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Chapter 8 Reduction and Reversing Gear
[B] For models 3GM and 3HM 6. Reassembly

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

(8) Insert the thrust collar, with the- sintered surface
(brown surface) facing the gear side.

(9) Press the bearing inner race onto the output shaft,
using an assembly tool.

Press or hammer

Inserting tool {177095-09020) -

Bearing inner race

Thrust collar . )
Bearing.—-. ;

(10) !nsert the needle bearing.

(11) Insert the spacer and adjusting plate.

(12) Fit the key so that the fillet side is facing the threaded
part of the output shaft.

Cutput shaft

..-.Adjusting plate

—Spacer

Thrust washer

Bearing

(13) Insert the forward large gear, together with the friction

plates and steel plates. At this time, align the three
pawls on the outside of the steel plates.

-~ Qutput shaft

o Friction plate

Pawls of steal plate
R Plate spring

“~~Forward large gear

(14) Cover the friction plates and steel plates with the
pressure plate so that the pawls of the steel plate fit
into the three notches on the pressure plate.

(15) Insert the three steel balls into the three grooves in the
pressure plate.

(16) Insert the drive plate into the output shaft so that the
side with the identification groove faces the forward
large gear side.

NOTE: Make sure that the three steel balls are in the three

grooves of the driving plate.

At the same time, make sure that the pin for the
driving plate fits into the groove of the torque limit-
ter for the pressure plate.

Output shaft

Stee! ball __
Pressure plate
--Forward
Plate spring large gear

- Pressure plate

Forward large gear
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Chapter 8 Reduction and Reversing Gear

M and 6. Reassembl ‘
[B] For models 3GM and 3HM €aLsEmoLy SM/IGM-2GM+-3GM(D) -3HM

(17) Insert the adjusting plate and spacer. (21) Insert the three steel balls into the three grooves In the

(18) Press the bearing Inner race, using an assembly tool. driving plate.

(22) Place the pressure plate onto the driving plate so that
the steel balls enter the three grooves of the pressure
plate. )

(23) Insert the three pressure plate retum springs between
the shift ring and the driving plate, and attach them to
the small holes in the side of the pressure plate.

(24) insert the reverse large gear [see step (6)] so that the
three pawls of the steel plates enter the notches
around the circumference of the pressure plate.

(25) Insert the needle bearing.

(26) insert the thrust washer so that the sintered side
(brown side) faces the gear side.

(27) Press the Inner race of the bearing, using an assembly
tool. At this time, make sure that the direction of the
bearingis correct.

NOTE: The bearing inner race can be installed easily by

preheating it to approximately 100°C.

Press or hammer

inserting too!
(177085-08020)

Bearing
inner race

Spacer

Press or hammer

Inserting tool

Inserting tool
(177099-09040)

Needle bearing
Inner race

Driving plate Bearing
Thrust collar

Pressure plate

Forward large gear

(19) Insert the knock pins and springs into the three holes
_ around the circumference of the driving piate.

(20) Cover the driving plate with the shift ring so that the
side with the identification groove faces the forward
large gear side; install the ring so that the knock pins
are pushed in.

Forward large gear

(28) Insert the O-ring.

(29) With the shift ring in the reverse position, check the
forward large gear to make sure it rotates smoothly.
Next, with the shift ring in the forward position, check

‘Forward large gear h
el the reverse large gear to make sure it rotates smoothly.

8-B-18



Chapter 8 Reduction and Reversing Gear
[B] For models 3GM and 3HM 6. Reassembly

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

6-3 Reassembling the Input shaft
Press the inner race of the bearing onto the input shaft.
At this time, make sure that the direction of the bearing
is correct.
NOTE: The bearing inner race can be easily installed by
preheating it to approximately 100°C.

6-4 Reassembling the intermediate shaft
NOTE: Assemble the intermediate shaft as described in

section 6-5. (5).
(1) Insert the needle bearing and idle gear on the
intermediate shaft. Then insert the thrust washer.
NOTE: Pay careful attention to the assembling direction of
the thrust washer.
|

Thrust washer _‘J* -— Input shaft

intar mediate shaft —‘E

———-——Qutput shaft

Viewed from stern |

(2) Insertthe O-ring.
(3) Press the assembled intermediate shaft into the case
with a press or hammer.

Intermediate
shaft

(4) Make sure that the idle gearrotates smoothly.

Intermediate
shaft

6-5 Installing the Input shaft and outputshaft
(1) Determining the thickness of the input shaft adjusting
plate and output shaft adjusting plate
NOTE: As mentioned in section 5-1. (13), when none of the
parts are replaced, the adjusting plate can be reus-
ed without readjustment.
1) Measure length “A"” “D” between the cases of each
shaft of the case body and mounting flange.
2) Covereach bearing with the bearing outer race, and
measure length “B” “C" between the bearings.

A |

B8

input shaft SN

o)

L... -
L. Qutput shaft

3) Adjust the input shaft adjusting plate thickness so
that the clearance or tightening allowance is less
than 0.05mm (0.0020in.).

4) Adjust the output shaft adjusting plate thickness so
that the tightening allowance is within 0 ~ 0.1mm
(0~0.0040in.). _

5) Four adjusting plates of 1mm (0.0394in.), 0.5mm
(0.0197in.), 0.3mm (0.0118in.) and 0.1mm
(0.0040in.)are available.

Combine these plates to obtain the desired
adjusting plate measurement.

(2) Insert the adjusting plate into the mounting flange,
and press the outer race of the bearing.

Also, press the outerrace of the bearing into the case.

NOTE: The outer race can be installed easily by heating the

mounting flange and case to approximately 100°C,
or by cooling the bearing outer race with liquid
nitrogen, etc.

(3) Coat the circumference of the oil seal with a non-
dry packing agent, and press it onto the mounting
flange and case so that the spring part of the oil seal Is
insidethe case.

8-B-19



Chapter 8 Reduction and Reversing Gear
[B] For models 3GM and 3HM 6. Reassembly

SM/IGM2GM «3GM(D) -3HM

(4) Coat the mating surfaces of the mounting flange and
case with anon-dry packing agent.
Wipe off oil and dirt on the mating surface of the case
and coat with a thin film of non-dry packing agent.

Mating surface

Non-d?y packing agent

(5) Insert the input shaft into the case, assemble the
intermediate shaft as described in section 6-4 and then
insert the output shaft into the case.

(6) Align the mounting flange with the case, and insert the
parallel pin by tapping the mounting flange with a
plastic hammer.

(7) Insert the super lock washer and tighten the M10 bolt.

(8) Install the dipstick and packing.

(9) Install the drain plug and packing.

6-6 Reassembling and Installing the operating
system
(1) Insert the shift fork into the case from the side, insert
the shift bar.
NOTE: Insert the shift bar with the threaded end towards
the outside (output shaft coupling side).

Shift fork

8-B-20

(2) Coat the threaded part of the shift bar plug with a non-

dry packing agent and secure it to the case with a
hexagonal bar spanner (width across flats: 8mm
(0.3150in.).

NOTE: Putthe shift fork into neutral before installing.

Shift fork

(3) Coat the circumference of the oil seal with a non-
dry packing agent and press the seal to the case
cover.

(4) Insert the spring into the shift cam.

(5) Insert the knock pin into the shift cam from the front
end, and lock with the circlip.

(6) Insertthe assembled shiftcam into the case cover.

(7) Fit the shift lever to the shift cam, and tighten the M8
bolt.

NOTE: The shift cam must rotate smoothly.

(8) Replace the packing if it is damaged.

(9) Attach the case side cover together with the operating
system to the case body.

At this time, make sure that the shift cam is fitted to
the shift fork, and that the shift lever is in neutral.

NOTE: Put the shift fork into neutral before installing.

(10) Insert the super lock washer, and tighten the M8 nut.

(11) Shift the shift lever to forward and reverse to make

sure that the lever operates normally.
If the lever does not operate normally, loosen the M8
nut, slide the case side cover forward, backward, and
to the left and right, then re-tighten with the M8 nut in
the position at which the lever operates normally.

NOTE: if the lever operates normally a click will be heard

when it is put into forward and reverse.



Chapter 8 Reduction and Reversing Gear
[B] For models 3GM and 3HM 6. Reassembly

6-7 Installing the output shaft coupling
(1) Install the output shaft coupling on the output shaft.

(2) Tighten and caulk the output shaft lock nut, using the
assembly tool.
Tightening torque........ .9.5kg-m (68.7ft-Ib)

Output shaft coupling lock Output shaft nut wrench (177099-09010)

{177099-09020)

Output shaft coupling

.( " Clutch \

Output shaft
nut wrench

Qutput shaft
coupling lock

(3) Shift the shift lever to the neutral position and make
sure the clutch engages when the shift lever is
put into forward and reverse.

The input/output shafts will not rotate smoothly if the
side gdb of the bearing is too small in relation to the
thickness of the adjusting plate.

