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NOTICE

This manual has been prepared by Yamaha primarily for use by Yamaha dealers and their trained
mechanics when performing maintenance procedures and repairs to Yamaha equipment. It has
been written to suit the needs of persons who have a basic understanding of the mechanical and
electrical concepts and procedures inherent in the work, for without such knowledge attempted
repairs or service to the equipment could render it unsafe or unfit for use.

Because Yamaha has a policy of continuously improving its products, models may differ in detail
from the descriptions and illustrations given in this publication. Use only the latest edition of this
manual. Authorized Yamaha dealers are notified periodically of modifications and significant
changes in specifications and procedures, and these are incorporated in successive editions of this
manual.

Microsoft and Windows are registered trademarks of Microsoft Corporation.

Important information
Particularly important information is distinguished in this manual by the following notations:

/N The Safety Alert Symbol means ATTENTION! BECOME ALERT! YOUR SAFETY IS
INVOLVED!

& WARNING

Failure to follow WARNING instructions could result in severe injury or death to the machine
operator, a bystander, or a person inspecting or repairing the outboard motor.

CAUTION:

A CAUTION indicates special precautions that must be taken to avoid damage to the out-
board motor.

NOTE:
A NOTE provides key information to make procedures easier or clearer.

F225A, FL225A
SERVICE MANUAL
©2001 by Yamaha Motor Co., Ltd.
1st Edition, June 2001
All rights reserved.

Any reprinting or unauthorized use
without the written permission of
Yamaha Motor Co., Ltd.
is expressly prohibited.
Printed in the Netherlands




Contents

General information

Specifications

Periodic checks and adjustments

£ 59|58

(@)
L
A

>
O
(e

Fuel system

=)

-
c
m
-

Power unit

POWR

Lower unit

i ie

LOWR

Bracket unit

g

BRKT

Electrical systems

ELEC

Troubleshooting

\,é

TRBL

SHTG

Index




GEN B
INFO| ¥
General information
How to use this manual...........cccccemiiinnicc . 1-1
Manual fOrMaL........coeeeeiiee e 1-1
SYMDOIS ... e 1-2
Safety While WOrKing........coceemirimminisssinniss s s 1-3
Fire PreVeNtiON. ..o 1-3
Ventilation .........ueiiiiiiiii 1-3
Self-protection ... ————— 1-3
Parts, lubricants, and sealants .........c.ooouviieiiiiii e 1-3
G0O0d WOIKING PracCliCeS ...ceeiuuieiieiiiie ettt 1-4
Disassembly and assembly ............cooooiiiii e 1-4
IdentifiCatioN.......ccc e —————— 1-5
Applicable MOAEIS .......cooi i ——— 1-5
L= g F= LN 010 4] o= PR 1-5
Features and benefits ..o 1-6
Newly developed V6 4-stroke engine ..........ccccceeeiiiiiiiiiieeee e 1-6
ValVe train SYSTEM ....coooi i 1-9
INtAKE SYSTEM ... 1-11
EXNAUSE SYSTEIM v 1-11
FUBI SYSTEM .. 1-13
PTT (Power trim and tilt) unit...........cccccooiiiiiiiiiiiiiieeeeeeeeeeeeeee e 1-17
JLIC=T e 1T = TR ] o L= 1-18
Fuel iNJeCtion CONTIOL.........oooi e 1-18
Fail-safe function table ..o 1-20
PTT (Power trim and tilt) unit...........cccccooiiiiiiiiieeeeeeeeeeeeeee e 1-21
COO0lING SYSIEM ... 1-26
Lubrication SYSEM.........oiiiiiii e 1-26
Propeller SeleCtion ...t —— 1-27
Propeller SIZE.......ooo e 1-27
SEIECHION ... 1-27

69J3D11



Predelivery Checks ........cocccmmiiiiiiiiiseeees e 1-28

Checking the fuel SYyStem ... 1-28
Checking the gear Oil...........ueeiiiiiiii e 1-28
Checking the engine Oil .........c.ooveiiiiiiii e 1-28
Checking the battery...........ooiiiiii e 1-28
Checking the outboard motor mounting height.............ccccciiiiiineen. 1-29
Checking the remote control cables ..........ccoouiiiiiiiiie i, 1-29
Checking the steering Wheel ..., 1-30
Checking the gearshift and throttle operation...........cccccoviiiiiiiiiiinnnnnee. 1-30
Checking the tilt SyStem.........ccooiiiii e 1-30
Checking the engine start switch and engine stop switch/

engine Shut-off SWItCh ..........ccueiiiiii e 1-30
Checking the cooling water pilot hole ..., 1-31
TEOSEFUN Lo 1-31
Break-in ... 1-31
AFIEI TEST FUN ... e 1-31

69J3D11



GEN -
INFO T General information

How to use this manual

Manual format
The format of this manual has been designed to make service procedures clear and easy to under-
stand. Use the information below as a guide for effective and quality service.

(D Parts are shown and detailed in an exploded diagram and are listed in the components list.

@ Tightening torque specifications are provided in the exploded diagrams and after a numbered
step with tightening instructions.

(® Symbols are used to indicate important aspects of a procedure, such as the grade of lubricant
and lubrication point.

® The components list consist of parts and part quantities, as well as bolt, screw, O-ring, and hose
dimensions.

(® Service points regarding removal, checking, and installation are shown in individual illustrations
to explain the relevant procedure.

NOTE:
For troubleshooting procedures, see Chapter 9, “Troubleshooting.”

POWR E Power unit 52 @3 Cylinder head
Cylinder head No. \‘ Part name Q'ty Remarks
1 | Cylinder head 1
2 | Oil pump 1
3 | Cylinder head cover 1
B 4 | Bolt 7 | M6x20mm
IS [23N-m 23 kgt -m, 17 - 15)] \ 5 | Cylinder head cover gasket 1
“ond (47 N-m (47 - m, 34 ) ; 6 | Bot 10 | M9 x95mm
7 | Spark plug 4
8 | Bolt 5 M6 x 25 mm
9 | Dowel pin 2
10 | Cylinder head gasket LN ot reusable |
11 | Grommet 4
12 | Anode 4
13 | Cover 4
14
15
16
v POWR a Power unit
18 Removing the timing belt and 3. Remove the tensioner @ and timing belt
sprockets ® from the driven sprocket side.
19 1. Set the cylinder #1 piston position to
TDC of the compression stroke by align-
20 ing the “1" mark @ on the driven sprocket
21 with the “A” mark ® on the cylinder
22 head.
23
24
25
26
27
28
Tig se2vs120
foaumoN::
Do not turn the drive sprocket counter-
clockwise, otherwise the valve system
may be damaged.
se2vs140
2. Remove the breather hose and loosen
seavszno the drive sprocket nut . 4. Loosen the driven sprocket bolt ® and
remove the driven sprocket .
5-25 62Y5A11 62Y5A1|

<
T

T
B

se2vs150)

NOTE: @00
S62v5130 Do not turn the camshaft when loosening the
driven sprocket bolt.

NOTE:
* Use a deep socket ) (M42) for this proce-

2
dure. }P Flywheel holder: 90890-06522
* Do not tun the camshaft when loosening
the drive sprocket nut.
5. Remove the nut (D, retaining plates ®,
drive sprocket @, and Woodruff key @.
32| Crankshaft holder 18 @: |

90890-06562

5-21 62Y5AT1
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How to use this manual

Symbols

The symbols below are designed to indicate the content of a chapter.

General information

GEN | =
INFO

Specifications

SPEC | U

Fuel system

FUEL

=y

Power unit

POWR

G

Periodic checks and adjustments Lower unit

CHK
ADJ

Q

LOWR

2

Symbols @ to ® indicate specific data.

Bracket unit

BRKT

g ¢

Electrical systems

ELEC|[T *

Troubleshooting

TRBL
SHTG °

@

N7

®

£

O)
AN
Hy

A

o

@ Special tool
@ Specified oil or fluid

(® Specified engine speed

® Specified tightening torque

® Specified measurement
® Specified electrical value

(resistance, voltage, electric current)

Symbols @ to @ in an exploded diagram indicate the grade of lubricant and the lubrication point.

|

Q!

®
-ainq

|

®
=05

-

@ Apply Yamaha 4-stroke motor oil

Apply water resistant grease (Yamaha grease A)

® Apply molybdenum disulfide grease

Apply corrosion resistant grease

(Yamaha grease D)

@ Apply low temperature resistant grease
(Yamaha grease C)

Symbols (@ to @ in an exploded diagram indicate the type of sealant or locking agent and the appli-

cation point.

® ®

o &

2 O

1

Q

271

® 1

Q

242

1 @

Q

572

|

Qa

@ Apply Gasket Maker®

® Apply LOCTITE® No. 242 (Blue)

@ Apply Yamabond No. 4
Apply LOCTITE® No. 271 (Red)

Apply LOCTITE® No. 572
@ Apply silicon sealant

69J3D11 1-2
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Safety while working

To prevent an accident or injury and to
ensure quality service, follow the safety pro-
cedures provided below.

Fire prevention

Gasoline is highly flammable.

Keep gasoline and all flammable products
away from heat, sparks, and open flames.

S69J1010

Ventilation

Gasoline vapor and exhaust gas are heavier
than air and extremely poisonous. If inhaled
in large quantities they may cause loss of
consciousness and death within a short time.
When test running an engine indoors (e.g., in
a water tank) be sure to do so where ade-
quate ventilation can be maintained.

$69J1020

Self-protection

Protect your eyes by wearing safety glasses
or safety goggles during all operations involv-
ing drilling and grinding, or when using an air
Compressor.

Protect your hands and feet by wearing pro-
tective gloves and safety shoes when neces-
sary.

1-3

S69J1030

Parts, lubricants, and sealants

Use only genuine Yamaha parts, lubricants,
and sealants or those recommended by
Yamaha, when servicing or repairing the
outboard motor.

S69J1040

Under normal conditions, the lubricants men-
tioned in this manual should not harm or be
hazardous to your skin. However, you should
follow these precautions to minimize any risk
when working with lubricants.

1. Maintain good standards of personal and
industrial hygiene.

2. Change and wash clothing as soon as
possible if soiled with lubricants.

3. Avoid contact with skin. Do not, for
example, place a soiled rag in your
pocket.

4. Wash hands and any other part of the
body thoroughly with soap and hot water
after contact with a lubricant or lubricant
soiled clothing has been made.

5. To protect your skin, apply a protective
cream to your hands before working on
the outboard motor.

69J3D11



Safety while working

6. Keep a supply of clean, lint-free cloths for
wiping up spills, etc.

Good working practices

Special tools

Use the recommended special tools to pro-
tect parts from damage. Use the right tool in
the right manner—do not improvise.

S69J1050

Tightening torques

Follow the tightening torque specifications
provided throughout the manual. When tight-
ening nuts, bolts, and screws, tighten the
large sizes first, and tighten fasteners starting
in the center and moving outward.
Non-reusable parts

Always use new gaskets, seals, O-rings, cot-
ter pins, circlips, etc., when installing or
assembling parts.

—_ o

S69J1060

69J3D11

Disassembly and assembly

1.

Use compressed air to remove dust and
dirt during disassembly.

Apply engine oil to the contact surfaces
of moving parts before assembly.

S69J1070

Install bearings with the manufacture
identification mark in the direction indi-
cated in the installation procedure. In
addition, be sure to lubricate the bearings
liberally.

Apply a thin coat of water-resistant
grease to the lip and periphery of an oil
seal before installation.

Check that moving parts operate nor-
mally after assembly.

1-4
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Identification

Applicable models
This manual covers the following models.

General information

Applicable models
F225AET, FL225AET

Serial number

The outboard motor serial number is
stamped on a label attached to the port
clamp bracket.

S69J1080

S69J1090

@ Model name

® Approved model code
® Transom height

@ Serial number

Model name | “PProved Starting
model code | serial No.
X: 000101-
F225AET 69J
U: 150101—
X: 000101-
FL225AET 69K
U: 100101—

1-5




Identification / Features and benefits

Features and benefits

Newly developed V6 4-stroke engine

The F225 is a newly developed 60-degree V6 4-stroke engine with a very compact and lightweight
design. Its size and weight are almost the same as the V6 2-stroke engines that are in current use.
This F225 offers numerous advantages of a 4-stroke engine. Compared to conventional 2-stroke
models, it emits much cleaner exhaust gases, offers a better fuel economy, and realizes lower noise
levels at idle and full throttle.

Through the newly developed “In-bank exhaust system,” which discharges exhaust gases from the
center of both banks, the engine block and the surrounding equipment have been made compact. In
addition, the six independent intake passages help to achieve a high level of driveability and power
output.

S69J1250

@ Electronic Fuel Injection

® In-bank exhaust system

® Pulse tuned long intake tracks

® Individual inside track fuel injectors

69J3D11 1-6
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Crankcase

The crankcase is made of cast aluminum, however steel has been cast into the areas for the crank-
shaft bearings. By distinguishing the area that requires strength from the area that allows the use of
a lighter material, both weight reduction and a stronger construction have been achieved.

The caps for the crankshaft bearings are secured with four bolts to ensure a high level of assembled
rigidity.

$69J1260

@ Casted aluminum (® Crankcase
® Steel @ Cylinder block
Crankshaft

The crankshaft has been forged to realize a high-strength and high-rigidity construction. In the 60-
degree V6 cylinder configuration, the crankshaft pins are staggered 60 degrees from each other.

§69J1270

@ Crankpin #1 ® Crankpin #4
® Crankpin #2 ® Crankpin #5
® Crankpin #3 ® Crankpin #6

1-7 69J3D11



Features and benefits

Piston

The piston has been carved out of a forged stock. To prevent the valves from coming in contact with
the piston, the piston is provided with a valve recess. If the engine goes out of timing and a valve
opens when the piston is at top-dead-center, this recess prevents the valve from coming in contact
with the piston, thus preventing engine damage.

@

@

©,

$69J1280

@ Valve spring ® Intake valve
® Valve seal ® Intake camshaft
® Piston @ Valve lifter
® Valve stem Valve recess

69J3D11 1-8
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Valve train system

The valve train consists of a total of four camshafts, with two in each bank.

The camshafts are driven with the combination of a belt and chains. The crankshaft turns the belt to
drive the exhaust camshafts in both banks. Chains connect the exhaust camshafts to the intake
camshafts in the cylinder heads to drive the intake camshafts.

In addition, the timing belt offers quieter operation, and the cam chains help to achieve a compact
configuration through the use of individual driven sprockets.

Timing belt

The timing belt, which is driven by the drive sprocket that is attached to the crankshaft, rotates the
driven sprockets that are attached to the exhaust camshafts of both banks. The drive sprocket for
the timing belt is secured to the crankshaft by four bolts, and it can be removed easily for servicing.
In addition, the material of the driven sprockets has been changed from the previous metal to plastic
for weight reduction.

S69J1290

@ Driven sprocket ® Timing belt
® Timing chain @ Exhaust camshaft
® Intake camshaft Hydraulic timing belt tensioner

@® Crankshaft
® Drive sprocket

1-9 69J3D11



Features and benefits

Tensioner

A timing chain tensioner is provided at the mid-span of the timing chain, between both camshafts.
The timing chain tensioner uses the force of a spring to maintain its tension. After the engine is
started, oil is pumped into the tensioner, and the resulting pressure causes the tension to increase.
A total of three tensioners are used, one for the timing belt, and one for each timing chain of both
banks, to maintain proper tension and to ensure the reliability of the valve train.

S69J1300

@ Intake camshaft

® Exhaust camshaft

® Timing chain

® Timing chain tensioner

® Hydraulic timing belt tensioner

69J3D11 1-10
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Intake system

Throttle valve

A total of six intake throttle valves are provided, one for each cylinder. Together with the intake
silencer that offers enhanced intake efficiency and the injectors that are provided at each throttle
body, the throttle valves help to improve the intake efficiency of the engine. As a result, this engine
produces a higher power output and realizes better driveability.

=

Q\\% %

N @
s
(

et

S$69J1310

@ Throttle valve

Exhaust system

In-bank exhaust system

The exhaust passage of the F225 is located in the V bank, a layout that is the opposite of conven-
tional V6 engines. By providing the exhaust passage in the V bank, the engine has been made con-
siderably more compact.

$69J1320

@ Exhaust gas

1-11 69J3D11



Features and benefits

Exhaust passage during idle

To reduce noise when the engine is idling, the exhaust gas passage of the F225 has adopted a lab-
yrinth construction. During idling, the exhaust gas passes through the passage on the side of the
exhaust guide, and enters the upper case through a hole in the upper case gasket. When it fills the
upper case, the exhaust gas enters another passage on the side of the exhaust guide through
another hole in the upper case gasket. Then, it is discharged through the idle port that is provided in
the upper case.

The exhaust manifold and muffler in the upper case are surrounded by the water jackets to reduce
exhaust noise. The water jackets also help prevent corrosion by preventing the exterior of the
exhaust manifold and muffler from coming in direct contact with the exhaust gas.

S69J1330

@ Idle port

® Oil pan

® Exhaust manifold
@ Muffler

Exhaust gas
Water

69J3D11 1-12
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Fuel system
The fuel flows in the following order: fuel filter, low-pressure fuel pump, vapor separator, high-pres-

sure fuel pump, and injectors. The excess fuel at the injectors passes through the pressure regula-

tor and fuel cooler, and returns to the vapor separator.
When the engine start switch is turned on, the injectors of all cylinders operate before the pump

relay is actuated to prevent the injectors from sticking.

\> S69J1340
@ Fuel filter ® Fuel injector
® Low-pressure fuel pump ® Pressure regulator
® Vapor separator @ Fuel cooler

® High-pressure fuel pump

1-13 69J3D11



Features and benefits

Low-pressure fuel pump

The F225 has adopted a newly developed, low-pressure electrical fuel pump, in place of the low-
pressure mechanical fuel pump used in the previous electronic fuel injection system. With the adop-
tion of the electric pump, the routing of the fuel system has been made more compact. To prevent
the over-pumping of fuel, this pump operates for 10 seconds, and stops for 20 seconds when the
engine is operating at low speeds.

The pump operates constantly if the engine speed is 1,200 r/min or higher, or for several seconds
(which vary by ambient temperature) after the engine is started. At other times, it operates for 10
seconds, and stops for 20 seconds to prevent over-pumping.

O, O,
@
G — I
@
S69J1350

@ Vapor separator ® Off
® Low-pressure fuel pump ® 10 seconds
® Fuel filter @ 20 seconds

®@ On

69J3D11 1-14



GEN -
INFO T General information

Electronic control system

The ECM of the F225 controls the ignition timing, the fuel injection timing, the fuel injection volume,
and the ISC and it maintains a stoichiometric air-fuel ratio in all operating conditions, including start-
ing and idling. Also, the ECM converts the signals from the input sensors and sends instructions to

each part.

\/

(' Pulser coil )

Throttle position
sensor

( Thermo switch )—>
Intake air temperature
sensor
Intake air pressure
sensor

( Stop switch ) >
Engine temperature
sensor

( Oil pressure sensor }——

( Shift cutoff switch }——
( Neutral switch »——»

ECM

(Electronic
control
module)

»>( Low-pressure fuel pump)

> (High-pressure

fuel pump)

»( Injectors )

»(ISC (Idle speed control) )

»(_Ignition coils )

o
> Overhea

t monitor )

- f . .
»(_Oil pressure monitor )

»
>

( Buzzer )

»( Tachometer )

=( Diagnostic system )

\

4

Personal

computer |

S69J1360
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Features and benefits

Ignition and fuel injection timing
Firing order  : #1, #2, #3, #4, #5, #6
Injection order : #1 and #4 — #2 and #5 — #3 and #6 (group injection)

Y¢: Ignition spark

Crankshaft angle * : Wasted spark
—_—
> 720° -
B -~
| |
| 180° !
-
l_ 120" ! | :
Cylinder ! : |
Cylinder #1 Compression  TDC | @siglellile)g) Exhaust Intake
Ignition 4_% *
Injection | ¢——p >
Cylinder #2 Intake Comptession  TDC |\ &lelnlelliilely) Exhaust
Ignition < ﬁ *
Injection - ——
Gyinder s [ [Gomprpssion Toc [ I
Ignition 4Ji
Injection > ——> —
Cylinder #4 Intake | Compression  TDC [[€elylel =iloly)
Ignition * 3%
Injection < > ——
Cylinder #5 Combustion | Exhaust Intake | Compression TDC -
Ignition *
Injection — < >
Cylinder #6 Combustion Exhaust Intake | Compression
Ignition
Injection —p —> —
$69J1370

69J3D11 1-16
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PTT (Power trim and tilt) unit

The PTT unit has been newly developed for the F225. Based on the field-proven 61A type, its PTT
fluid passage and internal valve construction have been changed for this application. Although the
valves of the 61A type have been distributed to the various areas of the gear pump housing, the
valves of the new PTT unit have been concentrated in the vicinity of the gear pump to improve their
serviceability. In addition, the material of the gear pump housing has been changed to enhance its
corrosion resistance.

S$69J1380

@ Gear pump ® Manual valve
® Main valve 61A type
® Relief valve F225 type

1-17 69J3D11



Features and benefits / Technical tips

Technical tips
Fuel injection control

The F225 injects fuel simultaneously to the following cylinder pairs: #1 and #4, #2 and #5, and #3
and #6. Optimal injection timing is provided in accordance with the operating conditions of the

engine.

Starting fuel injection volume and injection timing

The injectors are actuated in sync with the standard crankshaft position signals (BTDC 70°) for cyl-

inder pairs #1 and #4, #2 and #5, and #3 and #6, respectively.

#6 #1 #2 #3 #4 #5 #6 #1 #2
(Compression TDC)I I I I I I I I I
CYLINDER #1 Compression [ Combustion [ Exhaust [ Intake [ Compression [ Expansion
CYLINDER #2 Intake [ Compression [ Combustion [ Exhaust [ Intake [ Compression [
CYLINDER #3 [ Intake [ Compression [ Combustion [ Exhaust [ Intake [ Compression
CYLINDER #4 Exhaust [ Intake [ Compression [ Combustion [ Exhaust [ Intake
CYLINDER #5| Combustion | Exhaust [ Intake [ Compression [ Combustion [ Exhaust [
CYLINDER #6 [ Combustion [ Exhaust [ Intake [ Compression [ Combustion [ Exhaust
B70 B10 B70 B10 B70 B10
SIGNAL #1/4 | | | | | |
] B70 B10 | B70 B10 B70 B10
SIGNAL #2/5 \ | | | | | | |
B10 ! ! B70 B10 ! ! B70 B10
SIGNAL #3/6 | | ! i | ! ! i |
T |
| | | |
INJECTION #1/4 [ l I : | l | : [ |
INJECTION #2/5 | | l ' | | 1 : I 1
INJECTION #3/6 | | ‘ ] | | [ ]
T T T T |
| | | |
! ! l ! ! :
Starting injection start timing
(standard position BTDC 70°) $69J1390

Normal fuel injection volume and injection timing

To control the actuation timing of the injectors, the injection ending timing is established by using the
top-dead-center of the intake stroke as the standard, for cylinder pairs #1 and #4, #2 and #5, and #3

and #6, respectively.

#6 #1 #2 #3 #4 #5 #6 #1 #2
(Compression TDC) I I I I I I I I
CYLINDER #1 Compression [ Combustion [ Exhaust [ Intake [ Compression [ Expansion
CYLINDER #2 Intake [ Compression [ Combustion [ Exhaust [ Intake [ Compression
CYLINDER #3 [ Intake [ Compression [ Combustion [ Exhaust [ Intake [ Compression
CYLINDER #4 Exhaust [ Intake [ Compression [ Combustion [ Exhaust [ Intake
CYLINDER #5| Combustion | Exhaust [ Intake T [ Compression [ Combustion [ Exhaust [
CYLINDER #6 [ Combustion [ Exhaust | Intake Compression [ Combustion [ Exhaust
B70 B10 | B70 B10 B70 B10
SIGNAL #1/4 | | 1 | | | |
B70 B10 ¥ | B70 B10 B70 B10
SIGNAL #2/5 | | : | | | | |
B10 ! B70 B10 ! B70 B10
SIGNAL #3/6 | ! | I I | |
]
I I
INJECTION #1/4 [ ] I : : [ l |
INJECTION #2/5 | 1 : | | 1 1
INJECTION #3/6 I [ ! | [ | r
. - T " . I T
Synchronous injection completion timing \ !
! INJF i |
I I
I »!
1 '
#3/6 synchronous injection start/completion
timing setting range $69J1400

69J3D11
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Over-revolution control
If the engine speed exceeds 4,500 r/min, while the shift is in neutral, ignition is stopped. The various
stages of ignition cutoff are shown in the table below.

Ignition cutoff cylinder in neutral

Set speed (r/min) #1 #2 #3 #4 #5 #6
4,500 O O A O O VAN
4,750 O @) O O O O

A\ Indicates a misfire at either cylinder (once, due to simultaneously firing).
O Indicates a misfire at both cylinders (twice continuous).

If the engine speed exceeds 6,200 r/min, while the shift is in forward or reverse, the ignition is
stopped. The various stages of ignition cutoff are shown in the table below.

Ignition cutoff cylinder in forward or reverse

#2 #3

Set speed (r/min)
6,200
6,250
6,300
6,350
6,400
6,450

A A
O O

A\ Indicates a misfire at either cylinder (once, due to simultaneously firing).
O Indicates a misfire at both cylinders (twice continuous).

olo|o|o|o|I>| ¥

O|O|0|O|O|I> | X%

O|0|0]| >
O|0|0]| >

Dual-engine control

When two outboard engines are used, if one of the engines enters any one of the control modes, the
other engine will also control its ignition. This control is activated with the same engine speeds as
with other control modes.

Shift cutoff control

If the shift cut switch is activated with the engine operating under 2,000 r/min, the system causes
one or two cylinders to misfire in order to facilitate shifting. The system causes cylinders #1 and #2,
or #4 and #5 to misfire when the engine speed is over 850 r/min, and cylinder #1 or #4 to misfire
when the engine speed is under 850 r/min.

1-19 69J3D11



Technical tips

Fail-safe function table

FAIL-SAFE FUNCTION

Symptom = DIAGNOSIS
Ignition Injection ISC ngine CODE
condition
Engine starting: | oy o+ linders inject
Only the cylinders .
. simultaneously . .
Incorrect pulser outputting normal . Only in neutral: | Idle speed
o . 2 based on the cylin- . : 13
coil signal signal ignite at der that is outout- 900 r/min increases
BTDC10°, and all ting a normal Si nal
cylinders thereafter. 9 ghal.
. Engine temperature
Incorrect engine e . .
temperature sen- | Normal control sensor is fixed to Only in neutral: |Idle speed 15
. 40 °C to activate 900 r/min increases
sor signal
normal control.
Incorrect throttle e Correction is made .
osition sensor Ignition timing is o the basic iniec- Opening angle |ldle speed 18
P fixed to BTDC10°. |,. ) is fixed to 60%. | increases
signal tion map.
Intake air tempera-
Incorrect intake air ture sensor is fixed . .
o Only in neutral: | Idle speed
temperature sen- | Normal control to 40 °C in order to . . 23
. . 900 r/min increases
sor signal activate normal
control.
Incprrec_t neutral Normal control Normal control Normal control | Normal control 28
switch signal
Incorrect intake air Correction is made . .
C Only in neutral: |Idle speed
pressure sensor Normal control to the basic injec- . . 29
. . 900 r/min increases
signal tion map.
Incorrect oil pres- Normal control Normal control Onlyin qeutral: !dle speed 39
sure sensor signal 900 r/min increases
In neutral:
Inc.orrec_t shift cut Normal control Normal control 900 r/mm !dle speed 45
switch signal In gear: increases
850 r/min
Incprrec_t thermo- Normal control Normal control Only in ’.‘e”"""': !dle speed 46
switch signal 900 r/min increases
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PTT (Power trim and tilt) unit

In the newly designed PTT unit, the up-main valve, down-main valve, up-relief valve, and down-
relief valve have been concentrated in the gear pump housing in order to improve the serviceability
of the engine and ensure reliable operation.
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@ Tilt cylinder @ Tilt piston
® Trim cylinder @ Tilt piston absorber
® Manual valve @ Free piston
® Up-main valve Shock return valve
® Down-main valve @ Trim ram
® Up-relief valve Trim piston
@ Down-relief valve @ Power trim and tilt motor
Gear pump Up-shuttle piston
® Reservoir Down-shuttle piston
Tilt ram
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Technical tips

Trim-up and tilt-up function

When the PTT switch is pressed to “UP,” the power trim and tilt motor operates the gear pump and
fluid pressure is generated. As a result, the fluid pressure pushes the up-shuttle piston upward,
enters the trim cylinder and tilt cylinder lower chambers through the up-main valve, and then pushes
the tilt ram and trim ram upward.

In addition, the fluid pushes the down-shuttle piston downward, opens the down-main valve, and
returns the PTT fluid from the tilt cylinder upper chamber to the gear pump.

The fluid from the trim cylinder upper chamber then returns to the reservoir.

The tilt ram and the trim ram extend simultaneously, and after the trim ram has extended com-
pletely, the tilt ram operates to tilt up.
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@ Tilt ram Up-shuttle piston
@ Tilt cylinder ® Up-main valve
® Trim ram Down-shuttle piston
@® Trim cylinder @ Down-main valve
(® Power trim and tilt motor Return
® Reservoir Send

@ Gear pump
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Trim ram retraction function

When the outboard motor is tilted up and held in place with the tilt stop lever and the PTT switch is
pressed to “DN,” the trim ram will be retracted.

Although the gear pump attempts to draw oil from the tilt cylinder and trim cylinder lower chambers,
after the PTT switch has been pressed, fluid cannot be drawn from the tilt cylinder lower chamber
because the tilt ram is secured in place by the tilt stop lever. Only the PTT fluid from the trim cylinder
lower chamber can be drawn, and as the fluid pressure decreases, the trim ram retracts into the trim
cylinder. Since the tilt ram is secured in place, the PTT fluid pumped by the gear pump flows into the
tilt cylinder upper chamber to increase fluid pressure. As a result, the down-relief valve opens, and
the PTT fluid is released into the reservoir.
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@ Tilt ram ® Reservoir
® Tilt cylinder @ Down-relief valve
® Trim ram Return
@ Trim cylinder Send

® Gear pump
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Technical tips

Trim-down and tilt-down function

When the PTT switch is pressed to “DN,” the power trim and tilt motor operates the gear pump and
fluid pressure is generated. As a result, the fluid pressure pushes the down-shuttle piston upward,
enters the tilt cylinder upper chamber through the down-main valve, and then pushes the tilt ram
downward.

In addition, the fluid pushes the up-shuttle piston downward to open the up-main valve.

The gear pump draws the PTT fluid from the tilt cylinder and trim cylinder lower chambers, and then
retracts the tilt ram and the trim ram.

Since the fluid pressure from the gear pump is applied to the tilt cylinder upper chamber, the tilt ram
moves downward first.

The hydraulic oil flows into the trim cylinder upper chamber from the reservoir.

When the outboard motor comes in contact with the trim ram, the trim ram moves downward simul-
taneously with the tilt ram, due to its own weight and the suction of the PTT fluid by the trim cylinder
lower chamber.
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@ Tilt ram Up-shuttle piston
@ Tilt cylinder ® Up-main valve
® Trim ram Down-shuttle piston

@® Trim cylinder

® Power trim and tilt motor
® Reservoir

@ Gear pump
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@ Down-main valve
Return
Send
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Stationary condition

When the PTT switch is not pressed, the gear pump will not pump the fluid, the up-main valve and
the down-main valve will remain closed, and the PTT unit in the system remains constant. This will
allow the tilt ram and the trim ram to maintain their positions until the PTT fluid flows through the
system again.

When the outboard hits something in the water

If the lower casing comes in contact with an obstacle while the boat is in operation, a sudden exten-
sion force becomes applied to the tilt ram. This force causes the fluid pressure in the tilt cylinder
upper chamber to increase, and the tilt piston absorber to open and release the fluid pressure into
the space between the tilt piston and the free piston. As a result, the dampening effect of the tilt pis-
ton absorber and the oil lock mechanism prevent the PTT unit from damage, before the tilt piston
comes in contact with the top of the tilt cylinder.

After the collision, a force to return the outboard motor to its original position is generated due to the
weight of the outboard and the thrust of the propeller.

The PTT fluid passes through the shock return valve of the tilt piston, via the free piston, and into
the tilt cylinder upper chamber.

When the tilt piston comes in contact with the free piston, the tilt piston stops.

@/ - oy ©
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S69J1450
@ Tilt ram ® Tilt piston
® Tilt cylinder (® Shock return valve
® Tilt piston absorber ® Free piston
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Technical tips

Cooling system
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@ Cooling water inlet ® In-bank exhaust system
® Water pump @ Thermostat
® Oil pan Propeller boss
@ Exhaust pipe Water
® PCV (Pressure control valve)
Lubrication system
,— - — - Crankcase - — - — - Cylinder head — - — - — - — ~&—— Pressure feed
i i | i <+— Splash
<— Ret
i i iIIntake and exhaust valvesl I Camshaft I i eum
)
| n ! |
| 1 |
— 1 i —
| Crankshaft pin I i I Camshaft journal I I
| ] |! ‘ |
1 1 | 1
| | Crankshaft journal I | \ |
1 1 1
. S L G R
° I Main gallery H Oil pressure sensor I °
3 « Low oil pressure warning 3
E €
% I Qil filter I « Filtration of foreign objects %
o v
« Qil pressure
4|regma"°n Oil pump with relief valve | * Suction/pressure feeding
A
- " * Prevention of air suction
I oil st‘ralner I « Filtration of large foreign objects
Oil pan
* Oil sump
* Oil cooling S69J1470
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Propeller selection

The performance of a boat and outboard
motor will be critically affected by the size
and type of propeller you choose. Propellers
greatly affect boat speed, acceleration,
engine life, fuel economy, and even boating
and steering capabilities. An incorrect choice
could adversely affect performance and
could also seriously damage the engine.

Use the following information as a guide for
selecting a propeller that meets the operating
conditions of the boat and the outboard
motor.

Propeller size

The size of the propeller is indicated on the
propeller blade or outside of the propeller
boss.

S$69J1100

S69J1110

OO0 x
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@ Propeller diameter (in inches)
® Propeller pitch (in inches)
© Propeller type (propeller mark)

Selection

When the engine speed is at the full throttle
operating range (5,000-6,000 r/min), the
ideal propeller for the boat is one that pro-
vides maximum performance in relation to
boat speed and fuel consumption.

Regular rotation model

Propeller size (in) Material

133/4x17-M

133/4x19-M

133/4x21-M

141/2%x15-M

141/2%x19-T

141/2x21-T

Stainless
147/8x21-M

147/8 x23-M

15x17-T

151/4x15-M

151/4x17-M

151/4x19-M

Counter rotation model

Propeller size (in) Material

13 3/4 x 17 - ML

133/4x19 - ML

13 3/4 x21 - ML

141/2 x 15 - ML

141/2x19-TL

141/2x21-TL ]
Stainless

147/8 x 21 - ML

14 7/8 x 23 - ML

15x 17 -TL

151/4 x 15 - ML

151/4 x 17 - ML

151/4 x 19 - ML
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Propeller selection / Predelivery checks

Predelivery checks

To make the delivery process smooth and
efficient, the predelivery checks should be
completed as explained below.

Checking the fuel system

1. Check that the fuel hoses are securely
connected and that the fuel tank is full
with fuel.

S69J1130

CAUTION:

This is a 4-stroke engine. Never use pre-
mixed fuel.

Checking the gear oil
1. Check the gear oil level.

DC:
- N —

S69J1140

69J3D11

Checking the engine oil
1. Check the oil level.

= S69J1150

NOTE:

* If the engine oil is above the maximum level
mark (H), drain sufficient oil until the level is
between (H) and (L).

e If the engine oil is below the minimum level
mark (L), add sufficient oil until the level is
between (H) and (L).

.ﬂ Recommended engine oil:
4-stroke motor oil

API: SE, SF, SG, or SH
SAE: 10W-30 or 10W-40
Oil capacity:
Without oil filter replacement:
5.8L (6.1 US qt, 5.1 Imp qt)

Checking the battery
1. Check the capacity, electrolyte level, and
specified gravity of the battery.

& Battery capacity: 12 V=100 Ah

2. Check that the red and black battery
cables are securely connected.
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Checking the outboard motor

mounting height

1. Check that the anti-cavitation plate is
aligned with the bottom of the boat. If the
mounting height is too high, cavitation
will occur and propulsion will be reduced.
Also, the engine speed will increase
abnormally and cause the engine to
overheat. If the mounting height is too
low, water resistance will increase and
reduce engine efficiency.

LT

N |

T

S69J1160

NOTE:
The optimum mounting height is affected by
the combination of the boat and the outboard
motor. To determine the optimum mounting
height, test run the outboard motor at differ-
ent heights.

2. Check that the clamp brackets are
secured with the clamp bolts.

Checking the remote control cables

1. Set the remote control lever to the neu-
tral position and fully close the throttle
lever.

2. Check that the throttle cam (@ is in its
fully close position and the alignment
mark @ is between the alignment mark

®.
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3. Check that the set pin © is in the center
of the shift bracket and aligned with the
alignment mark @ on the bracket.

_— $69J1180

S$69J1190

CAUTION:

The shift/throttle cable joint must be
screwed in a minimum of 8.0 mm (0.31 in)

©.
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Predelivery checks

Checking the steering wheel

1.

2. Check that the

Check the steering friction for proper
adjustment.

steering

operates
smoothly.

$69J1200

3. Check that there is no interference with

wires or hoses when the outboard motor
is steered.

Checking the gearshift and throttle
operation

1.

Check that the gearshift operates
smoothly when the remote control lever
is shifted from neutral into forward or
reverse.

Check that the throttle operates smoothly
when the remote control lever is shifted
from the fully closed position to the fully
open position @.

n
§y)

e

S69J1210

69J3D11

Checking the tilt system

1.

Check that the outboard motor tilts up
and down smoothly when operating the
power trim and tilt unit.

Check that there is no abnormal noise
produced when the outboard motor is
tilted up or down.

Check that there is no interference with
wires and hoses when the tilted-up out-
board motor is steered.

Check that the trim meter points down
when the outboard motor is tilted all the
way down.

Checking the engine start switch and
engine stop switch/engine shut-off
switch

1.

Check that the engine starts when the
engine start switch is turned to START.

Check that the engine turns off when the
engine start switch is turned to OFF.

Check that the engine turns off when the
engine stop switch is pushed or the
engine shut-off cord is pulled from the
engine shut-off switch.

-

)

N

S$69J1220
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Checking the cooling water pilot
hole

1.

Check that cooling water is discharged
from the cooling water pilot hole.

$69J1230

Test run

1.

Start the engine, and then check that the
gearshift operates smoothly.

2. Check the engine idle speed after the
engine has been warmed up.

3. Operate at trolling speed.

4. Run the outboard motor for one hour at
2,000 r/min or at half throttle, then for
another hour at 3,000 r/min or at 3/4
throttle.

5. Check that the outboard motor does not
tilt up when shifting into reverse and that
water does not flow in over the transom.

NOTE:

The test run is part of the break-in operation.

Break-in
During the test run, perform the break-in
operation in the following three stages.

1.

One hour @ at 2,000 r/min or at approxi-
mately half throttle.

One hour ® at 3,000 r/min or 3/4 throttle
and one minute out of every ten at full
throttle.

Eight hours © at any speed, however,
avoid running at full speed for more than
five minutes.

1-31
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Hour

After test run

1.

2.

3.

Check for water in the gear oil.
Check for fuel leakage in the cowling.

