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Chapter 6 Lubrication System

1. Lubrication System
SM/IGM 2GM-3GM(D) -3HM

1-4 Table of capacity for lubricating oil system

1GM 2GM |  3GMD) 3HM
Pump speed | pm 2600 3600 3400
. Him'n 39 12,5 12
Lubricating oil pump Discharge volume ih 234 760 720
2
Discharge pressure :(Ig;?nn:) ( 42%;’ 5052.89)
Filter capacity l
Lubricating oil filter
ng Discharge pressure hg’,ﬁ‘":; 1(14.22)
kg/cm? 35 +05
. Standard pressure (Ib/in.) (4267 ~ 56.89)
Oil pressure regulator valve
Full open pressure kg/cm? 4
(Max) (Ib/in.n (56.89)
Lubricating oil pressure ON kg/cm? 0.2 +041 0.5+0.1
alarm switch (Ib/in.® (1.422 ~ 4.266) (5.689 ~ 8.534)
N . Crankcase oil capacity, 1.3 20 2.7 55
Lubricating oil tank Total (effective) / (0.6) (13) (1.8) (30)
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Chapter 6 Lubrication System
2. Oil Pump

2. Oil Pump

2-1 Construction

The oil pump is a compact, low pressure variation trochoid
pump comprising a trochoid curve inner rotor and outer
rotor. Pumping pressure is provided by the change in
volume between the two rotors caused by rotation of the
rotor shaft.

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

Inner rotor

"The lubricating oil pump is installed on the cylinder body at
the timing gear case end, and its rotor shaft gear is driven Outer rotor
by the crankshaft gear.

The lubricating oil is drawn in and discharged through drill- Inner rotor
ed holes in the cylinder body.

Packing

Cover
2-1.1 Lubricating oil pump on modei 1IGM
Rotor shaft
Body
T
\Gear [, ]lh_ —

........ Ay : 1@

2y 5 |
ir

~—~Cooling water
pump shaft

Camshaft
Rotor shaft
3 Gear

]L< —_ }\Crankshaﬂ gear
Jr _

:

Jr

Crankshaft Lubricating oil pump
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Chapter 6 Lubrication System
2. Oil Pump

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

21.2 %ﬂwcaling oil pump on models 2GM, 3GM(D) and

Body

Gear

Quter rotor

Inner rotor

Rotor shaft

Camshaft

Crankshaft

Snap pin

Pin 2.78"3%%mm (0.1094 ~ 0.1106in.)

Round hole in cylinder block

l;

e —— -

~—Outer rotor
Y 3 )
Sy

T&Innerrotor

| —

L

2-1.3 Specifications of lubrication oil pump

Shaped hole on pump cover

Shaped hole on pump cover

Round hole in cylinder block

1GM 2GM, 3GM(D) 3HM
Engine speed 3600 rpm 3600 rpm 3400 rpm
Pump speed 2600 rpm 3600 rpm 3400 rpm
12 Y/min 720 th

Discharge volume

3.9 t/min 234 {/h

125 H/min 760 2/h

Discharge pressure

3.5 +05 kg/icm?
(42.67 ~ 56.89 Ib/in.)

3.5 +0.5 kg/lcm?
(4267 ~ 56.89 Ib/in.)

3.5 0.5 kg/cm?
(4267 ~ 56.89 Ibfin.?)




Chapter 6 Lubrication System

2. Oil Pum

P SM/1GM+2GM +3GM(D) -3HM
2-2 Disassembly 2-2,2 Models 2GM, 3GM(D) and 3HM
2.2.1 Modei1IGM (1) Remove the timing gear case.

{1) Remove the timing gear case

(1) Remove gear case
(2) Withdraw the governor sleeve and thrust bearing, and C . -
also take out the governor weight support after remov- (2) Remove the lubricating oil pump driving gear and pump
ing the hexagonal nut. assembly.

NOTE: The lubricating oil pump drive gear cannot be
removed without removing the governor weight
support.

(3) Remove the hexagonal nut of the lubricating oil pump

rotor shaft, then remove the pump drive gear.

(4) Remove the pump body from the cylinder by removing

the fixing bolt with a hexagonal bar spanner.

(4’) Loosening bolt with a hexagonal bar spanner.

NOTE: Do not separate the lubricating pump gear from the
rotor shaft. If removed, it cannot be used again.
When any part is unusable, replace it as a complete
assembly.

(5) Remove the pump cover.
(6) Take out the outer rotor and the assembly of inner rotor
and rotor shaft.
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Chapter 6 Lubrication System
2. Oil Pump

2-3 Inspection

When the discharge pressure of the oil pump is extremely

low, check the oil level. If It is within the prescribed range,

the oil pump must be inspected.

(1) Outerrotorand pump body clearance
Measure the clearance by inserting a feeler gauge
between the outside of the outer rotor and the pump
body casing. If the clearance exceeds the wear limit,
replace the outerrotorand pumpbody as a set.

Outer rotor

mm (in.)
. 0.050 ~ 0.105
Maintenance standard (0.00197 ~ 0.00413)
. 0.15
Wear limit (0.00591)

(2) Outerrotorand innerrotor clearance
Fit one of the teeth of the inner rotor to one of the
grooves of the outer rotor and measure the clearance at
the point where the teeth of both rotors are aligned.
Replace the inner rotor and outer rotor ass'y if the wear
limit is exceeded.

Inner rotor

Quter rotor

Feeler gauge

6-8

SM/1GM-2GM+3GM (D) «3HM

Clearance
AN
A T Y~ NI
\L/ ]
-)\ Inner rotor
Outer rotor
mm (in.)
Maintenance standard (0.8(')239 : 8:(1)%?313)
. 0.15
Wear limit (0.00591)

(3) Pump body and Innerrotor, outerrotor side clearance

Install the inner rotor and outer rotor into the pump body
casing so that they fit snugly.

Check the clearance by placing a ruler against the end
of the body and inserting a feeler gauge between the
ruler and the end of the rotor. Replace as a set if the
wear limit is exceeded.

Straight scale

Body

Feeler gauge

mm (in.)
1GM 2GM, 3GM(D), 3HM
Maintenance 0.03 ~ 0.08 0.03 ~ 0.07
standard (0.0012 ~ 0.0031) (0.0012 ~ 0.0031)
) 0.13 0.13
Wear limit (0.0051) (0.0051)

(4) Rotor shaft and body clearance
Measure the outside diameter of the rotor shaft and the
inside diameter of the body shaft hole, and replace the
rotor shaft and body as an ass'y if the clearance exceeds
the wear limit.

mm (in.)
1GM
; Maximum
Maintenance Clearance

standard | when assembled gllgvrv::(l:z
Rotor shaft 214
outside diameter (0.5512) 0.015~0.050 02
Rotor shaft hole 214 (0.0006~00020) | (0.0079)
inside diameter (0.5512)




Chapter 6 Lubrication System
3. Oil Filter

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

3. Oil Filter

3-1Construction

The oil filter removes the dirt and metal particles from the
lubricating oil to minimize wear of moving parts. The con-
struction of the oil filter is shown below.

