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Chapter 13 Operating Instructions
1. Fuel Oif and Lubricating Oil

SM/GM(E)XC)-HM(F)C)

1. Fuel Oil and Lubricating Oil

Selection of and proper attention to fuel and lubricating oils
has a substantial effect on engine performance, and these
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 compasition 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 Gil

Shell Shell Diescline or local equivalent
Mohil Mobil Diese! Gil

Esso Esso Diesel Qi

British Petroleum| BP Diesel Gil

1-1.3 Fuel selection precautions
Pay careful attentlon to the following when selecting the
fuel.
(1) Must have a suitable specific gravity
Fuel having a specific gravity of 0.88 ~ 0.94 at 15°C is
suitable as diesel engine fuel. Specific gravity has no
relation to spontaneocus combustibility, but does give
an idea of viscosity and combustibility or mixing of im-
purities.
Generally, the higher the specific gravity, the higher
the viscesity and the poorer the combustibility.
(2) Must have a suitable viscosity
When the viscosity is too high, the fuel flow will be
paor, 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, ete. will
wear rapidly because of insufficient lubrication.
Generally, however, the higher the wscosny, 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’

tienship among the cetane value, startability and firing

Prinied in Japan
DOOCADAL3GT -

13-1

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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The use of a fuel with an unsuitable cetane value will cause
the following troubles:
1) Difficult starting.
2y Poor operation. -
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 inside the
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 combustlon 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.
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Properties and compositions of fuel of various national standards

SM/GM(F)C)-HM(F)C)

National standard

Properties

Japan JI5-K-2204-1965

U.S.A. ASTM-D975-74

U.K. BS-2689-70

Class No.1 Class No.2 No. 2D

and components light oil light ol Diesel oil Class Al Class A2
Specific gravity | 15M4°C — —_ _ — _

30°C cst

(86°F(zzsst) 2.7 or more 2.5 or more (~ 5.2) {r 7.5) {r~ 7.5)
Kinetic viscosity

o] o

?3;8 CHMFN 23 or more) | 2.2 or more) 20n4.3 16 ~ B0 16 ~BD
Reaction Neutral Neutral —_ — —
Flash point °C 50ormore | 50 or more £1.7 or more 550rmore | 55 or more

{"F {122 or more) | (122 or more) {125 or more) {131 or more) | (131 or more)
. °G -5 or less —10 or less —12 or less _
Flow point F) (23 orless) | (14 of less) {104 or fess)
(10% residual | (10% residual .
Residual carbon Welght % oily olly 0.35 or less 0.2 or léss 0.2 or less
0.15 or less 0.15 or less

Moisture Volume % - - - 005 orless | 0.5 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 4
or sedimentation Yo - — 0.06 or less 0.01 or less 0.01 or less
Distillation _
properties, °C 350 or below | 350 or belw 282,21 ~~ 338 a57 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 emnits little smoke when used ina lamp is of
good quality.

(3) Fuel that emits a crackling sound when soaked into
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 be determined.

{5) If cracked by mixing with an equal amount of sulfuric
acid-in-a-glass tube, numerous-black particies 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 fusl

(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
oylinder 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 or corroded injection valve hole
This will cause incomplete combustion and piston and
liner wear, fuel injection mechanism wear, corrosion,
and groove wear and corrosion.

{4} Sediment inside crankcase
Since sediment in the crankcase is often mistakenly
judged as coming from the lubricating oii, care must

be taken in determining its true origin.

1-1.6 Relationship bélween 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 — Directiy related— Related —
No clear Becomes poor Increases as No direct Increases as
90% end relationship when volatility volatility relationship Irrelevant Irrelevant volatility
point Is pocr decreases decreases
o oo e | Rolted— Related—
Viscosity 0 clea Becomes poor : independent | Irrelevant Irrelevant | Increases with
relationship hen vi . viscosity . .
when viscosity INCreases relationship viscosity
intreases :
Related — No gg‘;ﬁl& Related— | Related —
Specific Increases as Associated | Depands on
gravity Irrelevant Irrelevant specific gravity :ng?%enr;dh?nt th?wog;?:)?ﬂic with calo- | properties of
increases € p rific value | engine
value
Related — Related —
10% . No
. Improves as . Decreases as
residual Irretevant Irrelevant residual carbon mdependent irrelevant Irrelevant residual carbon
carbon relationship ;
decreases decreases
No
Sulfur independent
relationship
No
Fla:s? independent
poin relationship
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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 fuet tank because
it contains large amounts of dirt and water.

