTE The lower clutch discs can only be removed in­
dividually with the aid of the appropriate hook levers (9).

• Remove the lined discs (6) and steel discs (7) from the
clutch housing (8).

NOTE Have the appropriate special tool tmii to hand:
- aprilia part# 0277881 (clutch blocking tool) (10).

• Insert the clutch blocking tool (10) in the clutch housing
(8) and on the clutch hub (11).

Insert the clutch blocking tool all the way into the
clutch drum so as nottodamage the basketwhen
loosening the hex-head nut.

• Unscrew and remove the M24xl.5 T.E. nut (12).
• Remove the clutch blocking tool (10), spring washer

(13) and clutch hub (11).
• Take the thrust ring (14).

NOTE See 4.19 (DISASSEMBLING THE PRIMARY
TRANSMISSION) for instructions on disassembling the
primary transmission.

DISASSEMBLING THE ENGINE
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3.11 DISASSEMBLING THECOUNTERSHAFT
MECHANISM AND PRIMARY
TRANSMISSION

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

NOTE The driving shaft must be retained at TDC, see
3.4 (DISASSEMBLING FRONT CYLINDER, HEAD AND
PISTON).

• Unscrew and remove the M22x1.5 T.E. nut (1), remove
the spring washer (2) and countershaft counterweight
(3).

• Unscrew and remove the M33x1.5 T.E. nut(4) and re­
move the spring washer (5).

• Remove the drive gear (6) from the driving shaft.
• Remove the differential gears (7) from the driving shaft

and countershaft together.
• Detach the key (8), the upper washer (9) and coolant

pump gear (10) from the countershaft,
• Remove the coolant pump idler gear (11).
• Detach the lower washer (12) from the countershaft.

V990engine
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3.12 DISASSEMBLING REAR CYLINDER
TIMING DRIVE ASSEMBLY

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

• Remove the drive gear (1) from the driving shaft.
• Unscrew and remove the three M8 T.E. screws (2) and

detach the lock washers (3).

NOTE The cylinder and the head are still fitted on the
engine. In order to remove the timing chain (10), the
chain tightener and camshaft gears must be removed,
see 3.5 (DISASSEMBLING REAR CYLINDER, HEAD
AND PISTON).

• Remove the complete roller bearing flange. (4) together
with the two calibrated bushes (5) and spacer bush (6).

• Remove the chain tightener shoe (7), pulling it out from
above.

• Remove the two roller bearings (8).
• Remove the intermediate drive- gear (9) and timing

chain (10), pulling both out together downwards.

NOTE Mark the timing chain (10) with a coloured dot
so that you are sure to refit it with the same direction of
rotation.

• Remove the washer (11).
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3.13 REMOVING THE OIL PUMP

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

The oil pump gears, both driving (1) and driven (2),
must always be replaced once they have been disas­
sembled.

NOTE The oil pump drive gear (1) is attached to the
support plate of the complete clutch housing.

• Remove the seeger ring (3).
• Slide the oil pump drive gear (1) up and off.

NOTE Turn the oil pump (4) shaft so that the pin (5)
can be slid out through the slot (6) on the pump cover (7).

• Slide the pin (5) out of the oil pump shaft (4).
• Unscrew and remove the four M6 T.G.E.I. screws (8)

and remove the complete oil pump (9) from the engine
casing.

When removing the whole oil pump (9), it is advisable
to leave the inside rotor (10) and pin (11) fitted since
there is a danger of the.pin (t1) falling into the oil
sump.

• Remove the suction pumps external rotor (12) from the
engine casing.

NOTE Take the oil pump apart, see 4.9 (OIL PUMP
AND OIL PUMP DRIVE ASSEMBLY).

V990engine
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3.14 DISASSEMBLING THE GEAR SELECTION
MECHANISM

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

+ Unscrew the threaded pin M8(1).retaining the driving
shaft at TDC.

NOTE Turn the driving shafts by hand to enable the
gear to engage.

+ Engage 6th gear.
+ Remove the complete selector shaft (2).
+ Unscrew and remove the M6 T.C.E.Lscrew(3) andre-

move theindexplate (4).

NOTE Use a screwdriver to push the complete index
lever (5) down to make it easier to remove the index
plate.

+ Unscrew and remove the M6T.C.E.1. screw (6) and re­
move the washer (7), index lever (5), graduated ring (8)
and index spring (9).

DISASSEMBLING THE ENGINE
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3.15 SPLITTING THE ENGINE CASING OPEN

Carefully read 0.5.1. (PRECAUTIONS AND GENERAL
INFORMATIONS).

• Take the seeger. ring (1). and thrust washer (2) off the
secondary shaft.

• Unscrew and remove the twenty M6T.C.E.L screws
(3).

Comply·with the·following instructions:

- Use a plastic hammer to strike the primary and
secondary shafts altemately until they are embed­
ded in the flywheel side half of the engine casing.

-- Make sure the engine half-easlnq is lifted parallel
to the surface so that the main bearings are not
tilted and hence damaged.

- Where necessary, use a screwdriver,inserted in
the appropriate points (4), to help prise themapart..

- Take your time and work with extreme care.
- Never strike the gasket surface.
- Do not use excessive force.
- Should it prove .. impossible. to separate the two

halves of the casing, check for any. screws which
have not been loosened.

NOTE When lifting the engine half-casinq.thewashers
of the secondary shaft may be attached on the inside of
the clutch side half of the engine casing.

• Split the two sections of the engine casing apart by lift­
ingthe clutch side section.

3.16 DISASSEMBLING THE DRIVING SHAFT
AND COUNTERSHAFT

Carefully read 0.5.1.(PRECAUTIONSAND·GENERAL
INFORMATIONS).

• Turn the driving shaft (5) so that it does not mate with
the countershaft (6).

• Remove the countershaft (6).
• Remove the driving shaft (5).

V990 engine'
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3.17 DISASSEMBLING THE GEARSHIFT

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

• Remove the two spindles (1).
• Turn both gearshift forks (2) of the secondary shaft (3)

outwards, moving them awayfrom the guides of the se­
lector cylinder (4), and remove them.

• Turn the gearshift fork (5) of the primary shaft (6) out­
wards, moving it away from the guide of the selector
cylinder (4), and remove the selector cylinder.

• Push the 3rd and 4th gear .selector gear (7) upwards
and remove the fork (5) from the primary shaft.

• Set . the engine half-casing. upright on the assembly
bench.

NOTE Keep both the secondary shaft and primary
shaft still with one hand whilst tapping the secondary
shaft (3) with a plastic hammer, working from the outside.
This forces the two. shafts out of their relevant.housings
complete with the gearshift gears.

• Disassemble the gearshift (8).

The secondary shafts seal is inevitably damaged
whilst. disassembling the gearshift and must,there­
fore, be replaced.

NOTE Take the gearshift apart, see 4.14 (TRANSMIS-
SION). '
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4.4 DRIVE SHAFT MAIN BUSHES
AND BALANCE SHAFT·MAIN

I BUSHES 4-7-00
4.4.-1 REMOVINGTHE,BUSHES-- ::~ 4-7-00
4.4.2 INSTALLING THE BUSHES 4-9-00

4.5 REPLACING THE ENGINE HALF·
CASING CYLINDRICAL PINS 4-12-00

4.5.1 REMOVING THEPINS-........................ .4-r2'::00
4.5.2 INSTALLING THE PINS 4-12-00

4.6 NEUTRAL GEAR INDICATION 4-12-00

4.7 ASSEMBLING THE ENGINE
HALF·CASING 4-13-00

4.8 COMPLETE OIL·SPRAY PIPE 4-13-00
4.8.1 REMOVING THE OIL-SPRAYING PIPE 4-13-00
4.8.2 INSTALLING THE OIL-SPRAYING

PIPE 4-13-00

4.9 OIL PUMP AND OIL PUMP
DRIVE ASSEMBLy 4-14-00

4.9.1 TAKING THE OIL PUMP APART 4-14-00
4.9.2 CHECKING THE OIL PUMP 4-15-00

4.10 DRIVING SHAFT 4-16-00

4.11 DISASSEMBLING THE
CONNECTING RODS 4-17-00

4.12 REPLACING AND INSTALLING
THE CONNECTING RODS 4-18-00

4.13 COUNTERSHAFT AND
COUNTERSHAFT MECHANISM 4-19-00

4.14 TRANSMISSION ~ 4-20-00
4.14.1 DISASSEMBLING THE GEARBOX 4-21 -00
4.14.2 CHECKING THE GEARBOX .... 4-22-00
4.14.3 ASSEMBLING THE GEARBOX 4-24-00

4.15 GEAR SELECTION 4-25-00

4.16 CLUTCH (VERSIONS) 4-26-00

4.17 CHECKING AND TOPPING UP
THE CLUTCH 4-27-00

4.18 PRIMARY TRANSMISSION
(VERSIONS) 4-30-00

4.19 DISASSEMBLING THE PRIMARY
TRANSMISSION 4-31-00

4..19.1 PRIMARY TRANSMISSION
aprilia part# 0295790 4-31-00

4.19.2 PRIMARY TRANSMISSION aprllla
part# 0295792 and 0295793 4-32-00

4.19.3 PRIMARY TRANSMISSION WEAR
LIMITS 4-34-00

4~20 CLUTCH COVER 4-36-00

4.21 SUPPORT BUSHES 4-36-00
4.21.1 REMOVING THE BUSHES 4-36-00
4.21.2 INSTALLING THE BUSHES 4-37-00

V990engine

4.22 COOLANT PUMP 4-38-00
4.22.1 DISASSEMBLING THE PUMP 4-38-00
4.22.2 INSPECTING THE PUMP 4-38-00
4.22.3 ASSEMBLING THE PUMP 4-39-00

4.23 TIMING DRIVE ASSEMBLy 4-40-00

4.24 HEAD AND CAMSHAFT 4-41-00
4.24.1 DISASSEMBLY THE HEAD

AND CAMSHAFT 4-41-00

4.25 DISASSEMBLING THE ItlTAKE
AND EXHAUST VALVES 4-42-00

4.26 CAMSHAFT AND CAMSHAFT
BUSHES 4-44-00

4.26.1 SPECIFIC FEATURES OF THE
CAMSHAFTS 4-45-00

4.27 UPPERCOUNTERSHAFT 4-46-00

4.28 DISASSEMBLING AND
ASSEMBLING THE UPPER
COUNTERSHAFT BALL
BEARINGS AND OIL SEAL 4-47-00

4.29 VALVES GUIDE 4-48-00
4.29.1 REMOVING THE VALVES GUIDE 4-48-00
4.29.2 INSTALLING THE VALVES GUIDE .. 4-49-00

4.30 VALVES 4-50-00
4.30.1 VALVE SPRINGS 4-50-00
4.30.2 VALVE SEATS ~ .. 4-51-00
4.30.3 GRINDING THE VALVE SEATS 4-51-00
4.30.4 ASSEMBLING THE'VALVES IN

THE HEAD 4-52-00

4.31 CYLINDERS 4-53-00

4.32 PISTONS AND GUDGEON PINS 4-54-00
4.32.1 PISTONS WEAR LIMITS 4-54-00
4.32.2 SPECIFIC FEATURES OF

THE PISTONS 4-55-00

4.33 STARTER MOTOR DRIVE
ASSEMBLy 4-57-00

4.34 IGNITION GENERATOR
1m __ 4-59-00

4.34.1 CHECKING THE STATOR 4-60-00
4.34.2 DISASSEMBLING THE STATOR 4-60-00
4.34.3 ASSEMBLING THE STATOR 4-60-00
4.34.4 MAGNETO FLYWHEEL 4-60-00

4.35 IGNITION GENERATOR liD Ili!I 4-61-00
4.35.1 CHECKING THE STATOR 4-62-00
4.35.2 DISASSEMBLING THE STATOR 4-62-00
4.35.3 ASSEMBLING THE STATOR 4-62-00
4.35.4 MAGNETO FLYWHEEL 4-62-00
4.35.5 CHECKING THE FREEWHEEL 4-63-00
4.35.6 DISASSEMBLY THE

FREEWHEEL HOUSING 4-63-00
4.35.7 ASSEMBLY THE FREEWHEEL

HOUSING 4-63-00

4.36 SPARK PLUGS 4-64-00

4.37 DRIVING CHAIN PINION 4-64-00

4.38 STARTER MOTOR 4-64-00
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WORK ON THE INDIVIDUAL PARTS

4.1 GENERAL INDICATIONS

Take care not to burn yourself when handling hoten­
gine parts.

If any of the components has .exceededoneofthe
wear limits or if, during the visual inspection of a
component,a defect is detected liable to compromise
the operatioooftheengine, said componentmust be
replaced.

If the measurement values indicated are precise to
one tenth of a millimetre or over, the temperature of
the component must be in the range 20 to 25°C(68to
77 OF).

4.2 ENGINE CASING

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

Do not use anti-sealer products, degreasers orcold
detergents.

• Clean the two sections of the engine casing, ball bear­
ings and all bearing housings thoroughly with a gentle
solvent.

• Clean all the gasket surfaces and check for damage.

NOTE Place the two halves of the engine half-casing
on a flat surface to prevent damage.

• Make sure the two halves of the engine half-casing do
not feature cracks or signs of damage.

• Make sure .all the threads are ina perfect state of re­
pair.

• Make sure all the oil seals remaining in .their slots are
not worn or damaged.

• Check the slack of all the ball bearings and make sure
they slide smoothly and are not distorted.in any way.

NOTE Use motor oil to lubricate the baH bearings be­
fore performing the check.
lf the inner race does not turn easily and silently, or if it
makes a noise, it means the bearing is defective and
needs replacing.

• Remove the oil gauze (1).
• Clean the oil gauze with naphta and check the mesh of

the gauze for possible signs of damage .
• Unscrew and remove the M6 T.C.E.t screw (2), the

seal (3) and the nozzle (4).
• Make s·ure the galleries are clear in all the lubrication

holes in the two halves of the casing and, where neces­
sary, clean them by blowing a jet of compressed air in­
side 4.2.1 (ENGINE HALF-CASING,CLUTCHSIDE)
and4~2.2 (ENGINE HALF-CASING, FLYWHEEL
SIDE).
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4.2.1 ENGINE HALF-CASING, CLUTCH SIDE

V990engine

4.2.2 ENGINE HALF-CASING, FLYWHEEL SIDE
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4.3 BALL BEARINGS AND OIL SEALS
INSTALLED ON THE ENGINE CRANKCASE
HALVES

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

4.3.1 REMOVING THE OIL SEALS

NOTE The oil seals can be disassembled andassem­
bled without removing the engine from the vehicle.

+.Lift and take out the oil seals:

- secondary gearshift shaft (1);
-selector shaft(2);
- .clutch disengaging shaft (3).

NOTE As a rule, the disassembled oil seals should be
replaced.

4.3.2 ·REMOVING THE BALL BEARINGS

+ Unscrew and remove the MSscrews (4) securing the
ball bearings.

+ Remove the MS·x 13 flanged-head screw (5).
+ Make sure that there are no damage and rolling traces

or grooves on the sliding surface of the bearings.
+ In order to remove and insert the ball bearings,.heat the

engine casing to a temperature of approx. 80 - 100 °c
(176 - 212 ° F).

NOTE In order to avoid damagingthe gasket surface,
an old engine casing gasket should be placed under­
neath the puller plate.

+ Extract the ball bearings (6) of the gearbox input shaft
by means of a universal extractor (7) for bearings.

+ Remove the ball bearings using the relevant drift.

- gearshift primary shaft (8), clutch side;
- gearshift secondary shaft (9), clutch side;
- shift cam (10), clutch side;
- gearshiftsecondary shaft (11), flywheel side.

+ Remove the shift cam ball bearings (12).

NOTE As a rule, the disassembled ball bearings
should be replaced.

Release 00/2001-06 ---------- -------11-5-00



WORK ON THE INDIVIDUAL PARTS

4.3.3 INSTALLING THE BALL BEARINGS

+ Check the 'intel1erence between .the bearing and the
engine casing hole.

Interference (X) =(0 A) minus (0A1): 0.01 mm.

+ Lubricate the external diameter of the bearings slightly
and, with due care, fit them all the way in on the outer
ring using a suitable assembly punch:

- gearshift primary shaft (6), flywheel side;
- gearshift primary shaft(8), clutch side;
- gearshift secondary shaft (9), clutch side;
- shift cam (10), clutch side;
- gearshift secondary shaft (11),flywheel side.

;:~~:::;·1.1·1111111':::::;:~:::
The sealing washer of the gearshift primary shaft ball
bearing.(6), flywheel side, must face outwards.

NOTE Asarule, the disassembled ball bearings
should be replaced.

+ Lubricate the internal diameter of the shift earn ball
bearing (12),. flywheel side, slightly and, with due care,
fit it all the way in on the inner ring using a suitable as­
sembly punch.

+ Apply LOCTITE® 243 on the screws (4) (5) securing
the ball bearings and screw them into the engine .cas­
ing.

M6 flat headscrew(4) driving torque: 11Nm (1.1
kgm)

M5x10 flanged-head screw (5) driving torque: 11 Nm
(1.1 kgm)

4.3.4 .INSTALLING THE OIL SEALS

NOTE Have the appropriate special tools • to hand:
- aprilia part#087765Q. (handle for pads) (13);
- aprilia part# 0277680 (gearshift secondary shaft oil

seal assembly pad) (14);
-aprilia part# 8140155 (gearshift shaft oil seal .. clutch

shaft oil seal assembly pad)·(15).

NOTE Before assembling the shaft sealing rings, their
external diameter must be. lubricated slightly.
The closed side of the shaft sealing rings must face out-
wards. .
Grease the sealing lips.