The lubricating oil from the oil pump is passed through the
filter paper and distributed to each part as shown by arrow
A in the figure.

After extended use, the filter paper will become clogged
and its filter performance will drop. When the pressure loss
caused by the filter paper exceeds 1 kg/fcm? (14.22 Ibfin.?),
the bypass valve inside the filter opens and the lubricating
oil is sent to each part automatically as an emergency

il filter

1GM

Oil pressure switch

Oil filter

Alternator

measure, without passing through the filter, as shown by
arrow B.

The oil filter is located at the fitted position of the oil
pressure regulator valve on the side surface of the gear
case together with the oil pressure valve for engine models
2GM, 3GM(D) and 3HM. However, in the case of engine
model 1GM, the filter alone is fitted on its mounting base at
the gear case end, cylinder end surface. The oil pressure
regulator valve is installed separately on the end surface of
the cylinder, in the gear case.

2GM, 3GM(D) and 3HM

Starter motor



Chapter 6 Lubrication System
3. Oil Filter

SM/IGM-2GM -3GM(D) -:3HM
1GM

e

&

2GM, 3GM(D) and 3HM
Oil pressure regulator valve
!

Bypass valve
3

N
Bearing Filter element

3-2 Replacement

When the oil filter has been used for an extended period,
the filter paper will become clogged, unfiltered lubricating
oil willbe sent directly to each part from the bypass circuit,
and wear of moving parts will be accelerated. Therefore, it
is important that the filter be periodically replaced.
Because this oil filter is a cartridge type, it is replaced as a
complete unit.

- : Every 300 hours of engine
Qil filter replacement period operation
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Chapter 6 Lubrication System
3. Oil Filter

1GM

Bracket

Qil filter

2GM, 3GM(D) and 3HM

3-2.1 Replacing the oil filter

(1) Clean the oil filter mounting face on the cylinder block.

(2) Before installing the new filter, coat the rubber packing
with a thin coat of lubricating oil.

(3) Tum the filter gently until it contacts the rubber packing
of the seal surface, then tighten another2/3 turn.

(4) Afterinstallation, run the engine and check the packing
faceforoil leakage.

3-2.2Incase of oil leakage

if there is oil leakage, remove the oil filter and replace the
packing. At the same time, inspect the cylinder block
mounting face and repair the face with an oil stone if it is
scored.

6-1

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



Chapter 6 Lubrication System

4. Oil Pressure Regulator valve
SM/IGM - 2GM -3GM(D)-3HM

4. Oil Pressure Regulator Valve

4-1 Construction 4-1.1 Modei 1GM

The oil pressure regulator valve serves to adjust the

pressure of the lubricating oil to the prescribed pressure

during operation. When the pressure of the lubricating oil

from the oil filter exceeds the force of the spring, the metal

ball is pushed away from the valve seat and the lubricating

oil flows to the oil pan through the gap between the ball

and seat. The spring’s force is adjusted with a shim. Spring Body
In engine model 1GM, the oil pressure regulator valve is

located at the end surface of the cylinder in the gear case \@

and the pressure is regulated at the intermediate section of )

the oil passageway between the lubricating oil main gallery Circlip Steel ball
and the main bearing at the gear end. >)/

The regulator valve is located in the mounting position of
the lubricating oil filter at the timing gear case for engine
models 2GM, 3GM(D)and 3HM.

Retainer

Mounting position for model 1GM

‘ Qil filter

ueoon
JEEENE |

.Pﬂ

Camshaft

Crankshaft
‘ Bearing

) . When the pressure is lower than the regulated pressure
Mounting position for model 2GM P g P

‘Oil filter

0,

il pressure reguiator valve

o |
|

Gear case

‘ Bearing

Qil tilter

When the pressure is higher that the regulated pressure
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Chapter 6 Lubrication System

. Oil P R tor Val
4. Qil Pressure Regulator Valve SM/IGM-2GM~3GMD) -3 HM

4-1.2 Models 2GM, 3GM(D)and 3HM 4-1.3 Specifications
1GM 2GM,3GM(D),3HM
3.5 +0.5 kg/cm?* 3.5 +0.5 kg/cm?
Standard pressure (42.67 ~ (4267 ~
Shim 56.89 Ib/in.?) 56.89 Ib/in.?)
\ / Steel ball As the lubricating oil pressure regulator valve has been
7 calked during manufacture so that it cannot be dismantied,
7ol Body replace it as a unit if any replacement becomes necessary.
Spring retainer
Spring Nut
G

-0l filter

Bearing

When the pressure is lower that the regulated pessure

il filter

Oil pan

Bearing

When the pressure is higher that the regulated pressure
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Chapter 6 Lubrication System

5. Oil Pressure Measurement
SM/IGM-2GM-3GM(D) +3HM

5. Oil Pressure Measurement

The lubricating oil pressure is monitored by a pilot lamp,
but it must also be measured using a pressure gauge. Con-
nect the oil pressure gauge to the pilot lamp unit for
primary pressure and to the lubricating oil pipe connector
forsecondary pressure, as shown in figure.

Secondary oil pressure is especially important. Idle the
engine at medium speed when measuring the oil pressure.
Also check whether the oil pressure rises smoothly and to
the standard value.

kgicm? (Ib/in.?)
1GM, 2GM, 3GM(D) 3HM
850 rpm 3600 rpm 850 rpm 3400 rpm
Secondary
pressure 05 35 +05 05 3505
stelmdard (7.11) [(4267~56.89)| (7.11) |(42.67~56.89)
value

If the oil pressure is lower than the standard value, probable

causes are:

(1) Clearance of lubricated bearings in the lubricating oil cir-
cuit is too large (Shaft or bearing is worn).

(2) Excessive oil escaping from rockerarm support.
Therefore, inspection and repair of the bearings and
rocker arm support are required.
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Chapter 7 Cooling System
1. Cooling System

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

1. Cooling System

1-1 Composition

(1) A sea water direct cooling system incorporating a rub-
berimpeller pump is employed.

(2) A thermostat is installed and abypass 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
cylinderjacketand cylinder head by the sea water.

(4) A cooling water temperature sender is installed so that
an abnormal rise in the cooling water temperature is in-
dicated at the lamp on the instrument panel.

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

(6) Rubber hoses are used for all interior 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 is branched in two directions at the
cylinder intake coupling: one part of the water enters the
cylinder jacket and the other bypasses the cylinder jacket
and enters the mixing elbow (1GM, 2GM) or the exhaust
manifold (3GM (D), 3HM).

