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Chapter 7 Direct Sea-Water Cooling System
1. Cooling System

1. Cooling System

1.1 Composition

(1) A sea water direct cooling system inccrporating a rub-
ber impeller pump is employed.

(2) A thermostat is installed and a bypass circuit is provided

to keep the cooling water temperature constant at all
times.
This not only prevents overcooling at initial operation,
but also improves the combustion performance and
increases the durability of moving parts by keeping the
temperature constant.

{3) Anticorrosion zinc is provided at the cylinder and the
cylinder head to prevent electrolytic corrosion of the
cylinder jacket and cylinder head by the sea water.

{4) A cooling water temperature sender is installed so that
any abnormal rise in cooling water temperature is indi-
cated by the lamp on the instrument panel.

(5) A scoop strainer is provided at the water intake Kingston
cock to remove dirt and vinyl from the water.

{6) Rubber hoses are used for all interlor piping. This
eliminates pipe brazing damage due to engine vibration
and simplifies the engine’s vibration mounting.

1-2 Cooling water route

The cooling water is sucked up by the water pump through
a Kingston cock installed on the hull. The water delivered
from the water pump branches in two directions at the
cylinder intake coupling. Some of the water enters the
cylinder jacket and the rest bypasses the cylinder jacket and
enters the mixing elbow or the exhaust manifold.

The water that enters the cylinder jacket cools the
cylinders and then rises to the cylinder head through the
passage between the cylinder and cylinder head and to cool
the cvlinder head.

The cooling water from the cylinder head, after passing the
thermostat, enters the mixing elbow in models 1GM10(C)
and 2GM20(C). However, in models 3GM30(C) and
3HMBS35(C), it first passes to the exhaust manifold to cool the
exhaust gas and then enters the mixing elbow.

After that, the water is discharged to the outside of the boat
through the rubber hose from the mixing elbow.

The thermostat is closed until the cooling water
temperature reaches a fixed temperature (42°C), making
the flow go to the cylinder head and then through the bypass
circuit.

When the cooling water temperdture exceeds 42°C, the
thermostat opens, and the cooling water begins to flow
through the entire system. At 52°C, the thermostat valve is
fully opened and the cocling water temperature is maintain-
ed at that level.
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1-3 Piping

To simplify the cooling system piping and eliminate crack-

ing of the brazed parts by vibration, rubber or vinyl hoses

connected with hose clips are adapted for this engine,

Therefore, the following items must be distorted when

inspecting the cooling system:

{1) There must be no extreme bends in the piping,

{2) The cross section of the piping must not be changed by
heavy objects on the piping.

(3) There must be no fractures or cracks which allow water
leakage.

(4) PIping must not touch high temperature parts, and pip-
ing must be securely clamped,

(5} Hose clips must be securely tightened and there must
be no leakage from the insertion sections.



Chapter 7 Direct Sea-Water Cooling System

1. Cooling System

1-2.1 Cooling water passage of engine model 1GM10(C)

Rubher hose

=~ To outside of boat

Cylinder head

Draln plug—&
TH Cooling water temperature switch

Waler drain pipe from cylinder

" & &
Thermoslal \

cover ot

Cooling water pump

Kingston cock {except 1GM10C)

r=- Mixing elbow |——‘

Themmostat | Cylinder headJ

—-—I Cylinder Jacket J

| Cooling waler pump I

+— When the cooling water is at the correct temperature
«=us When the cooling water temperature |s lower than the correct temperature
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Chapter 7 Direct Sea-Water Cooling System

1, Cooling System :
amane— - SM/GM(ENC)HM(F)C)

1-2.2 Cooling water passage of engine model 2GM20(C)

U-type mixing elbow

Rubber hose Mixing elbow

Rubber hose

" ‘% ~+Tooutsideof boat
2

U-type mixing elbow (option}
Antlcorroslon zinc

Drain plug

Thermostat cover

Temperature switch

& Thermostat

Mixing elbow I—‘

Thermostal | Cylinder head l

- Cylinder jackat |

| Cooling water pump I

4= When the cooling water Is at the correct temperature
+= When the cooling water temperature is lower than the correct temperature
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Chapter 7 Direct Sea-Waler Cooling System

1. Cooling System

1-2.3 Cooling water passage of engine models 3GM30(C)
and 3HM35(C)

The construction of model 3HM35(C) is almost the same as

that of model 3GM30(C). As well as the different shape of the

thermostat cover, model 3HM35(C) has 2 thermostats.