1-2 Lubricating oil .

Saelection 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 enging
durability. Since this engine is a high-speed engine, always
follow the lubricating cil 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 It away with the lubricating cil 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. :

(6) Rustproofing action: Prevents corrosion by coating
metal surfaces with a thin fitm of oil.

Various additives are added to the lubricating oil to ensure

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

SM/CMFNC)HM(F)(C}

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 ocil temperature goes from low at
starting to high during operation, the viscosity index
should be high at all temperatures.

(3) Must have good lubricating capability
That is, it must coat melal surfaces as a thin film. In
other words, the {ubricating 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, and 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
{ubricating 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 peint. If it is evaporated by
heat or Is not burned completely, carbon will be pro-
duced. This carbon is toxic.

(") Must not contain any water or dirt and must have a low
sulfur and coke contant '

—17.8°C (6°F) 98.9°C (210°F) Applicable temiperature range
SAENO. [ gauholt universal | Dynamic viscosity | Saybolt universal | Dynarilc viscosity {outside temperature)
: viscosity (sec) {cst) viscosity (sec) _ (cst) :

BW Under 4,000 Under 869 - — 0
10W | 600012000 | 1,303~ 2606 _ — (ég,,g o :22‘;)
200 12,000 ~ 48,000 2,606 ~ 10,423 — —

20 — — ) 4558 5,73~ 9.62 20°C ~ 36°C

30 — — B8 T0 9.62 ~12.93 (B8°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 oll in the table, and onty —17.8°C viscosity is stipulated
for S.A.E. No. BW ~ 20W oil, they are not guaranteed at
other temperatures. On the other hand, S.A.E. No.10W
viscosity is stipulated. Oif having viscosity equa) 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.A.E. No.5W—20,
10W—30, and 20W—40. In arctic regions, oil from S.A.E.
No.20W to 10W—30 can be used.

1-2.4 SAE service classification and APl service
classification

SAE new classification AP service classification
(1970) (1960}
CA ) 1 DG
CB+CC ' DM
CD DS

(1) DG grade: Used when deposits and engine wear must
be contrelted 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-
diticns or when excessive wear or deposits are caused

by the fuel.

Classification Engme service (API)
' L|ght duty diesel engine service: Mild, moderate operation diesel engine service with high-performance fuel, and
CA mild gasoline engine service. The oil designed for this service was mainly used in the 1940s and 50s. This oil is

for high performance fuel use and has bearing corrosion and high temperature deposit prevention :
characteristics.

o Moderate duty diesel engine service: Mild, moderate operation dlesel engine service using low perforrnance fuel
CB reguiring bearing corrosion and high temperature deposit prevention charagteristics. Includes mild gasoline

engine service. Oil destgned for this service was introduced in 1949. The oll Is used with high sulfur fuels and
has bearing corrosion and high ternperature deposit prevention characteristics. -

Moderate duty diesel engine service and gasoline engine serwce Applicable to low supercharged d|esel
engines for moderate to severe duty. .
ceC . | The oil designed for this service was introduced in 1961 and is W|dely used in trucks and agricultursl equlpment

' construction machinery, farm tractors, efc. The oil features.high deposit prevention characteristics in low super-

charged diesel engines, and rust, corrosion and low temperature sludge preventlon characteristics in gasoline
engines.

- Severs duty diesel engine service: Applicable to high-speed, high-output high supercharged diesel engines
cD which are subjected to considerable wear and deposits. This oil was introduced in. 1985, and.is used as a wide

property-range fuel In high superchargeg engines. It also has bearlng corrosion and high temperature deposnt
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.
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(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
paris, but will ultimately cause the bearings and cyl-
inders to seize. Therefore, deterlorated oil must be
replaced.

(2) Replacement period

Although the engine cil 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:
1sttime ........ After approximately 20 hours of use
2ndtime........ After approximately 30 hours of use
From 3rd time ... After every 100 hours of use

Drain the old oil completely and replace it with new oil
while the engine is still warm.