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 cools
the cylinder head.

The cooling water from the cylinder head, after passing the
thermostat, enters the mixing elbow in models 1GM and
2GM. However, in models 3GM(D) and 3HM, it first passes
to the exhaust manifold to cool 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 to the cylinder head and then through the bypass
circuit.

When the cooling water temperature exceeds 42°C, the
thermostat opens, and the cooling water begins to flow
through the entire system. At 52°C, the thermostat valve is
opened fully and the cooling watertemperature is maintain-
edatthat level.

71

1-3 Piping

To simplify the cooling system piping and eliminate crack-

ing of the brazed parts by vibration, rubber or viny! hoses

connected with hose clips are adapted forthis engine.

Therefore, the following items must be checked when in-

specting 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 Cooling System

1. Cooling Systemn
ooiing 3ys SM/IGM-2GM +3GM(D) «-3HM

1-2.1 Cooling water passage of engine model 1GM

Mixing elbow
; Rubber hose

= To outside of boat

--- Cylinder head

X ;Cooling water temperature switch

Cylinder block

Kingston cock

- Mixing elbow —

TTTTTTY

Thermostatl Cylinder head ]

———l Cytinder jacket ]

Cooling water pump

<+ 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 Cooling System
1. Cooling Syst
Condny Sysient : SM/1GM+2GM-3GM(D) -3HM

1-2.2 Cooling water passage of engine modei 2GM

.~ U-type mixing elbow

Mixing elbow
4 Rubber hose

@)- = To outside of boat

U-type mixing elbow (option)

Cylinder block

Temperature switch

\
" Thermostat

v

- Mixing albow l‘--—

Thermosta_tr Cylinder heﬂ]

B

f—— Cylinder jacket |

Cooling water pump

<= 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 Cooling System

1. Cooling System
SM/1GM-2GM-3GM (D) 3HM

1-2.3 Cooling water passage of engine models 3GM(D) and %
3HM Temperature switch-

The construction of model 3HM is aimost the same as that
of model 3GM(D). As well as the different shape of the ther-
mostat cover, the model 3HM has 2 thermostats.

TR K
%Q/Thermostat housing

Thermostat

Mixing elbow

p For model 3HM

Exhaust manifold
by

== Tooutside boat

Anticorrosinn zinc

- U-type
mixing elbow

Rubber hose

"\ Cooling water
| temperature switch '\

Thermdstat

U-type mixing elbow
(option for models 3GMD and 3HM)

T Drain plug
e

Exhaust manifo d J——=] Mixing eow

Thenmostat | Cytinder head I

ey

Il

Cytinder jacket I

I|ng wm]

" ~Kingston cock

<= 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 Cooling System
2. Water Pump

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

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 1GM 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 1GM

Cooling water pump shaft Circlip

Qil seal

Ball bearing

Outlet

Qil seal

Cam
Inlet i
i
Body
Impeller
[y Packing
Cooling water pump cover
7 <] 5 4 3 2 1
Qutlet
Direction of rotation /
7 t
: OO
‘ @ 4 -
p—— N
O /eSS e
1 1. Cooling water pump shaft
2. Circlip
@ 3. Circlip
( [ 4. Ball bearing
U 5. Qil seal
6. Impeller
7. Packing
8. Cam

Inlet
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Chapter 7 Cooling System

2. Water Pum
el o SM/IGM-2GM+3GM(D) 3HM

2-1.2 Cooling water pump of engine models 2GM and
3GM(D)

Cooling water pump cover

Impeller

Oil seal

Cooling water pump body
\‘Cooling water pump shaft

\ Bearing cover
5 |

'~
~ Ball bearing

N
‘Clrclip

V-pulley Circlip

Direction of rotation

Cooling water pump shaft
. V-pulley
Circlip

Collar

Ball bearing
Bearing cover
Water seat ring
. Qil seal

Cam

Packing

. impeller

Inlet

SovENIMALN A
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Chapter 7 Cooling System
2. Water Pump

SM/IGM2GM 3GM(D) -3HM
2-1.3 Cooling water pump of engine modei 3HM

Cooling water pump cover

Packing

Oil seal
\ \Impeiler

Water seal ring

Circlip

Y . -
Circtip | ‘Ball bearing ~ Cooling water punip body

\‘Cooling water pump shaft

9 8 7 6 5 3 2
| i y : \
Direction of ratation 10 \ \
i ———
\:J} FanaV \ 4
Inlet Outlet
1 - R
R | L
|- !
.
o H] 1. Cooling water pump shaft
2. V-pulley
3. Circlip
) 4. Collar
(! I 5. Bali bearing
[ ] 6. Bearing cover
i ., - 7. Water seal ring
Viewed from pulley side K- 8. Oil seal
B 9. Cam
| | 10. Packing
i 11. Impeller

7



Chapter 7 Cooling System
2. Water Pump

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

2-1.4 Specifications

[ 1Gm  [2GM,3GMD)|  3HM %)
Rated speed | 2600rpm I 2720rpm 2660rpm
0.5m 1.0m 1.0m
Suction head (1.64 ft) (328 ft) 328 )
3.0m 3.0m 4.0m
Total head (9.84 ft) (9.84 1) (1312 fy)
Delivery capacity 300 ¢/h 700 ¢t/h 1500 ¢/h

2-2 Disassembly
2-2.1Formodei 1IGM

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

@
)]
(4)

)
®)
@)

®

8d

(2) Remove the cooling water pump cover and packing by
removing the 3 screws which secure the cooling water
pump cover.

(3) Puli the water pump impeller.

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

(5) Remove the bearing snap ring and remove the impeller
shaft and bearing ass'y while tapping the impeller side
of the impellershaftlightly.

(6) Pull the oil seal from the pump body.

(7) Pull the ball bearing and spacer from the impeller shaft.

)
(10)

Circlip

Cover
‘b 4l
(1D L Impeller
U

Impeiler shaft

Ball bearing

2-2.2For models 2GM, 3GM(D) and 3HM

After removing the V-belt by loosening the mounting
bolts of the cooling water pump bracket, remove the
cooling water pump assembly.

‘ ‘ ; )
\.I- _7 lt\\(\tz

Remove the cooling water pump bracket.

Remove the V-pulley mounting bolt and V-pulley.
Remove the cooling water pump cover fixing screws,
and then remove the cooling water pump cover and
packing.

Pull the water pump impeller.

Remove the set screw and remove the offset plate.

In engine model 3HM, remove the key from the im-
peller shaft.

Remove the bearing snap ring and remove the impeller
shaft and bearing ass’y while tapping the impelier side
of theimpellershaft lightly.

At the same time, the bearing cover and seal ring can
be removed together with the impeller shaft.

Pull the oil seal from the pump body.

