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6-3 Measurement of sensor unit characteristics
(1) Measurement of output voltage

Output voltage | 1.0V or higher

1
/\ IV ar higher
\J

Measuring conditions
Number of teeth of

Synchroscope

Rotation detecting sender N Q

{7

Ring gear
No. of teech
97 or 114

1.3mm 20kQ '

AC 100V

*Check the output wave pattern and number of pulses
when carrying out the output voltage measurement.

(2) Measurement of internal resistance

ring gear: 97,114

Gap between the ring gear Measuring conditions

and sender: 1.3mm (0.0511in.) Measuring temperature:  20°C

Resistance: 202 Measuring instrument:  Digital tester

Speed of ring gear: 500 rpm (approx. 800Hz) N

Measuring temperature: 20°C Digital tester

Measuring instrument: Synchroscope

Rotation detecting sender 'Y ke
=T
AC 100V
6-4

Fault Diagnosis Remedy
Does not function well. Check if there is an open-circuit cable connection at the Make good the connection.
1) Pointer does not move. rear of the meter, a loose or disconnected terminal, or bad Yes
2) Functions intermittently. continuity due to corrosion.

Disconnect at the instrument terminals, and measure the No If the input voltage is
voltage between the cable terminals. (To be 10 ~ 16V)

+

abnormal, check the cause.
(e.g. shot-circuit, disconnec-

Satisfactory tion, or blown fuse, etc.)
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Check if the sender is loosely fitted. Yes Fix the sender securely.

Tachometer sender

Measure the internal resistance of the sender. No Replace the sender.
(To be 1.6 +0.1kQ at 20°C)

Measure the output voltage of the sender. No Replace the sender.
(To be 1V or higher at 20°C)
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1. Fuel Oil and Lubricating Oil

Selection of and proper attention to fuel and lubricating oils
have a substantial effect on engine performance, and are
vital factors governing engine life.

The use of low quality fuel and lubricating oils will lead to
various engine troubles. Yanmar diesel engines will display
satisfactory performance and ample reliability if the fuel
and lubricating oil recommended by Yanmar are used cor-
rectly. For the engine to have long-term high perform-
ance, sufficient knowledge of the properties of the fuel and
lubricating oils and their selection, management and usage
are necessary.

1-1 Fuel

1-1.1 Properties of fuel

Numerous kinds of fuels are used with diesel engines, and
the properties and composition of each differ somewhat
according to the manufacturer.

Moreover, the various national standards are introduced
here for reference purposes.

1-1.2 Recommended fuels

Manufacturer Brand name

Caltex Caltex Diesel Oil

Shell Shell Diesoline or local equivaient
Mobil Mobil Diesel Oil

Esso Esso Diesel Oil

British Petroleum | BP Diesel Oil

1-1.3 Fuel selection precautions
Pay careful attention to the following when selecting the
fuel.
(1) Must have asuitablespecific gravity
Fuel having a specific gravity of 0.88 ~ 094 at 15°C is
suitable as diesel engine fuel. Specific gravity has no
relation to spontaneous combustibility, but does give
an idea of viscosity and combustibility or mixing of im-
purities.
Generally, the higher the specific gravity, the higher
the viscosity and the poorer the combustibility.
(2) Must have a suitable viscosity
When the viscosity is too high, the fuel flow will be
poor, operation of the pump and nozzle will be inferior,
atomization will be faulty and fuel combustion will be
incomplete.
If the viscosity is too low, the plunger, nozzle, etc. will
wear rapidly because of insufficient lubrication.
Generally, however, the higher the viscosity, the lower
the quality of the fuel.
(3) Cetane value must be high.
The most important indicator of fuel’s combustibility
is its cetane value (also represented by cetane index or
diesel index), The cetane value is particularly im-
portant for fuels used In high-speed engines. The rela-
tionship among the cetane value, startability and firing

delay is shown in the figure below. Firing delay
becomes smaller and starting characteristics better as
the cetane value becomes higher.
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Time to complete starting (sec.)

40 50 60
Cetane value
Cetane value and starting characteristic

The use of a fuel with an unsuitable cetane value will cause
the following troubles:

1) Difficult starting.

2) Pooroperation.

3) High combustion pressure and diesel knock.

4) Lower output and engine damage because of
overheating caused by knocking.

5) Sticking of nozzles and exhaust valves.

6) Severe smoking, carbon build-up
engine, and oil contamination.

7) Deterioriation of the oil and excessive wear in the
piston rings, ring grooves, and cylinder liner.

(4) The level of impurities must be low

1) Sulfur
With proper combustion sulfur in the fuel turns to
nitrous acid gas (SO.) and sulfuric anhydride (SO,).
When combustion is imperfect, it becomes
sulfuric acid containing water that corrodes and
wears the cylinder liners, pistons, exhaust valve
and exhaust pipe.

inside the



Chapter 11 Operating Instructions

1. Fuel Oil and

Oil

Properties and compositions of fuel of various national standards

IGM-2GM-3GM(D) -3HM

National standard Japan JIS-K-2204-1965 U.S.A. ASTM-D975-74 U.K. BS-2689-70

Properties Class No.1 Class No.2 No.2D
and components light oil light oil Diesel oil Class A1 Class A2
Specific gravity  15/4°C — - - — —

30°C cst

(86°F cst) 2.7 or more 2.5 or more (~52) (~ 7.5) (~ 75)
Kinetic viscosity

0

%z.ta"c (00°F) (23 or more) | (22 or more) 2043 16 ~60 16~ 60
Reaction Neutral Neutral — — —
Flash point °C 50 or more 50 or more 51.7 or more 55 or more 55 or more

(°F) (122 or more) | (122 or more) (125 or more) (131 or more) | (131 or more)
. °C -5 or less —10 or less ~12or less _ _
Flow point (°F) (23 or less) (14 or less) (104 or less)
(10% residual (10% residual
Residual carbon Weight % oil) oll) 0.35 or less 0.2 or less 0.2 or less
0.15 or less 0.15 or less

Moisture Volume % - — — 0.05 or less 0.05 or less
Ash Weight % — — 0.01 or less 0.01 or less 0.01 or less
Sulfur Weight % 1.2 or less 1.2 or less 0.5 or less 0.5 or less 1.0 or less
Cetane valve 50 or more 45 or more 40 or more 50 or more 45 or more
Sludge
or segdlmemauon % ot — 0.05 or less 0.01 or less 0.01 or less
Distillation
properties, °C 350 or below | 350 or belw 282.21 ~ 338 357 or below | 357 or below
temperatures at (°F) (662 or below) | (662 or below) (540 ~ 640) (675 or below) | (675 or below)
90% distillation
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2) Water content
A high water content causes sludge, resulting in
lower output, imperfect combustion and trouble in
the fuel injection system.

3) Carbon content
If the carbon content is high, carbon will remain in-
side the combustion chamber, causing ac-
celerated cylinder liner and piston wear and corro-
sion of the pistons and exhaust valves.

4) Residual carbon (coke content)

Coke becomes a carbide that sticks to the end of
the nozzle, causing faulty injection. In addition,
unburned carbon will build up on the pistons and
liners, causing piston ring wear and sticking.

1-1.4 Simple methods of identifying fuel properties
(1) Fuel that is extremely odorous and smoky contains a
large amount of volatile components and impurities.
(2) Fuel that emits little smoke when used in a lamp is of
good quality.
(3) Fuel that emits a crackling sound when soaked in

paper and ignited contains a high water content.

(4) If a transparent film of diesel oil is squeezed between
two pieces of glass, the water content and impurities
can bedetermined.

(5) if cracked by mixing with an equal amount of sulfuric
acid in a glass tube, numerous black particles and im-
purities will appear. These are mainly carbon and resin.

(6) Discoloration of litmus test paper indicates the
presence of acids.

1-1.5 Troubles caused by bad fuel

(1) Clogging of exhaust valve
In addition to faulty compression, incomplete combus-
tion, and high fuel consumption, a clogged exhaust
valve will cause fuel to be mixed in the exhaust,
leading to corrosion of the exhaust valve seat.

(2) Clogging of piston ring grooves
Clogged piston ring grooves will cause accelerated
cylinder liner and piston wear due to sticking rings,
fuel gas blowback, faulty lubrication, incomplete com-
bustion, high fuel consumption, contaminated
lubricating oil, and combustion gas blowback.

(3) Clogged orcorroded injection valve hole
This will cause incomplete combustion and piston and
liner wear, fuel injection mechanism wear, corrosion,
and groove wearand corrosion.