8-B-21
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Chapter 9 Remote Control System
1. Construction

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

1. Construction

This engine is designed primarily for remote control opera-
tion. A remote control cable bracket can be installed by
merely adding a remote control lever and link to the engine.
Engine stop control and decompression remote control
may also be installed, in addition to one-handle remote
control, which permits engine speed adjustment and one-
handle forward-astern switching.

For this engine, two-handle control cannot be used to
replace one-handle control.

1-1 Models 1GM and 2GM

Model KM2A’s reduction and reversing gear is used in
model 1GM and 2GM engines, therefore the forward and
reverse lever is on the left when viewed from the stern. The
construction for models 1GM and 2GM is the same except
forthe shape and mounting position of the bracket.

Side mounted

Morse one handle MV type

Top mounted

Clutch regulator remote control stand
Morse gne-handle MT2

> Cable (Push-pull) No. 33-C

Engine stop remote control cable
(Optional)

N

W

\

ﬁ

\

\

N
=




Chapter 9 Remote Control System
1. Construction

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

1-2 Models 3GM, 3HM and 3GMD

Models 3GM and 3HM are built the some except for the
shape and mounting position of the bracket.

The reduction and reversing gear for engine model 3GM, is
model KRW10D, and for model 3HM is KBW10E, therefore,
the clutch lever is on the right when viewed from the stern.
On model 3GMD, the reduction and reversing gear KM3-A
is used, therefore the clutch lever is on the left when
viewed from the stern.

9-2

Top mounted

Side mounted

> Remote control cable (push-pull)

No. 33C

Engine stop remote control



Chapter 9 Remote Control System
2. Clutch Regulator One-Handle Remote Control

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

2. Clutch And Speed Regulator Remote Control

2-1 Construction

Both models of MT2 and MV morse one handle remote
control can be used. They are optionally available.

2-1.1 MT2type
mm {in.)

=3

S

=

3

§.-

o

L

8

o %,5\

2-2 One-handle remote control composition

2:2.2 MV type

Newly expanded MV series controls include right and left
hand models designed for easier installation and servicing.
The MV control can be preassembled and installed without
removing side panels.

Pull-out button disengages clutch for full throttle range in
neutral for safe startingand warm-up.

MV controls have forward, neutral and reverse detents;
built-in friction to prevent throttle creep.

86 &3 _31 )

1GM, 2GM,3GM (D) | 3GM, 3HM
Remote control cable 33-C
Speed control
Clamp YANMAR made
Remote control cable 33C
Y R
Clutch control Clamp ANMAR made
Spring joint YANMAR made —_—
Clevis —_ YANMAR made

(1) Control cable
Morse Type “33-C” push-pull
control cables.

Use only Super-Responsive Morse Control Cables. They
are designed specifically for use with Morse control
heads. This engineered system of Morse cables, control
head and engine connection kits ensures dependable,
smooth operation with an absolute minimum of
backlash. The thread size on cable ends is 10-32. Travel
is up to 3". The core is a solid wire, with a 3/32" diameter.

9-3

(2) Clamp
YANMAR cable clamps are standard parts, and are fitted
to the brackets on the engine and clutch.

M5 x 12 mm (0.4724 in.)




Chapter 9 Remote Control System
2. Clutch Regulator One- Handle Remote Control

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

(3) Spring joint
The cone clutch is fitted to engine models 1GM, 2GM
and 3GMD. The spring joint is fitted to the clutch lever,
and is also connected to the control cable.
Cable securing screw.

Cable securing screw

(4) Clevis
The YANMAR clevis is attached to the clutch lever on
models 3GM and 3HM.
Cable securing screw.

Cable securing screw i

2-3 Engine side installation

The same governor lever is used in all 4 engine models,
however, its operation angle is different depending on the
model.

The connecting metal which fits with the damping spring is
atthe tip of the governor lever, and the cable has only to be
screwed into this fitting.

Metal connector fitting

¥

/

M5 thread

Governor lever

Split pin

Metal connector fitting A

Spring

Circlip

NOTE: When the push-pull cable is fitted, it must be fitted
at the spring side.

2-3.1 Movement of leverfor modei 1IGM

R=68.5 mm (26969 in.)

Governor lever

Engine stop lever



Chapter 9 Remote Control System

2. Clutch Regulator One-Handle Remote Control
SM/1GM+2GM-3GM(D) -3HM

2-3.2 Movement of lever for models 2GM, 3GM(D)and 3HM 2-4.1 Formodels 1GM, 2GM and3GMD

Maximum speed

Approx. 5% —e=
Approx. 40°
Remote control cable
Idling
. Spring joint
4 - Approx. 45°
R=68.5 mm
(2.6969 in.) /]
I 5
O Operation lever
P .
\Y>) /4 Operation
K.J lever shaft

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

Fixing nut

Operation lever shaft

Joint

— H- 3
M 4
\Spring joint

i ' ———Engine stop lever

2-4 Setting the reduction and reversing gear side

Model KM2A reduction and reversing gear is used for /‘

engine models 1GM and 2GM, and model KM3A for engine i “

model 3GMD. / L L |
g

On these reduction and reversing gears, the spring joint is LA

fitted to the control lever, and the remote control cable is [ /A "E%_
connected to this joint. . R
Reduction and reversing gear model KBW10D is used on
engine model 3GM and KBW10E for engine model 3HM.
On these reduction and reversing gears, the clevis is at-
tached to the clutch operating lever, and the remote control
cableis connected to the clevis.

Shift lever

Spring joint

9-5



Chapter 9 Remote Control System
2. Clutch Regulator One-Handle Remote Control

2-4, 2 Formodels 3GM and 3HM

D & mm(in.)
Forward @?D

2—@6.4 (0.2520) hole

Minimum range

Reverse . Clevis
:/ 3
N/ 7

i

e
Py,
AL

3GM: 55°
3HM: 43°

Split pin\;] /CIEVis

Shift T H

iever &\\ N
Pin~

Clevis

Shift lever

9-6

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



Chapter 9 Remote Control System
3. Engine Stop Remote Control
Sl bt b SM/IGM+2GM-3GM(D) -3HM

3. Engine Stop Remote Control

4-1 Formodei 1GM

Bracket

Engine stop lever

Bracket

Remote control cable

Metal connector fitting

YANMAR made @1.5mm (0.05906 in.) option The metal connector fitting has a
hole of 2.5mm (0.0984 in.) dia. to

Cable dia. @1.5 ~ @2.5mm (0.05906 ~ 0.0984 in.) accommodate the cable, and cable
of 1.5 ~ 2.5mm (0.05906 ~ 0.0984 in.)
dia. can be used in the connector.

4-2 For modei 2GM, 3GM(D)and 3HM

Bracket

—

Metal connector fitting

Bracket
Remote control cable

9-7
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Chapter 10 Electrical System
1. Electrical System

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

1. Electrical System

1-1 System diagram of electric parts

Cooling water temperature switch

AC alternator

%{ﬁ !
2 )
g 7 s
Iy /7

b3 Lubricating ol pressure switch

Tachometer -
sensor

Rubber sealed lamp {sail-drive)

\ Water temperature warning lamp

-

Tachometer

Key swilch
Alarm buzzer |

Lamp switch for tachometer

Push butten switch

10-1

Push button switch

3 Additional terminal for new models.
For the applicable engine numbers, refer to the
engines numbers specified under 1-2-2 and 1-24
wiring diagrams.

Starter-motor

Battery

For GM series:

12V, 70AH or higher
For Model 3HM-

12V, 100AH or higher

Atype instrument panel (small)

Rubber sealed lamp (sail-drive)

b Water temperature warning lamp

Oi! pressure warning lamp
Charge lamp

Key switch



Chapter 10 Electrical System

1. Electrical System

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

1-2 Wiring diagram

1-2-1 For the B-type (large) instrument board {Old type)
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Chapter 10 Electrical System

1. Electrical System

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

1-2.2 For the B-type {largel instrument board (New type)
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Chapter 10 Electrical System

1. Electrical System

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

1-2-3 For the A-type (small} instrument board (Old type)
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Chapter 10 Electrical System

1. Electrical System

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

1-2.4 For the A-type {small) instrument board (New type)
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Chapter 10 Electrical System
2. Battery

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

2. Battery

2-1 Construction

Terminal

Negative plate

—-Separate plate

e

Battery case " ~Glass mat

Positive plate

The battery utilizes chemical action to convert chemical
energy to electrical energy. This engine uses a lead acid
battery which stores a fixed amount of power that can be
used when required. After use, the battery can be
recharged and used again.

As shown in the figure, a nonconductive container is filled
with dilute sulfuric acid electrolyte. Lead dioxide positive
plates and lead dioxide negative plates separated by glass
mats are stacked alternately in the electrolyte. The positive
and negative plates are connected to their respective
terminals.

Power is removed from the battery by connecting the load
across these two terminals.

When the battery is discharging, an electric current flows
from the positive plates to the negative plates. When the
battery is being charged, electric current is passed through
the battery in the opposite direction by an external power
source.