Pull the ball bearing and spacer from the impeller
shaft.

gall bearing

Ball bearing cover

Water seal ring

f.@

impetler shaft

Circlip
Collar



Chapter 7 Cooling System
2. Water Pump

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

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 1IGM

Direction of rotation

Models 2GM, 3GM(D) and 3HM

Direction of rotation

7-9

(3) Adjust the V-belt tension. (for models 2GM, 3GM(D) and

3HM)

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.

2GM | 3GMD) | 3HM

To be 5 ~ 7mm (0.1964 ~ 0.2756in.)

V-belt tension deflection when pushed with the

thumb with a force of 10kg (22.0 Ib)
Type of V-belt

_______ 104511-78780

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

(4) If the sliding surface of the V-belt is cracked or worn or
is stained with oil, etc., replace it withanewone.

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

M13in.
V-belt part No.

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 as turning the engine in the opposite direction will
damage the rubber impeller.

(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 Cooling System
2. Water Pump

(2) Rubber impeller side wear

Impelier

Main body

Packing

Cover

w=— Clearance

1) Model 1GM mm (in.)
; Maximum
Maintenance Clearance Wear
standard at assembly 2:;%‘:":%2 limit
Impeller (01563?31
width ~0 4764 -
4764)
Housing | (without packing) 0&'-,279 0 8'1457
width 119 (0.4685) (00079) | (©0%7) | —
Wear
0.2
plate —_
wear (0.0079)
2) Models 2GM and 3GM(D) mm (in)
Maintenance Clearance m;ﬂrgg{: Wear
standard at assembly clearance limit
Impeller 19 +0.1 _
width (0.744 ~ 0.752)
18.9 (0.7441)
H%using (wi%gzu(to %acléi)ng) 02 0.4
width .755 y -
(with packing) (0.0079) 0.0157)
Wear 02
plate _ ;
wear (0.0079)
3) Model 3HM mm (in.)
; Maximum
Maintenance Clearance Wear
standard at assembly gllg:’::ég limit
221 +01
Impeller (0.8661 —
~ 0.8740)
Housing | (Without packing) | o5 04
width (0.8661) (0.0079) 0.0157)
Wear
0.2
plate —_
wear (0.0079)

7-10

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

(3) Water pump impeller shaft oil seal section wear.

mm (in.)
Maintenance .
standard Wear limit
Oil seal section shaft diameter (0.13%&) (0.%3%8)

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

sembled, replace them.

(4) Inspect the bearing for play and check for seizing at the
impeller shaft fitting section. Replace the bearing if

there is any play.



Chapter 7 Cooling System
3. Thermostat

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

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 a fixed temperature, the ther-
mostat opens and the cooling 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 cooling water
temperature ata specified level.

In engine model 1GM, the thermostat is mounted on the
cylinder head at the gear case end. In engine models 2GM,
3GM(D) and 3HM, 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 1GM

Thermostat

__—Thermostat cover

Bonnet cover

Thermostat cover

Cylinder head

Thermostat

71

Models 2GM and 3GM(D)

Thermostat

Thermostat

f

!

/
/ Bonnet cover

1

Thermostat cover
-

]

Cylinder head

Thermostat housing

Model 3HM
Water temperature

Thermostat housing
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3. Thermostat

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

Bonnet cover

1 Thermostat housing

Thermostat cover

Thermostat

When valve is closed When valve is opened

Valvelitt 3.0 ~ 3.8mm

2mm (0.0787in.)
(0.1181 ~ 0.1496in.)

dia. hole

=

L]

[

|
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
[

-y
T

L 1 1 I 0
10 20 30 40 50 60
Valve opening temperature 42+2°C

Fully opened lift checking temperature 52+2°C

°C Cooling water
temperature (°C)

712

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 opened fully.

3-2Inspection

(1) Remove the water outlet 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. fordamage 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 all
right. If its behaviour differs much from the above, or if it
is found to be broken, replace it.

(3) In general, inspect the thermostat after every 300 hours
of operation. However, always inspect it when the cool-
ing water temperature has risen abnormally and when
white smoke is emitted for a long period of time after the
engine starts.

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

Part No. code of thermostat ] 105582— 48200
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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 be taken when assembling the
thermostat

The thermostat cover must be assembled with the arrow

mark kept upward.

7-13
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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/IGM2GM+3GM(D) -3HM

against corrosion by corroding in place of the cylinder,

cylinder liners and other iron parts.

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

an highly conductive liquid, such as sea water, the iron tions.
gradually rusts. The anticorrosion zinc provides protection
1GM 2GM 3GM(D), 3HM
" At the side of the . .
Set position At exhaust side At exhaust side
Cylinder block P fuel valve -
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 x 30mm
(0.7874 x 0.7874in.) (0.7874 x 1.9811in.)
Part No. of anticorrosion zinc 27210—200200 27210— 200300

Modei 1IGM

Anticorrosion zinc

220mm
| (0.7874in.)

Flange
] Packing
h
=
Fi
Nut
20mm
(0.7874in.)

Mounting position for model 1GM

Model 2GM, 3GM(D) and 3HM

CurpzgL0)

Anticorrosion zinc

-

"
Ea

b N

wwigee

30mm
(1.9811in.)

g

Zinc mounting plug

Mounting position for model 2GM

7-14

Anticorrosion zinc
(cylinder head)
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4. Anticorrosion Zinc

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

Anticorrosion zinc
{cylinder block)

Anticorrosion zinc
(cylinder head)

715

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 anticorrosion zinc and remove the
oxidized film on its surface.

Replace the anticorrosion zinc after 50% corrosion.
Replace the anticorrosion zinc by pulling the old zinc from
the zinc mounting plug and screwing in the new zinc.
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5. Kingston Cock (Optional)

5-1 Construction

The Kingston cock, installed on the bottom of the hull, con-
trols the intake of cooling water into the boat. The Kingston
cock 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

Kingston cock cover

Screw

For model 3HM

5-2Handling precautions

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

Moreover, if the engine is operated with the Kingston cock
closed, cooling water will not be able to get in, resulting in
engine and pump trouble.

5-3 Inspection

When the cooling water volume has dropped and the pump
is normal, remove the vessel from 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.