CAUTION: Never mix different brands of fubrication ofl,

13-6

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) | (68~95°F) (Over 95°F)
Shell Rotelia Oil 10W, 20120W 20/20W = 50
SHELL - Shell Talona OIf 10w 20 = 50
Shelt Rimula Oif 201200 20/20W % —
RPM Delo Marine Oil 10w 20 pr 50
CALTEX
RPM Delo Multi-Service Oil 20/20W, 10W 20 30 50
Delvac Spegial 10W 20 30 —
Delvac 20W—40 20W - d0 20W—40 — —
MOBIL Delvac 1100 Series 10W, 20120W 20/20W Zg 50
Delvac 1200 Serles 10W, 20/20W 20/20W ®
30
Estor HD 10w 20 40 _—
ESSO Esso Lube HD — 20 prd 50
Standard Diese! Oil 10W 20 % 50
(%rri,t'lsh B.P. Energol IGMB 20W 20w 40 50
Patroleum) B.P. Energol DS-3 g
1-2.7 Engine oil replacement and handling 1-2.8 Adding oil

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 il
described below. Be sure not to mix up the oils.

2GM20 | 3GM30

Supplier {1GMie o P 3HM35(F)
_SHELL SHELL DEXRON

CALTEX Same |ube ol TEXAMATIC FLUID(DEXRON)

MOBIL as for crankcase MOBILE ATF 220
"ESSO | ESSO ATF

B.P. B.P. AUTRAN DX

Printed in Japan
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(1) Remove the clutch case clutch and head cover filler 1-2.9 Oll capacity
plug (engine), and fill with specified lubricating oil up Lubricating oil capacity at an engine mounting angle (rake)
to the top marks on the respective dipsticks. (Oil levels of 8° is glven below., '
must not drop below the lower marks on the dipsticks.)
Crankcase {exglal[;ttcgaﬁ?dsﬁve)
1GM1T0(C) 1.3/ 0257
2GM20(F)(C) 2.0¢
3GM30(F)(C) 2.6/ 0.3/
3HM35(F){C) 5.4¢ 0.7/

* Check the crankcase oil level by completely inserting the
dipstick. Chack the clutch case oil levet without screwing
in the cap.

The oil levels must be between the upper and lower limit
marks on hoth dipsticks.

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.
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2. Engine Operating Instructions
SM/GM(F)(C)-HM(F)C)

2. Engine Operating Instructions

2-1 Preparations 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 full mark of the
dipstick.
The level must be neither 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.

2-1.5 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.
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— w SM/GM(ENC)HM(F)C)

Loosen the nipple on the fuel injection valve side, set
the regutator handle to the operating position and the
decompression lever to the decompression position,
and crank the engine. When no maore bubbles appear
in the fuel flowing from the end of the injection pipe,
retighten the nipple.
(5) Checlk injection.

After bleeding the air, set the reguiator 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 controt handle operates correct-
ly.
(2) Check that the engine stop remote control operates
smoothly,

2-1.9 Checking the electrical system

{1) Chack 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 huzzer
sounds when the engine is stopped.

{The charge lamp should be cn 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 or disconnected piping and hoses.
{3} Check that there are no tools or other articles near
rotating parts or on the engine.

Pyrinted in Japan
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2-2 Starting and warm-up

2-2.1 Starting
(1} Starting procedure

1) Bet the clutch handle to the "NEUTRAL" position.

2) Set the governor lever to the “MEDIUM SPEED”,

3) Keep the decompression lever in the “OPERA-
TION" position.

4) Set the main switch to the ON position.

The alarm buzzer will sound.

5) Push the starting button to start the engine.
Release the start button after the engine has
started.

6) 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.

A type
Rubber sealed lamp {Sall-drive}

Water temperature warning lamp

Oll pressure warning lamp
Charge lamp

Push botiom switch—

Key switch
B type

Rubber seated lamp (Sail-drive)

Water temperature warning lamp

Key
switch

Lamp switch for tachometer
Push bottom switch
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2. Engine Operating Instructions
e

SM/GM(FXC)-HM(F)XC)

{2) Starting precautions

1y Dor’t continue to push the starting button over 15
seconds, :
If the engine doesn’t start, wait 30 seconds or
more.
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
thering gear of the flywheel will be damaged.
When starting is difficult in cold weather lift the
decompression lever to decompress the engine,
and turn 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-
sumption is reduced.

2

3)

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

(1) ‘Starting procedure
1) Pull the neutral knob and set the control lever to
the "MEDIUM SPEED" position.