Mixing elbow
Exhaust manifold For model 3HM35{C)

~=+ To outside boat

Anticorroslon zing

U-type
mixing elbow

o Cooling water S,
O temperature switch

) Thermositat U-type mixing elbow

[option for models 3GM30(C) and 3HM35(C)]
Drain plug

™™™ Exhaust manifold I———| Mixing elbow

Thermostat | Gylinder head |

———| Cylinder jacket |

Cooling walter pump |

T~ Kingston cock {except 3GM30G and 3HM35C) %

== When the cooling water |5 at the correct temperature
4=« When the cooling water temperature |s lower than the correct temperature
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Chapter 7 Direct Sea-Water Cooling System

2, Water Pump
- Ma—— e oo— SM/GM(F)(C)’HM(F)(C)

2. Water Pump

2.1 Construction and operation

The water pump is a rubber impeller type pump. The rubber
impeller, which has ample elasticity, is deformed by the off-
set plate inside the casing, causing the water to be
discharged. This pump is ideal for small, high-speed
engines.

The cooling water pump of engine model 1GM10{C) is
driven by connecting the cooling water pump shaft to the slit
on the end of the lubricating oil pump drive shaft.

2-1.1 Cooling water pump of engine model 1GM10(C)

Circlip

Qll seal

Ball bearing

Coollng water pump cover

Outlet

Direction of rotation

7 AD :
1 €]
8 _ : T—1 L
——U5q F i
. Cooling water pump shaft
. Cirgli

lip
. Circllp
. Ball bearing
. Ol seal
, Impelier
. Packing
. Cam

()

)
T

27
DB AR —

Inlet
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Chapter 7 Direct Sea-Water Cooling System
2, Water Pump

2-1.2 Cooling water pump of engine models 2GM20(C) and
3GM30{C)

Cooling water pump cover

Impeller

Spacer

Cooling water pump body
Cooling water pump shaft

Bearing cover

Ball bearing

Circlip

V-pulley Girclip

Direction of rotation -

Outlet

:'in/1

—r

Y
i

. Cooling water pump shatft
V-pulley
Circlip

Collar

Ball bearing
Bearing cover
Water seal ring
Oil seal

Cam

Packing

. Impeller
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Chapter 7 Direct Sea-Water Cooling System

2. Water P
et ettt e SM/GME)C)HM(F)(C)

2-1.3 Cooling water pump of engine model 3HM35(C)

Cooling water pump cover

Oll seal

Water seal ring

Ball bearing  Cooling water pump body

Cooling water pump shaft

Bail bearing

Collar

Directlon of ratation 10
—

L
p
_/’/,,,—c-

Inlet Outlet

. Cooling water pump shaft
. V-pulley

. Circlip

. Collar

. Ball bearing

. Bearing cover

“7. Water seal ring
. Qll seal

, Cam

. Packing

. Impeller

:
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8
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Chapter 7 Direct Sea-Water Cooling System
2. Water Pump

2-1.4 Specifications 222 for models 2GM20{C), 3GM30{C) and 3HM35(C}
1GM10(C) 23%“%%{(%)) 3HM35(C) (1) After removing tf)e V.belt by loosening the mounting
: bolts of the cooling water pump bracket, remove the
Rated speed 2600rpm 2720rpm 2660rpm cooling water pump assembly.
0.5m 1.0m 1.0m
Suction head (1,64 ) (3.28 ft) (3.28 ft)
3.0m 3.0m 4,0m
Total head (9.84 1t) (9.84 1t) (13.12 ft)
Delivery capacity 300 #h 700 #h 1500 #'h

2-2 Disassembly
2-2.1 For model 1GM10(C)

(1) Loosen the water pump mounting bolts, remove the
water pump ass'y from the timing gear case.

&) Remove the cooling water pump bracket.

{3} Remove the V-pulley mounting bolt and V-pulley.

(4) Remove the cooling water pump cover fixing screws,
and then remove the cooling water pump cover and
packing.

(5) Pull the water pump impeller.

(6) Remove the set screw and remove the offset plate.

(7} In engine model 3HM35(C), remove the key from the
impeller shaft.