7-16
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6. Bilge Pump and Bi ge Strainer (Optional
ge Pump and B ge Strainer (Optional SM/IGM+2GM-3GM(D) -3HM

6. Bilge Pump and Bilge Strainer (Optional)

Motor

Cable connector

5
3 48(1.8898)
o~ Ed.s (0.1772) Holes
r~
[Te]
ieb
+

-

/""‘@
\
I:] ) Cable connecter

._1

90 {3.5433)
/_é;ﬁ
>

Pl

]
Sf N

1

I
T

l 1 4-255 (2.1654) Holes 50 (1.9685) .-
217.5 (0.6890)
Cooling water outlet Cooling water inlet
6-1 Bilge pump 6-2 Bilge strainer
6-1.1 Specifications
Code No. 120345-46010 (with strainer) mm (in.}
Model No. BP190-10 g 169 (6.6535)
Rating 60 min. 3 ‘
Voltage 12V “‘,; /_/ @ §
Output 0w B = t =
P 1—J - =
Weight 3.0kg (6:6 Ib)
6-1.2 Performance of pump (in pure water) 124 (4.8819)
) Voltage 11.5v
Fs)gr'ff;‘,’,f;'g’c”e Max. self-suction lift 1.2m (394 ft)
Self-suction time 4 sec.
Voltage 115V
Pumping lift Current 8A
performance Total lift 1m (3.28 1)
Lifting volume of water 17 #/min

717
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Chapter 8 Reduction and Reversing Gear
[A] For engine models IGM, 2GM and 3GMD

1. Construction

SM/1GM 2GM-3GM(D) 3IHM

[A] For engine models
1GM, 2GM and 3GMD

1. Construction

1-1 Construction

This clutch is a cone-type, mechanically operating clutch.
When the drive cone (which is connected to the output
shaft by the lead spline) is moved forward or backward, its
taper contacts the large gear and transfers power to the
output shaft.
The construction is simple when compared with other
types of clutches, and it serves to reduce the number of
components, making for a lighter, more compact unit
which can be operated smoothly. Although it is small, the
power transmission efficiency is high even under a heavy
load. Its durability is high and it is reliable as high grade
materials are used for the shaft and gear, and a taper roller
bearing is incorporated. Power transmission is smooth as
connection with the engine is made through the damper
disc.

*The drive cone is made from special aluminum bronze
which has both higher wear-resistance and durability. The
drive cone is connected with the output shaft through the
thread spline. The taper angle, diameter of the drive cone,
twist angle, and diameter of the thread spline, are design-
ed to give the greatest efficiency, thus ensuring that the
drive cone can be readily engaged ordisengaged.

eHelical gears are used for greater strength. The inter-
mediate shaft is supported at 2 points to reduce deflec-
tion and gear noise.

*The clutch case, mounting flange and side cover are
made from an aluminum alloy of special composition to
reduce weight. It is also anticorrosive against seawater.

* As the damperdisc is fitted to the output shaft, power can
be transmitted smoothly. For the damper disc, springs of
different strengths are used so that two stages of torque
and twist angle are applied. That is, in the first stage, only
the weak spring is used, and the strong spring comes into

action for a torque higher than a predetermined value.
This prevents gear noise due to torsional vibration as
well as absorbing shock when engaging.

Stage arrangement

t—— Absorbs shock
when engaging

T-torque

Normal condition

Twist angle €

*The oil level dipstick hole doubles as a breather in addi-
tion to being the oil supply port. There is a small
clearance between the dipstick and the inside of the
dipstick tube which functions as a breather.

* The engagement between the cone and the large gearcan
be maintained even when the load on the propeller is zero.
This is done by the action of the notch and spring joint on
the operation lever in the operation device.

The operation device can still be used without adjusting
the remote operation device when the cone is internally
worn, because it is compensated for by the spring joint.

¢ In order to reduce friction on the operation lever shaft, a
needle bearing is used to allow smooth operation.



Chapter 8 Reduction and Reversing Gear
[A] For engine models IGM, 2GM and 3GMD

1. Construction

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

1-2 Specifications

Model KM2-A KM3-A
For engine models 1GM, 2GM 3GMD
Clutch Constant mesh gear with servo cone clutch (wet type)
. i Forward 2.21 262 322 2.36 261 . 3.20
Reduction ratio
Reverse 3.06 3.06 3.06 3.16 3.16 3.16
Propeller shaft rpm (Forward) rpm 1540 1208 1055 1441 1303 1062

Input shaft

Direction of rotation

Forward

Counter-clockwise, viewed from stern

Clockwise, viewed from stern

Output shaft

Reverse

Counter-clockwise, viewed from stern

Control head

Single lever control

Cable Morse, 33-C

Remote control
Clamp YANMAR made, standard accessory
Spring joint YANMAR made, standard accessory
Outer diameter 2100mm (3.93")

Output shaft coupling Pitch circle diameter 278mm (3.07")

Connecting bolt holes

4—210.5mm (4—20.47")

Position of shift lever

Left side, viewed from stern

Lubricating oil

SAE #10W-30, CC class

Lubricating oil capacity

0.25¢ 0.3t

Dry weight

9.3kg (205 Ibs) 10.8kg (23.0 Ibs)

Models KM2A and KM3A reduction and reverse gear boxes,
shafts and gears are the same except for the following

items:
¢ No. of gear teeth(derivesdifferent gear ratios).

¢ Distance between bearings forinput and output shafts.

¢ Clutch case, mounting flange.

8-A-2



Chapter 8 Reduction and Reversing Gear

[ Al For engine models IGM, 2GM and 3GMD 1. Construction
SM/IGM 2GM 3GM{(D) 3HM

1-3 Power transmission system
1-3.1 Arrangement of shafts and gears

Forward small gear of input shaft

Idie gear
Reverse small gear of input shaft

Input shaft

Large gear of output shaft
Intermediate shaft

Output shaft Forward small gear of input shaft

Input shaft
Reverse small gear
of input shaft
Shaft arral 1 .
viewed rfrronrgetweegtern Intermediate shaft
Forward large gear
Drive cone
Idle gear
Reverse large gear
1-3.2 Reduction ratio
Forward
No. of teeth No. of teeth - : ;
Model of forward small gear Zif of forward large gear Zof Reduction ratio Zof/Zif
24 53 683/24 = 2.21
KM2-A 21 55 55/21 = 2.62
18 58/18 = 3.22
25 59 59/25 = 2.36
KM3-A 23 60/23 = 2.61
64 64120 = 3.20
Reverse
No. of teeth No. of teeth No. of teeth : I N
Model of reverse small gear Zir of intermediate shaft gear Zi of reverse large gear Zdr Reduction ratio Zi/Zir-Zdr/Zi
KM2-A 18 55 55/18 = 306
KM3-A 19 60 60/19 = 3.16

8-A-3
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Chapter 8 Reduction and Reversing Gear

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

1. Construction

[A] For engine models 1GM, 2GM and 3GMD

1-4 Drawing
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Chapter 8 Reduction and Reversing Gear
fAl For engine models 1GM, 2GM and 3GMD 2. Shifting Device
SM/1GM -2GM -3GM(D) :3HM

2. Shifting Device

2-1 Construction of shifting device

Spring joint

Remote control wire

Spring joint

Shift lever

Lock nut

Shift ock nu

lever shaft

Shift

lever shaft
Side cove

Joint

== ) l N
s = I
e ——n)
\Spring joint

=

Eﬁ On model 3GMD (KM3A), A mark is engraved on
the opposite side of the shift lever.