After a test run and while the engine is at
idle, flush the cooling water passage with
fresh water using the flushing kit.
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Specifications

General specifications

at 6,000 r/min

Item Unit Model
F225AET | FL225AET
Dimension
Overall length mm (in) 892 (35.1)
Overall width mm (in) 634 (25.0)
Overall height
(X) mm (in) 1,805 (71.1)
()] mm (in) 1,932 (76.1)
Boat transom height
(X) mm (in) 635 (25.0)
(V) mm (in) 762 (30.0)
Weight
(with stainless propeller)
(X) kg (Ib) 272 (600)
(V) kg (Ib) 278 (613)
Performance
Maximum output kW (hp) 165.5 (225.0)
at 5,500 r/min
Full throttle operating range r/min 5,000-6,000
Maximum fuel consumption L (US gal, 70.0 (18.5, 15.4)
Imp gal)/hr

Power unit
Type
Cylinder quantity
Displacement
Bore x stroke
Compression ratio
Control system
Starting system
Ignition control system
Ignition timing
Alternator output
Spark plugs
Cooling system
Exhaust system
Lubrication system

cm? (cu. in)
mm (in)

Degree
V, A

V6, 4-stroke, DOHC, 24 valves
6
3,352 (204.5)
94.0 x 80.5 (8.70 x 3.17)
9.9
Remote control
Electric
Microcomputer (TCI)
TDC-BTDC 24
12,45
LFR5A-11 (NGK)
Water
Through propeller boss
Wet sump

2-1
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General specifications

Gear oil type
Gear oil grade

Gear oil quantity

ltem Unit Model
F225AET | FL225AET
Fuel and oil
Fuel type Regular unleaded gasoline
Fuel rating PON* 86
RON 91
Engine oil type 4-stroke motor oil
Engine oil grade API SE, SF, SG, or SH
SAE 10W-30 or 10W-40
Engine oil quantity
(with oil filter replacement) L 6.0 (6.3, 5.3)
(US qgt, Imp qt)
(without oil filter replacement) L 5.8 (6.1, 5.1)

(US qt, Imp qt)

API
SAE
L
(US qt, Imp qt)

Hypoid gear oil
GL-4
90

1.15 (1.22, 1.01) 1.00 (1.06, 0.88)

Bracket
Trim angle Degree -3-16
(at 12 degree boat transom)
Tilt-up angle Degree 70
Steering angle Degree 32 +32
Drive unit
Gearshift positions F-N-R
Gear ratio 2.00 (30/15)
Reduction gear type Spiral bevel gear
Clutch type Dog clutch
Propeller shaft type Spline
Propeller direction Clockwise Counterclockwise
(rear view)
Propeller identification mark T, M TL, ML
Electrical
Battery capacity V—-Ah 12—-100

* PON: Pump Octane Number (Research Octane Number + Motor Octane Number)/2

RON: Research Octane Number
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Maintenance specifications

Specifications

Power unit
Item Unit Model
F225AET | FL225AET
Power unit
Minimum compression kPa 880 (8.8, 125)
pressure* (kgf/cm?, psi)
Lubrication oil pressure kPa (kgf/cm?, 650 (6.5, 924)
psi) at
700 r/min
Cylinder heads
Warpage limit mm (in) 0.1 (0.004)
(lines indicate straightedge
position)
Camshaft cap inside diameter mm (in) 25.00-25.02 (0.9843-0.9850)
Cylinders
Bore size mm (in) 94.00-94.02 (3.7008-3.7016)
Taper limit mm (in) 0.05 (0.0020)
Out-of-round limit mm (in) 0.01 (0.0004)
Pistons H
Piston diameter (D) ¢ Jf mm (in) 93.921-93.941 (3.6977-3.6985)
Measuring point (H) zﬁ' mm (in) 5(0.2)
Piston-to-cylinder clearance mm (in) 0.075-0.080 (0.0029-0.0031)
Piston pin boss bore mm (in) 21.02-21.03 (0.8276-0.8280)
Piston pins
Outside diameter mm (in) 21.00 (0.827)
Piston rings
Top ring
Dimension B _[B mm (in) 1.17-1.19 (0.0461-0.0468)
Dimension T T mm (in) 2.8-3.0(0.110-0.118)
End gap mm (in) 0.15-0.30 (0.0059-0.0118)
Side clearance mm (in) 0.04-0.08 (0.0016-0.0031)
2nd ring
Dimension B \ B mm (in) 1.17-1.19 (0.0461-0.0468)
Dimension T T mm (in) 3.6-3.8 (0.142—-0.150)
End gap mm (in) 0.30-0.45 (0.0118-0.0177)
Side clearance mm (in) 0.03-0.07 (0.0012-0.0027)

* Measuring conditions:
Ambient temperature 20 °C (68 °F), wide open throttle, with plugs disconnected from all cylinders.
The figures are for reference only.
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Maintenance specifications

ltem Unit Model
F225AET | FL225AET
Oil ring L
_ >
Dimension B h B mm (in) 2.40-2.47 (0.0945-0.0972)
Dimension T — mm (in) 2.3-2.7 (0.091-0.106)
End gap mm (in) 0.15-0.60 (0.0059—-0.0236)
Side clearance mm (in) 0.04-0.13 (0.0016-0.0051)
Camshafts )
Intake (A) mm (in) 45.30-45.40 (1.7835-1.7874)
Exhaust (A) 0 mm (in) 45.35-45.45 (1.7854—1.7894)
Intake and 3 mm (in) 35.95-36.05 (1.4154—-1.4193)
exhaust (B) B
Camshaft journal diameter mm (in) 24.96-24.98 (0.9827-0.9834)
Camshaft journal oil clearance mm (in) 0.02—0.06 (0.0008-0.0023)
Camshaft runout limit mm (in) 0.1 (0.004)
Valves
Valve clearance (cold)
Intake mm (in) 0.20 £ 0.03 (0.008 £+ 0.001)
Exhaust mm (in) 0.34 £ 0.03 (0.013 £ 0.001)
Head diameter (A)
Intake mm (in) 34.85-35.15 (1.3720-1.3839)
Exhaust mm (in) 29.85-30.15 (1.1752-1.1870)
—A—
Face width (B)
Intake gB mm (in) 2.11(0.0831)
Exhaust AN mm (in) 2.43 (0.0957)
Seat contact width (C)
Intake ép mm (in) 1.1-1.4 (0.043-0.055)
Exhaust | mm (in) 1.4-1.7 (0.055-0.067)
Margin thickness (D)
Intake ; mm (in) 0.7 (0.028)
Exhaust —to[  mm (in) 1.0 (0.039)
Stem diameter
Intake mm (in) 5.477-5.492 (0.2156-0.2162)
Exhaust mm (in) 5.464-5.479 (0.2151-0.2157)
Guide inside diameter
Intake and exhaust mm (in) 5.51-5.52 (0.2169-0.2173)
Stem-to-guide clearance
Intake mm (in) 0.01-0.02 (0.0004—0.0008)
Exhaust mm (in) 0.01-0.02 (0.0004—-0.0008)
Stem runout limit mm (in) 0.01 (0.0004)
Valve springs
Free length mm (in) 44.20 (1.740)
Minimum free length mm (in) 42.60 (1.677)
Tilt limit mm (in) 1.5 (0.06)
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Specifications

ltem Unit Model
F225AET | FL225AET
Valve lifters
Valve lifter outside diameter mm (in) 32.98-33.00 (1.2984-1.2992)
Valve lifter-to-cylinder head mm (in) 0.02—-0.05 (0.0008-0.0020)
clearance
Valve shims
Valve shim thickness mm (in) 2.320-2.960 (0.0913-0.1165)
(in 0.020 mm increments)
Connecting rods
Small-end inside diameter mm (in) 21.00 (0.827)
Big-end inside diameter mm (in) 53.00 (2.087)
Crankpin oil clearance mm (in) 0.035-0.071 (0.0014—-0.0028)
Big-end bearing thickness
Yellow mm (in) 1.492—-1.496 (0.0587-0.0588)
Green mm (in) 1.496-1.500 (0.0588-0.0591)
Blue mm (in) 1.500-1.504 (0.0591-0.0592)
Crankshaft
Crankshaft journal diameter mm (in) 62.968—-62.992 (2.4791-2.4800)
Crankpin diameter mm (in) 49.976-50.000 (1.9676—1.9685)
Crankpin width mm (in) 21.50-21.55 (0.8465-0.8484)
Runout limit mm (in) 0.03 (0.0012)
Crankcase
Crankshaft main journal oil mm (in) 0.025-0.050 (0.0010-0.0020)
clearance
Upper crankcase main journal
bearing thickness
1 mm (in) 2.494-2.500 (0.0981-0.0984)
2 mm (in) 2.498-2.504 (0.0983-0.0986)
3 mm (in) 2.502—-2.508 (0.0985-0.0987)
Lower crankcase main journal
bearing thickness
1 mm (in) 2.494-2.500 (0.0981-0.0984)
2 mm (in) 2.498-2.504 (0.0983-0.0986)
3 mm (in) 2.502—-2.508 (0.0985-0.0987)
#3 main journal bearing
thickness (lower)
1 mm (in) 2.492-2.500 (0.0980-0.0984)
2 mm (in) 2.496-2.504 (0.0982-0.0986)
3 mm (in) 2.500—2.508 (0.0984-0.0987)
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Maintenance specifications

Item Unit Model
F225AET | FL225AET
Oil pump
Discharge L (US gal, 8.8 (2.32, 1.94)
at 97-103 °C (207-217 °F) Imp gal)/min
with 10W-40 engine oil at 700 r/min
Pressure kPa 138 (1.38, 19.62)
(kgf/lcmz, psi)
Relief valve opening pressure kPa 529-647 (5.29-6.47, 75.22-92.00)
(kgf/cmz, psi)
Thermostats
Opening temperature °C (°F) 60 (140)
Fully open temperature °C (°F) 70 (158)
Valve open lower limit mm (in) 4.3 (0.17)
Engine speed
Engine idle speed r/min 650-750
Lower unit
ltem Unit Model
F225AET FL225AET
Gear backlash
Pinion-to-forward gear mm (in) 0.21-0.44 0.35-0.70
(0.008-0.017) (0.014-0.028)
Pinion-to-reverse gear mm (in) 0.70-1.03 0.70-1.03
(0.028-0.041) (0.028-0.041)
Pinion shims mm 0.10, 0.12, 0.15, 0.18, 0.30, 0.40, 0.50
Forward gear shims mm 0.10, 0.12, 0.15, 0.18, 0.30, 0.40, 0.50
Reverse gear shims mm 0.10, 0.12, 0.15, 0.18, 0.30, 0.40, 0.50
Propeller shaft shims mm — 0.10,0.12,0.15,0.18,
0.30, 0.40, 0.50
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SPEC| U™ Specifications
Electrical
Item Unit Model
F225AET FL225AET
Ignition and ignition control
system
Ignition timing
(engine idle speed) Degree TDC
Pulser coil output peak voltage
(W/R - B, W/B — B, W/G — B)
at cranking (unloaded) \ 5.3
at cranking (loaded) \Y 53
at 1,500 r/min (loaded) \ 20
at 3,500 r/min (loaded) \Y 43
Pulser coil resistance(™ Q 459-561
(W/R-B, W/B - B, W/G —B)
ECM output peak voltage
(B/O - B, B/Y — B, B/W —-B)
at cranking (loaded) \ 252
at 1,500 r/min (loaded) \ 260
at 3,500 r/min (loaded) \Y 260
Spark plug gap mm (in) 11 (0.43)
Ignition coil resistance
Primary coil Q 1.5-1.9
(R/Y —B/O, R/Y —B/Y,
R/Y — B/W)
Secondary coll kQ 19.6-35.4
(spark plug wire —
spark plug wire)
Throttle position sensor output mV 695-705
voltage (P-B)
Oil pressure sensor output \Y 3.8
voltage (engine idle speed)
(O-B)
Intake air temperature sensor
resistance
at 0 °C (32 °F) kQ 5.4-6.6
at 80 °C (176 °F) kQ 0.29-0.39
Engine temperature sensor
resistance (B/Y —B)
at 20 °C (68 °F) kQ 54.2-69.0
at 100 °C (212 °F) kQ 3.12-3.48

() The figures are for reference only.
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Maintenance specifications

ltem Unit Model
F225AET | FL225AET
Starter motor
Type Sliding gear
Output kW 1.4
Cranking time limit Second 30
Brushes
Standard length mm (in) 15.5 (0.61)
Wear limit mm (in) 9.5 (0.37)
Commutator
Standard diameter mm (in) 29.0 (1.14)
Wear limit mm (in) 28.0 (1.10)
Mica
Standard undercut mm (in) 0.5-0.8 (0.02-0.03)
Wear limit mm (in) 0.2 (0.01)
Charging system
Fuse A 5, 20, 30
Stator coil output peak voltage
(G-G)
at cranking (unloaded) \ 10
at 1,500 r/min (unloaded) \Y 42
at 3,500 r/min (unloaded) \Y 93
(G/W - G/W)
at cranking (unloaded) \Y 9.0
at 1,500 r/min (unloaded) \Y 34
at 3,500 r/min (unloaded) \Y 78
Stator coil resistance(™"
(G-G) Q 0.24-0.41
(G/W - G/W) Q 0.21-0.30
Rectifier Regulator output
peak voltage (R - B, R/Y —B)
at 1,500 r/min (unloaded) \" 13
at 3,500 r/min (unloaded) \ 13
Power trim and tilt system
Trim sensor
Setting resistance Q 9-11
Resistance (P-B) Q 9-387.6
Fluid type ATF Dexron II
Brushes
Standard length mm (in) 12.0 (0.47)
Wear limit mm (in) 4.0 (0.16)
Commutator
Standard diameter mm (in) 25.0 (0.98)

(") The figures are for reference only.
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Dimensions
Exterior

H9

H1

H11

H2

H7

H4

H3

H8

H10

$69J2130

69J3D11



Maintenance specifications

. Model
Symbol Unit F225AET [ FL225AET
L1 mm (in) 651 (25.6)
L2 mm (in) 219 (8.6)
L3 mm (in) —
L4 mm (in) 673 (26.5)
L5 (X) mm (in) 59 (2.3)
(V) mm (in) 59 (2.3)
L6 (X) mm (in) 1,155 (45.5)
(V) mm (in) 1,272 (50.1)
L7 mm (in) 618 (24.3)
L8 mm (in) 230 (9.1)
L9 (X) mm (in) 52 (2.0)
(V) mm (in) 59 (2.3)
L10 mm (in) 75 (3.0)
HA1 (X) mm (in) 1,078 (42.4)
(V) mm (in) 1,205 (47.4)
H2 mm (in) 727 (28.6)
H3 mm (in) 216 (8.5)
H4 (X) mm (in) 643 (25.3)
(9)) mm (in) 770 (30.3)
H5 mm (in) —
H6 (X) mm (in) 847 (33.3)
(V) mm (in) 924 (36.4)
H7 mm (in) 361 (14.2)
H8 mm (in) 39 (1.5)
H9 mm (in) 880 (34.6)
H10 mm (in) 45 (1.8)
H11 (X) mm (in) 25 (1.0)
(V) mm (in) 25 (1.0)
Wi1 mm (in) 317 (12.5)
w2 mm (in) —
W3 mm (in) —
w4 mm (in) —
W5 mm (in) 453 (17.8)
W6 mm (in) —
A1 Degree 32
A2 Degree 70
A3 Degree 3
T1 mm (in) 724 (28.5)

69J3D11 2.10
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Specifications

Clamp bracket

B5
B3
ml
/
-,
L |B4
SI—.1B9
& __|B9
4 jsg
B2
N D1
B6 /
D ’\//
o |l D2
D NA
L
D1
B1 S69J2140
, Model
Symbal unit F225AET |  FLO2GAET
B1 mm (in) 125 (4.9)
B2 mm (in) 254 (10.0)
B3 mm (in) 163 (6.4)
B4 mm (in) 51 (2.0)
B5 mm (in) 180 (7.1)
B6 mm (in) 411 (16.2)
B7 mm (in) —
B8 mm (in) —
B9 mm (in) 19 (0.7)
C2 mm (in) —
C3 mm (in) 79 (3.1)
D1 mm (in) 13 (0.5)
D2 mm (in) 56 (2.2)
2-11 69J3D11




Maintenance specifications / Tightening torques

Tightening torques
Specified torques

: . Tightening torques
Part to be tightened Thread size N ‘ kgf-m ‘ b
Fuel system
Fuel filter holder bolt M6 8 0.8 5.8
Fuel filter bracket bolt M6 8 0.8 5.8
Intake air temperature sensor — 4 0.4 2.9
Low-pressure fuel pump bracket bolt M5 5 0.5 3.6
Fuel cooler nut — 5 0.5 3.6
Float chamber bracket bolt M8 7 0.7 51
High-pressure fuel pump relay nut — 3 0.3 2.1
Vapor separator cover screw M4 2 0.2 1.4
Link rod nut — 4 0.4 2.9
Magnet control lever joint — 4 0.4 2.9
Throttle cam bolt — 8 0.8 5.8
Power unit
PTT motor lead bolt M6 4 0.4 2.9
Upper case cover bolt M6 8 0.8 5.8
Apron bolt M6 8 0.8 5.8
Power unit bolt M9 e M10 42 4.2 30
Flywheel magnet nut — 240 24 174
PTT relay nut — 4 0.4 2.9
Starter relay lead bolt M6 4 0.4 2.9
Battery cable nut — 9 0.9 6.5
Starter motor bolt M8 29 2.9 21
- 1st 6 0.6 4.3
Rectifier Regulator ond M6 12 1o 87
Link rod nut — 4 0.4 29
Oil pressure sensor — 18 1.8 13
Qil filter union bolt — 34 3.4 25
QOil filter — 18 1.8 13
Driven sprocket bolt M10 60 6.0 43
Timing belt tensioner bolt — 39 3.9 28
Drive sprocket bolt M5 7 0.7 5.1
Cylinder head cover plate screw M4 2 0.2 1.4
: 1st 8 0.8 5.8
Cylinder head cover bolt ond M6 8 08 =
1st 8 0.8 5.8
Camshaft cap bolt ond M7 = 1= 12
1st 6 0.6 4.3
Exhaust cover bolt ond M6 12 1o 87
1st 14 1.4 10
Exhaust outer cover bolt ond M8 8 58 20
Exhaust outer cover plug M18 55 5.5 40

69J3D11 2-12
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Specifications

Part to be tightened

Thread size

Tightening torques

N-m kgf-m ft-lb

Timing chain tensioner bolt M6 12 1.2 8.7
Spark plug — 25 2.5 18

1st 19 1.9 14

2nd M10 37 3.7 27
Cylinder head bolt 3rd 90°

1st 14 1.4 10

2nd M8 28 2.8 20
Engine hanger bolt M6 12 1.2 8.7
Cooling water cover bolt M6 12 1.2 8.7
Starboard cylinder head plug — 23 2.3 17
Cylinder block plug — 23 2.3 17
Engine temperature sensor — 15 1.5 11

1st 23 2.3 17
Connecting rod cap 2nd — 48 4.8 35

3rd 90°
Baffle plate nut — 12 1.2 8.7

1st 14 1.4 10
Crankcase cover bolt ond M8 8 58 20
Crankcase cover plate screw M4 2 0.2 1.4
Oil pump screw — 4 0.4 2.9

1st 25 2.5 18
Crankcase stud bolt ond M8 90°

1st M10 40 4.0 29
Crankcase bolt 2nd 90"

1st M8 14 1.4 10

2nd 28 2.8 20
Lower unit (regular rotation model)
Trim tab bolt M10 43 4.3 31
Lower unit bolt M10 47 4.7 34
Propeller nut — 55 5.5 40
Propeller shaft housing grease nipple — 6 0.6 4.3
Propeller shaft housing bolt M8 30 3.0 22
Pinion nut — 142 14.2 103
Lower unit (counter rotation model)
Trim tab bolt M10 43 4.3 31
Lower unit bolt M10 47 4.7 34
Propeller nut — 55 5.5 40
Ring nut — 108 10.8 78
Propeller shaft housing bolt M8 30 3.0 22
Propeller shaft housing grease nipple — 6 0.6 4.3
Pinion nut — 142 14.2 103
Bracket unit
Shift rod detent bolt — 18 1.8 13
Flushing hose adapter screw M6 5 0.5 3.6

2-13 69J3D11




Tightening torques

Tightening torques

Part to be tightened Thread size N kgf-m b
Upper case mount nut — 72 7.2 52
Engine oil drain bolt M14 27 2.7 19
Apron stay — 8 0.8 5.8
Pressure control valve — 8 0.8 5.8
: M8 20 2.0 14
Upper exhaust guide bolt V10 10 12 30
Oil strainer bolt M6 10 1.0 7.2
Oil pan bolt M8 20 2.0 14
Exhaust manifold bolt M8 20 2.0 14
Muffler bolt M8 20 2.0 14
Baffle plate screw M6 4 0.4 2.9
Clamp bracket self-locking nut — 22 2.2 16
Friction plate screw M6 4 0.4 2.9
Trim stopper nut — 36 3.6 25
Power trim and tilt unit
Power trim and tilt unit bolt M10 42 4.2 30
Reservoir bolt M8 18 1.8 13
Reservoir cap M12 7 0.7 5.1
Manual valve — 2 0.2 1.4
Fluid pipe — 15 1.5 11
Trim cylinder end screw — 160 16 115
Trim piston bolt M8 38 3.8 27
Tilt ram — 55 5.5 40
Tilt cylinder end screw — 90 9.0 65
Tilt piston bolt M6 7 0.7 5.1
Gear housing bolt M5 7 0.7 5.1
Gear housing bracket bolt M5 7 0.7 5.1
69J3D11 2-14
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Specifications

General torques

This chart specifies tightening torques for
standard fasteners with a standard ISO
thread pitch. Tightening torque specifications
for special components or assemblies are
provided in applicable sections of this man-
ual. To avoid warpage, tighten multi-fastener
assemblies in a crisscross fashion and pro-
gressive stages until the specified torque is
reached. Unless otherwise specified, torque
specifications require clean, dry threads.
Components should be at room temperature.

General torque

Nut (A) | Bolt (B) specifications
N-m | kgf-m | ftIb
8 mm M5 5 0.5 3.6
10 mm M6 8 0.8 5.8
12 mm M8 18 1.8 13
14 mm M10 36 3.6 25
17 mm M12 43 4.3 31

S69J2150

2-15
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Special service tools

Fuel pressure gauge
90890-06786

Digital tachometer
90890-06760

Timing light
90890-03141

Leakage tester
90890-06762
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Special service tools / Maintenance interval chart

Maintenance interval chart
Use the following chart as a guideline for general maintenance.
Adjust the maintenance intervals according to the operating conditions of the outboard motor.

Initial Every
ltem Remarks % E % ;g % g % s % z Refer to
2g|l2g|S5¢e|5 S1ge| Page
P8 |80 |20 ||
Top cowling
Top cowling fit \ Check O (before each use) 3-4
Fuel system
Fuel joint and fuel hoses Check O (before each use) 3-4
Fuel filter (disposable type) Check/replace O | | O | | —
Fuel filter (water separator) Check O (before each use) 3-5
Fuel tank(" Clean | | | 0 | —
Power unit
Engine oll Check O (before each use) 3-5
Change @) @) 3-6
Oil filter Change O 3-7
Oil pump Check O 5-55
Timing chain Check/replace O (1,000 hours | 5-40
or 5 years)
Chain tensioner Check/replace @) 5-39
Timing belt(? Check/replace O 3-8,
5-21
Valve clearance Check/adjust @) 5-15
Spark plugs Clean/adjust/replace O O 3-8
Thermostat Check O 5-60
Pressure control valve Check O —
Flywheel magnet nut Check @) —
Motor exterior Check O (before each use) —
Oil leakage Check O] o] o] | —
Cooling water passage(™® Clean O (after each use) 3-9
Control system
Throttle link Check/adjust O 3-9,
3-10,
3-11
Throttle cable Check/adjust O 3-9,
3-10,
3-11
Shift cable Check/adjust O 3-12
Engine idle speed Adjust O O 3-13
Ignition timing Check O 3-15
Power trim and tilt unit
Power trim and tilt unit Check O 3-15,
3-16
69J3D11 3-2




CHK q
ADJ Periodic checks and adjustments
Initial Every
ltem Remarks % E % é % é % s % z Refer to
S8|2g|ge|s2|gs| Paee
PO 86|20 ||
Lower unit
Gear oil Change O O | | 3-17
Impeller/Woodruff key Check/replace O (500 hours 6-10,
or 30 months) 6-38
Oil seals Check/replace O | | —
Propeller Check O (before each use) 3-18
General
Anodes/Trim tab Check/replace O 3-18
Battery Check/charge O 3-19
Wiring and connectors Adjust/reconnect O O —
Nuts and bolts(*) Tighten O O —
Lubrication points Lubricate O 3-20

NOTE:

(*1) If equipped with a portable fuel tank.

*2) Be sure to replace the timing belt every 1,000 hours of operation or every five years.

(*2)
(*3) The engine should be flushed with fresh water after operating in salt, turbid, or muddy water.
(*4) Do not retighten the cylinder head and crankcase bolts.

3-3
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Maintenance interval chart / Top cowling / Fuel system

Top cowling

Checking the top cowling

1. Check the fitting by pushing the cowling
with both hands. Adjust if necessary.

S69J3030

Fuel system

/ Checking the fuel joint and fuel
$69J3010 hoses (fuel joint-to-fuel injector)

1. Remove the flywheel magnet cover and

2. Loosen the bolts . intake silencer.
3. Move the hook @ up or down slightly to 2. Check the low-pressure fuel hose con-
adjust its position. nections and fuel joint for leaks. Replace

if necessary. Also, check the fuel filter (D,
low-pressure fuel pump @), and check
valve @ for leaks and deterioration.
Replace if necessary.

3. Check the high-pressure fuel hose con-
nections and fuel joint @ for leaks.
Replace if necessary. Also, check the
vapor separator ®, fuel rail ®, fuel injec-
tor (D, pressure regulator (8, and fuel
cooler (@ for leaks and deterioration.
Replace if necessary.

S69J3020

NOTE:

* To loosen the fitting, move the hook in
direction @.

* To tighten the fitting, move the hook in
direction ®.

4. Tighten the bolts.

5. Check the fitting again and, if necessary,
repeat steps 2—4.

6. Check the top cowling hose for cracks or
damage. Replace if necessary.

$69J3040

69J3D11 3-4
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Measuring the fuel pressure (high-
pressure fuel line)
1. Remove the cap @.

2. Install the fuel pressure gauge onto the
pressure check valve.

Fuel pressure gauge: 90890-06786

3. Turn the engine start switch to ON, and
then measure the fuel pressure.

NOTE:
After the engine start switch is turned to ON,
the fuel pressure will decrease gradually.

& Fuel pressure:
310 kPa (3.1 kgf/cm?, 44 psi)

4. Start the engine and warm it up for 5 min-
utes, and then measure the fuel pres-
sure.

NOTE:
The pressure regulator can be checked since
the fuel pressure (310 kPa [3.1 kg/cm?, 44
psi]), from when the engine switch is turned
to ON, decreases when the engine is idling.

& Fuel pressure:
270 kPa (2.7 kgf/cm?, 38 psi)

Checking the fuel filter

1. Check the fuel filter element @ for dirt
and residue and check the fuel filter cup
®@ for foreign substances and cracks.
Clean with straight gasoline and replace
the cup if necessary.

3-5

-

S69J3070

NOTE:
Be sure not to spill any fuel when removing
the fuel filter cup.

Power unit

Checking the engine oil
1. Place the outboard motor in an upright
position.

2. Remove the engine oil dipstick, wipe it
clean, and then insert it back into the oil
filler hole.

3. Remove the dipstick again to check the
oil level, and the oil for discoloration and
its viscosity.

= S$69J3080

NOTE:

* Change the oil if it appears milky or dirty.

* If the engine oil is above the maximum level
mark (H), drain sufficient oil until the level is
between (H) and (L).

* If the engine oil is below the minimum level
mark (L), add sufficient oil until the level is
between (H) and (L).

69J3D11



Fuel system / Power unit

Changing the engine oil using an oil 6. Install the oil filler cap and dipstick, and

changer then start the engine and warm it up for 5

1. Start the engine and warm it up. minutes.

2. Remove the engine oil dipstick and oil 7. Turn the engine off, and then check the
filler cap (@. oil level and correct it if necessary.

Changing the engine oil by draining
it
1. Start the engine and warm it up.

2. Remove the engine oil dipstick and oil
filler cap (.

4’;» S69J3090

3. Insert the tube of the oil changer @ into

the dipstick guide ().
= A l$ )} S69J3090
=10 /
N—A
N
N
N’

S69J3100

4. Operate the oil changer to extract the oil. 56943120
NOTE: 4. Place a drain pan under the drain hole,
Be sure to clean up any oil spills. and then remove the drain bolt 3 and let

the oil drain completely.

5. Pour the specified amount of the recom-
mended engine oil into the oil filler hole.

‘ﬂ Recommended engine oil:
4-stroke motor oil
API: SE, SF, SG, or SH
SAE: 10W-30 or 10W-40
Oil quantity:
Without oil filter replacement:
5.8L (6.1 USqt, 5.1 Imp qt)

69J3D11 3-6
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S69J3130

NOTE:
Be sure to clean up any oil spills.

5. Install the drain bolt, and then tighten it to
the specified torque.

\J Drain bolt:
27 N-m (2.7 kgf-m, 19 ft-Ib)

6. Pour the specified amount of the recom-
mended engine oil into the oil filler hole.

[©)

572

S$69J3140

\J Apron bolt:
8 N-m (0.8 kgf-m, 5.8 ft-Ib)

.ﬂ Recommended engine oil:
4-stroke motor oll
API: SE, SF, SG, or SH
SAE: 10W-30 or 10W-40
Oil quantity:
Without oil filter replacement:
5.8 L (6.1 US qt, 5.1 Imp qt)

7. Install the oil filler cap and dipstick, and
then start the engine and warm it up for 5
minutes.

8. Turn the engine off, and then check the
oil level and correct it if necessary.

9. Install the starboard apron @, and then
tighten it to the specified torque.

Replacing the oil filter
1. Extract the engine oil with an oil changer
or drain it.

2. Remove the oil filter cover (.

|
o

G

3. Place a rag under the oil filter, and then
remove the filter using a 72.5 mm (2.9 in)
oil filter wrench.

S69J3160

NOTE:
Be sure to clean up any oil spills.

4. Apply a thin coat of engine oil to the O-
ring of the new oil filter.

69J3D11



Power unit

5.

Install the oil filter, and then tighten it to
the specified torque using a 72.5 mm
(2.9 in) oil filter wrench.

S69J3170

\J Oil filter: 18 N-m (1.8 kgf-m, 13 ft-Ib)

6.

Pour the specified amount of the recom-
mended engine oil into the oil filler hole.

.ﬂ Recommended engine oil:

4-stroke motor oil

API: SE, SF, SG, or SH
SAE: 10W-30 or 10W-40
Oil quantity:
With oil filter replacement:
6.0 L (6.3 US qt, 5.3 Imp qt)

9.

Install the oil filler cap and dipstick, and
then start the engine and warm it up for 5
minutes.

Turn the engine off, and then check the
oil level and correct it if necessary.

Install the oil filter cover.

Checking the timing belt

1.

2.

Remove the flywheel magnet cover.

While turning the flywheel magnet clock-
wise, check the interior @ and the exte-
rior ® of the timing belt for cracks,
damage, or wear. Replace if necessary.

69J3D11

3. Turn the crankshaft clockwise two turns

to take up slack in the timing belt.

S$69J3180

Replacing the timing belt

NOTE:

For replacement procedures, see Chapter 5,
“Replacing the timing belt.”

Checking the valve clearance

NOTE:

For checking procedures, see Chapter 5,
“Checking the valve clearance.”

Checking the spark plugs

1.

2.

Remove the ignition coil cover.

Disconnect the spark plug wires, and
then remove the spark plugs.

Clean the electrodes (D with a spark plug
cleaner or wire brush. Replace the spark
plug if necessary.

S69J3190

Check the electrodes for erosion and
excessive carbon or other deposits, and
the gasket for damage. Replace the
spark plug if necessary.

3-8
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5. Check the spark plug gap @. Adjust if out
of specification.

@

$69J3200

é(\( Specified spark plug:
LFR5A-11 (NGK)

Spark plug gap @: 1.1 mm (0.043 in)

6. Install the spark plug, tighten it finger
tight ®, then to the specified torque with
a spark plug wrench ©.

$69J3210

\J Spark plug:
25 N-m (2.5 kgf-m, 18 ft-Ib)

Checking the thermostat

NOTE:
For checking procedures, see Chapter 5,

“Checking the thermostat.”

Checking the cooling water passage

1. Check the cooling water inlet cover )
and cooling water inlet for clogs. Clean if
necessary.

S$69J3220

2. Place the lower unit in water, and then

start the engine.

3. Check for water flow at the cooling water

pilot hole. If there is no water flow, check
the cooling water passage inside the out-
board motor.

|

$69J3225

Control system

Checking the throttle link and throttle

cable operation

1. Check that the throttle control cam (@) is
in its fully closed position and the align-
ment mark @ is between the alignment
mark ® when the remote control lever is
in the neutral position. Adjust the length
of the throttle cable and position of the
throttle control lever if necessary.

69J3D11



Power unit / Control system

S69J3230

Adjusting the throttle link and
throttle cable operation (with a stop
bolt)

NOTE:

* Be sure to synchronize the throttle valves
before adjusting the throttle link.

* For synchronizing procedures, see Chapter
4, “Synchronizing the throttle valve.”

1. Loosen the locknut (D, remove the clip
(®, and then disconnect the throttle cable

joint (®.

$69J3240

2. Loosen the locknut @ and disconnect the
link rod ® from the magnet control lever

3. Install the stop bolt (general bolt) @ into
the threaded hole.

69J3D11

4. Push the throttle control lever (® against
the stop bolt @.

NOTE:

Use a general bolt with the specified mea-
surements.

S$69J3260

Stop bolt @:
@: 10 mm (0.39 in)

®@: 6.0 mm (0.24 in)
©: 1.0 mm (0.04 in)

o

Push the magnet control lever ® in the
direction of the arrow to eliminate any
looseness, and then adjust the link rod ®
so that it aligns with the magnet control
lever joint ©.

6. Install the link rod ® and tighten the lock-
nut @.

7. Remove the stop bolt @).

8. Check that the alignment mark @ is
between the alignment mark ®©. If not,
repeat steps 2—6.
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S69J3280

9. Place the throttle cam (0 against the fully
closed stopper (®, and check that there
is a minimum clearance @ of approxi-
mately 1.0 mm (0.04 in).

S69J3290
10. Adjust the position of the throttle cable

joint until its hole is aligned with the set
pin ® on the throttle cam.

L=

$69J3300

CAUTION:

The throttle cable joint must be screwed
in a minimum of 8.0 mm (0.31 in) (.

11. Connect the cable joint, install the clip,
and then tighten the locknut.

3-11

12. Check the throttle cable for smooth oper-
ation and adjust the cable length, if nec-
essary, repeating steps 1-10.

Adjusting the throttle link and
throttle cable operation (without a
stop bolt)

NOTE:

* Be sure to synchronize the throttle valves
before adjusting the throttle link.

 For synchronizing procedures, see Chapter
4, “Synchronizing the throttle valve.”

1. Loosen the locknut (1), remove the clip
(@, and then disconnect the throttle cable

joint (.

$69J3240

2. Loosen the locknut @ and disconnect the
link rod B from the magnet control lever

3. Adjust the link rod ® so that the align-
ment mark @ is between the alignment
marks ®. Then, push the magnet control
lever (® in the direction of the arrow to
eliminate any looseness.

4. Install the link rod ® and tighten the lock-
nut @.

69J3D11
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5. Check that the alignment mark @ is
between the alignment marks ®. If not,
repeat steps 2—4.

S69J3310

6. Place the throttle cam (@ against the fully
closed stopper ©, and check that there
is a minimum clearance @ of approxi-
mately 1.0 mm (0.04 in).

S69J3330
7. Adjust the position of the throttle cable

joint until its hole is aligned with the set
pin @® on the throttle cam.

69J3D11

G
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CAUTION:

The throttle cable joint must be screwed
in a minimum of 8.0 mm (0.31 in) ®.

8. Connect the cable joint, install the clip,
and then tighten the locknut.

9. Check the throttle cable for smooth oper-
ation and adjust the cable length, if nec-
essary, repeating steps 1-7.

Checking the gearshift operation

1. Check that the gearshift operates
smoothly when shifting from neutral into
forward or reverse. Adjust the shift cable
length if necessary.

2. Set the gearshift to the neutral position.

3. Loosen the locknut (1), remove the clip
(®, and then disconnect the shift cable

joint ®.

_— $69J3350

4. Align the set pin @ in the center of the
shift bracket and with the alignment
marks ® on the bracket.
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5. Adjust the position of the shift cable joint
until its hole is aligned with the set pin.

G

S$69J3370

CAUTION:

The shift cable joint must be screwed in a
minimum of 8.0 mm (0.31 in) ©.

6. Connect the cable joint, install the clip,
and then tighten the locknut.

7. Check the gearshift for smooth operation
and adjust the shift cable length, if nec-
essary, repeating steps 3-6.

Checking the engine idle speed
1. Remove the ignition coil cover.

2. Start the engine and warm it up for 5 min-
utes.

3. Attach the special service tool to spark
plug wire #1 (O, and then check the
engine idle speed. Adjust if out of specifi-
cation.

S69J3380E

Digital tachometer: 90890-06760

m Engine idle speed: 650—750 r/min

4. Turn the engine off, loosen the locknut
®), and then disconnect the link rod
from the magnet control lever @.

S69J3390

5. Loosen the port throttle stop screw &
until it separates from the throttle body
lever ®.

S69J3400

6. Start the engine, and then turn the star-
board throttle stop screw (@ in direction
@ or ® until the specified engine idle
speed is obtained.

69J3D11
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NOTE:

¢ To increase the idle speed, turn the throttle
stop screw in direction @.

* To decrease the idle speed, turn the throttle
stop screw in direction ®.

7. Tighten the port throttle stop screw ®
until it contacts the throttle body lever ®.

e
(&)

S$69J3420

8. Loosen the locknut (®, remove the clip
®, and then disconnect the throttle cable
joint (0.

$69J3430

9. Adjust the link rod ® so that the align-
ment mark © is between the alignment
marks @. Then, push the magnet control
lever (@ in the direction of the arrow to
eliminate any looseness.

69J3D11

10. Install the link rod (@), and then tighten
the locknut .

11. Check that the alignment mark © is
between the alignment marks @. If nec-
essary, repeat steps 8-10.

$69J3440

12. Place the throttle cam @) against the fully
closed stopper ®, and check that there
is a minimum clearance (® of approxi-
mately 1.0 mm (0.04 in).

S69J3460

13. Adjust the position of the throttle cable
joint until its hole is aligned with the set
pin @ on the throttle cam.
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CAUTION:

The throttle cable joint must be screwed
in a minimum of 8.0 mm (0.31 in) .

14. Connect the cable joint, install the clip,
and then tighten the locknut.

15. Check the throttle cable for smooth oper-
ation and adjust the cable length, if nec-
essary, repeating steps 8—12.

Checking the ignition timing
1. Remove the ignition coil cover.

2. Start the engine and warm it up for 5 min-
utes.

3. Attach the special service tool to spark
plug wire #1 (O, and then check the
engine idle speed. Adjust if out of specifi-
cation.

(A —
? 1* ®

'(:\L._f&‘)“

®

S69J3380E

4. Attach the special service tool to spark
plug wire #1.

Timing light: 90890-03141

5. Check that the “1TDC” mark @ on the
flywheel magnet is aligned with the mag-
net base pointer ®.

$69J3490

& Ignition timing: TDC

Digital tachometer: 90890-06760

% | Engine idle speed: 650~750 r/min

Power trim and tilt unit

Checking the power trim and tilt

operation

1. Fully tilt the outboard motor up and down
a few times and check the entire trim and
tilt range for smooth operation. Check the
power trim and tilt fluid level if necessary.

69J3D11
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NOTE:
Be sure to listen to the winding sound of the
power trim and tilt motor for smooth opera-
tion.

2. Fully tilt the outboard motor up, and then
support it with the tilt stop lever ) to
check the lock mechanism of the lever.

S$69J3500

Checking the power trim and tilt fluid

level

1. Fully tilt the outboard motor up, and then
support it with the tilt stop lever .

$69J3500

& WARNING

After tilting up the outboard motor, be
sure to support it with the tilt stop lever.
Otherwise, the outboard motor could sud-
denly lower if the power trim and tilt unit
should lose fluid pressure.

2. Remove the reservoir cap @, and then
check the fluid level in the reservoir.

69J3D11
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/
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NOTE:
If the fluid is at the correct level, the fluid
should overflow out of the filler hole when the
cap is removed.

/ ) S69J3510

3. If necessary, add sufficient fluid of the
recommended type until it overflows out
of the filler hole.

.ﬂ Recommended power trim and tilt
fluid:

ATF Dexron 11

4. Install the reservoir cap, and then tighten
it to the specified torque.

\J Reservoir cap:
7 N-m (0.7 kgf-m, 5.1 ft-Ib)

Lower unit

Checking the gear oil level
1. Fully tilt the outboard motor down.

2. Remove the check screw (@), and then
check the gear oil level in the lower case.

D =]
- N —

$69J3520
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NOTE:
If the oil is at the correct level, the oil should
overflow out of the check hole when the
check screw is removed.

3. If necessary, add sufficient gear oil of the
recommended type until it overflows out
of the check hole.

.ﬂ Recommended gear oil:
Hypoid gear oil

SAE: 90

4. Install the check screw.

Changing the gear oil
1. Tilt the outboard motor up slightly.

2. Place a drain pan under the drain screw
@, remove the drain screw, then the
check screw @ to drain the oil.

$69J3530

3. Check the oil for metal, discoloration, and
its viscosity. Check the internal parts of
the lower case if necessary.

4. Insert the gear oil tube or gear oil pump
into the drain hole and slowly fill the gear
oil until oil flows out of the check hole and
no air bubbles are visible.

3-17
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$69J3540

$69J3550

Recommended gear oil:
Hypoid gear oil

-,

SAE: 90
Oil quantity:
Regular rotation model:
1.15L (1.22 US qt, 1.01 Imp qt)
Counter rotation model:
1.00 L (1.06 US qt, 0.88 Imp qt)

5. Install the check screw and quickly install
the drain screw.

69J3D11



Lower unit / General

Checking the lower unit

(for air leakage)

1. Remove the check screw (1), and then
install the special service tool.

S$69J3570

Leakage tester: 90890-06762

2. Apply the specified pressure to check
whether the lower unit can hold it for at
least 10 seconds.

CAUTION:

Do not over pressurize the lower unit, oth-
erwise the oil seals may be damaged.

NOTE:
Cover the check hole with a rag when remov-
ing the pressure/vacuum tester from the
lower unit.

& Lower unit holding pressure:
100 kPa (1.0 kgf/cm?, 14 psi)

3. If pressure drops below specification,
check the drive shaft and propeller shaft
oil seals for damage.

69J3D11

Checking the propeller

1.

Check the propeller blades and splines
for cracks, damage, or wear. Replace if
necessary.

S69J3580

General
Checking the anodes

1.

Check the anodes and trim tab for
scales, grease, or oil. Clean if necessary.

$69J3590

S69J3600
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S69J3610

CAUTION:

Do not oil, grease, or paint the anodes,
otherwise they will be ineffective.

2. Replace the anodes and trim tab if
excessively eroded.

Checking the battery

1. Check the battery electrolyte level. If the
level is at or below the minimum level
mark @), add distilled water until the level
is between the maximum and minimum
level marks.

S69J3620
2. Check the specific gravity of the electro-

lyte. Fully charge the battery if out of
specification.

3-19

& WARNING

Battery electrolyte is dangerous; it con-
tains sulfuric acid which is poisonous and
highly caustic.

Always follow these preventive measures:

e Avoid bodily contact with electrolyte as
it can cause severe burns or permanent
eye injury.

* Wear protective eye gear when handling
or working near batteries.

Antidote (EXTERNAL):

* SKIN - Wash with water.

* EYES - Flush with water for 15 minutes
and get immediate medical attention.

Antidote (INTERNAL):

* Drink large quantities of water or milk
followed with milk of magnesia, beaten
egg, or vegetable oil. Get immediate
medical attention.

Batteries generate explosive, hydrogen

gas. Always follow these preventive mea-

sures:

* Charge batteries in a well-ventilated
area.

¢ Keep batteries away from fire, sparks or
open flames (e.g., welding equipment,
lighted cigarettes).

* DO NOT SMOKE when charging or han-
dling batteries.

KEEP BATTERIES AND ELECTROLYTE

OUT OF REACH OF CHILDREN.

NOTE:

* Batteries vary per manufacturer. The pro-
cedures mentioned in this manual may not
always apply, therefore, consult the instruc-
tion manual of the battery.

e Disconnect the black battery cable first,
then the red battery cable.

& Electrolyte specific gravity:
1.280 at 20 °C (68 °F)

69J3D11



General

Lubrication
1. Apply water resistant grease to the areas

S69J3690

S69J3700

S69J3660

S69J3710

69J3D11 3-20
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NOTE:
Apply grease to the grease nipple until it

flows from the bushings @.