(4) Sediment inside crankcase
Since sediment in the crankcase is often mistakenly
judged as coming from the lubricating oil, care must
be taken in determining its true origin.

1-1.6 Relationship between fuel properties and engine performance

Fuel Clogging of
Fuel Starting Lubrication Smoke Exhaust Output consump- | combustion
property | characteristic characteristic generation odor tion chamber
’ Directly [
Directly related— | Directly related — | Closely related— | related— Related —
Firing Starting charac- | Lubrication Smoke increases | Decreased Decreased by
Cetane teristic improves | improves as as cetane value by increas- Irrelevant Related reducing cetane
value as cetane value cetane value decreases ing cetane value
increases rises value
Volatility Related— Directly related — Related —
No clear Becomes poor Increases as No direct Increases as
90'_%’ end relationship when volatility volatility relationship Irrelevant Irrelevant volatility
point is poor decreases decreases
[ Som i
e relation-
ship— Related — No Related —
. No clear Increases as . )
Viscosity relationship Becomes poor viscosity independent | Irrelevant Irrelevant | Increases with
yvhen viscosity increases relationship viscosity
intreases
Related— No glr:tzgy_ Related— | Related—
Specific Increases as . . Associated | Depends on
gravity Irrelevant Irrelevant specific gravity m(l:letpend:nt cv?;og;ggi c with calo- | properties of
increases relationship rific value | engine
value
Related — Related —
10% No
. Improves as . Decreases as
::easrll;j:nal Irrelevant Irrelevant residual carbon Irr;?asi?:r?:tﬁm Irrelevant Irrelevant residual carbon
decreases p decreases
No
Sulfur independent
relationship
No
Flgs? independent
poin relationship




Chapter 11 Operating Instructions
1. Fuel Oil and Lubricating Oil

SM/IGM-2GM+-3GM(D) 3HM

1-1.7 Fuel handling precautions

(1) Fill the fuel tank after work to prevent condensation of
water in the tank.

(2) Always use a tank inlet strainer. Water mixed in the
fuel can be removed by removing the strainer quickly.

(3) Remove the plug at the bottom of the fuel tank and
drain out the water and sediment after every 100 hours
of operation, and when servicing the pump and nozzle.

(4) Do not use fuel in the bottom of the fuel tank because
it contains large amounts of dirt and water.

1-2 Lubricating oil

Selection of the lubricating oil is extremely important with
a diesel engine. The use of unsuitable lubricating oil will
cause sticking of the piston rings, accelerated wear and
seizing of the piston and cylinder liner, rapid wear of the
bearings and other moving parts, and reduced engine
durability. Since this engine is a high-speed engine, always
follow the lubricating oil replacement interval.

1-2.1 Action of the lubricating oil
(1) Lubricating action: Builds a film of oil on each moving
part reduces wear and its accompanying damage.
(2) Cooling action: Removes heat generated at moving
parts by carrying itaway with the lubricating oil flow.
(3) Sealing action: Maintains the air tightness of the
pistons and cylinders by the oil film on the piston rings.
(4) Cleaning action: Carries away carbon produced at the
cylinders as well as dust that has entered from the out-
side.
(5) Rustproofing action: Prevents corrosion by coating
metal surfaces with a thin film of oil.

Various additives are added to the lubricating oil to assure

that adequate performance is assured under the high-

speed, high-load and other severe operating conditions
met by modern diesel engines. While these additives differ
with each manufacturer, commonly used additives in-
clude:

1) Flow point reduction additive

2) Viscosity index improvement additive

3) Oxidation prevention additive

4) Cleaning dispersent

5) Lubrication additive

6) Anticorrosion additive

7) Bubble elimination additive

8) Alkali neutralizer

1-2.3 Classification by viscosity

1-2.2 Required lubricating oil conditions

(1) Must be of suitable viscosity
If the viscosity is too low, the oil film will be too thin
and the lubricating action insufficient. If the viscosity
is too high, the friction resistance will be increased
and starting will become especially difficult.

(2) Viscosity change with temperature must be small.
While the lube oil temperature goes from low at
starting to high during operation, the viscosity change
by temperature should be small. That is, the viscosity
index should be high at all temperatures.

(3) Must have good lubricating capability
That is, it must coat metal surfaces as a thin film. In
other words, the lubricating oil must coat the metal
surfaces so that metal-to-metal contact caused by
breaking of the oil film at the top dead center and bot-
tom dead center piston position does not occur, or
that the oil film is not broken by collision, even at the
bearings.

(4) Mixability with water must be low
Since water can mix with the oil because of the
presence of cooling water in the engine, emulsification
of water and oil, which causes the oil to lose its
lubricating properties, must be prevented.

(5) Must be neutral and difficult to oxidize
Since acids and alkalis corrode metal, the lubricating
oil must be neutral. Moreover, since even a neutral oil
will be oxidized easily by contact with the combustion
gas, the oil must be stable with few oxidizing
elements.

(6) Must withstand high temperature and must evaporate
or combust with difficulty
Oil must have a high flash point. If it is evaporated by
heat or is not burned completely, carbon will be pro-
duced. This carbon is toxic.

(7) Must not contain any waterordirt and must have a low
sulfur and coke content

—17.8°C (6°F) 98.9°C (210°F) Applicable temperature range
SAENO. ['sayboltuniversal Dynamic viscosity | Saybolt universal | Dynamic viscosity (outside temperature)
viscosity (sec) (cst) viscosity (sec) (cst)
5W Under4,000 Under 869 - — 0
ow 6,000 ~ 12,000 1,303 - 2,606 - - (czsgvrc-E g: ::::)
20W 12,000 ~ 48,000 2,606 ~ 10,423 - -
20 — — 45 ~ 58 573 ~9.62 20°C ~ 35°C
30 — — 58 ~-70 962 ~12.93 (68°F ~. 95°F)
40 - - 70~ 85 1293~ 16.77 35°C or greater
50 — — 85~110 16.77 ~ 22,68 (95°F or greater)
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Since only 98.9°C viscosity is stipulated for S.A.E. No. 20 ~
50 oil in the table, and only —17.8°C viscosity is stipulated
for S.AE. No. 5W ~ 20W oil, they are not guaranteed at
other temperatures. On the other hand, S.AE. No.1OW
viscosity is stipulated and oil having viscosity equal to that
of S.A.E. No.30 even at 98.9°C is called S.A.E. No.10W—30,
or multigrade oil. Multigrade oil comprises S.AE. No.
5W—20, 10W—30, and 20W —40. In arctic regions, oil from
S.A.E. No. 20W to 10W—30 can be used.

SM/IGM 2GM-3GM(D)-3HM

1-2.4 SAE service classification and API service

classification

SAE new classification API service classification
(1970) (1960)
CA DG
CB:CC DM
CD DS

(1) DG grade: Used when deposits and engine wear must
be controlled when the engine is normally operated at
a light load using low sulfur fuel.

(2) DM grade: Used when the generation of deposits and
wear caused by sulfur in the fuel is possible under
severe conditions.

(3) DS grade: Used under extemely severe operating con-
ditions or when excessive wear or deposits are caused

by the fuel.

Classification

Engine service (API)

CA

Light duty diesel engine service: Mild, moderate operation diesel engine service with high-performance fuel, and
mild gasoline engine service. The oil designed for this service was mainly used in the 1340s and 50s. This oil is
for high performance fuel use and has bearing corrosion and high temperature deposit prevention
characteristics.

cs

Moderate duty diesel engine service: Mild, moderate operation diesel engine service using low performance fuel
requiring bearing corrosion and high temperature deposit prevention characteristics. Includes mild gasoline
engine service. Oil designed for this service was introduced in 1949. The oil is used with high sulfur fuels and
has bearing corrosion and high temperature deposit prevention characteristics.

cC

Moderate duty diesel engine service and gasoline engine service: Applicable to low supercharged diesel
engines for moderate to severe duty.

The oil designed forthis servicewasintroduced in 1961 and is widely used in trucks and agricultural equipment,
construction machinery, farm tractors, etc. The oil features high deposit prevention characteristics in low super-
charged diesel engines, and rust, corrosion and low temperature sludge prevention characteristics in gasoline
engines.

CcD

Severe duty diesel engine service: Applicable to high-speed, high-output high supercharged diesel engines
which are subjected to considerable wear and deposits. This oil was introduced in 1955, and is used as a wide
property-range fuel in high supercharged engines. It also has bearing corrosion and high temperature deposit
prevention characteristics.

1-2.5 Lubricationg oil

SAE new classification CB grade or CC grade fuel having
suitable viscosity for the atmospheric temperature must be

used in this engine.