Pull neutral knob

Medium speed

K]

2) Set the main switch to the "ON” position, and
push the starting button to start the engine,

13-10

(2) Starting in cold weather
1} Pull the neutral knob, and set the control lever to
the HIGH SPEED position.

High speed

2) Set the decompression handle to the DEGOM-
PRESSION position.
Set the main switch to the ON position and start
the engine by pushing the starting button, at the
same time putting the decomprassion lever to the
COMPRESSION position. After the engine has
started, return the control lever to 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
fever in the HIGH SPEED position, the starting
‘button must be released immediately and the
control lever must be returned fo the idling
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.

3}

2-2.3 After starting
{1} Warm-up operation
The enging 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 t0 a
uniform value. Neglecting to warm up the engine will
result in:
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
afterinstalfation to assure proper break-in.
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Chapter 13 Operating Instructions
2. Engine Operating Instructions

{2) Checking after starting

Check the following with the ¢lutch in the NEUTRAL

position;

1) Meters and lamps on the instrument panel
¢ Check that all alarm lamps are off
(1,000 rpm or higher).

 Alarm buzzer must be off.
Cooling water discharge
(Check that the cooling water temperature
reaches 45 ~ 55°C before beginning operation.)
Check for abnormal sounds and heating.
Check for oil and water leakage from piping.
Check the state of lubrication of the valve arms.

2)

3
4
5}

2.3 Operation

If warm-up operation is normal, engage the clutch and
begin normal operaticn. 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 ~ 3.5
kafcm?

(2} Cooling water
Pericdically 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.

(3) 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
run at 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 ~ 60°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,
lcose 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-
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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 cyfinders, Then
stop the engine by puiling the engine stop tever 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.

{29) It the engine is stopped immediately after full-load
cperation, the temperature of each part wiil 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
rmanifold. {Drain the water after the engine has cooled.)

{3) Check for ol leakage and water leakage, and repair as
required.

{4) Check for loose 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 wili 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 oi! 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.

e ]
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3. Troubleshooting and R epair

e ——— SM/GM(E)C) HM(F(C)
3. Troubleshooting and Repair

If trouble cccurs in the engine, the engine must be im-
mediately stopped or run at low speed until the cause of

the trouble Is located.

If even extremely smail troubles are not detected and cor-
rected early, they can lead to serious trouble and even
disaster. Detecting and correcting troubies quickly is ex-

tremely important.

3-1 Troubles and corrective action 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 oll viscosity
too high

1} Recharge battery

2) Disassemble and repair starter motor

3) Inspect and repair

4) Replace with lubricating oil of suitable
viscosity

Starter motor rotates,
but engine fails to start

(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 fual is cut off, and adjust

if required

{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 very slow.

(4) Drop in compression ratio

1) Replace piston pin bearing and crank pin
bearing If worn
2) Replace piston rings if worn
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3. Troubleshooting and Repair
SM/GM(F)(C)rHMEF)C)

S A

3.2 Troubles and corrective action during operation

Trouble

Cause

Correclive 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) Govemor maladjusted
{2) Overload

(3) Piston seized

(4) Bearing seized

{5) Fuel filter clogged

{6) Fue! 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 propelier 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 vaive
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 prepeller system and
power take-off system)

2) Adjust injection timing

3) Change the fuel type

4) Test injection and replace valve if required

) 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 piunger worm

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

Qutput of cylinders
uneven

(1) Air in fue! pﬁmp or fuel line

{2) Water in fuel

{3y Fuel injection volume uneven

{4) Fuel injection timing uneven

(5) Intake and exhaust valves
sticking

{6) Injection valve faulty

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

2) Drain the fuel tank and fuel filter 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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3. Troubleshooting and Repair
- oz S/ GM(E)C)HM(F)C)

Trouble

Cause

Corrective action

Engine knocks

(1) Bearing clearance too large

{2) Connecting rod bolt loose

(3) Flywheel bolt, coupling bolt
loocse

(4} injection timing faulty

(8) 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 oll pressure low

(1) Lubricating oil leakage

(2) Bearing, crankpin bearing
clearance too large

(@ Oil filter clogged

{(4) Qil regulator valve loose.

(8} Qil 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) Coaling 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} Repailr 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 repiace

Abnormal heating

{1) Clutch slipping because of
overload operation

(2) Bearing damaged

{3) Excessive oll

(4) Qil deteriorated

1} Reduce load

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

Abnarmal sound

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

1} Avoid high speeds
2) Replace
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