2. Apply corrosion resistant grease to the
areas shown.

S69J3720

3-21
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FUEL .i‘) Fuel system

Special service tools

Vacuum/pressure pump gauge set
90890-06756

Digital circuit tester
90890-03174

Test harness (3 pins)
90890-06793

Vacuum gauge
90890-03159

69J3D11



Special service tools / Hose routing

Hose routing
Fuel and blowby hoses

$569J4010
@ Blowby hose @ High-pressure fuel hose
®@ Fuel hose (fuel joint-to-fuel filter) (starboard fuel rail-to-port fuel rail)
® Fuel hose (fuel filter-to-fuel pump) Fuel hose (pressure regulator-to-fuel cooler)
® Fuel hose (fuel pump-to-vapor separator) ©® Fuel hose (fuel cooler-to-vapor separator)

® Fuel hose (vapor separator-to-fuel pump)
® High-pressure fuel hose
(vapor separator-to-starboard fuel rail)

69J3D11 4-2
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Intake silencer, fuel filter, and fuel pump

3 |8 N-m (0.8 kgf-m, 5.8 ft - Ib) | §/ 1
4

O

S69J4020
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Intake silencer, fuel filter, and fuel pump

No. Part name Q'ty Remarks
1 | Cover 1

2 | Bolt 3 M6 x 28 mm
3 | Bolt 1 M6 x 16 mm
4 | Washer 1

5 | Holder 1

6 | Bolt 1 M6 x 14 mm
7 | Bracket 1

8 | Bolt 2 M6 x 19 mm
9 | Cap 1

10 | Fuel hose 8

11 | Fuel joint 1

12 | O-ring 1
13 | Fuel filter element 1

14 | Spring 1

15 | O-ring 1
16 | Cup 1

17 | Nut 1

18 | Bolt 1 M6 x 16 mm
19 | Bolt 1 M7 x 20 mm
20 | Battery cable 1

21 | Starboard intake silencer 1

22 | Port intake silencer 1

23 | Intake air temperature sensor 1

24 | Check valve 2

25 | Hose 2

26 | Joint 1

27 | Joint 2

28 | Nut 4

29 | Grommet 6

30 | Screw 1 M5 x 7 mm
31 | Cover 1

32 | Fuel filter 1

33 | Clamp 2

34 | Bolt 2 M5 x 12 mm
35 | Bracket 1

36 | Low-pressure fuel pump 1

37 | Bolt 4 M6 x 45 mm
38 | Clamp 10

69J3D11 4-4
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Vapor separator

[“2/2N-m (0.2 kgf-m, 1.4 ft-Ib)]

21

. [%/3N-m(0.3kgf-m,2.21t-Ib)|

[%]7N-m (0.7 kgf- m, 5.1 ft- Ib) |

S69J4060

69J3D11
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Vapor separator

Q
<

Remarks

No. Part name
1 Float chamber
2 | Cover

3 | High-pressure fuel pump
4 | Float

5 | Water hose

6 | Fuel hose

7 | Joint

8 | Fuel cooler

9 | Washer

10 | Nut

11 | Water hose
12 | Bracket

13 | Bolt

14 | Collar

15 | Bushing

16 | Bolt

17 | Collar

18 | High-pressure fuel pump relay
19 | Washer

20 | Nut

21 | Hose

22 | Screw

23 | Bracket

24 | Bolt

25 | Gasket

26 | Plate

27 | Grommet

28 | Screw

29 | Plate

30 | Needle valve
31 | Pin

32 | Bracket

33 | Screw

34 | Gasket

35 | Drain screw
36 | Joint

37 | Filter

38 | Filter holder

JEET G T G UL G T G UL G U T G O G ' TR S | J G G G [ " TR G |, [ G G N e > N ¢ R SRR G |\, N |\, YR G G g, [ G G G G Y

M8 x 16 mm

M8 x 16 mm

M4 x 15 mm

M6 x 10 mm

Not reusable

M4 x 8 mm

69J3D11
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Removing the hose clamps
1. Remove the hose clamps by cutting the
joint.

e

S69J4030

CAUTION:

If the hose clamps are removed without
cutting the joint first, the fuel hose will be
damaged.

Installing the hose clamps
1. Crimp the hose clamps properly to
securely fasten them.

S69J4040

& WARNING

Do not reuse the hose clamps, always
replace them with new ones.

Checking the check valve
1. Install the special service tool onto the
check valve.

4-7
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$69J4050

Vacuum/pressure pump gauge set:
90890-06756

2. Apply the pressure to each check valve
port. Replace if necessary.

NOTE:
Make sure no air comes out of the opposite
side of the check valve.

Reducing the fuel pressure
1. Remove the cap ).

2. Cover the pressure check valve @ of the
vapor separator with a rag, and then
press in the valve using a thin screw-
driver (2) to release the fuel pressure.

69J3D11



Vapor separator

$69J4070

& WARNING

Always reduce the fuel pressure in the
high-pressure fuel line before servicing
the line or the vapor separator. If the fuel
pressure is not released, pressurized fuel
may spray out.

3. Remove the cap @, and then press in
the valve ® using a thin screwdriver .

4. Place a container under the vapor sepa-
rator, and then drain the fuel from the
separator by removing the drain screw

S$69J4075

69J3D11

& WARNING

Reduce the fuel pressure before removing
the vapor separator drain screw, or pres-
surized fuel will spray out and may result
in serious injury.

Checking the vapor separator
1. Check the needle valve for bends or
wear. Replace if necessary.

$69J4080

2. Check the float for deterioration. Replace
if necessary.

S$69J4090

3. Check the filter for dirt or residue. Clean
if necessary.

oK
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Intake manifold and high-pressure fuel line

[“]4N-m(0.4kgf-m,29ft-Ib)|

4-9
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Intake manifold and high-pressure fuel line

Part name

Q'ty

Remarks

Hose
High-pressure fuel hose

No.

1 1

2 4

3 | Clamp 7

4 | Joint 2

5 | Joint 2

6 | Screw 2

7 | Washer 4

8 | Throttle position sensor 1

9 | Screw 2

10 | Bracket 1

11 | Bracket 1

12 | Screw 2 M5 x 15 mm
13 | Bracket 1

14 | Joint 1

15 | O-ring 1
16 | Metal gasket 2
17 | Screw 2 M5 x 15 mm
18 | Intake air pressure sensor 1

19 | O-ring 1
20 | Screw 3 M4 x 16 mm
21 | Washer 3

22 | Idle speed control 1

23 | O-ring 1
24 | Bolt 1 M6 x 55 mm
25 | Bracket 1

26 | Bolt 2 M6 x 30 mm
27 | Body 1

28 | Hose 1

29 | O-ring 1
30 | Joint 1

31 | Screw 2 M5 x 15 mm
32 | O-ring 1
33 | Joint 1

34 | Screw 2 M5 x 15 mm
35 | Nut 2
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Intake manifold and high-pressure fuel line

No. Part name Q'ty Remarks
1 | Starboard intake manifold 1
2 | Throttle body #1 1
3 | Throttle body #3 1
4 | Throttle body #5 1
5 | Starboard fuel rail 1
6 | Portintake manifold 1
7 | Throttle body #2 1
8 | Throttle body #4 1
9 | Throttle body #6 1
10 | Port fuel rail 1
11 | Pressure regulator 1
12 | Bolt 18 M8 x 35 mm
13 | Bolt 6 M6 x 10 mm
14 | Gasket 6
15 | Gasket 6
16 | Collar 12
17 | Spring 1
18 | Washer 12
19 | Bolt 12 M8 x 80 mm
20 | Rubber seal 6
21 | Fuel injector 6
22 | Grommet 6
23 | O-ring 6
2.1 x11.8 mm
24 | Collar 6
25 | Bolt 6 M8 x 45 mm
26 | O-ring 1
27 | Screw 2 M6 x 12 mm
28 | Cap 1
29 | Fuel hose 1
30 | Hose 6
31 | Joint 1
32 | Plastic tie 1
33 | Joint 1

69J3D11
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Throttle control

2\%/|\z%| 4N-m (0.4 kgf-m, 2.9t Ib)|
3’///E§EEEESEE%3

4 A

S69J4160
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Throttle control

Part name Remarks

Q
<

Bracket

Joint

Magnet control lever
Pin

Shaft

Bracket

Bolt

Washer

Bushing

M6 x 20 mm

Gear

Throttle control lever
Circlip

Bolt

Wave washer
Washer

Throttle cam

Spring

Bolt

Bracket

Bolt

Terminal

Starter motor lead
Bolt

Bolt

M6 x 14 mm
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M6 x 14 mm
M6 x 45 mm
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Removing the pressure regulator
1. Remove the intake silencer and the port
intake manifold.

2. Disconnect the hose (1) and @), and then
remove the pressure regulator ().

$69J4125

Disconnecting the high-pressure

fuel hose joint

1. Disconnect the high-pressure fuel hose
joint @ with the collar @ slide from the
end © of the joint.

&5

LT 1
- -

S$69J4130

Checking the fuel injector
1. Check the filter for dirt or residue. Clean
if necessary.

S69J4140

2. Measure the resistance of the fuel injec-
tors. Replace if out of specification.

(—l

S69J4150

=1 Digital circuit tester: 90890-03174

Fuel injector resistance:
14.0-15.0 Q at 20 °C (68 °F)

3. Check the operation of the fuel injector
using the “Stationary Test” of the
Yamaha Diagnostic System.

Checking the idle speed control

(ISC)

1. Check the operation of the idle speed
control using the “Stationary test” or the
“Active test” of the Yamaha Diagnostic
System.

69J3D11



Throttle control

Synchronizing the throttle valve
1. Loosen the bank synchronizing screw (.

2. Remove the port link rod @ and star-
board link rod (3.

o> L\ $69J4170

3. Loosen the starboard throttle stop screw
@ until it separates from the throttle body
lever ®.

S69J4180

4. Loosen the synchronizing screw (® of
cylinder #3 to open throttle valve #3.

5. Loosen the synchronizing screw (@ of
cylinder #5 to open throttle valve #5.

69J3D11

S69J4190

6. Loosen the port throttle stop screw
until it separates from the throttle body
lever (9.

(&

~—="]
()
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S69J4200

7. Loosen the synchronizing screw of
cylinder #4 to open throttle valve #4.

8. Loosen the synchronizing screw @) of
cylinder #6 to open throttle valve #6.

S69J4210

9. Connect the test harness (3 pins) to the
throttle position sensor.
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Test harness (3 pins): 90890-06793

10. Turn the engine start switch to ON.

11. Measure the throttle position sensor out-
put voltage. Adjust the throttle position
sensor @ position if out of specification.

S69J4230
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S$69J4240

13. Tighten the starboard throttle stop screw
@ until the output voltage is adjusted to
specification as mentioned in step 11,
plus 40 mV.

S$69J4250

@‘ Throttle position sensor output

Digital circuit tester: 90890-03174

voltage:
Pink (P) — Black (B)
700 £ 5 mV

D" Throttle position sensor output

voltage:
Pink (P) — Black (B)
660 £ 5 mV

12. Tighten the synchronizing screw ® of
cylinder #3 and stop tightening it when
the throttle position sensor output voltage
starts to change. Similarly, tighten and
adjust the synchronizing screw @ of cyl-
inder #5.

14. Attach a synchronizing check tool @ as
shown to the port #2 throttle body (to
facilitate the monitoring of the throttle
plate @ movement).

69J3D11



Throttle control

15. Tighten the synchronizing screw of
cylinder #4, and stop tightening when the
throttle plate starts to move. Similarly,
tighten and adjust the synchronizing
screw () of cylinder #6.

S$69J4270

16. Tighten the port throttle stop screw
until it contacts the throttle body lever ©),
and then turn it one additional turn.

(&

S69J4280

17. Start the engine and warm it up for 5 min-
utes.

18. Remove the plugs @ of cylinders #1, #3,
and #5, and then attach the special ser-
vice tool and adapters to the intake mani-
fold as shown.

69J3D11
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NOTE:
For best results, use a vacuum gauge (com-
mercially obtainable), like @ or @ shown in
the illustration, that has four adapters.




FUEL .i‘) Fuel system

19. Measure the vacuum of cylinders #1, #3,
and #5. Repeat step 12 if out of specifi-
cation.

& Vacuum difference between
cylinders:
20 mmHg (27 mbar, 0.79 inHQ)

20. Measure the vacuum of cylinders #2, #4,
and #6. Repeat step 12 if out of specifi-
cation.

21. Check the average vacuum difference
between the port and starboard banks.
Adjust the port throttle stop screw if
out of specification.

ol
=

S69J4320

S$69J4330

\ Link rod nut:
A,

4 N-m (0.4 kgf-m, 2.9 ft-Ib)

& Average vacuum difference between
port and starboard banks:

40 mmHg (53 mbar, 1.57 inHQ)

22. Measure the throttle position sensor out-
put voltage when the engine speed is at
idle. Adjust the throttle position sensor
position if out of specification.

@‘ Throttle position sensor output
voltage:
Pink (P) — Black (B)
700 £ 5 mV at idle speed
(700 r/min)

24. Tighten the bank synchronizing screw (.

$69J4340

NOTE:
Tighten the screw without tilting the plate.

\J Bank synchronizing screw:
4 N-m (0.4 kgf-m, 2.9 ft-Ib)

23. Install the port link rod @ and starboard
link rod ®.

69J3D11




Throttle control

25. Check that there is no clearance @
between the port and starboard throttle
stop screws (@ and (®, and the throttle
body levers ® and (@. If there is any
clearance, repeat step 24.

S69J4350

26. Start the engine, and when the engine
speed is at idle, check the average vac-
uum difference between the port and
starboard banks. Adjust if out of specifi-
cation.

& Average vacuum difference between
port and starboard banks:
40 mmHg (53 mbar, 1.57 inHQ)

69J3D11
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Special service tools

Compression gauge Valve spring compressor
90890-03160 90890-04019

&

—
Compression gauge adaptor Valve spring compressor attachment
90890-06563 90890-06320
Test harness (3 pins) Valve guide removetr/installer
90890-06769 90890-06801

Flywheel holder Valve guide installer
90890-06522 90890-06810
S
1=
&,
D

>
Flywheel puller Valve guide reamer
90890-06521 90890-06804
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Special service tools

Valve seat cutter holder
90890-06316

SISIS

Valve seat cutter
90890-06324, 90890-06325, 90890-06327

Piston ring compressor
90890-05158
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Power unit

4

[%]4 N.m (0.4 kgf-m, 2.9 ft- Ib) |

/ j 19
(-
/ [“]8N-m(0.8kgf-m, 58ft-Ib)]
5
- / 24
\6/ S69J5010
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33 | Retaining plate

34 | PTT switch coupler

35 | Shift cut switch coupler
36 | Neutral switch coupler
37 | Clamp

38 | Flushing device hose

B e e e T T R N S S S N

No. Part name Q'ty Remarks
1 Power unit 1
2 | Screw 4
3 | Cover 1
4 | Dipstick 1
5 | Bolt 1 M6 x 20 mm
6 | Dipstick guide 1
7 | O-ring 1
8 | Plastic tie 2
9 | Fuel hose 1
10 | Bolt 2 M6 x 10 mm
11 | PTT motor lead 2 Sky blue, light green
12 | Gasket 1
13 | Clip 2
14 | Shift cable 1
15 | Throttle cable 1
16 | Cooling water pilot hose 1
17 | Dowel pin 2
18 | Upper case cover 1
19 | Bolt 7 M6 x 14 mm
20 | Bolt 7 M9 x 35 mm
21 | Bolt 6 M10 x 140 mm
22 | Bolt 1 M6 x 30 mm
23 | Starboard apron 1
24 | Port apron 1
25 | Grommet 6
26 | Nut 2
27 | Low-pressure fuel pump driver 1
coupler
28 | Bolt M6 x 20 mm
29 | Holder
30 | Grommet
31 | Bolt M6 x 30 mm
32 | Holder

Flushing device model

69J3D11
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[2]240N - m (24 kgf - m, 174 1t - Ib) |

69J3D11

5-5



Power unit

No. Part name Q'ty Remarks
1 | Nut 1
2 | Washer 1
3 | Flywheel magnet 1
4 | Screw 4 M6 x 30 mm
5 | Stator coil 1
6 | Bolt 4 M6 x 35 mm
7 | Blowby hose guide 1
8 | Blowby hose 1
9 | Blowby hose 1
10 | Stator coil bracket 1
11 | Collar 2
12 | Woodruff key 1
13 | Plastic tie 5
14 | Wiring harness guide 1
15 | Bolt 3 M6 x 35 mm
16 | Idle speed control hose 1
17 | Wiring harness 1
18 | Bolt 4
19 | Ignition coil cover 1
20 | Grommet 2
21 | Plastic tie 5
22 | Plastic tie 2
69J3D11 5-6
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Part name

Q
<

Remarks

Wiring harness
Rectifier Regulator coupler
Bolt

Ground lead

Bolt

Bracket

Bolt

ECM

Bolt

Power trim and tilt relay
Cap

Nut

Washer

Cap

Spring washer
Battery lead
Screw

Main relay

Bolt

Starter motor lead
Screw

Holder

Starter relay

Bolt

Bracket

Grommet

Collar

RS U U U U U G " G — U — G — Z
© ® N O O RN 20 ©®® N O R~NG

N NN DN NN DN DNDDN
N o oo~ 0N+ O

0O O = 0O = =2 a4 a N = =2 a2 N =2 NN DN AN A2 DN A g W s

M6 x 20 mm

M6 x 16 mm

M6 x 16 mm

M6 x 25 mm

Red

M6 x 10 mm
Brown/white

M6 x 28 mm

69J3D11
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[M2]9N-m (0.9 kgf-m, 6.5ft-Ib)|

’/

® [6N-m (0.6 kgf-m, 4.3 ft- Ib)
® [12N-m (1.2 kgf-m, 8.7 ft - Ib)

%

. )

| @ |6 N-m (0.6 kgf - m, 4.3 ft - Ib)
® [12N-m (1.2kgf-m, 8.7 ft - Ib)
S69J5040
No. Part name Qty Remarks
1 | Starter motor 1
2 | Nut 1
3 | Spring washer 1
4 | Battery cable 1 From terminal and power trim and tilt relay
5 | Bolt 3 M8 x 45 mm
6 | Bolt 1 M6 x 20 mm
7 | Ground lead 1
8 | Bolt 2 M6 x 35 mm
9 | Rectifier Regulator 1
10 | Gasket 1
11 | Cover 1
12 | Bolt 4 M6 x 25 mm
13 | Clip 3
14 | Cooling water hose 1 Out
15 | Cooling water hose 1 In
16 | Clip 1

69J3D11
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S$69J5050

Part name

Q
<

Remarks

Ignition coil
Bolt

Bolt
Bracket
Clamp
Clamp
Screw
Plate
Gasket
Grommet

=z
jgcooo\loum-hwm—n_o

Idle speed control hose

—_ = aW0WWwW =, 00w

M6 x 20 mm
M6 x 20 mm

M6 x 20 mm

69J3D11
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7.
i 0
10 /J_'a 10
10 [%]4N-m(0.4kgf-m, 2.9ft-1b)]
4
| 7o

° @

[S2]18 N-m (1.8 kgf - m, 13 ft - Ib) |

[“2]34 N-m (3.4 kgf - m, 25 ft - Ib) |
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No. Part name Q'ty Remarks
1 Bolt 1 M6 x 30 mm
2 | Washer 1
3 | Link rod arm 1
4 | Plug 1
5 | O-ring 1
6 | Bolt 2 M6 x 20 mm
7 | Link rod 1 Long
8 | Link rod 1 Short
9 | Link rod 1
10 | Nut 3
11 | QOil filler cap 1
12 | O-ring 1
13 | Qil filler neck 1
14 | Bolt 2 M6 x 45 mm
15 | Clamp 1
16 | Gasket 1
17 | Bolt 3 M6 x 45 mm
18 | Oil pressure sensor 1
19 | O-ring 1
20 | Qil filter bracket 1
21 | Gasket 1
22 | Bolt 1
23 | Oil filter 1
24 | Qil filter cover 1
25 | Bolt 1 M6 x 40 mm

69J3D11
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[%]7 N-m (0.7 kgf - m, 5.1 ft - Ib) |

[2]39 N - m (3.9 kgf - m, 28 ft - Ib) |

2
%4//1 6
3

gﬁg4 Q>
/ [“]2N-m@©2kgf-m 1.41t-1b)]

/c

8 N+m (0.8 kgf - m, 5.8 ft - Ib)
8 N-m (0.8 kgf - m, 5.8 ft - Ib)

4
®©

$69J5070

Part name Qty Remarks

Timing belt

Bolt

Drive sprocket

Plate

Woodruff key

Timing belt tensioner
Bolt

Driven sprocket

Dowel pin

Bolt

Port cylinder head cover
Gasket

Starboard cylinder head cover
Gasket

Plate

Screw

M5 x 45 mm

M10 x 35 mm

N DN - a2 a4 a N 4

N
oo}

M6 x 30 mm

Not reusable
Not reusable

M4 x 8 mm

B e T T N ST S Z
>0 F o020 ©ONO RN 2E

00 - 4 a4 a4 a4
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Checking the compression pressure
1. Start the engine, warm it up for 5 min-
utes, and then turn it off.

2. Remove the clip from the engine shut-off
switch on the remote control box.

3. Remove the ignition coil cover and all
spark plugs, and then install the special
service tools to each spark plug hole.

S69J5080

CAUTION:

Before removing the spark plugs, blow
compressed air in the spark plug well to
clear out any dirt or dust that may fall into
the cylinder.

Compression gauge (D:
90890-03160

Compression gauge adapter @:
90890-06563

4. Fully open the throttle, crank the engine
until the reading on the compression
gauge stabilizes, and then check the
compression pressure.

& Minimum compression pressure
(reference data):

880 kPa (8.8 kgf/cm?, 125 psi)

5. If the compression pressure is below
specification and the compression pres-
sure for each cylinder is unbalanced, add
a small amount of engine oil to the cylin-
der, and then check the pressure again.

69J3D11

NOTE:

e If the compression pressure increases,
check the piston and piston rings for wear.
Replace if necessary.

e If the compression pressure does not
increase, check the valve clearance, valve,
valve seat, cylinder sleeve, cylinder head
gasket, and cylinder head. Adjust or
replace if necessary.

Checking the oil pressure
1. Place a rag under the oil pressure sen-
sor.

2. Remove the intake silencer and oil pres-
sure sensor, and then install an oil pres-
sure gauge (D to the oil pressure sensor
installation hole.

S69J5090

NOTE:
Use a pressure gauge with an adapter that
has a 1/8 pitch thread.

3. Install the intake silencer.

CAUTION:

Do not start the engine when the intake
silencer is not installed.

4. Start the engine, warm it up for 5 min-
utes, and then turn it off.

5-14




A
POWR E Power unit

5. Check the oil pressure. Check the oil
pump, oil leakage, and oil strainer if out
of specification.

Oil pressure sensor input voltage:
Pink/white (P/W) — Black (B)

2l

& Oil pressure (reference data):
650 kPa (6.5 kgf/cm?, 92.4 psi) at

idle speed (700 r/min)

Checking the oil pressure sensor
1. Connect the test harness (3 pins) to the
oil pressure sensor.

2. Start the engine and warm it up for 5 min-
utes.

3. Measure the oil pressure sensor input
voltage. Check the wiring harness con-
nection or replace the ECM if out of spec-
ification.

4. Measure the oil pressure sensor output
voltage. Replace if out of specification.

$69J8210

38V {-—---—mm e~

656 kpa
® (6.5 kgf/cm?,
92.4 psi) $69J8220
@: Output voltage
®: Oil pressure

Test harness (3 pins): 90890-06769

5-15

5V
Oil pressure sensor output voltage
(reference data):
Orange (O) — Black (B)
3.8 V at idle speed (700 r/min)

Checking the valve clearance
1. Remove the flywheel magnet cover and
ignition coil cover (D.

2. Disconnect the ignition coil couplers @
and spark plug caps (@, and remove the
ignition coil bracket @, spark plugs, and
cylinder head covers (.

(8 s69J5100

3. Turn the flywheel magnet clockwise and
align the “1TDC” mark @ on the flywheel
magnet with the pointer ®, and check
that “I” marks © and @ on the driven
sprockets are aligned with marks ® and

®.

69J3D11
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S$69J5120

9. Similarly, check the valve clearance of
cylinders #1, #2, and #3 in order, and be
sure to turn the flywheel magnet 120°
clockwise each time. Adjust if out of
specification.

S69J5110

NOTE:
Do not turn the flywheel magnet counter-
clockwise.

4. Check the intake and exhaust valve
clearance for cylinder #4.

5. Turn the flywheel magnet an additional
120° clockwise and align the “2TDC”
mark @ on the flywheel magnet with the
pointer ®.

6. Check the intake and exhaust valve d 5
clearance for cylinder #5. 2 S

7. Turn the flywheel magnet an additional @J W\ 5/ K %CD
120° clockwise and align the “3TDC” = =
mark ® on the flywheel magnet with the / @ 7 N @ \
pointer @ S69J5130

8. Check the intake and exhaust valve !\lg-rl;E:kth I I hen th -
clearance for cylinder #6. - Cczcld e valve clearance when the engine

* Note the measurement.

@ Valve clearance:
Intake O:
0.20 + 0.03 mm (0.008 + 0.001 in)

Exhaust :
0.34 +0.03 mm (0.013 £ 0.001 in)

69J3D11 5-16
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10. Turn the flywheel magnet an additional
120° clockwise and align the “1TDC”
mark on the flywheel magnet with the
pointer, and check that the “I” marks on
the driven sprockets are aligned with the
alignment marks on the cylinder head.

11. Remove the flywheel magnet.

S69J5160

S$69J5170

$69J5180

CAUTION:

e Apply force in the direction of the
arrows shown, to prevent the flywheel
holder from slipping off easily.

* To prevent damage to the engine or
tools, screw in the flywheel puller set
bolts evenly and completely so that the
flywheel puller plate is parallel to the fly-
wheel magnet.

5-17

NOTE:
Apply force to the crankshaft end until the fly-
wheel magnet comes off the tapered portion
of the crankshaft.

Flywheel holder &): 90890-06522
Flywheel puller (): 90890-06521

12. Remove the wiring harness guide bolts.

S69J5190

NOTE:
Move the wiring harness guide (® to a posi-
tion that will make servicing easy.

13. Using a hexagon wrench, turn the timing
belt tensioner @ clockwise to push the
timing belt, increase strength gradually,
and then insert a 5.0 mm (0.2 in) pin
into the hole .

NOTE:
Leave the pin inserted into the timing belt
tensioner until the timing belt has been
installed.

14. Remove the timing belt @ from the
driven sprockets.

69J3D11
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15. Remove the driven sprockets.

S69J5210

NOTE:
Hold the camshaft with a wrench, and be

careful not to damage the driven sprocket.

16. Remove the timing chain tensioners @,
then the camshaft caps in the order
shown in the illustration.

[ P [

$69J5220

17. Remove the camshafts and timing
chains.

18. Remove the valve shim @ from the valve
lifter @ using compressed air.

S69J5230

NOTE:

19. Measure the valve shim thickness with a
micrometer, and then note the measure-
ment.

20. Select the necessary valve shim by cal-
culating its thickness with the following
formula.

Necessary valve shim thickness =
Removed valve shim thickness +
Measured valve clearance — Specified
valve clearance

Do not mix the valve train parts. Keep them
organized in their proper groups.

69J3D11

Example:

If the “Removed valve shim thickness” is 2.10
mm, the “Checked valve clearance” is 0.30
mm and the “Specified valve clearance” is
0.20 mm, then the “Necessary valve shim
thickness” =2.10 + 0.30 — 0.20 = 2.20 mm

21. Install the necessary valve shim into the
valve lifter.

22. Align the projection (wide one) (D on the
camshaft sprockets to the alignment
plate (gold) @ on the timing chain, and
then install the camshafts to the cylinder
head with new oil seals.

S$69J5240
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$69J5250

23. Install the camshaft caps, and then
tighten them to the specified torque in the
order shown in the illustration.

24. Install the timing chain tensioners @), and
then tighten the bolts to the specified
torque in the sequence shown.

\Is1 1 /72NN
RO

[T—&
@ S69J5260

5-19

NOTE:

¢ Install the camshaft caps in the proper posi-
tion as shown and with the stamped num-
bers facing upside down.

* Apply engine oil to the camshaft cap bolts
before installation.

\J Camshaft cap bolt:
1st: 8 N-m (0.8 kgf-m, 5.8 ft-Ib)
2nd: 17 N-m (1.7 kgf-m, 12 ft-Ib)
Timing chain tensioner bolt:
12 N-m (1.2 kgf-m, 8.7 ft-Ib)

25. Install the driven sprockets, and then
tighten the bolts to the specified torque.

S$69J5270

\J Driven sprocket bolt:
60 N-m (6.0 kgf-m, 43 ft-Ib)

26. Turn the driven sprockets clockwise and
align “I” marks © and @ on the driven
sprockets with marks © and (.

¥
$69J5280

27. Install the timing belt @, turn the belt
from the drive sprocket side a half turn
counterclockwise to align it, and then
remove the pin @.

69J3D11
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S69J5290

S69J5300

S69J5320

CAUTION:

Apply force in the direction of the arrows
shown, to prevent the flywheel holder
from slipping off easily.

NOTE:
Apply engine oil to the flywheel magnet nut
before installation.

\J Flywheel magnet nut:
240 N-m (24 kgf-m, 174 ft-Ib)

30. Turn the flywheel magnet clockwise two
turns, and then check that all alignment
marks are aligned.

$69J5330

NOTE:
Do not turn the flywheel magnet counter-
clockwise.

31. Check each valve clearance and adjust if
necessary.

32. Install the spark plugs, and then tighten
them to the specified torque.

33. Install the cylinder head cover bolts, and
then tighten them to the specified torques
in two stages.

\J Spark plug:
25 N-m (2.5 kgf-m, 18 ft-Ib)

Flywheel holder: 90890-06522

Cylinder head cover bolt:
1st: 8 N-m (0.8 kgf-m, 5.8 ft:Ib)
2nd: 8 N-m (0.8 kgf-m, 5.8 ft-Ib)

69J3D11

34. Install the ignition coil bracket, and con-
nect the ignition coil couplers and spark
plug caps.

5-20




A
POWR E Power unit

35. Install the ignition coil cover, wiring har-
ness guide, and flywheel magnet cover.

Replacing the timing belt
1. Remove the flywheel magnet cover, igni-
tion coil cover, and intake silencer.

2. Turn the flywheel magnet clockwise and
align the “1TDC” mark @ on the flywheel
magnet with the pointer ®, and check
that “I” marks © and @ on the driven
sprockets are aligned with marks @ and

S69J5110

NOTE:

Do not turn the flywheel magnet counter-
clockwise.

3. Remove the flywheel magnet.

S69J5360

5-21

S69J5370

$69J5180

CAUTION:

* Apply force in the direction of the
arrows shown, to prevent the flywheel
holder from slipping off easily.

e To prevent damage to the engine or
tools, screw in the flywheel puller set
bolts evenly and completely so that the
flywheel puller plate is parallel to the fly-
wheel magnet.

NOTE:
Apply force to the crankshaft end until the fly-
wheel magnet comes off the tapered portion
of the crankshaft.

Flywheel holder (D: 90890-06522
Flywheel puller 2): 90890-06521

4. Disconnect the ignition coil couplers, idle
speed control coupler, intake air pres-
sure sensor coupler, throttle position
sensor coupler, thermoswitch leads, idle
speed control hose, high-pressure fuel
hoses, neutral switch coupler, shift cut
switch coupler, and starboard fuel injec-
tor couplers.

69J3D11
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5. Disconnect the stator coil couplers ©®
and pulser coil coupler ¥, and remove
the blowby hose (® and stator coil
bracket ®.

S69J5400

9. Check that “I” marks © and @ on the
driven sprockets are aligned with marks
®© and (), and that the “A” mark ® on
the plate is aligned with the “A” mark O
on the cylinder block. Align if necessary.

S$69J5390

NOTE:
Move the wiring harness guide @ to a posi-
tion that will make servicing easy.

7. Using a hexagon wrench, turn the timing
belt tensioner clockwise to push the
timing belt, increase strength gradually,
and then insert a 5.0 mm (0.2 in) pin @

S$69J5410

into the hole @. 10. Install the timing belt @ from the drive
sprocket side with its part number in the
NOTE: upright position, turn the belt a half turn
Leave the pin inserted into the timing belt counterclockwise to align it, and then
tensioner until the timing belt has been remove the pin @.
installed.

8. Remove the timing belt from the
driven sprocket side.

(Ef?j ‘ A
S69J5420

69J3D11 5-22



POWR E Power unit

P

S69J5430

CAUTION:

¢ Do not twist, turn inside out, or bend the
timing belt beyond the maximum limit of
25 mm (1.0 in) (D, otherwise it may be
damaged.

* Do not get oil or grease on the timing
belt.

11. Turn the drive sprocket clockwise two
turns, and then check that all alignment
marks are aligned.

NOTE:
Do not turn the drive sprocket counterclock-
wise.

12. Install the wiring harness guide, stator
coil bracket, and blowby hose, and con-
nect the pulser coil coupler and stator
coil couplers.

13. Connect all couplers, leads, and hoses.

14. Install the Woodruff key.

S69J5300

15. Install the flywheel magnet.

5-23

S69J5320

CAUTION:
Apply force in the direction of the arrows
shown, to prevent the flywheel holder
from slipping off easily.

NOTE:
Apply engine oil to the flywheel magnet nut
before installation.

Flywheel holder: 90890-06522

\J Flywheel magnet nut:

240 N-m (24 kgf-m, 174 ft-Ib)

16. Install the intake silencer, ignition coil
cover, and flywheel magnet cover.

Removing the power unit
1. Remove the flywheel magnet cover and
intake silencer.

2. Remove the retaining plate () and hold-
ers (2, and then disconnect the throttle
cable (3 and shift cable @.

69J3D11
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S69J5450

3. Remove the dipstick guide ®, and dis-
connect the fuel hose ®, PTT motor
leads @, and flushing device hose (flush-
ing device model) ®.

S69J5460

4. Disconnect the low-pressure fuel pump
driver coupler, PTT switch coupler, shift
cut switch coupler, neutral switch cou-
pler, and cooling water pilot hose.

69J3D11

5. Remove the upper case cover ® and
aprons (0.

S69J5470

6. Remove the power unit by removing the

bolts GD.

S69J5480

S69J5510
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$69J5520

$69J5180

CAUTION:

* Apply force in the direction of the
arrows shown, to prevent the flywheel
holder from slipping off easily.

e To prevent damage to the engine or
tools, screw in the flywheel puller set
bolts evenly and completely so that the
flywheel puller plate is parallel to the fly-
wheel magnet.

NOTE:
Apply force to the crankshaft end until the fly-
wheel magnet comes off the tapered portion
of the crankshaft.

Flywheel holder (2: 90890-06522

Flywheel puller @3: 90890-06521

Removing the oil filter

1. Place a rag under the oil filter, and then
remove the filter using a 72.5 mm (2.9 in)
oil filter wrench.

5-25

S69J5530

NOTE:
Be sure to clean up any oil spills.

Removing the timing belt and

sprockets

1. Turn the drive sprocket clockwise and
align the “A” mark @ on the plate with
the “A” mark ® on the cylinder block,
and check that “I” marks © and @ on the
driven sprockets are aligned with marks

© and ®.

S69J5550

NOTE:
Do not turn the drive sprocket counterclock-
wise.

69J3D11
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2. Using a hexagon wrench, turn the timing
belt tensioner (1) clockwise to push the
timing belt, increase strength gradually,
and then insert a 5.0 mm (0.2 in) pin ©®
into the hole @.

3. Remove the timing belt @ from the
driven sprocket side.

i\
IECON Y
QIIIM'

4|l|||||||l|||l ‘

S69J5560

4. Remove the pin and timing belt ten-
sioner.

5. Remove the drive sprocket and plate.

6. Remove the cylinder head covers, and
then remove the driven sprockets.

S69J5210

NOTE:

Hold the camshaft with a wrench, and be
careful not to damage the driven sprocket.

69J3D11

Checking the timing belt and

sprockets

1. Check the interior and exterior of the tim-
ing belt for cracks, damage, or wear.
Replace if necessary.

S69J5570

2. Check the drive sprocket (D and driven
sprockets (@ for cracks, damage, or
wear. Replace if necessary.

$69J5580
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Installing the sprockets and timing
belt

1. Install the driven sprockets (1), and then
tighten the bolts to the specified torque.

2. Check that “I” marks @ and ® on the
driven sprockets are aligned with marks

© and @. Align if necessary.

3. Install the new gaskets, cylinder head
cover (2), and then tighten the bolts to the

specified torques in two stages.

/

A

-\—-

Mj -7

e r‘ﬂ/
/\{\/a(\ @ﬂ . S69J5600

\J Drive sprocket bolt:

7 N-m (0.7 kgf-m, 5.1 ft-Ib)

Timing belt tensioner bolt:
39 N-m (3.9 kgf-m, 28 ft-Ib)

$69J5590

\J Driven sprocket bolt:
60 N-m (6.0 kgf-m, 43 ft-Ib)
Cylinder head cover bolt:
1st: 8 N-m (0.8 kgf-m, 5.8 ft-Ib)
2nd: 8 N-m (0.8 kgf-m, 5.8 ft:Ib)

4. Install the drive sprocket (® and timing
belt tensioner @, and then tighten the

bolts to the specified torques.

5. Check that the “A” mark © on the plate
is aligned with the “A” mark (® on the

cylinder block. Align if necessary.

5-27

Using a hexagon wrench, turn the timing
belt tensioner (@ clockwise to push the
timing belt, increase strength gradually,
and then insert a 5.0 mm (0.2 in) pin ®
into the hole @.

69J3D11
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7. Install the timing belt ® from the drive
sprocket side with its part number in the
upright position, turn the belt a half turn
counterclockwise to align it, and then
remove the pin ®.

S69J5620

8. Turn the drive sprocket clockwise two
turns, and then check that the alignment
marks are aligned.

$69J5640

NOTE:
Do not turn the drive sprocket counterclock-
wise.

69J3D11
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Cylinder head
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No. Part name Q'ty Remarks
1 | Timing chain tensioner 1
2 | Bolt 4 M6 x 25 mm
3 | Timing chain tensioner 1
4 | Bolt 32 M7 x 37 mm
5 | Bolt 4 M7 x 48 mm
6 | Camshaft cap 16
7 | Camshaft cap 2
8 | Timing chain 2
9 | Oil seal 2
10 | Camshaft 3 1
11 | Camshaft 4 1
12 | Camshaft 2 1
13 | Camshaft 1 1
14 | Bolt 28 M6 x 50 mm
15 | Bolt 4 M8 x 14 mm
16 | Gasket 4
17 | Plug 2 M18 x 16 mm
18 | Gasket 2
19 | Port exhaust outer cover 1
20 | Starboard exhaust outer cover 1
21 | Gasket 2
22 | Port exhaust inner cover 1
23 | Starboard exhaust inner cover 1
24 | Gasket 2

Tightening sequence

69J3D11

5-30




A
POWR E Power unit

[“2[12N-m(1.2kgf-m, 8.7ft-1b)| 6

® [19N-m (1.9 kgf - m, 14 ft - Ib)
37 N-m (3.7 kgf - m, 27 ft - Ib)
® |90°

X
®

[2]25 N-m (2.5 kgf - m, 18 ft - Ib) |

\% @ |14 N+m (1.4 kgf+m, 10 ft - Ib)
@ |28 N-m (2.8 kgf - m, 20 ft - Ib)

[“/12N.m (1.2 kgf-m, 8.7 ft- Ib) |

[“]23 N-m (2.3kgf-m, 17 ft - Ib)]
Bl [6] &)
=
11
: 6] (1]
[4] | | [4]
SHE]

. 0
S69J5660
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No. Part name Q'ty Remarks
1 | Spark plug 6

2 | Bolt 16 | M10 x 120 mm
3 | Bolt 4 M8 x 55 mm
4 | Bolt 2 M8 x 90 mm
5 | Port cylinder head 1

6 | Bolt 4 M6 x 20 mm
7 | Engine hanger 2

8 | Bolt 2 M6 x 12 mm
9 | Ground lead 1

10 | Gasket 1
11 | Starboard cylinder head 1

12 | Gasket 1
13 | Collar 4

14 | Joint 1

15 | Plastic tie 2
16 | Cooling water hose 1

17 | Bolt 13 M6 x 30 mm
18 | Cooling water passage cover 1

19 | Gasket 1
20 | Bolt 4 M8 x 40 mm
21 | Bolt 4

22 | Cover 4

23 | Anode 4

24 | Grommet 4

25 | Plug 1

26 | Gasket 1
27 | Valve shim 24

28 | Valve lifter 24

29 | Valve cotter 48

30 | Valve spring retainer 24

31 | Valve spring 24

32 | Valve seal 24
33 | Valve guide 24
34 | Exhaust valve 12

35 | Intake valve 12

Tightening sequence

69J3D11
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Removing the cylinder head
1. Remove the exhaust cover bolts in the
sequence shown.

&l [ [

= B

M N B E E P

—
S

S69J5670

2. Remove the timing chain tensioner (1
and camshaft caps in the sequence
shown.

] ] [

(]

=5 [2]

S69J5680

3. Remove the camshafts and timing
chains, and disconnect the ground lead.

4. Remove the cylinder head bolts in the
sequence shown.

5-33

CAUTION:
Do not scratch or damage the mating sur-

faces of the cylinder head and cylinder
block.

5. Remove the valve shim @) from the valve
lifter (® using compressed air.

& $69J5700
NOTE:

Do not mix the valve train parts. Keep them
organized in their proper groups.

6. Remove the intake valve and exhaust
valves.

S69J5710

NOTE:
Be sure to keep the valves, springs, and
other parts in the order as they were
removed.

69J3D11
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Valve spring compressor (@: @
90890-04019 A
Valve spring compressor attachment
®:
90890-06320 [ 3 —
Checking the valve springs \LU

1. Measure the valve spring free length @.
Replace if out of specification.

& Valve margin thickness @:
__DL /l_,__i Intake: 0.7 mm (0.028 in)

Exhaust: 1.0 mm (0.039 in)

S69J5740

| I I B T T B |
rerrrel

/

& Valve spring free length @:
44.20 mm (1.740 in)

3. Measure the valve stem diameter ®.
Replace if out of specification.

A

S69J5720

2. Measure the valve spring tilt ®. Replace
if out of specification.

—>f—@ & Valve stem diameter ®:

Intake:
5.477-5.492 mm
(0.2156-0.2162 in)
Exhaust:
5.464-5.479 mm
(0.2151-0.2157 in)

$69J5750

77/ % e // S69J5730

4. Measure the valve stem runout. Replace

& Valve spring tilt limit ©: if out of specification.
1.5 mm (0.06 in)

Checking the valves
1. Check the valve face for pitting or wear.
Replace if necessary.

2. Measure the valve margin thickness @.
Replace if out of specification.

S69J5760
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& Valve stem runout:
Intake: 0.01 mm (0.0004 in)

Exhaust: 0.01 mm (0.0004 in)

Checking the valve guides

NOTE:
Before checking the valve guide make sure
that the valve stem diameter is within specifi-
cation.

1. Measure the valve guide inside diameter

@.

O

@ — =1

/7

S69J5770

S69J5790

Valve guide remover/installer:
90890-06801

é(\( Valve guide inside diameter @:
5.51-5.52 mm (0.2169-0.2173 in)

2. Calculate the valve stem-to-valve guide
clearance as follows. Replace the valve
guide if out of specification.

& Valve stem-to-valve guide clearance
= valve guide inside diameter — valve
stem diameter:
Intake:
0.01-0.02 mm
(0.0004-0.0008 in)
Exhaust:
0.01-0.02 mm
(0.0004-0.0008 in)

2. Install the new valve guide @ by striking
the special service tool from the cam-
shaft side until the valve guide installer
(® contacts the cylinder head.

$69J5800

NOTE:
Apply engine oil to the surface of the new
valve guide.