11-5
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1-2.6 Recommended lubricating oils

| SAE No.
Supplier Brand Name Below 10°C 10~20°C 20~.35°C Over 35°C
(Below 50°F) (50~68°F) | (68~85°F) {Over 95°F)
Shell Rotella Oil 10W, 20/20W 20/20W 28 50
SHELL Shell Talona Oil 10w 20 38 50
Shell Rimula Oil ‘ 20/20W 20/20W gg —
RPM Delo Marine Oil Tow 20 438 50
CALTEX
RPM Delo Multi-Service Oil J 20/20W, 10W 20 30 50
Delvac Special | oW | 20 30 —
Delvac 20W—40 | 20W—40 | 20w—d0 - -
MOBIL Delvac 1100 Series 10w, 20/20W , 20/20W 2(()) 50
Delvac 1200 Series 10w, 20/20W 20/20W 438 50
30
Estor HD ow 2 20 —
ESSO Esso Lube HD - 20 ig 50
Standard Diesel Oil 1ow 20 ig 50
B.P.
(British B.P. Varellus C3 10w, 20w 20w 30,40 50
Petroleum)
1-2.7 Engine oil replacement and handling 1-2.8 Adding oil

(1) Necessity of replacement
Since the engine oil is exposed to high temperatures
during use and is mixed with air at high tempera-
tures, it will oxidize and its properties will gradually
change. In addition, its lubricating capabilities will be
lost through contamination and dilution by water,
impurities, and the fuel. Emulsification and sludge
are produced by heat and mixing when the lubricat-
ing oil contains water and impurities, causing its vis-
cosity to increase. Moreover, if the carbon in the cyl-
inders enters the crankcase, the oil will turn pure
black and the change in its properties can be seen
at a glance. The continued use of deteriorated oil
will not only cause wear and corrosion of moving
parts, but will ultimately cause the bearings and cyl-
inders to seize. Therefore, deteriorated oil must be
replaced.

(2) Replacement period
Although the engine oil change interval differs with the
engine operating conditions and the quality of the
lubricating oil and fuel used, the oil change interval
should be as follows when CB grade oil is used in a
new engine:
Isttime ........ After approximately 20 hours of use
2ndtime........ After approximately 30 hours of use
From 3rd time ... Afterevery 100 hours of use
Drain the old oil completely and replace it with new oil
whilethe engineis still warm.

CAUTION: Never mix different brands of lubrication oil.

116

The crankcase and clutch case are not connected. For the

crankcase, add one of the lubricating oils described in
chapter 1.2.6. For the clutch case, add the lubrication oil
described below. Be sure not to mix up the oils.

Supplier [ 1GM [2GM [3GMD 3GM, 3HM
SHELL | SHELL DEXRON
CALTEX . TEXAMATIC FLUIDI(DEXRON)
W‘ Same lube oil OBIL
————| s for crankcase M ATF 220
ESSO ESSO ATF
B.P. B.P. AUTRAN DX
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(1) Remove the clutch case clutch and head cover filler
plug (engine), and fill with specified lubricating oil up
to the top marks on the respective dipsticks. (Oil levels
must not drop below the lower marks on the dipsticks.)

Engine

Clutch

(2) Since it takes sometime for the oil to flow completely
into the clutch case and oil pan, wait for 2 ~ 3 minutes
after filling before checking the oil levels. Moreover,
check the oil while the boat is afloat.

1-2.9 Oil capacity

SM/IGM+-2GM+-3GM(D) -3HM

Lubricating oil capacity at an engine mounting angle (rake)

of 8° is given below.

Crankcase Clutch case
1GM 13¢ 0251
2GM 2.0t
3GMD 0.3¢
271
3GM
0.7¢
3HM 5.51

* Check the crankcase oil level by completely inserting the
dipstick. Check the clutch case oil level without screwing

in the cap.

The oil levels must be between the upper and lower limit
marks on both dipsticks.
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2. Engine Operating Instructions

2-1Preparations before starting
2-1.1 Fueling up
(1) Check the fuel level in the fuel tank and add fuel if
necessary.
(2) Remove water and dirt collected in the bottom of the
tank using the fuel tank drain cock.
(3) Add clean fuel to the tank.
Since dirt and water sink to the bottom of the fuel
drum, do not turn the drum upside down and do not
pump the fuel from the bottom of the drum.

2-1.2 Adding lubricating oil
(1) Check the oil level with the dipstick, and add oil, if
necessary, to bring the level up to the to mark of the
dipstick.
The level must neither be too low nor too high.
(2) The crankcase and clutch case require different oil.

Check both and add oil separately, being careful not to (3) Bleed the air from the fuel return pipe.

mix the oils. Loosen the connnector bolt of the fuel return pipe in-
(3) Since the crankcase oil flows into the crankcase stalled on the fuel injection valve, and bleed the air by

through the camshaft and valve chambers, wait 2 ~ 3 operating the manual handle of the fuel pump.

minutes before checking its level. Bleed the air in the No.1 cylinder (timing gear case

side) and No.2 cylinder (clutch side), in that order.
2-1.3 Lubricating each part
(1) Lubricate each pin of the remote control lever.

2-1.4 Checking fuel priming and injection

(1) Operate the priming lever of the fuel pump.

(2) Set the regulator handle to the full speed position and
check for injection sound by turning the engine over
several times.

(3) If there is no fuel injection sound, bleed the air from
the fuel system.

2-15 Bleeding the fuel system

Since the presence of air in the fuel system anywhere
between the fuel tank and the injection valve will cause
faulty fuel injection, always bleed the air from the system
when the fuel system is disassembled and reassembled.

Bleeding the fuel system

(1) Open the fuel tank cock.

(2) Bleed the air from the fuel filter.
Loosen the air bleeding plug at the top of the fuel filter
body and operate the manual handle of the fuel pump
until no more bubbles appear in the fuel flowing from
the filter.
Then install and tighten the air bleeding plug.

11-8
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Loosen the nipple on the fuel injection valve side, set
the requlator handle to the operating position and the
decompression lever to the decompression position,
and crank the engine. When no more bubbles appear
in the fuel flowing from the end of the injection pipe,
retighten the nipple.
{5) Check injection.

After bleeding the air, set the regulator handle to the
operating position, set the decompression lever to the
decompression position, and crank the engine. When
fuel is being injected from the injection valve, an injec-
tion sound will be heard and you can feel resistance if
you place your hand on the fuel injection pipe. This
check must not be performed more than two or three
times since overchecking will flood the combustion
chamber with fuel, and faulty combustion will occur at
starting.

2-1.6 Checking for abnormal sounds by cranking

(1) Set the regulator handle to the STOP position, release
the compression of the engine by setting the decom-
pression lever, and crank the engine about 10 times to
check for abnormal sounds.

(2) Crank the engine with the starting handle
(Always turn the engine in the proper direction of rota-
tion.)

2-1.7 Checking the cooling system
(1) Open the Kingston cock.
(2) Check for bending and cross-sectional deformation of
the cooling water inlet pipe.
(3) Set all water drain cocks to the CLOSED position.

2-1.8 Checking the remote control system
(1) Check that the remote control handle operates correct-
ly.
(2) Check that the engine stop remote control operates
smoothly.

2-1.9 Checking the electrical system

(1) Check the battery electrolyte level and add distilled
water if low.

(2) Check that the wiring is connected correctly.
(Especially for polarity.)

(3) Turn the battery switch on, set the main switch to the
ON position, and check if the oil pressure lamp and
charge lamp are illuminated and if the alarm buzzer
sounds when the engine is stopped.

(The charge lamp should be on while the engine is
stopped and should be off while the engine is running.)

2-1.10 Checking appearance and exterior
(1) Check for loose or missing bolts and nuts.
(2) Check for loose ordisconnected piping and hoses.
(3) Check that there are no tools or other articles near
rotating parts oron the engine.

1-9

2.2 Starting and warm-up

2-2.1 Starting
(1) Starting procedure
1) Set the clutch handle to the “NEUTRAL"” position.
2) Set the governor leverto the “MEDIUM SPEED".
3) Keep the decompression lever in the “OPERA-
TION" position.
Set the main switch to the ON position.
The alarm buzzer will sound.
Push the starting button to start the engine.
Release the start button after the engine has
started.
When the engine has started, the alarm lamps and
buzzer will go off.
If the lamps or buzzer stay on, immediately stop
the engine and check for trouble.