(8) Remove the bearing snap ring and remove the impeiler

-y

(2) Remove the cooling water pump cover and packing by shaft and bearing ass'y while tapping the impeller side
removing the 3 screws which secure the cooling water of the impeller shaft lightly. : :
pump cover, At the same time, the bearing cover and seal ring can

(3) Pull the water pump impeller. be removed together with the impeller shatft.

{4) Remove the set screw and remove the offset plate. @ Pull the oil seal from the pump body.

{5) Remove the bearing snap ring and remove the impeller (10) Pull the ball bearing and spacer from the impeller
shaft and bearing ass'y while tapping the impelier side shaft.

of theimpeller shaft lightly.
{6) Pull the oil seal from the pump body.
(7} Pull the ball bearing and spacer from the impeller shaft.

Body

Circlip

Ball bearing

Cover ! {
Impeller %
Impetler shaft
Impeller 4

Circlip

Impeller shaft Collar
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Chapter 7 Direct Sea-Water Cooling System
2. Water Pump

2-3 Reassembly precautions

(1) Before inserting the rubber impeller into the casing,
coat the sliding face, pump shaft and impeller fitting
section with grease or Monton X.

Coat these parts with grease

{2) Be sure that the direction of curving of the impeller is
correct,
The impeller is curved in the direction opposite the
direction of rotation.

Model 1GM10{C}

Models 2GM20(C}, 3GM30{C) and 3HM35(C)

Direction of rotation
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{3)Adjust the V-belt tension. [for models. 2GM20(C},
3GMB30{C) and 3HM35(C)]
If the V-belt tension is slack, the discharge of the cool-
ing water will diminish; if it is too tight, the play of the
pump bearings and the wear of the wear plate will be ac-
celerated. Adjust the tension to the specified value.
Check the deflection of the V-belt by pressing it in the
center with your fingers.

26M20(C) | 3GM30(C) | 3HM35(C)

To be 5 ~ 7mm {0.1964 ~ 0.2756in)
deflection when pushed by the

V-belt tension
. thumb with a force of 10kg (220 Ib)

Type of V-belt M19in.

V-belt part No. 104511-78780

NOTE: Mount the belt in the direction of pump rotation.

(4) 1f the sliding surface of the V-belt is cracked, worn or is
stained with oll, etc., replace it with a new one.

(5) Check after assembly
After assembly, attach the belt and run the engine to
ascertain whether or not it provides the specified
discharge.

2-4 Handling precautions

(1) Never operate the water pump dry as this will damage
the rubber impeller.

(2) Always turn the engine in the correct direction of rota-
tion. Turning the engine in the opposite direction will
damage the rubber impelier.

{3) Inspect the pump after every 1,500 hours of operation
and replace if faulty.

2-5 Inspection

(1) Inspect the rubber impeller for fractures, cracks and
other damage, and replace if faulty.




Chapter 7 Direct Sea-Water Cooling System
2. Water Pump

{2) Rubber impeller side wear

Impeller

Main body

Packing

Cover

Clearance
1) Model 1GM10(C) mm {in)
. Maximurm
Maintenance Clearance Wear
standard at assembly 2:!%,?%2 limit
' 12 +0.1 -
Impeller 4685 .
width Ry
Housing | {without packing) © 8('3279) © 3#57) L
width - 119 (0.4685)- . :
V\llear 02
plate _— 0O
wear {0.007%)
2) Models 2GM20(C) and 3GM30(C) ) ~ mmiin)
- Maximum
Maintenance Clearance Wear
standard at assembly gl}za%vrvaa#ég limit
Impeller 19 +0.1 .
width {0.744 ~ 0.752)
18.9 (0.?441|)
oo | ithoupackhg | gp | ga | —
Wi .2 (0. : !
(with packing) | ©0079) | ©0157)
Wear
0.2
plate —_—
wear {0.0079)
3) Model 3HM35(C) mm {in.)
: Maximum
Maintenanca Clearance Wear
standard at assembly 2’52@%2 fimit
221 01
Impeller 8661 .
width 0s 5740)
Housing (withoutzgacking) 02 04
width 0.8661) - {0.0079) {0.0157) -
Wear
0.2
plate _—
wear {0.0079)
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(3) Water pump impeller shaft oil seal section wear.

mm (in.)
Maintenance -
standard Wear limit
Qil seal sectlon shaft diameter (0}3%37) (0.3@?98)

if water leakage increases while the engine Is running, or if
the components are found to be defective when disas-

sembled, replace them.