Valve guide remover/installer:
90890-06801

Valve guide installer: 90890-06810

Replacing the valve guides

1. Remove the valve guide (O by striking
the special service tool from the combus-
tion chamber side.

5-35

3. Insert the special service tool into the
valve guide ©), and then ream the valve
guide.

S$69J5810
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NOTE:
* Turn the valve guide reamer clockwise to
ream the valve guide. ,
Do not turn the reamer counterclockwise %/ —
@

when removing the reamer.

Valve guide reamer: 90890-06804

$69J5830

4. Measure the valve guide inside diameter.
Replace the valve guide if out of specifi-
cation.

& Valve guide inside diameter:
5.51-5.52 mm (0.2169-0.2173 in)

Checking the valve seat
1. Eliminate carbon deposits from the valve
with a scraper.

2. Apply a thin, even layer of Mechanic’s

blueing dye (Dykem) onto the valve seat. $69J5840
3. Lap the valve slowly on the valve seat & Valve seat contact width @):
with a valve lapper (commercially obtain- Intake:
able) as shown. 1.1-1.4 mm (0.043-0.055 in)
Exhaust:
1.4—1.7 mm (0.055-0.067 in)

Refacing the valve seat
1. Reface the valve seat with the valve seat
cutter.

S69J5820

4. Measure the valve seat contact width @ 30017; 4501‘\ i 60° i\
where the blueing dye is adhered to the —
valve face. Reface the valve seat if the
valve is not seated properly or if the valve
seat contact width is out of specification.

Replace the valve guide if the valve seat
contact is uneven.

$69J5850
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Valve seat cutter holder:
90890-06316
Valve seat cutter:
30° (intake and exhaust):
90890-06327
45° (intake and exhaust):
90890-06325
60° (intake and exhaust):
90890-06324

2. Cut the surface of the valve seat with a
45° cutter by turning the cutter clockwise
until the valve seat face has become
smooth.

S$69J5860

S69J5870

@ Slag or rough surface

CAUTION:
Do not over cut the valve seat. Be sure to
turn the cutter evenly downward at a pres-
sure of 40-50 N (4-5 kgf, 8.8-11 Ibf) to
prevent chatter marks.

3. Use a 30° cutter to adjust the contact
width of the top edge of the valve seat.

5-37

. N
ﬂ\ ]

(® Previous contact width

S69J5880

4. Use a 60° cutter to adjust the contact
width of the bottom edge of the valve

| w
ﬁ\j/
Xw

(® Previous contact width

S$69J5890

5. Use a 45° cutter to adjust the contact
width of the valve seat to specification.

<&

v

® Previous contact width
© Specified contact width

S$69J5900

6. If the valve seat contact area is too wide
and situated in the center of the valve
face, use a 30° cutter to cut the top edge
of the valve seat, a 60° cutter to cut the
bottom edge to center the area and set
its width.

69J3D11
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9. Apply a thin, even layer of lapping com-

30° / pound onto the valve seat, and then lap
® the valve using a valve lapper (commer-
N\ % cially obtainable).
S69J5910

® Previous contact width

7. If the valve seat contact area is too nar-
row and situated near the top edge of the
valve face, use a 30° cutter to cut the top

$69J5820

edge of the valve seat. If necessary, use CAUTION:
a'45° cutter to center the area and set its Do not get the lapping compound on the
width. valve stem and valve guide.
30°
\ / ®) 10. After every lapping procedure, be sure to
N , clean off any remaining lapping com-
% pound from the cylinder head and the
valve.

‘ 11. Check the valve seat contact area of the

valve again.
S69J5920
® Previous contact width Checking the camshaft
. 1. Check the timing chain sprockets for
8. If the valve seat contact area is too nar- damage or wear. Replace the camshaft if
row and situated near the bottom edge of necessary.

the valve face, use a 60° cutter to cut the
bottom edge of the valve seat. If neces-
sary, use a 45° cutter to center the area
and set its width.

/ ®
\3§23/ S69J5940
2. Measure the cam lobe. Replace if out of
60 specification.
S69J5930

® Previous contact width
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) "
®© $69J5950

& Cam lobe @:
Intake:

45.30-45.40 mm
(1.7835-1.7874 in)
Exhaust:
45.35-45.45 mm
(1.7854-1.7894 in)
Cam lobe ®©:
Intake:
35.95-36.05 mm
(1.4154-1.4193 in)
Exhaust:
35.95-36.05 mm
(1.4154-1.4193 in)

4. Measure the camshaft journal diameter

© and cylinder head journal inside diam-
eter @. Replace the camshaft and cylin-
der head if out of specification.

$69J5970

& Camshaft journal diameter ©):
24.96-24.98 mm

(0.9827-0.9834 in)

Camshaft cap inside diameter @:
25.00-25.02 mm
(0.9843-0.9850 in)

3. Measure the camshaft runout. Replace if
out of specification.

5695960

5. Calculate the camshaft oil clearance ®
as follows. Replace the camshaft and
cylinder head as a set if out of specifica-
tion.

& Camshaft oil clearance © =

Camshaft cap inside diameter @ —
Camshaft journal diameter ©:
0.02—0.06 mm (0.0008-0.0023 in)

Crank stand alignment:
90890-03107

Camshaft runout limit:
0.1 mm (0.004 in)

5-39

Checking the timing chain tensioner
1. Measure the plunger extended length @.
Replace if out of specification.

@ $69J5980

NOTE:
Check the timing chain tensioner every 400
hours of operation.

69J3D11
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& Timing chain tensioner wear limit @:

1.0 mm (0.04 in) from standard

Checking the timing chain
1. Check the timing chain for damage or
wear. Replace if necessary.

T
.4@5;9;
SAURSEE EaY

$69J5990

Checking the cylinder head

1. Eliminate carbon deposits from the com-
bustion chambers and check for deterio-
ration.

2. Check the cylinder head warpage using a
straightedge (D) and thickness gauge @
in six directions as shown. Replace if out
of specification.

S69J5A00

S69J5A10

& Cylinder head warpage limit:
0.1 mm (0.004 in)

69J3D11

Installing the valves
1. Install the new valve seal @) to the valve
guide.

S69J5A20

2. Install the valve ), valve spring (3, and
valve spring retainer @ in the sequence
shown, and then attach the special ser-
vice tool.

S69J5A30

NOTE:
The valve spring can be installed in any
direction.

Valve spring compressor (&:
90890-04019
Valve spring compressor attachment
®:
90890-06320

3. Compress the valve spring, and then
install the valve cotter () using a thin
screwdriver with a small amount of
grease applied to it.
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S69J5A40

4. Lightly tap the valve spring retainer with
a plastic hammer to set the valve cotter
securely.

S69J5A50

NOTE:
Apply engine oil to the valve shims and valve

lifters before installation.

Installing the cylinder head

1. Install the new gaskets and cylinder
heads, and then tighten the bolts to the
specified torques in the sequence
shown.

=
l
|
] [ [el
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=
(5]

S69J5A60
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CAUTION:

Do not reuse the cylinder head gaskets,
always replace them with new ones.

NOTE:

* Apply engine oil to the cylinder head bolts
before installation.

* Tighten the M10 bolts to the specified
torques in three stages first, and then
tighten the M8 bolts to the specified torques
in two stages.

e Make a mark @ on the M10 bolts and the
cylinder head, and then tighten the bolts
90° from the mark.

\J Cylinder head bolt (M10):
| 1st: 19 N-m (1.9 kgf-m, 14 ft-Ib)

2nd: 37 N-m (3.7 kgf-m, 27 ft-Ib)
3rd: 90°

Cylinder head bolt (M8):
1st: 14 N-m (1.4 kgf-m, 10 ft-Ib)
2nd: 28 N-m (2.8 kgf-m, 20 ft-Ib)

2. Connect the ground lead.

3. Align the projection (wide one) ® on the
camshaft sprockets to the alignment
plate (gold) © on the timing chain, and
then install the camshafts to the cylinder
head with new oil seals.

S$69J5240
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S69J5A70

4. Install the camshaft caps, and then
tighten the bolts to the specified torques
in two stages and in the sequence
shown.

5. Install the timing chain tensioners (O, and
then tighten the bolts to the specified
torque in the sequence shown.

[[ OO
op= =
)¢
di
de

ol

SE

S69J5A80

69J3D11

NOTE:

¢ Install the camshaft caps in the proper posi-
tion as shown and with the stamped num-
bers facing upside down.

* Apply engine oil to the camshaft cap bolts
before installation.

\J Camshaft cap bolt:
1st: 8 N-m (0.8 kgf-m, 5.8 ft-Ib)

2nd: 17 N-m (1.7 kgf-m, 12 ft-Ib)
Timing chain tensioner bolt:
12 N-m (1.2 kgf-m, 8.7 ft-Ib)

6. Install the new gaskets and exhaust cov-
ers, and then tighten the bolts to the
specified torques in two stages and in the
sequence shown.

@
(8] &
5Q©
0@
e d[2
4] b~ 9[3]
.
7
]

S69J5A90

\J Exhaust cover bolt:
1st: 6 N-m (0.6 kgf-m, 4.3 ft-Ib)

2nd: 12 N-m (1.2 kgf-m, 8.7 ft-Ib)
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No. Part name Q'ty Remarks
1 | Crankcase cover 1
2 | Bolt 17 M8 x 45 mm
3 | Bolt 2 M6 x 20 mm
4 | Engine hanger 1
5 | Plate 1
6 | Screw 14 | M4 x8 mm
7 | Gasket 1
8 | Nut 6
9 | Baffle plate 1
10 | Dowel pin 2
11 | Bolt 12
12 | Connecting rod cap 6
13 | Connecting rod bearing 12
14 | Connecting rod 6
15 | Piston 6
16 | Clip 12
17 | Piston pin 6
18 | Oil ring 6
19 | 2nd piston ring 6
20 | Top ring 6
21 | Plug 1
22 | Gasket 1
23 | Gasket 1
24 | Engine temperature sensor 1
25 | Bolt 4 M6 x 25 mm
26 | Cap 2
27 | Stopper 2

Tightening sequence

69J3D11
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No. Part name Q'ty Remarks

1 | Crankshaft 1

2 | Cylinder block 1

3 | Crankcase 1

4 | Oil seal 1
5 | Thrust bearing 2

6 | Thrust bearing 1

7 | Main bearing 4

8 | Main bearing 4

9 | Stud bolt 6 M8 x 95 mm
10 | Bolt 8 M10 x 105 mm
11 | Bolt 2 M8 x 95 mm
12 | Bolt 13 M8 x 55 mm
13 | O-ring 2

1.9 x22.9 mm

14 | O-ring 1
15 | Bolt 2 M6 x 20 mm
16 | Holder 2

17 | Thermoswitch 2

18 | Cover 2

19 | Thermostat 2

20 | Bolt 4 M6 x 25 mm
21 | Clip 4

22 | Cooling water hose 2

23 | Oil seal 1 Not reusable
24 | Oil seal 1
25 | O-ring 2
26 | Oil pump assembly 1

27 | Gasket 1
28 | Oil seal 1
29 | Oil seal 2
30 | Bolt 4 M6 x 40 mm

Tightening sequence

69J3D11
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Disassembling the cylinder block
1. Remove the cooling water passage
cover bolts in the sequence shown.

o

B B3 © O
e} (o] o
MR EE E =

$69J5B20

-

2. Remove the crankcase cover bolts in the
sequence shown.

= B BEl & [

S69J5B30

NOTE:
Do not remove the ignition timing pointer
from the crankcase cover.

3. Remove the baffle plate.

4. Remove the connecting rod bolts and the
connecting rod caps, and then remove
the connecting rod and piston assem-
blies.

5. Remove the clips (D with pliers, and then
remove the piston.

S69J5B40

5-47

NOTE:

* Be sure to keep the bearings in the order as
they were removed, and to note the bearing
color.

e Mark each piston with an identification
number @ of the corresponding cylinder.
Also, mark each connecting rod and con-
necting rod cap on the up side (flywheel
side) with an identification mark ®.

e Do not mix the connecting rods and caps.
Keep them organized in their proper
groups.

6. Remove the crankcase bolts in the
sequence shown.

S69J5B50

7. Remove the oil pump, then the crank-
shaft.

Checking the piston diameter

1. Measure the piston outside diameter at
the specified measuring point. Replace if
out of specification.

S69J5B60
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& Piston diameter @:
93.921-93.941 mm
(3.6977-3.6985 in)

Measuring point ®:

5 mm (0.2 in) up from the bottom of
the piston skirt

Checking the piston clearance

1. Rebore the cylinder or replace the piston
and piston rings as a set, or the cylinder
block, or all parts if out of specification.

& Piston clearance:
0.075-0.080 mm

Checking the cylinder bore

1. Measure the cylinder bore (D,—Dg) at
measuring points @, ®, and ©), and in
direction @ (D, D3, Ds), which is parallel
to the crankshaft, and direction ® (D,
D4, Dg), which is at a right angle to the
crankshaft.

® @ :; D2 D1
© < Q@
=D

v S69J5B70
@ 20 mm (0.8 in)

® 60 mm (2.4 in)

© 100 mm (3.9 in)

(0.0029-0.0031 in)

Checking the piston rings
1. Check the piston ring dimensions of B
and T. Replace if out of specification.

S69J5B80

& Piston ring dimensions:
Top ring @:

& Cylinder bore (D1—Dg):
94.00-94.02 mm

(3.7008-3.7016 in)

2. Calculate the taper limit. Replace or
rebore the cylinder block if out of specifi-
cation.

B:1.17-1.19 mm

(0.0461-0.0468 in)

T: 2.8-3.0 mm (0.110-0.118 in)
Second ring ®@:

B:1.17-1.19 mm

(0.0461-0.0468 in)

T: 3.6-3.8 mm (0.142—0.150 in)
QOil ring ©:

B: 2.40-2.47 mm

(0.0945-0.0972 in)

& Taper limit:
D,—D; (direction @)

D,—Ds (direction ®)
0.05 mm (0.0020 in)

T: 2.3-2.7 mm (0.091-0.106 in)

3. Calculate the out-of-round limit. Replace
or rebore the cylinder block if out of spec-
ification.

& Out-of-round limit:
D,—D; (measuring point @)
De—Ds (measuring point ©)
0.01 mm (0.0004 in)

69J3D11

2. Level the piston ring @ in the cylinder
with a piston crown.

3. Check the piston ring end gap @ at the
specified measuring point. Replace if out
of specification.

5-48




A
POWR E Power unit

N oo —
O T—— D (T—— 369J5B90

& Piston ring end gap @:
Top ring:

0.15-0.30 mm
(0.0059-0.0118 in)

Second ring:
0.30-0.45 mm
(0.0118-0.0177 in)

Oil ring:
0.15-0.60 mm
(0.0059-0.0236 in)

Measuring point ®: 20 mm (0.8 in)

Checking the piston ring grooves

1. Measure the piston ring grooves.

Replace the piston if out of specification.

S69J5C00

& Piston ring groove:
Top ring @:

1.23-1.25 mm (0.048-0.049 in)
Second ring @:

1.22—1.24 mm (0.048—0.049 in)
QOil ring ©:

Checking the piston ring side

clearance

1. Measure the piston ring side clearance.
Replace the piston and piston rings as a
set if out of specification.

—+®
—®
—©

$69J5C10

& Piston ring side clearance:
Top ring @:

0.04-0.08 mm
(0.0016-0.0031 in)
Second ring ®@:
0.03—-0.07 mm
(0.0012-0.0027 in)
QOil ring ©:
0.04-0.13 mm
(0.0016-0.0051 in)

Checking the piston pin boss bore
1. Measure the piston pin boss bore.
Replace the piston if out of specification.

& Piston pin boss bore:
21.02-21.03 mm

(0.8276-0.8280 in)

2.51-2.53 mm (0.099-0.100 in)

5-49
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Checking the piston pin
1. Measure the piston pin diameter.
Replace if out of specification.

S69J5C30

S69J5C50

& Piston pin diameter:
21.00 mm (0.827 in) & Connecting rod big end side
clearance @:
0.20-0.25 mm (0.008—-0.010 in)

Checking the connecting rod small

end inside diameter

1. Measure the connecting rod small end
inside diameter @. Replace the connect-
ing rod if out of specification.

@
=

Checking the crankshaft

1. Measure the crankshaft journal diameter
@, crankpin diameter @, and crankpin
width ©. Replace the crankshaft if out of
specification.

S$69J5C40

$69JSC6O

& Connecting rod small end inside
diameter @:
21.00 mm (0.827 in)

Checking the connecting rod big end

side clearance

1. Measure the connecting rod big end side
clearance @. Replace the connecting
rod or crankshaft, or both if out of specifi-
cation.

© $69J5C70
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& Crankshaft journal diameter @:
62.968—62.992 mm

(2.4791-2.4800 in)
Crankpin diameter ®:
49.976-50.000 mm
(1.9676-1.9685 in)
Crankpin width ©:
21.50-21.55 mm
(0.8465-0.8484 in)

2. Measure the crankshaft runout. Replace
the crankshaft if out of specification.

S69J5C80

Crank stand alignment:
90890-03107

Crankshaft runout limit:
0.03 mm (0.0012 in)

Checking the crankpin oil clearance
1. Clean the bearings and the connecting
rod.

2. Install the upper half of the bearing into
the connecting rod (D and the lower half
into the connecting rod cap @.

3. Insert the projection @ of the bearing into
the slot on the cap and connecting rod.

5-51

$69J5C90

NOTE:
Install the connecting rod bearings in their
original positions.

4. Put a piece of Plastigauge® (PG-1) onto
the crankpin, parallel to the crankshaft.

S69J5D00

NOTE:
Be sure not to put the Plastigauge (PG-1)
over the oil hole in the crankpin of the crank-
shaft.

5. Install the connecting rod to the crankpin

®.
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$69J5D10

NOTE:
Align the marks ® on the connecting rod cap
and connecting rod, which you made during
disassembly.

6. Tighten the connecting rod bolts to the
specified torques in three stages.

S69J5D20

NOTE:

* Reuse the removed connecting rod bolts
when checking the oil clearance.

* Do not turn the connecting rod until the
crankpin oil clearance measurement has
been completed.

* Make a mark © on the connecting rod
bolts, connecting rod caps, and then tighten
the bolts 90° from the mark.

\J Connecting rod bolt:
1st: 23 N-m (2.3 kgf-m, 17 ft-Ib)

2nd: 48 N-m (4.8 kgf-m, 35 ft-Ib)
3rd: 90°

7. Remove the connecting rod cap and

measure the width of the compressed
Plastigauge (PG-1) on each crankpin.
Replace the connecting rod bearing if out
of specification.

$69J5D30

& Crankpin oil clearance:
0.035-0.071 mm

(0.0014-0.0028 in)

69J3D11

Selecting the connecting rod bearing

1. When replacing the connecting rod bear-
ing, select the suitable bearing as fol-
lows.

2. Check the crankpin mark @ on the
crankshaft.
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P P2P3 P4 P5 P6 $69J5D40

3. Select the suitable color ® for the con-
necting rod bearing from the table.

S69J5D50

Crankpin mark @ Bearing color ®
92-00 Yellow
84-91 Green
76-83 Blue

Checking the crankshaft main

journal oil clearance

1. Clean the bearings, main journals, and
bearing portions of the crankcase and
cylinder block.

2. Place the cylinder block upside down on
a bench.

3. Install half of the bearings () and the
crankshaft @ into the cylinder block ®.

5-53

4. Insert the projection @ of the bearing into
the notch in the cylinder block.

S69J5D60

NOTE:
Install the main bearings in their original posi-
tions.

5. Put a piece of Plastigauge (PG-1) on
each main journal parallel to the crank-
shaft.

$69J5D70

NOTE:
Do not put the Plastigauge (PG-1) over the
oil hole in the main journals of the crankshaft.

6. Install the remaining half of the bearings
into the crankcase.

NOTE:
Install the main bearings in their original posi-
tions.

7. Insert the projection of the bearing into
the notch in the crankcase.

8. Install the crankcase onto the cylinder
block and apply engine oil to the threads
of the crankcase bolts.

69J3D11
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9. Tighten the crankcase bolts to the speci-
fied torques in two stages and in the
sequence shown.

90°

S69J5D80

NOTE:

¢ Crankcase bolts [1]-16] can be reused five
times.

e Do not move the crankshaft until the main
journal oil clearance measurement has
been completed.

* Tighten crankcase bolts [1]-{1g] to the speci-
fied torques in two stages first, and then
tighten crankcase bolts [17-29 to the speci-
fied torques in two stages.

* Make a mark ® on the crankcase and
crankcase bolts, and then tighten crank-
case bolts [1]-[ig] 90° from the mark.

10. Remove the crankcase and measure the
width of the compressed Plastigauge
(PG-1) on each main journal. Replace
the main bearing if out of specification.

S69J5D90

& Crankshaft main journal oil
clearance:

0.025-0.050 mm
(0.0010-0.0020 in)

\J [1]-[8] Crankcase bolt (M8):
1st: 25 N-m (2.5 kgf-m, 18 ft-Ib)

2nd: 90°

[9]-[16] Crankcase bolt (M10):
1st: 40 N-m (4.0 kgf-m, 29 ft-Ib)
2nd: 90°

Crankcase bolt (M8):
1st: 14 N-m (1.4 kgf-m, 10 ft-Ib)
2nd: 28 N-m (2.8 kgf-m, 20 ft-Ib)

69J3D11

Selecting the crankshaft main

bearing

1. When replacing the main bearing, select
the suitable bearing as follows.

2. Check the crankshaft journal mark @ on
the crankshaft and the cylinder block
mark ® on the cylinder block.

[

S69J5E00
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S69J5E10

Select the suitable main bearing number
© from the table.

S69J5E20

Cylinder block mark ®

98(99(00

2

02

o
@

04)|05]|06|07]|08|09(10(11(12(13[14|15

>
3
®
©
N
8
©
N
R

Crankshaft journal mark @

92

91

90

89

88

87

86

85

84

83

82

81

80

79

78

7

76

75

74

73

72

al

70

69
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NOTE:

» Example: If the crankshaft journal mark @
is “81” and the cylinder block mark ® is
“04,” then the main bearing number © is
“1 .H

* Main bearing #3 is a thrust bearing.

5-55

Disassembling the oil pump

1.

Remove the screws ) and disassemble
the oil pump.

S69J5E60

Checking the oil pump

1.

Check the oil seals and gasket for tears.
Replace if necessary.

Check the teeth of the gears for cracks or
wear and the oil pump case for
scratches. Replace if necessary.

Assembling the oil pump

1.

Replace the new oil seal ) and gasket
@ if necessary, and then tighten the
screws (Q) to the specified torque.

S69J5E70
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NOTE:
Install the oil seals using a general pipe of the
proper size.

\J Screw @):
4 N-m (0.4 kgf-m, 2.9 ft-Ib)

Assembling the piston and cylinder

block

1. Assemble the piston (©, connecting rod
®), piston pin (3, and new piston pin clips
®@.

®

S69J5E80

NOTE:

* Face the mark @ on the connecting rod in
the same direction as the “UP” mark ® on
the piston, which you made during disas-
sembly.

* Always use new piston pin clips, and do not
allow the piston pin clip end to align with the
piston pin slot ©.

2. Install the oil ring ®, second ring ®, and
top ring @ to the piston with the “R” mark
@ of the second ring and the “RN” mark
@ of the top ring facing upward.

3. Offset the piston ring end gaps as
shown.

69J3D11

450#2

Up

#5

S60C5E90

CAUTION:

Do not scratch the piston or break the pis-
ton rings.

NOTE:
After installing the piston rings, check that
they move smoothly.

4. Install the upper half of the bearing into
the connecting rod @ and the lower half
into the connecting rod cap ®.

5. Insert the projection ® of the bearing into
the slot on the cap and connecting rod.

S69J5F00

NOTE:
Install the connecting rod bearings in their
original positions.
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6. Install half of the bearings (@ into the cyl-
inder block (.

7. Insert the projection (® of the bearing into
the notch in the cylinder block.

S69J5F10

NOTE:
Install the main bearings in their original posi-

tions.

8. Set the crankshaft @), and oil seal @,
and thrust bearings @ into the cylinder
block as shown.

S69J5F20

NOTE:
Apply engine oil to the inner oil seal and the

thrust bearings before installation.

9. Install half of the bearings and the
thrust bearing @ into the crankcase.

NOTE:

Install the main bearings in their original posi-
tions.

5-57

10. Apply Gasket Maker® to the mating sur-
face of the crankcase.

11. Insert the projection @ of the bearing into
the notch in the crankcase.

S69J5F30

NOTE:
Do not get any Gasket Maker on the journal

bearings.

12. Install the crankcase onto the cylinder
block, and then tighten the crankcase
bolts to the specified torques in two
stages and in the sequence shown.

90°

(L
Mm@
!

S69J5F40

CAUTION:

Crankcase bolts [1]-[i§] can be reused five
times.

69J3D11
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NOTE:

* The oil seals must be installed before tight-
ening the crankcase bolts.

* Apply engine oil to the crankcase bolts
before installation.

* Tighten crankcase bolts [1]-{1g] to the speci-
fied torques in two stages first, and then
tighten crankcase bolts [17-29 to the speci-
fied torques in two stages.

 Make a mark ® on the crankcase and
crankcase bolts, and then tighten crank-
case bolts [1]-[i6] 90° from the mark.

V7 (18] Crankcase bolt (M8):
1st: 25 N-m (2.5 kgf-m, 18 ft-Ib)
2nd: 90°

[9]16] Crankcase bolt (M10):
1st: 40 N-m (4.0 kgf-m, 29 ft-Ib)
2nd: 90°

Crankcase bolt (M8):
1st: 14 N-m (1.4 kgf-m, 10 ft-Ib)
2nd: 28 N-m (2.8 kgf-m, 20 ft-Ib)

13. Install the piston with the “UP” mark on
the piston crown facing towards the fly-
wheel magnet.

S69J5F50

NOTE:
Apply engine oil to the side of the piston and
piston rings before installation.

Piston ring compressor:
90890-05158

14. Install the connecting rod cap to the
connecting rod, and then tighten the con-
necting rod bolts to the specified torques
in three stages.

69J3D11

S69J5F60

CAUTION:

Do not reuse the connecting rod bolts,
always replace them with new ones.

NOTE:

* Align the marks (O on the connecting rod
cap and connecting rod, which you made
during disassembly.

* Apply engine oil to the connecting rod cap
and connecting rod bolt before installation.

» Make a mark @ on the connecting rod bolts
and connecting rod caps, and then tighten
the bolts 90° from the mark.

\J Connecting rod bolt:
| 1st: 23 N-m (2.3 kgf-m, 17 ft-Ib)
2nd: 48 N-m (4.8 kgf-m, 35 ft-Ib)
3rd: 90°

15. Install the oil pump (@ by aligning the oil
pump gear with the crankshaft.

S69J5F70
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S69J5F80

CAUTION:

Before installing the oil pump, be sure to
fill it with engine oil through the oil pas-
sage .

16. Install the baffle plate (@) to the specified
torque.

572 S69J5F90

\J Crankcase cover bolt:
1st: 14 N-m (1.4 kgf-m, 10 ft-Ib)

2nd: 28 N-m (2.8 kgf-m, 20 ft-Ib)

18. Install the new gasket and cooling water
passage cover, and then tighten the bolts
to the specified torque in the sequence
shown.

9B

[ (5] B [ [«
(o]
[o]

N [ P ] E

O 0
[o]

[e]

[o

P [0
\a_o/

S69J5G10

\J\ Cooling water passage cover bolt:
D

12 N-m (1.2 kgf-m, 8.7 ft-Ib)

\J Baffle plate nut:
12 N-m (1.2 kgf-m, 8.7 ft-Ib)

17. Install the new gasket and crankcase
cover, and then tighten the bolts to the
specified torque in two stages and in the
sequence shown.

[] (] [e] [e]
'\ A..A‘. K

S69J5G00
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19. Before installing the power unit, be sure
to fill it with engine oil through the oil pas-
sage (D of the oil filter bracket.

$69J5G20

NOTE:
Apply a thin coat of engine oil to the O-ring of
the new oil filter before installation.

69J3D11
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20. Install the oil filter, and then tighten it to
the specified torque using a 72.5 mm
(2.9 in) oil filter wrench.

S69J5540

4. Check the thermostat valve opening at
the specified water temperatures.
Replace if out of specification.

S69J5E50

\J Oil filter: 18 N-m (1.8 kgf-m, 13 ft-Ib)

Water .
& temperature Valve lift @
° 0 0 mm (0 in)
eore e (valve begins to lift)
above more than
70 °C (158 °F) 4.3 mm (0.17 in)

Checking the thermostat
1. Remove the cover @) and thermostat ).

S69J5E30

2. Suspend the thermostat in a container of
water.

3. Place a thermometer in the water and
slowly heat the water.

S69J5E40

69J3D11

5. Install the thermostat and cover.

Installing the power unit

1. Clean the power unit matching surface,
and install the dowel pins (1) and the new
gasket @.

2. Install the power unit ® by installing the
bolts @, then tightening them to the
specified torque.

3. Install the aprons & and upper case
cover (®, then tighten them to the speci-
fied torque.

4. Connect the low-pressure fuel pump
driver coupler, PTT switch coupler, shift
cut switch coupler, neutral switch cou-
pler, and cooling water pilot hose.
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S69J5G50

\J PTT motor lead bolt:
4 N-m (0.4 kgf-m, 2.9 ft-Ib)

S69J5G30

6. Connect the shift cable @ and throttle
cable @, and then adjust their lengths.
For adjustment procedures, see Chapter
3, “Checking the throttle link and throttle
cable operation,” and “Checking the
gearshift operation.”

S69J5G40

\J Mounting bolt @®: S69J5G60
42 N-m (4.2 kgf-m, 30 ft-Ib)
Apron and upper case cover bolt:

8 N-m (0.8 kgf-m, 5.8 ft-Ib)

5. Install the dipstick guide (@, and connect
the fuel hose (®, PTT motor leads (9,
and flushing device hose (flushing device
model) (.
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7. Install the holders (3 and retaining plate
@. NOTE:

Apply engine oil to the flywheel magnet nut
? before installation.

Flywheel holder: 90890-06522

\J Flywheel magnet nut:
240 N-m (24 kgf-m, 174 ft-Ib)

11. Reinstall the all removed parts.

S69J5G70

8. Install the stator coil bracket and stator
coil.

9. Install the Woodruff key.

S69J5300

S69J5320

CAUTION:
Apply force in the direction of the arrows
shown, to prevent the flywheel holder
from slipping off easily.
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Special service tools

Bearing housing puller claw L
90890-06502

9

Stopper guide plate
90890-06501

Center bolt
90890-06504

Bearing separator
90890-06534

Stopper guide stand
90890-06538

Bearing puller
90890-06535

S

Bearing puller claw 1
90890-06536

Slide hammer
90890-06531

Bearing outer race puller
90890-06523

Outer race puller claw A
90890-06532
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Special service tools

@
@

Needle bearing attachment Ball bearing attachment

90890-06610, 90890-06653, 90890-06654 90890-06636, 90890-06656, 90890-06657
Driver rod L3 Driver rod LS

90890-06652 90890-06606

Driver rod SS Bearing outer race attachment
90890-06604 90890-06622, 90890-06628, 90890-06658
Bearing depth plate Drive shaft holder 6

90890-06603 90890-06520

Bearing inner race attachment Pinion nut holder

90890-06640, 90890-06659 90890-06505
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LOWH *‘ Lower unit

Socket adapter 3
90890-06508

Driver rod LL

90890-06605
Pinion height gauge
90890-06702

ﬁ

T

Fixing plate
90890-06711

Digital caliper
90890-06704

o

Shimming plate

90890-06701

Shift rod push arm
90890-06052

Backlash indicator
90890-06706

—

Magnet base plate
90890-07003

Dial gauge set
90890-01252

69J3D11



Special service tools

Magnet base
90890-06705

Puller head
90890-06514

Ring nut wrench
90890-06578

S
—]

T

O S
P

Flywheel puller
90890-06521
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Lower unit

Lower unit (regular rotation model)

[V2]43 N - m (4.3 kgf - m, 31 ft - Ib) |

[22]47 N-m (4.7 kgf - m, 34 1t - Ib) |

6-5

[2]55 N-m (5.5 kgf - m, 40 ft - Ib)|

17

[32]47 N-m (4.7 kgf - m, 34 ft - Ib) |

S69J6005
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Lower unit (regular rotation model)

No. Part name Q'ty Remarks
1 Lower unit 1
2 | Plate 1
3 | Rubber seal 1
4 | Check screw 1
5 | Gasket 2
6 | Dowel pin 2
7 | Bolt 7 M10 x 45 mm
8 | Drain screw 1
9 | Grommet 1
10 | Bolt 1 M10 x 44 mm
11 | Bolt 1 M10 x 70 mm
12 | Spacer 1
13 | Washer 1
14 | Propeller 1
15 | Washer 1
16 | Washer 1
17 | Cotter pin 1
18 | Propeller nut 1
19 | Trim tab 1

69J3D11
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LOWR *‘ Lower unit

$69J6010

69J3D11
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Lower unit (regular rotation model)

No. Part name Q'ty Remarks
1 | Shift rod 1
2 | Oil seal 1
3 | Qil seal housing 1
4 | O-ring 1
3.1 x70.6 mm
5 | Spring 1
6 | Circlip 1
7 | Bolt 3 M6 x 20 mm
8 | Seal 1
9 | Woodruff key 1
10 | Bolt 4 M8 x 45 mm
11 | Cover 1
12 | Seal 1
13 | Water pump housing 1
14 | O-ring 1
2.5x42 mm
15 | Insert cartridge 1
16 | O-ring 1
2.5x%x91.5mm
17 | Collar 1
18 | Spacer 1
19 | Washer 2
20 | Wave washer 1
21 | Impeller 1
22 | Outer plate cartridge 1
23 | Gasket 1
24 | Dowel pin 2

69J3D11 6-8



LOWH *‘ Lower unit

Removing the lower unit

1. Drain the gear oil. For draining proce-
dures, see Chapter 3, “Changing the
gear oil.”

2. Set the gearshift to the neutral position,
and place a block of wood between the
anti-cavitation plate and propeller to keep
the propeller from turning, and then
remove the propeller nut and propeller.

S69J6015

& WARNING

Do not hold the propeller with your hands
when loosening or tightening it. Be sure
to disconnect the battery cables from the
batteries and the engine shut-off switch.
Put a block of wood between the anti-cav-
itation plate and propeller to keep the pro-
peller from turning.

3. Mark the trim tab @) at the area shown,
and then remove it.

4. Loosen the bolts, and then remove the
lower unit from the upper case.

6-9

S69J6020

NOTE:
Check that there is no oil on the spline and
check it for rust or wear. Check the oil pump
if necessary.

Removing the water pump and shift

rod

1. Remove the water pump assembly and
shift rod assembly .

869J6025

69J3D11



Lower unit (regular rotation model)

Checking the water pump and shift

rod

1. Check the water pump housing for defor-
mation. Replace if necessary.

§69J6030

2. Check the impeller O and insert car-
tridge @ for cracks or wear. Replace if
necessary.

$69J6035

3. Check the Woodruff key ® and the
groove @ on the drive shaft for wear.
Replace if necessary.

$§69J6040

69J3D11

4. Check the shift rod for cracks or wear.
Replace if necessary.

¥

e

$69J6045
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Lower unit

Propeller shaft housing (regular rotation model)

[%/6 N-m (0.6 kgf - m, 4.3 ft- Ib) |

S69J6050
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Propeller shaft housing (regular rotation model)

No. Part name Q'ty Remarks
1 | Shift rod joint 1
2 | Ball 2
3 | Slider 1
4 | Shift plunger 1
5 | Dog clutch 1
6 | Cross pin 1
7 | Spring 1
8 | Propeller shaft 1
9 | Washer 1
10 | Reverse gear 1
11 | Reverse gear shim — | Asrequired
12 | Ball bearing 1
13 | O-ring 1
3.1x110.6 mm
14 | Propeller shaft housing 1
15 | Grease nipple 1
16 | O-ring 1
17 | Needle bearing 1
18 | Oil seal 2
3.1 x110.6 mm
19 | Ring 1
20 | Bolt 2 M8 x 20 mm
21 | Bolt 2 M8 x 30 mm
22 | Cooling water inlet cover 2
23 | Nut 1
24 | Screw 1
69J3D11 6-12
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Lower unit

Removing the propeller shaft

housing assembly
1. Remove the bolts D, ring @, and bolts

$69J6055

2. Pull out the propeller shaft housing
assembly.

S69J6065

Bearing housing puller claw L @:
90890-06502

Stopper guide plate 5): 90890-06501

Center bolt (6): 90890-06504

Disassembling the propeller shaft

assembly

1. Remove the spring (O, and then remove
the cross pin @, dog clutch (@), slider (@,
shift plunger ®, and shift rod joint ®).

$69J6100

Disassembling the propeller shaft

housing
1. Remove the reverse gear and reverse

gear shim(s).

S69J6075

Bearing separator (D: 90890-06534

Stopper guide plate @: 90890-06501

Stopper guide stand (®:
90890-06538

Bearing puller @: 90890-06535

Bearing puller claw 1 ®:
90890-06536

2. Remove the ball bearing.

$69J6085

CAUTION:
Do not reuse the bearing, always replace
it with a new one.

Slide hammer &): 90890-06531

Bearing outer race puller @:
90890-06523

Outer race puller claw A (®:
90890-06532

69J3D11



Propeller shaft housing (regular rotation model)

3. Remove the oil seals and needle bear-
ing.

; : S69J6115
@ /
\d .
$69J6095 Checking the propeller shaft
1. Check the propeller shaft for bends or
Needle bearing attachment @: wear. Replace if necessary.
90890-06653

Driver rod L3 (0: 90890-06652

Checking the propeller shaft housing

1. Clean the propeller shaft housing using a
soft brush and cleaning solvent, and then
check it for cracks or damage. Replace if
necessary.

S69J6120
2. Check the dog clutch, shift rod joint, and

shift slider for cracks or wear. Replace if
necessary.

-‘;" \
S69J6105 @v

2. Check the teeth and dogs of the reverse

gear for cracks or wear. Replace the
gear if necessary.

S569J6125

S69J6110

3. Check the bearings for pitting or rum-
bling. Replace if necessary.

69J3D11 6-14



LOWH *‘ Lower unit

Assembling the propeller shaft
assembly
1. Install the dog clutch (O as shown.

S$69J6130

NOTE:
Install the dog clutch (@ with the “F” mark @
facing toward the shift plunger.

Assembling the propeller shaft

housing

1. Install the needle bearing into the propel-
ler shaft housing to the specified depth.

N
ﬂ][ﬁ At
T @@

>

S69J6140

NOTE:

2. Apply grease to the new oil seals, and
then install them into the propeller shaft
housing to the specified depth.

S69J6150

NOTE:
Install an oil seal halfway into the propeller
shaft housing, then the other oil seal.

Bearing inner race attachment (@:
90890-06640

Depth @:

4.75-5.25 mm (0.187-0.207 in)

¢ Install the needle bearing with the manufac-
ture identification mark @ facing toward the
oil seal (propeller side).

e When using the driver rod, do not strike the
special tool in a manner that will force the
stopper © out of place.

Driver rod SS (D: 90890-06604

Needle bearing attachment @:
90890-06610

Bearing depth plate (3: 90890-06603

3. |Install the ball bearing into the propeller
shaft housing.

S69J6155

NOTE:
Install the ball bearing with the manufacture
identification mark facing toward the propeller
shaft housing.

Ball bearing attachment ®:
90890-06656

Driver rod LS (6): 90890-06606

éi Depth ®:
25.05-25.55 mm (0.986—1.006 in)

69J3D11



Propeller shaft housing (regular rotation model)

4. Install the reverse gear (?) and original
shim(s) ® to the propeller shaft housing
using a press.

S69J6165

CAUTION:

Add or remove shim(s), if necessary,
when replacing the reverse gear or ball
bearing.

Bearing outer race attachment @:
90890-06622

69J3D11 6-16
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Lower unit

Drive shaft and lower case (regular rotation model)

6-17

@< [w[i42N-m({42kgf-m 103t 1b)]
15

S$69J6170
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Drive shaft and lower case (regular rotation model)

No. Part name Q'ty Remarks
1 | Drive shaft 1
2 | Cover 1
3 | Oil seal 2
4 | Bolt 4 M8 x 25 mm
5 | Drive shaft housing 1
6 | Needle bearing 1
7 | O-ring 1
3 x60.5mm
8 | Pinion shim — | Asrequired
9 | Thrust bearing 1
10 | Lower case 1
11 | Needle bearing outer case 1
12 | Needle bearing 24
13 | Pinion 1
14 | Washer 1
15 | Nut 1
16 | Forward gear shim — | Asrequired
17 | Bearing outer race 1
18 | Taper roller bearing 1
19 | Forward gear 1

69J3D11
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LOWH *‘ Lower unit

Removing the drive shaft

1. Remove the drive shaft, drive shaft hous-
ing, and pinion, and then pull out the for-
ward gear.

$69J6180

¢ Drive shaft holder 6 (1): 90890-06520
Pinion nut holder 2): 90890-06505

Disassembling the forward gear
1. Remove the taper roller bearing from the
forward gear using a press.

st

S69J6186

CAUTION:

Do not reuse the bearing, always replace
it with a new one.

Socket adapter 3 (®: 90890-06508

Disassembling the drive shaft

housing

1. Remove the cover, oil seals, and needle
bearing.

\
®\H S69J6185

Bearing separator (D: 90890-06534

Needle bearing attachment (:
90890-06610

Driver rod L3 (2): 90890-06652

Disassembling the lower case
1. Remove the taper roller bearing outer
race and shim(s).

S69J6190

NOTE:
Install the claws as shown.

Bearing outer race puller (D:
90890-06523

Outer race puller claw A @:
90890-06532

2. Remove the needle bearing.

69J3D11



Drive shaft and lower case (regular rotation model)

S69J6195

Ball bearing attachment ®:
90890-06636

Driver rod LL (3): 90890-06605

Checking the pinion and forward

gear

1. Check the teeth of the pinion, and the
teeth and dogs of the forward gear for
cracks or wear. Replace if necessary.

$69J6200

Checking the bearings
1. Check the bearings for pitting or rum-
bling. Replace if necessary.

S69J6205

Checking the drive shaft
1. Check the drive shaft for bends or wear.
Replace if necessary.

69J3D11

Y R

)

$69J6210

Checking the lower case
1. Check the skeg and torpedo for cracks or
damage. Replace if necessary.

\@ $69J6215
Assembling the lower case
1. Install the original shim(s) and taper roller
bearing outer race.

=
008

CAUTION:
Add or remove shim(s), if necessary,
when replacing the forward gear or lower
case.

Bearing outer race attachment (:
90890-06658

Driver rod LL 2): 90890-06605

6-20




LOWH *‘ Lower unit

2. Install the needle bearing outer case into
the lower case.

S69J6235

NOTE:
Apply engine oil to the needle bearing outer
case before installation.