The oil seal (1) of the secondary shaft must not touch
the inner race of the bearing in any way as this would
result in damage.

+ Insert the oil seal (1) flush with the engine casing using
the assembly pad·(14).

+ Insert the shaft sealing rings (2) (3) all the way using
the assembly pad (15).

V990engine
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Follow,,-

Measure the radial play between the main bushes and
the corresponding areas of the drive shaft, see 4.10
(DRIVING SHAFT). Check the radial play between the
main bushes and the corresponding areas of the bal­
anceshaft, see 4.13 (COUNTERSHAFTAND COUN~

TERSHAFTMECHANISM).

• Make sure that there are no wear or sliding traces on
the axial thrust bearing surfaces (3) (4) for the drive
shaft, in both crankcase halves.

• Make sure that there are no wear or sliding traces on
the axial thrust bearing surlaces(5) (6) for the balance
shaftinthe crankcase half, clutch side.

,:,:,J"II!III[,~,!!:,:'"
The main bushes may only be replaced by authorized
repair shops suitably skilled in the use of the relevant
measuring equipment and tools.

• Measure the inner diameter of the drive. shaft main
bushes (1) on both crankcase halves.

Drive shaft main bushes (1):wear limit 046.035
mm.

• Measure the inner diameter of the balance shaft main
bushes (2) on both crankcasehalves.

Balance shaft main bushes (2): wear limit 0 32.060
mm.

1.111'1'11,1111111[:"
Do not perform any mechanical markmqs.

4.4.1 REMOVING THE BUSHES

NOTE Remove the main bushes working on the inner
side of the relevant crankcase half.

• Use a felt pen to mark the contact surlaces(7) of the
main bushes on both halves ofthe engine casing (inner
side) so as to provide an external visual·reference.

:'!!IIII[: ':::]IIIII:'::~;:"':':':'"
Check the end play of the drtveshatt, see 4.10 (DRIV­
INGSHAFT).

Check the end play of the balance shaft, see 4.13
(COUNTERSHAFT ANDCOUNTERSHAFT. MECHA­
NISM).

4.4. DRIVE SHAFT MAIN BUSHES AND
BALANCE SHAFT MAIN·. BUSHES

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).
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:.~.;illlllil.II":.:::.·r·
To 'counteract the actionof the press, proceed asfol­
lows: position the two supports (A) near the main
bushes on which you are working,· without entering
the area of the same, see distance (C).

Otherwise,the action of the press may cause cracks
or breakages, even slight, which may pass unno­
ticed, but successively cause a sudden engine fail­
ure, with consequent· seizure of the same and risk of
serious accidents and even death..

WORK ON THE INDIVIDUAL PARTS

Remove the bushes one by one.

The simultaneous removal of the bushesmaydam­
age the bushes themselves, the crankcase half and
cause serious damage to persons.and property.

+ Position the appropriate extractor(8) or (9) onthe bush
to be removed.

Follow~

Use the press with care.

Before use, make sure that nooneIsstandinqnear
the press.

+ Proceeding with care, use the press to extract the.main
bushes from the engine crankcase half.

NOTEAs a rule, the disassembled main ·bushes
should-be replaced in pairs.

Risk of burns.
Use working gloves and fire-retardant, heat-insulat­
ing material to handle the hot crankcase.half.

NOTE Position the crankcase half so that it rests on its
outer side, in order to be able to work on its inner side.

+ Positionthe crankcase half (8) on the two supports (A).

NOTE To remove the main bushes it is necessary to
use a press.

NOTE To extract (and insert) the main bushes it is nee­
essaryto have two supports (A) on which the engine
crankcase half must be positioned.

The two supports must belnhardwood, must be smooth
and have thefoHowingdimensions:
l =300 mm;1 = 200 mm; h= 50 mm.

+ Position the two supports (A)·on the work surface of the
press.

• Heat the engine casing to approx. 150°C (302°F) for
approx. fifteen minutes.

NOTE Have the appropriate special tools mil to hand:
- apriliapart# 0277720 (driving shaft sleeve puller pad)

(8);
~ apriliapart# 8140074 (main countershaftbush inserter

pad) (9).
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Follow~

red

blue
yellow

red

blue
yellow

35.909 - 35.918

35.928 - 35.939
35.918 - 35.928

Take a number of measurements, especially in the di­
rection of the axis of both cylinders.

The lower main bush (11) of the driving shaft, fly­
wheel side, features a lubrication hole.

NOTE The size group of the main bushes is also
marked with a coloured dot.

• If the coloured marking applied on the engine casing is
no longer clearly legible, calculate the diameter based
on the average of a number of different measurements.

NOTE Have the appropriate special tools mil to hand:
- aprilia part# 0277725 (driving shaft bush inserter pad)

(12);
- aprilia part# 0277729 (insertion pad for lower balance

shaft clutch cover bushes) (13).

NOTE To install the main bushes it is necessary to use
a press.

4.4.2 INSTALLING THE BUSHES

NOTE Install the main bushes working on the inner
side of the relevant engine crankcase half.

• Clean the diameter of the main bush housing inside the
engine casing.

• Determine the main bush size group based on the col­
oured markings (10) on the engine casing.
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V990 engine'

Risk ofburns.
Use working. gloves and fire-retardant, heat-insulat­
ingmaterial to handle the hot crankcase half.

NOTE Position the crankcase half so that it rests on its
outer side, in order to be able to work on its inner side .

• Position the crankcase half (8) on the two supports (A).

Follow~

To counteract the action of the press,proceed as fol­
lows: posttlonthetwo supports (A)·near the main
bushes on which you are working, without entering
the area of the same, see distance (C).

Otherwise, the action of the press may cause cracks
or breakages, even slight, which may pass unno­
ticed,. but successively cause a .sudden engine fail­
ure;with consequent seizure of the same and risk of
serious accidents and even death.

• Coat the main bushes and bearing housings inside the
engine casing with MOLYKOTE@ G-N.

• Position the new main bushes on the appropriate in­
serting pad (12)or (13) and fixthem with an Oring (14)
suitable for this purpose.

Follow~

NOTE To extract (and insert) the main bushes it is nec­
essary to have two supports (A) on which the engine
crankcase. half must be positioned.

The two supports must be in hardwood,must be smooth
and have the following dimensions:
L =300 mm;1 =200mm; h = 50 mm.

• Position the two supports (A) on the work surface of the
press.

• Heat the engine casing to approx. 150°C (302.OF) for
approx..fifteen minutes.

Install the bushes one by one.
The simultaneous installation of the bushes may
damage the bushes themselves, the crankcase half
and cause serious damage to persons and property.

• Position the main bushes, complete with pad and 0
ring, in their seat on the engine crankcase half and
make their contact surface coincide with the coloured
mark applied previously (7).

Use the press with care.
Before use,make sure that. no one is standing near
the press.

NOTE In this phase, do not insert the bushes com­
pletely.

• Proceeding with care, .use the press and insert the
main bushes for half their height.

Do not cut or damage the surface of the bushes.

• Move the 0 ring (14) from the bush, then cut and re­
move it.
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Follow .....

+ Proceeding with care, use the press and insert the
main bushes until the assembly punch (12) or (13)
touches the thrust bearing surface (3) or (4) or (5) or (6)
of the engine crankcase half.

NOTE The main bushes (1) of the drive shaft are. in­
serted in such a way as to be 2.0 mmdeeper than the
thrust bearingsurlaces (3) (4).

NOTE The main bushes (2) of the balance shaft are in­
serted in such a way as to be 1.5mm deeper than the
thrust bearing surfaces (5) (6)-.

NOTE The lower rnainbush of the driving shaft, fly..
wheel side,features a lubrication hole (11).

+ Once assembled, make sure the lubrication hole (1t)
on the main bush is lined.up with the engine casing.

Should· the main bushes be assembled incorrectly,
they must be removed using the disassembly punch,
as described above,·see DISASSEMBLY.

Disassembled main bushes must notbe reused.

M = MOLYKOTE®G-N.

WORK ON THE·INDIVIDUAl PARTS
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4.5 REPLACING THE ENGINE HALF-CASING
CYLINDRICAL PINS

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

• Use a micrometer to. check the wear .of the cylindrical
pins (1) (2) of the starter motor drive assembly and (3)
coolant pump idler gear.

Wear limit 09.990 rnm,

4.5.1 REMOVING THE PINS

• Should the cylindrical pin prove worn, duringdisassem..
bly; heat the peripheral range. of the cylindrical pin slot
on the outer wall of the engine half-casing. with a jet of
hot air (4) (approx.100 °C_ 212 OF); next, pull the cy..
lindrical pin outwith a pair of pliers, rotating it upwards.

4.5.2 INSTALLING THE PINS

• With due care, insert the cylindricalpinsallthe way in
using a plastic hammer.•Coat the cylindrical pin (3) of
the coolant pump idlergear with. LOCTITE®648.

NOTE Insert the cylindrical pin (5) of the needle spring
with the chamfered part external.

4.6 NEUTRAL GEAR INDICATION

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

• Make sure the contact pin (6) of the contact screw (7)
slides smoothly and check the preloading of the spring.

The cap on the pin must not be worn. Where neces­
sary, replace the contact screw.

• If the contact screw (7) is replaced, it must be coated
with LOCTITE®574.

Screw (7) driving torque: 4Nm{O.4 kgm).

D = LOCTITE® 574.

V990engine
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4.7 ASSEMBLING THE ENGINEHALF·CASING

• Should a stud bolt (1) need replacing,
coated with LOCTITE® 243 and the new one must be
screwedon all the way.

• __•Should a stud bolt (1) need replacing, coated
with LOCTITE® 648 and the newonemust.be screwed
on all the way.

Stud bolt (3) driving-torque:10Nm (1.0 kgm) •

• Screw on the nozzle (2).
• Fasten the M6T.C.E.1. screw (3) together with the seal

(4).

Screw (4) driving torque: 6 Nm (0.6 kgm).

• Insert the oil gauze (5).

4.8 COMPLETE OIL·SPRAYPIPE

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

4.8.1 REMOVING THE OIL-SPRAYING PIPE

• Heat the peripheral range of the oil-spray ..·pipe (6) on
the engine casing using a jet ofhotair(approx. 100 °C
- 212°F) before removing it using a pairof pliers to ro­
tate it up and-cut,

4.8.2 INSTALLING THE OIL-SPRAYING PIPE

NOTE There isa special slot (7) incorporated into the
engine casing for correctly housing the oil-spray pipe (6).

Take care notto damage the nozzles (8).

• Keep.the oil-spray pipe (6)in place and insert it into the
engine casing, flywheel side (7).

B =LOCTITE® 243.
C =LOCTITE® 648.

WORK ON THE INDIVIDUAL PARTS
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4.9 OIL PUMP AND OIL PUMP DRIVE
ASSEMBLY

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

::;J:iL.J~t]IIII~I[
The oil pump gears, both driving (1) and driven (2),
must always be replaced once they have been disas­
sembled.

NOTE The oil pump drive gear (1) is attached to the
support plate of the complete clutch liousing.

4.9.1 TAKING THE OIL PUMP APART

• Remove the oil pump apart, see 3.13 (REMOVING
THE OIL PUMP).

NOTE Store the following assemblies, keeping them
separate:
-outer rotor (3) inner rotor (4) (of the suction pump);
- outer rotor (5).inner rotor (6) (of the pressure pump).

Do not mix the components of these assemblies.

• Remove the suction pumps internal rotor (4) from the
oil pump shaft (7).

• Remove the pin (8).
• Slip off the oil pump lid (9).
• Remove the pin (6).
• Remove the pressure pumps external rotor (5).
• Remove the oil pump shaft (7) fromthe pressure pump

casing (10).
• Remove. the pressure pumps internal rotor (6) and pin

(11).
• Unscrew .the plug (12) and remove the compression

spring (13) with the adjusting piston (14).

V990engine
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4.9.2 CHECKING THE OIL PUMP

+ Check the oil pump rotors, the sliding surfaces of the
external rotors in both pump casings and the thrust­
bearing surfaces for any signs of grooving.

+ Using a feeler gauge,measure the free play between:
- outer rotor (3) of the suction pump and engine crank­

case (16);
- outer rotor (5) of the pressure pump and body of the

pressure pump (10).

max. wear limit 0.25 mm.

+ Measure the end play (17) of the rotors.

Max. wear limit 0.15 mm.

NOTE If the· play exceeds one of the two wear limits,
the defective component must be replaced.

+ Make sure the adjusting piston (14) slides smoothly in
the oil pump lid.(9).

+ Check the adjusting piston and oil pump lid for any
signs of wear:

- adjusting piston (14);

wearUmit (18)min. 09.975 mm;

-. oil pump lid (9);

wear limit (19) max. 010.035 mm;

-compression spring (13);

minimum ·Ienght of the spring (20) when not com­
pressed:. 56.0 mm.

+ Engage the adjusting piston (14) with the cone end fac­
ing forwards and insert the compression. spring in the
sloton the oil pump lid (9).

+ Apply LOCTITE® 648 on the caps thread (12).
+ Screw the cap (12) 2 mm further in than the outer edge

of the· neck of the oil pump lid (9) and secure it in place
by punching in four more points (21).

C =LOCTITE®·648

WORK ON THE INDIVIDUAL PARTS

ft ~ ~
~\18~\C

19 \... _J~.• ~
®
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4.10 DRIVING SHAFT

Carefully· read 0.5111 (PRECAUTIONS AND GENERAL
INFORMATIONS).
Check the wear of the driving shaft:

-main bush areatenqlne crankcase) (1);
wear limit min. 045.955mm;
- support bush area .(flywheel cover) (2);
wear limit min. 029.970 mm;
- area of the freewheel gear bearing (3);
wear limit min. 0 34.960mm;
- connecting rod small end (4);
wear limit max. 022.030 mm;
- end play between connecting rod and crank arm (5);
max. limit 0.60 mm;

NOTE Measure the eccentricity of the driving .shattbe­
tween the ends.

- driving shaft eccentricity, flywheel side (6);
max. limit 0.020 mm; . \
- driving shaft eccentricity, clutch side (7);
max. wear limit 0.020 mm.

NOTE·Do not reuse.the engine crankcase .gaskets ·af­
ter they have been removed.
Use exclusively neworiginalapriliagaskets.

NOTE Use a comparator to· determine the end play of
the driving shaft once the two halves of the casing are
coupled.

End play of the driving shaft max. 0.5 mm.

• Determine the radial play (a) of the connecting rod
small end by means of a comparator.

Max.. wear fimit 0.060 rnm,

• Measure the radial play between themain bushes (en­
gine crankcase} and the corresponding .areas of the
drive shaft (1).

Permissible radial play max. 0.060 mm.

The radial play is determined based on .the following
values:
maximumvalue of the inner diameter of the main bushes
(engine crankcase) minus diameter of the main bush
area (engine crankcase) on the drive shaft.
• Measure the inner diameter of the main bushestenqlne

crankcase), see 4.4 (DRIVE SHAFT MAIN BUSHES
AND BALANCE SHAFT MAIN BUSHES).

If. the max. permissible radial play is exceeded, the
worn part must be replaced..

+ Measure the radial play between the .support bushes
(clutch cover) and the corresponding area of the drive
shaft (2).

Permissible radial play max. 0.065 mm.

The radial play is determined based on the following
values:
maximum value of the inner diameter of the support
bushes (clutch cover) minus diameter of the support bush
area (clutch cover) on the drive shaft.

• Measure the inner diameter of the support bushes
(clutch cover), see 3.9 (REMOVING THE CLUTCH
COVER).

If the max. permissible radial play is exceeded, the
worn part must be replaced.

Following components must also be checked for wear or
broken material:

• Key (9) and grooves inthe driving shaft.

V990engine

• Colouring of a bearing housing.
• Conical surface (10) of the drive shaft - flywheel side.
• Clean the thread (11) of any LOCTITE®··.residues··and

make sure it is in a perfect state of repair.
• Check to make sure the bush (12) inside the connect­

ing rod small end is correctly installed and centred (on
the longitudinal.axis).
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4.11 DISASSEMBLING THE CONNECTING
RODS

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

Before disassembling the connecting rods (1) and
covers (2), mark them so they are refitted in the same
position (front and rear cylinder) and with the same
direction of rotation.

• Unscrew and remove the M10x1 connecting rod
screws (3) and detach the connecting rod cover (2),
tapping lightly with a plastic hammer.

• Remove the connecting rod screws with the cover and
connecting rod (1).

• Clean the driving shaft lubrication holes.
• Check the bushes (4) for signs of wear, distortion and

altered colouring.
• Check the connecting rod housing for wear:

- connecting rod pins (5);

wear limit min. " 41.98 mm;

- connecting rod big end (6);

wear limit max. " 42.050 mm.

Measure the diameter of the connecting rod big end.

Fasten the cover (2) with the connecting rod M10x1
screws (3).

Screws (3) driving torque: see 4.12 (REPLACING AND
INSTALLING THE CONNECTING RODS).

The fastening of the connecting rod M10x1 screws (3)
will require the use of a setting dial (7) and a fitting for
a size 12 socket spanner.

NOTE None of the values may exceed the limit value.
In the event of wear, the whole connecting rod, complete
with cover, must be replaced.

• Measure the radial play of the connecting rod big end
(6).

Max. wear limit 0.070 mm.

NOTE The radial play of the driving shaft is calculated
based on the following values:

maximum value of the diameter of the bushes minus the
diameter of the coupling shaft.

NOTE The radial play of the connecting rod big end
may also be measured with the aid of a plastic gauge.
If a plastic gauge is used, the connecting rod must be
kept still.