2-2 Battery capacity and battery cables

2-2.1 Battery capacity
Since the battery has a minimum capacity of 12V, 70AH, it
can be used for 100 ~ 150AH.

1GM, 2GM
3GM(D) 3HM
Minimum battery capacity 12V 70AH | 12V 100AH
Fully charged specific gravity 1.26 1.26

2-2.2 Battery cable

Wiring must be performed with the specified electric wire.
Thick, short wiring should be used to connect the battery
to the starter, (soft automotive low-voltage wire [AV wire]).
Using wire other than that specified may cause the fol-
lowing troubles:

l Wire thinner than specified ] | Single conductor wire

| wire longer than specified |

L High wiring resislance ] W+

Open circuit caused
by vibrations

[ Low current 1 l

i Faulty starting | [ Faulty charging |

Battery switch
Key switch 5

| :—‘:t

Gb 8

Battery Starter
E

S /@

The overall lengths of the wiring between the battery (+) ter-
minal and the starter (B) terminal, and between the battery
(-) terminal and the starter (E) terminal should be based on
the following table.

—
L

Allowable Conductor

Voltage wiring cross- aehgvs;t-)lce

system voltage section length

drop area g
20mm? Upto25m
(0.0311in.%) (98.43in.)
12v 0.2V or less/100A

40mm?’ Up to5m
(0.062 in.2) (196.87 in.)

NOTE: Excessive resistance in the key switch circuit
(between battery and start (S) terminals) can cause
improper pinion engagement. To prevent this,
follow the wiring diagram exactly.

2.3 Inspection

The quality of the battery governs the starting performance
of the engine. Therefore the battery must be routinely in-
spected to assure that it functions perfectly atall times.

2-3.1Visual inspection

(1) Inspect the case for cracks, damage and electrolyte
leakage.

(2) Inspect the battery holder for tightness, corrosion, and
damage.

(3) Inspect the terminals for rusting and corrosion, and
check the cables for damage.

(4) Inspect the caps for cracking, electrolyte leakage and
clogged vent holes.
Correct any abnormal conditions found. Clean off rusted
terminals with a wire brush before reconnecting the bat-
tery cable.
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2-3.2 Checking the electrolyte
(1) Electrolyte level

Good Low High
=H= =H= ==
AC L

]

Check the electrolyte level every 7 to 10 days. The
electrolyte must always be 10 ~ 20mm over the tops
of the plates.

NOTES:1) The “LEVEL” line on a transparent plastic bat-
tery case indicates the height of the elec-
trolyte.

2) Always use distilled water to bring up the elec-
trolyte level.

3} When the electrolyte has leaked out, add dilute
sulturic acid with the same specific gravity as
the electrolyte.

(2) Measuring the specific gravity of the electrolyte
1) Draw some of the electrolyte up into a hy-
drometer.

7
I! —~Hydrometer

2) Take the specific gravity reading at the top of the
scaleof the hydrometer.

Rubber bulb

Glass tube Read top of scale

3) The battery is fully charged if the specific gravity
is 1.260 at an electrolyte temperature of 20°C. The
battery is discharged if the specific gravity is 1.200

(50%). If the specific gravity is below 1.200,
recharge the battery.

4) If the difference in the specific gravity among the
cells of the battery is £0.01, the battery is OK.

5) Measure the temperature of the electrolyte.
Since the specific gravity changes with the
temperature, 20°C is used as the reference
temperature.
Reading the specific gravity at 20°C
S:: = St+0.0007(t - 20)
S..: Specific gravity at the standard temperature of
20°C
St: Specific gravity of the electrolyte at t°C
0.0007: Specific gravity changeper1°C
t: Temperatureof electrolyte

2-3.3 Voltage test

Using a battery tester,the amount of discharge can be
determined by measuring the voltage drop which occurs
while the battery is being discharged with a large current.

Battery tester

(1) Connect the testerto the battery.
12V battery tester
Adjust the current (A).

(2) Connect the (+) lead of the tester to the (+) battery
terminal, and the (-) tester lead to the (-) battery
terminal.

(3) Push the TEST button, wait 5 seconds, and then read
the meter.

* Repeat the test twice to make sure that the meter
indication remains the same.

2-3.4 Washing the battery

(1) Wash the outside of the battery with a brush while
running cold or warm water over the battery. (Make
sure that no water gets into the battery.)

(2) When the terminals or other metal parts are corroded
due to exposure to electrolyte leakage, wash off all the
acid.

(3) Check thevent holes of the caps andclean if clogged.

(4) After washing the battery, dry it with compressed air,
connect the battery cable, and coat the terminals with
grease. Since the grease acts as an insulator, do not
coat the terminals before connecting the cables.
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2-4 Charging g L ™ T T T T T T T T 11
: [ 1 I~ T T 7T 1T 7T 1T 1 11

2-4.1 Charging methods B B B~y Sy B By e

There are two methods of charging a battery: normal and B T T~ T ~L 1 1 1 T T 1

rapid. ] ] ]

Rapid charging should only be used in emergencies. specific 127 B S N - -

* Normal charging...Should be conducted at a current of gravity 1.26 I~ ~ A
1/10 or less of the indicated battery = = — ¥ N
capacity (10A or less for a 100AH 1.25 ~_
battery). 124 T

* Rapid charging...Rapid charging is done over a short - ]
period of time at a current of 1/5 ~ 123 T T >~ T~ =
1/2 the indicated battery capacity 10 0 10 20 30 40 50

(20A ~ S0A for a 100AH battery).
However, since rapid charging
causes the electrolyte temperature
to rise too high, special care must
be exercised.

2-4.2 Charging procedure

Check the specific gravity and adjust the electrolyte

level.

(2) Disconnect the battery cables.

(3) Connect the red clip of the charger to the (+) battery
terminal and connect the black clip to the (-) terminal.

(1

Charger

(4) Set the current to 1/10 ~ 1/5 of the capacity indicated
on the outside of the battery.

(5) Periodically measure the specific gravity during
charging to make sure that the specific gravity
remains at a high fixed value. Also check whether
gas is being generated.

2-4.3 Charging precautions

(1) Remove the battery caps to vent the gas during
charging.

While charging, ventilate the room and prohibit
smoking, welding, etc.

The electrolyte temperature should not exceed 45°C
during charging.

Since an alternator is used on this engine, when
charging with a charger, always disconnect the battery
(+) cable to prevent destruction of the diodes.

(Before disconnecting the (+) battery cable, disconnect
the (-) battery cable {ground side].)

(2
3
(4)

10-8

Electrolyte temperature (°C)

Electrolyte temperature and specific gravity

2.5 Battery storage precautions
The life of a battery depends considerably on how it is
handled. Generally speaking, however, after about two
years its performance will deteriorate, starting will become
difficult, and the battery will not fully recover its original
chargeevenafterrecharging. Then it must be replaced.
(1) Since the battery will self-discharge about 0.5%/day
even when not in use, it must be charged 1 or 2 times a
month when it is being stored.

6
ANEEN
4| ‘ Nsooc ‘
Se\f-dis::;r(g/oe; 3[ i \L J;O\ucﬂ B

TNe

L e |
T ~_l20¢ |

:

1 2 3 4 )
Number of days after charging

(2) If charging by the engine alternator is insufficient
because of frequent starts and stops, the battery will
rapidly lose power.

Charge the battery as soon as possible after it is used
under these conditions.

(3) An easy-to-use battery charger that permits home
charging is available from Yanmar. Take proper care of
the battery by using the charger as a set with a
hydrometer.

When the specific gravity has dropped to about 1.16
and the engine will not start, charge the battery up to a
specific gravity of 1.26 (24 hours).

(4) Before putting the battery in storage for long
periods, charge it for about 8 hours to prevent rapid

aging.
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3. Starter Motor

The starter motor is installed on the flywheel housing.
When the starting button is pushed, the starter motor
pinion flies out and engages the ring gear of the flywheel.
Then the main contact is closed, current flows, and the
engine is started.

After the engine starts, the pinion automatically returns to
its initial position when the starting button is released.
Once the engine starts, the starting button should be
released immediately. Otherwise, the starter motor may be
damaged or burned out.

3-1 Specifications'and Performance.