}

|

@;

/@/l
@

S$69J6250

Needle bearing attachment (D:
90890-06610

Driver rod LS ®: 90890-06606

Bearing outer race attachment ®:
90890-06628

Bearing outer race puller ®:
90890-06523

& Depth @:
4.25-4.75 mm (0.167-0.187 in)

3. Install the needle bearing into the needle
bearing outer case.

NOTE:
Apply engine oil or grease to the needle
bearing, and then install it.

Assembling the forward gear
1. Install the new taper roller bearing into
the forward gear using a press.

4

S69J6245

2. Apply grease to the new oil seals, and
then install them into the drive shaft
housing to the specified depth.

) \
ol

OF——
S69J6260
Install an oil seal halfway into the drive shaft
housing, then the other oil seal.

Bearing outer race attachment @):
90890-06628

Driver rod LS &): 90890-06606

& Depth ®:
0.25-0.75 mm (0.01-0.03 in)

Bearing inner race attachment (1:
90890-06659

Assembling the drive shaft housing
1. Install the needle bearing into the drive
shaft housing to the specified depth.

6-21

Installing the drive shaft
1. Install the forward gear to the lower case.

69J3D11



Drive shaft and lower case (regular rotation model)

2. Install the drive shaft housing (), thrust
bearing @, and original shim(s) ® to the
drive shaft (.

CAUTION:
Add or remove shim(s), if necessary,
when replacing the drive shaft housing or
drive shaft.

3. Install the drive shaft and drive shaft
housing to the lower case, then the pin-
ion and pinion nut, and then tighten the
nut to the specified torque.

S69J6275

NOTE:
Install the drive shaft by lifting it up slightly,
then aligning it with the pinion and the spline
of the drive shaft.

Installing the propeller shaft housing

1. Install the washer (D) and propeller shaft
assembly @ into the propeller shaft
housing assembly (®.

2. Apply grease to the new O-rings.

$69J6280

3. Install the propeller shaft housing assem-
bly into the lower case.

4. Install the bolts @), ring ®, and bolts ®),
and then tighten the bolts (@ to the speci-
fied torque.

S69J6285

\J Propeller shaft housing bolt (®:
30 N-m (3.0 kgf-m, 22 ft-Ib)

Drive shaft holder 6 (®:
90890-06520

Pinion nut holder 6): 90890-06505

Socket adapter 3 (»: 90890-06508

\J Pinion nut:
142 N-m (14.2 kgf-m, 103 ft-Ib)

4. Tighten the drive shaft housing bolts.

69J3D11

Installing the water pump and shift
rod
1. Install the shift rod assembly (.
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LOWH *‘ Lower unit

$69J6290

2. Install the new gasket @), outer plate car-
tridge ®, and dowel pins ®.

\ ©
:
@— —@

S69J6295

3. Install the Woodruff key into the drive
shaft.

4. Align the groove on the impeller ® with

the Woodruff key (®, and then install it to
the drive shaft.

6-23

$69J6300

5. Install the washers (7), wave washer (®),
spacer (9, and collar (0 to the drive shaft.

©

—©
S

E5—0

$69J6305

NOTE:

e The collar and spacer should fit together
firmly.

* While pulling the drive shaft up, install the
collar with an appropriate tool @ that fits
over the drive shaft as shown.

6. Install the O-ring @ and insert cartridge
@ into the pump housing @.

$69J6310

NOTE:
Align the insert cartridge projections ® with
the holes © in the pump housing.

69J3D11



Drive shaft and lower case (regular rotation model)

7. Install the O-ring and pump housing
assembly @ into the lower case, tighten
the bolts (6, and then install the seal @
and cover @®.

569J6315

NOTE:

* When installing the pump housing, apply
grease to the inside of the housing, and
then turn the drive shaft clockwise while
pushing down the pump housing.

» Align the cover projection @ with the hole
® in the pump housing.

Installing the lower unit
1. Set the gearshift to the neutral position at
the lower unit.

N $69J6320

69J3D11

S69J6325

Shift rod push arm: 90890-06052

2. Install the two dowel pins (1) to the lower

unit.

3. Install the lower unit to the upper case,

and then tighten the bolts ) to the speci-
fied torque.

4. Install the trim tab () to its original posi-

tion, and then tighten the bolt @ to the
specified torque.

->

S69J6330

\J Lower case bolts @:

47 N-m (4.7 kgf-m, 34 ft-Ib)

Trim tab bolt @:
43 N-m (4.3 kgf-m, 31 ft-Ib)
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LOWH *‘ Lower unit

5. Install the propeller and propeller nut,
and then tighten the nut finger tight.
Place a block of wood between the anti-
cavitation plate and propeller to keep the
propeller from turning, and then tighten
the nut to the specified torque.

S69J6335

S69J6340

& WARNING

Do not hold the propeller with your hands
when loosening or tightening it. Be sure
to disconnect the battery cables from the
batteries and the engine shut-off switch.
Put a block of wood between the anti-cav-
itation plate and propeller to keep the pro-
peller from turning.

NOTE:
If the grooves in the propeller nut ® do not
align with the cotter pin hole, tighten the nut
until they are aligned.

\J Propeller nut ®:
55 N-m (5.5 kgf-m, 40 ft-Ib)

6-25
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Drive shaft and lower case (regular rotation model) / Shimming (regular rotation model)

Shimming (regular rotation model)

B4 \
S
T3
B3
A3
=
65.0 .
I
M ALC—"IB
\\\\\\\\\
\ B5
T1 T2 \82
B139.4/41.0 N
A1 A2
69J3D11

§69J6550
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LOWH *‘ Lower unit

Shimming

NOTE:

e Shimming is not required when assembling
the original lower case and inner parts.

e Shimming is required when assembling the
original inner parts and a new lower case.

e Shimming is required when replacing the
inner part(s).

Selecting the pinion shims
1. Install the drive shaft (D to the shimming
tools.

$69J6565

.\\
I

é@ $69J6600
NOTE:

* Select the shim thickness (T3) by using the
specified measurement(s) and the calcula-
tion formula.

* Install the shimming tool to the drive shaft
so that the shaft is at the center of the hole.

* Tighten the wing nuts another 1/4 of a turn
after they contact the fixing plate @.

'-‘l):s

\J Pinion nut:
142 N-m (14.2 kgf-m, 103 ft-Ib)

3. Measure the distance (M4) between the
shimming tool and the pinion as shown.

M4

m W S69J6605

| Digital caliper @: 90890-06704

Pinion height gauge ®:
90890-06702

2. Install the pinion and pinion nut, and then
tighten the nut to the specified torque.

6-27

4. Turn the thrust bearing ® two or three
times to seat the drive shaft housing ®,
and then measure the housing height
(M3) as shown.

$69J6610

NOTE:
Measure the thrust bearing at three points to
find the height average.

69J3D11



Shimming (regular rotation model)

5. Calculate the pinion shim thickness (T3)
as shown in the examples below.

S69J6555

NOTE:
“P” is the deviation of the lower case dimen-
sion from standard. The “P” mark @ is
stamped on the trim tab mounting surface of
the lower case in 0.01 mm units. If the “P”
mark is unreadable, assume that “P” is zero
and check the backlash when the unit is
assembled.

Calculation formula:
Pinion shim thickness (T3) =

82.00 + P/100 — M3 — M4

Example:

If “M3” is 50.75 mm and “M4” is 30.52 mm

and “P” is (-5), then

T3 =82.00 + (-5)/100 — 50.75 — 30.52 mm
= 82.00 — 0.05 - 50.75 - 30.52 mm
=0.68 mm

6. Select the pinion shim(s) (T3) as follows.

Calculated numeral

at 1/100 place Rounded numeral

Example:
If “T3” is 0.68 mm, then the pinion shim is
0.65 mm.
If “T3” is 0.70 mm, then the pinion shim is
0.68 mm.

Selecting the forward gear shims

1. Turn the taper roller bearing outer race
@ two or three times to seat the rollers,
and then measure the bearing height
(M1) as shown.

I
C i

=

o~

S69J6580

M1

S$69J6615

NOTE:

* Select the shim thickness (T1) by using the
specified measurement(s) and the calcula-
tion formula.

* Measure the bearing outer race at three
points to find the height average.

Shimming plate ®: 90890-06701
Digital caliper (3: 90890-06704

1,2 0
3,4,5 2
6,7,8 5
9,10 8

Available shim thicknesses:
0.10, 0.12, 0.15, 0.18, 0.30, 0.40, and
0.50 mm

69J3D11
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LOWH *‘ Lower unit

2. Calculate the forward gear shim thickness
(T1) as shown in the examples below.

$69J6570

NOTE:
“F” is the deviation of the lower case dimen-
sion from standard. The “F’ mark @ is
stamped on the trim tab mounting surface of
the lower case in 0.01 mm units. If the “F”
mark is unreadable, assume that “F” is zero
and check the backlash when the unit is
assembled.

Calculation formula:
Forward gear shim thickness (T1) =

29.50 + F/100 — M1

Example:
If “M1” is 29.10 mm and “F” is (+5), then
T1 =29.50 + (+5)/100 — 29.10 mm
=29.50 + 0.05-29.10 mm
=0.45 mm

3. Select the forward gear shim(s) (T1) as
follows.

Calculated numeral

at 1/100 place Rounded numeral

1,2 0
3,4,5 2
6,7,8 5
9,10 8

Available shim thicknesses:
0.10, 0.12, 0.15, 0.18, 0.30, 0.40, and
0.50 mm

6-29

Example:

If “T1” is 0.45 mm, then the forward gear
shim is 0.42 mm.

If “T1” is 0.60 mm, then the forward gear
shim is 0.58 mm.

Selecting the reverse gear shims

1. Turn the ball bearing O two or three
times, and then measure the bearing
height (M2) as shown.

>

S69J6595

R

o Ol

S$69J6620

NOTE:

* Select the shim thickness (T2) by using the
specified measurement(s) and the calcula-
tion formula.

* Measure the reverse gear at three points to
find the height average.

Shimming plate ®: 90890-06701
Digital caliper (3: 90890-06704

2. Calculate the reverse gear shim thick-
ness (T2) as shown in the examples
below.

69J3D11



Shimming (regular rotation model) / Backlash (regular rotation model)

S69J6585

S69J6625

NOTE:
“R” is the deviation of the lower case dimen-
sion from standard, and “A” is the deviation of
the propeller shaft housing from standard.
The “R” mark @ is stamped on the trim tab
mounting surface of the lower case, and the
“A” mark ® is stamped on the propeller shaft
housing in 0.01 mm units. If the “R” mark or
“A” mark is unreadable, assume that “R” and
“A” are zero and check the backlash when
the unit is assembled.

Calculated numeral

at 1/100 place Rounded numeral

1,2 0
3,4,5 2
6,7,8 5
9,10 8

Available shim thicknesses:
0.10, 0.12, 0.15, 0.18, 0.30, 0.40, and
0.50 mm

Calculation formula:
Reverse gear shim thickness (T2) =
21.00 + R/100 — A/100 — M2

Example:
If “M2” is 19.92 mm and “R” is (+3) and “A” is
(-5), then
T2 =21.00 + (+3)/100 — (-5)/100 — 19.92 mm
=21.00 + 0.03 + 0.05 — 19.92 mm
=1.16 mm

3. Select the reverse gear shim(s) (T2) as
follows.

69J3D11

Example:

If “T2” is 1.16 mm, then the reverse gear
shim is 1.15 mm.

If “T2” is 1.20 mm, then the reverse gear
shimis 1.18 mm.

Backlash
(regular rotation model)
Measuring the forward and reverse

gear backlash
1. Remove the water pump assembly.

2. Set the gearshift to the neutral position.

S69J6635

Shift rod push arm: 90890-06052

3. Install the special service tool so that it
pushes against the propeller shaft.
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LOWH *‘ Lower unit

g % "
=

e ==

S69J6645

NOTE:
Tighten the universal puller or center bolt
while turning the drive shaft until the drive
shaft can no longer be turned.

Bearing housing puller claw L (D:
90890-06502

Stopper guide plate @: 90890-06501

Center bolt (3): 90890-06504

4. Install the backlash indicator onto the
drive shaft (22.4 mm [0.88 in] in diame-
ter), then the dial gauge onto the lower
unit.

5. Set the lower unit upside down.

S69J6655

NOTE:
Install the dial gauge so that the plunger @
contacts the mark ® on the backlash indica-
tor.

6-31

Backlash indicator (®: 90890-06706
Magnet base plate ®: 90890-07003

Dial gauge set ®: 90890-01252

Magnet base (@: 90890-06705

6. Slowly turn the drive shaft clockwise and
counterclockwise and measure the back-
lash when the drive shaft stops in each
direction.

& Forward gear backlash:
0.21-0.44 mm (0.008-0.017 in)

7. Add or remove shim(s) if out of specifica-
tion.

Forward gear
backlash

Shim thickness

Less than
0.21 mm (0.008 in)

To be decreased by
(0.33-M) x 0.71

More than

To be increased by

0.44 mm (0.017 in) | (M —0.33) x 0.71

M: Measurement

Available shim thicknesses:
0.10, 0.12, 0.15, 0.18, 0.30, 0.40, and
0.50 mm

8. Remove the special service tools from
the propeller shaft.

9. Apply a load to the reverse gear by
installing the propeller (®, the spacer ©
(without the washer (), then the washer
@ as shown.

69J3D11



Backlash (regular rotation model)

NOTE:
Tighten the propeller nut @ while turning the
drive shaft until the drive shaft can no longer
be turned.

10. Slowly turn the drive shaft clockwise and
counterclockwise and measure the back-
lash when the drive shaft stops in each
direction.

S69J6665

& Reverse gear backlash:
0.70-1.03 mm (0.028-0.041 in)

11. Add or remove shim(s) if out of specifica-
tion.

Reverse gear

backlash Shim thickness

Less than To be increased by
0.70 mm (0.028 in) | (0.87 — M) x 0.71

More than To be decreased by

1.03 mm (0.041 in) | (M —0.87) x 0.71

M: Measurement

Available shim thicknesses:
0.10, 0.12, 0.15, 0.18, 0.30, 0.40, and
0.50 mm

12. Remove the special service tools, and
then install the water pump assembly.

69J3D11
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Lower unit

Lower unit (counter rotation model)

[22]43 N-m (4.3 kgf-m, 31 ft-Ib)]

[Y2]47 N - m (4.7 kgf - m, 34 ft - Ib) |
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[Y2]47 N - m (4.7 kgf - m, 34 ft - Ib) |

569J6345
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Lower unit (counter rotation model)

No. Part name Q'ty Remarks
1 Lower unit 1
2 | Plate 1
3 | Rubber seal 1
4 | Check screw 1
5 | Gasket 2
6 | Dowel pin 2
7 | Bolt 7 M10 x 45 mm
8 | Drain screw 1
9 | Grommet 1
10 | Bolt 1 M10 x 44 mm
11 | Bolt 1 M10 x 70 mm
12 | Spacer 1
13 | Washer 1
14 | Propeller 1
15 | Washer 1
16 | Washer 1
17 | Cotter pin 1
18 | Propeller nut 1
19 | Trim tab 1

69J3D11
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LOWR *‘ Lower unit

$69J6350

69J3D11
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Lower unit (counter rotation model)

No. Part name Q'ty Remarks
1 | Shift rod 1
2 | Oil seal 1
3 | Qil seal housing 1
4 | O-ring 1
3.1 x70.6 mm
5 | Spring 1
6 | Circlip 1
7 | Bolt 3 M6 x 20 mm
8 | Seal 1
9 | Woodruff key 1
10 | Bolt 4 M8 x 45 mm
11 | Cover 1
12 | Seal 1
13 | Water pump housing 1
14 | O-ring 1
2.5x42 mm
15 | Insert cartridge 1
16 | O-ring 1
2.5x%x91.5mm
17 | Collar 1
18 | Spacer 1
19 | Washer 2
20 | Wave washer 1
21 | Impeller 1
22 | Outer plate cartridge 1
23 | Gasket 1
24 | Dowel pin 2
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LOWH *‘ Lower unit

Removing the lower unit

1. Drain the gear oil. For draining proce-
dures, see Chapter 3, “Changing the
gear oil.”

2. Set the gearshift to the neutral position,
and place a block of wood between the
anti-cavitation plate and propeller to keep
the propeller from turning, and then
remove the propeller nut and propeller.

S69J6545

& WARNING

Do not hold the propeller with your hands
when loosening or tightening it. Be sure
to disconnect the battery cables from the
batteries and the engine shut-off switch.
Put a block of wood between the anti-cav-
itation plate and propeller to keep the pro-
peller from turning.

3. Mark the trim tab @) at the area shown,
and then remove it.

4. Loosen the bolts, and then remove the
lower unit from the upper case.

6-37

S69J6355

NOTE:
Check that there is no oil on the spline and
check it for rust or wear. Check the oil pump
if necessary.

Removing the water pump and shift

rod

1. Remove the water pump assembly and
shift rod assembly .

869J6025
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Lower unit (counter rotation model)

Checking the water pump and shift

rod

1. Check the water pump housing for defor-
mation. Replace if necessary.

§69J6030

2. Check the impeller O and insert car-
tridge @ for cracks or wear. Replace if
necessary.

$69J6035

3. Check the Woodruff key ® and the
groove @ on the drive shaft for wear.
Replace if necessary.

$§69J6040

69J3D11

4. Check the shift rod for cracks or wear.
Replace if necessary.

¥

e

569J6360
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Lower unit

Propeller shaft housing (counter rotation model)

6-39

[>2/108 N« m (10.8 kgf - m, 78 ft - Ib) |

[52/6N-m (0.6 kgf - m, 4.3t - Ib) |

S69J6365
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Propeller shaft housing (counter rotation model)

No. Part name Q'ty Remarks
1 | Shift rod joint 1
2 | Ball 2
3 | Slider 1
4 | Shift plunger 1
5 | Dog clutch 1
6 | Cross pin 1
7 | Spring 1
8 | Forward gear 1
9 | Forward gear shim — | Asrequired
10 | Ring nut 1
11 | Claw washer 1
12 | Bearing outer race 1
13 | Taper roller bearing 1
14 | Propeller shaft 1
15 | Thrust bearing 1
16 | Propeller shaft shim — | As required
17 | O-ring 1
3.1 x110.6 mm
18 | Propeller shaft housing 1
19 | Grease nipple 1
20 | O-ring 1
21 | Needle bearing 1
22 | Oil seal 2
3.1 x110.6 mm
23 | Ring 1
24 | Bolt 2 M8 x 20 mm
25 | Bolt 2 M8 x 30 mm
26 | Cooling water inlet cover 2
27 | Nut 1
28 | Screw 1
69J3D11 6-40




LOWH *‘ Lower unit

Removing the propeller shaft
housing assembly
1. Remove the bolts D, ring @, and bolts

$69J6055

2. Pull out the propeller shaft housing
assembly.

S69J6370

¢« Slide hammer ®: 90890-06531
Puller head (5): 90890-06514

Disassembling the propeller shaft

housing

1. Remove the spring D, and then remove
the cross pin (), dog clutch @), slider shift
plunger, and shift rod joint.

(%At

)L

e
L W@\@D S696375

2. Remove the forward gear and forward
gear shim(s) from the propeller shaft
housing using a press.
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S69J6380

~~| Bearing separator @): 90890-06534

3. Install the propeller shaft assembly in the
reverse direction into the lower case.

S569J6385

4. Remove the ring nut ® and claw washer

__________

__________

S69J6390

Ring nut wrench (D: 90890-06578

5. Remove the bearing outer race ®, taper
roller bearing @, thrust bearing (@, and
propeller shaft shim(s) @ using a press.

69J3D11



Propeller shaft housing (counter rotation model)

% 2

S$69J6395

CAUTION:

¢ Do not press the propeller shaft threads
@ directly.

* Do not reuse the taper roller bearing,
always replace it with a new one.

6. Remove the oil seals and needle bear-
ing.

— = :
@
‘—/ \d S69J6405

Needle bearing attachment @:
90890-06653
Driver rod L3 (3: 90890-06652

Checking the propeller shaft housing
1. Clean the propeller shaft housing using a
soft brush and cleaning solvent, and then
check it for cracks. Replace if necessary.

69J3D11

$69J6105

2. Check the teeth and dogs of the forward
gear for cracks or wear. Replace the
gear if necessary.

S69J6110

3. Check the bearings for pitting or rum-
bling. Replace if necessary.

$69J6410

Checking the propeller shaft
1. Check the propeller shaft for bends or
wear. Replace if necessary.

$69J6415
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LOWH *‘ Lower unit

2. Check the dog clutch, shift rod joint, and
shift slider for cracks or wear. Replace if
necessary.

S69J6420
Assembling the propeller shaft
housing

1. Install the needle bearing into the propel-
ler shaft housing to the specified depth.

®\
AL

S69J6140

NOTE:

* Install the needle bearing with the manufac-
ture identification mark @ facing toward the
oil seal (propeller side).

* When using the driver rod, do not strike the
special tool in a manner that will force the
stopper © out of place.

S69J6150

NOTE:
Install an oil seal halfway into the propeller
shaft housing, then the other oil seal.

Bearing inner race attachment (@:
90890-06640

Depth @:
4.75-5.25 mm (0.187-0.207 in)

Driver rod SS (1: 90890-06604

Needle bearing attachment @:
90890-06610

Bearing depth plate (3: 90890-06603

& Depth @:
25.05-25.55 mm (0.986—1.006 in)

2. Apply grease to the new oil seals, and
then install them into the propeller shaft
housing to the specified depth.

6-43

3. Install the original shim(s) & and thrust
bearing ® with the propeller shaft into
the propeller shaft housing.

(g 56946425
CAUTION:

Add or remove shim(s), if necessary,
when replacing the propeller shaft, thrust
bearing or propeller shaft housing.

4. Install the new taper roller bearing ) and
bearing outer race into the propeller
shaft housing using a press.

69J3D11



Propeller shaft housing (counter rotation model)

mOC ]

S69J6430E

Ring nut wrench (®: 90890-06578

5. Install the propeller shaft assembly in the
reverse direction into the lower case.

$69J6385

6. Install the ring nut and claw washer
@, and then tighten the ring nut to the
specified torque.

569J6435

AN Ring nut (0:
A

108 N-m (10.8 kgf-m, 78 ft.Ib)

Ring nut wrench (@: 90890-06578

69J3D11

7. Install the forward gear @, original
shim(s) @), and dog clutch using a
press.

S69J6440E

NOTE:
Install the dog clutch @ with the “F” mark ©
facing toward the forward gear.

CAUTION:
Add or remove shim(s), if necessary,
when replacing the forward gear or taper
roller bearing.

Ring nut wrench (©: 90890-06578

8. Install the shift plunger @® and slider
into the propeller shaft, and then install
the cross pin @ and spring .

$69J6445
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Lower unit

Drive shaft and lower case (counter rotation model)

6-45

@< [w[i42N-m(142kgf-m 103t 1b)]
15

S69J6450
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Drive shaft and lower case (counter rotation model)

No. Part name Q'ty Remarks
1 | Drive shaft 1

2 | Cover 1

3 | Oil seal 2
4 | Bolt 4 M8 x 25 mm
5 | Drive shaft housing 1

6 | Needle bearing 1

7 | O-ring 1

3 x60.5mm

8 | Pinion shim — | Asrequired

9 | Thrust bearing 1

10 | Lower case 1

11 | Needle bearing case 1

12 | Needle bearing 24

13 | Pinion 1

14 | Washer 1

15 | Nut 1

16 | Reverse gear shim — | Asrequired
17 | Retainer 1

18 | Needle bearing 1

19 | Thrust bearing 1

20 | Needle bearing 2
21 | Reverse gear 1

69J3D11 6-46




LOWH *‘ Lower unit

Removing the drive shaft

1. Remove the drive shaft assembly and
pinion, and then pull out the reverse gear
and thrust bearing.

$69J6180

¢ Drive shaft holder 6 (1): 90890-06520
Pinion nut holder 2): 90890-06505
Socket adapter 3 (®: 90890-06508

Disassembling the drive shaft

housing

1. Remove the cover, oil seals, and needle
bearing.

\
®\H S69J6185

S69J6455

Disassembling the lower case
1. Remove the retainer and shim(s).

S69J6465

Flywheel puller 1): 90890-06521
Bearing outer race puller @:

90890-06523

Needle bearing attachment (:
90890-06610
Driver rod L3 (2): 90890-06652

Disassembling the reverse gear
1. Remove the needle bearing from the
reverse gear using a chisel.

6-47

2. Remove the needle bearing from the
retainer.

7/ 7

S69J6470

Needle bearing attachment 3:
90890-06654

Driver rod L3 (@): 90890-06652

3. Remove the needle bearing.

69J3D11



Drive shaft and lower case (counter rotation model)

S69J6475

Ball bearing attachment ®:
90890-06636
Driver rod LL (8): 90890-06605

Checking the pinion and reverse

gear

1. Check the teeth of the pinion, and the
teeth and dogs of the reverse gear for
cracks or wear. Replace if necessary.

$69J6200

Checking the bearings
1. Check the bearings for pitting or rum-
bling. Replace if necessary.

S69J6480

Checking the drive shaft
1. Check the drive shaft for bends or wear.
Replace if necessary.

69J3D11

Y R

)

$69J6210

Checking the lower case
1. Check the skeg and torpedo for cracks or
damage. Replace if necessary.

S0

Assembling the lower case
1. Install the needle bearing into the
retainer to the specified depth.

|
I e

1 4

@
Z ////// $69J6485

Needle bearing attachment (D:
90890-06654
Driver rod L3 ®): 90890-06652

& Depth @:
~0.25-0.25 mm (=0.010-0.010 in)

2. Install the original shim(s) and retainer
into the lower case.

$69J6215
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LOWH *‘ Lower unit

l% )
™

CAUTION:

Add or remove shim(s), if necessary,
when replacing the forward gear or lower
case.

5. Install the new needle bearings into the
reverse gear to the specified depth.

] . 1
s

©5

6 U @

Needle bearing attachment @:
90890-06653

Ball bearing attachment ®:
90890-06657
Driver rod LL (3): 90890-06605

Driver rod SS (®: 90890-06604
Bearing depth plate (©: 90890-06603

3. Install the needle bearing outer case into
the lower case.

$69J6500

NOTE:
Apply engine oil to the needle bearing outer
case before installation.

& Depth @:
20.75-21.25 mm (0.817-0.836 in)

Depth ©:

4.25-4.75 mm (0.167-0.187 in)

Bearing outer race attachment ®:
90890-06628
Bearing outer race puller ®:

6. Install the thrust bearing and reverse
gear into the lower case.

Assembling the drive shaft housing
1. Install the needle bearing into the drive
shaft housing to the specified depth.

O
H @

$69J6250

90890-06523

4. Install the needle bearing into the needle
bearing outer case.

NOTE:
Apply engine oil or grease to the needle
bearing, and then install it.

6-49

Needle bearing attachment (D:
90890-06610

Driver rod LS ®): 90890-06606

& Depth @:
4.25-4.75 mm (0.167-0.187 in)

69J3D11



Drive shaft and lower case (counter rotation model)

2. Apply grease to the new oil seals, and
then install them into the drive shaft
housing to the specified depth.

$69J6260

NOTE:
Install an oil seal halfway into the drive shaft
housing, then the other oil seal.

Bearing outer race attachment ®:
90890-06628
Driver rod LS ®@): 90890-06606

3. Install the drive shaft, housing, pinion,
and pinion nut, and then tighten the nut
to the specified torque.

S69J6275

NOTE:
Install the drive shaft by lifting it up slightly,
then aligning it with the pinion and the spline
of the drive shaft.

Drive shaft holder 6 5): 90890-06520
Pinion nut holder &): 90890-06505

Socket adapter 3 (): 90890-06508

& Depth ®@:
0.25-0.75 mm (0.01-0.03 in)

Installing the drive shaft
1. Install the forward gear to the lower case.

2. Install the drive shaft housing (@, thrust
bearing @, and original shim(s) ® to the
drive shaft (.

S69J6265

CAUTION:

Add or remove shim(s), if necessary,
when replacing the drive shaft housing or
drive shaft.

\y; | Pinion nut:
J inion nu

142 N-m (14.2 kgf-m, 103 ft-Ib)

69J3D11

4. Tighten the housing bolts.

Installing the propeller shaft housing
1. Install the propeller shaft housing assem-
bly into the lower case.

569J6515

NOTE:
Apply grease to the new O-rings before
installation.
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LOWH *‘ Lower unit

2. Install the bolts (O, ring @, and bolts ),
and then tighten the bolts (1) to the speci-
fied torque.

S$69J6520

\J Propeller shaft housing bolt (D:
30 N-m (3.0 kgf-m, 22 ft-Ib)

Installing the water pump and shift

rod
1. Install the shift rod assembly (.

S$69J6525

2. Install the new gasket @, outer plate car-
tridge ®, and dowel pins ®.
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S69J6295

3. Install the Woodruff key into the drive
shaft.

4. Align the groove on the impeller ® with
the Woodruff key (), and then install it to
the drive shaft.

$69J6300
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Drive shaft and lower case (counter rotation model)

5. Install the washers (), wave washer (8),
spacer (9, and collar (@ to the drive shaft.

S—®
— 5 ®
St
S
@ = ®
S
S69J6305
NOTE:
* The collar and spacer should fit together
firmly.

* While pulling the drive shaft up, install the
collar with an appropriate tool @ that fits
over the drive shaft as shown.

6. Install the O-ring @ and insert cartridge
@ into the pump housing @.

§69J6310

NOTE:
Align the insert cartridge projections ® with
the holes © in the pump housing.

7. Install the O-ring and pump housing
assembly @ into the lower case, tighten
the bolts (6, and then install the seal @
and cover (9.

69J3D11

S69J6315

NOTE:

* When installing the pump housing, apply
grease to the inside of the housing, and
then turn the drive shaft clockwise while
pushing down the pump housing.

« Align the cover projection @ with the hole
® in the pump housing.

Installing the lower unit
1. Set the gearshift to the neutral position at
the lower unit.
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LOWH *‘ Lower unit

S$69J6325

Shift rod push arm: 90890-06052

2. Install the two dowel pins (D to the lower
unit.

3. Install the lower unit to the upper case,
and then tighten the bolts ) to the speci-
fied torque.

4. Install the trim tab ) to its original posi-
tion, and then tighten the bolt ® to the
specified torque.

$69J6530

\J Lower case bolts @):
47 N-m (4.7 kgf-m, 34 ft-Ib)
Trim tab bolt @:
43 N-m (4.3 kgf-m, 31 ft-Ib)

6-53

5. Install the propeller and propeller nut,
and then tighten the nut finger tight.
Place a block of wood between the anti-
cavitation plate and propeller to keep the
propeller from turning, and then tighten
the nut to the specified torque.

S69J6535

S69J6540

& WARNING

Do not hold the propeller with your hands
when loosening or tightening it. Be sure
to disconnect the battery cables from the
batteries and the engine shut-off switch.
Put a block of wood between the anti-cav-
itation plate and propeller to keep the pro-
peller from turning.

NOTE:
If the grooves in the propeller nut & do not
align with the cotter pin hole, tighten the nut
until they are aligned.

\J Propeller nut (®:
| 55 N-m (5.5 kgf-m, 40 ft-Ib)
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Drive shaft and lower case (counter rotation model) / Shimming (counter rotation model)

Shimming (counter rotation model)
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LOWH *‘ Lower unit

Shimming

NOTE:

e Shimming is not required when assembling
the original lower case and inner parts.

e Shimming is required when assembling the
original inner parts and a new lower case.

e Shimming is required when replacing the
inner part(s).

Selecting the pinion shims
1. Install the drive shaft (D to the shimming
tools.

$69J6565

.\\
I

é@ $69J6600
NOTE:

* Select the shim thickness (T3) by using the
specified measurement(s) and the calcula-
tion formula.

* Install the shimming tool to the drive shaft
so that the shaft is at the center of the hole.

* Tighten the wing nuts another 1/4 of a turn
after they contact the fixing plate @.

'-‘l):s

\J Pinion nut:
142 N-m (14.2 kgf-m, 103 ft-Ib)

3. Measure the distance (M4) between the
shimming tool and the pinion as shown.

M4

m W S69J6605

| Digital caliper @: 90890-06704

Pinion height gauge ®:
90890-06702

2. Install the pinion and pinion nut, and then
tighten the nut to the specified torque.

6-55

4. Turn the thrust bearing ® two or three
times to seat the drive shaft housing ®,
and then measure the housing height
(M3) as shown.

$69J6610

NOTE:
Measure the thrust bearing at three points to
find the height average.

69J3D11



Shimming (counter rotation model)

5. Calculate the pinion shim thickness (T3)
as shown in the examples below.

S69J6555

NOTE:
“P” is the deviation of the lower case dimen-
sion from standard. The “P” mark @ is
stamped on the trim tab mounting surface of
the lower case in 0.01 mm units. If the “P”
mark is unreadable, assume that “P” is zero
and check the backlash when the unit is
assembled.

Calculation formula:
Pinion shim thickness (T3) =

82.00 + P/100 — M3 — M4

Example:

If “M3” is 50.75 mm and “M4” is 30.52 mm

and “P” is (-5), then

T3 =82.00 + (-5)/100 — 50.75 — 30.52 mm
= 82.00 — 0.05 - 50.75 - 30.52 mm
=0.68 mm

6. Select the pinion shim(s) (T3) as follows.

Calculated numeral

at 1/100 place Rounded numeral

Example:
If “T3” is 0.68 mm, then the pinion shim is
0.65 mm.
If “T3” is 0.70 mm, then the pinion shim is
0.68 mm.

Selecting the reverse gear shims

1. Turn the thrust bearing () two or three
times to seat the bearing retainer 2), and
then measure the bearing height (M1) as
shown.

=

S69J6680

S69J6710

NOTE:

* Select the shim thickness (T1) by using the
specified measurement(s) and the calcula-
tion formula.

* Measure the bearing retainer at three
points to find the height average.

1,2 0
3,4,5 2
6,7,8 5
9,10 8

Digital caliper (3: 90890-06704

Available shim thicknesses:
0.10, 0.12, 0.15, 0.18, 0.30, 0.40, and
0.50 mm

69J3D11
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LOWH *‘ Lower unit

2. Calculate the reverse gear shim thickness
(T1) as shown in the examples below.

$69J6570

NOTE:
“F” is the deviation of the lower case dimen-
sion from standard. The “F’ mark @ is
stamped on the trim tab mounting surface of
the lower case in 0.01 mm units. If the “F”
mark is unreadable, assume that “F” is zero
and check the backlash when the unit is
assembled.

Calculation formula:
Reverse gear shim thickness (T1) =

30.60 + F/100 — M1

Example:
If “M1” is 29.90 mm and “F” is (+5), then
T1 =30.60 + (+5)/100 — 29.90 mm
=30.60 + 0.05 —-29.90 mm
=0.75 mm

3. Select the reverse gear shim(s) (T1) as
follows.

Calculated numeral

at 1/100 place Rounded numeral

1,2 0
3,4,5 2
6,7,8 5
9,10 8

Available shim thicknesses:
0.10, 0.12, 0.15, 0.18, 0.30, 0.40, and
0.50 mm
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Example:

If “T1” is 0.75 mm, then the reverse gear
shim is 0.72 mm.

If “T1” is 0.80 mm, then the reverse gear
shim is 0.78 mm.

Selecting the forward gear shims

1. Turn the taper roller bearing outer race
@ two or three times to seat the rollers,
and then measure the bearing height
(M5) and (M6) as shown.

T

=7

t-—
S69J6690

T2

H

S69J6715

A_] Mé

O
\

S69J6720

NOTE:

* Select the shim thickness (T2) by using the
specified measurement(s) and the calcula-
tion formula.

e Measure the taper roller bearing at three
points to find the height average.

69J3D11



Shimming (counter rotation model)

Shimming plate ®): 90890-06701
Digital caliper ®: 90890-06704

2. Calculate the forward gear shim thick-
ness (T2) as shown in the examples
below.

S69J6585

S69J6625

NOTE:
“R” is the deviation of the lower case dimen-
sion from standard, and “A” is the deviation of
the propeller shaft housing dimension from
standard. The “R” mark @ is stamped on the
trim tab mounting surface of the lower case,
and the “A” mark ® is stamped on the pro-
peller shaft housing in 0.01 mm units. If the
“R” mark or “A” mark is unreadable, assume
that “R” and “A” are zero and check the back-
lash when the unit is assembled.

Example:

If “M5” is 22.95 mm and “M6” is 15.73 mm

and “R”is (+1) and “A” is (+6), then

T2 =8.45+(+1)/100 - (+6)/100—22.95 + 15.73 mm
=8.45 + 0.01 — 0.06 —22.95 + 15.73 mm
=1.18 mm

3. Select the forward gear shim(s) (T2) as
follows.

Calculated numeral

at 1100 place Rounded numeral

1,2 0
3,4,5 2
6,7,8 5
9,10 8

Available shim thicknesses:
0.10, 0.12, 0.15, 0.18, 0.30, 0.40, and
0.50 mm

Calculation formula:
Forward gear shim thickness (T2) =
8.45 + R/100 — A/100 — M5 + M6

69J3D11

Example:

If “T2” is 1.18 mm, then the forward gear
shimis 1.15 mm.

If “T2” is 1.20 mm, then the forward gear
shimis 1.18 mm.

Selecting the propeller shaft shims

1. Turn the taper roller bearing outer race
@ two or three times to seat the rollers,
and then measure the bearing height
(M6) as shown.

e

T4
$69J6705
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LOWH *‘ Lower unit

72 ‘_J M6
| ©
N N

S69J6720

NOTE:

* Select the shim thickness (T°4) by using the
specified measurement(s) and the calcula-
tion formula.

* Measure the taper roller bearing at three
points to find the height average.

Shimming plate 2): 90890-06701
Digital caliper (®: 90890-06704

2. Install the thrust bearing @ to the propel-
ler shaft ®, and then measure the pro-
peller shaft flange and thrust bearing
thickness (M7) as shown.

S69J6696

3. Calculate the propeller shaft shim thick-
ness (T4) as shown in the examples
below.

R
@ ® ~ S69J6626

6-59

NOTE:
“A” and “B” are the deviation of the propeller
shaft housing dimension from standard. The
“A” mark @ and “B” mark ® are stamped on
the propeller shaft housing in 0.01 mm units.
If the “A” mark or “B” mark is unreadable,
assume that “A” and “B” are zero and check
the free play when the unit is assembled.

Calculation formula 1:
Propeller shaft shim thickness (T4) =

29.00 + A/100 - B/100 — M6 — M7

Example:

If “M6” is 15.73 mm and “M7” is 12.50 mm

and “A” is (+6) and “B” is (-5), then

T4 =29.00+(+6)/100—(-5)/100—15.73—12.50 mm
=29.00+0.06 + 0.05-15.73—-12.50 mm
=0.88 mm

4. Round the numerals for the propeller
shaft shim(s) (T4) as follows.

Calculated numeral

at 1/100 place Rounded numeral

1,2 0
3,4,5 2
6,7,8 5
9,10 8

Example:

If “T4” is 0.88 mm, then the propeller shaft
shim is 0.85 mm.

If “T4” is 0.90 mm, then the propeller shaft
shim is 0.88 mm.

5. Calculate and select the propeller shaft
shim thickness (T°4) as shown in the
examples below.

Calculation formula 2:
Propeller shaft shim thickness (T°4) =
T4 -0.30

Example:

If “T4” is 0.85 mm, then

T4 =0.85—-0.30 mm
= 0.55 mm

69J3D11



Shimming (counter rotation model) / Backlash (counter rotation model)

Available shim thicknesses:
0.10, 0.12, 0.15, 0.18, 0.30, 0.40, and
0.50 mm

6. If the “A” mark or “B” mark is unreadable,
measure the propeller shaft free play as
shown.

7. Install the shim(s) ®, thrust bearing (@,
propeller shaft (), taper roller bearing @,
and claw washer (®, and then tighten the
ring nut @ to the specified torque.

S69J6697

Backlash
(counter rotation model)
Measuring the forward and reverse

gear backlash
1. Remove the water pump assembly.

2. Set the gearshift to the neutral position.

S69J6635

=1 Shift rod push arm: 90890-06052

Ring nut wrench: 90890-06578

\J Ring nut @:
108 N-m (10.8 kgf-m, 78 ft-Ib)

8. Measure the propeller shaft free play.
Reselect the propeller shaft shim(s)
(T’4), if out of specification.

S69J6701

Propeller shaft free play:
0.25-0.35 mm (0.010-0.014 in)

Magnet base (0: 90890-06705
Dial gauge set (): 90890-01252

69J3D11

3. Install the special service tool so that it
pushes against the propeller shaft.

1 I CR %
e -
! 4 S 3

$69J6645

NOTE:
Tighten the universal puller or center bolt
while turning the drive shaft until the drive
shaft can no longer be turned.

Bearing housing puller claw L (D:
90890-06502

Stopper guide plate @: 90890-06501

Center bolt (3): 90890-06504

4. Install the backlash indicator onto the
drive shaft (22.4 mm [0.88 in] in diame-
ter), then the dial gauge onto the lower
unit.
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LOWH *‘ Lower unit

5. Set the lower unit upside down.

S69J6655

NOTE:
Install the dial gauge so that the plunger @
contacts the mark ® on the backlash indica-
tor.

Backlash indicator (4): 90890-06706
Magnet base plate ®: 90890-07003
Dial gauge set (®): 90890-01252

Magnet base @: 90890-06705

6. Slowly turn the drive shaft clockwise and
counterclockwise and measure the back-
lash when the drive shaft stops in each
direction.

& Forward gear backlash:
0.35-0.70 mm (0.014—-0.028 in)

7. Add or remove shim(s) if out of specifica-
tion.

Forward gear

backlash Shim thickness

Less than To be decreased by
0.35mm (0.014 in) | (0.53 = M) x 0.71

More than To be increased by
0.70 mm (0.028 in) | (M —0.53) x 0.71

M: Measurement

Available shim thicknesses:
0.10, 0.12, 0.15, 0.18, 0.30, 0.40, and
0.50 mm

6-61

8. Remove the special service tools from
the propeller shaft.

S69J6725

9. Turn the shift rod into the reverse posi-
tion © with the shift rod push arm.

10. Turn the drive shaft clockwise until the
dog clutch (® is fully engaged.

© $69J6730

11. Turn the shift rod to the neutral position
@ with the shift rod push arm.

12. Turn the drive shaft counterclockwise
approximately 30°.

S69J6735
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Backlash (counter rotation model)

13. Turn the shift rod to the reverse position
© with the shift rod push arm.

14. Slowly turn the drive shaft clockwise and
counterclockwise and measure the back-
lash when the drive shaft stops in each
direction.

S69J6740

NOTE:
When measuring the reverse gear backlash,
turn the shift rod push arm towards the
reverse position © with force.