WORK ON THE INDIVIDUAL PARTS
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1.476 - 1.481

1.481 - 1'.486Yellow

Blue

The fastening of the M10x1 screws (7) will require the
use of a goniometer (8) and a ring socket spanner.

• Measure the radial play (9) of the connecting rod end
with a comparator.

Radial play 0.020 - 0.045 mm.

If the radial play is greater than 0.045 mm, the bushes
of the size corresponding to the colours blue or yellow
must be chosen based on the following table, and
must be inserted in place of the red bushes.

4.12 REPLACING AND INSTALLING THE
CONNECTING RODS

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

NOTE The complete connecting rods supplied as
spare parts include bushes in all three sizes (see table).
The bushes are marked, according to size, in red, blue
and yellow (4). .

• Insert the bushes with the minimum thickness (red) be­
tween the connecting rod (1) and the cover (2), taking
care to position them correctly (3). Line the bushes up
on a flat surface.

• Insert the connecting rod and cover on the driving shaft
so that the two reference points (5) and piece number
(6) coincide on the two connecting rods.

• Fasten the cover (2) with the old M10x1 screws (7) in
three phases.

1st phase (pre-tightening):
- tighten the two screws with a driving torque of 2 Nm

(0.2 kgm);

2nd phase (tightening):
- tighten the two screws with a driving torque of 30 Nm

(3.0 kgm);

3rd phase (final tightening):
- tighten the two screws by 70°.

• Unscrew the screws (7).
• Lubricate the bushes and pins.

NOTE Use new M10x1 screws (7) only.

• Lubricate the supporting surfaces of the heads of the
new screws (7).

• Fasten the cover (2) in the three phases described
above, using the two new M1Ox1 screws (7).

The fastening of the M10x1 screws (7) will require the
use of a goniometer (8) and a ring socket spanner.

• Check the radial play (~) again.

Radial play 0.020 - 0.045 mm,

• Make sure the connecting rods do not encounter any
friction during the stroke.
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Check the wear of the countershaft:

- main bush area (engine crankcase) (1);

wear limit min. " 31.980 mm;

- support bush area (clutch cover) (2);

wear limit min. 0 19.990 mm.

If the max. permissible radial play is exceeded,
worn part must be replaced.

• Measure the radial play between the main bushes (en­
gine crankcase) and the corresponding areas of the
balance shaft (1).

Permissible radial play min. " 0.060 mm.

The radial play is determined based on the following
values:
maximum value of the inner diameter of the main bushes
(engine crankcase) minus value of the diameter of the
corresponding areas of the main bushes (1) on the bal­
ance shaft.
• Measure the inner diameter of the main bushes (engine

crankcase), see 4.4 (DRIVE SHAFT MAIN BUSHES
AND BALANCE SHAFT MAIN BUSHES).

If the max. permissible radial play is exceeded, the
worn part must be replaced.

• Measure the radial play between the support bushes
(clutch cover) and the corresponding area of the bal­
ance shaft (2).

Permissible radial play min. " 0.060 mm.

The radial play is determined based on the following
values:
maximum value of the inner diameter of the support
bushes (clutch cover) minus value of the diameter of the
corresponding area of the support bushes (2).on the bal­
ance shaft.
• Measure the inner diameter of the support bushes

(clutch cover), see 3.9 (REMOVING THE CLUTCH
COVER).

NOTE Once the two halves of the engine casing have
been coupled, check the end play of the countershaft with
a comparator.

Permissible radial play of the countershaft max.
0.30mm.

Following components must also be checked for wear or
broken material:

- axial thrust-bearing surfaces (3);
- key (4) and grooves in the countershaft;
- colouring of a bush housing.
• Clean the thread of any LOCTITE® residues and make

sure it is in a perfect state of repair,
• Check the sides of the teeth of the driving gear (5) and

driven gear (6) for any signs of broken material or dis­
tortion.

NOTE To check the main bushes (engine crankcase),
see 4.4 (DRIVE SHAFT MAIN BUSHES AND BALANCE
SHAFT MAIN BUSHES) and to check the support bushes
(clutch cover), see 3.9 (REMOVING THE CLUTCH COV­
ER).

4.13 COUNTERSHAFT AND COUNTERSHAFT
MECHANISM

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL 1
INFORMATIONS).

Release 00/2001-06 ---------- ---------11- 19 - 00



WORK ON THE INDIVIDUAL PARTS

4.14 TRANSMISSION

Carefully read O.5.1·{PRECAUTIONS AND GENERAL
INFORMATIONS).

When taking the gearshift apart, set the disassem­
bled components down according to the assembly
position, assigning· them to the corresponding shaft
so as to be sure they are reassembled and installed
correctly.

Following disassembly, the seeger rings must always
be-replaced,

V990engine
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4.14.1 DISASSEMBLING THE GEARBOX

Secondary shaft

Use crimpers to remove the seeger rings (4).

+ Remove the gearshift gears from the secondary shaft,
starting with the idle gear of 1st gear (1) and then mov­
ing onto the shim washers (2), roller cages (3),·seeger
rings (4) and shim rings (5).

WORK ON THE INDIVIDUAL PARTS

Primary shaft

Use crimpers to remove the seeger rings (7).

+ Remove the gears from the primary shaft, starting with
the fixed gear of 2nd gear (6) and then moving on to the
seegerrings (7), shim rings (8), the roller bearing (9)
and shim washer (10).
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4.14.2 CHECKING THE GEARBOX

• Check the following components for wear:

- roller bearings (3) (9);

Donat reuse theneedle bearings (3) (9).
The needle· bearings (3) (9)must·be replaced every
time they are removed.

- sides of the·teeth (11) of all gears.

NOTE Y marks and tiny hollows are tolerated up to a
maximum .corresponding to approx. 0.5%of the sides
surface area.

NOTE Should the sides of the teeth be worn, the rele­
vant pair of gears must be replaced.
Should the engagement teeth or mating slots prove worn,
the relevant gears must .be replaced, mating with each
other,

- clutch claws (12) and clutch holes (13) ofall gears;
- grooved profiles (14) of the gearbox input and output

shafts;
- grooved profiles (15) of the change gears;
- check all the gear selection gears:

on the gearbox output shaft, gears (16)·(17);
on the gearbox input shaft, gears (18) (19) (20);

- make sure that there are no rolling traces and grooves
on the seats of the idle gear bearings (21);

- triangular tooth profile (22) for chain pinion;
- the grooves for seeger rings (23) on the secondary

shaft and on the primary shaft must have sharp edges.

Follow~

V990engine
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262727A
Follow~

• Check the housings of the secondary shaft:
- housing (24) wear limit min. " 19.972 mm;
- housing (25) wear limit min. "29.915 mm;
- housing (26) wear limit min. " 29.030 mm;
- housing (27) wear limit min. " 24.978 mm;
- housing (27A) wear limit min." 24.978 mm.

• Check the housings of the primary shaft:
- housing (28) wear limit min." 29.965 mm;
- housing (29) wear limit min. " 24.972 mm;
- housing (30) wear limit min. " 29.030 mm;
- housing (31) wear limit min. "24.978 mm.

• Check the eccentricity (32) of all the seats of the gear­
box input and output shafts:

- for all seats, eccentricity allowed " max. 0.020
mm.

• Make sure that there are no rolling traces 'and grooves
on the above mentioned seats of the gearbox input and
output shafts.

• Check the internal diameter (33) of the idle gears of 1st,
3rd, 4th and 6th gear.

wear limit max. " 29.022 mm.

• Check the internal diameter (34) of the idle gears of 2th,
and 5th gear. .

Wear limit max." 29.125 mm.

• Make sure the lubrication hole (35) of the secondary
shaft is clear.

rI -~

00 ~ 00 ~H)))sQgg~
~

33 34

18 34 33 28

S8 38
~ 68

Release 00/2001-06 ---------- -------11- 23 - 00



WORK ON THE INDIVIDUAL PARTS
V990 engine"

4.14.3 ASSEMBLING THE GEARBOX

• Moderately oil the gearbox output and input shafts, the
gears and the needle cages.

• Reassemble the secondary shaft and primary shaft in
the reverse order, see 4.14.t (DISASSEMBLING THE
GEARBOX).

• Fit the seeger ring, using the plier for seeger ring only.

Do not reuse the seeger rings.
The seeger. rings must. be replaced every time the
gearshift is taken apart.
Pull the ends of the seeger rings apart just enouqh to
be able to slide the ring on the shaft. If the seeger ring
is pulled apart two much,its locking effect is irrepa­
rably reduced.
Make sure the seeger rings are properly installed in
the corresponding groove.

• Once the two gearshift shafts have been assembled,
make sure the gears turn smoothly.

---(gg~loo.oo-10011
2 8
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4.15 GEAR SELECTION

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

• Check the end play (1) of the gearshift forks inside the
corresponding grooves in the selection gears.

Max. wear limit 0.15 mm.

NOTE If the wear limit is exceeded, you must deter­
mine which component needs replacing by checking the
gearshift forks and selection gears.

• Width of the groove (2) of the selection gears.

Max. wear limit 4.35 mm.

• Thickness (3) of the gearshift forks. Check the degree
of wear on the chromium-plated thrust-bearing surfac­
es of the gearshift forks.

Max. wear limit 3.950 mm.

NOTE If the chromium finish is missing in some points,
replace the fork in question. .

• Check the diameters (4) of the gearshift fork guide pins.

Wear limit min. e 5.850 mm.

• Check the eccentricity of the two fork shafts (5).

Max. permissible eccentricity O.02--mni.

• Check the wear of the ratchet gear in the area in which
it comes into contact with the index plate pins.

Wear limit (6): visual inspection.

• Check the eccentricity of the selector shaft (7)'and'also
check for any signs of rolling on the sliding surface of
the shaft sealing ring.

Max. permissible eccentricity 0.25 mm.

• The roller (8) of the positioning lever must turn freely.
• Check the wear of the guide tracks (9) of the shift cam.

WORK ON THE INDIVIDUAL PARTS

3

4

fi\ m\~
1(r~)\ W ~r---~l.

C(Q)~-~---r@o

Release 00/2001-06 ---------- 11- 25 - 00



WORK ON THE INDIVIDUAL PARTS

4.16 CLUTCH (VERSIONS)

NOTE There are different clutch versions.
For information regarding the components of the clutch,
refer to the specific spare parts catalogue, according to
the vehicle model on which the engine is installed, see
0.4.2 (SPARE PARTS CATALOGUES).
Forthe clutch check, see 4.17 (CHECKING AND TOP­
PING UP THE CLUTCH).

V990 engine
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4.17 CHECKING THE CLUTCH

WORK ON THE INDIVIDUAL PARTS

NOTE The information given below is valid for all clutch
versions.
For the clutch versions, see 4.16 [CLUTCH (VER­
SIONS)].

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

• Check the lined discs (1) and steel discs (2) for cracks
or any distortion (3) by placing them on a flat surface.

Max. permissible distortion (3): 0.15 mm.

NOTE The steel discs (2) must not present scores and
temper colours.

• Measure the width (4}ofthe driving element-

Wear limit (4) min. 13.7 mm.

NOTE Check the wear of the clutch discs, measuring
the entire clutch disc unit.
Do not measure the steel disc unit and the friction disc
unit separately, since this is useless for the purpose of
checking the wear.

• Measure (5) the entire clutch disc unit (comprising ten
steel discs and nine friction discs).

Wear limit (5) min. 44.9 mm.

NOTE The wear of one or more clutch discs (steel or
friction discs) requires the replacement of the entire
clutch disc unit (comprising ten steel discs and nine fric­
tion discs).

No partial replacement (of the worn discs only) is allowed.

NOTE The replacement of the entire clutch disc unit re­
quires also the replacement of the clutch spring unit. It is
not possible to install a new clutch disc unit with an used
spring unit.

• Measure the length of the individual clutch springs (6)
in the released position.

Wear limit (6) min. 43.0 mm.

NOTE The wear of one or more clutch springs requires
the replacement of all clutch springs. No partial replace­
ment (of the worn springs only) is allowed.

Follow~
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• Check the smoothness and slack of the ball bearings
(7) on the spring plate (8) and, where necessary, re­
place them.

NOTE When removing and refitting the ball bearings,
heat the spring plate to 80 - 100°C (176 - 212 OF) and
use a suitable assembly punch.

• Check the compression surface (9) of the spring plate
(8) for signs of wear and make sure it is flat.

Max. permissible distortion (9): 0.1 mm.

• Check the depth (10) of the spring plate.

Wear limit (10) max. 33.5 mm.

• Check the eccentricity of the disengaging shaft (11),
also checking for signs of rolling on the oil seal sliding
surface.

• Check the diaphragm (12) for cracks and, where nec­
essary, replace it.

• Check the external toothing of the clutch hub (13) for
any dents (14).

Recess depth (14) max. 0.3 mm.

V990engine
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4.18 PRIMARY TRANSMISSION (VERSIONS)

NOTE There are different primary transmission ver­
sions.
Consult the paragraph corresponding to the vehicle mod­
el on which the engine is installed.

'98 - '99 aprilia part# 0295790

SP '99

2000

2001 e
2000

2001 e

4.19.1 (PRIMARY TRANSMISSION
aprilia part# 0295790)

mI
mI__.
mI

2000 - 2001

2001 (up to engine aprilia part# 854075)

2001••• CD••• 4» G aprilia part# 0295792••••
2001 (as of engine aprilia part# 854076)

2001

2001 (as of engine aprilia part# 954103) aprilia part# 0295793

4.19.2 (PRIMARY TRANSMISSION
aprllia part# 0295792 and 0295793)

4.19.2 (PRIMARY TRANSMISSION
aprilia part# 0295792 and 0295793)

NOTE Up to engine aprilia part# 954102 the primary
transmission is coded as follows: aprilia part# 0295792.
From engine aprilia part# 954103 the primary transmis­
sion is coded as follows: aprilia part# 0295793.
Difference between the two codes: the primary transmis­
sion aprilia part# 0295793 is provided with an additional
shim (aprilia part# 0627910).

Code aprilia part# 0295793 cancels and replaces code
aprilia part# 0295792.
It is possible to install the additional shim (aprilia part#
0627910) on the primary transmission aprilia part#
0295792 (thus transforming it into code aprilia part#
0295793).

In case this replacement is pertormed, only the primary
transmission code aprilia part# 0295793 will be available
as spare part.
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4.19 DISASSEMBLING THE PRIMARY
TRANSMISSION

NOTE For information on the primary transmission ver­
sions, see 4.18 [PRIMARYTRANS.MISSION (VER­
SIONS)].

4.19.1 PRIMARY TRANSMISSION aprilia part#
0295790

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

DISASSEMBLY

•.Remove the primary transmission assembly from the
primary shaft.

• Remove the washer (A) from the primary shaft.
• Slip off the oil pump drive gear (1).
• Unscrew and remove the three M8 T.E. screws (2) and

remove the support plate (3).
• Remove the six compression rings (5) together with the

twelve. spring pins. (6) from .the clutch.qear (4).
• Remove the clutch gear (4) with the spring washer (7)

and the washer (8) from the clutch housing (9).

NOTE You are strongly recommended to replace all
the compression springs (5) and spring pins (6) together.

• Measure the length of the spring housing in the clutch
housing (9).

Wear limit (10) max. 32.65 mm.

PREASSEMBLY

• Insert the washer (8) and the spring washer (7) on the
clutch housing (9).

washer is positioned correctly..
concavrtv facing the clutch gear (4).

• Place the clutch gear (4) on the clutch housing and in­
sert the six compression springs (5) in the clutch gear
slot using the two spring pins (6) respective:.

• Coat the M8 T.E. screws (2) with LOCTITE
R

648.
• Apply the support plate (3) on the clutch gear (4) and

fasten it with the three M8x16 T.E. screws (2).

Screws (2) driving torque: 30 Nm (3.0kgm).

• Install a new driving gear (1) of the oil pump so that the
pins are engaged in the tangs (11) of the support sheet
(3).

• Install the washer (A) on the primary shaft.

NOTE To install the primary transmission assembly on
the primary shaft, see 5.10 (ASSEMBLING THE PRIMA­
RY TRANSMISSION AND CLUTCH).

C =LOCTITE® 648.

WORK ON THE INDIVIDUAL PARTS
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'4.19.2 PRIMARY TRANSMISSION aprilia part#
0295792 and 0295793

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

DISASSEMBLY

• Remove the primary transmission assembly from the
primary shaft.

• Remove the washer (A) from the primary shaft.
• Slip off the oil pump drive gear (1).

The oil pump drive gear (1) must always be replaced
once it has been disassembled.

• Unscrew and remove the three M8 nuts (2).
• Remove the three countersunk-head screws M8x25

(3).
• Remove the external support sheet (4) and the three

spacing couplings (5).

NOTE Observe the assembly position of the different
compression springs.

• Remove the clutch gear (6) with the compression
springs and the spring pins.

• Extract the compression springs (7) (8) (9) and the
spring pins (10) (11) from the clutch gear.

N_OTE You are_ strongly recommended to replace all
the compression springs (7) (8) (9) and spring pins (10)
(11) together.

• Remove the elastic washer (12).
• Only for primary transmission aprilia part# 0295793

(and, if installed, primary transmission aprilia part#
0295792). Remove the additional shim (aprilia part#
0627910) (13).

• Remove the external support sheet (14).

ASSEMBLY

NOTE The assembly positions of the clutch housing, of
both support sheets and of the clutch gear are marked by
a hole, (15). Install these pieces so that the reference
holes coincide.