{#) Inspect the bearing for play and check for seizing at the

impeller shaft fitting section. Replace the bearing if

there is any play.
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Chapter 7 Direct Sea-Water Cooling System
3. Thermostat

3. Thermostat

3-1 Construction and operation

The thermostat remains closed until the cooling water
temperature reaches a fixed temperature. Until the cooling
water reaches this fixed temperature, it collects at the
cylinder head and the water flowing from the water pump is
discharged through the bypass circuit. When the cooling
water temperature exceeds the fixed temperature, the
thermostat opens and the cocling water flows through the
main circuit of the cylinder and cylinder head. The ther-
mostat serves to prevent overcooling and improve combus-
tion performance by maintaining the cocling water tempera-
ture at the specified level.

In engine model 1GM10{C), the thermostat is mounted on
the cylinder head at the gear case end. In engine models
2GM20(C) 3GM30{C) and 3HM35(C), it is mounted on the
thermostat housing which is combined with the generator
mounting base on the cylinder head at the gear case end.

Model 1GM10(C}

Thermostat

Thermostat cover

1 ] Bonnst cover

Thermostat cover

t Thermostat
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Cylinder haad

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

Models 2GM20{C) and 3GM30(C)

Thermostat

t Thermostat

: Bonnet cover
Thermostat cover [

Cylinder head

Thermostat housing

‘Model 3HM35(C)

Thermostat housing

Water temparature




Chapter 7 Direct Sea-Water Cooling System
3. Thermostat

t Thermostat housing

- Cylinder head

t Thermostat

When valve is opened

When valve is closed

Valve lift 3.0 ~ 3.8mm
(0.11681 ~ 0.1496In.)

mfianr)
2mm (0.07871n.)
dla. hole

A wax-pellet type thermostat is used for this engine. The
“wax-pellet” type is the description given to a quantity of
wax in the shape of a small pellet. When the temperature of
the cooling water rises, the wax melts and Its volume ex-
pands. The valve is opened or closed by this variation of
volume.

Thermostat operating temperature

Opening temperature
Full open temperature

42 +2°C
52 +2°C

3
3

Characteristic of Thermostat

()

Valve lift
N

-
T

I
I
I
]
1
|
]
|
i
i
1
]
1
[
]

L 1 1 1 Lt 1

10 20 30 40\‘ 50k 60 °C Cooling water

Valve openlng temperature 42+2°C temperature (°C}
Fully opened lift checking temperature 52+2°C

Bonnet cover
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When the seawater temperature is below 42°C, the
pumped-up seawater is discharged outside directly from
the thermostat section, and circulation of the cooling water
into the cylinder is stopped until the water temperature
rises. When the water temperature reaches 52°C, the ther-
mostat valve is fully opened.

3-2 Inspection

(1) Remove the water cutlet coupling at the top of cylinder
body to remove and inspect the thermostat. Remove any
dirt or foreign matter that has built up in the thermostat,
and check the spring, etc. for damage and corrosion.

Cooling water outlet connection

Thermostat

(2) Testing the thermostat

Place the thermostat in a container filled with water.
Heat the container with an electric heater. If the ther-
mostat valve begins to open when the water

. temperature reaches about 42°C and becomes fully
open at 52°C, the thermostat may be considered opera-
tional. If its behaviour differs much from the ahove, or if it
is found to be broken, replace it.

(3) In general, Inspect the thermostat after every 300 hours
of operation. Howevar, always inspect it when the cool-
ing water temperature rises abnormally and when white
smoke is emitted over a long period of time after the
engine starting.

(4) Replace the thermostat when it has been in use for a
year, or after every 2000 hours of operation.

Part No. code of thermostat 105582 — 49200
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Chapter 7 Direct Sea-Water Cooling System

3. Thermostat

(5) Attaching the thermostat to the cooling water system.
Before attaching the thermostat to the system, be sure
to check its packing and make sure there are no leaks.

3-3 Care must he taken when assembling the
thermostat

The thermostat cover must be assembled with the arrow

mark kept upward.
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Chapter 7 Direct Sea-Water Cooling System

4. Anticorrosion Zinc

4. Anticorrosion Zinc

4-1 Principles

Anticorrosion zinc is installed to prevent electrolytic corro-

sion by sea water.

When different metals, i.e., iron and copper, are placed in

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

against corrosion by being itself corroded in place of the

cylinder, cylinder liners and other iron parts.