& Reverse gear backlash:
0.70-1.03 mm (0.028-0.041 in)

15. Add or remove shim(s) if out of specifica-
tion.

Reverse gear
backlash

Less than To be decreased by
0.70 mm (0.028 in) | (0.87 — M) x 0.71

Shim thickness

More than To be increased by
1.08 mm (0.041in) | (M —0.87) x 0.71

M: Measurement

Available shim thicknesses:
0.10, 0.12, 0.15, 0.18, 0.30, 0.40, and
0.50 mm

16. Remove the special service tools, and
then install the water pump assembly.

69J3D11
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BRKT 'I Bracket unit

Special service tools

PTT oil pressure gauge assembly
90890-06580

&

PTT oil pressure gauge adapter
90890-06581

Cylinder-end screw wrench
90890-06544

i

PTT piston vice attachment
90890-06572

J
N

Tilt rod wrench
90890-06569
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Special service tools

— MEMO —
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Bracket unit

Bottom cowling

7-3

[“2]18 N-m (1.8 kgf - m, 13t - Ib) |

S69J7005
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Bottom cowling

Part name Remarks

Q
<

Bracket

Shift cut switch
Bracket
Neutral switch
Screw

Plate

Spring
Bushing

M4 x 16 mm

Grease nipple
Bolt

Bolt
Clamp
Bolt
Screw
Plate

Clip
Bushing
Washer
Shift lever
Washer
Bushing
Bolt
Bracket
Ball
Spring
Bolt

Shift rod
O-ring

M6 x 35 mm

M6 x 35 mm
M4 x 16 mm

RS U U U U U G " G — U — G — Z
© ® N O O RN 20 ©®® N O R~ONG

NN DN
N = O

M6 x 30 mm

NN N DN DN
N o o R W
[EET T G U U T U AT G U U N Y G G G G\ T G ' Y G G G G G |\, RN G G |, YT U U G §

N
o)

Not reusable

1.9x12.6 mm
29 | Grommet

30 | Screw

31 | Adapter

32 | Hose joint

33 | Plastic tie

34 | Flushing hose

35 | Grommet

36 | PTT motor lead

37 | Trim sensor coupler
38 | Cotter pin

M6 x 20 mm

Not reusable

11 x 650 mm

B . T T S e e e N N ]
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Bottom cowling

Part name Remarks

Q
<

Bottom cowling
Rubber seal
Cowling lock lever
Bushing

Plate

Bolt

Wave washer

M6 x 30 mm

Lever
Washer
Bolt
Spring
Hook
Bolt
Bracket
Bolt
Plate
Grommet
Grommet
Grommet
Collar
Grommet
Bolt
Cooling water pilot hole
Bolt
Bracket

M6 x 20 mm

M6 x 20 mm

M6 x 25 mm

F e e e N . O ™ S N Z
© ©®O N OO A ®N 20 ©®NOoOaRODN-—=o

NN DN
N = O

M6 x 30 mm

NN
A~

M6 x 20 mm

NN
o O

Trailer switch

Bolt

Low-pressure fuel pump driver
Bracket

Bolt

Cover

Gasket

Cowling lock lever

Plate

Lever

M6 x 18 mm

N N
o N

N
(o]

M6 x 20 mm

W W W w w
A WO N =+ O
el O T \C I O R 0 o B A S R\ I \C R \C I % R @ T @ B 7o BN S T\ B @S B o) TN \© B o BN \© NP

w
(¢
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BRKT 'I Bracket unit

Upper case, steering arm, swivel bracket and clamp brackets

g G- 3 @) 2
a ) ® /
0® A<

»

S69J7015
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Upper case, steering arm, swivel bracket and clamp brackets

Part name

Qty

Upper case assembly
Damper

Bolt

Washer

Upper mount
Bracket

Bolt

Bolt

Mount housing
Bolt

Washer
Rubber washer
Lower mount
Washer

Drain bolt
Metal gasket
Cover

Bolt

Damper
Apron stay
Ground lead
Bolt

Ground lead
Hose

Plastic tie

RS U U U U e G G — U — G — Z
© ® N O O RN 20 ©®® N O R~NG

NN DN DN DD DN
o 00~ WODN =+ O

Dowel pin
Adapter

Bolt

Drive shaft bushing
Circlip

Nut

Washer
Steering arm
Washer
Bushing
O-ring
Bushing
Steering yoke

W W W W W wWwwwwbdhdhhDN
0O N O O~ WOWDN - O © 0 N

4 4 AP N2 A DN S A a A aaaa AN 222NN NMNNNDR® 2NN

M14 x 190 mm

M10 x 40 mm
M10 x 40 mm

M14 x 205 mm

M14 x 12 mm

Not reusable

M6 x 14 mm

M6 x 10 mm

M6 x 25 mm

Not reusable

69J3D11
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Upper case, steering arm, swivel bracket and clamp brackets

No. Part name Q'ty Remarks
1 | Upper exhaust guide 1
2 | Bolt 2 M8 x 35 mm
3 | Pressure control valve 1
4 | Bolt 1 M6 x 20 mm
5 | Plate 1
6 | Collar 1
7 | Bolt 7 M10 x 45 mm
8 | Gasket 1
9 | Dowel pin 2
10 | Lower exhaust guide 1
11 | Gasket 1
12 | Oil strainer 1
13 | Collar 3
14 | Bolt 3 M6 x 25 mm
15 | Gasket 1
16 | Dowel pin 2
17 | Oil pan 1
18 | Bolt 2 M8 x 30 mm
19 | Bolt 10 M8 x 60 mm
20 | Gasket 1
21 | Exhaust manifold 1
22 | Bolt 4 M8 x 90 mm
23 | Exhaust seal 1
24 | Gasket 1
25 | Plate 1
26 | Dowel pin 2
27 | Muffler 1
28 | Cooling water pipe 1
29 | Rubber seal 1
30 | Bolt 10 M8 x 35 mm
31 | Muffler seal 1
32 | Rubber seal 1
33 | Rubber seal 1
34 | Screw 2 M6 x 16 mm
35 | Baffle plate 1
36 | Dowel pin 2
37 | Upper case 1
38 | Gasket 1

69J3D11
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BRKT 'I Bracket unit

4 @/5 []22N-m (2.2 kgf-m, 16 ft- Ib)]
> 16
&-’

A) 12
.6 % 14 17
Q)

/

8 9 %/%4 ¥
13 1
AR/ <

s,

9

o3\ 9 MQN-m(AZkgfom, 30 ft- Ib)]
8

[¥]4N-m (0.4 kgf-m, 2.91t-1b)|

S69J7105
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Upper case, steering arm, swivel bracket and clamp brackets

Part name

Qty

Remarks

Through tube

Port clamp bracket
Bolt

Ground lead
Screw

Washer

Bushing

Friction plate
Screw

Screw

Trim sensor
Grease nipple
Screw

Clamp

Starboard clamp bracket
Self-locking nut
Bolt

Collar

Pin

Tilt stop lever joint
Pin

Bolt

Spring

Spring holder
Port tilt stop lever
Shaft

Trim stopper

B I T T S e N e e Z
© ® N O RN =20 ©®NOOA®DN-=2G

N DD DD NN DD DN DNDDN
0 N O O~ WM =+ O

Starboard tilt stop lever

N
(o]

Circlip

Nut

Swivel bracket

Power trim and tilt unit
Bolt

Plastic tie

Bolt

Bracket

Anode

W W W W w ww
o o0~ WODNMN =+ O

W
~

—_
o

= N DN DN a4 a a N A AN 2 A A a a4 a0 A A a a2 O~ DN

M10 x 45 mm

M6 x 10 mm

M6 x 15 mm

M6 x 12 mm

M6 x 14 mm

M6 x 10 mm

M6 x 10 mm

M6 x 25 mm

69J3D11
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BRKT 'I Bracket unit

Draining the engine oil

1.

Place a drain pan under the drain hole,
and then remove the drain bolt @) and let
the oil drain completely.

Remove the cover 2) and damper @).

Remove the oil pan @ from the upper
exhaust guide ® and lower exhaust

guide ®.

Remove the oil strainer @ from the lower
exhaust guide ®.

S69J7025

3. Remove the upper and lower mounting
nut, and then remove the upper case.

4. Remove the muffler assembly from the
upper case.

Disassembling the oil pan
1. Remove the muffler @), plate @, and
exhaust manifold (3 from the oil pan @.

S69J7035

Checking the oil strainer
1. Check the oil strainer for dirt and residue.
Clean if necessary.

Assembling the oil pan
1. Install the gasket () and lower exhaust
guide @ onto the upper exhaust guide

$69J7040
S69J7030E
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Upper case, steering arm, swivel bracket and clamp brackets

2. Install the oil strainer ® and bolts, and

then tighten the bolts to the specified \J Exhaust manifold bolt @:
torque. 20 N-m (2.0 kgf-m, 14 ft-Ib)
Qil pan bolt ®:
20 N-m (2.0 kgf-m, 14 ft-Ib)

6. Install the plate ©.

7. Install the cooling water pipe into the
muffler @.

8. Install the muffler G) and bolts into the oil
pan, and then tighten the bolts to the
specified torque.

S69J7045

\J Oil strainer bolt:
10 N-m (1.0 kgf-m, 7.2 ft-Ib)

3. Install the oil pan ®, and then tighten the
bolts finger tight.

4. Install the exhaust manifold (6) and bolts,
and then tighten the bolts finger tight.

7

S69J7055

\J Muffler bolt:
%] 20 N-m (2.0 kgf-m, 14 ft-Ib)

9. Install the muffler assembly @ by insert-
ing the tip of the cooling water pipe @
into the joint hole @ of the upper case.

S69J7050
10. Install muffler assembly bolts (@ and ),
5. Tighten the exhaust manifold bolts @), and pressure control valve (@), and then
then the oil pan bolts ®, and then tighten tighten them to the specified torques.
them to the specified torques.

69J3D11 7-14



BRKT 'I Bracket unit

13. Install the lower mounts and mount
housings @).

S69J7070

Removing the steering arm
1. Remove the circlip @.

2. Remove the steering yoke @ by striking
$69J7060 it with a plastic hammer.

\J Muffler assembly bolt @:
20 N-m (2.0 kgf-m, 14 ft-Ib)
Muffler assembly bolt :
42 N-m (4.2 kgf-m, 30 ft-Ib)
Pressure control valve (®:
8 N-m (0.8 kgf-m, 5.8 ft-Ib)

11. Install the upper mounts (@ and bolts into
the upper case.

12. Install the bracket @ and bolts.

S$69J7075

3. Remove the steering arm from the swivel
bracket by pulling the arm off the bracket.

S69J7065
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Upper case, steering arm, swivel bracket and clamp brackets

Installing the steering arm
1. Install the washer () and bushing @ onto
the steering arm (@.

2. Place the swivel bracket @ in an upright
position, and then install the steering arm
onto the swivel bracket.

‘,
) © $69J7090

6. Inject grease into the grease nipple until
$69J7080 grease comes out from both the upper
and lower bushings ©).

3. Install the bushing ®, O-ring ®, bushing
@, and washer onto the swivel
bracket.

S69J7085

4. Install the steering arm (® into the steer-
ing yoke @ by aligning the center @ of
the yoke with the center ® of the steer-
ing arm.

S69J7095

5. Install the circlip @©.

69J3D11 7-16



BRKT 'I Bracket unit

Installing the upper case

1. Install the upper and lower mounting
bolts into the swivel bracket () simulta-
neously.

2. Install the upper mounting nut @ and
lower mounting nut (@, and then tighten
them to the specified torques.

S69J7100

\J Upper mounting nut @:
72 N-m (7.2 kgf-m, 52 ft-Ib)
Lower mounting nut (®:

72 N-m (7.2 kgf-m, 52 ft-Ib)

Removing the power trim and tilt unit
1. Fully tilt the outboard motor up, and then
support it with the tilt stop lever .

S69J7110

& WARNING

After tilting up the outboard motor, be
sure to support it with the tilt stop lever.
Otherwise, the outboard motor could sud-
denly lower if the power trim and tilt unit
should lose fluid pressure.

NOTE:
If the power trim and tilt does not operate,
loosen the manual valve and tilt the outboard
motor up manually.

2. Remove the anode @ and bolts (3.

3. Loosen the self-locking nut @, and then
move the clamp brackets slightly in the
direction of the arrows.

& WARNING

Do not remove the tilt stop lever (D from
the clamp brackets.

4. Remove the plastic ties ®, and then pull
out the PTT motor lead (®.

5. Remove the circlip @, then the shaft (.

6. Remove the power trim and tilt unit (9.

S69J7115
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Upper case, steering arm, swivel bracket and clamp brackets

Removing the clamp brackets

1. Remove the self-locking nut (O and
ground lead @, then clamp brackets (®
and @.

2. Remove the trim sensor ().

S69J7120

Installing the clamp brackets
1. Install the trim sensor () onto the port
clamp bracket.

S69J7125

NOTE:

Adjust the trim sensor after installing the
power trim and tilt unit.

69J3D11

2. Assemble the clamp brackets and the
swivel bracket by connecting the ground
lead @), installing the through tube (@,
then tightening the self-locking nut (@ fin-
ger tight.

S$69J7130

Installing the power trim and tilt unit
1. Fully tilt the outboard motor up, and then
support it with the tilt stop lever (.

S69J7135

NOTE:
After tilting up the outboard motor, be sure to
support it with the tilt stop lever.

2. Install the bolts @ onto both clamp
brackets together with the power trim and
tilt unit .




BRKT 'I Bracket unit

3. Install the tilt ram upper end into the
swivel bracket with the shaft (¥ and cir-

clip ®.

4. Tighten the self-locking nut ® to the
specified torque.

5. Remove the anode @.

S69J7140

6. Inject grease into all grease nipples until
grease comes out from the bushings @.

-

4

S69J7145

Adjusting the trim sensor
1. Fully tilt the outboard motor up, and then
support it with the tilt stop lever .

S69J7110

& WARNING

After tilting up the outboard motor, be
sure to support it with the tilt stop lever.
Otherwise, the outboard motor could sud-
denly lower if the power trim and tilt unit
should lose fluid pressure.

2. Loosen the cam screws @).

3. Adjust the position of the trim sensor,
and then tighten the screws (@ finger
tight.

4. Fully tilt the outboard motor down.

5. Measure the trim sensor resistance.
Repeat steps 1-5 if out of specification.

] “ Trim sensor resistance:
Pink (P) — Black (B)
9-11 Q at 20 °C (68 °F)

6. Tighten the screws @.

S69J7150
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Upper case, steering arm, swivel bracket and clamp brackets

7. Fully tilt the outboard motor up, and then
support it with the tilt stop lever.

& WARNING

After tilting up the outboard motor, be
sure to support it with the tilt stop lever.
Otherwise, the outboard motor could sud-
denly lower if the power trim and tilt unit
should lose fluid pressure.

8. Measure the trim sensor resistance.
Check the trim sensor if out of specifica-
tion.

L y(| Trim sensor resistance:
Q‘ Pink (P) — Black (B)
247.6-387.6 Q at 20 °C (68 °F)
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Power trim and tilt unit

[32/18 N-m (1.8 kgf - m, 13 ft - Ib)|

[%2/7N-m (0.7 kgf-m, 5.1 ft-1b)|
()

21
\@ 2 S/L/ §/22
5 4 10 &=23
@r—"
S

C

— &= Q
8— &= 1

37

\\

20

15 N-m (1.5 kgf - m, 11 ft - Ib)|

S69J7155
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Power trim and tilt unit

No. Part name Q'ty Remarks
1 | Cylinder block 1
2 | Reservoir 1
3 | Bolt 3 M8 x 20 mm
4 | O-ring 1
1.9x12.6 mm
5 | Reservoir cap 1 M12 x 10 mm
6 | O-ring 1
7 | Sheet 1
8 | Filter 1
9 | Spacer 1
10 | Bolt 3 M8 x 20 mm
11 | O-ring 1
2.4 x22.6 mm
12 | Joint 1
13 | O-ring 1
14 | Manual valve 1
15 | Circlip 1
16 | Shaft 1
17 | Circlip 1
18 | Bushing 2
19 | Pipe 1
20 | Pipe 1
21 | Yoke 1
22 | Bolt 2 M5 x 12 mm
23 | Washer 4
24 | Wave washer 1
25 | Washer 1
26 | Bearing 2
27 | Armature 1
28 | Brush 4
29 | Spring 4
30 | Screw 2 M4 x 12 mm
31 | Brush holder 1
32 | Nut 2
33 | Screw 2 M4 x 6 mm
34 | O-ring 1
35 | PTT motor base 1
36 | Oil seal 1
37 | PTT motor lead 1
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[24]160 N-m (16 kgf-m, 115 ft- b)]

14| 10

[%]55N-m (5.5 kgf - m, 40 ft - Ib) |

[%/90 N-m (9.0 kgf - m, 65 ft - Ib) |

23 25

34

S69J7165
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Power trim and tilt unit

Part name

Q
<

Remarks

Circlip

Dust seal

Trim cylinder end screw
O-ring

Trim ram

Trim piston

Washer

Bolt

Backup ring

O-ring

Spring

Adapter

Circlip

Tilt ram

Dust seal

Tilt cylinder end screw

B I e S e e e e e Z
© ©® N OO AN ©®NOORODN =G

O-ring
Backup ring
O-ring

20 | Spring

21 | Adapter

22 | Tilt piston

23 | O-ring

24 | Backup ring

25 | Ball

26 | Pin

27 | Spring

28 | Washer

29 | Plate

30 | Washer

31 | Bolt

32 | Free piston

33 | O-ring

34 | Tilt cylinder
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Not reusable

Not reusable

M8 x 20 mm

Not reusable

Not reusable
Not reusable
Not reusable

Not reusable

M6 x 10 mm

Not reusable

69J3D11
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BRKT 'I Bracket unit

[%]7N.m (0.7 kgf-m, 5.1 ft-Ib)]

[%]7N.m (0.7 kgf-m, 5.1t Ib)]

S69J7170
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Power trim and tilt unit

No. Part name Q'ty Remarks
1 | Gear housing 1 1
2 | Bolt 3 M5 x 40 mm
3 | Plate 1
4 | Filter 1
5 | Valve lock screw 2
6 | Down-relief spring 1
7 | Valve support pin 1
8 | Relief valve seal 1
9 | Up-relief spring 1
10 | Valve support pin 1
11 | O-ring 1
1.8 X 11.35 mm
12 | Ball 1
13 | Circlip 2
14 | Main valve seal 2
15 | Shuttle piston 1
16 | O-ring 1
17 | Return spring 2
18 | Shuttle piston 1
19 | Drive gear 2
20 | Ball 2
21 | Gear housing 2 1
22 | Ball 2
23 | Manual release spring 1
24 | Dowel pin 1
25 | Ball 2
26 | Pin 2
27 | Spring 2
28 | Spacer 2
29 | O-ring 2
1.9 x 9.6 mm
30 | Dowel pin 2
31 | Bracket 1
32 | Washer 2
33 | Bolt 2 M5 x 25 mm
34 | O-ring 2
1.9 9.6 mm
35 | Spacer 2
36 | Filter 2

69J3D11
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BRKT 'I Bracket unit

Disassembling the power trim and

tilt motor

1. Remove the PTT motor screws (1), then
the yoke @.

S$69J7175

CAUTION:

Do not allow grease or oil to contact the
commutator.

NOTE:

Place a clean cloth over the end of the arma-
ture shaft and carefully pull the armature from
the yoke with a pair of pliers as shown.

2. Remove the screws (3, disconnect the
PTT motor leads (@), and then remove
the springs & and brushes ®.

S69J7180

7-27

Checking the power trim and tilt

motor

1. Check the commutator for dirt or foreign
substances. Clean with #600 grit sand-
paper if necessary.

S69J7185

2. Check the commutator undercut for dirt
or foreign substances. Clean with com-
pressed air if necessary.

3. Measure the commutator diameter @.
Replace if out of specification.

$69J7190

& Commutator diameter limit @:
25.0 mm (0.98 in)

4. Check the armature coil for continuity.
Replace if out of specifications.

@ S69J7195

69J3D11



Power trim and tilt unit

8. Check the bearing for damage or wear.
Replace if necessary.

NN

AN

Assembling the power trim and tilt

motor

1. Install the new oil seal (D and bearing ©)
into the motor base (3) as shown.

S69J7200

L] : .
@‘ Armature coil continuity

Commutator segments ® | Continuity
Segment-laminations © No continuity

Segment-shaft @ No continuity SeoUT215
5. Check the circuit breaker for continuity. 2. Connect the PTT motor leads @ to the
Replace the brush holder if there is no brush holder &) and then install the brush
continuity. holder ) to the motor base ().

3. Install the brushes (@ and springs ® to
the brush holder as shown.

S69J7205

6. Measure the brush length. Replace if out
of specification.

S69J7220

$69J7210 ]
4. Install the bearing @ to the armature .

& BT;hr;?%z)h1lgrr}:)©: 5. Push the brushes (@ into the holders,
i i and then install the armature (.

7. Check the base for corrosion or damage.
Replace if necessary.
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S69J7225

6. Install the wave washer G) and washer
@ into the yoke @®.

o

7. Install the new O-ring and yoke @ to the
motor base.

S69J7230

S69J7235

NOTE:
Place a clean cloth over the end of the arma-
ture shaft and carefully push the armature
from the yoke with a pair of pliers as shown.

Checking the hydraulic pressure
1. Check the hydraulic pressure. Check the
internal parts if out of specification.

2. Fully extend the power trim and tilt rams.

3. Loosen the pipe joints (1), and then
remove the pipe joint @.

7-29

NOTE:
Cover the removed pipe joint @ with a rag.

Install the PTT oil pressure gauge
adapter set @.

S69J7240

PTT oil pressure gauge adapter set:
90890-06580

5. Connect the PTT motor leads to the bat-

tery terminals to retract the tilt ram, and
then measure the hydraulic pressure.

S69J7245

Ram PTT motor lead Battfary
terminal
Light L
Down ight green (Lg) ©)
Sky blue (Sb) ©

& Hydraulic pressure (down):

6.7-8.7 MPa (68—89 kgf/cm?)

69J3D11



Power trim and tilt unit

6. Reverse the PTT motor leads between
the battery terminals to fully extend the
trim and tilt rams.

(2\ ’

%’ > /[ 58
S f
AN 7 $69J7255

)

NOTE:
5697250 Cover the removed pipe joint ® with a rag.
Battery )
Ram PTT motor lead terminal PTT oil pressure gauge adapter set:
90890-06580

Sky blue (Sb) @
Up .

Light green (Lg) Q 12. Connect the PTT motor leads to the bat-

tery terminals to extend the tilt ram, and

7. Remove the PTT oil pressure gauge then measure the hydraulic pressure.

adapter set .
8. Install the pipe joints (D, and then tight-

ening them to the specified torque. f /@

f Lg Sb

\J Pipe joint (D:

15 N-m (1.5 kgf-m, 11 ft-Ib) . > 8 2

Vo

9. Connect the PTT motor leads to the bat- Qs %% b

tery terminals to fully retract the trim and

tilt rams. J

10. Loosen the pipe joints (3, and then

remove the pipe joint ®.

11. Install the PTT oil pressure gauge & Hydraulic pressure (up):
adapter set @. 12.2-14.2 MPa (124-145 kgf/cm?)

S69J7260

13. Reverse the PTT motor leads between
the battery terminals to fully retract the
trim and tilt rams.
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Sb Lg

Z 2
WS o ),
)

14. Remove the PTT oil pressure gauge
adapter set .

S69J7265

15. Install the pipe joints (3, and then tight-
ening them to the specified torque.

\J Pipe joint (®:
15 N-m (1.5 kgf-m, 11 ft-Ib)

16. After measuring the hydraulic pressure,
connect the PTT motor leads to the bat-
tery terminals to fully extend the trim and
tilt rams.

$69J7270

17. Remove the reservoir cap, and then
check the fluid level in the reservoir.

18. If necessary, add fluid of the recom-
mended type to the correct level.

7-31
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NOTE:
If the fluid is at the correct level, the fluid

should overflow out of the filler hole when the
cap is removed.

/ ) S69J7275

‘ﬂ Recommended power trim and tilt
fluid:

ATF Dexron 11

19. Install the reservoir cap.

Disassembling the gear pump
1. Remove the manual valve (D and gear

pump @.

S69J7280

2. Remove the relief valve seal 3 and ball

®@.

69J3D11



Power trim and tilt unit

Disassembling the tilt cylinder and

trim cylinders
1. Hold the tilt cylinder D in a vise using
aluminum plates @ on both sides.

2. Loosen the tilt cylinder end screw @, and
then remove the tilt piston assembly.

CE@Of(@“m@

S69J7285

3. Remove the bracket 6), then the balls ().

$69J7300

& WARNING

Make sure that the rams are fully
extended before removing the end screw.

Cylinder-end screw wrench:
90890-06544

[i S69J7290

4. Remove the gear housing 2 (D, then the

Drain the power trim and tilt fluid.

shuttle pistons ®. 4. Remove the free piston (), and then
_ blow compressed air through the hole ®
5. Remove the drive gear ®, balls (@, and while holding down the clotsli.
dowel pins @.

A
{0 L S69J7305

S$69J7295
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BRKT 'I Bracket unit

& WARNING

Never look into the tilt cylinder opening
because the free piston and power trim
and tilt fluid may be expelled out force-
fully.

5. Hold the tilt piston in a vise using the
special service tool (4 on both sides.

6. Remove the tilt ram.

S69J7310

PTT piston vice attachment (@®:
90890-06572
Tilt rod wrench (5): 90890-06569

7. Hold the cylinder block ® in a vise using
aluminum plates @ on both sides.

S69J7315

8. Loosen the trim cylinder end screws @),
and then remove them.

7-33

S69J7320

Cylinder-end screw wrench:
90890-06544

9. Remove the trim piston assemblies.
10. Drain the power trim and tilt fluid.

11. Remove the circlip ®, adapter ©®, and
spring from the trim piston assem-
blies.

W

S69J7325

12. Hold the trim ram @ in a vise using alu-
minum plates @ on both sides.

13. Remove the trim piston .

S69J7330

69J3D11



Power trim and tilt unit

Checking the reservoir
1. Check the reservoir for cracks or corro-
sion. Replace if necessary.

S69J7345

4. Check the trim and tilt rams for bends or

$69J7335 excessive corrosion. Polish with #400-
600 grit sandpaper if there is light rust or
Checking the tilt cylinder and trim replace if necessary.
cylinder
1. Check the power trim and tilt unit for
cracks or corrosion. Replace if neces- (@
sary. @

2. Check the inner walls of the cylinder
block and tilt cylinder for scratches.
Replace if necessary. :

$69J7350

5. Check the pipes for cracks or corrosion.
Replace if necessary.

S69J7355

Checking the valves

1. Check the operation of the tilt piston
absorber valves and the valves for dirt or
residue. Clean if necessary.

S69J7340

3. Check the outer surface of the tilt piston
@, trim piston @, adapter 3, free piston
®, and oil seal of end screw (& for
scratches. Replace if necessary.
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S69J7360

2. Check the up-relief valve and down-relief
valve for dirt or residue. Clean if neces-
sary.

0@ (@
c0@ue @

S69J7365

3. Check the main valves for dirt or residue.
Clean if necessary.

(©
«@ (9 O ¢

S69J7370

4. Check the absorber valves for dirt or res-
idue. Clean if necessary.

0@@0°

S69J7375

7-35

Checking the filters

1. Check gear pump filters @ and @, and
shuttle piston filters (@ for dirt or residue.
Clean if necessary.

S69J7380

Checking the gear pump
1. Check the drive gear for damage or
excessive wear. Replace if necessary.

S69J7385

Checking the gear pump housing
1. Check the gear pump housing for
scratches. Replace if necessary.

S69J7387

Assembling the gear pump

1. Install the drive gears (1), dowel pins @),
balls 3, and shuttle pistons @ into the
gear housing 1 ®.

2. Install the gear housing 2 ®.

69J3D11



Power trim and tilt unit

S
v
T
S69J7390 (== S69J7400
3. Install the balls @), manual release spring 5. Install the filters @ and gear pump @ by
®, and bracket @ by installing the bolts installing the bolts @, then tightening
@, then tightening them to the specified them to the specified torque.

torque.
6. Install the manual valve @.

S69J7395

S69J7405

\J Gear pump bracket bolt {:
7 N-m (0.7 kgf-m, 5.1 ft-Ib) Ny | Gear pump bolt @:
%] 7 N-m (0.7 kgf-m, 5.1 ft-Ib)

4. Install the relief valve seal @) and ball
into the gear housing 1 ®. Assembling the tilt ram

1. Install the new dust seal (O, O-rings @
and @, and backup ring @ into the tilt
cylinder end screw ®.
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S69J7410

2. Install the tilt cylinder end screw @®),
spring @, adapter ®, and tilt piston @ to
the tilt ram ®.

S69J7415

3. Hold the tilt piston in a vise using the
special service tool @) on both sides.

4. Tighten the tilt ram to the specified
torque.

S69J7420

\J Tilt ram O:
55 N-m (5.5 kgf-m, 40 ft-Ib)

PTT piston vice attachment @:
90890-06572
Tilt rod wrench G2: 90890-06569

7-37

5. Install the new O-ring @ and backup ring

into the tilt piston (@.

6. Install the balls @, absorber valve pins

@®, and springs @ as shown.

7. Install the washers @9, plate {9, and bolt
@ to the tilt piston (©, and then tighten
the bolt to the specified torque.

S69J7425

"\ | Tilt piston bolt @:
%] 7 N-m (0.7 kgf-m, 5.1 ft-Ib)

Assembling the trim rams
1. Install the trim piston (D to the trim ram

®.

Do,

S69J7430

2. Hold the trim ram @ in a vise using alu-
minum plates @ on both sides.

3. Tighten the trim piston bolt to the speci-
fied torque.

69J3D11



Power trim and tilt unit

3. Install the tilt cylinder ® to the cylinder
block @.

4. Install pipes ® and ®, and then tighten
them to the specified torque.

S69J7435

\J Trim piston bolt:
38 N-m (3.8 kgf-m, 27 ft-Ib)

4. Install the new O-ring ®, backup ring @,
spring ®, adapter ®, and circlip @ to the
trim piston (.

9

S69J7450

® (®
@/@ @{@‘. \J Pipe joint ® and ®:
©, | 15 N-m (1.5 kgf-m, 11 ft-Ib)

S69J7440

Installing the trim rams

> Instal th.e new -OII seal ’ CIrC“.p ©, and 1. Hold the cylinder block (D in a vise using
new O-ring @ into the trim cylinder end , ;
screw @ aluminum plates @ on both sides.

6. Install the trim cylinder end screw @ into
the trim ram ©.

S69J7455

2. Fill the trim cylinders with the recom-
mended fluid to the correct level ® as
shown.

Installing the tilt cylinder
1. Install the new O-ring (D to the free pis-

ton @.

2. Push the free piston ) into the tilt cylin-
der @ until it bottoms out.
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S69J7460

.ﬂ Recommended power trim and tilt
fluid:

ATF Dexron 11

3. Install the trim piston assembly into the
trim cylinder, and then tighten the trim
cylinder end screw (@ to the specified
torque.

S69J7465

& WARNING

Do not push the trim rams down while
installing them into the trim cylinders.
Otherwise, the power trim and tilt fluid
may spurt out from the unit.

S69J7470

2. Fill the pump housing with the recom-
mended fluid to the correct level @ as
shown.

S69J7475

‘“ Recommended power trim and tilt
fluid:

ATF Dexron 11

Cylinder-end screw wrench:
90890-06544

\J Trim cylinder end screw ®):
160 N-m (16 kgf-m, 115 ft-Ib)

Installing the power trim and tilt
motor
1. Install the joint O into the pump housing.

7-39

3. Remove all of the air bubbles with a
syringe or suitable tool.

NOTE:
Turn the joint with a screwdriver, and then
remove any air between the pump gear teeth.

4. Install the new O-ring @, power trim and
tilt motor (®, and then tighten the bolts @
to the specified torque.

69J3D11



Power trim and tilt unit

\J Reservoir bolt ®:
18 N-m (1.8 kgf-m, 13 ft-Ib)
Reservoir cap @:
7 N-m (0.7 kgf-m, 5.1 ft-Ib)

@/O\ Installing the tilt ram
/ 1. Fill the tilt cylinder with the recommended

fluid to the correct level @ as shown.

2. Add a small amount of the recommended
fluid through the cylinder block hole ® as
shown.

S69J7480

NOTE:
Align the armature shaft with the recess in

the joint.

\J PTT motor bolt @:
18 N-m (1.8 kgf-m, 13 ft-Ib)

Installing the reservoir
1. Install the spacer (D, filter @) and sheet
(® to the cylinder block.

2. Install the new O-ring ® and reservoir
®, and then tighten the bolts ® to the

specified torque.
(:> S$69J7490

3. Install the reservoir cap @, and then
tighten it to the specified torque.

.ﬂ Recommended power trim and tilt
fluid:
ATF Dexron II

3. Install the tilt piston assembly into the tilt
cylinder, and then tighten the tilt cylinder
end screw (1) to the specified torque.

S69J7485

S69J7495
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& WARNING

To prevent the power trim and tilt fluid
from spurting out due to internal pres-
sure, the tilt ram should be kept at full
length.

NOTE:
Place the tilt cylinder end screw at the bottom
of the tilt ram and install the tilt piston assem-
bly into the tilt cylinder.

Cylinder-end screw wrench:
90890-06544

\J Trim cylinder end screw:

90 N-m (9.0 kgf-m, 65 ft-Ib)

Bleeding the power trim and tilt
unit
Not installed

1. Tighten the manual valve (D by turning it
clockwise.

S69J7500

2. Place the power trim and tilt unit in an
upright position.

3. Check the fluid level in the reservoir.

NOTE:
The fluid level should be at the brim of the
filler hole.

4. If necessary, add sufficient fluid of the
recommended type to the correct level.

7-41

‘Q Recommended power trim and tilt
fluid:
ATF Dexron II

5. Install the reservoir cap.

6. Connect the PTT motor leads @ to the
battery terminals.

Sb
O Lo
2 S ®
ij ri_, S69J7505
Ram PTT motor lead Battgry
terminal
U Sky blue (Sb) @
P Light green (LQ) ©
Light green (LQ) @
Down
Sky blue (Sb) S

7. Reverse the PTT motor leads between
the battery terminals to fully extend the
tilt ram and trim rams, and then reverse
them again to fully retract the rams.

69J3D11



Power trim and tilt unit / Bleeding the power trim and tilt unit

NOTE:

* Repeat this procedure so that the rams go
up and down four to five times (be sure to
wait a few seconds before switching the
leads).

* The sound of the power trim and tilt motor
will change when the rams are fully
extended.

e If the rams do not move up and down eas-
ily, push and pull on the rams to assist
operation.

8. Check the fluid level again when the
rams are fully extended. Add sufficient
fluid, if necessary, and then repeat step
7.

NOTE:
Repeat this procedure until the fluid remains
at the correct level.

Built-in

1. Loosen the manual valve by turning it
counterclockwise until it cannot be turned
further.

)i

$69J7510

2. Fully tilt the outboard motor up, and then
release it and let it lower by its own
weight four to five times.

3. Tighten the manual valve by turning it
clockwise.

4. Let the fluid settle for 5 minutes.

5. Push and hold the power trim and tilt
switch in the up position until the out-
board motor is fully tilted up.

69J3D11

6. Support the outboard motor with the tilt
stop lever, and then let the fluid settle for
5 minutes.

& WARNING

After tilting up the outboard motor, be
sure to support it with the tilt stop lever.
Otherwise, the outboard motor could sud-
denly lower if the power trim and tilt unit
should lose fluid pressure.

7. Remove the reservoir cap (1), and then
check the fluid level in the reservoir.

8. If necessary, add sufficient fluid of the
recommended type to the correct level.

HRENP Il
Bt
=

NOTE:
If the fluid is at the correct level, the fluid
should overflow out of the filler hole when the
cap is removed.

/ ) S69J7515

~

.ﬂ Recommended power trim and tilt
fluid:

ATF Dexron 11

9. Install the reservoir cap.

NOTE:
Repeat this procedure until the fluid remains
at the correct level.
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Power trim and tilt electrical system

S
® L B
[¢] 5 a
Oy e,
=y T‘v’
O[] %
® 2
K
Lg Lg
EEK
&F |
=/ =+ ﬂ\%
©'°|—r& &@OO
o = R J Lg
_ 2.
=t @
® @
$69J7520
@ Fuse (30 A) B : Black
® Fuse (20 A) Gy :Gray
® Power trim and tilt relay Lg :Lightgreen
@ Power trim and tilt motor P : Pink
® 10-pin coupler R : Red
® Battery Sb  : Sky blue

@ Power trim and tilt switch
Trim sensor

7-43
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Power trim and tilt electrical system

Checking the fuse
1. Check the fuse for continuity. Replace if
there is no continuity.

[a==]

O

%

S69J7525

Checking the power trim and tilt

relay

1. Check the power trim and tilt relay for
continuity. Replace if out of specification.

S69J7530

NOTE:
Be sure to set the measurement range @
shown in the illustration when checking for
continuity.

69J3D11

L] , , -
@‘ Power trim and tilt relay continuity

Sky blue (Sb) — Black (B)

Light green (Lg) - Black (B) | O™

Terminal @) — Terminal @

Terminal @ — Terminal ® Continuity

Terminal @ — Terminal ® No continuity

Terminal @ — Terminal ®

2. Connect the digital circuit tester between
power trim and tilt relay terminals () and

®.

3. Connect the light green (Lg) lead to the
positive battery terminal and the black
(B) lead to the negative battery terminal
as shown.

4. Check for continuity between terminals
@ and ®. Replace if there is no continu-

ity.

S69J7535

5. Connect the digital circuit tester between
power trim and tilt relay terminals @) and

®.

6. Connect the sky blue (Sb) lead to the
positive battery terminal and the black
(B) lead to the negative battery terminal
as shown.

7. Check for continuity between terminals
® and ®. Replace if there is no continu-

ity.
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Bracket unit

NOTE:
Turn the lever @) and measure the resistance
as it gradually changes.

@‘ Trim sensor resistance:
Pink (P) — Black (B)
9-11 Q at 20 °C (68 °F) @
247.6-387.6 Q at 20 °C (68 °F) ®

S69J7540

Checking the power trim and tilt

switch

1. Check the power trim and tilt switch for
continuity. Replace if out of specification.

Sb R
4,

S69J7545

@‘ Lead color

Switch Skyblue Lightgreen
position spy | AP |7
Up o—F—0

Free

Down Oo——O

Checking the trim sensor
1. Measure the trim sensor resistance.
Replace if out of specification.

S69J7550
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Electrical systems

Special service tools

Ignition tester Test harness (3 pins)
90890-06754 90890-06793

Digital circuit tester Test harness (3 pins)
90890-03174 90890-06770

Peak voltage adaptor Test harness (2 pins)
90890-03172 90890-06787

Test harness (2 pins)
90890-06792

Test harness (4 pins)
90890-06771

8-1 69J3D11



Special service tools / Checking the electrical components

Checking the electrical
components
Measuring the peak voltage

NOTE:
Before troubleshooting the peak voltage,
check that all electrical connections are tight
and free from corrosion, and that the battery
is fully charged to 12 V.

The condition of the ignition system can be
determined by measuring the peak voltage.
Cranking speed is effected by many factors,
such as fouled or weak spark plugs, or a
weak battery. If one of these factors is
present, the peak voltage will be lower than
specification. In addition, if the peak voltage
is lower than specification the engine will not
operate properly.

$69J8020

& WARNING

When checking the peak voltage, do not
touch any of the connections of the digital
tester leads.

NOTE:

* Use the peak voltage adaptor with the digi-
tal circuit tester.

* When measuring the peak voltage, set the
selector on the digital circuit tester to the
DC voltage mode.

» Connect the positive pin on the peak volt-
age adaptor to the positive terminal of the
digital circuit tester.

69J3D11

Measuring the lower resistance

When measuring a resistance of 10 Q or less
with the digital circuit tester, the correct mea-
surement cannot be obtained because of the
internal resistance of the tester. To obtain the
correct value, subtract the internal resistance
from the displayed measurement.

NOTE:
Obtain the internal resistance of the digital

circuit tester by connecting both of its probes
and checking the display.

Correct value =
displayed measurement — internal
resistance

8-2
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Electrical components
Starboard and rear views
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$69J8030

@ Thermoswitch

@ Starter motor

@® Oil pressure sensor
® Ignition coils

8-3 69J3D11



Electrical components

Port view
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$69J8040

@ Fuel injectors

® High-pressure fuel pump relay
® Low-pressure fuel pump

® ECM

® High-pressure fuel pump

® Fuses

69J3D11 8-4
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Electrical systems

Front view
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$69J8050

@ Starter motor

® Fuses

® ECM

® Main relay

® Rectifier Regulator

® Power trim and tilt relay
@ Starter relay
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Electrical components

Top view

$69J8060

@ Throttle position sensor

@ Stator coil
@ Ignition coils

Intake air temperature sensor

® Engine temperature sensor
(©® Starter motor

® Intake air pressure sensor
® Fuses

® Idle speed control
® Thermoswitches

@ Rectifier Regulator
Oil pressure sensor

@ Spark plugs

8-6
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Wiring harness

® ® RIY

B/O BIY

()

Eo Bo_

P

© %BIYOIY EI[~§§§‘
/Py g

\33 I}%ﬁ%g

@ [0 : kn/v‘“RR B
O/IR ,I — L® BL
RIY
B

UR
~ O
RIY
ell G/IR
-(_ii\.
ZENER)
G GIY
RIY
RiY Ry  RIY
oy (e
A/ \RIY
R/Y RY RIY
Lo BIB =
reeetll R/Y
w o (&
RIY
B B B
L B =
Bl
o fl=- (&)
B
N
1:G 16 : B/W 31:Br
2 :YIG 17 : LR 32:B
3:P 18:G/B 33: PIG
4 W 19: G 34:P
5:— 20:G/R 35:BIY
6 : LW 21:GIY 36:—
7 :BIY 22 :B/IO 37:P
8 :B 23:P/B 38:0/Y
9 /Y 24 : PIW 39:0/B
10: 0 25: — 40 : O/R
11:0 26 : W/B 41—
12:0 27 : LIW 42 :B
13 : W/G 28:Y 43 : BIY
14 : W/B 29 : PIW 44 : B/IW
15: W/R 30: RIY )
S69J8071
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Wiring harness

®

®

@

o s

=
5@:] ®

|

lerr 3l Ly

69J3D11

= ef
v 3@
3@

1]

S69J8081

Connect to:

@ Neutral switch

® Shift cut switch

® Fuel injector

® Throttle position sensor

® Thermoswitch

® Ignition coll

@ Intake air pressure sensor
Low-pressure fuel pump

® Low-pressure fuel pump driver
High-pressure fuel pump relay
@ High-pressure fuel pump

@ Idle speed control

@ Engine temperature sensor
Pulser coil

® ECM

Ground

@ Power trim and tilt relay
Starter relay

Intake air temperature sensor
@ Main relay

@) Fuse (20 A)

@ Oil pressure sensor

@ Power trim and tilt switch

@ Computer

@ Diagnostic indicator

@ Warning indicator

@) Remote control

8-8
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|

+ 2 RIY RIY
i
! 9.
® @ N
RIY
@ ]R
14 54 ¢3 55 4
| 2
j@ = s i
86 L
® @
$69J8090
Connect to: Gy :Gray B/Y : Black/yellow O/Y : Orangelyellow
@ Starter motor L : Blue Br/W : Brown/white P/B : Pink/black
® Wiring harness Lg :Lightgreen G/B : Green/black P/G : Pink/green
® Rectifier Regulator O : Orange G/R : Green/red P/W : Pink/white
@ Starter relay P : Pink G/W : Green/white R/B : Red/black
® Power trim and tilt R :Red G/Y : Green/yellow R/Y : Red/yellow
relay Sb  : Sky blue L/R : Blue/red W/B : White/black
w : White L/W : Blue/white W/G : White/green
B : Black Y : Yellow L/Y : Blue/yellow W/R : White/red
Br - Brown B/O : Black/orange O/B : Orange/black Y/G : Yellow/green
G - Green B/W : Black/white O/R : Orange/red

8-9
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Wiring harness / Ignition and ignition control system

Ignition and ignition control system

@
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$69J8100

® ECM

® Oil pressure sensor
® Intake air temperature

sensor

® Engine temperature

sensor
® Main relay
® Fuse (30 A)
@ Fuse (20 A)
Battery

69J3D11

® Pulser coil
Stator coil

Spark plug

@ Rectifier Regulator B : Black
@® Intake air pressure Br : Brown
sensor G : Green
@ Thermoswitch 0 : Orange
Throttle position sensor P : Pink
@ Shift cut switch R :Red
Neutral switch Y : Yellow

@ Ignition coll

B/O : Black/orange

B/W
B/Y

P/G
P/W
RY
W/B
W/G
W/R
Y/G

: Black/white

: Black/yellow
: Blue/yellow

: Pink/green

: Pink/white

: Red/yellow

: White/black

: White/green
: White/red

: Yellow/green
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Checking the ignition spark gap

1. Remove the ignition coil cover and dis-
connect the spark plug caps from the
spark plugs.

2. Connect a spark plug cap to the special
service tool.

S$69J8120

& WARNING

* Do not touch any of the connections of
the spark gap tester leads.