• Install the internal support sheet (14) on the clutch
housing (18) so that the two reference holes (15) coin­
cide.

NOTE It is possible to install the additional shim (april­
ia part# 0627910) on the primary transmission aprilia
part# 0295792 (thus transforming it into code aprilia
part# 0295793).

• Only for primary transmission aprilia part# 0295793
(and, if installed, primary transmission aprilia part#
0295792). Install the additional shim (aprilia part#
0627910) (13).

C = LOCTITE® 648.

Follow~
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• Install the elastic washer (12) with the outer diameter
towards the support sheet (14).

• Install the clutch gear (6) so that the reference holes
(15) coincide.

• Insert the two compression springs (9), marked in
white, with the relevant spring pins (11) in each one of
the two marked housings (19).

NOTE Assembly position mark: one and two holes (19)
in the internal support sheet.

• Insert the four inner compression springs (8) in the four
outer compression springs (7).

• Position the two spring pins (10) and insert each unit in
its own housing.

• Insert the three spacing couplings (5).
• Apply LOCTITE® 648 on the thread of the three screws

(3).
• Install the external support sheet (4) and fix the unit

with the three countersunk-head screws M8x25 (3) and
the three nuts M8 (2).

Nuts (3) driving torque: 30 Nm (3 kgm).

The oil pump drive gear (1) must always be replaced
once it has been disassembled.

• Install a new driving gear (1) of the oil pump so that the
pins are engaged in the tangs (20) of the support sheet
(4).

• Insert the washer (A) on the primary shaft.
• Install the primary-transmission assembly onthe prima­

ry shaft.

C = LOCTITE® 648.

WORK ON THE INDIVIDUAL PARTS
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4.19.3 PRIMARY TRANSMISSION WEAR LIMITS

NOTE The information given below is valid for all pri­
mary transmission versions.

• Measure the Ienqth of the single compression springs
(1) (2) (3) in released position.

NOTE The two compression springs (3) are marked in
white.

Spring (1) wear limit: min. 26.75 mm

Spring (2) wear limit: min. 26.65mm

Spring (3) wear limit: min. 26.75 mm

V990engine

You are strongly recommended to replace all the
compression springs and spring pins together.

• Make sure that the spring pins (4) (5) are neither worn,
nor damaged, and that they do not present scores.

• Check the guide grooves of the clutch housing and
make sure that the outer toothing of the driving mecha­
nism is not damaged.

Recess depth (6): max. 0.3 mm

• Make sure that the bush (7) in the clutch gear (8) is nei-
ther scored, nor damaqed,

+ Measure the diameter of the bush.

Max~ wear limit (9): " 30.060 mm

+ Make sure that the sides of the teeth of the clutch gear
(8) and of the control gear (10) are. neither damaged,
nor deformed.

NOTE If the clutch gear or the drive gear are worn, it is
necessary to replace the whole gear unit (8) (10).

• Make sure that the internal support sheet (11) is not
worn and that it does not present depressed areas on
the contact surface (12).

NOTE Depressed areas on the internal support sheet
may.result in.noisy operation of the engine at idling
speed.

• Make sure that the internal (11) and external (13) sup­
port sheets do not present cracks.

aprilia part#
0295790
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4.20 CLUTCH COVER

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

• Check the gasket surface for signs of damage and
check the whole thread to make sure it is in a perfect
state of repair.

• Check the support bushes of the driving shaft (1) and
countershaft (2) for signs of rolling or grooves.

• Measure the diameter of the two support bushes.

- Driving shaft bushes:
wear limit" 30.040 mm.

- Countershaft bushes:
wear limit" 20.060 mm.

Take a number of measurements, especially in the di­
rection of the axis of both cylinders.
None of the values must exceed the limit value.

• Measure the radial play of the driving shaft and coun­
tershattsee 4.4 (DRIVE SHAFT MAIN BUSHES AND
BALANCE SHAFT MAIN BUSHES).

4.21 SUPPORT BUSHES

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

4.21.1 REMOVING THE BUSHES

• Mark the contact surface (3}of the two bushes on the
clutch cover.

NOTE Have the appropriate special tool miD to hand:
- aprilia part# 8140156 + 8140157 + 0276377 (clutch

cover sleeve puller) (4).

• Remove the main bushes with the special tool (4).

As a rule, the main bushes should all be replaced to­
gether.

V990engine
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Take a number of measurements, especially in the di­
rectionofthe axis of both cylinders.

In order to insert the bushes, the clutch cover must
be supported around the bush housing.

• Remove the. O-ring· (8). before the installer punch
makes contact.

- The driving shaft main bushes must be flush with the
thrust-bearing surface (9).

- The countershaft bushes are assembled 1.0 mm fur­
ther down with respect to the thrust-bearinq surface
(10).

4.21.2 .. INSTALLING THE BUSHES

• Clean the diameter ofthe main bush housing andthe
lubrication hole between the·· bushhousinqs inside the
clutch cover.

• Determine the driving shaft bushes size group based
on the coloured markings (5)onthe clutch cover.

NOTE The size group of the main bushes is also
marked with a coloured dot.

• If the coloured marking applied on the clutch cover is
no longer clearly Ieqlble; calculate the diameter based
onthe average ofanumberot different measurements.

• Heat the engine casing to approx. 130°C (266 OF).
• Coat the main bushes and the bush housings in the

clutch cover withMOLYKOTE@G-N.

NOTE Have the appropriate special tools rmD to hand:
- aprilia part# 0277727 (driving shaft- clutch cover bush

inserter pad).(6);
- aprilia part# 0277729 (insertion pad for lower balance

shaft clutch cover bushes) (7).

• Place the drivinq shaft and countershaftmain bushes
on the inserter pads (6) (7), using a suitable O-ring (8)
to hold themin place.

• Line up the contact surface of the main bushes with the
previously applied coloured marking (3).

.• With due care,insert the main bushes on a press .until
the installer punch touches.

Once disassembled, the bushes must not be reused.

M =MOLYKOTE@G-N.
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4.22.2 INSPECTING THE PUMP

• Check the impeller (3) for siqnsotdarnaqe or distortion
and, where necessary, replace it.

• Check the coolant pump shaft (6) for signs of rolling
around the oil seal sliding area and, where necessary,
replace it.

• Measure the coolant pump shaft housing slot (10) on
the clutch cover.

Slot wear limit (10) max. 010.10 mm.

4.22.1 DISASSEMBLING THE PUMP

• Hold the coolant pump gear (2). stillwhilst unscrewing
thelmpeller(3).

• Slidethe coolant pump gear (2)·up and off, and remove
the pin (4) together with the washer (5).

Take care not to damage the thread of the coolant
pump shaft.

• Remove the coolant pump shaft (6) in the direction of
the coolant pump gear (2).

NOTE· Forthe removal ofthe oil seal (7) and of the slid­
ing-ring gasket (8), two holes (A) and (B) are provided in­
side the clutch cover.

The coolant pump only needs disassembling in the
event ofoil or coolant leakage.

• Checkthedrainage hole (1)·for any signs of ollor cool­
ant leakage.

In order to extract the two components (7) (8) correct­
ly, repeat the following operation alternately on both
holes.

• Insert a punch (9) in the hole (A) and strike moderately
only once with a light hammer. Repeat the operation on
the second ·hole (B).

4.22 COOLANT PUMP

Carefully· read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).
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• Check the teeth of the coolant pump gear (2) for signs
of damage or broken material and check the distance
of the grooves protruding from the central slot (11) due
to accommodate the pin.

Slot wear limit (11) max. 0 3.70 mm.

• Check the teeth of the coolant pump idler gear (12) for
signs of damage or broken material.

• Measure the housing slot (13).

Slot wear limit (13) max. 12110.22 mm.

4.22.3 ASSEMBLING THE PUMP

NOTE·Have the appropriate special tools mil to hand:
-. aprilia part# 0877650 (handle for pads) (14);
- aprilia part# 0277670 (coolant pump shaft housing oil

seal assembly pad) (15);
- aprilia part# 0877257 (assembly pad for water pump

shaft seat sliding ring) (16).

NOTE The closed side of the oil seal must befitted so
that it faces the impeller (3).

• Insert the oil seal (7) all the way into the slot using the
assembly punch.

• Insert the sliding sealing ring (8) all the way in using the
assembly pad.

Take care not to damage the impeller (3).

• Screw the rotor (3) completely on the shaft (6) of the
coolant pump by hand.

• Coat the coolant pump shaft (6) with MOLYKOTE® G-N
and insert it from the outside all the way onto the oil
seal assembly.

• Install the washer (5) on the coolant pump shaft.
• Install the pin (4) in the coolant pump shaft slot and en-

gage the coolant pump gear (2).

NOTE You must feel the pin is perfectly inserted in the
slot in the coolant pump gear.

• Tighten the impeller (3) by hand, holding the coolant
pump gear (2) still.

M = MOLYKOTE® G-N.
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4.23 TIMING DRIVE ASSEMBLY

V990engine

Set the front and rear cylinder timing drive assem­
blies aside in distinct groups so that you are sure to
refit the parts in the same housing when it comes to
reassembly.

• Check the sides of the timing gear (1), drive gears (2)
and intermediate drive gears (3) for broken materials or
distortion.

• Check the slots of the idler gears (3) for wear.

Wear limit (4) max. 22.015 mm.

• Check the roller bearings (5) for wear.
• Check the two bearing flanges (6) for wear around the

sliding area of the roller bearings (5).

Wear limit (7) max. 15.98 mm.

• Check the chain guide shoe (8), chain tightener shoe
(9), chain guide (10) and chain guide bracket (11) for
any traces of rolling.

Max. depth of the rolling traces: 1.2 mm.

• Check the teeth of the two timing chains (12) for any
signs of distortion.

• Tighten the timing chain, count 20 pins (19 pitches) and
measure the distance (13) between the centre of the
first and the centre of the twentieth pin.

Max. wear limit 166.2 mm,

1 2 3 4 5 6 7 8 9 ill II ~ 8 M ~ M TI U 6 W ..

(
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4.24 HEAD AND CAMSHAFT

Carefully read 0.5.1·(PRECAUTIONS AND GENERAL
INFORMATIONS).

4.24.1 DISASSEMBLY THE HEAD AND CAMSHAFT

+ Unscrew and remove the four shouideredM8 screws
(tjrespectively and remove front and rear head from
the cylinder.

+ Unscrew and remove the four M6 T.C.E.l.screws (2)
together with the respective washers (3) from the .rear
head and remove the chain guide (4) and the bush
plate (5).

+ Remove the upper countershaft (6)from the rear head.
+nscrew and remove theeightM6 T.C.EJ. screws (7),

together with the respective washers (8), and remove
the camshaft U bolt (9) from-the front and rear head.

+ Remove the intake camshaft (1 0) and exhaust cam-
shaft (11) from the front and rear head

NOTE Set the disassembled components aside in
groups acco.rdingto the respective head so you are sure
to refit them in the same position when it comes to reas­
sembly.

WORK ON THE INDIVIDUAL PARTS
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4.25 DISASSEMBLING THE INTAKE AND
EXHAUST VALVES

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

NOTE The following information refers to a single
valve, but is valid for all of them .

• Position the head on a clean and free work surface.

The valve without cone halves may slip off, fan down
and consequently be damaged.

Before dlsassemblinqthe valves,check·head pressure
loss on a plate (Bosch or Suntester).

NOTE If the pressure loss is less than 5%, valve tight­
ness is correct.

NOTE Remove the valve units one by one and store
them separately, in order to avoid mixing components of
different valve units.

NOTE Mark the components of the. same valve unit
and the relevant seaton the· head, in order to be able to
reassemble them correctly.

Before disassembly, mark the upper side of the valve
springs, since they have a progressive winding due
to which the assembly direction is compulsory (the
side where the turn pitch is narrower must be direct­
ed towards the. combustion chamber). Do not install
the valve springs in overturned position. Overturned
valve springs cause an anomaly in the. operationof
the engine and faulty performance of the same.

Valve unit components (inlet or exhaust valve):

- bucket (1);
- adjustment shim (2);
- valve cone halves (3);
- valve spring upper cap (4);
- valve inner spring (5);
- valve outer spring (6);
- valve guide oil seal (7);
- valve spring lower cap (8);
- valve (9);
- valve guide (10).

NOTE When the valve is removed, the valve guide (10)
mustnot be removed.

Follow~

V990engine
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NOTE Have the appropriate special tools miD to hand:
- aprilia part# 8140179 (valves disassembly and reas-

sembly bow) (11);
- aprllla part#0276479 (valve spring compression tool)

(12).

• Extract the cap (1) and the adjusting shim (2).
• Compress the valve springs.(5) (6) with the appropriate

arch (11) and with the spring compression tool (12) and
extract the valve cone halves (3).

• * Release the valve springs (5) (6).
• * Remove the valve compression tool (12) and the

arch (11).
• * Remove the valve spring upper cap (4).
• * Withdraw the two valve springs (5) (6).
• * Lift the head and rotate it by 1800 (upsidedown).
• * Slip off the valve (9).

NOTE Repeat the operations marked with "*"jor the
second valve.

• Clean the combustion chamber, removing the residual
combustion products and the deposits from the cooling
cavity.

• Check the thread of the spark plugs and the fastening
thread, making sure they are in aperlect state of repair.

• Check that the oil galleries are clear and,where neces­
sary, clean them by blowing a jet of compressed air in­
side.

• Check the gasketsurlaces for any signs of damage
and make sure they are flat.

Max. permissible distortion: 0.03 mm.

;~·::·:!lll.I.I··.I.:.
If necessary, grind the sealing surfaces with apreci-.
sian grinder.

• Make sure the valve bucket(1) and guide in the head
are in a perfect state of repair.

- Bucket slot in the head (13):
wear limit: max. 0 33.58 mm.

- Bucket (1):
wear limit: min. 033.44 mm.

- Bucket radial play (1):
wear limit: max. 0 0.08 mm.
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4.26 CAMSHAFT AND CAMSHAFT BUSHES

Carefully read 0.5.1 (PRECAUTIONS· AND GENERAL
INFORMATIONS).

+ Check the cams(1 ) for broken material, signs of distor­
tion or wear and, where necessary, .replace the cam­
shaft,see 4.26.1 (SPECIFIC FEATURES OF THE
CAMSHAFTS).

Measure the play of the camshafts:

+ Place the camshafts in the head.
+ Apply a plastic gauge (2) on the bearing housings of

the camshafts.
+ Apply the U bolts according to which shaft they are as­

signed to and fasten them with the M6T.C.E.L screws.

Driving torque: 10 Nm{1.0 kgm) ..

• Remove theT.C.E.1. screws and the Ubolts.
+ Measure the maximum width of the pressed plastic

gauge with the corresponding graduated scale (3).

Max. wear limit 0.060 mm.

+U the wear limit isexceeded,thebush housings on the
camshafts and on the head must be measured, and the
wornpart replaced.

- Camshaft bush housings:
wear limit (4)min. 023.950 mm.

- Head bush housings:
wear limit max. " 24.040mm.

• Insert the intake and exhaust camshafts in the respec­
tive housings in the head and measure the end play
with a comparator (5).

- End play of the 'camshafts:
wear limit: max. 0.40mm.

+ If the wear limit is exceeded.the axial contact surfaces,
both of the camshafts and in the head, must be meas­
ured and the worn part replaced.

- Axial contact surfaces, (6) camshafts:
wear limit: max. 27.77 mm,

- .Axial contact surfaces, (7) head:
wear Ilrnit; min. 27.10 mm.

NOTE If the camshaft is replaced, the .buckets must
also be changed.

11- 44- 00
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4.26.1 SPECIFIC FEATURES OF THE CAMSHAFTS

WORK ON THE INDIVIDUAL PARTS

--(as of engine #
524389)-..

-­(starting from
2001 .models)

-

aprilia part# 0220385

aprilia part# 0220385

apriliapart# 0220387

aprilia part# 0220380

aprilia part#0220384

aprilia part# 0220382

Key

1) Doubleshoulder
2) Recognition groove

3) Shoulder
4) Doublerecognition groove
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4.27 UPPER COUNTERSHAFT

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

• Check the wear of the countershaft:

NOTE The bush housing (1) is slightly tapered, hence
the measurement must be taken half way along the hous­
ing.

~ Bush housing (1):
wear limit min. " 34.98 mm;

- Ball bearing pin (2):
wear limit min. 014.97 mm.

NOTE The bush (3) is slightly tapered.

• Check the internal diameter (3) of the bushes in the
plate and check for wear or cracks.

NOTE Install the countershaft and measure the radial
play with a comparator.

• Measure the radial play of the bush.

Permissible radial play max. 0.70 mm.

• If the maximum permissible radial play is exceeded, the
worn part must be replaced.

NOTE Should the bushes be worn, the whole bush
plate must be replaced.

• Install the countershaft in the head (2) (rear) and meas­
ure the end play with a comparator.

Wear limit: max. 0.040 mm.

NOTE If the end play wear limit is exceeded, replace
the bush plate.

• Install the countershaft in the rear head, see 5.13 (AS­
SEMBLING REAR HEAD CAMSHAFT).

• Make sure the ball bearing (4) in the U bolt slides
smoothly and does not feature pitting, and check slack.

NOTE Use motor oil to lubricate the ball bearings be­
fore performing the check.

If the inner race does not turn easily and silently, or if it
makes a noise, it means the bearing is defective and
needs replacing.

• Check the oil seal (5) behind the ball bearing (4) for any
wear or signs of damage.

V990engine
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lnorder to avoid damaging the ball bearing, under no
circumstances should the oil seal touch the bearings
inner race.

• Insert the oil seal (5) all the wayin using the assembly
punch.