Engine model 1%hélh2(g)M 3HM
Model $114-303 S12.79
Rating (sec) a0 20
Qutput (kW) 1.0 18
(lowad from ainion. side) Clockwise Clockwise
Weight kg (b) 44(97) 93 (205)

Clutch system Overrunning Overrunning

Engagement system Magnetic shift | Magnetic shift

No. of pinion teeth 9 15
Pinion flyout voltage (V) 8 or less 8 or less
Terminal
voltage (V) 12 12
No-load | "¢ rrent (A) 60 or less 90 or less
Speed (rpm) 7000 or greater | 4000 or greater
Terminal
Loaded voltage (V) 63 85
character- Current (A) 460 or less 420
istics Torque 09 (651 1.35 (9.76)
kg-m (ft-1b) or greater or greater
~E =
$2 § 2
e = & 41S D5004 12-8
ag o = Battery: N70 2/4 charged ~10°C
D a 8. @~ -
O = wl > \ ‘
1.2-12000 12 \,h Output | -
P . i §
1.0 -10000}- 10 Vo -
&
08} sooof 8 x 4 \\g_e\\/
\V . N.\
06 6000 6[—— 7< ,\0«9 ‘ |
0.4} 4000F 4|— T \ :
! I
>< sbee
0.2r 2000f 2|—- Pl & ;
|
ol ol ol Zdn i =
o] 100 200 300 400
Current (A)

S$114-303 Performance curves
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S$12-79 Performance curves

3-2 Construction
This starter motor described in this section is a conven-
tional pre-engaged 4-brush 4-pole starter motor with a
screw roller drive clutch.
The starter motor is composed of three major parts, as
follows:
(1) Magnetic switch
Moves plunger to engage and disengage pinion, and
through the engagement lever, opens and closes main
contact (moving contact) to stop the starter motor.
(2) Motor
A continuous current series motor which generates rota-
tional drive power.
(3) Pinion
Transfers driving power from motor to ring gear. An over-
speed clutch is employed to prevent damage if the
engine should run too fast.
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Brush (~)
Brush spring

Terminal cover

Magnetic switch Dust cover

Thrust washer

Torsion spring

Shift lever
Dust cover

Rear cover

Brush holder

Brush (+)

Yoke

Field coil

Armature

Center plate
Pinion

Pinion stopper

Gear case

Magnetic switch

} j
’Q%J e Shift lever

Field coll

Brush

an J
’,__
3
T

7
0 / T -
4: Pinion
4
Armature Yoke LJ
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To prevent the motor receiving a shock which will occur as
the engine starts and over-runs, this starter motor is in-
stalled with an over-running clutch.

Over-running clutch

Clutch outer

\ 7 Cover Roller

roller . Roller spring
i

; Clutch inner

3-3 Operation

[ Starting switch closes |

!

I Current flows in series coil and shunt coil I

!

Plunger is attracted by magnetic force,
and pinion is pushed out by shift lever

When pinion flies out normally When pinion collides with ring gear

! )

Pinion enages ring gear J [ Pinion and ring gear not engaged

v Torsion spring contracted

and plunger shifted
Contactsof main contact close

and current flows l

Contactsof main contact closed
and current flows

r

h 4
Armature rotates J [ Armature turns

:

-Pinion and ring gear separate,
v pinion engages ring gear,

Ring gear turns } and ring gear rotates
l i |
[ After engine starts, starting switch opens
[ Magnetic switch is released

'

Pinion returns to original position through shift lever
by torsion spring and contacts are simultaneously opened

I

Motor (armature) stops rotating :I

10-11

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

3-4 Adjustment and performance test

3-4.1 L-size measurement (gap between pinion and pinion
stopper)

When the pinion is at the projected position, measure

between pinion and pinion stopper. This check should be

made with the pinion pressed back lightly to take up any

play in the engagement linkage. mm (in,)

Starter motor { dimension

S$114-303 03~ 25

1GM, 2GM, 3GM(D) (00118 ~ 0.0984)

3HM S12-79

02 ~ 1.5
{0.0079 ~ 0.0591)

Pressing the pinion

t dimension

Measuring of { dimension

3-4.2 Pinion movement

After complete assembly of the starter motor, connect up
the motoras in Fig.

{2\ Switch
Ny
O
Battery Starter
@) 40 s 1
O
L
L
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3-4.3 Plunger movement 3-4.4 Pinion lock torque measurement
Adjustment made by adjusting stroke of magnetic plunger
to the prescribed value.
(1) Shim adjusting type (S114-303)
Adjust the £-dimension installing shim (Adjusting plate)
at the magnetic switch attach section.
There are two kind of shim [Thickness 0.5mm (0.0197in.),

0.8mm (0.0315in.)) S;();:(r;grsat:‘zlz) [l

Rod
I 1

Adjusting plate

()

J 0.5m (0.82 ft)

@
3-4.5 Mesh clearance
Mesh clearance is the distance between the flywheel ring

B
gear and starter motor pinion in the rest position. This
clearance should be between 3mm (0.1181in.) to 5mm
(0.1969in.).
® 3~ 5mm(0.1181 ~ 0.1968in.)
| [ | “N\

Pinion Ring Gear

(2) Adjusting screw type (S12-79)
Adjust the £-dimension by adjusting screw and nut.

Adjusting screw
and nut

3-5 Disassembly

3-5.1 Magnetic switch

(1) Disconnect magentic switch wiring.

(2) Remove through bolt mounting magnetic switch.
(3) Remove magnetic switch.

10-12
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3-5.2 Rear cover 3-5.4 Yoke
(1) Remove dust cover. (1) Remove yoke. Pull it out slowly so that it does not

strike against other parts.

Dust cover
3-5.5 Armature
(1) Slide pinion stopper to pinion side.
(2) Remove E-ring, and remove thrust washer (be careful
not to lose the washer and shim).
(3) Remove the two through bolts holding the rear cover
and the two screws holding the brush holder.
(4) Remove rear cover.

(2) Remove the pinion stopper clip.

3.5.6 Pinion

(1) Slide the pinion stopper to the pinion side.
(2) Remove the pinion stopper clip.

(3) Remove the pinion from the armature.

3-5.3 Brush holder

(1) Float (=)brush from the commutator.

(20 Remove (+)brush from the brush holder.
(3) Remove brush holder.

10-13
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3-6 Inspection

3-6.1 Amature

(1) Commutator
Inspect the surface of the commutator. If corroded or
pitted, sand with #500 ~ #600 sandpaper. If the
commutator is severely pitted, grind it to within a
surface roughness of at least 0.4 by turning it on a
lathe. Replace the commutator if damage is
irreparable.

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

mm (in.)
1GM, 2GM, 3GM(D) 3HM
Applicable model
S$114-303 S$12-79

Maintenance standard Wear limit Maintenance standard Wear limit
Commutator outside diameter 233 (1.299) 232 (1.260) 243 (1.693) 240 (1.575)
Commutator run-out With'in 0.03 (0.0012) 0.2 (00079) Within 0.03 (0.0012) 0.2 (0.0079)
Difference between maximum Repair limit Repair accuracy Repair limit Repair accuracy
diameter and minimum diameter 0.4 (0.0157) 0.05 (0.002) 0.4 (00157) 0.05 (0002)

(2) Mica undercut

(3) Armature coil ground test

Check the mica undercut, correct with a hacksaw
blade when the undercut is too shallow.

Py S0
—Hlksaw blade Hacksaw blade
Commutator
Facing e
Commutator Segment mica W
Bad Good
mm (in.)
Maintenance o
standard Repair limit
i 0.2 05~08
Mica undercut 00079) 0SS n 88

10-14

Using a tester, check for continuity between the
commutator and the shaft (or armature core).
Continuity indicates that these points are grounded
and that the armature must be replaced.
1) Short test...existence of broken or disconnected coil.
2) Insulation test...between commutator and armature
core or distortion shaft.

Checking commutator for insulation defects.
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Checking armature windings for insulation faults. (2) Short test
Check for continuity between the yoke and any field
coil terminal. Continuity indicates that the coil is
shorted and that it must be replaced.
@ : (3) Cleaning the inside of the yoke
If any carbon powder or rust has collected on the
inside of the yoke, blow the yoke out with dry
compressed air.
* Do not remove the field coil from the yoke.

I

/@UCODJ

(4) Armature shaft outside diameter
Measure the outside diameter of the armature shaft at
four locations: front, center, end, and pinion. Replace
the armature if the shaft is excessively worn.

Check the bend of the shaft; replace the armature if the 3-6.3Brush .
bend exceeds 0.08mm (0.0031in.) The brushes are quickly worn down by the motor. When the

brushes aredefective, the output of the motorwill drop.

3-6.2 Field coil
(1) Open test
Check for continuity between the terminals con-
necting the field coil brushes. Continuity indicates that
the coil is open and that the coil must be replaced.

(1) Brush dimensions ‘
Replace brushes which have been worn beyond the
specifiedwearlimit.

Replace the brush if it is
worn up to the bottom of
the Hitachi trademark
(approximately one-half its

original length)
Standard ﬂ
height | Wear limit
NEW USED
mm (in.}
$114.303 S$12-79
Brush standard height 16 (0.6299) 22 (0.8661)
Wear limit 4 (0.1575) 8 (0.3150)

10-15
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(2) Brush appearance and movement in brush holder
If the outside of the brush is damaged, replace it. If the
movement of the brushes in the brush holder is
hampered because the holder is rusted, repair or
replace the holder.

(3) Brush spring
Since the brush spring pushes the brush against the
commutator while the motor is running, a weak or
defective spring will cause excessive brush wear,
resulting in sparking between the brush and the
commutator during operation. Measure the spring
force with a spring balance; replace the spring when
the difference between the standard value and the
measured value exceeds +0.2kg.