8-A-7
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2. Shifting Device

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

Spring Spring retainer

Spring retainer
Huolder
Remote control joint /

- 7 :‘
{ | £
} .

[ i LY \
N I ia— 7
= m——— :‘
\\
Circlip
=
els Notch
(=]
=
E
Neutral slot g
d Reverse slot
-
Forward slof Shifting shaft

\.

“~Neutral slot

“~Notch

Ooolnﬂ.p.nm.‘y

T

The shift lever shaft is supported by the side cover in which
it rotates. Around the shift lever shaft, there are slots which
engage the notch in order to control transmission of rotary
power either forward or reverse, or to keep it in neutral. The
notch engages each slot by the force of the notch spring.
The shifteris setat the end of the shift levershaft eccentric
to the shaft center line and the angular movement of the
shift shaft (i.e. rotation). The shifter is moved forward or
backward along the line of the output shaft and this in turn
moves the drive cone forward or backward.

The spring joint contains a spring and 2 spring retainers in
the holder, and the remote control joint is connected to the
spring retainers so that it can slide a fixed distance. By
pushing or pulling the remote control joint with the holder
fixed, the remote control joint moves to a position where
the two spring retainers touch.

2-2 Action of the shifting device
2-2.1 Changing from neutral to forward

The relationship between the spring joint and the notch is
as shown in the following figure, and the two spring re-
tainers are the maximum distance apart.

L,
/_Y Shift lever
tH LT
———H i
ey PEe 4.{ —— \_J
hTB‘nnc:uo oEEa
Remote control wire / I
Spring joint

318
28

Notch (A)

Shift Shift

lever shaft lever shaft
Forward Reverse
large gear large gear -1
Fitting
1 position of
shifter

Notch (B)
o |2
3:%

4
Shifter Drive cone

Neutral position

The shift lever is kept securely in the neutral position by
notches (A)and (B).

Changing the power transmitting direction to forward is ex-
plained below.

The remote control joint forward, when pushed forward
moves the spring retainers. The spring is compressed until
the two spring retainers touch.

™
1%

0000
0000

L, position of remote operation siroke

The spring in the spring joint is compressed, but the
shiftlever does not move.
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[ Al For engine models 1GM, 2GM and 3GMD

2. Shifting Device

SM/1GM+2GM+3GM(D) 3HM

By pushing the remote control joint the holder moves, and
the shift lever and the shift lever shaft also move to
disengage the notch from the neutral position.

Total stroke of remote control

— Ty
— %:’:L}L
T,

Not touching

Forced moving position

When the shift lever is forcibly moved through distance L,
the shifter moves distance t,. In this position, the drive
cone has not yet made contact. However, notches (A) and
(B) are disengaged from the neutral notch slot, and notch
(A)is positioned on the tapered surface.

The shift lever shaft is turned by the movement of the
remote control joint. When the notch touches the tapered
part of the forward setting slot, it is pushed by the notch
spring force and turns the shift lever forward. At the same
time, as the remote control joint is fixed by the two re-
tainers of the spring joint being in contact with each other,

L L, L: )

£

the holder is moved by the spring reaction so that the shift
leveris pushed forward.

By the actions of the notch spring and spring joint, the
shiftermaintains pressure on thedrive cone.

Engaging position for forward

By means of the shift lever shaft turning force which is
caused by the spring in the joint and the notch (A), the
shifter is moved distance L, and engagement is complete.
Pressure is maintained on the drive cone after engage-
ment.

2-2.2 Engagement from forward to neutral

Engagement for reverse is the same as for forward, that is,
return to the neutral position and move the remote control
jointforward. L L. L

-t

/]

f =

el T

7

‘g

N

I/

7/ /

I

h
" | H

0009,

Because of distance L.

(1) Wear amount of the cone,

(2) Increased play in the remote /
control wire, Notch (A)

(3) Fluctuation of remote control /
wire length when connecting, ;
can be compensated for.

I

oo
ocoo
-

1174
)7

i:

Engaging position for forward

The drive cone, which is moved by the spring in the joint
and notch (A), is kept under force until distance L
becomes zero even when the cone is worn.

f.(=2L|_La, Lz L,

(____W_FP—H,_M
T!_,—éb L/

0 0
saodl
“~
~

t

CEC
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[A] For engine models 1IGM, 2GM and 3GM D

2. Shifting Device

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

Position of remote control stroke ¢,

The shift lever does not move although the spring in the
joint is compressed. The cone is kept in contact due to the
transmission of torque when idling.

Remote control total stroke '

11 i,

e

T U et

Notch (A)

%j ETO\

Notch (B}

000

000

s

Forced moving position

The shift lever is forcibly moved through distance ¢,, over-
coming light friction due to the transmitting torque and the
drive cone separates. Notch (A) disengages and notch (B)
engages.

(N
[—%#Emﬂ £
T Yt

S
M e——

000
000

Notch (B)

00000
@00

Neutral position

The shift lever is returned to neutral by the turning force
generated on the shift lever shaft by the spring in the joint
and notch(B).

8-A-10

2-3 Clutch shifting force
(reference value) [Engine at 1000rpm)

Shifting
Position
Shift lever Remote control handle
position at 170mm
. position at 60mm (cable length, 5m)
Shifting
Direction
Engaging Approx. 3kg 3~ 4k
stroke (6.6 Ibs) (6.6 ~ 8.8%bs)
Disengaging _ 6 ~ 8kg
stroke (132 ~ 17.6 Ibs)

Disengaging stroke:

(1) At the initial stage of usage, the stroke may be heavier
than the above value, but the stroke gets light when
adopted.

(2) Varies according to the idling speed of the engine. The
lower the rotation becomes, the lighter the stroke
becomes.

(3) The more the remote control cable get long, the more
the cable has the bending positions; the smaller the
bending radius becomes, the disengaging stroke gets
heavier.

[33-C minimum bending radius 203.2mm (8")]

(4) When the spring joint is attached to the shift lever at
52mm distance from the center of the lever shaft, the
disengaging stroke will get heavier by 15% comparing
to the case where the spring joint being attached at
60mm distance.

2-4 Adjustment

When the clutch side cover is removed, give the following
adjustments at the time of the reassembly.

Clutch case side cover

Shiftlever
Clutch case
Shaft

T Shifter

L

— | —

_"\\

N

O o L

‘ |

Bolt Drive cone

Plug
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2. Shifting Device

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

(1) Shift the slot in the drive cone so that it comes to the
center of the two large gears.

Slot
pmene o /Drive cone
]
i ﬁ%
Reverse large gear
Forward /
large gear @ q

(2) Set the shift lever at neutral position. (Note that the
shift lever can be rotated 360° when it is removed from
case. The neutral position is the position where the
shifter comes downwards when the plug is below.