• Oil the external diameter of the ball bearing (4) slightly
and insert it all the way onto the outer ring with a suita­
ble assembly punch .

• Check the ball bearing.housing·(4) on the U bolt for
signs:of wear.

Interference (X).= (0 A) - (0 A1): 0.030 mm.

N = Lubricating grease.

4.28 DISASSEMBLING AND ASSEMBLING THE
UPPER COUNTERSHAFT BALL
BEARINGS AND OIL SEAL

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

NOTE Have the appropriate special tools mil to hand:
- aprilia part# 0277265. (extractor for balance shaft,

gearbox input and output shaft} (6);
-aprilia part# 0877650 (handle for pads) (7);
- aprllia part#0277660 (secondary countershaftoil seal

assembly pad) (8).

• Heat the camshaft U bolt to approx. 80 - 100°C (176 ­
212 OF).

NOTE Take care notto damage the camshaft Ubolt.

• Remove the ball bearings (4) with the puller plate (6)
and with the expansion sleeve suitable forthe bearing.

NOTE As a rule, the ball bearings and the oil seals
shouldbe replaced.

• Lift the oil seal (5).

NOTE Before assembling, oil the external diameter of
the oil seal slightly.
The closed side of the oil seal must face outwards.
Grease the sealing .llps,

eA1
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4.29 VALVES GUIDE

Carefully read 0.S.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

• Use a dial gauge to measure the wear of the .. valve
guide (1).

Wear limit (2): max. 0 6.0S·mm.

NOTE If the valve guide is worn, it can be replaced.

4.29.1 REMOVING THE VALVES GUIDE

• Slip off fhevalve stem seal (3) and remove the valve
spring shim (4).

NaTE Replace the valve stem seal (3).

• To eliminate the valve guide with a reamer (5) as far as
the start of the notch (6).

NOTE The sharp edge of the valve guide must be elim­
inated as, otherwise, the.head slot is in danger of being to
slide when the valve.guide is removed.

NOTE Have the appropriate special tool. to hand:
- apriliapart# 0277510 (valve guide disassembly pad)

(7).

NOTE Do not heat the head.

+ Use the pad (7) to remove the rest of the guide valve in
the direction of the exhaust manifold.

• Check the valve guide slot for tailings.

NOTE Should any signs of picking-up be encountered,
the head must be replaced.

V990engine
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4.29.2 INSTALLING THE VALVES GUIDE

:";:i·:.:~~!I.
La testata oil guidavalvolasi danneggia senon si
usa iI MOLYKOTE@ G-N.

• Apply a coat of MOLYKOTE@ G-N on the head hole
and on the valve guide assemblyedqe.

NOTE ·Havethe appropriate special tool. to hand:
- aprilia part# 0277695 (valve guideoil·seal assembly

pad) (8).

• Using the assembly pad (8), insert the new valve gUide
in the head, working from the oil chamber towards the
combustion chamber untilthe assemblypunch reaches
a level position.

NOTE The exhaust valve and intake valve guides are
different.
The difference consists in the fact that the intake valve
guide has a longer smoothed surface (9).

• Check how much the head (10) of the valve guide pro­
trudes on the camshaft side.

(10) Protrusion = 13.3·± 0.2 mm.

• Bore the valve guide with a" 6 mm F7reamer.

Hole of the valve gUide" 6.006- 6.018mm.

NOTE Use cutting fluid only to.lubricate the reamer.
The reamer should only be turned in the cutting direction,
never in the opposite direction, and cleaned of tailings at
frequent intervals, again always removing it in thedirec­
tion of the cut.

• Having bored the valve guide, clean the head thor­
oughlyand grind the valve seat (11), smoothing the
valve seat with a valve seat reconditioning device, and
grind the valve, see 4.30 (VALVES).

• Check the contact mark using the relevant marking
paste (Pruss ian blue).

·M = MOLYKOTE@G-N

WORK ON THE INDIVIDUAL PARTS
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4.30 VALVES

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

~1rl.•
The seat (1) on the head of the valve is reinforced by
means of inductive hardening. For this reason, the
seat cannot be reground and, instead, the valve must
be replaced.
Grinding with abrasive paste is nonetheless permit­
ted, whilst it is prohibited to regrind a valve at the end
on the valve stem.

• Clean the valves of all residual combustion products.
• Check the seat (1) on the valve head with a line.

The surface of the seat must not be concave; where
necessary, replace it.

• Check the diameter of the stem with a micrometer:

- intake valve:
wear limit (2) min. 0 5.950 mm;

- exhaust valve:
wear limit (2) min. 0 5.935 mm.

• Check the eccentricity of the valve:

- valve stem:
permissible eccentricity (3) max. 0.05 mm;

- valve head:
permissible eccentricity (4) max. 0.05 mm.

• Check whether the fastening grooves (5) of the valve
cotters are in a perfect state of repair.

4.30.1 VALVE SPRINGS

• Measure and visually inspect the valve springs to
check for breakage, distortion or loss of tension.
Measure the length of the springs in released position.

- Valve springs:
wear limit (6) min. 43.4 mm.

- Valve springs:
wear limit (7) min. 40.9 mm.

NOTE Worn spring valves may result in a reduction in
engine power and increased noise from the valve assem­
bly.

V990engine
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4.30.2 VALVE SEATS

• Coat the valve seat surfaces with marking paste (Prus­
sian blue).

• Insert the corresponding valve (1) and turn the valve,
pressing down slightly with a valve grinder.

• Check the width of the valve seat (2) (3) and the con­
tact mark, checking for any signs of wear.

- Intake valve:
max. wear limit (2)1.6mm or 1.5 mm (*)

- Exhaust valve:
wear limit (3) max. 1.8 mm.

NOTE The circular contact mark on the valve seat and
valve surfaces must be continuous and unbroken.
If the width of the valve seat exceeds the wear limit or if
the valve seat surface is not continuous. the valve seat
can be ground.

(*) = For vehicle models starting from 2001.

4.30.3 GRINDING THE VALVE SEATS

A = intake
B= exhaust

NOTE The valve seats can be ground with a valve seat
grinding device centred in the valve guide.

• Perform grinding at 45° with the valve seat grinding de­
vice until the whole.valve seat is covered in tailing.
During this operation,make sure no more material than
necessary is removed.

• Lastly, grind at 35° until the given diameter(4) (5) is ob-
tained.

- Intake valve (4) 035.3 mm or 37.7 mm(*)

- Exhaust valve (5) 0 30.3 mm.

• Next,grind the intake valve at 50° or 55° and the ex­
haust valve at 80° with the grinding device until the giv­
en width (6)(7) for the valve seat surface is obtained.

- Intake valve (6) 1.05 - 1.35 mm.

-Exhaust valve (7) 1.25 -1.55 mm.

• Grind the valve (1) with the valve grinder and the valve
grinder paste.

(*) = For vehicle models starting from 2001.

WORK ON THE INDIVIDUAL PARTS
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4.30.4 ASSEMBLING THE VALVES IN THE HEAD

NOTE The following information refers to a single
valve, but is valid for all of them.

Reassemble the valve units one by one.
Do not mix the components of different valve units.
Reassemble each valve unit in the corresponding
seat,which must be marked upon disassembly.

NOTE Have the appropriate. speclal tools rmD to hand:
- aprilia part#027721 0 (valve guide ass assembly) (3);
- aprilia part#0276479. (valve spring compression tool)

(8);
- aprilia part#8140179 (valves disassembly and reas­

sembly bow) (9).

• Insert the valve spring housing cap (1) through the
valve guide.

• Fit a new valve stem oil seal (2) with the assembly pad
(3).

• Lift the head and rotate it by 1800 (upside down).

NOTE When inserting· the valve (4), take care not to
damage the new valve stem oil seal (2).

• Oil the valve stem and carefully insert the valve (4) in-
side the valve guide.

NOTE Make sure that the valve stem oil seal (2) is po­
sitionedcorrectly.

• Check head pressure loss on a plate (Boschor Sun-
tester).

NOTE If the pressure loss is less than 7%
, this means

valve tightness is correct.

• Lift the head and rotate it by 1800 (upside down).
• Install the valve springs (5) (6) and the valve spring cap

(7).

Resp~ct the mark made on the upper side of the valve
springs upon disassembly.
Make sure that the side where the turn pitch is nar­
rower is directed towards the combustion chamber.

Risk of tension loss, do not compress the valve
springs more than necessary. Compress the springs
as much as necessary to fit the valve cone halves in
the relevant seat on the valve.

• Preload the valve springs (5) (6), complete with cap (7),
using the spring compression tool··(8) and the special
arch ·(9).

NOTE Apply grease on the valves cotters (10) to make
assembly easier.

• Insert the valve cone halves (10) in the groove (11) of
the valve (4).

NOTE When releasing the tightening device (9), ·make
sure that the valve cone halves (10) are perfectly inserted
in the valve groove (11); if necessary, use a plastic ham­
mer and proceed with care.

• Remove the valve compression tool (8)·and the. arch
(9).

. ::.II·I.I·lllllilli1Ii·lll·.lil':
Make sure that the. valve springs are positioned cor­
rectly. If the valves are fitted obliquely, they will inev­
itably cause the valve stemsto.break,

V990engine

• Repeat the operations for the second valve.
• After installing the valves, check head pressure loss on

a plate (Bosch or Suntester).

NOTE If the pressure loss is less than 5%
, . valve tight­

ness is correct.

0= Motor oil.
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4.31 CYLINDERS

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

• All the gasket surfaces must be cleaned and flat.Flat­
ness of the gasket surfaces:

Max. permissible distortion: 0.04 mm.

•.Make sure all the threads are in.a perfect state ot re­
pair .

• Examine the sliding surface of the cylinderto check for
any friction and scratches,and check whether the gas­
ket surfaces featuresignsof.damage.

NOTE If there are evident grooves on the nikasil lining
inside the cylinder, replace the cylinder complete with pis­
ton.

• 'Clean the cylinders coolinq cavity of any-lime scale.
• Measure the bore of the cylinder in three places at a

distance of 45 mm from the upper edge (1); consider
the highest value for the wear limit.

NOTE The. size group "A" or "8" is punched onto the
lower side of the cylinder (2).

- Size group "A", dimension when the cylinder is new:
bore 097.000-97.012 mm;

wear limit: max. 0 97.027mm.·

- Size group "8", dimension when the cylinder is new:
bore 0 97.012 - 97.025 mm;

wear limit: max. 0 97.040 mm.

NOTE In order to assess the wear limit, the assembly
play must be determined, see 4.32 (PISTONS AND
GUDGEON.PINS).

• Make sure the chain tightener (3) and the guide in the
cylinder are ina perfect state of. repair.

Chain tightener (3) I hole on the cylinder clearance (4):

wear limit (hole 0 -chain tightener 0):
max. 0.08 mm.

Hole for chain tightener in the cylinder:
wear limit (4): max. 0 14.07 mm.

WORK ON THE INDIVIDUAL PARTS
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4.32 PISTONS AND GUDGEON PINS

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

• Clean the piston crown (1) and the area above the up­
per piston ring (2) of any residual combustion products.

• Check the piston for any cracks and the sliding surface
of the piston for signs of compression (picking-up);
Where necessary, replace the piston, see 4.32.2 (SPE­
CIFIC FEATURES OF THE PISTONS).

NOTE Minor ridging on the piston lining is tolerable.

• Make sure that the annular groove (3) that protects the
piston pin is not worn.

4.32.1 PISTONS WEAR LIMITS

• Measure the piston diameter at a height of 10 mm (3)
across the gudgeon pin axis, using an external microm­
eter.

"Red" piston:
max.. wear limit" 96.890 mm.

"Green" piston:
max. wear limit" 96.900 mm..
Piston play - measurement:
cylinder diameter minus piston diameter;
max. wear limit 0.120 mm.

NOTE If the wear limit is exceeded, a new piston must
be used or the cylinder replaced, complete with piston.
If the piston is replaced, the two seeger rings securing the
gudgeon pins must always be replaced, along with the
actual gudgeon pins.

Take special care when matching the cylinder - pis­
ton:

"Red" piston - Cylinder "A".
"Green" piston - Cylinder "8".

• Use an external micrometer to measure the diameter of
the gudgeon pin hole in the piston in the direction of lift
and the diameter of the gudgeon pin at either end as
well as in the middle.

- Gudgeon pin hole in the direction of lift:
wear limit (4) max. 022.018 mm.

- Gudgeon pin:'
wear limit (5) min. 021.998 mm.

• Check the wear of the gudgeon pin seeger rings with
the bent ends.

V990engine
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4.32.2 SPECIFIC FEATURES OF THE PISTONS

BlmDm
('98 - '99­
2000 models)

BlmDm
(models starting
from 2001)

ED

-

Key

1) Groove for stop rings

aprilia part# 0295855 (complete piston)

0- 1

---1-:o---D
1

aprilia part# 0295852 (complete piston)

{f-I
--.---1~-­(j--.--D

1

aprilia part# 0296590 (complete piston)

35,2 mm

The complete piston aprilia part#0295855 must not
be installed on engines destined to RSV mille vehi­
cles (starting from 2001 models), since the inlet
valves touch this piston.

NOTE The complete piston aprilia part# 0295852 can
be installed on the engines destined to all RSV mille, SL
mille and RST mille Futura models.

Follow~
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• Use a feeler gauge to measure the end play (7) (8) (9)
of the piston rings inside the grooves.

- L-section ring:
wear limit (7) max. 0.12 mm.

- Tapered protruding ring:
wear limit (8) max. 0.12 mm.

- Scraper ring:
wear limit (9) max. 0.10 mm.

The piston rings are fragile.

• Carefully remove the piston rings from the piston.

NOTE The piston ring groove can be cleaned using a
scraper or an old piston ring.

• Clean the piston ring grooves and the oil return holes
(10) in the scraper ring groove, then blow a jet of com­
pressed air inside.

• Check the scraper ring (11), the tapered protruding ring
(12) and the L-section ring (13) to make sure the sliding
surface is cleaned.

• Measure the piston ring gap (14) with a feeler gauge.

Max. wear limit 1.00 mm.

NOTE In order to measure the gap required, insert the
piston ring in the cylinder and push it inside so that it is
lined up with the piston.
The cylinder bore must not feature any signs of wear.

• Measure the thickness of the rings with a micrometer.

- L-section ring:
wear limit (15) min. 0.85 mm.

- Tapered protruding ring:
wear limit (16) min. 1.20 mm.

- Scraper ring:
wear limit (17) min. 2.45 mm.

• Fit the scraper ring (11), the tapered protruding ring
(12) and the L-section ring (13) from the bottom up; the
word "TOP" on the rings must face up.

NOTE Rotate the piston rings so that the three gaps
are staggered by approx. 120°.

0= Motor oil.

V990engine
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4.33 STARTER MOTOR DRIVE ASSEMBLY

WORK ON THE INDIVIDUAL PARTS

Carefully read 0.5.1· (PRECAUTIONS AND GENERAL
INFORMATIONS).

NOTE If the toothing of the double starter gear is dis­
torted, the toothing of the starter motor must also be
checked.

• Check the toothing of the double starter gear (1), idler
gear(2) and the freewheel gear(3) for broken material
or distortion.

• Check the bush of the freewheel gear (3) for signs of
rolling and grooves.

• Measure the gear bearing diameter.

- Double starter gear:
wear. limit (4) max. 010.10 mm.

-Idler gear:
wear limit (5) max. 010.08 mm.

-Freewheel gear:
wear limit (6)·max. 0 35.07 mm.

NOTE·Thebush inside the freewheel gear (3) must be
inserted so that it is fixed and unable to move freely.

Should signs of distortion be encountered on the sliding
surface, or materials found to be broken, the freewheel
gear·mustbe replaced.

• Check the sliding surface (7) of the freewheel for wear.
• Clean the cone (8) of the magnetic hub of any LOC­

TITE®residues.
• Make sure the cone (8) and the slot (9)for the key are

in a perfect state of repair.

NOTE If the cone orthe slot for the key are damaged,
the magnetic hub must be replaced.

Follow~
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• Remove the freewheel (10) from the relevant housing
(11) and check the rollers of the freewheel (10)' for
signs of wear.

• Check whether the external helical spring is preloaded
enough to keep the rollers in place.

• Check the sliding surface of the freewheel inside the
relevant housi~g (11) for signs of wear.

NOTE Should the sliding .surface feature signs of dis­
tortion or deep grooves, the freewheel housing must be
replaced.

4.33.1 DISASSEMBLY THE FREEWHEEL HOUSING

• Unscrew and remove the three M8x16 T.O.E.I. screws
(12) and detach the freewheel housing (1t) from the
magnetic wheel (13).

4.33.2 ASSEMBLY THE FREEWHEEL HOUSING

Use LOCTITE@648 on the flat sUrface~f:<::theho~si~·g
(11).

• Apply a coat of LOCTITE® 648 on the flat surface of the
freewheel housing (11) and place it inthe centre ofthe
magnetic wheel (13).

• Apply a coat of LOCTITE® 648 on the three M8x16
cheese-headed screws (12) and screw the freewheel
housing onto the magnetic wheel.

Screws (12) driving torque: 30Nm (3.0 kgm).

C = LOCTITE®648.

V990engine
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4.34 IGNITION GENERATOR" _ ..

Carefully read 0.5.1 (PRECAUTIONS ANO·GENERAL
INFORMATIONS).

NOTE The ignition generator produces alternating cur­
rent which .is then transformed into direct current by the
regulator/rectifier, which then charges the battery.