Spring balance

Wear limit +0.2kg

Brush spring

(Measuring brush spring force)

3-6.4 Magnetic switch
(1) Shunt coil continuity test
Check for continuity between the S terminal and the
magnetic switch body (metal part). Continuity
indicates that the coil is open and that the switch must
bereplaced.

| sna303 | s1279

$114-303 §12-79
16kg (3527 Ib) | 0.85kg (1.8737 Ib)

Standard spring load

Coil resistance (at 20°C) | 0694Q | 05909

(4) Brush holder ground test
Check for continuity between the insulated brush
holder and the base of the brush holder assembly.
Continuity indicates that these two points are
grounded and that the holder must be replaced.

(2) Series coil continuity test
Check for continuity between the S terminal and M
terminal. Continuity indicates that the coil is open and
that it must be replaced.

| s114303 | s1279

Resistance value (at 20°C) ! 0.324Q | 02672
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(3) Contactor contact test
Push the plunger with your finger and check for
continuity between the M terminal and B terminal.
Continuity indicates that the contact is faulty and that
the contactor must be replaced.

3-6.5 Pinion
(1) Inspect the pinion teeth and replace the pinion if the
teeth are excessively worn or damaged.
(2) Check if the pinion slides smoothly; replace the pinion
if faulty.
(3) Inspect the springs and replace if faulty.
(4) Replace the clutchif it slips or seizes.

3-7 Reassembly precautions
Reassemble the starter motor in the reverse order of
disassembly, paying particular attention to the following:
(1) Torsion spring and shift lever
Hook the torsion spring into the hole in the magnetic
switch and insert the shift lever into the notch in the
plunger of the magnetic switch through the torsion
spring.

Torsion spring

Shift lever

10-17

(2) Mounting the magentic switch

Attach the shift lever to the pinion; assemble the gear
case as shown below.

Do not forget to install the dust cover before assembling
the gearcase.

After reassembly, check by conducting no-load opera-
tion.

(3) Lubrication

Lubricate each bearing and spline (points indicated in
the figure below) with high quality “Hitachi Electrical
Equipment GreaseA".

The following lubricants may be used in place of Hitachi
Electrical Equipment Grease A.

Magnetic switch plunger | Shell | AeroshellNo. 7

Bearingand spline Shell [ AlbaniaGrease No. 2
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3-8 Testing

3-8.1 No load test

Test procedure
(1) Connect the positive side of the ammeter (A) to the
positive terminal of the battery, and connect the
negative side of the ammeter to the B terminal of the
starter.

@

(2) Connect the negative terminal of the battery to the
body of the starter.

(3) Connect the positive side of the voltmeter (V) to the B
terminal of the starter, and connect the negative side
of the voltmeter to the body of the starter.

(4) Attach the tachometer.

(5) Connect the B terminal of the starter to the S terminal
of the magnetic switch.

The magnetic switch should begin operating, and the
speed, current, and voltage should be the prescribed
values.

A fully charged battery must be used.

Since a large current flows when the starter is operated,
close the protection circuit switch before initial
operation, then open the switch and measure the

Tachometer

3-9 Maintenance standard

current after the starter reaches a constant speed.

| } 5114-303 [ 81279
Standard spring load | kg(b) | 16 (3527) | 0.85 (1.8737)
Brush Standard height | mm (in) | 16 (06299) I 22 (0.8661)
Wear limit mm (in,) | 12 0.472) 8 (0.3150)
. . Series coil resistance Q 0.324 0.267
Magnetic switch - -
Shunt coil resistance Q 0694 0590
Outside di ' Maintenance standard mm (in.) | >33 (1.299) 243 (1.193)
side diameter
v Wear limit mm (in) | 232 (1.260) 240 (1575)
Difference between I ;
Commutator maximum diameter Repair limit mm (in.) 0.4 (0.0157)
and maximum ) )
diameter |  Repair accuracy mm (in.) 0.05 (0.002)
Mica undercut | Maintenance standard mm (in.) | 0.2 (0.0079)
ica u u
| Repair limit mm (in.) | 0.5 ~ 0.8 (0.0197 ~ 0.0315)
Shaft diameter mm i) | (4600 ~ 04909 (0585 ~ 05650
Rear side bearing PR . : 12,500 ~ 12.527 15.000 ~ 15.018
Bearing inside diameter mm (in.) (0.4921 ~ 0.4932) (05906 ~ 0.5913)
Shaft diameter mm (in.) ] — (gq,g-,sg ,’: @‘333)
Intermediate bearing . .
] Bearing inside diameter mm (in.) — (8%%9(1) : 8088818)
Standard dimension Y YT 1:'3 = 1:'3 o
'3 H ! ~ » . »
Shaft diameter mm (in.) (0.4902 ~ 0.4909) (0.5492 ~ 0.5499)
Pinion sliding section 12.530 ~ 12.550 14.030 ~ 14.050
Pinion inside diameter mm (in.) (0.4933 ~ 0."‘941) (0.5'524 ~ 0.5‘531)
] i , 12.450 ~ 12.468 13.950 ~ 13.968
o _ Shaft diameter mm (in.) (0.4902 ~ 0.4909) (05492 ~ 0.5499)
Pinion side bearing o 12.500 ~ 12,527 14,000 ~ 14.018
Bearing inside diameter mm (in.) (0.4921 ~ 0.4332) (0.5512 ~ 0.5519)
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3-10 Various problems and their remedies
(1) Pinion fails to advance when the starting switch is closed

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

Problem

Cause

Corrective action

Wiring

Open or loose battery or switch terminal

Repair or retighten

Starting switch

Threaded part connected to pinion section of armature shaft

is damaged, and the pinion does not move

Repair contacts,
or replace switch

Starter motor

Threaded part connected to pinion section of armature shaft

is damaged, and the pinion does not move

Replace

Magnetic switch

Plunger of magnetic switch malfunctioning or coil
shorted

Repair or replace

(2) Pinion is engaged and motor rotates, but rotation is not transmitted to the engine

Problem

Cause

Corrective action

Starting motor

Overrunning clutch faulty

Replace

(3) Motor rotates at fufl power before pinion engages ring gear

Problem

Cause

Corrective action

Starter motor

Torsion spring permanently strained

Replace

(4) Pinion engages ring gear, but starter motor fails to rotate

Problem

Cause

Corrective action

Wiring

Wires connecting battery and magnetic switch open
or wire connecting ground, magnetic switch and motor
terminals loose

Repair, retighten,
or replace wire

Pinion and ring gear engagement faulty Replace
Motor mounting faulty Remount
Brush worn or contacting brush spring faulty Replace

Starter motor Commutator dirty Repair
Armature, field coil faulty Repair or replace
Field coil and brush connection loose Retighten

Magnetic switch Contactor contact faulty Replace

g Contactor contacts pitted Replace

(5) Motor fails to stop when sta

rting switch is opened after engine starts

Problem Cause Corrective action
Starting switch Switch faulty Replace
Magnetic switch Switch faulty Replace
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4. Alternator

The alternator serves to keep the battery constantly charg-

4.3 CharacteristicsCS

Earth polarity

Negative earth

Negative earth

Direction of rotation

{viewed from pulley end) Clockwise Clockwise
Weight 3.5kg (7.7 Ib) 3.5kg (7.7 Ib)
Rated speed 5000 rpm 5000 rpm

Operating speed

1000 ~ 8000 rpm

900 ~ 8000 rpm

Speed for 13.5V

1000 rpm or less

900 rpm or less

Output current {when heated)

2500 rpm 27.512A
{5000 rpm 35t2A)

5000 rpm 3212A

Regulated voitage

14.3:0.3V
{at 20°C, Full battery)

14.5:0.3V

(at 20°C, Full battery)