4)

5)

6)

A type
Rubber sealed lamp (Sail-drive)

Water temperature warning tamp

Qil pressure warning lamp
Charge lamp

Push bottom switch—

Key switch

B type

Rubber sealed lamp (Sail-drive)}

Water temperature warning lamp

Key
switch

Alarm buzzer

Lamp switch for tachometer
Push bottom switch
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(2) Starting precautions (2) Starting in cold weather
1) Don’t continue to push the starting button over 15 1) Pull the neutral knob, and set the control lever to
seconds. the HIGH SPEED position.
If the engine doesn't start, wait 30 seconds or
more.

2) When restarting the engine, always confirm the
flywheel is stopped.

If you re-start the engine while the flywheel is
rotating, the pinion gear of the starter motor and
the ring gear of the flywheel will be damaged.

3) When starting is difficult in cold weather lift the
decompression lever to decompress the engine, e
and tum the starting motor. Once the engine has ] —[
reached a certain speed, return the decompres-
sion lever to the “OPERATION" position. in this
way, starting is made easier while current com- 2) Set the decompression handle to the DECOM-
sumption is reduced. PRESSION position.

3) Set the main switch to the ON position and start
the engine by pushing the starting button, at the
same time putting the decompression lever to the
COMPRESSION position. After the engine has

High speed

2-2.2 Starting with one-handle remote control (option)

(1) Starting procedure started, return the control lever to the MEDIUM
1) Pull the neutral knob and set the control lever to SPEED position.
the “MEDIUM SPEED” position. *When the control lever is set in the HIGH SPEED

position, injection timing is automatically delayed to
facilitate starting.

CAUTION: When the engine is started with the control
lever in the HIGH SPEED position, the starting
button must be released immediately and the
control lever must be returned to the idiing

Pull neutral knob position after the engine has started.
if the starting button is not released, the starter
motor will overrun, causing it to be damaged or
burnt out.

2-2.3 After starting
(1) Warm-up operation
The engine must not be suddenly operated at full load
immediately after starting. Warm up the engine for
about 5 minutes after starting by running the engine at
about half speed, and begin full load operation only
after the temperature of each part has risen to a
uniform value. Neglecting to warm up the engine will
resultin;
1) Seizing of the piston and liner due to sudden heat
expansion of the piston.
2) Burning of piston rings and seizing of bear-
ings/bushings because of insufficient lubrication.
3) Faulty intake and exhaust valve seat contact and
shortening of the life of each part due to sudden
heating.
Warm-up time (no-load operation)
1,000 ~ 1,200 rpm 3 minutes
1,600 ~ 1,800 rpm 2 minutes
CAUTION: Do not run the engine at full speed for 50 hours
after installation to assure proper break-in.

2) Set the main switch to the “*ON" position, and
push the starting button to start the engine.
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(2) Checking after starting
Check the following with the clutch in the NEUTRAL
position:
1) Metersand lampsonthe instrument panel
¢ Check that all alarm lamps are off
(1,000 rpm or higher).
e Alarm buzzer must be off.
Cooling waterdischarge
(Check that the cooling water temperature
reaches 45 ~ 55°C before beginning operation.)
3) Check forabnormal sounds and heating.
4) Check for oil and water leakage from piping.
5) Check the state of lubrication of the valve arms.

2)

2-3 Operation

If warm-up operation is normal, engage the clutch and
begin normal operation. Check the following during opera-
tion and stop the engine and take suitable corrective action
if there are any abnormalities.

2-3.1 Checks during operation
(1) Oil pressure
Check that the lubricating oil pressure and operating
oil pressure lamps are off.
Lubrication oil pressure during operation; 25 ~ 35
kg/cm?
(2) Cooling water
Periodically check whether water is being discharged
from the cooling water outlet pipe.
If the cooling water is being discharged intermittently
or if only a small amount of water Is being discharged
during high speed operation, immediately stop the
engine and check if air is being sucked into the cooling
system, the impeller of the water pump is abnormal, or
the water pipes and Kingston cock are clogged.
Cooling water temperature during operation: 45 ~
55°C.
Check that the water temperature alarm lamp is off.
Fuel
Check the fuel level in the fuel tank and add fuel before
the tank becomes too low. If the fuel level is low, air
will enter the fuel injection system and the engine will
stop.
(4) Charging
Check that the charge lamp is off.
If the charge lamp is still on even when the engine is
runat 1,000 rpm or above, the charging system is faulty
and the battery is not being charged.
(5) Temperature of each part
At full power operation, the surface temperature of
each engine part is about 50 ~ 80°C and hot to the
touch. If engine temperature is too high, the oil will be
used up, the propeller shaft will not be centered, or
other troubles may occur.
(6) Leakage and abnormalities
Check for water leakage, oil leakage, gas leakage,
loose bolts, abnormal sounds, abnormal heating, and
vibration.
(7) Exhaust color
Black exhaust smoke indicates that the engine is be-
ing overloaded and that the lives of the intake and ex-

(3)

11-11

haust valves, piston rings, cylinder liners, and injection
nozzle will be shortened. Do not run the engine for
long periods when exhaust is this colour.

(8) Abnormal sounds, abnormal heating
When abnormal sounds or abnormal heating occur
during operation, immediately stop the engine and
check for trouble.

2-3.2 Operating precautions

(1) Always set the battery switch and main switch to the
ON position during operation.

Since the diodes of the alternator will be damaged,
don’t set the switches OFF position.

(2) Do not touch the starting button during operation.
Operation of the starter motor pinion will damage the
gears.

(3) Since the boat will resonate and vibrate at a certain
speed, depending on the structure of the hull, do not
operate it at that speed.

(4) Always set the clutch in the neutral position and wait
for the propeller to stop rotating before raising the pro-
peller shaft(if hoisting type stern gears are installed).

(5) Do not suddenly apply a full load to the engine or
operate it at full load for long periods.

2-4 Stopping
2-4.1 Stopping procedure

(1) Before stopping, put the clutch in NEUTRAL and run
the engine at approximately 1,000 rpm for about 5
minutes.

(2) Before stopping, temporarily raise the speed to the
rated speed to blow out residue in the cylinders. Then
stop the engine by pulling the engine stop lever to cut
the fuel.

2-4.2 Stopping precautions

(1) Do not stop the engine with the decompression lever.
If the engine is stopped with the decompression lever,
fuel will remain in the combustion chamber and abnor-
mal combustion will occur when the engine is started
again, perhaps damaging the engine,

(2) If the engine is stopped immediately after full-load
operation, the temperature of each part will rise sud-
denly, leading to trouble.

2-4.3 Inspection and procedures after stopping

(1) Always close the Kingston cock after the engine is
stopped.
Water may enter because of a faulty water pump, etc.

(2) In cold weather, the cooling water should always be
drained after engine use to prevent freezing. There are
water drain cocks on the cylinders and the exhaust
manifold. (Drain the waterafter the engine has cooled.)

(3) Check for oil leakage and water leakage, and repair as
required.

(4) Check forloose bolts and nuts, and repair as required.
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2-5 Storage when moored for an extended period

(1) Securely close engine room windows and doors so
that rain and snow cannot enter.

Also plug the exhaust outlet since water that enters
the cylinder from the exhaust pipe will be compressed
when the engine is started, causing serious trouble.

(2) The boat may also sink because of water leakage at
the stern tube stuffing box packing. This can be pre-
vented by tightening the packing.

(3) Change the lubricating oil before cranking the engine.

(4) Wipe off each part and coat with oil to prevent rusting
of the engine exterior.

(5) Coat the regulator handle stand and each link with a
thin film of lube oil or grease.

(6) Run the engine once a week to lubricate each part.This
will prevent rusting of the bearings, pistons, and
cylinder liners.

2-6 Emergency stop

(1) Loosen the fuel valve high-pressure pipe to release the
fuel.

(2) Pull the decompression lever (decompression mech-
anism) so that compression is not applied to the com-
bustion chamber.

(3) Block the air intake port so that air does not enter the
combustion chamber.

1-12
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3. Troubleshooting and Repair

3. Troubleshooting and Repair

If trouble occurs in the engine,
mediately stopped or run at low
the trouble is located.

If even extremely small troubles

the engine must be im-
speed until the cause of

are not detected and cor-

rected early, they can lead to serious trouble and even
disaster. Detecting and correcting troubles quickly is ex-

tremely important.