~:·:·:·:r·;iil.II.lr:·;;:~:i :::..
When·performing work on the ignition system:
- switch off the engine;
- disconnect the battery: always disconnect the

negative pole (-) first;
- drain the engine oil tank completelY,see 0.4.1 (VE­

HICLE WORKSHOP·MANUALS);
- lock the drive shaft at the TOCof the front or rear

piston.
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4.34.1 CHECKING THE STATOR

• Disconnect the ignition generator connector (1) from
the electric wiring.

• Use an ammeter to measure ·the resistance .between
the three output connections to be found on the con­
nector (yellow cables).

- Standard resistance value inthe range 0.2 - 0.5 Q
at 20°C (68°F).

NOTE If·the·resistance value does not fall within this
range, the stator must be replaced.

4.34.2 DISASSEMBLING THE STATOR

Driving torque of the drive shaft position .eensor
screws M6(2): 11 Nm (1.1kgm).

• Unscrew and remove the two M6screws(2).
• Remove the drive shaft position sensor (3) and theca­

ble-holdingbracket (4) .
• Release the cable guide rubber element. (5) from the

seat (6) of the flywheel magneto cover (7).

Stator T.C.EJ. screw M6(8) driving torque: 11Nm
(1.1 kgm).

• Unscrew and remove the three stator screws T.C.E.I.
M6 (8).

• Extract the stator (9) from the flywheel magneto cover
seat.

• Check the flywheel ignition cover (7) is flat and make
sure it features no signs of damage on the gasket sur­
faces.

4.34.3 ASSEMBLING THE STATOR

•.. Insert the stator (9).in the flywheel magneto cover seat.
• Apply a layer of LOCTITE® 243 on the three stator

screwsT.C.E.1. M6 (8) and tighten them.

Stator T.C.E.I. screw M6 (8) driving torque: 11 Nm
(1.1kgm).

• Apply a layer of SILASTIC 732RTV on the cable guide
rubber element (5) and insert it in the seat (6) of the fly­
wheel magneto cover (7).

• Position the cable-holding bracket (4) .. and the drive
shaft sensor (3) correctly.

• Apply a layer of LOCTITE® 243 on the two screws M6
(2) of the drive shaft position sensor and tighten them.

Driving torque of the drive shaft position.sensor
screws M6 (2): 11 Nm(1.1 kgm).

4.34.4 MAGNETO FLYWHEEL

• Clean the magnetic hub cone (10) of any LOCTITE®
residues.

• Make sure the cone (to) and the slot (11) for the key
are in a perfect state of repair.

NOTE .If the cone or the slot for the key are damaged,
the magnetic hub must be replaced.

8 =LOCTITE®243.
Q = SILASTIC732 RTV.

V990 engine'
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4.35 IGNITION GENERATOR __

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

NOTE The ignition generator produces alternating cur­
rent which is then transformed into direct current by the
regulator/rectifier, which then. charges the .battery.

When performing work on the ignition system:
- switch off the engine;
- disconnect the battery: "always disconnect the

negative.pole (-) first;
- drain the engine oil. tank completely, see 0.4.1. (VE­

HICLE WORKSHOP MANUALS);
-- lock the drive shaft at theTDC of the front or rear

piston.

WORK ON THE INDIVIDUAL PARTS

Key

1) Stator
2)· Magneto flywheel

. 3) Free-wheel
4) Freewheel housing
5) Flywheel ring
6) Freewheel gear (2 64)
7) Rpm sensor
8) Generator electric connector

8 = LOCTITE® 243.
C = LOCTITE® 648.
M = MOLIKOTE® G-N.
N = Lubricating grease.
0= Motor oil.
Q =SILASTIC® 732 RTV.
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4.35.1 CHECKING THE STATOR

• Disconnect the ignition generator connector (1) from
the electric wi ring.

• Use an ammeter to measure the resistance between
the three output connections to be found on the con­
nector (yellow cables).

- Standard resistance value in the range 0.1 - 1.0 Q
at 20°C (68 OF).

NOTE If the resistance value does not fall within this
range, the stator must be replaced.

4.35.2 DISASSEMBLING THE STATOR

• Unscrew and remove the stators three M6 T.G.E.I.
screws (2).

• Extract the stator (3) from the flywheel cover (4).
• Check the flywheel cover (4) is flat and make sure it

features no signs of damage on the gasket surfaces.

4.35.3 ASSEMBLING THE STATOR

• Insert the stator in the flywheel cover and fasten it with
the three M6 T.C.E.I. screws (2), coating the screws
with LOCTITE® 243.

Driving torque: 11 Nm (1..1 kgm).

• Coat the cable rubber (5) with SILASTIC 732 RTV and
place it in the ignition cover.

4.35.4 MAGNETO FLYWHEEL

• Clean the magnetic hub cone (6) of any LOCTITE® res­
idues.

• Make sure the cone (6) and the slot (7) for the key are
in a perfect state of repair.

NOTE If the cone or the slot for the key are damaged,
the magnetic hub must be replaced.

B = LOCTITE® 243.

C = LOCTITE® 648.

0= Motor oil.

Q = SILASTIC 732 RTV.

V990engine
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4.35.5 CHECKING THE FREEWHEEL

• Push the freewheel (1) in the housing of the freewheel
(4).

• Rotate the freewheel (1) and make sure that it rotates
smoothly.

The freewheel can rotate in one direction only. In
case of strong resistance; remove the freewheel and
make sure that it is not damaged.

4.35.6 DISASSEMBLY THE FREEWHEEL HOUSING

• Unscrew the six screwsT.C.E.1. M8x18 (2) and remove
the flywheel ring (3), the freewheel housing (4) and the
freewheel (5) from the flywheel magneto.(6).

NOTE For the inspection and the wear limits of the
electric starter transmission, see 4.33 (STARTER MO­
TOR DRIVE ASSEMBLY).

4.35.7 ASSEMBLY THE FREEWHEEL HOUSING

• Insert the freewheel (5) in the freewheel housing (4), so
that the flange· (A) is directed towards the magnetic
gear (6); insert both of them in the centre of the fly­
wheel ring (3).

• Insert the magneto flywheel (6).
• Apply LOCTITE®648 on the thread of the screws (2).
• Fasten with six screws T.C.E.I. M8x18 (2).

Screws (2) driving torque: 30 Nm (3.0 kgm).

C =·LOCTITE® 648.

WORK ON THE INDIVIDUAL PARTS
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4.38 STARTER MOTOR

CarefUlly read 0.S.1(PRECAUTIONS· AND GENERAL
INFORMATIONS).

• Remove the starter motor, see·3.3 (REMOVING·THE
STARTER MOTOR).

NOTE ·The starter motor is not. normally subject to any
particular wear and tear.
In the event the carbon brushes are worn, they can be re­
placed using the available repair kit; if not, replace the
complete starter motor.

• Check the starter motors toothing (4) for broken materi­
als, wear and distortion.

NOTE Where necessary, replace the starter motor.
• Check the starter motor mount O-ring (5) for wear and

any signs of damage, and replace it.
• Unscrew and remove the two M6 T.E. screws (6).and

remove the complete rear cover (7).
• The four carbon brushes must be allowed to move free;.

Iy.
• Check the preloading of the brush springs.
• Check the length of the carbonbrushes,

Max. wear limit8.0 mm.

NOTE Kits ·are· available containing rearcovers com­
plete with carbon brushes and seals.

• Fasten the complete rear cover with the two M6 T.E.
screws (6).

4.37 DRIVING CHAIN PINION

CarefUlly read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

• Remove the transmission pinion {1}, see the workshop
manual of the vehicle.

• Check the pinions internal toothing (2) for wear.
• Check the. pinions externaltoothing (3) .for wear and

signs of distortion.

NOTE Ifthetoothing of the driving chain is worn, the
chain pinion must be replaced together with. the driving
chain.

4.36 SPARK PLUGS

See 0.4.1 (VEHICLE WORKSHOP MANUALS).
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5.1 GENERAL INDICATIONS

Carefully read 3.2.1 (ENGINE DISASSEMBLY SE-"
QUENCE).

5.2 ASSEMBLING THE GEARSHIFT

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

NOTE Assemble the gears on the driving shafts, see
4.14 (TRANSMISSION).

NOTE Have the appropriate special tool miD to hand:
- aprilia part# 0277308 (gearshift secondary shaft guide

bush) (1).

• Insert the guide bush (1) on top of the gear of the sec­
ondary shaft (2).

• Grease the secondary shaft seal between the two lips.
• Apply a coat of LOCTITE®767 Anti-Seize on the hous­

ings of the secondary shaft (2) and primary shaft (3).
• Insert the primary shaft (3) in the housing in the fly­

wheel side half of the engine casing.
• Insert the secondary shaft (2) in the housing in the fly­

wheel side half of the engine casing.
• Insert the complete gearshift assembly in its housing,

tapping the two shafts lightly all the way in with a plastic
hammer.

• Insert the washer (4) on the secondary shaft (2).
• Oil the fork of 5th and 6th gear (5) and insert it in the se­

lector gear of the frimary shaft (3).
• Oil the fork of 2n and 4th gear (6) and the fork of 1st

and 3rd gear (7) and insert them in the respective selec­
tor gears of the secondary shaft (2).
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Do not tilt the countershaft during insertion so as to
avoid damaging the bearing bushes inside the hous­
ing.

M =MOLYKOTE®G-N.
E =LOCTITE®767 Anti-Seize.

Do nottlltthe driving shaft during insertion so as to
avoid damaging the main bushes inside the housing.

+ Insert the countershaft (13) in the relevant housing.

5.3 ASSEMBLING THE DRIVING SHAFT AND
COUNTERSHAFT

Carefully read 0.5.1· (PRECAUTIONS AND GENERAL
INFORMATIONS).
+ Apply acoat of MOLYKOTE®·G-N·on the·· housinqs of

the bushes for the driving shaft and countershaft.
• Insert the driving shaft (10) in the housing in the fly-

wheel side half of the engine casing.

NOTE .. Position the .lower connecting rod (11) towards
rear.cylinder and the upper connecting -. rod (12) towards
front cylinder.

Follow~

+Oil the shift cam (8) and insert it in the relevant slot in
the casing.

+ Attach the3 gearshift forks inside the respective guides
of the shift cam (8).

+ Insert the two gearshift rods (9), pushing them all the
way into the respective slots in the flywheel side. half of
the engine casing.
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5.4 ASSEMBLING THE ENGINE CASING

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

Use a new gasket.

• Apply the engine casing gasket (1) on the flywheel side
half of the engine casing.

NOTE The engine casing gasket must coincide with all
the engine casing holes over the whole area.
Grease may be applied on the gasket to prevent the
movement.
Work with extreme care to assure a perfect seal.

• Make sure the washer (2) is on the driving shaft.
• Apply a coat of LOCTITE® 767.Anti-Seize on the hous­

ings of the secondary shaft (3) and primary shaft (4).
• Coat the housings of the driving shaft (5) and counter­

shaft (6) with MOLYKOTE®G-N.
• Make sure the oil-spray pipe (7) is fitted.
• Make sure the oil gauze is inserted in the .clutch side

half of the engine casing.
• Install the clutch side half of the engine casing (8) on

the flywheelslde half

NOTE Where necessary, use a plastic hammer to tap
on the casing rib, near of the shaft.
Take care not to damage the·gasketsurface of the clutch
cover (9).

• Rotate the engine by 90° (A).

NOTE Work on the flywheel side.

Screw on the screws in a crisscross pattern, tighten­
ing them gradually.

• Screw the twenty M6T.C.E.L screws onto the engine
casing, i.e.:

- n013 M6x65 screws (10);
- n° 5 M6x45 screws (11);
- n° 1· M6x80screw (12);
-n° 1 M6x25 screw (13).

Screws (10) (11) (12) (13)driving torque: 11·Nm (1.1
kgm).

NOTE Having ·tightened· the engine ·casing screws,
make sure the drivingshaft, countershaft, primary shaft
and secondary shaft can turn slightly.

• Check the end play of the driving shaft with acompara­
tor.

Wear limit: max. 0.5 mm.

NOTE Cover the .enqlne compartment with a clean
cloth.

• Use a paper cutter to cut the parts of the gasket sticking
out from the engine casing (14) around the cylinder
flange and where the cylinder is centred.
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5.5 ASSEMBLING THE GEAR SELECTION
MECHANISM

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

NOTE·Lock the M6 T.C.E.I. screw (5) in-place with a
LOCTITE®243 product.

• Fit the index sprinq (1), shim (2), index lever(3} and
washer(4) and secure them with the M6 T.C.E.I. screw
(5).

Screw (5) driving torque: 11Nm (1.1 kgm)"

NOTE Lock the M6>T.C.E.Lscrew(8}in place with a
LOCTITE®243 product.

• Press the index lever (3)· down and insert the index
plate (6) in the shift cam slot (7), fastening ltwlth the
M6 T.C.E.I. screw (8).

Screw (8) driving torque: 11.Nm (1.1 kgm)"

.Oil the complete gearshift shaft (9) andinsertit in the
relevant housing.

• Insert the thrust washer (10) and insert the seeger ring
(11) in the groove of the secondary shaft.

NOTE Always replace the seeger ring (11).
Make sure the ends are not pulled apartmore.thannec­
essary(use a pair of pliers for seegar ring).

B =LOCTITE®243.

V990engine
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5.6 CHECKING THE GEAR SELECTION
MECHANISM

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

+ Make sure the needle spring (1) in the rotating lever (2)
and in the cylindrical pin (3}features no slack.

NOTE If this is not the case, one of the needle springs
(1) end must be bent.

+ Engage all the gears and make sure the drive pins (4)
of the index plate (5) are inthecentral position.

NOTE If this is not the case, one of the needle springs
(1) end must be bent.

+ Check the preloading of the index spring (6).
It must be quite hard to lift the index lever (7) ofthe shift
cam index plate (5).

NOTE Rotating the shift cam must cause the position­
ing spring (6) to push the positioning lever (7) into the rel­
evant slot .on.the index plate (5).

+ Put the gearshift into neutral and make sure all the
gearshift gears turn freely.

REASSEMBLING THE ENGINE
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5.7. ASSEMBLING THE OIL PUMP

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

j!~~j~jl!I!~:!I~~I!III·I~III·II.:.I~I.•:,I~,:·.:::::...:.:.' ·.:.:~~'!III•.II::::::;~::~;::;:", :.:.:.,:JIIIIIIIII'.

Make sure the lOCTITE® product does not get inside
the pressure pump hole.

• Apply a thin film of LOCTITE® 574 on the external gas­
ket surface of the oil pump casing (6) and install it on
the oil pump shaft (4).

• Fasten the oil pump casing (6), complete with, pin (7),
inside the casing.

• Insert the pin (8) in the central hole of the oil pump
shaft.

• Insert the duly oiled internal rotor (9) of the pressure
pump on the oil pump shaft, with the driving gr()ove fac­
inqdown,

• Insert, the duly oiled external rotor (10) in the.oil pump
casing.

• Fasten the oil pump cover (11) with the four T.C.E.1.
screws (12).

Screws (12) driving torque: 11 Nm(1.1, kgm).

• Insert the pin (13) in the hole ofthe oil pump shaft (4).

NOTE The oil pump cover features a groove (14) ena­
bling the pin '(13) to be fitted.
Line the pin (13) up with the centre ofthe oil ,pump shaft
(4).

Follow ....
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Once disassembled, the.oilpump gear must always
be replaced.

+ Fit a new oil pump gear (15).

NOTE You must feel the pin (13) engaging perfectly in­
side the groove on the oil pump gear.

+ Fit the seeger ring (16) in the groove of the oil pump
shaft

NOTE Make sure the seeger ring is inserted all the way
into the groove.
Make sure the ends are not pulled apart any more than
necessary.

+ Check the· rotation and end play of the oil pump shaft
(4).

D = LOCTITE® 574.

5.8 ASSEMBLING THE REAR HEAD TIMING
CONTROL UNIT (PART ONE)

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

+ Turn the driving shaft so that the connecting rod of rear
cylinder is atTDC.

NOTE Have the appropriate special tool. to hand:
- aprllla part# 0240880 (threaded bolttolockthe drive

shaft.at the TDC) (17).

+ Lock the driving shaft in place with the threaded bolt
(17).

NOTE When rear cylinder is at TDC, the fastening slot
(18) of front cylinder is visible through the gap under the
countershaft
The threaded bolt (17) must never be overtightened;
max. 5Nm (0.5 kgm).

+.Use grease to assure. adherence between the .thrust
washer (19) and the intermediate drive gear (20).

NOTE Hook up the timing chain (21) based on the ref­
erence marking applied during its disassembly.

+ Place the timing chain (21) around the intermediate
drive gear (20), guiding both through the chain com­
partment and inserting them in the housing.
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+ Guide the chain tightener shoe .. (22)·through the chain
compartment and fasten it in the housing by means of
the spacer bush (23).

• Oil the tworoller bearings (24) and push themonto the
bearing pins ofthe bearing flange (25).

NOTE Insert the bearing flange all the wayin,tapping
gently with a plastic hammer.
The two calibrated bushes (29) must previously have
been fastened in the casing.

+ Insert the bearing flange (25) and fasten. it .using the
three M8T.C.E.1. screws (26) (27) and the spring
washers (28), Le:

-. 2·M8x45 screws (26);
- 1M8x20 screw (27).

Screws (26)(27) driving torque: 25 Nm (2.5 kgm).

+ Check the rotation of the intermediate drive gear.
+ Insert the key (30) in the driving shaft.
+ The reference mark (31) on the intermediate drive gear

must coincide with the reference mark (32) on the cas­
ing.

+ Apply a coat of LOCTITE® 767 Anti-Seize on the end of
the driving shaft (33).