* Do not let sparks leak out of the
removed spark plug caps.

* Keep flammable gas or liquids away,
since this test can produce sparks.

& Ignition spark gap: 11 mm (0.43 in)

Ignition tester: 90890-06754

3. Set the spark gap length on the adjusting
knob.

S69J8140

4. Crank the engine and observe the spark
through the discharge window of the
spark gap tester. Check the ignition coil if
out of specification.

Checking the ignition coil
1. Remove the spark plug wires from the
spark plugs.

2. Disconnect the ignition coil coupler.

3. Measure the ignition coil resistance.
Replace if out of specification.

=

@‘ Ignition coil resistance:

Primary coil:

Red/yellow (R/Y) —

Black/orange (B/O)

Red/yellow (R/Y) —

Black/yellow (B/Y)

Red/yellow (R/Y) —

Black/white (B/W)

1.5-1.9 Q at 20 °C (68 °F)
Secondary coil:
Spark plug wire — Spark plug wire

19.6-35.4 kQ at 20 °C (68 °F)

69J3D11



Ignition and ignition control system

Checking the ECM
1. Remove the ignition coil cover and dis-
connect the ignition coil coupler.

2. Connect the test harness (2 pins) to the
ignition coil.

3. Measure the ECM output peak voltage. If
below specification, measure the pulser
coil output peak voltage. Replace the
ECM if the output peak voltage of the
pulser coil is above specification.

i

O

$69J8180

Digital circuit tester: 90890-03174
Peak voltage adaptor: 90890-03172
Test harness (2 pins): 90890-06792

@‘ ECM output peak voltage:
Black/orange (B/O) — Ground

Black/yellow (B/Y) — Ground

Black/white (B/W) — Ground

_ Loaded
r/min -
Cranking 1,500 3,500
DCV 252 260 260

Checking the pulser coil
1. Remove the flywheel magnet cover and
disconnect the pulser coil coupler.

2. Connect the test harness (4 pins) to the
pulser coil.

3. Measure the pulser coil output peak volt-
age. Replace the pulser coil if below
specification.

69J3D11
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Digital circuit tester: 90890-03174
Peak voltage adaptor: 90890-03172
Test harness (4 pins): 90890-06771

@‘ Pulser coil output peak voltage:
White/red (W/R) — Black (B)
White/black (W/B) — Black (B)
White/green (W/G) — Black (B)

. |Unloaded ‘ Loaded
r/min -
Cranking 1,500 | 3,500
DCV| 53 | 53 20 43

@‘ Pulser coil resistance (use as

reference):

White/red (W/R) — Black (B)

White/black (W/B) — Black (B)

White/green (W/G) — Black (B)
459-561 Q at 20 °C (68 °F)

Checking the throttle position

sensor

1. Connect the test harness (3 pins) to the
throttle position sensor.

2. Turn the engine start switch to ON.

3. Measure the throttle position sensor
input voltage. Replace the ECM if out of
specification.

4. Measure the throttle position sensor out-
put voltage. Adjust the throttle position
sensor if out of specification.




Electrical systems

Checking the engine temperature

sensor

1. Place the engine temperature sensor in a
container of water and slowly heat the
water.

Test harness (3 pins): 90890-06793

000000000

@‘ Throttle position sensor input 8698240
voltage: :
Orange (O) — Black (B) 2. Me_asure the engine t.emperature sensor
5V resistance. Replace if out of specifica-
Throttle position sensor output tion.
voltage: ] .
Pink (P) — Black (B) g‘ Engme temperature sensor
695-705 mV resistance:
Black/yellow (B/Y) — Black (B)
. . . at 20 °C (68 °F): 54.2—69.0 kQ
Checking the intake air temperature at 100 °C (212 °F): 3.12-3.48 kQ
sensor

1. Place the intake air temperature sensor
in a container of water and slowly heat
the water.

> 3\

"\
‘\

D)

= R/

000000000

$69J8230

2. Measure the intake air temperature sen-
sor resistance. Replace if out of specifi-
cation.

@‘ Intake air temperature sensor
resistance:

at 0 °C (32 °F): 5.4-6.6 kQ

at 80 °C (176 °F): 0.29-0.39 kQ

8-13 69J3D11



Ignition and ignition control system

Checking the thermoswitch
1. Place the thermoswitch in a container of
water and slowly heat the water.

000000000

S$69J8250

2. Check the switch for continuity at the
specified temperatures. Replace if out of
specification.

@@&y\gca

@ S69J8260

@ Temperature
® Time

© No continuity
@ Continuity

Checking the shift cut switch
1. Check the shift cut switch for continuity.
Replace if there is no continuity.

$69J8270

Lead color
@‘ Switch =g elio
osition ue/yetiow
p (LY) Black (B)
Free @
Push ® O—0O

@‘ Thermoswitch continuity
temperature:
Pink (P) — Black (B)

©: 84-90 °C (183-194 °F)

Checking the neutral switch
1. Check the neutral switch for continuity.
Replace if there is no continuity.

S$69J8270

®: 68-82 °C (154-179 °F)

69J3D11

@‘ Switch Lead color
position | Brown (Br) | Black (B)

Free @

Push ® oO—1— 0O
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Checking the main relay
1. Connect the digital circuit tester leads to
main relay terminals @, @, and ®.

2. Connect the terminal @ to the positive
battery terminal.

3. Connect the terminal ® to the negative
battery terminal.

4. Check for continuity between the main
relay terminals. Replace if there is no
continuity.

5. Check that there is no continuity between
the main relay terminals after disconnect-
ing terminal @ or ®. Replace if there is
continuity.

$69J8280

8-15
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Ignition and ignition control system / Fuel control system

Fuel control system
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$69J8290

@ ECM
® Oil pressure sensor

® Intake air temperature sensor

® Engine temperature sensor

® Main relay
® Fuse (5 A)
@ Fuse (30 A)
Fuse (20 A)

© Battery
Pulser caoill

69J3D11

@ Stator coil
@ Rectifier Regulator

@ Intake air pressure sensor

Thermoswitch

@ Throttle position sensor

Shift cut switch
@ Neutral switch
Idle speed control

High-pressure fuel pump
@ Low-pressure fuel pump driver

@) Low-pressure fuel pump
@ High-pressure fuel pump relay
@ Fuel injector
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: Orange

: Pink

: Red

: Yellow

: Black/white
: Black/yellow

: Green/black

: Green/red

: Green/white

: Green/yellow
: Blue/red

: Blue/yellow

: Orange/black
: Orange/red

: Orange/yellow
: Pink/green

P/W
R/Y
W/B
W/G
W/R
Y/G

: Pink/white

: Red/yellow

: White/black

: White/green
: White/red

: Yellow/green
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Fuel control system

Checking the low-pressure fuel
pump and high-pressure fuel pump
Disconnect the starter relay lead (brown
lead) (D to prevent the engine from start-

ing.

1.

NOTE:

$69J8300

Turn the engine start switch to ON.

Listen for the operating sound of the low-
pressure fuel pump @ and high-pressure
fuel pump (®. Replace if there is no
sound.
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§69J8310

After the engine start switch is turned to ON,
the low-pressure fuel pump will operate for
10 seconds and the high-pressure fuel pump
will operate for 5 seconds.

Checking the high-pressure fuel
pump relay

1.

Connect the digital circuit tester leads to
high-pressure fuel pump relay terminals

@® and @.

Connect the terminal ® to the positive
battery terminal.

Connect the terminal (® to the negative
battery terminal.

69J3D11

4. Check for continuity between the high-

pressure fuel pump relay terminals.
Replace if there is no continuity.

Check that there is no continuity between
the high-pressure fuel pump relay termi-
nals after disconnecting terminal 3 or ®.
Replace if there is continuity.

$69J8320
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Starting system

e
®
S69J8330
@ Fuse (30 A) B : Black
® Fuse (20 A) Br  :Brown
® Starter relay R : Red
@ Starter motor Br/W : Brown/white

(® Battery

8-19 69J3D11



Starting system

Checking the fuse

1.

Check the fuse for continuity. Replace if
there is no continuity.

[a==]

O

S$69J8340

Checking the wiring harness
(10 pins)

1.

Check the wiring harness for continuity.
Replace if there is no continuity.

Checking the starter relay

1.

Connect the digital circuit tester leads to
the starter relay terminals.

Connect the brown (Br) lead to the posi-
tive battery terminal.

Connect the black (B) lead to the nega-
tive battery terminal.

Check for continuity between the starter
relay terminals. Replace if there is no
continuity.

Check that there is no continuity between
the starter relay terminals after discon-
necting the brown or black lead. Replace
if there is continuity.

S$69J8350

69J3D11
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Starter motor
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Starter motor

No. Part name Q'ty Remarks
1 | Clip 1
2 | Pinion stopper 1
3 | Starter motor pinion 1
4 | Spring 1
5 | Bolt 2 M6 x 35 mm
6 | Housing 1
7 | Rubber seal 1
8 | Bearing 1
9 | Clutch assembly 1
10 | E-clip 1
11 | Thrust washer 1
12 | Center bracket 1
13 | Pinion shaft 1
14 | Planetary gear 3
15 | Outer gear 1
16 | Plate 1
17 | Armature 1
18 | Stator 1
19 | Brush holder assembly 1
20 | Plate 1
21 | Thrust washer 1
22 | Lower bracket 1
23 | Screw 2 M4 x 15 mm
24 | Bolt 2 M6 x 120 mm
25 | Shift lever 1
26 | Spring 1
27 | Metal gasket 1
28 | Gasket 1
29 | Magnet switch 1
30 | Brush assembly 1
31 | Nut 1

69J3D11 8-22
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Removing the starter motor pinion
1. Slide the pinion stopper (O down as
shown, and then remove the clip @.

S$69J8390

2. Measure the commutator diameter.
$69J8370 Replace the armature if out of specifica-
tion.

NOTE:
Remove the clip with a thin screwdriver.

Checking the starter motor pinion
1. Check the teeth of the pinion for cracks
or wear. Replace if necessary.

$69J8400

& Commutator diameter limit:
28.0 mm (1.10in)

3. Measure the commutator undercut @.
Replace the armature if out of specifica-
tion.

S69J8380

2. Check for smooth operation. Replace if

necessary.
NOTE: ®
Turn the pinion counterclockwise to check
that it operates smoothly and turn it clockwise
to check that it locks in place.
Checking the armature 5698410
1. Check the commutator for dirt. Clean —
with #600 grid sandpaper and com- & Commutator undercut limit @:
pressed air if necessary. 0.2 mm (0.01 in)

4. Check the armature for continuity.
Replace if out of specifications.

8-23 69J3D11



Starter motor

Y

W\

& ©

S69J8420

L] .
@‘ Armature continuity

Commutator segments ® | Continuity

Segment —

Armature core © No continuity

Segment —

Armature shaft @ No continuity

Checking the brushes
1. Measure the brush length. Replace the
brush assembly if out of specification.

Y14

S69J8430

[
@‘ Brush continuity

Brush @) — Brush @

No continuity

& Brush length limit @:
9.5 mm (0.37 in)

2. Check the brush holder assembly for
continuity. Replace if out of specifica-
tions.

$69J8440

69J3D11

Checking the magnet switch
1. Connect the tester leads between the
magnet switch terminals as shown.

2. Connect the positive battery terminal to
the black and white (B/W) lead.

3. Connect the negative battery terminal to
the starter motor body.

569J8450

CAUTION:
Do not connect the battery for more than
one second, otherwise the magnet switch
may be damaged.

4. Check that there is continuity between
the magnet switch terminals. Replace if
there is no continuity.

5. Check that there is no continuity after the
negative battery terminal is removed.
Replace if there is continuity.

NOTE:
The starter motor pinion should be pushed
out while the magnet switch is on.

Checking the starter motor operation
1. Check the operation of the starter motor
after installing it to the power unit.
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Charging system
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S69J8460
@ Stator coil B : Black
® Rectifier Regulator G : Green
® Fuse (30 A) R : Red
® Battery G/W : Green/white
R/Y : Red/yellow
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Charging system

Checking the stator coil
1. Remove the intake silencer and discon-
nect the stator coil coupler.

2. Connect the test harness (3 pins) to the
stator coil.

3. Install the intake silencer.

CAUTION:

Do not start the engine when the intake
silencer is not installed.

4. Measure the stator coil output peak volt-
age. Replace the stator coil if below
specification.

S69J8470

Digital circuit tester: 90890-03174
Peak voltage adaptor: 90890-03172
Test harness (3 pins): 90890-06770

@‘ Stator coil output peak voltage:
Green (G) — Green (G)

_ Unloaded
r/min -
Cranking 1,500 3,500
DCV 10 42 93
Green/white (G/W) — Green/white (G/W)
_ Unloaded
r/min -
Cranking 1,500 3,500
DCV 9.0 34 78
69J3D11

Stator coil resistance
(use as reference):
Green (G) — Green (G)
0.24-0.41 Q at 20 °C (68 °F)
Green/white (G/W) —
Green/white (G/W)
0.21-0.30 Q at 20 °C (68 °F)

&

Checking the Rectifier Regulator
1. Remove the intake silencer and discon-
nect the Rectifier Regulator coupler.

2. Connect the test harness (2 pins) to the
Rectifier Regulator.

3. Install the intake silencer.

CAUTION:

Do not start the engine when the intake
silencer is not installed.

4. Measure the Rectifier Regulator output
peak voltage. If below specification, mea-
sure the stator coil output peak voltage.
Replace the Rectifier Regulator if the out-
put peak voltage of the stator coil is
above specification.
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$69J8480

NOTE:
Disconnect the output lead coupler (red and
red/yellow lead) of the Rectifier Regulator
when measuring the output peak voltage.
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Digital circuit tester: 90890-03174
Peak voltage adaptor: 90890-03172
Test harness (2 pins): 90890-06787

@‘ Rectifier Regulator output peak
voltage:
Red (R) — Black (B)
Red/yellow (R/Y) — Black (B)
Unloaded
1,500 3,500

DCV 13 13

r/min

8-27 69J3D11
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Troubleshooting

Special service tools

Yamaha Diagnostic System

68F-85300-01

©YAMAHA

YAMAHA
DIAGNOSTIC
SYSTEM
INSTALLATION
MANUAL

s amoK10

Yamaha Diagnostic System

(upgrade)

68F-2819K-10

Diagnostic flash indicator 4

90890-06795

Diagnostic flash adaptor
90890-06794

9-1
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Special service tools / Yamaha Diagnostic System

Yamaha Diagnostic System

Introduction

Features

The newly developed Yamaha Diagnostic System provides quicker detection and analysis of engine
malfunctions for quicker troubleshooting procedures than traditional methods.

By connecting your laptop computer to the ECM (Electronic Control Module) of an outboard motor
using the communication cable, this software can be used to display sensor data and data stored in
the ECM on a laptop computer’s monitor.

If this software is run on Microsoft Windows® 95, Windows 98, Windows Me, or Windows 2000 the
information can be displayed in colorful graphics. Also, the software can be operated using either a
mouse or a keyboard.

In addition, the data for the main functions (Diagnosis, Diagnosis record, Engine monitor, and Data
logger) can be saved on a disk or printed out.

Functions
1. Diagnosis: With the engine start switch set to ON, each sensor’s status and each ECM diagno-
sis code or item is displayed. This enables you to find malfunctioning parts and controls quickly.

2. Diagnosis record: Sensors that had been activated and ECM diagnostic codes that have been
recorded are displayed. This allows you to check the outboard motor’s record of malfunctions.

3. Engine monitor: Each sensor status and the ECM data are displayed while the engine is run-
ning. This enables you to find malfunctioning parts quickly.

4. Stationary test: With the engine off, the ignition, fuel injection, electric fuel pump, electric oil
pump, electric fuel feed pump, and ISC valve are checked. These tests can be performed
quickly.

5. Active test: With the engine running the ISC valve is checked as well. These tests can be per-
formed quickly.

6. Data logger: From the data stored in the ECM, at least two items of 13 minutes of recorded
data are displayed on a graph. In addition, the operating time as compared to the engine speed
and the total operating time are displayed. This allows you to check the operating status of the
engine.

7. ECM No.: The ECM part number is displayed.

Contents

1.

Software (1)

©YAMAHA

@YAMAHA

2. Adapter (1) R
SISTEN 'nmllm
3. Communication cable (1) — o
MWANUAL -t e
4. Instruction Manual (1)
® @ ® @ ®

5. Installation Manual (1)

69J3D11 9-2




TRBL Lo ]
SHTG| e | Troubleshooting

Operating
Connecting the computer to the outboard motor

NOTE:
Be sure to use the enclosed communication cable to connect the computer and adapter to the out-

board motor.

1. Quit any applications that are running, and then turn off the computer.

2. Connect the communication cable to the 3-pin communication coupler of the outboard motor,
the adapter, and the communication port of your computer.

Fig. 2

NOTE:
Use either the COM1 or COM2 port, and, if necessary, set the serial port as specified in the com-

puter's manual. Set the serial port where the RS232C (Dsub-9 pin) cable is connected to COM1 or
COM2.

3. Connect the remote control to the outboard motor.

4. Connect the 12 V battery to the outboard motor.

NOTE:
The following items should be checked before starting the Yamaha Diagnostic System.
* The battery is properly charged and its specific gravity is within specification.

* There are no incorrect wiring connections.

¢ Wiring connections are properly secured and are not rusty.

* There are enough fuel and oil in each tank.
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Connecting the communication cable to the outboard motor

3-pin communication coupler

Fig. 3

Opening the Yamaha Diagnostic System
1. Turn the engine start switch of the outboard motor to ON.

2. Turn on your computer and start up Windows 95, Windows 98, Windows Me, or Windows 2000.

3. From the taskbar at the bottom of your computer screen, click the Start button (Fig. 4), point to
Programs, and then click Yamaha Diagnostic System.

3Cam MIC Utilties
Accessones
Favorites » Internet Explorer

Online Services
Documents 4 StartUp

! Microzoft MetMeeting
@ Seftings " B8 15-D0S Prompt

@ Windows Explarer

’ 4 DIAGNOSTIC

Erograrns

* v v v w

| :
&
2
g
-
=
=

Fig. 4
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4. Open the Yamaha Diagnostic System window. (Fig. 5) After about three seconds the display
will automatically go to the first menu, or click or press any key to go to the first menu. (See
fig. 6.)

)'YAMAHA

Fig. 5

5. Click the Starting service tool [Enter] button or press the Enter key on your keyboard. (Fig. 6)

First menu 8 YAMAHA DIAGNOSTIC SYSTEM

YAMAHA MOTOR CORPORATION

PROGRAM Ver. :
DATABASE Ver. :

1.10
1.10

Apr.2001

Copyright 1999 MITSUBISHI
ELECTRIC CORPORATION

Click to

Starting service tool [Enter] start
service tool
Update database [F1]

Fig. 6
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NOTE:

e If an error message appears and the program stops operating, follow the error messages.
e If the program doesn’t start, an error message will explain the problem. If the program doesn’t start

and an error message is not displayed, the cause of the problem is most likely insufficient com-
puter memory.

6. Click or press any key to display the main menu.

YAMAHA DIAGNOSTIC SYSTEM

Make sure to read the YAMAHA ction manual and

warnings and cautions in the service manual concerned hefore operating
the diagnostic systemn.

‘Do not conduct the diagnostic test without reviewing these manuals.

A CAUTION
‘Make sure to read your PC user's manual before operating the diagnostic system.

‘Make sure thatthe PC and communication cable terminal are not splashed with
water during operation.

To set up the diagnostic system, take the following steps to prevent the PC from
malfunctioning or being damaged.

‘Check that the battery is fully charged.

‘Check that the hattery terminals are not corroded and that the battery cable is
connected securely.

‘Check that the connections of the communication cable and electrical wiring
are secure.

‘Check that the fuse is not burned out.
‘Setthe shift into the neutral position.

‘Connect the communication cable to the PC and ECH.
Turn the engine main switch to ON.

Click or press any key to continue.

Fig. 7
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NOTE:
If a diagnosis record is stored in the ECM, “Diagnosis record available,” appears as a confirmation
message before the Main Menu is displayed. (Fig. 8)

Diagnosis record available

ter to go to Main Menu.

Fig. 8

Selecting commands from the main menu
Eight commands appear in the Main Menu. Select a command in any of the following three ways.

Three ways to select command:

* Move the mouse pointer over the selected command (D or ) until it appears as a finger mark,
and then click the selected command.

* Press any key number (1-8) corresponding to the selected command.

YAMAHA DIAGNOSTIC SYSTEM

Diagnosis
Diagnosis Record
Engine Monitor
Stationary Test

Active Test

Data Logger

ECM No.

Click or press the 1-8 keys to select a menu. |

Fig. 9

Exit
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Explanation of each command

1. Diagnosis

The diagnosis codes, their corresponding part name, the diagnosing results, and the diagnostic cri-
teria are listed.

List of items:

Condition of coils (pulser coil)

Condition of sensors (throttle position sensor, intake air temperature sensor, intake air pressure
sensor, and oil pressure sensor)

Condition of battery (battery voltage)

Operation of switches (shift position switch, engine stop lanyard switch, thermo switch, and shift cut
switch)

2. Diagnosis record

The diagnosis code, its corresponding part name, the time of occurrence, and the total operation
hours are listed. This command enables you to check the record of malfunctions, which will assist in
reducing troubleshooting time. In addition, the diagnostic codes of malfunctions that have occurred
can be deleted from the ECM.

The items are the same as those listed above for Diagnosis, except no record of engine stop lan-
yard switch.

3. Engine monitor

The input signal of each sensor for the ECM is displayed.

In addition, the sensing item that is displayed can be changed.

Sensing items:

Sensors (throttle position sensor, intake air temperature sensor, intake air pressure sensor, and oil
pressure sensor)

Voltage system (battery voltage)

Switches (shift position switch, engine stop lanyard switch, thermoswitch, and shift cut switch)
Operation signals (ignition, injectors)

4. Stationary test

With the engine off, operation tests are performed.
Test items:

Spark ignition coil for each cylinder

Fuel injector for each cylinder

Operation of the electric fuel pump

Operation of the electric fuel feed pump

Operation of the ISC valve

5. Active test

With the engine running, operation tests are performed.
Test items:

Fully open ISC valve

Angle of ISC valve opening
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6. Data logger

Two out of six items (engine speed, battery voltage, throttle position, intake air pressure, engine
temperature, and oil pressure) are selected and 13 minutes of their recorded data are displayed on
a graph. The operating time as compared to the engine speed and the total operating time are also
displayed.

7. ECM No.
The ECM part number and model information are displayed.

8. Exit
The program is exited.

Diagnosis

The diagnosis codes of malfunctions recorded in the outboard motor's ECM, the diagnosis codes’
corresponding part name, the results of the diagnosis, and the condition of the part are listed.

Eight items can be displayed at one time. To check the other items, scroll the display.

Other than Normal will be highlighted
in red and will be listed from the top

e

18 or

Water in fuel
switch

Out of specification

Out of specification

=
o]

8 |[Shift posi Normal

4

o)
5 =4
(o]
o
w
T
@
o,
=1
o
o
L=
o]
=

Displays troubleshooting
procedures for selected
code.

Displays keyboard operations.

Fig. 10

NOTE:
Some items may not be available depending on the model of the outboard motor. Refer to the corre-
sponding Service Manual for further information.
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Operating procedure:

Select the code number that you wish to view a diagnosis record for by either clicking it or pressing
the up or down arrow keys on your keyboard.

To scroll the display and view other items, click 4 or w in the scroll bar, or press the up or down
arrow keys on your keyboard.

NOTE:

¢ ltems where “Normal” does not appear in the Result column are displayed at the top of the list.

* The selected code is highlighted in light blue and its confirmation procedure is displayed below the
table.

Print

By selecting the Print command in the Diagnosis, Diagnosis record, Engine monitor, or Data logger

mode, the data from the corresponding window can be printed.

1. Click the Print [F1] button or press the F1 key on your keyboard. The Print dialog box is dis-
played. (Fig. 11)

YAMAHA DIAGNOSTIC SYSTEM

Main Menu Condition

sor Out of specification
Intake temp sensor Out of specification

f . [ Throttle positic
Diagnosis

Diagnosis Record
Intake press sensor

Engine temp sensor _
I
e
o |

1. Check the throttle position sensor with Engine Monitor.
2. Check wiring for proper connection or damage.
3. Check sensor resistance. 4. Check input and output voltage.

Displays keyboard

Use UP and DN arrow keys to scroll page. operations.
Use LH and RH arrow keys to move page up or down.

8 Save [F2] Press F1 to print, F2 to save.

Fig. 11
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2. Specify the printer, the printing range, and the number of copies to be printed.

Print [ 2] X]
— Printer
Name: Canon LASER SHOT LBP-930 il Properties I
Status:  Default printer; Ready
Type: Canon LASER SHOT LBP-930 ~ Select printer
Where:  \\Pc2818\bp-930
Comment:
Select which page \* Print range Copies
to print Al Number of copies: |1 _:Z|\\
€ Pages fom] | w] |~ Select the number
o @I @l I [ Coflate of copies
Selestion

| 0K I Cancel

Fig. 12

3. Click the OK button to begin printing.
To cancel printing, click the Cancel button.

NOTE:
The Print Screen function in Windows cannot be used since scroll data cannot be printed.
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Save

By selecting the Save command in the Diagnosis, Diagnosis record, Engine monitor, or Data logger

mode, the corresponding data can be saved on a disk.

Operating procedure:

1. Click the Save [F2] button or press the F2 key on your keyboard. The Save As dialog box is
displayed. (Fig. 13)

YAMAHA DIAGNOSTIC SYSTEM

Result Condition

Battery voltage - £

Engine stof

—
—
e |

1. Check wiring for proper connection or damage.
2. Check coil resistance. .
3. Check output peak voltage. Dlsplays keyboard

operations.
I Print[F1] |Use UP and DN arrow keys to scroll page. P
Use LH and RH arrow keys to move page up or down.

ress F1 to print, F2 to save.

Fig. 13

t while wour computer gets data from the

Fig. 14
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2. Select the disk and folder where the data will be saved and specify its file name. (Fig. 15)

Choose folder to save in

Save in: I’-ﬁData i] =l

Fil 2 data.csy
ile name , Save I
Save as type: ICSV File[*.csv) / 3\ Cancel |

Input file name  Choose type of data

Fig. 15

3. Click the Save button to save the data.
To cancel saving, click the Cancel button. (Fig. 15)
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Diagnosis record

The diagnosis codes of malfunctions that have been recorded in the outboard motor's ECM, the
diagnostic codes’ corresponding part name, and the time when the malfunctions occurred are listed.
A maximum of six items can be displayed at one time. The latest occurrence appears on top. In
addition, diagnosis codes stored in the ECM can be deleted.

Displays time of occurrence

Data Logge : Displays troubleshooting
eck the e temp sensor gine Monito procedures for selected
ensar resistance code.

Displays keyboard operations.

Fig. 16

NOTE:
Some items may not be available depending on the model of the outboard motor.
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NOTE:

When a Diagnosis record is not available, “Diagnosis Record is unavailable” is displayed. (Fig. 17)

YAMAHA DIAGNOSTIC SYSTEM

Occurred

Diagnosis Record is unavailable.

Total hours of operation: 0

I Print [F1] Use the UP and DN arrow keys to select item. Delete[F3]
Press F3 to delete.
8 I save [F2] Press F1 to print, F2 to save.

Fig. 17
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Deleting diagnosis record in the ECM:
1. Select the item that you wish to delete by either clicking it or pressing the up or down arrow keys
on your keyboard.

NOTE:
The selected code is highlighted in light blue.

2. Click the Delete [F3] button or press the F3 key on your keyboard. (See fig. 17.) A confirmation
message appears. (Fig. 18)

Delete Diagnosis Record No. 17

Displays keyboard

operations.
Press Enter to delete Diagnosis Record.
Press Esc to cancel.

Fig. 18

3. Click the OK button or press the Enter key on your keyboard. (Fig. 18) The selected item is
deleted. To cancel deleting the item, click the Cancel button or press the Esc key on your key-
board.

NOTE:
If an error occurs while an item is being deleted, an error message appears. Follow the instructions
that appear in the error message. (Fig. 19)

Diagnosis Record could

Displays keyboard
operations.

Press Enter to return to previous screen.

Fig. 19
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Engine monitor

& WARNING

Do not use the Engine Monitor function to check the engine condition while operating a boat,
otherwise you may become distracted, which could result in a collision.

CAUTION:

Be sure to avoid splashing water on the laptop computer, adapter, and communication
cable, and to avoid damaging them with strong sudden jolts or vibration.

The data from the ECM of the outboard motor is displayed.
Ten items can be displayed at one time. To view the other items, scroll the display. Displayed items
can be changed as necessary.

YAMAHA DIAGNOSTIC SYSTEM

Main Menu Monitor Item Result i
Diagnosis Engine speed
Intake pressure
Diagnosis Record Intake pressure
i i Atmospheric pressure

Battery voltage (12-16) 12.30 _
i TPS voltage (0.5-4.5) 0.708 -

Fuel injection duration

Ignition timing . .
Click to go to item

Print[F1] |Use UP and DN arrow keys to scroll page. selection disp|ay

Use LH and RH arrow keys to move page up or down.

Press F1 to print, F2 to save, F3 to display data.

save [F2]

Displays keyboard operations.

Fig. 20
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Operating procedure:
1. To scroll the display and view other items, click 4 or ¥ in the scroll bar, or press the up or down
arrow keys on your keyboard.

2. To change a displayed item, click the Select [F3] button or press the F3 key on your keyboard.

3. Select an item by either clicking it or pressing the up or down arrow keys on your keyboard, and
then press the space bar. (Fig. 21)

Monitor Item Selection

Engine speed[r/min]

‘Intake pressure[kPa]

‘Intake pressurefinHg]

; Selected items
Wmosphenc pressure[hPa]

Wmospheric pressurefinHg]
‘Battery voltage (12-16)[V]

Use the UP and DN arrow keys to scroll page.
Press spacebar to select items. Press Enter to display item.
Press Esc to return to previous screen.

Displays keyboard operations.

Fig. 21

NOTE:

* Selected items have a light blue background. ltems that are not selected have a blue background.
The box to the left of items that are being moved are light blue. Items that are not selected appear
in blue.

¢ At initialization, all items are displayed.

4. Click the OK button or press the Enter key on your keyboard. The Engine monitor window
appears. To cancel the monitor, click the Cancel button or press the Esc key on your keyboard.
(Fig. 21)
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Stationary test

Selecting this command displays a window where stationary tests (spark ignition coil #, operate
injector #, operate electric fuel pump, operate electric fuel feed pump, and operate ISC valve) can
be selected.

& WARNING

Avoid clicking the Execute and Cancel buttons repeatedly, otherwise the ECM or PC may not
work properly and they may be damaged.

& DIAGNOSTIC SYSTEM

¥

Main Menu Ignite ignition coils #1 & #4 lgnition coils #1 & #4
selected.

Ignite ignition coils #2 & #5

1 Ignite ignition coils #3 & #6 Explanation of
selected item

Diagnosis

Diagnosis Record
2

Engine Monitor Operate injectors #2 & #5
3

Stationary Test
4 Operate electric fuel pump

Operate injectors #1 & #4
Operate injectors #3 & #6

Active Test Operate elect. fuel feed pump

Data Logger Operate ISC valve Confirmation item

Make sure that the engine is not running. Install spark gap tester. before the test
ECM No.

Exit Use UP and DN arrow keys to scroll page. I Select
Use LH and RH arrow keys to move page up or down.
Press Enter to test selection.

Displays keyboard operations.

Fig. 22

9-19 69J3D11



Yamaha Diagnostic System

Sparking ignition coil procedure:
A voltage is applied to the ignition coil of the selected cylinder, a spark is created in the spark gap
tester, and then the ignition system is checked. Five sparks are created within five seconds.

& WARNING

¢ Do not touch any connections of the spark gap tester lead wires.
¢ Do not let sparks leak out of the removed spark plug cap.
* Keep flammable gas or liquids away since this test will produce sparks.

1. Select the test that you wish to perform by either clicking it or pressing the up or down arrow
keys on your keyboard. (Fig. 22)

NOTE:

* Make sure that the engine is not running.

¢ The selected item is highlighted in light blue.

* The details of the selected test are displayed in the column on the right, and the items that must
be either checked or performed before the test can start are displayed below the table.

¢ Only one item can be selected at one time.

* A special tool (spark gap tester 90890-06754) is needed.

2. Connect the spark plug cap of the cylinder that will be tested to the spark gap tester.
Spark gap tester
90890-06754

3. Set the spark gap length on the adjusting knob.
Ignition spark gap: 9 mm (0.4 in)

Fig. 23

4. Select the cylinder number where the spark gap tester is connected, and then click the Select
button or press the Enter key on your keyboard. (Fig. 22)
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5. Click the Execute button or press the Enter key on your keyboard. (Fig. 24)

YAMAHA DIAGNOSTIC SYSTEM

Conduct Stationary Test

Main Menu Test Item Ignite ignition coils #1 & #4

Diagnosis

Diagnosis Record

ngine may start running during test.
Stay clear of rotating.
Make sure that the engine is not running. Install spark gap tester.

Press Enter to carry out test. Execute

Press Esc to return to previous screen. I

Return[ESC]

Fig. 24

YAMAHA DIAGNOSTIC SYSTEM

Conduct Stationary Test

Main Menu Test ltem Ignite ignition coils #1 & #4

Diagnosis

Diagnosis Record
2

Engine Monitor
3

Stationary Test
4

Active Test

Data Logger

NOTE: Ignition coil is being tested for spark. Check spark. Do not touch spark plug
(CEGE

Press Esc to cancel or return to previous screen.

Displays keyboard operations.

Fig. 25
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NOTE:
If the engine is running an error message is displayed. Follow the instructions that appear. (Fig. 26)

Error

Engine is running or shifter is in F or R. Test again
after stopping engine or setting shift into N.

Displays
keyboard
operations.

Press Enter to return to previous screen.

Fig. 26

6. While checking the information that appears in the Test situation column, follow the test
instructions in the messages that are displayed. (See fig. 25.)
NOTE:

If an error occurs while the test is being performed, an error message is displayed. Follow the
instructions that appear in the error message. (Fig. 27)

Stationary test failure.
Turn the main switch OFF and ON again.

Displays keyboard
operations.

Press Enter to return to previous screen.

Fig. 27

7. To stop the stationary test, click the Cancel button. (See fig. 25.)

8. Observe the spark through the discharge window of the spark gap tester.
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9. To perform the test again to the same cylinder, click the Execute button or press the Enter key
on your keyboard. To perform the test on a different cylinder, click the Return [ESC] button or
press the Esc key on your keyboard to return to main menu where a different test can be

selected.

NOTE:

If an error occurs while the test is being performed, the following message is displayed.

9-23

Error

Operation has failed. Test has been stopped.

Press Enter to return to previous screen. Dlsplays

keyboard
operations.

Fig. 28
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Operating injector procedure:
A voltage is applied to the injector of the selected cylinder, the injector is activated, and then the fuel
system is checked. The fuel is injected 20 times within two seconds.

& WARNING

* Do not perform the test with the injector removed from the cylinder head or with any fuel
system parts removed. High-pressure fuel may spurt out.

* When performing the this operation, keep all sparks, flames, or other sources of ignition
away from the testing area. Gasoline is highly flammable.

1. Select the test that you wish to perform by either clicking it or pressing the up or down arrow
keys on your keyboard. (Fig. 29)

YAMAHA DIAGNOSTIC SYSTEM

Main Menu Ignite ignition coils #1 Injectors #1 & #4 selected.

Diagnosis Ignite ignition coils #2 & #5
Ignite ignition coils #3 & #6
Operate injectors #1 & #4
Operate injectors #2 & #5
Operate injectors #3 & #6
Operate electric fuel pump

Operate elect. fuel feed pump

Operate ISC valve

Make sure that the engine is not running.

Use UP and DN arrow keys to scroll page. I Select
Use LH and RH arrow keys to move page up or down.

Press Enter to test selection.

Fig. 29

NOTE:

* Make sure that the engine is not running.

* The selected item is highlighted in light blue.

* The details of the selected test are displayed in the column on the right, and the items that must
be either checked or performed before the test can start are displayed below the table.

¢ Only one item can be selected at one time.

* Make sure that there is fuel in the fuel tank, otherwise an error will occur and the test cannot be
performed.

2. Select the cylinder to be tested, and then click the Select button or press the Enter key on your
keyboard. (Fig. 29)
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3. Click the Execute button or press the Enter key on your keyboard. (Fig. 30)

NOTE:

Main Menu
Diagnosis

Diagnosis Record
2

Engine Monitor
3

Stationary Test
4
Active Test

Data Logger

YAMAHA DIAGNOSTIC SYSTEM

Conduct Stationary Test

Test Item Operate injectors #1 & #4

Test situation 20 times remaining.

Make sure that the engine is not running.

Press Enter to carry out test. Execute

Press Esc to return to previous screen.

Return[ESC]

Displays keyboard operations.

Fig. 30

If an error occurs while the test is being performed, an error message is displayed. Follow the
instructions that appear.

9-25
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4. Listen to the operating sound of the injector for the cylinder being tested.

YAMAHA DIAGNOSTIC SYSTEM

Main Menu Test Item Operate injectors #1 & #4
Diagnosis

Diagnosis Record

NOTE: Injector is activated. Listen for activation. Do not touch injector connector.

Press Esc to cancel or return to previous screen. I cancel

Fig. 31

& WARNING

Do not touch the injector connector.

NOTE:

Before activating the injector, operate the electric fuel pump for ten seconds in order to build up fuel
pressure.
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5. To perform the test again on the same cylinder, click the Execute button or press the Enter key
on your keyboard. To perform the test on a different cylinder, click the Return [ESC] button or
press the Esc key on your keyboard to return to the window where a different test can be
selected. (Fig. 32)

& YAMAHA DIAGNOSTIC SYSTEM

—T Conduct Stationary Test

| Main Menu Test Item Operate injectors #1 & #4
Test situation 0 times remaining.

| Diagnosis

Dlagn05|s Record

| Engine Monltor

| Stationary Test
| Active Test

| Data Logger
Injector test has been conducted on injectors #1 & #4.
| ECM No.

Exit Press Enter to carry out test. I Execute
Press Esc to return to previous screen.
I Return[ESC]

Fig. 32

CAUTION:

Do not test the same cylinder three or more times, otherwise the spark plug insulator may be
damaged.
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Operating the electric fuel pump:

A voltage is applied to the electric fuel pump, the electric fuel pump is operated, and then the fuel
system is checked. The electric fuel pump is operated for ten seconds.

& WARNING

* Do not perform the test with the injector removed from the cylinder head or with any fuel
system parts removed. High-pressure fuel may spurt out.

e When performing this operation, keep all sparks, flames, or other sources of ignition away
from the testing area. Gasoline is highly flammable.

NOTE:
Make sure that there is fuel in fuel tank, otherwise an error will occur and the test cannot be per-
formed.

1. Select the test to be performed, and then click the Select button or press the Enter key on your
keyboard. (Fig. 33)

YAMAHA DIAGNOSTIC SYSTEM

Stationary Test

Main Menu Ignite ignition coils #1 & #4 Electric fuel pump selected.

e Ignite ignition coils #2 & #5
Ignite ignition coils #3 & #6
Operate injectors #1 & #4
Operate injectors #2 & #5
Operate injectors #3 & #6
Operate electric fuel pump

Operate elect. fuel feed pump

Operate |SC valve

Make sure that the engine is not running.

Use UP and DN arrow keys to scroll page. I Select
Use LH and RH arrow keys to move page up or down.

Press Enter to test selection.

Fig. 33

NOTE:

* Make sure that the engine is not running.

* The selected item is highlighted in light blue.

* The details of the selected test are displayed in the column on the right, and the items that must
be either checked or performed before the test can start are displayed below the table.

* Only one item can be selected at one time.
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2. Click the Execute button or press the Enter key on your keyboard. (Fig. 34)

Data Logger

NOTE:

YAMAHA DIAGNOSTIC SYSTEM

Conduct Stationary Test

Test Item Operate electric fuel pump

Make sure that the engine is not running.

Press Enter to carry out test. Execute
Press Esc to return to previous screen.

Return[ESC]

Displays keyboard operations.

Fig. 34

If an error occurs while the test is being performed, an error message is displayed. Follow the

instructions that appear.

3. Listen to the operating sound of the electric fuel pump.

9-29
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4. To perform the test again click the Execute button or press the Enter key on your keyboard. To
perform a different test, click the Return [ESC] button or press the Esc key on your keyboard to
return to the window where a different test can be selected. (Fig. 35)

Main Menu

Diagnosis

YAMAHA DIAGNOSTIC SYSTEM

Conduct Stationary Test

Test Item Operate electric fuel pump

Electric fuel pump test has been conducted.
Press Enter to carry out test. I Execute
Press Esc to return to previous screen.
I Return[ESC]

Fig. 35

Operating the electric fuel feed pump:
Operate the fuel feed pump (low-pressure pump) and listen to its operating sound. The operating

time is ten seconds.

NOTE:

Carry out this test after priming the engine. If the fuel pump is not supplied with fuel when it is oper-
ated, the pump may be burned.