3-1 Troubles and corrective ac

tion at starting

Trouble

Cause

Corrective action

Flywheel fails
to rotate correctly

(1) Battery not charged
(2) Starter motor faulty

(3) Moving parts seized

(4) Lubricating oil viscosity
too high

1) Recharge battery

2) Disassemble and repair starter motor

3) Inspect and repair

4) Replace with lubricating oil of suitable
viscosity

(1) Fuel not injected, or
injection faulty

1) Prime and bleed air from fuel lines

2) Inject fuel through injection valve and replace
needle if required

3) Clean fuel filter

4) Check operation of fuel pump, plunger, plunger
spring, and delivery valve, and replace
if required

5) The remote control system or governor is
faulty, so check if fuel is cut off, and adjust
if required

Starter motor rotates,
but engine fails to start

(2) Fuel injection timing
incorrect

1) Correct the fuel injection timing
2) Check if alignment mark of timing gear is aligned

(3) Compression pressure low

1) Lap valves when air tightness of intake and
exhaust valve is poor

2) Replace cylinder head packing if gas is leaking

3) Clean or replace piston rings when
sticking occurs

4) Readjust timing when intake and exhaust valve
closing is considerably slow.

(4) Drop in compression ratio

1) Replace piston pin bearing and crank pin
bearing if worn
2) Replace piston rings if worn

11-13
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3-2 Troubles and corrective action during operation

Trouble

Cause

Corrective action

Engine stops suddenly

(1) Fuel injection cut off due to
trouble in the governor or
governor system

(2) Air in fuel tank

(3) Air in fuel system

(4) Piston, bearing, or other
moving parts seized

1) Inspect, and repair or replace

2) Add fuel
3) Bleed air

4) Inspect and repair or replace the parts

Speed decreases
unexpectedly

(1) Governor maladjusted
(2) Overload

(3) Piston seized

(4) Bearing seized

(5) Fuel filter clogged

(6) Fuel injection pump or
injection valve sticking
Dirt in fuel pump delivery
valve

(7) Air in fuel system

(8) Water in fuel

1) Adjust

2) Lighten the load (check propeller system and
power take-off system)

3) Stop the engine, and repair or replace

4) Stop the engine, and repair or replace

5) Clean the fuel filter

6) Stop the engine, and repair or replace

7) Prime and bleed air
8) Drain the fuel tank and fuel filter
Add fuel if insufficient

Exhaust color is bad

(1) Load unsuitable

(2) Fuel injection timing off

(3) Fuel unsuitable.

(4) Injection valve faulty

(5) Intake and exhaust valve
adjustment faulty

(6) Intake and exhaust valves
leaking.

(7) Output of cylinders uneven

(8) Injection pressure too low
(9) Precombustion chamber
melted

1) Adjust the load (check propeller system and
power take-off system)

2) Adjust injection timing

3) Change the fuel type

4) Test injection and replace valve if required

5) Adjust valve head clearance

6) Lap or grind valves

7) Check the fuel injection pump and injection valve
and replace if necessary

8) Set injection pressure with shims

9) Replace the precombustion chamber...Perform
item (1) above

Full load operation
impossible

(1) Fuel filter clogged
(2) Fuel pump plunger worn

1) Check and replace filter element
2) Replace plunger and barrel as a set

Output of cylinders
uneven

(1) Air in fuel pump or fuel line

(2) Water in fuel

(3) Fuel injection volume uneven

(4) Fuel injection timing uneven

(5) Intake and exhaust valves
sticking

(6) Injection valve faulty

1) Prime and bleed air from the fuel pump and fuel
lines

2) Drain the fuel tank and fuel fitter and add fuel

3) Check and adjust injection volume

4) Check and adjust injection timing

5) Disassemble and clean

6) If nozzle is clogged, clean; replace nozzle if
necessary
If the needle is sticking, inspect and replace
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Trouble

Cause

Corrective action

Engine knocks

(1) Bearing clearance too large

(2) Connecting rod bolt loose

(3) Flywheel bolt, coupling bolt
loose

(4) Injection timing faulty

(5) Too much fuel injected
because of faulty fuel pump
or injection nozzle

1) Inspect, and repair or replace parts
2) Check and retighten

3) Check and retighten or replace bolt as required

4) Check and adjust

5) Check fuel injection pump and injection nozzle
and replace if required

Engine oil pressure low

(1) Lubricating oil leakage

(2) Bearing, crankpin bearing
clearance too large

(3) Oil filter clogged

(4) Oil regulator valve loose.

(5) Oil temperature high;
cooling water flow
insufficient

(6) Lubricating oil viscosity low

(7) Excessive gas leaking into
crankcase

1) Check engine interior and exterior piping,
replenish oil

2) Check clearance, and replace bearing if necessary
3) Check and replace filter element
4) Check and readjust oil pressure

5) Check oil pump, and replace if necessary

6) Replace with oil having a high viscosity index
7) Check pistons, piston ring, and cylinder liners and
replace if necessary

Lubricating oil
temperature too high

(1) Cooling water flow
insufficient

(2) Excessive gas leaking in to
crankcase

(3) Overload

1) Check water pump

2) Check piston rings and cylinder liners

3) Lighten the load

Cooling water temperature
high

(1) Air sucked in with cooling
water

(2) Cooling water flow
insufficient

(3) Cooling system dirty

(4) Thermostat faulty

1) Check water pump inlet side pipe connections

2) Check water pump

3) Flush cooling system with cleaner
4) Replace thermostat

Propeller shaft rotates
even when clutch is in
neutral position

(1) Neutral position adjustment
faulty

(2) Friction plate seized

(3) Steel plate warped

1) Reset neutral position adjusting bolt

2) Check and repair
3) Repair or replace

Ahead, neutral, astern
switching faulty

(1) Clutch face seized

(2) Moving parts, lever system
malfunctioning

(3) Remote control system
malfunctioning

1) Replace
2) Readjust

3) Repair or replace

Abnormal heating

(1) Clutch slipping because of
overload operation

(2) Bearing damaged

(3) Excessive oil

(4) Oil deteriorated

1) Reduce load

2) Replace
3) Check oil level and adjust to prescribed level
4) Replace oil

Abnormal sound

(1) Gear noise caused by
torsional vibration
(2) Gear backlash excessive

1) Avoid high speeds
2) Replace
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Chapter 12 Disassembly and Reassembly

1. Disassembly and Reassembly Precautions
SM/IGM-2GM-3GM(D) 3HM

DISASSEMBLY AND REASSEMBLY

This chapter covers the most efficient method of disassembling and
reassembling the engine. Some parts may not have to be removed,
depending on the maintenance and inspection objective. In this case,
removal is unnecessary and disassembling in accordance with this sec-
tion is not required.

However, if you follow the disassembly and reassembly procedures, ad-
justment methods, and precautions described in this chapter, you
should be able to prevent subsequent troubles and a ioss in engine
performance after reassembly. The engine must be test-run to confirm
that the engine is functioning properly and delivering full performance.
Since this chapter does not cover detafied disassembly and reassembly
procedures for each part, refer to pertinent chapters for details.

1. Disassembly and Reassembly
Precautions

(1) Record the parts that require replacement, and replace
them with new parts during reassembly.

Be careful not to reassemble with the old parts.

(2) Do not forget adhesives and packing agents for sealing
during reassembly.

Packing of the specified quality and packing agents
matched to the packing material must be used.

(3) Arrange the disassembled parts into groups, such as in-
dividual cylinders, intake and exhaust, etc.

Cylinder No. is indicated No. 1, No. 2 andfor No. 3
cylinder from Flywheel side.

(4) The prescribed tightening torque must be observed
when tightening bolts and nuts. Moreover, since the
strength of the bolts and nuts depends on their material,
be sure to use the correct bolts and nuts at their proper

places.
Special bolts, nuts. . . . Head cover, rod bolts, flywheel, etc.
Strongbolts......... Bolts marked (7) (JIS.7T)

Common bolts, nuts . . Unmarked (JIS.4T)
In addition, check the disassembly and reassembly precau-
tions for each engine model.
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2. Disassembly and Reassembly Tools
SM/IGM2GM 3GM(D)-3HM

2. Disassembly and Reassembly Tools

The following tools are necessary when disassembling and
reassembling the engine. These tools must be used accor-
ding to disassembly process and location.