+ Push the drive gear (34) onto the driving shaft.

N = Lubricating grease.
o =Motor oil.

V990engine
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5.9 ASSEMBLING THE COOLANT PUMP DRIVE

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

• Coat the end of the countershaft (1) with LOCTITE®
767 Anti-Seize.

• Oil the housing at the end of the countershaft.
• Insert the key (2) in the countershaft.
• Insert the washer (3) with the flared side facing down.
• Install the coolant pump gear (4) on the countershaft.
• Insert the coolant pump idler gear (5) on the cylindrical

pin.
• Insert the washer (6) to the countershaft.
• Install the driving gear (7) on the driving shaft.

NOTE The reference point must be visible.

• Insert the gear (8) on the countershaft.

NOTE The reference point must be visible and must
coincide with the reference mark on the driving gear.

• Lift the countershaft all the way in the axial. direction
and insert the counterweight (9) onto the countershaft.

NOTE The counterweight notch (10) must be engaged
by the end of the key (2).

• Insert the spring washer (11) and tighten the M22x1.5
nut (12).

Nut (12) driving torque: 150 Nm (15.0 kgm).

NOTE Make-sure the position of the hole for the coun­
terweight (9) is more or less at 10 oclock.

• Check the end play of the countershaft with a compara­
tor.

Wear limit: max. 0.3 mm,

a =Motor oil.
E =LOCTITE® 767 Anti-Seize.

REASSEMBLING THE ENGINE
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5.10 ASSEMBLING THE PRIMARY
TRANSMISSION AND CLUTCH

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

• Coat the end of the driving shaft with LOCTITE®'767
Anti-Seize. .

NOTE The collar of the drive gear must face down.

• Insert the drive gear (1) on the driving shaft.
• Fit the spring washer, then fasten and tighten the

M33x1.5 nut (2), coating it with LOCTITE® 243.

Nut (2) drlvlnqtorque: 230·Nm·(23~0-kgml~

.Assemble the primary transmission assembly, see
4.19.1 (PRIMARY TRANSMISSION aprilia part#
0295790 - PREASSEMBLY).

• Coat the housing (3) and toothing (4) of the primary
shaft with LOCTITE® 767 Anti-Seize.

• Install the primary transmission assembly on the prima-
ry shaft.

NOTE Rotate the driven gear (5) of the oil pump, so
that its toothing engages with the toothingof the drive
gear (6) of the primary transmission unit.

• Fit the serrated thrust ring (8), the clutch hub (9) and
the spring washer (10) on the primary shaft.

NOTE Have the appropriate special tool _ to hand:
- aprilia part# 0277881 (clutch blocking tool).

• Insert the clutch blocking tool (11).

Insert the clutch blocking tool (11) all the way in to
the clutch basket so as not to damage the basket
when the nut (12) is tightened.

• Screw and tighten the nut (12), coating it with LOC­
TITE® 648.

Nut (12) driving torque: 170Nm (17.0 kgm).

• Remove the clutch blocking tool (11).

NOTE The upper friction disc (2) can be recognized by
the blue point.

• Find the upper friction disc and store it, in order to as-
semble it as last friction disc.

NOTE There are different clutch versions.
For information regarding the components of the clutch,
refer to· the specific spare parts catalogue, according to
the vehicle model on which the engine is installed, see
0.4.2 (SPARE PARTS CATALOGUES).

According to the clutch version.

The lower steel disc can be recognized:
- no mark, the disc is exactly like the others;
- space between teeth (X);
- notch (Y).

• Identify the lower steel disc, in order to be able to posi­
tion it first when installing the steel discs.

V990engine

NOTE The friction discs must be inserted in the
grooves (13) present on the clutch housing (14), except
for the upper friction disc that must be inserted in the
staggered groove (15).
-Insert the clutch discs, starting with a steel one.

• Insert a steel disc (16) and a friction disc (17), alter-
nately.

NOTE The upper friction disc (2) must be inserted in
the staggered groove (15).

• Insert the upper friction disc.

Follow~
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NOTE Make sure this disc does not feature any slack,
though it must not be locked in place.

• Oil the friction disengaging shaft (18) and insert it in the
primary shaft hole.

• Insert the spring plate (19).

NOTE There are different clutch versions.
For information regarding the components of the clutch,
refer to the specific spare parts catalogue, according to
the vehicle model on which the engine is installed, see
0.4.2 (SPARE PARTS CATALOGUES).

According to the clutch version.

The clutch spring washers may be:
- normal (flat) (22);
- special (with collar) (22A).

In case of special washers (22A), pay attention to the
correct assembly position (W).

• Insert the six clutch springs (20) in the spring-holding
plate and fix them with the six screws T.C.E.I. M6 (21)
complete with washers (22).

Screws (21) driving torque: 11 Nm (1.1 kgm).

C =LOCTITE® 648.
E =LOCTITE® 767 Anti-Seize
0= Motor oil.

REASSEMBLING THE ENGINE-
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5.11 ASSEMBLING THE PISTON AND REAR
CYLINDER

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
IN~ORMATIONS).

• Cover the engine compartment with a cloth.
• Insert the two locating dowels (1).
• Coat the four M10 stud bolts (2) with LOCTITE® 243

and screw them onto the engine casing.

Stud bolts (2) driving torque: 10 Nm (1.0 kgm).

NOTE Various versions of pistons are used, depending
on the vehicle model on which the engine is installed, see
4.32.2 (SPECIFIC FEATURES OF THE PISTONS).

• Coat the connecting rod small end and the hole of the
gudgeon pin inside the piston with MOLYKOTE® G-N.

• Install the piston (3) on the connecting rod and push the
gudgeon pin (4) in, using a punch suitable for the job.

Respect the assembly direction indicated by the ref­
erence mark made upon disassembly.

If the piston has been replaced:

If a new piston is used, the "red" or "green" reference
point (5) on the piston crown must face in the direc­
tion of the exhaust (6).

• Take special care when matching the cylinder- piston:

- "Red" piston - cylinder "A";
- "green" piston - cylinder "B".

NOTE The cylinders size group "A" or "8" is stamped
onto the lower side of the actual cylinder in the timing
chain compartment area.

M = MOLYKOTE® G-N.

Follow~
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Use new bent-end gudgeon pin seeger rings (7) only.

+ Insert the two pin locks (7).

NOTE Support the.piston (3).
Make sure the two gudgeon·pinseeger rings are inserted
perfectlyin the groQveofthe piston and that the hook (8)
is inserted in the slot of the actual piston.

+.Insert the two locating dowels (9) in the cylinder.

Use a new head gasket.

+ Fit the head gasket (10) in place.
+ Place the preassembled headin the cylinder and tight­

eniton with the fourshoulderedT.E. screws (11).

- Non-painted cylinder version :
Screws (t1) driving torque:
28 -30Nm (2.8- 3.0kgm).

- Painted·cylinder version:
Screws (11) driving torque:
25 -28 Nm (2.5 - 2.8 kgm).

+ Apply a coat ot LOCTITE® 574 on the casing around
the gasket surface of the cylinder base qasket in the
area of the line separating the two sections of the cas­
ing.

+ Apply the cylinder base gasket on the casing.
+ Oil the piston and the respective piston rings.
+ Turn the piston rings so that the meeting ends of the

three rings are staggered by approx. 120°.

Follow~
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NOTE Have the appropriate special tool. to hand:
- aprllla part# 8140186 (piston ring compression tool)

(12).

+ Lower the ring compressor (12) .or piston ring pliers
over the piston to preload the piston rings.

+ Place the chain tightener shoe (13) in the chain com­
partment of the cylinder (14) and push the cylinder over
the piston so that the· ring compressor is pushed down.

+ Remove the ring compressor (12).
+ Insert the timing chain (15) through the cylinders chain

compartment.

NOTE The timing chain can be gUided inside using an
O~ring or similar device to aid assembly.

+ Place the cylinder (14) on the engine casing, pushing it
in all the way.

+ Oil the thread of the stud bolts (2) and the contact sur-
faces..

NOTE Screw on the M10T.E.nuts(16)and M6
T.C.E.1. screws (17) evenly and gradually, working ina
crisscross pattern.

+ Secure the cylinder together with the head with the four
M10 T.E. nuts (16) and two M6T.C.E.1. screws (17).

Non-painted head version:

- four M10 hex-head nuts (16), driving torque 58 Nm
(5.8kgm);

- two M6T.C.EJ.screws (17), driving torque 12 Nm
(1.2 kgm).

Painted head version:

- two M1o hex-head nuts (16), external, driving
torque 50 -55Nm (5.0 - 5.5kgm);

- two M10 hex-head nuts (16), chain compartment
side, driving torque 58 Nm (5.8 kgm);

- two M6 T.C.EJ. screws (17), driving torque 12 Nm
(1.2 kgm).

V990engine
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5.12 ADJUSTING VALVE CLEARANCE

Carefully read 0.5.1 (PRECAUTIONS AND .. GENERAL
INFORMATIONS).

Check and, where necessary, adjust the valve clear­
ance:

- at periodic intervals, see 0.4.1 (VEHICLE WORK­
SHOP MANUALS);

-every time the timing drive assembly is repaired or
taken apart.;

- every time the head or camshaft is taken apart.

The valve clearance adjustment mustbe performed
with the engine at room temperature.

NOTE The sizeIsstamped on the adjustment shim.
Insert the adjustment shims with the writing facing down.
Before fitting them, always measure the adjustment
shims with a micrometer.

• Insert the adjustment shims (1) in the valve spring
housings (2).

• Oil the external diameter of the four valve lifter buckets
(3) and insert them .in the head.

• OU the four camshaft bushes (4) inside the head.
• Fit the exhaust camshaft (5) and intake camshaft (6)

with the cam lobe facing up.

NOTE Various versions of camshaft are used, depend­
ing on the vehicle model on which the engine is installed,
see 4.26.1 (SPECIFIC FEATURES OF THE CAM­
SHAFTS).

• Insert the camshaft by hand and measure the valve
clearance with a feeler gauge.

• Make a note of the value of the valve clearance meas­
ured.

• Measure the difference between the desired value and
the actual value.

Valve clearance:

-. ·intake valve 0.12·- 0.17 mm;

- exhaust valve 0.23 - 0.28 mm.

• Where necessary, replace the adjustmentshim· (1).

- Intake valve: the 0.15 mm gauge must be inserted
whilst the 0.20 mm one does not need to be insert­
ed.

-Exhaust valve: the 0.25 mm gauge must be insert­
ed whilst the 0.30 mm one does not need to be in­
serted.

M =MOLYKOTE@ G-N.
0= Motor oil.

REASSEMBLING THE ENGINE
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5.13 ASSEMBLING REAR HEAD CAMSHAFT

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

+ Adjust the valve clearance, see 5.12 (ADJUSTING
VALVE CLEARANCE).

NOTE Various versions of camshaft are used,depend­
ingon the vehicle model on which the engine is installed,
see 4.26.1 (SPECIFIC.FEATURES OF THE CAM­
SHAFTS).

•~~~:br~(~;~gS ioftheexhaustcamshaft (1land .intake

+ Coat the· cams with MOLYKOTE® G-N and. insert the
camshafts in the head.

NOTE Tighten the camshaft U bolt gradually, starting
from the insldeand working in a crisscross pattern.

• Fasten the main U bolt of the camshaft (3) with the four
washers (4) and the eight M6 T.G.E.I. screws (5)(6)
(7):

- four M6x30 T.G.E.I. screws (5);
- two M6x45T.C.E.1. screws (6);
- .two M6x55 T.C.E.I. screws (7).

Screws (S) (6) (7) driving torque: 11 Nm (1.1 kgm).

+ Insert the countershaft (8).
• Coat both. countershaft bushes (9) with MOLYKOT~

G-N.
+ Insert the bush flange (10).
+ Fit the chain guide (11) on the bush flange.
+ Fasten .the ·bush flange (10) with the four M6. T.E.

screws (12) (13) and the four washers (14):

- two M6x35 T.E. screws (12);
- two M6x20 T.E. screws (13).

Screws (12) (13) driving torqueef t Nm{1.1 kgm).

M= MOLYKOTE® G-N.
N = Lubricating grease.
D = Motor oil.

V990engine
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5.14 ASSEMBLING THE REAR HEAD TIMING
CONTROL UNIT (PART TWO)

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

NOTE The driving shaft must be locked at TDC of rear
cylinder, see 3.1-2 (DISASSEMBLING REAR CYLINDER
TIMING DRIVE ASSEMBLY).

• Turn the camshafts so that the cam lobes (1) point
away from each other.

• Fit.the timing gear (2) .. in the output camshaft (3)· and
line up the holes.

NOTE In order to make assembly easier, the timing
gear can be secured in place temporarily withanM6
T.C.E.L screw.

• Turn the timing gear (2) with the exhaust camshaft (3)
until the "EX" reference mark (4) faces the centre of the
intake camshaft.

• Place the timing chain (5) over the timing gear (2) and
underthe chain guide (6).

NOTE The timing chain must be taught on the traction
side (7).

• Engage the second timing gear (8) in the timing chain
sothat the "IN" reference mark (9) faces the "EX"·refer­
ence mark (4) ofthe exhaust camshaft timing gear.

• In this position, push the timing gear (8) onto the intake
camshaft and line up the holes of the timing gear with
those on the camshaft.

The threeT.C.E.I. M6x14 (11) screws must only be
used for fastening the timing gear (10); danger of ma­
jor engine damage and physical injury.

• Push the timing gear (10) onto the exhaust camshaft
and fasten it with the three M6x14 T.C.E.1. screws (11).

• Fasten the M6 T.C.E.!. screws (11 ),coatingthem with
LOCTITE® 243.

Screws (11) driving torque: 11 Nm (1.1 kgm).

• Secure the timing gear of the intake .camshaft with
three M6x10 T.C.E.1. screws (1~, fastening the screws
T.C.E.I. with a coatof LOCTITE 243.

Screws (12) driving torque: 11Nm (1.1 kgm).

Follow~
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• Insert the chain guide (13) as far as it will go.
• Oil the chain tightener (14) and fit it in the cylinder with

the closed end facing the chain tightener shoe (15).
• Screw on the M18x1.T.E. screw (16) .complete with

seal.

Screw (16) driving torque: 20 Nm(2.0kgm).

NOTE Be careful to keep. the key from dropping into
the chain compartment.
Cover the chain compartment accordingly.

• Insert the key (17) in the slot on the countershaft.
• Push the differential gear (18) onto the countershaft so

that the two reference marks (19) are lined up with
each other.

NOTE Make sure the sharp-edged side of the counter­
weight faces thecountershaft.

+ Push the counterweight (20) onto the countershaft.
• Fasten the M14x1 T.E. nut (21) with a coat of LOCa

TITE® 243 and tighten it.

Nut (21) driving torque: 50 Nm(5.0 kgm).

Hold the countershaft still using a punch (22) suitable
for the job.

• Coat the valve lifter bucket and camshaft cams with
MOLYKOTE@ G-N.

B = LOCTITE® 243.
N = Lubricating grease.

V990engine

0- 20- 00 Release 00/2001-06



V990engine

5.15 ASSEMBLING THE FRONT HEAD TIMING
CONTROL UNIT (PART ONE)

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

• Unscrew the threaded bolt (1) for retaining the shaft at
TDO.and turn. the driving shaft (2) 3000 anticlockwise
so that the connecting rod (3) of the front cylinder is at
TDO.

NOTE Move the connecting rod (3) to a central position
so that it is not tilted in the casing.

• Screw the. threaded bolt (1) back on.

NOTE Make sure the threaded bolt is. inserted properly
in the driving shaft handwheel slot.
The threaded bolt (1) must not be overtightened: max. 5
Nm(O.5 kgm).

• Where necessary, press hard to insert the two locating
dowels (4}in the casing.

NOTE As of engine #527354, the locating dowels (4)
are no longer fitted; centring. is achieved with the aid of
the bearing support flange (11).

• Using an amount of grease, place the thrust washer (5)
on the intermediate timing gear(6).

• Place the timing chain (7) around the.intermediate tim­
ing gear (6), guiding both through the chain compart­
ment and seating them.

NOTE Attach the timing chain (7) based on the refer­
ence mark applied during disassembly.

• Guide the chain tightener shoe (8) though the chain
compartment and fasten it in the housing by means of
the spacer sleeve (9).

• Oil the two roller bearings (10) and push them onto the
pin ofthe bearing support flange (11).

• Insert the bearing support flange (11) push it on as far
as itwillqo, tapping it with a hammer.

NOTEOoat the M6T.C.E.L screw (15) with a coat of
LOCTITE®243.

• Insert the bearing flange (11) and fasten it with the two
M8 T.E. screws (12, 13), with the spring washers (14)

· .and with theM6T.O.E.1. screw (15).
- M8x20T.E. screw (12).
- M8x45T.E. screw (13).
- .M6x20T.C.E.1. screw (t5).

Driving torque:
- M8 T.E.screws (12) (13):25 Nm(2.5 kgm);
- M6T.C.E.I. screw (15): 11Nm (1.tkgm).

Follow~
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B = LOCTITE®·243.
C = LOCTITE®648.
N = Lubricating grease.
0= Motor oil.

Screw (21) driving torque: 50 Nm(5.0 kgm).

NOTE The countershaft is timed by timing the rearcyl­
inder.

Follow~

+ Rotate the intermediate. drive gear. (6) so that the two
reference marks (16) are lined up with each other.

+ Place the counterweight (17) on the countershaft.
+ Insert the key (18) in the countershaft.
+ Push in the drive pinion (19) and counterweight (20).