Shift lever

Shift lever shaft

Shifter setting hole

o
v_

Direction of shifter setting

Plug

(3) Put the shifter of the side cover at bottom, and set the
shifter to the ditch in the drive cone at the center of the
forward and reverse gears. Do not move the drive cone
from the center of the two gears at the time of the
reassembly. (Notethat 2mm clearance in diameters are
provided in the holes of the side cover, and the gear
case. This is for adjusting the difference in the engag-
ing, and disengaging strokes.)

8-A-11

(4) Fitthe shift lever locating jig into the holes of the side
cover through the 15mm dia. holes as shown.

Hole C

15mm dia. (0.5906 in.) hole

Hole A

Hole B

15mm dia. (0.5906 in.) hole

Shift lever locating jig (optional)

(5) Put the shift lever in neutral and check that the tip of
the lever is aligned with hole A of the jig. If not, loosen
the fixing bolt on the shift lever, align it, then tighten
the bolt. Take care to leave approximately 0.5mm
(0.0197in.) clearance between the shift lever and the
side cover.

& mark (KM-3A)

Clearance
approx. 0.5mm {0.0197 in.}

Plug



Chapter 8 Reduction and Reversing Gear
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[A] For engine models 1IGM, 2GM and 3GMD 2. Shifting Device SM/1GM2GM-3GM(D) -3HM
(6) Move the shift lever forward or reverse, and check (11) Although these distances may be equal both for
visually the respective distances between the tip of the forward and reverse, there might be some discrepancy
shift leverand holes B and C, also check the difference between holes B and C due to difference in machining.
between these distances. However, if the discrepancy is the same for forward

(7) When these two distances are not equal, slightly and reverse there is no problem.

loosen the four setting bolts of the side cover so that it
canbe moved alittle in the shaft direction.

(8) When the distance is larger than normal in the forward
setting, move the side cover slightly to the engine side.

Discrepancy

Reverse

Distance is smaller
than normal

Neutral

Distance is larger -—Discrepance

than normal

Forward

Moving
direction
of the
side
cover

Discrepancy

(9) When the distance is larger than normal in the reverse
setting, move the side cover slightly to the propeller

side.
Distance is larger than normal p Discrepance
_'/
Distance is smaller j
than normal

—
Moving
direction
of side
cover . . .

(12) Install the spring joint on the shift lever.

(Only when it is dismantled in the boat).
NOTE: When the shift device is removed in the boat, the
engine must always be stopped.

(10) When the distances are equal between neutral and
forward and neutral and reverse tighten the setting

bolts of side cover.

8-A-12



Chapter 8 Reduction and Reversing Gear
fAl For engine models IGM, 2GM and 3GMD

2. Shifting Device

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

2-5Inspect the following points
(tobe inspected every 2-3 months)

(1) Looseness at the connection of the spring joint and the
remote control cable.

(2) Looseness of the attaching nut of the spring joint and
the shift lever.

(3) To make sure that the value of A, and B is not “Zero” at

the engaging position of the remote control lever. If the
value is “Zero”, untighten the bolt of the side cover, and
adjust according to the steps described in 2-4.
When the cone for forwards side gets worn, the value
of B is decreased, and for reverse side, the value of A is
decreased. When the play in the remote control system
is increased, both values of A, and B are decreased.

Tospeed control

2-6 Cautions

(1) Always stop the engine when conducting attaching,
adjusting, and inspecting.

(2) When conducting inspection immediately after stopp-
ing the engine, do not touch the clutch. The oil
temperature is often raised to around 90°C (194°F).

(3) Half-clutch operation is not possible with this design
and construction. Do not use with the shift lever halfway
to the engaged position.

(4) Settheidling engine speed at between 750 and 800 rpm.

NOTE: The dual (Two) lever remote control device cannot

be used.

8-A-13



Chapter 8 Reduction and Reversing Gear
[A] For engine models 1IGM, 2GM and 3GMD

3. Inspection and Servicing

SM/1IGM+2GM-3GM(D) -3HM

3. Inspection and Servicing

3-1 Clutch case

(1) Check the clutch case with a test hammer for cracking.
Perform a colorcheck when required.
If the case is cracked, replaceit.

(2) Check for staining on the inside surface of the bearing

section.

Also, measure the inside diameter of the case.
Replace the case if it is worn beyond the wear limit.

3-2 Bearing
(1) Rusting and damage.

If the bearing is rusted or the taper roller retainer is
damaged, replace the bearing.

(2) Make sure that the bearings rotate smoothly.

If rotation is not smooth,if there is any binding, or if an
abnormal sound is evident, replace the bearing.

3-3 Gear

Check the surface and tooth face conditions and backlash
of each gear. Replace any defective part.

(1) Tooth surface wear.

Check the tooth surface for pitching, abnormal wear,
dents, and cracks. Repair lightly damaged gears and
replace heavily damagéd gears.

(2) Toothsurface contact.

Check the tooth surface contact. The amount of tooth
surface contact between the tooth crest and tooth flank
must be at least 70% of the tooth width.

(3) Backlash.

Measure the backlash of each gear, and replace the gear
when itis worn beyond the wear limit.

(2) Forward/reverse gear needle bearing.
When an abnormal sound is produced at the needle
bearing, visually inspect the rollers; replace the bearing
if therollers are faulty.

@Rouers
3-5 Drive cone

(1) Visually inspect the surface that comes into contact
with the circumferential triangular slot to check for
signs of scoring, overheating or wear. |If deep scoring or
signs of overheating are found, replace the cone.

contact surface

Helical involute spline

(2) Check the helical involute spline for any abnormat con-
dition on the tooth surface, and repairor replace the part
should any be found.

mm (in.)
Mantenance — (3) Measure the amount of wear on the tapered contact
standard Wear limit surface of the drive cone, and replace the cone when
the wear amount exceeds the specified limit.
In%ut shaft f%rm{/ar{d geazj 0.06 ~ 0.12 02
and output shaft forwar ] y p
gear (0.0024 ~ 0.0047) (0.0079)
Input shaft reverse gear 0.06 ~0.12 02
and Intermediate gear (0.0024 ~ 0.0047) (0.0079) ! [}
Intermediate gear and 0.06 ~ 0.12 02
output shaft reverse gear (0.0024 ~ 0.0047) (0.0079) —

(The same dimensions apply to both KM2-A and KM3-A)

3-4 Forward and reverse large gears

(1) Contact surface with drive cone.
Visually inspect the tapered surface of the forward and
reverse large gears where they make contact with the
drive cone to check if any abnormal condition or sign of

overheating exists.