2-1. General handtools

Name of tool Mustration Remarks

YANMAR standard
Code no.; 28110-100130
Size; 10 x 13

Wrench

YANMAR standard
Wrench Code no.,; 28110-170190
Size; 22 x 19

YANMAR standard
Code no.; 28110-220240
Size; 22 x 24

Wrench

YANMAR standard
Wrench Code no.; 28110-270300
Size: 27 x 30

. YANMAR standard
Gasoline Feeder i Code no.; 28210-000150

: YANMAR standard
Screwdriver P : Code no.: 104200-92350
3

NS
U
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SM/IGM-2GM+-3GM(D) -3HM

Name of tool lllustration Remarks

1)
4 “')

Steel hammer \ Local supply
')

Copper hammer | ) ) Local supply

Mallet e U l Local supply

Nippers Local supply

Pliers Local supply

Offset wrench

Local supply 1 set

Box spanner

= —
= %)
P |
2
e
¢ O
i
=t -
-
=

Local supply 1 set
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SM/1GM-2GM+3GM(D)-3HM

Name of tool Mustration Remarks
Lead rod Local supply
File ———— - Local supply 1 set

Rod spanner for
hexagon socket
head screws

Local supply

Size: 4mm (0.1575in.)
Smm (0.1969in.)
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2-2 Special handtools

Name of tool Shape and size Application

Removal
— Lock nut
Plate B
‘Spacer cylinder {;EE 1
Insertion 4 :
extraction bolt bRl
Insertion guiding Plate A / 7 \'”59“'0“ guide
and extracting bolt L CrankiBEaing
Plate A Spacer

Insertion guide
and extraction seat

Main bearing replacer

Nut
Installation

—t 4 :

] ) st i ;

= T ity

Model Assembly code no. Plate %paﬁ?} . ? ‘ \'- Plate B
1GM, 2GM, 3GM(D) 124085-92400 insertion guide Crank bearing
3HM 128670-92400

Lubricating oil No. 2
filter case remover
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Name of tool Shape and size Application

mm (in.)

‘ -‘ ’ Piston pin extractor

pd
—
D

Piston pin insertion/
extraction tool

Model | d D 1 Code No.

. -0.15
1GM, | 29501 [ 820_g 55 97 124085

2GM, | (03700 | 07776 :
3amip)} ~03780) | CF7T5 | (38189) | 92260

IHM 212 @22 80 128670
(0.4724) | (0.8661) |(3.1496) | -92260
a0 mm (in.)
t
()
o
Connecting rod small
end bushing insertion/
extraction tool Model | @ | D | t |Code No.

-0.3 -03
1GM, | 220293 | 222793 20 124085

2GM
! (0.7480 (0.8268 0.7874 -92270
3GM(D)| ~0.7756) | ~0.8543) ( )

-0.3 -0.3
3HM 223_0% | 22593 3.0 128670
(0.8819 | (0.9606 | (1.1811)| -92270

~0.8937) | ~0.9724)

65 (2.5591) ) mm (in.)
3 55 (2.1654)
[7e)
8 25 (0.9843)
2 .
128 ATy Y T8
Intake and exhaust . o A s
valve Insertion/ el ) vy
extraction tool o3 B
a0
so 3
N
o ©
82
[
o
9
Code no.; 124085-92250 =
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Name of tool

Shape and size

Application

Piston ring
compressor

Code no.; 101200-92140

Pistan insertion guide

Valve lapping handle

Code no.; 28210-000031

Valve lapping powder

=

Code no.; 28210-000070

Lapping tool

Feeler gauge

=

Code no,; 28312-200750

Fuel injection valve
replacer

mm {in.)

-M14 % 1.5 (0.55)

B

- @13 (0.51)

Code no.; 101104-92180
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SM/1GM+-2GM+-3GM(D) -3HM

Name of tool

Shape and size

Application

Puliey puller

Rocal supply

~

\,,/"—'“\\ PE|
e\ Ny

|
s LY

Removing the coupling

Tool for turning
crankshaft gear nut
Tightening the
crankshaft gear nut

e mm (in.)

Width across
flats of
hexagonal hole

2 Code no.; 124085-92700

Driving tool for bearing
inner race (for models
1GM, 2GM and 3GMD)

mm (in.)

Code no,; 177088-09150

The bearing inner race of the drive output shaft.

Operation lever locating

jig (for models 1GM,
2GM and 3GMD)

mm {in.)

t = 10.0(0.3937)

Code no.; 177088-09160

Adjusting the operation lever
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Name of tool Shape and size Application
C=pR
Extractor tool for the O
bearing outer race (for
models 1GM, 2GM and O O
3GMD)
— Tool
Case body
1]

Code no, 177088-09160

~ Bearing outer race

Extracting the bearing outer race from the housing.

P mm (in.)
b
Output shaft nut
wrench for
3GM-3HM-
A | B | c | Code No.
@55 230 45
(2.1654) | (9.0551) | (.7717) | 177099-09010
mm (in.) Output shaft nut wrench- >
Output shaft coupling lock -~
Output shaft coupling
lock for 3GM-3HM
For removing and tightening the output shaft
nu
A ! B | cCode No.

290(11.4173) | @100 (3.9370) l 177099-09020

Puller cradle for
3GM-3HM

mm (in.)

229 (1.1417)

- Cradle

Pulley puller

For removing the output shaft when using a
pulley pulter.

Code no.; 177095-09170
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SM/1GM+2GM+-3GM(D)-3HM

Name of tool

Shape and size

Application

Pulling support for
3GM-3HM

mm (in.)

2100 {3.9370)

{0.4724)

e al

-?99‘3}

Code no.; 177099-03030

Plate for spring retainer

For removing the needle bearing inner race,
thrust collar and thrust bearing of the output
shaft (forward gear side).

Plate for spring re-
tainer for 3GM-3HM

mm (in.)

{3.1496)
80

el

(3.1496)

Code no.; 177095-09070

-Plate spring

™ Circlip
“Pla(e for spring retainer
“Vice
For removing and installing the plate spring,

retainer and circlip of the large gears (forward
and reverse).

Assembly spacer for
3GM-3HM

mm {in.)

{3.1496)
a8

(0.7874)

Code no.; 177090-09010

Depth gauge

\Assembly spacer

For determining the thickness of the
adjusting plate.
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SM/IGM2GM -3GM(D}+3HM

Name of tool Shape and size Application
mm {in.)
(1.7717)
23 T
|

Inserting tool for
3GM-3HM

Code no.; 177095.09020

P

inserting tool

- Driving plate

" Pressure plate

Forward large gear

For installin? the spacer and needle bearing
inner raca ©f the output shaft, {reverse smail

gear side).

Inserting tool for
3GM-3HM

mm{in.)

{1.49681)
238
e
83
)
@45
(7

Caode no.; 177099-03040

A 'l‘j:m—;.—'

Shift ring - { AR

38 = 5 S

For installing the thrust bearing and thrust
collar (reverse large gear side}.
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2-3 Measuring instruments

Nomenclature

Accuracy and range

Vernier calipers

)/ ——

Wunnulnuu =

1/20mm,
0~ 150 mm,

Micrometer

1100 mm,
0~ 25mm,
25~50mm,
50~ 75mm,
75~ 100 mm,

Cylinder gauge

o

1/100 mm,
18 ~35mm,
35~ 60 mm,
50 ~ 100 mm,

Thickness gauge

0.05 ~ 2mm
(0.0020 ~ 0.0787 in.)

Torque wrench

0 ~ 13 kg-m.
(0 ~ 94 ft-Ib)

Nozzle tester

0 ~ 500 kg/cm?
(0 ~ 7111.7 Ibfin.?)
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SM/IGM +2GM -3GM{(D) -3HM

3. Others

Supplementary packing agent Type

Use

“Three Bond 3B8-005"

White. Since "Three Bond 3B8-005" is a nonorganic
solvent, it does not penetrate asbestos sheets made
principally or completely of asbestos. Always use it with
grey asbestos sheet packing for complete oil tightness.
When “Three Bond 3BB8-005" is difficult to obtain, use
- silicone nonsolvent type “Three Bond No. 50.”

“Three Bond No. 50"

Grey. Silicone nonsolvent type liquid packing. Semidry
type packing agent coated on mating faces to prevent oil
and gas leakage. Does not penetrate asbestos sheet and
assures complete oil tightness.

“Three Bond No. 1”

Reddish brown. Paste type wet viscous liquid packing.
Ideal for mating faces which are removed but reinstalled.
Particularly used to prevent water leakage and to prevent
seizing of bolts and nuts.

The surface to be coated must be thoroughly cleaned
with thinner or benzene and completely dry. Moreover,
coating must be thin and uniform.

Products of Three Bond Co., Ltd.

Paint

Color spray

Metallic Ecole Silver is used
entirely on this engine.

Wipe off the surface to be painted with thinner or
benzene, shake the spray can well, push the button at
the top of the can and spray the paint onto the surface
from a distance of 30 ~ 40 cm.