Standard temperature/
voltage gradient

-0.0136V/°C

-0.01v/°C

ed. It is installed on the cylinder block by a bracket, and is (Old type)
driven from the V-pulley at the end of the crankshaft by a V-
belt. _ Qutput current for 13.5V
The type of alternator used in this engine is ideal for high % Z a0
speed engines having a wide range of engine speeds. It 8 ~ l_
contains diodes that convert AC to DC, and an IC regulator 151 £ 30 =l
that keep the generated voltage constant even when the 2 :’:_ / l
engine speed changes. g 2 20—'7 ‘\ f
E 8 0 Regulated vloitage
4-1 Features T l /
fThe alternfator contains a regulator using an IC, and has the 0 2 s R % 12 Wi
ollowing features.
(1) The IC regulator, which is self-contained, has no moving Speed of alternator (rpm)
part (mechanical contact point), therefore it has superior
features such as, freedom from vibration, no fluctuation
of voltage during use, and no need for readjustment. {New type)
Also, it is of the over-heating compensating type and
can automatically adjust the voltage to the most Regulated voitage
suitable level depending on the operating temperature. s _ | B
(2) The regulator is integrated within the alternator to S L 40 ‘ ! 'J_ '
simplify external wiring. S1sr € 3 [ | T
(3) It is an alternator designed for compactness, light i 3 V
weight, and high output. iﬁ 14 3 2
(4) A newly developed U-shaped diode is used to provide §. g L /l Output current for 13.5V
increased reliability and easier checking and T 10
maintenance. T o| / |
(5) As the alternator is to be installed on board, the follow- 2 4 6 8 10 12 14x10°
ing countermeasures are taken to provide salt-proofing. Speed of alternator (rpm)
1) The front and rear covers are salt-proofed.
2) Salt-proof paint is applied to the diode.
3) The terminal, where the harness inboard is connected
to the alternator, is nickel plated.
4-2 Specifications
O1d type - New type Remarks
Model of alternator LR135-74 LR135-105 Desig_n changed for Feb. 1, 1982
Model of IC regulator TR1Z49 TR1Z-63 Applicable Eng. Model/Number.
Battery voltage 12V 12V ggm(&)’:) %;g?g ::
Nominal output 12V 35A 12V, 35A gng # :82)::;% "
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Terminal

4.4 Construction

This is a standard rotating field type three-phase alternator. Brush

It consists of six major parts: the pulley, fan, front cover, regulator assy
rotor, stator and rear cover. The IC regulator is an integral
part of the alternator.

Stator

Bearing retainer

Condenser

Old type
IC regulator
Pulley
Brush
1 ) —Ball bearing
I : =4 Slip ring
iy / | . L
\ g0t | B
L
— ek

B\Thrﬂugh bot

|~~~ Rear cover
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4.5 Wiring
(1) Wiring diagram

Battery switch

—_——

—————a

+

Starting

Charge lamp™ switch ' 1
-
)
Alternator '
(built-in transistor Starter motor T Battery

regulator)

Lemmmq

(2) Terminal connections
The alternator has the following terminals. Connect
these terminals as indicated below.

Symbol Terminal name Sxotg?r?:lﬁ\?\lﬂi;og
B Battery terminal To battery (+) side
E Ground terminal To battery (-) side
L Lamp (charge) To charge lamp
terminal terminal

4-6 Circuit diagram
4-6.1 Circuit diagram

0.-D, ' BAT.
lT ignition|switch

. Stator coil L

r ~
+—i tD,-D,
3 . R Charge
Ll_ . e - : lamp Battery
; switch

oo

Rotar coil )
i OO £ -

| Battery

|
, L
Lflternator -

BAT: Battery output terminal

L: Charge lamp terminal

E: Earth

D. ~ Ds: Diodes for rectifying the output current
D, ~ Dy Diodes for switching the charge lamp
Do Diode for protecting the IC

2D: Zener diode

Tr,, Tr;: Transistors

R, ~ R,: Resistors

F: Rotor current

Rn: Thermistor (resistors with current/
temperature gradient)
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4-6.2 Principle of IC regulator function

The IC regulator controls the output voltage of the alter-
nator by switching the rotor current (exciting current) on or
off by means of the transistor Tr, which is connected in
series with the rotor coil.

When the output voltage of the alternator is within the
regulated values, transistor Tr, is “ON"” but when the
voltage is outside the regulated value, the Zener diode ZD
comes “ON", and regulates the output voltage rise by turn-
ing transistorTr, *OFF".

The output voltage is kept within the regulated values by
repeating the “ON"—"OFF" operation.

4.7 Alternator handling precautions

(1) Pay attention to the polarity of the battery; be careful not
to connect it in reverse polarity. If the battery is con-
nected in reverse polarity, the battery will be shorted by
the diode of the alternator, an overcurrent will result, the
diodes and transistor regulator will be destroyed, and
the wiring harness will be burned.

(2) Connect the terminals correctly.

(3) When charging the battery from outside, such as during
rapid charging, disconnect the alternator B terminal or
the battery terminals.

(4) Do not short the terminals.

(5) Nevertest the alternator with a high voltage meter.

4-8 Alternator disassembly

Disassemble the alternator as follows.

The major points of disassembly are the removal of the

cover, the separation of the front and rear sides, and detail-

ed disassembly.

(1) Remove the coverattached to the rear cover, remove the
through bolts, and disassemble into front and rearsides.
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(2) When disassembling the front side pulley and fan, front (5) Remove the nut at the threaded part of the BAT terminal
cover and rotor, clamp the rotor in a vice within copper on the rear cover, the fixing nut of the diode, and the bolt
plates and loosen the pulley nut, as shown in the figure. of E terminal.

After removing the L terminal assembly, separate the
alternator into rear cover and stator (with attached diode
and brush holder).

(6) Unsolder the lead wire connection and remove the diode

(3) When the fan and pulley have been removed, the rotor assembly together with the regulator assembly.

can be pulled from the front cover by hand.

(7) Separate the diode assembly and the brush regulator
assembly by removing the 3mm dia rivet which con-
nects these two parts and then unsolder the L terminal
connection.

(4) Next, remove the bearing attached to the front cover.
Loosen the bearing protector mounting bolts (M4) and
pull the bearing by applying pressure to the bearing
from the front cover.
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(8) When replacing the IC regulator, it can be removed by
unsoldering the regulator’s terminals and removing two
bolts. Never remove these two bolts except when the
requlatoris replaced.

(9) When (1)—(8) above are completed, the alternator is
completely disassembled.

4.9 Inspection and adjustment

4-9.1 Diodes
Between terminal BAT (+ side diode)
Tester pin (+)side (~)side
(+)side - Continuity No
uvw
(-)side Continuity Yes —

Between terminal E (- side diode)

Tester pin (+)side (-)side
(+)side — Continuity Yes
UV.W : ,
(-)side Continuity No —
u v w
U.V.W, are the stator ?

coil terminals

oL

Auxiliary diode

=
meaif=a]
— ¥ ¥ L

(+)side diode f l}

{~}side diode —~

Direction of current
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Electric current flows only in one direction in the diode as
shown on the previous page. By testing the continuity
between terminals (e.g. BAT and U) with the continuity
tester, (as shown in the picture), the diode is determined as
usable when the continuity is “Yes", but is faulty when it
“No".

Connect the tester in the reverse way, andthen thediode is
usable when continuity is “No”, but faulty when “Yes". If a
faulty diode is found in this test, replace it with a complete
new diode assembly.

As the auxiliary diode does not have a terminal, check the
continuity between its ends.

Diode short test

CAUTION: If a high voltage meter is used, a high voltage
will be applied to the diode and the diode will
be destroyed. Therefore, never test the diodes
with a high voltage meter, etc.

49.2 Rotor

(1) Slip ring wear
Because the slip rings wear very little, the diameter of
the rings must be measured with a micrometer. Replace
the rings (rotor assembly) when wear exceeds the

maintenance standard by 1mm. (0.0393in.) mmin.)
| Maintenance .
standard Wear limit
Slip ring outside diameter (1¢2341&61) (12_5238[3)

(2) Slip ring roughness

The slip ring should be smooth with no surface oil, etc.
If the surface of the rings is rough, polish with #500 ~
#600 sandpaper, and if the surface is soiled, clean with

a clothdippedin alcohol.

(3) Rotor coil short test

Check the continuity between the rotor coil and slip ring
with a tester. The resistance should be nearthe prescrib-

ed value.

If the resistance is extremely low, there is a layer short
at the rotor coil; if the resistance is infinite, the coil is
open. In eithercase, replace the rotor.
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(2) Stator coil ground test
Check the continuity between one of the stator coil
leadsand the stator core.
The stator coil is good if the resistance is infinite. If the
stator core is grounded, indicated by continuity, it must
be replaced.

Resistance value Approx. 3.3 (at 20°C) LR135-74
Resistance value Approx. 3.152 (at20°C) | LR135-105

(4) Rotorcoil ground test
Check the rotor coil for grounding with a tester, or by
checking the continuity between one slip ring and the
rotor core or shaft.
Usable if the continuity is “No".
If “Yes", replace it as the rotor coil is grounded.

4.9.4 Brush

(1) Brush wear
Check the brush length.
The brush wears very little, but replace the brush if worn
over the wear limit line printed on the brush.

4.9,3 Stator coli

(1) Stator coil short test
Check the continuity between the terminals of the stator
coil. Measure the resistance between the output ter-

Wear limit line (brush)

minals with a tester. The resistance should be near the . __mmin)
prescribed value. | Maintenance standard | Wear limit
If the stator coil is open, indicated by infinite resistance, Brush length | 16 (0.6299) | 903543

it must be replaced. (2) Brush spring pressure measurement.

Measure the pressure with the brush protruding 2mm
from the brush holder, as shown in the figure. The spr-
ing is normal if the measured value is over 150 gr.
Confirm that the brush moves smoothly in the holder.