The anticorrosion zinc is to be put in the following posi-

a highly conductive liquid, such as sea watet, the iron tions.
gradually rusts. The anticorrosion zinc provides protection
1GM10{C) 2GM20(C) 3GM30(C), 3HM35(C)
At the side of the .
Set position At exhaust side At exhaust side
Cylinder block P fuel valve A
Number 1 1 2
At side cover of cylinder At side cover of cylinder
Cylinder head Set position - head (rear) head (rear)
Number —_— 1 1
Flange type Plug type
Type-Size 20mm dia »x 20mm © 20mm dia > 30mm
(0.7874 » 0.7874in)) (0.7874 % 1.9811in.)
Part No. of anticorrosion zinc 27240— 200200 27210— 200300

Model 1GM10(C)

Anticorrosion zinc

220mm

Flange

Packing
<
T .|
o k|
i L1 )
=3

A w,
MNut
20mm
{0.7874in.)

Mounting positon for model 1GM10{C)

Models 2GM20(C), 3GM30(C) and 3HM35(C)

Anticorrosion zinc

I
q by
30mm \ L
{(1.8811in.) Packing

Zinc mounting plug

Cursg:0
Wugze

Mounting position for model 2GM20(C)
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Anticorrosion zinc
{cylinder head)
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Chapter 7 Direct Sea-Water Cooling System

4. Anticorrosion Zinc
- .

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

4.2 Inspection

Generally, replace the anticorrosion zinc after every 500
hours of operation. However, since this period depends on
the properties of the sea water and operating conditions,
periodically inspect the anticorrasion zinc and remove the
oxidized film on its surface.

Replace the anticorrosion zinc after 50% corrosion.
Replace the anticorrosion zine by pulling the old zinc from
the zinc mounting plug and screwing in the new zinc.

Antlcorrosion zinc
(cylinder block)

Anticorrosion zinc
(cyHinder head)
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Chapter 7 Direct Sea-Water Cooling System
5. Kingston Cock (Optional)

5. Kingston Cock (Optional)

5-1 Construction

The Kingston cock, installed on the bottom of the hull, con-
trols the intake of cocling water into the boat. The Kingston
cock also serves to filter the water so that mud, sand, and
other foreign matter in the water does not enter the water
pump. Numerous holes are drilled in the water side of the
Kingston cock, and a scoop strainer is installed to prevent
the sucking in of vinyl, etc.

Sunction pipe

Hull

Kingston cock cover

Screw

Kingston cock cover

Screw
For mode! 3HM35

5-2 Handling precautions

Caution the user always to close the Kingston cock after
each day of use and to confirm that it is open before
beginning operation.

If the Kingston cock is left open, water will flow in reverse
and the vessel will sink if trouble occurs with the water
pump.

On the other hand, if the engine Is operated with the
Kingston cock closed, cooling water will not be able te getin,
resulting in engine and pump trouble.

5-3 Ingpection

When the cooling water volume has dropped and the pump
is normal, remove the vessel frofn the water and check for
clogging of the Kingston cock.

Moreover, when water leaks from the cock, disassemble
the cock and Inspect it for wear, and repair or replace it.
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Chapter 7 Direct Sea-Water Cooling System
6. Bilge Pump and Bilge Strainer (Optional)

6. Bilge Pump and Bilge Strainer (Optional)

SM/GM(EXC)HM(F)}C)

Cable connector

48 (1.8808)

3-84.5 {0.1772) Holes

*""_N“""
=

Cable connecter

57 (2.2440)

Pump

"

90 {3.5433) )
—
>

i)

1l

=

l 1 4955 (2,1654) Holes 50 (1.9685)
#17.5 {0,6890)
Cooling water outlet  Gooling water inlet
6-1 Bilge pump 6-2 Bilge strainer
6-1.1 Specifications
Code No, 120345-48010 (with strainer) mm (in.)
Model No. | sP1s00 g 169 16.8539
Rating 80 min. g
Voltage 12V g / @ g
Output 90w sr - LI -2
. L L ot
Weight 3.0kg 66 Ib)
6-1.2 Performance of pump (in pure water) 124 {4.8319)
Voltaga 115V
Self-suction .
performance Max. self-suction lift 1.2m (3.94 ft)
Self-suction time 4 sec.
Voltage 115V
Pumping lift Current BA
performance | Totg| lift 1m (3.28 ft)
Lifting volume of water 17 Imin
7-17

Printed in Japan
0000A0A1361