NOTE The half-moon shaped key (18)mustbe·insert­
ed in the upper counterweight slot. Make sure the refer­
encemark on the intermediate drive gear coincides with
the reference mark (16) on the bearing flange.

+ FastentheM10T.C.E.L screw (21) with a coatofLOC­
TITE® 648 and screw it on to the countershaft.
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5.16 ASSEMBLING THE STARTER MOTOR
DRIVE ASSEMBLY AND IGNITION
SYSTEM

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

NOTE The driving shaft must be retained at the TOGof
front piston or rear piston.

• Oil thetwo pins (1) and coat the housing (2) of the free­
wheel gear on the driving shaft with MOLYKOT~ G-N.

• Insert the double starter gear (3), idler .gear (4) and
freewheel gear (5).

• Oil the surface (6) of the freewheel gear (5).
• Install the rotor (7), see 4.33 (STARTER MOTOR

DRIVE ASSEMBLY).
• Oil the freewheel (8) inside the relevant casing (9).
• Degrease the tapered seat (1 0) of the drive shaft and

the tapered seat (11)of the magnetic hub.

NOTE Upon assembly the LOCTITE® must notpens­
trate inside the seat (12) of the freewheel gear (5).

• Apply a thin layer of ·LOCTITE® 648 on ·the··.tapered
seat (11) of the magnetic hub.

NOTE To facilitate the insertion, turn the rotor (7) until
the groove (13) of the magnetic hub is aligned with the
key (14) of the drive shaft.

• Install the rotor (7) on the tapered seat (10) of the drive
shaft, correctly fitting the groove (13) of the magnetic
hub with the key (14) of the drive shaft.

• Insert the washer (15) on the rotor screw T.C.E.I. M16
(16),apply a layer of LOCTITE® 648 on the thread,
screw and tighten the rotor screw (t6) on the drive
shaft.

Rotor screw (16) driving torque: 130 Nm ·(13.0
kgm).

C·= LOCTITE® 648.
0= Motor oil.

REASSEMBLING THE ENGINE
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5.17 ASSEMBLING THE PISTON AND FRONT
CYLINDER

Carefully read 0.5.1. (PRECAUTIONS AND GENERAL
INFORMATIONS).

• Cover the engine compartment with a cloth.
• Insert the two locating dowels (1).
• Coat the four M10 stud bolts (2) with LOCTITE® 243

and screwthem onto the engine casing.

Stud bolts (2) driving torque: 15 Nm (1.5 kgm).

NOTE Various versions of pistons are used, depending
on the vehicle model on which the engine is installed, see
4.32.2 (SPECIFIC FEATURES OF THE PISTONS).

• Coat the connecting rod small end and the hole of the
gudgeon pin inside the piston with MOLYKOTE® G-N.

+ Install the piston (3) on the connecting rod and push the
gudgeon pin (4) in, using a punch suitable for the job.

Respect the assembly direction indicated by the ref­
erence mark made upon disassembly.

If the piston has been replaced:

If a new piston is used, the "red" or "green" reference
point (5) on the plstoncrown mustfaceJnthe direc­
tion of the intake (6).

+ Take special care when matching the cylinder - piston:

-"Red" piston - cylinder "A";
- "green" plston-. cylinder "8"..

NOTE The cylinders size group "A"or·"B" is stamped
onto the lower side of the actual cylinder in the timing
chain compartment area.

Follow~
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Follow~

- Non-painted cylinder version:
Screws (11) driving torque: 29 Nm (2.9 kgm).

Use a new head gasket.

• Fit the head gasket (10) in place.
• Place the preassembled head in the cylinder and tight­

en it on with the four shouldered T.E. screws (11).

Use new bent-end gudgeon pin seeger rings (7) only.

• Insert the two pin locks (7).

NOTE.·Support the piston (3).
Makesure the two gudgeon pin seeger rings are inserted
perfectly in the groove of the piston and that the hook (8)
is inserted in the slot of the actual piston.

• Insert the two locating dowels (9) in the cylinder.

-Painted cylinder version:
Screws (11).·driving torque:·27Nm(2.7kgm).

• Apply a coat of LOCTITE®·574 on. the casing around
the gasket surface of the cylinder base. gasket in the
area of the line separating the two sections of the cas­
ing.

• Apply the cylinder base gasket onthe casing.
• Oil the piston and the respective piston rings.
• Turn the piston rings so that the meeting ends of the

three rings are staggered by approx.120°.
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NOTE Have the appropriate special tool. to hand:
- aprilia part# 8140186 (piston ring compression tool)

(12).

• Lower the ring compressor. (12) or piston ring pliers
over the piston to preload the piston rings.

• Place the chain tightener shoe (13). in the chain corn­
partment of the cylinder(14) and push the cylinder over
the piston so that the ring compressor is pushed down.

• Remove the ring compressor (12).
• Insert the timing chain (15) through the cylinders chain

compartment. .

NOTE The timing chain can be guided inside using an
O-ring or similar device to aid assembly.

• Place the cylinder(14)on the engine casing, pushing it
in all the way.

• Oilthe thread of the stud bolts (2) and the contact sur-
faces.

NOTE Screw on the M10 T.E. nuts (16) and M6
T.G.E.1. screws (17) evenly and gradually, working in a
crisscross pattern.

• Secure the cylinder together with the head with the four
M10T.E. nuts (16) and two M6T.C.E.l.screws (17).

Non-painted head version:

-fourM10hex-head nuts (16), driving torque 58Nm
(5.8 kgm);

- twoM6T.C.E.lascrews (17), driving torque 12 Nm
(1.2 kgm).

Painted head version:

- two M1o hex-head nuts (16), external, driving
torque 53 Nm (5.3 kgm);

- two M10 hex-head nuts (16), chain compartment
side, driving. torque 58 Nm (5.8 kgm);

- two M6 T.C.E.I ..screws (17), driving torque 12 Nm
(1.2 kgm).

M = MOLYKOTE® G-N.

V990engine
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5.18 ASSEMBLING THE FRONT HEAD
CAMSHAFTS

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

• Adjust the valve clearance, see 5.12 (ADJUSTING
VALVE CLEARANCE).

NOTE.Various versions of camshaftare used, depend­
ingon the vehicle model on which the engine isinstalled,
see 4.26.1 (SPECIFIC FEATURES OF THE CAM­
SHAFTS).

• Oil the housings of the exhaust camshaft (1) and intake
camshaft (2).

• Coat the .cams with MOLYKOTE® G-N and insert the
camshafts in the head.

NOTE Tighten the camshaft U bolt gradually, .starttnq
from the inside and working in acrisscross pattern.

... 1mB _ Fasten theU bolt of the camshaft (3)
with the seven washers (4).and seven M6x30 T.C.E.I.
screws (5).

• __ Fasten the mainUbolt of the camshaft (3)
with the four washers (4) and the eight T.C.E.l screws.
M6x30 (5).

Screws (5) driving torque: 11.Nm (1.t kgm).

• .. _ _Fit the camshaftsensor (6) and secure it
lnplacewlthtwo M5 Taptlte screws (7), fastening them
with a coat of LOCTIT~ 243.

Screws (7)driving torque: 4Nm (0.4 kgm).

• .. _ _ Insert the camshaft sensor cable in the
guide race (8) and fasten it with the cable clamp (9) and
M6X30 T.C.E.I. screw (10).

Screw (10) driving torque: 11Nm (1.1 kgm).

B= LOCTITE® 243.
M =MOLYKOTE® G-N.
Q= SILASTIC 732 RTV.

REASSEMBLING THE ENGINE
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5.19 ASSEMBLING THE FRONT HEAD TIMING
CONTROL UNIT (PART TWO)

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

NOTE The driving shaft must be retained at TDC of the
front cylinder, see 3.7 (DISASSEMBLING FRONT CYL­
INDER TIMING DRIVE ASSEMBLY).

• Turn the camshafts so that the cam lobes (1) point
away from each other.

• Fit the drive gear (2) in the exhaust camshaft (3) and
line up the holes.

NOTE The drive gear of the exhaust camshaft has a
transducer (4) for the camshaft sensor.

• Turn the timing gear (2) with the exhaust camshaft until
the "EX" reference mark (5) faces the centre of the in­
take camshaft.

• Place the timing chain (6) over the timing gear (2).

NOTE The timing chain must be taught on the traction
side (7).

• Secure the timing gear with the three M6 T.C.E.I.
screws (8), coating them with LOCTITE® 243.

Screws (8) driving torque: 11 Nm (1.1 kgm).

• Engage the second timing gear (9) in the timing chain
so that the "IN" reference mark (10) faces the "EX" ref­
erence mark (5) on the timing gear of the exhaust cam­
shaft.

• In this position, push the timing gear (9) onto the intake
camshaft and line up the holes of the timing gear with
those on the camshaft.

• Secure the timing gear (9) with the three M6 T.C.E.I.
screws (11), coating them with LOCTITE® 243.

Screws (11) driving torque: 11 Nm (1.1 kgm).

• Insert the chain guide shoe (12) as far as it will go.
• Fit the chain guide bracket (13) and secure it with the

two M6 spacer screws (14).

Screws (14) driving torque: 11 Nm (1.1 kgm).

• Oil the chain tightener (15) and fit it in the cylinder with
the closed end facing the chain tightener shoe (16).

• Screw on the M18x1 T.E. screw (17) complete with
seal.

Screws (17) driving torque: 20 Nm (2.0 kgm).

V990engine
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5.20 ASSEMBLING THE VALVE COVER

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

• __ .. Coat the cable (1) and rubber element
(2) of the camshaft sensor with SILASTIC 732 RTV.

• Grease the head cover gasket (3) and insert it in the
groove on the head cover (4).

• Place the head cover on the front head and on the rear
head, securing it with the five M6 spacer screws (5).

Screws (5) driving torque: 9Nm (0.9 kgm)•

• Secure the intake flange (6) with the .twoM8 T.C.E.I.
screws (7) and respective washers.

Screws (7) driving torque: 19 Nm(1.9 kgm) .

• Secure the support bracket (8) with the two M10
T.C.E.I. screws (9), fasten the two M10 nuts and apply
LOCTITE® 243.

Screws (9) driving torque: 40Nm (4.0 kgm).

B=LOCTITE@ 243.
Q= SILASTIC732RTV.

REASSEMBLING THE ENGINE
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5.21 ASSEMBLING THE IGNITION COVER

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

• Where necessary, insert the locating dowel (1).

NOTE.Use a new gasket (2).

• Apply the gasket (2).

NOTE Have the appropriate special tool rmD tohand:
- aprilia part# 0277252 (flywheel magneto cover remov­

al tool) (3).

• Screw the tool (3) onto the.lqnltlon cover.
• Fit the ignition cover on the casing and screw iton with

the twelveM6 T.C.E.I. screws (5).

Screws (5) driving torque: 11 Nm (1.1 kgm).

• Remove the tool (3) .and .. tightenthe plastic closing
screw (6) complete with O-ring.

• Screw on the four spark plugs inside the two heads us­
ing the special spanner.

Spark plugs driving torque: 18 Nm (1.8 kgm) {with
head cold andthread not lubricated).

• mI _ .If previously removed, install the camshaft
position sensor (7) complete with properly lubricated
sealing ring.

• Apply LOCTITE®243 and. tighten the fastening screw
(8).

Screw (8) drivingtorque:10Nm (1.0 kgm).

8 = LOCTITE® 243.
0= Motor oil.

V990engine
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Driving torque:

- M6 T.C.EJ.screws.(10)11 Nm{1.1 kgm);
- M8 T.C.E.I.•screw (11) (12)·19Nm (1.9 kgm).

NOTE Fit the seal (18) on the M6x25 T.C.E.I. screw
(17) (coolant drain pluq),

• Insert the shaped seal (14) in the coolant pump casing
(15) and fit it together with the clutch cover, securing it
with the four M6 T.C.E.I. screws (16) (17).
Coat the M6 x 55 screw in the centre of the cover with
LOCTITE~.C.E.I. 243.

- 3M6 x 55 screws (16);
- 1.M6x 25 screw (17) complete with seal (18).

Screws (16) (17) driving torque:t1 Nm{1.1kgm).

Follow~

5.22 ASSEMBLING THE CLUTCH HOUSING

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

• Remove the threaded bolt (1}for retaining the shaft at
TDC.

• Insert the two locating dowels (2).
• Fit the gasket (3) in place.

NOTE Use anew gasket.

• Coat the end of the drlvinq shaft (4). and end of the
countershaft(5) with MOLYKOTE@ G-N.

• Fit the clutch cover (6), complete with coolantpump, on
the casing.

NOTE Turn the impeller (8) to enable the toothing of
the pump gear (7) to mate with the toothing of the coolant
pump idler gear (9)~

NOTE Fit the seal (13) onthe M8x65 T:C.E.l.screw
(12).

• Screw the clutch cover (6) using:
- 11M6 x 35 screws (10);
- 3M8 x55 screws (11);
-1 Me x 65 screw (12) complete withseal{13}.
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• Fit the washer (19), support cup (20), diaphragm (21),
cup (22) and spring washer (23) on the clutch disen­
gaging shaft (24) and secure them with an M12 stop
nut (25) previously coated with LOCTITE® 648.

Nut (25) driving torque: 30 Nm (3.0 kgm).

In order to tighten the stop nut, the diaphragm (21)
must not be fixed in the clutch cover retainers (26).

NOTE Fit the support cup (20) and cup (22) on the
clutchdisenqaqlnq shaft with the rounded edge (27) •.. fac­
ingout.

NOTE Hold the diaphragm (21) still on the clutchdisen­
gaging shaft (24), using.a bent hexagon-head driver.

• Rotate the complete clutch disengaging shaft(24) and
fasten the diaphragm (21) in the clutch.cover retainers
(26).

• Insert the preassembled diaphragm disc (28) and se..
cure itwith the eight M5 .T.C.E.I. screws (29).

Screws (29) driving torque: 5 Nm (0.5 kgm).

B= LOCTITE® 243.

V990 engine'
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5.23 ASSEMBLING THE STARTER MOTOR

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).
• Grease the starter motor gear.
• Coat the starter motor flanged housing with MOLYKO­

TE® G-N.
• Centre the starter motor (1) in the casing, pushing it all

the way in and securing it with the two M6 T.C.E.I.
screws (2).

Screws (2) driving torque: 11 Nm(1.1 kgm).

M = MOLYKOTE® G-N.
N = Lubricating grease.

5.24 INSTALLING THE ENGINE OIL FILTER

Carefully read 0.5.1 (PRECAUTIONS AND GENERAL
INFORMATIONS).

Do notuse filters that have already been used.

• Spread an oil film on the sealing ring (3) of the new en­
gine oil filter.

• Fit the new engine oil filter (4).
• Put back the cover (5), screw and tighten the two

screws (6).

Screws (6) driving torque: 11 Nm(1.1 kgm).

5.25 REFITTING THE WHOLE ENGINE ON THE
FRAME

See 0.4.1 (VEHICLE WORKSHOP MANUALS) .

.5.26 ENGINE CHECKS SUBSEQUENT TO
REASSEMBLY

See 0.4.1 (VEHICLE WORKSHOP MANUALS).

5.27 TROUBLESHOOTING

NOTE For the engine troubleshooting, see 0.4.1 (VEHI~
CLE WORKSHOP MANUALS), since it is possible to run
the engine and therefore to find out any anomaly only
when the engine has been reinstalled on the vehicle.

REASSEMBLING THE ENGINE

Release 00/2001-06 ---------- ------- 11- 33 - 00



REASSEMBLING THE ENGINE
V990engine

NOTE

----------------------------~.:.t::::::::;},::",....-::::::..-----..:.----------

11- 34-00 ----~-----Release 00/2001-06



V990 engine

--------_II ANALYTICAL INDEX

Release 00/2001-06 ------------- ------- 11- 1 - 00



ANALYTICAL INDEX
V990engine
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ENGINE HALF-CASING, FLYWHEEL
SIDE

ENGINE NUMBER

ENGINE OIL

ENGINE OIL FILTER

ENGINE TOOLS

4.2.2

1.1.1

1.2.2

5.24

2.3.1

4-4

1-3

1-3

5-33

2-6

ENGINE

ENGINE CASING

ENGINE DISASSEMBLY SEQUENCE

ENGINE HALF-CASING

ENGINE HALF-CASING - MAIN BUSHES

ENGINE HALF-CASING, CLUTCH SIDE

3

3.15

4.2

5.4

3.2.1

4.7
4.4
4.2.1

3-2

3-24

4-3

5-5

3-6

4-13

4-7
4-4

LUBRICANT CHART

LUBRICANTS

2.2

3.1.5

2-5

3-3
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REAR CYLINDER TIMING

REAR HEAD

REAR HEAD CAMSHAFTS

REAR HEAD TIMING CONTROL UNIT

REASSEMBLING THE ENGINE

5.11

3.12

5.8

5.14

5.13

5.8

5.14

4

5-14

3-21

5-9

5-19

5-18

5-9

5-19

5-1

SCREW CLAMPS

SEALANTS

SERIAL NUMBERS

SPARE PARTS

SPARK PLUGS

SPECIAL MARKS ON THE ENGINE

SPECIAL TOOLS

STARTER MOTOR

STARTER MOTOR DRIVE ASSEMBLY

SUPPORT BUSHES

SYMBOLS

2.5.1

3.1.4

1.1

1.3

4.36

3.1.10

2.3

3.3

4.33

4.38

5.16

5.23

4.33

4.21

0.7

2-14

3-3

1-3

1-4

4-64

3-5

2-6

3-7

4-57

4-64

5-23

5-33

4-57

4-36

0-8
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