Paint

Type
White paint
(Mixed oil paint)

Usage point

Cylinder liner
insertion hole

Use

Paint parts that contact the cylinder body when
inserting the cylinder liner to prevent rusting and
water leakage.

Yanmar cleaner (Ref.)

Cooling passage cleaner is made by adding one part
“Unicon 146" to about 16 parts water (specific gravity
ratio). To use, drain the water from the cooling system,
fill the system with cleaner, allowing it to stand overnight
(10 ~ 15 hours). Then drain out the cleaner, fill the
system with water, and operate the engine for at least
one hour.

1213

NEJI LOCK SUPER 203M: a locking agent for screws (Ref.)

For coating on screws and bolts to prevent loosening,
rusting, and leaking. To use, wipe off all oil and water on the
threads of studs, coat the threads with screw lock, tighten
the stud bolt, and allow to stand until the screw lock
hardens. Use screw lock on the oil intake pipe threads, oil
pressure switch threads, fuel Injection timing shim faces,
and front axle bracket mounting bolts.
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4. Disassembly

4-1.General Precautions

Maintenance and inspection should be done as effectively
as possible, avoiding unnecessary disassembling except

for general overhauls.
At the time of disassembly, record the presence of parts

which require repair or replacement, and make ar-
rangements beforehand for procurement of such parts so
that problems will not occur during the reassembling
operation.

4-2. Dismantling engine modei 1IGM

4-2.1 Open the cooling waterdrain cock and drain the
cooling water

4-2.2 Drain the lubricating oil

(1) Engine side
Insert a suction tube into the dipstick hole and pump
out the oil with a waste oil pump (option).
Or remove the plug of oil pan and oil intake pipe, and
drain the oil.

12-14

(2) Clutch side
Pump out the oil from the filler/dipstick hole using a
waste oil pump or remove the drain plug at the bottom
stem side of the clutch case and drain the oil.
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4-2.3 Disconnect the remote control cables

(1) Clutch remote control cable and bracket

(2) Speed remote control cable and bracket

(3) Engine stop remote control cable and bracket
(4) Decompression remote control cable

4-2.4Disconnectthe electrical wiring

(1) Alternatorwiring

(2) Starter motor wiring

(3) Water temperature switch wiring
(4) Oil pressure switchwiring

(5) Tachometer senderwiring

4-2.5 Disconnect the cooling water inlet pipe
NOTE: Always close the Kingston cock.
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4-2.6 Remove the air Intake silencer

Remove the intake silencer clip and the filter element. Then
remove the setscrew and the cover.

/Intake silencer

Filter element
/

4.-2.7 Disconnect the fuel piping

(1) Fuel tank to feed pump
(2) Feed pump to fuel filter
(3) Fuel filter to fuel injection pump
(4) Fuel high pressure pipe
(5) Fuel return pipe

4-2.9 Remove the altemator

(1) Loosen the adjusting bolt and remove the V-belt
(2) Remove the alternatorand bracket

4-2.10 Remove the water pump

(1) Disconnect the hose between the water pump and cool-
ing water cylinder inlet joint.

pump

(2) Loosen the water pump mounting bolts and remove the
waterpump.

4-2.11 Remove the oil tilter and bracket.

(1) Remove the oil filter using the remover.
(2) Loosen the joint bolts and remove the oil pipes.
(3) Remove the oil filter bracket.

Oll filter bracket
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4-2.12 Remove the rocker arm chamber

Rocker arm
chamber

4-2.13Remove the mixing elbow

(1) Disconnect the cooling water bypass hose
(2) Remove the mixing elbow

Mixing elbow

PN
. //,ﬂ:f§>, |1

4-2.14Remove the rocker arms
(1) Remove the rocker armass'y

Rocker arm
support

1216

(2) Pull the push rods

(3) Remove the cotter pins of the intake and exhaust valve
springs.

NOTE: Arrange parts by intake and exhaust.

4-2.15 Remove the cylinder head

(1) Disconnect the lubricating oil pipe located at the
cylinder block and the cylinder head.

(2) Remove the cylinder head nuts in the prescribed order,
and remove the cylinder head.

(3) Remove the gasket packing
NOTE: Clearly identify the front and back of the gasket
packing.

4-2.16 Remove the crankshaft pulley

Remove the crankshaft pulley end nut and remove the
V-pulley and key.

4-2.17 Remove the injection pump

(1) Remove the fixing nut of the fuel injection pump

(2) Openthe oil supply hole, move the governor lever 2, and
take out the fuel injection pump by matching the control
rack with the cut-off part of the gear case.
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4-2.20 Remove the flywheel
(1) Remove the clutch disk

(3) Remove the injection timing adjustment shims

Damper disk

CAUTION: Note the numberand total thickness of the tim-
ing adjustment shims. (2) Remove the flywheel

4-2.18 Remove the timing gear case Screw-in the two bolts for securing the clutch disc
: (slightly to the left and right sides of the flywheel) and
(1) Remove the starting shaft cover, loosen the bolt with remove it by pulling on the bolts.
the hexagonal socket head, and withdraw the pin for

handle fitting.
(2) Removethe gearcase

(3) Remove the thrust collar, thrust needle bearing, and
governor sleeve.

4-2.19Remove the clutch assembly
Loosen the mounting flange bolts and remove the clutch

assembly. M
PN /‘ ~ /
Oo\l’%ﬁ( iy _

N
4

Flywheel housing
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4-2.22 Remove the feed pump

Feed pump

4-2.23 Remove the lubricating oil dipstick
4-2.24 Remove the governor weight assembly
Remove the crankshaft end nut and remove the governor

weight assembly.
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Special tool

4-2.25 Remove the camshaft gear

{1) Remove the camshaft end nut and remove the fuel cam
{2) Remove the camshaft gear

Camshaft gear

Camshaft

4-2.26 Remove the crankshaft gear and the lubricating
oil pump

(1) Remove the crankshaft gear

(2) Remove the lubricating oil pump and gear assembly

(3) Remove the thrust metal and the thrust washer from the
crankshaft.

Qil pressure
regulator valve
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4-2.27Tum the engine onto its side

(1) Remove the engine feet of the camshaft side
(2) Turn the cylinder block over so that the camshaft side is
on the bottom.

2 y
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4-2.29 Remove the piston connecting rod assembly

(1) Set the piston to bottom dead center and remove the
connecting rod bolts.

Connecting rod bolt

&
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(2) Set the piston to top dead center, turhing the crankshaft
so that the connecting rod does not separate from the
crank pin. Pull out the piston connecting rod assembly
by pushing the large end of the rod with a pusher.

4-2.30 Remove the main bearing housing

Remove the main bearing housing bolt and remove the
main bearing housing.

4-2.31 Pull the crankshaft

(1) Pull the crankshaft
(2) Remove the thrust metal

Crankshaft
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4-2.32 Remove the camshaft 43 Dismantling engine models 2GM and 3GM(D)
(1) Remove the camshaft bearing set screw For the model 3HM engine, refer to the model 3GM(D} in-
(2) Check that all the tappets are separated from the cam, structions as the procedure is almost the same for both
and pull the camshaft out. engine models.

4-3.1 Open the cooling water drain cocks and drain the
cooling water

(1) Cylinder body water drain cock

Ball bearing

Camshaft

4-2.33 Remove the tappets
NOTE: Arrange the removed tappets by intake and exhaust. . .
) (2) Exhaust pipe water drain cock [only for modei 3GM(D))
4-3.2 Drain the lubricating oil
(1) Engine side
Insert a suction tube into the dipstick hole and pump
out the oil with a waste oil pump (option).

12-20
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(2) Clutch side
Pump out the oil from the filler/dipstick hole using a
waste oil pump or remove the drain plug at the bottom
stern side of the clutch case and drain the oil.

(1) Clutch remote control cable and bracket

(2) Speed remote control cable and bracket

(3) Engine stop remote control cable and bracket
(4) Decompression remote control cable

4-3.4Disconnectthe electrical wiring

12-21

(1) Alternator wiring

(2) Starter motor wiring

(4) Water temperature switch wiring
(4) Oil pressure switch wiring

(5) Tachometer sender wiring

4-3.5 Disconnect the cooling waterinletpipe and bilge pipe

NOTE: Always close the Kingston cock

4-3.6 Remove the air intake silencer

Remove the intake silencer clip and the filter element. Then
remove the set screw and the cover.
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4-3.7 Disconnect the fuel piping 4-3.9 Remove the altemator

(1) Loosen the adjusting bolt and remove the V-belt
(2) Remove the alternator and bracket

(1) Fuel tank to feed pump
(2) Feed pump to fuel filter
(3) Fuel filter to fuel injection pump
(4) Fuel high pressure pipe

(5) Fuel retumn pipe

4-3.11 Remove the water pump
(1) Disconnect the hose between the water pump and cool-
4-3.8 Remove the starter motor ing water cylinder inlet joint.