69J3D11
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1. Select the test to be performed, and then click the Select button or press the Enter key on your
keyboard. (Fig. 36)

YAMAHA DIAGNOSTIC SYSTEM

Stationary Test

Main Menu Ignite ignition coils #1 & #4 Electric fuel feed pump
selected.
Ignite ignition coils #2 & #5

Diagnosis

Ignite ignition coils #3 & #6
Diagnasts Recard Operate injectors #1 & #4
Operate injectors #2 & #5
Operate injectors #3 & #6
Operate electric fuel pump

Operate elect. fuel feed pump

Operate |SC valve

Make sure that the engine is not running.

Use UP and DN arrow keys to scroll page. I Select
Use LH and RH arrow keys to move page up or down.

Press Enter to test selection.

Fig. 36

2. Click the Execute button or press the Enter key on your keyboard. (Fig. 37)

YAMAHA DIAGNOSTIC SYSTEM

Conduct Stationary Test

Main Menu Test ltem Operate elect. fuel feed pump
Diagnosis

Diagnosis Record

Make sure that the engine is not running.
Press Enter to carry out test. I Execute
Press Esc to return to previous screen.
I Return[ESC]

Fig. 37
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3. Listen to the operating sound of the fuel feed pump.

YAMAHA DIAGNOSTIC SYSTEM

Conduct Stationary Test

Main Menu Test [tem Operate elect. fuel feed pump

Diagnosis

Diagnosis Record

NOTE: Do not operate without fuel. Electric fuel feed pump is activated. Listen for

activation.
Press Esc to cancel or return to previous screen. I cancel

Fig. 38

4. To test again, click the Execute button or press the Enter key on your keyboard. To perform a
different test, click the Return button or return to the test selection menu or press the ESC key

on your keyboard.

YAMAHA DIAGNOSTIC SYSTEM

Conduct Stationary Test

Main Menu Test Item Operate elect. fuel feed pump

Diagnosis

Diagnosis Record

Electric fuel feed pump test has been conducted.
Press Enter to carry out test. I Execute
Press Esc to return to previous screen.
I Return[ESC]

Fig. 39
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Operating the ISC valve:
Operate the ISC valve and listen to its operating sound. The operating time is three seconds.

1. Select the test to be performed, and then click the Select button or press the Enter key on your
keyboard. (Fig. 40)

YAMAHA DIAGNOSTIC SYSTEM

Stationary Test

Main Menu Ignite ignition coils #1 & #4 ISC valve selected.

Ignite ignition coils #2 & #5
Diagnosis 2 <

|gnite ignition coils #3 & #6
Diagnosis Record
2
Engine Monitor Operate injectors #2 & #5
3
Stationary Tes
4 Operate electric fuel pump

Operate injectors #1 & #4

Operate injectors #3 & #6

Active Test Operate elect. fuel feed pump

Operate |SC valve

Make sure that the engine is not running.

Use UP and DN arrow keys to scroll page. I Select
Use LH and RH arrow keys to move page up or down.
Press Enter to test selection.

Data Logger

Fig. 40

2. Click the Execute button or press the Enter key on your keyboard. (Fig. 41)

YAMAHA DIAGNOSTIC SYSTEM

Conduct Stationary Test

Main Menu Test Item Operate ISC valve

. . Test situation 3 sec. remaining.
Diagnosis
ISC valve opening 67[%]

Diagnosis Record

Make sure that the engine is not running.
Press Enter to carry out test. I Execute
Press Esc to return to previous screen.
I Return[ESC]

Fig. 41
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3. Listen to the operating sound of the ISC valve.

YAMAHA DIAGNOSTIC SYSTEM

Main Menu Test Item Operate ISC valve
Diagnosis
ISC valve opening 18[%]

Diagnosis Record

NOTE: ISC valve is being tested. Listen for activation.

Press Esc to cancel or return to previous screen. I cancel

Fig. 42

4. To test again, click the Execute button or press the Enter key on your keyboard. To perform a

different test, click the Return button to return to the test selection menu or press the ESC key
on your keyboard.

YAMAHA DIAGNOSTIC SYSTEM

Main Menu Test Item Operate ISC valve

. . Test situation 0 sec. remaining.
Diagnosis
ISC valve opening 67[%]

Diagnosis Record

|SC valve opening test has been conducted.
Press Enter to carry out test. I Execute
Press Esc to return to previous screen.
I Return[ESC]

Fig. 43
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Active test
Selecting this command displays a window where active tests (fully open ISC valve and angle of
ISC valve opening) can be selected.

& WARNING

Avoid clicking the Execute and Cancel buttons repeatedly, otherwise the ECM or PC may not
work properly and they may be damaged.

YAMAHA DIAGNOSTIC SYSTEM

Main Menu Fully open ISC valve Fully open the ISC valve.

Diagnosis Angle of ISC valve opening

Data Logger

Set shift into the neutral position.

Press Enter to test selection.

Displays keyboard operations.

Fig. 44

NOTE:
The test can be carried out while the engine is running and the shift is in the neutral position. It is not
possible to carry out the test while the boat is running.

Fully opening the ISC valve:
When the shift is in neutral and the engine is idling, fully open the ISC valve, and then check that the
engine speed revs up, and that the intake valves are normal. The operating time is two seconds.

& WARNING

When the ISC valve is fully open the engine speed will increase, therefore do not put the shift
into gear.
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1. Select the test to be performed, and then click the Select button or press the Enter key on your
keyboard.

YAMAHA DIAGNOSTIC SYSTEM

Active Test

Main Menu Fully open ISC valve

Fully open the I1SC valve.

Angle of ISC valve openin
Diagnosis - S

Diagnosis Record

Set shift into the neutral position.
Press Enter to test selection. I select

Fig. 45

2. Click the Execute button or press the Enter key on your keyboard. (Fig. 46)

YAMAHA DIAGNOSTIC SYSTEM

Active Test
Main Menu Test ltem Fully open ISC valve
Diagnosis
ISC valve opening 68[%)]
Diagnasts Remrzd Engine speed 770[rfmin]

Engine Monitor
3

Stationary Test

valve is fully open.
test.

Set shift into the neutral position.
Press Enter to carry out test. I Execute
Press Esc to return to previous screen.
I Return[ESC]

Fig. 46

Active Test

Data Logger
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3. The ISC valve is fully open. Check that the engine speed revs up.

YAMAHA DIAGNOSTIC SYSTEM

Active Test
Main Menu Test ltem Fully open ISC valve
Diagnosis
ISC valve opening 92[%]
Diagnosis Record Engine speed 824[r/min]

NOTE: The fully open ISC valve is being tested. Check that engine speed increases.
Press Esc to cancel or return to previous screen. I cancel

Fig. 47

4. To test again, click the Execute button or press the Enter key on your keyboard. To perform a
different test, click the Return button to return to the test selection menu or press the ESC key
on your keyboard.

YAMAHA DIAGNOSTIC SYSTEM

Active Test
Main Menu Test Item Fully open ISC valve
Diagnosis
ISC valve opening 67[%]
Diagnosis Recugi Engine speed 754[r/min]

Engine Monitor
3

Stationary Test

|SC valve is fully open. The engine speed is increased. Do not change shifter during
test.

Test has been conducted on the fully open 1SC valve.
Press Enter to carry out test. I Execute
Press Esc to return to previous screen.
I Return[ESC]

Fig. 48

Active Test

Data Logger
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Opening the ISC valve angle:

Set the opening angle of the ISC valve, and adjust the air volume when the engine is idling. The

operating time is 30 minutes.

Before testing warm the engine up.

1. Select the test to be performed, and then click the Select button or press the Enter key on your
keyboard.

YAMAHA DIAGNOSTIC SYSTEM

Active Test

Main Menu Fully open ISC valve Angle of ISC valve opening
selected. Adjust throttle valve

Angle of ISC valve opening opening while testing.

Diagnosis

Diagnosis Record

Set shift into the neutral position, and warm up the engine. Test finishes in 30

minutes.
Press Enter to test selection. I Select

Fig. 49

2. Click the Execute button or press the Enter key on your keyboard. (Fig. 50)

YAMAHA DIAGNOSTIC SYSTEM

Main Menu Test ltem Angle of ISC valve opening
. . Test situation 1800 sec. remaining.
Diagnosis
Engine speed 707[r/min]
Diagnosis ““"3“’2" Throttle valve opening (0-90) 0.1[deg]
Engine Monitor TPS voltage (0.5-4.5) 0.713[V]

ISC valve opening 66[%]
Stationary Test

Active Test

Data Loyger

Set shift into the neutral position, and warm up the engine. Test finishes in 30

minutes.
Press Enter to carry out test. I Execute
Press Esc to return to previous screen.
I Return[ESC]

Fig. 50
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3. Check the opening angle of the ISC valve is set. Refer to the service manual for adjusting pro-
cedures. After 30 minutes have passed, the test will end automatically.

YAMAHA DIAGNOSTIC SYSTEM

Main Menu Test ltem Angle of ISC valve opening
. . Test situation 879 sec. remaining.
Diagnosis
Engine speed 750[r/min]
Diagnosis Recard Throttle valve opening (0-90) 0.1[deg]
TPS voltage (0.5-4.5) 0.703[V]

ISC valve opening 67[%]

NOTE: The angle of ISC valve opening is being tested. Refer to the service manual
for this test.
Press Esc to cancel or return to previous screen. I cancel

Fig. 51

4. To test again, click the Execute button or press the Enter key on your keyboard. To perform a
different test, click the Return button to return to the test selection menu or press the ESC key
on your keyboard.

YAMAHA DIAGNOSTIC SYSTEM

Test Item Angle of ISC valve opening

Test situation
Throttle valve opening (0-20)
TPS voltage (0.5-4.5)
ISC valve opening

Test has been conducted on [SC valve opening angle.
Press Enter to carry out test. I Execute
Press Esc to return to previous screen.
I Return[ESC]

Fig. 52
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Data logger

Monitor item selection

A window that allows you to select the Data comparison graph or the Engine operating hours
according to engine speed appears.

YAMAHA DIAGNOSTIC SYSTEM

Data Logger

Main Menu

Diagnosis
1 | Data comparison graph < Tri |
riangle

Diagnosis Record

Engine Monitor | Engine operating hours according to engine speed

mark
3

Stationary Test
4

Active Test

Data Logger
6

ECM No.
7

Exit Use the UP and DN arrow keys to select item.
Press Enter to go to selection.
8

Displays keyboard operations.

Fig. 53

Operating procedure:
1. Select the desired item by either clicking it or pressing the up or down arrow keys on your key-
board. (Fig. 53)

NOTE:
A triangle appears to the right of the selected item.

2. Press the Enter key on your keyboard. The window of the selected item is displayed. (Fig. 53)
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Data display item selection
A window that allows you to select the items that will be graphed. No more than two items can be

displayed.

YAMAHA DIAGNOSTICG SYSTEM

Data item selection

Engine speed[r/min]

Diagnosis Battery voltage (12-16)[V]

Diagnosis Record TPS voltage (0.5-4 5)[V] Selected items

Main Menu

Engine temperature (below 120)[°C]

Intake pressure[kPa]

Oil Pressure (below 784)[kPa]

Use the UP and DN arrow keys to scroll item. I Graph
Press spacebar to select items.Press Enter to display graph

Press Esc to return to previous screen. |

Displays keyboard operations.

Fig. 54

Operating procedure:
1. Select the desired items by either clicking them or pressing the up or down arrow keys on your
keyboard, and then press the space bar. (Fig. 54)

NOTE:
* Selected items have a light blue background. ltems that are not selected have a blue background.

The box to the left of items that are being moved are light blue. Items that are not selected appear
in blue.
 Atinitialization, Engine speed [r/min] is selected.

2. Click the Graph button or press the Enter key on your keyboard. (Fig. 54) The Data compari-
son window is displayed. (See fig. 55.)
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Data comparison graph
A line graph appears with the items selected in the Data display item selection window on the ver-
tical axes and the Time before engine stop on the horizontal axis. (Fig. 55)

DIAGNOSTIC SYSTEM

Main Menu Solid-Engine speed # Dot=TPS voltage (15-4.5)

Diagnosis

Diagnosis Record

[A(5y-G'0) 2224 0h Sd L

I Print[F1] Press F1 to print, F2 to save.
Press Esc to return to previous screen.
8 I Save [F2] Return[ESC]

Fig. 55

NOTE:

* The item on the left vertical axis is graphed with a solid line and the item on the right vertical axis
is graphed with a dotted line.

* Although the engine is running, graphs do not show the present engine condition. It displays the
value at the time the Enter key on your keyboard was pressed in the Monitor item selection.
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Engine operating hours according to engine speed

The operating hours as compared to the engine speed and the total operating hours are displayed.

(Fig. 56)

YAMAHA DIAGNOSTIC SYSTEM

Main Menu Engine speed Time[h]
Diagnosis - 1000 r/min

1000 - 2000 r/min
Diagnosis Record 2000 - 3000 r/min

3000 - 4000 r/min

4000 - 5000 r/min

5000 - 6000 r/min

6000 - 7000 r/min

Engine hours

I Print[F1] |Press F1to print, F2 to save.
Press Esc to return to previous screen.

I Save [F2] Return[ESC]

Displays keyboard operations.

Fig. 56

A window is displayed showing the amount of hours that the engine is operated at each engine

speed range.

NOTE:

* Although the engine is running the displayed time refers to the added hours until the Data logger

starts.

* The sum of the Engine operating hours according to engine speed is not equal to the total

hours of operation since the hours are rounded to one decimal.
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ECM No.
The ECM part number of the outboard motor is read from the ECM and is displayed. (Fig. 57)

Exit program?

Displays keyboard
operations.

Press Enter to exit program.
Press Esc to return to previous menu.

Fig. 57
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Exit

The program is exited.

YAMAHA DIAGNOSTIC SYSTEM

Main Menu . .
Diagnosis

Diagnosis . .
Diagnosis Record

Diagnosis Record . .
2 Engine Monitor

Engine Monitor

3 Stationary Test

Stationary Test .
4 Active Test

Active Test
Data Logger

Data Logger
ECM No.

Exit

Fig. 58

Operating procedure:

Click the OK button or press the Enter key on your keyboard to exit the program.

To cancel exiting the program, click the Cancel button or press the Esc key on your keyboard.
(Fig. 59)

Exit program?

Displays keyboard
operations.

Press Enter to exit program.
Press Esc to return to previous menu.

Fig. 59
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Troubleshooting

Error content

Cause

Action

Communication cable
related error occurs

Engine start switch is turned
OFF.

Turn the engine start switch to
ON.

Communication cable is
disconnected.

Connect communication cable
between the laptop computer’s
communication port and 3-pin
communication coupler of the
outboard motor.

Battery is disconnected from the
outboard motor.

Connect battery to outboard
motor.

The battery voltage is below 12 V.

Connect battery of 12 V or higher.

Application does not
start

The hardware does not meet the
requirements to operate this
application.

Use a computer that meets the
specified hardware requirements.

YDS.exe is not installed in
application directory.

If YDS.exe is not found in the
application directory, install the
application again.

Other application (Service tool) is
already in operation.

Quit the application in operation,
since two applications (Service
tool) cannot be operated
simultaneously.

Application related error
occurs

Error message “Program file or
Database file is not installed
properly. Please install again.” is
displayed.

Install program file or database
file again.

Database related error
occurs

Error message “Database files
are not installed properly. Please
update again.” is displayed.

Update database again.

Error message “System file not
found ###### ###.” is displayed.

The database is not applicable to
communication with ECM.
Update database to correspond
to ECM.

Incorrect fonts on
screen

The computer language does not
correspond to the application.

Use a computer that operates the
required operating system.

When executing the
stationary test or active
test the test cannot be
ended even if the
Cancel is clicked.

Execute and Cancel buttons have
been clicked more than
necessary, and the ECM or PC
does not operate properly.

Turn off your PC.
Turn the engine start switch to
OFF and reset the ECM.
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NOTE:

* To diagnose a mechanical malfunction, use the troubleshooting charts pertaining to the trouble
located in this chapter. Also, when checking and maintaining the outboard motor, see Chapters 4—
8 for safe maintenance procedures.

* Check that all electrical connections are tight and free from corrosion, and that the battery is fully
chargedto 12 V.

¢ To diagnose a malfunctioning sensor or switch, use the diagnostic flash indicator to determine the
cause.

Power unit

Symptom: Engine does not crank.
¢ Check the starting system.

¢ Check the power unit.

Check that the gearshift is in the
neutral position.

Is the gearshift

in neutral? Set it to the neutral position.

Yes

v

Check the neutral switch and
shift cut switch for continuity.

Is there
continuity?

Replace the neutral switch or
shift cut switch.

Yes

Check the engine start switch
for continuity.

Is there

continuity? Replace the engine start switch.

Check the engine shut-off switch
for continuity (with lock plate).

l

Continued on next page.
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Is there
continuity?

Replace the engine shut-off
switch.

Yes

v

Check the fuse for continuity.

Is there

continuity? Replace the fuse.

Yes

Check the wiring harnesses for
continuity.

Is there

continuity? Replace the wiring harnesses.

Listen for the operation sound
of the starter relay.

Can the oper-
ation sound
be heard?

Replace the starter relay.

Check the starter motor opera-
tion.

Good operat-

ing condition? Replace the starter motor.

Check the power unit.

69J3D11
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Symptom: Engine cranks, but will not start (engine shut-off switch is operating normally).
* Check the ignition system.

* Check the fuel system.

e Check the compression pressure of the power unit.

Check that the spark plugs pro- & WARNING
duce sparks. * Do not touch any of the connections of

the spark gap tester leads.

e Do not let sparks leak out of the
removed spark plug caps.

e Keep flammable gas or liquids away,
since this test can produce sparks.

Check the ignition spark using

Are there sparks?
the spark gap tester.

Below the
spark gap
specification?

Check the condition of the spark

Check the ignition
plugs.

system output peak
voltage.

4 N
Check the ignition coil.

N J

4 M\
Check the main relay for conti-
nuity.

- J

Wet spark plugs?

Check the main
relay.

Is there
continuity?

Start the engine using dried or
new spark plugs.

l

Continued on next page.

Check the fuel system.
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Does the
engine start?

Check the compression pres-
sure of the combustion chamber.

Yes ;
Out of Yes
specification?
{ No |
4 R\

Check the condition of the spark

plugs again Failure in starting operation

N J

v

e N\
Check the valve

?
Wet spark plugs? clearance.

Failure in starting operation

N J

Adjust the valve
clearance.

Out of

Check the fuel system. specification?

Check the cylinder head, cylin-
der body, and piston assembly.
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Symptom: Engine can be started, but does not remain on.
* Check the fuel system.

* Check the ignition system.

e Check the compression pressure of the power unit.

Fuel system

Check that the fuel vent screw of the fuel tank is open.

Is the vent

screw open? Open the fuel vent screw.

Yes

Check for water or residue in
the fuel filter.

Check the fuel hose for kinks or
fuel leakage.

Water or
residue?

Replace the
respective parts.

Kinks or fuel
leakage?

Clean the fuel system from the
fuel tank to the fuel filter.

Check the fuel pressure.

Check the fuel
injector resistance.

Out of

Check the pressure regulator. e L
P 9 specification?

Out of
specification?

Check the fuel system using the
Yamaha Diagnostic System.

Yes

Continued on next page. Replace the fuel
injector.
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Good operat-

ing condition? Replace the pressure regulator.

Yes

Check the high-pressure fuel
pump relay.

Is there
continuity?

Replace the high-pressure fuel
pump relay.

Check the fuel system using the
Yamaha Diagnostic System.

Ignition system

Check the ignition spark gap using the spark gap tester.

Out of
specification?

Check the ignition system out-
put peak voltage.

Check the ignition
system using the
Yamaha Diagnostic

Out of

Replace the spark plug. specification?

System.
Check the ignition coils resist-
ence.
N . Out of Check the ignition
Replace the ignition coil. specification? system using the
Yamaha Diagnostic
System.
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Compression pressure

N
Check that there is no secondary air intake on the contact surfaces of
the intake manifold and crankcase.

Is there air

intake? Replace the respective seals.

Check the compression pres-
sure of the combustion chamber.

Symptom: The engine idle speed is not steady, but increases or decreases.
* Check the intake manifold.

* Check the air intake system.

* Check the ignition system.

Check the operation of the
throttle cable and throttle link.

Good operat-
ing condition?

Adjust the throttle cable and
throttle link.

Check the synchronization of
the throttle valve.

Are the throt-
tle valves
synchronize?

Check the ignition timing.

Check the second-
ary air intake on the
O-ring and manifold
plate, idle speed
control hose, and
the gaskets of the
vacuum check bolts.

Out of

Synchronize the throttle valves. e L
specification?

Check the engine using the L

J

Yamaha Diagnostic System.
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Symptom: Engine does not accelerate when the throttle is opened quickly.

The engine turns off when the throttle is opened quickly.

Acceleration is tardy and the engine is likely to stop at any moment.

* Check the engine using the diagnostic flash indicator or the Yamaha Diagnostic System.

Symptom: Engine can run, but engine speed will not increase.
Overheat warning indicator is on.

Oil pressure warning indicator is on.

Warning indicator is on and buzzer is sounding.

* Check the cooling system.

* Check the lubrication system.

Cooling system

Check the cooling water inlet for
clogs or debris.

Check that cooling water is
discharged from the cooling
water pilot hole.

!

Is water No
discharged?

Clogs or debris?

Clean the cooling water inlet.

Yes \ 4

Check the water
pump impeller.

v

Check the water
passage.

Check the thermostat operation. Good condition?

No

Replace the

Good condition? .
impeller.

Replace the thermostat.

Check the engine temperature
sensor and thermoswitch.

Replace the engine tempera-
ture sensor or thermoswitch.

Good condition?

Check the engine using the
Yamaha Diagnostic System.
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Lubrication system

Check the engine oil level.

At specified
level?

Add engine oil to the correct
level.

Check the oil pressure.

Out of
specification?

Check the oil pump for debris or
oil leaks.

No

Check the oil
passage.

Debris or leaks?

v

g
Clean or replace the respective

parts.
N J

Check the oil pressure sensor.

( N

Good condition? Replace the oil pressure sensor.

N J

Check the engine using the
Yamaha Diagnostic System.
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Bracket unit
Symptom: Power trim and tilt unit does not operate.

Listen for the operation sound
of the power trim and tilt relay.

Can the oper- Check the voltage between each terminal.
ation sound » Between the sky blue (Sb) lead and black (B) lead.
be heard? * Between the light green (Lg) lead and black (B) lead.
J
Yes
A 4 )
Check for continuity
Can 12V be No | between the battery,
obtained? relays, and power
| Yes trim and tilt switch. )
( A
Listen for the operation sound Replace the power trim and tilt
of the power trim and tilt motor. relay.
N J

-
Check the voltage between the
sky blue (Sb) lead and light
green (Lg) lead.

N

Can the oper-
ation sound
be heard?

No

Yes
Can 12V be Replace the power
obtained? trim and tilt relay.
A\ 4 - N
Check that the manual valve is Check the power trim and tilt
closed. motor.

N J

-

Is it closed? Close the valve.

Yes

Check the power trim and tilt
fluid level.

Continued on next page.
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At specified

Add fluid to the correct level.
level?

Measure the hydraulic pressure.

Out of
specification?

Check the power trim and tilt
unit for leaks.

Disassemble the power trim and
tilt unit, and then check the filter
for debris or dirt.

Stuck foreign
substance or

0ge? Clean or replace the filters.
clogs?

No |

Check the fluid passages for
clogs or debris.

Clogs or debris? Clean the passages.

Check the internal parts (valves,
pistons, gears, etc.).
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Bracket unit

Symptom: Power trim and tilt unit does not hold the outboard motor up.

Check that the manual valve is
closed.

Is it closed? Close the valve.

Yes

Check the power trim and tilt
fluid level.

At specified

Add fluid to the correct level.
level?

Disassemble the power trim and
tilt unit, and then check the
filters for debris or dirt.

Stuck foreign
substance or
clogs?

No

Clean or replace the filters.

Check the fluid passages for
clogs or debris.

Clogs or debris?

Clean the passages.

Check the internal parts (valves,
pistons, gear, etc.).
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Symptom: Shift mechanism of the forward gear and reverse gear does not operate properly.

Check the shift cable operation.

Check the shift cables and links
of the remote control box.

Good operat-
ing condition?

Check the operation of the shift
rod.

Check the detent of the bottom
cowling.

Good operat-
ing condition?

Check the condition of the shift
rod connection between the
lower case and upper case.

Connected

Replace the shift rod.
properly?

Disassemble the lower case,
and then check the operation of
the dog clutch.

Good operat-

ing condition? Replace the respective parts.

Yes

Check the forward gear and
reverse gear.
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Bracket unit / Electrical systems

Electrical systems
Symptom: Battery becomes weaker quickly.
* Check the charging system.

Measure the output peak voltage of the stator coil.

Out of

specification? Replace the stator coil.

Measure the Rectifier Regulator
output peak voltage.

Out of

specification? Replace the Rectifier Regulator.

Replace the battery, and then
check the voltage of all electri-
cal equipment on your boat.
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SHTG| e | Troubleshooting

Self-diagnosis
Diagnosing the electronic control
system

1. Connect the special tools to the outboard
motor as shown.

$69J9015

NOTE:
When performing this diagnosis, all of the
electrical wires must be properly connected.

Diagnostic flash indicator 4 (1:
90890-06795

Diagnostic flash adaptor @:
90890-06794

2. Start the engine and let it idle.

3. Check the flash pattern of the diagnostic
indicator to determine if there are any
malfunctions.

* Normal condition
(no defective part or irregular process-
ing is found)

* Single flash is given every 4.95 sec-
onds.
@: Light on, 0.33 second
©@: Light off, 4.95 seconds

9-61

$69J9020

* Trouble code indication
Example: The illustration indicates
code number 23.
@: Light on, 0.33 second
®: Light off, 4.95 seconds
®: Light off, 0.33 second
@: Light off, 1.65 seconds

2 3
f—/\ /—._/H
& (q —‘
@ ®
@ @ @ ®

S69J9030

4. |If a flash pattern listed in the diagnosis
code chart is displayed, check the mal-
functioning part according to the flash
pattern.

NOTE:
When more than one problem is detected,
the light of the diagnostic tester flashes in the
pattern of the lowest numbered problem.
After that problem is corrected, the light
flashes in the pattern of the next lowest num-
bered problem. This continues until all of the
problems are detected and corrected.

69J3D11



Self-diagnosis

Code Symptom

1 Normal

13 Incorrect pulser coil signal

15 Incorrect. engine temperature
sensor signal

18 Ipcorrect throttle position sensor
signal

19 Incorrect battery voltage

3 Incorrect' intake air temperature
sensor signal

28 Incorrect neutral switch signal

29 Incorrect' intake air pressure
sensor signal

37 Incorrect idle speed control
signal

39 Ir)correct oil pressure sensor
signal

45 Incorrect shift cut switch signal

46 Incorrect thermoswitch signal

44 Incorrect engine stop switch

signal

69J3D11
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Index

A. Checking the connecting rod small end
Adjusting the throttle link and throttle |nS|d§ diameter ST 5-50
. . Checking the cooling water passage.......... 3-9
cable operation (with a stop bolt)............. 3-10 . . .
S : Checking the cooling water pilot hole........ 1-31
Adjusting the throttle link and throttle . L
. . Checking the crankpin oil clearance.......... 5-51
cable operation (without a stop bolt)....... 3-11 .
L i Checking the crankshaft.............cccceeeees 5-50
Adjusting the trim sensor ...........ccccceeeeeee. 7-19 . o .
After test run 1-31 Checking the crankshaft main journal oil
Applicable models """""""""""""""""""" 15 ClearanCe ......cccooveveeveeeceesee e 5-53
PP . o Checking the cylinder bore. ....................... 5-48
Assembling the drive shaft . .
. Checking the cylinder head ...................... 5-40
NOUSING ..eevveeiieeieeie e, 6-21, 6-49 . .
. Checking the drive shaft.................. 6-20, 6-48
Assembling the forward gear .................... 6-21 .
; Checking the ECM.........cccceeiiiiiiiiiiniee 8-12
Assembling the gear pump .........ccceeeeeee. 7-35 . .
; Checking the electrical components........... 8-2
Assembling the lower case ............. 6-20, 6-48 . o
. . Checking the engine idle speed ............... 3-13
Assembling the oil pan...........cccceeeeeenneen. 7-13 . ; .
. . Checking the engine oil ..................... 1-28, 3-5
Assembling the oil pump.......ccccccoeviiieenn. 5-55 . . ;
. ; Checking the engine start switch and
Assembling the piston and . ; .
cylinder block 5.56 engine stop switch/engine shut-off
Assembling the power trim and tilt swnch ................ e 1-30
010 (o) TSR 7-28 Checking the engine temperature
Assembling the propeller shaft sensc?r .......... S 8-13
Checking the filters.........coccvceiicieiiees 7-35
aSSEMDIY ....ooviiiiiiiii e 6-15 . i
. Checking the fuel filter.........ccccceevieenennnnne. 3-5
Assembling the propeller shaft . .
housin 6-15. 6-43 Checking the fuel injector ...........ccccoeceees 4-15
o T e , Checking the fuel joint and fuel hoses
Assembling the tilt ram.............ccccceeeennen. 7-36 L -
Assembling the trim rams 7.37 (fuel joint-to-fuel injector) ........cccceeeeennee. 3-4
""""""""""""" Checking the fuel system ......................... 1-28
B Checking the fuse.......ccccccovvieeeennnnns 7-44, 8-20
- Checking the gear Oil ..........ccocceeiiiiiieennne 1-28
Backlash (counter rotation model) ............ 6-60 Checking the gear oil level ....................... 3-16
Backlash (regular rotation model)............. 6-30 Checking the gear pump .........cccccccuene..... 7-35
Bleeding the power trim and tilt unit.......... 7-41 Checking the gear pump housing............. 7-35
Bottom cowling........c.cceeeveeeiieiiiiiiiiee 7-3 Checking the gearshift and throttle
Bracket unit..........ooooiiis 9-56 OPEIAtiON.......vveeeeeeeeeeeeeee e, 1-30
Break-in.....cccoovveeeeeee e 1-31 Checking the gearshift Operation ______________ 3-12
BUI-IN o, 7-42 Checking the high-pressure fuel pump
FEIAY ..t 8-18
C. Checking the hydraulic pressure .............. 7-29
Changing the engine oil by draining it......... 3-6 Checking the idle speed control (ISC)...... 4-15
Changing the engine oil using an Checking the ignition coil.......................... 8-11
Oil ChaNGer ..o 3-6 Checking the ignition spark gap ............... 8-11
Changing the gear Oil.........cccccevevueunane... 3-17 Checking the ignition timing...................... 3-15
Charging SYStem ..........ccoeeveereeesreenens 8-25 Checking the intake air temperature
Checking the an0des ............cccoeeereeneen.. 3-18 L=T=T 01T o | PN 8-13
Checking the armature.............ccocccvvee... 8-23 Checking the lower case ................. 6-20, 6-48
Checking the battery....................... 1-28, 3-19 Checking the lower unit (for air leakage) .. 3-18
Checking the bearings .................... 6-20, 6-48 Checking the low-pressure fuel pump and
Checking the brushes ...........cc.cccceeueec... 8-24 high-pressure fuel pump......................... 8-18
Checking the camshaft ..............cccocvuen... 5-38 Checking the magnet switch..................... 8-24
Checking the check valve ...........c.cc.o......... 4-7 Checking the main refay .............c.cooooo.... 8-15
Checklng the CompreSS|on pressure ......... 5_14 CheCklng the neutral SW'tCh ...................... 8'14
Checking the connecting rod big end side Checking the oil pressure.......................... 5-14
ClearancCe .........cceeveveveeeeececeeeee e 5-50 Checking the oil pressure sensor ............. 5-15
Checking the oil pump ......cocoveeeiiiiiieeees 5-55
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Checking the oil strainer ...........ccccoccuveeeen. 7-13
Checking the outboard motor mounting

height ... 1-29
Checking the pinion and forward gear ...... 6-20
Checking the pinion and reverse gear ...... 6-48
Checking the piston clearance.................. 5-48
Checking the piston diameter ................... 5-47
Checking the piston pin........ccccceeeviiieenn. 5-50
Checking the piston pin boss bore............ 5-49
Checking the piston ring grooves.............. 5-49
Checking the piston ring side clearance ...5-49
Checking the piston rings........cccccocoeeeeeen. 5-48
Checking the power trim and tilt

fluid [evel ... 3-16
Checking the power trim and tilt motor .....7-27
Checking the power trim and tilt

OPEratioN ......ccoviueeeieiiiieee e 3-15
Checking the power trim and tilt relay........ 7-44
Checking the power trim and tilt switch.....7-45
Checking the propeller...........ccccceevcuveennn. 3-18
Checking the propeller shaft............ 6-14, 6-42
Checking the propeller shaft

NOUSING ...vvveeiiiiiii e 6-14, 6-42
Checking the pulser coil..........ccccocceeennen. 8-12
Checking the Rectifier Regulator .............. 8-26
Checking the remote control cables.......... 1-29
Checking the reservoir.........ccccccevceeenneen. 7-34
Checking the shift cut switch..................... 8-14
Checking the spark plugs........ccccevieeeinnene 3-8
Checking the starter motor operation........ 8-24
Checking the starter motor pinion............. 8-23
Checking the starter relay .........ccccoecuveeeee. 8-20
Checking the stator coil...........cccccovveennee. 8-26
Checking the steering wheel..................... 1-30
Checking the thermostat................... 3-9, 5-60
Checking the thermoswitch...................... 8-14
Checking the throttle link and throttle

cable operation .........ccceveviiiiiiiiiii, 3-9
Checking the throttle position sensor........ 8-12
Checking the tilt cylinder and trim

Cylinder........oooviiiii e 7-34
Checking the tilt system ..........cccccoeiiieeen. 1-30
Checking the timing belt...........ccccoieeeeins 3-8
Checking the timing belt and sprockets ....5-26
Checking the timing chain.............ccc..c... 5-40
Checking the timing chain tensioner......... 5-39
Checking the top cowling ..........cccccoeeeenenen. 3-4
Checking the trim sensor ...........ccccoeueeeeen. 7-45
Checking the valve clearance........... 3-8, 5-15
Checking the valve guides............ccuueee.. 5-35
Checking the valve seat..........c.ccccceeeneen. 5-36
Checking the valve springs...........ccceeeueee. 5-34
Checking the valves..........ccccoueeene 5-34, 7-34
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Checking the vapor separator .................... 4-8
Checking the water pump and

Shift rod......ooovieieiee e 6-10, 6-38
Checking the wiring harness (10 pins) ..... 8-20
Control system........coocoeiiieiiiiieeeeee e 3-9
Cooling system .........ccceveiiiiiiiiiieeeiees 1-26
Cylinder bIOCK .......ccooiiiieiiiiiiiii e 5-43
Cylinderhead ..........ccoocccviiiiiieeee s 5-29
Diagnosing the electronic control

system ... 9-61
DImenSioNns.......ccccuuveiieieieieeeeeeeeeeee e 2-9
Disassembling the cylinder block ............. 5-47
Disassembling the drive shaft

hoUSING ..eeeeeiiiee e 6-19, 6-47
Disassembling the forward gear-............... 6-19
Disassembling the gear pump .................. 7-31
Disassembling the lower case......... 6-19, 6-47
Disassembling the oil pan.............ccco....... 7-13
Disassembling the oil pump...............c.c.... 5-55
Disassembling the power trim and tilt

MOTON e 7-27
Disassembling the propeller shaft

assSembly ... 6-13
Disassembling the propeller shaft

hoUSING ..eeevieiieee e 6-13, 6-41
Disassembling the reverse gear-............... 6-47
Disassembling the tilt cylinder and trim

CYIiNAErS ....oeeeiiiiee e 7-32
Disassembly and assembly ..........c..cccueeee.. 1-4
Disconnecting the high-pressure

fuel hose joint ........cevveeeiiiiiicciiiiieeeeeee, 4-15
Draining the engine Oil.........c..cccceveeennen. 7-13
Drive shaft and lower case

(counter rotation model) ...........ccceeeiienns 6-45
Drive shaft and lower case

(regular rotation model) ...........ccccuuneneee. 6-17
Electrical .........ooviiiiieeiie e, 2-7
Electrical components ...........cccccveeeeeeneennn. 8-3
Electrical systems.........cccccveeiiiieieeininen, 9-60
Exhaust system ........cccoooiiinii 1-11
Fail-safe function table .............cccccovveenne 1-20
Features and benefits..........ccceciiiiieennnen. 1-6
Fire prevention.........ccccccceieiiiiiiiiiiiceenenenn. 1-3
Front VIEW .....oooi e 8-5
Fuel and blowby hoses........c.ccoccieiiinnnnnen. 4-2
Fuel control system ..........cccccoviiiiiininen. 8-16
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Index

Fuel injection control...........cccooceeieinnnen. 1-18
Fuel system.......ccccoovieiiiiiii 1-13, 34

G.

General .....ccoceveiiee e 3-18
General specifications...........ccccceeceveeennee. 2-1
General torques ........ccvveeeeiciieeee e 2-15
Good working practices ..........ccceceveiieeenne 1-4
H.
HoSE routing.......ccovceeerieieieee e 4-2
How to use this manual..............cccoeveenne 1-1
.
Identification..........ccccoveviiii 1-5
Ignition and ignition control system........... 8-10
Installing the clamp brackets..................... 7-18
Installing the cylinder head ....................... 5-41
Installing the drive shaft .................. 6-21, 6-50
Installing the hose clamps...........ccccceeeeeee. 4-7
Installing the lower unit ................... 6-24, 6-52
Installing the power trim and tilt motor ...... 7-39
Installing the power trim and tilt unit.......... 7-18
Installing the power unit ...............cccceee 5-60
Installing the propeller shaft
NOUSING ...vvveeiiieieeeeeee e 6-22, 6-50
Installing the reservoir...........ccocceeeeennen. 7-40
Installing the sprockets and timing belt .....5-27
Installing the steering arm...........ccccceeee. 7-16
Installing the tilt cylinder................cceee 7-38
Installing the tilt ram .........ccccccoiiiiiiis 7-40
Installing the trim rams............cccceeeeenee. 7-38
Installing the upper case..........cccceeeeennen. 7-17
Installing the valves...........cccccooiiiiiine 5-40
Installing the water pump and
Shift rod ......ocooieiiee e 6-22, 6-51
Intake manifold and high-pressure
fuel line.....ooo i 4-9
Intake silencer, fuel filter, and fuel pump ....4-3
Intake system ........occoeiiiiii 1-11
Introduction ..., 9-2
L.
Lower unit .......coceeeeiiiiiiiieee e, 2-6, 3-16
Lower unit (counter rotation model) .......... 6-33
Lower unit (regular rotation model).............. 6-5
Lubrication ........cccooviiieriiin e 3-20
Lubrication system ........ccococceeiiiiiieeeinnnee 1-26
M.
Maintenance interval chart..............c........... 3-2
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Maintenance specifications .............c.......... 2-3
Manual format..........ccooviiiiiii e, 1-1
Measuring the forward and
reverse gear backlash ................... 6-30, 6-60
Measuring the fuel pressure
(high-pressure fuel liN€).........ccccceveviieenes 3-5
Measuring the lower resistance.................. 8-2
Measuring the peak voltage ............c.......... 8-2
N.
Newly developed V6 4-stroke engine.......... 1-6
Not installed..........occvveeiiiiiieeee e 7-41
O.
0] 01T - 11 o [o [T 9-3
P.
Parts, lubricants, and sealants ................... 1-3
POrt VIEW ... 8-4
Power trim and tilt electrical system ......... 7-43
Power trim and tilt unit.................... 3-15, 7-21
Power unit............ccccvneeeen. 2-3, 3-5, 5-3, 9-47
Predelivery checks ........ccccceviiiieeiinnnen, 1-28
Propeller selection .........cccccoeveeeiiinininnnnnn, 1-27
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Propeller shaft housing
(regular rotation model) ............cccceeenneee 6-11
Propeller Size.........cccccveeviiieiiiiieeeeee 1-27
PTT (Power trim and tilt) unit........... 1-17, 1-21
R.
Reducing the fuel pressure............cccooueeee. 4-7
Refacing the valve seat ..............ccccoe 5-36
Removing the clamp brackets .................. 7-18
Removing the cylinder head..................... 5-33
Removing the drive shaft................. 6-19, 6-47
Removing the hose clamps .........cccccceeeeeen. 4-7
Removing the lower unit.................... 6-9, 6-37
Removing the oil filter..........cccooeeeeennnee 5-25
Removing the power trim and tilt unit ....... 7-17
Removing the power unit...........c.cccccveeeee 5-23
Removing the pressure regulator ............. 4-15
Removing the propeller shaft housing
assembly ... 6-13, 6-41
Removing the starter motor pinion ........... 8-23
Removing the steering arm ...................... 7-15

Removing the timing belt and sprockets... 5-25
Removing the water pump and

shift rod........cooooveiiiiiee, 6-9, 6-37
Replacing the oil filter .........cccocveeeiiiineenn, 3-7
Replacing the timing belt ................... 3-8, 5-21
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Shimming (regular rotation model)............ 6-26
Special service

tools ............ 3-1, 4-1, 5-1, 6-1, 7-1, 8-1, 9-1
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VI
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WIRING DIAGRAM
F225AET, FL225AET

@ Low-pressure fuel pump
® Low-pressure fuel pump driver
(® High-pressure fuel pump relay
® High-pressure fuel pump
® lIdle speed control

® Fuel injector

@ Spark plug

Ignition coll

® Intake air pressure sensor
Thermoswitch

@ Engine temperature sensor
@ Pulser coil

@ Stator coil

Rectifier Regulator

@ Throttle position sensor
Shift cut switch

@ Neutral switch

ECM

Fuse (5 A)

@ Fuse (30 A)

@) Fuse (20 A)

@ Starter relay

@ Starter motor

@) Power trim and tilt relay

@ Power trim and tilt motor
@ Trim sensor

@) Battery

@ Intake air temperature sensor
@ Main relay

Oil pressure sensor

@) Power trim and tilt switch

To warning indicator
To remote control

To trim meter

[D] To computer

To diagnostic indicator

Color code

B : Black

Br : Brown

G : Green

Gy :Gray

L : Blue

Lg :Lightgreen
0] : Orange

P : Pink

R : Red

Sb  : Sky blue

w : White

Y : Yellow

B/O : Black/orange
B/W : Black/white
B/Y : Black/yellow
Br/W : Brown/white
G/B : Green/black
G/R : Green/red
G/W : Green/white
G/Y : Green/yellow
L/R :Blue/red
L/W : Blue/white
L/Y  : Blue/yellow
O/B : Orange/black
O/R : Orange/red
O/Y : Orange/yellow
P/B : Pink/black
P/G : Pink/green
P/W : Pink/white
R/B : Red/black
R/Y : Red/yellow
W/B : White/black
W/G : White/green
W/R : White/red
Y/G : Yellow/green
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