If any defect is found,

replace the gear. ~Reverse

large gear

Drive cone Drive cone

Forward large gear

Tapered surface

8-A-14



Chapter 8 Reduction and Reversing Gear

{A] For engine models 1IGM, 2GM and 3GMD 3. Inspection and Servicin
£ i g SM/1GM2GM3GM(D) -3HM
mm (in.}
Standard dimensions Limited dimensions
_ . KM2-A 24.4 ~ 24.7 (0.9606 ~ 09724) 24.1 (0.9488)
Dimensions ¢
KM3-A 299 ~ 30.2 (1.1772 ~ 1.1890) 296 (1.1654)
NOTE: When dismantied, the forward or reverse direction
of the drive cone must be clearly identified.
(4) Measure the dimension of the slot width of the drive
cone, and replace the cone when the dimension is over = -
the specified limit.
| — .
S
Standard dimensions Standard clearance | Allowable clearance Limited clearance
Slot width of dri 87’ 83
ot width of drive cone 0.3150 ~ 0.3189) 015 ~ 03 06 (0.3268)
s ath 8015 (00059 ~ 0.0118) (0.0236) 77
ffter wi (0.3071 ~ 0.3090) (0.3031)

3-6 Thrust collar

Thrust collar A

Forward large gear

Thrust collar 8

Reverse large gear

* Thrust collar A

Drive cone

8-A-15
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[ A] For engine models 1GM, 2GM and 3GMD 3. Inspection and Servicing SM/IGM2GM-3GM(D) -3 HM

(1) Visually inspect the sliding surface of thrust collar A or 3-9 Output shaft
B to check for signs of overheating, scoring, or cracks.
Replace the collar if any abnormal condition is found.

(2) Measure the thickness of thrust collar A or B, and
replace it when the dimension exceeds the specified Key slot
limit.

Straight pin

-~

g 1 Helical involute spline
l—e—Sliding surface Sliding surface I
Thrust collar A Thrust collar 8 Key slot
1 (1) Visually inspect the spline and the helical involute
) spline, and repair or replace a part when any abnormal
mm {in-) condition is found on its surface.
Stepped wear s Limit for use
Thrust collar A, t, 0.05 (0.0020) 3-10 Intermediate shaft
Thrust collar B, t, 0.20 (0.0079)
3-7 Oil seal of output shaft ' _ Intermediate shaft
i

Visually inspect the oil seal of the output shaft to check if
there is any damage or oil leakage; replace the seal when
any abnormal condition is found.

3-8 Inputshaft

(1) Needle bearing dimensions, staining.
Check the surface of the roller to see whether the
needle bearing sticks or is damaged. Replace if
necessary.

3-11 Shifting device
3-11.1 Shifter

(1) Spline part. Sliding surface

Whenever uneven wear and/or scratches are found,
replace with a new part.
(2) Surface of oil seal.
If the sealing surface of the oil seal is worn or scratched, Shift lever shaft
replace.

8-A-16



Chapter 8 Reduction and Reversing Gear
[A] For engine models IGM, 2GM and 3GMD

3. Inspection and Servicing

SM/1GM 2GM -3GM(D} -3HM

(1) Visually inspect the surface in contact with the drive
cone, and replace the shifter when signs of overheating,
damage or wear are found.

(2) Measure the width of the shifter, and replace it when the 1 j:
wear exceeds the specified limit. Also measure the
diameter of the shifter shaft, and replace it when the {_‘_)_ o
wear exceeds the specified limit. |
B
mm (in.)
Standard dimensions Clearance Allowable clearance Specified limit
Slot width of d 85’ 83
t widt i ;
ot widih of drive cone (03150 ~ 0.3189) 0.15 ~ 03 06 (0.3268)
) X 8_%{,8 (0.0059 ~ 0.0118) (0.0236) 77
Shifter width (0.3070 ~ 0.3091) (0.3031)
) . 10799% 9.95
Shifter shaft diameter 0014 ¢
(0.3931 ~ 0.3935) 0.005 ~ 0.029 0.05 (0.3917)
10°0015 (00002 ~ 0.0011) (0.0020) 10,05
Shift lever shaft diameter (03937 ~ 0.3943) ! (0:3957)

3-11.2Notch siot of shift lever shaft

Visually inspect the notch slot of the shift lever shaft to
check for any abnormal wear or crack; replace any defec-
tive part that is found.

Motch spring

Shift lever shaft

Natch spring

8-A-17

Notch slot

Vs
o

Notch slot

3-11.3 Notch

Visually inspect the tip of the notch to check for wear,
damage or deformation. Replace the notch if it is found to
be defective in any way.

3-11.4 Notch spring

Visually inspect the notch spring to check for any damage,
corrosion or permanent set; replace the spring when it is
found to be defective.

Free length 34mm (1.3386in.)

Spring coefficient 0.459kg (0.992 Ib)

Set length 25.5mm (1.0039in.)

Set load 3.90kg (8.598 Ib)




Remote control joint

Chapter 8 Reduction and Reversing Gear
[Al For engine models IGM, 2GM and 3GMD

3. Inspection and Servicing

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

3-12 Spring joint

Circlip

Spring retainer

Holder joint

Holder joint

New type

(1) Check each part for abnormal play, and replace if play is
excessive.

(2) When the movement of each part is not smooth,
measure the tension and replace as a complete unit
when it exceeds the specified limit.

Spring scale Remote control joint  Spring joint

O G

Utitize the M5 threaded hole of the remote control joint.

Stroke 5mm (0.196%in.)

_._r___..._
- FonomTTTony

f fan
i H 1/

== L pogomT

kg (Ib)
Standard value | Limit value

Tension 28 25
(at the position of 5mm stroke) ©.17) (5.51)

8-A-18

3-13Damperdisc

Spring

(1) Spline part.
Whenever uneven wear and/or scratches are found,
replace with anew part.

(2) Spring.
Whenever uneven wear and/or scratches are found,
replace with anew part.

(3) Pin wear.
Whenever uneven wear and/or scratches and found,
replace with a new part.

(4) Whenever a crack or damage to the spring slot is found
replace the defective part with a new one.
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[A] For engine models 1IGM, 2GM and 3GMD 4. Disassembl
Jrenee moaes and 3G e SM/1GM>2GM-3GM(D) -3HM

4. Disassembly

4-1 Dismantling the clutch

(1) Remove the remote control cable.
(2) Remove the clutch assembly from the engine mount-
ing flange.

(4) Remove the end nut and output shaft coupling.

(3) Drain the lubricating oil.
Drain the lubricating oil by loosening the plug at the
bottom of the clutch case.

p
Y

S sSNER

NOTE: Take care as it has a left-handed thread.

(5) Remove the oil dip stick and packing.
(6) Remove the fixing bolts on the side cover, and also
remove the shift lever shaft, shift leverand shifter.

_‘./

e

&0

L

RS

Drain plug
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