Approx. 0.150 (at 20°C)

Resistance value 1-phase resistance

LR135-74

Approx. 0.1652 (at 20°C) LR135-105

Resistance value .
1-phase resistance
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Brush

) —

2mm {0.0787in.)

300 +45g (0562 ~ 0.761 bb)

Brush spring strength (New brush)

4-9.5 Checking IC regulator unit

Connect the wiring as shown in the diagram below using a
variable register, two 12V batteries, register and ammeter.
(1) Prepare the following measuring devices

1) Resistor (R,) 100Q 2W — 1

2) Variable resistor (Rv) 0-3002 12W — 1

3) Battery (BAT,. BAT,) 12V — 2

4) DC voltmeter 0 ~ 30V 0.5 class — 1

(to measure at 3 points)
{2) Check the regulator in the following sequence.

1) Check V; (totalvoltage of BAT, plus BAT,).

When the value is between 20V and 26V, BAT, and
BAT, are normal.

2) When measuringV, (Voltage between F — E terminals),
shift the variable resistor gradually from the ‘0" posi-
tion. Check if the V, voltage charges sharply from
below 2.0V to over 2.0V.

If there is no sharp voltage change, the regulator is
faulty and must be replaced.

When there is sharp voltage change, stop the variable
registor at that point.

3) Measure V, (voltage between L — E terminals).

The V,; voltage is the regulated voltage of the regulator
...Confirm that the value is within the standard range.

14.3+0.3V

Adjusted voltage {at 20°C, with 2 batteries)

£ F L R R

Seimn
R, | =BAT

] | RV

| hd
ONOES:

i g
P 1T 1 =

4-10 Reassembly precautions

After inspection and servicing, reassemble the parts in the

reverse order of disassembly, paying careful attention to

the followingitems:

(1) Brush regulatorassembly

1) Soldering the brush

Solder the brush after setting it as shown in the figure.
Take care that solder does not flow into the pig-tail (lead
wire).

Wind the wire one

and half turns

around the terminal
siot,

11 +0.5mm
{0.4134 ~ 0.4528in.)

('”—E_

Place insulating
tape on the terminal
surface

NOTES: 1) Use non-acid flux for soldering.
2) The temperature of the soldering bit is to be 300
to 350°C.

2) Assembly of IC regulator
Place the IC regulator on the brush holder as shown in
the figure,andinsert the M5 bolt.
After inserting the bolt, solder the brush holder to the
ICregulator.

M5 bolt

NOTES: 1) Insertion pressure is 100 kg (220.5 Ibs)
2) Insert vertically.

(2) Connecting the brush regulator assembly to the diode.
1) Fixing with rivet
Insert a 3mm dia. rivet as shown in the figure, and fix it
by using the appropriate tool
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Rivetting pressure |

500 kg (1102 Ibs)

(3) Assembling rear cover

Assemble the rear cover after inserting the pin from out-
side and fitting the brush into the brush holder.

(4) Tightening torque of each

part xg-cm (ft-1b}

Fixing flange holder I

32 ~ 40 (231 ~ 2.89)

Fixing diode

32 ~ 40(2.31 ~ 289)

Fixing bearing retainer

16 ~ 20 (1.16 ~ 145)

Tightening pulley nut

350 ~ 400 (25.32 ~ 2893)

Tightening through bolt

32 ~ 40 (2.31 ~ 2.89)

4-11 Alternator performance test

4-11.1 Test equipment

Test equipment Quantity Specifications

Battery 1 12V

DC voltmeter 1 0 ~ 30V Range 0.5

DC ammeter 1 0 ~ 50A Range 1.0
Variable resistor 1 0 ~ 0.25Q capacity: 1 kW
Switch 2 Switch capacity: 40A
Tachometer 1

0.25Q resistor 1 25W

4-11.2 Performance test circuit
When the circuit is connected the charge lamp will light.

LR135-74 Variable resistor

Voltmeter

4-11.3 Performance test

(1) Speed measurement at 13.5V.

1) Run the alternator up to a speed of approx. 1500 rpm
with SW, and SW, open.
Then reduce speed gradually and measure the rpm
when the voltage reaches 13.5V.

2) This value is called the “rpm at 13V" and is acceptable
if 1000 rpm or below.
(The alternator speed at which the lamp goes on or off
is 1500 rpm, or 1000 rpm or below, respectively, and
there are different conditions for each of the two
cases.)

(2) Voltage measurement. Acceptable within the range of
14.3 £1.3V and when the generator rpm is 5000, SW, is
open and SW, is closed, the temperature is 20°C and
using two batteries.

(Confirm that the ammeter is 5A or below. If over 5A,
connect the 0.25Q resistor.)

(3) Measurement of output current

1) In the circuit shown in figure, set the variable resistor at
the minimum value, close SW, and SW,, and run the
alternator.

2) While keeping the voltage at 135V by adjusting the
variable resistor, increase the alternator speed, and
measure the current at 2500 rpm and 5000 rpm.

27.5A at 2500 rpm
35A at 5000 rpm
32A at 5000 rpm

LR135-74
LR135-105

Acceptable current values

(4) Remarks on performance test

a) For the test leads, use cable with a cross-sectional area
of 8mm? or more and with a length not exceeding 2.5m
between the alternator B terrninal and the positive ter-
minal of the battery, and between the S terminal and
the negative terminal of the battery.

b) Switches with low contact resistance are to be used in
the circuit.

4-12 Standards of adjustment [ R135.74 | LR135-105

16mm (0.6299in.)

SW, —

Ongw
Ammeter & 4

|

5 0.259 registor

| Batteries This is connected
! when the batteries
are discharged.

Charge lamp
)

L
-
J'_Batt ories

ol
0.25% registor
This is connected

27

when the batteries

are discharged.
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Standard height of brush

Limit of reduced height 9mm (0.3543in.)
Strength of brush spring %(?gg 335796 Ib)
Standard dimension of shaft !
at front end 15mm (0.5906in.)
Part No. of ball bearing 6302 BM

Standard dimension of shaft
at rear end

12mm (0.4724in.)

Part No. of ball bearing 6201 SD
Resistance of rotor coil (at 20°C) 3.3Q 3.1Q
Resistance of stator coil single

phase (at 20°C) 0.15Q 160

Standard O.D, of slip ring

31.6mm (1.244in.)

Limit of reduced size (diameter) 1mm (0.0394in.)
Limit of swing correction 0.3mm (0.0118in.)
Accuracy of swing correction 0.05mm (0.0070in.)
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4-13 Alternator troubleshooting and repair
(1) Failure to charge

SM/IGM2GM+3GM(D) -:3HM

Problem Cause Corrective action
Wiring, current Open, shorted, or disconnected Repair or replace
Open, grounded, or shorted coil Replace
Alternator Terminal insulator missing Repair
Diode faulty Replace
Transistor regulator Transistor regulator faulty Replace regulator

(2) Battery charge insufficient and discharge occurs easily

Problem Cause Corrective action
Wiring Wiring shorted or loose, wiring thickness or length unsuitable Egglaaiggr replace

Rotor coil layer short Replace

Stator coil layer short; One phase of stator coil open Replace

Slip ring dirty Clean or polish
Generator V-belt loose Retighten

Brush contact faulty Repair

Diode faulty Replace

(3) Battery overcharged

Problem Cause Corrective action
Add distilled water

Battery Electrolyte low or unsuitable Adjust specific weight
Replace

Transistor regulator Regulator transistor shorted Replace regulator

(4) Current charge unstable

Problem Cause Corrective action
- Wiring shorted at a break in the covering due to hull :
Wiring vibration or intermittent contact at break Repair or replace
Layer short Replace
Balance spring damaged Replace
Alternator Slip ring dirty Replace
Coil open Repair or replace
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5. Instrument Panel

6-25.3 (0.209) mm (in.)

5-1 B-type (large) instrument panel

(e & @
4 )\
i |
R e
. =
g ‘
L2
a8 g
bei < |
gl
- ?; x 100RPM
| Q [
P o
o \ VANRIAR y
4 -+ G L
T :
256 =03(10.07 ~ 1009) ]
276 (10.87)
S A, A
Rubber sealed lamp {sail-drive)
. Water temperature warning lamp
\
\ Qil pressure warning tamp
Charge lamp
!
Tachorﬁeier
7 Key switch
Alarm buzzer
5-2 A-type (small) instrument panel Lamp switch for tachometer
mm (in.) Push button switch
170 (6.69) . '
, 156 20.2 (6.13 ~ 6.15) .
— Rubber sealed lamp (sail-drive)
‘ | Water temperature warning lamp
1 N |
© VALIGIALT A -
ON

WATER <118 CHARGE

R.SEAL

76 +0.2 (2.98 ~ 3.00)
90 (3.54)

i

Key switch

4-25.5 (0.2165)
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5-3 Key switch
(1) Construction and dimensions of key switch.