(2) Loosen the water pump mounting bolts, remove the V-
belt by sliding it toward the crankshaft side, and remove
the water pump.
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4-3.12 Remove the rocker arm chamber

(1) Remove the breather pipe at the side of the intake pipe
[intake manifold for model 3GM(D)].
(2) Remove the rockerarm chamber

4-3.13 Remove the exhaust manifold
[only for modei 3GM(D)] and the mixing eibow
(1) Disconnect the cooling water bypass hose at the ther-
mostat cover side.
(2) Remove the mixing elbow (2GM).
(3) Remove the exhaust manifold together with the fuel
filter and mixing elbow [3GM(D)].

4-3.14Remove the rockerarms

(1) Remove the mounting nut and remove the rocker arm
shaft assembly.

12-23

(2) Pull the push rods.
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=
A,

S

(3) Remove the cotter pins of the intake and exhaust valve
springs.
NOTE: Arrange the parts by cylinder no., intake and ex-
haust.

4-3.15 Remove the cylinder head

(1) Disconnect the iubricating oil pipe.

(2) Remove the cylinder head nuts in the prescribed order,
and remove the cylinder head.

(3) Remove the gasket packing

NOTE: Ciearly identify the front and back of the gasket
packing.
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4.-3.16 Remove the crankshaft pulley

Remove the crankshaft pulley end nut and remove the
V-pulley and key. =

4-3.17 Remove the injection pump

(1) Remove the injection pump nut.

(2) Remove the gear case side cover, move the governor
lever 2, take out the fuel injection pump by matching the
control rack with the cut-off part of the gear case.

(3) Remove the injection timing adjustment shims.
CAUTION: Note the numberand total thickness to the tim-
ing adjustment shims.
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4-3.18 Remove the timing gearcase

(1) Remove the starting shaft cover, loosen the bolt with
the hexagonal socket head, and withdraw the pin for
handle fitting.

(3) Remove the thrust collar, thrust needle bearing, and
governor sleeve.

4-3.19 Remove the clutch assembly

Loosen the mounting flange bolts and remove the clutch
assembly.
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4-3.20Remove the flywheel
(1) Remove the damper disk

(2) Remove the flywheel
Screw-in the two bolts to secure the clutch disk (slightly
to the left and right sides of the fiywheel) and remove it
by pulling on the bolts.
LIPS
- = T

4-3.22 Remove the lubricating oil dipstick
4-3.23 Remove the feed pump

4-3.24 Remove the fuel cam
Remove the camshaft end nut and remove the fuel cam

Special tool

Remove the crankshaft end nut and remove the governor
weight assembly.
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4.3.26 Removt?I the lubricating oil pump and driving gear 4-3.30 Remove the pistonconnectingrod assembly
assembly

(1) Set the piston to bottom dead center and remove the
connecting rod bolts.

(2) Set the piston to top dead center, tuming the crankshaft
so that the connecting rod does not separate from the
crank pin. Pull out the piston connecting rod assembly
by pushing the large end of the rod with a pusher.

4-3.28 Tum the engine onto its side

(1) Remove the engine feet of the crankshaft side
(2) Turn the cylinder block over so that the crankshaft side
is on the bottom.

4.-3.29Remove the oil pan and the oil intake pipe

4-3.31 Remove the main bearing housing

Remove the main bearing housing bolt and remove the
main bearing housing.
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4-3.32 Remove the mounting bolt of the intermediate
main bearing i
=

Two intermediate main bearings, viz. No.1 and No.2, for

engine model 3GM(D). (3) Check that ail the tappets are separated from the cam,
and pull the camshaft out.

4-3.33 Pull the crankshaft

4-3,35 Remove the tappets

4-3.34 Remove the camshaft
(1) Remove the camshaft bearing set screw.

NOTE: Arrange the removed tappets by cylinder no. and
intake and exhaust groups.

4-3.36 Remove the liners

Set the engine upright and pull the liners with a liner
puller.

(2) Place the cylinder block upside down or raise the
cylinder block by inserting a piate beneath it in order to
prevent contact between the tappet and the cam.
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5. Reassembly

5.1 General Precautions

Warped washers and packings must necessarily be replac-
ed with newones.

In assembling, sealing must be applied to all designated
parts. Omission may cause serious trouble during a trial
running of the engine after completion of reassembly. Ad-
justments should be performed in accordance with the in-
structions given.

After completion of engine reassembly, recheck any defi-
ciencies which might have appeared during maintenance
and inspection, conduct a trial running of the engine and
then submit it to the user.

5.2 Reassembly of engine model 1GM
5-2.1 Insert the tappets

(1) Turn the cylinder block over or turn it upside down.
(2) Coat the tappets with oil and insert into the tappet

holes. >
AT

| e

Tappels

NOTE: Assemble the tappets at their original positions,
paying careful attention to intake and exhaust.

5-2.2 Insert the camshatft

(1) Coat the camshaft bearing section with oil and insert
the camshaft into the cylinder blockry tapping the shaft
end with a plastic hammer. |

Camshaft
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NOTE: Be careful not to damage the groove in the end of
the shaft.

(2) After inserting the camshaft, check that it rotates

smoothly before tightening the camshaft bearing set

screw.

Set screw

Tightening torque l 2 kg-m (14.5 ft-Ib)

5-2.3 Install the crankshaft
(1) Coat the cam gear side thrust metal with oil and install.

CAUTION: Install so that the thrust metal oil groove is at
the crankcase side, being careful not to
damage the tab.



Chapter 12 Disassembly and Reassembly

o Beessentbyy SM/1GM-2GM-3GM(D)-3HM

(2) Insert the crankshaft 5-2.5 Assemble the piston and connecting rod assembly

(1) Coat the crankpin section with oil and position so that
the crank is at the top.

(2) Coat the piston and crankpin bearing with oil.

(3) Position the piston rings so that the gaps are 120° apart,
being sure that there is no gap at the side pressure sec-

tion.
Gap position of No. 2
- compression ring
a 7
Crankshaft = s o
»{ 55
g cec
5 22 120°
sl 2%
= Q
Y
z Co Direction of side pressure
: : Ly ‘Gap position of oil rin
5-2.4Install the main bearing housing ap 9
(1) Coat the oil seal section with oil (4) Insert the piston connecting rod assembly so that the
(2) insert the main bearing housing and tighten. side of the connecting rod big end with the identifica-

tion number is on the camshaft side.
Install the piston rings with a piston ring inserter.

i |J Main bearing housing Identification number

S

: (5) After the connecting rod large end contacts the
Tightening torque f 2.5 kg-m (18 ft-Ib)

crankpin, push the piston crown down slowly to turn the

(3) Check that the crankshaft rotates smoothly crankshaft to bottom dead center.
{(4) Measure the crankshaft side gap, and adjust it to the
prescribed value by the thickness of the packing.

Crankshaft

0.06 ~ 0.19mm

Crankshaft side gap ‘ (0.0024 ~ 0.0075in.)
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(6) Align the connecting rod cap and connecting rod large
end matching mark and tighten the connecting rod
bolts.

CAUTION: 1. Be careful to tighten the connecting rod bolts

evenly.
2. Coat the bolt threads and washer face with
oil.

o

Tightening torque ’ 2.5kg-m(18.1 ft-Ib)

(7) Measure the side clearance.

02 ~ 0.4mm

Side clearance | (0.0079 ~ 0.0157in.)

(8) Check that the crankshaft rotates smoothly.

5-2.6 Intall the lubricating oil Intake pipe to the oil pan

5-2.7 Install the engine bottom cover (oll pan)

(1) Change the packing.
(2) Install the bottom cover.

Tightening torque | 09 kg-m (6.5 ft-Ib)

5-2.8 Install the mounting flange

(1) Set the engine upright.
(2) Align the positioning pins and tighten the flange.

Mounting flange

Tightening torque 4.5 kg-m (325 ft-Ib)

5-2.9 Install the flywheel

(1) Align the reference pins
(2) Install the flywheel

Flywheel

6.5 ~ 7.0 kg-m
(47 ~ 506 ft-Ib)

Tightening torque

NOTE: After tightening, check the end run-out

5-2.10 Install the clutch assembly
(1) Install the clutch disc on the flywheel

Tightening torque I 2.5 kg-m (18 ft-Ib)