107 (4.2126) mm (in.)
13.5 J 45.5 (1.7913) 23 25
{0.5315) 36(1.4173)  |{0.9055)| (0.9843) B e
ON
T @

- T S e g
o0 [ : :
T = &
% 0

1] D | 3

'30 (1.1814)
(2) Specifications of key switch
1GM, 2GM, 3GM(D), 3HM

Rated voltage DC 12V

Rated current 25A

Range of operating voltage DC 10 ~ 30V

Part No. 124070-91250
5-4 Push button switch
(1) Construction and dimensions of key switch.

Setting plate mm {in.)

M22 x P1.5

230 {1.1811) 3
]
|
/w ()

©5.4 +0.2 (0.2047 ~ 0.2205)

AN N
16.7
0.657 -
11 |{0.6575) [ ~100°3° (39370 ~ 5.1181)

[
(0.4330) 23.6 (0.9291)

(2) Specifications of push button switch

1GM, 2GM, 3GM (D), 3HM
Rated voltage DC 12v
Rated load 20A (within 30 seconds)
Part No. 124070-91300
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5-5 Warning devices
5-5.1 Oil pressure alarm

If the engine oil pressure is below 0.2 +0.1 kg/cm? (1.422 ~
4.266 Ib/in?), with the main switch in the ON position, the
contacts of the oil pressure switch are closed by a spring,
and the lamp is illuminated through lamp — oil pressure
switch — ground circuit system. If the oil pressure is nor-
mal, the switch contacts are opened by the lubricating oil
pressure and the lamp remains off.
Fuse Main switch

Pilot Iamp@
o \_p—0 00—

E aAlarm buzzer

fr e
ﬁmg Cil pressure switch

= Battery

1

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

Oil pressure unit specifications

1GM, 2GM, 3GM (D), 3HM

Part No.

124060-39451

Rated voltage

12v

Operating pressure

0.2 +0.1 kg/cm?
(1.422 ~ 4,266 Ib/in.?)

Lamp capacity

5w

Contacts

|— <«fpmmmm Oi} pressure

o
Qil pressure unit
{Qil pressure alarm circuit)
Oil pressure
Inspection
Probiem Inspection item Inspection method Corrective action

1. Oil pressure lamp
blown out

Lamp not illuminated when
main switch set to ON

(1) Visual inspection

(2) Lamp not illuminated even
when main switch set to ON
position and terminals of oil
pressure switch grounded

Replace lamp

2. Operation of oil pressure
switch

Lamp illuminated when checked
as described in (2) above

Replace oil pressure switch

1. Oil level low

Stop engine and check oil
level with dipstick

Add oil

2. Oil pressure low

Measure oil pressure

Repair bearing wear and
adjust regulator valve

Lamp not extinguished

while engine running 3. Oil pressure faulty

Switch faulty if abnormal at (1)
and (2) above

Replace oil pressure switch

4. Wiring between lamp and oil
pressure switch faulty

Cut the wiring between the
lamp and switch and wire with
separate wire

Repair wiring harness

5.5.2 Cooling water temperature alarm

A water temperature lamp and water temperature gauge,
backed up by an alarm in the instrument panel, are used to
monitor the temperature of the engine cooling water. A
high thermal expansion material is set on the end of the
water temperature unit. When the cooling water tem-
perature reaches a specified high temperature, the con-
tacts are closed, and an alarm lamp and buzzer are ac-
tivated at the instrument panel.

Battery

L

-2 (Water temperature alarm circuit)
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56mm (2.2in.) i

Water temperature switch '

PT 3/8

Operating temperature
ON OFF

Current capacity Response time

Indication color

Parts code

Within 60 sec.

60 £2°C 53°C or more DC 12V 1A

Yellow 127610-91340

Pilot lamp: 12V, 3.4W

Alarm buzzer: 12V, W

The parts of the alarm circuit which must be checked are
the open pilot bulb, fuse, and wiring. To check, disconnect
the wiring at the water temperature unit side and ground

5-6 Alarm buzzer

The alarm buzzer sounds when the engine oil pressure,
cooling water temperature, or charging becomes abnormal.
The trouble source is indicated by illumination of the ap-
propriate alarm lamp simultaneously with the sounding of
the buzzer.

6-6.1 Buzzer for B-type instrument boad
(1) Construction

the cord—the pilot lamp is normal if the pilot lamp il-
luminates. Moreover, be sure the check the color of the

code afterreplacing.

mm (in.)

To key switch

Toeach sensor

3 +0.5kHz

Frequency [at 12V, 15 ~ 30°C (59 ~ 86°F)]
Weight 0.2kg (0.44 Ib)
Part No. 104271-91351
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[=3 —
g g IEH g ¢
= JJE
J_y.-‘
To each sensor
| 63 (2.4803) J
6.5 (0.2559) T -
3(0.8268)
(2) Specifications (3) Wiring diagram
Model Wi1-05
Voltage 12V
Current consumption [1:?;2’\5;'01?:'%‘800 (59 ~ B6°F)]
Range of operating voltage 10 ~ 15V
75dB (A
Sound output [at 1m, )12V. 15 ~ 30°C (59 ~ 86°F)]

temperature
sensar

0
pressure
sensor
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5-6.2 Buzzer for A-type instrument panel

(1) Construction

235 70 =10
(0.9252) | (2.3622 ~ 3.1496) ,

(3) Wiring diagram

16 (0.6299)
23.2 (0.1260) 6{0.2362)
§ ® u':; é ———c ]
S c|e| TS
- o 2|8 —— e et ]
~ 8|8 L
i !
! | 3.2 (0.1260)
8 (0.3150)
244 (0.1323) |
(2) Specifications
Operating voltage DC 10 ~ 15V .
Rated voltage DC 12V

Current 50 mA or below

) 49N (5kgf) or more,
Lead wire 15 seconds
Voltage for starting action 1V or more

Basic frequency of sound

30'8 0 kHz

Sound output

8 = 0 ~ 45° 70dB or below

Current consumption

50 mA or below

5-6.3

Normal operation is as follows:

Marine
Buzzer

Water Oil " Diaphragm
temperature pressure sensor
sensor sensor (for drive-sail)

Alarm buzzer Charge lamp Oil pressure lamp Water temperature lamp
Main switch ON, engine stopped Alarm Illuminated llluminated Extinguished
Main switch ON, engine running No alarm Extinguished Extinguished Extinguished
Key switch OFF, engine stopped No alarm Extinguished Extinguished Extinguished

* The condition of the lamp can be checked by using the

check switch.
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5. Instrument Panel

5-7

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

Fault

Diagnosis

Remedy

Warning lamp does not
light.

Check if there is a loose or open-circuit connection at the
coupling connector between the instrument panel and the relay
harness.

{ No

Take out the lamp from P box case and check if it is
unserviceable.

{ No

It must be an open-circuit connection in the harness.

Yes

Yes

Make good the connection.

Replace the lamp.
(G-1 amp 12V 3.4W)

Replace the harness.

Buzzer does not sound.

Check if there is a loose or open-circuit connection at the
coupling connector between the instrument panel and the relay
harness.

{ No

Check if the buzzer is serviceable.

(Fig) @
OQ
I Yes

It must be an open-circuit connection in the harness.

=

DC 12V

Yes

Make good the connection.

Replace the buzzer.

Replace the harness.

Other switches and
items do not operate.

Check it there is a loose or open-circuit connection at the
coupling connector between the instrument panel and the relay
harness.

{ No

Check the continuity of the individual switch when the switch is
closed by the tester.

i OK

It must be an open-circuit connection in the harness.

Make good the connection.

Replace the defective item.

Replace the harness.
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6. Tachometer
SM/IGM 2GM +3GM (D) 3HM

6. Tachometer

6-1 Construction of tachometer

The tachometer indicates the number of revolutions per
minute by means of an electrical input signal which is
generated as a pulse signal from the magnetic pickup sen-
der (MPU sender).
The function of the sender is to convert the rotary motion
into an electrical signal by means of a counting action of
the number of teeth of the ring gear fitted to the flywheel )
R Sender unit
housing.

Ring gear

(3) Dimensions of sender unit

25 +0.5
(09646 1 0039) 34,5 (1.3583) mm (in)
5(0.1969) 4.5 (0.1772)
5 0.1181
Tachometer | ( ) 15.5
(0.6102)
6-2 Specifications and dimensions of tachometer |
(1) Specifications s
1GM, 2GM, 3GM(D) 3HM
Rated voltage DC 12v
Range of M18 x P1.5
operating voltage 10 ~ 15V
{llumination 3.4W/12v
No. of (4) Dimensions and shape of tachometer
. teeth 97 114
Ring gear
Module 254 254
Part No.
of tachometer 128170-91100 128870-91100
Part No.
ofsender unit 128170-91160 128170-91160
(2) Sensitivity limit of sender unit
Ring gear speed
{m/sec)
10 - ﬁ 777777 # --ﬁf B N
. ﬁ For models 1GM, 2GM and 3GM(D) For model 3HM
G zone ‘ |
[ ' NG zone
1 Identification mark Identification mark

Sender unit and ring gear clearance C (mm)
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